
C) 
Fc-cl'.a Duración 

18 a 21 h 

Julio 20 18 a 21 h 

fulio 21 18 a 21 h 

' 
\ 
1 

• 
7\íuJio 22 18 a 21 h 

\ 
,\ 

' \ 
1 

/, 

J .' 

fulio 2.3 18 a 21 h 

l'v1ICHC?RCCESADO()s TEORJA Y APL:CACIONES 

rr 'L ¡ ema 1 

JNTRODUCCION A LOS MICROPHOCESADOHES 

l'n VKO de Histo1·ía 
Evolución de las computadoras 
Sistemas basados en microprocesadores 
Softvmre v. s. Hardware 
Aplicaciones en general 

Profesor 

Dr. Ac!albcr~o Gam:ález Burmcste 

COiv1POS1CJON FISICA DE LOS SISTEJ:v1AS (HARD\VARE) Dr. Adalberto Gonzá1ez BurmcsteJ 

Tipos de microprocesadores. El Intel 8080 
!ipos de memorias. Ram, Rom, P;rom, Eprom 
Tipos de periféricos y elementos de interface 
Otros componentes varios 
Descripción de sistemas sencillos 
Descripción de sistemas más complejos 

COMPOSICION LOGICA DE LOS SISTE1\1.l\S (SOFTWARE) Dr. Adaiberto González Burmester 

Programación (Assembly Language) 
Tipos de programas (Sistema y usuario) 
Programas de soporte (Monitor, Debug, Simulator) 
Compiladores (PLjM)y otros programas 
Intel 8080 Assembly L:t nguage 
Ejemplos de prog1·amación 

S~SION PRACTICA: l.J.'\JTRODUCCION AL SDK-80 

Componentes físicos (Hardware) 
Compone:ltes lógicos (Software) 
Aplicaci,:Jr:es y prototipos 
Demostración práctica 

SISTEMAS BASADOS EN MICROPROCESADORES 

Aplicacion"es Industria les, Comerciales, Cor;junica
dones, etc. 
Aplicaciones en procesamiento de datos 
Jnstrume¡;tactén, experimentacVn, obser:2ción 

Ing. César Chávez Zapara 
M. en C. Alejandro Guarda A. 
M. en C. Pedro S. Joselevich 

Dr. Adalberto GonzJ.lez Burmester 

Ütl"JS ·a~ cacrones_. _b_lgunos ejs;rrm1os _____ '__ ____________________ _ 
-----------------------------------
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Fecha 

',.-- ulio 26 

ruuo 'I7 

Julio 28 

Julio 29 

Duración 

9 a 12:30 h 

18 a 21 h 

18 a 21 h 

18 a 21 h 

18 a 21 h 

j'v1lCROPROC :_:-e:;_, LGt~ES fEOIUA Y P!:ZACTICA 

Tema Profesor 

SESION PRACTICA: ARlTMETICA CON UN MICROPROCESA· 
DOR 

.. ' ('' ~ ('1 ' u,g .. e~:::nr ~.1avez Zapata 

A rjrn1ética binaria, BCD, punto flotante 
Progran;.as para sumar, restar, multiplicar y dividir 
Lectura dirigida de artículos selectos 
Discusión abie::.:ta · 

ivL en C. 1\ 1ejandro Gua nla A. 
M. en C. fedro S. Joselevid; 

DISEÑO DE SISTEMAS DE COMPUTACION CON MICROPRO-
CESADORES Dr. Adalberto González Burmestel 

Plant~amiento del problema 
Diagrama de Dujo (flmvchart) 
Componentes físicos y lógicos (Harchvare y Software) 
Diseño físico 
Diseño lógico 
Integración del sistema, pruebas y documentación 
Ejemplos -· 

DISEÑO ESPECIFICO DE UN SISTEMA DE CONTROL ANA-
LOGICO Dr. Adalbeno González Burmes:.E 

Convertidores Analógico- Digitales 
Diseño de un monitor analógico 
Programación 

SESION PFV\CTICA: EL MONITOR ANALOGICO 

Den-:ost racién del sistema monitor analógico 
Discusión con miembros de la clase sobre problemas 
específicos. 
Lectura dirigida de artículos selectos 

SESION PRACTICA: PROGRAMAS COI\1PLEJOS USANDO 
SUBRUT!:-JAS (l) ü 

Dr. Adalberto González Burmest~ 

Ing. César Chávez Zapata 
M. en C. Alejandro Gua-rda A. 
M. en C. Pedro svselevich 



Duración--

Ju1io 30 -18 a 21 h 

.Julio 31 9 a' 12:30 h 

-
' 

'edcs. 

MJCROPROCESADO RES \7 RJA Y APLI CAC: f Oi': ES 

Tema - - Profesor 
' 

SESION PRACTICA: DISEÑO DE PROGRA':f.vtA.S COMPLEJOS Ing. César Chávéz Zapata 
USANDO SUBRUTJNAS (Il) M. en C. Alejandro G-uarda A. 

1 M. en C. Pedro S. Josclevich 

SESION ABIERTA. CONCLUSIONES. RECOMENDACIONES 
Dr. Adalberto Gonzá'l,~z Burmeste 
Ing. César Chá vez· Zapata 
M. en C. Alejandro-Guarda A. 
M. en C. Pedro S. Joselevich 
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PROFESORES DEL CURSO MICl\OPROCESADORES: 

'EORIA Y PRACTICA 

Ing. César Chávez Zapata 
Profesor 
División de Estudjos Superiores 
Fac. ele Ing., UNAM 
Tel.: 550.18.24 

' 
M. e11 C. Alejandro Guarda Auras 
Jefe ele la Secdón de Ingcnie:¡;ía Electrónica 
División de Estu,dios Superiores 
Fac. de Ing., UNAM 
'Tel.: 550.18. 24 

Dl\. ADALJ3ERTO GONZALEZ I3URMESTER 
Swnford University 
Depa rtament of Electric.'ll Engineering 
Stanford, California 94305 
U.S.A. . 

M. EN C. PEDRO S. JOSELEVICI-I COHEN 
Profesor · 
División de Estud.i_,Js Superiores 
Fac. de Ing., UNAM 
Tel.: 550.18.24 

'edcs. 
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3 Jt.iP 
,)('/ 

·\ " 
., Ji·JC 

A JC 
;~ Jr~o 

A JI'C:: 

;\ j;,1 

J I''CI iL 

10\/F-

5 
E 
5 

r.r.;¡ 
1/'// 
~.1\' 1 

C, 
O, 

o 

CD Ci\LLl Cl "'17 

e~.._: , / 
Dl CNC 

oc ce f Adr 
~·: Df

1
0 

E:l~ erE 
F4 CP 
FC CM 

.. 

3 
E 

r.i\/! 
, ·,'/ 1 

13, \ 

E, 08 
11, 

C6 AOI 
CE ACI 
DG SUI 
DE SBI 
1::6 A~l 

08 

6 
E 

·C 

~.~VI 

L\VI 
rA'II 

~;, j' 
.. , 

[3 

e 
o 
E 
H 
L 
M 
A 

1 1r i?( u 
( 1 l i ~"' fi 
.3 1ru ::;rJ 

;:¡: Xlll 
F6 ORI 
FE CPI 

05 DCA 8 
00 DCA C 
15 DCR O 
10 DCA E 
2'i DCA H 
20 OCA L 
35 DCA M 
30 GCR A 

Sí3 CCX U 
1l3 or:;x o 
2,3 lJCX H 
2B :JCX SP 

C9 
co 
vl 
DO 
08 
EO 
[8 
FO 
FS 

i'iET 
P~ll 
,:¿ 

ili'\C 
RC 
nPO 
RPE 
RP 
F1M 

LO~'·D 

lf~·~f.,?"C!f\TE 

01 
11 
21 
31 

LXI 
LXI 
LXI 
LXI 

B, } 
~: 016 

SP, 

09 DAD B 
19 Q¡\Q o 
29 DAD H 
39 DAD SP 

CA LDAX B 
1A LDAX O 
2A LHLD Adr 
3A LOA Adr 

02 STAX B 
12 STAX O 
?2 SiiLD Mr 
:32 STA /VJr 

J~ - .. _,._¡ • .-_ é:r"'t, cr tcc;.:.al'(.:r¡l{~met~c ':::.t~ru:,sJon lhat evalua!es 
t·; ,~r-- r: 1-J-t d,_~!.:: <lL~r¡l 1 ty 

C7 FiST O 
C'- 1'1'~ T 
ul ~~_:.r 2 
L·:¡:: F,::; T 3 
t.=1 R'3T 4 
CF :1ST S 
F7 ilST 6 
FF RST 7 

C5 PUSH B 
05 PUSH D 
ES PU)H H 
F5 PUSH PSW 

C1 POP B 
01 POP O 
E1 FOP H 
F1 POP PSW• 

E3 XTHL 
F9 SPHL 

EB XCHG 
27 DAA* 
2F CMA 
37 STCt 
3F CMC• 

03 OUT j 
D8 iN J 08 

o 

07 RLC 
OF RI<C 
17 I~AL 

1 F Pr\R 

00 ~JCP 

76 HLT 
F3 DI 
FB El 

MOVE 

40 r.iOV B,B 
41_ r,1ov a.c 
42 r.mv s.o 
43 ~liOV E3,E 
44 r.iOV B,H 
45 MOV B,L 
46 f..10V B,M 
47 MOV B,A 

48 MOV C,B 
49 MOV C C 
4A MOV C,O 
48 rliOV C,fi 
4C MOV C,H 
40 MOV C,L 
4E r.mv C,M 
4F MOV C,A 

50 MOV O 8 
51 MOV O,C 
52 r,¡ov o.o 
53 1.~ov o.E 
:A L OV OH 
55 f,iCJV D.L 
56 1::0V O~!. 

57 r.iO'/ D,A 

53 ~,iQV E.B 
5') ~/.OV ¡: C 

~,-. :.:ov ¿ ~ 
58 t·,1'JV E.E 
SC MOV [.H 
SO MOV E,L 
5C: 
5F 

r,¡ov E.M 
NiOV E.A 

60 ~.10V H,B 
61 MOV H,C 
62 r.\OV H,O 
63 fvíOV H,E 
64 MOV H,H 
65 MOV H,L 
66 MOV H,M 
67 MOV H,A 

68 MOV L,B 
69 MOV L,C 
6A MOV L,O 
63 ~.'.OV L,E 
6C MOV L,H 
60 MOV L,L 
6E MOV L,M 
6F MOV L,A 

70 MOV M,B 
71 MOV M,C 
72 MOV M,O 
73 f·.-lOV M,E 
74 MOV M,H 
7'i MOV M L 

77 MOV M,A 

78 MOV A,B 
79 MOV A,C 
7A MOV A,D 
713 fliOV A,E 
7C ,',10'1 li,H 
![) 1¡jQV A,L 
?E f.(OV ,~.M 

7F ,\iOV A.A 

016 :;_:; coPs!a:l! or 1 o~.ca! ar:th:r.Gt 1C ctp.·r:::s.:.P that ev(: 1J.;:r:?s 
to a 16 t.t da:a qu2nt1ty 

• ~e oni¡' CAiiRY <:!::ect<?d 

80 ADD 8 
81 1\DD e 
:J2 :·~J D 
63 ADO E 
84 1\DD H 
85 /\DO L 
86 ADD M 
87 ADD A 

88 ADC B 
e9 r.oc e 
8A ADC D 
88 ADC E 
8C ADC H 
üD AOC L 
8E ADC M 
SF ADC A 

90 SUB B 
91 SU8 C 
92 SUB O 
93 SUB E 
94 SU'3 H 
95 SUB L 
96 SUB M 
97 SUB A 

98 SBB 8 
99 SBB C 
9A SBB O 
98 SBB E 
9C SBB H 
90 SB8 L 
9E SBB M 
9F SBB A 

AO ANA B 
A1 ANA C 
A2 ANA O 
A3 ANA E 
1'.~ !liJA H 
AS ;\~lA L 
/\6 N!A M 
Al MlA A 

i\8 XRA B 
¡\9 XR.A C 
AA :\RA O 
/d3 .<.~/\ E 

i\C Xf1A H 
/ID XRA L 
AE XRA M 
AF XRA A 

BO ORA B 
81 ORA C 
82 ORA O 
133 onA E 
04 O:lA :~ 

05 ORA L 
Fl6 ORA M 
B7 artA A 

88 CMP 8 
89 CMP C 
BA CMP O 
88 CMP E 
BC CMP H 
IJD CMP L 
BE CMP M 
BF CMP A 

r'SEUDI) 
lNSTRL:GTiüN 

ORG Adr 
ENO 
EOU 016 
SET Dí6 
os 016 
DB 08 ( 1 
DW 016 ( 1 

IF 016 
¡:;..¡c1F 

MACFO [ 1 
ENDM 

o 
c:::~' 71 íf!C..,rl 

ODDH l u 
} r .ex 

li,H) 

1050} 1 

105 
Oectma. 

no}o 1 720 cla 

1101 i B \ 
0011 OBj Blnary 

'TEST' } ASCII 
'A' 'B' 

OPER¡_\TQqc; 

( ') 
• , 1, MOD,SHL,SHA 
+-
NOT 
ANO 
OR,XOA 

STPYDARD 
SEIS 

A SET 7 
B SET O 
C SET 1 
O SET 2 
E SET 3 
H SET 4 
L SET 5 
M SET 6 
SP SET 6 
PS'-'/ SET 6 

7 6 5 4 3 2 1 ¡J 
/,Jr ·o i 6 btt addrcss [s¡ z' ü~r¿JJF>í,l~l 

= all Flags exccpt CARRY affccted, 
(excc¡:>t1on INX & DCX af!ect no Flags) 



NOP 
LXI 8,016 
STAX B 

3 INX 8 
4 INR B 
5 DC9 8 
6 M/1 8,08 
,7 RLC 
18 
19 DAD 8 
lA LDAX B 
lB DCX B 
le INR e 
)O DCR C 
;)E MVI C,D8 
DF RRC 
10 
11 LXI 0,016 
12 STAX D 
13 INX D 
14 INR D 
15 DCR D 
16 MVI 0,08 
17 RAL 
18 
19 0/\D D 
1A LDAX D 
18 DCX D 
1C INR E 
10 DCH E 
1 E ;,·M VI E,DS 
1F RAR 
20 
21 LXI H,D16 
22 StlLD Adr 

23 INX H 
24 INF1 H 
25 DCR H 
26 1/.VI H,DB 
27 DAA 
28 
29 DAD H 
21- lHL.D Adr 

28 oex H 
2C INH L 
20 DeR L 
2E MVI L DS 
2F CMA 
30 
31 L'"-l Si-',,JíC 
32 STA Adr 
33 INX SP 
34 INR M 
35 DeR M 
36 MVI M,D8 
37 STC 
38 
39 DAD SP 
3A LOA 
38 DeX 
3C INR 
30 DeR 
3E I\IVI 

CMC 
MOV 
MOV 
MOV 
MOV 
~~ov 

MOV 

3F 
40 
41 
42 
43 
44 
45 
46 
47 

MOV 
MOV 

48 MOV 
49 MOV 
4A MOV 
40 MOV 
4e MOV 

MOV 40 
4E MOV 
4F 

50 
51 
52 
53 
54 
55 

MOV 
MOV 
MOV 
r.~ov 

tAO V 
MOV 
~!(l'J 

Adr 
SP 
A 
A 
A,D8 

B,B 
B,C 
6,0 
B,E 
B.H 
B,L 
B,M 
B,A 
C,B 
C,e 
CD 
C,E 
C,H 
C,L 
c.r.~ 

C,/\ 
D,B 
D.C 
D,D 
D,E 
D,H 
[J ,1 

56 MOV 
MOV 
MOV 

59 MOV 
SA MOV 
58 MOV 
se 

57 
58 

rv~ov 

MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 

50 
SE 
SF 
60 
61 
62 
63 
64 
65 
66 
67 
68 MOV 
69 MOV 
6A MOV 
68 MOV 
6C MOV 
6D MOV 

1\IOV 6E 
6F 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 

MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
HLT 
MOV 
MOV 
MOV 

7A MOV 
7B MOV 
7C MOV 
70 MOV 
7E MOV 
7F MOV 
80 AOO 

D,M 
DA 
E:,l3 
E.e 
E.D 
E.E 
[ ,i 1 

E,L 
E,M 
E,A 
H,B 
H,e 
H,O 
H,E 
H,H 
H,L 
H,M 
H,A 
L,B 
L,C 
L,D 
L,E 
L,H 
L,l 
L.M 
L,A 
M,B 
M,e 
M.O 
M,E 
M,H 
M.L 

M,A 
A,B 

A,C 
A,O 
AE 
A,H 
A,L 
A,M 
A,A 

B 

08 = constan!, or loglcnl'or.!h•.~D! : cxprcss1on th<,t (•valuéHcS 

lo an 8 btl dcia quant:t)' 

o 

81 ADD e 
82 ADD D 
83 ADD E 
84 ADD H 
85 ADO L 
86 AIJD M 

f.:7 f, '· ') f. 
88 ADC 6 
89 AOC C 
8A AOC D 
BB ADe E 
8C AOe H 
80 ADC L 
BE ADC M 
BF ADC A 
90 SUB B 
91 SUB C 
92 SUB D 
93 SUB E 
94 SUB H 
95 SUB L 
96 SU8 M 
97 SUB A 
98 SB8 B 
99 SBB C 
9A SBB D 
98 SBB E 
9C SBB H 
90 SBB L 
9E SOB M 
9F SBB A 
AO ANA B 
Al ANA C 
A2 ANA D 
A3 ANA E 
A4 ANA H 
AS ANA L 
A6 ANA M 
A7 ANA A 
A8 XFIA B 
A9 Xf\A C 
AA XRI\ D 
A8 XR'\ E 

Ae XRA H 
AO XRA L 
t\E XRA r.~ 

AF 
80 
81 

XRA A 
OR/1 8 
ORA C 

E:? en: D 
83 OrlA E 
84 ORA H 
65 ORA L 
86 ORA M 
87 ORA A 
88 eMP 8 
89 CIAP C 
BA 
BB 
8e 
80 
BE 
BF 
e o 
Cl 
C2 

CMP O 
CIYIP E 
CMP H 
CMP L 
CMP M 
CIAP A 
RNZ 
POP B 
JNZ 

C3 JMP 
C4 CNZ 
C5 PUSH 8 

ADI C6 
C7 RST O 
C8 RZ 
C9 RET 
CA JZ 
CB 
ce cz 
CO CALL 
CE ACI 
CF RST 
DO RNe 
D1 POP D 

Adr 
Adr 
Adr 

08 

Adr 

Adr 
Adr 
08 

02 JNe Adr 
D3 OUT D8 
04 CNC Adr 
D5 PUSH O 
DG SUI o a 

016 cons!~'r,t, 01 !e,:; '.-1'·~- ···,,,·:·: <:-;
lo a 16 t.1t dé,la c;'~'-'"t,t:, 

o 

1 

07 RST 2 
IDB Re 
09 
fJA JC A:~ 
08 IN 03 
be ce Adr 
be 
'm: S'31 OS 
'oF RST 3 
jEO RPO 
:El POP H 
:E2 JPO Adr 
:E3 )(fHL 
:'E4 CPO Adr 
. ES PUSH H 
E6 ANI Da 
E7 RST 4 
E8 RPE 
E9 PCHL 
EA JPE Adr 

EB XCHG 
EC CPc Adr 

ED 
EE XRI D8 
EF RST 5 
FO RP 
F1 POP PSW 
F2 JP Adr 
F3 DI 
F4 CP Adr 
FS PUSH PSW 
F6 ORI 08 
F/ RST 6 
F8 RM 
F9 Sí'HL 
FA JM Adr 
FB El 
FC CM Adr 
FO 
FE CPl 08 
FF F\ST 7 

Q,'J NUL 
01 SOH 
02 STX 
03 FfX 
04 EOT 
05 Et~Q 

OG ACK 
07 BEL 
03 BS 
09 HT 
OA LF 
08 VT 
OC FF 
00 CR 
OE SO 
OF SI 
10 OLE 
11 DCl 
12 DC2 
13 DC3 
14 De4 
15 NAK 
16 SYN 
17 ETB 

18 CAN 
19 D.~ 

1A SUB 
18 ESC 
1C FS 
10 GS 
1E RS 
1F US 
20 SP 
21 
?2 
23 # 
24 S 

25 % 
26 & 
27 
28 
29 
2A 

(X-ON) 
(TAPE') 

(X-Or-F¡ 
"(-~r"~Pl:f 

2B 
2e 
20 
2E 
2F 
30 o 

32 2 
33 3 
34 4 
35 5 
36 6 
37 7 
38 8 
39 9 
3A 
38 
3C < 
30 
3E > 
3F ? 

40 0 
41 A 
42 B 
43 e 
44 D 
45 E 
46 F 
47 G 
48 H 
49 1 
4A J 
40 K 
4C L 
40 M 
4E N 
4F O 
50 p 
51 o 

1 '-

52 R J 
53 S 
54 T 
55 u 

56 
57 
58 
59 

58 

óU 
SE 
SF 
60 
61 
62 
63 
€4 
65 
66 
67 
68 
69 
6A 
68 
6C 
60 
6>: 
CF 
70 
71 
72 
73 
74 
75 
76 
77 

78 
79 
7A 
70 
7C 
70 
7E 
7F 

o 

V 
w 
X 
y 

z 
[ 

J 
,, (i) 

' 
a 
b 
e 
d 
e 
f 
g 
h 

1 
k 
1 
m 
n 
o 
p 

ct 
r 
S 

1 
u 
V 

w 
X 

y 
z 

(•·) 

(ALT MODt=) 

D~L (RU3 OU1) 
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CURSO DZ :~~::LCROPROCESAIJORLS 

ING. ALEJANDRO GUARDA .ll . .";JRAS 

A:gu~os Conce~~os Fundamen~ales. 

La carac~er~scica fundamental de una computadora 2s s~ ha~ilid&c B&-

a:macena= y procesar información. Para que esto sea posible, es 

necesario representar dicha información de una forma tal que se~ ccm 

patible con la circuitería que conforma a la computadora~ 

En el mundo digital, la inBormaci6n es representa¿a mediante Pu~o3p 

y "ceros'' dGbido a que estos pueden ser procesados facilmente mdd~an 

te disposit~vos biestables, tales como Flip - Flops. 

E~ esta Sección examinaremos algunos conceptos básicos acerca ri: S~s 

~amas Numéricos, Códigos y Dispositivos ~6gicos. 

Sistemas Num~ricos 

Como dij irnos anteriorment.e, una compu.:ad.ora representa la _¡,.i:.:o~

mación en términos de unos y ceros. Por esto es fundament~~ co

nocer el sistema binario y su reL .. ción con otros sistemas c.:>¡~:o 

el decimal, el octal y el hexadecimal. 

1.1. Sistema Decimal 

Este es el sistema que emplearaos comUlli"T1ente y est,a ~ ".,> 

en diez d!gitos: O, 1, 2, 3, 4, 5, 6, 7, S y 9. Por ~~to 

se dice que la base del sis~ema decimal es 10. 

Para representar nfuaeros m¿:¡yores q-:.:;.e 9 usaremos más .i~ ~n 

dígito, y cada uno de éstos tendrá un valor según la ~v~i

ción que ocupe. Por ejemplo el n~~ero 2345 podemos ~~?re-

sentarlo en forma posicional de la siguiente manera: 

X 100 = 2000 + 300 + ~~ T 2 X 103 + '"1 
X 102 + 4 X 10 1 + 5 .j 

5 = 2345 

Este tipo de notación la poa.emos fon";'lalizar de la sig~ .. ~ .. 1~ 

-;:e forma 

.. --: = d x bn-1 + d x b 11 - 2 + + d x b 0 + ct
0 

x :u,· 
n-1 n-2 • · • 1 

En esta expresi6n, d representa un d!gita del siste~a e~-

. • • 2 
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, -· • +-C..:.·; l ... o 

(en el caso decimal d puede representar cualquier 

entre O y 9) y b representa la base del sistern~ ~ 

(en el caso decimal b = 10) 

1.2. Sis~ena Binario 

E~ sistema binario emplea sólo dos dígitos (O y 1), pa~& 

rE:")re.sentar un número y su base es 2. Luego, el nú111c·.:o 

b~nario 1 O 1 1 O 1
2 

se representa en forma posiciona_ de 

la siguiente manera: 

10il01 = 1 X 2 5 + 0 X 2 4 + 1 X 23 + lx22 + lx2 1 + 1 X 

uecimal equivalente: 32 + O + 8 + 4 + O + 1 = 45 

1.3. Siste~a Octal 

El sistema octal está constituído por los dígitos del J 

al 7 y su base es 8. Una característica muy importan~~ 

del sistema octal es que su base es una potencia de la ba 

se del sistema binario (8 = 2 3) y por lo tanto, como v~ra 
mo.3 posteriormente, la conversi6n de un nlli-:1ero octal .:t bi 

nario es directa. 

L~emplo: el número octal 3567 8 se representa: 

35S7 8 = 3 X g3 + 5 X g2 + 6 X 8 + 7 X gO 

Decimal equivalente: 1536 + 320 + 48 + 7 = 191110 

1.4. Sistema Hexadecimal 

Este sistema es muy empleado en microcomputadoras. E~?lea 

lo dígitos y como solo dispo~emos de 10, es necesario effi

plear letras para representar los 6 dígitos faltantes. 

Así, los dígitos empleados por el sistema hexadecimal son 

O, 1, 2, 3, 4, 5, 6, 7, 8, 9, A, B, C, D, E, F. 

L& base de este sistema es 16 y también es potencia es 2, 

po~ lo que la conversión entre ambas bases es muy simple. 

E~cmplo: el número hexagonal 9FA1 se representa: 

9FA1 = 9 X 16 3 + F X '-.16 2, + A X 161 + 1 X 16 0 

Decimal equivalente: 36864 + 381.0 + 160 + 1 = 40865 10 

1.5. Conversiones de Base 

Hasta el momento conocemos algunas características de las 

b~~es más empleadas y cómo pasar de cada una de esta.s a la 

b.::.sG decimal. A continuación veremos c6mo convertir · .. 1.~ nú

m8ro de una base a otra. 

. .. ~ 

o 

o 

o 
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A. Decimal a Binario 

Hay ces métocos para co~vertir un número decimal a binar~o 

A.1. M§todo de Sust~acci6n 

-

Consiste en sustraer del número decimal la potencia ~~· dos 

más cercana a éste y poner un 1 en la posición ~or~as?on

diente. Si después óe la primera sustracción,la pote~cia 

de dos inferior siguience excede al residuo, poner ~n O en 

la posición adecuada. 

Ejemplo: Convertir 3789. a binario 
.J..Ü 

La potencia de dos más cerc~na es 211 

3789 211 210 29 28 27 26 25 

2048 211._1 1 1 O' 1 1 o 
1741 y n 

'! 

210 
! 

1021 
1 7i7 
l 

512 29 
20-5-

:~ 

t 
1 

1 , 
128 27 

-77 
~ ,, 26 u-, 

1 
1 

13 
8 23 

--5 

4 22 
1 

= 2,048, luego 

24 23 22 21 20 

o 1 ~ o 1 J.. 
t¡ .,. •• .. 

f 
¡ 
j 

l 2° -----------------------·-------------------------------0-

Luego 

378910 = 1 1 1 o 1 1 o o 1 1 o 12 

A.2. ~c~odo de División 

co.1siste en dividir el número decimal por 2. Si h.:.i .:.~ 

residuo, poner un 1 en la posici6n menos significa·ci '7"; 

~i no lo hay, poner un O. Dividir el resultado de la >~i 

meca operación uor 2 y repetir el proceso. 

Co~tinuar hasta que el resultado sea O. 

Ejúmplo: Convertir 3789 10 a binario 

... ~ 



• 4 

3 7:)9 2 = 1894 Residuo ' (dígito menos significativc) () 
... ~ ... 1: 
l.~¡ ..1 q 2 = 947 Residt:o o 
~47 2 = 473 Residuo 1 

L1 7 3 2 = 236 Residuo 1 

236 2 = 118 Residuo () 

:18 2 = 59 Residuo o 
59 2 = 29 Residuo 1 

29 2 = 14 Resiciuo 1 

14 2 = 7 Residuo o 
7 2 = 3 Resiciuo 1 

3 2 = 1 Residuo 1 

1 2 = o Residuo 1 (dígito más significativo) 

Luego, 

378910 = 1 1 1 o 1 1 o o 1 1 o 12 

B. Oct~l a Binario y Binario a Octal 

C0@0 se mencionó anteriormente, el cambio de octal a b~~ario 

es .-.my simple puesto que ambas bases están relacionadas: 8=2 3 . Q 
El proceaimiento para pasar de Octal a binario es representar 

cad¿ dígito del número octal por tres dígitos binarios cquiv~ 

len~es; el resultado será la representación en binario üel n~ 

mero e:-1 octal. 

Ej er.:nlo: Representar en binario el número 76138: 

78 - 1 1 12 

63 = 1 1 02 

1 = o o 12 -'-8 

38 -= o 1 12 

761~8 = 1 1 1 1 1 o o o 1 o 1 1 ....._... ........___.... '-----'" ....___.... 
El ~aso de Bi~~: a Octal tambl¿n es directo y es el proceso 

inv~rso al descrito. Se agru?an los díg~tos binarios e~ gru

pos de a 3 y se representa cada grupo por su equivalente en 

oct~l. 

EJe::.;::> lo: Representar en octal el número: 

••• ::> 

o 



o 

o 

o 

.5 

~ o '¡ o o " l 1 o o 1 1 1 1 o 12 .J.. ~ J. 

Agrül_)amos de a 3, comenzando desde el dígito menos signi.Zica-

tivo: 

o o 1 o 1 o o 1 1 1 o o 1 
, 1 1 o 1 ..... .. _ __...., .......___... ...____,. ....____... .......___..., ..____.,., 

1 2 3 4 7 5 

Luego: 1 O 1 O O 1 1 1 O O 1 1 1 1 O 1 2 = 123475
8 

Obsérvese que se agregaron dos ceros a la izquierda del dígi~ 
to ffi~S significativo, con el objeto de completar el grupo de 

tres dígitos. 

c. Co~versi6n de Hexadecimal a Binario 

Tal como en el caso anterior, el cambio de hex.a bi~ario es 

directo, ya que 16 = 24. El procedimiento en este caso con

sist2 en reemplazar cada dígito hexpor cuatro d~si~os binarios 

equivalentes 

Ejc.rú_Jlo: Representar en binario el número F3C2 16 : 

F = 1 1 1 , ... 
.., 

= o o 1 1 .) 

e = l o 1 1 

2 = o o 1 o 
Lueso 

F3C2 = 1 1 1 1 O O 1 1 1 O 1 1 O O 1 02 

Similarmente, para pasar de binario a hex. se agrupan lús dí .... 
gitos binarios en grupos de c~atro bits y se ree~plaza cada 

grupo por su equivalente hex, agregando a la izquierda ~~l 

bit illás significativo, tantos ceros coilio sean necesa~1os, ~ 

para completar cuatro dígitos 

Ejer~.[Jlo: Co:1vertir el nümero binario 1 O ¡ O l 1 O l l O ~ 2 
a hex. o 1 o 1 1 1 1 o 1 1 o 1 

5 E D 

Luego: 1 O 1 1 1 1 O ~ 1 O 1
2 

= 

D. Conversión de Deci~al a Octal y a Hexadecimal 

Aún cuando existen métodos directos de conversi0n 

a octal y de decimal a exadecimal, estos req~ieren que ¡~J -
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O?e~acio~es (divisiones) sean =ealizadas e~ la base a la q~e 

se ~~iere convertir y por lo ~anto pueden resu:tar co~pl2jos. 

Lo ~is simple es convertir de decimal a binario y luego ,ie bi 

nürio a octalo hexadecimal según el caso. 

2. O~),oracio ~es Artméticas con NCimeros Binarios: 

2 .l. .:~c .. : ci6n 

:::..a a.dición en binario sigue el i~nsrr.o pét trón que la aCi..::i-6n 

e •. decimal, excep;:o que el ac.::.rreo a la siguiente r)osición 

se produce cuando la s~~a alcanza 2 (~ + 1) 

.E:; c¡r,plos: 

A) 101 = 510 
010 = 210 
111 = 7

10 

B) 111 = 7 10 
010 = 2

10 
1001 = 910 

~~ mayoria de las comp~ta¿oras y en especial las micrG~o~pu 

~~doras pueden realizar sólo adiciones. Esto no re?resen~a 

u". problema puesto que la su0stracci6n se puede convcl ~ir 

L:.cilmente en suma. 

Su~straer un número decimal es quivalente a sumar e:l. ( ~~ ":·:l.e 

r:"-·,ü:o de diez de dicho número. 

complemento·de diez de un número se obtiene su~stra~enóo 

el número de diez. El dígi ·c:o de acarreo 1 si se proC.t:.c ~ 1 de 

~e ser ignorado. 

Considere la subs~racción dec~ma: 

9 - 2 = í 

z: complemento de 2 es (10 2) = 8. ~uego, la substr~cci6n 

decimal se puede realizar v~a adición del complemento de 

diez. 

9 

+ 8 
Ig~orar el acarreo 11 7--__, 

R2alizar una S)..!bs-c.racción decimal e:-npleando el co~~?l¿:-::.ento 

de diez no tiene mayor scnt~do, puesto ~ue resu~ere ce una 

• o • 7 

o 

o 

o 
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o 
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operaci6n más. Sin embargo, emolear el complemento de des - ---
para substraer en binario es muy conveniente y de hecho es 

la for~a en que se realiza en una computadora. 

Para obtener el complemento de dos de un nfunero binario se 

cambian todos los c2ros por unos y los unos por ceros (es 

decir, se complementa el número) obteniendose el comple:r.en 

to de uno, y 1 uego se le suma u¡1o. 

Eje:nplo: Obtener el complemento de dos del núrr.ero 101011(,1. 

Número original: 1 o 1 o 1 1 o 1 

Complemento de uno: o , o ~ o o 1 o ..... .1. 

+ 1 

Complemento de dos: O 1 O 1 O O O 1 

Veamos ahora c6mo se realiza la substracción de dos númer03 

emplea~1do el complemento óe dos. 

Minuendo: 

Sustraendo: 

Prime:::.·o obtenemos el 

Sustru.endo: 

Co~~~cmento de dos: 

1 o o 1 o 1 

o 1 o o , 1 ..... 

complemento de 

o 1 o o .::. .1. 

1 o 1 1 o 1 

Ahora realizamos la swna: 

= 3710 

= 1910 

dos del sustra.;;:ndo: 

Min~~ndo: 1 O O l O 1 

Corr.p 1 emen to de dos del Sustraendo: 1 o 1 ~ o 1 .1. 

Ig.~orar el acarreo ~ 1 o 
~ 1 o o 1 o 

Luego, la diferencia es: o 1 o o 1 o = 1810 

Ejemplo: 

Minuendo: 1 o 1 o - = 2110 

Sustraendo: o 1 1 o o = -? 
.L ... 10 

Minuendo: 1 o 1 o 1 

Compler.1en to de dos del 
Sustraendo: 1 o 1 o o 

Ignorar el acarreo --¡..-.,.. 1j O 1 o o 1 = 9
10 

1 
e 

••• -.J 
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' · mnre i.:c.. 'lOT E;:. los ejemplos anteriores, el ;:ninu.enao era S le .. - Ü 
q~~ el sustraendo y por esto se producía un dígito ce ·~cc..-
r:co. Cuando el minuendo sea menor que el sus~raend~. no 

s~ producirá dígito de acarreo y se obtendrá el resu:tado 

e~ complemento de dos. 

Flinuendo: 1 o 1 = 5 10 

Sustraendo: 1 1 o " 1 =27 .!. 
10 

Minuendo: 1 o 1 

Cor.t·Jlemen-c.o de dos del 
- Sustraendo: o o 1 o 1 

R¿-ultado en compleme~ 
to de dos: o 1 o 1 o 
Si al valor obtenido lo pone:mos en complemento de dos y 

le asignamos un signo negativo, obtendremos el resulta

do. Luego, el complemento de dos de O 1 O 1 O es 1 O 1 1 O · 

y el resultado es - 1 O 1 1 O = -22. 

Del eje;:nplo anterior podemos concluir lo siguiente: 

i•l efectuar una substracción en complemento de dos, el -

acarreo final provée el signo del resultado. Si el aca

rreo es 1, el resultado es positivo. Si el acarreo Es O 

el resultado es negativo y se obtiene en complemento de dos 

3. C6digos 

Dc..do que i>1ternamente una computaaora trabaja co::1 el sisten.a bi

nario, es necesario contar con algún medio de "traducción", ¡;-¡¿;

diante el cuál podamos intercomunicarnos con la computadora. 

Con este fin se emplean los "codigos 11
, que son medios que perm:.

ten representar un número o un simbolo en forma difere::1te a la 

original; en particular nos interesarán los códigos binarios ma 

nejables por un sistema digital como es la compu·tadora. 

3.1. Código BCD 

:::G código BCD ( 11 Binary Codcd Decimal 11
) se c~nplea I,)dr.:. ro

presentar directamente los n(;:neros dec~males en binarlos. 

La representación de número en ECD se obtiene reemplczando 

cada dígito de un número deciwal, por u~ grupo de cuatro 

dígitos binarios. En la tabla si~uiente se muestra la re

presentación en BCD de los nueve digitos decimales. 

e 
• • • J 

/ 

o 

o 
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o 3.2. 
_, 

~-. ... -

.... ~· ' ' ...... 

Decimal 

5 

6 

- 7 

8 

9 

B C D 

O. O o o 
' •' 

o o 0··1· 

o b 1 o 
o 0.1 1 

o 1 o o 
o. l. Q. l. 

O. 1 1, o. 
O' 1 1 1 

1 o o o. 
l. o o. r 

Ejemplo: Representar 375 en BC~. De la tabla-anterior 

· pbtenemo~ _:ia: ~~p-~e_se~t-~c~6~-, ~-~. 'p'cD~-. ct_;· f-~-d~·. 9~i~ ~o·.\~e9,i~ 
mal y lo reemplazamos directameri·te: 

. ~~~BCD ~'_3}~-l.o---'---~:; :~_:-~-'-_~.- .. 
' En binario'- el· nlismo número·' se ·'reprcis~n ta' como: sigU(§!; . . 

· .1 _,o -1: . 1 -1-' o 1 1 ·- 1 - '= 3 7 s· : · -· ~ --· - ·- - -· -

• 9 

. . - 2 - - +o - -. ' ' . . ' . - . <- -~ ,_: 

E-jemo.lo: <- Convertir el número·· BCD' 0101011'110000001 a deci-
- "" T ,- • '~. ~ _, ...., , • .' .... , r ·_ * .,l.·.~ ..._ •• ', ' } 

1 

· 1i1a 1 : , " : · · ·· : " · · . · · · · - -· · -· ·- .:. - · ' '. - . 
' ' • - ' ' • ' • - ~ • ' ~1" • " • ' ·:. :. ~ ~. :.) ~ ~~ :. 

Agrupamos.:.de .. a:cuatro-~díg'itos biliarios el núliú~rq BCD y rce~ 

plaz~:uuo·s· •cad.:i grupb'···ae · digit·o·s""r;Ór·, ~hi' ~quivaicnt~ ~decimal, 
o i o 1 o 1 1'1 ~l·o·-·o o" ·ó'''o'',:o. i· -. -~?sisí>.-.. 

· ~ ~--~~~BSJ?: . ...... 1.0 
~ -- 'M ' 1 ,O.,. 0 .. 0 --4' 0 .,_,. - _J ' >< ~ Á 

5 - 7 8 l .. ·-
•-' _,. ' :-• .::_. ::. :.. • •• J - .. ,;' - ,_ '~ ~~ ~· J ~' ,._ t..."_:~"- ::. ~""- ,, & f.,..~ ..... 

a deci.:nal .. 
)~ - .¡ ' • ¡ .1 -

P.rocediendo cqm9 __ ~n~. el ej e:(llplq an·ter ior·, :~ '' , · · ·-- · · · 
~-;... • 7' •, '- .\. o,j 

o 1 o 1 
'-----"' 5 

En este caso, el grupo 1100 no !epresenta ningün dígito d~

cimal codificado en BCD y? por lo tanto::.:.es~ un'.'código'--ilégal, 
,_,,_J : .... ' _, 

Código hexadecimal,:. __ . ..:..-. :. .. _, -' ... ":·· .. ~. 

Ei,"có~i-go binario puro de -cu¿¡.tro bits,··en el que )s·e· ·usqn 
·~ . . . - --q-.>-· - -· -~ 
todas las combinaciones posibles constituye el c6digo ~eha-

••• 10 



Las seis cc2binacio~es no ~s~das e~ BC~ se ~~~00- o 
~-~~~ con le~r~s, A a F 

o o o o o o 

9 1 o o 1 9 

lO ' o ' o J,~ .L ..J.. 

.ll 1 G 1 1 :¿ ..L. 

12 1 o o e 
13 . - o 1 :J ' -'-~ 

l' '-~ l i. l o E 

15 " l 1 F ..i.. .L 

El núrl:.-.3-:co binario : 1 O O Q l O 1 co~:;:(!s¿o:;. .. :.:.; a 

C 5 hexadecimal y a 12 X 16 + ~ :.97 decir~1c:l 

3. 3. ~'- .-.igos 1\.l fa.nun<€ricos: 

:2:., C.e tipo ce c6digos pe::cr.ü-'.:.2 ::.::epres2~-'.:.::r e.1 ~i.-.a~io ..:.:.-.ó.lq-uier o 
~~¿o ae car&cter: d~gitos, letras y siffi~olo~ especi~~es. 

Le .3 dos cóCigos o.lfa~~:r~.éri~cs ¡~ás er~tplcac1os sc:-1 ~1 I~:_; ~ll -

~- _.::crican Sta¡1dard .Code fo~ I.ni"orrr.ation DYcercl·.ar:.gl..:!) ¡ el 

c6digo ASCII es cmple~~o por todos los fabricante~~~ mi 

nJcomputadoras y microcomp~Lddoras. 

t:~caciones). 

~0~tie~e posiciones que sen i~~erpreta6as po= las te.1 ~n~l~s 

0..:.: con·.,_micaciones pa::.::a realizar ciertas ~uncior.es ( ".·8to:.:-no 

e::.- carro", "avance del p.:.pc:::..", "conectar perforador é:e cL'1-

s~ ~dj~nta un~ tabla del código ASCII. 

4. CL~cui-::.0~ I6aicos Básicos 

E:-• Uli.a computadora (maxi, :::nini o mic:::-o) , la i!1for~-r.aci6~-. s..::: ::e:~;re- Q 
senta e~ binario. Una s2~al bi~aria. puede ser 1 ó e ! 32 p·" .. _;¿:2 co1:.. 

1 -

si¿erar como un tipo especial de variable. Las va::ia~~~es :¡ _:"J.a::i.:._s 
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o 
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se represencan mediante letras. ?or ejemplo, una varia~le ~~naria 

se puede designar mediante la letra A. Como la variable b~n~ria 

puede ad~uirir sólo dos valores: 1 ó 0', se emplea la notación A 

y A para represe~tar el valor 1 o el valor O respectivaillen~e. ~a 

notación A se llama complemen~ofle la variable A. 

Para resolver distintos problemas, las comp~tadoras emplean opera

ciones lógicas encre las variables binarias. Las operaciones lógi

c&s entre variables ~inarias son tratadas por una rama de las rnate

m~ticas llamada algebra de Boole. 

Las relaciones Entrada-Salida de un sistema lógico se pueden e~pre

sar mediante tablas de verdad. La cabla de verdad consiste Ge dos 

partes. La primera parte est~ re:acionada con l~s c~~radas y pre

scn~a und lista de todas las combinaciones posibl~s de ell~s. 

La segun¿a parte presenta la salida como función de cad~ co~bind

ción de :as entradas. 

Todo& los sistemas lógicos se pueden reducir a combinaciones de 

unos cuantos circuitos lógicos que se definirán a continuqción. 

4 .1. Inversor: 

El inversor.es un circuito de una entrada; a la salida Jro

duce el complemento del estado lógico de la ~utrada. Por 

ejemplo, si la entrada es O, la salida es 1 y vicever~~. 

A A 

A t!: 

o 1 

1 o 

Fig·. " ...~..: Circuito Inversor 

4.2. l\JJ.·;: 

El circuito AND tiene dos o más ent~adas. En la Fig. 1 se 

muestra su simbolo y su tabla de verdad 

••• .12 
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¡...._ B A•:S 

·j\ ~Ü.o B 
o o o 

.·¡, 

-LJ o 1 o 
....,. 

1 o o _._ 

1 1 ~ ... 

Fig. 2: Circuito AND 

De la tanla de verdad vemos ~ue la salida del circuit; será 

l :.vlo cuando amb&s entradas, A y B, sean l. Cua ..... qu:..,:.: otró. 

cc.,.~inación a la entrada proclucirá un O a la salida. 

~.3. \..}1\ 

' Ll circuito OR tien dos o m&s entrad~s. En la Fig. 3 ~e -

mu~stra su símbolo y su tabl~ de verdad 

l 
' A :a ¡ F. -¡- B 
1 

o o 1 o 
A 

~ 
o 1 1 

S 

.V 

1 o 1 

1 ~ 1 ... 

Fig. 3: Circ~~to OR 

De la tabla de verdad vemos sue la salida del circuit0 ~ori 

1 . :~landa cualquiera (o todas) las entradas sean 1, y .::;l:r.:í O 

sc_o cuando todas las entrad~s sean O. 

Lo~; circuitos AND, OR e Inv~.-.csor son los bé":..sicos de ~..-"· sis 

t.e:¡¡,a lógico y de hecho con es>cos tres es posible (aur:~-:>-'' :-.o 

es aconsejable) disefiar una computadora. Estos circuico~ 

se combinan para producir fu~ciones más elaboradas, alsu11~ci 

de las cuales veremos a continuación. 

4.4. ~:re.:~: 

El circuito NOR es una comb:..naci6n del c~rcuito OR y ~~l 

Ifiversor. En la Fig. 4 se m~estra su sí~bulo y su tab:~ 

de verdad. 

• •• - J 
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o 

o 



o 

ü 

í '') 
·-""' 

o o 1 
.. ~A<·D o 1 o 

..0 
u.:.:_ 

1 o o 
1 1 o 

Fig. ~= Circuito NO~ 

De la tabla de verdad vemos que la salida será l sólo cua~ 

do todas las entradas sean O y será O cuando cualquieru 

de las entrddas sea l. 

4. 5. NA.l-JD; 

El circuito NAND es una combinación del circuito AND y ~1 

Inversor. En la Fig. 5 se muestra su sím~olo y sa tabla 

de verdad. 

o o 1 

A-----~ A•S 
0 L.__)~ 

o 1 

1 o 
1 1 

Fig. 5: Circuíto NAND 

1 

1 

o 

~a salida será o cuando toGas las entradas sean 1 y sera 

1 c~~~~o cualquiera de ellas sea O 

4 • 6 • 0 R .2:: :: !_U Si VO 

El circuito OR Exclusivo realiza la función OR con la ex~ 

cepción de que cuando ambas entradas son 1, la salida es O • 

A B . A ,.,,B 
l v 
l 

o o o 
.~~ ==;} A~B o 1 1 
. ' ; 1 o 1 -" 

1 1 e 

Fig. 6: Circuito OR Exclusivo 

Zl Fli;-Flop es un dispositivo binario de &lm2=ena~icnto, 

de un b~~ de información. A co~tin~aci6n se descr~~e el 

flip-f~op RS que es la base pur~ de los 6effiás tipos. 



.. 1 t;. 

:::lip-flop RS est::.á especiaiJT.C~1te diseñado pc.ra. 0;?8:.:.-~--· 

}),<~O control de una señal c:e reloj: 

l';d la salida se producirán cuando los cambios de la .::.:.: :..J:a 

d~ coincidan con un pulso de re~oj. En la ~ig. 7 se :1:es 

tJ_-,_, el sím..Jolo de un f.iip-flop RS y su diagr.::rc,a .::e t.i, __ .. ;os. 

=: reloj es una señal binar~á ¿eriódica que s~~croniza ~os 

ev2ntos de un sistema digi~a.l. 

,_ 
j 1 :-. ,.-~ ·• 

; ~'"'>..; ... -~ ! ----c.:. Q: 
i 1 ' 5 ·~ i 
i'- i 
l 1 R 1 (~ -;: i 

-· "'' ·CI-.:.~ 1 ....... 

--ó 
( 

-,-¡ 
~ 

¡ 
¡ 

¡--¡ ¡¡ 
1 l i ! 
' - ¡ i 

¡--1 

' 
¡---¡ 
1 ¡ 

¡ ; 

_j _í LJ LJ ;_·_ L_l 
¡ ! ! l ,-

1 • 

1 ' 
_..J 

------; 1 

l 1 
' 1 ' 
L!_j 

l -----·-

o· 

i 
i 

1 
----·- o 

Q 

FIG. 7: F~IP-~LOP RS 

El circuito tiene dos entra¿as: R y S. Cua.~do S se hac~ 

~, la salida Q se hará 1, y Q se hará O,en ei pulso de 

e:._.,.,: estado hasta que lJ.cgt~.:.: t:n pulso a L.1 .._.,¡ tr..:td.:-1 R. . .,) 

c.n~c.:rior se ilus"Cra en el diagrama de tier.1pos de la F~c_:: 
~, .. 

5. C1rcuJ~o~ Funcionales Básicos 

Los circ .. itos lógicos básicos se pueden in~erc~~~c~~~ ~a~~ v- -~-

ner bloqces que realicen funciones ~~s compleja.s. Eü esta s¿c

ción se ...;.escribirán algunos de :i.os :Oloq"J.es más ~~·<?Ort.J.n"tes. 

- e: .... ..:.. ::> 
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5.2. 

ü 

I\c·,¡istros 

, -.... .., 

Un flip-flop se püede usar pura almacenar un bit ~e i~forma

ci6n. Sin embargo, un nGmero binario puede est~r compues~o 

por n bits y por lo tanto será necesario proveer alm&cena

mlento para esos n bits. Esto se puede conseguir co~ectan

do adecuadamente n flip-=lops. Dicna combinación ~e lla~a

r~ reqistro de n-bits. En la Fig., 8 se muestra un regis~ 
tro de 4 bits hecho a base ce flip-flops RS 

+ 
1 t rs-7J ~ !$Bu 

f d """ i rr~ ¡---: 

~ Cloc~ ¡ l rl Ciock 

f ' i 

1 

R , -trL_j n~R 

A• 1 
¡¡¡ jj 1 1 

! 
Cloc~ ! 1 

FIG. 8: REGISTRO DE 4 B¡Ts 

Las líneas R y S se e1~1plean para entrar en paralelo · .. _ ts 

de información. Como las ~í~eas ~ y S deben estar s~c~?re 

en forma complementada, se enplean inversores para co~sc

su~r esta condición. 

Los registros se pueden. !1acc:c er::.:Jlea::1do flip-flo!? RS ¿is

cretos, pero por lo g2ner~l se e~plean aqu6llos qqe y~ -

v.::.er-.en en forma integrc..da como se ilustra en la Fig., 9. 

~~~istros de corrimiento 

El corrimiento de información es u~a de l~s operacion~s bJ 

sicas en un computador ¿igital. Un registro de corri~ie~tq 

es un circuito con l& ca~~cidact de dGsplazar su qontenido 

d..:::.-.. t.co de si misr;¡o, sin al te::ar el orden de los bits. Pue

de~ efectuarse corrimientos hacia la .izquierda o hacia la 
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FIG. 9: RZGISTRO INTZG.Rl\DO 

6erec~a, una, dos o varias pos~c~ones. En la ?ig., 10 se 

m~estra el diagrama ae un regis~ro de corrimiento de 4 bi~s. 

FIG. 10: REGISTRO DZ CORRIMIE~TO ~E 4 BITS. 
• •. :.. 7 
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E:'l el circuito de la Fig., :;.o se en-::ca un nú;nero al 

m8C::.lam:e las en eradas de PCU:.SET de cada fiip-flop. 

so de reloj correrá el nlli~ero una psici6n a la derecha. 

C~n~ador Binario 

il~ con~ador binario es un regis~ro que cuent& pulsos en for 

m& 0inaria. Cada vez ~ue se pro~uzca un pulso en ~a e~tra

aa del contador, éste deberá incrementar en 1 el n~mero q~e 

tiene almacenado. 

En la fig., 11 se muestra el circuito de un contaeor p~r.~

rio de 4 bits. 

FIG. 11: CON'l'ADCR BINARIO DE 4 BITS 

La lín2a de "clear" se err.plca para poner en O el corr.:a-

¿o~~. Si le llegan k ~~lsos al contador por la linea ~e 

cn~~ada, el estado de las cuatro etapas corresponderá al 

n~ .. .-.ero bL'"'ario k. 

- " - - - L ;-, 
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G~~o tipo de contador es el declmal. Tie~c una entr~~~ de 

conteo, una de CLEAl"\ y 4 l6,,c:as de salida. Este ti~)O de 

cont~do~ presenta la salida codificada en BCD, por lo tan-

to, al llegar la cuenta a 10Cl = 910 , el contador se rese

~ca, comenzaneo desde 0000 ~~evam2nte. 

5.5. ~~ltiplexor 

U~o de los circuitos ~ás ütiles por su versatilida¿ ~~ el 

;r.~:~- ti.plexor , digital, llc..m.:::co a veces se lec .::or. Un r:.l .L ci-

plexor de ocho entradas, por eje~?lo, selecciona 

la~ ocho entradas para que aparezca a la salida. 

una c.c -
,., -
\....ac....é 8:1 

L~~da tiene una dirección y 2s seleccionada mediante l~ -

c6c~go de tres bits. 

E~ la Fig., 12 se muestra u~ multiplexor de ocho ent~~~as 

y su tabla de verdad. 
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En un decodificador, la dirección de e~trada determina cuál 
• -~~~~- --- ~··~~ ,_,_ ....... -~-, ............. ~ ...... -~----- ··- ,,~h··-1·'-"· 

de las salidas se'ha~á- cefo. En ra Fig., 13 se m~estra cll 

' 
''' 

FIG. 13: DECODIFICADOR: 

' '' 

~ 1 • 

Las cuatro líneas ~e entrada: A, B,: e, D dete~minan cudl de 

las salidas será ~ero. Por ejemplp~si a. la entrada se. tie~ 

ne O O 1 O, la salida 2 estará en el nivel O. 
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E~ 1972 se inició una nueva era en el campo de la electrónica ~~e, 

por su 1cp~cto, es comparable a la era d8l transistor. 

sa~le de esta verdadera revolución ha s1do un nuevo componente 1n-

tcgrudo: el microprocesador, o "computadora en una pastilla" 

El microprocesador surgió como una solución de los fabricantes ce 

circuitos integrados, al problema de la falta de estandarizacic~ de 

componentes digitales complejos de uso especifico, a ser effiple~dos 

e11 óistirlcos sist~en1as que cumplieran fur,.cior!es difere11t.es. 

1~.1 p-.:-oblei.(ld consistía en que cada cliente ordenaba un circuit.o c;t.<e 

realizara cierto tlpo de funciones y que tuviera cie~tas espac~[i

caciones. ?ara esto, el fabricante da circ~icos integrados d0bfa 

hélcer el :t:J<..pel de "sastre", ordenando sub-sist.err.as de ·te:. forr..<. de 

1ntegrar las funciones requeridas en uno o más circui~os, qu~·c~m-

plieran co~ las especificac1ones impuestas. A es-ce p:coccd:.m.:i..el: -.:.o 

lo lla.r:ta:::-c:-~os "diseño personalizado" y al producto, "circuito per-' 
' ., \ 

so;¡al1.2.ado' . l..L;· 

Con<o e? S ev~Jente, el "diseño personalizado" resultaba extre¡r;~d .. '.:-:tente 

caro, -can·.:o para el fabricante como para el cliente. 

los p:::-imeros a diseñar un componente estándar, que pudiera se: ~er-

sonalizado'' por el mismo cliente. Sin embargo, para que esto ~uera 

posibie, d2bía cambiarse la forma tradiclo~al da dise~o, en l¿ ~~e 

se realiza{Ja.n todas las funciones de un sistema mediar~t2 "l1ar( .. \/u~e .. 

y por lo -canto, la relación entrada-salida del ~is~o era fija. 

A es t.e ti?O de diseño se le llama "l6~¡ica alambrada". 

La "person2..lización" se logró empleando el concepto básico de las 

compu-::ado.:.:s de proposi to general. En estas, se realizc-n en ">.c:rd

ware'' ciertas funciones básicas y es-::ándar, tales como operacicnes 

ari~méticas, opefaciones lógicas, control, transf2reficia de in~orma-

ció~, almacenamiento, etc., y luego, mediante un 

ciones, se organiza la secuencia de ejecuci6n d~ 

conj-..l~to da ir:s t:cu~ 

dichas - . ::unc::.o;-• .ss -

( 1) Debido al al-::o costo de desarrollo de los circuitos integrados 
d.:;.gi-c~les LSI, un nuevo diseño comple~o sólo se justifica eco
nómicámente si el vollJUen de co!'.<pra de los misr.1os es~éi a::::-r.::...'.::la. 
de las 100,000 unidades. 

o 

o 

o 
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(pro gr an1a) con la secuencia determi~ada por la función espec~f~ca que 

se desea ob~cner corno por ejemplo, el cálculo de una est~ucturQ, el -

control de los semciforos de un sector de una ciudad, etc. 

Esta_ combinación de Hardware-Software, permite of~ecer una variedad -

enorm~ de s~sterna~ de uso· especifico, con la ventaja adicional de que 
~ 

dic~o sist~ma pued~ se~ alterado en su función, simplemente carntiando 

el programa original. . 
' -

Como p~ede verse, el microprocesador no,ha introducido ninQ~n concep-
. 

·to nuev:o, 

sivamen-::.e 

ya que el principio .en.que se basa ha estado emp¡eándose ma -
'¡ < 

en:las gos últimas décadas. 

El ~~~~~dero aporte de los microprocesadores ha· sido el·pon~r ~:al~ 

canq~ 4e .los di~efiadores, bn 'di~pmsifiv~- de b~jo cesio, t~mafio redq

cido, bajo consumo de potencia y mucha flexibilidad; en otras pi~la

bras1 un dispositivo de excelente relación costo/funcionami~nto, . ' 

En un p~incipio, los microprocesadores se destinaron a reempla~ar ~ 

peq~~fios sistemas realizados con lógica alambrada y a calcu~adoras~ 

Por-~sto, los de primera generación poseían arquitectuias. y c~r~cce ,,,, -' ' ~ 

risticas muy especiales que limitaban bastante su empleo ep ot~&s -

aplicaciones. Sin embargo, al verse el potencial de dichos di~posi 
y< > 

tivos 1 apareció una segunda generación con una arquitectura semeja~ 

te a la de una miniqomputadora y con cara~teristicas de funcionamien 

to muy superiores a las de microprocesadores de primera 9eneraci6n. 

El campo de_aplicación de estos dispositivos, se extiende qesde el 

extremo dominado por la lógica alambrada 1 hasta aquéllas q4e :.-'o.~· su 
' ' ' 

comp~e~idad estaban reservadas a minicomputadoras .. (2) En ~1 cu~dro 
de la Fig., 1 se muestra el 'lugar que·ocupan los micropro~~~adores 

en ~1 ·espectro de los sj.stemas digitales. 

Com~ pu~de apreciarse en el cuadro, la zona de traslape cpn +as ;ni·n;f._ 

com~~~~doras es muy pequefia. Es importante hacer riotar q~~ los m~
croprocesadores no estan destinados a reemplazar a las minicorn9~~ad~ 

..,! ,-:-

ras 1 ya· que poseen ~everas limi tacio'nes de velocidad y de longi tucl 

de ~al~bra. Aún cuando dichas limitaciones sean re~asadas mediante 

el uso de nuevas tecnologías, seguirán existiendo limitaciones en " 

() la capacidad de manejo de informaci6n y en el co~~ro¡ sobre perife~ 

(2) Pasa~do por nuevas aplicaciones, s6lo posibles por el baje cos~ 
tq y tamafio del sistema electrónico que resulta. 
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() CCl~SO; ":,¡rcROPROCESADORES TEORIA Y APL:CACION&;s• 

DR. ADALB~RTQ GONZA~ZZ auruvili STZR 

I. Introducción a los Microprocesado=es 

Las Computadoras pueden diviqirse ~nt~rnarnen~e~ ~ara su estudio~ 
en tres partes importantes: 

1) Memoria. Conjunto de dispositivos do~d~ se almacena la in
formación que se procesa y los pr9~ramas qu~ ejecuta una com 
pu-cadora. 

2) Entradas/Salidas. Conjuntq/de dispositiV9S a ~ravés d~ los 

cuales la computadora se cowunica con e~ exterior par~ trans 
1 -

ferir información y programas. 

3) Procesador Central. Conjunto de cl1spo~it~vos que transZo~~ 
roan la información contenida en 14 memoria d~ acuerqo a la 

secuencia de instrucciones q~e constituye el prqg~4ma. 

Ü Con el avance de la tecnología, la~ cpmputadoras l:4p pas~dQ por 
varias generaciones. Cada generaGi6n s~ dist~ngue po~ ¡a =~a~i
zaci6n física de sus elementos básicos de qccisió1f., Las co.:-.¡y.¡
tadoras han usado elementos electromeq4nicos, v~lvulas ~l v~~ro, 

transistores discretos y modernamen~e conjuntos monol~ticos ~e 
transistores llamados circuitos in~egrados. Con cada gqne~ució~ 
aparecen computadoras más pequeñas en ouunto a volu~en fts~co oe 
sus com~onentes, pero con un poqer ~quivalente de calculo a com~ 
putadoras de generaciones anteriores. 

o 

No existe una definición exacta ce lo que es u~ miproproccs~cor, 
pero se puede decir que es ~n procesado; cep~ral en el cual ~1 
volumen físico y número de compon~ntes se ha reducido a un .-.. ¡~:i• 
mo. Es usual que un microprocesaQor tenga la presentación f1si
ca de ~n circuito integrado, pero además posee el mism~ ~o~c~ ce 
cálculo de una modesta computadora, 

I.a. U~ poco de Historia 

Los primeros microprocesadores evolucion~ron de proc~sado
res numéricos para calculadora~ electrónicas y parale:¿:r;-.c!!. 

te de procesadores de caracteres ~lfan~ér~cos usados ~n -
terminales inteligentes ~ara computa~oras. Los pr~c~r~ores 

••• 2 



¿e los microprocesadores actuales tuvieron un §xito 9asa

jcrd·;;;~d~bido a que se requería de gran co~~i'~j iüad ce di..- () 

seña para utilizarlos como.procesadores centrales de com

putadoras muy pequeñas, que se llamaron rnicrocomputacoras~ 

Para otras aplicaciones dedi6adas, donde no se requcr1a 

del poder de cálcuio de un~ computadora de propósito gen~ 

ral, los microprocesadores llegaron a sustituir coffiplica~ 

dos circuitos electrónicos de decisión, con programas que 

podían efectuar las mismas decisiones con un nGmero wenor 

de componentes y con un costo reducido. Así pues, los -

primeros microprocesadores aparecieron en el mercado den~ 
' 

tro de calculadoras electrónicas, cajas registradora~ de 

ventas, medidores digita¡es, terminales para computadoras 

y muchos otros perif~ricos para computadoras. 

Con la experiencia que se obtuvo de los primeros micropr2 

cesadores las nuevas generaciones adquirieron muchas vent~. 

jas sobre sus precursores es común encontrar, entre las 

nuevas generaciones, a microprocesadores especialme~te di- () 

señados para usarse como computadoras de propósito general. 

Huchos de los procesadores nuevos son tan generales que se 

pueden usar con la misma facilidad para efectuar cálculos 

matem~ticos como para controlar procesos físicos. 

Con cada generación, el poder de cálculo y de control de 

los microprocesadores ha i¿o aumentando, mientras que el 

costo se,ha mantenido estable. Por lo general, la familia 

de componentes afines da cada microprocesador es m~s ver

sátil y fácil de utilizar que la de generaciones an~erio

res. No es difícil extra?olar que en el futuro muchas qe 
las funciones de decisión que se realizaban fisic~mente 

con gran cantidad de circ~itería y componen~es elec~róni

cos se vean substituidas por un microp~ocesador y ~nos -

cuantos componentes. 

I.b. Evolución de las Computadoras 

Las pr]~meras máquinas se utilizaban exclusiv,anlen'i.:e para 

llevar a cabo cálculos que de otra manera pubieran reque~ 

rido d,= un esfuerzo hu."nano 9-esorhitado. Esos artefactos 
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to a:·10ra utiliza.n microprocesado::es, reóuciendo el volwaen 

físico y el costo del sis~ema. A veces es tan espect&cu-

es\:.e ca~bio que lo resul~ante es un ins ~rur.1eü to 

til ~uc funciona coü bate~ías. 

L~ o~ra tende~cia es la de incorpo::ar un mic::oprocesador 

e~ un sistema para efectuar la ffiayoria de las funciones de 

procesamiento de datos y de con~rol, aprovechando la exi~ 

tencia del procesador para incre~entar el número ae f~ncio 

:1es del sis ..:ema, con un nú;nGro pequeño de co:;-:~¡_Joúen".:es aC.i-

cionales . De esta manera, instr~~entos de medición que 

.=.:.-.'ces ef2c~uaban un número limi ~ado de oDservac..;.ones, ano-

ra son caJ?CtCes de transformar r.-:atemáticamenoce las medicio

fles en valores relacionados. Es usual encon.trar ins::rur::.en 

tos que miden relaciones diferenciales, integrales, prome

dios, conversión de unidades, de~ecci6n de limites, etc., 

a un costo muy reducido, ~olo por efectuar los cálculos -

con un microprocesador, en vez de ~ratar de obtener el mis 

mo resultado por medio de clrcui~os analógicos. 

Los microprocesadores se pueden usar en una gran variedaa 

de sistemas de control y cálculo. La configuración de eses 

sistemds para aplicaciones particulares diferirá en la na-

turaleza de los dispositivos periférlcos y la cantidad y ti 

po de memoria empleados. 

Por eJemplo una calculadora elec~rónica puede consistir de 

un microprocesador para efectuar iunciones aritm6ticas y 

de control, cierta cantidad de fficmoria para guardar dato~ 

interraedios, una memoria espGcial en la cual estuviera g:...-~ 

bada el programa de control y algunos algori~mos rnatern&ti

cos trascendentales, una interface de entrada para el tecla 

do y una interface de salida par& el mecanismo que escri~e 

los resultados. Todo esto se puede realizar co~ unos di~z 

circui~os integrados. Además la calculadora pu~ae ahora 

ser prog::::-amable. 

Otro ejemplo puede ser un voltime~ro digital, en el cuai a¿e 

más de los elementos usuales, se utiliza un convertidor an~ 

l6gico-digital para observar la variable analógica. Este 

'"' .... ..., 
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eran físicamente grandes y costosos, de reparación frecuen 

te y mantenimiento caro. Pero su utilización era eventual 

mente más ventajosa y la obtención de resultados m6s rápi

da que utilizar unaequivalente batería de matemáticos con 

sus calculadoras. 

Con las distintas generaciones de computadoras, fueron ap~ 

reciendo productos más baratos y confiables que sus precu~ 

sores. Las computadoras pasaron de usarse exclusiv~mente 

para cálculos gigantescos a ciertas aplicaciones industri~ 

les, donde la velocidad de respuesta era esencial para el 

control de los procesos físicos. La aparaci6n de computa

doras de bajo costo y alta confiabilidad en los laborato

rios de investígación, tambi§n fue muy importante. En es

te caso, se usaron los procesadores como instrumentos de 

control y para la adquisición y procesamiento de datos. 

Comercialmente fueron apareciendo sistemas de medición o de () 

control tan sfisticados que incluían a una computadora co 

mo parte integral del sistema. Posteriormente, esas com

putadoras serían reemplazadas con microrpocesadores. 

En manera análoga al desarrollo de las computadoras; las 

calculadoras electromecánicas pasaron a ser calculadoras 

electrónicas. Muchas de :as calculadoras electrónicas ad 

quieren la capacidad de ser programables. Ahora es diff

cil precisar cuales son las diferencias entre una caicula

dora programable y una computadora pequeña. Igualmente y 

de una manera más natural, los microprocesadores fueron a 

sustituir las entrañas de las nuevas calculadoras. 

Una tendencia que existe en la industria electrónica ahora 

es la de sustituir, cuando sea posible, infl0xibles circui 

tos electrónicos para microprocesadores programados. 

I.c. Sistemas basados en Microprocesadores. 

Existen dos tendencias principales en el uso de los nacro Q 
procesadores. Una de ellas tiende hacia la u~ilización de 

microprocesadores donde antes se utllizaba una conput&dora 

para efectuar una tarea similar. De est& manera, sistemas 

que usaban computadoras o calculadoras para su funcionamien 
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dispositivo puede entonces seleccionar la escala autow~ti 

camer.te, para· mostrar· siempre el resultado con un máximo 

de. precisi·ón. Además, la lectura digital se puede usa-r 

par' ~liment~± a un impresor, perforador de cirtta b papel, 
1 

o puede conectarse directamente a un sistema de 'adquisi·ción 

·de· da tos .t~ . Lo ·que· antes se realizaba con cientos de cbrrt;?O

nen.tes dH>cretos,- ahora ·se ve reducido a unos· cuantos c'ir

cuitos integrados. 

Se puede ·pensar· que, en· los.sistemas electrónicos de con

trol de p-rocesos· f:h;i:cO's. o .:los sistemas. en lbs ·éúales. in

b~rvíenen cál·culos 'u.rit.mé-.:icos· y que·, en· e~·· p:.:éser-.t.e,: se 

realizan· ·con· .eleme'ntos discretos '(aún ci-rcui'tós- integrados), 

en el futuro pueden realiza·r má:s eficiehJ¿eir.cnte y a menor 

costó'usando microprócesador2s. 

Es posi~le usar microprocesadores én algu~~s ap~icaciones 

· · C;e ·control· de procesos, aiíh é::uandó actualmer'ite no sean da 
• ilt, 

realii~6i6n·eledt~ónica si se réuhéh cié~tas -córidiciones: 
....__ . 

Existen los transductores adecuadbS pa~~óbs~~var ias va-

. -ri·a·bies-· de ·estímulo ·ál ·sisten\a ·en va:tiables ~e'lect:t6nica·s 

análogas' 'de ·entrada· a·· un '1nicroprócesado:r'. ' · 

ExJ.:sten los eféctores adecuados para transformar las seña 
~ ¡ ' ' . . 

les· ·electrón·icas ·de; salida· de urt inic·r'dprocesador eri las va 
;1! .,..... 

riibl~s de 'reipuesta análogas d~l siSteili~. 

E;{iste ·aigúrl: algoritmo ·para-·relacion~r u1iivoca~ent~ l.:.s se --
iiales·"de'' entrada con las- seii.iles de· sa.i-ida ó · 

'~: 

Cuando : e}Ú:st'E:~n es~tas tres condicíónes pa:t'a" uh s"iste;na ele 

, control·,· ~entonces puede· re·su·lta.'r. m<:1s Ventajósá la i-ilip:i.emen 
' ' -

tación d(Ú' sis"tema de ;coritrol usando ün'. nii-c~óprócesador. y 

··su.:; '·eíement6s·· afines, ·qué :la. presenté ifL1p'iemerl-taci6n é·Jiec-
• r ~ ' 

tromecánica por lo general ... 

I .á. Pro~·rama:dfón 'contra Realizaq-ió,n· Física-

cuando se usa ,un sistema de contról r·eai-iz·a:do con 16gica 

programada en lugar de utilizar la equivaien.te realizaciól) 

-física, es posible enumerar ciertas vent~jas y desventa• . 
jas de usar la una o 1~ otra. 

A ~avor de usar lógica programada egtán loS siguierttes ai 

.... -~ 



1) 

2) 

gl-,_,len tos: 

Facilidad de incorporar mejoras en el sistema 

~1 dise5o se facilita por el uso de programació~, usc:~¿o 

len0uaJes de alto nivel o compiladores, ensambladores y 

editores. 

3) La corrección de errores se facilita con el uso de s~~~~a 

dores y otras técnicas de programación capaces de detectar 

errores. 

4) E~ ~úmero de componentes físicos se reduce 

5) La docur.-.entaclón del sist.ema es más ser.cillo 

6) Cmno consecuencia de ter.er mer-..or número de component2:s fí 

sicos, los costos de producción son menores y la pro~abi

lldad de fallas se reducen: 

Zn contra de usar lógica progra~ada estfin los siguientes 

argumentos: 

7) Ld velocidad de r~spuesta á0l sistema es wás lenta 

S) costo de desarrollar la capacidad de programación es 

2~evada inicialmen..:e.'-

9) costo de sistewas pequeños puede ser m~s elevado. 

10) El costo de cambiar es contr~producente. 

~~s v2ntajas o desventajas ~e usar la realización fisica 

o en elementos discretos de un sistema de control, so~ evi-

d~ntcmente el complemento d~ ¡as dos tablas anterior~s. 

~a decisión de utilizar un ~iste~a de control o procosa

~ien~o de datos, realizado con lógica programada o micro

?rocesadores, no es f~c1:. Zs necesario evaluar ca~a ~na 

de las ventajas y desver.~a~as seaan la anlicaci6n en nar~i 
_, - ... ... -

cular. Pero la exper~e~cia ha demostrado que en la mayor!a 

¿3 los casos es más ventajoso usar los microprocesa¿ores. 

I.e. /"licaciones en General. 

~o~ microprocesadores han enco~trado aplicaciones en los 

siguientes campos: 

1) Indus~riales 

"'' / ' 
~1 

:=,) 

Co::nunicaciones 

Comerciales 

•:) Computadoras 

5) Instr~mentaci6n. 
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CURSO: "MIC~OPROCESADORES TEORIA Y APLICACIONES., 

DR. ADALBERTO GONZALEZ BUR~illSTER 

II. Composición f~sica de los sistemas (Hardware) 

La composición física de sistemas basados en microprocesadores. 

es muy simil~r a la organización int~rna de una computadora. Esencial

mente, el microprocesador controla y tiene acceso a tres conjuntos· 

de señales, que llamaremos conductos o 

función diferente :en el sistema: 

"buses". 
' . ' Cada "bus" tiene una 

1) El "bus" de información, transmite, los datos entre el micro

procesador: y el resto del sistema. 

2) El 11 bus" de dirección, transmite la dirección de la memoria 

que se desea usar, o la dirección de los dispositivos de 

entrada/salida que se van a emplea!:. Este 11 bUS 11 se origina 

normalmente en el microprocesador.,' 

3) El 11 bus" de control, transmi t~ del ,;microprocesador al resto 

del sistema las señales que controlan la operación del rnismo. 

Sobre estos cqnductos o "buses" ~e corlectan los distintos elernen 

tos del sistema s~gún las distintas necesidades. Por ejemplo, un mó 

dula de memoria u~a el "bus" de dirección '1para seleccionar la celda 
~ ' 

que se va a Utilizar, el 11 bus" de co:rltrol 'para saber si se va a es-

cribir o leer la memoria y cuándo, el' 11 bus" de información para trans 

mitir o reci8ir la información de la~celda escogida. 

Los dist.i'ntos \microprocesad.ores difieien además de su estructu

ra interna y 'juego de instrucciones, :en 1d manera en la cual está 

organizado el conjunto de 11 buses" del sisfema. Algunos microproce

sadores usan uno, -idos o tres "buses 11 'según el nfur.ero de conecciones· 

externas que 'tenga el circuito integrado en el cual se presenta f~-· 

sicamente este elemento. 

Es importante' considerar que el ancho ·,de los "buses" en número 

de líneas, d~penderá del espacio de direccionamiento y el número de' 
1 

bits de info~maci6n de cada microprocesaddr. Por ejemplo, el InteL 

.. 

8080 utiliza :,16 lí·neas en el 11 bus 11 de dirección y S líneas en el "bus" 

de información. 

() Las unidades de memoria afines a los microprocesadores están di~ 
señados para conectarse directamente :a los 11 buses". Por lo tanto, 

••• 2 
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un microprocesador puede trabajar con un mínimo de memoria con la 

misma facilidad que si tuviera todo el complemento. El inconvenien

te de este sistema, es de que el microprocesador no sabe cuando exis 

te o no cierto módulo de memoria. 

De la misma man~ra, los dispositivos de.entrada y salida están 

disefiados para conectarse directamente a los "buses". En ciertas 

ocasiones, existe una división física del "bus" de información, en 

lo que puede llamarse el "bus" periférico, ~edicado exclusivamente 

para los dispositivos de entrada y salida. 

Ciertos otros elementos de control' son necesarios para contro

lar el tráfico.por los distintos "buses". Generalmente están aso

ciados con el "bus" de control. 

II.a. Tipos d~ Mi~roprocesadores. El intel 8080 

Los microprocesadores se clasificalf1 más;; facilmente por el núme-

o 

ro de bits de información que usan por palabra de memoria. Los mi- () 

croprocesadores de 4 bits están orient~dos hacia las calculadoras 

electrónicas y· otras aplicaciones comerciales, donde se utiliza una 

aritmética muy~limitada. Los microprocesadores de 8 bits son dema 

siado generales para describí~ pero es~nci&lmente están orientados 

hacia el manejo de ~aracteres alfanuméticos·y cálculos matemáticos 

m¿s sofisticadbs. Los microprocesadores de· 12 y 16 bits están enca

minudos a las aplichciones donde se us~ un~:matemjtica de mjs alta 

precisión y generalmente tienden a sustituir a computadoras de poder 

equivalente. 

El micropr~ces~dor INTEL 8080 es ~po de: los elementos procesado

res mas usado~ en la tecnología electri6nic~· en el presente. Es un 

dispositivo dé 8 bits de informaci6n, :es capaz de direccionar 65,536 

celdas de mem~ia ~usar 256 dispositi~os de entrada y salida. 

II .b. Tipos de Memorias. Raro, Rom, P.rom, ~Eprom. 

Los m6dulos de memoria están organ~zadqs iilternamente para alma

cenar palabras.~ de i~formaci6n en localridades específicos. Si la me

moria es capaz·:de ]eer y escribir infqrmaci6n, se le llama memoria 

de lectura/escritura. Por una inconsi~tencda del lenguaje se le ha 

• • • 3 
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() l~amado memoria de acceso aleatorio o ~1. Si la información de la 

memoria es inalterable y sólo se pued~ leer, se le llama memoria d~ 

lectura exclusivamente o ROM. Si la memoria está destinada a oper~r 

como ROM pero. se puede programar inisialmente-por medio de proced~

mientos especiales,, se le llama memoria de: lectura exclusivamente ~ 

programable, ROM programable o PROM. .Si la memoria está destinada 
• ' l ~· 

() 

o 

a ser ?ROM pero además por otros métodos especiales, el contenido ~e 

puede borrar, :.entonces es un PROM borrable. o EPROM. 

Generalmente, 1as memorias de tip~ RAM, 1se utilizan con los míe:¡:-~ 

procesadores para guardar la informac~6n que está cambiando en un ~ 

programa. En·,ocas~ones, es posible usar el RAM para guardar el pr9-
1 

grama que se y¡a a ejecutar. 

Los microprocesadores utilizan los diversos tipos de ROM'S par~ 

almacenar pro<;rams:y ciertas tablas de datos que no cambian durante 

un programa. 

La mezcla 1de R&~ y ROM en un sist~ma depende mucho de las apli~ 

caciones. Es.posible encontrar un sistema. mínimo en el cual sólo 
: ' 

se utilizan u~ RM.qy un ROM. Es posible también encontrar microco~ 

putadoras que~tienen bastante Rfu~ para gua~dar datos y programas y 

un poco de ROM donde están protegidos~ciertos programas residentes 

de la microco~puta~ora. 

II .e. Tipos de pe~iféricos _y_elemem:.os de .. interface 

Los microprocesadores se comunican con, 1 el mundo exterior a tra":" 

vés de los di~posi~ivos de entrada y salidá. Estos elementos se en 

cargan de transfor~ar y almacenar la mnformaci6n por el tiempo.nec7 

sario para si6cron~zar el tráfico de ~nforhaci6n entre los ''buses" 

de informaci6m y el mundo exterior. 

Se pueden~distinguir dos tipos de' elementos de interface. La 

característic~ de éllos es en la maneta de transmitir una palabra 

de información, si'lo hacen en paralelo 1 o-lo hacen en serie. 

Una inter:ñace que funciona en paralelo· es capaz de almacenar 

una palabra dé infbrmaci6n y de transferir bidireccionalmente, en 

caso más general, recibir en el caso de un dispositivo de entrada, 

o simplementel".tran~mitir en el caso dé un Glispositivo de Salida. 

La transferenciia ocurre de manera que'1está1• sincronizada con alguna 
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señal de control. Todos los bits de información son accesibles du

rante la transferencia. ,, 
Una interf~ce q~e funciona en serie es similar a la anterior só 

lo que la info+maci6n es accesible un bit ~ la vez. Esto se usa en 

el caso de transmisiones por cable telefónico, o en comunicaciones 

con teletipos. 

Los dispositivas periféricos más usuales para los miqroprocesa

dores son los teclados, lectores de cinta, los impresores, indicado

res luminosos o "displays". En ocasiones es muy común encontrar te 

letipos. 

II.d. Otros componentes varios. 

Además de los dispositivos de mem~ria X: de interface, existen 

otros componentes a~ines a los microprpcesapores. Estos se usan 

más relacionad~s cqn el"bus" de c9~trol que. con otras partes del -

sistema. Muc~s d~. las piezas de soporte caen en esta categoría. 

Entre ellas s~pueden enumerar los ci:r;~uitos de reloj y fases, el 

control de interrupción, el acceso dir~cto de memoria o D~m, y la 

sección que alimenta o recibe a los diV'ersos "buses" 

o 

o 

o 
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Dentro del campo industrial encontramos a los microprocesa

dores en la automatización de fábricas, manipuladores pro

gramables y autómatas indu~triales. Otras aplicaciones i~ 

cluyen el control de máquinas de ensamblado., máquinas aut2_ 

máticas de peso y envazamiento de artículos, observación y 

control remoto, entrada y salida de datos y control de trá 
' ' -

fico. Una aplicación muy importante es en el ramo de control 

numérico de máquinas herramienta y los controles necesarios 

para programar~os. Las máquinas de hilados y tejidos igual 

mente son· fáciles de automatizar en este sentido. También 
se encuentran máquinas de composición para periódicos en 
esta categoría:~ 

Consideraddo el campo de las comuni~aciones, se encuentran 

los microP>rocesadores esenc'ialmente como procesadores de 

caracteres alfanuméricos. Se usart para convertir códigos, 
buscar caracteres especiales, editar mensajes revisar la 

paridad de transmisión, corrección de ~rrores y retransm~
sión. Dentro de las redes de comunicación de microondas, 

los procesadores se usan para seleccionar las antenas q~e 
se deben encadénar en la transmisión de mensajes. En las 

" 

redes de eomunicaciones internacicnales los procesadores 
r' ~ 

se usan para réconciliar los códi~os, velocidades y forro~ 

tos antes !.de permitir el encadenamiento. Otra aplicación 

interesante es.en el control de potencia de las torres de 
transmisi~n de~radio y micro-onda~. Eri la telefonía, los 

procesadores han encontrado aplicación 1:en la transmisión 
digital dé la voz, haciendo la transmisión más eficiente y 

eliminand~ costosos repetidores añalógicos. Esto mismo 

facili tarS en él futuro la transmisión ti de las imágenes de 
los usuarxos a~traves de las líne&s teiefónicas. Asimismo 

las transmisiones de voz se puede~ encodificar an un telé
fono y deciodificar en otro para tfansmitir mensajes con al 

to grado de seguridad. Si otro t$léfono no conoce la deco 
' ' -

dificiaci6n ad~cuada el mensaje n~ se ~ued' reconocer. 
Dentro del campo comercial se encüentrán procesadores en 

las cajas ¡;registradoras de ventas ~ 1 básculas, terminales p~ 

ra invers~onistas y la industria de laS finanzas, cajeros 

automáticos en ::los bancos, contro1: de inventario en negocios 
•• • S 
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y supermercados. También se encuentran aplicaciones en 

los autom6viles para minimizar el consumo de gasolina. 

Diversos juegos electr6nicos modernos están basados en pa~ 

tallas de televisi6n y microprocesadores. 

En el campo de las computadoras cabe decir que muchos pro

cesadores se usan normalmente asociados con unidades de m~ 

moria y otros periféricos en microcomputadoras. Pero de

bido a su baja velocidad, los microprocesadores solo han 

encontrado cábida dentro de las secciones de control de 

los periféricos de las computadoras. Por ejemplo, en las 

terminales inteligentes, impresores de líneas, conversión 

serie-paralelo, etc. Las calculadoras electr6nicas progr~ 

mables son otro buen ejemplo de aplicación de microproce

sadores. ,' 

Tal vez 1~ aplicación más importahte de los microprocesa

dores es en el' campo de la Instrumentación. Donde no solo 
'• 

se utiliza la reducci6n de números de componentes 16gicos 

discreto~ sino, que además se utiliza la capacidad de cál

culo. se~ tienen muchos probadores de 'elementos semicon

ductores y circuitos integrados, sintetizadores de frecuen 
~ r 1 

cia, wattmetrds, medidores de temperatura con termopares y 

toda,una serie' de instrumentos inteligentes. 

o 

o 

o 
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Práctica No. 4: DISENO Y PROGRAMACION DE UNA CALCULADORA 

DR. ADALBERTO GONZALEZ BURMESTER. 

OBJETIVO: En esta práctica se usará la estructura f!sica del SDK-80 

para simular por medio de programaci6n adecuada, la operación de una 

calculadora sencilla. 

INTRODUCCION: Las características·esenciales de la calculadora que 

se va a simular son las siguientes: 
' 

a) Debe ser capaz de efectuar las cuatro operaciones aritméti~ 

e as de suma, resta, multiplicación y divisi6n. 

b) Debe aceptar números decimales desde la terminal, para ser 

usados como~erandos. 

e) Debe escribir el resultado decimal en la terminal. 

Para facilitar la programaci6n, se ha suministrado en un PROM es 

pecial ocho subrutinas que son capaces de efectuar las cuatro funcio 

nes aritméticas y las operaciones de leer y escribir datos decimale~ 

() en la terminal. Usando una combinaci6n adecuada de llamadas a estas 

subrutinas preestablecidas se puede disimular una calculadora senci

lla. El formato en el cual la calculadora efectuará estas operaci~ 

nes dependerá de la complejidad del programa de control. 

o 

TEORIA: Las ocho subrutinas utilizan números enteros positivos de 

16 bits de significancia, esto equivale aproximadamente a números corn 

prendidos entre O y 65 535 inclusive. Todos los operandos usados por 

las subrutinas son pasados a traves del Stack; es decir, los operan

dos que se usan en las operaciones aritméticas son tomados del St~ck 

y el resultado el regresado en el Stack. Este método de pasar opera~ 

dos facilita el encadenamiento de operaciones aritméticas, ya que el 

resultado anterior está en el Stack y s6lo basta proporcionar el otro 

operando. 

En ciertos casos es posible detectar, por medio del flag de Aca

rreo, si cierta operaci6n ha excedido el nivel de significancia de 

16 bits, o si cierta operaci6n ha producido un resultado negativo. 

La funci6n de las ocho subrutinas es la siguiente: 

1) ADDXY: Suma los dos operandos superiores del Stack y regresa 

el resultado en la parte superior del Stack. El flag 

de ~carreo indica Si hubo un sobreflujo. 
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2) DADXY: Es de operaci6n idéntica a ADDXY pero usa otro méto

do para obtener la suma. 

3) SUBXY: Resta el operando superior del Stack del siguiente 

operando en el Stack, regresa el resultado en la par

te superior del Stack. El flag de Acarreo indica si 

el resultado es negativo. 

4} NEGXY: Toma el operando superior del Stack, lo convierte en 

su valor negativo y regresa el resultado en la parte 

superior del Stack. Esto se usa en caso de que SUBXY 

haya producido un número negativo. 

5) MLTXY: Multiplica los dos operandos superiores del Stack y 

regresa el resultado en la parte superior del Stack. 

Si el contenido de la pareja de registros DE es dis

tinta de cero, indica que hubo un Sobreflujo. 

6) DIVXY: Divide por el operando superior del Stack al siguien

te operando en el Stack, regresa el resultado en la 

parte superior del Stack. El residuo permanece en la 

pareja de registros DE. El cociente es la parte ente 

ra exclusivamente. 

7) DECOD: Toma la parte superior del Stack la convierte y escri 

be como número decimal, sin signo, en la posición ac

tual de salida de terminal. 

8) ENCOD: Lee de la terminal a un número decimal, sin signo, y 

lo convierte en número binario de 16 bits. El resul

tado lo pone en la parte Superior del Stack. Si un 

número mayor de 65535 es suministrado entonces el nú

mero convertido está indefinido. 

EJEMPLOS: para sumar dos números decimales basta escribir el siguie~ 

te sencillo programa: 

CALL ENCOD Leer primer sumando de la terminal 
Dejar sumando en el Stack. 

CALL ENCOD Leer segundo sumando de la terminal 
; dejar sumando en el Stack 

CALL ADDXY Sumar los dos operandos superiore~ 
del Stack, dejar total en el Stack 

CALL DECOD Escribir el total en la terminal 
, tomándolo de la parte superior del Stack 

El mismo procedimiento se usará para Restar, Multiplicar y Divi 

o 

o 

o 



o 
dir cambiando solo SUBXY, MLTXY 6 DIVXY por ADDXY en el P'.t:ograrna an 

terior. Nota, es importante considerar el orden en el caso de la 

resta y la divisi6n. 

Cuando se restan dos números decimales, el resultado puede ser 

negativo. El siguiente programa corrige esta situación: 

CALL ENCOD ; leer substraendo 

CALL ENCOD leer minuendo 

CALL SUBXY hacer la r~sta 

JNC POSIT ; saltar si Residuo positivo 

MVI C,2D poner carácter .. _ .. en Reg. c. 
CALL co ; escribir signo negativo 

CALL NEGXY obtener el negativo del residuo 

POSIT: CALL DECOD i escribir residuo positivo. 

Usando un procedimiento similar, se puede probar si en el resul

tado de una suma o de una rnultiplicaci6n hubo un sobre flujo. En ese 

caso se escribiría algún carácter especial para indicar esta condici6n 

antes de escrib~r el resultado. 

Para que la calculadora pueda efectuar las cuatro peraciones arit-

O méticas es necesario reconocer símbolos especiales corno "+", "-", "*", 

"/", etc. Dependiendo de cual fue el símbolo especial reconocido, la 

calculadora deberá efectuar la operación correspondiente. El siguie~ 

te programa sencillo realiza esta operación: 

OPER: CALL GETCH ; leer carácter de la terminal 

CALL ECHO escribir carácter en la terminal 

MOV A,C poner carácter en el Acumulador 

CPI 2B comparar con "+" 
JZ ADDXY si fue, sumar 

CPI 2D comparar con "-" 

JZ SUBXY si fue, restar 

CPI 2A ; comparar con "*" 

JZ ML~XY si fue, multiplicar 

CPI 27 comparar con "/" 

JZ DIVXY si fue, dividir 

MVI C,3F poner carácter "? 11 en Reg. C. 

CALL CO escribir interrogación 

CALL CROUT ; cambiar la línea o 
JMP OPER ; volver a leer 



FORMATOS: Con una combinaci6n adecuada'de las rutinas presentadas 

anteriormente, se pueden escribir pr~gramas para simular calculado- () 

ras fácilmente. El formato de entrada y salida más sencillo es el 

siguiente: 

NUMERO 

NUMERO 

OPERACION 

RESULTADO 

Con unas cuantas modificaciones, el formato de entrada y salida 

puede convertirse en el siguiente: 

NUMERO 

OPER.l\CION 

NUMERO 

RESULTADO 

DIRECCIONES: Las ocho subrutinas residen en el 

tema SDK-80. Para llamar a esas subrutinas es 

las siguientes direcciones: 

0400 ADDXY z = X+ y 

0403 DAD XY z = X+ y 

0406 SUBXY z = X- y 

0409 NEGXY z = - X 

040C MLTXY z :;:: X * y 

040F DIVXY z = X 1 y 

segundo PROM del sis 

necesario llamarlas a 

En las cuales X es el primer operando que entra en el Stack ~ Y 

es el segundo operando que está en la parte superior del Stack 

0412 DECOD ESCRIBE Z 

0415 ENCOD LEE X 6 Y 

Donde Z es el operando que está en la parte superior del Stack, 

usualmente un resultado, y X 6 Y tienen el mismo significado que arri 

ba. 

o 

o 
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~~~a re&~izar los trabajos pr&cticos del curso usaremos ¿os J~0~o~~

~,_-,.:; ..:ie ó0sarrollo ("Kit:s") de la fi.rr.1a Intel 1 denominados ·-.-:,:s-SC". 
:¡:;;~,tos c~1tlcienen el conjunto de eLsmen tos b~sicos que no::; P"- r.:.:. tir<..:n 

~]e~citu~ el microprocesador 8080 1 conectarlo al mundo exterior p~-

ru c~tr~~~/salida de información y cooandar el kit. Caca ~-- 1 :__ cor.--

-1iz&r una serie de fu.:cio.-:es relativ&s a .La for:r.é.. .:..:: ccr.e-

. ·.lr y ~Jc.cb..:tr un programa en des.:.r:;_:ollo y por otro ir.::.e::::coní ._ ~:.1.::- ¿,_.._ 

Lit co11 ~ma serie de dispositivos _Jeriféricos ( te;:le·c.ipo, tc.c.._r .... l 

de video) para que el operador ent~e y extraig~ información ael k~t. 

~1 conJu .. to de circultos y funciones de que dlS?0~2 el kit ~ ~2~2n Ji

vidirse en los grupos detallados a contin~aci6n. 

2 .l. 

21 2' 

Ur: :.dc.d central de proceso (2-'U) v circui.-:::os 

C~._¡.,¡prenden básicamente el C:.?0 ( 8 O 8 OA) , 2l 'J'C~<-2rc..éior ..;,_. _)'u.:Í. sos 

(8224) y el decodi:;:ica¿or de "sta-::.us" C.2l CPU 1! '\ ........ (")' 
\ :' L. .... .j ) • 

I':. .::os circuitos son el cc .. ·.:::.z.jn del kit, tor.18n las de;:c.L.:oior..s~; 

16sicas y d~n el tiempo cor~ccto para la opcr~ci6n de :odo el 

~..:' -~cui to. 

···._;,;oria de lectura úr.ic& (PF,J~IIJ.'S o RO:Yl'S) 

.2r, estos circuitos se quedan las rutinas que :per:ni tir.: .: .::eali-

zar operaciones tales cor.1o la co~unicaci6~ co~ el n~~Jc ext2-

rior, introducci6n C...2 p=ogranas dEsarroll~dos ~~r el al , "' ... ~ ..t... 
1\..LI.. 

op2rador, etc. Adem~s allf se podrán grabar subruti~!3 ~om

~l~tas para realizar ¿iversas ta~eas en operaciones ~.Jc~~á~i

cas, las que se podrán llamar desde el porgrama de tr~ 'a]C, 

f~cilitando asi grandenente la tarea. 

~: ~it dispone de dos PROM'S (8708), u~a que incluye 

L~~·· (ver 3.) y otra que ha sido programada esp2cial~~~te por 

:r.csotros, la que contiene una serie de subrutinas a s .. !:.: usad2 s 

•••• 2 
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2~ 1~ tarea No. 4. Dos espacios incor.l_.o-

r2.:::- dvs S 7 08 adicionales. El circuito 8 2 O 5 dcccd.i::: ica.r lX_::- Q 
te de las lineas de dirección y permite habili~ar una 870~ 

cua~do es seleccionada por el contador de programa. Cada -

8703 ;2rmite alojar 1,024 palabras de 8 bits. 

2.3 M2~o~~ 1e lectura y escri~ura 

?e~~it2n almacenar instrucciones y da~os, sea p:::-opo:::-ciona~os 

desde el exterior, sea generados por el sistema durante l¿ -

eJecución de un programa. Son L.amadas "RAH'S" (8111-1) y 

c~da una permite almacenar 256 p~labras de 4 bits, por lo ~ue 

con los 8 existentes, se dispone de un máxiffio de 1,02~ p~l~

bras Je 8 bits. Hay tambi¿n un decodificador 82C5, que pcc

~ite seleccionar los 8111-1 en grupos de dos (256 pla.brcci ~a 

8 bits componen cada grupo). 

2. 4. Ur.lda,~ -~s de entrada y salida 

Para comunicarse con el mundo ex~erior, el kit dispone de -
\ 

"})ü.e.s"L.os" de co:íimnicación. Los 8255 permiten la comunic ... ·-

ción e~ paralelo de tres grupos ¿e 8 bits cada uno, prog~s

Jaables a voluntad en forma muy versátil. Bajo comando d.~ L 
' prograffiador, estos pue~tos pueden trabajar como entrada~, -~ 

lidas, alternadamente, etc. 

Bu.y o~co tipo de puesto, el 8251, que pcrmi<:e la interco.:.·""

cación con dispositivos periféricos que trabajan en serie ,_, 

r"o son teletipos o terminales de video). Por medio de LL.v ... ~~-> 

res cO.~.::cuados de frecuencia ( circLii tos 9 3516 y 7 416 1) , se '•·-·~ 

de ele(;ir de acuerdo a las necesidades, a qué velocicad s~ '·...:.. 

rá la ~ransmisión/recepción de datos; una serie de transis~o-

res y cesistencias permite acoplar los diferentes niveles ~~~s 

tricos a que trabajan los circul~os electrónicos del klt y _os 

diferc:.tes sistemas del mundo ext.2rior. (Corriente de t.c.:.n::o: . .:..

si6n p:.ra el teletipo, interfase tlpo RS·-2J2 para el terr;.::¡_'· ... l 

de vi0~o, y niveles TTL para aplicacio~es diversas). 

2.5. Alime~caciones 

o 

El kit necesita para su uso de cuatro tensiones regulaaas, --~ () 
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~ ... .ts cuales tres ( +i2, +5 y -12V) deben ser provis· .. :.:...:, :::xC.e:r-

,,.::..¿-c,e.nte, y la cuarta (-SV) es generada internamente :; ::r el 

regulador 79M05. 

r::.L ?:{::xc 8708 con notaci6n "S.D.1<." contiene, g.ca::;ados u.J.a :...2rie C:.c: 

~rogr.::..~~s que permiten el control del funcionaffiiento del kic, y s~ 

~~cgr~~¿ci6n, por un teletipo, ~0rminal ~e video o teclado. 

Se aco~?a~an copias de las páginas pertine~tes del manu&l del kit, 

y c. cc:.·..:.inuaci6n se explican brevemente lé<.s principales fur.ciones 

l?Osiblcs. 

L-.::::¿_;-.: uc: 

Co~ec~ado el teletipo o el terminal de video, opr~mir 2i botón de 

"p-c:.e:... ta a cero". Deberá verse escrito "I'1CS-80 };:.:...·~" cr. e<~ -cer.-:~i-

nc.l. 

- In~rc~.~~ucir inst.:.rucciones en RJ'jv¡ 

C~Jr:;.:~ . .:.::..- "I", sGguH~a de la pr i.;:,era locación en I::.:V·I donde; !::e qui2-

ra i.~ ::reducir un programa. Para resresar de est.::.: orc.::::n, C;?rí'mir 
\ - \ 

un c .. ~"rete "ilegal" (por ejemplo, la letra ";;") . 

;~,;~.t~3.r cor.tenido de memoria. 

O;_Y>:Lüir "D", seguida de la prin~era locaci6~1 c;:ue quiere v· r-s..::, U!,~ 

cor.10, y la última. Oprir<ür 1 t" .. Ggo "Return" 

Opru~.i..r "S" y la direcci6n que contiene la ü1forrnaci6:1 e .'-.>2.J. ;-.:o.:.. · 

Iic¿~a, seguida de una coma. ¡-\parecerá el co11teni~o ac·~~\.~-Al \iE~ , , :~ 

localüiad. El operador tiene opci6n de r.~odif icar e.l. cv:-. \ 2<H,-::L 

-p.J.:::-a lo que debe introducir la nueva información- o no .. ·.:,•.~L..L~l.l 

para lo que debe oprimir nuevaffie~te la coma. 

formc..ci6n de la siguiente loca::...:.aa.d con la c_:ue se rlge J" :r...1.sL .. 

cpci.J.-,. Se interrumpe el proceso con un "Re"cur:::1" 

::::::-;e:.-::__ .':ar program.::t 

Op:c i.;,1.ir "G", seguida de la dirE::~ción donde se qui.e::e co". '- -:.zc..r _ . 

cj ecuci6n de un programa. Al oprimir "Ret~:.:n", Gs-ce co:. :: cr .. z;o. ;: 

eject..tarse. 
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O}::ir.1i.::c ~~~~~~ seguido de "Return". I:i estado de cada uno de.: lo~, 

gis~ros, ~i contador de programa y el apuntador se verán escr:~.

Si se des~d ver o modificar algün reg~stro particular, oprimir .~ 

seguido ~~~ el ~Ontbre del registro a examinarse¡ si se desea 

go de v2~~ 2scrito dicho contenido, se debe ingresar ~a nueva l~-
- .. "Return" vuelve siempre c..l estado o:.:igir:al. r:orrttG.Cl'-J .. -~. 

3 .l. 

3 . 2 . 

Oso d2 Subrutinas 

Como s~ ha dicho, puede emplearse las propias subr~tinas L~a

das ?ü::C el monitor para, por eje~plo introducir infor~aci~~ 

:· . ...:.:x.::.c-..:_cimal como dato de un programa, o escribir resu:L c¡;;,ac ,; 

~córic~mentc el CPU 8080 A con sus 16 bits de direccio~0;~~~n-

to, p~sde manejar memorias de hasta 65,000 localidades dife-

Efi la práctica, el kit, en su configuración actual, p~e~~ dC 

o 

ced8r a sólo 5,000 localidades diferentes, de la forma que in () 

di ca ::...;: figura. 

o 

1K 

2K 

3K 

4K 

5K 

~~~~~--~----------¡0000 
PROM S.D.K 

r . , .,.. 

1 

1 r 
1 

1 

r 
1 

-

-

-

-

(MONITOR) 
- - - - - -

PROI-1 USUARIO 
- - - - - -

PROM USUARIO 
- - - - - -

PROM: USUARIO 
- - - - - -

- -

No . 
- -

No. 
- -

No. 
- -

-

1 
-
2 
-

3 
-

1 
- '03FF 

!o4oo 
1 

- !07FF 
1 

¡oso o 
-:OBFF 

¡oooo 
- i OJ:.,FF 

ilOOO 
RA11 l 

- - - - -- --- - -I13E2 r ~--------------------------' 
Los n~.J:teros de la izquierda indican notació.1 decimal los :..'e :!..a. 

d8reci.a hexadecimal. 

El Eo:s¡:,.:.tcio destinado a Rl;l-1 es de 1000 H a 13FF Ii. En :Los }:::~_-.:.s 

de ¿e~ostración hay colocados circuitos que cubren el esp¿cio 

•...• 5 

o 
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:CJO - lOFF, y 1300 a l3FF, los qu2 son todos ut~liza~:es 

~~r el usuario salvo los t~cinta Glti~os (13E2-13F7), r¿ser-

v~dos por el moni~or para su propio uso. 

4 • .,._ J. ,_· •• .1 '· ,:: ,-:Jrograrna 

~i-klt, JUnto con el ter~inal de video, posee una forma muy conve

:·lien te ~~.J.ra diseñar y probar prog-rar,las. 

~s prev_o a cualquier operación de programación, el estudio a fon-

do del JUego de instrucciones del sistema y u~ conocimiento, lo 

mas aca~ado posible, del fu~ciona~ien~o inter~o del mis~o. 

Lc.cso 1 -..::.3 r.1uy conveniente hacer ur. "diagrarr.a de fL.1jo" de:.. .):cogra-

~a, ~o:~~e se resaltan las operaciones esenciales q~e se rea~iz~r~n 

1~3 c~t~adas y salidas, las pruebas y condiciones a que se sc~ete

r~n los datos parciales obtenidos. 

Finalmcn L.C, se pu.sa el diagr.J.ma d-:! f 1 u jo a ins truccioncs; cu;.vie

ne colocar ~l lado de los rn5s importantes, explicaciones e~c~itas 

sobre qu2,se está haciendo con ellas,.a fines de doc·@1entaci6n fu-

tura. 

Es co;1vcnicnte introducir cada tantas instrucciones "::\.S'l'-1'', co:1 

lo que s2 vuelve el sistema al control del Monitor. Con es~~, -

pc.cden observarse los estados de :os regis~ros luego de ~a ~-~~~~ 

instr~cc16n y corregir as! errores posibles. El. progro.rr . .:::. ~)--..c._:, .. 

proseguirse con la tecla "G" y la dirección siguiente. 

tá todo el programa listo y libre de fallas, pueden ree~?la~~~s2 

las "RS'.;:'-1" por "NOP", con lo que el programa se ejecutart: cn·:.. . .::::c. 

4 .l. Codificaci6n 

C<:.da instrucción tiene, den'.::ro de la n· •. ~quina un cie..::-·.::o '- -·~. ':'-

(2~ general una sola palabra d8 8 bits) . E 8 
. . . 

SOS Di.~~~~~)".......:...~,.·~.- .. :: 

.s.:.:r considerados co:r:1o dos digL:.os hexaC.ecir:.ales COil..:.~l, ~:).o 

(cada uno, de valor O a 15), codificados O a F) . 

¿e instrucción, entonces, pu~de ser entrado, con " . . 
..l.OS C.:-'.:~ .... ~-.-

g~tos que contiguos, corresponden a la codificación rE~.~c~~~-

:=::;ernplo: La instrucción ADD L 

L.cne el código 1ooo,o 1c::.. 
q~e corresponde en·~xadeci~al a 8 5 

LCJ. tarjeta "Assembly lans;·ua•;:¡e refere:1ce c2.rd" indica. :-..c:.:..s ec:...:~-

v.:::.lcncias entre instrucciones en lenguaje en~ambl~do có-

d~so de téclado que corresponde a cada una de ellas. \ .L.1 re.:.-
••• u 
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cuando se opri~e cualquier tecla, se eGv~a el c~¿igo 
j"\ -' -'.,"' n 

•• '- ¡ ¡ correspondien~e a dicha t2cla, y el mc~~tor ha~i la 

conversión de código, de ASC;; o. he.:adecimal.) 

la tarjeta tambi6n figur~ 1~ conve~sió~ hcxadecima2 a 

~3C; ¡ de todos los caracteres del tcle~~po; esto es ~L~l 

.::...:.J..:do se c_::.; . .J...ere qt:e el tele-.:ipo esc::iba algú•• carác~.:( ~· 

er. partic· .. :üar. 

~-----

o 

o 

o 
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Smcc the1r mccptioll, d1g1tal computers have cont1n· 

uously bccome more etfic1ent, expandmg into new appli

c..Jtlons w1th each rnajor technolog1cal improvement. The 

advcnt of mm1computers enabled the mclus1on of dig1tal 

computcrs as a permanent part of vanous process control 

systems Unfortunately, the s1ze and cost of m1nicomputers 

1n "dcd1cated" applicat10ns has l1m1tCd thc1r use. Another 

ap¡¡roach has be en the use of custom buil t systems m acle up 
of "random log1c" (1.e.,log1cgates, fl1p-flops, counters, etc.). 

Howcver, the huge expense ;md development t1me 1nvolved 

in the dcs1gn and debuggmg of thcse systems has restncted 

thc1r use to large volume applicat10ns whcre the develop

mcnt costs could be spread over a large number of machines. 

Today, lntel offers the systcms designer a new alter· 

nat1ve ... the microcomputer. UtiJ¡zmg the technolog1es and 

cxper1cnce gamed m becommg the world's largest suppl1er 

of LSI memory components, lntel has made the power of 
the d1g1tal computer available at the mtegrated c1rcu1t level. 

Usmg the n-channel Sll1con gate MOS process, lntcl engi

neers have implemented the fast (2 ps. cycle) and powerful 

(72 basic mstruct1ons) 8080 m1croprocessor on a single LSI 

ch1p. When th1s processor is combined w1th memory and 
1/0 c1rcuits, the computer is complete. lntel offers a vanety 

of random-access memory (RAM). rcad-only memory (ROM) 

and sh1ft reg1ster c1rCu1ts, that comb1ne w1th the 8080 pro

cessor to form the MCs~'so microcomputer system, a system 

that can d1rectly address. and retneve as many as 65,536 
bytes stored m the memory devrces. 

The 8080 proccssor 1s packaged m él 40-pln dual in-line 
pdckage (OIP) that allows for rernnrkubly ensy intcrfac1ng. 

The 8080 h,Js a 1 G·blt nddress bus, ¡¡ 8-blt b1direct1onal dntü 

bus ünd furly dccodcd, T"fl-compütiblc control outputs. In 
addiuon to support111g up .to 64K bytes of m1xcd RAM and 

ROM memory, the 8080 can address up to 256 input ports 

and 256 output ports; thus allow1ng for vrrtually unlim1ted 

system expans1on. The 8080 mstruction set mcludes con

ditronal branchmg, decimal as well as bmary anthmetic, 

log1cal, reg1ster-to-reg1ster, stack control and memory refer

encc mstruct1ons. In fact, the 8080 instruction set 1s power

ful enough to nval the performance of many of the much 

hrgher pnced mmrcomputers, yet the 8080 is upward soft· 

ware compatrble wrth lntel's earlrer 8008 m1croprocessor 

(1.e., progr¡;¡ms wntten for the 8008 can be asscmbled ünd 

executcd on the 8080). 

1 n add1t1on to an extensivo mstruction sct onentcd to 

problcm solving, the 8080 has anothcr s1gnifrc¡¡nt feature

SPEED. In contrast to random log1c des1gns wh1ch tcnd to 
work 1n parallel, thc microcomputcr .-vorks by sequentially 

exec.uting 1ts program. As a result of th1s scqucnt1al execu

tlon, thc numbcr of tasks a m1crocomputcr can undcrtake 
in a g1ven pcnod of t1me 1s d1rectly proport10nal to the 

execut1o, specd of the rhicrocomputer. The speed of exe
cutron 1s the l1mrtmg factor of the realm of applicat1ons of 

the mrcrocomputer. The 8080, with instruct10n trmes as 
short as 2 ¡Jsec., 1s an order of magmtude faster than earlier 

generat1ons of m1crocomputers, and therefore has an ex-' · 

panded freid of potential applications. 

The archnecture of the 8080 also shows a sign1f1cant 

improvement over earlier mrcrocomputer designs. The 8080 

contams a l6-b1t stack pomter that controls the addressmg 

of an externa! stack locatcd m memory. The pomtcr can be 

in1t1alized v1a the proper 1nstruct10ns such that any port1on 

of externa! memory can be uscd as a last in/f1rst out stack; 

th JS enablmg almost u~limitcd subroutlne nestmg. The stack 
pomter al iows the contents of the program counter, the ac

cumulator, thc cond1t1on flags or any of the data rcgrsters to 

be stored 1n or rctncvcd from thc externa! st<!Ck. In üddl· 
t10n, multi·l,cvcl 111tcrrupt proccssmg IS possd.>lc us1ng the 
8080's stack control mstructrons. Thc st,nus of thc pro
ces~pr cün be "pushed" onto the stack when an interrupt 1s 

accepted, ~hc;n "popped" off the stack after the rnterrupt has 

been serv1ced. Th1s ability to save the contents of the pro· 

cessor's registers 1s poss1ble even if an rnterrupt servrce 

routme, nself, 1s mterrupted. 



CONVENTIONAL SYSTEM PROGRAMMED LOGIC 

P1 oduct defm1t1on 

Systcm and log1c dcsign 

Debug 

PC card layout 

Documentation 

Coolmg and packaging 

Done W1th log1c d1agrams 

Done w1th convent10nal 

Lab 1 nstrumentat1on 

Powcr d1stnbut1on 

Engmecr mg changes Done w1th yellow w1rc 

Table 0·1. The Advantages of Usmg Microprocessors 

ADVANTAGES OF DESIGNING 
WITH MICROCOMPUTERS 

MICIOComputcrs Slmplify almost every phasc of pro· 

duct devclopmcnt. Thc f1rst stcp, as 111 a11y procluct devel· 

opmc11t program, 1s to ident1fy the vanous funct10ns that 

the end system 1s expccted to pe1 fo1m lnstcad of reai1Z111g 

thcse funct1011s w1th 11ctworks of gJtes and fl1p-flops, thc 

funct10ns are 1mplementcd by cncodmg SUitable scquc11ces 

of mstruct1ons (programs) 111 the memory elements. Data 

and ccrtam types of programs are stored 1n RAM, while the 

bas1c program can be stored m ROM. The m1croproccssor 

performs all of thc system's funct1ons by fetchmg thc 111· 

struct1o11s 111 memory, executmg thcm a11d communlcat1ng 

thc rcsults v1a the m1crocomputcr's 1/0 ports. An 8080 

microproccssor, cxecut1ng thc programmed log1c stored m ¡¡ 

s1ngle 2048-byte ROM element, can pcrform th; same log1cal 

funct1011s that m1ght have prcv10usly rcqu1red up to 1000 

logic g<IICS. 

Tlln lll'll«'lil\ ol clt;\I[JI111l!J ¡\ 11l1Ciot:nmpult:r into yotu 

system go f.u lll'yond lile .iciV<Hll<l!W\ ol llH'It'ly \ÍI11plily1n~¡ 

procluct dcvelopme11t. You wdl ¡¡Jso c~ppreCiiltc thc p10f1t· 

makmg advantages of us111g a m1crocomputer 111 place of 

custom-des1gned random log1c The most apparent advantage 

1s thc sign1f1cant sav111gs 111 hardware costs. A m1crucomputer 

ch1p set replaces dozcns of random logic elements, thus re· 

duc1ng thc cost as well as the size of your system. In adcll· 

t1on, product1on costs drop as, the number of md1v1dual 

componcnts to be ha~dlcd decreascs, and the numoer of 

complex pnntcd c1rcu1t boards (wh1ch are d¡fflcult to lay· 

out, test Jnd con cct) 1~ grcJ tly rcduccd Probal>ly thc most 

prof1ta1Jie ddVollll.IIJI' of il miCIOCOillJHilt'r IS ilS ffcxjiJ¡J¡¡y 

for ch.mon. To modify your wswm, you illeil'ly rP-prowam 

the memory clcmcnts; you don't havn to redcsiun the enlire 

system. You can imagme the sav1ngs 111 t1me and money 

when you want to upgrade your product. Reliabllity 1S 

another reason to choose the m1crocomputer over random 

logic. As the number of componcnts decreases, the .prob· 

abil1ty of a malfunctioning clement likew1se decreases. All. 

\ ¡¡ 
l 

: 

Sm1pltflccl bccausc of ease of mcorporatmg features 

Can be programmed Wlth des1gn a1ds 

(compilers, assemblcrs, ed1tors) 

Software and hardware a1ds reduce t1me 

Fewer cards to layout 

Less hardware to document 

Reduced system s1ze and power consumpt1on 

eases ¡ob 

Less power to d1str1bute 

Change program 

of the lor,tcal control funct10ns formerly performcd by 

numerous hardware components can now be 1mplemented 

111 a few ROM c1rcuits wh1ch are no11·volatile, that is, thc 

contents of ROM will never be lost, even in the event of a 

power failure Table 0-1 summanzes many of the advan· 

tages of usmg m1crocomputers. 

MICROCOMPUTER DESIGN AIDS 

o 

1 f you're u sed to log1c cles1gn ancl the 1dea of des1gnmg 

w1th programmed log1c seems l1ke too rad1cal a change, re

gardless of advantages, thcre's no necd to worry bccause 

lntel hasalre_acly done most of thc groundwork for you ThQ 

INTELLEcroJ 8 Developmcnt Systcms prov1cle flex1ble, 111· 

C'<pens1ve and s1mpliflcd ml'thods f01 OEM product ckvclop· 

ment. The INTELLEC00 8 provtcles RAM p10gram storagc 

mak 1119 píOgl a m load1ng and mod1f1calion cas1cr, a d1splay 

ancl control consolc for systcm mon1tor111g and debugumg, 

a stunclaicl TTY n1te1 fJcc, a PROM prouramm1119 c¡¡pab11ily 

,¡':¡d a stand,Hcl ~oftwm<' pdck,¡qe (Sy~tcm 1\tlonttor, A~~•~m

l!lt•r óliHI Tt·\t Edii<H ). 111 ,HidtliOil to tlw ~I.HHI,Hd ~<JIIW.III' 

po~ckaql' .IV.td.illi<' Wllil tl11: INTI:LLEC'''' U, lillt'l oll1'1~ .1 

PL/M 1 .~onl'pi!Pr, il c1 oss-¿¡~~e1nhh'l ,lfHI a ~HllUidlor vvtttlt~ll lll 

FORTRAN IV and des1gned to run on nny i.n¡¡c sc¡¡lc com· 

puter. These programs may be procured d1rectly from lntel 

or from a number of natlonw,de computer t1me-shanng 

scrv1ces. Ír1tel's M1crocomputer Systems Group is always 

available to prov1de ass1stance 111 every phasc of your product 

development. 

lntcl also ¡xov1clcs complete documentat1on on all 

thcir hardware and softw¡¡rc products. In add1t1on to th1s 

User's Manual, the1c are thc: 

o , PL/M"L<11l~¡uaue flefclt'I1Cd M.1nual 

" 8080 Assembly Lanuuagc Programmmg Manual 

o INTELLEC®8/MOD 80 Operator's Manual 

<~~ INTELLEC®8/MOD 80 Hardware Reference 

Manual 

o 8080 User's Program L1orary 

o 



o 

o 

() 

APPL!CATIONS EXAMPLE 

The 8080 can be used as ::he baSIS for a w1dc vanety 
of calculat1on and control systems. 1 he system conf¡gura
t,ons for part1cular dppl1cat1ons will d1ffcr 1n the nature of 
thc pcr1phcral dev1ccs used and 1n the amount and thc type 
of memory rcqwred. The appl1cat1ons and solut10ns de· 
scr1bed m th1s sect1on are presented pnmarily to show how 
microcornputers can be uscd to salve dcs1gn problems. The 
8080 should not be considered l1m1tcd either in scope or 
performance to those appl1cat¡ons l1sted he1c. 

Cons1der an 8080 m1crocomputer u sed with1n an auto
matic computing scale for a supermarket. Thc bas1c machme 
has two 1npu t dev1ccs: the wr1ghmg unit and a keyboard, 
used for function sulcction and to enter the price per un1t 
of we1ght. The only output dcv1cc is a display showmg the 
total p11ce, although a ticket pnntcr m1ght be addcd dS an 
optional output dev1ce. 

Thc control un1t mw;¡ accept wcight mformat1on from 
the we1ghing un1t, functlon and data mputs from the key
board, and generate the display. The only anthmetic func
tion to be pcrforrned 1s a s1mple multip!icatlon of we1ght 
t1rnes rate. 

The control un1t could p10bably be real¡zcd Wtlh 
stand;Hd TTL log1c. State dlil[)l'<lms f01 the v¡¡nous port1ons 
could be drawn and a multipiiCr unlt dcs1gncd. The wholc 
design cculd thcn be t1ed togethcr, and eventually reduced 
toa select1on of packagcs anda pnnted CII'CUit board layout. 
In effect, whcn des1gnmg w1th a logic family such as TTL, 
the designs ure "customized" by the cho1ce of packages and 
the w1nng of the logic. 

lf, however, an 8080 microcomputer is used to reallze 

r--
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Figuro 0-1. Microcomputer Application- Automatic Scale 
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the control unit (as shown in Figure 0-1 ), ,the only "custom" 
log1c will be that of the interface circwts. These c~rcu1ts are 
usuJll'f qu1te s1mple, providing electncal buffering for the 
input and output s1gnals. 

1 nstead of drawmg state d1agrams lead1ng to logic, the 
system designer now prepares a flow chart, md1catmg which 
mput s1gnals must be read, what processmg and computa
tions are nceded, and what output signals must be produced. 
A program is wntten from the flow chart. The program is 
then assembled into bit patterns which are loaded into the 
prog1 a m memory. Thus, this system 1s custom1zed pnmardy 
by the contents of program memory. 

For ,this automatic scale, the program would probably 
reside m read-only memory (ROM), since the mlcrocom
puter would always execute the same prourum, the 'one 
wh1ch 1mplemcnts the scalc functions. The processor would 
constc1ntly monttor the keyboard and we1gh1ng un1t, and up
date the d:splay whencver neccssary. The unit would rcqlllrc 
very l1ttle data mcmory; it would only be needed for rate 
storage, mtermed1ate results, and for storing a copy of the 
display. 

When the control portian of a product 1s implemented 
ll)lith a microcomputer ch1p set, functiOI,lS can be changcd 
and featurcs addcd mcrcly by altermg the program m mcm
ory. IN1th a TTL based system, however, alterat1ons may re
quire extens1ve rewmng, alterat10n of PC boards, etc. 

The · number of appl1cations for m1crocomputers is 
1 imited only by the depth of the des1gner's imagmat1on. IN e 
have l1sted a few potent1al appl1cat10ns m Table 0-2, along 
wnh the types of peripheral dev1ces usually associated Wlth 
each product. 
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APPLICATION 

lntelligent Termmals 

Gaming Machines 

Cash Reg1sters 

Accounung and Billing Machines 

PERIPHERAL DEVICES ENCOUNTERED 

Cathoae Ray Tube Display 

Printmg Un1ts 

Synchronous and Asynchronous data lines 

Cassette Tape Unit 

Keyboards 

Keyboards, pushbuttons and switches 

Vanous display devices 

Com acceptors 
Co 1n d1spenscrs 

l(cyboard or 1 nput Switch Arra y 

Changc D1spenser 

OI!Jital Display 

T1cket Pr111ter 

M¡¡gnctlc Card readcr 

Commun1cat1on interface 

l(cyboard 

P1 in ter Un1t 
Cassette or othcr magnctic tape unit 
"Floppy" d1sl<s 

o 

------------------------------------~------ -----------------------------
Telcphone Swltching Control 

Numerically Controlled Machmes 

Process Control 

Tabla 0-2. Microprocessor Applicat1ons 

Telcphonc Lmc Scanner 
Analog Sw1tch1ng Network 
01al Reg1sters 

Class of Serv1ce Paree! 

Magnet1c or Paper Tape Reader 
Stepper Motors 

Opt1cal Shaft Encoders 

An;:liog-to-0 ig1tal Converters 

01g1tal-to-Analog Converters 
' . 

Control Switches 
D1splays 

o 

o 
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This chaptcr introduces certain basic computer con
cepts. 1 t pro vides background information and definitions 
which will be useful in later chapters of this manual. Those 
alrc¡¡dy familiar with computers may skip this material, at 
the.r option. 

A TYPICAL COMPUTER SYSTEM 

A typical digital computer consists of: 

a) A central processor umt (CPU) 
b) A memory 
e) lnput/output (1/0) ports 

The memory serves as a place to store lnstructions, 
the coded pieccs of mforrnation that dircct the actiVities of 
the CPU, and Data, the coded pieces of information that are 
processed by the CPU. A group of logically related mstruc
tions stored m memory is referred to as a Program. The CPU 
"reads" each instruction from memory 111 a logically deter
mined sequcnce, and uses: it to initiate processing actions. 
lf the program sequence 1s coherent and logical, processing 
the program Will produce intelligible and useful results. 

The memory iS al so u'sed to store the data to be manip
ulated, as weli as the instru~;t,ons that direct that manipu
lation. The program must. be orga~1.1:ed such that the CPU 
does not read· a non-mstruction word when it expects to 
see an instruction. The CPU can rapidly access any data 
stored 111 memory; but ofteq the memory is not large enough 
to store the entire data ba'nk required for a particular appli
cation. The problem can be resolved by provid111g the com
puter with one or more Input Ports. The CPU can address 
these ports and input the data conta\ned there. The addition 
of input ports enables the' 'computer to receive information 
from externa! eqUipment (such as ·a paper tape reader or 
floppy disk) at high rates o'f speed and in large volumes. 

A computer also rcquircs onc or more Output Ports 
that permit the CPU to communicate the result of its pro-. ,, 
cessing to the outSICJe wor,ld. The output may go to a dis-
play, for use by a human operator, to a penpheral devicc 
that produces "hard-copy," such as a line-printer, to a 
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peripheral storage device, such as a floppy disk unit, or thc 
output may constitute process control signals that direct the 
operations of another system, such asan automated assembly 
lme. Like input ports, output ports are addressable. The 
input and output ports togethcr permit the processor to 
communicate With the outside world. 

The CPU unifics the system: lt controls thc functions 
performed by the othcr componcnts. Thc CPU must be ablc 
to fetcti instructions from mcmory, decode thcir binary 
contents and execute them. lt must al so be able to reference 
memory and 1/0 ports as necessary m the execution of in
strüCtions. In addition, the CPU should be able to recognize 
and respond to certall1 externa! control Signals, such as 
INTERRUPT and WAIT requests. The functional units 
within a CPU that enable it to perform these functions are 

described below. 

THE ARCHITECTURE OF A CPU 

A typ¡cal central processor unit (CPU) consists of the 
followmg interconnccted functional units: 

e Register~s 

• Aritnmetic/Logic Unit (Al U) 
" Control Circuitry 

Registers are temporary storage units Within the CPU. 
Sorne registers, such as the program counter and instruction 
register, have dedicated uses. Other registers, such as the ac
cumulator, are for more general purpose use. 

Accumulator: 

The accumulator usually stores one of thc operands 
to be manipulated by the ALU. A typical instruction might 
d:rect the ALU to add the contcnts of sorne other register to 
the· contents' of the accumulator and store the result in the 
élccumuiawr itself. In gener.:JI, the accumulator iS both a 
source (operand) and a dcstination (result) register. 

Ofter- :a CPU will mclude a number of adciitional. . ' 
general pUl pose registers that can be u sed to store operands 
or intermediate data. The avallubllity of general purpose 



rea1sters el1mmates the need to "shufflc" mtermed1ate re

sults back and fo1 th betwecn memory and the accumulator, 
t,1us 1mprov1ng processmg speed and eff¡ciency. 

Program Counter (Jumps, Subroutines 
and the Sta e k): ' 

The instruct1ons that make up a program are stored 

in the system's mcmory. The central processor references 

the contents of memory', in arder to determine what action 

is appropnate. Th1s means that the processor must know 
which locat1on co11tams the next 111struct1on. 

Each of the locat1ons m memory 1s numbered, to dis
tingu,sh 1t from all other locat1ons m memory. The number 

wh1cl1 1dent1fles a memory location 1s called 1ts Address. 

The proccssor mainta1ns a counter wh1ch contams the 
addrcss ot thc ncxt program mstruction. Th1s reg1ster is 

callcd thc Program Coun~er. Thc proccssor updates thc pro
gram countcr by addmg "1" to thc counter each t1me it 
fetches an 111struct1on, so that the program counter is always 
current (pointmg to the next instruction). 

Thc programmer therefore stores h1s instructions 111 

numer1cally ad1accnt acJi!• esses, so that the lower addresses 
contam thc f1rst mstructions to be executed and the h1gher 

addresscs contam later mstructions. The only t1me the pro

grammer may v1olate this sequential rule 1s when an instruc
tlon 111 one sect1on of memory 1s a Jump mstruction to 
another sect1on of memory. 

A jump 111struct10n conta1ns the address of the mstruc

tion wh1ch 1s to follow 1t. The next mstruction may be 

stored 111 any memory locat1on, as long as the programmed 
jump specif1es the correct address. Dunng the execut1on of 
a jump ;nstruction, the processor replaces the contents of its 

program counter w1th thc address embodied 111 the Jump. 
,. ' 

Thus, the log1cal contm\.11ty of th,e program is ma111tained. 
/ 

A spcc1al kmd of program jump occurs when the stored 
program "Calls" a subroutine. In th1s kmd of jump, the pro

cessor 1s rcqu1red to "rcmembcr" the contents of the pro-
g¡am Gountcr at the time that the jump occurs. Th¡s enables 
the processor to resume cxecution of the ma111 program 

when 1t is fin1shed w1th the last 111struction of the subroutme. 

A Subroutine is ac program withll1 a program. Usually 
it 1s a general-purpose set of 111structions that must be exe

cuted repeatedly 111 the course of a mam program. Routmes 

which calculate the square, the sme, or the loganthm of a 
program vanable are good examples of functions often 

written as subrout111es. Other examples m1ght be programs 

des1gned for 111puttin~ · or outputtmg data to a particular 
pcnphcral dcv1cc. ·' 

Thc proccssor has a spcc¡al way of handlmg sub

routmes, 111 arder to m su re an, orderly return 10 thc m a in 

program. When the processor receives a Call in:aruct1on, 1t 
111cremcnts the Program CountE!r and stores the counter's 

contents in a reserved 
1 
.memory area known as the Stack. 

The Stack thus saves the address of the 1nstruct10n to be 

executed after the sub~outme is completed. Then the pro-

cessor loads the address spec1f1rd 111 the Cal! 1nto 1ts Pro

gra~ Counter. The next ¡nstruct1on fetched wdl therefore 

be the f¡rst step of the subroutine. 

The last 1nstruct1on 111 any subrout111e 1s a Return. Such 

an 111struct1on need spec1fy no address. When the processor 

fetch es a Return 1nstruct1on, 1t s1 mply replaces the current 

contents of the Program Counter wnh the address on the 
top of the stack. This causes the processor to resume execu

tion of the calling program at thc point immed1ately follow

ing the ong1nal Call lnstruct1on. 

Subrout111es are often Nested; that is, one subroutme 

wdl somet1mes call a second subroutme. The second may 

call a th1rd, and so on. Th1s 1s perfectly acceptable, as long 

as the processor has enough capac1ty to store the neccssary 

return addresses, and the log¡cal prov1s1on for domg so. In 

othcr words, the max1mum dcpth of nest111g 1s determined 

by the depth of the stack 1tsclf. lf the stack has space for 
stormg thrce return addresses, then thrce levcls of subrou

tines may .be accommodated. 

Processors have d1fferent ways of mamta1111119 stacks. 
Sorne hav!'1 facd1t1es for the storagc of return addresses budt 
mto the processor 1tself. Other processors use a reserved 
area of externa! mcmory as the stack and s1mply ma111ta1n a 
Pointcr reg1ster wh1ch contJ1ns the addrcss of the most 
recent stack entry. The externa! ~tack allows v1rtually un
limite¡:! sub1 out me nest1ng. In add1t1on, ¡f the processor pro

Vides instructions that cause the contents of the accumulator 
and other general purpose reg1sters to be "pushed" onto the 
stack or "popped" off the stack via the address stored in the 

stack po111ter, mult1-level interrupt process111g (descnbed 
la:ter in th1s chapter) 1s poss1ble. The status of the processor 

( 1.e., the contents of all the reg1sters) can be saved 111 the 

stack when an mterrupt 1s accepted and then restored after 
the mterrt1pt has been serv1ced. This abil1ty to save the pro

cessor's status at any given t1me is poss1ble even if an inter

rupt serv1ce routine, 1tself, 1s interrupted. 

lnstruction Register and Decoder: 

Every computer has a Word Length that 1s charactens

tiC of that mach1ne. A computer's word lcngth is usually 

determined by the s1ze of 1ts mternal storage elements and 

1nterconnect111g paths (referred to as Busses); for example, 

a computer whose reg1sters and busses can store and tr ans

f~r 8 bits of 111format1on has a charactenst1c word length of 
8- b1ts and 1s refcrred to as an 8-b1t parallel processor. An 

e1ght-b1t 1parallel processor generally fmds 1t most effic1ent 

to deal w1th eight-b1t bmary f1elds, and thc memory asso

Cidtcd w1th such a proccssor 1s thereforc 01 \Jéli11ZCd to store 
d1ght ll1ts 111 r:1ch actch e~so~l.Jic mcm01 y loc.llion. D,¡t,l :1nd 
1nstruct10'ns are ~ ~o1 cd 111 mcmory élS c1ghl-b1t bmary num-

o 

o 

bers, or a's numbcrs that are mtegral mult1ples of e1ght bitS: o 
16 b1ts, 24 b1ts, and so on. Th1s character1st1c e1ght-b1t f1eld 

is often referred to as a Byte. 

Each opcrat1on that the processor can perforni 1s 

·\dent1f1ed by a umque byte of data known asan lnstruct1on 
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Code or Operat10n Code An e1ght-b1t word used as an .n

structlon code can d1stmgu1sh between 256 alternatiVe 

act1ons, more than adeauate for most proce~sors. 

The processor fetches an mstruct10n in two d1stmct 

operJtlons. F1rst, the processor transm1ts the address in its 

Program Counter to the memory. Then the memory returns 

the add1essed byte to the processor. The CPU stores th1s 

mstruct10n byte 111 a reg1ster known as the lnstruction 

Register, and uses 1t to d1rect act1v1ties during the remainder 

of the mstruction cxecut1on. 

The mechan1sm by wh1ch the processor translates an 

mstruct1on code 111to spec1f1c process111g act1ons reqUires 

more elaborat10n than we can here afford. The concept, 

however, should be lntUitlvely clear to any logic des1gncr. 

The e1ght b1ts storcd 1m the 1nstruct1on reg1ster can be de

coded and usPd to select1vely actiVJte one of a number of 

output l111es, m th1s c;:¡se up to 256 lmcs. EJch lme repre

sents a SC t of JCliVItleS .&SSOCiated Wl th CXCCUtiOil of a par

tiCUI<lr instrucuon codc. The enabled l111e can be combined 

w1th selccted tunmg pulses, to dcvelop elcctrical s1gnals that 

can thcn be u sed to mitidtc sp~c1 fic act10ns. This transla

tlon of code 1nto acw)~ 1s pc1 formed by thc lnstruction 

Decoder and by thc asso~1ated control c1rcu¡try. 

An e1ght-b1t 1nstruct1on code 1s often suff1c1ent to 

specify a part1cul¡¡r processmg act10n. There are t1mes, how

ever, when execut1on of
1 
~he mstruction reqUires more infor

mation than e1ght bits can convey. 

One example of 1fh1s is when the 1nstruct1on refcr

ences a memory locat10r;1. The bas1c 1nstruct1on code 1den

t1f1es the operat1on to: 'be perfo~med, but cannot specify 
1 

the ob¡ect address as well. In a case l1ke th1s, a two- or three-

byte 111struct10n must b~ used. Success1ve mstruct10n bytes 

are stored in sequentially ad¡acent memory locations, and 

the processor performs two or three fetches in success1on to 

obtain the full mstruction. The' first byte retrieved from 

memory is placed 111 the 1 processor's 111struction reg1ster, and 

subsequcnt bytes are placed 10 t~mporary storage; the pro

cessor then proceeds with the execut1on phase. Such an 

instruction is referred to as Variable Length. 

Address Register(s): 

A CPU may use a rcgister or reg1ster-pair to hold the 

address of a mcmory locat1on ~hat 1s to be accessed for 

data. lf the address reg1ster 1s Pr,ogrammable, (1.e., 1f there 

are 111struct1ons that allow the programmer to alter the 
contents of the regrster) the ¡Jrogram can "build" an ad

dress 111 the address register priÓr to executing a Memory 

Reference 111struct1on {i:e., an 1ristruction that reads data 

from memory, writes data to m~mory or operates on data 

stored 111 memory). ' 

O Arithmetic/Logic Ufl~t (ALLJ): 

All processors corha111 an anthmet1c/logic unit, which 

is often referred to simply as the ALU. The ALU, as its 

n¡.me implies, is that portian of the CPU hardware which 
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pcrforrns the anthrnet,c and log1cal opcrat1ons on the b1nary 

datd. 

ThE ALU must conta1n an Adder wh1ch 1s capable of 

combmmy the contents of two reg1sters 111 accordance w1th 

the log1c of b111ary anthmet1c. Th1s prov1s1on permits the 

processor to perform anthmet1c man1pulat1ons on the data 

1t obtains from memory and from 1ts other 111puts. 

Us111g only the basic adder a capable programmer can 

wnte rout1nes whrch wrll subtract, mult1ply and d1v1de, giv

ing the machine complete anthmet1c capabli1t1es. In pract1ce, 

however, ITiost ALUs prov1de other bui lt-111 functions, 111-

cludmg hardware subtractlon, boolean log1c operat1011s, and 

sh1ft capabli1t1es. 

The ALU contains Flag Bits wh1ch spec1fy certa111 

cond1t1ons that ansc 111 thc course of cJr11hmct1c and log1cal 

manlpulations. Flags ¡yp1cally mcludc CJrry, Zcro, Sign, and 

Panty. lt 1s poss1blc to program jurnps wh1ch are condl

tlonally dcpcndent on the status of onc or more flags Thus, 

fpr example, the program may be des1gned to jump to a 

spec1al rout111e if the carry bit 1s sct follow1ng an add1t1on 

instruct10n 

Control Circuitry: 

The 'control c1rcuitry 1s the pnmary funct1onal un1t 

Wlthm a CPU. Usmg clock inputs, the control c1rcu1try 

rria1ntains the proper sequencc of events reqUircd tor any 

process111[]'task. After an 1nstruct1on 1s fetclled and decoded, 

the control c1rcu1try issues the appropnate s1gnals (to ur11ts 

both mternal and externa! to the CPU) for 1111t1at!ng the 

proper processing act10n. Often the control ClrCUitry will be 

capable of. respond1ng to externa! s1gnals, SIJCh as an lnter

rupt or wa1t rcquest. An lnterrupt request wlil cause the 

control c1rcu1try to temporarliy mterrupt mam program 

e~ecut1on, jump to a spec1al routme to service the lnterrupt

mg dev1ce, then automatically return to the mam program. 

A Wa1t request is often issued by a memory or 1/0 element 

that operates slower than the CPU. The control c1rcu1try 
' ' 

wlil idle the CPU until the memory or i/0 port is ready with 
1 ,, 

the data. 

COMPUTER OPERATIONS 

There are certam opcrations that are bas1c to almost 

ahy computer. A sound undcrstand111g of these basic opera

tlons 1s a, ·necessary prerequ1s1te to examinmg the specif1c 

operations ot a part1cular computer. 

Timing:, 
' ' 

The act1vities of the central processor are cycl:cal. Thc 

¡Droces~or· fetches an mstructwn, prdorms the operat1ons 

requircd, ~tctchcs the next ,nst~uctwn, and so on. Th1s 

orderly ser,u<:nce of ever.ts requm~:; prcc,se timl'l~i. and the 

CPU theretore reqUircs a freo runnmg oscdldtor clac~ which 

furnist1;;s: the reference fo; all proces~or act1ons. The com

bined fetch and execut1on of a single mstruction 1s referred 

to as an lmtruction Cycle. The por:1on of <1 cycle identif1ed 



w1th a clcnrly defmcd act1v1ty IS callcd a State. And the in;er
vnl bctwecn pulses of the timmg oscollator 1s referred toas a 
Clock P'nod. As n general rule, one or more clock periods 
are m:cc~sary for the compleuon of a state, and there are 
severa! states m a .::ycle. 

lnstruction Fetch: 

The f1rst st<Jte(s) of any mstruct1on cycle will be 
dedicated to fetchmg the next instruct1on. The CPU issues a 
read s1gnal and thc coni:ents of the program counter are sent 
to mcmory, whicn responds by returnmg the next mstruc
tion word. The f1rst byte of thc instruction is placed m the 
instructiOn rcg1ster. lf the mstruction consists of more than 

one byte, addit1onal states are reqUired to fetch each byte 
of tt1c mstruct10n. Whcn the ent1re instruct1on 1s present in 
the CPU, the program counter is mcremented (1n prepara· 
tion for thc next mstri.Jct1on fetch) and the instruction is 
decodcd. Thc opcrat10n, specifiCd m the instruct1on wtll be 

cxecutcd m the rcmnmmg state~ of thc instruct10n cycle. 

Thc mstruct1on may call for a memory rcad or wnte, an 
input or output and/or an mternal CPU opcrat1on, such as 
a rcglster-to-reglster transfer or an add-registers operation. 

Memory Read: 

An 1nstruct1on fetch 1s mer el y a spec1al mcmor,• read 
opcratron that bnngs the mstruct10n to the CPU's instruc
tion reg1ster. The mstru'ction fetched may then call for data 

to be read from mcmory rnto the'CPU. The CPU again issues 
a read s1gnal and scnds the proper memory address; memory 
responds by returnrng the requested word. The data re

celved is placed m the accumulator or one of the other gen
eral pu.-pose regrsters (not the instructron register). 

Memory Write: 

A memory wrlte operatiO':\ is Similar toa read except 
for thc d11cctron of data flow. The CPU issucs a write 
srgnal, scnds the proper mcmory addrcss, thcn scnds the data 
word to be wrrttcn into the addressed mcmory location. 

Wait (memory synchronization): 

As previously stated, the act1V1t1es of the processor 
are t1mcd by a master' clock osc1llator. The clock period 
determines the t1mmg of all processmg actrvity. 

The spccd of the processing cycle, however, is limited 
bythe memory'sAccess,Time. Once the processor has sent a 
read address to mcmory; 'it cannot procced untd the memory 

1 ' 

h;,rs had trmc to rcspond. Most. mcmorics are capablc of 
respond111g much fas ter. than thc procPss1ng cyclc requir cs. 
A fcw, howcvcr, cannót supply 'thc addressed byte within 
thc mmrmum t1mc cstablishcd by the processor's clock. 

Therefore a processor should contain a synchron¡za
tion provrsron, whrch p~mits thli memory to request a Wait 

state. When the memory receives a read or write enable sig· 
nal, 1t places a request signal on the processor's R EADY line, 
cau;rng the CPU to idle:temporarily. After the memory has 

had ·ume to re,pond, it frees the processor's READY line; 
and the rnstructron cycle proceeds. 

input/Output': 

Input and Output opcretrons are s1milar to memory 
read and wrrte operat1ons w1th the exceptron that a peri· 
pherall/0 dev1ce rs addressed 1nstead of a memory locat1on. 
Tne CPU 1ssues the appropriate 1nput or output control 
signal, sends the proper dev1ce address and €ither recc1ves 
the data berng input or sends the data to be output. 

Data can be 1nput/output rn erther parallel or sennl 
form. All data wrthm a d1g1tal computer rs represented m 
binary coded form. A bmary data word cons1sts of a group 
o'f b1ts; each bit rs either a one or a zero. Parallel 1/0 con
srsts of transferring all bits in the vvord at the same trme, 
one bit per line. Serial :/0 cons;sts of transfcrring one bit 

at a t1me on a smgle lme. Naturally serral 1/0 is much 
slower, but it requires cons1derably lcss hardware than does 
parallel 1/0. 

lnterrupts: 

lnterrupt proVISions are rncluded on many centrdl 
processors, as a means of improving the processor's effi
crency. Cqns1der the case of a computer that 1s processing a 
large volume of data, port1ons of whrch are to be output 
to a printer. The CPU can output a byte of data w1th1n a 
smgle machrne cycle but 1t may take the pr1nter the equiva· 
lent of many machrne cycles to actually print the character 
specified by the data byte. The CPU could then remarn rdle 
wartrng until the prrnter can accept the next data byte. lf 

an rnterrupt capabilrty rs implemented on the computer, the 
CPU can output a data byte then return to data processing. 

' 1 

When the prrnter is ready to accept the next data byte, it 

can requ~st an interrupt. When the CPU acknowledges the 
interrupt,, rt suspends main program execut1on and auto
matlcally. branches to a routine that wrll output the next 
data byte: Aftcr thc byte 1s output, thc CPU cont1nucs 
Wlth main program cxecution. Note that thiS IS, 111 princqJie, 
qurte srmdar to a subrout1ne call, except that the jump is 
rnrtiated externally rather than by the program. 

More complex interrupt structures are possrble, in 
which several interrupt1ng devices share thc same processor 
b~t have different prrority lcvels. lnterruptive processing is 
an important feature that enables maxrmum untilization of 

a 'processor's capacrty for high system throughput. 

Hold: 

An<¡>.tht)r unportnnt fe;Jturc that 1111p1 oves the throuqh
p,ut of a J~roccssor :s the Hold. Tht) hold prov1s1on cnJblcs 
Dircct Mcinory Acccss (DMA) opcrat1ons. 

In ordinary rnput and output operat1ons, the processor 
itself supervises the entrre data transfer. lnformation to be 

placed in memory rs transferred from the input dev1ce to the 
processor, and then from the processor to the des1gnated 
memory locat1on. In simildr fashion, informat1on that goes 

o 

o 

o 
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from m0mory to output device~, goes by way of the 

processor. 

So~e penpheral d~vices, ~owever, are capable ot' 
transfcrring information to and from memory much faster 
than the processor itself can accomplish the transfer. lf any 

. áppreciable quantity of data must be transferred to or from 
such a device, then system throughput will be increased by 

'' 

having the cfevice accomplish the transfer direct!y. The pro
cess'or must temporarily suspend its operation during su eh a·, 
transfer, to ¡prevent conflicts that would arise 1f proccssor 
and peripheral device at~mpted to access memory simul
tan.eously. lt is for this reason that a hold provision is in

cl~ded on sorne processors • 
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The 8080 iS a complete 8-bit parallel, central processor 
unit (CPU) for use m general purpose digital computcr sys· 
tcms. lt is fabncated on a single LSI chip (sce Figure 2·1 ). 
using lntel's n-channel silicon gate MOS proccss. Thc 8080 
transfers data and mtcrnal state mformation via an 8-bit, 
bidirectional 3- state Data Bus (Do·DJ). Mcmory and pcri· 
pheral device addresses are transmitted over a separate 16· 

F1gure 2·1. 8080 Photomicrograph W1th Pin Designations 

2·1 

bit 3-statc Address Bus (Ao·A 15l. Si X timing and control 
outputs (SYNC, DOIN, WAIT,WR, HLDA and INTE) emun· 
ate from the 8080, while four control inputs (READY, 
HOLD, INT and RESET). four power inputs (+12v, +pv, 
-5v, and GND) and two clock inputs !1P1 and 1P2l are ac· 
cepted by the 8080. 
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1-\RCHITECTURE OF THE 8080 CPU 

The 8080 CPLJ conSISts of the followmg funct1onal 

o Reg1ster array and address log1c 

o Anthmet1c and log1c unit (ALU) 

" 1 nstruct1on reg1ster and control sect1on 

o Bi-direct10nal, 3-state data bus buffer 

Figure 2-2 illustrates the functional blocks within 

the 8080 CPU. 

Registers: 

The reg1ster section cons1sts of a stat1c RAM array 

organtzed mto s1x 16-blt reg1sters:' 

e Program countcr (PC) 

., Stack po1nter (SP) 

o S1x 8-b1t general purpose reg1sters arranged 1n pairs, 

refcrrcd toas 8,(;; D,E; and H,L · 

o A tcmporary reg1ster pair called W,Z 

The program counter maintams the memory address 

of the current prog• a m instruction and 1s incremented auto-

POWERl- •12V 
SUPPLIES -- •5V 

_.... -5V 

-GND 

(8 BIT) 
INTERNAL DATA BUS 

OBIN INTE INT 

Figure 2·2. 8080 CPU Functional Block Diagram 

mat1cally dunng evcry 111struct10n fetch. The stack pomter 

maintams the address of the next avallable stack locat1on m 

memory. The stack po111ter can be ,·n1t1ai1Zed to use any 

port1on of read-write memory as a stack. The stack pomter 

is decremented when data 1s "push,ed" onto the stack and 

mcremented when data 1s "popped" off the stack {1.e., the 
stack grows "downward"). 

The s•x general purpose reg1sters can be used e1ther as 

s1ngle reg1sters (8-b1t) or as reg1ster pa1rs {16-blt). The 

temporary reg1ster pa1r, W ,Z, is not program addressable 

and ís only used for the mternal execut1on of mstructions. 

E1ght-b1t data bytes can be transferred between the 

interna! bus and the reg1ster array v1a the reg1ster-select 

mqltiplexer. S1xteen-b1t transfers can proceed between the 

reg1ster array and the address latch or the mcrementer/ 

dccrementer c1rcuít. The address latch rece1ves data from 

any of the three reg1ster pa1rs and dnves the 16 address 

output buffers (Ao-A15). as wcll as the 1ncrementer/ 

dacrcmenter c1rCu1t. The 1ncrcmcnter /decremcnter c1rcu1t 

rece'1ves data from the address latch and sends 1t to 

the reg1ster arra y. The 16-blt data can be mcrcmented or 

decremented or símply transferred betwecn registers. 
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kit¡¡metic and Logic Unit (ALU): 

The ALU contams the followmg registers: 

• An 8-b1t accumu)ator 

• An S-b1t temporary accumulator (ACT) 

• A 5-blt flag reg1ster: zero, carry, sign, ,parity and 
auxil1ary carry 

• _An 8-b1t temporary reg1ster (TMP) 

Anthmet1c, logical and rotate operat1ons are per
formed 111 the ALU. The ALU is fed by the temporary 
register (TMP) and the temporary accumulator (ACT) and 
car-ry fl1p-flop. The result of the operat1on can be trans
ferred to the mternal bus or to the accumulator; the ALU 
also fecds the flag reg1ster. 

Thc temporary rcg1stcr (TMP) reccives mformation 
from the mternal bus and can scnd all or port1ons of 1t to 
the ALU, the flag 1eg1stcr and the 1nternal bus. 

The accumulator (ACC) can ·be loaded from the ALU 
and the 1nternal bus and can transfer data to the temporary 
accumulator (ACT) and ·the interna! bus. The contents of 
the accumulator (ACC) a~d the aux11iary .carry flip-flop can 
be .tested for decimal correction durmg the execution of the 
DAA instruction (see Chapter 4). ,. 

Jns'truction Register and ConÚol: 

Dunng an 1nstruction fetch, the f1rst byte of an in
struction (containmg the OP code) 1s transferred from the 
.interna! busto the 8-b1t iostruct1on reg1ster. 

The contents of the mstruct1on reg1ster are, in turn, 
available to the instruct1pn decoder. The output of the 
decoder, combined wit~ vanous ,t1mmg s1gnals, provides. 
the control s1gnals for t~e register array, ALU and data 
buffer blocks. In addition, the outputs from ·the instruction 
decoder and external cor¡trol signals feed the timing and 
state control section which generates the state and cycle 
timing s•gnals. 

Data Bus Buffer: 

Th1s 8-bit b1d1recÚonal 3-state buffer is used to 
isolate the CPU's 1nternal bus from the externa! data bus 
(Do through D7l. In th~ output mode, the ·interna! bus 
content 1s loaded-mto an 8-bit latch that, m turn, dr1ves thc 
data bus output buffers) 'The output buffers are sw1tched 

off durmg input or non-trimsfer op'erations. 

During the input mode, data from the externa! data bus 
is transferred to the mternal bus. The ·interna! bus i~ pre

charged at the begmning •of each 1'internal state, except for 

the\transfer state (T3-described later in this chapter). 
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THE PROCESSOR CYCLE 

· An instruction cycle 1s defmed as the t1me reqUired 
to fetch and execute an mstruction. Dunng the fetch, ;a 
selected instruction (one, two or three bytes) 1s extractad 
from memory and depos1tcd 1n the CPU's instruct1on regl:s

ter. Dunng the execution phase, the instruct1on 1s decoded 
and translated into specif1c processmg activities. 

Every mstruct1on cycle consists of one, two, three, 
four or f1ve machine cycles. A machina cycle 1s requ1red 
each t1me the CPU acccsses memory or an 1/0 port. The 

fetch port1on of an mstruct1on cycle reqUires one machme 
cycle for each byte to be fetched. The duration of the execu
tlon portien of the mstruct10n cycle depends on the kurd 
of instruction that has been fetched. Sorne mstruct1ons do 
not reqUire any machme cycles other than those necessary 
to fetch the instruct1on; other mstruct1ons, however, re
qUire add1t1onal machme cycles to vmte or read data to/ 
fr~m memory or 1/0 dev1ces. The DAD 1nstruction 1s an 
except1on 111 that 1t reqUires two add1t1onal mach me cyclcs 
to complete an mternal registcr-pa1r add (sec Chapter 4). 

Each .machmc cycie cons1sts of three, tour or f1ve 
sta\es. A state 1s the smallest unlt of processmg act1vity and 
1s defmed as the mterval between two succcss1ve posltlve

going trans1.tions of the fí'll dnven clock pulse. The 8080 
1s dnven by a two-phase clock osclllator. All processmg actlv
ities are, referred to the penod of th 1s clock. Thc two non
overlappmg clock pulses, labeled r/>1 and fí'l2. are furn1shed 
.by exter.nal c1rCu1try. lt is the 91 clock pulse wh1ch d1vides 
each mach1ne cycle into states. T1m111g log1c withm the 
8080 uses the clock mputs to piOduce a SYNC pulse, 
which ident1f1es the beginnmg of every machine cycle. The 
SYNC pulse IS tnggered by the low-to-high transltlon of 1/)2,, 

as shown in Figure 2-3. 

FIRST STA TE OF 
••EVERV MACHINE 

CVCLE 

c/11 ____¡---\._ 

't/12 

~ l 
1 \ 

SYNC \ 
•sYNC DOES NDT OCCUR IN THE SECOND AND THIRD MACHINE 
CVCLES OF 'Á DAD INSTRUCTION SINCE THESE MACHINE CYCLES 
AR'E USED FOR AN INTERNAL REGISTER-PAIR ADlJ 

Figure 2·3·<7>1. ifJ2 And SYNC Timing 

There are three exccpt1ons to the def1ncd duration of 
a state. They are thc WAIT state, the hold (HLDA) state 
and the héjlt (HL TAl state, descnbed later in this chapter. 
8ecause th~.WAIT, the HLDA, and the HL TA states depend 
upon externa! events, they are by the1r nature of mdcter: 

minate lcngth. Even these except1onal state~. however, mu!lt 
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lJ,! synchron1zed w1th the pulses of the dnving clock. Thus, 
tnc durat10n Of all States are Integral multipies of thC clock 
penod. 

To summar1ze t!:wn, each clocl< penad marks a state; 
three tO f1ve states COnStltUtc a rnachme cycle, and one tO 
f1ve machmc cycles compr1se an mstruct10n cycle. A full 
mstruct1on cycle reqUires anywhere from tour to' eight

teen states for ltS complet10n, dependmg on the kind ot 11'1· 

struct1on involved. 

Machine Cycle ldentification: 

W1th the except1on of .the DAD mstruct1on, there 1s 
just one cons1derat1on that determmes how many machme 
cycles are reqUired 1n any g1ven 1nstruct1on cycle: the num
ber of t1mes that the processor must reference a memory 
address or an addressable penpheral d.,v¡ce, in order to 
fetch and execute the mstruction. L1ke many processors, 
the 8080 IS so constrúcted that it can transm1t only one 
addrcss per machme cycle. Thus, ¡f the fetch and execution 
of an mstruct10n requ1res two memory retereríces, then the 
mstruct10n cyclc associatcd with that instruct1on cons1sts ot 
two machme cycles. lf f1vc such references are called for, 
then the mstructiOn cycle contams f1ve machine cycles. 

Every mstruction cycle has at least one reference to 
memory, durmg wh1ch the 'instruct1on 1s fetched. An m
structJon cycle must always have a fetch, even 1f the execu
tJon of the mstruct1on reqUires no turther references to 
memory. The f1rst mach1ne c,vcle in every mstruct1on cycle 
1s therefore a FETCH. Beyond that, there are no fast rules. 
lt depends on the kmd ot mstruct1on that JS tetched. 

Cons1der som'e examples. The add-reg1ster (ADD r) 
ms~ruct1on 1s an mstructiOfl that requ1res only a single 
m¡,chme cycle (FETCH) for 1ts completion. In this one-byte 
1nstruct1on, the contents ot' one ot the CPU's s1x general 

purpose reg1sters is ~dded td the ex1sting contents ot the 
accumulator. S mee all the informatJOn necessary to execute 
the cornmand 1s conta1ned in ,the e1ght b1ts of the lnstructJon 

code, only one me~ory ret~~ence is necessary. Three states 
are u sed to extract the mstryction trom memory, and one 
add1tional state 1s used to accomplish the desired addition. 
The entire instructi~'n cycle thus requires only one machme 
cycle that consists of tour states, or tour periods ot the ex
terna! clock. 

Suppose now, however, that we wish to add the con
tents of a specif1c rJ!emory locat1on to the ex1stmg contents 
of the accumulator (ADD M). Although th1s is qu1te s1milar 
m principie to the exampl\! just c1ted, several add1t10nal 
steps wdl be u sed. An extra' machme cycle will be used, in 
order to address the 'demed memory locat1on. 

11 :J 
The actual sequence is as follows. F1rst the processor 

extracts from memory the ·one-byte mstruct1on word ad
dressed by its program counter. Th1s takes three states. 
The e1ght-b1t mstruat1on word obtained dunng the FETCH 
machme cycle is de'posited 1'n the CPU's instruction reg1ster 

and used to d1rect: activitle's dunng the remainder of the 
instruct1on cycle. Next, the processor sends out, asan address. 
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the contents of 1ts H and L reg1sters Thé e1ght-b1t data 
word rEturncd dtmng this MEMORY READ mach1ne cycle 
1s placed m a temporary reg1ster ms:de the 8080 CPU. 1By 
now three more clock penods (states) have elapsed. In t~ 
seventh and fmdl state, the conterts of the temporary regl'--...) 
ter are added to those of the accumulator. Two mach1ne 
cycles, cons1stmg of seven states m ail, complete the 
"ADD M" mstruct1on cycle. 

A t the oppos1te extreme is the save H and L reg1sters 
(SH LO) mstruct1on, wh 1ch reqUJres f1vc machme cycles. 
Durmg an "SH LO" mstructJon cycle, the contents of the 
processor's H and L reg1sters are depos1~ed m two sequen
tJally ad¡acent memory locat1ons, the destmation 1s. mdJ
cated by two address bytes wh1ch are stored m the two 
memory locat1ons 1mmed1ately followmg the operat1on code 

byte. The followmg sequence of events oc e u rs: 

(1) A FElCH machme cycle, conSJSting of tour 
states. Dunng the f1rst three states of th1s 
mach me cycle, the ¡Jrocessor fetches the mstruc
tlon ind1cated by 1b program counter. The pro

gram counter Js thcn mcrcm<!ntcd. The fourth 
state 1s used for mternal mstruct10n decodmg. 

(2) A MEMORY READ mach1ne cycle, cons1sting 
of three states. Dunng th1s machine cycle, the 
byte mdicated by the program counter 1s read 
from memory and placed m the processor's 
Z register. The program counter 1s mcremented 

again. 

Another MEMORY READ machme cycl~. coÜ 
s1stmg of three states, m wh1ch the byte mdJca

:ed by the processor's program counter 1s read 
trom memory and placed 1n the W reg1ster. The 
program counter 1s incremented, 111 ant1c1patlon 

ot the next instruct10n fetch. 

(3) 

í4) A MEMORY WRITE mach1ne cycle, of three 
states, in which the contents of the L reg1ster 
are transferred to the memory location pointed 
to by the present contents of the W and Z regJs
ters. The state followmg the transter is used to 
mcrement the W,Z reg1ster pa1r so that 1t indl
cates the next memory locat1on to receive data. 

'(5) A MEMORY WRITE machme cycle, ot three 
states, m wh1ch the contents ot the H reg1ster 
are transferred to the new mcmory locat1on 
pomted to by the W, Z reg1ster pa1r. 

'1 

·In summary, the "SHLD" instruct1on cycle contains 
tive machine cycles and takes 16 states to execute. 

Most 1nstructions fall somewhere between the ex
tremes typ¡f,ed by the "ADD r" and the "SH LO" instruc

tlons. The 1nput (INP) and the output (OUT) mstruct1ons, 

for example, requ1re three mach1ne cycles: a FETCH,¡:)· 
obtain the mstruct1on; a MEMORY READ, to obtain t\ 
address ot the ob¡ect pcnpheral; andan INPUT oran OUT
PUT machine cycle, to complete the transfer. 
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Whlle no one instruction cycle will consist of more 
then ftve machtne cycles, the follovying ten different types 
cf machme cycles may occur within an instruction cycle: 

(,) FETCH (M1) 

(2) MEMORY REAO 

(3) MEMORYWRITE 
,¡ 

(4) STACK REAO 

(5) STACK WRITE 

(6) INPUT 

(7) OUTPUT 

(8) INTERRUPT 

(9) HALT 

(10) HALTe INTERRUPT 

The machme cycles lthat actually ¡lo occur in a par· 
ttcular instruction cycle d~pend upon the kind of instruc
tion, wlth the ovemdtng s,tipulation that the first machme 
cycle in any mstructton cycle is always a FETCH. 

1 

The processor tdenttfies the machtne cycle in prog· 

rcss by transmittmg an eigtlt·bit status word during the first 
state of every machine cy~\e. Updated status informatton is 
presented on the 8080's rdata ltnes (OQ-07). during the 
SYNC mterval. Thts data ~hould be saved in latches, and 
u sed to develop control stgnals for ~xternal circuitry. Table 
2·1 shows how the postttve-true stptus information is dis· 
tributed on the processor's ~ata bus. 

Status signal s are provided pr.incipally for the control 
of externa! circuttry. Stmplictty of tnterface, rather than 
machme cycle identiftcation, dtctates the logical defmttion 
of tndivtdual status bits. You will therefore observe that 
certain processor machine cycles are uniquely identified by 
a single status bit, but that others ~are not. The M 1 status 
btt (06), for example, un~mbiguously identifies a FETCH 

1¡ ' 

machme cycle. A STACK REAO, on the other hand, is 
indtcated by the coincidehce of STACK and MEMR sig
nals. Machme cycle tdentiftcation data is also valuable in 
the test and de-buggmg ; phases of system development. 
Table 2·1 lists the status bit outputs for each type of 
machme cycle. ' ,, 

State Transition Sequence: 

1' 

,, 
,, 

Every machtne cycle·wtthin ar instruction cycle con· 
sists of three to five active states (referred toas T1. T2, T3, 
T 4, Ts or Tw). The actual number of states depends upon 
the instruction being executed, and on the particular ma· 
chine cycle withtn the gr~~ter instruction cycle. The state 

<1 ' 

transition dtagram in Ftgure 2-4 shows how the 8080 pro· 
1 

__ ceeds from state to state m the course of a machine cycle. 

()The diagram also shows
1

,how the REAOY, HOLD, and 
INTERRUPT lines are sampled during the machine cycle, 
and how the condittons on these' lines may modify the 
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baste transttion sequence. In the present discuss1on, we are 
concerned only with the baste sequence and with the 
REAOV function. The HOLO and INTERRUPT functions 
will be dtscussed later. 

The 8080 CPU does not directly indicate tts interna! 
state by transmitting a "state control" output during 
each state; instead, the 8080 supplies direct control output 
(INTE, HLOA, OBIN, WR and WAIT) for use by externa! 
circuttry. 

Recall that the 8080 passes through at least three 
states m every machine cycle, with each state defined by 
successive low-to-high transitions of the <1>1 clock. Ftgure 
2-5 , shows the timing relationships in a typical FETCH 
m achine cycle. Events that occur in each state are referenced 

to transttJOns of the <1>1 and f/>2 clock pulses. 

The SYNC signal identifies the ftrst state (T 1) in 
every machine cycle. As shown in Ftgure 2-5, the SYNC 
signal ts related to the leading edge of the f/>2 clock. There is 
a delay (toe) between the low-to·high transition of f/>2 and 
the posttive-g'oing edge of the SYNC pulse. There also is a 
cornesponding delay (also toe) between the next f/>2 pulse 
and the falli~g edgc of thc SYNC signal. Status informatton 
ts displayed on OQ-07 dunng the same cfl2 to ~~2 mtcrval. 
Swttching of the status signals is likewise controlled by f/>2· ,, 

1 The rising edge of <1>2 during T 1 al so loads the pro· 
cessor's address lines (Ao·A 15). These lines beco me stable 
within a brie,f delay (toA) of the cfl2 clocktng pulse, and 
they remam

1 
stable until the first cfl2 pulse after state TJ. 

Thts gtves the processor ample time to read the data re· 
turned from·memory. 

; Once the processor has sent an address to memory, 
there is an opportunity for the memory to request a WAIT. 
This it does, by pulling the processor's REAOY line low, 
prior to the, "Ready set-up" interval (tRsl whtch occurs 
durmg the f/>2 pulse wtthin state T2 or Tw. As long as the 
REAOV lin~:remains low, the processor wtllrdle, giving the 
memory tin:re to respond to the addressed data request. 
Ref~r to Fig~re 2·5. 

The prpcessor responds to a wait request by entering 
an alternative state (Twl at the end of T2. rather than pro
ceeding direbly to the T3 state. Entry into the Tw stat~ is 
indicated by a WAIT srgnal from the processor, acknowledg
ing ~he mernory's request. A low-to-high transttion on' the 
WAIT linc is triggered by the rising edge of the f/>1 clock and 
occurs withii, a brief delay (toe) of the actual entry into 
the Tw state. 

A wait period may be of indcfinite duration. The pro· 
cessor remai,ns in the waiting conditton unttl its REAOY lane _ 
agaan goes h'igh. A REAOY indication must precede the fall

ing 'edge of
1 

thc f/>2 clock by a spectficd intet ~al (tRsl. m 
order to gu~rantee an exit from the T w state. The cycle 
may then proceed, beginning with the rising edge of the 
ne~t f/>1 dock. A WAIT interval will therefore consist of an 

' ' 
integral num

1
ber of Tw states and will always be a muitiple 

of the clock period. 



lnstruct1ons for the 8080 requ1re from one to f1ve mach1ne 
, ycles for complete exccut1on Thc 8080 sends out 8 bit of 
5,atus mformatiOn on the data bus at the beg11ming of cach 
machme cycle (dur.ng SYNC t1me). The followmg table defmes 
the status mformatlon 

Symbols 

INTA" 

wo 

STACK 

HLTA 

OUT 

M¡ 

INP" 

MEMR* 

STATUS INFORMATION DEFINITION 
Data Bus 

B1t Def.nit1on 

Do Acknowledge s1gnal for 1 NTE R R UPT re· 
quest S1gn¡¡l should be u sed to gatc a re· 
start 1nstruct1on onto the data bus when 
DB 1 N 1s active 

o, 

02 

03 
04 ' 

Ds 

Ds 

07 

lnd1cates that the operat10n m the current 
machme cycle Will be a WRITE memory 
or OUTPUT function (WO = O).Otherw1se. 
a READ memory or INPUT operat1on wili 
be exccuted. 

1 nd1cates that the address bus holds the 
pushdown stack address from the Stack 
Po m ter 

Acknowlcdge s1gnal for HAL T mstruct1on 

lnd1cates that thc address bus contams the 
addrcss of an output dev1ce and the data 
bus will contam the output data when 
WR •s Jctlve. 
Prov1des a s1gnal to llld1cate thdt the CPU 
1s 1n the fetch cycle for thc f1rst byte of 
an mstr.uctiOn 

lnd1cates that the address bus conta1ns the 
address of an mput dev1ce and the input 
data should be placed on the data bus 
when D B 1 N 1s act1ve. 

Des1gnates that the data bus will be used 
for memory read data. 

"These threc status b1ts can be u sed to control 
the flow of data onto tha SOSO data bus 

STATUS WORD CHART 

Do INTA o o o o o 
O¡ wo 1 1 o o 
D2 STACK o o o 1 1 

DJ HLTA o o o o o 
04 OUT o o o o o 
Ds M¡ 1 o o o o 

· Ds INP o o o o o 
07 MEMR o o 

Table 2-1. 8080 Stat~:~s Bit Defanitions 

o 
1 

o 
o 
o 
o 
1 

:o 
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The events th<Jt t<:,kc place du11119 thC' T3 ~tate are 
(jctermmcd by the kllld of n-:<Jchme cyclc 1r1 progress. 'In a 
FETCH machmc cycle, the processor mterprcts the data on 
ilS c':lta bus asan mstruction. Durmg a MEMORY READ or 

d STACI< READ, data on Ülis bus 1s intcrpreted as a data 
word. The proccssor outputs data on this bus dunng a 
Mt:MORY WR ITE machine cycle. Dunng 1/0 operations, 
the processor may enher transmit or receive data, de
~cnding on whether, an OUTPUT or an INPUT operat10n 
iS mvolvcd. 

Figure 2·6 illustrutes the timmg that iS characteristiC 
of a data input operation. As shown, the low-to·high trans1· 
tion of </!2 during T2 clears status mformation from the pro
cessor's data lmes, prepanng these lines for the receipt of 
mcoming data. The data presented to the processor must 
have stabilized prior to both the "ct>1-data set-up" mterval 

(tos1 ), that precedes the fallmg edge of the tP1 pulse defm
ing state T3, and the "t))2--data set-up" interval (tos2l. 

that precedes the nsmg edge of ¡j)2 m state T 3· Th1s same 

dJta must rema:.1 stahlc durmg the "data hold" intervJl 
(to¡..¡) that occurs following the m1ng edgc of the tP2 pulse 
Data placcd on tilese lincs by memory or by other externa! 

dev1ccs will be sampled during T3. o 
Durmg the mput of data to the processor, the 808o 

generares a DBIN signa! wh1cn should be "sed externally to 
enablc the transfer. Machme cycles 111 wh:cn D5lN iS a-vad
able include: FETCH, MEMORY READ, STACK READ, 
and INTERRUPT. DBIN i~ initldted by the r1smg edge of </12 
durmg state T2 and tcrminated by the correspondmg edge of 
¡j)2 dunng T3. Any Tw phases mtervenmg between T¿ and 
T3 w1il therefore extend DBIN by onc or more clock 
penods. 

F 1gure 2-7 shows thc t1mmg of a machme cycle m 

which the processor outputs data. Output data may be des
tmed either for rnemory or for penpherals. The nsing ed9e 
o~ IÍJ2 Withm state T2 clen~s status mformat1on from thc 
CPU's data lmes, and loads 111 the elata wh:ch iS to be output 
to externa! dev1ces. Th:s substittJtlon tai<es pláce Wlthm the 
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DO IN 

WR 

STATUS 
1 

1 

INFORMATION 
DATA 
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A1s.o SAMPLE R EADY OPTIONAL FETCH DATA 

1 
OPTiDNAL 

1 ME MOR Y Ao'DRESS HOLO ANO HAL T --- OR 
DR 1 HALT INSTRUCTION INSTAUCTION 1 1/0 DE VICE NUMOEA 

1 
OR OA EXECuTION 

1 
D>o 

1 

ME MOR V 1 WfHTE DATA lf REOUiRED STATUS INFpRMATION f ACCESS TIME 1 
1 

INTA OUT 
1 

1 1 AOJUST 1 
1 

HLTA wo 1 
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Figure 2·5. Basac 80~0 lnstruction Cycle 
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R[ADV 

WAIT 

WR 

STATUS 
INFDRMATION 
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!"O" 
["1" 
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NOTE @ · Rcfcr to·Status Word Chart on Pa¡¡c 2-6. 

F1gure 2-6. Input lnstruction Cycle 

()------------~----------------------------

Q¡ 

<,)2 

A150 1 

~o 1 1 

D¡.o 

SVNC 

DBIN 

'uJ--J í-- i ACCUMUL~TOA\ 
1 1 r--!--""\ ! i 

'---,---+-~-

1 

REAOY .. , .. 

WAIT 
"O" 1 

w'R 

STATUS 0 INFORMATION 
¡, 

o NOTE. @ Refer to Status Word Chart on Page 2-6. 

Figure'~-7. Output lnstructiol'! Cycle 
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"data output dclay" mtl!rval (too) follm'lnng the 0;- clock's 

leac11nD edgc Data on the bus remams stabie throu!]hout 
the rcmamdcr of the mach1ne cycle, untd replaced by up

dawd status mformé'tiOn m the subsequent T 1 sta te. Observe 

that a READY s1gnal 1s necessary for complet1on of an 

OUTPUT m¡¡chme cycle. Unless such an ind1cat10n 1s pres

ent, the proccssor enters the Tw state, followmg the T2 

state. Data on the output !mes remams stable m the 

intenm, <md the proccssmg cyc¡e wdl not proceed until 
the READY ltnc agair. goes h1gh. 

sarily extcnd \\'~\ in much the same way that DBIN 1s af

fected dunng darJ mput operat1ons. 

Ali orocessor machme cycles cons1st of at least thr¡-~ 

states: T¡, T2, and T3 as ¡ustdescr1bed. lf the processor ~G 
to wait for a response from the per,phcral or memory w1th 

which it 1s commun1catmg, thcn thc machme cycle may 

also contain one or more Tw states. Dunng thc three bas1c 

states, data 1s transferred to or from the proceswr. 

The 8080 CPU generares a WR output for the syn
chron1zat1on of externa! transfers, durmg those mach1ne 

cycles m wh1ch the. processor outputs data. These 1nclude 
MEMORY WR ITE, STACK WR ITE, and OUTPUT. The 
negat1ve-going leadmg edge of WR 1s referenced to the rismg 

edge of the f1rst <P1 clock pulse followmg T2, and occurs 

w1thm a br1ef delay (toe) of that event. WR remains low 

until re-tnggered by the leading edge of r/>¡ dunng the 

state foilowmg T 3· Note that any T w states intervenmg 
between T 2 and T 3 of the output machine cycle will neces-

After thc T3 state, however, 1t becomes d1ff1cult to 

general1ze. T 4 and T5 states are available, 1f the cxecL.:tlon 

of a particular 1nstruct1on requ1res them. But not all machme 

cycles make use of these states. lt depends upon the k1nd of 

mstruct1on bemg executed, and on the particular mach111e 

cycle w1thm the mstruct1on cycle. The p1 ocessor w1ll termi

na te any machme cycle as soon as 1ts processmg act!VItles 

are completed, ratncr than proceed1ng through the T 4 and 
T5 states every t1me. Thus the 8080 mJy ex1t a machme 
cycle followmg the T3, the T 4, or the T5 state and pro

ceed d1rectly to the T¡ state of the next machme cycle. 

STA TE 

TW 
(optiOOdl) 

T3 

T4 
T5 

(opt10nal) 

ASSOCIATED ACTIVITIES 

A memory address or 1/0 dev1ce number 1s 

placed on the Address Bus (A 15-0l; status 
mformation 1s placed o~ Data Bus (DJ.o). 

The CPU samples the READY and HOLD m

puts and checks for halt.mstruct10n. 

Processor enters wa1t sta'te 1f R EADY is low 
or if HAL T mstruct1on has becn executcd. 

An 1nstruct1on byte (FETCH mach1ne cyclc), 

data byte (MEMORY READ, STACK READ) 

or mterrupt mstructiOn (INTERRUPT machme 

cycle) 1s 1nput to the CPU from the Data Bus; 

ora data byte (MEMORY WRITE, STACK 

WR ITE or OUTPUT machine cycle) is output 

onto the data bus. 

Sta tes T 4 and T5 are availabie if the execu
tlon of a part1cular instruct10n reqUires them; 
if not, the CPÜ may sk1p one or both of 

them. T 4 and T5 are only usecl for m terna! 

processor opera~ions. 

Table 2·2. State Definitions 
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INTERRUPT SEQUENCES 

The 8080 has tne built-m cJpac1ty to handle externa! 

.nterrupt requests. A penpheral dev1cc can 1111t1ate an lnter
rupt s1mply by dnvmg the processor's mterrupt (INT) lme 

hl\ih. 
Thc .nterrupt ( INT) mput 1s asynchronous, and a 

requcst may therefore ongmate at any t1me durmg any 

mstruct1on cycle. lnternal log1c re-clocks the externa! re

quest, so that a proper correspondence with the drivmg 
clock is establlshcd. As F1gure 2-8 shows, an interrupt 

request (INT) arrivmg during the t1me that the interrupt 
enable line (INTE) 1s h1gh, acts 1n comc1dence W1th the I/J2 

clock to set the 1nternal mterrupt latch. Th1s event takes 

place durmg the last state of the mstruct1on cycle in wh1ch 

the request occurs, th.Js ensunng that any mstruction in 

progress is completed befare the interrupt can be processed. 

The INTERRUPT machme cycle which follows the 

arnval of an enabled mterrupt,request resembles an ordmary 

FETCH machine cycle 111 mo~t respects. The M 1 status bit 

1S transmitted as usual dunng the 'SYNC interval. lt is 

accompan1ed, however, by an INTA status b1t (Dol wh1ch 

acknowledges the exte1 nal request. The coments of the 

¡-¡rogram counter are latched onto the CPU's address lmes 

durmg T 1· but the counter itself 1s not mcremented during 
the INTERRUPT machme cycle, as 1t otherw1se would be. 

In th1~ way, the' pre-1nterrupt status of the program countcr 
is prcserved, so tr.at data 1n thc counter m ay be resto red by 
the interrupted program after the 1nterrupt request has been 

processed. 

The mterrupt cycle 1s otherw1se 1nd1st1ngul~haole from 

an ordmary FETCH machme cycle. The processor 1tself 
takes no further spec1al act1on. lt 1s the respons1bdny of the 

penpheral log1c to see that an e1ght-b1t lnterr.Jpt mstruct1on 

1s "jammed" onto the processor's data bus dunng state T3. 
In a typ1cal system, th1s means that the data-1n bus from 

memory must be temporarlly d1sconnccted from the pro· 

cessor's mam data bus, so that the :nterruptmg dev1ce C<Jn 

command the main bus w1thout 1nterference. 

The 8080's mstruct1on set prov1des a spec1al one-byte 
cail wh1ch facil1tates the processmg of mterrupts {the ordi
nary program Call takes three bytes). This 1s the RESTART 

mstruct1on (RST). A vanablo three-blt f1eld embedded 111 

the e1ght-b1t f1eld of the RST enables the 1nterrupt1ng device 

to direct a Call to one of e1ght f1xed mernory locat1ons. The 

decimal addresses of these ded:cated locat10ns are: O, 8, 16, 
24, 32, 40, 48, and 56. Any of these addresses rnay be used 

to sto're the f1rst 1nstruct1on(s) of a rout1ne des1gned to 

serv1ce' the reqUirements of an 1nterrupt1ng dev1ce. S1nce 

the (:=lST) 1s a call, complet1on of thc mstruct1on also 

stores the old prog1 ¡¡m counter cuntents on the STACK. 

c._n :· n Ir~ rL-~. 1 

"f-rr-W!LU~~ 
A150 1 PC-1 ! / ! 1 PC ! 1 \ ~---:~} ! SP-•1 1 1 j SP1-

~~' 1 _¡ __ _i, __ r 1 __ ..;.._¡-¡;1 1 i m 
D1 o-+---...,.--+--+-..~/ Do \ 1 RST 1 • X 1 PCti X PCL 

IINTAI , 1 ·' 1 · 

1 1 1 ' 

SYNC -+----1-J -+~-4-..J/r--1-t--+-'""\\ 1 : 1 j ! \ ! 1 ~ 
DBIN 

1 

/ \ : 1 , . 1 1 1 ' i 
WR 

\ RETURN M1 J¡ 
(INTERNAL) l 

INTE -1---->-'---t--,\ 

INT_,I _ _¿, 
~· 

INT F/F f 
(INHHNl\L) -!---../ , ' 

1 INIIIIIIT STOII( OF 
PC•1 (INTLilNAL) 

1 i ! : 1 

1 1 1 1 1 i 1 

1 

1 1 1 ! 1 1 1 1 ! 

\ 
t· 1 1 11 1. 1 
1 ¡ 1 

1 i 1 ! i 
1 

1\ 
¡ 1" ! l ! 1 

STA TU!> 
1 

¡. ,,--;fo\:::-;:=:j:::::t-j--j--t--J-¡,IlCr~::-"\t---J¡---¡1 XI 0 ¡1 

INfOAMATION -i--------i-------i-1
11 \!!J 1"'\V l 1 l I.:.J ! 

! 
NOTE: @ Refer to Status Word Chart on Page 2·6. 

Fi!;ure 2-8. lnterrupt Timing 
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A¡; o ,.--..,--j--------+---i--r---l-:::1- ~·:;;;;I:G- -¡-----~~- ----, ~-~- --¡ 
----J 1 1 1 

-·1---' --¡----------¡-----~----¡,-~--
HOLD [ 

REOUEST 1 
: 

1 

1 1 

L-~---+---1-+------------
~~--~----t-~----~----r---. 1 HOLD 

~---4---+----~------

HOLD F/F 

INTERNAL ~---~----~--' 
1 P----+----------+------nl 1 

i y ' 1 
HLDA 

~,----~----------~ 
~ 111 S<: E ATTACHED ELECTAICAL CHAAACTERISTICS 
i 
1 

Figure 2·9. HOLD Operation (Read Mode) 

,,, 

WR 1 

i 
HOLD 

REOUEST 

\ 

•r4 ANO T0 OPEAATION CAN BE 

1

1 

DONE INTERNALLV. 
1 ' 1 

M n+2 

T¡ 

HOLD ______ _.! 1 

Rt:ADY~~----4·------+-----4-----r---~--f------t------r------

HOLD F/F 
tNTERNAL~------~------+----~---J 

HLDA~-----~----~----~------r--1r---~ 
i WRITE DATA i 

Figure 2·1 O. HO LD Operatioo (Wrate Mode) 
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HOLD .3EQUENCES 

The 8080A CPU contallls provrsrons for Drrect Mem· 

ory Acccss (DMA) operatrons. !3y applymg a HO LOto the 

appropriatc control pm on the processor, an externa! dcvrce 

can cause the CPU to suspend its normal operations and re· 

lmquish control of the address and data busses. The proces· 

sor responds toa request of thrs kmd by floating its address 

to other devrces sharing the busses. At the same time, the 

processor acknowledgcs the HO LO by placing a high on its 

HLDA outprn pm. Durmg an ackn?wledged HOLO, the 

address and data busscs are undcr control of the penpherai 

whrch origmated the request, enabilng 1t to conduct mem· 

ory transfers wrthout processor mterventron. 

Lrke the mtcrrupt, the HO LO input is synchronized 

mternally. A HOLO signa! must be stable prior to the "Hold 

set-up" interval (tHsl. that precedes the rismg edge of 1/>2. 

Frgures 2-9 ;md 2-10 dlustrate the timmg mvolved in 

HO LO operat10ns. Note the del ay between the asynchronous 

HOLD REOUEST and the re-clocked HOLD. As shown 111 

the dragram, a corncrdence of the READY, the HOLO, and 

the I/J2 clocks sets the interna! hold latch. Setting the latch 

enables the subsequent rrsmg edge of the 1/>1 clock pulse to 

trrgger the HLDA output. 

Acknowledgcment of the HOLD REQUEST precedes 

slightly thc actual floatlll!) of the prOCf'SSor's add1 CSS and 

data lrnes. The proccssor acknowledgcs a HO LO at the bcgm

mng of T3. rf a read or an input machine cycle rs 111 progress 

(see Frgure 2-9). Otherwrse,::acknowledgement 1s defcrred 

untrl tllf' bcgmnrng of the state fol!owrng T3 (sce Frgure 

2-10). In both cases, howevór, the HLDA goes hrgh wrthm 

a speclfred dclay (toe) of the nsmg edge of the selected rfl1 

clock pulse. Address dnd q<,Jta !mes, are fíoated wrthin a 

brief de la y after the mrng cdge o f the next í/J2 clock pube. 

Thrs relatronshrp 1s aiso show:r in the dragrams. 

To all outward appeara~ces, the processor t,as suspend

ed rts opcratrons once the add,r.,ess and 9ata busses are floated. 

lntcrnally, howcver, certam}unctron,s may contrnue. lf a 

HOLD REOUEST rs acknowledged at T3, and rf the pro-
·1 11 

cessor is m thc mrddlc of a machmc cycle whrch requires 

tour or more states to complete, thc CPU proceeds through 

T4 and T5 bcfore comrng toa rest. Not untd the end of the 

machme cycle 1s reached will processmg actlvrtles cease. 

Interna! processmg rs thus permrtted to overlap the externa! 

DMA transfcr, 1mprovmg both the effrcrcncv and the speed 
of the entrre system. '• 

) The processor exrts :\he hold:rng state through a 
/",,..-- sequence srmilar to that by, whrch ,rt entered. A HOLO 

' REOUEST is termrnated asynchronously when the externa! 
1 1, 

o 
) 

J 

( 

device has completed its data transfer. The H LOA output 

) 

¡' 
1 
1 

:', 

2-13 

rcturns to a low !cvel followrng the leadrng cdge of thc ncxt 

rp1 clock pulse. ¡,Jormal proccssrng resumes w1th the ma

chine cycle followmg the last cycle that was executed. 

HAL T SEQUENCES 

When a halt mstructron (H L T) rs executed, the CPU 

entcrs the halt statc (TwHl after state T2 of the next ma

chine cycle, as shown in F rgure 2-11. There are only three 

ways in whrch the 8080 can exrt the halt state: 

torm. 

G> A hrgh on the RESET lrne wrll always reset the 

8080 to state T1. RESET also ciears the program 

counter. 

o A HOLD mput wrll cause the 8080 to enter the 

hold state, as prevrously descnbed. When the 

HOLO trne goes low, thc 8080 re-enters the halt 

state on the rismg edge of the next <¡)1 clock 

pulse 
,o An rnterrupt (r.e., INT goes hrgh whde INTE rs 

, enabled) wrll cause the 8080 to ex1t the Halt state 

and e'nter state T 1 on the rismg edge of the next 

í/J1 clock pulse. NOTE. The rnterrupt enable (INTE) 

flag must be set when the halt state rs entered; 

otherwrse, the 8080 wdl only be able to exrt vra a 

RESET srgnal. 

Figure 2-12 dlustrates halt sequencrng 1n flow chart 

START-UP OF THE 8080 CPU 

Whcn power rs applicd mrually to thn 8080, the oro· 

cessor 'begrns 'operating rmmedrately. Tht! contents of rts 

program counter, stack pornter, and the other wark1ng regrs

ters are naturally subject to random factors and cannot be 

spec1f1ed. For th;s reason, 1t wdl be n·~ccssary to beg.n the 

powe~~up sequ~nce wrth RESET. 
•' 1 

An extemal RESET s1gnal of thrce clock period dura· 

tíon (mrnrmurn) restores the pr occssor' s rnte1 nal program 

counter to zero. Prograrn execut1on thus bcgrns wrth mem
ory locatron zero, followmg a RESET. Systcms whrch re

qurre the ¡:¡rocessor to wart for an expi!Cit start-up signa! 
will store a halt instruction (El, HL T) in thc first two loca

tions. A rrJilnual oran automanc INTER RUPT wríl be used 

for starting. In other systems, thc processor may begm ex

ecutmg its stored program immediately. Note, however, tilat 

the R ESET hds no effect on status f!ags, or on ar>y of the 

proces~or's we>;rkmg regrsters (accumulator, regrster5, or 

stáck pomter). The contents ot these regrsters rema m mde

termrn~tc, until: rnrt1alrzed explrcrtly by the program. 
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F1aure 2-13. Reset. 
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Figure 2-14. Rclation bctwcen HOLD and INT in the HALT State. 
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MNEM.JNIC OP CODE M1[1} M2 l --- O! D¡D6 o5 o, i o3 o2 o1 Do T1 n12l T3 T4 TS T1 n12l 

--
1 

1 1 

l MOVrl •2 o 1 o o o S S S PC OUT PC= PC +1 INST-TMP/IA 1 ISSSI-TMP ITMPJ-000 1 ! L STATUS 1 
1 

1 

MOV<,M 
1 

o 1 o o o 1 1 o i x13l 
1 

HL OUT OATA-Joo'o¡ 
STATUsl61 

MOVM,, 

i 
o 1 1 1 o S S S : 1 1 

ISSSJ-TMP Hl OUT ITMP)~ .. DATA BUS l STATUSI71 

1 

! ~p -, 
SPHL 

! 
1 1 1 1 1 o o 1 IHLI \ \ 

1 
1 1 

~ MVI r, data 1 o o o o o 1 1 o 
1 

X PCOUT 82 ~~L.ODD 
1 STATusiGI 
1 

MVI M,ci.11a 
1 

o o 1 1 o 1 1 o X 82-¡:T,MP 

-~~~0 o A P o o o 1 X PC•PC+1 82- ... ,, 
LOA lH1dr o o 1 1 1 o 1 o 1 X 

1 
1 

PC • PC + 1 82- .. z 

1 1 

STA add< 

1 

o o 1 1 o o 1 o X i PC • PC + 1 82-¡ .. z 

L 
LHLD addr 1 o o 1 o 1 o 1 o 

1 

X 1 1 PC•PC+1 
8:tZ 

1 1 1 ~ 
SHLD addr o o 1 o o o 1 o 

1 
X 1 PC OUT PC • PC + 1 o2-\ ... z 

1 1 STATUsiGJ 

DATA-J ... A 1 1 

-'-
1 LDAX rpl4l o o A p 1 o 1 o X í rp OUT 

1 í STATUsiGI 1 1 

STAX rpl4! 1 
o o A p o 1 

T rpOUT (Al- .,.DATA BUS 

1 1 
o 1 o 

1 

X 
STATUsi7J 

XCHG 

1 

1 1 1 o 1 o 1 1 
1 

IHLl-IDEI 1 i 

1 1 i 
ADOr ! 1 o o o o S -S S 

1 

ISSSJ-TMP 

1 
1~1 1 IACTl-+(TMPI-A 1 --j 

' (A)-ACJ: 

.. TM;--1 ADD M 1 o o o o 1 1 o 
1 

IAI-ACT 

~= 
HL OUT DATA·-
STATUsiGI 

AOI dllfl 1 1 o o o 1 1 o 1 
IAI-•ACT PC OUT PC • PC t 1 B2- .. TMPOj 

;f1 

1 STATUSIIi[ 
------- 1---

AOCI 1 o o S S S ISSSI •TMP 191 [ACTI 1 [1 MP)ICY-•A 
(AJ-ACT ---- 1 ------------¡--~ AUC M 1 o o o 1 1 1 o (A)-•ACT 111 OUT 

r DATA ~~=~ : ~TATUs[fol 
-------- - ----- -----~ 

ACid.HO 1 1 o o 1 1 1 o IAI-•ACT PC OUl PC .. i'C•i 1 02- ... TMP 

1 
STATUsl6) 1 1 - 1 1 

SUOr 1 o o 1 o S S S ISSSI-TMP [9) (ACTl-ITMPI-A 

i J IAI-ACT 

SUO M 1 o o 1 o 1 1 o IAI-ACT HLOUT DATA--t.,.. TMP 
1 STATUsiG) _l 

1 
SUI d.lto 1 1 o 1 o 1 -1 o IAI-•ACT PC OUT PC•PC+1 8:?-~o-TMP 

: 

t---~ 
STATUsl61 

SOB r 1 o o 1 1 S S S ISSSI-TMP [g) IACTHTMP)-CY-A 1 
IA)-•ACT 

f-.----
SBO M 1 o o. 1 1 1 1 o 

1 

[A)-ACT HL OUT OATA-"•TM~ 

~-.. ---¡ STATUsl61 

1 1 o 1 1 1 1 o [A)-ACT PC OUT 

1 

PC • PC + 1 62- •TMP 
STATUSIG) 

INA r o o o o o 1 o o !DDDI-TMP ALU-D DO 1 i 1 

-· [TMP) + 1-ALU 1 i 1 

INA M o o 1 1 o 1 o o 
1 ·1 

X HLOUT DAT~~TMP 
1 

STATUsl6) ITMP)+1 ALU 

DCA r o o o o o 1 o 1 l (DDD)-TMP ALLI-000 ' 
1 

1 
(TMP)+1-ALU i 

! 

OCA M o o 1 1 o 1 o 1 

1 

X HL OUT DAT~~~TMP 
1 1 STATusl6) ITMP)-1 .,. ALU 

p o 
1 

(AP) +1 AP 
1 

1 

! INX rp o o A o 1 1 1 
1 ! 1 

DCX rp o o A p 1 o 1 1 (AP) -1 AP 

1 1 
¡ 

DAD rpl8l 

1 
o o A p 1 o o 1 

1 

X 

1 

lrri-ACT ILI-TMP, 
1 

ALLI-L, CY 1 
(ACTI+(TM?I-A LU 

! j 
OAA o o 1 o o 1 1 1 1 OAA-A, FLAGS[10) 1 ¡ 

1 ! nJ 
ANAr 1 o 1 o o S S S ~ 

ISSSI-TMP 
1 

[91 IACTI+ITMPI-A ¡ v· 
(AJ-ACT 

' 
1 

ANAM 
., 

1 o 1 o o 1 1 o PCOUT PC•PC+1 INST-TMP/IR (A)-ACT HL OUT OATA-t-TMP 
'¡ STATUS STATusl6l 
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1 

o 
1 --: -----¡ 
i i 
1 ; 

__j--¡ -t -\----; 
1 ' 
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MNfMONIC 

ANI d.llil 

XRI riJia 1 1 1 o 

ORA M 

CMC 

RFT 1 1 o o 

PCHL 1 1 1 

POP rp 1 1 A P 

1 1 1 o 

1 o o. 1 
1 

o o o 1 

T4 

M2 

¡---T-5---+---T-1--_'¡-----T--z[-2)----,~-----TJ---r~ 

STATUSI 15l i 1 1

1 X ~~ SP OUT SP ~ SP + 1 OATA-l-•1 ! 
__ PO_P_P_S>N ____ ;-

1
1-1--1-1-1-1f-0--0-0-1-+--+-+--+-~--1---;-: --+------x-+

1

,-----·-t--S-P_O_U_T_-ti-s-? • S~, 1 DATA-j•FLAGS 1 

-------~----+-----~-+-+--~-+--+~--+---------1------~nATUSi1~[ ! ~ 

1

1 1 1 ,0, O 0 1 1 1 
1

1 1 X ¡' SPOUT [ S?•SP+1 DATA---;~'-z__ji 
. ' _ STATUsíl5) i 

--,-N-"-"---+~-1--1-0~I-1¡-1--0-I-I-~-+-+--~-+--~I--+------x-~l----- ~o~ 1¡~-~·1 s2~-~w \ 
l 1 STATUSI61 1, , ' 

OUTport 1 1 O 1 O O 1 1 
1 

: X 
1 

F'COUT ,r, PC=PC+1 82-_..Z W 1 

-------~----"--1r------t--f---jf---L--j---~~--1f--------~ STATUsi6) ! . 1 

--E-~---------t--1--1--1~·~-t--l--0 __ 1 __ 1--t---+--t----+~~---j-----t~----'t-S-8--I-N-T-E-F-/~~F~-t~~~-~~~~---~~~-jf_-_-_-__ --_-_~~=+~-------_-_-_-_--__ -_-_-_-_-_~,~~~~----
1 1 1 ~ O O ,1, 1 ~ l RES8 INTE F/F ~ ! i , -0 
O 1 1 1 O 1 1 O ; ¡ X 1 --t~--_P_C_O_U--T---+

1

1--HA_L_T-;:;-ODEiaJI ---:------- 1 

1 y STATUS i 
----------~+---------r---------t------,r------~~--------~-----------x-t!¡-------~¡---·----~~------------~---- --~ 

NOP : O O O r O O O O ~~2rUJs PC • PC + 1 INST-TMP/IR ' ! l 1 1 

--------~------~------~----~------~------~------,----~------J_ ______ L-----------~-----J 

XTHL 

01 

HLT 
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~ -- -
t.IJ M4 MS 

Üi ·-----
1 1 1 

., rzl2l T3 TI T2l2l T3 TI T2121 T3 T4 TS 

1 

1 1 1 
1 

.. IIACTI•ITMPI-A 

- 1 1 -- 1 1 L 1 , ! 1 

1 -t-·-¡-~~~. ___ j __ ---· 

1 1 iiiCTI .¡n;PJ·•A 1 l . 1 1 ' 1 
,-~· 

1 iACTI•iTMPI-A 

_____ , ' -¡ -~~=- ---·--r-: . 
1 .. 
1 
1 ¡ 

-------~-------1--~----~~----~--------

:. ~~ lfACli•ITMPI-A l -¡-------r- _jl-4-, 
¡-~· __ L 1 ---~-----t-,1 '1--.--------¡ r--_c ____ l= ,¡_ : 
1 ,'1 i (f•CTHTMPI, FLAGS . 1 __ j 
1 ----~--------+-- -----1--'------

:- ,,, ~~ ¡:<-ITM" '"" 1 

--------1--------~ 

, - ----r : ·• 1 

1 ,-~--1---r---- ¡ , 
1 ---- J 1 ---,-_.______ 

(\VZI + 1 -Pe c,f)_ .;z;~T- 1 PC. PC. 1 03 _ .w .. 1 - ------------- -- ----- ------· --- -- ----- -r1 --------1--/--~ wz OIJT 

!.ThTUs:GI 1 1 1 STATUsl11l 

r -~~2T~Ts!GI PC • PC + 1 01· 

1 

.. w 1 ' l ______ __¡ __ r·-,·-~-~-ZA-~-~-~~-~-1 . 1_2_I-t--I-IV_Z_I_+ -, -_-P_C_ 

rCOUT PC•I'C+1 03- •W bPOUT !I'CHI----- ""DATAOUS SPOVT (PCLI- DATA BUS ~L--~~VZOUT 1\VZ)+I-PC 
~T.\TUS\61 STATUSI16f SP • ~p • 1 STATusl16) lSTATUSilll 

- I'C OUT 1 PC • PC + 1 UJ- .. w!'IJI SI' OUT IPCHI ----""DATA OUS SP OUT iPCLI- DATA OUS ¡- -I-"'Z_O_U_T ____ , __ (W-ZI-,-,-~-1'-C-
STATlJS16) 1 'STATUSI16J SP • SP. 1 STATUSI16( i sr,nu:;l11,121 

SI'OUT 1 SP•SP+I DATA- ... W J IWZOUT 
STATUSIIS( 1 l STATU$1111 

IIVZI + 1 ·• PC 

i~2~Jsi1SI 1 SP•SP+I DATA- .. w -------------- --------_1~----~-------1----¡'- 1 ~T~~~l(n,12l (WZI+I-PC 

l SP OUT (TMP • OONNNOOOI-- ... Z t 1 1 WZ OUT IWZI t 1 - PC 

-
STATUsi1GI IPCL) • ""[,ATA OUS J STATUS(II) 1 ' - ------- ~---¡--T ~--

$POUT 
sr11 rusl16l 

SPOUT 
>TIITUSf16J 

(rl)- ""DATA BUS 
1 1 1 

FLAGS- •DATA BUS f ! 
--~-P-0_U_T_-!_S_P_•_S_P_+_1 __ D_A_T_A __ +.,.-,-h~---f------!--·--- -------f------j¡-- -_-----l

1

----r---
5iATUSI15) 1 

r-SP_O_U_T--1-SP-•-SP_+_I _D_A_T_A __ -_+,..-A_;_:-, ----1-------t----j -----' -------.,,---- 1 . 

STATUSf15l 

SPOUT 
srA rusl15l 

DATA- ... w SPOUT 
STATUSI161 

(H)- ""0ATA BUS SP OUT !U- DATA BUS 1 IWZI-J-HL 
STATUsi1GI 1 

_;~_/A_~.-~_;_I1_BI--t-----D-A_T_A-!I-""-A-~ ---1,------ -·----t------ : . -----! ________ ¡ ________ ' ___ ¡_ __ _ 
l--~~-zA_~-~-~~-11ll_+------'-A_I_-+ ... -DI_.~.;.·A-ou_s __ ¡ _____ j ------+---_ !- _ 

1
_ --~~~l---

' ll, 1 1 1 1 

¡ 1 
1 

1 

-----~----~~------1 1 ; ¡ 
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NOTES: 

1. The f1rst memory cycle (M 1) is always an instruction 
fetch; the f1rst (or only) byte, containing the op code, is 
fetched during th1s cycle. 

2. lf the READY input from memory is not h1gh during 
T2 of each memory cycle, the processor will en ter a wait 
state (TW) untd READY is sampled as h1gh. 

3. States T4 and T5.are prcsent, as required, for opera· 
tions wh1ch are completely interna! to the CPU. The con· 
tents of the interna! bus during T 4 and T5 are available at 
the data bus; th1s is designed for testing purposes only. An 
•· X" denotes that the state is present, but is only u sed for 
such interna! operations as instruction decod ing. 

4. Only register pairs rp = 8 (registers 8 and C) or rp = D 
(registcrs D and E) may be specified. 

5. These states are skipped. 

6. Memory read sub·cycles; an instruction or data word 
will be read. 

7. Memory write sub·cycle. 

8. The R EADY s1gnal is not required during the second 
and th1rd sub·cyclcs (M2 and M3). The HO LD s1g'1al is 
-accepted dunng M2 and M3. The SYNC signal is not gene· 
rated during M2 and M3. During the execut1on of DAD, 
M2 and M3 are required for an mternal register·pair add· 

'1 • 

memory 1s not referenced. 
1' ' 

9. Thc results of these arithmetic, log1cal or rotate in· 
structions are not mqved into the accumulator (A) until 
state T2 of thc next instructio.n cycle. That is, A is loaded 
whde thc next imtru,:;tion is Qeing fetched; this overlapping 
of operations allows for faster processing. 

1 O. lf the value of tlw least significant 4-bits of the accumu· 

lator is greater than 9 ~ if the auxiliary carry bit is set, 6 
is added to the accu~ulator. lf the value of the most signifi· 
cant 4-bits of thc accumulator is now greater than 9, or if 
the carry bit is set, 6 js addad to the most significant -: 
4-bits of the accumulator. 

11. This represents the first sub-cycle (the instruction 
fetch) of the next in~truction: ¡eycle. 

2·20 

12. lf the cond1t10n wr.s met, the contents of the registcr 
pa1r WZ are output on the address lines (Ao.15) mstead of 
the contents of the program counter (PC). 

13. lf the cond1tion was not met, sub·cyclcs M4 and ~o 
are sk1pped; the processor instead proceeds immediately to 
the instruction fetch (M1) of the next ins~ruction cycle. 

14. lf the condition was not met, sub-cycles M2 and M3 
are sk1pped; the proccssor instead proceeds immediately to 
the instruction fetch (M1) of the next instruction cycle. 

15. Stack read sub-cycie. 

16. Stack write sub-cycle. 

17. CONDITION ccc 
NZ not zcro (Z = O) 000 

z zcro (Z = 1) 001 

NC no carry (CY = O) 010 

e carry (CY = 1) 011 

PO panty odd (P =O) 100 
PE parity even (P = 1) 101 
,p plus (S= O) 11 o 
M minus (S= 1) 111 

18. 1/0 sub-cycle: the 1/0 port's S-bit selcct code is dupli· 
cated.bn address lines 0-7 (Ao.7l and 8-15 (As.ls). 

19. Output sub-cycle. 

20. The processor wdl remam idle in the halt state until 
an int~rrupt, a reset ora hold is acccpted. When a hold re· 
quest 1s acceptcd, the CPU enters thc hold mode; atte(~) 
hold rrode is terminated, the processor returns to the hult 
state. After a reset 1s accepted, ~he processor begins execu· 
t1on at memory location zero. After an intcrrupt is acccpted, 
the proccssor executes thc instruction torced onto the data 
bus (usuully a restart instruct1on). 

SSS o• DD~oluo 'P 
-~ 

Va~ 
1 • A ,-,--, -- B ___ go _ __j 

__ s _________ ooo ___________ o ____ 01 1 

. e oo1 H =--=~~~~--~ ------- ---- ---------------
, D 01 O SP 

E 011 
H 1CO 

' L 101 

o 



o 

o 

o 

Th1s secliOII de~c.rdJí''> som1' tPchn1qu1!~ othcr than 

macros wh1ch may be of hel¡¡ 10 thc prou~<Hnmcr. 

BRANCH TABLES PSEUDO-SUBROUTINE 

Supposc a proq1 <~m cons1~ts of sevcr,Jl srpa1 ate rou

tmcs, any of wh1ch n1.1y lw CXL'Cutcd di'Jll'lldill!J upo1. somp 

lnll1al conth 11011 (~uch a~ a numbPI pas~ed 111 c1 1 11!JIS!el ). :)nc 

way tocodc th1s woulcliH• to cl1eck c<~cll cond1t1on srqucnt1· 

ally and b1anch to thc routiiW~ <~Ccordu•!IIY as follows: 

CONDITION = CONDITION 1] 
1 F YES BRANCH TO ROUTI NE 1 
CONDITION = CONDITION 2? 
IF YES BRANCH TO ROUTINE 2 

BRANCH TO ROUTINE N 

A scqucncc as abovr is mcffiCIC11l, arid can be 1m· 

provcd by us111g .1 br.Jnch tablc. 

Thc IO!JIC .11 tlw bC!JIIlrliiHJ of the IJr anch table pro(lr c1111 

computes a po1nl<'r 111to the br anch t.JbiP. Thc br ,¡nch wllle 

rt~cll cons1sts of .1 li\1 of ~lilrliiHJ addrcc,•,cs !or tlw routll1t:\ 

lo be brdnchcd to. l.hm!J the po1111cr, thc b~<Jnt..h tabll' pro

qram lúad~ thc seiL:ctcd rout11w's stilllill!J uddrcss 111to tl1c 

a<Jdrcss bytes of ¡¡ ¡urnp 111structwn, thcn exccutcs thc ¡ump. 

For cxamplc, cons,dcr a prouram that cxccutcs on.• of c1qht 

rout~ncs dcpcndmg on wh1ch bit of thc accumulator 1s sPt. 

4!) 

Ju:rm lo ruu11nc 1 d thc accunlllla:or hold5 00000001 
2 " " OOOC0010 
3 " " OOCJOO 1 00 
4 00001000 
5 , , 00010000 
G 00100000 
7 " ,, OiOOOOOO 
8 ,, ,, 10000000 

11. p1 Ol¡' am thal pr ovHII'\ lho• above lo(JIC IS 1JIVI'I1 .11 the 

c11d c,f th1s seCIIOII. Thr ¡uoqr.1111 " le1nwd .1 "p~t~udo· 

SliiJiOlll111l!'' IJeCJUW il r<, tr¡•,Jiecl,l~ d SliUIOUlillt'ilY thc piol 

ljl<illllller (i.t•., 11 dJlJWdiS jll~l OllCI' 111 lili!ll101Y), IJUI 11 IS 

PIHI'rCCI Vlil ¡¡ 1 C!JUI.ir JUMP 111~\lloC!IOil 1 alher th.111 VI.:J a 

CALL inslluCtiOil. Tl11s 1~ pt>~Sible bccdu~c the l>rancll rou· 

\lnc controle subscqucnt I!Xf!Cllllúll, und wrll rwvl'r 1 eiUIIl to 

thc lllstructlüll followlll!J thc call: 

Ma1n Prouram 

i 
1 

B1 ,,nch T <.~blc 
P•ogram 

nor.n.il suiJIOU!IIH' rcturn 

~cqdPncc not f ollowl'd by 

br anct·, tablc progr,un 

Jtunp 

11outuws 



Lab.~l Codc QE_cr<.~nd_ 
-1 

START: LXI H,BTBL . Rcrpstcrs H and L will 

, po111t to branch table. 

GTBIT: RAR 

JC GETAD 
INX H • (H,L)~(H,L)4 2 ro 

INX H . pom t to ncx t <H.Jdress 
• 111 branch tablc. 

JMP GTBIT 
GETAD: MOV E.M ; A one b1t was found. 

INX H ; Get addrcss 111 D and 

• E. 
MOV D,M 

XCHG ; Exch¡¡nge D and E 

; W1th H and L. 

PCHL , Jump to rout1nc 

; addrcss. 

BTBL. DW ROUT1 ; Br<mch table. Each 
DW ROUT2 ; entry 1s a two·byte 

• acldrcss 
DW ROUT3 ; hcld lcast stgnlftcant 
DW ROUT4 , byte f1rst. 
DW ROUT5 
DW ROUT6 
DW ROUT7 
DW ROUTB 

The control rout1ne at START uses the H and L reg1s· 
tersas a po.ntr.r mto thr. brilnch table (13TB L) corrcspondmg 

to the b1t of thc accumulator that •s ser. Thc rout1nc at 
G ETAD then transfers thc addrcss hcld m the correspondtng 
branch tablc entry to the H and L reg1sters v1a the D andE 

rcg•sters, and th('n uses a PCH L .nstruct•on, thus transfemng 
control to the ~clcctcd rout.ne. 

SUBROUTINES 
Frcqucntly, a grour> of 1nstrucllons rnust be repeated 

many t1mes 111 a progr,Hn. As we have scen 111 Ch.Jpter 3, 11 ts 
somellmes twlpful to dcf11w .J macro to produce the~c 

groups.lf a macro bccomes too lcn!Jihy or must be rcpeated 
many u me~. howcver, bcttcr cconomy can be obta111cd by 
usmg subroutlncs. 

A subrout111c ts codcd l1ke any otiH'r woup uf a~sprnbly 
lanr¡u.¡qr. statemcnts, and 1s rcfNrrd to by 1ts name, wh1ch 1s 
thc labcl of thc flfst mstructlon. The progrJmmcr rcferrnccs 
a ~ubrouttne by Wfll111CJ tts n<.~1nr 111 ttw o¡wrand ftcld of a 
CALL mstruct10n. When the CALL 1s cxccuted, the addrcss 
úf thc next scque11t1al 111struction alter thc CALL 1s rushcd 
onto the stack (sce the sectio11 011 thc Stack Pomtcr 111 
Chanter l). and prouram execut1on nrocccds w1th thc flfst 
1nstruction of thc subrou tme. When the subrout1 ne has corn· 
plcted 1ts work, a R ETU RN mstruct1on •s cxccuted, wh1ch 

50 

cuuscs thc top addrcss 111 the st<.~ck to be popned 1nto the 
prowam countr~r. C<JUS111!J proqrarn execut1on to cont1nue 
W1th the 1:1srructton followlllCJ the CALL Thus, onc copy of 
a subrcut1nc may be c<JIIcd from many dtffcrent pomts 111 
mcmory, prevent1ng dupi 1cauon of code. 

Examplc: 

Subroutme MINC mcrements a l6·b1t number hcla 
lca~t·SI!Jnlftcant·byte f1rst 111 two consecut1ve mcmory loca
ttons, and thcn returns to thc mstructlon followmg thc las! 
CALL statemPnt c.<ecutcrl. The address of thc nurnbcr to be 

1ncrcmentcd is pdssed 111 thc H and L rcg1stcrs. 

Labcl Codc Qperand Comment ----
MINC: INR M ; lncrcment low-order byte 

RNZ . lf non·zcro, return to 
; callmg routme · 

JNX H ; Addrcss ht~Jh·order byte 

INR M ; lncrement h1gh-order byte 

RET ; Rcturn uncondttlonally 

Assume MINC appears 1n thc followmg program: 

A1 b1trary 
Mcrnory Address 

2COO 'CALL MINC 

Arbrtrary 
Mcmory Address 

2C03 
3COO 1 MINC 1 ---- -

2EFO CALL MINC ~~ 2EF3 

When thc f1rst call ts exccutcd, addrcss 2C03H tS 
rJUshccJ onto the stack mdtcilted by thc stack I'JOintcr, .Jnd 
control 1S trJnsfcrrcd to 3COOH. Execut1on of c1 ther RE· 
TU R N sta temcnt 111 M 1 NC will cause the top entry to be 
popped off the stack mto thc program counter, causmg exe· 
ClitiOil to cont1nue at 2C03H (s1ncc the CALL statemcnt is 

threc bytes long). 

St.tck Befare 

C/\LL 

~-FF 1 Low Addr 

~F Slook 

~ +-Potnter 

~:.__ H1gh AdJr 

Stack While 
M 1 NC Executcs 

St<~cJ.. Aftcr 
RETUnN 
~~ Perf ormed 

1:-1 f-¡ 
2C 

..... Stack 
Po111tcr 

llt'v, e 

o 

o 

o 



o 

o 

o 

WhPn thc sPco.ld c¡¡il 1s P>.CCidl'cl, <~ddrcss 2EF3r! rs 
pu.hcd onto thc stack. ,1nd control 1s ag,11n trdn\fcn cd to 
M!NC. Th1s tllnC,Citlwr RETUHN mstruct10n w1'l Cilu~c cxe· 
cut1on to resume at 2EF3H. 

Note that MINC cou!d have callecl ilnother subrout1nc 
dur1119 •ts executlon, CJus1ng anothcr adcfress to be pushed 
onto thc stack. Th1s can occur as many t•mcs as necc~sary, 
lm11tcd only by thc ~1/C of mcmory avJilablc for the stock. 

Note also that any subroutmc could push data onto 

thc stack for tcmporary ssorage w1thout affectln!J thc call 
¡¡ncJ rcturn scquencc~ Js lonft as thc sarne arnount of data 1s 
popped off thc stack bcforc execullng a R ETURN statcmcnt. 

Transferring Data To Subroutmes 

A subroutlnC' oft1!n rerp1•res daH io pcrform 1ts operll· 
t10ns. In the 51mplcst c¡¡se, th1s data rnay be transfcrrcd 1n 
onc or more rC!JISters. Subroutme MINC ,, the last scct10n, 
for cxJmplc, rccc,vcs thc mernory .¡cJdrcss wh1ch 11 rcqUires 
m thc H ancl L rcg1sters 

Somct1mcs 11 1s more conver11cnt and cconon11cal to let 
thc subrou11nc load 1ts own rl'rp\tcrs Onc w;;y todo th1s 1s 
to place a l1st of the requ11ed d<~ta (c¡¡llcd a p;;ramctcr l•st) 

m somr data iHCJ of mrmory, and pass thc addrcss of th1s 
l1st to thc subroutrne 1n thr H and L req1stcrs. 

For cxample, thc subrout111e AOSUB exrects thc ad
drcss of a thrce·bytC' parametcr ilst 111 the H and L re¡]lstcr•. 
lt adds thc f1rst and scconcJ bytes of the l1st, and stores thc 
rcsult 1n thc th1rd byte of the l1st 

~:~~-~·~~:;;;~Lod~ H ancJ ~-~:t:cnt 
1 L ; addrr.sses of thc param-

1 ; ctcr list 
CALL ADSUB ; Call the subrout1ne 

RET1: 

PLIST: DB ; F 1rs t numbcr to be added 

DB 
6 
8 . Sccond numbcr to be 1 

; addecJ 1 

RET2: 

DS 

LXI 
CALL 

LIST2: DB 

¡ADSUB: 

1 
1 
1 
1 

1 

1 

0!3 
os 

MOV 
INX 

MOV 
ADD 
INX 

MOV 

; Result wlil be stored hcrc 

H, LIST2 ; Load H and L rcfJISll:rs ¡ 
ADSUB , for anothcr call toADSUB 

10 
35 

A, M 
H 

B, M 

B 
H 

M, A 

; Gct fHst par.Hnl'tcr 
, lnc. crncnt mcmory 
, arldre•.s 

, Get second pdrametcr 
, Aclrl f11st to seroncl 
, 1 ncrenwnt mcmory 

, .lcldr!'~S 
, StorC' r<•sult ¡¡t tlwd 
• pdrilnlCIN storC' 

! 

r ___ --- RET ; HPturn uncond1t10n~ 
- --- -· --. -- - ----- ---- --- -- ------- -----

The f1rst lime ADSUB 1s called, 11 loads the A ano 8 
rrf)•s:cr~ from PLIST ... ncl PLIST+l rcspr.ct•vcly, adds them, 
and stores thc rcsult 1n PLIST+2. Rcturn 1s thcn made to 

the onstruct1on dt RETl. 

F1rst call to ADSUB: 

o o 
1 

1 
1 

1 
PLIST 

1 08 PLIST+I 

L OErl J PLIST+2 .._ __ __. 

Thr second t1mc AOSUB •s callcd, the H and L regls· 
tcrs pom,t to the pJrdmctcr l1st LIST2. The A and B reg1•.tcrs 

are loaded w1th 1 O and 35 respcct1vcly, and thc surn 1s storcd 
at LIST2 + ?.. Rcturn 1s thun mude to the mstruction at 

RET2. 

Sccond call to ADSUB: 

H 

CJ ADSUB:~J 

l._. 

L 

CJ 

~LIST2 
~LIST2+1 

L_~LIST2-t2 

Now th,lt thf! pararnC'tPr l1sts PLIST and LIST2 coulcl 
appe.1r anywh~rc 111 mcmory w1thout Jlterm~¡ the rcsults pro
uuccd by ADSUB. 

Thl\ c~¡¡pro,H:h does h;lvl' 11~ lunlt.lliOils, huwevcr. As 

cocll'd, ADSUG rnu~l r<'Cl'IV•' a l•st of two and only two num
bcls tu be addt•cl, and ttwy must be cont1guous 111 rncmory. 
Suppo~c wc wantect a subroutllll! (GENAD) wh1ch wouid 

adcl o:Jn a• b• trary numbe1 of bytf>s,locarcd anyw;wrc 1n m.;m
ory, and leJvc the surn 1n the Jccurnulator 

Th1s can be done by pJSSHlg th•• subrout1nc J par;·m· 
et''' lr\1 whrch 1s a l1st of acldre!>ses of pJrJnH:tcr~. ratt1er 
thon lhe pJI Jlnf'ters thcmselvcs, ancl SI(Jillfymq the end of 
thc p;¡r;Hneter l1st by a numbc1 who)c f1r~t byte 1s FrH 
(,1.,\lilll1119 that no par<~metcrs wdl be storPd ;;bovc addrcss 
FFOOH). 



Cal! to GENAD· 

GENAD: ooo 
l.ADRl f~ 

Labcl 

PLIST: 

PAR M l. 
PARM4: 

PARM3: 

PARM2: 

GENAD: 
LOOP. 

BAeK: 

[E] 
1 

FFFF ~~ 
eode 

LXI 

LXI 
eALL 

HALT 

ow 
DW 
DW 
DW 
DW 

DB 
DB 

DB 

DB 

XllA 
MOV 
MOV 

INX 
MOV 

ePI 
JZ 
MOV 
LDAX 
ADD 

INX 

JMP 
MOV 
RET 

END 

PARM1 

PARM4 

PARM3 

PARM2 

Q.e~~~.~ 
SP, 1000H 

H, PLIST 
GENAD 

PARM1 
PARM2 
PARM3 
PARM4 
OFFFFH 

6 
16 

13 

82 

A 
e, A 
E, M 

H 
A, M 

OFFH 
OAeK 
D,A 
D 

e 
H 

LOOP 
A, e 

52 

As 1mplcmcnted bclow, GENAD SJV()S thc currcnt sum 
(bt:(lllllllng Wlth zero) In thc C fCQISli!r, it thcr: ioads thc ad· 
drcss of thc f1rst p<~rameter 1nto the D andE rc:g1stcrs. lf th1s 
addrcss 1s grcatcr th,m or C(]ual to FFOOH, 1t rcloads the 
accumuldtor wlth thc surn helcl1n the e reg1stcr and returns 
to tht; call1ncJ rout111e. Othcrw1sc, 1t loads thc rararnctcr 1nto 
thc accumulator and adds the surn 1n the e regrster to the 
accumulator. Thc rout1ne then loops b<lck to p1ck up the 

rcrna1n1r1!) paramctcrs. 

eommcnt 

; Assume th1s st:~ck s1ze 1s aclcquate 

; eall1ng program 

; L1st of par ame!ocr addresscs 

; Term1nator 

1 
1 

·l. 

, Cil'df ilc.cumul.ttor 1 

; SLIVC curren! totill 111 e 
; Gct luw ordcr Jddrcss byte 
; of flr~t par¡¡mcter 

, Get h1~¡h ordcr ,uklless byte i 

; of hr~t Jl<Hollllf'!Pr 1 
1 

, Comr;uc to FFH 

1 
, lf equ;rl, routlnc 1s cornpl¡otc 
; D ¡¡ncJ E nuw <Jddr C\S p.H amctl'f ! 
; LoJd accumulator wrth pJrJmctcr 

1 

1 
, Add prev10us totJI 

o 

o 

; 1 ncrc,lwr·, l H ,1ncl L lO pomt 

le) ; to ncxt rar;nnetcr address 
; Get next pJramct~r 

1 
, Routme done-restare total 

1 , Return to callmg rout1ne 

l' 
nev. e 



·o 

o 

/ 
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Note that GENAD t.ould Jdd any comh1nat:on of tn1• 

paramcters wtth no change to the parametcrs thernsclves 

Thc scquencc: 

PLIST: 

LXI 

CALL 

DW 
DW 
DW 

H, PLIST 

GENAD 

PAnM4 

P/\f\M 1 

OFFFFH 

·.v0uld Cilusc f'ARM 1 Jnd PAHM4 to be ,,ciclecl, no rnatter 

whcr,• •n mcmory tht!Y m,uht be loc.¡tcd (P-:cludi!1!J ad· 

c:r.~sscs abovc F FOOH). 

Mony von.Jttons of !hiiJnwto•r p.t~SIIlrJ iHC pOS\IIJic. For 

cxamplc, ti 11 w.t~ tlt'Cc~sat y to .tllow p.u Jmctcrs to be stm ed 

Jl any addtcss, a calltn(l proutam couid p.tss thc totJinu~nbct 

of pOHamcll'r s .1s thr f 1rst par.Jmctcr; the subrout:n<' woLrld 

IOJd thts fust p.uarnetcr onto a rc(¡1stcr and use 1t as a count· 

cr to dctcrm.nc when all paramctcrs had becn acccptcd~ 

SOFTVVJ..RE MUL T!PL Y AND DIVlG:": 

The mult:pl:c.::tl011 of two UolSI;¡no:cl a Oil da¡¡¡ byte, 

may be accompl1shrd by onc of two tcchn1ques. rcpelit1vc 

addili011, or use oí o reg1stcr sh1ít:n!J opcrat1011 

RcpetltiVC .HldiliOn prov1dcs thc s•mplcst, but siowe~t. 

form of multipl1cat1on For cxamplc. 2AH· 74H mdy be gen· 

cratcd by add1119 74H to thc (mltlally Lcroed) accumula~or 

2AH t1mc• .. 

Uslllg shdt opcrat10ns prov1des faster multipliGdtlon. 

Sh1ft11H) a l>ytc lr.ft onc ll1t 1s l't¡UIVilit:nt to multiply.nq by 2, 
.1nd sh1fttr\(l a byte r1qht one bot 1s l!(jUIVJient to d•vodlll~J by 

2. Thc follow~ng proces~ w1fl rroduce the corrcct 2-oyte 

result of rnult1ply1ng a one byte rnultlplicJr~cJ iJY a OIIC t.yte 

mult1pi1Pr 

(<d. Tes¡ thc lcJst Sl!jlllflcant b1t of rhc multqll1er lf tero, 

r¡o t•) step 1). JI c~ne ••dd thc muJt¡pJ¡c.,ncJ tu the mase 
SI(J111flcant b¡w of tlw rcsult. 

(b) Shdt the cntuc two byte result rl~]ht Olll' lJot pos1l10il. 

(e) Rep ·a: ~~~ps ;¡ illld b w1!11 all U b1t~ of tlw rnult1plocr 

I).JVC becn IP>tcd 

2AH • 3CH "'9D8H 

-----------··------ -------- ------- ---, 

MUL TIPLIER MULTIPLJCAND 

HIGH-ORDER BYTE 

OF f1ESUL T 

Start 00111100 00101010 00000000 
Stcp 1 a---------------------------------------

b 00000000 
Stcp 2 a----------------------------------------

b 00000000 
Stcp 3 a-----------------------------------,----- 00101010 

b 00010101 
Stcp 4 a--------------------------------------- 00111111 

b 00011111 
Stcp 5 a---------------------------------------- 01001001 

b 00100 ¡ 00 
Stcp G a--- ·------------ ------------------··---·--·---- 010011 iO 

b 00100111 
Stcp 7 a---------------'--------·------------·----

b 00010011 
Stcp 8 a------------·----------------------------

b 00001001 

53 

1.1 

LOW-OilDER !JYTE 

OF- rlESUL T 1 

00000000 1 

oocooooo 

00000000 
00000000 
ooooooco 
00000000 
10000000 
10000000 
1 1 OOllllOO 
¡ 10000[)0 
01 iOOOOO 

10110000 

11 o 11000 



1 l. / 

Stcp 1 T.,;¡ rnulttpltcr O bit, 1t ts O, so shift 16 bit rc~ult 
rtght o:w lllt 

Stcp 2. Tc>t multtpiter 1 bit, tl 1~ O. so ~hdt 16·l)l( rcsult 
rtDht onP lllt 

Stcp 3 T"!5: multiplter 2·lllt; 1t IS 1, so orfcl 2AH to ht(Jh· 
Oidcr byte of rcsult Jnd shtft 1 6-b1t iesult r1uht onc 
bit 

Step 4: TPst multtpltPr 3 lJit, 1t iS 1, so add 2AH to h1gh· 
ordcr byte of rc~ult ancl sh1ft 1 6·bit rcsl!lt r1!¡l1t onc 
bit. 

Stcp 5: Test multipl1cr 4-blt, 1t 1s 1, so acld 2AH to high

ordcr byte of rcsult ancl sh1ft 1 6-b1t result rtght onc 
bit 

Stcp 6: Test multipl.cr 5-bit; 1t IS 1, so ndcf 2AH to hi!Jh· 

Oi dt•r byte oí rcsult ancf sh1ft 1 6·bit result nght onc 
btt 

Stcp 7: Test multtpltPr 6 b1t, 1t iS O, ~o sh1ft 16-bit result 
r1Dht Oilf' bit 

Stcp 8: Test rnultipltcr 7 b1t, 1t (s~O. so shlft 1 G·bit result 
r1ght one bit. 

Thc result prodl!ced iS 0908. 

Thc proccss wor¡._~ for thc following reason. 

Thc rcsult of Jny multipliCJiion rnJy be wr1ttcn: 

Equat10n l. BfT7·MeND·2 7 
-t BIT6·MCND·26 + ... 

-tBITO·MeND·2° 

whcrc BIT O lhi ough BITS nre thc b1ts of the multiplier (cach 
cqual to zcro or 01w), .tnd MeNO iS thc multlpliCJncl. 

For e xam [)k: 

MUL TIPLieAND 
00001010 

MUL TIPLIER 
00000101 

O·OAH·2' ... O·OAH·2 6 + O·OAH·2~ + O·OAH·24 + 

O·OAH·23 + 1·0AH·22 +O·OAH·i + 1·0AH·2° 

00101000 + 00001010 = 00110010 = 5010 

Acldii1!J thc rnultipliCilnd to thc lw¡h·ordcr byte of thc 
result 1~ ltw sarne il> addill!J MeNO· 28 to the fui! 1 6·bit 
result; shiÍlirHJ thc 1 G b1t result one posilion to the r1ght is 
equ1valent to multiplymg thc rcsult by 2' 1 (d1vid1ng by 2). 

Thcrcfore, st1•p one above produces: 

(BITO ·MeNO· 2H) • 2- 1 

Step two procJuces. 

((BITO ·MeNO· 2B) • 2- 1 + (BIT1 • MeND • 2 6 )) • 2- 1 

= BITO • MeND • 26 
.¡ 131Tl • MeND • 2 7 

And \O on, until ste[) PH¡ht produces: 

BITO • MeND • 2° 1 BIT1 • MeND • 2 1 + ... +BIT7 • 

MCND • 27 

which iS cr¡u1valent to EquatiOil 1 abovc, and thereforc 1s 
the corrcct res u! t 

d nuínbcr of 1mportzn1t proc;rarnm1n9 techr.1qL.c~, ¿¡ ~ump:c 

pro:¡rJm 1~ uiven With comtnl'rHs. 

Tlw pro~¡rJm uS('', til,! G rcrJt5tcr to hold thz: mo~t srg
ntficJnt lJy\l! of tl'll' rl'SUit, ;Jilcl thC' e regi~tcr lO hu\d tht; 

lcJ5t ~ll]o1dicant byte of thc rcsult. 

Ttw 16-blt right shdt of the rcsult iS pcrformcd by twc; 
i o lo te-r i!Jh t·thr ough -carry if1S tr uc t1ons. 

Zcro carry and thcn rota te B 

B e 

[_j 
Then rotatc e to complete the shift 

B e 
..-----

0 [X]-.~ 
Rcr¡ister D holds the multipliCilnd, and rcgister e orrg· 

lnJIIV ho1ds the rnultlplicr. 

r--------------
MULT: MVI 

MVI 
MULTO: (VlOV 

G, O • lnltl.lillt! most s1gn1ficant byte 
, of rc>ult 

E, 9 ; Oit counter 
A, e • RotJlC ICJSt Si9111fiC.tnt bit of 

; multiplier to·cJrry and shtft 
C, A ; low-order byte of result 
E 
DONE; Ex1t 1f complete 

A, B 
i 
1 

RAR 
MOV 
DeR 
JZ 
MOV 
JNe 
ADD 

MULT1 ' 1 

MULTl: RAR 

MOV 
JMP 

NE. ------

D ; Add mult1plicJnd to h1gh· 
; order byte of rcsult ,¡bit 

1 

1 

; was a onc 1 

, e¡¡rry--0 hertJ, shift hi!Jh· 

; order byte of resu~t 
13, A 
MULTO 

An analouous p10cedure 1s usr.d to diVide ¡¡n uns1gned 
16·blt numiJor by .111 unsl!l'lcd 1 G bil numher. He re, thl.! 
procr~s involv,•s sull!r<JC!IOI1 iJth,!r thiln .Hidillon. Jnd 

rot<Jte·lítft mstruct1om rnstt!ilcl of rotatc r1!¡ht rnstructlons. 

Thc followiol!J rcPntrant program uses thc B and e 
: C!JI~tcrs to holcl thc dividcnd and quoticnt, and the D and 
E reg1stcrs to hold the drv1sor ami rem<Jmder. Thc H nnd L 

Smce thc multipliCiltiOn routmc descrrbed above uses reg1stcrs are uscd to storc diltJ temporanty. 
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lo1v~-~-.1-6v 
1 CMA 
i MOV 

MOV 
CM ,e\ 
MOV 
INX 
LXI 
MVI 

OVO: PUSH 
DAD 
JI\!C 
XTHL 

A, D ; N cuate thc d1vo:>01 

D.A 
A, E 

E,A 
D 
H,O 
A,17 
H 
o 
DVl 

11 
PSW 
A,C 

, For two's cornplemP.nt 
, onolial valuc for rem;undcr 
; onoto.Jiue loop counter 
, Savc rem.11nder 
; subtract d1V1sor (add ncgat1ve) 
; under flow, rc~tore H L 

, S.we loop counter (A) 
; 4 reg1ster left shoft 

1 

1 

1 

DVl: POP 
PUSH 
rv10V 
RAL ; w1th carry 1 

-MOV 
MOV 
RAL 
MOV 
MOV 
RAL 
MOV 
i'vlOV 
RAL 
MOV 
POP 
DCA 
JNZ 

C,A 
A,B 

B,A 
A,L 

L.A 
A,H 

H,A 
PSW 
A 
ovo 

; Post·d1v1de clean up 

, CY - > C - > B - > L - > H 

, Rcsto1c loop counter (A) 
; decremcnt 11 
; kecp loop1ng 

; shift remaonder nr,l1t and return 111 DE 

ORA A 
MOV A,H 
RAR 
MOV D,A 
MOV A,L 
RAR 
MOV E.A 
RET 
END 

i\1UL TI BYTE ADDITION ANO 
SUBTRACTION 

The carry bot and thc ADC (add Wlth carry) lnstruc· 
tlons may ba uscd to add umouned d .. ta quunt1tics of arb1· 
uary length. Cons1dcr thc follow1ng add1t1on of two three
;_¡yte uns1gned hexadcc1mal numbcrs: 

32AF8A 
+ 8-1flAQO 

(376A1A 
Th1s uddotiOn m¡¡y be pcrformccl on thl! 8080 by odd· 

ong the two low-ordcr bytes of thc numbcrs, thcn addong 

the result1ng carry to the two next·hoghcr-order bytes, and 

so on: 

3n ~!l 8A 

ªi_ 1 

QO_ 

B7 r 6A r lA 

carry = 1 carry = 1 

Thc followmq :outone wlil perform thos multobyta ad· 
dit1on, rr.akong thcsc ;:,ssu.nptoons: 

Thc E rcq1ctar holds the lcngth of cuch rHHr.IJcr to be 
iHldcd (111 thl' C<JSC, 3). 

ThP nurnbcr s to lH: ddckcl o~rc storcd from low-ordcr 
byte tu hlrJh o~dN byt" bC<JIIlnmg at mumorv l0catoon5 
FIRST ¡¡nJ SECND, re5pect1vcly. 

Thc rcsul t wlil be storcd from low-ordcr b'¡ te to hrf¡h· 
order byte bcg1nnmg Jt me mor y locütlon F 1 RST, replac1ng 
thc Ofi<Jinal contcnts of thcse locat1ons. 

Mcmory 
Locat10n befare alter 

FIRST ts~-i --~ + +¡u;-¡ 
1 ---·1 A ll __ ¡ ) cJrry 

FIRST+l 'AF 1 -t-- 6A 1 

F 1 RSTt2 ·;-; -1 --+ + _..,.f~-Bl-~ ) 
carry 

1 -1' 1 

-·--1 1 1 1 
• 1 

SECND oÜ- 1 1 ~~o--1 
,_ __ j --1 

SECNO+l 1 BA 1 BA ! 

SECND+2 i 84-¡ ¡s;-¡ 

1 

~i r---~ 

Labcl 

oVlADD: 

LOOP. 

DONE: 

Flf\ST: 

SECNO: 

Code 

LXI B,FIRST ,3,JndCaddres~FIRST 

LX 1 H,SECND; H and L Jdd1 es~ SECND 
XRA A , Clcar carry b1t 
LDAX B , Load byte of FíRST 

ADC M ; Add byte of SECND 
, woth carry 

STAX B ; StorP result at FlRST 
DCR E ; Done 1f E = O 
JZ DONE 
INX B ; Po1nt to next byte of 

; FIRST 

INX H ; Po1nt to ncxt byte of 

, SECND 
JMP LOOP ; Add ncxt two bytes 

08 90H 
f)[J OBAH 
Ol3 8•lH 

Df3 8AH 
1 

1 

1 

DB OAFH _________ j DB 32H 
l----------

S1ncc nonc of the 1nstructoons 111 the prour ..:rn ivop 

¡¡ffect thec..:rry b1t cxccpt ADC, the addotiOn w1th c<~rry wdl 

proc.ccd cor~cctly. 

Whcnlocatmn DONE os rcJched, bytes FIRST tllrough. 
FIRST+2 will cor,taln 1A6AB7, whoch 1s the surn shown Jt 

tnc b<Jgoí'n1ng of th1s scct1on arranged from low-order te 

h1gh-order byte. 



The c..~rry (or tJcuov;) b1t ,Jnd the SBB (~ubtract Wt<h 

tJu-row) rnstruct.on nl.o'/ lw usrd to :.~rutract unsrgned cJ;¡,., 
r:u,H1!rtres o! ariJrtrary ILnc¡th Consrdc:r the foil0wrn~¡ sur;· 

dCt•on of two two byte unsrgnccl hexaclccunai numbcrs. 

1301 
- o:)o3 

ODI-'E 

Thr~ subtrJCliüll tnJy be! rwrfornwd on the 8080 u',' 

su:.:Jtract1119 thP two low orcler bytes of the nurY"Jbers, then 

trSIIl(J the re:.ul 111'() Gil ry btt lo .¡cJ¡ust thc drffert·ncc of <hu 

two hrgher-ordcr bytt·~ rf a borrow occurrcd (by usrng the 

SBB rmtructton). 

Low arder subtrJCtron (carry brt 

borrow): 

00000001 =' O 1 H 
lll_ll!_QJ_ = -(03H-l carry) 

O rndrcatrng no 

11111110 = OFEH, the low-ordcr result 

c,ury out= O, scttrn<.J thc Carry brt = 1, l!ldrcattng a borrow 

00010011 = 13H 

í_Ll_ 11_01Q = -(05H+cJrry) 

00001101 

c,>rry out= 1, rcsui!rnr¡ thc Carry brt rnclrcatrng no borrow 

\Vherwvcr J bnrrow has occurrrd, thu SuB rnstructron 

rncrerncnts thc subtr,Jhend by onc, whrch 1s equrvó.llcnt to 

borrowrnr¡ onc frorn tlw rnrnurnd 

In ordr·r to crr•o~'tr! a rnultrbyte subtractron routrnt•, rt 

rs ll"Cessary only to duplrcatc tlw rnultrbytc .1ddrtron routrnc 

of thrs scct.on, charHJIIl~¡ thP ADC rnstructron to ,rn SBB m· 

structron. Thr pr O(Jrdlll wtll tlwn sublracl thc numbcr begrn· 

11111(] al SEC;\10 frorn thc numbcr bcgrnntng at F 1 RST, pide· 

1119 thc result Jt FIRST. 

DECIMAL ADDlllON 

Arly 4 l>rt dot.t (jlldllloty rlli.Jy be trc,Jl!'cl JS ol di'Cirll,ll 
nurnl.ll'r .rs lorHJ .os rl n·prnt!llls orH' of lhc dt!crrn,tl dll)llS 

from O throuuh Q, drHI do•!S not cullldoll Jny of tlw brt p,lt· 

tr·rns rrprl!s•·ntiiHj 1 lw hcx.ldt•c rrno~l clrqo ts A throuuh F. 1 n 

order to prt:~Prve thr~ clccrrnJI llltl'rprl'talron wl11·n perforrn 

rng addrtron, tllr' vJiuc G rnust lll! .rdderl 10 tlw 4-brl qu.Jnttly 

wllenevcr tiH' Jthlrlron prorhrr.t!~ a re~ult IH!tW<'Cil 10 Jlld 1!:>. 

Tl11s rS hPC.dU\P l!dtll 4 IJrt J.rtd qu.rntrty CJil ilold G rnorc 

COilliJIIldltOJl~ Of IJI[~ tii,JJI thl'JI' .111! tlt'CIIll.Ji dtqtiS 

D<!Ctm..rl addrtron IS Jll'l fornwd Ull lile sqso by l<'tllllfj 

c.1ch 8 brt byte rrpre\t!llt lwo 4-lllt dr•crmJI drqrts The byii'S 

arr surnrned rn thc: .tccumul<ltor rr1 ~lorHIJrd fashron, éllld the 

DAA (clecrm.JI udJIISI accumul.ttor) rnstructron rs thcn us<'d 

.rs rn Sr:ctoon 3, lo convcrt lhc B brl brnary rc~ull to lhe cor· 

rcct rerm!wntatron of 2 dccrrn.rl d11¡rts. The scltrngs of the 
Corry .rnd ollrxrlr.rry CJrry brls di so ,dft•ct thc oper iltiOil of thc 

DAA, prrmrttrnu lhc addrtron of ctccrmal numbcrs longcr 

thon lwo drgrts 

S6 

To pcrforrn tile cJc.c·m¡¡l iiddt~:on 

2%5 
+ !,9~§ 

7Q21 

thc proccss works a~ follow; 

(1) Clc<Jr thc Carry and .JClcl th" two lowo.::.t ordo!r dor¡rts of 

cach number (rl'member ihJt each 2 decrrro<J: drgrts are 

rcprcscntcd by onc byte). 

85 = 100001 01[3 

36=001101108 
carry ________ O 

Ol101110"r1B 

Carry = O 

/ ·,~ 
Auxrl.ary C¡¡,: y= O 

Thc accumulator now contarn~ BoH. 

Pcrform a DAA o¡wratron, Stncl! thc r tqhtmost four 

brls are~ 1 OD, G wtli be uddr·d tu lile accumulator. 

Accumulator =- 101110118 
6 = _____ 0~_1_.9..[1 

110000018 

Srnce thc lcftmo~t 4 hrt5 cir<' now 91 O, 6 wrll be addcd 
to thcse brts, sett1ng the CiHr',' brt. 

Accumulator = 11000001 B 
G=Ol_l_Q __ R 

Ü 00100001 B 

'\"' Cdrry brt -~ 1 

·;¡~e JCcumulator now contJrns 21 H. Store thcse two 

drgrls. 

(3) Add thc ncxt (]fOUfl of lwo drqrts: 

29 = 00101001B 

49 = 010010018 

c"rry ~. ____ ---~ 
OJ o 11 1 o o 11 8 

1' 

/ 

Tile .Jl'ullnul,ttor 110w r.oolt.rllt~ 7311. 

(4) Pcrform a DA/\ oper.Jtron S111CP thc 1\uxoi,,:¡ry Carry 

brt rs St1t, 6 wrll be addt•d Lo the <~CClJinuiJtor 

Accumulator "'011 10011!3 
G~ 0110[3 

a o11110o1 s 

' 
\CuiiY btt = Ü 

Srncc tht• leftrnoo;t 1\ bots are <10 and Lh~ C;~rry brt rs 

rcsC't, no further Jctron occurs 

Thus, thc corrccl ckcrmal rPsult 7921 rs gcncratcd rn 

two bytes . 

A routrnr whrch adds dccrm..ri numb¡·rs, tllen, rs cxact· 

ly analogous to lhe rnulltbyte ;;du:tron routrn.: Mi\DD of the 

IJ~t sectron, and rnay be produccd by rnsertrng tht! rnstruc· 

tron DAA after the ADC M m~rruct1on of that examplc 

Hcv E3 
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Eilch ttcrat:on of thc pronr:1111 loop wlil add two dcctmill 

cligtts (onc byte) or the numbers. 

DECIMAL SUBTRACTION 

Each 4 btt data quanttty may uc trcated a> a clcclmJI 
number Js long as 11 te¡->r('>cnts one of thf: dccrmal dH)tts O 
through 9 Thc 01\A (dcctmal ad1ust accumulutur) tnstruc· 
!Ion m.1y be used to pcrm1t subtracuon of onc byte (rcprc

~ent111Q il 2-diCJIT clccll11ill nurnbur) from anothcr, gerwrilttn!J 
.1 2-clt!JI! dcc1m<d rc~ul t. 1 n fact, thc OAA perrn1t1 subtraclion 

of rnultiUI(J:t clecrrnal nurnl>crs. 

Thc process cons1sts of gcncruttn~¡ thc hund1Pd's corn· 

pl!:mctll of the subtrahcnd dtr¡tt (thc cldfcu•ncc lJctwcen thc 

subtrahcnd ct.~pt Jncl 100 dcc¡rnal), ancl acld1rH¡ rhc re~uit to 

thc m1nucnd dtglt For lll~tancc, lo subtr.1ct 340 from 560, 

thc hundrcd's cornr>lem:•nt of 3-10 ( lOOD-340=660) ts 

acldf'cJ to 5GO, producrr>o¡ 1 22D, whrr.h whcn truncatcd to !3 
brts f¡tvcs 220, thc corrl'( i rcsult. lf ,¡ borrow was r¡cncrated 
by thc pr.:v:ous subtr¡¡ctton, the !J!J's compl,•rnr.nt of tl1c 

subtrahend dtgtt ts produccd to compensate for thc borrow. 

In dl'tiltl, the JlroccdurP for subtrilCtlng onc multt·dtgtt 

dccrmal from anothcr 1s us follows. 

( 1) Sct the Carry b1t = 1 tndlcattng no borrow. 

(2) Load thc ,,cc.umuliltor Wlth !J9H, rcprcscnttng thc 

numb('r 99 dPctmJI. 

(3) Acld zr>ro tu 11'-:" Jccumuiator Wl!h carry, Jlruductng 

etthcr 99H or !JAH, ancl rl!sct!lng thc Carry btt. 

(4) Subtract thc ~ubtrilheruJ dtgtts from thc accumuiJtor, 

productnq l:tthcr thc !J!J's or 1 OO's com¡¡it>mcnt. 

(5) Add thr! rnttlucnd dtr¡tts to thc accumulutor. 

(6) u~c the OAA tnstructtOn to makc surP thc rcsult tn 
ttw accurnulutor ts in dcc1mal format, and to tndtcatc 

a borrow tn thc Curry btt tf onc occurrcd. 

Suvc thts rcsult. 

(7) lf thcre urc more d1!]1t:; to subtract, go to stcp 2. 

Othcrwtsc, stop. 

Accumulotor ~ 10011CO~t~ 

o ~ 00000000l3 

Curry 1 ------
1001101013 = 9AH 

(4) Suhtract thc sulltruhencl dtgtts G2H frorn thc ilCCumu· 

lator. 

Accumulatnr = 18011010!~ 
6-2H =- _l.Q0_!_1_i _ _l.QI3 

)'] 00111 OOOB 

(5) AdcJ thc m1nucnd dt•Jil~ SCH 10 thf; accumulator. 

AccumuiJ:Or ·o 001110008 

5CH = Q!Q1_1_0ºQ8 
Q 100100008 = 90H 

,. \ 
Curry ~ O / AuxiltJrV Carrv = 1 

(G) DAA corwcrts JCcumlJI,llor to 96H htncc A1JX tl1u1 y 

Currv = 1) ancl !caves Carry btt = O llldtcattng thut a 

borrow occurrcd. 

( 7) Load accumulator wt th 99H 

(8) Add ¿ero wtth carry to accumula\Or, lcavtnr¡ dccumu

lator = 99H. 

(9) Subtract the subtrahcnd clt']I!S 13H frorn thc dCcumu

lator. 

Accumulator = 100110018 

i 3H ,. ] __ l]O_! H}_] B 

1] 1 000011 os 

(10) Add thc mll;ucnd d•gtts 43H to thc .:tr.cumuldtor. 

Accumula ror = 1 000011 OB 

43H = 9.!.QQQ91_113 
0] 110010016 = C!JH 

Carry= O / \ AuxtltJry CJrry "'O 

( 11) DAA converts uccurnuiJtor to 29H .111\1 sets thc c.Jrry 

Examplc: b•t = 1, rndiC<Jttng no borrow occurrt•ll. 

P.:rform thc di'LIIllJI sulJtrac!l,on: 

43580 
- 13G20 

20960 

(1) Sct carry= l. 

(2) Loao accumulator wtth 99H. 

(3) Add zcro V\dth carry to thc accumulator, productng 

9AH. 

Therefotc, the rt>~ult of sulJtr,lCttll'i 13G20 from 

4 :.J5BD IS 299GD. 

Thc followtng subroutJilC wtii sulltr,Jct Otlt' 1 G 

c .. gtt clccJmal number frorn unothcr us1n~¡ thc followtnu 

assumJltll)ns: 

Thc m111ur.nd ~~ ~!Ott•d lcJ~t stnrllflc,ll>t (2) dupts hr~t 

bcgtnn1ng ¡¡t locJtton MINU. 

Thc subtrahend 1s stor.:d icast ~tgndtcJnt (2) .t.~¡•ts 

ftrst b~;gtnntng at locattOn SBTRA. 

Thc result wtll be storcd lcust st~n,f.cant (2) dt~¡.ts 

f11 st, r11plac.ng thc rn111uend. 
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üSUB: LXI D. MINU 

----, 
~1? '!_1!:.:_ e n t 1 

; D Jncl E <•dclress rnulut)I\L! 

LXI H,SBTRA , H and L address subtra-

; hcncl 

MVI C,8 , E<Jch loop subtracts 2 
, cliCJits (onc byte). 

, therefo1 e program Will 

; subtract lG d1g1ts. 

STC ; Srt Carry 111d1catmg 

; 110 bnr r ow 

LOOP: MVI A, 99H ; Lo<Hl .~ccumulator 

'Witll99H. 
ACI o ; Acld 1ero w1th Carry 

SUB M , Produce complcment 

, of subtr ahcnd 

XCHG ; Sw1tch D and E Wilh 

; H and L 

ADD M , Adcl mHwcnd 

DAA , Dcc•mal acl¡ust 

, accumulator 

MOV M, A ; Store result 

XCHG ; RPsw1tch D andE 

; W1tl1 H dnd L 

DCR e , Done 1f C =O 
JZ DONE 

INX D ; Add1 css ncxt byte 

, of m•nucnd 

!NX H , AddrPss next byte 

; of subtrahcnd 

JMP LOOP ; Gct next 2 decrmal d1g1ts 

DONE: NOP 

AL TER!NG MACRO EXPANSIONS 

Th1s scct1011 clPSCflbcs how a lliJCro may iJc wr1tte11 

such thot •delltiC<il rt'ferrnces to thc macro produce ddfe1rnt 

r·xpans1ons As a meful cxamplc oí th•~. com1dl'r ¡¡ mJCIO 

SGMAC wh1ch nel'rh to calla suiJIO\Il111C SUBI1 to perforrn 

1ts funct10n. OnP w.1y to prov1de tl1e m¡¡cro w1th the ncc<•s

sary sulxout11w woulo be to mclude a sepdrotc copy of thc 

subroutmc 111 any prowam wh1ch co11ta1ns thc m~cro. A bct· 

ter mcthod 1s to Jet thr 111.1cro 1tself qcncratc the subrout1ne 

duflng the f¡rst rn.1cro exp.lllSiüll, bU! skql thc generat1on of 

,rhc subrout•l1c on .111y subsequl'nl expans1011. Th1s may be 

accompltshcd a~ follows: 

Co11s•dcr thc follow1119 progr¡¡m scct1011 wh1ch com•sts 

of o11e global set statemcnt and the dcfm1t1011 of SBMAC 

(dashcs 111d1cate thosc assembly lal1gudc¡e statcments neces· 

sary to the program, but rrreleva11t to th1s d1scusS1011). 
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l<1bc:l C<,rk Qf'!'r<)r__._~l 

FJRST SCT OFFH 

SBMAC MACHO 

CALL SUBFl 

IF FIRST 

FIRST SET o 
JMP OUT 

SUGR:: 

RET 

OUT: NOP 

ENDIF 

ENDM 

Thc ~ymbol FIRST 1s set LO ;: F H, thc n the macro 

S13MAC 1s dchned 
Thc flrst t1rne SGMAC 1s refcrcnced, the expans1on 

¡.)roduced will be the follow•ng 
Label Code Operand 

SBMAC 

CALL SUBA 

IF FIRST 

FIRST SET o 
JMP OUT 

SUBR 

rlET . OUT. NOP 

S•nce Fl RST •s non-tero whPn cncountt·red dur1ng 
th1s exp.JnSIOI1, thc statcmcnts bctwc¡•n tht' 1 F and ENDIF 

are assembled 1nto thc proqram The f11 ~~ statcmcnt tlws 

a~~ernblcd sets the y._¡Jue of FIRST toO, whlie thC' rcmar111119 
S(J(f!r11CillS ¡¡rt the IWC.C~<;;¡¡y \liiJIUU(IIlC SUIJr-< diH) ,l JUm¡1 

around thc subrout11w. WhPn th•~ por t1on of tht; prowilm 1s 

exccutcd, thc subrout111e SUGH willl>e Cdll('d, but ¡Hogram 

executron will not ílow 11110 the subrout11H''s <J,•flllll1011. 

On any subsl'qul'lll 1dcrellct' to SGMAC "' the pro
aram, hOWCVL:I, the foJIOWIIH] CX¡>o.JilSIOrl w,JJ [JI' prodUCC'J. 

Labcl CmJ,. Op':~~~ 

SBMAC 

CALL SU Gil 

IF Flf\ST 
S111ce F 1 HST .. now cqu.il to 7•'' u, !he 1 F \l.&tcnlt•n¡ 

ends thP macro !'XfliHlSicHI ;nlu rJc,,~~ not c.tu~·· :l•r >LtiHOUtHIC 

to be generated il<Jillll The labl'l SUGR :\ i-.IIJWil dur1119 th1s 

expa11soon b~causc ,¡ was deftncd ulolJJIIy (tollowL·cll>y two 

colo11s 111 thc deftn¡t•on). 

o 

o 

·O 
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an plam, everyday engineern1g terms, thé. ' yustom.large-scale integration 
meaning of thc micr.oprocessor.is three- :· ~ .. ;-economically feas•ble. 
fold:·-·,~ · . :.,, .. -~ '_ ... ·.-.... -- ~-.": '. · ., .. _,. ;.El.They'relo\~.incostthemsel_ves, but · 
1 . Ch$ap. digita~. comp.uti!1Q capability .: . '· :. " they a9d ,signif1cant value to .a product: 
cc,m_oe.put anywhere a des•gn~r-~ants it ·· 1.; ... lt's no wonder that microprocessors are 
2.:-; Fór any' digitaí'system: · ':~ :.-, . . · - - . turning electronics technology on íts ear . 

.. micfopro9esso(s' 9an.gré~tly.r~duce. t~13 ·- Part of their'attract.idn •s,tha~ th~y ma~e . · ·. 1 
compon.ent cou_~t. · ·: . · ... _," -~ ,':- ·· . _.. the ac~ual task of log1c de?•gn eas1er; , 

,_ .. ;3,. Engmeering)Úr'narqu_nd.ti!'J·H3 1s.c~t: albeit radic~lly different f,rom m the pa~t. ·. 
drastically. - • · '·1 · ·:_ . '" Gone_are ~he trad}tíonallogic di<,1grams, 

The,$e Simple truths account for the · ·' the old bench instrumen.ts for . -· , ·. · 
- ClÚi'ent explosion· in microprócessor •,tfOUbleshootíng, and the niagn1túde Of the 

.. ,., á~ctivity.)\nd explosion is 'just wlla~)t is~ -~effort req~.ured tp fr!ake an engir¡cering· 
· ·pract1.cally all new data-processing.. change,. lnstead, the designe~ 1\?W.works 
syst~m-~'at or below what onE;! could call with compilers, assemblers, and editors, 
·.the rriinicomputer level of corhpl~xity are debt.ios w1th software and special 
be1ng designed with micropróc~ssors. devélopment hardware': Moreover. he or 

., · ·. · ··And th~ availability'of che.ap co~puting · ~he makes erigmeenng chañges s1mply by 
·· :. power 'en~bles des1gners to·incorporate - ~-.< altering a pattern that is stored in a 

dectsion-making .capabilíty into . . . ~- programable read-only memóry. . , 
applications 'ne.ver considerad befo re.' .. '· . However, it is a radiCal transition from. 

lt has been estimated tÍiat by 1980. : ''·-¡ ' the world of gates and fllp-flops to the 
microprocessor-based:..systems and • world of programíng and memory 
equipment will exceed $1 billion in _sales. ut1lization,-from circuit díagráms to flow 
En tire new businesses are being · ·. , · charts. Compounding· the djfficulty is the 
spawned-in games, test equipment, · dyn'ám1c nature of rríic.roprócessor 
communications gear, intelhgent developr:nel\t-an ehgineer can quickly be 
terminals, and il1mdustnal controls of lost in the' forest of new 'cómponents, test 
every imaginable variety.· equipmel)t, d~sig1i:aids ánd al! the 

The attributes of microprocessors that literature that comes with:it. 
make them so attractive are almost This special issue is intended to help 
paradoxical: you wend your way safely Emd efficiently 
o They' re complex devíces. yet they can through these technologiéal thickets. 1t 
be adapted simply to many different tas,ks. begms on the followíng pages with a 

·Ea They' re mass-produced,. but they make comprehensive roundup ot the 
' - ,..... / . 
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m1croprocessor famil1es th<J.t an:: <J.VaJiable 
or newly emcrging Th1s sect1on will 
prov1de valuoble tnSICJht 1nto the 
architecture and performance of each 
tam¡Jy, whether cllip or board, and help 
you rnake the nght select1on for your 
applicat1on. 

Perllaps the most perplexmg task facmg 
the des1gner tak1ng on the m1croprocessor. 
is becommg familiar with software D.nd 1ts 
uses. The next sect1on m th1s special 1ssue 
wllllead you t11rough the formerly arcane 
un1verse of assemblefs, compilers, 
sirnulators, and h1gh ·.:::vellanguages. lt's 
Hnportant to be atilc ,o assess 1hese, 
becaLSO each has 1t;; advantages and 
d1sadvantages m terms of cost. ease of 
use. and eft1c1ency ín memory util1zatton. 

Out or the m1croprocessor ferment 1s 
ns1ng a whole new class of 1nstruments 
anci exerc1ser eqUJpmcnt, accompan1ed 
by spec1al sottw;:mJ that Sll1lplifies tne JOb 
of produc1ng and debugg1ng a prototype 
system R1ght now, most ot these 
developments are cormng from the 
sem1conductor manufacturers íor thetr 
own rnicroprocessor-ch1p fam1l1es. How 
these a1ds f1t ínto the des1gn process 1s the 
sub¡ect of the next sect1on of th1s 1ssue, 
wh1ch also díscusses a new class of 
universal development systems that is on 
the way The systems are applicable to 
any type ot processor. 

The sheer complexíty of the 
microprocessor imposes a diffícult testíng 

ce!'()'\{.'\ if[rf1·~ Y'\ 1P'fl"'V1'~ ( .¡ 1 )f;\ \~ ¡ ["i--4 fl\\1¡ '· ·l ''<". 
....... •.J./ .u. \j lJ L.L.::L:. \J u \.\,J) 

Gh1ps and boards. 78 
Software, 104 
Des1gn aldS, 114 
T8stlng, 125 
A¡::plicat;ons, 13J 

problern at boí:1 clev1ce 2ncl hoard levels. 
Compo.red to tí1e cGnventJonal f¡ard-w;rcd 
log1c board, m:croprocessm failure rnodes 
are far more subtle ancl vaned and 
therefore more dlff!CUit to detect. The 
test1ng report 1n th1s spec1al 1ssue sorts out 
the va(íous techníques bemg employed. lt 
shows th'at, at both levels, the cho1ce of 
test method depends greatly on the 
degree of assurance-and therefore t;le 
cost-you are \Villing 10 accept 

lf any part of thís spec1al 1ssue test1f1es 
to the scopo of the m1croprocessor 
explosíon, 1t ís the f1nal sect1on oí thís 
report. dec~1cated to applicat1ons. Here we 
have assembled 14 exarnples of 
successful des1gns of real products, 
descnbecl by lhe eng1noers who 
conce1ved them. Tl1ey range from process 
control systems to cash rec:sters, from 
blood analy:zers to telephone automdtlon, 
and encompass Simple 4~btt, ubiqllltous 8~ 
bit, and soplliStlcnted 16-bit systems. We 
asked u.ll tl'ie contnbutors m th1s sectton to 
tell why they dectded to use a 
m1croprocessor in the f1rst place, and why 
they e hose tt;e one they used And we 
asked that, whenever poss1ble, they 
describe the ma¡or problerns-in hardware 
as well as software-they ran mto, and 
hovv H:ey solved them. We bel!eve that 
the1r collec(¡Ve experience w1!! be a 
valuab!e gUide to most díg1tal des1gn 
engitleers, who tnevítably Wil! fínd 
themselves working w1th microprocessors. 
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:\rtcr i S lllUnlÍl~ or cal m, 111 which 1111Cf0f)HlCCS~lll m.l!1-

ut:lcltirl:r<, have con:-,c>l1date<.l thc dc!-.1~~~ of thc1r i11~l 
gcneral-pur 1•ose fam11Ie~. a sccond b1g\v,1vc of actlvlly 
!u~ bcgun. Th1" time, howcvcr, 1t rcachcs d more so
ph:~tlcatcd leve!. 

Urged •111 by ~:1vvy users, who~c conccrn ~~ with ::.y~

tem de:,1gn r.1thcr r:1an clup archllccturc. thc manufac
turcr~ are :.l!rnducmg 'econd- and tl11rd-nrder rcfinc
men;::. <~lmcd at b,ln:-.tll1g llliC!ocomputcr capacity wh1k 
lowcnng ~)stcm cnst At thc :-.ame lime. they ,¡re rmh111g 
ncw de\ 1cc:-. lo m:nket lo c:~.tcnd the ll11Cionroce:-.~or 

perfurmance l.u~ge b .. Hh at the low cnd. whci~ C>.ISl111g 
cl11p~ pn:~ .. :nl :1!1 overL!l -;olutwn. and al thc l11gh end. 

hn1r trend~ an.: cmcrging. F1r:,t. c~lablt:,hcd fanultc!-. 
are hcing cnhdnccd. Sy:-.tcm th1oughput 1" be1ng 111-
cr~-.tsed .1nd ln~tructton scts enl:trged a'> m:111ufactu1cr' 
turn tn new met.d-•1>.Ide-'>CI1l1Ctlnductor p10ce~::.lllg and 
imprtwed central-pr,lcc~:-.cr :11ch1teclure. lnput/output 
powcr, too. 1' be1ng Increased w1lh ncw ~eb of program
able 110 chq)\. 

Sccond. thc ncw 16-bit ~tngle-chip procc ... s¡ng un11~ 
ale hcadJng_ upwan .. b. What lhcy .lre .111111!1); ror ¡~ lile 
l11gh-pe1 f(¡¡ 111,11\CC end oi" lhc ll11C!"Oproce~~Of 111arkct, 
whe1 e prccl,l\lll anthmctic and large mcnwne-; mu~l be 
a~·comnlüd :ttcd. 

Tl11rd, lile one-ch1p conlro1lcr~. a~ 1hc1r n.tme Imp!1c~. 
conla1n cnough compuling pt)WCr lo :t::ndlc mc~1:y 
~land-aione controllci tunc110m on the1r own. On thc 
~ame chtp a'> thc central pron:~~mg unit ~1t control rcad
ónly mcmory for program storagc, random-accc'' 
memory ror d.tla -.wragc, and 1nput/outpu1 rl:gl::.lcl'> {(,;· 
sy~tcm m.tnipul,tlion. 

F!nally, therc\ a ho~l of s1ngle-board :111cro
computcr:-., beguilmg allcrnat¡vcs to the do-it-your~clf 
approach of buy1ngju~t the cl11p~. 

A!l lhc~c dcvclopmcnts are changmg lhc 1111CI\)
proce~<,or uniVCI~e. In o1der lo graph th1s ch;,ngc, F1g. 1 
chart~ the vanous f;:mily types agam~t thc ••:'('l,calton' 
spectrum. 

Ckarly. lhe R-h'l sy'>tcm covc1::. thc most ,:•roun~.L 

bc1ng u~eJ 111 n1any more ddTcr-:nt de;,¡gn~ than .:Jlhc1 
thc 4· or 16-bil ccv¡ces. lndccd, ¡he 8-b1t word ~ccm;, 

JUS[ abOUl ni:~ht for lllO"t of" today\ 1111CfOC0111plllCf ~y»
tem<,. m contra»! to thc l6-b1t words thal are thc staplc 
of 1111111COI11!)Uler._. 

How mu~h ovcrlap thcrc w!ll be bctwecn powcrfui S
bit gcncral-purptl~c :-.y:-.tems and the 16-hit hlgh-per
formancc ::.y!->tcms 1::. sull to be d.:termmed. c<¡Jcc¡a1ly 111 
largc-mcmory proct:::.s-control appllco.itlons. The currcnt 
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nhanc€ments 3dd lustre to the 
capaoJIJtles of establ1sr1ed famJIJes, 
and new dev1ces are extendmg the 
performance range :n both 
dJrect¡or.s Low-cost 
m1croco;-nputer boards oífer 

·' anothe1 al!ernat1ve 

w¡:-,Jom ~~ :hat thc l6-b1t f::rn,!¡c-; will rcmam pnmanly 
on thc i1Jgh-pcrform,mcc cnd of thL: .lprLcatton ::.pcc
trum for scv..:ral yc..lf~, stncc thc 8-b1l familics are w 
we11 e~L.tblishcd. 

Bc:,ldc::., cnh~:nccc! 8-bit ITIIUOprocc:--sOIS are comms 
aiong thal are fa~ter and c::r, handle ló-b1t word data 
anyway. mak¡¡¡g :t easy tor ;: : .. bcr to upgr,tdc hts 8-btt 
svstem w a :6-htl desi:!n w,thou~ much additional 111-
vJcstmcl~t 111 softwa~e. Moreovcr. the use of :,mglc-ch:p 
controllers m di~tnbuted proccss1ng sy-;tcms boosts tlle 
pafo¡m,lllcc ofil-bit de:,1gns by taJ..¡ng IIluch ofthc bur
den ,)j]" the ccntr.d proce~~mg untt anJ. 111 many cases, 
by mak1ng tltmnecc~~at) to move up w .t highcr-cap.lc
llY 16-bit CI'U ~)'Slem. 

Mcanvhdc the mul1.ci11p 4-b.t ~y:,tc:l~\--t;le earliest 
m:crop1oce:-.~ors to appcar--arc f~cl¡ng ::Juc:,!>i:•g prcs
sule l"ro:11 the m:nimum-eh1p :-)Sll'ill de'>.~il~. R,1ckwd!"s 
PPS-8/2 anJ PI'S-4/2 l\~o:ch1p ~y~:~lll". F,urc!11ld 
ScmJCOIIductor's F-8. N:di(lllal ScmiCOtJJuc:,lr's SC/1\11'. 

ami E!eclron1c Air..ty~' 9002 c.tn all }¡,¡ndlc many of ¡he 
JOb~ f,)rmcrly don..: by lhe '-1-bit lntcl MCS-4 or R•lck
well pp-;¡_4 bul orten With f..:wcr p.lCLl¡,;e:- and .,¡ lower 
co:-.t. Moreovcr, lhc ~lllt:~lc-chip 4- and S-bit micro
conliOikr~ alrcady menlloned ;vili tnuca~in¡;1j elimi
natc the need ror mulltclllp 4-bll dc~1gm. 

Puts il al: togclhcr. Act¡v:ty ¡n rnicroprocc%ur~ "' f¡:¡st ¡:¡nrJ funous. 

as rnanufilctu,crs mélko &V<lllablc i1 •.v1do ranoo of proullcts. from 

!OW-COSt ITliCfOCOntrolltH Crl!pS !O poworful, (JCJ11()f ,11-purposo félnllileS 

ond boarcis Tl1rs 16-bl! mlcrocomputc·r 1s from Dala G8neral 

~leclronlcs 1 Apnl 1'5, 1976 



The G-bit ma¡n.;tn-::am 

!1~ th._ 8-h1t llliCI\)proc..:~:-.'ll' appltc<\ttom :-.p..:clrum, Jntel 
Cnrp.\ 80:<~, tamdy, Wtth tb cnhanccd 80))0A CI'U, 
Mntdrola ScmiCOJH.luctor'~ 6800 f<ttmly, w1th tb en
lwnc~.:J 6800D CPt 1. :tnJ Rockwc!J's PPS-8 fa mil y cur
rcntly r,mk 0nc, two, and thr~.:c m populanty among 
,,.,cr~ Thc S0::\0 sy~.rcm 1s hcmg u~ed' m a w1de rangc of 
tn.lu~tnal proccs-; c.mt1ob, gamcs, mtcllígent data ter
nllnah, and so on. Tl.c 6800 has lound it5 grc..Jte~t pene
dJlion 111 dat,¡-commulllcatJom tcrmmals anJ mstru
mcnt,ttton. Thc PPS-S h,ts found ~trong acceptance 111 

~ktJ-contml automouvc Jc~tgns, a~ wcll a~ m othcr 
b.gh-volull1e sy~tcm>. Al\ .uc scco11d-sourccd-thc 8080 
ny ·\/1.1D. TI. NI.C. .llld Su.:mcm, thc 6800 by AMI, and thc 
PPS-8 by Natton,li. 

\Vha: makc~ thc'ic chtp fan11l:c::. ~o suJtable for gen
cral-purposc arpJ¡C,l[JOn'i IS thc centraiJzallon of t!Je¡r 
comput111g c.tpabdltlc:-.-an oncntat1on borrowed from 
mtntwmputcr .lfCi11tccture. Unl1ke many newer dcsígns, 

,,uch a-" thc F-8. wh11.:h dt:-,lnbutc~ lls compuung powcr 
allhlllg llS f.unily or dC\'KCS, the soso. 6800, and PPS-8 
ú)IJCCntr,¡tc th,ll r~)\Vt'f al! 011 .l ~Ingle Chip. In ctTect, 
thc1r central processH;g untl!'> .1ct as the1r own pcnpheral 
Clmtrollcr:-., ustng gcncraltLcd bus hncs to man1pulatc 
c>.tcrnal memoncs, mtcrface chtps, and input/output 
Chip~. 

Thc~~.: CPU ch1ps :1rc wdl eqlllppcd lor their job. Both 
thc SOSOA and 68UOD havc a 16-btl address bus, an S
bit biJtrccttonal data bus. and fully TfL-comp.tliblc 
control outputs. Bes1des supportmg up to 65 kllobytes of 
ranJom-acccs~ mcmory, thcy can addre~s a largc num-

C·\LCULATOfl 
TYPES PPS 4/1 PPS·8/1 8048 

TMS 1000 3080 

4004 4040 

PPS 4/2 PPS 4 

PPS 8/2 

" 
F 8 6190• 
~ ' 

-~~<t··-'\:;-::.l~ ,._-· ·-:~- ..:.,·,.:: ~¡" 
\ 

bcr of ¡•cnphcr;¡J clcvtccs, prov¡d,ng for pracllc~dly un
l!inttc~! ~y~tcm cxp.:•i~ion 

Mon:ovcr, both CPU:-, show .1 con~iJc¡;¡bJc tm provc
mcnl 111 archttccturc ovcr thc preu;d,ng generat1on of 
S-bit dc~.gns. The 8080, for exdmplc, contatn~ a l6-b1t 
stack poPHcr that controb the addre::.~mg of an externa! 
~tack located 111 memory. The proper imtructJOm Cdn 
Jl1lllallte thts pomrcr to use any portwn of externa! 
memory as a bst-in/fir~t-out ~tack, so that almo:-,t un
límitcd subroutme ne>ung bccomcs available. 1 be ~t<~ck 
pomtcr 111 add1t10n ,dlows the cont~.:nts of th~.: pro~;am 
countcr, the accumulator, thc conditJon llags, or any of 
thc data rcgtsters to be ~tored m or rctnevcd from the 
externa! sl.lck. 

The 8080's ~t.tá controllnstructJons also pcrm1t mul
ttlevcl tntcrrupts. The current program or ''statu~" of 
thc processor can be pu~hed onto the ~tack wt1en an m
tcrrupt ~~ acccptcd, then poppcd o1T the stack aftcr thc 
mtcrrupt has been serv1ced, and th1~ can b.: done cven 
when the mtcrrupt s.:rvtce routme lS Itself'Jnterruptcd 

Whcre the two famtltcs d1ffer 1:> 111 severa! of thc ::,ys
tem requtrements. The 6SOO's s1ngle 5-volt powcr ~up
ply con tra::.ts wJLh the 8080's ±5 v and 12 v su p¡)lies. 
Thc 6800 tm11ng 1s qutte stmple. A!lmstructiom . .tr-: cx
ccutcd 111 two or three cyc!es, wh1ch <1rc tdcntical in 
length. Control outputs are real-time ~tgnai~ m::.tc<lJ of 
look.-ahead tnstrucllvns. Mor.::over, m rhe 6800 systcm, 
separate 110 mstrLJCllons are u11neccssary smcc mcmory 
locatwns can house enher 110 or memory data. 

On thc other hand, the 8080 has mor!.! powcrful 111-

structwns, wtth :-.trongcr branch and mterrupt capabll
¡ty. It can mtcrfacc with a wtde vancty of pcnpheral de
vtces. It has tremendous software support, such as .1n m-

6502 PPS ll 
1· 

8080A 

- t 1 

SCAMP 9002 TLCS·12• 1802 2650 6800 z 80 

PACE CP1600 9900 

IMPI6 MCP1600 

0400 3002 2801 10800 

6781 
"12 BIT 

1. The un&verse. The 8-bJt m,croprocessor famrltes cover most grouno. berng found rn everyihrng from penpheral controlle·s to powerlul 

:,'Jfa-processrng systems The 4-bll sy5tems handle the srnaller controller ¡obs, whrle the 16-brt chips and brt slrces nse to mmrcomputer wor" 

1 
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1 
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BOUOA ·~~-----------------------------------------¡ MICROPROCESSOA 

SY~~~~~ER 1 
CONT~ 

OATA8US(8) 

í1 1! 
CONTROL GUS IG) 

1! 1 1 u 
ADDRESS GUS (lG) 

~ INPUT/OuTPUT 
~ COMMliNICi\TION 
! INTERFACE , 
!-......... --~--~~··· ~·-. "' _. .. _ -- •" 11 

¡ 1 

RE,~D ONLY 
fM:fv10RY 

Íl !1 
![ 11 11 

INPUT/OUTPUT 
PLf1IPIIERAL 
INTlRFACE 

1 ¡ 

RANDOM 
ACCESS 

ME,\WHY 

ÍJ 

1 PRIOR11Y 

1 ¡ 

i ! 

0 INl Efli1UPT 
~ G 

~--·~ -~ .... ~ .. ,.. .... - '~ ·--~-..~-~-...-..,' 

_l_ 

"-"'~----- -·- -·-··--···------... -·-----.. -------···---·------------· --·- ...... ....... - . --··-. -· ---- ... -''"""" -- .. " ......... ',. --
2. The SOSO. lntel's 8080 system can produce dozens of penplleral <Jncll/0 devtcc conftgural!ons Becnuse all dev1ces connect toa sysicm 
bus, llooktng up parts mto comple><. conftgurattons becomes qutte stratghlforwnrd once the tnstructton program has been dcvelopcd r·------------.. ------------~----~---~---- ------~.,---- .. ~------~-----·--·- ----- ... ~ ------ ----- -... ---- -.... . . 
1 

1 
1 

1 

1 
1 
l 
1 

1 
1 
1 
j 

1 

! 
1 ¡ 
! 
' 

ROM RAM 

1 1 

u 

~ ...... ,... ........... ~ ·~-- " . .., '' ....... ,.. ... , 

:: PERIPII[Hi\L 
UCViCLS 

:-~-u-~- -~ 
G800 ¡ 

PERIPHERAL ~ 
INTERFACE ' 
AOAPTER j 

SUUAL 
ül\1 A 

r ¡[ 
... v .. _ ·¡ 

' G3ó0 • 
ASYNCHRONOUS ' 

CO:.IMUrmATillNS ~ 
AOAPTER ¡ 

_,,., 

~r Íll' n 
1 ~ 1 11 

--~L-----~~~~~~~t~ 

--~U----l-.· IIL.-_____,!.___._1 l..___! __.l.___._l l..__l _l L--.J-.1 1 ,¡__1 -'1 U[ 
CONrROLGUS 

lV1 1 1 li' 
1 i 1 

1; 
!l 

AODI1ESS GUS 

t __ ~, . ...,.. .... .,..,._ ~-~ ~,._.....,._,_,--- .. ~--.. ~-.,...,._,._~-k,.,. ... _ ~•R•v-.o _....,r ~~ ~-· .,,.,_.,... ~ &_,."" w.- .,.., ' r~.-..-ao~-• •• .... --~""''"' •-• ~ •- -~ q - --• , • .,.,.._._.."'""" ~ •- -"'"'"-~ •> _.., •> ~.,_. •• _,-...-~~~~-.,.·V<~ j 

3. The 6SOO. A Motorola 6800 system, also des1gnea arouna a central bus. keeps the package count toa mln~rnum oy u:>1r.g pOY><Hrul pe
nplleral devtces, sucll as the penpheraltnterface and communtcauon adapters Sysrem worKs off standard ROMs and R:l.f\·is 
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ADDRESS 
BUS 

~ i 1 
1 

\ 

14 

PPS 8 
MICROPHOCFSSOR 

t r t DMA 
1 RCO/ACK 
t 

1 
¡ 

i 1 O 1 R CCT 1 l 
1 

MLIMJHY 
' ACCCSS 

1 CONTflOLLCi1 

PARALLEL TTL 
líO CHMNELS 
lG DATA, t. COi\JTilCL 
LINES PE,~ Di: VICE 

l. 

~ 

SeRIAL Di\TA 
1/0 CHANiiJEL 

t 
' _y 

INTERRUrT 
~. 

H ACKNDWLEOGE PARALLEL· SERIAL DATA DATA CONTROLLER CONTROLLER ¡ ... 
1 , 1 

A 
IN TER RUPT 1 REOUEST 

_j J 0~1A CH O 

DMA CH 1 
1 

ADUIT!ONAL 
;";;fU--.Llf:L 1'\NO 
SERIAL DA Ti\ 
CO r"T ROL LE RS 

t 
3_ 

~~PECIALPURPOSE l 
OEVI.:._j 

¡ 1 
1 
y 

1 
1 

1 

i 
1 

1 

V o o 

f 

1 : 
1 f- 0.\1ACH 7 1 r-------+----_j 

1 1 
---- ---

1 

1 
1 

1 

1 l INSTRUCTION/0,1', rA 
i 1 BUS (8) 

¡ ~ i i ADDRESS 6US (14) - r _ L_ ,_j __ j __ ! 
1 '-'"" ___ J,_,_, -····--·_y·····---1 ~ 

SPECIAL PUHPOSE l 
1 

1 

ROM 1 

._~~~~ 
PllOG RAM/COI\ISTANT 
STO I!AGE 

1 ' RAM 
1 (25G IJY S Bll S) 

RLAD/Wf!ITE 
STO RAGE 

¡ GENERAL· ¡ 
1 

PUI\POSE " 
.__~.!!!!~_u_~ 
TTL OISCRETE 
12 !NPUTS i\NO 
12 OUTPUTS PER OEVICE 

OEVICE:::J 

GENEíli\L PUilPOSE 
KEYGOARD/OISPLAY 
PRINTLfl 
CüNTRDLLE/l, ETC 1 

L __ --------------------------------·--
___ j 

4. The PPS-8. '" Hoclw;cll'" PPS-8 m1crocornputers, ocneral-purpose H1pul/output. ROM, and RAM ct11ps aoa1n hook up dlrcclly to ad.lress 

c~nrl ulstruct1on cJt,lllu·c;os l'cHnliy conwms c1 dllüCt-mmnory-access controllor and p<1rallcl and scr1aii/O dala cnannel modules 

.:IIClllt pro[(>typc dcvclllptng ~y~tcm aml a l.1rgc ltbr.lt)' 
(Ir w.ci-gcncr.lkd in ... tructlon pwgr.1m'<. Al! tlw. ac
count~ for thc ¡.:oxo :-.y.,tcm's oveiwhclm1ng ~ucce~s. 

Rockwcli\ PPS-X d1il~..:I'< from both thc 80XO and thc 
U)()() m thc ha~Ic archttcuure of ll'> CPU. lt& ( I'U cll1p 
h<i~ an anthrm:tic/logtc untt, a control un1t, accumula
tnr!>, and addrcs~ rcg1~tcr~. Ja¡J out mucha~ 111 thc 8080 
and 6800, but tntcriPJkcd quite ditl'crently from cithcr 
thc 8080 and 6800 tl:mi11es (sec Fig~. 2, 3, and 4). For 
examplc, thc program and data mcmoric& in a PPS-8 
microeomputcr ::,y~tcm havc compictcly ~cparatc and 
paralkl addrc~:, '<pace'<. ;o that a mcmory addre~s m<.1y 

) . 
, kgittmately ¡Jcnttfy two dd1crcnt mcmory loc<~lions-

maybc a byte of program mcmory contammg an m
struclion codc and a byte of data mcmory contamtng 
binary data. Tlw, doublc-duty mcmory addrcss ac
counb for thc PPS-8's h1gh throughput, cvcn though ll 
is budt With p-channcl Mo::- technology. 

A untque fcaturc of the PPS-8-tts clock stgnals-c~dds 
to lls tlcxJbiilly. Thc~c ~1gnab serve for both syncl-.ro
ntLation and control. Thc four-phasc clock gcncrator 
tr<~nsmlls two clock :-ignals lo evcry dcv¡ce 111 a system, 
and cvcry dcviCc cont<~1ns logic to dccodc thcm, mtcr-

Electronics/ April 15, 1 G /C 

prctmg thc contcnt5 of the data ami addrc:-~ bu\c"' 111 
Jdl'crcnt ways dunng ddkrcnt ph,¡~~..:s of ,¡ lll.Icili!Ji..:\ 
cyclc A:-. a ICstlll, thc CI'U can program ,1 wtdc vanety of 
pcnphcral dcvJCes-tf tiH: u~cr IS wllhng to lcarn hl'; way 
around thc clockmg ~che me. 

Whtk thc CPU or mlcroprocc~,<,or chip ts thc cc:Hral 
controllmg clcment lJ1 a microcomputcr systcm, Jll'<t as 
VJtal are thc ROM~. RAMs, and vanous Input. output, 
and interface cucults that mak.c up thc balance of thc 
dcstgn. F1gures 2, 3, and 4 Illustratc typ1cal system l.Oll

f¡guralJOm, for the 8080, 6800. and the PP-8. thcsc, the 
mo:-t c~tabltshcd gcncral-purposc microcomputcr sys
tcms, !uve highly-dcvclopcd system com pon cnt:> thJ t 
hook u11 ~.lJrectly w1th thc CPL on simple bidircctivnal 
bm !mes. 

Thc bus hnc conflgur,1lion of thc 8080 ancl 6800 f::n11-
he~ gcnerally has becomc t.hc model for most 8-bti ~y~
tcms. lb thrcc bu:- lmes-a Jata bu:,, .1 control bu~. ,wJ 
an addrcs~ bus-hanclc a!! cknh'nt:-. of .1 syst~:m St:.n
dan.i R0~1s, wh1ch store th'e program dat:l m the fot m o! 
Jookup tables, are hooked u.p by conncctmg the RO\l's 
output !mes to thc data bm: and mput lm¡:s to thc ad
dress bus. RAMs get their data wmt¡;n frvm CPLJ com-

81 

o 

o 

o 



o 

o 

o 

~ 
~ 
~ ¡ 

:\e! !r 1 

lhyt. 1 

.'.1,: 111,11 1111 et', 

,. -- ---~---------~--- ------------ --------------------

, '•1( 

4004 p MOS 
•Wt.O p MOS 
PPS 11 p MOS 
PPS 4/2 p MOS 
PPS-4/1 pMOS 
TMS 1000 p MOS 

:l <1' 

E: A (JQQ;l n MO<; 
F 8 nMU, 
8008 1 p MC·~· 

BOBO A n MOS 
8048 n MOS 
6502 n MOS 

5065 p MOS 
GSOO n MOS 
SCAi\1P p iv10S 
1801 C MOS 
1802 C MOS 
PI'$ 8 p MOS 

4 k 
'4 k 
4 k 
8k 

8-k 

65 k 

:J5 k 

1G-k 
65 k 

2 k 

65 k 

32 k 
G5-k 

55~ 

tl5 h. 

G5 k 

32 k 

lntcl 
lntcl IN.lllonal) 
Rockwc11 (NatJOnJI) sv 
Rockwcll ce. sv 
Rockwcll CC, SV, RAM on ch1p 
Texas lnstrumcnls' SV, MP 

Ell'ctroltlt Arr<~y> SV 
fa~trluld (Mostck) CC 
1ntel 

lntrl IAMD, TI, NEC, S1emcns) 
lnl<'i 512 bil RAM on cl11p 
MOS Trcl1nolur,y- othcr veJSJons are 
avaii.J!Jic w1 th lowcr dddrc>s CJpJclty 
Mchtt·~ 

Motoroi.J (f\MI) SV 

¡'J,ltJon.•l ce. sv 
HCA 2 d11p CPU 
HCA 
Ruckwt•ll (Nouonal) SV 

Mak1ng comp<Hisons between the ava1laole rnlcro
processors on the ba~1s ot data sheets 1s a very tr1cky 
busmess Even a s1rnple spec¡f¡catlon l1ke cycle t1me can 
be h1ghly rn1slead1ng In most cases cyc!e :,me by 1tself 
tells you pract1cally nothmg-you mus: know how IT.any 
cycles are needed to execu:e what 1nstruct1on For ex
ample, sorne rn1croprocessors boast cycle t;mes as low 
as 1 rn1crosecond but requ1r"' mult1ple cycles to execute 
even tho Sirnplcst 1nstrucli01>S. Others l,st longer cycie 
t1mes but requ1re fewer cycles todo tr,e Sárne mstruction 

Nor does 1t help too muen to compare exe:cut1on t1mes 
of s1mple 1nstruct1ons O!ten tne t1me to do a fetch or a 
reg1ster-to-reg1ster ADD has il!\le relat1on :o the t1me re
qu¡red ior executmg more comp1ex 1nstruct1ons, l1ke cali
¡ng 1n a subroutme on the bas1s of vanous b1t settmgs 

Even more m1slead1ng 1s rank1ng CPU complextt:es 1n 
terms of numbers ot reg,ste(s, or lt O ports, or whether 
the chip has bu1lt-1n d1rect rr1<J1nory access. and so on 
Many powt::rful m1croprocessols, such 3S Tl's 9900 expel 
a!l the general-pu: pose worklil\J reg1s1ers Trorn the CPU 
ch1p and locate them 111 externa! RAM Bur the cn1p 1s 
more powerfulthRn mosr CPUs w1tt1 mult1ple gener&l-pur
pose reg1sters likew1se. a m1n:rm:m-ch1p syslern des1gn. 
such <;S the F-8. has computat1on :og1c d1str1buted over 
rv1o or tiHee matcr,ed ch1ps, so JUSI lookmg <:1! the CPU 
doesn't berJin to snow t11e capab,lity ot the sy~tem 

T:-,e ¡nstruct1on set IS another are:J lhat 1ends ilseli to 
vendar specmansh:p Roperto1rc SIZC alone l1as i1ttle 
meanmg, unless you know how thc suppi1er :s count1ng 

PPS 8/2 p MOS 32 k Roc~woll ce. sv 1nstrucllons Are mult1pie. closeiy rel3teci 1nstruct10ns 
2650 n MOS 32 k s,gnct'c' ce, sv counted as one or as many? What mstrucl:ons are 111-
300 TTL S 8 k SCI!mt,r,c M1cro Svstcms cluded? And the vanous types or mstruCtlons thal d!if0r 

Zilog sv oniy 1n the1r "¡f" cond1t1ons, how are they counted? 
¡ That's why th1s m1croprocessor chart 1s kept ta1rly 

Z·80 n MOS 65 k 

~ 1 ',,., s1mpie Breakmg down tnc ch1ps by word lcn¡:¡ttl g1vcs an 
1 6100 c-MOS <1 k lntcr"' (H.~rnsL sv, ce 1dea of a processor's range-but only a rough onc. s1nce 
¡ TLCS 12 n MOS 4 k Tmlllhu' MP the eftiCICncy of domq anyt111ng cerl<:unly c1ocs not de-
~ pend on word lengtn alone The leclwology 1s broken out 
~ 1 ,~ 1,, only because knowledgeablc usu1s teel mort~ comfoil-

!
¡ CP1600 n MOS 65 k Gt·ncr.il li~>lrumcnts MP ablc knOWir1!) what's In tne d8VIC8, but 11 too I13S to be re-

MCP 1600 n-MOS 65 k Wr·>tern 0 ,9,1" 1 MP, MC lated to des1gn-whether process1ng 1s done ser1a::y or m 
1 IMP- 16 parailel, ar,d so on. (AII thmgs be,ng equ.11. dev1ces built • p·MOS 65·k Nut10n.11 MP, MC 
~ w1th n-channcl MOS are !aster, srnaller, and eas1er to m-
' PACE p MOS 65 k Nut1onal MP 

l terface than tnose bu11t w1ti1 p-channui MOS, whereas de-
PFL·lGOOA n·MOS G5 k P.m,JF<~com MC ·- v1ccs built W1th b1polm teclmoiogy are !aster and ce1n do 

¡1 TMS !)!)00 n·MOS G5 1< Texas lnstrunwnts SV, gcncrJI· more but aro larger and cost more 10 bu:ld tllan MOS LSI 
purpmc rcg,stcrs 111 mcrnory 

dev1ces.) 
¡ ¡;,• '" ,. . As for address capac1ty, obv1ously tne more memory 
~ thot a cllip cán access, the la~ger the system that can be 
~ 2901 TTL 65-k Adv.mced Micro DllvJces (Motorola, l Raythconl MP 1mpiemented But aga:n, watch out Sorne processors 

9400 TTL, 65 k Fa"chJid MP, sv can, access large amounts of memory d1rectly Others 
1 3002 TTL 512 . ~ need externa! dev1ces to reach lar(Je bytes of memory , lntol (S,gnctJc>) MP, 2-1lll SliCC · 
1 

6701 
Another area that concerns users 1s alternate sourc,ng 

! TTL 65 k MonolilhJC Mcmorws MP 
1 · In general, the alternate sources of m1croprocessors are 
¡ 10800 ECL 65 k Motorola MP, CC, ECL 

~ S8P0<100 1
2 

L 65 v Texas lnstrumcnts. CC, MP ~F!~~~~~~~~~a~~~~~;~:~~:~~1~~~~~~.~~~1~~~g~:~~:.F~~~ 
¡-----·-- ·------ ----- ··------------- -- ·- -.------------------------- ::;pocls excoed lntcl's B080f\ s~JL'Cif,c:-~t")'lS, ;111d 1\MI un-
1 NO 1 E~ dt)l lOOI\ C011~"C1er .:lb le pi OCl)~-:s dDV!'IO¡J111f'ill 111 lJUiidill~] >!S 

1 'D""''"'""" "'"""'''"'"'"' """" '"" vors1on of Motorola's 6800 fdl1lily M o:, Id\ Corp has 
1 "Key MP - n11Crop<OU'"'"''"'" sv - '""JICvult.•,¡c done a lliCC JOb supplemontlllg falrCrlild's F-8 Sl 1pport 
¡ lCL - cnuttco couplcd log•c ce - clock 011 chq> and applicatlons etfort Then too, lhere .s the Na-

!
. TTL - tran,l\tor lldOSISior IOUIC MC - ll)Uili·Ch:p celllrol tlonal /Rockwell technolo¡;;y exch¿¡nge tnat m a de thelr re-

1 1 L - tntcqratecl m¡cc..llon loytc nrorcssll\o 1m1t 
: , spect1ve m1croprocessor fam111es avaliable to e.:1cl1 other 

L--·----------- ·--------~---·--··~-.:. ·-··-··~ ;,,_."·-·~--·-·"· .. ,.,_·-··-·· ·-·--··-·----·-- -------- -- -. -----· --
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m.uHh th.tt ¡,-.~\cl,ln tlJC :1dclrc~s bus, .mu thc1r dat:t J:i 
rc.td out to t:1c C1'LJ <ln tli.;:: d;Hd bL1~. Pci!phera! J!1!CJ
f.tcc crrcu1t~ rcccJvc thcir 1nputs on thc control ar;d ad
drc~' bus .tnl~ rctur;J thc1r data outputs on thc (L.tta bus. 
TihlS. th - lmlm:ctJunal bus sy~tcm 1s thc condUit 
scrv1ng .. il m cm bcr;, o!' thc n11crocorn pu ter famlly. N cw 
rntcrf.11:c .tnd pcnrht:ral ch1ps, rcg;;.rdlc;,s of thc1r com
plc.\Jty, wdl use t:lc~c bus !mes, emuring a uscr;,. srmplc 
and wcll-fnr mulatcd mcthod of upgrading h1s basic sy~
tcm wtth mllfC powcrful 110 and penphcral chips. 

The cleaicated S-bit types 

Unltkc thc gcncral-purposc 8-b1t ~ystcm~. wh1ch gcn
crally u;,c at lcd~l a dnzcn ch1ps, Fauchtld Semicon
ductor·~ F-8. al~0 'upplicd by Mo-,tck Corp., and Na
lllll1al Scmicondudor C01 p.'s SC/MP f:umhcs wcrc 
dc~ignd tn rc.tlrzc cnntrollcr-typc systcm~ w1th thc fcw
l'\l po~~lblc chips d[ lile lowcst ro~~lblc co~t. !3oth fami
:lc:-. can d1'\h up u,cful dc~1gns wnh JUSt two ch1ps, al
!lll)ugh lhc r-8 1s a more powcrful sy~tcm, rcadtly 
c.\r:mdabk :nto mcmory-nch dc~1gn:'.. 

l'!lc dJS~illl•Llfltic:-. ,1( thcsc lW\l dcvJccs ;,tcm from d!~
.\Jf'lJI,n Jc~l):;l1 phiin~,lpll!CS. Thc Fa1rchtld F-8 dcsrgncr~ 
chosc a cG.lÍ1gur:ltt,Jn th.lt 1s gu.tc unlikc thc CPU on
cn;ation or 11lilllC0111plltcrs. Imtcad thcy dl!)tflbutc pro
Cr:-;s and mcmory con troJ throughout the ~ystcm. The 
F-S thcrcfnrc Würk~ hc~t whcre two or thrcc of ils now
crl'ul l'.muly mcmbcrs can do the _¡ob -"landmg aionc, 
wtthout a lar,::;c numhcr of c.\tcrnal mcmory (although 
thcy c.111 be ,tdJcd 1f ncccs:-.ary) 

Bccau~c thcy intcract ~o mllmatcly, a d~.:stgncr must 
be f,unilwr Wlth thc funct1ons of thc F-8 clup~. Bcsidcs 
thc CPU chip, thcrc's a pmgramablc ~toragc un1t, wluch 
providcs rcad-only mcmory plus vanous log~c func
!JOns-it combu1cs w1th thc CI'U to form a complete 1111-
crocomputcr ¡f so dc!)1red. A dynam1c-mcmory interface 

ch:p ;mk~ thc n~,,¡ two ch1ps lo c:ither dyr:annc ur ~tat;c 
Rt.\ls :-,lvnng data, and a ~t .. t;c-mcmory mtc;·,~tcc :s for 
u~c '.\ilh statc RA·'vlS only h:~.1lly, a d:rcct-rr.c:uJry-dc
cc~<, chip tmplemcnts ihc ciJrcct-mcmOiy-accc:,, log¡c m 
conJunct:on With tbc dynamrc-mcmory .nterfa·.c chip. 

l3ccu.use vanous log1c functwm are di~lrlbt.:tcd 
amo¡¡g thc four pcnphcral chlps, thc C'l'U com:Ln;, only 
thc anth;net¡c/log¡c umt, thc control umt anü ill~truc
t!On rc¡ystcr, thc log1c assoc1atcd w1th mterfac:ng the 
sy~tcm bus w1th thc 110 control ~1gnal, and thc accu
mulator re0J;,tcr. It does not contam mcmory-audrc:,:.
mg logic, mcmory-addressmg rcgt~ters, !>tack pomter, 
progr.tm countcr, and data countcr, all of whKh rc5tde 
m thc: compamon mcmory and rnc:mory mtcrfacc dllp~. 

Tlm contiguratiOn ha~ both advant:.gc., aml Jt~ad

vant:lgcs, thc clllcf advantagc bcmg that r~mly pvw..:rful 
sy~tcm5 can be 1mplcmcnteJ with rcm~:rkanly fcw ch1p~. 

Morcovcr, thc Iack of mcmory-addrc~~wg, lo;;1..: on 
thc CPU ch1p 1tself mea;¡:; rhat no .:,;drcs~ l¡;,cs are 
nccdcd on thc system bus, ami í.he 10 <~cidrc'\s ~1gn.t!s, 

wh1ch CPU-oncntcd sy:-tcm~ nccd w .ntcrfacc WJth thc 
bus, can mstcad be uscd for two 8-btt 1!0 porto. ün each 

---·--R-· ---~ ~ .. -~ -----·--~..._.......__ .. ~-·~-- ~.-.. ....- ..-... -... "' ,.. 
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5. Elhciency expcrts. SC/MP and F-8 carry off the prrze for m~nrmum-chrp multrprocessor systems Th,s SC IMP connguratron (a) from Na

trona! daJsy-cha•ns several mrcroprocessors along one bus Tne Farrchrld F-8 drsk controller has frve F-Ss operat,ng as drstrrbutea proces

sors F-8 systems can readliy be expanded to handle a wrde varrety ot perrpheral control and complex data communrca1rons applrcatrons 
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6. Rcla\ing. N.lltLlllJI's 1 G-btt PACE sy,;tc'm rcachc" t11C l TL wot td Willl irLlttsce1vers thi1t tntcrlc:co dtr•)Ctly wtllt c1ny Hi\rv\•. or fiüMs dco,IIJIHoLi 

wt\11 on-chtp ;,cldt n::;s 1.1\chc~; SiJndJ• d mL)mortc:, cJn Ji so be us:..u 1! :::;n 8 btl ;¡cidross l<tlcll elerncnt .s tncluJ,'cl 

d~vt.:e. lk!lcr )'L:l. the place on the Cl'll clnp 1\ll'lnerly 
nc~·upu:d by addr,es., H.:gl' .. tcrs and mcmoiy·.lddiC!>~In 0 
log¡c can now acccpl 64 byte~ or r;¡ndom-acccs:-. 
mcmoiy. ll1~ llm. on-cl11p Ri\1'.,1 that makcs an F-S I11II11-

mum two-cl11p configuraliOll functionally UM;1'ul. 
Nmv f'úr tite t!l .... advant.tge ..... lkcau~e ofthc removal of' 

n1emory-addrc~'•ng logtc from the Cl'll dup. exlci n • .J 
lllCliHliiC., c;1 n no longer be connected d 1 rcctly to l he 
sy~tcm hu~. wh1ch no longcr ha:- addre:-s ime!>, .1nd lhe 
f.lllllly\ oliJcr deVICC:-o ll1U~l be ll~ed. Q!' COUf>-e, thi'> 1:-, 

ea~tly done wtlh lhe mcmory-mtcrf'acc d.;v¡ccs, but the 
eXlla pack.!C',C' do add lo lhe eo ... t or lh,; dcsign. Wor~e 
yet, tlu~ menwry-addrc~~ing log1e mml be Juplicatcd 1f 
more lhan onc 1ncmory d~v1cc 1s prescnL 

On the other h.1nd, SC/MP (pronounccd Scamp) ccn
tl.lille:-. ils colllpuling cap.tbillllc~ in lhe CPlJ, Jll'>l ld,c 
thc óOHO and ó000 fami11c\ ~o thal :-y~tems can be con
íigured wtlh .,tandard mcmorie<., directly. The !->C/MI' 

ch1p can handlc up to 4 kilobytes of mcmory wilh n,) 
addttional logic or 111 terfacc package!>. Sy~tem!> requu
ing more mcmory are al:.o poss1ble: a fivc-ch1p systcm, 
handling u p to 65 kilo bytes of RAM, would consist of' thc 
SC/MI', a two-chip bidircctwnal transce:vcr, an a·ddre~s 
latch, and ,, butrcr. 

lnlcrn.tlly, SC/MP is a program.1ble 8-bit par:1llcl pro
ce~~or. lt conlatn~ onc 8-btt accumulator, four 16-blt 

-·pointer rcgt~lCft'. (Üne of Whtch !S ded1cated to lhc f'unc
l!Oll of progr,¡m countcr), an 8-btt ~tatus rcgi~tcr, anu ::n 
R-h1t cxtcn~IOI\ rcgt~tcr. On-cl11p ttg1mg etrcu1ts cllml
nale thc necd f'or externa! clocks. and 11 L compatii)lltcy 
allow:-. casy ¡ntcrfactng with olhcr :-.ystcm cornponent~. 

Archtlccturally, SC/MI', ag:un ltkc thc 8080 and 6800 
familtc~. cmploys a umficd bus systcm, lo wh1ch the 
central proce:-.stng unit, memory, and penphcral dcv1ces 
are each connected. Thc common data bus cnabk.:. 
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mcnwry-ret'ctcnce lll\l.tlll'lion:- lo Il'i'crcn,_c pcltphcr:.: 
dcv1ccs. In .tddttton. ')C'/ivll' :ll,·h¡tcl'ldi,' pr\lvtdc\ ~Ctt.:i 
<bt.l and C•)ntwl :-.treaml1n:n,:;, unde1 -,ottw.uc conu,11 
and h:1s hutlt-111 m,l~ram;,blc dcl.1v. 

Both the senil' ;~1d F-1\ t:11mL~~ lene! thcm~dvc-, 111 

mulltplc procc~:-or l>Y~lcm~ ln SC/:Ov!l'. th..: bu~ configuia
t.on i~ rc\pon:-.tbk, allowing many se /i\11'-. l<> be uc,l tu 
thc bu~ fór d:my-c11a1n opcr,lllo!l (Ftg 5a). Whcn OIIC 

SC/tv;ll' :-.lop:-. tran:-mttung or :cceiv1ng. 11 nottlks lhc ne:-.t 
SC/MI' 111 l111e thal .t may lake ov-'1 

The F-S CPU ctllps can .'.etve etlhcl 111 a multipk pro
cc!>:-.or sy:-.tcm or 1n two-chtp pcnphcralcontillllcr~ :-.ub
Oidll1alc lo a multu.:hip pwccssor-b.t:-.ed :-.y:-.t..:m, such a' 
largc pomt-ol'-sak ter m 1na 1:-.. The ll11ppy-(L;,h. con¡ 1 olk1 
shown 111 F1g. Sb contain:. !:ve F-Rs worl..1ng 111 cun_¡unc
tion w1th !h)ppy d:~b. a m.tgncttc-lapc Uilll. .1 catholic
ray-lubc d:~play, a kcyboard, p1 1l1ll'l, ami nWUl'l\1 
Whilc lhe low-:-pccd dcvtcc~ (the keyhoa1d. pnt1lcr. and 
modcm) can be adcquatdy handkJ by thc programed 
110 structure, thc othcr, h1gh-~pccd dcv1ccs rcqu¡rc !>ep
arate F-8 Cl'Us and píügramable storagc un1ts. 

Thc S-bit newcomers 

Whdc establishcd ~uppllcrs of m¡croproccs~ors havc 
recently come out wnh upg;adcd pilJduct~-mo:>t no
tabiy thc SOSOA and 68000-nc\\CO!W.:r:, to thc tield ,¡re 
trytng lo gatn cntry with ~llll h:glu:r-pctformanc..: vl.'r
l>Ions of the carl.cr devtccs. /\ g.oud cumple 1s Zilog 
lnc 's Z-80 chip. In d tntnilc to lhc succ~ss of the 8080. 
dcs,g¡1er:, :1t thc Lü~ .t'-.lws, Cthf, compJny ha ve based 
thc1r dcs1gn on it, but h.1vc Eddcd mo1e d,1la-proce~S1ng 
and mstructiun-h.u:.ditng capabliny Al thc s .. mc t:m~. 
thcy have tncd lO ~1mplify th..: ~ystcm conligurauon 
alung the Lncs of the 6800. 

For cxample. the Z-80 1s hca\ ily CPu-oncntcd. l;lc 
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7. Thlnkmg blg. Texas lnslruments' 9900 16-brt mrcroprocessor has full 16-brl data bus and 16-brl ALU on ch•P but exrles all general-pur

pose regrsters to e"ternal RAM locatrons A w1de range of rnterrupt capabrlrty rs rncluded, makrng the chrp very flexrble 

the SOSOA, di1Ú ts completely compatible wtth 8080A 
~oftwarc. 13ut thanks to depkt10n-mode technology, 11, 
liJ...e the 6800, has a slllgle-pha~e clock on thc chtp and 
requtrcs only a ~tngle 5-V powcr supply. 

The Z-SO can hancllc 158 ddlcrent mstruct10ns and, 
hke the SOSOA . .md 68000, ha5. an mternal 16-btt-wtde 
data bus. Unltke them 1t contams both an 8-btt and 16-
bit externa] addres5. bu~. so that 1t can proces~ either 8-
o,r 16-bit words m one cycle. 

Architcctur .. dly, thc Z-80\ CPU chtp rescmblcs the 
8080A, whcrc gcneral-purposc regt~tcrs pcrform baste 
computat.on opcrauons and ~rccJal-purpo~c registcrs 
pcrform varioL•~ prog; ,un oper,¡twn&, such as program 
count1ng and stack p¡nnlJng. Al-,o as m thc 8080A, thc 
CPU conta1n~ thc accumulator and llag rcg1sters. 

Thc Z-SO's block of general-purpose rcg1sters has a 
dJstJnctJvc fea tu re. 11 c.onsJ~ts of two matched scls of stx 
8-b1t reg1~tcrs. Now a p10gramcr can use lhcm mdtyld
ually, as 8-h1t rcgJ~tcJ~. or 111 t,wdcm as !6-bit rcg1ster 
pair~. dcpcnu1ng on whethcr he~~ handltng X-b1t or !6-
hJt words. Morcovcr, thc programcr may selcct one ~ct 
of rcg1sters for a s1ngk cxchangc command while usmg 
thc othcr ~ct for thc rc~t of the sequcnce. Th1~ saves m
tcrrupt ttmc-and 1::. cspccwlly uscful in systcms that re
quirc a fast mtcrrupt response-bccausc thcre's no need 
to transfer the rcg1/>tcr contcnts toan externa! stack dur-
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ing thc rast-cyclc interruptor subrouttnc prucesslng. 
As for thc Z-80's ::.pccwl-purposc rcgJ::.lers, thc pro

gram countcr and stack pomtcr functJOn much a~ thcy 
do on thc SOSOA. Thc program counrcr hold::. the cntm: 
16-bJt addrcss of the cunen! 1n~truct10n JUSI k:chcd 
from mcmory, and thc ~tack pomter kcep~ track of the 
16-bJt addrcs~ of thc current mstructJon. An externa! 
stack mcmory. organiLcd as a last-m/first-out file. al
lows ~11nplc implement:J.tlün of multlple levclmterrupb, 
unlim1lcd subrouune lcstmg, and s;mp[¡Jicauon of 
many type& of dat:J. mampulat10ns. 
· Ltke thc Z-80, another iecently mtroduccd mJcro
procc:-.sor that takcs cogntLancc or c~tabllshcd S-bit gcn
cral-purpos\.! dc:-,¡gns 1s the 9002 from Ekctrontc Arrays 
lnc., 1Vlountall1 V1ew, Cal!f. But un!Jkc the Z-80. wh:ch 
1s bcl!1g supplicd w11h 1t:. own sct of ded1cated ~upport 
dcvtces, the 9002 has been conccived <ts a stand-alone 
cligJtal proccss controllcr that can mtcrfacc WJth 'tan
dard pcnphcral ch1p~ through an 8-bJt parallcl rn.
comp<.~tJb!c data bus. 

Th\! 9002 tumng and r Jntrol s1gnab allow a u~cr to 
bring the ch1p togcrhcr With any bus-o¡¡entl.!d pcnph
cral dcvJccs he may choosc. Ex~unple~ are· ~víot,)rola"s 

6820 penphcral mterface adaptcr for gencral-purpose 
controllcr apphcations; the :1synchronous commum
cattons mterfacc adaptcr and low-spced modem for 
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In approachmg the des1gn of m:croprocessor systems. 
the f1rst requ1rement for the nov1ce 1s 10 learn the speclal
¡zed ¡argon The bas1c terms def1ned below can help 
They are fo!lowed by some adv1ce on the next steps 1n an 
educat1on 1n m1croprocessor theory and appl¡catlons 

Central process1ng un1t: a group of reg1sters and iog1c 
that lorrn t11e anthmei1C/Iog1n un:t plus another group of 
reg1sters w1th assoc1ated decodmg 1og1c that form the 
control un1t Most metal-oxide-semiconductor dev,ces 
are smgle-ch1p CPUs, 1n that the reg1sters hold as 
many b1ts as the woro length of the un1t (the 8080 and 
6800, for examp!e, are 8-b1t dev1ces and thus the bas1c 
reg1sters are Cl!]ht b1ts w1de) w,th bli-s!1ce dev1ces, 
howevcr, central p1 ocess1ng ,.mlts of any b1t w1dth can 
be assemblecl essent1a11y by connect1ng the bil-sl,ce 
parts 1n parali,•: Ext'"Jrna!ly, a b1t-si1Ce dev1ce Wlll ap
pear to be a C\)i18rent s1ngle CPU capable of hanolmg 
words ot the des1red b1t length 

Reg1ster log1c eiuments (gates, fl1p-flops, sh1ft reg1sters) 
tl1at. taken together, store 4-. 8-, or 16-blt numbers 
They 3re essent1a11y for temporary storage. 1n that the 
contents usually change frorn one 1nstruct1on cycle to 
the ne;...t In fact, much of the m1croprocessor's oper
atlon can be learned by studymg the reg1sters, which 
tal<e part 1n nearly all operat;ons 

Accurnulator a reg1ster that JJds an :ncom:ng o:nary 
numhcr 10 1ts own conten's and ti1en subst1tutes tl1e re
suiLo ior 111e contents 

Prog1 Z"~rn counter a reg1ster w~10se contents correspond 
to the memory address of the next 1nstruct1on to be 
carned out. The count usually :ncreases by one as 
each mstruct1on 1s camed out. s1nce mstruct1ons gen
erally are stored in sequent1allocat1ons 

lnstruct1on reg1ster storage for the bmary code for the 
operat1on to be perforrned Usually th1s :nstruct1on rep
resents the contents of the address ¡ust des1gnated by 
the progoam counter However, the contents of the 1n
struct1on reg1ster or the program counter may be 
changed by 1t1e computat1ons. Th1s, of course, repre
scnts one of the key 1deas o~ a stored-program com
puter-lnstruct.ons. as well as data. can be operated 
upon and subscquen~ operat1ons w1ll be determ1ned by 
the results. 

lndex reg:ster some memones are organ1zed by :ncJex 
number (the contents of the 1ndex reg1ster) The ad
dress of the next 1rstruct1on may be found by summ:ng 
the contents of the program counter and the mdex reg
lster lncreasmg the 1ndex reg1ster by one w1!1 cause 
the proces,sor·to go toa new sect1on of memory. 

Stack pomter a reg1ster wh1ch comes mto use when the 
m1croprocessor mus! serv1ce an mterrupt-a h;gh-prl
onty call from an externa! dev1ce for thc central p~o
cessmg un1t to suspend temporan/y 1ts curren! oper
atlons and d1vert 1ts attent1on to the lnterrupt,ng task 
A CPLJ must store tl1e contents of 1ts reg1sters bPfore 
it can move on to the :nterrupt opernt1on lt does th1s :n 
a stack. so named becauso 1nformat10n is added to its 
top, w1th the 1nform.JI10n already thc10 be1ng pushed 
further down Tl1e stack thus 1s a last-1n 1.~st-out type ot 
memory The stacK-po1nter reg1ster canta, ns the ad
dress of the next unused locat1on m tne stack 

Flag usually a fl1p-flop stonng one b1t that 1nd1cates some 
aspect of the status of the central process:119 un1t. For 

' exampie, a carry flag IS set 10 one when an ar1thme:c 
operat1on produces a carry A zero flag 1s set when ¡;:e 
result 1s zero These flags a1d m 1nterpretmg the results 
of certam calculat1ons Others are somet1mes prov1ded 
to perm1t access by 1nterrupt request i1nes-for ex
ample, 1f a CPL.I 1s engaged 1n the n1gnest pr1or:ty of 
calculat1on, 11 may set all status flags to zero--wh1ch, 
loosely translated, means "don't bother me now " lf 
oniy some of theso flags are set, then only certa1n :n
terrupt !mes w1il be ab:e lo get through accord1r.g to 
the1 r pr;onty 

D1rect memory access a techn1que u-,a¡ perm1ts a perlph
eral dev:ce to enter or ex:ract blocks of data from the 
m1crocomput0r memory w1thout 1nvolv1ng the central 
proce•::>s1ng un1t In some cases, a CPU cJn perform 
other funct10ns wh1ie the transrer occurs. 

In gomg beyond these dc:;n1t1ons, an engmeer w111 
probably f:nd that the1 e's not an abundance of good 
oas,c :niormat1on on m;croprocessors However, 1he gap 
IS llllln!] 

Corta:n1y, J flrst source on the deta1!s of a p3rllcuiar 
product 1s the manufacturer's p~oduct descr1pt;on.> 
Some ofthcrn are qune readable Must prov1ce eas1ly un
derstood mtroduct1ons to the m1croproccssor. w1th JUSi 
enouQh 1nfor mallan to get started Best known are lntel's 
'8Llt30 L:sers :Vlanual," Motorola's mammoth "MICiú
proces~or App:1cat1ons Mw1uZ1I" and 6800 Systern dc
scnp!IO(l, Fa1rchlld s 'T-8 C1rCU1! Data Book," S1gnet1c~· 
2650 mc:nual, Rockwell's m1croprocessor fam1ly descnp
tlons. and the descnpt1ve l1ter<:Jture Nat1on;:¡l puts out or 
SC/MP, PACE, and IMP-16 farn111es 

lndependently produced sources also are avn:lable. 
but t11ey're of varymg qual:ty A useful one :s a monthly 
publ,catlon on a vanety of m1croprocessor sub¡ects 
calied "~.Jew Log1c Notebook." ed1ted by Jerry L Ogd1n· 
of M1crocomputer Techn1que inc , i 120 Restan lr.ter
natlonal Center Off1ce Bldg, Restan. Va 22091 A 
monthly compllat1on of m;croprocessor news and prod
uct mtroduct1ons ¡s a newstetter callod "M1crocompu1er 
D1gest," P O Box 11 67, Cupert,no, Cal1f 95014 

One or the best bool-.s 1s a paperbacl< cJ/Ied "An lrmo
dllCtlon to M:crocomputers," from Ad2m Osborne and 
í\ssoc1ates. 2950 Seventh St. Berkeley, Cal1í 9471 O lt 
has a compact lutona! sect1on on bas1cs. foilowed by 
good cornpansons of key fam1l1es 

Then there's "M1croprocessors," t1rst voiume m the 
Electron1cs Gook Senes lt 1s a comp1lat1on of all the OíiQI
nal art1c1es on majar rn1croprocessor acs;gns t11a: ap
peared m th1s magazme-from the f1rst t;004 to !oday's 
compiEix 8- and 16-blt des1gns 1t aiso conta1ns deta:!ed 
des1gn and appl1cat1on rratcnal lt's avall3bie ror SS 95 
(see page 227) 

A good source of bas1c :nformat;on 1s 1he 1ndependent 
sem1nars that are becom1ng w1deíy available One of the 
most syccessful 1s integrated Cornputer Systems' thlee
to-f,ve-day coursos held Jcross the country A schedule 
,s ava1lable from Dav1d Coll1ns at ICS. 4<¡.¡~ Overlantl 
Ave . Culver C1ty. Cal1f 90230 

An opportun:ty for hands-on e;...pcnence 1S l1iG sup
pilers' sem:nars These are manned by appl1cat1ons, sp.::
C1al1sts 'wno travel around regu,arly. orfenng a good re
VIew of u part1culár m1crOpíOC8SSOí l:ne rlnól!ly, there u~e 
the co•,Jrses offered by the IEEE and H1e .;n:vers1t12s 



,·pmmunll'.llHlllS-,·onlilllicr a11pl1La!J,lll'>, or any of ln
¡,·1\ ncw p.·og .. lm.ttllé tntcrf.tcc Jc\'tcc:-., '>llLh as thc prv
:::r:Jm,tblc l'Lnphcr.ll 11r Ulmmun¡¡.:alJons Jn!erfacc.,. Th1~ 
,ncan~ t!l:'' a sy~tem dc~tgncr ca.1 use thc 9002 as a 
p,1wcrl'ul ~-,:ntrol!cr ci11p. managmg the op:.;rauon of any 
rn -comp.lllhlc j)Cltphcral dCVJCC. 

Thc 9002 de:-.¡gncr~ ,'.i:,o p1cJ..cd thc best fc.tlurc~ of 
<.:\istmg pr1Kc.,sor dc't!.'.llS. Thc CPU combmc~ lhc on
chtp (14-hytc scr<dch-p.~l RAM of thc F-8, thc push-pop 
'iUhrouttnc .... tack o!' thc Intel 4040, the sunpldlcd timmg 
conccpts of thc PPS-4, thc ~traJghtforward pcnphcral 
addn.::-~lilf tcchntqucs and ~mgle 5-V-o;upply reqULre
ment or thc 6ii00, and the gencral-purpm.c regt~ters of 
thc RORO. 

To thL'\C bu¡rowcd fcaturcs the 9002 adds ~ome 
pu1cly tts nwn. lt contc\111~ a 'ev..:n-lcvcl subrout1nc 
st.td .. i'N mult1ple mt..:rrupt cap.tbdtty ami e1ght 12-ba 
g¡.;ncr.•,l-purpo'c data rcgi:-.lci:-.. With Ib 64-by:c scratch
pad mcmu1y Il ~.·,¡¡¡ ho~ndlc many :-.tand-,tlone controllcr 
J<lh~ \I'Ithout 1cqumng .tddiliLlllal I{AM. Moreover. 01lC 
oi'thc 90o~·s Illlcinal ll.t::'-~ .tlltl\1'> the u,¡.;¡ to pc1i'orm Cl
tllcr S-bit hiil.tt' .:. tthmetic or p.1ci-.cd hin.uy-codcJ
dcc:nul :tiitlunctlc (du.tl 4-hil opl"I.lllLb) With budt-In, 
autnm.l lil' cicCI I1l.li l'LlJ'I l"Cl j,)¡J, Ttl cihlllSe, he ~1111 ply ~ets 
thc n.tg ¡¡¡ Olil" ~t.dc Llr .moth¡.;l. Tht' !S u:-.cful l~>r pc

nph¡.;¡ .tlcdntr,1lkrs wiJ¡.;¡ e ( R 1 displ.¡y~ n¡.;cd BCD data. 
\Vllh .111 tim cc1111[1Ul1Ilg pmver, amplc control s¡gn.ll

mg. and on-dllp RAil.t c.lpabdity .. tl1c 9002 c.tn re.dizc 
m.my !'a1rl) powcri'ul tk~Igns With only two or thrcc 
p.tL·J..agc.,. For cx.unpk, a contwllcr c.m be bullt With 
thc 90q2, a 1,024-by-8-bit ROM, ~uch .1s thc EA 4700, 
and two Intcl 8212 pciiphcr,tluHcrface chip~. or ebc It 
¡.;,tn be built Wlth thc 9002. a 2,02:)-by-8-bit ROM, such 
as thc l.:.A 4WO and tvlotorola\ 6820 I'IA ch1p. 

C-MOS: a:1other choice . 

Aill1thcr cnhanccmcnt of an CXÍ!-.llllg OCVICe JS RCA 

Sciid Sldlí: UlVl,lOll's smglc-chlp vcr~IOll or J[S 8-bJt 
C.-M OS n11croprocc~~or. Dc~tgna tcd thc 1802, thc ch1 p is 
thrce times f.t~tcr th.tn thc old two-ch1p dc~1gn, has one 
tlwd m(•rc 111~1 ruclions-a total rcpcrto1 re of 91-and 
co~t~ k>.~ T h IS canw a bout thanks to RCA 's new stiicon
g<!lc procc:-~ tlwt y¡cJd~ C-MOS dcv¡ce~ almost hall' the 
~ILC of mctal-gate dc~1gn:-. and abo Jncrcases tran~tstor 
\Wllchmg ~rccd A~ a re~ult, a C-MOS microproccssor 
bccomcs aó. fa~t. co:-.t-cffectJve and llcxtblc a~ today's 
p- and n-MOS rrucroprocc~sors. 

To Illu:-trate, thc 1802 has a cyclc time of 1.25 micro
seconds a;1d takes only onc or two cyclc~. plus a fetch 
cyclc, to exccutc any instruction. Thts gtve5 it an m
structiOn time of eithcr 2.5 or 3.75 mtcroseconds that 
put~ it wcll 1n the specd range of cJthcr thc 8080 or 
6800. Morcovcr, w1th it~ 91 ¡nstruction~. Il IS as pow
erful and as !lexible. Yct RCA de~Igncrs were careful to 
retam the arcllltecture of thc two-chip dcs1gn, so that 
thc 1802 1s .'>Oftware-compat1ble with ns prcdcces~or. 

What d:~ltngutshe!> thc 1802 CPU from othcr S-b1t dc
!>Jgns is Ils s¡.;paraJe lll'>tructJon and addrc:-.s rcg¡~tcrs. 

Th¡.; adclr¡.;"" d,lta IS pbcccl !11 an a1 ray of sixtccn l6-b1t 
scratch-pad rcgi,tcr,, cach of wh1ch can pomt to eithcr 
d,Jla or p1 ogra m, Th.ll mcans that a u ser IS not forccd to 
prov1dc an addrc~s w1th cach mcmory rcfa¡.;nec mstruc-
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Lrke 2:l! sernrconductor chrps, rnrcroprocessor pr1ces 
are com:ng down Here's a rough gu1de to how much 
11 costs to do sorne typrcai JObs at today's proces (rn 
approprrate volumes) 

Job 
Ger~eral-purpose 

1\:umber of packagcs 

rrlln1computer emulatron 
Ded,cated mmrcomputer 
Process controllers 
Srnart termrnal (re 

communtcatrons, etc) 
Complex general controllers (r e 

imffrc lrghts. medrcal, machrne 
tool, etc) 

30 and up 
20-30 
15-20 

10-15 

10-15 

Co~t 

$1,000 
600 
400 

300 

200 
CompiE¡x perrpheral control!ers, 

rndustrral 
Pornt-of-sale term1nals 

1 o 
10 

5-10 

150 1 
15ú ¡ 

Gomes, 1nstruments. etc 

1

! S1rnple controllers, hobby gear, 
75 1 

: 
appl1ance con: rol 1 or 2 1 O 

L ___________________________ ------------ 1 
1 

tion-:-omcth:ng h¡.; must do w¡th oth~.:r p;tlce:-.~oi,. 
A:-. add r..::,s p01n lt:r:,, l!1dJVId u al ¡,e¡ atch-p.;d r..:g¡,t¡.;r~ 

m thc array are "ckcted by any onc of thrce 4-blt r~.:~¡,. 
tcrs, ~.o that thc cont¡.;nts of any add1cs:-. can be dirc.:ted 
lo any onc ofthrcc dc:-.tm,liion::.. A~ d.lta pOintt:r~. lile 16 
scr.ttch-p,td mcmoncs ;uc cqually llc:>.ihk. Thcy c.111 be 
uscd e1thcr t'o ind1catc .t !oc,Iti,1n 111 mcmory ora~ pdi11t
crs to su pport .1 bu Ilt-m dm:ct-mcmory-a..:ccs~ fu nct ltln 

Thc only othcr C-MOS microproccs:,or IS lntcr.,,l·., 12-
bit ~.kviec. By u~Ing the samc :-.ofhvarc a:-. th..: PDP-~A. 
thc ckvicc lcts uscr~ of that popular computcr ¡mplc-· 
mcnt thc1r systems 111 low-p,lw..:r casy-to-u:-c C-MOS 

technology. Th..: 40-pin pack.1ge h.1!> an ¡n:,tructt•lll ca
pacity of about 40, can acces' 32-k bytes. of C\tcrn,d 
mcmory, and can control 64 110 parts. For thc 1600. In
tcrsi! plans lo supply a complete set of C-MOS pcn¡1:1..:r.1l 
dcVICCS, such a~ C-MOS R0:-.1¡,, R.\MS, and Ut\IU'~ 

Two n-channcl 8-btt microproces~urs th.1t havc bcgun 
to makc headw:1y fm gcncr.ll-rurpo~c appllcat:om are 
thc S1gnettcs Corp. 2650 and the i\!05 Tcchnology Jnc. 
6500 f<im1ly of mJcropiOccssors. Thc SJgnctJcs pan, 
avadable only lll ~a141ple quanttllc~ about a ycar dgo, 
Iatcly gamed momentum-c~pccJally 111 Europc, thanks 
in part to Phllips' rcccnt aC(JUISition of S1gneuc~. 

Thc 2650 1s a single 5-v par,íllc! 8-b1t bmary pwc~.:s
sor capablc of perform1ng 75 in~trucllom lll a mach1ne 
cycle lHne of 2.4 microscconds, wh1ch puts It m the ~ame 
general cla!>s as thc SOSO and 6800 famiiJc:,. Thc ch1p 
can :1ddress up to 32 kllobytcs of externa! mcmory 
(compa~cd to 65-k fo1 the othcrs). But tts :1btlJty 10 exe
cute V:lnablc-lcngth m:,tructwns makes 1t som..:what 
more elfic¡cnt. s1ncc a one- 01 two-byte m~truction may 
oftcn be used for memory addrcssmg. Morcovcr. n;ost 
tnstruct10ns rcquirc onl'' 6 of ihc first 8 bl(s, so rhc rc
maJnmg b1ts can b.:: uscd for thc rcg¡;.ter field. 

MOS Technology's f.1m1ly ~~ un1quc 111 th.H 11 Induck:, 
a numbcr of softwar.:-cornpatibk mtcropr,K¡.;:.:,"•r chips 
d1frermg pnmanly 111 thc amount of mcmory tlH.")' can 
addrc;.s. The 40-pin 6502 can handk 65-J... bytes of 
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'INT 1 

DATA 
REI\OY 

CH 1 

CH 2 

-"--~---- ... ~-

rrs ·111 
MICRO 

PliOCI:SS,JG 
(MAl N 

CONTilOLL!:R) 

RECEIVER 
HEADY 

CL SI O 1/0 
DRUMTIM~ J 

INT 0,1 

PPS 4/1 
MICRO CONTROl 

PRDCESSOR OX 
(PRINTER 

CONTRDLLER) HAMMER 
10 DRIVERS o 110 a-s 

1/0 Al, Z 
STATUS 

1 

ORUM 
PRINTER 

a. lndepcndcnce. Rockwell's PPS-4/1 handles many controlier 

¡obs almost by ttself M1crowave oven controlier (a) needs only an 

8-btt tatch to dnve the h1gh-current oven gear Two PPS-4/15 (b) 
handle more complex systems l1ke cash reg1sters 

mcmory, as wcll a!> a largc numbcr 0f rcal-t1mc mtcr
rupts, putllng 1l 1n thc cla!>S of lhc 8080 and 6800 fami
lics. For smallcr systcms, thcre's the 6503, a 28-pm 
dcv1cc cap<~.blc of aJdre~s1ng 4-k bytes whiie accom
modaung two mtcrrupu,_ Thc 6504, also a 28-pm pack
age, can add1c~~ up to 8-k bytes ofRAM and handlc onc 
intcrrupt, ,¡mi thc 6505, a 2S-pm package, can adu1c:-.:-. 
4-k bytes wi t h onc 111 k rru pt. 

All thc ch1p~ are single 5-v dcplction-load dcvicc~ 
with on-chip clocks that opcrate W1th vcry fasl 1-micro
sccond cyclc lunes. Moreovcr, al! can handlc 55 ln~truc
llOns, ha ve l 3 addrc:-.smg modcs, contam truc mdc:-.mg 
capability, and come with direct mcmory accCS!>. And, 

90 

smcc dll thc p:!lt~ u::.c thc <;,¡me ~c)ftw:l''-· :!.'-~ .:!lo\\ :. 

U'.Cr le) Lu!lor h1s imcrop:-occ~~or ~dcct.o:: lu Lr.c ~.z~ n:· 
!115 :-.y~Lcm 

Réccntly. MOS Tcchnology ha~ ;¡n¡;ounccd ~cvcral pc
nphcral chip'- that work ~lircctly \vlln thc prucc~:,or 

ch1ps. Thcrc's a comb1nation RAM/ROM cr.1p (6530)
thc flr"~ to ¡ncorporatc RAM, f(OM, 110, ar~d an 1ntc:rval 
umc¡ un u smglc ch1p. lt conta1m 1-k byte of RO:v!, tí4 
nytc:-. of RAM, and two 8-b1t h¡J¡rcctwnal pL:r,phcral in-' 
,e¡ facc ports. Thc llmcr JS progr.\mablc from the e Pu 

_~nd has 1ntcr:-upt capability. Two other vcr:-IOns havc 
i10 ROM but tWICC thc RNJI COI1(i.:,1t 

Thc only smgle-chq; S-b1t b:polar m:cr,)procc,5or on 
thc rr-.arh.ct is the SMS 300, '',om SCicnutic M1cro Svs
tcms lnc., Mount.:un V:cw, C.d:f. A rc.ccntly mtrodué'-a 
vcr~1on cut~ thc Ol:gm.d cydc tin1c by 20r1o to 250 r.s, ~o 
ti1at the dcv¡cc can now, fnr cxamplc, dtrcctly contr01 
doubk-dcn~Ity noppy-J¡~k ll ni t '-

Th.: S-b1t 11\lcroplocc·;s,,r has d!Htot.l1tcdl) caught ím--ll 
tits nw.w vf thc l·ontrollc.- ;,mi mcdltlll1-~I.écd ~J:.t.l-han
dlmg jt;hs that lo1 nh:dv \\'CÚt by ~kt.\llll lLl mlnl
computcr dc:-.i~ll" But the S-btt \\,lid kn::;th c:m b<" a 
handicap ror IMgc :-y:-.tcm~. whc¡.; btg hytc'o o!' mcm•)ry 
mL.~t be procc~~cd. 01 111 lHgh-pc¡fmm;ng d.tl:l-acqu¡:-,¡
llon ~ystcms WI1Cic ~pecd and Ill:!,h rc~cl!utwn .1rc 
nccctcd Th1~ ~~ whcrc thc l6-b1t m¡c:opro<"cs~or coli1c~ 
in: 1ts 16-bit worus rcach externa! mcmory tocat1om two 
byte~ .1t a tm~e, whilc 1ls long words can castly accom
modate thc JO-, 12-, and 14-bn coavcrtcJ rcsoiutlon 
that's stan<.lard for most systcms. 

Natwnal Semiconductor Co1 p. was thc fir"t semicon
ductor manufacturcr lO fCCll~11l/.C thc Vo~lliC of thc 16-bil 
~,ystcms. J 11 f'act, thc l!H.lt~,t: y\ rl rst l111CWprocc~!>Of 
above thc 4-btt icvcl \\,1!> Nallunal\ IMP-Ió, mtroJuccd 
111 1973 and ~tlil a 'VIable producr today. (Thc company 
JS rcdcs1gnmg thc IM P-16 wnh bipolar tcchnology for 
ten t1mcs fJ~tcr performance.) Though among thc: most 
pow..:rful and t1cx1ble, thc 11\11' does, howcva, nccd 
rathcr a large number of dups to 1mpkment mm.t sys
lcms-lhc CPU aionc u~cs five. Thc comoanv thcrdore 
began workm3 on a smglc-chq1 versiOn ür tMI', proctuc
ing anolhcr mdustry llr!>t-thc onc-ch1p 16-bll PACE. 

The 1irst 16-bi~ CPU on a, chip 

PACE 1s softwarc-comp~:t1ble w1th 1\íl' and reta1ns 
m.111y of Il~ katures. L1kc li\IP, Pi\C[ prov1ck'í 16-bn 111-

structJon :lnd addrC~S prOCC~~ll1g plu~ ,¡ ~·lwicc Of Clthcr 
8-h1t Oí l6-b1t Jata procc:-.~1ng. in ad,liucm, m,111y CI'LJ
rclatcd opcr,1tions, for \\ lJ1ch 11\ll' nccdcd cxtc111al r:·L 

p.1ckages, are :ncludcd m thc 40-pw l'r\CE .:hip-tor .n
st.mce, status and cont1ol rcg1~tcrs. 1mtruct10n br.l:ivh
mg. n~tc1rupl lngu:, ,\l1d cklck _gcncl,ltl,m (alt!J,,ugh 
somc clock log¡c lS ~¡¡]¡ lh.<"dcd). rhu~. ,\ ~1\-('lpp I't\CL 

i-Y\kll1. 1ndmilng a ROM ¡,)f p~c;L~rdlll c.lllll,ll a.1li t'uur 
1,024-blt RAMS Wlth on-ch1p [,¡tchcs t'o1 data stura~c. 
can runa powcrful data--procc:-.smg tcr.mnal C(\lit,lmlng 
16-kdoblts of program swragc and 4-k.loblt!> üf data 
R \M. Such a termmal w,)ulu prevwus\y h,lVc neetkd el
ther dozen:, of TTL pack:1g(;s or, 111 .1n 8-b1t m1cro-
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pr,lCL'~'>or-h.l'-.:,1 de,._-,,. ilill~L'I ,)¡d:_: .. :m~. mo:c .liCll1~ln 
and lllOIC n·,¡.-¡L¡c,: ,·¡:.:\' , · ~ -

lndcc,l. !··c~::u'c ¡¡, ·i(l-bit c.apabil1ty c.w procc'' tw;-¡ 

8-h1t word' .<1 ,¡ tr.J>C, 1'·\CI: ..:an supply fa-,tcr thHiUt,!l
put to m.;n y ck~iSil' rhlW u~111g 8-hl t m icropr ncc~s,¡r~ 
i'víorcovcr. a 1 ó-bl( '.l'tem cm worJ.. w1th sllortcr pro
gr.¡ m~ u~:ng h>~ me:1.ory. Clc.trly, ,¡ LhCi mmt :l:<,dyz-' 
al! ~y:-tcm n:quiJcmun~-progí.tm kngtll, mc.11o1y, and 
pe11phcr,d runctlnn~ -bcf'ore he can be cerlc~in whether 
an 8- Of :1 !(J-blt dCSif',:l !S better f'or hi~ purpm~S 

For ex a m pie. 1 n cllrn p!ex, h igh-,peed, d,tta-procc~s
lllg tennin,d' or ill !,¡¡·ge polnt-of-,alc and lndustr,;t! 
p¡occso.¡-cuntrol ~y~.tc:n~ • .tn 8-h1t CPU ~y~tem may le
quirc dnublc-plcl'hiO•l anthmet¡c lll atta111 t:\c nccc~

..,,uy d.1t.1 ;¡ccu:"cy fvíoreover, 1n 8-bll des1gns, mulllp1e 
reg1'ters mmt be pnJV1ded i:' !6-bil memory a<..ldre:-.~es 

·mJ mult,plc :tc.cc'''~ to mcmory are uscd to ret..:h 
Jllllll,b)'(l' ilh(l Ul'(IO;i' 

Ik~ide~ 1',\< 1. NaiJ,¡n,d ;,uppl1cs a ;,ct o( matchcd LSI 
..;iJ¡ps !lut lw,,k nnlll .t Tll-L'Oillpatll1k I'ACI bu~ ;_v~ICIIL 

:\ typi,·.d 1' \l ·¡_ s;:-.tcm '' :-.hown il1 F1g. 6. InduJ..:J 111 
the (,undv ,¡¡,~ ,¡ sv:-.tcn; tlllllll:.'; dcnh·nt, f'or :.::~·IH.T.lllll~ 

thc L'l,,~-~- '':·n,,l;,, 'an.! a bi,li7-ectiOil.ll li.til;,~'c'J\'CJ c!e': 
illl'lli. f,ll c•lit\'~1 11.1¡; 1'·\CI \ p-dwn,¡cl 1\10'> ;,¡g_n,¡l\ tll 
th~ 1 11 kn:b lc''iiHICd by the 1'1 L bth linc. (Thc~..: leve! 
~·nnvcrlci:-. wd! he elin11natcd 111 n-1\10:-. vc¡;,¡on~ ,¡r 1',\Cl 
th:lt are 111 ll..:vcl,,pnh·nt.) Smcc the .tddrc-,;, .tnd data 
!me" a1c .nultipk\c,!,Jn thc i':\( 1 CPll. the1e .trc .il~o an 
11\IL'I (.¡ce \.¡t.-h clcmcnt. a..:tu,dly an X-bll-\\ 1dc <.lcmul
llpkxcr th.tl ;,ckct;, .111d lc'll.tllSlllltS data output;,, al1l! 
.111 X-bit addrc·~s l.ttch ckmcnt, wh1ch doc:-. lile same de
multipkxing joh l~'r tilc .tddre;,~ output;,. The:-.c ::-.y~tem
m,ttchcJ C•lmponcnh. togciher wJth externa! ROM and 
1{¡\\(. rllflll tlH' I'ACI 16-hJt ;,ystcm. No 'ITL parts are 
nccdcd for mmt sy~ll:m dc::-.1gn::-.. 

Designed k~; power 

An cven 11101 e powcrful i 6-h1t miCroprocessor ~~ 
Tc\,l\ ln~liUlllClll~ lnc.·~ 9900, wlllch was dcsigncd ror 
11\ úlli1iL'll;;·,putcr d¡v,;,¡on .tnd 1::-. now avall.tblc on a 
llllcnll.·omputa boaro or a\ a lonc ch1p. lt:-. u;,e of dd
v,lnLed 11-Ch.l:lllel pHH.e~~il1g IC'ülltS 111 Vc:y f,¡~[ (3-
mq;.thert/) cilllh opcr.ll1on, an<..l 1t~ 1111I11CL)Illputer-J¡!.;e 
e,.,, de~1gn rc,ult~ 111 c!TicJent regl~tcr-to-rcg¡:,tcr com
putalll>n and d1rect mcmory-to-memory dat,ttran:-.fer. 

-¡ lm methoJ of h<tndl1ng data perm1tted thc 9900 de
,,~ncr~ to removc fmm the c!Hp al! general-purposc rcg
i~écl~. along wnh the1r a'>M1CJ,\lcd 16-b:t parallcl busc:, 
(l ;g. 7). Thcir funcll•>m .trc imtcad a~s1gned to loca
tlllll:-. in externa! í{t\M, and room ~~ made ava!lablc ror 
\LVcral powcrful \pcc1al-purpo~c rcgi~tcrs-accumu
l .. tlll", po1nter~. mdcx JcgJ;,tcJs ,tnd thc !Jkc. 

; lii~ conligur .. tion ha' ~cvcr,tl advantagcs. For onc, 
""·-' llll'lliJ10I;t(i011 of W<llking r.:gi~tcr;, 111 memory pro
d.ILC\ a JllCilllliY·lO-Illl'lliOfY .IJC!lllCcllliC thal makc~ for 
\•''Y llc.xihlc pwg1a1lllll):;. For anotiier, the hcdcd-up 
'!lCCJ,Ii-p u rpme ür llou~cJ.. e epi ng rcg1~1ers en a hlc 1 he 
( l'li [O h,tndlc up lO !7 li1tCrruplS, !5 of them CXtcrnal 
plus two prc-dcflncd ones. (Four b1ts in thc statt:~ reg¡:,
tcr qorc thc pnLmty or thc interrupt currently bcmg scr
v¡ced.) Al so, seven add; c:,~mg modcs are ava!lablc. 

Fmally, thc 9900 ha::; :,cparatc addrc% and data bus 
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.,¡~~- •,n l;J:tt cxtLIL".t(:l ·...!~~:J-·:...::t:pl...:>..¡:1g dl:\'llt..'"> ~-~'...: nul 
nc..:,·._..,_ u:;!li<c lil the i'·\(:. ·) ~tc:n-: 1 he c.h1p o;~é:. Úlcs 
c!licJc.·lly w!th ~t~wJard m.:J:-,o¡¡c~ :Ji!d :1:.u~y q .. mL,rd 
pelip:~t:r:d C!!'CUI!~, wr.c:tl~.:r -¡-:·L-con:;)atJblc MO'> paLk
:.lgt:~ o; ~tancLu·c! T ¡-¡ ::r.;t_:,¡~ 

._. C!eady tht: M.:.·i· ... .:uuT of ír1c 99CJ0 ~~ funda·~¡c:::u .. Jy 
ddl't:r.:nt fr,Jm n.~·'•' B-b1t gencr,tl-!'urposc p:occ.;,urs, 
111clu,,,ng tite 80<50 .1nJ 6800. Whcrea~ thc 8080 t:n-~ploys 
convultJona! ~uck art:h'icctLJC, w1th the progr.tm and 
d.tt,¡ :.;\JCt:~ ill e.,t.:rn~d mcnwry, tht: 9900 put-. i<OI ,m!y 
thc j)l"clbí,.n¡ ami Jata ~pace' but aho the gc:nc1 .d-pur
jXl~C :·'-.~~~leí\ m externa! memo1y. Thc.rc are lWLl ba'>IC 
adv.:,.:..gc\ ¡o ~uch an :;rch;tccturc, ¡;:,pce~.dty lo: ! .rg.: 
:,y~lcm'i. F1rSl, thc numbcr ofworhpacc rt:gi~tc¡ .ík:, ¡;, 
not Ji¡..c:d, a;, :t ts on thc 8080. Sccond, Interni:!t han
olmg C:tn be vcry fa~t, qnce al! data u~cd m ¡li(,2,íam 
t:xccut.on 1s co:1:amed in memo: y. 

Ancthcr !ú-h1t llliCropiOCL.,"lf ga:.:ill.':' .n :"':n.i;¡¡ .ty 
i~ G.:nc;,d in~irum..:nt Cuí p.\ CPI600. ¡¡\ :. ,n, ¡,-u,,¡ . 
vt:nlln;l.ti gcner.d-purpü::.c Cl'u that La,¡ :t..nd,c lll'-tlll~.-

tl,lll ,·yclc; ,tbout as r.l~t ,¡;, thc 9900. ll\lt !-:.:..:¡);-, ih .,,,ork
lllg J'Sl'>lL'I~ on the CPU. Thc-,e e1~,:H ~~~-\)¡: . .::::.,rcr;, 
<>pcraíe' ellllei ;:, ,lCCUilllli.tlOr~ (l;- .l\ i'h'illU. V 't.td, 
poiillo". 111 lhi~ :c,pcct bd;avtll;! Vl'i) much .t:> i;l !{('¡\\ 

IW2 ~-b!l dc~¡:_:n 
A ~llcng.tlll;¡-·¡he CP!fJUO ~~ ,1., ~oplw.u,;alcd llliLIId¡H 

~y,tem wluch y1L'id~ f,¡q ~·..:rv.c,· hut lu~ l.>w h.:":'1 .11~ 
and pi<lgf'.lllllng pvciill'.Id ·n,ltilillkltllpt ~c¡v¡,¡n~: .lild 
j1lilllllV prog_l.llliiil¡!. \\'Ithlll lliL' Cl'li ar,· h,llllí;l ,¡ h) 
st.1ck Jliilcc:-.~111¡!. on L'lllll•ll.lilll f¡,¡m tht: :-!,¡,·J.. P•llllk! 

l:in.tlly. 111 tile l6-h1t .uc,t, thc \V.:~lei•l (\1rp :vlCl' 
!600 ,,l,cropr<K<:\~Or, wi11ch llfl~l.wlly \LI!> dc:-¡g;~cd for 
DI:C\ LSI- l l mi..:Wcümputt:r, l\ also avadablc a' ;m :r:
dcpen,!c:lt ckv1cc. L1!-..e thc: otht:r !6-btt clup:-.. 1l 1' an 
n-cha n ncl 'viO~ dt:VI<.:l' tha t c,\11 be micíoprogr an~cd lor 
control .lppllC.!t,ons, or programcd to cmulat.: mo~t 
I11Iill<:o:n~1uta:-. lt ddTcrs from thc othcr 16-bn dc·o~gns 
by 1ts u;,.:: nf thrcc matchcd LSI chtps to makc d 1> ti·,.,: 
procc~"ll·: a d,¡ta chip (l6IIB), a co;Hrol chip (i•l •. '.l), 
and .1 I<.Oivl program chip. 

Thc three chips .ll'C liHerconnectcd by an 10-h.: ml
crom!>trucllon bu~ !h.tt prllvJdc:s bJdJrt:clHl ... :l ..:on,i .. tllli
cattons betwccn them f'or addrc~S ,¡nd ¡:¡;,[lliCd<~.l' ,\n 
add:twn.tl data-acces:- bus U\CS a l 6-bit port fOJ "¡m
mumcatwg w1th memory, Ill?ut/output dcvJCc::-., ~nd 
othcr sy:-.tcm component:-.. 

The one-chip controlizr 

Evcn whdc mit:ropro..:es,or m.IIIllf:tciurcn. arc nwv
mg up :.1to tn.: 16-bn mlnicomputer regwn, Llthc;:-- .tre 
cxtend.r::.>. :he tt:chnolo~y Iil tllc othcr d1rectton lll thc 
!>tand-.li,~lc contwlkr. 'fhc'e ncw sclf'-contallic,I S.lli:._dc
chlp co.\irollcrs providc the chcape!>t ~oluliüll ¡,) .1 ll(J~t 
of ~lll:IÍ i C~>llll ,)¡ appilc.l liOilS-111 ,¡ pplu llCCS. j,l\\'-c',l,-,, "1· 

~!ltllilL'.;:.,. -,uch :t' dig1t,d thcrnwmclL'I;,, :1•1d ~~c-.t: tliat 
lCllll;J,'', :t millilll:tl :tlllOlllll ¡)r d:¡(,¡ Pllll'L'""ll~~. '"' :, ,¡-, 
c.il~ul:rtd:~. ga~ pump-,. c:.:.ll rcg,,tcJ '· .wd sc.~ks SillCC 
thc leve! of pc:rform.tn..:c rcqum.'d 1::. not too IHgn. e' -:na 
~1nglc ¡,Jw-cost c!11p can cont:1111 cnough CPU. pr~..>g"tm 

ROM, d,H,t RAM, .tnd 110 cap:.bllny to hanJlc ::hJ,¡ 

small-to-mcd1um contr,)ller .1pp!.G1tiOn:- (ln Ib ~)\\" r: 
and Rockwell ,dre,1dy llave 4-blt wntJullcr .::lHp~ Llll thc 
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9. New talcnts. Programable penpherai c1rcuns are extendtng the c¡:¡p.Jbil•l!OS of CPU-onented m1croprocessor sysl8rr:s Jno at tnc s:-Jm8 

t1me s1mplily:ng them 'fhe programable 1nterrupt con1roller (a) can handle up to e1ght vectored pnonty 1ntenrupts, wnile the programable d.

rec:-memory controller (b) can access or depos1t data d1rectly from or mto rnemory lntel makes both :or use w:tt11ts SOSO f;:;mily 

market, and othcr manufacturen. are cxpccted to an
nounce 4- anú 8-h1i de~1gns shonly. 

But bcar 111 nund, therc 1s an ovcrlap h~1c. Clea!ly 
n1lnlll1Lln1-clllp ll11CrCJproces:-.or~. likc thc F-8, sc/:v.:•, ('r 

thc 9002, coulú be u~cJ to 11nplcmcnt eLH1l<'()!kr ~ys
tcms. But the1r procc!>sing power 1mght be W<•~tcd m too 
small an apriication--thcy're bcttcr 111 configurauons or 
at lcast two and usually thre.: or more clnps. 

Thc fiist smgk-ch1p proces\OI to havc becn úcs¡gncd 
spccllkally a~ a stand-alone controller i;, Rockwell'~ 
PPS-4/ 1 Severa! of thc~c sm,dl microcomput..:rs can 
also act as penphcral controllcrs m largc systc:m, :-.l!Ch 
a~ poiiH-of--.;.dc and communicatwns tcrmm,lls, to takc 
thc load off the central p10cc~~or:-. 

Each PPS-4/ l clnp conta¡¡¡~ 10.752 has of read-only 
memory, 3Xr~ b1ts of randum-accc·.~ memo¡ y, ;:nú 31 111-

put/output port!>. That's more <m-chip 110 c.tpabillly 
th.m 1:-. av;:ilahle on thc single-chip 4-bll controlk::-. 
onginally dcvc:lopcd for calcul.lk)I~ Also addmg to thc 
ch¡p'!> vcr~.:lility l!> a i;~rgc sd of 50 mstr~J.:llom a¡¡J 
compalib:lity w:th Rockwcll\ o!der geuer.1l-purpo:,,: 
PPS-4 and rcccnt two-ch1p PP~,-4/ :: ~)Skms. 

In more Jetad, thc PPS-4/!\ progrJr:-1 mcn· • .:.ry is a 
1,344-by-8-bit mask-prngramablc ROM whdc a 96-by-4-

hit RAM prov1dcs data, parc~meter, a:1J worr..:,¡g storagc. 
Data 1:-. proce:-.:-.cd by the chqú accumul;~tdr. funclJo¡~
mg as the pnmary rcgi~tcr, and fivc-Icg:~tcr anth
mct¡c/ log1c unll, w 11 1ch, togcthcr wllll :1 ~.·.Hry rcg1stcr. 
coml>mc to pcrform cnhcr b.nary anthmcu.: or dccim,d 
anthmet¡•;. 

'!.'he cf1iciciKY w1tL wh1ch sucl: ,¡chip can :.crve a con
tiOllcr !5 illustratcd 111 FH~. S. Thc m:cr,)w.~vc-oven C\)11-

tro!lcr (F:g. S a) nc..:ds m._ add!llü:1 to ihe PP:-i 4/1 only 
a11 8-bll latch ch.p for the ovcn's mcc!l.t:;.¡c,ll controls--
h!cwcr:-. stJrrcr:-., and so o;1. A 28-kcy ¡:;.ltnx supplics 
thc codtroll...:r 1nputs, whde tl~e strobe ~~gn.lb from 
~cví..:n of the eh1p's d,lla output ch;,¡nilds op.:r:uc th~.: 6-
d!g_It d!~pL.:y and Jll.dll'atoi l:;;hts. Thc c.ghth d:•ta out
pt:t runs th...: latch One :nterrupt linc p:oc ¡,,c,•rcal-timc 
do..:~ 1nnut~ t<x accUI:ttch mc::sui"mt: .,_,J,,¡._,.,,.! t1mc. ar.d 
t11c o:h~r intcnupt prov1Jc~ a;1 intcrJ,)-:1-.. !llp~¡¡ f,H· turn
Il1g olY thc (J\'<.:11 Whl·n th<.: d()Of i:. opcn. 

1'i1..: ~.-.l~h·-rcg¡~t.,;r dc~1gn (F1g Sb) shO\\~ how t\\0 Pr 
1::o:c .::ontro!1cr ·~h:!IS work 1:1 one s,~¡cm. i-:krc ,>ce 
p PS-4.' 1 o pe·;¡ tC'i ,¡s 'thc m:u n Cl'iltrO!lt;i. ll~c ot hcr D¡ler 
;de:. a~ tbc p1 mi e: C\)i1tiOlkr. -¡nd thc l\"' t omn~ur::~.1t~· 

ovcr any 01' t:~c :nput/output !l!Ks. he!¡ c,i h1 :1 4-oa '-C
fiJl :,h:Ct rcg¡~.tcr ucJ to thc :-.~..riall/0 L1~~·s ,)r both chip!>. 



/\ PhHC .1!1lb!th.)d\ (~tlh.i n1n1c c\p~·n-.o~vc) \lllLlc-Lhl¡'~ 
~-.ll''J~n 1"' }¡1[~._.·¡'.. .• '\JlH1-to-bc-l~v .. l~Ld1IC ~\-bn nqcro

c•l,:tíOikr. ih..: SU-'11\ í'!1e lntcJ ciJJf' wli: c,)ntaJn al! ll:.: 
clcrnenb oi' < JiliL!<'L.Hllj1Uler-CI'U, progr.1m RO:V., <.bt,: 
IZMvl .:nd '/(¡ Bilt 11 w:J: be both more eow,'rlul, be..:ause 
¡( .;,l¡~t.llth ,lJ, 11-ch,ll::lcl o-lill i\LU ror hanJI:ng OV<.:I ;j() 

llhtfUC~!\)!1~. ,¡nd !11C•:e tkxtbll:. beC:lJ'-C it$ Otl-cillp l.Oll

tll'li<.OM ~~ !HO~J.tll1.ibk and alterable by the u:-.cr. (ln
td wtll ab(, ~upply an l'ilalterahlc vers1on.) 

l~h~.: Ll<ip\ I'ROM, .1 1 ,024-by-8-bn conllgur.ltlü!l, i~ 
~liilll~lr to the COI1ll1,t•1Y's IeeentJ\1 tntrodu..:cJ 2708 
eras.¡ble re:1d-only n;,:mory, wh1c!/ lhc u~cr c,w e1a:-c 
Wlth ulli,J\1\lld l:~ht. Er;:s,lb!lity ha> d.~ttnU ,¡dv.tn
tagc~ N,l( unly e.1.1 a ~y~tcm d~,;:,¡gnn progi.tm h1~ 1{01\1 
un the bu1eh a\ h~> ,k~1gn pl'lgr~.:~:-.e~. but he m.ty up
,Litc or cll:.ngt.: that progr<~lll al any ilille aíkrward~ 
Wtlhoul L,..ch.wgm13 o.~c clup lo1 another. 

lksil.ll'~· tbc i\LU, d da rcgt~ters. ami PIWM, thc ch1p 
conl.un:- d 5 :2-h.t ~l.:ltc Ri\M for ;,c¡.¡tch-pacl d.tl.t il.:n
dil•i:; .. 1 pn1•;¡,tnnhk 1:tkrv,t! llllll.:r. ami 110 ch:mnd~ 
:0..11111.'\lV>:r, il l':lll .tddll'~~ up lO 2.04S htl\ of' cdcrnal 
R,\~1. Thus .. 1 ,k,L~nc, 1.\lll usl' L'ithc¡ the 1\ll-li\' . .; tl\\'11 (,4 
b)'ll'\ ,,( f/.,1~1 iil -;'¡,¡¡;d-,li,1lll' ClllllitlÍkl .tppi!C,Illll11~ llf 

,lill \kltLtl 2:'11 byte'<,\¡ R:\\! 111 more L\lrnplc;.. ~:--~t..:m;,. 
lk;,:dc' bc1ng u~dul .1~ ,1 ,t,tnd-,tlon~· cnntJ,llkr. th:..: 

l\018 \\\llk'> wdl a~ .1 pcliphci:tl nll1lillllcr 111 SOSO di;,
tlthutcd p1,1,·l'~;,111S '\'~tenh. The powenul SOSO CPU_, 
~·iup ,tct' ,¡,!he ma111 l>ltL'r,lphKcssor. handl¡¡;g lhl' ..:~.:n-
tr.11 comput,tliun ,tnd prnvtdiJH~ the Ctmtiol st!'nals 
nccdcJ lo run t:1c pe. 1phcr,d eoJ~trolkrs .md prog~.lm
ahlc l/0 ,llld Inlel race Cli'CllilS In po¡nt-or-:-.ak sy:-.tem:-., 
ror cxamplc. ;,cve,·.ti :-i04Ss wou!J p¡ovJdc thc control 
:og.tc for ca~h reg¡;,lcl '· credlt-cud v:illda!Oi>., and tn

vcntory accounling. \\'lldc the 8080 would handlc the 
number crtlllchll1g and Lcnu:tl p¡oce~stng opcraliolt:>. 

Wh ile 1 n kl .tlone "\ d! o!lcr G !ie!d-programa bk 8-b1 t 
controlkr, ' ther suppl1ers Me devcloplllg ma:,k-pro
gramable dcvKc:,. Rod,wdl, tor cxample, will :-.oon 
'·;ave a onc-ch1p ;,o!'tw,¡re-comp,lttbk controllcr (PPS
\/l) for 1h I'PS-~ productlme, ami N.ltiüna! 1::. dcvdop
;,Jg a !'>lngk-Li11p SC/r>.·iP ~ystem. Fauchdcl will oll'cr a 
onc-chip 3il60 cuntrollcr for 11~ F-8 I111e. F<mly typical 
of th1~ cla:,~ .. u·.c 38(¡() will have 2 kilobytc;, of ROM, 64 
byt~.:!> of R"-M, 32 110 ports, mtcífupt capabdity, pro
gramable l!ma, clock ~·¡rcuJt, and power rc!>ct. 

The bottom ;¡ne: ca!cu!ator types 

Texas Instrument~ kcl the way 111 makmg the TMS 
1000-ongmally dcvelopcd for it::. ilne of programable 
calculators-avadable :.t:, a stand-alonc mJcrocontrú!ler. 
Now othcr calculator fírm:-., wch as Rockwell and Na
!Jonal, are prcparing calculator-typc controller ch1ps. 
Gencrally smallcr and ch~.:aper than thc more powerful 
~tand-alonc 4- and 8-:111 controllcrs, they work bc::.t m 
:.low-mput cqutpmcnl, !tke keyboaíds ,),· clock'>. 

But the TMS 1000 ~~ :.ltll qu1te powerful. lntroduced 
about 18 month~ ago, the p~MOS dCViCC 1~ 111 hcavy dc
manJ as a lugh-volume iow-co~t 4-blt serial controller. 
Severa! ~oflw.tre-comp.!tiblc ver::.1ons are avai!ablc: a 
28-p~n TMS 1000 Wlth l ,024 bytes of ROM and 64 bytes 
of !{AM; a 40-pin TMS 1200 Wllh more 1!0; the TMS 
1070 and TMS 1270, which have high-voltage output 
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cap~:.;.ii!v for l!J.~~·:..t:v d!.Vi.J•: dl-..,\Jl~~,l~. and tL,· r·j\1S 
i lGU .·ncl fMS 1300: '.Y;llcn }~~:ve :wr~t.: L:W m.::·¡-,)~y or 
tL.~ u.h~r~. fi dl-,~,.1 p!an~ enh~iiccd n-chann~! vcr~Ji:-)~1~. 

N,1 ~1onal\ !me of 4-t>It calculator-t vnc control:.::' wiil 
SlJri ,tt t:lt.: Jngh performance ene! ~llh thc M :;i758l 
and 5702 ch1p scL Thc J!rsl ch1p ha~ 2-k bytes(), :,o.vl, 
l{();v¡ ~·ddr;;~~ and contro: logre, ami some !10, l:c ~cc
ond ~.-mp contJ:;¡~ :he ALU, a programabic-logtc-,may 
lmtruu.on dccodcr, a 160-by-4-btt RAM, wme RA '": rcg
Jster.-,, ,md a scn.I! 110 port A lowcr-pnccd ~~n::·· -ó:p 
cumb::·¡,Jlll)n, thc MM5799, w!li offcr 1,536 b)•<.-~ of 
RO:v! :.nd 96 by 4 b;ts of RAM, anci la\l m hne Wl;. ,_n,Tte 
a vcry h)w-enccd M M5734, Vilth les~ mcmmy. 

Roc~wcll\ cakubwr-llkc controllcr lmc 1; .llr . .:d .:t 
applil::llons bc],)w the c.¡p:.billly oí' 11:> ~lnt;lc-d·,,p .'.'S-
4/ 1 cuiltrollcr. Co:mng soon ~~ tr:c A76XX, Vv/'¡JL', wr!J 
have ahoul halr thc PPS-4/I's R0~1 ~nd RAVí cap~.hd1ty 
and a ::.l1ghtly smaller tnstruct;on ~ct. ll 1s wtcn .. :~.:d to 
scll 111 thc S5, h1gh-volum\.' rangc. 

1/0s \'.'ith inte!!t~ence 

\Vlnlc 11llCIOf1WCe~,,)f ~upplicr:,. ,ll\.' .:íl~\\l:i1!1!; l·ll' c,tl! 
J(l¡ J,l\\'ef-CO'it C•'!lii,liicr CiJij>:,. Pll th-. OIH.' ll,ldli, t:lL'\' .de' 

abo ~.: t.slvm~ l he l:cm" nd úH· mo1 L' 1 ;o .u.d pc11 :1i:e.-.t! 
ik;..ihll:ty 

0

lll gl'llCl ,11-pui po~c sy:-.tcm,. [{,l<.:kwc!i, :'u1 c'1>

:.mplc. !1.1:-. p;ud clo~c .tll.:nt¡on to 110 ami penpl;(¡,:l 
~uppn. 1 In 1ls PPS-S l':iindy. bc,tdc~ lhc ( I'U chtp. Litl,;._ 
gcnL'LJ4<Jr:,.. ,111d mcmory mo,luic~, thcic .liT,¡ ¡;c't\.'l,li
puipu·,.: ¡,o cht¡1, ¡ural!cl-d.lt.l, ".:nal-d:lta, d:.~·ct
m.:mmy-,¡cce'>s amJ pnnter contmlleJs, a tciccm;1,num
cattoJh d,!l.1 J:Jtcrfacc, as wcll as',¡ gener,tl-purpo'.: hey
board/,l:sp!ay anJ 1loppy-d1~k colllrollcr~. thc l.t~l wm
p.wbk w:th IB\fs floppy d1sks Ag:un, ail work dllcctly 
on Cl'l, ~..on tío! at ~ystem el o eJ... and vult:1gc: kvcis. 

M(J;o.ola .md lntd havc hcen acuvcly :;ddl!1g ~h'WCr 
and llcxibday to thc1r gencral-purposc 110 and Í'-:r:ph
cral dt.:vlces. Srnce thc"e chtps c.tn opcr,nc .1t TI L volt
agc lcvcls, thcy w!ll undoubtedly find markets c/i.:b¡d.: 
OJ' thO'.C of thcj¡ fam:hes, c:,.pCCI,d!y Wilh thc llCW bus
onentcd n-channel microproce:,.:o.t)L~. 

The oenoh~:ral dcv1ccs m Motorob's (J800 ~\·~tem 
have ro'um( w'¡de acceptancc in thc mJustry. !nc:Lided 
are the pcnphera! mterf._¡cc adaptcr, the asyndwl!wus 
comm.~n¡catwni. interface adaptcr, .1nd the low-,pccd 
moclcm. Wor:'<1ng wJth tbe CPU (or rv:PU, a~ Molorola 
call5 1t), ROM anJ RAMs, al! on a ~ingle 5-v supply. ~hesc 
penph-:~~~ c!11ps can 1mplement many systems Wilh a 
mmim:lm of packagcs. 

Inte!':o. new 80130 penpheral dev¡ccs have ~ttrred mrer
e~t becamc they are all software- or 1!0-progr,¡¡nable. 
Thcse programa b\c chtps complcment a large number 
of I/0 dev1ees, both TfL and MOS, th::!t airead y are avall
able, includmg an 8-bit !10 port, one-of-e1ght decodcrs, 
a pnor:ty intcrrupt control umt, and a 4-blt b;Jtrec
tiOnal bui. dnvcr. 

Two o( the programable .;h1ps are ,!lready av,1tiable. 
a penpheral mta Cace ac.J ;:¡ commumcatlons lntcrf.¡..:c. 
Thrce otht:rs are comm~. a. pro~r.1mablc lllkJval t:mer, 
DM, \ con :roller. an d intZ'r:-u Pt c¿-ntrollcí ( Fn;. 9). The m
tcrrupt controller c,lfl h,m¡•,[t; e;gt-..t lcv.:ls ~t1f reqnests, 
and 1s t.:;...pandable to config;.:rat10ns of up ¡o 64 levels. 
The intcrval t1mer 1s actually a group of thrc~: mdt.:pen-

95 

o 

o 

o 



o 

o 

o 

1 
Porilmotcr AMO ] M:vil htol TI 

_ -----, _ -~"~~:~~--!--~M:~~-:_j -· _ :~~~- ... t SBPO~O~" --~ 
Si11 ,, Wldth 4 l¡¡ts ! 4 b1ts , 2 lms ! 4 li1ts ! 
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1 Cyr'•' t.r>1c ----,----------,- ---:--------~ -----------~ 
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~ rcqiSil'~"", rrad, ¡ 1 ' 
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¡ Low 1 1 ! 
1 

1 ' -

( Tcchnology 
1 

power 1 Scho!l~y i Schottky 1 12 L ¡ 
1 : Schottk y , 1 1 J 
~--- --- ,~------ ----r------- --}-- ,---~-----. 

Powcr 1 ¡ ¡ 
ci""Pntlon 092W j 112W ! 145W 0.13W o 

:~r11111S) -- ---·-¡---~ -·--- -¡----------- --~------ --. -- ~ 
C01111CCIIOI1> , 40 J 40 l 5G ¡ 40 -

1 (4 UltS) f ~ i i l 
;.,,_~-·V~ ... ,.,..,.~ ... ~~·-~·"·~---... ·~--- .. -=--.... -· .. -""..--~--.. ............ _, ... ..._. ........ -~ ...... ~~...¡. 

dt.:nt l6-b1L cmtnlcrs dnven s1mply a~ 110 port~--mstcad 
of ~etltng up Ltm1ng loops 111 ~y~tcm ~oflwarc, a pro
gramer can now sattsfy h:s ~y~t..:m llming rcqu1rcment~ 
with ,¡ smglc Lhip. 

Bit slice:.> and microcomput0r bcmds 

Wlult: thc MOS sm¡;le-chtp mic1oproce:,sor~ are domi
nating control and dJta proc..:s~mg :n sma!l, mcdiUm
performancc ~ystem~. thc bipoiJr procc~sor ~l!ccs ar..: 
taking on the wugh proccss-control and h:gh-spccd con
lrollcr JOb'> now hanJlcd by mlntcomputcrs. 

Unlikc MO'> de'>Igns, a b1polar b1L ~!tcc i~ only a ~cc
Lion ofa cL:ntral procl!~~ing unit. lt ts nol intendcd to o1;
cratc ,done. A 16-bn compull!r dcs1gn rcquirl!~ e1g:1t 
2-btt ~la;es or tour 4-bit ~l!ec!> for thc CPU, plus a host of 
periphnal mput and output packagcs. ThL:~c are u~u
ally ~tandard ITL ClfClllts, wh1ch are not avadablc m 
low-co~l L:-.1 f~lrm and thl!rclorc add con~1dcrably to Lile 
cnst of thl! :-.y~tl'm. F1nally, htH.ltcL:-processor de~1gn~ 
gcneJ,dly n.:qu¡,·c ,1 lot nf cxll:rnal mcnwry---up to <>~¡ 

kllobytc!> ami more--and mcmnry 1~ cxpcn:-.1v..:. 1.1 fact, 
a typ1cal mtn1com¡nJter CPU u~1flg thc ~llcc techn:4uc 
m.1y nccd 15 pcKk,l3CS co~tlng aboul $3CO. 

Ncvcrthdc~f., hrt-~hcc .¡ctiv;ty 1s hummwg, along, 
w1th scvc.ral Llmili~.:s alrc..~dy on the markl!t. 
¡;¡ For stand-.donc contrnls and mm1computcrs tlK1c\ 
TI\ mtcgra ll:d-lnJCCLion-logic low-pcrformancc 4-bll 
proce~:-.or ~ltc~.: Th1~ ch1p, w1th 1,500 gatc~ opcr.wng al 
llclJy~ .>f 25 n.mo~econds, works w1th TI's cxt~t1ng fJm
liy of TIL L~I proc..:s~or parts. In addll:on, a 4-~11t 
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'lO. Howcv.:!r il's sliccd ... In AMD's 2900 furniiJI of h1Ql1-perform

~,nce b.poiJr c111ps, trw 4-Dit processor sltce 1s t11c 1-.ey elcrncnt 111 

mm1computer cor111gurat1ons Tlle powertul 11-cn1p systrrn ca1 

héo~ldre 16- or 32-blt-wtdtl woros for dota-process1ng tlqu;pment 

Schottky lTL sltcc ts •o be tntroduced shortly, mcrca~11~g 
:-,p..:cds in lo the i-to-10-n.~no:-cc,¡nd range. 
¡;¡ For high-!>pecd proc..:~süi:-. :md rast 111111lCOmplit..:l~ 

th-:rc an; thc 2-bll and 4-hll Schotlky rTL sltce~ pw
úucecl by a growmg i1U111bCi' of' b:po!af-Cll'C!.llt manufac
turer., (F.IIIchild. i\MD, 'v1MI, Raythc,lll, and lntd) 
Thc~c gcncrally cmulatc cx1~tmg :n:ntc~)mputcrs. 
..J F111atly, therc are thc highc~t-pclfotmmg e:11ttl~.:J

coupiL:d-logtc procc~sor sltccs for thc control ot' b!g 
m:Jmf't<~mc mcmone~. Motorola has alrc.l,ty announccu 
a 4-btl I:CL procc~sor slicc m:ng it~ ECL il)!( tecllno!ogy. 

All th1s performance and :i~x1btlity do ¡:ut come !"re-:. 
Btt-s!Jcc mJCroproce,~or dC',tgn~ are co;b"lcrably mor~., 
expcns1ve than thosc hutll w1th MOS m:cropwce~-.or~. 

Thc m,lJOr as~l!t of thc b:polar LSI f.l!iltltc:, 1~ ¡!¡._:¡· 

proce~,,,ng powcr, which ·~ f.¡r grcatcr th.tn ti1... 
prcscntly avad.tbl.:: from MOS mJcroproccs-.or .... By ~),¡c: ... -

1•1g the.r proces:-.Jng powcr on severa! ma:chcd LSI ch:r. 
thcy are eastly expandabk lo 16-hlt or l.:\ en 32-hil w,l,., 
kngth~, ami Lhcy can bL 1111CIOj)f\lgram~·,; t11 h,¡n,::.: ¡]¡, 
111u~t pow~.:: !'u! h:gh-kvcl,n~tru"·¡¡on ~,ct:-, ,t\ .:d.Jbk. 

No m.lttcr how dl!J'cr..:nt ::<1d1 ncw •li'·:-.lil'<.: ~y· liL 

may appear. c:c:latn Cl.ctlll :1!od.s :lfl' comml n to th~·n, 
al!. Bc.:S!Gl:~ tia: rrc'L'·~~:-.or ~lt..:c tbc!L tlicrt: .líe ¡he [\d,(· 

tJOn'> oJ control r.::f'l'>lel. Ltmtnl:. sllce-nh:;;wry r:Hc:; :.:ce . 
. :.1d c.1rry look-ah~ad Thc ;:o~11rol reg~:-.tci atw.1_v:-. c,m
t.uns thc log1e ncccs~.:uy for nucwpr~)gtant,lbk ~·,l.1t:,,:. 

lt,mcludcs a 2- or 4-blt-wJde dat,l path. wh1ch c:ii1 b.: 
cxpandcd to largcr worJs. plus cnou~h ~tor.l,S'-' .1;1,: 

log1c to adJress and conrr,~l thc mt.:mor:, c:trL'üJb. lt c:tr. 
.::.bo handle statu:., or.wcl:tng. and 111ll'rli.:pt fli:1c;;,);~:-. 
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/ 

/ 

· ' t!ie .~r.thmctn.:/:,··,::c-unit block, ~~~.: LOlllrl!lat:on.ll 
•l'!:',IC ~lb ~1dc hy SI~ok wdh elata l<lllllng p.~lh" ;:nd the 1:1-
pur/output pu1 b th .. t :Ltndk thc contwi-rcgi~tcr lilpL::s 
.tnd mcmory output' fhc t1mmg funLl1on tJcs thc oth.:r 
l'unct10ns togcl!ler hy proviciing thc vailous dock pha::,cs 
llCCdeJ (O dl!Ve a]] p,¡¡-[-. Of thc system. 

But th..: 'Y'tem" ~cncr:dly tllffer In capab!lity and 
spccd (~c.: u blc on ¡1 96) Almo>.t m dcad heat are thc 
AMD 2900 and Ml'vil 6700 dc:signs. More pomts gl) to 
tllc AMD ~}"tem, wh1ch c.1n opera te twice as f.1st oír less 
powcr. Nn·crthclc'-'. w.tll 17 worlong ALU rcgistcr~ and 
two addrc"~ opcr.1t:on'-, hoth systcms ofr..:r the thgnal 
dc~I¡,;r1cr a l.1rgc me:,,urc of high-yuality de'-Ign eapabll
ny at vc1y rcaSll,1ablc co~h 

AMtJ's 4-b¡t sllcc ~~ typ1cal of p¡occ::.sor-shcc arehitcc
turc. ~ince ll mclmk-. a h1gh-spccd ALU, a 16-word-hy
+-hit two-porl RAM (tu handlc the two-port address con
hgLirat!on), and al! tlw ;¡~:-ouat::d c¡rcutl blocks for 
,hiCtll1¡;. decodmg an,J mult.picx;us. Crucial to the by
out 1s the 9-bit microtnstrucuon \'Mrd-dccode block that 
'clccts the ALU sou1ce opcr.wds, t!Jc reqtllrcd :\LU func
!Iün, and the .\LU dc-.tm.li!Oil rcg1stcrs. Thu:-, contigured. 
thc Im'rocnnlllliicr L'.l•1 be c.ls~·.llkd e1ther wuh fui! 
i•hlk.-ahc,¡J ll,gic c.lp.lhd¡¡y ,1r \\'Ilh nppk l.lr~y. Al,.;o. tl 
h,l\ !ilic•>~tagc lllitp>~t~ .. 1nd 1! c.lll pnw1de VillllhiS 
~!.IIU\ J1ag lll!\j1UIS J¡,:;ct!y t'fllll1 thc ALU. 

Doublc addrc~s ,1pcrauon 1s 111adc poss1ble on thc 
CPLT chip by the two-pon RAM and an i\LU fas• cnou~h 
to hanJlc concurren! mput ~equences 111 turn Without 
::,lowmg up the system. Esscntwlly, any of thc 16 words 

-- --- - --------------------- ---------; 

An alternat1ve to etther buymg rn1croprocessors ond 
tiestgntng your own systern or buymg fuily packagod 
m1crocomputer boar(ls 1s to buy an evaluat1on parts 
J..1t They're avatlable frorn all the semiconductor man
ufacturers as we!l as many 1ndependent sources You 
can use thern to farn111anze yourself w1th a dev1ce be
fare commttt1ng to 1t, and they can even be used for 
short product1on runs 

The k1ts typ1cally mclude a CPU chip, a programable 
noM Chip, a RAM Chip, 1/0 lntE:rlace deVICGS, addi
(IOOal ClrCultS to complete the computer, and a 
prlnted-c1rcu1t board Sorne sem¡conductor vendors 
also offer self-teach1ng a1ds, such as RCA's MICro
tutor, MOS Technology's KIM-1, and Texas lnstru
ments' learn1ng module. Such un1ts w1il help an engl
neer learn mach1ne language 

Another type of source 1s an e1ectron1cs dlstr,butor 
Cramer Electromcs, for one, comrniSSioned Mlcro
computer Techn1que lnc., Restan, Va , to des1gn a set 
ot parts k1ts called Crameíklts Present vers1ons use 
sorne of the most popular m1croprocessor types sev
era! mCJnufacturers' SOBOs, Motoíüla's 6800, Texas ln
strurncnts' 9900, RCA's 1802, al"ld Mostek's F-3. 

A1so, don'! overlook the grow1ng 'nurnber of sup- j' 

rlters of hcbby k1ts, such as MITS lnc , Albuquerque, 
N Mex , w1th 1ts Alta1r computers-the 8800, based on l 
the 8080, and the 680, based on the 6800 MiTS, m 1 

fact, 1s al so act1ve 111 software dcveloprnent, havmg ¡ 
recently 1ntroduced a vers1on ol the Bas1c language / 

tor Inleractlve use on lts-~om~ut~~~ _____________ j 
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ofthc h:. \M can he rc~¡d fn)1:1 nnc of Jt~ port'~ J.-.~: '-...rln

aol ot .)¡¡: :Jud:c~" !!cid Input ~ciccto'r Mc;,;¡.vh.J• .. u:tLl 
:·rom t:1c othcr port ;-; betng rc:tJ wnh thc s:tn.L coclc 
Botll ,iata grour;, then appear ~lmL.lthncousl; ;:t the 
RAM flOrt ou:¡:Jl,t lüí f\LI_j proccsswg. 

On!y l J AMD chips a1e r~qu;red to Irnpícmcn, :1 ty¡:n
cal ccntrdi proccssmg un1t (F1g JO) Four di~t,;;c~ uata
prole'.~mg functwns are needeLI-(l!e m:crurll PCc~>.or 
siice, the 110 bus ¡r;terf'acc lr<.~nsceivcr~, the m¡cropro
gram control, and thc CPU cor.trol, mdud:ng pr:or!ly .n
terrupt -plus whatcvcr mam mcmory ~~ ncc,kd ·¡ hco.c 
J! ch1;1~ rep!ace about 200 TTL pack..,;c~. 
Mo~orola\ LCL 4-!),t-wldc C'?U cl':p dco.1gn IS -,J¡ced 

parallcl tn the J:tta tiow so tllat :t, too, 1s fully cx
pancLibk. The auv,ll1tagt: of tlm ;~p:)roach 1~ t:ut thc: 
sy~tcm car, be extended büih la:cudly ro any h1t }:.;¡~gth 
111 !l1l'• cmcnb oí' 4 blci> and vcrt¡cally. ~;·]¡¡~ h.ll1d uf H_L 
p.pe-i;;;.; dc~1gn :.:dllcves vt:ry l11g!; ~-. ,:.~ th¡ougi¡put
r.ttc~ u:· u ndcr 50 n!> 

Con!igurcd ~0:11cwhat ,l¡ffcrenfly t;\ m tl;c Sc!J,)ttky 
TTL u;11:s. the silct: cont:ll!lS a m:-~::.k·¡).ogramo.h!c bkh 
netw,): h., tn.: 1\LU, an Jccu;nuJ.uor. thc sh1!'t nct\h)l k. In
put :n1d output b;Is conliOb, and <l~~oc¡;Jt::d .:i!cr
conn...:dtll11S. Tht.-. conllguLliton cop;c, mn'l n~:un!: .une 
co;¡¡rolkr Je~1gns budt Witllll;ttdwir::d [, 'L p.tcbgc~ 

To bui!d or ~o buy? 

0f"lUr~c. cng:neers cb havc ,111 ,lll...:rnatJVe !O pu;t¡ng 
(O~..?ti.cr tl:c1r OWI1 rlllCfO;::OmD;l(Cr::. J'rom what 111it:ht be 
a hewildcnng army of compe':mg de\'ICCS. For a r~.:~on
ablc c,)~t (..:ons1denng thc dcs:gn 11m.::, a~sembly. and 
tcstmg), pacLtgcd r.Jlt'rocomputcr boards are avad;¡blc 
from e~scnually thrcc typcs of ~ources: 
c Semicopductor comp:tnic~ thcm~;elvc::. are o!krmg 
prowtypG ho.11d::. :tnd :,¡nglc-boc~rJ m1crocomputcr:-. .md 
m¡croprocessois. Mmt liot,lblc cxampks are In:cl's S-bit 
SBC ~)\l/10 [Eicctrontcs, Fet) 5. p. T/j :¡,¡d Texa~ In:-.tru
ments' l6-b1t 990/4 ba::.cd on th.:? 9SIOO. 
¡¡¡ Mm.computcr tY.anufacturcrs, growmg eonccrned 
about thc 1mpact of thc m;croprocc~.sor oa thc1r low-t·nd 
OEM bu-.me%. havc extcndt:d thc1r lines downv ... trd 
Thc1r n:aJOr weapon!> m thi:> battk w.ll be the quant:t1es 
of dcve.opmcnt software that thcy h.we budt up ovcr 
many y.:ars and t11e1r ability Lo oiTer eu5tomcrs thc op
tton of moving upward to more compkx syst~ms whlle 
stJll ma.ntámmg software compatibdlly. 
r;¡ Indc:¡!cndcnt manufacturen, of log1c modules, such a·; 
PCS lnc, Flmt, Mtch, ProLog Corp., Monterey. Cal1f. 
and Control Lo31c Inc., Na~!Ck, Ma~s., are offcnnE~ mi
crocom¡)Uters bascd on popul.H typc~ of m.cro
processor:-. (mostly thc 6800, 4040 . .1nd SOSO) The~e 1s 
also a ;iüst of smal!cr manufacturers w!-w. havmr; de
SI,:jí1Cd :, microcom¿Llct.r for wten •. ll use, have dcudcd 
lo try tlic 1mcrocompurcr bu~:nc~s (\VttÍl a mlcro
p:oces~Pr, almost ~myonc can c:tll :.imsc!f a. comput('r 
manuf<1Clurer-and SO!ll·.: of tbcse comp.1mes w!ll 'ur
vivt:.) 

There are many eost fc~ctors tll:lt rnay esc:~pe an cngt
neer's nut1ce 111 h1s fiu~h of enth~I:-.Iasm to gct Illll) !111-
croprocc~~or system (.Je~ignmg. Bcs1des cx:ra hardw:~re, 
he shot:lJ also consider co:>t of software development, 
prototyp.: test, mcommg mspecuon. documentallon, 
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11. M!nlcomputer makcr's answer. OIQI!al Equ1pment Corp 's LSI-

11 1s a m1crocomputer bulit oround custom MOS LSI ch1ps A mem

ber or tlle PDP-1 i fam1ly, 11 runs the standard 5\Jftware. 

pr,)(luctiOn cqutpmcnt .• md ~¡Kctal tc:-t cqutpment. 
\Vhat an cnQmccr must dectdc ts \vhctllcr he ~.:an do 

thc ~ame Jcstg~1 JOb. and manuf.Jcturc, test, and support 
his own mterocomputer~ for kss than he would have to 
pay for somconc clsc's mtcrocomputer. Intcl, for e:-..
amplc, sclls tts SBC 80/10 for $295 tn quantittes of 100 
(single untt~ are $495). Indudcd, at that pricc, are thc 
8080A CPU, l ktlobytc of RAI\1, sockcts (only) for 4 
kt!ohytcs of ROM, two S255 110 dcvtccs allowing 48 pw
gramablc 110 ltnes, anJ mtafac.::s (an 8251 sctial mtcr
faec dcvtcc for a programable commumcattom lmc and 
interfaces for .111 RS-232 pcnphcral ora telctypcwritcr, 
plm dock ctrcuttry ancl TTL ctrcUits that Jrc nccded to 
compktc thc comp.1tcr). 

Texas Instrumcnts, whtch has becn m thc mini
computcr bu~tncss for ycars, pul tt al! togcther l.1tc last 
ycar whcn it sprung tts 9900 16-btt mtc;-oproccs~or, and 
at thc samc t11nc announccd thc 990/4 smglc-board mt
crocomputcr- ba~cd on the 9900. For $512 in c¡uanttltcs 
of 50, thc 990/4 has thc followmg major fcature¡,: 8 
kllobytc!. of mcmory, sockct:> for 2 kdobytcs of pro
gramable IW\1 or :,tatic RAM, and 110 intcrfactng 
through tts communicatwns rcgtstcr unit (CRU). 

On thc mintcomputcr front, Computcr Aulomalton 
Inc., IIvinc, Cdtf. wa!> an early cntry with !l\ N.tkcd 
Mdlt, thc LSI 3/05, hutlt with 'ITL Schottky ctrcuits. /\1-
tlwugh ti doc-, not u;.c a mi~Ioproce:-;,or per se, tls co:-.t 
puh tl tn thc ~.1mc hallpark wnh many ofthc othcr \)l1e
board mintcomputcis. Thc CPU 1s budt on .1 ~tand.:rd 
Rtl'~A half-board and ;.clls for $295 in -'>tngk· untl!>. 
Wtth 1,024 htt~ or mcmory on anothcr half board, the 
cost comes to about $400. Computer Automatwn ts 
pruudest of th 110 mtcrfacmg scheme, whtch uses ml
croprogramah:c circmtry lO tatlor the !10 !mes to any 
typc sena! or parallel periphcral dcv1ce. 

íGO 

Dtgna! Equipmcnt Corp.\ LSf-11 1~ a Jrí-hn c.:.,¡ 
ln.lil ;:round f(JL,r MO'> tntcroprocc;.~or ch1:1s cu~to.n
n¡;,nul,¡cturc<l f~1r DLC by Wcstcrn Dtgti.tl Corp. ( Bt:t 
thc Mayn.trd, f·/¡a_.,s, firm Will prc,hably ~non ocg¡¡¡ ¡[) 

own productton of thc chtp~ to :o.crve as tt~ own sewnd 
;,outcc.) The LSI-11, at ~634 m 100 guantlttcs, ha:, a 
4-kt!uword RAM, a parallcl 110 bus po;-t, anJ othcr CPL 

C¡fCuttry on an 8.5-by-10-tnch hoard. A:-.tdc rrom havtng 
thc rull wc:ght ofDLC\ n:putalton lh:htnci i!,the LSI-ll 
abo has thc full rangc or' PDP-l l softwa1e gumg for it. 
More th;:n about 20,000 PDP-1 1~ ofvariou~. sttcs an: 11~ 
use, and :tt~ .1 fatniliar computer w many o;~M plum~ 

Thc latest mmicomputcr mant;factur..: to !>lip 111 a 
onc-boat d computcr al it:, lmv cnd was D.tta Gcncr<~l, 
Southboro, Mass For tl:-, microNov<•, Data General ~~ 
m.1k1ng tls own 16-btt n-chann..:l mtcroprocc:-,~nr~ 111 th 
Sunnyvale, Caltf, !.cmtconductor L:cdny. A,,-~ mcmb¡;r 
of thc Nova t:umly, thc microNova runs al! thc a!n.:ady 
Jcvclopcd software. W1th 4 kliowords of t~:cmory, ll 

~c!ls for about $5"/0 in 100 c¡ua.liities. Data GciH.:ra! ahu 
~ay~ 1t ,\·tli :-ell thc mtcroproc.::ssor and mcawry chtp~ 
:,CpJ.ral\~1). b~t tlllS doc~ not ncccssanly pul thc com
pany m dtrect compctitwn wah :>cmiconducto~ manu
t~lcturcr:.. Usct:, willltkcly tirst buy the com,)ktc boards. 
Latcr, whcn thc volumc JUsllfic~ tt, or \vhc,1 ,. Jiilcrc.H 
forrn factrJr ts nccdcd on thc printcd-cin:un b,>arJ:., thc 
u:-,cr wul buy the chtps, and asscmblc and !\.',¡ ht~ own 
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CHAPTER 3 
THEORY OF OPERATBON 

Now that you have assembled the structu're of 
the SDK-80 lt ls time to dlscuss the Interna! 
composition of the design. We will do thls by 
presenting the functional organizatlon of the 
SDK-80 logic ano, in the process, bring In the 
decisions that you, as the user, must make 
before completing the kit. 

Figure 3-1 ls a functlonal block dlagram of the 

SDK-80. lt has been purposely drawn as simple 
as posslble In order to give a basis for 
discussion. You will note that this figure shows 
only the major signals in the unit. For this 
reason, sorne occaslonal reference to the SDK-
80 schematlcs (Appendix B) will b~ in order. 

The text to follow describes each of the 
elements In the block dlagram . 

.---IPITREO 

HOLO 

., 

SYSTEM 
~NTROLLER 

XMIT 
DATA 

INT 

8080ACPU 

iruz;;-=-- -=--~ 
~~ ADDRESS l 
1
1 

BUFFER!! 1 
1 1 
"{___ _ _ _J 

0/ITIII!US (81 

REC 
DATA 
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CONTROL BUS (81 

11 11 

IIODATA 
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R205 
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PROM 
OECOOER 

11 11 

11 11 

8205 

11 1 ·1 
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SYSTEM BUSSES 
The SDK-80 loq1r: is bUIIt around three systern 
busses· the dflta bus, the address bus and the 
control r•J_s. All of the MCS-80 components 
commu ,¡·l~ate v1a these three busses. 

The system bus ses can be selectively enabled/ 
disabled from the user system if the board is 
jumpered for that capability. Bus enable 
jumppring is described in the System Bus 
Enabl(' section of Chapter 4. 

t=ach bus is more fully described in the 8080 
Microcornputer Systems User's Manual. 

RESET SWiTCH 
Tlle Reset Switctl gives you the cap::tbility of 
forcing a reset to the SDK-80 logic at any time. 
Whcn tlle switch is pressed. the Clock 
Gener ntor will send a RESET signal throughout 
tllc system The Reset Switch should be 
prcs~cd ench time you power-up the system. 

ClOCI< GENERATOR ANlD CILOCK 
CRYSTAl 
Tlle 0224 Clock Generator provides the primary 
timmg to the system. lt generales the high-level 
clocks necessary to drive the 8080A CPU, 
synchronizes the READY signal into the CPU, _ 
and tiansmits the power-up (and Reset Switch)· 
reset signal. 

.01 and ~l2 C!ocl<s 

~1 and 02 are 2.048 MHz clocks for the CPU. 
They nre derived from OSC using an interna! 
d1vídc--by-nine function. 

RESET Sügnal 

F~ESET is the primary reset signal to the system 
logic. lt is asserted ~oth atlpower-up and wllen 
the Reset Switch is pressed. RESET clears the 
CPU, disables the RAM Decoder, and resets the 
USART. RESET is available to the user system 
at pad V. 

R EAD Y Slgnal 

READY cBn provide a synchronized READY to 
thn CPU, derived from an externa! asynchro
nous RDYIN signal (pad P). 

ose Slgnal 

OSC provides an 18.432 MHz input to the Batud 
Rate Generator. This 18.432 MHz rate was 
chosen for two reasons. Flrst, lt permlts ~he 
8080A CPU to run at very close to lts maxlmum 
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speed Second, it is <l conv0nient rate to IIS8 in 
d8si~1ninq a s1mple. but highly stAhle, 8Aurl 
Rate Generator 

STSTB (Status Strobe) Signa! 

At the beginning of each machine cycle, tll11 
CPU issues status information on its rl<1tn bus. 
STSTB causes the 8228 System Contr oller to 
store this lnformation into its stA.tus latch. 
STSTB is available to the user systerr as 
STATUS STROBE at p<'ld J. 

8080A CPU 
The 8080A CPU is thoroughly described in the 
lntel 8080 Microcomputer Systen1s User's 
Manual and need not be repeélted hPre 

The CPU clocks, 01 ::md 02. will be s11pplied (at 
2.048 MHz) by the Clock Gonemtor. 

The data bus will interface directly to thc 
System Controller and the nddress hus will 
enter the system through thn 1\ddre:.s nuffers. if 
applicable. 

o 

There are two separata jurnpcr-wirr options 
with the CPU. The first opt1on <1llows <m 
externa! HOLD signal to be presentrd to the 
CPU via pad R. The second option é'lllows an 
externa! READY signal to force a Wa1t state in Q 
the CPU.11t should be pointed out, however. that 
the 8080A and SDK-80 memory chips have 
been designed to operate without Wait states. 
The option permits you to force a Wait if 
desired, though. 8oth of these jumper options 
are described in the Hold And Wait Options 
section of Chapter 4. 

SYSTrEM CONTROllER 
Ttw 8228 System Controller generates tlle 
control bus signals that provide reAd and write 
functions for !10 and memr>ry. 

Ttjey are available to the user system as shown 
below: 

0 1/0 \N is at pad E 
ro flOR is at pad L 
o MEMW is at pad U 
o ME.MR is at pad T 

The System Cr-,llroller Al:;o buffr·!') tluJ Jn!<l 
bus. 

~nterru¡p~ 

A single,!evel intenupt stnrctu12 ¡s ¡>rnvirlcd 
such th~t whenever pad !! (11\ff-T!EÜ) is 

o 



o 

o 
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grounded. the System Controller causes a 
Rcstart instruction (RST 7) to be inserted into 
the CPU. Thís feature provides a single 
interrupt vector without using adciitionai com
ponents, such as an interrupt instruction port. 

Multtple leve! interrupts will require addítional 
chips to be installed into the wire-wrap area. 

ADDRIESS IBUFFIERS (OPTIONAl) 
The 8212 Address Buffers are not included In 
the System Design Kit but must be added if 
more than a nominal amount of memo•y (more 
thnn 1024 bytes of FlAM and more than 4K bytes 
of PROM) is used. The A.dd1ess 8uffers are tri
statc TTL buffers that orovide 15mA drive. 

The address bus level can be forced io the high
impednnce state oy ir¡putting A high !evel on 
pad S (SYSTErv1 GUS ENABLÉ), lf the board ls 
jumpered for this capabiiity. 

SDK-80 MEMORY · 
Tlle SOI<-80 has two types of memory. lts 
PROM Mernory can accornodate from 1K to 4K 
bytes, where the lower 1 K bytes are dedicated 
to the system monitor.1 !ts RAM Memory can 
accomodate from 256 to 1 K bytes, in which all 
but the uppermost 30 bytes (addresses 13E2-
13FF) are useable by your system. Figure 3-2 ls 
a map of SDK-80 memory. 

~-

o 0!190 
~Y~IP_,i 

MONilOR I'ROM 

1K OJFF 
0100 

ur;rn 
PilO M H 1 

2K 
.. ___ ._.......,._._.. 07H 

OGOO flOTE 

p~~~~'~ SHADED AREA INDICA TES 
MEMOR'f SUPPLIED'WITH 

OI!FF KIT 
JI( ------- ocoo 

lJSER. 
PROM #J 

41< ------- O~f 
1 o 

Rl\1\ol 
MfMonV' 

GK HFF 

------------,--~ ---
Figure 3-2. SDK-~p Memqry Map. 

PROM DECODIER ANO PROM 
MEMORY 
The SDK-80 can accomodate up to four 1024)(8 
Electrically Programmable Read Only Memory 
(PROM) chips. Two of these chips are supp!led 

• In the System D~s!gn Kit. 

;y 

The 8708 that installs into board location A 1 t1 
has been pre-programmed with tlle SpK-80 
system monitor. 

The 8708 that insta lis into board locatíon A 15 
can be, u sed to hold a program that you ha ve 
deveioped and checked out in RAM. 

Locations A 16 and A 17 are useabl!3 for 
additlonal PROMs if required. 

The 8205 PROM Decoder selects the P,ROM 
chip being addressed. Figure 3-3 shows the 
PROM address format. 

-----------------
111 14 . 13 12 11 10 g 9 7 8 6 4 3 2 1 o 

L\1 L~~l o 1 1 1 1 I 1 1 1 1 1 1 1 1 

'---,--__J L_ L'L ___________ -L,. """" . ' 
PROM CHIP SEUCl 

00 • MONilOR 
01 • IJSER'PROM 1 
10 • USER PROM 2 
11 • lJSER PROM J 

--------------------- Nllr li~FD 

Figure '3-3. PROM Address Formal. 
•' 

RAM DIECODER ANO RAM MEMORY 
:¡n the standard configuration, the SDK-80 can 
accommodate up to eight 256x4 Static MOS 
Random Access Memory (RAM) chips. Two of 
these chips are supplied in the System Oesign 
Kit, so users requiring only 256 bytes of 
memory need not install additional RAM chips. 

The 8205 RAM Decoder selects the RAM chip 
pair being addressed. Figure 3-4 shows the 
RAM address format. 

15 1~ 13 12 11 10 9 G 7 !1 5 ó J 2 1 O 

LL .LJ , l. 1 1 1 1 J. 1 1 1 1 OJ '--..,--" L_l~'---. J::;:~: -' 
SFII rr 

000- 1000-lOFF 
Olll - 1100-11 FF 
oto· 1700-121 r 
011 - 1JOO 13H 
1!10 111 1\R~ IINII~f O 

IN ~11\Ñfll\1111 
l'f\1\lfiOifrtl\ ll(lN 

------ ----------- -""''"~'o 
,, 

Figure 3-4. RAM Addll'ess Format. 

RAM access is disabled whenever the RESET 
slgnai from the Clock Generator is asserted. 



B/\UO RATE GENEAATOR 
TIH• H;111d n;'l!(' Cr!ncnator CliCUit supplies the 
tr ;¡qsnnltt:r éHld rf~r.c¡vpr clocks to the i/0 
Comi!Hiflic:;tton lntPr f.ace. This circuit is made 
11p nf thrf' < iC chrps one93S1üandtwo 74161s. 

TI H' 8<11 tcl na te GPr rerator takes the 18.432 M Hz 
OSC stgnéll from the Clock Generator and, by 
interna! division, ~Jenerates a series of signals 
which reprcsent haud rates between 75 and 
4800. The baud mte that will be presented to the 
1/0 Communicat1on Interface is determined by 
Jumrer-wtring or <1 rotary switch. This selection 
will be dic;ctJssP.d in the Baud Rate Selection 
section qf Chapter 4. 

1/0 COMMUNICAT~ON ~NlERFACE 
The 8?51 1/0 Commumcation Interface is a Uní
ver snl Synchronous/Asynchronous Receiver/ 
Tronsrnrlter (USART) chip that accommodates 
<lny ci<tf;:¡ comn1ur1tcations required by the 
SDK-fiO sysfern Th

1
e 1/0 Communication 

tnlf'rféJCE' cnn accept parallel data from the data 
bus <1nrl senrl it sPrially to an-external device. 1t 
can also accept serial data, from an externa! 
dcvtce and put it ont9 the data bus in parallel 
forrn whcn eigtlt bits have been collected. 
Frgure 3-5 shows 'he address format for 
comrnu nications. 

Tlle baud rate at which the i/0 Communication 
lnterfacA wrll transmit and receive data ls 
govet ned by the Baud Rate Generator. 

The 1/0 Comrnur11cation lntérface circuit on the 
board <liso includes sorne jumpers that select 
ttle conHnunication input/output level. Any of 
three ¡,\,r.ls may be selected. 

o nS-232 level, V)lhich is typically used for 
CRT applications ' 

o Current-loop level, fot TTY applications 
o Tl L leve!. 1-

The tnput/output level jumpering is discussed 
in the Commr tmcatic~n Level Selection section 
of Ch<lpter 4. 

PERIPHERAl ~NTlERfACIES 
1 1 

The 8255 Programmable PE1ripheral Interfaces 
provide the user's primary ~ccess point to the 
SDK-80 data bus. One 8255 chip ls suppiied In 
the System Design Kit. 
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795~1;>10 

ITIIITI~.J 
l ' 
1 1 

1 ---"- --CONTROl /OAT h 

O- ni\ TI\ 
1- CO~IlROI 

- ---- -- -- --- -- NOT USEO 

0'<;1 CHIP q1 rr 1 

0"' USI\HT ~r 11 r lHl 
1 - tJ~An r Nrll '' 1 ,_r rFn 

figure 3-5. 1/0 CommunlcaUon !nlerfacr> /\ndre~s 
Format. 

Each Peripherallnterface chip provides three 8-
bit parallel 1/0 ports, each of which 1s 
independeRtly addressable. Figure 3-6 shows 
Uhe address format for 1/0 port selection. 

L __ r _ _J 

L _____ 1/0 PORT SE tE! T 

00- PORTA· • DATA BUS 
01- PORT B · ·DATA BU~ 
10 • PORT C •-• Oo\TA BUS 
11 • CONTROl • • OAT/1 BUS 

[ ------- --- -- - NOT USFn 

A25fl r••1r ~[ t f ( ' 

10 ... Kll Slll'rl lrll rJfiP 

Sfl r '·' 
01- ttc::rn "-'H r, 1rn nur 

'1.f 1 r r:1 
011 11 111 11;/\1 

Figure 3-6. Perlpheral Interface Address rormat 

The output pins of the Periphoral lntr·' fí1crs <:nc• 
totally uncprnmitted and may be junlpf'r-wned 
to best surt your particular éiJlpllr:nlion For 
example, they rnight be wired directly to the 
interface plugs or, alter nately, thev mrght be 
wired to standard TTL buffers in the wrre-wrap 
area before coming back to the pltl~Jr;. This 
wiring is fmther discussed in the Outptrt Wiring 
seciion of Chapter 1. 

o 
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CHAPTER 4 
FINAl ASSEMBl Y AND CHECK OUT 

At this point in the manual you should have 
completed the pr.eliminary assembly and read 
the theory of operai:ion. You can now finish the 
board assembly and qegin a checkout se
quence. 

JUMPER-WUlU~G THE BOARD 
The SDK-80 is deslgned to be used in virtually 
any evnlufltion l'!pplicatlon and can be 
jumpered to suit your particular requirements. 
These qucstions wiil help you decide what 
jumpers are needed: ' 

1. Wi 11 yo11 e ver want ihe CPU to en ter a Hold 
or Wait state? 

2. Will you ever want to dlsable the system 
busses? · 

3. What type of input device will you use to 
communica'e with the SOK-80 (e.g., CRT, 
Teletype)? 

\l 

4. What is its baud rafe? 

5. Wifl you be using, 8212 Address Buffer 
chips? ) 1 

6. What kind of inforrhation will be transfer
red to/from the SD.K-80? 

lf yo u ha ve a fairly good: idea of the answers to 
all of these questions, you are ready to start 
jurnper-wiri'ng the board. The scrap leads that 
hnve been cut from previously-installed resis
tors are a good source of jumperwire. However, 
use 22-qauge insl11ated wire in situationswhere · 
any jumpers m ay make contact with each other. 

\ 

Hold ond Walft Optlons ' 

T11e SIJK-80 is designed:to run without Hold or 
Wait stotes HoWever, a jumper-wlre optlon ls 
available to give either <;apability. 

' ' 

O To disable the Hold state, wire J5-2 to J5-3. 

O To enable tht=J Hold state, wire J5-1 to J5-2. 
! \ 

O lf READY is to forcean BOBOWaitstate, wlre 
J5-8 to JS-9. ,lf not, wlre J5-8 to J5-7. 
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Sysftem Bus Enable 

One jumper is available to make it possible to 
selectively disable the SOK-80 system bus. 

O lf the bus will be selectlvely disabled, wire 
J5~5 to J5-6. 

O lf the bus should remain em~bled at ::tll 
times, wire J5-4 to ,J5-5. 

Baud Rate SelecUon 

The communications baud rate can be seh:1cted 
In two1 ways, depending on the application. lf 
only óne baud rate will be employed, the ratr> 
can be selected by installing a single jurnper 
wire. l,f two or more baud rafes will be employcd 
in the application, however, the Spectrol rotmy 
switch installed in Chapter 1 will be used for 
thls purpose. 

O To selecta fixed baud rate, jumper pad 29 to 
orie of the pads 31-37 per Table 4-1. 

Tslb9e 4-1. Baud Reae Selectlon Table. 
------------- -·---

IS&ud Rate Wlre Pad 29 To 

4800 31 
2400 32 

:1200 33 
600 34 
300 35 
150 36 

L7p or 110 37 
·------------~ 

O For 110 bélud, the standard Teletypo mtn. 
wire pad 4 to pad 5. 

Communlcatlcm levei Seiectlon 

Any of three communication levels can be 
selected: CRT" Teletype, or TI L. All serial data 
ls passed through connector J3. 



Table 4-2. Communica1ion lm.mi Jumper liabie. 

j Crn TTV . lTl 
r·--- - - - ----------- - --- ---~~--- -- - --¡ 
1

' Conflguratlon Configl.tratlon ConflguraVIon 
Jumper•· Jumpers Jumper~ 

~- ---- ::?3 ~~ 24------- :>:JI~ 26 _________ 2i ~~--25 __ _ 

1 

17to18 181o19 17toi8 

9 lo 1 O 1 O to 11 12 to 13 

! 13 to 14 13 lo 14 2 to 3 

2 lo 3 

6 lo 8 

27 lo 28 

21 lo 22 

1 lo 2 

7 to 8 

15 lo 16 

::?tto 22 

20 to 21 

O Jurnper wire pads ~ through 28 per Table 
4-2 

O lf your system does not contain a modem. 
Jl1'11pet pwi A to pad B 

Address Bus ,Jumpers 

lf ynu dn noi use f\212 Address Buffer chips on 
your SDI<-RO. the address bus must be 
JUmpc:·f;d ncross locntrons A 11 andA 12. In this 
SJ!U<ltron, connect tlw following jumpers AT 
BOl H LOCATION A 11 ANO LOCATION Ai2. 
All ¡umpcrs shoulrl be installed form the clrcuit 
s1de of the board i e. NOT the slll<-screen sida. 

O Jwnpcr prtd 3 to pad 4. 
O Jumper pad 5 to pad 6. 
O Jumper pad 7 to parl 8. 

O Jumper p<Jd 9 to pad 10 
O Jumper rJ<Jd 15 to pad 16 
O Jumpet pad 17 to pad 18. 
O Jumper pad 19 to pad 20. 
[1 Jumpr1 pad 21 to pad 22 

Oulpul Wi! lng 

Connr)c!or J3 is dPdlc:ated as a communica
!ICJttS rnter L1c0 (sPP Tr1ble 4-3) and is, in fact, the 
ntlly cornmtlled mterface in the SDK-80 All 
utlwr interfacinq 1s rtt the discretion of the user. 

f·or exmnplc. the 8255 Peripheral Interface 
rnrqht he ¡urnpererl dtrectly to.connector Ji or, 
é!ltcrnately, m1gllt be jumpered to TTL buffers 
1n the wtre-wrap éHPa hefore being passed to J 1. 
Conversely, you rn1ght wish to add a switch 
éHray to the 8255 ;:nea in order to send data to 
the CPU 

Your System Desi9n Kit includes mate connec
tors that mate wtth the female connectors 
tnstalled at J 1 and J3. 

A group of control signals are available at the 
alphLlbetic-labeled pads in mea two of the 
board. Table 4-4 identifies these pads. 
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Tab~e 4-<i. Pin Assignm~. nqs gor 
ComrtH.m!cai!ons inierfar::e (.JJ). 

-~¡~ L-~~~~~;;~~:~ -~;~!~~;~~~;~~ Conli~~,';~tion 
2
1 1 

eRT REC. 

DATA · 

3 CRT XMIT 
DArA 

4 

5 +12 VDC 

6 
7 SIGNAL GND 

8 +12 VDC 

9 

10 

11 

12 

13 

14 

1S 

Hi 

17 

1A 

19 

20 +'12 voc 
21 

22 

0! 5 

--- -w--------------

TTY REe 
RETURN 

TTV XMIT 

TTY REe 

TTY XMIT 
RETURN ------- ----

flL F-1Er: 

DATA 

Tfl XMIT 
DATA 

SIGNAL GND 

1/"slbi® 4-41. S[)Kaf:)O Ccll'ilUtTOB !Bus lP<'tds. 
... ------ - -------- ------- -- -
Pad Mnemonic Oescrlptlon 

-- --- --~----
A eTS Clr·:lt 1 o ~;Pnd 

B RTS f~cq11r>~l lo ~;Pnd 

e 02 (TTL) 2 !J-1R MI 17 Clnr+ 

o DSF~ fJCJin ')PI f-1.-:-:"IY 

E 110 IN i/0 \f¡¡¡fp 

r 5fFi D:-~t<1 l PI!Tllllili flP;1dy 
-----

H INT REO lnl~'r!!lfll f1"'1' w·.l 

" STATUS STROBE St;lftJS rs P'l l1:1!n Rw; 

K ose IR ,1:12 MI 17 (k, t!li1fnt 

l 1/0 R 1'0 nend 

M HLDA 1 1old 1\r.k nowledo" 

N INl A lnt": 1 urt 1\cknn\"IPd~"' 
p READY RPady 
R HOLD Hold 

S SYSTEM BUS ENABLE EnabiPs Q;1t él Bus and 
Acld1 ess Bus 

T MEMA Memory R<>ad 

u MEMW Mernory Wnle 

V RESET Res~! 
-- ------------- ------ -- --- ---

o 

o 

o 
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INSTAll~NG ¡NTEGRATED 
CIRCUIT CHIPS 
You have now reaci1ed the point wf1ere you will 
start installing IC's in the board. but a few words 
are rn order before you begin. 

Spedai Precautlons r-or Hanrl!ing MOS UC's 

The Kit's MOS IC's (8080, 8111, 8251,8255, and 
8708) are particuiMiy susceptible to static 
electricity. They cnn be easily damaged if 
proper care is not taken ¡, handling them. For 
this mason, the foliowing steps should be 
adhered to as closeiy as possibie: 

1. All equiprnent (soldering iron, tools, 
solder. etc ) should be at the same poten
ti ni as tlle PW board, the assembler. the 
work st11 lace -!í!d the IC itse!f along with 
its container This can be accomplished by 
conttnuous phj1Sical contact v.;ith the work 
surface. the ccmponents, ~md everything 
t-~lse involveó in the operation. 

2. When h<mdling the IC, develop the ha bit of 
fir st touching the conductive container in 
which il is stored before touching the IC 
itsPif. 

3. Always touch the SDK-80's PW board 
befo re touching the IC to the board. Try to 
mnintain this con~act as muchas possible 
while installing the IC. 

4. Handle the IC by the edges. Avoid touch
ing the pins ns much as possible. 

5. In general, never touch anything to the IC 
that you hava not touched first while 
touching both it and the IC itself. 

Alignlng the IC Pl!üS 

lhe connector pins of lntegrated Circuit chips 
a m very fragile and can be easily pushed out of 
lme. In fact. sometimes IC's will arrive with one 
or more pins out of line. Trying to install a 
mis:-~ligncd IC is a hapless task and, worse, 
rnight cause permanent dama9e to the chip. 

Aligning the pins of an iC is an easy job. Simpiy 
lay the IC on its side on yourwork surface, hold 
tlle chip hy rts body and exert enough pressure 
so thFtt all rins are perpendicular to the body. 

Chip Orientatlon 

The IC's must be correctly oriented on the 
board or they wil! not operate properly. One 
end of the ch!p will carry sorne sort o1 
identifying mark, typical~y a no~ch ore dot or s + 
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sign. Tbe chip rnust be lnst::~IIPd ';o ttlat lh1s 
idcntifier corrP~ronds to tt1e s!lk<wreened "1" 
on the board. 

BnsUalllng IC Chips 

After orienting ttle IC, follow thw~e steps to 
lnstall it in the board: 

1. Start the pins on one side of the IC intu 
their respective ho!es on the silk-screenerl 
side of the PW bo~rd. DO NOl PUSH n-lE 
PINS IN ALL THE WAY if you have dif
ficulty qetting the pins into thP. holes, use 
the tip of a small screwdriver to guido 
them. 

2. Start the pins on the other si: le: of tho IC 
into their holes in the same manner. When 
ail of the pins havD heen sta1 tcd, set the IC 
in place by gently rockinq it back and for th 
until it rests as close as poss1ble to lhe 
board or sockei. 

3. lf the IC is not ir;stalled in a socket, turn the 
board over and solder each pin to the foil 
pattern on the back side of tlle board Be 
su re to solder each pin and bP. c<uefulnot 
to leave any solder bridges. 

Removlng DC Chips 

lf required. An IC ctlir cnn be rcrnoved from a 
socket by gently rocking it back And fortll to 
start its release. When R qnp exists betweP.nlhe 
chip and socket. pry it gently at alternate ends 
until the pins start to come loose. A popsicle 
stick or small screwrlriver works wcll here. 
Then tw!d thP. ct1ip hy tlle ends and pull it free. 
Try to keP.p the r:hip fairly parallel to the socket 
throughout this ope1 ation. 

ClOCK GENERATOR 
Besides the 8080. the most criticnt chip in the 
SDK-80 circuit is the 8224 Clock Generator. 

O lnsert the 8224 Cjock Chip into the socket 
al location A8. 

POWIER, ClOCK ANO RESET 
VEFUfiCATION 
With this single chip mstallnd, we cfln cher;k the 
power and clod< inpu!s and the oporaticn of the 
Reset Switch. The procedure is as follows: 

O Connect your power supply to terminal 
iugs E1-E6 on the SDK-80 board. 



---- ~---- - ----- ~- ~~ 

NOTIE 
·J hP SOK- 110 r>dge connector is 
powrr--romp;1lihie with lnters M!DS 
(Micrr" '>mputer Oeveiopment Sys
tcm). if you have MDS, ihe SDK-80 

1 

can derive its power ihrough !nshll"~a~ 
tion in the MUS chassls. 

L ____ _ 

Cl Turn power on 

1 

O Usmg a voltmeter, verify +5 VDC at the pad 
provrrled. 

O Venfy +12 VDC at the "4-12" pad. 

r J v~r ify your supply's negative voltage at the 
"- 10" pHrl. 

U Verlfy - rJ VDC at the "-5" pad, near location 
A 17. 

O Pr ess tll(' nPSf~t Switch a few times ~md 
check for +4 VDC at A8, pin 1 (RESET). 

¡- --- -- --- -------------------l 
NOTIE 

1 
DPvelop theo habit of presslng the 

L 
ncsct Switch each time you power-up 1 
the system. _ 

O ~~-~~;~ lla~e a~ oscilloscope, verify that A~~ 
pms 1 O :1nd 11 P. a eh show 2.048 M Hz clocks 
(0/. and 01, H'spectively). 

O Usinq ;:m oscilloscope. verify that A8 pin 12 
show:-- an 18 -132 MHz clock (OSC). 

íJ Turn l•1e powm off. 

REMAINDER Of SDfK:-8([)) CIH~IPS 
After ll-1111ng verifred that the SDK-80 logic is 
correctly receiving power, the system clocks 
and thf-~ RESET signal, you can finish installing 
the chip cornplernent. Some of the IC's will plug 
mto sockets. others will have to be soldered 
onto tlle board. 

The procedure is as follows: 

O Solder tt1e 93S 16 chip into location A 1. 

O Solder a 7 4161 chip into locations A2 and 
A5. 

O Solder the 7 406 chip into location A6. 

O lf applicable, solder 8212 chips into loca
tions A 11 andA 12. 

O Sotder 8205 chips into lpcatio'ns A 13 and 
A18. 

O Solder 8111 chips into iocations A25 and 
A26. 
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O ln~;ert th8 A22B chip into Hw socket Rt loca
¡ l(ltl /\ !l 

O tnsert the 13080A chip into tlw sor:!< r 1 r~t lo
cation A10 

O lnsert the 8251 chip into the socket Rt ioca
tion A7. 

O lnsert the 8255 ct1ip into the socket at loca
tion A3. 

O lnsert the pre-proqrammed 870R PROM 
chip into ttle socket at location A''' 

Table 4-5. Power Requlreme-nts. 
---------

SymboB Vollage Mlnlmum MaJtlmum 
System System Unlt 

----
V ce +5V .±5% 1 3 2 1 

Voo +12V ±5% 35 45 

Vas 
-10V ±5% .20 .:~o 
-12V ±5% 

o 

o 

o 
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ST 1\JlT -UP PROC!EOURE 
You h,we now completed the SDK-80 assembly 
and ;:11 e 1 e;1dy to start up the systcrn The start
up pr ocerlUI e is as follows: 

[J Pluq your system communication moni
tor (Cíl r. Teletype, etc.) into the SDK-80 
connector J3. 

n Turn power on at both the SDK-80 power 
supply ;:md your communlcatlon monitor. 

O Press the neset Switch. 

Al this point, your monitor should display the 
following message: 

MCS-80 KIT 

1 f 1t does, congrrahdatlonsa You are now ready to 
start using the system. 

TROUBLESHOOTING HIN • S 
lf the SDK-AO ~ystmn does no! wnr k pr'op~·rly, 
turn the power off nnd investigntc lhese m p;-tr:; 

1. Verify that all resistors ha ve hP.en propcrly 
installed and are correctiy r:olor-coded. 
Appendix C summarizes thH color codes 

2. Verify that all capacitors have bcen 
properly installed and that rtil electrolytic 
capacitors are installed with proper 
polarity. 

3. Verify that both diodes (CFll and CF12) 
have been insta!!ed with proper .polarity. 

4. Verify that the metal tabs of ail three 
transistors are properly positioned. 

5. Verify that all IC's are instafled with their 
"1"-end identlfiers correctly orientad. 

6. Verlfy that all jumpers have been property 
tnstalled. 



11\JTBOO,UCTION 

Thc SDK ,uu Momtor is an intei® 8080 program 
JJrOVId('d in a pre-programmed ROM. The 
Monttor élccepts iHld acts u pon user commands 
to operate tl1e SDK-80. lt also provides input and 
output facilities m the form of 1/0 dnvers for 
u ser consolc devices. The Monitor provides the 
followrng facilities· 

® Displé!ying selected areas of memory. 

E> lr11ti8tm9 execution of user programs. 

~!) Mn(ilfyínq contents of memory and proces
sor 1 eulslers 

o lnputting hexéldecimal file from the console 
dev1ce to men1ory. 

l"llr Mor11tor n•mmunicates with the user 
!111 ot1gll an mtrr <lCtlve console device, normaiiy 
n leletype or CR r Terminal. The dialogue 
bctwccn !he or·nrator and Monitor consists of 
u ser -onginated cornmands in the Monitor's 
cornrnand lanrJll;¡ge, and Monitor responses, 
r•rti1N in lhc forrn of a printed message or an 
:w11on betng per formed. After the cold start 
¡Hocf'dure (described ynder the heading, "Cold 
,';I;H 1 Procedures" rn Section !11), the Monitor 
IH'CJIIlS tl:e dinlogue by typing the sign-on 
rtlf~ssr1gn ')11 the console and requesting a 
cnmrnnnd by presenting a prompt character, "." 
(perrod). 

MONiTOR OPERAlr~ONS 

rile SDK--EIO Monitor is a comrnand contro!led 
ope1 nltons supervisor for the 8080 Micro
cornpllter System Oesign Kit. Control com
mnnds are dtscussed in Section 11, "Command 
Structure". 

l. FUNCTIONAl SPIECIFICAT~ON 

A. General Chamcieristics and Sco¡pe of 
Product 

The monttor is a program written in lntel® 8080 
rnacr o assembly language. Tl1e monitor resides 
rn 1 K (K = 1024 bytes) of programmed ROM and 
1s located in the address space of the 8080 
mtcrocomputer between O and 1K. The non
volatrle nature of the program's storage media 
means that the monitor is available for use 
immediately after power-on or reset. 
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f8L Descripiion oí A!i r'1:Jjor Funclions 
tc'erformedl 

i. CONSOLE COMMANDS 

The monitor cornmunicatP.s W'''' I!H') 
operator vi a an interactive consolr:, nnr rn
ally a teletypewriter. The dtf'tloqtlf~ !";
tween the operator and tf1P tn(•tllk•r 
consists of commands 111 the rnc!fllfol's 
command lang11age and the montlot's 
responses. After tt1e c-old slmt procr:rltll0, 
the monitor begins the dialogr•e hy typtrlf~ 
a stgn-on message on tlle con:wlf' :md 
then requests a cornmanrl by ~~~p~ronfinq a 
prornpt charocter, "·· Comrnnnd~ :1r•~ tn 
the form of a srngle a!ph:d,P!IC ckn<lcter 
specifying the command. íollowed by <1list 
of numeric or alphabettc partJm('!f'rs. 
Numeric parameters a1e Pntered 8'"' hexa
decimal numbers The mon1tor mc0qnizes 
the characters Othrough q <md A through F 
as legal hexadecimal di~11ts. Th0 valtd 
range of numbers is from 1 to 4 he)( d1g1ts. 
Longer numbers may be entered. bu! such 
numbers will be evaluated modulo 2'" so 
that they will fall into the range SJlf'Cifled 
above. 

The only command requirinq an nlpha
betic parameter is the "X" cornmand. The 
nature of such parameters wrll be dls
cussed in the section explainrng the 
command. 

2. USE OF THE MONiTOR FOR 
PROGRAMMING AND CHECI\011 r 
The monitor allows t11e user le' Pntcr. 
check out, and execute Sllr<!ll dr•rnonstra-
tion programs 1 he 11101111or colli:IHlS 

facilities for memory rnocltfrcat¡orl, R!18(l 
CPU register displrw and rnodifH:nt1un. 
program loading from tfw console devtce, 
program mitiation, ancl the n'coqntfl'm of 
an "RST 7" instruct1on ;1r.: an uncor 1dll1onal 
branch to RAM adcl1 ~s·; 1Jr 1 '' 1 nv 
ins8rting RST 7 instructions in <:1 11!U~''81ll 

under test, o• by usrng ttw hardware 
generated Rv r "1 instruct1on (if available), 
tlle user can cause exE:cution of a pt ogram 
to transfer to a dedtc8ted !ocatiun, for 
whatevm purposes he desires. 

When the user wisltes to re-enter tite 

o 

o 

o 



o 

o 

o 

monitor. l1e should use an RST 1 instruc
tion, either generated by hardware or 
coded into his program. When entered in 
this m~nner, the monitorwill E.utomatically 
save the state of the 8080· specifically, it 
will save all registers (A, 8, C, O, E, H, L), 
the CPU flags (F}, the user's Program 
Counter (PC), and the user's Stack Pointer 
(SP). These may be examined with the X 
command. When the operator enters a G 
command, these values will be restored. 

3. 1/0 SYSTEM 

The i/0 systom provides two routines, 
console chamcter in and console charac
ter out, which the user may call upon to 
read and wrlte, respectively, characters 
from and to the console devtce. 

C. Appl!cabie Standards 

Throughout this srecification, the numbering 
convention for bits in a word is f~at bit O is the 
least significant, or rightmost bit. 

The internai code set used by the monitor is 7 
bit (no parity) ASCII. 

16. INTERFACE SPIECIIFBCATIONS 

A. Command StrucUure 

In the following paragraphs the monitor 
comrnand language is discussed. Each com
mand is described, and examples of its use are 
includcd for clarity. Error conditions that may 
be encountered while operating the monitor are 
described in Section IV.C. 

The monitor requires each command to be 
tf-Jr rninatcd by a carriage return. With the 
cxception of the "S" and "X" commands, tho 
comm<1nd is not acted upon until the carriage 
return ís sensed. Therefore, the user can abort 
any comrnand, before he enters the carriage 
return. by typing any illegal character (such as 
RUBOUT). 

Except where indicated otherwise, a single 
space is synonymous with thc comma for use as 
a delimitar. Consecutive spaces or commas, or 
a space or comma immediately following t_he 
command letter, will be interpreted as a null 
parameter. Null parameters are illegal In all 
commands except the "X" command (sea 
below). 

ltems enclosed in square brackets "[" and "]" 
are optional. The consequences of inciudlng or 
omitting them are discussed In ihe text. 
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1. DISPLAY MEMORY COMM/\ND, 'O 

O <low address>, <high address> 

Selected areas of addressable memory 
may be accessed and displayed t!>y the D 
command. The O command produces a 
formatted listing of the memo'ry area 
between <low address> and <higll 
address>. inclusive, on the console de
vice. Each line of the listing. beg'ir1s with 
the address of the first memory location 
displayed on that line, represented as 4 
hexadecimal dig1ts, followed by up to 16 
memory locations, each one represented 
by 2 hexadecimal digits. 

The O command may be aborted during 
execution by typing an Escape (f!SC) on 
the console. Ttle command will be 
terminated immediately, and a new 
prompt issued. 
IExample 

09,2A 
0009 00 11 22 33 44 55 66 
0010778899AABBCCDOEEFF10203040506070 
00208090AOOOCOOOEOFOOI 0203 

2. PROGRAM EXECUTE COMMI\ND, G 
G[<entry point>] 

Control of the CPU is transferred from lile 
monitor to the user prograrn by means of 
the program execute cornm<~nd, G. Th() 
<entry point> should be an address m 
RAM which contains an instruction in the 
user's program. lf no entry point is 
specified, the monitor uses, asan address, 
the value on top of the stnck when tile 
monitor was entered. 

EJtample 

G1400 
Control ls passed lo !or.allon 140011. 

3. INSERT INSTRUCTIONS INTO liAM. 1 

1 <address> 

Single instructions, or n11 mHttE' tl<::(•r 

program, are entered tnto RAM witll tf,c i 
command. After sensing iiiP cr11 r ¡;¡r w 
return terminating the command inw. lllt• 
monitor waits for tlle user to entr•r ::t str 111r¡ 

of hexadecimal digits (Oto 9, A ~o F) Eilrtt 
digit in the string is converted into rts 
binary value, and then loadéd rnto 
memoty, beginning at the starting address 
specified and continuing !nto sequential 



nwnwry loc;l ltons Two hexadecimal 
dtgtts ate lor1ded into each byte of 
nwmory. 

Separ: 'ors bctween digits (spaces, com
mas, carr tage returns) are ignoreq; illegal 
cll<uactNs, llowever, will termm'ate the 
cornmand wtth an error message (see 
section IV.C 1). The character ESC or 
ALTMODE (which is echoed to the 
con so le as "$") terminates the digit string. 
lf nn odd number of hex digits have been 
entered. a O wi!l be appended to the string. 

EJtample 

11410 
112233~45566778899$ 

Thts cornmand puts the following pattern 
mto RAM· 

1410 11 22 33 44 55 66 77 88 99 

1144lJ 
123456789$ 

This comrnand puts the fol!owing pattern 
mto RAM: 

144'0 12 34 56 78 90 

Note tllat, since an odd number o1 
hexadecimal digits were entered initially, s 
O was appended to the digit string. 

4. MOVc MEMORY COMMAND, M 

M <lnw address>, <high address>, 
<destmat1on> 

ll1e M command moves the contents of 
rTH:rnory <low address> and <high 
mldr ess>, indusive, to the area of RAM 
bqJtrHIIng nt <destination>. The con
tenis of the source field remain un
dtslurbed, unless the. receiving field 
overlaps the source field 

The move operation is performed on a 
byte-by-byte basis, beginning at <low 
address>. Care should be taken if 
<destination> is between <low address> 
and <high ad&ess>. For example, if 
location 141 O contains 1 AH, the command 

M 141 O, 141 F, 1411 

will result in locations 1410 to 1420 
containing "1A 1A 1A ... ". 

The monitor will continue to move data 
unt1l the so urce field is ~xhausted, or untii 
it reaches address OFFFFH. lf the monitor 

rf'nchcs rtdrlress OFFf FH witt1011t ex
hAustmg !he sourv· f1eld, it will move dnt~ 
into this locnlton, then stop. 

fExample Q 
Wl1410, 150F, 1510 

256 bytes of memory are mnvf•d rrom 
i410-150F to 1510-160F by th1s cornmand. 

5. SUBSTITUTE MEMORY COMMAND, S 

S <address> 

The S .command allows the user to 
examine and optionally modify memory 
locations individually. The command 
functions as follows: 

i. Type an S, followed by the hexadecimal 
address of the ftrst mernorv local1on you 
wish to examine, followed by a sp~ce or 
comma. 

ii. The contents of the locRtion is dis
played, followerl by a dnsh (-) 

iii. To modify the contents of the location 
displayed, type in the new data, followed 
by a space. comma, or carriage return lf 
you do not wish to rnodify the location, 
type only the space, comma, or carriage 
return. 

iv. lf a space or comma was typed in stcp 
(iii), the next memory location w1ll be 
displayed as in step (íl). lf a carriage return 
was typed, the S command will be 
terminated. 

IE~tampte 

S1450 AA- BB-CC 01-13 23-24 

Location 1450, which contains 1\.A is 
unchanged, but location 1451 (whtcllused 
to contain BB) now contAins ce. 1452 
(which used to contAin 01) no\j\1 contains 
13, and 1453 (which used to contain 23) 
now contains 24. 

6. EXAMINE ANO MODIFY CPU 
REGISTE.RS COMMAND. X 

X [<register identifier>) 

Display and rnodiftca!ion of P1~~ CPU 
registers is accompl1shed vr;:¡ tll" X 
command. -~he X comrnar1d uses 
<register 1dentifier> to se!ect the 
particular registe! to be r.Jisplay8d A 
register identifier is a single aiotnbetic 
character denoting a regisler, defnlPd as 
follows: 

o 

o 



o 

o 

() 

A - 80RO CPU register A 
B - 8080 CPU reg1ster B 
C - 8000 CPU register C 
O - 8080 CPU register O 
E - 8080 CPU register E 
F - 8080 CPU flags byte, displayed in the 

form as it is stored by th~ "PUSH PSW' 
(hex code F5) instruction 

H - 8080 cru register H 
L - 8080 CPU register L 
M - 8080 CPU registers H and L 

combmed 
P - 8080 Program Counter 
S - 8080 Stack Pointer 

The command operates as follows: 

i Type an X. followed by a register 
identif1er or a ~arriage return. 

ii. The co),•:e•lts of the register are 
displayed (two hexadecimal dig¡ts for A, 8, 
C, D. E. F. H. and L, four hex<ldecimal 
digits for M and S), kl!owed by a dash (-). 

iii. Tt1e register mav be modified at this 
time by typing the new value, foiiowed by a 
spacc, comma, or carriage return. U no 
modification is desired, type only the 
space, comma, or carriage return. 

iv. lf a space or comma was typed in step 
(ili), the next register in sequence 
(i11phnl>ctical order) will be displayed as in 
step ii (unlcss S was just dispiayed in 
which case the command is terminated}. lf 
a carriage return was entered in step iii, the 
X command is terminated. 

v. lf a carriaGe return was typed In step (1) 
abo ve, an annotated list of all reglsters and 
their contents are displayed. 

EJlample 

XA AA· BB· CC- 00 H- FF- 12- 34- 1234- 0000 
XA Al\- 23- CC- 01- EE- FF- 12- 34- 1234- HHO 
X 
A-AA B 23 C-tC 0-01 E-EE F-FF H-12 l-34 M-1234 P·f:nCF S-03CIIB 

B. Console Device Drivers 

The monttor interfaces to the console device 
via a universal synchronous/asynchronous 
receiver/transmitter (US.t\RT). The monitor 
dnvers interface with the USART according to 
the USART specifications. At the time of the 
assembly of the kit, the USART may be 
configured for a particular aype of consoie 
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interfHce The .gctual console df?vico must 
conform to this interface. 

C. Uslng the 1/0 Sys~em 

The user may access the two monttor 1/0 
system routines from his program by calling the 
routine desired. The foltowing paragraphs 
describe the routines available and thetr 
respective functions. 

Ci - Console Input 
This routine returns a character received from 
the console device to the calier in the A
register. The A register and the CPU condit1on 
codes are affected by this operation. The entry 
point of this routine is 3FDH. 

IEnampla 

Cl EQIJ 3HJH 

CAll Ci 
STA DATA 

CO - Console Output 

This routine transmits B characte1. passed frorn 
the caller in the C-reg1ster, to the console 
device. The A and C registers. and the CPU 
condition codes, are affected by this operation. 
The entry polnt of this routine is 3FAH. 

IEKamp8e 

CO EQU 3FAH 

MVI C."." 
CALL CO 

m. OPERATING SPECIFICATIONS 

A. Prroduct ActlvaUon lnstructions 

1. COLO START PROCEDURE 

After a power-on or reset, the monttor will 
begin execution at location O m ROM. Tl1c 
monitor will perform an initializAtion 
sequence, and then display a sign-on 
message on the conso!e. When the 
monitor is ready for a comrnand, it w111 
prompt with a period, ".". 

2. USE OF RAM STORAGE lf\1 THE 
MONITOR 

The monitor dynamically Rss1gns its RAM 
stack near the top of the first 1K bytes of 
RAM (address space from 4K to 51<). The 
top 3 bytes in this block of RAM are 
reservad for a transfer address, supplied 



by IIH~ liS('!. vvllich 1s 11~.8d i:l'i a dP~>t:nai!on 

lnr:;111on for HST 7 instrur:t1ons (or the 
opt1onal h<11 !lw1red instruciion). Severa! 
adrlrtronal bytr":; are used. below the stack, 
for tr) por<1ry storage. Exr:ept for RAM 
ndd' t1Sses 5K -1 to SK-256, all ot11er RAM is 
c!Vélilahle fnr lile user. 

O. Summary of Normal Use Methlodlology 

(íhis sect1on, which normally consists of a 
detariP.d exarnple of the use of the monitor, will 
be omrtted Exélmrles of all commands may be 
found rn the snctrons explaining the monitor 
comrnands) 

C. Error Conditions 

1. INVALID CHARACTERS 

The monrtor checks the validity of each 
ch<u (le ter éls rt 1s entered from the console. 
As soon <lS tlle monitor determines that 
the !<1st ch<H acter entered is illegal in its 
cnnh~xt. thn monitor aborts the command 
and iSStJPs an "*'' to indicate the error. 
Enample 

01400. 145G" 
The character G was encountered In a 
parameter list where only hexadecimal 
digits and dellmiters are valid. 
v~ 

\ 

Y is not a valid command. 
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2 /\[lOHESS VAl UC r-:HfVHi'l 

Sorne cornrn8nds r '.'qtJir e ;_m ;,dcJr e··.~ ¡xur 
of the form < l~wt adclrrss>. · lw¡h 
address>. lf, on \11ese cornrnanrl-:;, the 
vaiue of <low address> is grcater lhan or O 
equal to the \talue of <11igh actdres". '- t11e 
action indicated by the commanrl v., 111 be 
performed on the dala at <low address> 
only. 

Addresses are evaluated mod11ln :J 1
'' 

Thus, 1f a hexadecimal arldress qrr.qtf:'r 
t!lan FFFF is entered, only the lnsl 4 hE'x 
digits will be useri. 

Another type of address error rnay occur 
when the operator spec¡frPs n rart of 
memory in a command whrcl1 does not 
exist in his partlculm confrqut ;JtiiJn In 
general, if a nonexlslGnt portror1 of 
memory ís specifíed as the sourcc> f1elrl for 
an instruction, the da1a ft:?tr.hed wtll be 
unpredictable. lf a nonexrslPnt portron of 
memoty is given as the destiflation ftcld m 
a command, the command has no effect. 

o 

o 
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ABSTRACT' 
::==~==== 

PROGRAM: 8088A BOARD ~ONITOR 

COPYRIGHT (C) 1975 
INTEL CORPORATION 
3065 BOWERS AVENUE 
SANTA CLARA, CALIFORNIA 95851 

. ' 

THIS PHOGRAM RUNS ON THE 80B0A BOARD ANO IS DESIGNED TO PROVIDE 
THE USER WITH A MINH,AL MONITOR, BY USING THIS PROGRAM, 
THE USER CAN EXAMINE ANO CHANGE MEMORY OR CPU REGISTERS, LOAD 

1 A PROGRAM (IN ABSOLUTE HEX) INTO RAM, ANO EXECUTE INSTRUCTIONS 
Ar~READY IN MEMORY. THE MONITOR ALSO PROVIDES THE USER WITII 
ROUTINES FOR PERFORMING CONSOLE 1/0. 

PROGRAM ORGANIZATION 
====~== ============ 

1 T!IE LISTING IS ORGANIZED IN THE FOLLOWING WAY. FIRST TIIE COMMAND
J•RECOGNIZER, WHICH IS THE HIGHEST LEVEL ROUTINE IN THE PROGRAM. 
1 NEXT THE ROUTINES TO IMPLEMENT THE VARIOUS COMMANDS •. FIN~LLY, 
1 THE UTILITY ROUTINES WHICH ACTUALLY DO TIIE DIRTY WORK. WJTHIN 
J EACH,SECTION, TIIE ROUTINES ARE ORGANIZED IN ALPHABETICTIL 

ORDER, BY ENTRY POINT OF THE ROUTINE. 

THIS PROGRAM EXPECT~ TO RUN IN THE FIRST lK OF ~DDRESS SPACE. 
1 I F, FOR ·SOME RETISON, THE PROGRAM IS RE-ORG 'ED, CARE SHOULD' 

, 
J 

BE TAKEN TO MAKE SURE THAT THE TRANSFER INSTRUCTIONS FOR RST 1 
ANO RST 7 ARE ADJUSTED APPROPRIATELY. 

THB PROGRAM ALSO EXPECTS THAT RAM LOCATIONS 5K-l TO 5K-256, 
INCLUSIVE, ARE RESERVED FOR THE PROGRAM'S OWN USE. THESE'' 
LOCATIONS MAY BE ALTERED, HOWEVER, BY CHANGING 'THE EOU''ED 
SYMBOL "DA'rA" AS DESIRED. ' 

. ¡ 

) LIST·OF FUNCTIONS 

DCMD 
GCMD 

29 
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IH199 

011111 
1 H'O 
0JF/\ 
0027 
00FB 
fHl FA 
00F/\ 
00F'B 
0000 
1390 

ICMD 
MCMD 
SCMD 
XCMD 

BREAK 
CI 
CNVBN 
co 
CROUT 
ECHO 
ERHOR 
FRET 
GETC 1~ 
GETIIX 
\.ETNM 
HILO 
N M OUT 
PRVI\L 
REGDS 
RGADR 
RST'l'F 
SRET 
STHF~ 

STHLF 
VAI"DG 
VALDL 

ORG 0H . , 
:•••············~·~····~~·························~··············· 

MONITOR EQliATES 

. 
:*************************************··~·············b*****~····· 

BRCHR EQU lBH CODE FOR BREAK CHI\RACT8R (ESCAPE) 
BRLOC EQU 13FDH LOCATION OF USER HRANCH INSTRUCTTON IN 1-1111~ 

BRTAB EQU 3Fl\ll LOCATION OF START OF BR/\NCH TABLE IN Rm1 

CMD EQU,. 027H COMMAND INSTRUCTJON FOR USART Jtl T T JI\ L l 7 1\ 'f Y • 1 N 

CNCTL EOU. 0FBH CON SO LE (USI\RT) CONTROL PORT 
CNIN EQU 0FAH CON SO LE INPUT PORT 
CNOUT EQU 0FAH CON SO LE OUTPUT PORT 
CONST EQU, 0FBH CONSOLE STATUS INPUT PORT 
CR EQU 0DH 1 CODE FOR CARRIAGE RETURN 
DATA EQU~ 5*1924-:!56 : START OF MONITOR RAM UST\GE 

30 
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j ,1 ~ ' 

0018 
IHlOF 
00FF 
0001\ 
0000 

00CF 

000 ~· 
007F 
UED 
0002 
0038 

0018 
9001 
89FF 

1 
1 

1 
1 

ESC EQU 
HCHAR EQU 
JNVRT EQU 
LF EQU 
LO\vER EQU 
:LSGNON 
MODE EQU 
:MSTAK 
:NCMDS 
NEWLN EQU 
PP.TY0 EQU 
EH:GS EQU 
RBR EQU 
RSTU EQU 
:RTABS 
TERM EQU 
TRDY EQU 
UPPER EOU 

. 

lBH CODE FOR ESCAPE CHARACTE~ 
CPH MASK TO· SELECT LOWER HEK CHAR FROM BYTE 
0FFH MASK TO INVERT HALF BYTE FLAG 
01\H· CODE FOR [,INE FEED . 
0 ,, DENOTES LOWER HALF OF BYTE IN ICMD 
EQU : LENGTH-OF:SIGNON· MESSAGE - DEFINED LATER 
0CFH J .MODE SET FOR USART INITIALIZATION 
EQU : START OF'MONITOR STACK- DEFINED LATER 
EQU : NUMBER OF- VA LID. COMMANDS 1 1 

0FH J MASK FOR CHECKING-MEMORY ADDR DISPLAY 
07FH : MASK TO CLEAR PARITY BIT FROM CONSOLE C~AR 
DATA+255-18 ; 'sTART OF, REGISTER SAVE AREA 
2 J MASK TO TEST. RECEIVER STATUS 
38H J TRANSFER LOCATION FOR RST 7 IÑSTRUCTION 
EQU r SIZE OF ENTRY IN RTAB TABLE 
lBH CODE FOR ICMD TERMINATING CHARACTER (ESCAPE) 
1 MASK TO TEST TRANSMITTER STATUS 
9FFH DENOTES UPPER HALF OF BYTE IN ·ICHO 

. '" 
:**************************************************************!** 

' ' f MONITOR MACROS ' 

f 
·**************************6666666ttttt6t666t666tt6ttttt6666666666 • 
f 
J 
TRUE MACRO WHERE BRANCH IF FUNCTION RETURNS TRUE (SUCCE~§) 

,Te . WHERE 
ENOM 

f 
FALSE MACRO WHERE BRANCH IF FUNC.TION RETURNS FALSE (FAILURE) 

JNC W1iERE 
ENDM 

f , 
,.~6~··~···············~·~············~················~······,··6 
f, . 

,1 . • . 1· 
USART INITIALIZATION CODE 

f - ' 
{** "* * *.*.* *" t * t t ***t. *6** * ••• * t * *** * t *** *. i<tt. ~6 6 * * 6 * 6 * * 6 * * lt66 t •• ** 
J ,, 
J , 
J ' 

' 

THE USART IS ASSUMED TO COME UP IN THE ·RESET POSITION (T~I~ 
FUNCTION IS TAKEN CARE OF BY THE HARDWARE) • THE USART WILL 
BE INITIALIZED IN THE SAME W~Y FOR EITHER A TTY OR CRT . ' 
INTERFACE. ·THE FOLLOWING PARAMETERS ARE.USEDI 

31 
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ClOClA 
!Hl02 
IHHl4 
0006 

IHHlR 
CliHlB 
ClflClO 
Cl00C 
000F 
01H2 
0013 
0016 
0019 
001A 
001B 
091C 

3ECF 
03FB 
3E27 
D3FB 

22F'Jl) 
El 
22FS13 
210000 
39 
22F713 
21FJ13 
F9 
FS 
es 
DS 

MODE INSTRUCTION 
=====~=~=~== 

2 STOP BITS 
PI\RITY DISABLED 
8 BIT CHARACTERS 
BAUD RATE FACTOR OF 64 

COMMI\ND TNSTRUCTION 

NO HUNT MODE 
NOT(RTS) FORCED TO 5 
RECEIVE ENABLED 
DATA TERMINAL REI\DY 
TRANSMIT ENABLED 

MVI 
OUT 
HVI 
OUT 

A,MODE 
CNCTL 
A,CMD 
CNCTL 

OUTPUT MODE SET TO USART 

OUTPUT COMMAND WORD TO USART 
1 
r*******~****~*****************~·~~·•~*******************~•••••••~ 

RESTI\RT ENTRY POINT 
1 
1 
,······~~~···························******~~~~·····•************* 
1 , 
G01 

sH'Lo 
POP 
SHLD 
LXI 
DAD 
SHLD 
LX,I 
SPHL 
Pl.]SH 
PtJSH 
PUSH 

LSI\VE 
H 
PSI\ VE 
H,0 
SP 
SSAVE 1 
H,ASIWE+l 

PSW 
B 
D 

SAVE HL REGISTERSS 
GET TOP OF STI\CK ENTRY 
1\SSUME THIS IS LAST P COUNTER 
CLEAR HI, 
GET STACK POINTER VALUE 
SAVE USER'S STI\CK POINTER 

: NEW VALUE FOR STACK POINTF.R 
SET MONITOR STACK POINTER FOR REG SAVE 
SAVE A ANO FLAGS 
SAVE B ANO C 
SAVE D AND E 

:~ ••••• ¿~ •••••••••••••••• ~······~·······················~*~·~ 
f. 

PRINT SIGNON MESSAGE 

32 
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0010 219003-
0020 060Ei: 
0022 
0022 4E 
0023 CDE391 
0026 23 
0027 05 
0028 C22200 

0028 
002B 21ED13 
0'12E F9 
~02F 0E2E 
00,31 CDF401 
0034 C33B00 

~ ~ r 

~~38 
·00·38 C3FD13 

f ' 

0030 
0~313 CD1D02 
003E CDF401 
0041 79 '. 
0042 010600 
0945 218~93 

·······~····················································~ J 1 ' 

' LXI H,SGNON J GE~ ADORESS OF. SIGNON MESSAGE 
MVI B,LSGNON : ··coUNTER FOR CHARACTERS IN MES S~~ E 

MSGL: 
MOV C,i'll FETCH NEXT CHAR TO C REG 
CALL co 1.-'!'('r--1 SENO IT TO THE CONSOLE 
INX ·H J POINT TO NEXT CHARACTER 
OCR B DECREMENT BYTE:COUNTER 
JNZ MSGL . _, J RETURN FOR NEXT.CHARACTER 

: . 
, ' 

~········~·······i··········~···············~~¡*****~·········~~·· 

COMMAND RECOGNI Z ING ROUTI,NE 
'J 

J ' 
:**********************************************~****************** 
J ' 

FUNCTION: GETCM
INPUTS: NONE 

:· OUTPUTS: NONE 
CALLS: GETCH, ECHO, ERROR. 
DESTROYS: A,B,C,H,L~F/F"S 
DESCRIPTION: GETCM RECEIVES AN INPUT CHARACTER FROM THE USER 

ANO ATTEMPTS TO LOCATE THIS CHARACTER IN ITS COMMANO 
CHARACTER TABLE. IF SUCCESSFUL, THE ROUTINE ... 
CORRESPONDING TO THIS CHARACTER IS SELECTED FROM 
A TABLE OF COMMAND ROUTINE ADDRESSES, AND CONTROL 
IS TRANSFERRED TO THIS ROUTINE. 'IF THE CHARAC~iR 
OOES NOT·MATCH ANY ENTRIES, CONTROL IS PASSEO TÓ' 

• ., . . T~E ERROR '~1\NJ?LER. . , . ' ' : ; . 
J 
GETCM: 

, ' 

Ll<I 
SPHL 
MVI 
CALL 
JMP 

QRG 
JMP-, 

GTC63: 
~ALL 
CALL 
MOV 
,LXI 
LXI 

H,MSTAR ALWAYS WANT TO RESET STACK PTR TO MONITOR 
/STARTING VALUE SO ROUTINES NEEDN"T CLEAN U? 

e,,..,. . J PROMPT CHI\RACTER TO C ' ·' -e' 

ECHO 
GTC93 

RSTU 
USRBR 

GETCH 
ECHO 
A,C 
B,NCMDS 
H,CTAB 

SENO PROMPT CHARACTER TO USER TERMINAL 
WANT TO.LEAVE ROOM FOR RST BRANCH 

ORG TO 1RST TRANSFER LOCATION 
JUMP TO USER BRANCH LOCATION 

' ' ~ 

GET COMMAN'o CHARACTER TO A 
ECHO CHARACTER TO USEP. 

·PIJT COMMAND CHARACTER lNTO ACCUMULATOR 
C CONTAINS LOOP ANO INDEX COUNT ': 
HL P9INTS INTO COMMANO TABLE 

:13 
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~048 
0048 
íHJ 4 9 
ll04C 
0040 
0(14E 
OO'íl 
0(1 ') 4 
01'154 

(1(1 57 
íHl5B 
0(159 
Oll5A 
005Ll 
005C 
0050 

í'Hl'd' 
~ ~l Si 
11 C1 r,,, 
0fHi3 
ffH16 4 
!Hl6'J 
fHlfi5 
t-l068 
1Hlfi9 
AA6C 
006D 
0070 
0070 
1:'1072 
0075 
0076 

BE 
Cl\5400 
23 
0D 
C24800 
C30D02 

21AB03 

IJ9 
09 
7E 
23 
66 
GF 
E9 

I:'IE¡ll2 
C05702 
Dl 
El 

CDEEAl 
7C 
CDC30 2 
70 
CDC302 

0E20 
CDF401 
7E 
CDC302 

.GTC05: 

GTC18: 

CMP 
JZ 
INX 
DCR 
JNZ 
JMP 

LXI 

DAD 
DAD 
MOV 
INX 
MOV 
MOV 
PCHL 

M 
GTC10 
H 
e 
GTCI:'l5 
ERROR 

H,CADR 

B 
B 
A,M 
H 
H,M 
L,A 

COMPARE TABLE ENTRY l\ND CHARAC'TER 
BRANCH IF EQUAL - COMMANn RECOGNJZEO 
ELSE, INCREMENT TABLE POINTER 
OECREMENT LOOP COUNT 
BRANCH IF NOT 1\T TABLE END 
ELSE, COMMAND CHI\RACTER IS I!.LF:(;AL 

IP GOOD COMMAND, LOAD ADDRESS OF TABLE 
/OF COMMANO ROUTINE AOORl:SSES 
ADD WHAT IS LEFT OF LOOP COUNT 
1\DD 1\GAIN - EACH ENTRY IN CAOR IS 2 BYTES tnNG 
GET LSP OF ADDRESS OF TABLE ENTRY TO A 
POINT TO NEXT BYTE IN TABLF. 
GET MSP OF ADDPESS OF TABLE ENTRY TO H 
PUT LSP OF 1\DDRESS OF TABLE ENTRY INTO L 
NEXT INSTRUCTION COMES FROM COMMAND ROUTINE 

, 
r**************************************************••·~~•************** 

1 

COMMAND IMPLEMENTING ROUTINES 

. 
·****************************************·~···~·····~~················· , 

FUNCTION: DCMD 
INPUTS: NONE 
OUTPUTS: NONE 
CALLS: ECHO,NMOUT,HILO,GETCM,CROUT,GETNM 
DESTROYS: A,B,C,D,E,H,L,F/F'S 
DESCRIPTION: DCMD IMPLEMENTS THE DISPLAY MEMORY (D) COMMAND 

DCMD: 
MVI 
CALL 
POP 
POP 

DCM05: 
e A rJL 
MOV 
CI\LL 
MOV 
CALL 

DCMli'J: 
MVI 
CALL 
f'lOV 
CALL 

C,2 
GETNM 
D 
H 

CROIJT 
1\,H 
N M OUT 
A,L 
N M OUT 

e, . . 
ECHO 
A,M 
NMOUT 

J GET 2 NUMBERS FROM INPUT STREAM 

1 ENDING ADDRESS TO Df. 
1 STARTING ADDRESS TO HL 

ECHO CARRIAGE RETURN/LINE FEED 
DISPLAY 1\DDRESS OF FIRST LOCATION IN LINE 

1\DDRF.SS IS 2 BYTES LONG 

J USE BLANK AS SEPARATOR 
GET CONTENTS OF NERT MEMORY LOC~TTQN 
DISPLAY CONTENTS 

o 

o 

o 
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IH'l79 COB001 
1 

IHJ7C 1 DA85fl0 
fl:;'I7F C09C92 

1Jil82 
iHl85 
0085 
fl088 
01188 
1!1088 
IHlBC 
flOAD 

~HlBF 
tH'l92 

1Hl95 
fH19'i 

llll9A 
1Hl9B 
0f.I9C 
009E 
00/\l 
001i4 
IHll\5 
flllli6 
fi0A7 
001"11\ 
001\A 
IHlAB 

_ _IHlfiD 
00A0 
0080 

1 
1 028800 

1 

CDEE01 
C32B00 

23 
70 
E60F 

C27000 
C36580 

CD2202 

1 D2AA00 
7A 
FE:fiD 
C20D02 
21 F513 
71 
23 
70 
C3B000 

7A 
FE0D 
C~0002 

C32E03 

CfiLL 
+ TRUE 
+ JC 

CALL 

+ FALSE 
+ JNC 

DCM12: 
CI\LL 
JMP 

DCM15 1 

INX 
MOV 
/\NI 

BREAK 
00112 
DCM12 
HILO 

DCM15 
DCM15 

CROUT 
GCTCM 

H 
1\,L 
NEWt,N 

DCMH! 
DCM05 

FUNCTION: GCMD 
INPUTS: NONE 
OU'l'PUTS: NONR 

SEE IF USER WANTS OUT 
IF SO, BRANCH 

SEE IF AODRESS OF DISPLAYED LOCATION IS 
/GREATER THAN OR EQUAL TO ENDING ADDRESS 
IF NOT, MORE TO DISPLAY 

CI\RRIAGE RETURN/LINE FEEO TO END LINE 
1\LL DONE 

JF MORE TO GO, POINT TO NEXT LUC TO DISPLAY 
GET LOW ORDER BITS OF NEW ADDRESS 
SEE IF LAST HEX DIGIT OF AOORESS OENOTF.S 
/START OF NEW LINE 
NO - NOT 1\T END OF LINE 
YES -·START NEW LINE WITH 1\DDRESS 

1 CALLS: ERROR,GETHX,RSTTF 
DESTROYS: A,B,C,D,E,H,L,F/F'S 
DESCRIPTION: GCMD IMPLEMENTS THE BEGIN EXECUTION (G) COMMAND. 

1 
GCHD: 

CI\LL 
+ FI\LSE 
+ JNC 

GCM05: 

GCM10: 

1 
r 

MOV 
CPI 
JN7. 
LXI 
MOV 
INX 
MOV 
JMP 

MOV 
CPI 
JNZ 

JMP 

GETHX 
GCM05 
GCM05 
A,D 
CR 
ERROR 
H,PSAVE f 
M,C 
H 
M,B 
GCM18 

A,D 
CR 
ERROR 

RSTTF 

GET ADDRESS (IF PRESENT) FROM INPUT STREAM 
BRANCH IF NO NUMBER PRESENT 

ELSE, GET TERMINI\TOR 
SEE IF CARRIAGE RETURN 
ERROR IF NOT PROPERLY TERMINATED 
WI\NT NUMBER TO REPLACE SfiVE PGM COUNTER 

IF NO STARTING 1\DDRESS, MI\KE SURE THI\T 
/CARRIAGE RETURN TERMINATED COMMAND 
ERROR IF NOT 

RESTORE REGISTERS ANO BEGIN EXECUTION 

,~~·~··········~······*··············~···························· 
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fH'EJ 
ll0B1 f)COl 
1111PS CD57112 
lll11\fi JEF'F' 
rlllB/\ J2F91 3 
''11DD Dl 
OO!l!. 
CH113f- CDJB02 
01lCl 4r 
!1flC2 CDF'40l 
1HlC5 79 
ClílC6 f'El 13 
OOCB C/\r4110 
HOCB CDB/\03 

1 
00CE 1 O/\BE00 
00Dl CD6FO 3 

1 
0111)4 1 
llllD7 
00 DI\ 
OODil 
OllDE 
00El 
OOE2 
01ll:S 
CHl1'6 
3 o Lf• 
110Eí1 
IHlEB 
OIH~E 

00Ef: 
oori 
IHIF4 
llil F4 
01H'7 
00FA 

D2F:E00 
CDDI\01 
4F 
CD500 3 
31\F913 
B7 
c:?E600 
l3 

EEFF 
3 2 f'9] 3 
C3BE00 

CD4503 
CJ0Dil2 

Cll450 3 
CDEEill 
C32B00 

FUNCTION: ICMD 
INPU'l'S: NONE 
OUTPUTS: NONE 
CALLS: ERROR,ECHO,GETCH,VALDL,VALDG,CNVBN,STHLF,GF:TNM,CROUT 
DESTROYS: A,B,C,D,E,H,L,F/F"S 
DESCRIPTION: ICMD IMPLEMENTS THE JNS~RT CODE INTO MEMORY (I) COMM~ND. 

1 
ICMD: 

ICM05: 

MVI 
CI\LL 
MVI 
STA 
POP 

CALL 
MOV 
CALL 
MOV 
CPI 
JZ 
CALL 

+ 'I'RUE 
+ JC 

CALL 
+ FALSE 
+ JNC 

ICM10: 

ICM20: 

CI'ILL 
MOV 
CALL 
LOA 
ORA 
JNZ 
INX 

XRI 
STA 
JMP 

CALL 
JMP 

ICM251 
CJ\LL 
CALL 
JMP 

. , 

C,l 
GETNM 
A,UPPER 
TEMP 
D 

GETCH 
C,l\ 
ECHO 
1\,C 
TERM 
ICM25 
VALDL 
ICM05 
ICM05 
VALDG 
ICM20 
ICM21ll 
CNVBN 
C,A 
STHLF 
TEMP 
A 
ICM10 
D 

INVRT 
TF:MP 
ICM05 

S'I'IIFI'l 
ERROR 

STHF0 
CROU'I' 
GETCM 

GET SINGLE NUMBER FROM INPUT S1R~AM 

TEMP WILf" HOLD THE IJPPER/LOWER IJAI,F BYTl FLAG 
ADDRESS OF ST~RT TO DE 

GET A CHARACTER FROM INPUT STR~AM 

ECHO IT 
PUT CHARACTER BACK INTO A 
SEE IF CHARACTER IS A TERMINATlNG CH~RACTER 
IF SO, ALL DONE ENTERING CH~RACTERS 
ELSE, SF.C lf VALID DELIMITER 
IF SO SIMPLY IGNORE THIS CHARACTER 

ELSE, CHECK TO SEE IF VALID HEX DIGIT 
IF NOT, BRANCH TO HANDLE ERROR CONDITION 

CONVERT DIGIT TO BINARY 
MOVE RESULT TO C 
STORE IN APPROPRIATE HALF WORD 
GET HALF BYTE FLAG 
SET F/F'S 
BRANCH IF FLAG SET FOR UPPER 
IF LOWER, INC l'.DDRESS OF BYTE TO S'I'ORE IN 

TOGGLE STATE OF FLAG 
PUT NEW VALUE OF FLAG BACK 
PROCESS NEXT DIGIT 

ILLEGAL CHARACTER 
Ml\KE SURE ENTIRE BY'fC FILLED TIIEN ERROR 

HERE FOR ESCAPE CHI\R~CTER - INPUT IS DONE 
ADD CARRIAGE RETURN 

r**********************~h~******~*~*~*****~*****~****~~··~~··~•·•• , , 

o 

o 

o 
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OOF'D 
OllFD 0E03 
llllFF CD57fJ2 
0102 Cl 
n un El 
llHl4 Dl 
0105 
0105 ES 
OUHi 62 
11lll7 68 
OlOR 7E 
í1H19 60 
0101\ 69 
IHCJB 77 
OHlC 03 
llHlD 7R 
lllflE 81 
fllllF Cl\2800 
0112 13 
IH13 El 
0114 CD9C02_ 

1 + 
IH17 1 D22B00 + 
011A C30501 

0110 
0110 CD2202 
fH20 C'j 
0121 El 
0122 
0122 7A 
0123 FE20 
9125 CA2D01 

: 

FUNCTION: MCMD 
INPUTS: NONE 
OUTPUTS: NONE 
CALLS: GETCM,HILO,GETNM 
DESTROYS: A,B,C,D,E,H,L,F/f'S 
DESCRIPTION: MCMD IMPLEMENTS THE MOVE DATA IN MEMORY (M) COMMAND. 

MCHD: 
MVI e, 3 
Cl\f,L GE'fNM 
POP 8 
POP ti 
POP D 

MCM95: 
PliSH H 
MOV H,D 
MOV L,E 
MOV 1\, ~~ 
MOV H,B 
MOV L,C 
MOV M,A 
INX 8 
MOV A,B 
ORA e 
JZ GETCM 
INX D 
POP H 
CALL HILO 
FIILSE GETCM 
JNC GETCM 
~TMP MCM05 

FUNCTION: SCMD 
INPUTS: NONE 
OUTPUTS: NONÉ 

GET 3 NUMBERS FROM INPUT STREAM 
DESTINATION ADDRESS TO BC 

J ENDING ADDRESS TO HL 
STARTING ADDRESS TO DE 

SAVE ENDING ADDRESS 

SOURCE ADDRESS TO HL 
GET SOUPCE BYTE 

DESTINATION ADDRESS TO HL 
MOVE BYTE TO DESTINI\TION 
INCREMENT DESTINATION ADDRESS 

TEST FOR DESTINATION ADDRESS OVERFLOW 
1 IF SO, CAN TERMINATE COMMAND 

INCREMENT SOURCE ADDRESS 
ELSE, GET 81\CK ENDING ADDRESS 
SEE IF ENDING ADDR>~SOURCE ADDR 
IF NOT, Cmi!MAND IS DONE 

MOVE ANOTHER BYTE 

CALLS: GETHX,GETCM,NMOUT,ECHO 
DESTROYS: A,B,C,D,E,H,L,F/F'S 
DESC~IPTION: SCMD IHPLEMENTS THE SUBSTITUTE INTO MEMORY (S) COMMAND. 

' SOID: 
CAf,L GETHX J GET A NUMBER, IF PRESENT, FROM INPUT 
PUSH B 
POP H 1 GET NUMBER TO HL - DENOTES MEMORY l!.OCAT ION 

SCMOS1 
~ov ~·~ GET TEIUHNATOR 
CPI SEE IF SPACE 
JZ SCHUJ YES - CONTINUE PROCESSIHG 
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0128 
0121\ 
0120 
0120 
012E 
fi]Jl 
!il33 
0136 

IH39 
ouc 
OlJD 
01JD 
tH3E 

0141 
1'1141 
0144 
0145 
0148 
0149 
01413 
011\F. 
01 ~. 1 
O 1 S4 
0154 
0155 
0150 
01')9 
015/\ 
015C 
I'Jl5F 
1'!161'! 
0163 
0163 
el fi 6 
1'!168 
I'Jl6B 
0160 

1 

FE2C 
C22BIHI 

7E 
CDC31'J2 
0E20 
CDf41'J 1 
C02202 

1 023001 
71 

23 
C3221H 

CD1BB2 
4F 
CDF401 
79 
FE0D 
C25401 
CDE602 
C32B01!1 

4f 
C01703 
es 
El 
0E20 
CDF401 
79 
32F913 

3AF913 
FE20 
Cl\7001 
FE2C 
C22B00 

SCM10: 

CPI 
JNZ 

MOV 
CI\LL 
MVI 
CALL 
CALL 

+ FALSE 
+ JNC 

MOV 
SCMlS: 

INX 
,JMP 

, 
GETCM 

A,M 
N M OUT 
e, -
ECHO 
GETHX 
SCM15 
SCM15 
M,C 

H 
SCM05 

ELSE, SEE IF COMMA 
NO - TERMINI\TE COMM/\ND 

GET CONTENTS OF SPECIFIED LOCI\TION TO 1\ 
DISPLAY CONTENTS ON CONSOLE 

USE DASH FOR SEPARATOR 
GET NEW VALUE FOR MEMORY LOC/\TION, If nNY 
IF NO VALUE PRESENT, BR~NCH 

ELSE, STORE LOWER 8 BITS Of NUt11JER ENTEREil 

INCREMENT ADDRESS OF MEMORY LOCATION TO VIEW 

, 
:********************~~*******************************~~h·*~*~**** 

FUNCTION: XCMD 
INPUTS: NONE 
OUTPUTS: NONE 
CALLS: GETCH,ECHO,REGDS,GETCM,ERROR,RGADR,NMOUT,CROUT,GETHX 
DESTROYS: A,B,C,D,E,H,L,F/F'S 

1 DESCRIPTION: XCMD IMPLEMENTS THE REGISTER EXAMINE AND CHANGE (X) 
COMMAND. 

: 
XCMD: 

XCMOS: 

XCM10: 

CALL 
MOV 
CAL[, 
MOV 
CPI 
JNZ 
CALL 
JMP 

MOV 
CALL 
PUSH 
POP 
MVI 
CALL 
MOV 
STA 

LOA 
CPI 
Ji 
CPI 
JNZ 

GETCH 
C,A 
ECHO 
A,C 
CR 
XCM05 
REGDS 
GETCM 

C,A 
RGAOR 
B 
H 
e', , 
ECHO 
A,C 
TEMP 

TEMP 

KCMlS 
, 

GETCM 

GET REGISTER lDENTIFIER 

ECHO IT 

BRANCH IF NOT CARRIAGE RETURN 
ELSE, DISPLAY REGISTER CONTENTS 
THEN TE~MINATE COMMAND 

GET REGISTER IDENT!FIER TO C 
1 CONVERT IDENTIFIER INTO RTAB TABLE ADDR 

PUT POINTER TO REGISTER ENTRY INTO HL 

J ECHO SPACE TO USER 

PUT SPACE INTO TEMP AS OELIMITER 

1 GET TER~UNI\TOR 
1 SEE IF A BLANK 
1 YES - GO CHECK POINTER INTO TABLE 

NO - SEE IF COMMA 
NO - r-tUST BE G>RRII\GE RETURN TO END l'OMtii\ND 

o 

o 

o 



o 

o 

o 
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0170 
01713 
oi117l 
0172 
1317'i 
0178 
017B 
0l7B 
017C 
017D 
017f 
íHBO 
0181 
0182 
0183 
0184 
11185 
0186 
rn BCJ 
0181\ 
0180 
01BC 
fll8f 
0190 
"] 'll 
0194 
0194 
0196 
0199 

1119C 
019F 
01/\0 
01/\3 
01 A4 
01/\5 
01/\6 
01!19 
0 l!\1\ 
LH/\0 
131!\U 
011\C 
fll/I.C 
fll/\1' 
"1 f\ll 
"1131 
fll B4 
131B4 
IHBS 
13198 
0189 

1 

7E 
B7 
C27BIH 
COEE01 
C32B00 

ES 
SE 
1613 
23 
46 
DS 
D5 
El 
es 
7E 
CDC302 
Fl 
F5 
B7 
C/\9401 
2B 
7E 
CDC302 

0E2D 
CDF401 
CD2202 

1 D2B401 
7A 
32F913 
Fl 
El 
B7 
CAAB01 
70 
2B 

71 

110300 
El 
19 
C36391 

7A 
32F913 
D1 
D1 

XCMlSt 

XCM18: 

XCM21:'l: 

MOV 
ORA 
JNZ 
CAI,[, 
JMP 

PlJSH 
MOV 
MVI 
INX 
MOV 
PUSH 
PliSH 
POP 
PUSH 
MOV 
CALL 
POP 
PUSH 
ORA 
JZ 
DCX 
MOV 
CALL 

MVI 
C/\LL 
CALL 

+ FJ\LSE 
+ JNC 

XCM25: 

XCM27: 

MOV 
STA 
POP 
POP 
ORA 
JZ 
MOV 
DCX 

MOV 

LXI 
POP 
DAD 
JMP 

XCM30~ 
MOV 
STA 
POP 
POP 

A,M 
A 
XCM18 
CROUT 
GETCM 

H 
E,M 

SET F/F ·s 
BRANCH IF NOT AT END OF TABLE 
ELSE, OUTPUT CARRIAGE RETURN LINE FEED 
ANO EXIT 

PUT POINTER ON STACK 

D,DATA SHR 9 
11 

: FETCH ADDRESS OF SAVE LOCATION FROM TABLE 

B, ~i 
D 
D 
H 
B 
A,M 
N M OUT 
PSW 
PSW 
A 
XCM20 
H 
A,M 
N M OUT 

e,·-. 
ECHO 
GETHX 
XCM30 
XCM3111 
A,D 
TEMP 
PSW 
H 
1\ 
XCM25 
M,B 
H 

M,C 

D,RTABS 
11 
D 
XCMH9 

FETCII LENGTH FLAG FROM TABtE 
1 SAVE ADDRESS OF SAVE L0CATION 

MOVE ADDRESS TO ~L 
SAVE LENGTH FLAG 
GET 8 BITS OF REGISTER FnOM SAVE LOCATION 
DISPLAY IT 
GET BACR LENGTH FLAG 
SAVE IT AGA.IN 
SET F/F'S 
IF 8 BIT REGISTER, NO~HING MORE TO DISPLAY 
ELSE, FOR 16 BIT REGISTER, GET LOWER 8 BITS 

DISPLAY THEM 

J USE DASH AS SEPI\RATOR 
SEE IF THERE IS A VALUE TO PUT INTO REGISTER 

f NO - GO CHECK FOR NEXT REGISTER 

ELSE, SAVE THE TERMINATOR FOR NOW 
GET BACK LENGTH FLAG 
PUT ADDRESS OF SAVE LOCATION INTO HL 
SET f/F'S 
IF 8 BIT REGISTER, BRANCH 
SAVE UPPER 8 BITS 

J POINT TO SAVE LOCATION FOR LOWER 8 BITS 

STORE ALL OF 8 BIT OR LOWER 1/2 OF 16 BIT REG 

SIZE OF ENTRY IN RTAB TAB~E 
1 POINTER INTO REGISTER TABLE' RTAB 
1 ADD ENTRY SIZE TO POINTER· 

DO NEXT REGISTER 

A,D GET TERMINATOR 
TEMP SAVE IN MEMORY 
D CLEI\R STACK OF LENGTH FLAG ANO ADDRESS 
D /OF SAVE LOCATION 
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01BA C3A.C01 

CTE;R INPUT 

fJ 1 BD 
OlBD 
OlBF 
lllCl 
fll C4 
01C6 
01CB 
01CA 
01CiJ 

9100 

DBF'B 
E602 
CA1B02 
DBFA 
E67F 
FE lB 
CA43fl3 
C31802 

JMP XCM27 1 GO INCREMENT REGISTER TABLE POINTER 

, 
·********************************************************•···~··~+ , 

UTILITY ROUTINES 

. 
:***************************************•················~·ft···~~· 

FUNCTION: BREI\R 
INPUTS: NONE 
OUTPUTS: CARRY - l IF ESCAPE CHARA 

- 0 I F ANY OTIIER CHI\RliCTER OR NO CH/\RfiCTt·:H PENDING 
CALLS: NOTHING 
DESTROYS: A,F/F's 
DESCRIPTION: BREAK IS USED TO SENSE !\N ESCAPC CHARACTCP FROM 

THE USCR, IF NO CHARACTER IS P~NDING, OR lF THE 
PENDING CHARACTER IS NOT THE ESCAPE, THEN A FAILURE 
RETURN (CARRY=0) IS TAREN. IN THIS CASE, 

THE 
PENDING CHARACTER (IF ANY) IS LOST. IF THE PENDING o 
CIIARACTER IS AN ESCAPE CHARACTER, BREAR TAKES A SUCCESS 
RETURN (CARRY=!). 

AREAK: 
IN 
ANI 
JZ 
IN 
ANI 
CPI 
JZ 
JMP 

CONST 
HBR 
FRET 
CNIN 
PRTY0 
BRCHR 
SRET 
FRET 

GET CONSOLE STATUS 
SEE Ir CHARACTER PENDING 
NO - TARE FAILURE RETURN 
YES - PICK UP CHARACTER 
STRIP OFF PARITY BIT 
SEE IF BREAR CHARACTER 
YES - SUCCESS RETURN 
NO - FAILURE RETURN - CHARACTER LOST 

, 
:*******&Otttt&O&Ot*OO*t~t****~*&&&N***~~·~~******************b*** 

FUNCTION: CI 
INPUTS: NONE 
OUTPUTS: A - CHARACTER FROM CONSOLE 
CALLS: NOTHING 
DESTROYS: A,F/F'S 
DESCRIPTIONI CI WAJTS UNTIL A CHARACTER HAS BEEN ENTERED AT T4R 

CONSOLE ANO THEN RETURNS THE CHARACTER, VIA THE A 
REGISSTER, '1'0 THE CALLING ROUTINE. TH tS RUUTINF 

f IS CALLEO BY THE USER VIA A JUMP TABLE IN RAM. , 
CI t 

o 



o 

o 

o 
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l:llDfl 
0102 
IHD4 
0107 
0109 

fltDl\ 
O l Dfl 
lllDB 
fllDD 
01DF 
01E0 
01E2 

OlE] 
l:llE3 
!HES 
01C7 
AlEA 
01EB 
01ED 

DBFB 
E602 
CAD001 
DBFA 
C9 

H 
0630 
FC0A 
FB 
0697 
C9 

DBFU 
E601 
Cl\EJIH 
79 
DJFA 
C9 

. 

IN 
ANI 
JZ 
IN 
RET 

CONST 
RBR 
CI 
CNIN 

1 GET STATUS OF CONSOLE 
CHECK FOR RECEIVER BUFFER READY 
NOT YET - WAtT 
READY SO GET CHA~ACTER 

' :****************************************************************** 

FUNCTION: CNVBN 
INPUTS: C- ASCII CHARACTER "g'-"9" OR "A"-"F" 

~ OUTPUTS: A - 0 TO F HEX 
1 CALLS: NOTHING 

' J 

DESTROYS: A,F/F'S 
DESCRIP·riONI CNVBN CONVERTS THE ASCII REPRESENTATION OF A HEX 

CNVBN INTO ITS CORRESPONDING BINARY VALUE. CNVBN 
DOES NOT CHECK THE VALIDITY OF ITS INPUT. 

CNVBN: 
MOV 
SUI 
CPI 
RM 
SUI 
RET 

FUNCTION: CO 

A,C :\ 
• 0. ( ,,., 1 l. 

u 

7 

SUBTRACT CODE FOR '0' FROM ARGUMENT 
WANT TO TEST FOR RESULT OF 0 TO 9 
IF SO, THEN ALL DONE 
ELSE, RESULT BETWEEN 17 ANO 23 DECIMAL 
SO RETURN AFTER SUBTRACTING BIAS OF 7 

INPUTS: C - CHARACTER TO OUTPUT TO CONSOLE 
OUTPUTS: C - Clii\RACTER OUTPUT TO CONSOLE 
CALLS: NOTHING 
DESTROYS: A,F/F'S 

r DESCRIPTION: CO WAITS UNTIL THE CONSOLE IS READY TO ACCEPT l\ CH~RACTER 
1 ANO THEN SENOS THE INPUT ARGU~ENT TO THE CONSOLE. , 
COs 

J . 

IN 
ANI 
JZ 
MOV 
OUT 
RET 

CONST 
TRD'l 
co 
A,C 
CNOUT 

GET ST~TUS OF CONSOLE 
SEE IF TRANSMITTER READY 
NO - W.I\IT 
ELSE, HOVE CHARACTER TO A REGISTER FOR OUTPUT 
SENO TO CONSOLE 

IQQ6~666666666&66Q6~6~6*666AOQ666666&6660606Q6660Q6Q6QA&Q666660~Q· 

' , 
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0H~r. 

01EE 
fllf'O 
61F3 

fllF'4 
01 F'4 
01F5 
fll F7 
01FO 
0lf'B 
01FD 
01FD 
0200 
0202 
0203 
0206 
020!! 
ll20B 
f!21lB 
929C 

0Ef'D 
C DFHll 
C9 

41 
)E lB 
88 
C2FD01 
0E24 

CDE301 
3E0D 
88 
C20B02 
0E!31\ 
CDE301 

48 
C9 

. 

f'UNCTION CROUT 
INPUTS: NONE 
OUTPUTS: NONE 
CALLS: ECHO 
DESTROYS: A,B,C,F/F'S 
OESCRIPTION: CROUT SENOS A CARRIAGE RETURN (ANO HENCE A LINE 

FEED) TO THE CONSOLE • 

CROUT: 
rwr 
CALL 
RET 

C,CR 
ECHO 

FUNCTION: ECHO 
INPUTS: C - CHARACTER TO ECHO TO TERMINAL 
OUTPUTS: C - CHARACTER ECHOED TO TERMINAL 
CALLS: CO 
OESTROYS: A,B,F/F'S 
OESCRIPTION: ECHO T~KES A SINGLE CHARACTER AS INPUT ANO, VIA 

THE MONITOR, SENOS THAT CHARACTER TO THE USER o 
TERMINAL. A CARRtAGE RETURN IS ECHOEO AS A CARRIAGE 
RETURN LINE FEEO, ANO AN ESCAPE CHARACTER IS ECHOED AS S. 

ECHO: 
MOV B,C SAVE ARGUMENT 
MVI A,ESC 
CMP B SEE IF ECHOING AN ESCAPE CHARACTER 
JNZ ECH0S NO - BRANCH 
MVI e, , s, YES - ECHO AS $ 

ECH05: 
CALL e o DO OUTPUT THROUGH MONITOR 
MVI A,CR 
CMP B SEE lf' CHARACTER ECHOED NAS A CARRIAGE RETURN 
JNZ ECH19 NO - NO NEED TO TARE SPECIAL ACTION 
MVI C,LF YES - W\NT TO ECHO LUJE FEEO, TOO 
CI\LL co 

ECH10: 
MOV C,B , RESTORE ARGUMENT 
RET 

. , 
•***************~****************~··h··~~·············~***bb~&•*••*•**~ , 

FUNCTION: ERROR 
INPUTS: NONE 
OUTPUT~I NONE 

42 

o 



o 

o 

/ 
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0200 
0200 
020F 
0212 
0215 

0218 
0218 
0219 
021A 

fl21B 
021B 
0218 
0220 
0221 

0E2A 
CDF401 
CDEE01 
C32B00 

37 
)F 

C9 

CDD00l 
E67F 
.4F 
C9 

CALLS: ECHO,CROUT,GETCM 
DESTROYS: A,B,C,F/F'S 
DESCRIPTION: ERROR Pf.INTS THE ERROR CHARACTER (CURRENTLY AN Af>T~RISK) 

ON THE CONSOLE, FOLLOWED BY A CARRIAGE RETURN-LINE FEF.D, 
ANO THEN RETURNS CONTROL TO THE COMMANO RECOGNIZER. 

ERROR: 

' 

MVI 
CALL 
CI\LL 
J~jp 

e, . *, 
ECHO 
CROUT 
GETCM 

SENO * TO CONSOLE 
SKtP TO BEGINNING OF NEKT LINE 
~RY ~GAIN fOR ANOTHER COMHAND 

:•~-************************************************~****************** 

F!JNCTION: FRET 
INPUTS: NONE 
OUTPUTS: CARRY - ALWAYS 0 
CALLS: NOTHING 
DESTROYS: CARRY 
DESCRIPTION: FRET IS JUMPED TO BY ANY ROUTINE THAT WISHES Tú 

INDICATE FAILURE ON RETURN. FRET SETS THE CARRY 
FALSE, DENOTING FAILURE, ANO THEN RETURNS TO THE 
CALLER OF THE ROUTINE INVOKING FRET. 

FRET: 

. , 

STC 
CMC 
RET 

FIRST SET CARRY TRUE 
THEN COMPLEMENT IT TO MAKE IT FALSE 
RETURN APPROPRIATELY 

·******************************~*********p***************************** , 

~ FUNCTION: GETCH 
INPUTS: NONE 

: 

OUTPUTS: C - NEXT CHARACTER IN INPUT STREAM 
CALLS: CI 
DESTROYS: A,C,F/F'S 
OESCRIPTION: GETCH RETURNS THE NEXT CHARACTER IN THE INPUT STREAH 

TO THE CALLING PROGRAM. 

GETCH: 
CALL 
AlH 
MOV 
RET 

CI 
PRTYG 
C,A 

GET CHARACTER FROM TERMINAL 
TURN OFF PARITY BIT IN CASE SET BY CONSOLE 
PUT VALUE IN C REGISTER FOR RETURN 

' J*666666~6660~666*A666666*6666~b6·6~A6~~66~66666666666t66é0tt6666666666 

43 
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rl222 
0222 E5 
ll223 210!HHl 
02}6 1 EOO 
0228 
~228 CD1B02 
022[) 4F 
1127C CDF401 
022F CDBA03 

1 + ... 
~' 2 J 2 1 024102 + 
(J2J5 ")1 
IJ21b r.5 
ll237 Cl 
'l23fl El 
023q 7[) 
(12]1\ B7 
~~ 2JU C24J03 
()2JE CI\1Ail2 
ll2 4] 
~241 CDIJF03 

1 + 
ll244 1 020002 + 
0247 CDDA91 
024A lEFF 
024C 29 
0240 29 
924E 29 

1 

FUNCTION: GETHX 
INPUTS: NONE 
OUTPUTS: BC - 16 BIT JNTEGER 

D - CHARACTER WHICH TERMINATED THE INTEGER 
CARRY - 1 If FJRST CIIARACTER NOT DELif1 f'l'ER 

- 0 IF FIRST CHARACTER IS DELTMTTER 
CALLS: GETCH,EC!lO,VALDL,VALDG,CNVBN,ERROR 
DESTROYS: A,B,C,D,E,F/F'S 
DESCRIPTION: GETIIX 1\CCEPTS 1\ STRING OF HEX DTGITS r!1CI'' 'l'iiL' INf'IIT 

STREAM 1\ND RETURNS THEIR VALUE AS A lG ~ir P[NI\RY 
INTEGER. IF MORE THI\N 4 FEX DIGITS ARI:~ Ul'l'f.R[D, 
ONLY THE LAST d ARE USED. TllE NUMBER Tl~I<MINATF:S \'liJEN 
A VI\LID DELIMITER IS CNCOUNTERED. THC DLI,lNITER IS 
ALSO RETURNED AS AN OUTPUT OF THE FUNCTION. ILLEGAL 
CHARACTCRS (NOT HEX DIGITS OR DELIMITERS) CAUSE AN 
ERROR INDICATION. IF THE FIRST (VALID) CHARAC1CR 
ENCOUNTERED IN THE INPUT STREAM IS NOT A ~ELIMITER, 
GETHK WILL RETURN WITB THE CARRY BIT SE'I' TO 1: 
OTHERWISE, THE CARRY BIT IS SET ·ro f1l AND TIIE CONTENTS 
OF BC ARE UNDEFINED. 

GETHX: 
PUSH H SAVE HL 
LXI H,0 INITIALIZE Rf.SULT 
MVI E,O INITIALIZE DIGI1' FLAG TO FALSE 

GHX95: 
CALL GETCH GET A CHI\RACTER 
~IOV C,A 
CAL[, ECHO ECHO THE CHARACTER 
CALL VI\LDL SEE IF DELIMITER 
F(ILSE GHXH'J NO - BRANCH 
JNC GHXHJ 
MÓV D,C 1 YES - ALL DONE, BUT WANT TO RETURN DELIMITER 
PUSH B 
POP 8 MOVE RESIJLT TO BC 
POP H RESTORE HL 
MOV A,E GET FLAG, 
ORA A SET F/F'S 
JNZ SRE1' IF FLI\G NON-0, .,A NUMBER HI\S BF:EN FOUND 
JZ FRET ELSE, DE¡f..IMITER WAS FIRST Cf!ARI\CTER 

GHXH'l1 
CALL VI\LDG IF NOT D~LIMITER, SEE IF DIGIT 
FALSE ERROR ERROR Ir,NOT A VALID DIGIT, ElTHER 
JNC ERROR 
CALL CNVBN 1 CONVERT DIGIT TO ITS BINARY VI\LUE 
MVI E,0FFH SET DIGIT FLAG NON-0 
DAD H r.z 
DAD H ~4 

DAD H 6B 

o. 

o 

o 
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024F 29 
0250 0600 
I'J252 4F 
0253 99 
0254 C32802 

0257 
0257 2E03 
0259 79 
0 2 5l\ E61lJ3 
025C ce 
0250 67 
025E 
025E CD2202 

1 + 
0261 1 020002 + 
0264 es 
0265 20 
0266 25 
0267 CA7302 
0261\ 7A 
026B FE00 
0260 Cl\0 D02 
0270 C35E02 
0273 
0273 7A 
0274 FE0D 
0276 C20002 
0279 01FFFF 
027C 70 
0270 87 
027E CA86G2 

DAD H 6 16 
MVI 8,0 CLEAR UPPER 8 BITS OF BC PAIR 
MOV C,A BlNARY VALUE OF CHARACTER INTO C 
DI\D B ADD THIS VALUE TO PI\RTIAL RESULT 
JMP GHX05 GET NEXT CHARACTER 

' ,666666666666666666666666666666666666666666~666666A666666666666666 , 

' 

FUNCTION: GE'l'NM 
INPUTS: C - COUNT OF NUM3CRS TO FINO IN INPUT STREAM 
OUTPUTS: TOP OF STACK - NUMBERS FOUND IN REVERSE QROER (LAST ON TOP 

OF STACK) 
CALLS: GETHX,HILO,ERROR 
DESTROYS: A,B,C,O,E,H,L,F/F'S 
DESCRIPTION: GETNM FINOS A SPECIFIED COUNT OF NUMBERS, BETWEEN 1 

ANO 3, INCLUSIVE, IN THE INPUT 
STREAM ANO RETURNS THEIR VALUES ON THE STACK. IF :2 
OR MORE NUMBE~S ARE REQUESTEO, THEN THE FIRST MUST BE 
LESS THAN OR EQUAL TO THE SECOND, OR THE FIRST ANO 
SECOND NUMBERS WILL BE SET EOUAL. THE LAST NUMBER 
REOUESTED MUST BE TERMtNI\TED BY A CARRIAGE RETURN 
OR AN ERROR INDICATION WILL RESULT. 

GETNM: 
MVI L,J PUT MAXIMUM ARGUMENT COUNT INTO L 
MOV A,C GET THE ACTUAL ARGUMENT COUNT 
ANI 3 FORCE TO MI\XIMUM OF 3 
RZ IF 0, DON'T BOTHER TODO ANYTHIING 
MOV H,A ELSE, PUT ACTUAL COUNT INTO H 

GNM05: 
CALL GETHX : GET A NUMBER FROM INPUT STREAM 
FALSE ERROR ERROR IF NOT THERE - TOO FEW NUMBERS 
JNC ERROR· 
PUSH B 1 ELSE, SAVE NUMBER ON STACK 
DCR L DECREMENT MAXIMUM 1\RGUMENT COUNT 
DCR H DECREMENT ACTUAL ARGUMENT COUNT 
JZ GNM10 BRANC:H I F NO MORE NUMBERS WANTED 
MOV A,D ELSE, GET NUMBER TERMINATOR TO A 
CPI CR SEE IF CARRIAGE RETURN 
JZ ERROR ERROR IF SO .. - TOO FEW NUMI3ERS 
JMP GNM05 ELSE, PROCESS NEXT NUMBER 

GNM10: 
MOV A,D WHEN COUNT 0, CHECK LAST TERMINATOR 
CPI CR 
JNZ ERROR ERROR IF NOT CARRIAGE RETURN 
LXI B,0FFFFH . HL GETS LARGEST NUMBER , 
MOV A,L 1 GET WHAT'S LEFT OF MAXIMUM ARG COUNT 
ORA A CHECI( FOR 0 
JZ GNM2f/J U' Y E¡~ • 3 NUMBERS ~E~E INPUT 
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0201 
0201 es 
0202 20 
íl2R3 C28102 
0286 
0286 Cl 
1087 [)l 
fl288 Cl 
028'7 CD9C02 

1 + 
028C 1 !129102 + 
;1 ;' ~ [' :,<\ 
112(}0 'ji) 

0291 
o 2() 1 E) 
0297 D5 
112 y 3 C'J 
11294 ES 
0295 
0295 3D 
0296 F8 
0297 El 
0298 E3 
0299 C39502 

029C 
029C es 
0290 47 
029E ES 
029F 7!1 
0·21\0 B3 
02!11 CABD02 
021\4 23 
021\5 7C 
02A6 BS 
02A7 Cl\8092 

GNMlS: 
PUSH B IF NOT, FILL REMAINING ARGUMENTS WITH 0FFFF!l 
DCR L 
JNZ GNMlS 

GNM20: 
POP B GET THE 3 ARGUMENTS OUT 
POP o 
POP 11 
CALL H I !/l SEE IF FIRST >= SECOND 
FALSE GNM25 NO - BRANCH 
JNC GNM25 
MOV D,H 
MOV E,L YES - MAKE SECOND EOUAL TO THC f [ RST 

GNM25: 
XTHL PUT F'I RST ON 5'1'1\CK - GET RETURN i\DDR 
PUSH o PUT SFCOND ON STACK 
PUSH B PUT THIRD ON STI\CK 
PUSH H PllT RETURN ADDRESS ON STI\CK 

GNM30: 
DCR A DECREMENT RESIDUAL COUNT 
RM IF NEGI\TIVE, PROPER RESULTS ON STACK 
POP H ELSE, GET RETURN 1\DDR 
XTHL REPI;ACE TOP RESULT WITH RETURN ADDR 
JMP GNM3El TRY AGAIN 

. , 
:******************•••···~~·····h·····~·········~················· 

FUNCTION: HILO 
INPUTS: DE - 16 BIT INTEGER 

HL - 16 BIT INTEGER 
OUTPUTS: CARRY - 0 IF HL<DE 

- 1 IF HL>=DE 
CALLS: NOTHING 

J DESTROYS: F/F's 

, 
DESCRIPTION: HILO COMPARES THE 2 16 BIT INTEGERS IN HL ANO DE. THE 

INTEGERS ARE TREATED AS UNSIGNED NUMOERS. THE CARRY 
BIT IS SET ACCORDING TO THE RESULT OF THE COMPARISON. 

HILOs 
PUSH B SI\VE BC 
MOV B,A S~VE A IN B REGISTER 
PUSH H SI\VE HL PI\JR 
MOV 1'., [) CHECK FOR DE = 0000H 
ORA E ., 
JZ HILI/JS WE'RE AU¡OMATICALLY DONE IF TT IS 
INX H INCREMENT HL BY 1 
~10V li,H . WANT TO TEST FOR ~ RESULT AFTER , 
ORA L i /INCREMENTJ:NG ' 
JZ HILI/l5 , lF SO, HL MUST HAVE CONTAINED 1/JFFFFH 

o 

o 

o 



o 

o 

o 
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021\A El 
02/\B :os 
021\C 3EFF 
'0 21\ E ·Al\ 
021\F 57 
02R0 3ÉFF 
02B2 ·AB 
'0 2133 SF 
02134 1'3 
02135 '70 
02116 83 
0207\ -7C 
02fiA :BJ\ 
IJ2B9 .or 
021ll\ 78 
021313 Cl 
0211C ·C9 

•02DD . 
02130 'El 
·02BE .78 
02BF' .C·l 

-!12C0 'C34393 

02CJ 
:o2c-3 . .,Es 
·•02Cil' "FS ·.·· 
02C5 .{lF 

·02C6 0F 
02C7 0F 
02CB -0F 

·02C9 · .E60F 
02CB 4F 

, ·02CC CDDE02 
-02CF CDF41H 
0202 "Fl 
02D3 JE69F 

POP H , IF NOT, ·RESTORE ORIGINAL HL 
PUSH D· r SAVE DE 
M 'J.! ' A,'!1FFH 'J WANT TO TAKE '2's COMPÚMENT OF DE CONTENTS 
XRA- ·D j ... 't t ~ 

MOV :o,A 
.MVI ·· A,0f'FH' 
XRA 'E 

,MOV E,A 
INX ·o 2's COMPLEMENT OF DE TO DE 

.MOV .A ,L 
·ADD E ·ADD HL ANO DE 
'MOV A,H 
t\DC D THIS OPERATION SETS ·CARRY PROPERLY 
·POP D .RESTORE ORIGINAL .DE CONTENTS· 
~IOV :1\' B RESTORE O~IGINAL •CONTENTS OF ~ 
POP B RESTORE ORIGINAL'CONTENTS OF OC 
'RET RETURN WITH CARRY SET AS REOUIRED 

Hit05: 
·pop H ~F ~L CONTA1NS 0FFFFH, THEN CARRY CAN 
MOV A,·B ~ /ONJ,Y BE SET TO .1 
·POP .B .RESTORE ORIGINAL'CONTENTS Ol-" REGISTE~~ 
JMP SRET ' SET CARRY AND RETURN 

, . 
• ,111 * * ** *** ** *. **. 11\1<,. ***o* ••••• itl'tt *,. ilfl·*"**"" •• ,., "11111 "* fl *"* *** •• "" ~" "" "*"*** 
·: ! ' l 

, 
~ FUNCrioN: NMOUT 

· : -INPUTS: A -. 8 BIT INTEGER 
•; ··OUTPUTS: NONE' 
: CALLS: ECHO,PRVAL 

.J !DESTROYS: A,B,C,F/F'S 
· .: 'DESCRIPTION: NNMOUT CONVEHTS THE IJ BIT, UNSIGNED INTEGER ·IN· 'fHE 

, 
. , 
:NMOUTI. · 

PUSH 
PUSH 
.RRC 
RRC 
RRC 
RRC 
ANI 
MOV 
CAr,L 
CALL. 
POP 

· 'ANI 

A REGISTER INTO 2 ASCII CHARACTERS. ·TH&.ASCII CHARACTERS 
ARE ·THE ONES REPRESENTING THE 8 BITS. THESE TWO 
CHARACTERS ARE• SENT TO.·THEt CONSQ[,E. AT 'THE CURRdJT PR·IN't 
.POSITION OF THE¡CONSOLE. . ·~ 

H 
PSW 

HCHAR 
C,A 
PRVAL 
ECHO 
PSW 
HCHAR 

o 

• 1 
; ;"' '¡ 

· ; SAVE HL - DESTROYED BY PRVI\r, 
SAVE ARGUHENT 

'•¡ 

< •• '\ 

\ ; GET UPfER. 4 E¡ITS TO LOW 4 BIT- P.OSITIONS 
J ·MASI< OUT UPPER ·4 BITS - \WANT 1 HEX éJH\R 

¡ ~ J ; ~ 1, 

CONVER'f. LOWER 4' ,8 ITS TO· ASC H 
SENO TO TERMINAL· 
GET BACK.ARGUMENT 
MASR OUT UPPER 4 BITS ·- 'WANT 

47 

1 HEX-CHAR 
,-;. .. ,· 
' ' 
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0205 
0206 
0209 
02DC 
Q20D 

020t: 
0:: [).~ 
02t:l 
02E3 
02E4 
02E5 

IJ2L:6 
02E6 
02E9 
B2E9 
B2EA 
02EO 
02EC 
02EF 
02F2 
02F3 

4F 
CDDE02 
CDF401 
El 
C9 

21BF03 
0600 
09 
4E 
C9 

21CFID 

4E 
79 
B7 
C2F302 
CDEEU 
C9 

MOV 
CALL 
CALL 
POP 
RET 

C,i\ 
PRVAL 
ECHO 
H l RESTORE SAVED VAuUE OF HL 

. 
:**************************************~*****•·········~~~h~··~~~~·~·*• 

FUNCTION; PRVAL 
INPUTS: C - INTEGER, RANGE 0 TO F 
OUTPUTS: C - ASCII CHARACTER 
CALLS: NOTHING 
DESTROYS: B,C,H,L,F/F'S 
DESCRIPTION: PRVAL CONVERTS A NUMBER IN THE RANGE 0 TO F HEX TO 

THE CORRESPONDING ASCII CHARACTER, 0-9,A-f. PRVAL 
DOES NOT CHECK THE VALIDITY OF ITS INPUT ARGUMENT. 

PRVAL: 
LXI 
MVI 
DAD 
MOV 
RET 

H,DIGTB 
B,f11 
B 
e'~~ 

FUNC'riON: REGDS 
INPUTS: NONE 
OUTPUTS: NONE 

ADDRESS OF TABLE 
CLEAR HIGH ORDER BITS OF BC 
ADD DIGJT VALUE TO HL ADDRESS 
FETCH CHARACTER FROM MEMORY 

CALLS: ~CHO,NMOUT,ERROR,CROUT 
DESTROYS: A,B,C,D,E,H,L,F/F'S 
DESCRIPTION: REGDS DISPLAYS THE CONTENTS OF THE REGISTER SAVE 

LOCATIONS, IN FORMATTEO FORM, ON THE CONSOLE. Tllf. 
DISPLAY IIS DRIVEN FROM A TABLE, RTAO, WHICH CONTAINS 
THE REGISTER'S PRINT SYM~OL, SAVE LOCATION ADORESS, 
ANO LENGTH (8 OR 16 BITS). 

REGOS: 
LXI 'H, RTAB LOAD IIL WITH ADDHESS OF START or TAElL.E 

REG1115: i ., 
MO\( C,M GET PRtNT 1 SYMBOL OF REGISTER 
MOV A,C 
ORA A TEST POR .-0 - END OF TABLE 
JN~ REG10 IF NOT END, BMNCH 
CALL CROUT EI,SE, CARRIAGE RETURN/LINE FEED 'l'O END 
RET /DISPLAY 

REG10: 

o 

o 

o 



o 

o 

o 
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0 2 F'3 
02f6 
02F8 
02FB 
02FC 
02FD 
02FF 
0300 
(JJfll 
0304 
0305 
0306 
0309 
0301\ 
0308 
030E 
030E 
0310 
0313 
fil314 

0317 
0317 
0311\ 
031D 
0310 
031E 
031F 
0322 
0323 
0326 
0327 
032A 

CDF41H 
0E3D 
CDF401 
23 
5E 
1613 
23 
11\ 
CDC302 
7C 
137 
CA0E03 
lB 
lA 
CDC302 

OE20 
CDF401 
23 
C3E902 

21CF03 
110301:} 

7E 
87 
Cl\0002 
89 
CA2A03 
19 
C31D03 

CALL 
MVI 
CALL 
INX 
MOV 
MVI 
INX 
LDAX 
C/H,L 
MOV 
ORi\ 
JZ 
DCX 
LDAX 
CJ\LL 

ECHO 
e,·=. 
ECHO 
H 
E,M 
D,DI\TA 
H 
D 
N M OUT 
l\, M 
A 
REG15 
D 
o 
N M OUT 

ECHO CHARACTER 

OUTPUT EQUALS SIGN, I.E. A= 
POINT TO START OF SAVE LOCATION ADDRESS 

; GET LSP OF SAVE LOCATION ADDRESS TO E 
SHR 8 ; Pl!T MSP OF SAVE LOC ADDRESS INTO D 

POINT TO LENG'fH FLAG 
GRT CONTENTS OF SAVE ADDRESS 
DISPLAY ON CONSOLE 
GET LENGTH FLAG 
SET SIGN F/f 
IF 0, REGISTER IS 8 BITS 
ELSE, 16 BIT REGISTER SO MORE TO DISPLAY 
GET LOWER 8 BITS 
DISPLAY THEM 

REG15: 
MVI 
CALL 
INX 
_JMP 

e, . . 
ECHO 
H 
REG05 

POINT TO S'riH<T OF NEXT TABLE ENTRY 
DO NEXT REGISTER 

, 
·******************************************•********************** , 

FUNCTION: RGADR 
; INPUTS: C - CHARI\CTER DENOTING REGISTER 

OUTPPTS: BC - ADDRESS OF ENTRY IN RTAB CORRESPONDING TO REGISTER 
CALLI;: .ERROR 

f DESTROYS: A,B,C,D,E,H,L,F/F's 
DESCRIPTION: RGADR TAKES A SINGLE CHARACTER AS INPUT. THIS CIIARACTER 

DENOTES A REGISTER. RGADR SEARCHES THE TABLE RTA8 

. 
' RGADR:_, 

RGA95: 

RGAU: 

l-XI 
LXI 

MOV 
ORA 
JZ 
CMP 
~z 
DAD 
JMP 

FOR A MATCH ON THE INPUT 1\RGUMENT. IF ONE OCCURS, 
RGADR RETURNS THE ADDRESS OF THE ADDRESS OF THE 
SAVE LOCATION CORRESPONDING TO THE REGISTER. THIS 
ADDRESS POINTS JNTO RTAB. IF NO MATCH OCCURS, THEN 
THE REGISTER IDf.NTIFIER IS ILLEGAL ANO CONTROL IS 
PASSED TO THE ERROR ROUTINR • 

H,RTAB 
D,RTABS 

A,M 
A 
ERROR 
e 
RGA19 
D 
RGA95 

HL GETS ADDRESS OF TABLE START 
DE GET 1 SIZC Of ATABLE ENTRY 

GET REGISTER IDENTIFIER 
CHECK FOR TABLE END (IDENTIFIER IS 0) 
IF AT END OF JABLE, ARGUMENT IS ILLEGAL 
ELSE, COMPARE TA8LE ENTRY ANO ARGUMENT 
1 P EOUi>L, WE 'Vt:: FOUND WIIAT WE 'RE UJOK ING FOR 
ELSE, ~NCRFMENT TA9LE POINTER TO NEXT ENTRY 

J TRY AGI\!N 
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032A 
tlJ2B 
032C 
0)20 

032E 
032E 
032F 
0332 
0333 
0334 
033'> 
0336 
11339 
0331\ 
0330 
033E 
0341 
0342 

0343 
0343 

23 
44 
40 
C9 

FJ 
21E013 
F9 
Dl 
Cl 
Fl 
211F713 
F9 
21\FSlJ 
ES 
2AF313 
FB 
C9 

37 

INX H IF A MATCH, INCREMENT TABLE POINTER TO 
MOV B,H /SAVE LOCATION ADDRESS 
MOV C,L RETURN THIS VALUE 
RET 

:~···············~····~···~···············~········~·************* , 

FUNCTION: RSTTF 
INPUTS: NONE 
OUTPUTS: NONE 
CALLS: NOTHING 
DESTROYS: A,B,C,D,E,H,L,F/F"S 
DESCÍUPTION: RSTTF RESTORES ALL CPU REGISTER, FLIP/Fl.L'PS, ST!1CK 

POINTER ANO PROGRAM COUNTER FROM THE I H RI:SPECTIVC 
SAVE LOCATIONS IN MEMORY. THE ROUTINI: T'IEN TRANSFERS 
CONTROL TO THE LOCATION SPECIFIED BY THC PROGRAM 
COUNTER (I.E. THE RESTORED VALUE). THC ROUTINE 
EXITS WITH THE INTERRUPTS ENABLED. 

J 
RSTTF: 

DI DISABLP, INTERRUPTS WHILE RESTORING THINGS 
LXI H,MSTAK SET MO~ITOR STACK POINTER TO START OF STACK 
SPHL ~ 1 ..... \.._ --':1 r~ fl 

I?OP D START ALSO END OF REGISTER SAVE AREl\ 
POP B 
POP PSW 
LHLD SS AVE RESTORE USER STACK POINTER 
SPHL 
LHLD PSI\ VE 
PUSH H PUT USER RETURN ADDRESS ON USER STACK 
LHLD LSAVE RESTORE HL REGISTERS 
EI ENABLE INTERRUPTS NOW 
RET JUMP TO RESTOREO PC LOCATION 

, 

·················~···~···~····~·······~··························· , ' 

FUNCTION: SRET 
INPUTS: NONE: 
OUTPUTS: CARRY = 1 
CALLS: NOTHING 

,• DESTROYS: CARRY 
OESCRIPTION: SRE:T IS JUMPE:D TO BY ROUTINE:S WISHING TO RETURN SUCCESS. 

SRET SETS THE CARRY TRUE ANO THEN RCTURNS TO THE: 
1 CALLER OF THE ROUTINE INVOKING SRET. 
J 
SRET: 

STC J SET CARRY TRUE 

o 

o 

o 



o 

o 

o 
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0344 

0345 
0345 
0348 
0349 
034A 
034C 
034F 

0350 
fl) '>0 . 
03'il 
0352 
0353 
0355 
~356 

0359 
035A 
0350 

C9 

3AF913 
B7 
C0 
0E00 
CD5003 
C9 

O'i 
f:l 
79 
E61lJF 
4F 
JAF913 
B7 
C26303 
7E 

RET 1 RETURN APPROPRIATELY 

. . 
;****************************·~··································· 

FUNCT toN: STHFe 
INPUTS: DE - 16 B!T ADDRESS OF BYTE TO BE STORED INTO 
OUTPUTS: NONE 
CI'.LLS: STHLF 
CESTROYS: A,B,C,H,L,F/F"S 
DESCRIPTION: STHP0 CHECKS THE HALF BYTE FLAG IN TEMP TO SEE IF 

IT IS SET TO LOWER. IF SO, STHF¡:j STORES A 0 TO 
PAD OUT THE LOWER HALF OF THE ADDRESSED BYTEJ 

1 OTHERWISE, THE ROUTINE TAKES NO ACTION. 
1 
STHF0: 

. . 

LOA 
ORA 
PNZ 
MVI 
CALL 
RET 

TEMP 
A 

c,e 
STHLF 

GET HALF BYTE FLAG 
Sl::T F/F'S 
IF SET TO UPPER, DON'T DO ANYTHING 
ELSE, WANT TO STORE THE VALUE 0 
DO IT 

·***************************************~························· , 

FIJNCTION: ST!iLF 
INPUTS: C - 4 BIT VALüE TO BE STORED IN HALF BYTE 

DE - 16 BIT ADDRESS OF BYTE TO BE STORED INTO 
OUTPUTS: NONE 
CALLS: NOTHING 
DESTROYS: A,B,C,H,L,F/F"S 
DESCRIPTION: STHLF TAKES TH~ 4 BIT VALUE IN C ANO STORES IT IN 

HALF OF THE BYTE ADDRESSED BY REGISTERS DE. THE 
HALF BYTE USED .(EITHER UPPER OR LOWER) IS DENOTED 
BY THE VALUE OF THE FLAG IN TEMP. STHLF ASSUMES 
THAT THIS FLAG HAS BEEN PREVIOUSLY SET 

: (NOMINALLY BY ICMD) • , 
STHLF: 

PlJSH D 
' 

POP 11 MOVE AODRESS OF BYTE INTO HL 
MOV l\,C GET VA'LUE 
J\NI HH FORCE TO 4 BIT LENGTH 
MOV C,A PU'i' VALUE BACK 
LDA TEMr CET HALF BYTE FLAG 
ORA A CHECK ,r'OR LOWER HALF 
JNZ STH05 BR.i\N(H IF NOT 
MOV A,M ELSE, GET BYTE 

S1 
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OJSE E6FB 
0360 Bl 
0361 77 
"362 C9 
036~ 

0362 lE 
0364 P.60F 
0366 47 
0367 79 
0368 OF 
0369 IJF 
036/\ OF 
G36B OF 
EJJ6C B0 
fli36D 77 
036F. C9 

036F 
036F 79 
0370 FE30 
vl 3 7 ~ F/\1802 
ll37) F'E39 
0377 F/\4303 
ID71\ CM303 
l-l37D ·~;41 
fl37r f'l\1802 
ID82 FE47 
0384 F21802 
0387 C34303 

ANI OF0H CLEAR LOWER 4 BITS 
ORA e OR IN VALUE 
MOV M,l\ PUT BY'fE' BACK 
RET 

STH05: 
MOV A,M IF UPPER HALF, GET BYTE 
ANI I'JFH CLEAR UPPER 4 BITS 
MOV B,A SAVE BYTE IN B 
MOV A,C GET VALUE 
RRC 
RRC 
RRC 
RRC ALIGN TO UPPER 4 BITS 
ORA B OR IN ORIGINAL LOWER 4 BITS 
MOV M,A PUT NEW CONFIGURATION BACK 
RET 

. 
·*******************************~*******~*************~*********** . ' 

: ¡j 

. , 

FUNCTJON: VALDG 
INPUTS: C - ASCII CHARACTER 
OUTPUTS: CARRY - 1 IF CHARACTEP REPRESENTS VALlO HEX DIGIT 

- 0 OTHERWISE 
CALLS: NOTHING 
DESTROYS: A,F/F'S 
DESCRIPTION: VALDG RETURNS SUCCESS IF ItS INPUT ARGUMENT IS 

AN ASCII CHARACTER REPRESENTING A VALID HEX DIGIT 
·-F), ANO FAILURE OTHERWISE . 

VALDG: 
MOV 1\,C 
CPI . 0. TEST CHARACTER AGAINST ·o . 
JM FRET IF ASCII CODE LESS, CANNOT BE VALID DIGIT 
CP,I ·g. ELSE, SE F. IF IN RANGE .0.- .9. 

JM SRET CODE BETI:)EEN ·a. AND "'9 ,1 

JZ SRET CQDE EOU/'L '9. 

CPI • 1\ • NOT A DIGIT - TRY FOR l\ LETTER 
JM FRET NO - CODE BETWEEN • 9. ANO • 11 • 

CPI 'G, 

JP FRET NO - CODE GREATER THAN ·r. 
JMP SRET OKA'l - CODF IS '1\ • TO • F., INCLPSIVE 

J FUNCTION: VALOL 
J INPUT~: C - CHARACTER 

OliTPUTSI: CARRY - 1 IF INPUT AR,Gm1ENT VA LID DELIMTER 

fi2 

o 

o 

o 



o 

o 
' ' 

' . /l 
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1138A 
0381\ 
0388 
0380 
0390 
0392 
0395 
0397 
039A 

0390' 
IH9D 
03Al 
03/\5 
0 3/\'9 
0110E 

03/\'B 
03/\13 
03/\D 
IJ 11\'F' 
0 3131 

·(:l3133 
·03135 
03U7 

'¡HB9 
'03H9 
'038/\ 
'03BB 
'03BC 
03BD 
03BE 
'0006 

79 
FE2C 
Cl\4303 
FEOD 
CA4303 
FE20 ' 
CA431B 
C31802 

-000J\4D43 

- 0 OTHERWISE 
CALLS: NOTHING 
DESTROY1': A,F/F'S- . 
DESCRI~TION: VALOL RETURNS SUCCESS IF I~S INPUT 

OELIMITER CHARACTER (SPACE, COMMA, 
1 FAILURE OTHERWISE. 
J 
VALDL: 

. l ,, 

: 

MOV 
CPI 
JZ 
CPI 
JZ 
CPI 
JZ 
JMP 

SGNON:' 
DB 

~·~ CHECK FOR.COMMA • . , 
SRET 
CR .CHECK FOR CARRIAGE RETURN 
SRET 

CHECK FOR S PACE • 1 

SRET 
FRET ERROR ~F NON~ OF THE ABOVE 

. ·' 
MONITOR TABLES 

1 
• : SIGNC)N MESSAGE 

CR,LF,'MCS-80~KIT',CR,L~ 

ARGUMENT IS A. VALlO 
CARRIAGE RiTURN) ~ND 

<~! ~; 

5]2.03830. 
20484954 
0001\ 

0000 
4101 
1'001 
f'D00 
13300 
·9500 
5E00 .. 
•44 
47 
49 
40 
53 
58 

L'SGNON , 
CADR: 

DW 
DW . 
DW 
OW 
' DW 
DW · 

,DW . , 
CTAB: 

·os· 
DB 
OB 
DB 
DB 
DB 

NCHDS EOU 

EQU 

0 
XCMO 
SCMO 
MCMO, 
JCMD 
GCMD 
DCMD 

'o' 
'e' 
, I, 

'M' 
's, 
·x. 
$-CTAB 

$-SGNON ! LENG~~ OF SIGNON ·MESSAGE 

TABLE pF ADOij~SSES ;O,F COMMAND 'ROUTI~~~ 
DUMMY 

TABLE OF'VALID COMMAND CHARACTERS 

r NUMSER. OF VA~ID COMHANDS 

'\ \ 
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íl)BF 
03BF 
03C0 
03C1 
03C2 
03C3 
03C4 
OJC'í 
íl3C6 
l1JC7 
11JC8 
ll3C9 
OJCA 
flJCB 
OJCC 
03CD 
ílJCE 

01CF 
ílJCF 
0100 
OJDl 
llO~J 

0302 
0]03 
0304 
0305 
11306 
¡JJD7 
IDD8 
0309 
ID 0/\ 
03DIJ 
llJDC 
"'J llll 
0) 111: 
IIJDI' 
031:11 
fi!JCl 
03E2 
IJ3EJ 
03E4 
03E5 
03E6 
03E7 
03E8 
03E9 
03EA 
03EB 
03EC 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
41 
42 
4) 

44 
45 
46 

41 
F2 
00 

42 
f'0 
00 
43 
EF' 
00 
44 
EE 
00 
45 
r:n 
00 
H, 
n 
IHi 
40 
f'4 
IHl 
4(' 
F3 
00 
40 
F4 
01 
50 
F6 
lrH 

. . 
DIGTB: 

. . 
RTAB: 

DB 
DB 
DB 
DB 
DB 
DB 
DB 
013 
DB 
OB 
DB 
DB 
DB 
DB 
DB 
DB 

OB 
OB 
DB 

RTABS EQU 
OB 
DB 
DB 
DB 
DB 
DB 
OB 
DB 
013 
op 
DP 
rm 
DB 
Dfl 
qp 
OB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
1:113 
DB 
()B 
D!3 

'0. 
'1. 
'2. 
• 3 • 
• 4. 
·s. 
. n. 
'7. 
. 8. 
'9. 
'A • 
·a. 
·e. 
·o· 

E 
'F. 

7 TABLE OF PRINT VALUES OF HEX DIGlTS 

. ll . . TABLE OF REGISTER INfORMATION 
REGISTER IDENTIFIER 

/\SAVE 
0 
$-RTAB 
's. 

AND 0FFH : ADDRESS OF REGISTER SAVE LOCATION 
LENGTH FLAG - 0=8 BITS, 1=16 BITS 
SIZE OF AN ENTRY IN THIS TABLE 

BSIWE AND 0FFH 
0 
·e. 
CSI\VE AND 0FFH 
0 
·o· 
DSAVE ANO 0FFH 
0 
'E • 
ESI\VE ANO 0FFH 
0 
'p. 

FSI\VE /\NO 0FFH 
0 
'H • 

HSAVE ANO llFFH 
0 
'L • 
LSAVE ANO llFFH 
0 
'M' 
HSI\VE ANO llFFH 
1 
'p. 

PSAVE+l ANO 0FFH 
1 

54 

o 

o 

o 
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0 31::0 53 M ·s. 
llJEE F8 Yi>B SSAVE+l ANO 9FFH 
OJCF 91 :IDB 1 
0JF0 e e :os 0 : END OF TABLE. MARKERS 
03Fl 09 !DB 0 

03F:;\ ORG BRTAB 
'' 

03FA C3E301 JMP CO· BRANCH TI\BLE FOR USER ACCESSÍBLE ROUTINC:.:. 
OJFD C3DIIHH 'JMP CI 

1300 ORG . DATA 
l3ED ORG REGS ORG TO REGIS_TF.R S/WE - ST/\CK GOES IN Hf:RE' 

' ' 13ED MSTI\K ¡. EQU $ START OF MONITOR 51'/\CK 
lJED 00 ESA VE: DB 1. " E REG·I STER, SI\ VE LO~ATION 
lJEE 00 DSAVE:. 1 DB' " . -. D REGTSTER S/\VE I,OCATION 
13EF 00 CS/\VE:,, DB " • C. REGISTER S.l\VE LOCATÍON 
13F0 00 13SAVE:

1
., DB 0 B HEGISTER SAVE LÓCrlTlON 

13Fl 00 FSAVE:, DB 0 F_'LAGS SAVE LOCI\T ION -,, 

o 13F2 00 ASAVE:
1
,' •1 DB l'l i\ REGISTER-SAVE LOC/\TION 

13F3 00 LSAVE:,, DB·· 0 L REGISTER SAVE LOCATION 
13F4 00 HSAVE::. DB 0 H REG;!STER SAVE LOCATION 
13F5 0000 PSAVE: ¡ DW 0 PGM COUNTER SAVE LOCATION 
13F7 0000 SSAVE: ' DW rr USER STACK POINTER SAVE LOCATION 
13F9 09 TEMP: ( 

' DB 0 TEMPORARY MONITOR CELL 
- L ¡ 

13FD ORG. ; BRLOC· ORG .T() USER,BRANCH LOCATION 
!, ~ Ít : ... '' 

0003 US~BR: · DS 3 1· BRANCH GOES IN HERE 

·END 
NO PROGRAM ERRORS 

o 
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SYMBOL TABLE 

.. 01 

A 0007 ASl\VE 13 F2 B 0000 BRCHR 0018 
BREAK 01BD BRI.OC l3FD BRTAB 03FA BSAVE l3F0 
e 0001 CADR 031\!3 CI 0100 CMD 0027 
CNCTL 00FB C!'JIN 00FA CNOU'I' 00FA CNVBN 01DA 
e o 01E3 CONST 00FB CR 0!1HlD CROlJT 01EE 
CSI\VE l3EF r~ r l\11 11i3B9 D 0002 DATA 1300 
DCMOS 0065 o c.v. 1 e 0070 DCM12 IHlB:; DCM15 0088 
DCMD 005E DlGTB 03BF OS AVE l3EE E 0003 
ECHOS OlFD F.CHlO 021'8 ECHO 01F4 ERROR 021'JD 
ESA VE l3E.D ESC IH11B FALSE 0F9C FRET 0218 
FSf,VE 13Fl GCM05 001\!\ GCMHI oes0 GCMD 0095 
Gf.TCH ~21B GF.TCM 002!3 GCTHX 0222 GETNM 0257 
GHXOS 0228 GlíX10 0241 GNM0'5 025E GNM13 027 3 
GN~115 0281 G'NM20 02R6 GNM~'S 1'17.91 GNM30 0295 
GO 0008 1< GTC~J 003B GTC05 00413 G1'Cl0 íHl54 
H 0004 HCflAR I'JMlF HI L05 fii2BD HILO 029C 
115/\VE 13F4 ICM05 00BE ICM10 l'li'JE6 IC!120 fHlEE 
ICM25 00F4 ICMD 00133 !NVRT 00fF L 0005 
LF 000!\ LOWER 0000 ~ LS/\VE l3F3 LSGNO 000E 
M 01306 ~lCM05 0105 MCMD 00FD MODE 00CF 
MSGL 0022 11STAK 13ED NCMDS 0006 NEWLN 000F o N M OUT 02C3 PRTY0 ¡HJ7F PRVAL 02DE PSI\ VE 13FS 
PSW 0006 RBR 0002 REG05 02E9 REGlA 02F3 
REG15 0J0E REGDS 02E6 REGS 13EO RGM"S 0310 
RG!\10 032/\ RGADR IB17 RSTTF 032E RSTU 003R 
RTAB 03Cf' RTABS 001B SCM05 0122 SCMHI 0120 
SCMlS 0130 SCMO '0110 SGNON 0390 SP 001'.16 
SRET 0343 SS!\ VE 13F7 STH05 0363 STHFfil 0345 
STBLf' 0350 TEMP l3F9 TERM !HHB TRDY 0001 
TRUE 0F9F UPPER 0f1!FF USRBR 13FD VALDG 036F 
VALDL 038A XCM05 0154 XCMlfll 0163 XCM15 0170 
XCM18 0178 XCM20 0194 XCM25 01AB XCM27 QllAC 
XCM30 0184 )(CMD 0141 

* 02 

* ~D 
* 04 

* 05 

* 06 

* 07 

* 08 

* 09 

* 10 

* 11 

* 12 o 
t 13 
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This chapter will illustrate, in detail, how to interface 

the 8080 CPU with Memory and 1/0. lt will also show the 

bt?nefits and tradeoffs encountered when using a variety of 
synem arch1tectures to achieve higher throughput, de
creased component count or min1mization of memory size. 

SOSC Microcomputer system design lends 1tself to a 
simple, modular approach. Such an approóch will yield the 
designer a reliable, high performance system that contains a 
mmimum component count and is easy to manufacture and 
maintain. 

The overall system can be thought of as a simple 
block d1agram. The three (3) blocks in the d1agram repre
sent the funct1ons common to any computer system. 

CPU Module* Contains the Central Processing Unit, system 
timing and interface circuitry to Memory 
and 1/0 dcvices. 

Memory 

1/0 

Contams Read Oniy Memory (ROM) and 
Read/Write Memory (RAM) for progr.1m and 
data storagc. 

Contams circuitry that allows the computer 
system to communicate w1th dev1ces or 
structures cx1sting outs1de of rhe CPU or 
Memory array. 

for cxamplc: Keyboards, Flo¡1py D1~ks, 

Papcr Tapn, etc. 

Therc are threc busses that interconncct these blocks: 

Data Bus t A bi·d1rcct1onal path on which data can flow 
b\)twccn thc CPU and Memory or 1/0. 

Addrcss Bus A un•·dircctional group of lmes that 1dcntify 
a purt1cuiar Memory locat1on or 1/0 dev1ce. 

•"Module" refers to a functional block, it does not ref
erence a printed circuit board manufactured by INTEL. 

i "Bus" refers to a set of signals grouped together because 
of the similarity of their functions. 

., 1 

Control Bus A uni-d1rectional set of signais that indicata 
the type of activ1ty in current process. 

Type of activities: 1. Memory ReüO 

CPU 
MODULE 

ME MOR Y 

2. IV:emory Write 

3. 1/0 Read 
4.1/0 Wme 
5. lnterrupt Acknow:edga 

1/0 

Figur-1 3·1. Ty;Jical Computcr Systom Block Di&~gram 

Bas;c System O¡xm:tion 

1. ';""he C?U Module •ssués an activity comm.;mi on thc 
Control Bus. 

2. 

3. 

4. 

"fhe CPU Module issucs a binary codt} on thc Addrcss 
Bus to identlfy which particular Memory l.:>cat.on or 
1/0 devicc w.ll be uwolvcd in tht} curn::nt proc.:ss 
aCtiVity. 

The CPU Module receives or transmits dóltJ wlth the 
selected Memory location or 1/0 cievice. 

7he CPU Module returns to G) ar.d issues the next 
activity command. 

lt is easy to see at th1s point that the CPU module is 
the central element in any computar system . 



Thc follovvmg pagcs will covcr the dctailcd di:s;on of 
tnc CPU Module w1th thc SOSO. The thrcc Busse~ (Data, 

AdL. ·'~S and Control) will be dcvelopcd and thc mtercon· 
ncctwn to Memory and 1/0 will be shown. 

Des1gn philosophies and system arch1tecture~ pre
scntcd m th1s manual are cons1stent wnh product develop
ment programs underway at INTEL for the MCS~80. Thus, 
the dcsi(Jner who uses th1s m;mual as a guide for his total 
system engmecring 1s assured that all new developments in 
components and software for MCS-80 from INTEL will be 
compatible with h1s design approach. 

CPU Module Design 

1. 

2. 

3. 

Thc CPU Module conta1ns three majar areas: 

Thc 80SO Central Processmg Umt 

A Clock Generator and High Level Driver 

A bi·d1rcct10nal Data Bus Dnver and System Control 
Logic 

The followmg will discuss the des1gn of the three 
majar areas conta1ned in the CPU Module. This des1gn is 
presented as an alternative to the lntel® S224 Clock Gener
ator and lntel 8228 System Controller. By studymg the 
alternat1ve approach, the designer can more clearly see the 
considerat10ns involved m the spec1f1cat1on and engmeenng 
of the 8224 and 8228. Standard TTL components and lntel 
general purpose peripheral devices are used to 1mplement 

GND --=41 
•5V -~7~01>! 

11 
-5V ---:=+! 
+12V~t> 

OORO 
CPU 

SVSHM DMA 11[0 
11 

-4¡ IIDLD 

14 

1 
SVSTEM IN r HEO ~INT 

WI\IT llEO 

sv~-,fL-;-ET ~ 

F1gure 3·2. 8080 CPU lnterfaco 
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GlNEni\TOil 23 
DfiiVLH 
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17 

19 

" 

INH 

<•1 

~·2 

WAIT 

l1[¡'l)Y 

I<~SET 

SYNC 

1 STATuS STROBé 

AO 

the des:~;n an.-:: l\• ~;cr.:cvc o¡-,crutlonc.l e¡-.¿ rc:ctcnst:cs tr·¿.~ 

are as rlose Js fJG~.stOic to thosc of -;.:1c Z:224 ar1.:; 3:/~ 

Many auxii:<Jry t1m1ng functions and f¡;atures of hic 322~ 

and 8228 are too complcx to pract1cally implement m 
standard componcnts, so only the bas;c 1 unctions of the 

8224 and 8228 are gcnerated. S m ce sisn.; ;cant benaf1ts m 

system t1mmg and componcnt count r(~duct1on can i:-e 
rea}ized by using the 8224 and 8228, th1s is thc prcferreo 

method of 1mplemcntat10n. 

1. 

2. 

.,,-, 

8080 CPU 

The operat,on of the 8080 CPU W.J', covered m pre
VIOus chapters of th1s manual, so l1lt•C rcferencc w1ll 

be made to 1t m thc dcs1gn of the Motiulc. 

Clock Gene. ;:tor and Hogh Lcvel Dravcr 

The 8080 1s a dynarn1c dcv1ce, mec,.-,;ng i.hat its Inter
na! storage ciemcn~s and log1c c¡rc;_.itt y requarc a 
t1ming refercnce (Ciock), suppi1eci by cx~er.·.al clr
cuitry, to refr.ash Jnd prov1de tim1ny control sagnals. 

The 8080 requ¡res two (2) such Ciocks. The1r wave
forms must be non-ov<:rl¡¡pping, anc. comply w1th tr:•: 

tlrnmg and levels spcctf1ed 1n the 8080 A.C. and D.G. 

Charactenstics, page 5-15. 

Clocl< Generator Oesign 

The Cloci< Generator cons1sts of <~ crystal controi:ea, 
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OSCILLATOR 

330 

74504 

odOMHl 

>-~--------------------------~------------------- ose 
74504 GBO pF 74504 CLOCK GENERA TOA 

GND 

74HOO 

WAVEFOAMS 

-¡ 1 ~,0 f1~~ ¡..-sons 
92 _j \ 250ns f \ ,----

SOns..../ r -..j r- SOns 

qJ1A _j \ 250ns J L J 

F•gure 3-3. 8080 Clock Generator 

20 MHZ oscillator, a tour bit counter, and gat1119 

ClrCUitS. 

Thc osc1llator prov1des a 20 MHZ signal to the mput 
of a tour (4) b1t, presettable, synchronous, bmary 
countcr. By presettmg the counter as shown in figure 
3-3 and clockmg at with the 20 MHZ signal, a sample 
decodmg of the counters outputs using standard TTL 
gatcs, prov1des proper timing for the two (2) 8080 

dock mputs. 

Note that the tammg must actually be measured at 
thc output of thc High Leve! Oraver to takc mto ac
count thc addcd delays and wavcform uistortlons 
Withm SUCh iJ UCVICC. 

Hauh Lcvel Dnvcr Dcsign 
Thc vol t¡¡~¡e lcv(:l of thc clocl<s for thc 8080 1s not 
TTL compatible l,kc thc othcr SI!Jilills that anput to 

thc 8080. Thc voltagc swang IS from .6 volts (VILC) 

to 11 volts (V1Hc) wath risctimcs and fall t1mes under 
50 ns. Thc Capacat1ve Orive is 20 pf (max.). Thus, a 
Hagh Level Or1ver is required to Interface thc outputs 
of the Clock Gcnerator (TTL) to the 8080. 

The two (2) outputs of the Clock Generator are ca

pacltiVIty coupled to a duai· Hagh Level clock draver. 
The driver must be capable of complying with tne 
8080 dock mput specificat1ons, page 5·15. A driver 
of this type usually has l1ttle problem supplymg the 

3-3 

P-~------------------·~IITTLI 

AUXILIAAY FUNCTIONS 

~SYNC 

;:::oo-~ STSTá 

~ ¡, t,>IA ITTLr 

WAIT REO -----4---1 REAOV 

HOLD 

pos1tive trans1t10n when b1ased from the 8080 Voo 
supply ( 12V) but to ach1eve the low volto1r;e spcclf¡. 

cat10n (V1Lcl .8 volts Max. the driver is b1ased to the 
8080 VBB supply (-5V). This allows the driver to 

swmg from GND to Voo w1th the "id of u l-Impie 
res1stor d1V1der_. 

A low res1stance senes nctwork is added I.Jctwccn the 
dnver and the 8080 to eliminate any overshoot of the 
pul sed waveforms. Now u c~rcwt is <Jpparcnt thJt can 
easlly comply w1th thc 8080 spec1fications. In fact 
risc and falltlmcs of th1s dcsign are wpically illss thdn 

10 ns. 

l>UO pF 

;¡.-,- ITiU ---1 ;> 

+12V 

Figure 3-4. High level Driver 
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Auxil:;1ry Tin1ina Signals and Funi;t1ons 

The Clock Gencrator can also be used to prov1dc 

other s1gnals that the designer can use to simplify 

large system timing or the mterface to dynamic 

memon~s. 

Funct10ns such as power·on resct, synchronization of 

cxtr·rn¡¡l r1,qucsts (HOLD, READY, etc.) and single 

st~~P. could eusily be ncldccl to the Clock Gcnorotor w 
further cnhance its capabilities. 

For 1nstonce, thc 20 MHZ s1gnal from the osc1llator 

can be buffcrcd so that 1t could prov1de the bas1s for 

communicatiOn baud ratc generat10n. 

The Clock Generator diagram also shows how to gen· 

crate an advanccd t1mmg Signa! (rb1A) that iS handy 

to use 1n clock1ng "D" type flipflops to synchron1ze 

externa! requests. 1 t can al so be u sed to generate a 

strobe (STSTB) thot 1s the latchmg s1gnal for the sta· 

tus mformat1on which is available on the Data Bus at 

thc begmnmg of each machme cycle. A s1mple gating 

of the SYNC signa! from the 8080 and the advanced 

(~lA) will do the job. See Figure 3-3. 

w1th thc CPU over the b1-d1rect10nal Dat<J Bus. il1o:: 

system Control Bus IS used to gat~ ddta on and o7; 

the Data Bus Wotnm the píOpc.- ,¡:,1,:1q scqL.cnccs as 

d1ctoted by the opcrat1on of tne 000:J CPU. Tne u'"" 
lincs of the 8080 CPU, Mr.rnory ar.r! :/0 dPvoccs "'~ 

3-sti1tc 111 n.nurr:, thilt 1>, thí:l( (llill"'· r:nv~.:rs have 

thc JiJillt'/ to be forc~d olltO d :o:~,h- .. 11'•U;Ji1CC mod,• 

and ¡¡re, cffect:vel y, removed f:om t;-,~ ci. cL.it. T!1i~ 3-

statc bus tcchn1c¡uc allows thc clcs1r;ncJ· lo cc,nstruct a 

systcm around a smgle, e1ght (8) b1t pJr.;llei, bi-ducc

tiOnal Data Bus and s1mply gate thu mformation on 

or off th1s bus by sclectmg or deselvct1ng (3-stating) 

Memory and 1/0 dev1ces w1th s1gndls from the Con

trol Bus. 

Bi-Directional D¡¡ta Bus Driver Dcsign 

The 8080 Data Bus (07-00) has two (2) majar arcas 

of concern for the des1gner: 

1. Input Vol tage leve! (V¡H) 3.3 volts mmimum. 

2. Output Orive CapJoility (10 Li 1.7 mA maximum. 
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The 1nput level spec1f1cat10n implies that any semi
conductor mcmory or 1/0 dev;ce co;1nected to the 
8080 Data Bus must be able to prov1dr a min1mum of 
3.3 volts in lts h1gh state. Most semiconductor mem
ones and standard TTL 1/0 dev1ces have an output 
capabil1ty of between 2.0 and 2.8 volts, obv1ously a 
d1rect conncctlon onto the 8080 Data Bus would re
qLure pullup reSIStors, whose value should not affect 
the bus specd or stress the dnve capability of the 
memory or 1/0 componcnts. 

The 8080A ou tput dnve capabillty ( loLl 1.9mA max. 
¡s suff1cicnt for small systems where Mcmory size and 
1/0 requ1rements are m1n1mal and the ent1re systcm is 
contained on a single pnnted c1rcuit board. Most sys
tems however, take advantage of the high-perfor
mance comput¡ng power of the 8080 CPU and thus a 

more typical system would requ1re sorne form of buf
fenng on the 8080 Data Bus to support a larger array 
of Memory and 1/0 dev1ces which are likely to be on 
separate boards. 

A device specifically des1gned to do th1s buffering 
funct1on 1s the 1 NTE t.:) 8216, a (4) four bit bi-dlrec

tional bus driver whose mput voltage level 1s compat

ible with stand<ll d TT L dev1ces and semiconductor 
memory components, and has output drove capabil1ty 
of 50 mA. At the 8080 s1de, the 8216 has a "high" 
output of 3.65 volts that not only meets the 8080 
mput spec but prov1des the des1gner w1th a worse case 
350 mV noise margm. 

A pa1r of 8216's are connected d1rectly to the 8080 
Oáta Bus (D7-DO) as shown 111 f¡gure 3-5. Note that 
the DBIN signa! from the 8080 is connccted to the 
d1rection control input (DI EN: so the correct flow of 
data on thc bus is m.Jintamed. The ch1p sclcct (CS) of 

thc 821G 1s conncctcd to BUS ENABLE (BUS_E_Ñ) to 

allow for DMA activitics by dcsclccting thc Dula Bus 
Buffllr and fo1CII1(J tlw outputs of tllc 8216'~ into 
tl1c1r l11gh llnped,JilC!l (3-~I.Hc) modn. Th1s .dlows 
othcr dcviccs to gam acccss to thc data bus (DMA). 

Systcm Control Logi.; Dcsign 

The Control Bus maintams dasc1pl1nc of thc bi-dircc
tional Data Bus, that 1s, 1t dcterm1ncs what type of 
dcv1cc will llave acl:css to thc l.1us (Mcrnor y 01 1/0) 
ami {Jcneratcs s1gnals to assurc that thcsn dcv1ces 
transfcr Data w1th thc 8080 CPU with1n thc proper 

t1mmg "windows" as d1ctated by the CPU operat1onal 
charactenst1cs. 

·As descr1bed previously, the 8080 issues Status infor: 
mation at the begmning of each Machme Cycle on its 

Data Bus to md1cate what operat10n will take place 
dunng that cycle. A simple (8) bit latch, l1ke an 
INTEL_,¡ 8212, connected d1rectly to the 8080 Data 

Bus (07-DO) as shown in figure 3-5 Wlll store the 

3-5 

Status informat10n. The s1gnal that :oads the cata 
1nto the Status Latch con-.es from the Clock Gencr· 
ator, 1t :s Status Strobe (STSTB) and occurs at thc 
start of each Machine Cycle. 

Note that the Status Latch is conncctcd onto thc 
8080 Da¡a Bus (07-DO) befare the Bus uurtcr. ThiS IS 

to mamtam the integnty of the Data Bus and stmpllfy 
Control Bus t1ming inDMA dependcntenvironmcnts. 

A~ shown in thc d1auram, a s1mplc ua: .nu of thc out
puts of the Status Latch w1th thc DBIN und WR 
s1gnals from the 8080 gcneratc the (4) four Control 
s1gnals that make up the bas1c Control Bus. 

These four signals: 1. Memory Read (MEM R) 

2. Nicrnory Wnte (MEM W) 

3. 1/0 Read (líO R) 

4. 1/0 Wnte (J/0 W) 

TM 

conncct d1rectly to the MCS-80 componen( "iam1ly" 
of ROMs, RAMs and 1/0 dcv1ces. 

A flfth s1gnal, lnterrupt Acknowled¡¡e (INTA) 15 
added to the Control Bus by gating data off thc 
Status Latch w1th the DBI N signal from thc 8080 
CPLJ. This signal 1s used to enable the lntcrrupt 
1 nstruct1on Port wh1ch holds tne RST instruction 
onto thc Data Bus. 

Other s1gnals that are part of the Control Sus such Js 
WO, Stack and M1 are prescnt to aid in thc tcstm¡¡ of 
the Systcrn and also to Simpl¡fy irncrfacing thc CPU 
to dynamrc memorias or very large systems that rc
QUire several levcls of bus buffering. 

Thc Addrcss Bus (A 15-AO) of thc 8080, l1kc thc OJtJ 
BL:s, 1s suff1cwnt to support ;.: smJII sy~tcm that has J 

moderatc sizc Mernory and 1/0 structwe, confrncd to 
a Slll[Jic card. To cxpancl t.he SiZC of the ~y~tcm th.Jt 
thc AJdress Bu~ can suppo1 t ..1 ~11nple Lurft•r can be 
addcd, as shown in f1gure 3-6. Thc 1 NTE ['> 8212 or 

8216 1s an excellent dcvice tor this functlon. Tnlly 
prov1de low input loadmg (.25 mA). hrgh output 

dnve and insert a mmimal delay in the Sy!>tem 
T1m111g. 

Note that BUS ENABLE (SUSEN) is connected to 
the buffers so that they are torced ¡nto their high· 
impedance (3-state) mode dunng DMA activitics so 

that other devrces can gain access to the Address Bus. 



!t\lTERFAc::vG THE SOSO CPU TO MEMOR"! 
.l.ND 1/0 DEViCES 

Thc 8080 1nterfJces with standard semiconductor 

M.J.nory cornponcnts éli•d 1/0 dCVICes. In the preVIOUS text 

the p;oper cor.trol s:gnals and buffenng were developed 

wh1ch wili proJuce a simple bus system wnilar to the bas1c 

system example shown at the begmnmg of th1s chapter 

In F1gure 3·6 a s1mple, but exact 8080 typ1cal system 

IS shown that c.Jn be used as a gu1de for any 8080 system, 

regardless of s1zc or complex1ty. lt 1s a "three bus" arch1· 

tccture, u~mg tilo s1gnals dcvelopcd 111 thc CPU module. 

Note that Memory and 1/0 dev1ccs interface 111 the 

s.Jme manner and that the1r 1solat10n 1s only a function of 

thc dl'f 1nit1on of thc Read·Wnte s1gnal~ on the Control Bus. 

Th1s ,lllows the 8080 system to be conf1gured so that Mcm· 

ory Jlld 1/0 are treatcd as a single array (memory mapped 

1/0) for small systems that require h1gh thruput and have 

lcss than 321< memory size. This approach will be brought 
out later 1n the chapter. 

ROMINTER:=ACE 
A ROM is a device that sto1 es data 111 the form of 

Program or other mformat1on such as "look·up tables" and 

is only read frorn, thus the terrn Read Only Memory. JiliS 

type of rnemory 1s generally non-volatile, meaning that 

when the powe~ is removed the information is retained. 

HOLD REQ 

RESET 

Th1s fcature cllm¡n,,,~·s thc n.;ed for exu.J cqlllpmcnt iiKe 

tape reaclers and c.: .,;;s to load p1 ogram; 1n1~1ally. an im

portant aspect in smJil systcm des1gn. 

lntcrfacmg stundal d ROMs, such as the deviccs shown 

:n thc d1agr:~m 1s s1mp:c and d1rcct. Thc c.Jt,Jut Ocita l1:1cs 

are connected to thc b1-d1rect10nál Dató 8us, the Adclrcs:; 

mputs t1c to the Address bus w1th poss.bic dPcocling of the 

most s1gn1f1cant b1ts ;:s "chip selccts" and the MEMR signa! 

f1orn the Control Bus connccted toa "chl,) ·;clcct" or datu 

buffer. Bas1cally. thc CPU ¡ssucs an add1 ess clur1il9 the f1rst 

port1on of an 1nst1 uct10n or dat<J fetch (T 1 & T2). TlliS 

vaiue on thc Add1 c~s Bus sclccts a spcc1 f1c loca t10n w1th1n 

the ROM, thcn dcpcnd1ng on thc ROM's dclay (;,cccss time) 

the dclta storcd at thc addresscd loc<ltlon ,, prcscnt at thc 

Data output l1ncs. At th1s t1me (T3) thc CPlJ Data Bus 1s 

1n the "mput Modo" and thc control log1c 1ssucs a Mcmory 

Read command (M EIVl ~) that gatos the addressed data on 

to the Data Bus. 

RAM INTERFACE 

A RAM is a dcv1ce that ,toros cla~a. Tlm data can be 

program, active "look-up t;;bics," tempo1 ¡¡ry values or ex· 

terna! stacks. The d1ffcrencc betwecn RAM and ROM 1s 

thJt data can be wntten 1nto such devices and are in 

essence, Read/Wme stora~e clcments. RAMs do not hold 

the1r data when power 1s removed so 111 the case where Pro· 

gram or "look·up tables" data 1s storcd a method to load 

INT~--------------------------------------------------------~ 

8251 1/0 
COMMUNICATION 

INTERFACE 

Figure 3-6. Macrocomputer System 
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RAM memory must be prov1ded, such as: Floppy Disk, 
Paper Tape, etc. 

The CPU treats RAM 1n exactly the s.1me m•:mner as 
ROM for addressmg data to be read. Writ1ng data ís very 
similar; the RAM is issued an <:ddress during the f1rst por
~ion of the Memory Writc cyclc (Tl & T2) m T3 when the 

data that 1s to be wrltten os output by the CPU and is stable 
on the bus an MEM'N command is gcncrated. The MEMW 
Sl!)nal is conncctcd to tilc . R/W input of the RAM and 
strobes the data mto the <Jddresscd loca¡¡on. 

In Figure 3-7 .:. typ1cal IVI.!mory ;ystem is illustratcd 
to show how standard ~er::~c..:>nductor components Interface 
to thc 8080 bus. Thc memory ¡;¡rray shown has 8K bytes 
(8 bits/byte) of ROM storage, using four lntdJ8216As 

and 512 bytes of RAM storage, using lntel 8111 static 

RAMs. The basic Interface to the bus structure detailed 
hcre is common to almost any size memory. The only ad
dltlon that might have to be made for largcr systems 1s 
more buffers (8216/8212) and decoders (8205) for gener· 
atmg "chip selccts." 

SK + 512 SK 

RAM 

Thc mcmoncs choscn for this ex;;m¡:¡!c ha·.'c ~n access 
t!me of 850 nS (m¡¡x) to Jllus:rate that SiLlh~., c.conomiCLll 
uevices can be easliy interfaccd to :he 8080 ..,,.,¡:1 IJttle ef
fect on performance. When the 8080 ís opc: ;:.tcd from a 
clock generator with a tCY of 500 nS the requ1: ed memorv 
access t1me is Approx. 450-550 nS. See dCTi>lled t1m1n;¡ 
spcc1f1cation Pg. 5·16. Usmg memory dev1ccs of th1s speed 

® 
such as lntel 8308, 8102A, 8107A, etc. thc READY mput 
to the 8080 CPU can remain "high" bccausc no "w.;;1t" 
statcs are rcquired. Note that the bus interface to mcmory 
shown in F1gure 3-7 remams the same. Howcv..:r, ¡f slower 
memones are to be uscd, ~uch as thc dev1ces 11lustra~cd 
(8316A, 8111) that havc access times slower th;m the m in· 
imum requirement a s1mple logic control of thc READY 

input to the 8080 CPU will insert un extra "wJit state" that 
is equal to one or more clock periods as an access time 

"adjustment" delay to compensate. Thc effcct of the extra 
"wait" state is naturully a slower exccution time for thc 
instruction. A s;ngle "wait" changes the basic mstruct1on 

cycle to 2.5 microSeconds. 

o 

ROM 

MEMOAY MAP 

RAM 
.-----------------~ r----------------~ 

8111 8111 

R/W OD 

1 1 
CONT~OL BUS (6) 

#2 
#1 

ROM 

A11· 
A12 

.__l __ l ..._[ _ _____.l.___! 
ADDRESS BUS 116) 

Figure 3-7. Typ1cal iViemory Interface 
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General Theory 

As in any computer bosed systern, the 8G80 CPU must 

úc able to comrnunicJte w1th devices or structuícs that ex 1st 

outside its normal memory array'. Dcvices like l<eyboards, 

paper tape, floppy disks, printcrs, displays Jnd other contíO! 

structurcs are used to input information into the 8080 CPU 

and display or store the results of the computational act1v1ty. 

Probably the most 1mportant and strongcst feature of 

the 8080 M1crocomputer System 1s the flexibiilty and powcr 

of its 1/0 structure and the components that support it. There 

are many ways to structure the 1/0 array so that it wlil "fit" 

the total system environment to maximize efficiency and 

rr.inim1ze component count. 

The basic operat1on of the 1/0 structure can best be 
viewed as an array of smgle byte memory locations that can 

be Read from or Written into. The 8080 CPU has s y,:1al in· 
stn.:ctions devoted to managing such tran~fus (lN, OUT). 

Thcsc instruct10ns generally isolate memory cJnd 1/0 arrays 
so thdt memory address space is not effected by the 1/0 
structure and the general concept is that of a simple transfcr 
to or from the Accumulator with an addresst;d "PORT". An· 
other method of 1/0 architecture is to treat the 1/0 structure 
as part of the Memory array. This is generally referred toas 
"Memory Mapped 1/0" and provides the des:gner with a 
powerful new "instruction set" devoted to 1/0 manipulation. 

ISOLATED 1/0 ---------------------, 
: O )! 65K 

1 

1 

1 

1 

ME MOR Y 

J O 2f.G 

iD 1 
1 

r---------------------~ 
1 O JlK ú5K l 
1 1 
1 1 
l MEMORY 1/0 1 

1 

MEMORY f~APPEO 1/0 ! 
~---------------------J 

Figure 3·8. Mcmory/1/0 Mapping. 

lsolated 1/0 

In F1gure 3-9 thc system control s1e¡nals, prcviously de· 
tailed in this chapter, are shown. This type of 1/0 arch1tcc•ure 

separatcs the memory ilddress space from the 1/0 addrcss 

space and uses a conceptually simple transfer to or frorn Ac· 

cumulator technique. Such an architecture is easy to under

stand because 1/0 communicates only with the Accumulator 

using the 1 N or OUT instructions. Al so beca use of the isola· 

tion of memory and 1/0, the full address space (65Kl is un· 

effected by 1/0 addressing. 

3·8 

,,·~~--,-------- ME~1A l 

J
' •TO MEMORY 

-----· DEVICES ,/ ¡"-- --- MEMW 

r SYSH'.1 ¡ l 
O to----- 1/o·¡:¡ 

C~~2~1~l L ¡-- TO 1/0 DE VICES 

o 
k>------ 1/0 IV j 

Figure 3-9. isolated l/0. 

Memory IVlapped l /0 

By ass1onmg an area of rnernory aoc.ress space as 1/0 a 
powerful arch:t0cture c¡¡n be developcd that can manipulate 
1/0 using the sarne instl"uctions that are used to manipulare 

memory locations. Thus, a "new" 1nstruction set is c~eatcd 

that 1s devoted to 1/0 handling. 

As shown in Figure 3-10, new corYcrol signals are gene

ratecl by gating the MEM-~ and McMW signals wlth A15. the 

most srgmf1cant address bit. The new 1/0 control signals con

nect in exactly the same manner as lso:ated 1/0, thus the 
system bus characterist1cs are unchanged. 

By as;igning A 15 üs the 1/0 "flag", a simple method of 
1/0 disciplme is ma1ntained: 

if A 15 1s a "zero" thcn Memory is zctive. 

if A¡ 5 1s a "one" then 1/0 is act1ve. o 
Other address bits can al so be u sed for this function. A 15 wils 

chosen bccause it is the most srgnificJnt address bit so it 1s 

easier to control w1th software ünd bccause it :;t;;¡ aliows 

mcmory addrcssing of 32K. 

1/0 deviccs ilrc still considercd <1dJresscd "ports" but 

insteod of thc Accumulator a; the oniy tr.msfcr medium any 

of the internul registcrs can be usccl. All 1nstructions that 

could be used to operatc on mernory foc.:Jtions can lw uscd 

in 1/0. 

Examples: 

MOVr, M 
MOV M, r 
MVI M 
LOA 
STA 

LHLD 

SHLD 
ADD M 
ANA M 

(Input Port to any Reg1ster) 
(Q,¡tput any Rr::g1ster to Pon) 

(Output 1mmcdiJte dota to Port) 
íl.<¡:,ut to ACC) 
(Output from ACC to Pon) 
( 1 G Bit ln¡)ut) 

(16 81t Output) 

(Add Port to ACC) 
("Ai'JD" Pon Woth i\CC) 

lt 1s ea~' to s,~e th<Jt from 1he 1 :,, o: pos~1bla "ncw" 

instructions ¡hat thrs typc of 1/0 archnectura could hJv~.; 

drastic effect on ¡ncreased system thro-_,ghru t 1 t 1s cor.cep· Q 
tually more diffrcult to understand tl·.an lsoiated 1/0 and '' 
does limit memory address space, but i'v1emory Map¡Jed 1/0 

can mean a sign1ficant mcrease in ove~¡¡li s;:¡eed ar.d at th~ 

same time reducing requ 1red progra;n memory are a. 
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f¡g.Jre 3-10. Memory Mappcd 1/0. 

1/0 Addressing 

i70R(MM~ 
TO 1/0 
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1iow(i.1M1 

Wlth both systcms of 1/0 structure the addrcssing of 
cach device can be con rq:;llrcd to opt1m1ze effic1ency and re
duce component count. One method, the rnost cornmon, is 
to dccode thc address bus into exclus1ve "chip selects" that 
cnable the addressed 1/0 device, Similar to generating chip· 
sclects in memory arrays. 

Another method :s called "l1ncar select".ln th1s method, 
1nstead of dccodmg the Address Bus, a smgular bit from the 
bus is ass1gned as thc exclus1ve enable for a spcc1fic 1/0 de· 
v1ce. This method, of course, limíts the number of 1/0 de· 
v1ces that can be addressed but elm1inates the need for extra 
decoders, an important considerat1on 1n small system design. 

A simplr example illustrates the power of such a flexi· 
ble 1/0 structure. The first example iliustrates the format of 
the second byte of the IN or OUT mstruction using the lso
lated 1/0 technique. The devices used are inteici)8255 Pro· 
grammable Peripheral Interface un1ts and are linear selected. 
E::.:h device has three ports and from the format it can be 
scen that s1x devices can be addressej without add1t1onal de· 
coders. 

EXAMPLE #1 

'----------} ""'" ""'~ 
ADDRESSES- 6- 8255o 

(18 PORTS- 144 BITS) 

Figure 3·11.1solated 1/0- (Linear Select) (8255) 

The second cxamplc uses Mcmory Mc:pp.:::d 1/0 and 
linear sclect to show how thirtcen cievices (8255) c¡;n be iJd· 
dressec w1 thout the use of extra dccoders. The format shown 
could be thc second and th1rd bytes of the LDA or STA in· 
structions or any other instructions used to manipulatc i/0 
usmg the Memory Mappcd technique. 

1 t 1s easy to see that such a flex1bie 1/0 structure, that 
can be "tadored" to the overall system environment, providcs 
the designer vllth a powerful tool to optimize eff1c1ency and 
minimize component count. 

EXAM?LE #2 

:'1 

'-------} ... ~""'"' 
~----------------lroFLAG 

ADORESSES- 13- 8255s 

(39 PORTS- 312 BITS) 

1-1/0 
O• MEMORV 

Figure 3-12. Memory MJppcd 1/0- (L•ncarSc:cct (8255) 

1/0 Interface Example 

In Fig..Jre 3-16 o typical 1/0 systcm is shown that uses a 
vanety of devices (8212, 8251 and 8255}. it could be uscd 
to Interface the penpherals around an int.:li1gent CRT termi· 
no:us; keyboards, display, and communicat.on Interface. An· 
other application could be in a process controller to interface 
sensors. relays, and motor controls. Thc limitation of the ap· 
plication area for such a circuit is solcly that of the designcrs 
imagination. 

Thc 1/0 structure shown interfaces to thc 8080 CPU 
using the bus .lrchltecture developed prev10usly in this chap· 
ter. E1ther isolated or Memory Ma¡::¡ped techniques can be 
used, depei1dlng on the system 1/0 environment. 

The 8251 provides a serial data communication inter
face so that the system can transmit and receive data over 

communication links such as teie;:>hone lines. 
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i=igure 3-13. S251 Format. 

L C/D CONTROL 

8251 SELECT 
(ACTIVE LOW) 

O- DATA 
1 -COMMAND 

The two (2) 8255s prov1de twenty four bits each of 
¡J:-ogrammable 1/0 data and control so that kcyboards, sen
sors, papcr tope, etc., can be interfaced to the system. 

00- PORTA 
01 - PORT B 
10-PQCITC 
11-COMMAND 

'------ B(~¿T~¿~EL~~~IT 

F1¡¡ure 3-14. 8255 Format. 

SERIAL DATA 
COMMUNoCATION 

8251 

8255 ti2 SEL ECT 
(ACTIVE LOW) 

DATA BUS 

Tr.c 1!-:r¡_;c 82 ~ 2s ca11 b~ u:;;eci to Gnvc lor.; :~~tos or LE:, 
ind1ca~ors duc~ i:O thed· hi~h drive c(lpablllty. (; 5;--;¡f'\) 

'----------- ~:~~~T~·~, ~~.~~~; 
'------------ B212 ;O oécóCT 

(ACi,VE HIGH) 

8212 '13 SELECT 
'-------------- (ACTiVí: hiGH) 

Figure 3-15. 8212 Format. 

Addíessing ~he structure is described i;1 'me formats il
iustrated m Figures 3-13, 3-14, 3-15. Linear Select is used so 
that no decoders are required thus, each dcvice has an ex
clusive "enable hit". 

lht= exa.np1e snow~ how a poweofui yet flexible 1/0 
~tructure can be created usir,g a mmimum component count 
with dev1ces that are all member~ of the 8080 Microcomputer 
System. 

------------------- ------------

1 1 11 1 1 1 

Ol12 
IIJ 

MD 

F1gure 3-16. Typical 1/0 Interface. 
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Schottky Bipolar 8212 

EiGHTORB~T ~NPUT /OUTPUT fPORT 

Cll Fully Paraliel 8-Bit Data 
Register and Buffer 

m Service RequesR Flip-Fiop 
for lnterrupt Generation 

m low lnpuft load Curreni
.25 mA Max. 

l!l Three Siaie Outpuis 
., Outpuis Sink 15 mA 

~ 3.65V OuUput High Voltage 
for Direct interface to 8080 
CPU or 8008 CPU 

f.lj Asynchronous Register 
Ciear 

o Replaces Buffers, latches 
and Muitñp!e)(ers in Micro
compuier Sys!ems 

¡;g Reduces Sysiem Package 
Couni 

Th!! 8212 input/output port consists of an 8-bit latch with 3-state output buffers along witb control and dcvice select10n 
log1c. 1\lsn mcluded is a·service request flip-flop for the generation and control of interrupts to the microprocessor. 

The dcvice 1s multimode in nature. lt can be used to implement latches, gated buffers or multiplexers. Thus, all of the princi
pal peripht>tal and input/output functlons of a mlcrocomputer system can be implemented with th1s dev1ce 

P!N CONFIGURATION 

os, V ce 
MO INT 

DI, 018 

001 008 

012 017 

007 D07 

Dl 3 016 

QOJ 008 

014 015 

004 006 

STB CLR 

OND DS2 

PIN NAMES 

1 01, Dio DATA IN 

oo, DOa DA TI\ OUT 
-- üs; os; OFVIC[ SELEér- ------
-- MD- ----- MOD-E- ----- ---

--STO--- STRODÉ- -----------

-INf--f-~NTERR-UPTfACTaVELóWt 
- cili -+cúlln (.\ci1ve -.:O~i~-----

(!D OS2 

JI>Mo 

ffi> STB 

@>DI¡ 

([>012 

!I>o•J 

(2>014 

l!]>ot 5 

l!]>o•e 

l?Q> 017 

rY;> 018 

(!9Ci:R 

LOGIC DIAGRAM 
SERVICE REOIIrSl FF 

\ 

!ACTIVE LOWI 

OUTPUT 
BUFFER 

_/" 



SCHOTTKY BIPOlAR 8212 
-------------------- ------------------------- -- ------- ------------

Func"ional Description 
' Data latch 

The 8 flip-flops that make up the data latch are of a 
"D" type design. The output (Q) of the flip-fiop will 
follow the data input (D) while the clock input (C) is 
high. Latching will occur when the ctock (C) returns 
low. 

The data latch is cleared by an asynchronous reset 
input (CU{). (Note: Clock (C) Overides Reset (CLR).) 

Output Buffer 

The outputs of the dala lalch (Q) are connected to 
3- state, non-mverting output buffers. These buffers 
have a cornmon control line (EN); this control line 
either enélbles the buffer to transmit the data from 
the outputs of the data latch (Q) or disables the 
buffer, forcing the output into a high impedance 
state. (3-state) 

Th1s high-1mpedance state allows the designer to 
connect the 8212 directly onto the microprocessor 
bi-directional data bus. 

Control logic 
Th~ 8212 has control inputs OS 1, DS2, MD and 
STB. These inputs are used to control device selec
tlon, data latching, output buffer state and service 
request fhp-flop. 

OS 1, 052 (Device Select) 

These 2 inputs are used for device selection. When 
fJ~1 is low and DS2 is high (DS1 • DS2) the device is 
::.rdPctcd. In the selected state the output buffer is 
en.tblod and the servlce reques~ flip-flop (SR) is 
asynchronously set. 

MO (Moda) 

Th1s input 1s used lo control the state of the output 
buffer <1nd to determine the source of the clock input 
(C) to tho dala latch. 

When MD is high (output mode) the output buffers 
are enabled and the source of clock (C) to the data 
latch is from the device selection logic (DS1 • DS2). 

When MD 1s low (input mode) the output buffer state 
is detormmed by the device selection logic (051 • 
052) and the source of clock (C) to the data latch ís 
the.STB (Strobe) input. 

STB (Strobe) 
This input is used as the clock (C) to the data latch 
for the input mode MD = O) and to synchronously 
reset the service request flip-flop (SR). 

Note that the SR flip-flop is negative edge triggered. 

Service Requesi IFiip-Fiop 

The (SR) llip-flop is used to gener.1te and control Q 
interrupts in microco~puter systoms lt is asyn
chronously set by the CLR inptll (<~cltv·: low) Wh'"n 

the (SR) flip··flop is set 1t IS m the non mtern.pL',~ 
state. 

The output of the (SR) flip-flop (0) ¡.-, r.onr~nr}r;r; ··_ 

an inverting input of a "NOR" gate '¡,,_! nlttm mr,u< 
to the "NOR" gnte IS non-inverlmg <tnrJ 1s connecir·rJ 
to the device selection logic (DS1 · DS2). The outp:,: 

of the "NOR" gate (fNT) is active low (mterruptmr,; 
state) for connection to active low mput pnonty 
generating circuits. 

(I>Dsí 

m> 052 

SERVICE RfOllfc'il Fr 

([> MO ----H~-""' 

ffi> STB -----6----fi_ 

@>ot5----------+-l 

5-102 
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SCHOTTKY BIPOLAR 8212 
-~----------------- -- --- --------------------------------- --------· 

Appl8cations Of The 8212 ..,.., For Microcomputer Systems 

Basic Schematic Symbol 
11 Gated Buffer 
111 Bi-Directíonal Bus Driver 
IV lnlerrupting Input Port 
V lnterrupt lnstruction Port 

VI Output Port 

i. Basic Schematic Symbols 
Two exampies of ways to draw the 8212 on system 
schematics-( 1) the top being the detailed view 
showing piíl numbers, and (2) the bottom bc:ng the 
symbolic v¡ew showmg the system input or output 

VIl 8080 Status Latch 
VIII 8008 System 
IX 8080 System: 

8 Input Ports 
8 Output Ports 

8 level Priority lnterrupt 

as a system bus (bus containtng 8 parallel lines). 
The output to the data bus is symbolic in referer"· 
ing 8 parallellines. 

BASDC SCIHEMATIC SVMISOI!.S 

S<~ rE M 
INI'lJT 

INPUT DEVICE 

GND 

11. Gated Buffer ( 3- STATE) 

IDETAILEDI 

!SYMBOLICI 

DATA BUS 

The s1mplest use of !he 8212 is that of a galed 
buffer. By tying the moda signal low and the strobe 
input 1hiqh, the data fatch if: acting as a straight 
through gate. The output buffers are then enabled 
from the device selection logic [iS1 and DS2. 

When the device selection logic ls false, the outputs 
are 3-state. 
When the device selecllon iogic is true, the input 
data from the system is directly transferred to the 
output. The input data load is 250 micro amps. The 
output data can sin!( 15 m!lll amps. The mlnimum 
high output is 3.65 volts. 

OIJTPUl DEVICE 

V ce 
,.------ OUTPUT 

FLAG 

GATEO BUFFER 
3-STATE 

Vcc~-~ 

1 "" 

~r::~: L 8212 
(250 1JAI 

SYSTEM 
OUTPUT 

Oll lf'U T 
Dl\111 
(l'irnl\) 
13 6'iV MINI 



SCHOTTKY BiPOlAR 8212 

m. Bi-D¡rcctiona! Bus Driver 
', pair of 8212's wired (back-to-back) can be used 
as a symmetrical drive, bi-directional bus driver. 
The dev1ces are controlled. by the data bus input 
control which ls connected to osi on the first 8212 
and to DS2 on the second. One devico is active, and 
actíng 03 a straight through buffer the other ls In 
3-stute mode. Thls ls a very useful clrcuit In &mell 
system deslgn. 

----·-------·----
IV. lntenupting lnpui Pora 
Th1s use of an 8212 is that of a system input port 
that accepts a strobe from the system input source, 
which in turn clears the service request flip-flop 
and interrupts the processor. The processor then 
goes through a servlce routine, ldentlfies ihe port, 
:md causes the device selection loglc to go trua -
enabling the system Input data onto the data bus. 

V. lnterrrupi 8rash'uction Por« 
The 821?. can be used to gate the interrupt in struc
tion, normally RESTART instructions, onto theJ data 
bus. The device is enabled from the in!e1rrupt 
acknowledge síynal from the microprocesso•r and 
from a port selection signa!. Thls signal is no tmally 
tied to ground. (DS1 could be used to multi,plex a 
variety of lnterrupt lnstructlon ports onto a. com
mon bus). 

DATA BUS 
CONTROL 
fOm L- Al 
(leR-ll 

INPUT 
STAOBE 

SVSTEM 
INPUT 

61 OIRECTIONAL BU"'i OHIViR 

S lB 

INTERRUPTING INPUT POAT 

STB 

DI\TA 
ous 

INTERRUPT nWHWGriON POilf 

(OSII Pmtr SELCCTIOI\I -
GNO 

INTERRUPT ACKNOWLEOGE ----· 

o 

o 

o 
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SCHOTTKY BIPOLAR 8212 

VI. Output Port (With Hand-Shaking) 
The 8212 can be used to transmit data from the data 
bus to a system output. The output strobe could be 
a hand-s~aking signa! such as "receplion of data" 
from the device that the system is outputting to. lt 
in turn, can interrupt the system signifying the re
ceptioh of data. The selection of the port comes 
from the device selection logic. (OS1a DS2) 

VIl. 8080 Status laich 
Here the 8212 is used as the status latch for an 8080 
microcomputer system. The input to the 8212 latch 
is directly from the 8080 data bus. Timing shows 
that when the SYNC signal is true, which is con
necteci to the 052 input and the phase 1 signal is 
true, which is a TTL. leve! coming from the clock 
generator; then, the status data will be latched lnto 
the 8212. 

SYSTEM 
INTERRUPT 

OUTPUT PORT (WITH HAND-SHAKING) 

DATA 
BUS 

,...---- OUTPUT STROBE 

STB 

SYSTEM OUTPIJT 

Note: The mode signal is tied high so that the output 
on the latch is active and enabled all the time. 
lt ls shown that the two areas of concern are the 
bidirectional data bus of the mlcroprocessor and the 
control bus. 

8080 STATUS II..ATCH 

Do 
o, 
o, 
03 

8080 
o~ 

05 
Da 
07 

SYNC 

onrN 

(>1 (>2 

22 16 

12Vf\ 

ovJ ~ ,..L, -......., 

CLOCK GEN 
S. DRIVER 

10 
9 
8 

7 

3 

4 
5 
6 

19 

..!L_ 

~ --
(~tTTll 

DATA BUS 

STATUS 
lATCH 

~ o, Do L 
!i ~ 7 8 
9 '10 

16 '15 
18 0212 m-
20 r,¡-
22 rt,-

r:-:-

INTA 

wo Tl T1 

STACK 
HlTA ~~ 

OUT 
M1 BASIC (>~ CONTROL 
INP BUS 
MEMA SVNC 

r,¡ CLR 
DS2 MO 051 

13 2 J_l 

1 

DATA 

DBIN 

STATUS 
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Vm. 8003 System 

1}1<.. shows !he 8212 used in an 8008 microcomputer 
system. They are used to multlplex the data from 
th;ce different sources onto the 8008 input data bus. 
The three sources of data are: memory data, input 
data, and the interrupt instruction The 8212 is also 
used as the uni-directional bus driver to provide a 
proper dnve to the address latches (both low order 
and high order are also 8212's) and to províde ade
quate drive lo the output data bus. The control of 
theso stx 8212's m the 8008 system is provided by 
ihe control logtc and clock generator circuits. These 
ctrcuits consist of flip-flops, decoders, and gates to 
genera!e the control functions necessary for 8008 
rnir.rocomputer systems. Also note that the input 
dc1ta port has a strobe input. This allows Um proces-

sor lo be interruptcd from the input port directly. 
The control of the input bus consists of the data bus 
input signal, control logic, and tt:r: appropriate 
status stgnal for bus discipline whcther memory 
read, input, or interrupt acknowledge. Thr combma
tion of these four signals determines wh,cí1 one of 
these three devices w1li have acce:;s to tho input 
data bus. The bus driver, wh1ch 1s 1mplcmented tn 

an 8212, is also controlled by tho control IOfJÍC and 
clock generator so it can be 3-stated when neces
sary and also as a control transmiss1on device to 
the address latches. Note: The addross !atches can 
be 3-stated for DMA purposes and they provide 15 
miJii amps drive, sufficient for large bus systerns. 

8008 SVSTEM 

ME MOR V 
DATA 

INPUT 
STROBE 

INPUT 
DATA 

INTERRUPT 
INSTRUCTION 

INPUT 
DATA 
BUS 

BUS 
DRIVER 

h 

:l 

ADDAESS 
LATCHES 

tOW ORIJER 
(8BITSI 

1 'f "'" 
¡ /~t:~_-_-___ r--_ -~v¡r 
:,A-~ , ~ OIIT•\ ¡liJS 

MEMAEAIJ ~~"""""·,,_.¡.,c,,.,.,,".,''"-V OUf 
'-------dJINPÍJT 

1 (D<l 5. 6, 71 .-------------o:J INT ACK 

,-------·-·---iDATA flUS IN b-------
----o¡rNT REO t--1--- --- ~-floo. QIJ1 

WAIT REO. '"0 1 
fi-~- _J 
CONTROL LOGIC 
l'h CLOCK GEN 

o 

o 

o 
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------------------------------------------

IX. 8080 System 
This dmwing shows the 8212 used in the 1/0 section 
of nn 8080 microcomputer system. The system con
Sists of 8 input ports, 8 output ports, _8 level priority 
sy~-tcms, and a bidirectional bus driver. (The data 
bus within the system is darkened for emphasis). 
Bilsically, the operation would be as follows: The 8 
pnrts, for example, could be connP.cted to 8 key
boards, «¡laCh keyboard having its own priority level. 
The keyboard could provide a strobe input of its 
own which would clear the service request flip-flop. 
The INT signals are connected to an 8 level priority 
encodmg circuit. This circuit provides a positiva 
true level to the central processor (INT) along with 
a three-bit code to the interrupt instruction port for 
the generation of RESTART instructions. Once the 
processor has been interrup~ed and it acknowledges 
the reception of the interrupt, the lnterrupt Acknowl
edge signal is generated. This signal transfers data 
in the form of a REST ART instruc,ion onto the buf
fered data bus. When the 081N signal is true th!s 
RESTART instruction is gated into the microcom
puter, in this case, the 8080 CPU. The 6080 then peru 
forms a software controlled interrupt service routine, 
saving the status of its current operation in the 
push-down stack and performing an INPUT lnstruc
tion. The INPUT instruction thus sets the INP status 

bit, which is common to all input ports. 
Also present is the address of the device on the 
8080 address bus which in this system is connccted 
to an 8205, one out of eight decoder with active low 
outputs. These active low outputs will enable one of 
the Input ports, the one that interrupted the preces
sor, to put its data onto the buffered data bus to be 
transmitted to the CPU when the data bus input 
s!gnal is true. The processor can also output data 
from the 8080 data bus to the buffered data bus 
when the data bus Input signal is falsa. Using the 
same address selection technique from the 8205 
decoder and the output status bit, we can select 
with this system one of eight output ports to trans
mit the data to the system's output devlce structure. 

Note: This basic 1/0 configuratlon for the 8080 can 
be expanded to 256 input devices and 256 output 
devices all using 8212 and, of course, the appropri
ate decoding. 

Note that the 8080 is a 3.3-volt mínimum high input 
requirement and that the 8212 has a 3.65-volt mini· 
mum high output providlng the designar with a 350 
milll volt noise margln worst case for 8080 systems 
when uslng the 8212. 
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HOBO 
AOORESS 

BUS 

STATUS 
OITS 

8v80 SVSTEM INPUT Pf)r1 1 e 

, _ _¡_ ___ , 
OUTPUT PORIS 

' 
[b 

-
_A 

ll?12 ::> .-

STHOBE O__...,._ STB 

INPUT, e:; 
PORTO ~712 

---
INT CUl :0, rJ ctn 

,-f-J v;.c 1 !ScP Note 1l y '· L__,_ 
A o --- GNO 

1 
" :::::: ii"' e:> 

) .. 
- ru~ 

~ ve,. 

A, - ---
Az -- STROBE 1-• STB 8205 

~ A:! -e E, INPUrQ 

"' -e Ez PORT 1 0<12 

V ce - El --- -- o--1/0 DEVICE IN1 CLR 

SELECTOR ?_ GNO L_ -
INP 

STROBE2- ~lB 

INPUT! e::> -"- ~~~ => PORT 2 R212 "r-¡-v' r-:-
RJ17 

,¡¡'f i;-í ñ p. f-a CLH 

¡ l GND L._ f-< --- ~ -¡--
v,l_J 

1----our-_, __ _ ··-

STROOE 3--> ST!l 

... 
INT ------------------¡ 

INPUT
1

Q '--U.., F> PORT 3 R/12 ll712 ,.- "Y 

son o 
DATA,-----.. 

BUS 

~"i 
' 

8712 

OUffEHEO 
DA TI\ 
nus 

ll"""l ""'11 
n o 
e n 
9 

Vn: e B 
D O 
a o 

: ?~ 
e-; ~~ IIC§fEEI~~~~~~-----<o( ---! 4 lt>-
:--' 5 

' 6 ~t>-++++--......, a 1 co-++++-..., 
1 8 

INT éll1 p.. f-a Clf1 

·y r.~o L-. r< Vu _l 
---

STROB[ 4 -• ~1n 

- -~ INPUT; e:> J.. _._~ 
PORT4 H)ll 11/1/ 

" 
-y 

---
0-• f--o Cll< - INT ClR 

l GND L_ ...... ~t--J v,,.j 
r--

a o 
u u 
1 o STROOE 5- STO 

' o U D 
~~, __ - .. J 

INPUT,q. .. .A. 
PORT 6 0717 - ) 11?1/ 

V 
, 

--·· l INT CUI o- -<) ( 111 

INTERRUPT 
INSTRUCTION 

PORT fRSTl 

? " ' L.... ~ ~---=---J_v' -' ? '----Ht-----------L'-f\1~~-- .:::. - - - ~_j 

=> 

!.> 

OUTPUT 
PORTO 

nu¡p::r 
POHT; 

OUT PUf 
PORl 2 

0\IIPIJT 
ronT .l 

Oll1 l'ttT 
POJ11 4 

OUTPUT 
ronr s 

PAIORITY 
ENCOOER & 
INTERRUPT 

GENERATING 

STROOE 6- STB [=1 
INPUT ,.....--~\. Jo.. '\. 'lUFIJf 

'O"" '--,1 ""' ,_ r~ ;: ""' . ·V ,.,,, " 
GNO 

INT ---------1 
ACK 

DI OIRECTIONAL 
BUS DRIVER 

LOGIC CIRCUITS 
USER DESIGNEDl YINT 1 cl'•~- T--o~J~ 

GND ce '----!--------...._._____ - - . -- ----
STROBE 7- STO 1 ...-----. 

INPUT 1-- .._ ~' ~~ OIITrl/T 
IV PORT 7 

.____~Í)..__GNO _SV~-,!f ~ 
AESET 

Note 1. Thls basic 1/0 conllguration for 1ho BOBO cnn be OKIWinded to 266 input davices ond 250 output devlces ni! usmo fl212 ond •t·• •ppoopnato deo.odoo"' 
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Absolute Maximum Ratengs" 

Temperatura Under Bias Plastic .. -65°C to + 75°C 

Storage Temperatura .......... -65°C to + 160°C 

Aii Output or Supply Voltages .... -0.5 to + 7 Volts 

Al! Input Voitages ............... -1.0 to 5.5 Volts 

Ouiput Currents ......................... 125 mA 

D.C" Charac!eristics 
T" = 0°C to + 75°C V ce = +5V :!:5% 

S y m bol Parameter 1 
M In. 

·-~-·-~ 

l IF input Load Curren! 
ACK, DS¡, CR, 0!,-Dia lnputs 

IF lnpui Load Current 
MD Input 

-
ff Input Load Current 

OS, Input 
-- -

IR Input Leaknge Current 
ACK, OS, CR, 01,-Dia lnputs 

. 

IR Input Leakage Current 
MO Input 

1~ Input Leakage Current 
OS, Input 

Ve Input Forward Voltage Clamp 

v,l Input "low" Voltage 
--
v,H Input "High" Voltage 2.0 

V m Output "Low" Voltage 

V oH Output "High" Voltage 3.65 

he Short Circuit Output Current -15 
-------

llol Output Leakage Current 
High lmpedance State 

lec Power Supply Current 

'COMMfNT Stressoa above thoso Usted undllr "Absoluto Mulmum Rollngs" 
mar caus11 prumanent damage lo tho dllvlco. Thla /s e stress rtJtlng ontr and 
lunct/one/ Opl/retlon ol the <:!ev/ce et theae or el enr orher condlllon above 
lllose lndlcated 111 the operaflonel eect/ont ol tilla apec/ltcetlon 11 not lmpllad 

Umibs Unit Test Conditions 
Typ. Max. 

-.25 m A VF = .45V 

-.75 m A VF"" .45V 

-1.0 m A VF = .45V 

10 p. A VR = 5.25V 

30 p. A VR ""5.25V 

40 p. A VR- 5.25V 

-1 V le= -5mA 

.85 V 

V 

.45 V 1m= 15 mA 

4.0 V loti = -1 mA 

-75 m A Vo""' OV 

20 p. A Vo • .45V/5.25V 

90 130 m A 
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lypical Characaetrisiics 

11\!PUT CU~RiENi VS. li'f.PUr VOLTAOf. 

~ .1(10 .. z 
w 
a: 
a: -ISO ---- -
::> 
u .. 
~ 
1:: _,00- -- -- ------ -

·300 L---....l.--..I...Jl.JL-L---L-
.J -2 ·1 o • ' •2 

INPUT VOlTAG[ lVI 

OUTPU'f CURAENT VS. 
OUTPUT "HIGH" VOll'AG~ 

Vcc • +5 ov 

-5 ' ---- - ---

;¡ -10 -------- -

! 

OUTPUT "HIGH' VOlTAGE lVI 

DATA TO OUTPIJT DELAV 
VS. TEMPEAATUR!E 

+3 

,2~----T-,-----~-----r----~----~ 

>
<>: 
.J 
UJ 
o .. 
::> ... 
~ 
o 
o .. 
..: 
:t 
o 

V ce • +6 ov 

20 --- ------------- --------

14 ------ ----+r-........ __ __,~----1 
1 

121---+-----~----~-----¡----

1~~L-----~o----~2~5----~~~ ¡\) 100 

TEMPERATURE f'CI 

IH10 

OlDTPUT CUHREN'I VS. OUTPUT "LOW'' VOLT~\GE 

;¡ 
! 

100 ----~----· 

oo _::1v ----· ----- -- ---

~ 80 --·----1----~ ~ 75 c . a " ,~--
TA .,. 2t;~C ...._ ...._ 

~ 40----- -

!; 
o 

e 

OUlPUT LO\~' VOlTIIGE (VI 

DATA TO OUTPUT DEl AY 
VS. LOAD CAPAC!rANCE 

Vr.c., -t-fi OV 
TI\ • 2&'C 

40 ---·-- .. ! 

'"~ 1 

10 

1 

lOI\0 CIIPIICITANC( (pfl 

W111Tif.: IENADLE TO OUTPllT OELAV 
VS. TEMPEAATURE 

40~----r----r-----~---,-----l 
Ver." •& ov 1 1 

1 1 1 

: 1 ll ·~~ - ¡ 
l ~~ ¡ 

2S ----- --1 - _.-...,., ¡ , : .. 

STB J ..... --r 1 ,.....--;, ' 

Os <:~-2"~ .... -- 1 
10 -- --·-- ....... ~~=-: - . -- t-' os, t..----;---- ... 

1 1 

15[- ---- r 1 

lO ---J~--~c--
·25 o 15 

i j ' 
1 1 

1-~--
75 100 

HMI'~RIInmf 1 Cl 

o 

o 
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Timing Diagram 

o DATA 1sv';('"---------y.sv 

------' . I,;=='PW-=r· lH ~'----
STB orOs¡ • DS2 1.5Vl \:'-1 _sv _______ _ 

l--twe--1 
OUTPUT -----_______ _/'('s-:--- ---_-• 

os,. os2 -----~f \'·_sv ____ _ 

~- te -j ISEE NOTE BELOW) t..= to ___¡ 

-----------~---------~~-~-~-~~~~-OUTPUT 

r-tpwl -----------------__ --,_-sv~~ ¡1'1sv 
~ 

DO 

te- ""1 ;------
__________ -____ .J~ ..... 's_v _____ _ 

o 
1 SV )(---------- -y1.5V 

_____ _/!. ~- -1'----
'SET • 

1
- 1H o-j 

&T8or0s¡o_O_S_2 ___________ ~---------,~~~-------------------------

DATA 

OUTPUT 

STB 1 ----.J \--- lPW 

NOTE: AL TEANATIVE TEST LOAD ~ 'A 

() 1011 

OUTo---t-~ 

CL 111 
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------~-----------------

A.C. Characteristics 
T~ = O"C to +75"C Vrc = +5V ± 5% 

------~-

Sym 
bol l _______ Parameler 

~---' c-1 
1 

Pulse Widlh 

, Data To Output Delay 
___j_ __ 

~ 
t~ 1 1 

1 
! Write Enable To Output Delay 

j Data Setup Time 

Data Hold Time 
--¡--

t ' Reset To Output Delay 
-+ 

t, 1 Set To Output Delay 
~ 
. l Output Enable/Disable Time 

- l 

j Clear To Output Delay 

CAPACITANCE' F = 1 MHz v.,A,.,. 2.5V 

Symbo! 1 Test 

C,~ 1 DS, MD Input Capacitance 

ILimils 
Unit Test Condilions -

M in. Typ. M:ax. 

30 ns 

30 ns 
------

40 ns 

15 ns 

20 ns 

40 ns 
-

30 ns 

45 ns 1 

55 ns 

Vcc"" +SV T .. "' 25°C 

liMATS 
Typ. Max. 

9pF 12 pF 

5pF 9pF C,N 1 OS;, CK, ACK-.·-D-1-,--0-1
6
-------+-------

____ j__lnput Capacitance 

Com _j_ DO,-DOs Output Capacitance 

'This parameter 1s sampled and nol100% tS'Sted. 

Switching CharacterisRics 

CONOITIONS OF TEST 

Input Pulse Amplitude = 2.5 V 
Input Rise and Fall Times 5 ns 
Between 1 V and 2V Measurements made at 1.5V 
with 15 mA & 30 pF Test Load 

8pF 12pF 

TEST LOAD 

15mA & 30pF 

.o 
O.UT 

JOO 

• fNCLUOING JIG Q PROBE CAPACIT ANCE 

o 

o 

o 



~§1~J® Silicon Gate MOS 8255 
~ 

0 PROGRAMMABLE PERIPHERAl INTERFACE 

o 

o 

m 24 Programmable 1/0 Pir.s 
m Completely TTL Compatible 
liil Fully Compatible with MCS"' ·8 and 

MCSTM -80 Microprocessor Fammes 

13 Direct Bit Sei/Reset Capability 
Easing Control Application Interface 

rlll 40 Pin Dual ln-line Package 
&'l Reduces System Package Count 

The 8255 is a general purpose programmable 1/0 device designed for use with both the 8008 and 8080 
microprocessors. lt has 24 1/0 pins which may be individually programmed in two groups of twelve and . 
used in three major modes of operation. In the first mode (Mode 0), each group of twelve 1/0 pins may be 
programmed in sets of 4 :o be input or output. 1 n Mode 1, the second mode, each group may be programmed 
to have 8 lines of input or output. Of the remaining four pins three are used for handshaking and interrupt 
control signals. The third 1')1ode of operation (Mode 2) is a Bidirectional Bus mode which uses 8 lines for a 
bidirectional bus, and five lines, borrowing one from the other group, for handshaking. 

Other features of the 8255 include bit set and reset capability and the ability to source 1 mA of current at 
1.5 volts. This allows darlington transistors to be directly driven for applications such as printers and high 
voltage displays. · 

PIN CONFIGURATION 8255 BLOCK DIAGRAM 

1
-·•v• 

"""'" I\Jfl9\.lll -aNO 

PIN NAMES 
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S:UCON GATE MOS 8255 

(RESET) 

Rcsl'!t: A "h1gh" on this mput clears all interna! tegbters in
cludmg the Control Register and all ports (A, B, Cl are set 
to the mput mode. 

Group A and Group B Controls 

The functional configuration of each port is programmed 
by the systems software. In essence, the 8080 CPU "out
puts" a control word to the 8255. The control word con
tains information such as "mode", "bit set", "bit reset" 
etc. that initializes the functional configuration of the 8255. 

Each of the Control blocks (Group A and Group B) accepts 
"comrnands" from the Read/Write Control Logic, receives 
"control words" from the interna! data bus and issues the 
propcr commands to its associated ports. 

Control Group A-PortA and Port C upper (C7-C4) 
Control Group B- Port B and Port C lower (C3-CO) 

The Control Word Register can Only be written into. No 
Read operation of the Control WOrd Register is allowed. 

8255 BLOCK DIAGRAM 

Ports A, B, and C 

The 8255 contains three 8-bit p01ts (A, B, ancl C). All c;m 
be configured in a wide variety of functional characteri'itics 
by the system software but each has its own special lea tu res 
or "personality" to further enhance the power and fll!lci

bility of the 8255. 

Port A: One 8-blt data output latch/buffcr and one 8-bit 
data input latch. 

Port 8: One 8-bít data input/output latch/buffer ancl one 
8-bit data input buffer. 

Port C: One 8-bit data output latch/buffer and one 8-bit 
data input buffer (no latch for input). This port can he di· 
vided into two 4-bit ports under the mode control. Each 4· 
bit port contains a 4-bit latch and it can be used for the 
control signal outputs and status signal inputs in conjunc· 
tlon with Ports A and B. 

PIN CONFIGUAATIO~ 

''í -~~ ... .,. .... ---~-'"";'""'"'"'~1''- ..... ~ ......... - ............. ~..,, _....,.....,.., ··- ~-~.._..- ~..... . ......... ·- ~ ... ~-- ....... ~"'-""'"""__..,.......,~ 

1
-·•v PCIWFA 

SI "'UI R' --__ ONll 

í'iA---

•,---
... ----1 

nuu---

a.------' 

fiAIT 
INHRNAL 
DATA lUlS 

5-116 

. ·-~ 

OND[ f 

Al(- e 
an[ 1 

"''r 1ft 

f'CG( 11 

f'C~[ u 
Pe• [ u 
f'Cer l. 

PCI [ " f'C, 

1'110 

f'81 ... , 

n J "'~'' ,. 1 o. , )h, 

31 In, ,, 1•,1 
1255 111 100 .. 1 n, 

" 1 ''• ,, In, 
J6 ! v,c 
l"o )PAr 

,. _) PR& 

ll 1~'~~" 

n ]rtM 

JI jP8J 

PIN NAMES 



SIUCON GATE MOS 8255 
---------·-----------

8255 DETAILED OPERATIONAL DESCR6PT!ON ,. ' 
1 .; •'' 

M oc!::' :;elcction 

Tl~r·r P nr e thr ce has re modes ot operation th:Jt can be select
ed by the systPIIr ~oftware: 

Mor!!! O·- Rcl<rc lnput/Output 
Morle 1 ·- Strobed lnput/Output 
Mode 2 - Bt-Directional Bus 

When the A ESET mput goes "htgh" all ports will be set to 
the Input mode (i.e., all 24 lines will be in the high im
pedance stnte). A ftcr the R ESET rs remover! the 8255 can 
remam in the Input mode with no additional initialization 
rcquircd. Durin!J the exccution of the systcm program any 
ot :he other modes may be selected using "'smgle OUTput 
mqructlon. Thts allows a single 8255 to service a variety of 
pcr rpher ill dPvrccs wrth a simple software maintE>nance rou· 
tille 

The rnodes for PortA and Port 8 can be separately delined, 
whllr Port C ir. divrd€'d into two por tions as requil ed by the 
Porl A and Por t B definrtrons. All of the output re¡11sters. in
cludrng thn ~I.Jtus flip-flops, will be rcset whencver the 
mcdt> is chHn[Jcd. Modes may be combrncd so that their 
funct10nal dcfinrtion can be "tailored" to almost any 1/0 
structure. For instance; Group B can be programmed in 
Mode O to monitor simple switch closings or disp!Jy compu
tational results, Group A could be programmed in Mode 1 
to monitor a keyboard or tape reader on an interrupt·driven 
baSIS, 

L ADORE SS llUS 

PC3 PC0 re, PC4 PA7 Pf<o 

MDDE 1-T o 
e 

" r 1 ' 

ltlT ~o t t t I ~o 
PB7 PB0 CONTROL CONTROL PA7 PA, 

OR 1/0 OR 1/0 

MODE2 -f 
e 

" r 1 1 
1 

t ¡ t 1 I f1 f gi·OIFi~CY;ONAL 
1/0 

CONTROL 

Basic Mode Defmitions and Bus 1 nterfaco 

6-11R 

COrJTf10l wono 

1 GI<OIIPB 

ro111 C ILOWERI 
_..., 1- trJPIIT 

O C1UIPUT 

ro¡¡ r n 
1 ~ INP! !f 
O· OIIYPUT 

~IO!If '' L~CTION 

------- n-~''JIIfO l 
1- MOllE 1 

------1 

I'Onl C lliPI'H11 
1 - INrLIT 
O- OUlPUT 

ron r 11 
1 INrlll 
O· OIJTPlJT 

MOilf Sr L[CTION 
!lO- MOlll O 
01 MOIH 1 
1X- MOUE 2 

MOOE SET rtAG 
1 • ACTIVE 

------------------
Mode Definition format 

The Mode dcfinitions and possrble Mode r ombrnatrons ll'·'V 

scem confusmg at first hut after a cur~ory revrrw uf lhe 
complete devtce oprr atron a <;unple, lo~¡rcal 1/0 appr~l.Jt h 
will surfilce. The design of the 8255 has lélken rnto acwunr 
things such as effrcient Pe bo0rd layout, Ullltrol SI p1,1 dcfr 
nition vs re layout and complete functrrllicll flexd_llltty te 
support almost any peripheral rlevrce wr :h '10 C't terrr.1l locpc 
Such design 1 epre""nts tht> rnaxtiTIUrn use of thP. .w.¡d,lblc 
pi!IS. 

Single Bit Set/Reset Feature 

Any of the eight bits of Porte can be Srt or Hes•;t U"lll!1 a 
single OUTput instruction. This feature reduces ~ofl'·'~~.J'e 

requirements in eontrol·b<tsed applrcatrons. 

o 

o 

o 
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SILICON GATE MOS 8255 

CONTROL WORD 

1~1~1~1~1~1~1~1~1 
l 1 1 L BIT SET/RESET 

Lll X 11 1 1 • SET 
1 O• RESET 

001\!'T 
CARE 

BIT SELECT 
o 1 2 3 4 5 6 7 
o 1 o 1 o 1 o 1 

~~ o o 1 1 o o 1 1 
o o o o 1 1 1 1 s,l 

BIT SET/RESET FLAG 
O• ACTIVE 

Bit Set/Resct format 

Operating Modes 

Mode O ( Basic 1 nput/Output) 

This functional configuration provides simple Input and 
Output operations for each of the three ports. No "hand· 
shaking" is required, data is simply written to or read from 
a specified port. 

BASIC INPUT 
TIMING ID7-o0 
FOLLOWS INPUT, INPUT 

When Port C is being used as status/control for Port A or B, 
these bits can be set or reset by using the Bit Set/Re!:et op. 
eration just as if they were data output ports. 

lnterrupt Control Functions 

When the 8255 is programmed to operate in Mode 1 or 
Mode 2, control signals are provided that can be used as 
interrupt request inputs to the CPU. The interrupt request 
signals, generated from Port C, ca'l be inhibited or enabled 
by setting or resetting the associated INTE flip·flop, using 
the Bit set/re!:et function of Port C. 

This function allows the Programmer to disallow or allow a 
specific 1/0 device to interrupt the CPU without effecting 
any other device in the interrupt structure. 

INTE flip-flop definition: 

(BIT-SET)- INTE is SET- lnterrupt enable 
(BIT·RESETI- INTE is RESET- lnterrupt disable 

Note: All Mask filp·flops are automatically reset during 
mode selection and devlce Reset. 

Mode O Basic Functional Definitions: 

• Two 8-bit ports and two 4-bit ports. 
e Any port can be input or output. 
e Outputs are latched. 
e lnputs are not latched. 
o 16 different lnput/Output configuratlons are pos11ble 

in this Mode. 

NO LATCHINGI --J "-1---------------' ---------

BASIC OUTPUT 
TIMING (OUTPUTS 
!.ATCHEDI 

Moda O Timing 

OUTI'UT 

tOATA 
SEl u;s 

tDELAV TIME 
FROMRD 

------------------tOELAV TIME 
FROM INPUT DATA 

¡ SET UP VIOLATION 

--~----~------____ -=t __ A,___./\ ______ _ 

OUTI'UT OATA 
INVALID 
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MODE O PORT OEFii\liT!ON CHART 

---- -----T- ------------· ---------- -- ----
A ~ GllOlJP A 

--]-}·---,---- -------~·ÓHT é -
0 4 D3 0 1 Do POI'lT A 

___ ·------ ___________ ;._ ______ (Uf:!'_E~!_ 
O O O O OU fPUT OUTPUT - ------ ---------------------
O O O 1 OUTPUT OUTPUT 

--- - - --- ¡-----
O O 1 O OUTPUT OUTPUT 

-- -- ------¡-------
o o 1 1 OUTPUT OUTPUT --,---- --- ---------o o o OUTPUT INPUT 

r--
o 1 o 1 OUTPUT INPUT 

- --¡-------¡-------
o 1 1 o OUTPUT INPUT --¡------
o 1 1 1 OIJTPUT INPUT --f----1------~------- ------
1 o o o INPUT OUTPUT -- :----· 
1 o o 1 INPUT OUTPUT ,---- _______ ,.._ -------
1 o o INPUT OUTPUT 

-------
1 o 1 1 INPUT OUTPUT 

1 1 o o INPUT INPUT ----- --
1 1 o 1 INPUT INPUT --,- - -

INPU-r-
----

1 1 o INPUT -- !NPUl 1 1 1 1 INPUT 

MOOE O CONFIGURATIONS 

-=~i-==""y:i # I'ORT B 
(L 

RT C 

OWERI 
-· ----------¡----

O OUTPUT OU 
--- --- -------f-

TPUT 

1 OUTPUT IN PUT 
--r--

2 INPUT OU TPUT --- --------- -·. --
J 

4 

5 ----
6 

r---
7 ----
B 

9 ---
10 

----
11 

12 
f---

13 
r----

14 
--r~~--~ 

16 

INPUT 
--

OUTPUT 

OUTPUT --------
INPUT 

---------~ 

INPUT 
----- -·-----

OUTf-'UT 
1---------

OUH'UT 
----

INPUl 
--li\JF>u-T-

--
OUTPUT 

---
OUTPUT 

INPUT 
-tNPUi7 -

IN PUT 
1----

o u TPUT 
---

IN PUT 
----
o u TPUT 

r--
IN PUT 

f----· 
o u TPUT 

r--
IN PUT 

TPUT o u 
~-

IN-PUT --

-

o u TPUT 

PUT 

TPUT 

PUT 

IN 

o u 
IN 

-----

CONTROl WORO #O CONTnOl WOHO lll 

O, 0 0 Da 0 0 o, 0 2 o, 0 0 o, o8 o8 0 4 o1 o2 o, 0 0 

[1 1 o 1 o 1 o 1 o r: 1 o 1 o] ITul o 1 o Lo j o [1 1 o 1 

A 
9 - ,. 

82!i6 11266 

¡4 

e{ r ""'-Dr" 

.. 
1----f~ 

o,.o0-- e{ 
B 

11 

g 
p"1"Ao 

~-- PCrPC• 

--1 ~-- PC, t'Co 

¡- --------· -----·-----

CONTROL WORO #1 

0 7 0 8 0 5 0 4 0 3 D2 0 1 0 0 

[ 1 1 o 1 o 1 o [~ro ¡ o 1 J 

6-118 

CONTROL WORll 113 

o1 o0 o5 D4 o3 o2 o 1 o0 

ITEI~]iJ o 1 :TI 
r 

9255 

' { --,L '-- "" "" 

- ·~- rc3 -PC0 u--+'-- ...... 

o 

o 

o 
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CONTROL WORD #4 CONTROL WORD 118 

() 
07 Do Ds o. o, Dz o, D . o, o, Os o. o, Dz o, Do o 

I~JojojojtJoJoJoJ JtjojojtloJoloJol 

1 A 
,a 

PA7-i'A, A . ,o 
PA7 PA¡ 1 

1 

82116 8265 
,¡¡ 

PC,·PC• t• - PC7 I'C4 e{ e{ 1 

o7-o0 .., o7-o0 

'" PC,-I'Cg • rc:J PCo 

B 
e 

PB,.f'llo B 
,a 

1 • 1'8, ~'~o 

CONTROL WORD 115 CONTROL WORO 119 

o, De o, o. o. Dz o, Do o, Da De o. OJ Oz o, _o0 

lE' 1 ° l 0 1 ~ l ~ ¡-o 1 ° i~ [ilolojtjoJojoj,¡ 

A 
8 

PA,-PA, A • ,a , PA7-PI\¡, 

BZSII II2H 
,4 

PC,·PC• • PC,-PC~ e{ • 1 e{ o, 0 0 o7-c0 

'" PC,-Pf:o • ¡4 PC,P'Co 1 

o B 
11 

P'l,.f'llo B ~· PB,~ 

CONTROL WORD 118 CONTROL WORD #10 

o, Da o& o. DJ Dz o, Do o, Dg, Os o. o, Dz o, Do 

(1Jololojtjojtjol 1 ' 1 
o 

1 
o 

1 
t 

1 
o 

1 
o 

1 1 1 o 1 
1 

8 11 
PA, PAo A PA7·PA, A 

02&11 112&11 

,4 4 
PC, ,¿4 e{ • J PC,·PC4 e{ o,.o, o, -Do 

4 
PCJ PCo 

,. 
PC,·PG 

e 
¡ 

8 PB,·PBo 8 • 
,a 

1 PB, N';¡ 

CONTROL WORD #7 CONTROL WORD 111 

o, Da De o. DJ Dz o, Do o, o. De o. o, Oz o, Do 

1 1 
1 o 1 o 1 o 1 

1 
1 
o 

1 
, 

1 
1 1 1 1 1 o 

1 
o 1 t 1 

o 
1 

o 
1 ' 1 ' 1 

A 
,a 

1 ., PA1 PAc A • ' a 1 PA7 1'1\0 
G2llll 1121111 ' 

o ,4 
FC,·I'Co 

4 PC,~ e{ e{ L-O, Do o, .o. 
' 

• l4 PC,·i'Co 
_Li! PC,-I'Cil 1 

,g 8 
PB,-A'I; 8 

8 ,., 1'14. 
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CONTilOl WOilD ~17 CONTnOL WORD #14 

o7 o0 o5 o. 0 3 o 1 o, 0 0 

D~J~~I;·¡ o¡, 1 oJ 
A 1--+-- PA7 rilo 

8255 826!i 

o,o.-----1 o,.oo ____ .,. 

8 I--F
9 
.- P~·PBo o 

e •--+--- PD7 P80 

--------------------------------------------~--------------------------------------

CONTROL WOHO #13 

0 7 0 0 o, 0 4 0 3 0 2 q1 0 0 

[l~[ol'l'[o]o[J 

0266 

D1 o0 -----.. 1 

------·-------------

Operating Modes 

Mode 1 (Strobed lnput/Output) 

This functional configuration providcs a means for trans
ferring 1/0 data to or from a specified pol't in conjunction 
with strobes or "handshuking" signals. l111 Mode 1, Port A 
and Port B use the lines on Port C to g1enerate or accept 
these "handshak ing" signals. 

CONTROl WORO 1115 

o, Do Da o. o, o, o, U o 

[Ej:J~!~Io[j'J 

í-: 8 
PA1 PAa 

4 
Pe, PC& 

o7 0 0 -- e{ 
4 

PC3 Pe¡¡ 

Mode 1 Hasic Funct1onal Definit10ns: 

e Two G10ups (Group A and Group B) 
(') Each grour contains one 8-hit datu port and ene 4-I..Jit 

control/data port. 
ro The 8-bit data port can be r.llhc• input or oulput. 

Both inputs and outputs are latch('(L 
Gl The 4-bit port is used for control dn<i q;)ttJ:; of the 

8-bit data P''. t. 

o 

o 

o 
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SILICON GATE MOS 8255 

Input Control Signal Definition 

STB (Strobfj Input) 

A "low" on this input loads data into the input latch. 

IBF (Input Buffer Full F/F) 

A "high" on this output indicates that the data has been 
loaded into the input latch; in essence, an acknowledgement 
IBF is set by the falling edge of the STB input and is reset 
by the rising edge of the RO input. 

INTR (lnterrupt Request) 

A "high" on this output can be used to interrupt the CPU 
wl•en an input device is requesting service. INTR is set by 
the rising edge of STB if IBF is a "one" and INTE is a 
"one". lt is rcset by the !a!ling edge of RO. This protedure 
allows an input device to request service from the CF'U by 
simply strobing its data into the port. 

INTE A 

Controlled by bit set/reset of PC4. 

INTE B 

Controlled by bit set/reset of PC2. 

IBF 
!INPUT BUFFER FULll 

Basic Timing Input 

,, 

D#,TA 
INPUT 

INfERNAl 
INPUT LATCH 

INTR 

MOOE 1 (STROBED INPUT! 

BASIC TI MINO 

---+--J 

MOOF 1 (I'ORT Al 

CONTROL WORO 

0 1 08 0 6 0 4 0 3 Dz 0 1 0 0 

,, 1 o 1 , 1 , lt/OrxtXfXI 

L ~·Í~PUT 
O•OUTPUT 

AD--<11 

MODE 1 CPORT Bl 

CONTROl WORD 

0 7 0 8 0 5 ~. 0 3 Dz 0 1 0 0 

[ 1 IXíXfXM ' 1 1 txJ 

Meda 1 Input 

""""'.u.JJII ~ 
NO PROTECTION 
FOA THISOPERATION 

\ ' 1 "----------- ----



SIUCON GATE MOS 8255 

Output Control Signa! Oefinition 

013F \ t ·,1tput Buffer Full F/F) 

Tl1r OBF output •Ndl go "low" to indicate that the CPU has 
wntten data out to the specifictl port. The OBF F/F will be 
set by the nstng rrlge of the WR input snd reset by the fall
ing edge of thc ACK input s1gnal. 

ACK IAcknowlcdge Input} 

A "low" on this input informs the 8255 that the data from 
Port A or Port B has been accepted. In essenc. , a response 
frorn the penpheral dcvice indicatiny that it has mr.:eived 
th8 data output by the CPU. 

il\iH\ Or>terrupt Request) 

A "h•gh" on thi~ output can be uscd to intermpt the CPU 
wh••n nn outpu! rhwice has accepted data transmittcd by the 
cru. lf\!TR h snt by the rising edqe of ACK if OBF ls a 
"ono" nnd INTI: is o "ono". lt is rosot by the folllng adge 
ol WA. 

INTE A 

Controlled by bit s~t/reset of PCa. 

INTE B 

Controlled by bit set/reset of PC2. 

CONTROl WORO 

0 7 0 6 De o, 0 3 0 2 o, 0 0 

fYR·f·l·~ 
PC".& 

1 • INPUT 
O• OUTPUT 

MOOE 1 (I'O<n Al o 

-[~-,--: ""'• 

re, 5 --!--•-

'-----

o 

INVR 

IOUTPUT BUFFER Fl:Lll 

Wli 

DATA BUS 

OUTPUT 

Basíc Timing Output 

·------------------------------

/~ 
NO PROTECTION 
fOR lHISOPERATION 

Mode 1 Output 

IOOUBLI': 
WRITE 
W/0 ACKI 

ps-----1t------

~-

fl---------~-------------·---------------------
\ 

~----------------~ 
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SILICON GATE MOS 8255 

Combinations of Mode 1 

Port A and Port B can be individually defined as input or 
output in Mode 1 to support a wide variety of strobed 1/0 
applications. 

Aó-

CONTROL WORO 

0 7 0 8 0 6 Da 0 3 0 1 0 1 0 0 

ffi· Hf 1· M 
I'Co,7 

' 1 •INPUT 
11• OUTPI.IT 

m-

PC3 -INTRA 

2 re,,, -f-- 110 

PORT A - (STROBEO IIÍI~UT) 
PORT B - ISTROBED OUTPUTI 

Operating Modes 

Mode 2 (Strobed Bi-Directional Bus 1/0) 

This functional configuratior¡ provid~s a means for com
municating with a peripheral device or structure on a single 
8-bit bus for both transmitting and niceiving data (bi-direc
tional bus 1/0). "Handshaking" signals ?re provided to main· 
tain proper bus flow discipline in a sin'! llar manner to 'Mode 
1. 1 nterrupt generation and· enable/disable functions are 
also available. 

Mode 2 Basic Functional Definitions: 
• Used in Group A only. 
o One 8-bit, bi-directional bus Port (PortA) and a 5-bít 

control Port (Port C). 

o Both inputs and outputs are latched. 
o The 5-bit control port (Port C) is used for control 

and status for the 8-bit, bi-directional bus port (Port 
A). 

Bi-Directional Bus 1/0 Control S~gnal Definition 

INTR llnterrupt Requesd 

A high on this output can b.e used to lnterrupt the CPU for 
both input or output operations. 

WR-

CONTROL WORD 

o7 o8 D8 o. o3 o2 o, o0 

1 1 1 D 1 1 1 D jt/Ojt jt lXI 

t i'C. & 

-o- t • INPUT 
D•OUVPUT 

Output Operations 

OBF (Output Buffer Full) 

PORTA - ISTROBED OUTPUTI 
PORT 8 -ISTROBEO INPUT! 

The OBF output will go '!low" to indicate that the CPU has 
written data out to Port A. 

ACK (Acknowledge) 

A "low" on this input enables the tri-state output buffer of 
Port A to send out the data. Otherwise, the output buffer 
wlll be in the high-impedance stete. 

DNTIE 1 (The INTE Fiip-Fiop esscciated with 08F) 

Controlled by bit set/reset of PC6. 

Input Operations 

SlB (Strobe Input) 

A "low" on this input loarls data into the input latch. 

IBF (Input Buffer Fun-F/f) 

A "high" on th.is output indicates that data has been loaded 
lnto the input latch. 

INTE 2 (The INTE FDi~Fio!l) cssoc:iatq¡d with IBF) 

Controlled by bit set/re!let of PC4, 



--------------------------------------------------

"~u·,··, A ?.'""'~,.e· o, ~~,t.. ~ b · · '1 ' d , - - ::::, c¡;n e lnu:v:aGJ• y ceí lile zs in;:>ut or 
uJtí:.u: ::i iv:c. ~ 1 to SU¡)¡)ürt d w1c!e varicty of s·,robed :/0 
::);... .. (:~:;.:;n~. 

Cv.'\ 7ROL ohJi1C 
,· 

l 
PA7 PA+~ 

1 PC·¡--- STBA 

Pf5 ¡--- lllFA 

PC3~-INTRA 
PC0 ,!--)._. 110 

1 ~ 
PB7 PB0 p~ 

PC
1

.._ __ CSF
8 

~,1-·"· 
~----------P-Co~INTR8 

POFT A- ISTR08ED IN?:.;T) 
PORT 6- (STR0BED OUTPUT) 

Mode 2 (S:";t;¿.:J 3J-D;rectlonal Bus 1/íJ) 

Th1s funct•on.:! conf.guration prov1des a mcans for com
munic<Jting u1lh a ¡)l:ripheral dcvice or structurc on a s;nglc 
8-bit bus fú¡ ,;oth transm;tting ;¡nd rece1ving d;:na (b:-airec
tional bus l/0). "H<,ndsf-)akir.g" signa!s are prov1dcd to main
tain propcr bus flow discipline in a sirniidr manr.er to ModJ 

1. lnterrupt sencrat10n and- enable/d1sau1e funct10ns are 
a:so av<>liuble. 

Modc 2 l3dSIC runctiOnal Dcfinitlons: 
•:> Uscci 111 Group A only. 
iJ Onc 8-bit, bl-clircci:onal bus Port (PortA) and a 5-bit 

control Pon (Pon C). 
o Both in¡)uts and out¡)uts are IJtCI!cd. 

o Thc 5-blt c.ontrol port (Po1t q is useo for control 
ar,d stai.us for tf'.B 8-b.t, bi-di1ect¡onal ous porr (Port 

A). 

8,-:::::~ectiona! Bus !/0 Control Signa! Defmit;on 

¡:-,¡-; r1 Onte~ru¡::;t t=lequest) 

A h1gh on this outrut can be used to inte;rupt the CPU for 

both :nr-ut or output o¡:>Cratlons. 

1 
1 

1 
wR"-o¡ 

CON"'ít!VL WORD 

1 

1 
PC4,5 1' 

1 = lf\!PUT 
o • ou;·ruT 

- 1 Ro-o· 
i 

1 

1 
l---J'. 

PA7 PA0 i 8 ') 
-¡-/ 
' 

PC7 ~G.;F 1 .. 

re¡;:---- ¡ ... e--¡¿{\ 

1 
PC 3 ;-- 1,~ 1 ~A 

1 ? 

PC<l, ~ ;- -f- t!O 

V'---, 
P37 Pú0 "- ~ , 

¡v~ 

1 
PC 2 J-Sl'Du 

- 1 
P""oi- li\ITR0 

' 

pQqT A- ,S-RCOL2 0VTP:JT) 
PORT B- 1STF\OUED !i\.PUTl 

OBf (Ot.tput B"ffe¡ Ft;ll) 

Tne O a F out~ut \.vin go ~~io"v" to ;ndicate til~n tht: CPU hus 
wri nen dJ~a oca to Pon A. 

ACi( (Ack.::1wlecíge) 

A ulovv" on -;:h~s .npu l C:ildbles l..h~ tri-ST3te outr•v ¡_ t)L~ ~ t..1r ol 

PortA to se;-,d o.Jt 1hc dc.:a. O:hcrw;~,;. th.; ouc¡J.Jc ,)uHL'r 

w,!¡ be tn t;-.c htgh-in";f)edunce s~a:c. 

Controilcd by lm ~et/r~..sct of PCG. 

A "h¡gh" on th1s cutpu~ Hld~cá~e~ ¡;¡¿¡ G~t2. hJs b.:c:-1 ~~~;:;.:j.,:;.~ 

ir.~o th~ tnput IJtc;,. 

Controlled by bit set/.es<'< of ?C 4. 

o 

o 

o 
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CONTROL WORD 

L_,pc2~ 
1 •INPUT 
O • OUTPUT 

1 • •t-.PUT 
' O • OUTPUT C

PORTB 

Mode 2 Control Word 

INTR 

o8F 

¡, 

IBF 

GROLoP 3 MODE 
O•MODEu 
1 • MODE 1 

1 
WR oÍ 

iill----o ... l ________ --'--1+: __ , 110 

t 1 

STROBE------.(úr-----t--1 ----,-

------~~----+~~\____yP~·-Ro 1 

! 
,.------..1 . 1 

IUrT~
1

1~/:I~
1

~
1

~1t1r- ::--------< :p---q~-----.;;... --
AND 1/0 DEVICI:I . , '~ 

DAH• DATA 
1/0 DE VICE~ 1/í=l CHIP 1/0 CHIP~ 1/0 Oi:VICE 

Mode 2 (Bi-directionali Ttming 



... 

MOOE 2 A[\¡0 MODE O (i~PUT) 

1 

1 
1 

o, o, o, o, o, o' o, '• 1 
CONTROL V/0110 

rTTRM~~l~! 
re. _j ¡ . ,, 
1 ... PJPUT 
<J "GUIPUI l 

l 
1 

t1l1---... , 

l 
1'1,.¡----d 

1 
! 

PC ¡ ____ _.. INIH 

3! " 
PA7 i•t\¡~ ·--· 

PC,r---- OllF, 

r 

3 

PC2~ ,--1'-~ 1/0 

O~Mf 

MODE 2 ANO ,\iODE 1 (OUTPUT) 

CONTI<Oc WORD 

H0--1 
WR ---ti-'----~· INTR

0 

Mooe 2 Combmations 

1 

/· 
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MGDE 2 Ai~D ~¡,CiDf.' O (OUTPUT) 

CONTROL' \\ORO 

MJOE 2 AND MODE 1 (INPUT) 

r PC31 ' INTRA 

PA7PAo~~ 
PC7 !--- OllFA 

1 
PC6 1---- AC~A 

o7 0 0 o, 0 4 0 3 o, 0 1 0 0 r i 

GEXlX(xEJ~JXJ ,l Pe, i---- s-ro~ 
! ! PC!.> i----- 1L¡:A 

l' !/'--;---·¡ 
PB7 PB0 ~~ __) 

1 1 
( ''L-; j------ ~if._ . ¡ .l 

RD ---~ ¡·e,\ --- n•F,, 

IIR----ctL..-----P-c0-'~- -- _,,, 

o 

o 

o 
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MODE DEFINITION SUIV1MARY TABLE 
·-

MODt:O 1 MODE1 MODE2 

Pc..o 
PA¡ 
PA:;> 
PA3 
PA4 
PAs 
PA6 
PA7 

PBo 
rs 1 

PB2 

Pi3J 

(1:]4 

PB5 

PflG 

PB7 

PCo 
Pc1 

PC2 
PC3 
PC4, 
PC5 
PC 6 
PC7 

1 

1 

1 
1 

1 
1 
1 

1 

1 

1 

IN 
IN 
IN 
IN 
IN· 

1 

IN 

IN 
Ir~ 

IN 

IN 
1 

IN 

1 

IN 
IN 
IN 
IN 
IN 
IN 

IN 
1 IN 
1 

IN 

1 
IN 
IN 

1 

1 
IN 

IN 
IN 

OUT IN 

OUT IN 
OUT IN 
OUT IN 
OUT IN 
OUT IN 
OUT IN 

OUT IN 
OUT !N 

OUT IN 
OUT IN 
OUT IN 
OUT IN 

OUT IN 
OUT IN 
OUT IN 
OUT IN 

OUT lNTRs 
OUT 
OUT 

1 IBFs 
1 STBs 

OUT INTRA 
OUT STBA 
OUT IBFA 
OUT 1/0 

OUT 1/0 

Special Mode Combination Considerations 

1 

1 

1 

1 

! 
: 
i 
1 

1 

There are severa! combinations of modes when not al! of the 
bits in Port C are u sed for .control or status. The remaining 
bits can be used as follows:¡ 

lf Programmed as lnputs-
Ail input line5 .can b~ accessed during a normal Port C 
read. 

lf Programmed c.s Outputs-
Bits in C upper (PC-,-PC4 ) must oe individually accessed 
using the bit set/reset function. 

Bits in C lower (PC3·PC0 ) can be accessed using the bit 
set/reset function or accessed as a threesomc by writing 
into Port C. 

Source Current C(lp«~i!ity on Po;-t B and Port C 

Any set of cight output buffers, seiP.cted randomly from 
Ports B and C can source 1mA at 1.5 volts. This feature 
allows the 8255 to direcüy drive Darlington type drivers 
and high-voltage ctisplays that require such source current. 

Reading Port C 'Status . 

1 n M o de O, Port G trilnsfe\s data to or from thc peri ph:ral 
device. When the S255 i~ programmed to function in Modes 

1 1 

o u~~ 
OUT 
OUT 
OUT 
OUT 
OUT 
OUT 
OUT 

1 OUT 
1 

OUT 
OUT 
OUT 
OUT 
OUT 
OUT 
OUT 
OUT 

INTRs 
.OBFa 
-
ACKs 
INTRA 

1/0 

1/0 

ACKA 
OBFA 

GROUPA ONLY 

<--> 
«--> 

l MOD'O 

1 ONLY 

:--------l 1 
OR MOOE1 

1/0 

1/0 

1/0 

INTRA 

STBA 
IBFA 

ACKA 
OBFA 

allows the programmer to test or verify the "status" of eacn 
peripheral device ¡¡nd change the program flow accordingly. 

There is no special instruction to read the status informa
tion from Pcrt C. A normal read operation of Po1 ~ C is 
executed to perform this function. 

INPUT CONFIGURATION 

OUTPUT CONFIGllflATION 

Moda 1 Stat~.;s Word Format 

L---------r~-----___;¡___ ______ ------~ 

G flOUP A ------- GRuUi' B --------
(:lEFiNEO SV MODE O OR MCOf 1 SE~i:CTIO:Io) 

1 or 2, ?ort e generates or ;::ccepts "hand·5haklnq" signals ' 
with the peripheral oevice. Reading the contents of Port C Mode 2 Status Wurd Form:;;t 
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Tnc 8255 :; verv r'0\1/Crful tvol for ¡nt..:!rfz:c~r.q ~)edpheír.d 

cqu,pnu.:r~t ~J tnc 8080 microcomputP.r systFífl tt !F;p~~,-~:;t..ils 
the O;::Jtl·ílUtr• LI~C of J\.'ci!'é.b!e p:ns é¡íl(j IS fi~XIDL-: tnO:.Jf¡h tn 

11nerf<::':c Jlmoc.< JI''/ 1 íO dev1ce Wltnout thc n,;;co foí c.d

d1uonJI ex~erndllcr:ic 

Ea eh pcn¡..:hcrJI dc:v1ce 1n d fv1 icr ocomputcr syst•'m u~u<Jily 
h<Js a "st::lviCJ rm!llne" assocldtcd W>th 1t. Tht! rotJtme rnan

a~cs thc sn 1 ~wJre In& el foce bctwPen the dcv1cc <Jnd the CPU. 
Thc fur.ct:onal cldin1 tion of the 8255 :s prog1 amrned l)'/ the 

1/0 st;rv¡ce rout1ne ond becomes an r·xtens1on of uw ~vs
t~rns ~of1warc>. By .;xammmq the 1/0 deviccs Interface char

;~c~cnst¡,_;,; [o¡ bo1h dc<tJ trJnsfer and twnina: dild rnatch;nJ 
tr,¡s 1n1 o'; hl:1o.1 to the eKamplcs and tables in tr~e D~taded 

Ü;:"éf\jtior·¿:: De~cn;;trvn, a contro! \..vord clln e¿):~1:v be de~ 

vcw¡¡cfl t.J l<~illa:izt: the 8255 to exactly "f¡f' the appl1ca· 

t.on H""; are a few examples of typical applicotions of thc 
8255. 

\~ERRL.PT 

1,'0\JEST t 

' •. RRUPT _ _j 
··<GUEST 

1 

Prmter Interface 

CONTROL LO<:ÚC ArJO ORIIIEkS 

HIGH '-;?EED 
PRINTER 

HAMMER 
RCLAYS 

5-i 27 

lr'fiilfll:?f 

f-:cG0i:~T ---~ 

tt,ODE 1 
(INPUT) 

rt.o f--~-- ~ Ro 

P·\ 1 ¡~--------¡ R 1 

t-'t~/ ~----------: íl2 
• 1 

r:_,~ J-oi 
1 

R-. 

P/--..4 ¡------~ q4 

1 ' PAr.¡-------¡ R~ 

FULL '{ 
DtCú,)F.D 

Kf'IBOAR:J 

PA, 1. -¡ SH1Ff 

PA7 L .. _._ CONTdOL 

! 1 
Pe.- 1 1 "TR"- L 

.¡ ~- f ... \_,U~ 
PC, ¡--- , ACK 

- i i 
1 ¡ 
1 ' ' i [___ _____ ~ ____ ; 

PB0 ¡____ 1 0
0 

~·3¡ J ----+-i 8¡ 
, ! a:; .. ~l~c-~ ::-¡\ :~ 

P8'- ¡-------, n2 s;::::_r (,,~g~~ 
)'01 r-------1 8 3 [_j¡S.P. I\Y 

PC, l -~ U. 

f'Bs }--------·-1 s., 
MO:lE 1 ' 

\OUTflUT) PO~~ 1--------r- l dJ.\C:i<SPt._Cf 

PfJ r' -------1 c~EAR 7 • 
1 

l
. i Pe,~------~! o;,;·¡, 'IEI,o'r 

1 1 1 
: PC: \~-----! AL.( 

1 _. i ?C 6 .,., BLA:I.Ki1'G 

~c2J--- ¡ :MJCEL WORD 

INTlRRU?T ~ 
rtLQLEST 

Kevt.oa:d <ald D1spllly l nt.;rface 

fuLLY 
DECO:J¿D 

KEYBOAflD 

¡ 
J 

o 

o 

TE t1. '\.t!.. 

AQOF\..::!..., 

o 
----------------- ------------



() 

o 

(J 

INTERRUPf 

AEQUEST ~ 
~ 

PA0 LSB 

PA1 
PA2 

FC3 1 D0 

PB1 ,o, 
PB2 PA3 

! 
1'"" 1 ~: PB3 FLOPPY oiSK 

PA, 
Pa4 ! 1 o. CO~<TROLt:ER 

MODE O i PA5 -----
PB5 ! ¡ ü 5 

ANDORIVE 

1 
1 

' 
1 

(OUTPUi) 

825& 

&IT 
SET/RESET 

;~l=-=: 
12 BIT 

DA r---CONVERTER 
PC4 (DAC) 

PCc ' 

PC~ 1 , • 
L PC¡ M!>B 

r- PCo STB DATA 

! Pc 1 OUTPUT EN 

ANALOG OUTPIJT 

~ 
Pf' 2 ~·--, --- ,SAMPL~ 

1 rc3 l----- STB - - 1 
- 1 1 

PBc LSB 
, 8-BIT i 

?B, A-D 

r-t.ODE O 
(INPUT) 

PB2 CONVERTER ¡-ANALOG INPUT 
?i3

3 
IADC) 

PB4 1------l 
P5~ 1----,------1 

PBG 1------1 
PB7 1------1 MSB 

~--------~ ~--------~ 

Digital to Analog, Ar.alog to Digital 

. MODE 2-

l~o, PEJ7 . ¡ D¡ 

1 
PC4 ¡DATA STB 

PC5 - . 3 ACK (IN) 

PC7 - DATA READY 

PCG 
1 

ACK (OUT) 

8255 

"' ~ >"AO< '"" "'"'" 
PC0 SYNC RCAu'l 

"• 1 ¡"o" 
~ PA 0 ! ENGACE HEI•O 

, p,\1 1 .: FORIVARD/Hi;V. 

1 PAz READ ENABLE 

MOOf O PAj' ., \'IRITE ENABLE 

IOUTPUTI -j PA, OISC SE LECT 

PA, 1 ~NABLE CRC 

PAG 1 TEST 
PA~ 

- .. 
.-ausv L T 

Bé:sic Floppy Disc Interface 

INTERRUPT INTERRUPT 

REOUEST ~ :,---------------."0""~ 
'¡ PCJ ~ :~ ~==========~ :~ CRT CONTROLLER 

1 
PCJ 

1

l-:~ ~~ :~ 
1 PA2 1--~-------·1 R2 • CHARACTER GEN. PAl ~ oi 2 

1 

PAJ i--'----..:.1 R3 o REFRESH BUFFER l 1 i PA3 ,, - R3 
R " CURSOR CONTROL 1 

:~: R: ~ ~~·~~- :• 
MODE 1 1 PAr., f---¡ SHIFT ¡ MODE 

1 j PA~ ¡¡
5 

" (IN~UT) PA"
7

•

1

, _, _ R"
7 

(OIJTPUTI -¡ PA¡ COI\II,10L 

¡ ¡ ' 

S LEVEL 
PA?ER 
TAPE 

READER 

" 

---

- ; 

1 

' 
1 

1 
1 
1 

1 

i 

i 

1 

! 
1 

' 
1 

! 
1 
1 
1 

1 
1 

i 
' 
! 

~ ::f,_---~ :~:""'" 1 · ~ r· _ -- _ . b:~ 
l 

PC BLANi<ED \ PC¡¡ 1 STOP/GO 
PC: ; BLACK/WHITE ' .__,.-.-___ __,._;.;...~ 

821i& 82&& MM:I<INt TOOL , 

MODC O 
IOUTPUT) 

. Ir-PC0 1 1 Sl AflT /STúP 

PC2 ¡ .: ~~ROWS,B 1 ~~·~~~T~-~rc,l-d· LIMIT!>rN~Ofi(WV) 
PC1 J "" COLUMN STB _ PC21 OIJ f OF FLUID 

PC0 1------ CURSOR HIV STB 

rn,, -----~ / 1 rn., ~---------. l'IIAN,:r ''"'L 
P11 1 ---'-----·... ) l l't., ~- -~~ ---------• • fl t llii,.HT 

1 l'll 2 !-------- , ~~ l'b" ¡----------~~ \l,'/l101\N 

1
, •~,------<~! 1 CURSOfi/ROWICOLUMN 1 lO ·•rp•· "OUE PBJ r - ADDRESS MODC u Pll1, ~ f ll :; , vi.• 

i PB4 !-.:._----:..•1 \ H & V J (OUTPUT) Po4 ! v¡:nr STEP STAOBE · 

\ PB5 !------:...¡ \ -~-- , PB5 : ¡ SLE\V/STEP 
: PBG i-------<•1 P:J6 }-~-----1 FLUID ENABLE 

._¡ ----..;~"-P-B-7~~ ' _j ._ ___ ....,. __ ?:>-7..1¡ '•l:MERG=;,CY STO~: ••.. 

------~------------1 

B~s:c CRT Controller Interface 1\l~achine Too! Controlier lr.tcrf;¡ce 
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\ , ¡,:PU 1 ROM ANO 0255 
1 • . - 1 RIIM L 1 

: : ____ ~ _ __j ·- '7r, __ j ; 
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--------.... 1 

,(\ . r <'r r--~ f----: ___ j ~--, 
1 1 1 1 1 1 1 

J 1 1 

1 ""'/ ~/ 
1 

l 
l 

¡ 

B2~.3 
MOlJE2 

S753 
i\.,.)0( 2 

{r 
j 1 

; i 

__ jJ_:_ 

¡ 1 

¡· ~;~~) 1 ~·:~' 1 1 

~ ",]C,•,,u~r•· '---~ 1 

1 

, .... n, i-H::\~JHV 

1 
!, ' 

! ' ,i r-----1 1 

¡ 1 1 ! 

1 

,,o ! 1 L 1/0 i i 
l----l 1 1 

1 
1 ' 

- - -- - - - .. 1_ - -- - - - - -~ 

\ Sli\Vt: CI'U 1 
1 
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D.C. CHARACTERISTICS TA = ooe to 70°C; Vcc-= +5V ±5%; Vss = OV 

Symbol 

v,L 
V¡H 

VoL 

V oH 

loH¡,¡ 

Parameter M in. 

2.0 

2.4 

Typ. 1 
1 

M<1x. 1 

.8 

.4 

Unit 

V 

V 

1 Test Cor.ditions 
1 

V loL = 1.6:nA 

1 V l'oH=-50pA(-100¡..¡AforD.B.Port) 

lec J
I 2

4

•

0

0 mA l VoH=1.5V,R¡:xT=290D. 

-------~----------------------~------~----~----~-m--A __ ~i ________________________ __ 

Input Low Voltage 

Input High Voltage 

Output Low Voltage 

Output High Voltage 

Darlington Dr1ve eurrer.t 

Power Supply eurrent 

NOTE. 
1. Avaolablc on S pons only. 

A.C. CHARACTERlSTiCS TA =- 0°e to 70°C; Vcc = +5V i5%; Vss = GV 
----·-- -------------------.-----.---..,----r-------.--------------------

Symbol 

tow 

two 

tAw 

twA 

tcw 

twc 

tws 

tRP 

t1R 

tHR 

tAo 

too 

tAR 

teR 

tAK 

tsT 

tps 

tpH 

tRA 

!Re 

tAo 

tKo 

two 

tAo 

ts¡ 

tRI 

Pulse w:dth of WR 

Time D.B. Stable Before WR 
11 -

Tirne D.B. Stable After WR 

Time Address:Stable Before WR 

Time Address Stable After WR 

Time es Stabl~ Before WR 

Time es Stable After WR 

Delay From WR To Output 

Puise W1dth o.f RD 

RO Set-Up Time 

Input Hold T1me 

Del ay From EI:D =OTo System Bus 

Dclay From RD = 1 To System Bus ,. 
Timé: Address Stable Befare RD 

Time es Stable Sefore RD 

W1dth Of ACK Pulse 

Width Of STB Pulse 
'1 

Set-~p Time For Periphcral 

Hold:Time For Peripheral 
' ¡, -

Hold·Time for A 1, Ao After RD = 1 

Hold Time For es After RD = 1 

Tim~ From ~CK =OTo Output(Mode 2) 

T1m.e Fr0on J\CK = 1 To Output Floating 

Time From WR = 1 To OBF =O 

Time From ACK =OTo OBF = 1 

Tim'e From STB =OTo IBF 

Ti:ne From Ro= 1 To IBF =O 

Min. 
1 
Typ. Max. 

~o 

a5 
20 

1 35 1 

20 1 

35 

' 1 

·¡430 1 

so 1 

1 50 

350 

150 

50 

50 

sqo 
350 

150 

150 

379 

5 
1 

5·130 

430 1 

500 

500 

300 

!¡ 500 

! 300 

Umt Te:;\ Concl1tion 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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HD .!--

Jt~PUT 
__ -yr-· 

1' 

"\__ 

1
... ---,lAR· ------ ~~ 1•--~---- -- tRA --- -- ~-~i 

1 : r-----------~ 

Al. ¡\Q _________ __;\_ 

--------~----------------·------~------------J\~-------------
-~ .... --------_'c_" __ ~..;~---·------------i-: ... _-_-_--_-_--_· .~·. '"" J 

D1 o0 - -- -- -- -- --
¡---, ---- \' 1 ~ 

- \._ : ___1\__j ___)\..___/"-
' 1 1 jQ---- 1.=w __ ______..,...

1 
\~----- 1oo-----~¡ 

:'v'!ode O (Basic Input) 

' 1 --------------------.. ¡-.c-- t:"'" ---- -,- --- ,...! 

-1\_ ___ -~ 
' 1 ' 

WH 

¡--- -tDw - -\ ¡ ..... - two ---1 
07-Do ______________ ...,x .... ___ -;.--

--- ·--~ 1Aw ------ · · ------- -! 

1" 
' ; _____ .1____./ 

Al,AO 

es 

OUTPUT 

----..... 

1 :-- - --
1 

~·---------~--tcw -- ----~1 
1 

--------,. ¡ 1 

\ ..... ---------------- :Wi\ -------------~ 
1 

----------------Jr\~------1'""------------ -- li;'JC -- --- ------

------- ---- -------T'"¡_-_-_-_:-_--__ --_-_--_-__ -.------t.,,-a----------------- --- . ________ .,. 
1 

Mode O (Basic Output) 
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o 

o 

-------""" 1 

1

sT 

sts 1 -~ 1-'---,51 __ ..,_,-,--"" 

IBF 

INTR 

----+-----/ 
115 i 

1 

1--tPH-1' 
IN~UT FROM--- -{:..__.¡._ ________ L_--JLI, : --..:...------------------?ERIPHERAL ' _ , r. 

1 'Ps-----i 

Mode 1 (Strobed Input) 

wl'l 

óTiF 

INTR 

ACK 

OUTPUT 

Mode 1 (Strobed Output) 

~---·-- 'wu 
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O!\ TI\ H10~~ 
/ :J!JCO lO a?:;J 

/¡ 

"\~\ / _;¡~-~ 1 
. •' ~-----\\ 1 \\,::__¡ -- /f_¡¡ 
"'' \i_ 1•- '•o- ___ _/ i ¡-'"-1 

j .. -- t_.v --y-
1 ': 1 

--·----

A'ck 

l:liTR- \ --- --· ~ - "J\ \_ -~-- ! 

i -~ 1 

L~--[p 1 1 ~~ 
---- 1 1--4' --·-

1
¡----

,,--l y 1 __ : '"' 1- 1 __ _ 

/j 1 -·-"'¡'t.o!
1
-·-- ' \! _--¡ 

-

--------E~=-=~:~---~-.. ~~ , r _r-- ~--~· ... 

S1il 

IGF 

¡---- , ____ ,_ ~- ' 
--- 1 ----_7-;: -----=G:í----_ /1 1 -'"""'"'--- . .,, 

IJUS --------:-----~~-- l)f,TAF Hl:l'AL 

-- 2 (Ba-dircction.:ll) Modo 

1 0155 TO Pi:HII' ' DAE 1·::(~; 0255 PERIPH 

-- -- ----
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e Synchronous and Asynchronous 
Operation 

a Synchionous: ,_ 
5-8 Bit Cl1ar2cters 
Interna! or Externa! Character 

Synchronization 
Automatic Sync lnsertion 

• Asynch~onous: 
5-S Bit Characters 
Clock Rate- 1,16 or 64 Times 

B<>ud Rat~ 
Break Chara.;~er Generat¡on 
1, 11/z, or 2 :..:~op Bits 
False Start o;t Detcctíon. 

e Saud Raie -DC to 56 k Baud ( S1rnc Mode) 

DC to9.6!< !Saud {Async Modo) 
o Full Dupimc, Doub!c BuJ;ered, 

Transmit'le¡· and Receiver 
a Error DetecHon - Péuity, Ovenrun, 

anci Framing 
e Fuliy Compntib!e with 8080 CPU 
e 28-iPin DlP Pacl,aae 

' >" ;:¡ 

e AH lr~ou~s and Outouis A.;e . . 
TTl Com:oaHí:Jí¿;) 

.. Slngle 5 V oH Supply 
e Single YTL Cioc~~ 

The 8251 is a Universal Synchronóus/Asynchronous Receiver/Transmitter(USART) Chip designed for data 
communicatJons in microcomputer systems. The USART is used as a peripheíal device and is programmed 
by the CPU to operate u si~.~ virtua!lv any serial d2ta transmissiq,n techr¡ique presently in use (including l BM 
81·Sync). The USART accepts dat'a characters from the CPU in parallel .format and then converts them into 
a continuous serial data stream for transmission. Simultaneously it can receive serial data stre3ms and con· 
vert them into parallel data characters for the CPU. The USART will s1gnal the CPU whenever it can accept 
a new character for transm.Jssion or whenever it has received a character for the CPU. The CPU can read the 
complete status of the USART at~any time. These include data .transmission errors and control signals such 
as SYNDET, TxEMPT. The' chip is:constructed using N-channel silicon gate technology. 

< 

P;N CONFIGURATION 
'i 

o2~o1 ¡: 
o3 d2 21bo0 ¡' 

RxO q 3 2G VL~ 
GND q 4 H;"C 

u. DTh 

De IHS 

Dr, D!>R 

o, RESET 

r;c CLK 

WR TxO 

Cs Tx~MPTY 
CID CTS 

110 SYNDET 

RxRDY TxRDY 

,, 

1 Pm N,!llhl ! Pul Funrllon'------:---~ 
o, Oo 1 i1.~~~(i¡~¡,,!i) ; 
r.to 1 Cmurt)l m n,,,jj n. 1n lw Wrtltcn or R11.ul 

UD lto•,ul 0.11,1 CnnltiJoU\d '-' 

Wll Wni•J n.u 1 ur ContuJI Comnumd 
e~) Ch.¡J En,,bto ~ 
CLK Clock Pul>e ITTLI 

~ESET Rcsct 

1 

Transmntcr Clock 
Transm•ttcr Data 

1 Rccc•vcr CJock 

Recc•vcr Q,na , 1 
Rccc•Y<:r Rcady (hJs ch.u,lcter tor 80801 
Transmuter Ready lrcJdy for ch<lr from 8080} 

" 

P10 Namt• 
O~;u 
lllll 
SYNDCT 
HÚ~ 
cts 
TxE 
V ce 
GND 

1'1n ~~~~l!on __ 

ll.1t,• ·~··1 Ho•.uly 
n llol lou 11l!lloli lhloldy 

:.yu1 lh '''' 1 
ft¡tt¡ui!\l tu S.uul ÜiUII 

Ch:ou tu $.!nd Oo~tól 

Tr,uunuuor Emply 
•5 Volt Supply 
Ground 

) 

< 
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1 
~DATA 

[lUS 
QUFHH 

BLOCI< OIAGRAM 

TRANSMIT 
tJUFF[fl 

11'·!>) 

1 
t_.,T11~ 

1 

TxRDY 

TolANSMIT Txt 
CONTROL 

RCC"[IVE 
UUfl (11 

¡s .,., 

REC[IVE 
CO:I:TROI. 

._n.o 
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8.25í i3A.S¡c FUNCTlO~~A.L DcSCh.\~TlOI\J 

Thc S:? S 1 is a Umvcr'ial Synch•oncus/.Awnchro.10us iie
ccJv;¡ /T, or1s.n1tter dcsq,Jiwd spc.::if¡cal:y tor thc 8030 Micro
compL::.er :.:-,·stc\~1. L1kc olhcr 1/0 dcv":.:es i11 tl1o E08;) Micro
co~nputer Systcrn 1ts funct1on;;l conf1gu• é:tiOn is programmed 

t-y the :>vs;:cms software for maximum flexibility. Thc 8251 
cJn sup;Jort v1rtually any srriai data technique currently 
ir1 u~c (inciudmg lBiVI "bi-sync"). 

1 n ;;¡ e o:"' nunicdtlon env1ronment a.1 Interface dev ice mus1 
cc_·rwcl t p.Jraiiel format system data :nto senal format for 
tro:<s:r;¡sslon and convert 1nco1~1ing ~enJi fcrmdt data :r1to 

p; .. ·,;J!cl systcm data for rece¡::¡t¡on. The l·ltorfdcc dev1cc mu~t 
,,::.u odetc or in~c-rt brts or chJrJctcrs that are functionaliy 
un,q._;e to ti~e communicat1on 1Echn,que. In esscnce, tnc 
ln<erluce should appeilr "transparent" to the CPU, a simple 
1nput or output of.byte-on.ented systl.lrn data. 

Ua:a Sus 5ufrer 

l"h¡s 3-strlte, bl-rllrcc:-.onal, 8-b1t buffer JS u~ej :o H1Lerfóce 

th.; 8251 to the 8080 syst'em Data Bu5. Data i~ transrn1ttcd 
or rece1ved ~Y the buffer upon cxecut1on of :f'Jput or OUT· 
put ;nstruct1ons of the 3080 CPu. Control words, Commxrd 
words ¿.-;o Status'informat1on are also tramferrcd through 
the Data Bus Buffer. 

Rec:d/Wr¡te Control Logic 

This functional bl-ock accepts mputs from thc 8080 Control 
bus and gcr.crates control sjgnals for overdll device oper<Jtlon 
i t contains the Control Word Reg1srer and Commélnd Word 
:icgi~ter that store the va,rious control formats tor device 
íunct1onal dcfmition. 

HESET (Rcsctf 

(\ "hi\Jh"on lh&s !flput fo1,;(;~ ll:o B/G11i1LO ,,,, "ldle" nkHk.' 

!he dev1r.e Will rema1n ,¡{"ldlc" untd .1 ncw sct of control 
words 1s wntten· into the 8251 to prouram 11s funci.lonJI 
dcf1r11tion. 

CLK (Ciock) 

Tho CLI( input ps used ~o geolcrnte intcrnal dev1ce t;m1109 
ó:lci 1s norrnally 1conncct¡;p to the Pha3.; 2 (TIL) ou;:¡:¡ul of 
thc 8224 Clock ·_Generator. No cxternai input~ or outpu:s 
Jre rcferenced to CLK but thc frequcncy of C Ll< must be 
qc;¡tcr th;¡n 30 :t¡rnes the Rccc1ver or T ransm1ttcr cl0ck lii
put·, íor ~vnchronous n\ock (4.5 t1m1:s T01 nsynrhronous 
nwdv). 

WR (Write) 

A "low" on lhis rnput ihforrns the 8251 that the! CPU os 
outputting dat¡·!or conirol worc!s, 1n e<;se,<ce, the CPU 1s 
writmg out to thh 8251.-

! 

RD (Read) 

A "low" on this in;:>ut 1~forrns the 8251 tha: the CPU i~ m
putting d.na or_ status info.-mation, in essence, tne CPJ ~~ 

reac!ing from thc' 825 ~. 

rfo (Ccnttol/0ata) 

Th¡s i~~~lt, ¡n co~;urjc .. don vv1t:1 the: VVR dí1d ;f) 1n~~".:s ,-, 

form5 the 8<:5 ·, thdt Lne \VOflJ on th: t ·Ita Bus 1s Clti"Ot:r a 
ciata character, contro: V\.rord o, status informa1~Gil. 

1 = CONTHOL O= DATA 

A "lo~.tv" on tt11s 1nput enJblt!S ::h2 825 ~. ~o r2~d 1n9 or \'.lí1t· 

ing will occur unies5 thE: C0\/ICe is se:ectf.d. 

..---. 
1 • 

/, ___ t-,i DAT,..\ ~,e_;"'..: . 1 605 ·~ ~ n ~ l J, ' ~-~--. " ¡¡ ' .. e e~ 1 '-- ' 1 
1 v .,¡ •' \JI'" r .... n "'-..; • ¡ 

1 : 

-. -~-~ ·- ~- ~7~N" 

1 ! 
L_"-j :~'.,"···, 

l " -- '1 

~... ____ ¡ . 

' ~ ....... ,, ... ~-~- -...... 

·~--·----, 

1 
)/A~-~ ~~~("-~1r~; ~--~;-.r)r 
!""' ·r ~ •,:o .,. 
: 1 ~ l ¡ L_ -___ __J 

' ¡ 1 i 
¡ r--~---' -.. 
j ! LrhFooY 

L_~ t¡ .._ cvr L .. _;,:.c 
¡ ¡ ~''-.. \11Ul i 

¡ ¡ ~ -.-t- : \' :\1 - L ¡ 

l.._,.J 

cio RD V .. ~ 

o o J ~) J 1 ~ ['¡.; "";" r \ l~ ~ J 

o o O ~~.:. -;·,.:. 8 U.3 ~ ~~:·.) 1 , o o ::; rt\ 1 lJ S ~- ¡\ ; ,-\ l~ Ll S 

0 0 11,\it\t~ll~ •\_"L")i'Jí,\f..)L 

X X \ l).,¡,.\ .. U.-,. .~~~li\:r 
---------- ------------~----- ------------

o 

o 

o 
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i11odem Control 

Thc 8251 has a set of control inputs and outputs that can 

1)(' used to simplify thc intcridcc to¡:almost dny Modem. 
T·~e modem control s1gnals are general purpose in nature 
JJ,d can be u sed for fu nctior;¡s other than Modem control, 

i f necessary. 

~SR (Data Set Ready) 

Thc DSR inplit signai is general p~1posc in nature. lt~ con

C•t•on e n -~cstcci by the c;pu usmq
1

a Status Read opera· 
tior:. The DSR mput is normally uscd to test IVlodem con
oitions such as Data Sct Read,y. 

DTR (Data Tcrminni R:;,Jdy) 

Tilc DTR output sign;:¡l is gcqer,:l p,nposc 1n naturc. lt can 
be sct "lo\v" by progr.m1n11ng thc ,¡ppmpriatc bit in the 
C<).l1111,1Mi lnstiUCtion \VOl d. l)1C OTR OUtput SiLJí1:ll is 1101'111· 

ailv usl'ci for Modcm cont1 ol,i;uch as E>JtJ TermmJI Rcady 
or Ratc Sclcct. 

RTS (Request to Send} 

Thc RTS output signal is general purpose in naturc. lt can 
be set "low" by programming the appropnate b1t in the 
Command lnstructionwo1d. Tbc RTS output signal is norm
ally uscd for Modem control $HCh as R~1quest to Send. 

,, t 

CTS (Ciear to Send) 

A "low" on this input cnabF~s the 8251 to transm1t data 
(scnai) if the Tx EN bit in t'he Comrriand byte 1s sct toa 

~ 
"one." 

iransmitter Buffer 

The Transmltter Buffer accep~s parallel data from the Data 
Bus Buffer, converts it to a séhal bit stream, inserts the ap
propriate characters or bits (based on the communication 
technique) and outputs a composite serial stream of data on 
thc TxD output pin. 

Transmitter Control 

The Transmitter Control ma~ages all~act1vities associated 
with the transmission of sena! data. it accepts and issues 

tj 1: 
s1gnals both externally and ¡nternally to accomplish this 
function. 

TxRDY (Tr¡:¡nsmitter Ready) .. 
T!&¡s output signals the CPU that the -transmitter is ready 
to Jcccpt a data character. lt ¿an be used asan interrupt to r . 
the system o; for the Polled opcrat1on_:the CPU can che.:k 

TxRDY u~ing a s:atus read cp~(ation. T¡fRDY is automatic
aliy reset when a character is ldaded from the CPU. 

;>1 (-

TxE (Transmitwr Emptyj 

When the 8251 has no charactcrs to transmit, thc TxE out· 
put will go "high". 1t rescts automatically upon receiving a 
charader from , the CPU. TxE can be u sed to indJcutc the 
cnd of a tr<~nsmission modc, so that the CPU "knows'' when 
to "tur,n the line around" in the half-duplexed operatJonal 
mode. 

In SYNChronous mode, a "high" on this output indicatcs 
that a ~haracter has not been loaded and thc SYNC ch¡¡rJc· 
ter or characters are about to be transmltted automéltically 
as "fil lcrs". 

-,. 

T)\C ("Fransmitter C!oci<) 
' . 

Tnc Transmme~ Clock controls thc rate at which the char-
acter id:o be transmittcd. l ;¡ the Synchronous transmission 
mode, ~he frcqucncy of lxC is equal to the actual Baud 
Rate (1X). -In Asynchronous transmission mode, the fre

quency 'Of TxC is a multiple of the actual Baud nate. A 

port1on: of the 
1

rrode insi:ruction selects the val u e of the 
multiplwr; it can be 1x, 16x or G4x the Baud Rate. 

1 

For Example: .. 

lf Baud Rate equals 110 Bm1d, 

TxC equa!s 110Hz (1x) 
TxC cquals 1.76 kHz (16x) 
TxC equals 7.04 kHz (64x). 
lf. Baud Rate ec¡uals 9600 Saud, 
TxC equais 614.4 kHz (64x). 

Tl.d- falting eJge of TxC shifts the s.::rial d.:::a out of th.:r 

d2?1. 
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... ""'!;¡, ~~"¡ ..... ,, 

~ ... :~_: ~ [ --~ 
·----------- ---·---------·----------- --·--

1 ~-~; Rcc.Civ'C·· ~lcccptJ sct iJI Gd~ .. -F conJf'i ts th:s scnJ! ¡nput 

{,· .rlrdiiLI fúi rnu1, ChEck:; fo:-- r;;t:¡ Li :.:i~orocters tÍl(~t ;;re 

1 .-. •fluC tG ti~~~ com;-(1Uníc3lion Lccb:1ique and ("(~nd~ dri 

•·ass.'rnb:<·c··· chilractcr to thc Cr1 U. Scr.al clara :s Input to 
·J-,p í1xD p:~¡_ 

Th.s funct:onal block mJroases ail receiver·íelated act1v1ties. 

F:xfiDY (Rcceiver Ready} 

l'h;5 ct~~i:put ¡nd:catcs th,Jt thc 8251 C01"1til:ns a churactc( that 

1'> :c1dv to h<?. input to thc CPU. RxRDY Cé:n be cunn,;ctt:d 
1u lilC' ¡p",·J~, upt str.Jcture úf the CPU or for Pollud opc:!"a

"0'1 thc CPU co< check .th~; condition of P.xRDY LJ~In!J z. 
,: .. :,: .. rr:.c' o;•cr.Jt:on. FixRDY i~ ¡¡,,tom¡¡tic;:;!ly rc~c-l when 

',.'" .::haur;lPr- is rcc:d by thc CPU. 

HxC (R8cciver Clock) 

ihc R.;~c1vcr Clock ront¡\Jis thr: :-z,te ilt wh1cn thr; cil.~r,,::_t,•r 

.~ ro l1c recc:nved. In SynchíOnou., lv1ode, ¡f·,e f,c:qcJr-r.,;y of 

F~xCiscq,_:a: tLl the actual B:.:ud Ratl' (1x). In ,L\s·;nchronous 
fv:ode, the fre::¡ut~ncy of :RxC is a mu!ri1)1e o1 the ¡¡ctual 

Llaud Rc1:..a. A por1.1on of thc moda lnstruct.on s,!lect:. th"' 
valur of thc mui,tiplier, 1t can be 1x, 16x or 6·~x the Bdud 

R.ltc 

ror Examplc: lf 8Jud Rate equals 300 3aud, 

RxC equals 300 H;: ( 1x) 

RxC e;qu<J!s 4800Hz (16x) 

RxC cquals 19.~~ kHz (6/;x). 

1 f 8JuJ fi;:;tu cquals 2400 BJud, 

RxC c~u,11s 2400 i-ü ( 1 x) 

i'rxc d:¡uJb 384kHz (i6x) 

RxC e~uJ1s 153.6 !.-Hz (64x). 

r·JOTf In mo~t commul:lcdtiUII~ sy•;tems, the 1325 i wlil bu 
ha11di 1ng both trie transmi<.SIOn and rrce¡=¡t10n ope1 Jtwns of 

"s.ngle lmk. C¿nscquentiy, thc Rcceivc :,nd Trúnsm;t l3aud 
' ' 

RJtes wiil be the•samc. 8oth Txé and RxC \N id ruqu1rc !Gen-, 
tic¡:¡l frcqucnc:di for th.s oper Jtlon and caro be 1 ied tooethr; 
and conncctcd 'to a s1ngle frcq~cncy source (Baud R<.lté! 
Gcncrator) to stfhpl¡fy thc mteífacc. 

SYNDET (SV'Nc Detect) 

This ptn is u5cd in S\'i\jChronous rv1odc oniy. lt ¡~, usrd as 
CilhCl lllJ)II\ or -output, r)rO(j/',)¡Jlllldblc: tiHOUJh thP Control 
Word. lt IS rcs&:r tv "lo~w" upon RESt.:T. \t\/iwn u·.cd eh .m 
output (1ntcrn~l Sy:'c .moc!e), rhe SYf\JDCT p¡¡¡ w:il go 
"h1gh" to 1nd1cate tha~ the 8251 h2s locatcd rhe SYNC 
char2cter ¡,, th2 Recetve m o de 1 i the 8251 ts prograr.1med 

'1 ' 
to use doub!.:: S.ync chafacters (bl-5ync). then SYNDET wíll 

go "h1gh" in the middle of the Jast bit of the'second Sync 
cha>il::::ter. SYN D ET is a u tomattcally re;et upo:1 a, Scat~s 
Read opcrJtion. 
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positiv;:· goH~~ s1ur~ ~: vv11i cuu~c ~he 825í to st~rt as::2iTl;l. .• ;; 

<:at~ ch~r3:ter~ 01, ... ~,s f.Jl!.r~J edce of thc ncÁt Rx-C. Cnce 

li1 S'{f~C, the "!~~~Jn" rr,~ut !)lsnal can Cr.: 1\;:,nove.:--~. Thr Ll~;-::.

tl;-.n Gl the 111~h s:;Jnal snovld be at !east eq¡;cl to ~ne rh .. doJ 

of f~iC. 

1,[• 

nt::·= ~ ____ -re.~----·-~~-!-- ',/'.._ __ '-,j 
1 

~~;:;~~~~~:-: "~::~~·ii;.1t ;v- .,,' 
11.D ___ , .... ,,~ L•,_ '< ( 1 1 

-~ ~r 

: ~-¡>- f¡l ',,,}' 

1 '---·- ' 

v¡;; __ ,., l---·-,r--.. -1 ' 
~ .... ~. ,~ - -~ .... """'1 

c .. ______ J 

' 

Íl' \---~-e-----------
'~-

,1 ¡ 
1 

:.J'r {: .. ~---.....-:' ~ 
~ rt;C(J ¡' \ 1 ~---

L.·~·----~-'; l-:1\'ír·OL ~/1L __ ,,' 

R r;; -~ L ____ .. ____ f '~.r- / 

•"': 

1 
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' 1 -...,r_-
1 ¡ 

: H[CI:.VL r- _,·-::-\ 
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: (<>~¡-h· ~\''~"·h·T 

' l 
_, ------~ 
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DETAILED OPERATION DESCR!PTWN 

General 

The complete functional definition of the 8251 is program· 
med by the systems software. A set of control words must 
ue sent out by the CPU to initialize the 8251 to support the 
desired communications format. Thcse control words wiil 
¡Jrogram the: BAUD RA'E, CHARACTER LENGTH, 
NUMBER OF STOP BITS, SYNCHROI~OUS or ASYNCH
R01\JOUS OPERATION, EVEN/ODD PARITY etc. In the 
Synchronous Mode, options are al so provided to select either 
internal or externa! charucter synchronizution. 

Once programmcd, thc 8251 1s ready to perform its com· 
mun1cation fL,nctior.s. The TxP.DY output is raised "high" 
to s1gnal the CPU th,,~ the ;3251 is rpady to rcceive a char· 
acter. This output (T>..RDY) ;s resct automatically when the 
CPU writes a ch.Jrac:cr inh} t!·,~ 8251. On the oth.:r hand, 

the 8251 receivcs se· i.1! d.-a,l from the MOD EM ..:lr 1/0 de· 
vice, upon recciv111g ,:;1 entii-J charJcter the RxRDY output 
1s raised "h1oh" to SIS11iJI thc CPU thJt thc 8251 has a com· 
plt:te character rcady :or th,c CPU to fetch. RxR DY is resat 
a u tomatically u pon thc CPU rcad operation. 

The 8251 cannot bcgin tr Jnsmission until the TxEN (Trans· 
mittcr Enable) bit .s sct in í.hc Command lnstruction and 
it has reccíved a c:ear To SCild (CTS) input. The TxD out
put will be held in the 1'narking statc upon Resct. 

Programming the 82:)1 
' 

P.-ior to startmg d<:tiJ trJm•niss1on or reception, the 8251 
must be loaded w1th a sct. of contwl words generated by 
the CPU. lhcse concrol sianuls define the complete tune· 
t1onal defmiuon of lhe 82~1 and 111.ust immediately follow 
a Reset operat1cn (m terna! or external). 

The control words are spl1t into two formats: 

1. Mode ln5truct;on 
2. Command lnstrt..ct.on 

Mode lnstruction 

This format defines thc general o¡:érational characteristics 
of the 8251. lt mu5t follow a Rese.t operation {intr~rnal or 
external). Once thc Mode instructión has bean written into 

i the 8251 by the CPU, SYNC char~cters or Command in· 
structions may be inserted. : 

Command lnstruction 

This format defines u stat·JS word that is used to control 
the actual operation of the 8251. 

8oth the Mode and Comrna¡'1d ínstrt..ctions must conform to 
a specified sequence for prb:Jer devf.ce operation. The Mode 
ln5truction must be mserted immediately following a :Re5et 
operation, prio; to using the 8251 for data communica~ion. 

All control vvords writtar. into the 3251 ::.'!'ter tr.c i1f¡ode ln
structicn wili load the Command lnstruction. Commdnd In· 
structions can be writtcn into the 8251 at any time in the 
data block duiing the operation of the 825i. To rc~urn to 
the fvlode lnstruction format a bit in the Command lnstruc· 
tion word can be sct to initiate an interna! Reset operation 
w:1;ch automutically places thc 8251 back into thc Modc 
lm.tructíon format. Cornmand lnstructions must fol!ow the 
Mod0 lr.structions or Sync charilcters. 
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CID • 1 

C/5 • 1 

C/5 ~.1 

CID • 1 

C/Ó • O 

C/0 ~O 
,, 

C/D • 1 

MODE INSTRUCTION 

SYNC CHARACTEH 1 ~ SYNC MODC 

SYNC CHARACTi:~ 2 j ONL V • 
1-----·-l 

COMMI\ND iNSTRUCTION 

DATA ~ 
1 

COMMANO 11\STRUCTION 

1 
1 

DATA f 
COMMAio.O iNSTi"luCf,;:;-¡ 

•Tho ~cond SVNC (;hilrJc:cr as s.~1ppcd 1f t,'!.ODE &nsuuc;•on 
h.u pro{lrt-~mmod tho 8251 to Slngl.: ch,lrilc:tcr lnl.•rn<~l SVNC 
Modo Ooth SY NC ~:h.Jr~t.:'rs aro $l.tp1,cU 1f MOD&; ms.tnu:11on 
h<is ¡>rogrilmmud lho 82&1 10 ASVNC moda. 



Thr e2G ~ can i:h: U')vd fo1· s i·;J,e.- A;:,vPch• onous or Svnchro
n~ _J ddLJ con¡mun1Cr1t!On. To l 11llh:rst?rJc! hO'JV r:--u_; PVloGtJ 

lnstnJC11úll deíllws the function~i operJtlon of th::: 3~51 thc 

d,;s;r¡,wr cJn best v;,,w the dcvíc. ~a:: two sepé'l ate c·orrl!:·onGnts 
s.J.J,-1110 the '>.mlC p¡¡ckdgc. One Asynchronou~ t!v~ other 
Synchrc•~ouo. The format defin1ti01! CJil Llo ci:;:mgcd "on 
tl1J íly" but for explanation purposes the two formJts wiii 
be isolatHJ. 

Asyr..:h~ono.Js Mcde (Transmis:;¡cn) 

Wi¡c•nt;ve:· a data d·,ii:·.Jctcr ;s sent by lhe CPU thc 8251 
.l.; .u"''n¡,;;¡liy ocirls a Stort b1t ( kwv l;:vl.!i) .:.1:d thc prouram
'"c.: nur<JiJc,- ol S,top b1Ls'to each ch¡¡ractcr 1\lso, an ev,:n 
·: ·dd PilllV b.t 1s lllSertud p.-ior io tlw Stop llit(s), .,~de:-

11:1~·· 1 l:v tiw M o de 1 nstn1ction. Tht' ,;i~cll c1c te1· i~ l!lCI' 11 ,,,,_; . 
• ~ :tt,'ii .1~ .1 •;,•¡¡;¡l d.1:.1 ~t: c.llll on the TxD output. ·¡he ~L'"'": 
,:,,¡,; 1:. :..lld ,,.,~ uut' on thc bi!111g l'lllJL' of ¡=;_-e; ;¡t.; 1 .1\P l'qu.tl 

tü ~. 1/ 1,), <JI 1 /C(1 that of':thc f~xC, .¡:, llct:ncd bv tbc [Vlode 
i:•st1ucuun r.~f~EP,-:< ch.JI·actcrs con uc contmdou~:v scnt to 
~he TxD .t comm¡:¡nd.cd to,do su. 

Whcn no dat::; c\'iJroctel si· h,.vc londcd mto Üll' 825 i 111e 
T.,:J cut¡Jut 1cma'im "h1gl1" (m.JikinD) uniess a Break ícon
t;;luously lovJ) has bcen programrnec!. 

Asyr.c~1ronous Moda (Rcceivc) 

The RxD l;ne 1s ,l[lorrnaliy, h1~h. A fcdling ed¡je Ón this l:ne 
tr.ggers thc bc~J.,~niníJ of J START IJ:t. Thc v,¡lkiity of li11S 

s~·i\RT Lllt IS chetkcd bv:Sga111 stroLllllíJ th1s bit al its nom-
1 

ir ;l ccntcr. lf a low b cletccted éluilln, 11 1s cJ vaild STt\RT 
h:., and thc bit c;q:>untcr wi!l stc1r1 countill!J. The bit codntür 
locales thc cvnter of tllc?d.Jtd b1ts, tl•c p~nty l11c (1f 1t ex· 

1• 
'·.:~) ,1nd tlw stop IJ1ts. 1 t pJr:ty .::rror occurs, tht: pc~nty rr-

, ~ ¡ 
r,J, fioq ¡•; :.ct. Dato ancl p,;,r:1y IJ1t:. éll e s.Hn 1lled Oii the R)(D 

•1' \ ~---

[)111 with the ns1ng edgc of. RxC. lf a low leve! is deteckd us 
r ~ 1, 

tnr: STOP b1t, the Framing Error fla~¡ w1ll bt~ ~et. The STOP 
11 ¡, ' 

b1t SlíJilélb the E:1\ld of a characte1. Tlw; charactcr ,, then 
loaded 1nto the pJr¡¡llel 1/d buffer of thP. 8251. The R;:ROY 
pin IS r<med to !i~í]nal thc'CPU thJt a chJrdcter 1s ready to, 
be fetci1ecl. 1 f a ¿rev1ous thiiractcr has not been fetchecl by 
the CPU, the present character 1eplaces 1t m the I/0 buf
fer, and the OV·ERRUN flag is raised (thus the prev1ous 
charéicter is iost~. All of thc error fiags can be re:-;et by a 

¡\ \ 
command mstrL.ct1on. The occu rrence of any of thc,r.c er-
rors w11l not stop1 the oper;:;uon of the 8251. 

-----------------

Mo~c 1 nstructwn Form;:;t. P.s-,'r.cníOnou~ i\~ude 

1'11~\N~I\.1 fTtR OUTPUT 

-¡ START ,----->> __ , f---1 

T•D o\MiKING ._¡ __ o,_r_---_o_A_,-1~ of-~r-:> _ _.__'''_~;_;~r_v---J¡ ~11 ~; L 

RcCEIVLR INPUT 

·---¡ 
HxO L 

SlAilT 
r.¡¡ 

¡ ______, ~~---..,.-·-\ :---¡ 
D~\TI\ üll S I'Ah JTY .STOP l 

OIT OITS 'L 
1 ~1---J------~ 

TRANS~1\SS1ü,\J fORMAT 

CPLI u v-rE¡:,:::; t.H7S/CH/\nJ 

¡-------! ' ' l Or'\íACH:\RAC1ER JI 

'-------;, )------
ASSEMGLLD ")Eñlt.L Df,TJ\ CUTPUT (I.,.D} 

~C'\1,\L Q,.\Tr-'\ INPUT t ,,0) 

' 1 ""'") r----- -- --,---! -~----. 
1 ,

1
_,.. ¡ DAT~1C.1 n~,~...,L'1 1 f -~ 

· s r ,rn 1 , , • .- • , ,, , r. ·
1 

,,, . j 
L-::_~ _ _._ ______ , ~---~ -~::.- ___ l ___ ~· r 

.. ~OT •• IF c~-; .. F:Al -,---t-.·,-¡¡, .s ~1 ;:,, L1 ,.::. ' '"':r"' 7 
5iT:J TH[ l ,\lU~iD 31TJ M?. t. ~l í 'Tl' .. .:1,( 1 

Asyr.chronvus I'/!cde 

o 

o 

o 



o 

.O 

o 

1 

SlUCON G/.\T~ ~.r;os 8251 

Synchronous Mode (Trans:mission) 

The TxD output is continuou,s!y high until the CPU ~!?nds 

i~s first charact~r to the 8251 which usual:y is a SYNC 
charócter. Whcn the CTS lin~ goes low, the first character 
is serially transm1tted out. Aú· charactcrs are shifted out on 
the falling cd~¡e of TxC. Dará is shifted out at ~he same 
rateas the TxC. 

{' 

Once transmission has startecj, the data strcam <:t TxD out
put must continue at the Txc: rate. 1 f the CPU does not pro
vide tht! 8251 with a character befare the 8251 becomes 
empty, the SYNC characters :(or character if in single SYNC 
word mode) will be autornaÚcally inserted in the TxD data 
stream. In this case, the Tx~rv1PTY plh is raised high to sig
nal th<:t the 8251 is empty ahd SYNC charactCIS are being 
sent out. The TxEMPTY pi~7 is ;.,terrlklly reset by the next 
character being writtcn intoc¡ thc 825:1. 

Synchronous Mode (Rec~iva) 
In thls mode, character svnéhro,lization can be mternally 

fl ,, 

or extcrnally achicved. lf tluHntcrnal SYNC mode has becn 
• hi • 

programmed, t:1c recc1ver starts 1n a HUNT mode. Data on 
the RxD pin is then sampled 1n on the rising edgc of RxC. 
The content of the Rx but'ifer is cÓntinuously compared 
with the f1rst SYNC choract¡;lr until a match occurs. lf the 
8251 has bcen programmed; for twotSYNC characters, thc 
suiJsequcnt received character is also;:compared; whcn both 
SYNC characters have bccn ~etccted~: the USART ends the 
HUNT mode and is in chara~ter syncijronization. The SYN
DET pm is then set high, i!hd 1s res.út automaticaliy by a 
STATUS READ. d ¡, 

In thc externa! SYNC mode~jsyr.::hroÍ"Iization is achieved by 
applying a high lcvel on thc SYN O ET 'pin. The high level can 
be removed after one RxC cí)cle, 

Panty error and overrun err~r are both checl<ed in the same 
•1 

way as in the Asynchronousi~x mode. 

The CPU can commnnd the receiver to enter the HUNT 
mode if synchronization is ll3st. ': 

:1 

1;.1.41 

1 SCS 1 ESO 1 EP 1 PEN 1 L2 1 L, 1 O 1 O 1 

1 
CHARACTER LC1>oG-;H 

1 o 1 o 1 1 

1 o o 1 J 1 

1 Ui~S 6 1 J a 
BITS BITS BITS 

PAHITV ENt,BLE 
(1 ~ f:N,.\8LEI 
(O • OISABLI:I 

¡:VEN PARITV GENERATION/CHE 
1• EVCN 
O• 000 

~l("f(RNAL SVNC OCT~CT 
1 S SYND(T ,sAN I~PUi 
Q • SVII:OET IS AN OUWUT 

SoNGLE CHMlACTER SVNC 
1 • SING~E SVNC CHARACTEil 
O • OOU[ILE $VNC CHARACHR 

i'l.ode instru.:tion Format, Synchronous Mode 

CPU IJVTES (5 G [IITS/CHAR) 

DATA CHARACTERS 
'------41 1-1 ___ __. 

AS~CMilLED S[RIAL DATA OUTPUT-(T•D) 

~~------~--------~~~------~ 

RCCEIVE FORMAT 

SVI'j'" 
CHAR: 1 

DATA CHAilACTEflS 

SCRIAL DATA INPUT (fl>D) 

DATA CHAR~A>-C-T-CR_s __ ..J 

CPU OVTES 15 a fliTStCHAR) 

DATA CfiARACTERS 
"-------1' ,,_ ___ ... 

Synchronous Mode, Tran~mi~sion Format 

) 

CK 



gr,¡~\ ·ncd by tiH1 Mude lns~J UCtlon ~nd thc s~'nc ~.:~l~ll'~.;;il~i S 

'"" 1CJJdcd (i~ 1n Sine Mod¡:) thrcn 1hu dc\·:c(· i~ rcz;o'.' to be 

li~':ri for cL;t,J co.nmUPICJtion. The Cornmond lnstruction 
contrl•lo ti1C' ~1ctual opcrat10n of ü1c saiccccd formJt. Func
t._ln<> such a,· F:nJble Tr¡;n.;mit/Rec"ivc, E1To1· ;:,c.ut ar,d 
;\.~ocem Cont1 o!s are provided by thc Comrnand ln~tructwn. 

Once thc Mode lnstruction has bec!l w11tten into the 8251 
dnd Sync char¡¡cters mscrted, 1f neccssary, thon <.11 funhcr 
"control wrices" (C/D = 1) w1il lond lhe Comm¡¡nrJ ln
srruction. A Reset operation ( inttJr nal or ex te1 nnl) wil: 
return thc 8251 to the iVaoGe : í.~~~ Lc~~,);-1 ~= Oi r.~uL. 

!) 7 Or, 21, C', 0 1 ,o, D1 D 11 r r 1 1 l - ¡- ¡~¡ 

l~.l~.-'i'-1-,n,-s_l¡___¡_s_o,...¡;-KJ.-,'' > l "i' [ '·;j 
¡ '! ~ r------..... --~ 

1 l 1 ; 11,\N;,•,:Il CNP 8L[ ¡ 
'l 1 -~1 ,,.,,,L'·' i 
\ 1 0 - ,j¡S,I!oil' 1 

1 1 ---·----· 

·¡ 1 -------, 1 1 1 Di'.f,\ l ¿¡¡¡,HNiü i 
( l.___¡ RLADY 1 

'\ 1 'hr~l1" wd: {o1ce DTil 1 ,¡ _j 

,1 ----------, 
¡;[CliV~ LNAULl : 

r, _j 

rEHIHJI; ''·"~[T 
1 '-----------¡_: " "''"' ''" """' fl.•gs 

L . ~":::, ,',': 
-~-:--------- "tnoll" w.ll .01 u fl fi", 

'' (JU\put \O lNO .....___ _____ _ 
L 

·------; 
! l~JTLR HUNT MDDE '¡ 

L ___ -- -----'------------~~ i ~ un.tbtü su.mrh for &yn" 

1 Ch.lre~ctl:ns 1 

Cornmand instru:Ction Format 

¡n Cd~.J con ¡;~un:c..JL1 1.)n sy'.ltcms :~ is oitcn nccc:;sarv ~d 

AJ~-;1111ne i.hc ~~st.-1tu~~, of ~h~ sctive oc\Ji.-::e ro c:2scc¡·t;::¡n 1f 

(;í r,_,, ~· h3 .:e e) ce u rr~Sd o- othcr cond.uor;~ lh.Jt rPC.L...! \te the 

pro.ce;~:..or 1 s altl!ntlü!l. The 8251 has faci!~tlf::.. thc:n &11-~vv· Lhs 
p(OO• ;:-~rnrncr to "c~::a:_:" thc str1tus of tht· .. ·.··nce Qt f.ny Lirne 

<luring Lho ic.nc1;onnl operotic;,·¡. 

A nonnal llreaJ" comm~úid is L:>L . ..;(l ;:;y ¡JI8 ~~:-lu \vith ~h~ 
C/0 in!'}tlt nt one to accompi¡sh -~;¡¡s :ur~:.::;on. 

So1ne of the b;t~ in the Status Rc~a F c..1 (na: havo :dc .. nt:cul 

mc;:;nings to o. ti)i'¡l<JI oc~í:put 1):í~S so U;u~ tilo ¡:;¿_sí •:<. be 
uscd 111 a co:npic:~oly Poilt.d envi:·onr,-,c,¡¡t or in Jn l!hell"<lp: 

o, 

r lloli l 
n,, -~~-~~D~D1 ~~-r_:~~1 ~-~:_~~. 

SYf\.DEf FE 0[ PE. ¡ r,:: ~ r<.xrlDY i l'i.t1üY 
1 _L ___ _¡_ __ L_ -'" 

¡---~~'--- ----~~~---.. -;,:,L '.:) _l ____ -L~ 
..• , • ,í'~ 1 no~,¡· .. r ... .:. 11u 1 IN!:. 

' ;---
~ I-'1\R:TY Lr11-:0d 
1 Tt' P[ 1', 1, r; ~l!t ~11wr1 ,r l'•tr•tv 
, L-¡¡)¡ 1~ c\0\t'l.h'd !t IS rL\Cl Ul¡ 

1 
1/r~:tr~r~l•~~~.! 0:L tl:~·~~l~ur111:;~l~:~;~tlHt 

~ ,,r\ro~ltOol 111 ti...:! U2~1 
1 l 
1 ¡,_1 ---

L
I ~-,:-.~-n-u-~--LI-,-,11-:-h--------~ 

' ~-~~~~ ()f [, t¡ IS ~· 1 Vl..hLto \hL• .:;pu 
~ ,r,,, s not u .td ,¡ Lh .. ro~rtt•r h.ofl'rt! 
! tiw ~~~"-t on,• LJ.-.con~t~s ,rv td.Jl1l ... 
• lt ~~ IC"t' i.v <lot1 f.R btt 01 IIIU 

i ~.::';::~:~~:lt ~·1\s,t;,~~l~;J',~,I;>I ~llt ;:~',·~~\, 
howt'V\'r \111• ¡Ht:\IIOU~Iy UVt:"HUn l 

~-~-~~_ .. _·_L<_" __ "_i_'"_' ____________ j 

L ~ tnf\ .. Hi\\-; Uit1.0H (J\\yllt... (•nly) 
Í íhu r::1 fj tf! li Sl'l WIH'I) ,¡ \,.,:Id 

' '¡ $t,lp htl t~ llil~ dt:;\l c.\Pd ti \11• 

-- l'lltl\t{t l'IV\,llf,l(o'T l~ISfl.\o,., 

¡ ¡,y l
1
1\! L" ¡,,t ('l t~l. C,••l'!'hUtd :: 

lriSitllt.~roJrl f"l dt'l~ 1hl'' \ld11t 

::1•' ur••t,d• Hl ol .n, t).! 1•i 

1----------------l 

o 

o 

o 
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APPLiCATIONS OF THE 3251 

--------------- ---- - ---------

ADDR[SS BUS 

CONTROL BUS 

DATA BUS 

r-----, 
w\•TO TTL !• 
CONVtRT • 

(0P1) f 
l ·- 4- -- - ..: ~~ ~ 8251 

iBIIl•r> RI\TE 

1 ___ _.... 

A,ylh~hlúllOU~ St:ri.ll lntt•rf:lCi~ lO e RT Tclllllll.ll, 
DC-!JGOO l3.Jud 

CRT 
TERMINAL 

e=___ AOn~L~S uus } 

~----~_1'=----~(-----------
CONTIIOL UUS :1'·------------

~·--'-[_=-o-----~--·-----, 

8251 

SYNDET 1-----l 

SYNCHilONOUS 
TERMINAL 

011 PERI?HERAL 
[)~Y ICE 

1 

Synchronous Interface to Terminal or Peripheial Device 

5-143 

,....---~-.---~1\~D~D-R-CS~ó~B~U~S------------~ 11 -
CONT:10~ BUC 

8261 

Asynchronous lntcif<~ce to Tcl.-:pilonc Lincs 

DATA BUS 

l, ~-~~~,·:-1 l_j 
1 ~" '''1 1 1 

l'llii'IIIINI 
LH'41 

---""] 

i'UÜNL 
LINL 

INTCI\ 
FAC~ 

R1Sb-- 1 

1 , OSR ., 

~ 
TELEPHO:.IE 

LINE 

Synahronous 1 nterf;:¡cc to ic!cphvne Lincs 



«. {'\" .... 
\;JI .. ~ (, [· 

- ~' .-"' 
c . .,~ .. ~5 ~ 

o "• 'l''J' 1 p-or~ .~.,-_::-r ----¡----[-\;.---;:----¡--.;,-:-¡--:;;;-_-,_---~,--,-1~~----:- -~ cst r'onc!¡•,¡or;.,s --~ . ~-+------" __ --:.:_~~'=-l-~--------+--~~~-~~~-~--~-"_"_·'_:_ __ ~~:_--1'---------------·------
v,L ¡ L1p.1t Low VoiLdgr: ! \f~s-.5 1 1 0.8 1 V i 

--v:---1:~~--H.[Jh v~I~::;-:;---T--2.-o--T i ·-Vcc-- i v ~--- _____ _ 
------------------ ---- ----¡-------------¡------¡--- ---

__ Vo~ _____ j_ ~~tp:~~~~~~~~~E=-----~-------~ _ _j_ __ 0.4S ~ V ¡
1 
__ 1oL = 1_.on:, -------------

VoH ¡ Out;Jut H1gh Voitasc ' 2.2 1 ¡ V !oH= <CJ.u/\ (:::; >J'7' 

1 1 ! 1 1 'oH=-100.uA(G"'"~sl 
!c_,_L ___ .,_D_c_t.-l Bus Lea!(age -~----- --~-~~----;-- Vodl- = 4.5V -----

--------r ---- -~-----~----=-'-------

lu ! lnout Loaci Current 1 1 

=~~~~ --~~ower Sc·pply Currcn~~~~[_-_4_5 ___ ~-----~-----~-----------
@ 5.3V 

--------

o 

o 
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,_:;_.:.~ ~ 

A.C. Char3cteristics: 

·o T¡; = ooc to 7o 0 c; V ce= s.ov ±5%, Vss = ov 
Symbol 1 .. ?ara meter !Y. in. 

tcv Clock Per¡od 
1 

.420 

tow Clock Pulse Wid~h 220 
1 

tR,tF 
1 

Clock R1se and fall T1me o : J 
1 

twR WR ITE Pulse Width 430· 

tos Data Set·Up Tiry¡e for Wn !TE 1 o 
1 

toH Data Hold T1me.for WRITE 65 

tAw 1' Address Stable bcfore WRITE 20 

twA Address Hold T¡'mc for WR lTE 35 
' 1 

R EAD Pubc Wiatr. 
,, 

430 tRo ------
too Datil Dclay f1om f\~)\¡j. 

1 
350 

-
toF R EAD to Data ,Fio;;t.ng 150 

1AR1 1 Address Stdblebeforc R_EAD, CE (C/D) 50 

1 

---
tRAl Address Hold 1-imc for READ, CE 5 

1RA2 1-\ddr css ~o id Tima for R EAD, C/D 370-1 -
toTx TxD Dclay from F;:llrng Edge of TxC 1 - 1 

i 

tsR,., Rx DatJ Sct·U8 T11nc to Sampling Pulse 2 .. 

o tHRx Rx Data Hold T1me to Sampling Pulse 2 ·! 
1 

" ' 
fTx Transmitter Input Clocl~ Frequcncy 

1 X 8Qud Rdje " DC_ ·,, 
16X and 64~ Baud 8ote oc 

fRx Receiver lnpu(~lock Fr~qucncy 
1 X Baud Rai:e ' DC 
16X ¡¡nd 64'X Baud ¡::¡ate oc 

" rl 

tTx TxRDY Delay-from Ceflter of Data 81t -

tRx RxRDY Delay:from Center of Data B:t 15· 

t¡s 1 nterna 1 Synd~.t Q;;¡lay fro m Ccnter of Data Bit 20 

tes Externa! Syndr~t Set·Up.Time before Faliing 
Edge of Rx~t 1 

' -'¡ ~ . 
Note: Thc TxC and RxC frcquco)cws h¡¡vo t.he follow1ng ilmrtation w1th respect to CLK. 

o 

For ASYNC Modc, tTk.or tRx >-4.5 tCY 
For SYNC Modo, tTx or tRx ;;. 30 tcy 

) 

Typ. Mox. Unit Tc~t Cor.d.~.o;;s 

1.35 Jl~ 

300 ns 
1 

1 
50 1 ns 

ns 

ns 

ns 
1 
1 

ns 

ns 

1 1 ns 

·r ~~~ 1 CL=100pF 
i ns CL=100pF 

i ns 

1 
ns 

-- 1 ns 

JlS 1 
CL=-100pF 

1 }15 
1 

CL=100pF 

1 
JlS CL=100pF 

1 T 
1 

r 

56 I<Hz 
1 

'1 615 K Hz 

' 

' 56 I<Hz 
615 !<Hz 

16 . CLI< Pcnod 1 CL=50pF 

20 CLK Penad 
1 

25 CL!( P.:;riod 

15 CLK Period 



READ ANO WRITE TIMING 
¡, 

1=~-=.:¡v---1 
CLK _j ~ 1----...,,'------'f 

o 
\._ __ 

•WRI1E ANO REAO PUC>ES llAVE NO TIMING LIMITATIONWITH RESPI:CT TO CLK 

TRAI\i.;MITTER CLOCK ANO DATA 

TxC llx [;AUO) ~ .... ---------'----...J/ / ji'"------
; ~~ 16 TxC PERIOOS ___ ...__... ___ ~-...¡ . 

txéi!1ú• BAUO) -----:s.- r-\. ¡--\. . / ~---
~ --..!t';.;;r-- - ~ •• o- - - - ->¡e-_-_____ .;...._ ______ .__ _______ ::X: - - -

RECEIVER CLOCI< ANO DATA 

RxD :....:...Jf:: 
14- 'snx --

:::x------
-----~ 

RxC {h !lAUD) 

INTERNAL 

-~~~~iiNG ' ~-----,------------------
['----------- STARTBII.---------•. -~¡•-- ------lstDATAlliT ---------~¡ , 

RxD ~- •, ' ::; - f~-- -ls;;; .:-:_ :::¡: - tll;,¡ -=-- --=--if - - -
RKC ,{ 16x BAUD) J1JlJlJlJ1J'JlJ1JlJ1.JlJl.J1J1JlfUU1JlJ1J1JlJlJ1Jlf1JlJU1JlJ1..JUl.Ili1.J1IUl. 

r • INTERNAL j•-6 RxC PERIOOs-.:.¡------- lü RxC PERIODS ----...¡ o 
~~~1:~1NG -----------l L-------------..J '------------

Tx RDY AN[J Rx RDY~TIMING (ASYNC MODE) 
1 

RxD ---"l START !liT ( DATA B]TS :~ .. ; ____ _,i~?.:;A;:;R.,IT,_Y;..:;:.B:..:IT_.JSTOP 1 BIT ! f.T/IRT BIT~ 

RxRDY ____________________________________ t_Rx_--~~~~-~~-------

READ------------------------------------,l~-----

INTERNAL SYNC DETECT 
1 ' 

f.-------- SVNC CHARACTER (01101001) ----- -: 

R•D ___j 1st BIT 1 1 LAST BIT ,.-.----r¡-.. 
1 

RESET ¡¡y 
SVNDET '•s _. ¡-;- ~ SOFT.vJ,,C 

(OUTPUTl---------------------------....;..' ~ COMMANJ 

,, 
EXTERNALSYNCDETECT 

Rxc -¡._ ___ __, o SVNDET - p.~ r-- t~ 
<iNPUT) ------------Ji< l 1¡ 

RxD: =: =: =:::::: ~------i.----\o----'-----..1...----' 
,---------- lot DATA BYTE---- -1 
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A computer, no matter how soph1st.cated, can only 

.:o what 1t 1s "told" to do. One "tells" the computer what 

to do via a series of coded instructions referred to as a Pro· 
g¡am. The realm of the programmer 1s referred to as Soft· 
ware, 111 contrast to-the Hardware that comprises the actudl 

computer equ1pment. A computer's software refers to all of 

the prograrns that ha ve been vmtten for that computer. 

When a computer 1s designed, the engineers prov1de 

the Central Process111g Un1t (CPU) w1th the abil1ty to per· 

form a particular set of operations. The CPU is designed 

such that a ~pec1fic operation 1s performed when the CPU 
controllog1c decodes a particular lllstruction. Consequently, 

the operat1ons that can be performed by a CPU defme the 

computer's lnstruct.on Set. 

Each computer instruct1on allows the programmer to 

1111tiate the performance of a specif1c operat1on. All com· 

puters implement ccrta111 anthmet1c operations in their in· 

struction set, such as an instruction to add the contents of 
two re¡¡tstcrs. Often lo¡pcal opcrations (e.g., OR the con· 

tcnts of two rcgi~tc1 s) ami 1 c¡p~te1 opera te 1mtructions (c.g., 
II1C1cmcnt a rcgistcr) are includccl in t11c m~uuctlon sct. A 

computer's mstruct1on sct wlil also have 1nstructions that 

move data bctween rcg1stcrs, between a reg1ster and memory, 
and between a register and an 1/0 device. Most instruction 
sets a_lso prov1de Cond1t1onal lnstruct1ons. A conditional 

mstruct1on spcc1f1es an operation' to be performed only if 

certain cond1t1ons havc been met; for example, Jump to a 
particular mstruction if the result of the lust operat1on was 

zero. Cond1tional 1nstructions prov1de a program with a 

dec1s1on-making capabdity. 

By logically organ1:Zing a sequencc of instructions into 
a cohercnt progrJm, thc progrJmmcr can "tell" thc com· 
puter to pcrform a ver y spcc1f 1c and uscful function. 

The computer, however, can only execute programs 

whose mstructions are in 'a binary coded fo~m (i.e., a series 

of 1's and O's), that is called Machine Code. B~cause it 

would be extremely cumbersome to program in machine 

code, programming languages have been developed. There 

,., 

are programs available which convert the programming lan· 

guage in,l:ructlons into machine code that can be inter

preted by the processor. 

OnP. type of programmmg language is A~sembly Lm
gu< ge. A umque assembly langUé.ge mncmon1c is ass1gned to 

cach of thil computer's instruct10ns. The progrJmmer can 
w11te a program (called the So urce Progr¡¡m 1 usmg thesc 

mnemonics and certa1n opcrands; thc source prog1 am is 

then converted into machine instruct1ons (cailcd the Ob¡ect 

Code). Each assembly langua~e mstruction is converted into 
one mach in e code mstruction ( 1 or more bytes) by an 
Assembler program. Assembly languages are usually ma· 
eh ¡ne dependent (i.e., they are usually able to run on only 
one type of computer). 

THE SOSO INST.RUCTION SET 

The 8080 instruct1on set includes f¡ve diffcrent types 

of mstruct1ons: 

a Dat;o Tr¡¡nsfcr Group-111ove d,Jl,¡ lwtw..:cn rc~¡btcrs 

or bctwcc·n nwmory ,md rq¡istcrs 

o Anthmctic Group - Jdd, subtract, incrcmcnt or 

decrement data in registers or in memo;y 

o Logical Group - AND, OR, EXCLUSIVE-OR, 

compare, rotatc or complcment data in rcJisters 

or in mcmory 

o Branch Grou;:¡ - condit1onal ¡¡nd unconditional 

JUmp instructio;"ls, subroutine call insti"Uctions und 

return instructions 

o St;:¡,ck, 1/0 and 1Vlachi.1e Control Grou;:¡ ·- includc~ 

1/0 instruct1ons, <ls w,~¡¡ Js mstlliC tions for n1.1in· 

t;:;ining thc st;:;ck ano intcrn;:;l control tiJgs. 

lnstruct:o .. m1.:l Data rormats: 

Mem;)ry for the 8080 is organized into 8-bi"L quanti· 

t1es, calied Bytes. Eacl1 byte has a unique 16·blt bin:~ry 
address corresponding to its sequem1al pos1t1on in m"mory. 



The 8080 Céll1 dircctly oddress up to 65,536 bytes uf mem

ory, which m¡¡y cons1st of bo~h reod-only memor·¡ (nOM) 

ck-.,.·ents and rol1dom-access memory (RAM) eleme11ts (read/ 

\'trite memory). 

Data 1n the 8080 1s stored in the f01 m of 8-b;t b111ary 

mtcgers: 

DATA WORD 

MSB LSB 

Whc11 a reg1ster or dato word co11tams a b1nary num

bcr, 1t 1s necessary to estabi1~h the order 1n wh1ch the b1ts 

of the number are vmttel1. In the lntel 8080, BIT O is re

ten cd 1o as thc Lcast S1gnificant Bit ( LSB). and B 1 T 7 (of 

Jl1 8 ult 11umbe1) 1s referred to as the i\/lost S1gnif1cant Bit 
¡rv·,sa). 

The SOSO program 111StructiOI1S may be one, two or 

three bytes 111 le11gth. Mult1ple byte il1structJol1s must be 

stored 111 success1ve memory locat1011s; the ;;:ddíess of the 

f,rst byte 1s always used as the address ot the 111structions. 

The exact mstruct1o11 format wdl depe11d on the part1cular 

o¡;erat1on to be executed. 

Single Byte lnstruct1ons 

r: 1 l :1 . ' 
~~-D_7 ___________ D_oo 1 Op Code 

Two-Byte lnstruct1ons 

Byte One ~ l 0 0 1 Op Code 

Bvte Two !"o7
1 1 1 Do 1 Data or 

Address 

Three-Byte 1 nstruct1ons 

Byte One 1 D l l O ¡1 
O C d ~[_7 __________ -=.....Jo p o e 

Byte Two [i2 1 Do 1) Data 
or 

Byte Three L ~ 7 1 1 Do l Address 

Addressing Modes: 

Often the d~ta that JS to be operated on is stored in 

memory. When mult1-byte numenc data is med, the data, 

like mstruct10ns, JS stored 1n successive memory locations, 

w1th the least SJgn¡f¡cant byte f1rst, followed by increasmgly 

s•gnJfJcont bytes. The 8080 has tour d1fferent modes tor 

addressmg elata stored 111 memory or 111 reg1sters: 

o Direct- Bytes 2 and 3 of the mstructJon contalll 

the exact memory address of the data 

1tem l the low-oroer bitS of the address are 

1n byte 2, the h1gh-order b1ts in byte 3). 

e Register ...,. The instruction specif1es the register or 

regJster-pa¡r in wh1ch the data 1s located. 

e Register lnd1rect - The instruct1on specif1es a reg

ister-pair which contains the memory 

áddres~ VJhcrc the data ts !oc~~ted {:~;e 

h1gh-order b1ts oí ¡J¡<) <..dcrcss are 1n the 

f:rst rcg,~t<)r of thc p;¡¡r, thc low-orcier 

bits in the second). 

o i mmed1ate - Tbe mstruct;on con tJ.ns tr,e data Jt

srdf. Th1s JS eJtr.er an 5-tJ.t quant¡ty ora 

16-bit qw;nt¡ty (lca:.t sJgn¡f¡cant byte f1rst, 

most s¡gn¡fJcant LJVte seco no). 

Uniess d1rected by an interrupt 01 branch instructJon, 

the exccut1on of mstl uctJOns proceecs through consecu

tJvely increasmg mcmory locat1ons. A lxa.ich 1r.struct1on 

can spec1fy the address of the next 1nstrucuon to be exe

,·uted in one of two ways: 

o D1rect- The branch mstruct1on conta1ns the ad

drcss of thc next .nstn .. c~;on to be e;<e

:::u te d. ( ExcP;:¡t f or the 'RST' 1nstruct1on, 

by te 2 COiltJIIiS the iow-order address and 

byte 3 the high-ordcr addrcss.) 

o Reg1ster md1rect - Thc branch Jr.strt~ctJon Jr.d¡

cates a reg1ster-pa1r wh1ch contams the 

addre>s of the next ins~ruct10n to be exe

cuted. (The h1gh-order b1ts of the addrcss 

are Jn the f!rst reg1ster of the pa1r, the 

low-ordN b1ts 1n the secona.) 

o 

The RST mstructJun JS a spec1al one-byte cail instruc

tJon (usually u sed dunng Jnterrupt sequcnces). RST ¡n-

eludes a three-b1t f,eld, ¡::rogram control JS transferred to Q 
the 1nstruct10n whose address is e1ght t1mes the contents 

of th1s three-b1t f1eld. 

Condition Flags: 

There are J¡ve cond1t;on flags assoc1ated with the cxe· 

cution of mstruct1ons on the 8080. They are Zero, S1gn, 

Panty, Carry, and Auxiliary Carry, and are each represcntcd 

by a 1-bit reg1ster in the CPU. A f!ag 1s "set" by forc1ng tnc 

b1t to 1; "reset" by forc1ng thc b, t to O. 

Ur.less indJC<Jted otherw¡se, when an mstrtiCtJon ai
fects a flag, 1t aftects 1t 111 the tollowing manner: 

Zero: 

S1gn: 

Panty: 

Carry: 

l f the res u 1 t of an i nstruct10n has thc 

value O, th1s flag is set; otherw1se 1t 1s 

reset. 

if the most s¡gn¡f;cant bit of the result of 

the operat1on has the value 1, th1s flag ;s 

sct, otherw;se 1t 1s rcsct. 

1 f the modulo 2 su m ot the bits of the rc

sult of the opera1.1on is O, {1.e., 1f the 

result has even parJty), th1s flag- 1s sct; 

othe1 w1se 1t 1s reset ( 1.e., ¡f the result ha' 

odd panty). 

lf the 111struction resulted in a carry 

(fíom addit1on), or a borrow (from sub

traction ora comparison) out of the high" 

ordcr b;t, this fii:;g is set; otherwise 1t 1s 

í¡;set. 

o 



o 

o 

1 

o 

Auxiliary Carry: lf the 111struct10n caused a carry out 
of bit 3 and mto bit 4 of the rcsu: tmg 

'--v¡¡lue, the auxiliary carry is sct; otherwise 
1t iS reset. This flag iS affected by smgle 
precision addJtions, subtractions, incre
ments, decrements, comparisons, and log

ical operat1ons, but is prmcipally used 
With addit1ons and increments preced¡ng, 

a DAA (Decimal Adjl.st Accumula:or) 
instruction. 

Symbols and Abbrcviatioi"ls: 
The followmg symbols and abbreviations are used in 

thc subsequent descnpt10n of the 8080 instruct1ons: 

SYMBOLS MEANING 

;,ccumulator Register A 

addr 16-blt address quantity 

dJta 8-b1t data quantity' 

data 16 

byte 2 

byte 3 

port 

r,r1,r2 

DDD,SSS 

rp 

RP 

16-bit data quantity 

The second b~te of..the instruction 

The third byte of ti\ e inst1 uction 

8-bit addre,ss of an l/0 device 

One of the reg1sters A,B,C,D,E,H,L 

The bit pattern des1gnating one of the regis
ters A,B,C,D,E,H,L (DDD=destination, SSS= 
source): 

DDD or SSS REGISTER NAME 

111 A 
000 8 
001 e 
010 o 
011 E 
lOO H 
l 01 L 

One of the register pairs: 

B reprcsents the 8,C pair with 8 as the high
order register and.C as the low-order reg1ster; 

O represen'ts the O ,E pair with O as the h igh
order regis~er and E as the low-order reg1ster; 

H represents the H,L pa~r with Has the high
orclcr register and L: as the low-order reg1ster; 

SP rcpresenh the 16-bit stack pointer 
register. 

The bit pattern designating one of the regís
ter pairs B,D,H,SP: · 

RP REGISTER PAIR 

00 8-C 
01 D-E 
íO H-L 
11 SP 

rh 

rl 

PC 

SP 

The first (h1gh-ordcr) register of :; des1snat~-l 

registcr pair. 

ihe second (low-order) rcgist<:r of a desig
nated register pair. 

16-bit program counter rcg1stcr (PCH ano 
PCL are used to refer to the high·order ¡¡nd 
low·order 8 bits respectively). 

16-bit st'lck pomter re:¡istcr (SPH and SP:... 

are used to refer to the high-ordcr ana low
order 3 bits respectively). 

Bit m of the rcg;ster r (bits are number 7 

through O from left to nght). 

Z,S,P,CY.AC The condition flags: 

( ) 

--
A 
V 

V 

+ 

* -
n 

NNN 

Zero, 
Sign, 
Parity, 
c,my, 
and Auxiliary Carry, respectively. 

Th~ contents of the memory location or reg

is~e' s enclosed in the parentheses. 

"l s transferred to" 

Logical ANO 

Exclusive O R 

Inclusive OR 

Addition 

Two's complement subtraction 

MultipllcotiOn 

"ls exchanged Wlth" 

The one's complement (e.g., (A)) 

The restart number O through 7 

The binary rcprescntation 000 through í i 1 
for restort number O through 7 rcsp~ctiveiy. 

Doscription For:nat: 

The following pagcs provide a detailea description of 

the instruction set of the 8080. Each mstruction iS de
scribed in the followmg manner: 

1. The MAC 80 assembler format, consistmg of 
the instruction mnemonic and op~rand ficlds, is 
prmted m BOLDFACE on th~ lcft sioe of 1he fi1st 
lme. 

2. The name of the instruction iS ercioscd in paren 
thesis on the nght s;de of tllP flrst line. 

3. The next 1 in e (s) conta111 a syrr.bol¡c des.::ription 

of the operation of the ,nstruction. 

4. This is followed by a nélrative description of the 
operation of the instruction. 

5. The following line(s) contain the binary ficlds and 
patterns that compr.se the machine instruct1on. 



6. The last four l1ncs co'ltam 111Ciden1.al mforn ct1on 

Jbout thc exeCLitlon of thc ¡nstructton The num

bcr of mach111e cycles and states requ¡red to exe

cute the mstruct1on are l1sted f1r>t. i f the mstruc

tiOn h<IS two possible execut;on times, as in a 

Co.<ditlonal Jurnp, both t1mes will be l1sted, sep

arated by a slash. Next, any s:gn1f1cant data ad

dressmg modes (see Page 4-2) are listed. The last 

i1ne l1sts any of the f1ve Flags that are affected by 

the execut1on of the instruction. 

Data Transfer Group: 

This group of ¡n~truct1ons transfers data to and from 

rcg.ster·s .-.nd mcmory. Condition f!ags are not affected by 

anv ,¡,~truct¡on 1n th1s group. 

MOV r1, r2 ( Mqve R eg1sterl 

(r1)- ír2) 

The content of reg1ster r2 is moved to re[J1~ter r 1. 

[o D D D S 
1 

S S J 
Cycles: 1 
S tates: 5 

Addressmg: reg1ster 

Flags: non e 

MOV r, M (Move from memory) 

(r) ...,_ ((H) (L)) 

The contcnt of the memory location, whose address 

1s m reg:sters H and L, 1s moved to reg1ster r. 

o 1 D D D o 

Cycles: 2 
Swtes: 7 

Addressmg: reg. md1rect 

Flags: non e 

MOV M, r (Move to memory) 

((rl) (L)j- (.-) 

Tnc contcnt ot rqpstcr r 1s moved to the memory lo

catlon whose addrcss 1s 1n rcg1stcrs H and L. 

o o S S S 

Cycles: 2 
States: 7 

Address111g: reg. indirect 

Flags: non e 

MVI r, datJ (~.,~ove !mmed1ate) 

[ 

(r) ..,.___ (byte 2) 

The content of byte 2 ot the lllStruct.on oS rnovec to 

register r. 

1 1 
-1 

o 1 o D D D o 
data 

Cycics: ') 
¿ 

S tates. 7 
Addressmg: immed1ate 

Fiags. none 

MVI M, data (Move to memory ¡mmed1":e} 

{(H) (L)) ....-- (byte 2) 

The contcnt of byte 2 oí ~he mstn.:ct1on 1s moved to 

the memory location whose address 1s 111 reg¡sters H 

and L. 

ol o ¡ o o 

j data 

Cycles: 3 
Statcs: 10 

Address1ng: ¡mmed./r.::g. 1nd1rect 

Fiags: none 

LXI rp, data 1G (Load reg1ster p;¡¡¡ lmmcdiate) 

(rh)--- (byte 3), 

(rl) - (byte 2) 

Bvte 3 of tlle instructiOn ,s moved lnfü tha n1gh-order 

registe1 (rh) of thc rcg1stcr pa1r r¡J. Byte 2 of th,! in

strLICtlon 1s moved 1nto the low-ord.;>l reg1ster (ri) of 

the reg1ster pa1r ip. 

o 1 o R p o---¡--- o o 

Cyc!es: 3 
States. 10 

Addressmg: 1mmed1ate 

F bgs: nune 

o 

o 

o 



o 

o 

o 

LD;.\ addr íLoaC: Accumulator direct) 

r 

{A) ~ ((byte 3i(byta 2)) 

The content of the memory locat1on, whosc ;;ddress 
1s specifwd m byte 2 and byte 3 of the mstruct10n, is 
moved to register A. 

G o 1 1 o 
low-order addr 

h1gh-order addr 

Cycles: 4 
S tates: 13 

Addressmg: d1rect ... 

Flags: non e 

STA adclr {Store Accumulator direct) 

((byte 3)(byte 2)) ~ (A) ;: 

Tllf. content of the ¡ accumulator is moved to the 
~1emory locat10n wh(Jse address is spec1f1ed m byte 
2-~n,i byte 3 of the instruct10n. 

LHLD addr 

(L)

(H).-

low-order addr 

h 1gh-order addr 

Cycles: 4 
S tates: 13 

Addressing: direct 
Flags: non e 

(Load H and L d1rect) 

((byte 3) {byte 2)) 

((byte 3)(byte 2) + 1) 

The content of the memory locat1on, whose address 
is specified in byte 2 and byte 3 of the mstruct1on, is 
moved to register L. The content of the memory loca
tlon at the succeedmg address is moved to register H. 

low,-o1 d1!1 .uldr 
1----------

h1gh-order a~ldr 

Cyclez: 5 
S tates: 16 

Aadressmg: d1rect 

Flags: non e 

SHLD addr (Si:ore H and L direct) 

((byte 3Je)yte 2)) - (LJ 
((byte 3)(byte 2) + 1) -+- (H) 

The content of register L is moved to the mamory lo
cation whose address is spec1fied in byte 2 élnd byte 
3. The content of register H 1s moved to the ~uccer~d
ing memory locat1on. 

0- 1 o 1 1 1 o ' o 1 o l 1 1 o . 
low-order élddr 

h1gh-oroer addr 

Cycles: 5 
S tatas: 16 

Addrcssmg: d1rect 

Flags: non e 

LDAX rp (Load accumul.;tor ind1rect) 
(A)- {(rp)) 

Thc content of the memory locotion, whose address 
is 111 thc reg1stcr pa!i· rp, 1s moved to reg¡ster A. Note: 

only register pairs rp=B (rcg1stcrs B ¡¡nd C) or rp=D 

(registers D and E) may be specif1ed. 

o o R p 

Cyclcs: 2 
States: 7 

1 o l 1 

Addressing: reg. md1rect 
Fiags: none 

STAX rp (Store accumulator ,ndircct) 
((rp))- (A) 

o ] 

The contant of register A is moved to thc memory lo
cation whose address ¡s m the reg1ster pa;~ rp. Note: 
only re¡¡.ster pairs rp=B (registers B and C) or rp=D 
(reg1stcrs D and El may be spec1f1ed. 

o 1 o R ~p 1 O o o 

Cyclcs: 2 
States: 7 

Addrcssing: reg. mdircct 
Fiags: none 

XCHG (Exchange H and L Wlth D andE) 
(H)_....(D) 

(L)-(E) 

The contents of registcrs H ;:¡nd L are e>-...:h,:oged Wlth 
llw contenls of rec¡¡:,l('r~ D ,¡nd E. 

1 o 

Cycles: 

States: 4 
Addressmg: re¡:;1ster 

F!.::¡;s: none 



Arithmc:ic Group: 

Th1s group of mstructoons perform~ ¡;r¡thmetic oper
atoons on data m rcgl<;ters and memory. 

Unlcss ind1cated otherw1se, ail instructions in this 
group affcGt t .. c Zcro, Sign, ?anty. Carry, and Auxillary 
Carry f!ags accordmg to the standard rules. 

Ali -subtract1on operatoons are performed v1a two's 
complement arnhmet1c and set the carry flag to one to m
docate a borrow and clear 1t to md1cate no borrow. 

ADD r (Add Reg1ster) 
(.1\) _,._ (A) + (r) 
The content of 1 eg1ster r 1s addcd to the content of the 
;;ccurnula~or. Thc result is placed 111 thc accumulator. 

[~ ~ 1 o o 1 o o S S S 

Cycles: 
S tates. 4 

Addressing: reg1ster 
Flags: Z,S,P ,CY ,AC 

ADD M (Add memory) 
(A)......- (A)+ ((H) (L)) 

The content of the memory location whose address 
1:; containcd in the H and L reg1sters is added to the 
content of the accumulator. The result 1s placed in 
the accumulator. 

1 1 o o o o o 

Cycles: 2 
S tates: 7 

Addressing: reg. ind1rect 
Flags: Z,S,P,CY,AC 

ADI data (Add 1mmed1ate) 

(A) - (A) + (byte 2) 
The content of the second byte of the instruction is 
added to the content of the accumulator. The result 
1s placed 1n the accumulator. 

o o o o 

data 

Cycles: 2 
States: 7 

Addressmg: 1mmediate 
Flags: Z,S,P,CY,AC 

ADC r (Add : .;g:ster woth carry) 
(A) - (A)+ (r) + (CY) 
The comen~ of tegostu r ar·d the content of the carry 
bn are added to t:le contem ,;f the accumulator. The 
result 1s placcd on the acc.Jm ... :ator. 

Cyclcs: 
States: 4 

Addres~1ng · reg1ster 
Flags: Z,S,P,CY,AC 

ADC f·JI (Add memory wlth cc1rry) 
(A)-. (A)+ ((H) (L)) + (CY) 
The content ot the mcmory iocat1on whose address 1s 
conta1ned in the H and L regosters and the content of 
the CY flag are added to the Dccurnulator. Thc result 
1s piaced 1n the accumulator. 

ACI data 
(A) 

o ¡ o 1 o 

Cycle> 2 
Statcs: 7 

Addressmg. 
Flags. 

reg. ¡nd1rcct 
Z,S,P,CY,AC 

(Add immed1ate w1tl1 carry) 
....- (A) + (byte 2) + (CY) 

o 

The content of the seconu byte of the 1nstruct10n and 
the content of tne CY flag are added to the contents 
of the accumulator. The resul t 1s placed in the 
accumulator. 

o o o 
data 

Cycles: 2 
Statcs: 7 

Address1ng: 1mmed1Jte 
Flag>: Z,S,P,CY,AC 

SUB r (Subtract Reg¡ster) 
(A) _.,_ (A) - (r) 

The content of reg1ster i is subtral:~ed from the con· 
tent of the accumulawr. The result 1s placed 1n the 
accumulator. 

o o 

Cycles: 
States: 

Address1ng: 
Flags: 

o S 

4 
reg1star 
Z,S,P,CY,AC 

S 

o 

o 

o 



o 

o 

/ -o 
1 

( 
1 
¡ 

SUB M (Suotract memory) 

(A) - (A)- ((H) (L)) 

The content ot ~he memory iocat10n whose address is 

contamed m the H and L reg1st~rs 1s subtracted from 

the content o,f the accumulator. The result is placed 

1n the accumulator. 

o 1 o 1 1 o o 

Cycles: 2 

S tates: 7 
Addre~sing: reg. ind1rect 

Flags: Z.S,P,CY,AC 

SUI data (Subtract immed1ate) 
(A) -40- (A) -(byte 2) 

The content of the second byte of the mstruct¡on is 

subtracted from the content of the accumulator. The 
result is placed 111 the 'accumui;Jtor. 

1 o 1 1: 1 o o 
data 

Cycles: 2 

States: 7 

Addressm,g: immed1ate 

Flags: Z,S,P,CY.AC 

SBB r (Subtract Reg1ster with borrow) 
(A) -40- (A) - (r) -,,(CY) , 

.The content of reg1s'~er r and·the content of the CY 

flag are both subtracted from the accumulator. The 

result is placed m the
1
accumulator. 

•1 
1 o l o l 

1' 
1 

·1 
S S 

1 
S 

Cycles: 1 
S tates: ·4 

Addressing: reg1ster 
Flags: Z,S,P ,CY ,AC 

SB8 M (Subtract memory with borrow) 

(A) - (Al- ((H) (l))- (CY) 

The content of the memory IOCation whose address is 

conta1ned m the H and L registers and the content of 
the CY flag are both subtracted from the accumula· 
tor. The result is placed m the accumulator. 

1 1 o l o 1 ·1 

Cycles: 

S tates: 

Addressmg: 

Flags: 

2· 
7.' 
reg. mdirect 

Z,S,P,CY,AC 

1 1 o 

SBI elata (Subí.ract ;mmed¡():e 'Nith borro·.u) 

(Al - (Al - (byte 2) - (CY) 
The contcr.ts of the second byte of th.: mstruct1on 
and the contents of the CY flag are both subtíacted 

from the accumulator. The result is placed 1n the 

accumulator. 

1 ¡ o 

data 

Cycles: 

Sta tes: 

Ad.:lressmg: 
Flags: 

2 

7 
1mmed1ate 

Z,S,P ,CY ,AC 

INR r (lncrcment Reg1ster) 

, (r)- (r) + 1 

o 

The contcnt of reg1~tcr r is incrcmentca by one, 

Note: AÚ condition flags except CY are affccted. 

o 1 o D 1 D D o 1 o 

Cycles: 1 

S tutes: 5 
Addressing: register 

Flags: Z,S,P,AC 

INR M (lncremcnt memory) 

((H) (L)) - ((H) (L)) + 1 

The content of the memory location whose addrcss 

is contained in the H ano L registers 1s incremcntcd 

by on~.· Note: All condition f!ags excep~ CY are 

affected. 

DCR r 

(r) 

o 1 
1 o 

Cycles: 3 
S tates: 10 

Address1 ng: re a ind1rcct 

Flags: Z,S,P,AC 

(Decrement Register) 

- (r)-1 

o o 

The content of register r is dccremer.wd by one. 

Note: Ail cor.d¡tion flags cxc<:pt CV are affeclCd. 

o ¡ o D 1 D 

Cycles: 

S tates: 
Addres>tng: 

Flags: 

D 

1 

5 

1 1 

rcgister 

Z,S,P,AC 

1 o 1 1 



¡.)CE .. : 

;,. :J ¡: J-- (¡;~.J ;u·-: 
Tnc cnn:ent of t.le memc,ry IOL<.HI0•1 "";·,ose address ;s 

cunt:..·. ~d 111 the H c111d L r-:r;1slr.: s ;:, cJe;::temcnted by 

onc. N0:c. Ali cond;uon fié.l!:,;S cx.;c¡;L C.'[ are affected. 

~~ o ____________ o _________ o ____ ~ 

Cyclus: 3 
S~atcs. 10 

Address111g. re J .n01rect 

Flags. Z.S.P.AC 

!i\JX r¡J ( 1 ncrement re~¡:strr ,1n1r) 

(1 n) (ri) ....,._ (1 h) (rl) + í 
Tt1c contcnt of lile rcg1ster p<Hr r1) 1s :ncr.~mcnted by 

one. Not.:. No condil1on f,_.us are -.ffcctcd. 

o o R p J o 

Cyclcs· 1 

S tates: 5 
Address:ng. reg1~lcr 

Flags: non e 

DCX rp (Dccrcmcnt 1 eg1ster ¡Jo.:¡ 

(rh) (rl/ ....,._ (rh) (rl) - 1 

The comcnt of thc rer¡1stcr pa1r rp is dccremented by 

one. Note: No condit1on ;l;;gs .:re affected. 

o o R p 

:y eles: 

3tates. 5 
Aodress1ng: reg1ster 

Flags: none 

o 

DAD rp (Add rcg1~te1 ¡;;m to H and L) 
(H) (Ll ...,_ (H) (L) + (lh) (rl) 

Thc contcnt of the reg1stcr pa1r rp 1s added to th¡ 

contcnt of the reg1ster pa1r i-1 and L The result .~ 

piacecl ,n the reg1ste1 pa1r H ,.-,.: L. Note: Only thc 

CY flo.~;:_ 1s affected. 1 t 1s sct 1f tr.cre 1s a carry out of 

the doc:bie prec1s1on add, otnc1 w1se 1t 1s rcset. 

[o ú R p o o 
Cyclcs: 3 
S tates 10 

Addrcss1ng. rC~iiStL•r 

Flags: CY 

DAA 

~o ~c.r ~~ t'NO to:.. l -;:l L;~.idíy-Coc.!ct~ 0c.:c.. 11101 G,~q:; e~' 

t1lC fOJi0 1/JIIl9 ¡~í()t._,, SS: 

2. 

occL.rnL::znor 15 9~'"t.Jter th~.l ., .. ;;~ ~~- tnc AC r!ag 

1s set, 6 1s adc:ccl to tile acccd :•,LJ ~or. 

lf thc valur- of ~he 11lús1 ~.~,¡~~~:~~-··lt 4 IHts of ihe 
JCt.LHllUici~(JI ¡~. novv ~~~~tt;r u"nj:l S, Gf' ¡f the CY 

flJg 1;:; 'Jet, G ,·) JoduG Lo~~· n1ost s~gn1Lcant .~ 

U1Ls of ~L:¡;; .. h:culnulatúr. 

NOTE. Ali fl¡¡gs ;.re ¡,fí cctcd 

o o f) 

Cyclr>'~. 

Sc<~iC~. 4 

Logic;:;i Gr0up: 

Th1s fliOl, 11 of IIJJt• ~~c~IOI~S pl'!r~o ~~ 1091c~11 (3o.J:ca.1) 

operat1ons on cl~tJ 111 f<]·í!Sl<lr~ ; •• ~d n·. · 0r•; ui•U on conel•· 

11011 flags 

group aff0ct f¡;<J L.'"· S1¡;.1, :'J11ty, , .>-.lil<ltV C:Jiry, ¡¡: • .:. 

Car:y fiJ,¡s o.~ccord:n~¡ :n l·l•' :.ldllíi,1rd 11. s 

ANA r (Ai': J ¡-;, J:stc: / 

(A)~ (A;/\(.; 

Thc corner~t 0: 1 ~:..i'~tc. ¡ 1s los ::·¡ an~..!t'!rl \.Vdh t•1C 

contcnt o~ ¡!~e aLcUI·,w'.ltor. TI ·. 1 '!>Uit IJ plzccd ''' 

thc accurr:u:~.tor. Th;; CY fwg 1s, :. ¡¡·cd. 

f:;.i\iA M 
(A) 

o o o ' S 

StJtC~ 4 
Adurc,~.:~sl' rcg1stc· 

Fl¡;~~: Z.SJ>.;~ '!.AC 

(AN D 1~wrn": y) 
-- (A)/\((H) (L)) 

r• 
.:> 

The contLn<s oí t:~c .n~n1o1y ~oc • on whose ¿¡cL!.<.s. 

1s contélincd 111 thc h dnd L :cs1stc . 1s :o¡,¡cally <:nC•'•• 

v"th thc cor.tent flf the üCClli1l.' .;_,,. Thr ~t:St•!l 's 

plc;ced ¡n the accL:muiator. Th<J e', ; .. ,:J is c:carcd. 

o o o o 

Cyc!,',. 2 

StvtlJ::a. 1 

Au .. -lt05Sin~· it"G j¡¡, 1 ..;C'" 

,--, ... :::,'· Z,S,P,.__ " .AC 

o 

o 

o 



() 
( 
: 
l 

1 
¡ 
l 
' l 

' 1 
' 

() 
' 

ANI data (AND immed1ate} 
(Al -- (A) 1\ (byte 2) 
The content of the second byte ol the mstruction is 
log¡cally anded w1th the contents of the accumulator. 
The result is placed in the accumulator. The CY and 
AC flags are cleared. 

o o 
data 

Cycles: 2 
States: 7 

Address1ng: 
Flags: 

immediate 
Z,S,P ,CY ,AC 

o 

XRA r (Exclusive O R Reg1ster) 

(A} .....- (Al 'V (r) 

The content of register r IS cxclusive-or'd Wlth the 
canten( of the accumulator. The result 1s placed in 
the accumulator. The CY and AC fl¡¡gs ¡¡re cleared. 

o ) O. 

Cyclcs: 
Sta tes: 

Addressmg: 
Flags: 

S J 

4 
reg1ster 

Z,S,P,CY,AC 

S 1 S 

XRA M (Exclusive OR Memory) 

(A) - (A) 'V ((H) (L}) 

The content of the memory location whose address 
1s contained in the H and L registers is exclusive-OR'd 
with the content of the accumulator. The result is 

placed in the accumulator. The CY and AC flags are 
cleared. 

o o 

Cycles: 
S tates: 

Addressmg: 
Flags: 

1,: 

2 
7 
reg. 1nd1rect 

Z,S,P,CY,AC 

o 

XRI data 

(A)-

(Exclusive OR immediate) 

(A) 'V (byte 2) 

[ 

The content of the second byte of the mstruction is 
exclus¡ve-OR'd with the content of the accumulator. 

The result is placed in the accumulator. The CY and 
AC flags are cleared. 

,1 o o 
data 

Cycles: 2 
S tates: 7 

Addressing: 1mmediate 
Flags: Z,S,P ,CY ,AC 

ORAr (OR Rcgister) 
(A)_,_ (A) V (r) 

The content of reg1ster r is inclus¡ve-OR'd w1th the 
content of the accumulator. The result 1s placed in 
the accumulator. The CY and AC flags are cleared. : 

1 o 1 1 o S 1 S 1 S 

Cycles: 
States: 4 

Address 1 ng: reg¡s;r 
Flags: Z,S, ,CY,AC 

ORA M (OR memory) 

(A) - (A) V ((H) (L)) 

The content of the memory locat1on whose address is. 
contamed m the H and L rr:g:stcrs 1s inclus1ve-OR'd 

with the content of the ac._;u,nuiator. The rcsult is 
placcd in the accumu la ter. Thc CY and· AC flags are 
clcarcd. 

o o 

Cyclcs: 2 

States. 7 
Addrcssmg. 

Flag~: 

reg. md1rect 
Z,S,P ,CY ,AC 

ORI data (OR lmmcd1atc) 

(A) - (A) V (byte 2) 

o 

The content of the second byte of the 1nstruct1on is 
mclusive-OR'd w1th the content of the accumulator. 
The result 1S placed m the accumulator. The CY and 

AC flags are clea~ed. 

1 1 o o 
data 

C·¡'clrs: 2 
S tates: 7 

Addressing: 1mmed•ate 

Flags. Z,S,P,CY,AC 

CMP r '(Compare Register) 

(A) - (r) 

The content of reg1ster r is subtracted from the ac-. 
cumulator. The accumulator remains unchanged. The 
condit1on flags are set as a result of the subtraction. 
The z flag is set to 1 if (A) = (r) .. The CY flag is set to 
1 if (A) < (r). 

o 

Cycles: 
S tates: 

Addrcssmg. 
Flags: 

S 

4 
register 
Z,S,P,CY,A<.; 

S S 1 



CMPM 

(A) 

(Compare memory) 

((H) (L)) 

The content of the memory locat1on whose address 

1s contained in the H and L regi~ters is subtracted 

from the accumulator. The accumulator remains un

changed. The condit10n flags are set as a result of the 

subtraction. The Z flag is set to 1 if (A) = ((H) (L)). 
The CY flag is set to 1 1f (A)< ((H) (L)). 

CPI data 
(A) 

o 1 ' 

Cycles: 2 
Sta tes: 7 

Addressing: reg. 1ndirect 

Flags: Z,S,P,CY ,AC 

(Compare 1mmediate) 

(byte 2) 

o 

The content of the second byte of the instruct1on is 
subtractcd fronf the ¡¡ccu'mulator. The condition fl¡¡gs 

are set by the result of the subtraction. The Z flag is 
set to 1 if (A) = (byte 2). The CY flag is set to 1 1f 
(A) < (byte 2). , 

data 

Cycles: 

States: 

Addressmg: 

Flags: 

" 1, 
RLC (Rotate left) 

2 

7 

immediate 

Z,S,P,CY,AC 

(An+l) - (A0 ) ; (Aol - (A7l 
(CYI- (1,7¡ 

o 

Thc contcnt of thc accumulator is rot¡¡ted lcft one 
po•.1tion, Tho low arder I.Jit and tho CY flag are both 

sot to tlw valwt,~hlftocl out of tho hioh onhH' h1t posi· 
t1011. Only tilo CY fi<~{J is ¡¡ffoctod. 

o 1 o 1 o 1 o o 1 1 1 1 1 1 'l 
Cycles: 
States: 4 
Flags: CY 

4-iO 

RRC (Rotate ri~htl 

(Ar)- (An-11; (A7l- (Aol 
(CY)- (Ao) 
The content of the accumulator is rotated nght oneo 

posit1on. The h1gh order btt and the CY flag are both 

set to the value sh1fted out of the low arder bit posi

tion. Only the CY flag is affected: 

o 1 o 1 o 1 o 1 1 

Cycles: 

States: 4 
Flags: CY 

RAL (Rotate left through carry) 

(An+ll - (An); (CY) _,_ (A7l 
(Ao)- (CY) 
The contcnt of the accumulator 1s rotated left one 

pos1t1on through the CY flag. The low order bit is set 

equal to the CY flag and the CY flag is set to the 

value shifted out of the h1gh arder b1t. Only the CY 

flag is affected. 

o 1 o 1 o 

Cyclcs: 

Sta tes: 
Flags: 

o 

4 
CY 

RAR (Rotate nght through carry) 
(A 11 ) .__ (An+l) ; (CY) _,_ (Aol 
(A7I .__ (CY) 

o 

The content of the accumulator is rotated right one 

posit10n through the CY flag. The high arder bit is set 

to the CY flag and the CY flag 1s set to the value 

shifted out of the low order bit. Only the CY flag is 

affected. 

o. 1 o 1 o 1 1 
1 

1 
1 

1 
1 

1 

Cycles: 

Statcs: 4 
Flags: CY 

CMA (Complemcnt accumuldtor) 

(A)- (A) 
Tho contcnts of tho ¡¡ccumul.~tor illl! t:omplcmrntcd 

(;,(•ro bit~ lwcomo 1, lliW bits lwGt!llllJ 0), No íl.a¡¡s ..ru 

affcctod. 

~-o __ l __ o ________ o _______ l_, ___ l_, ___ l_1~lc=J 
Cycles: 

States: 4 
Flags: none 



i' 

' ' ·o· 

o 

o 

' ~ ,., 
~.:v;i,. '(Complemcnt carry) 

(CY) :_ (CY) 

. 'The CY flag 1s complemented. No othcr flags are 

affected. 

.... ¡_:·P. 1 1 . o ... 1 

:~re (Set carry) 

(CY) -1 

1 :. 1' 

Cycle~: 

Sta tes: 

Flags: 

'' 

4 
,CY 

··¡ 

· T-he :CY flag 1s sct to 1. Nó other flags are affectcd. 
' ' ' ·.1.· ., ' ·. ' 

o o 1 1 . . 1 1 ,.¡ o ¡. r 1 . 1 . 1 

.,, 
'~ .. ;-' ~·.:·:J ~; t 

" Branch Group: 

. '-: Cvcles:. 
.. ~~~ ~:stat~;: 4 ':' r Ftahs: CY 

•• 1 • 

._1, \ •• 

. 'ThiS 91'9.UP ,of instl ~ctions alter normal scquential 
' 1 ' ~ • ' ,' ' '< 

';Jrogram flow.· ·:; · ·.• 

Coi1dition fiags are !'!Ot affc~tcd by any instruction 
~i·n thi~ gr~up'. . :: . 

. , The two types of branch instructions are uncondi· 
'tional' and cond1tional. Uncond1tional transfers simp(y per· 
. form the specificd operation on register PC (the p1:ogram 

~~u~ter). C~~diti.Onál transfers exarnine· the Status ofone of 

·the four processodl¡¡gs to determine if the spcéif1ed ,b' anch 

is to be cxecuted. The cond1tions that may.be·specified·are 
:;. • 1 

as follows: . 
1 

1 

CONDITION 

p 

M 

.not zero (Z =; 0) ... 
zcro(Z=.1) 
no 'c~rry (CY;, 0) 

-· c:Jrry ·(CY = 1) 

- parity odd (P = 0) 
p¡¡nty ~ven (P = 1) 

plus (S= 0) ·~ 
minus-(S = 1) 

JMP addr (Jump) 

(PC) - (byte 3) ¡byte 2) 

e ce 

000 
001 ' 
010 
011 

100 
101 

110 
111 

~ontrol is transfernid to thr::' instruction whosc dd :' 

} 

1r1struct:on. 

-~..:__-..--,.----.----:---...,-''-;··~ 
o 1 . 1 1 o o o 

lqw-order aC:dr , 

higi~-crder addr 

Cycle~: 

·S tates: 

Addres;1ng: 
~ - ", .. 

'' 

'"· ' .) 

lC :·· 
im1,.;Cd1ate 

(Condltional jump) 

lf (CCC), .1 

(P.e) - (byte.3) (byte,~)~_,.-, 
:lf thc spcc1ficd cond1tion· is-~'tru·~. cor,, ¡. :s tr.ms

ferrcd to the mstruction \~~~~·!M: ¡;ddress i· .. J..;c&¡ •. 1d 111 

byfd 3 and byte {of thc C~.Ji::'ent instn,u., Gn; Otllcr· 
{,• ... ,. ",cl¡. )~·:¡,,~ ~ -\' ., ( 1 ~,ro'- /: .¡; ,'~1 1 

WISC Control contlllUCS SCQUCild~.·•Y. , , ., .. ~,;~_.~.,~1: 1! ¡,!~·\: ........ · .. 

'1 • ~ 

-¡.) ;, ,•1 

• j 

h 1gh-ordt!r <:~el~· 
'"'' ]' 

Cyc:es. : 3~ .. > ·~' 
· · · St.Jtcs: '1 ú 
Aadress.ng: · Ii~ jr¡icd:'-ttc . ., 

non~·. ·". ) .. ~¡' t ~ 

!\\, .... ~ e 
J· '-', • 

C.:.LL addr · (Call) 

((SP)- 1) ~ (PCt-11 
((SP) -·2) ..__ (PCLf 

., (SP) ~ (SP) - 2 
(PC) ~ (byte 3)' (byte 2) 

Thc high-ordcr'- e1[Jht bits of ti1c .nex~ in:. t. t'~tion ad
drcss are moved · to tho·' n~l{i;:ory l'oc.•t :,m w~osc 
ndc!rc~s· is one less thun thc con~C>nt or •·'·ll~lt)r SP. 

· The low'-ordcr e1ght b&ts of 1hc ncxt m~t. t.cuon ¡¡d

d~ess are moved to the rnemOíy locc.r::on · whosc 

address is {...;o less tharí the'·contcnt of ; :::¡1stcr SP. 

Th~ cvntent' of register SP ¡; cl~crcmcl1tcd ·'Y ~' Con
tra! 1s transfCired to thr. insu:uct;on·whos.·· ác!~!ress is 
sp~c1ficd in byte 3 a1Íd Lytc 2 oi · t:1e current 

;- instrLICtion. · · 
~ : .. _ '{,-1' r ¿j '• -¡ 

;·irrl, 1. o 1 ·a o 1 

~-----------------------------------~ 
low-o; dc1 ,¡~Ül& _ __:;__......;, ______ - ---

Cycle:s: ¡:;' o 
State~: · . 17 

Addrcssing: ¡mmediaté/reg ... 1cilre.:t 

Fla¡¡s: r1o..1ne 



\;SP)- ¡) -<~- (PCH) 
l(SP) -- 2) _,___ \."CL) 

,SP) .,_ (SP¡- 2 

(PC) -·- (byte 3) (byt¡; 2) 

1 f tnc s,ll·-;¡f¡ccJ cond1t10n IS ti ue, thc i1Ctlons spec:f1cd 
111 thc c,'.LL 1nq; uct1011 (sPe abuvc) Jrc pcrfor mcd, 
oth,;,vJ.s,,. contro 1 c,)rH:nuc~ :,~qu,;nuully. 

e e e l o o 

low-orrlcr acldr 

L h,~¡n-ordcr Jddr 
------------------~ 

Cycles. 

S tates: 

3/5 
1 í /17 

Add1 css1ng: unmcd1atc/reg. indirect 
Flogs: none 

RET (,L t1<1 11) 

¡--
j 

ií>CL) --- ((SP)). 

leeH\- ((SP)-r1); 

(SP) - (SP) + 2; 

Thc conl,•nt of the mcmory locat1on whose addre~s 
1s ~pcc¡L,;c: 111 1 cg1stc1 SP 1S movrc; to the ,low·o• der 
Cl!]ht bit' of rcg1slc1 Pe. Tlle contcnt of t!lc mcmory 
loc;lt¡on wiwsc acldrrs~ 1s onc 11101 e than thc content 
of rc~1st' , S? •s moved to the 111gh-ordcr c1g11t brts ol 
rP\)ISter PC. Tl:e contcnt of rcg1stcr SP 1s 111crcm~nt?c: 
by 2. 

o o o o 

Cyclcs: " .,) 

S tates: 10 
J ,ddressmg: reg. 111d11 <!Ct 

Flags: non e 

Rconc!ít10n (ConditlorJal return) 

lf (CCCi. 

(PCL) - ((SP)) 

(PCHI ..,..._ ((SP) + i) 
{SP) -•- (SP) + 2 

1 f the s, •~c1fieq cond1t1on is true, the dCUom spüc1f.cd 
oll thc .~ ET tnst. UCtiOil (see above) :..: u performcd, 
otherw.~.e. control cont1 nues sequent1a ily. 

1 ' 
L·_ ------~L __ c ____ c ____ c __ ~o _____ o ____ o~ 

Cycles: 1/3 
States. 5/11 

A¡:ldressing. reg. 111d11 ect 
Flags: none 

',~' ' 

\ \ ::;: , , -- ~- J , ~- ._ L J 

(S~Jl - ,;:;,:.· 

\?CI _,___ ~~' , ... ;:1!¡ 

ThP h1~;n-v.c.~.- l',tJh: i.JJ~s o~ tnc .L.~~xL ¡,-,·._¡ ... ~~~ú: ,11. 

l!rl.ss drf! lnt;'h'J LO dl8 rnc.liO' '/ :c.n:~~LJc.,r~ ~~vi·~~~~· 

add;e~s IS one 1."., 1i1il:l •he CGill· r•t o: IC~J·~·lU S,' 
Thc low-ordl:r í:i<;ht o~lt~ of ¡:;ll~ ll···xt ¡,¡c;Ln¡cuor, ;.( 

dre~s a1 e moved u, t:l,: m en ,c_,. '/ ;, '"il t,o,; wh.J " .. 
,~dJress :s two ir"." ti1c~n the co<~~c,~: oi . eg1·;ter S2 
Thc conH:Ill oí 1 r:qtster SP ,, r:r~,.r,. ¡r:nt.J(; b¡ t'i~<l 

Control '" tra,1<;furtC'd to th<.: ,,,,,r: · :,on Nno•e ¿,¡J 

dress 1S e1r¡ht tmw'> ,he conte.u of 1 ... ;,;, 

----~---.------¡ 

r~ í'l 

&J 14 í3 12 11 :~¡ ~) 1 

Pro¡¡ra,lt eounter Aftdr :-l..:s '·" t 

?CHL (Jump ri ,;,¡e~ L 111d1rcct- rnov.:; H ar.d L to ?C¡ 

(PCH) -+-- (,¡) 

(PCL) -o- (:...) 

Tn0 conl.c.lt ot 1 ('~¡¡~ter H '~ nlVVL( ~o thc L~·.·~ ._..,, ~_:\.~! 

e1ght bJl~ of ll!t!l'dlJI PC. Thc cun~c¡,¡ "1f ,._.:, ~~; ~ ,.., 

moved to ti1e 10\N-ordcr CIS;lt l.Jits o, r.·~,i>ld ?C 

1 J ¡) o 

.~¡;_¡tes. 5 
/-\uúr¿ss111g. reg1ster 

Flags: none 

o 

o 

o 



e o 

---~ --.-- ___ _;-__ 
~-----

StJck, 1/0, and Machine Control Gróup: ·. 
1 • 

This group oUns!ructions performs 1/0, mánipulates 
the Stack, and al ters inte~nal control flags. ·- · . 1 .' ~ 

untess otherwise specitied, condition tlags are· not 

affcctcd by any instructions in,this group. 

PUSH rp (Push) 

((SP) .~ 1) - (rh) 
((SP) - 2) -- (rl) 

(SP) - (SP} - 2 , . , . 
Thlcontent of the high·order regis.te.~ ;f register pair 
rp is moved to the memory location whose_ a_ddress is 
one less !han thc content of rcgister SP. The content 
of the low·order register of register palr rp ¡~ moved 

to thc mcmory locatibn whose address is two less 
than thc contcnt of rcgistcr SP.•The contcnt of reg· 
ister SP 1s dccrcmented, by 2. Note: Reg1stcr pair 
rp = SP may not bo spccificd. 

t.1! Rl P[o 1 o 
¡: ' 1 

Cycles:' 3 '
1 ,.,! 1 ') l 

S tates: 
Addressilig:! 

Flags: 

11. . '•"1 •¡¡; 

reg. indirect 
non e 

PUSH PSW (Push processor status word) 

'((SP) -1) - (A) . 
((SP) - 2lo ....,._.: (CY) , ·'((SP) - 2) 1.- 1 
((SP) ·- 2)2 ..,._ (P), 1((SP)- Íl3- O 

((SP) - 2)4 - (AC) ,1 ((SP) - 2¡5 - O 
((SP)- 2)6- (Z), ''((SPl-.2)7- (S) 
(SP)----(SP)-2 ¡: ~· •. 

Ttíe contcnt of registcr: A is moved to the memory 
location whose addres¿ 1 is one less .than ~egister SP. 
Thc contents of · the c'onchtlon 1'flags 'are assemblcd 

into a processor statusi Y,ord anc;l the word is moved 
to the memory location whose1 address is two less 

1 
than the content of· register SP .. The content of reg· 
ister SP is decremented by two. 

1 . 1 
i' tJ 

1 

Cycles: 
Sta tes:· 

Atldrossi ng: 
Flags: 

o 1 :. 1'. 1 o 

3 
11 
rog. indircct 
nono ~ 

'1 

FLAG WORD 

· · .J· ~ .. .j. .·z . J .. _'o , j )\e .1 . b · 1 P~::l ·1 CY 
'' ·" 

;. • ,' ,) 1 t ~ ,·, 
,, :, 

., 

•' 
POP rp (Pop) 1' 

'l (~1) .._:. ·¡ (SP)) 

(rh) - ((SP.l +·1) 
(SP) ...- (SP) + 2, 
The content of ~he memory' location, whose addrcss 
1s spec1f1ed by the'content of register SP, is move~ to 
the low-order register of register pair rp. The content 

. ~ ' ' 
of the memory location, whose address is one mo~e 
than the content of register SP, is moved to the high·, 
order reg1ster of registcr pair, rp. The content of reg

ister SP ls incremented by 2. Note: Register pah· 
rp = SP may not be spccified. 

R 1 p o 

~ .- cvcícs: · 3
1
-

Statcs: 10 

'"''' ¡1¡ 

o ·a ·: 1 

Addrcssing: reg. indircct 
Flags: none 

POP PSW (Pop processor status word) 

.. 
' 

(CY) -- ((SP))o 
(P) - ((SP))2 

. , (AC) - ((SP))4 
(Z) - ((SP))6 
(S}'_·-. ,(•(SP) )7 

,, .. (A) - ;((SP) + 1) 

(SP) ._.(S~)+ 2 
The content of t~.e mcmory lócat1on whose address 
is specifiüd by the contcnt of reg1ster SP is ~sed to 
restore tt¡e conpition. flags. The content of thc mcrn· 

ory location whose .a~~ress is one more than the 
i:ontent of register SP IS, moved to register A. The 
content of register SP i~_mcremented by 2. 

1----:-----1 _1_1 __ 1 _o_l_o __ o---:--:---.Jl· . 

· .. ; · :·,,·:' "' -' ,, ¡ : '·' Cycles: . , 3 . '· 
:_l _;, l > 

.:~ 1 •• ··:,·' .,, ·¡ '·States: ,, 10. 
.. , ;. ' · , .. ¡· · ·' ·· ~ ·. ·V · Á:daressing: · reg. indirect .. 

, · - ~ F lariS: Z,S,P ,CV ,~C , 
' ' 1 . ' ~ l. - 1 
~ ~ ' ~ 1 ' " -

f . .' • ' -~. •• 
! ... ' ~ ~ ... .., -~ , 1• .J. 

1 

'1 



,,, 
' ' ' 

' 

1 ,\\ 

-,~ . 

l'j 

,. 
' ~~ ,,, 1' -: ~~ ~. 

'; '" 
¡ 

,_, jr. 

" \ 
' \ 

'1! "" , ... .-.. r-~ r-..,J• 1" lr" • 

l]) ( 



m Cf¡QCOMPUTER SYSTD1 

FU~fCT ION AL SECT I ONS 

OJ 

,.., ,• 

• ,.·,. 1• 

- --~~ ·-~--- -

~"- __ , 

1 

'. 1 

. ' . '~-- - ....... ~.,~ ..... .,_.__, 

. ? - -, 

O PROGRM1S 
ADDRESS STACK 
DATA 

0 OPERATIONS 
DECISIONS 

O n:TERNAL 
CO~\MUN 1 CA T ¡ ON 

1 -, 



L 

ti A e 11 I ¡J E l rl S T R U e T I O í~ S 

TYPES:-
• . REGISTER • ARITHi1ETI C • LOGICAL 
• HJPUT/OUTPUT • COíiTkOL 

INSTRUCTIONS MAV BE ONE, TWO O_R THREE nYTES LONG, 

EXAI·i?U:S: 

MOV e,A 

ADI 7 

JNP 4296H 

EXEeUT le:;~ SEQUENeE 

PROGRI\11 SEGMENT 

1 - INPUT VALUE 

2 - ADD SEVEt-1 

3 - OUTPUT VALUE 

STEP ::u,''.BER ---
lA,;~. e, D IN 4 

2A,B,C ADI 7 

3A,3,C,D OUT 2 

.. 
re'~ _,;;i_" . ? \, -~:,> i.'J~4- • 

.. ;ov CA 

l _ADI 1;- .~. 

7 
1 1 ~-

JnP. 

95 

42 

DATA DUS 

• 1 • 

!.:!). 3A 
~J ' ' l : 1 ' 

~ lB \11 2B ~; ,J ,r V ~ 
~ 1 ¡ 1 

1 
,. 

·~_l_l_j 

J 
!: 

\ 

úlD 
·¡ 
,1 

' . í 

¡ 
l 

'!-' . ¡-:-------; ;j 
. ~ '/" :~ ·" L ' u· . }J--'-----' 

--¡ 

, ;NPUT 
1 bcviC:e 

2-6 

-O] 

J 0__. 

óJ 



S y S ~ E M 1 N T R O D U C T ! o ~ 

.O 

8080 

'.' 

.-. ·t:-..,;..=.... 

... ~-~' i . \ -

.. , ' 1 ~ 1 

• J 1 ,. ',¡ 
• '"' .. J •• 

. ( .... '\ ~ .- ' : . ~' ; , j'; ' \.~ ~ r , , ~ • 

-

O· 

•"¡'J"r; . , 

• ~ 1 1 - ~ ~ ~ 1 

.. 
1 ':' • 1 ) ; 

. \ ,/"': _... "-.... '""' 
~- ' ' . 

.o 

., 

2-7 

ADDRESS BUS (16) 

1·/RITE DATA llUS (3) 
)., ., 

., ' -

' 

),' 

·'' ( 



DESIGN GUIDELI~ES 

o DEFINE SYSTEM PROBLEM 

DEFINE PERIPHERAL EQUIPMENT 

FLOWCHART BASIC SOLUTION 

H.1~RD\~ARE & SOFTHARE 

..., "" 

( FLOHCH1.RTS 
( PL/f'i CR ~1\SBff:. LAl~G. CGO I r:G 

~ DEBUG P~OGRA~S & 
\,. 

P nr"""".""~-1·yD e :\u l u r c. 

o 

o 

o 



o 
re·. '· -. , ·~ J 

-( ,~. ~ ; .: - r , 
'._·.J¡_" ' .•, 

,-, 



N 

e o 
{,_) 

o Built-in 8i-Directional Bus Driver 
for Data r,.,,.,;; lsolation 

PIN CONFIGURATION 

STSTB 

HLDA 

OB!f'~ 

DBI 
8228 

07 

iJ Allows the use of Multiple Byte 
lnstructions (e.g. CALL) for 
ln~~wrur¡t .1\::-:knm':!leclq a 

o Use:r Se!ectecl Single Leve! l;¡~orn!~)t 
Vecior (RST 7) 

V ce 

1 0.'1 

'r'.::.M•'' 

1 ')q 

~. T ,._. 

aus:~J 

DG 

: ~~;~-~~ T 
,-:;;· 

. -

CPU 
DATA 
BUS 

Do-..-:. 
o,--
o,~ 

8228 BLOCK Dlí~GRAM 

-

0 3 - Bl DIRECTIOUAL 
D ~ BUS DRIVEf\ 

4 

os
o--6 
07-'--< ~ 

S fSTB --~ou-------- -- ---------~--------

DBIN ----- -- ~--- ---------- -- -~~----

~i -~---------- ----------------
HLDA. --------- --------- -- ------ -------

PIN NAr.iES 

DAT.:..-EltJ'l t2C;-~~-~-?Ej-~_ ---=· ~ ~~~¡~ _-¡ ~~-iTEF~nU~T f'CV!-Qr',Lí:..''",r 

D/lT~\ tJIJ~ S f$7::•,~ s::H:.I ' HLDA ~·: [.•t,¡¡ i\ú',1 :0¿0, 

10 ;.~ ·~' - -- -,' ~·,r '11'~ (íf (}',' ~>:~n, 

1 1 o,.-¡ !: Lt' - '~ 

--

'_··E-'-'_8 ___ ¡1VE_r.• Jr-. r H~; C~ _ 
61~--.;;¡¡ tlt~. 1 Qf1Y 1'.~~~--:'t 

0~~·~ _ D_8 1 ~t_{~~~D','_ ~~~~':: _ 

-{: STSlB _
1 

Sl/l,IU5~ff,::_;:::::: !tr1 ')\1 [:2?4' 

__ -J L¿i:~~~-- h~;9_~ l 5--=~-~~~-~=--:-=~-: 

1/0W 

)--- BF~,¿.-::,. 

- __ r>---~~ ]"' T ;, 

.O -----~-- -------~-- --- ~--~----o~-~--------- o 



o 

o 

Q. 

8080A 
CPU · 

18 
WR ro----------, 

DBI N i-1!..!7---------. 

HOLA 11-'2::..;1~~--, 

~~ 11-':=-o·--,...~ ~....¡ Bt- ~:o l 
8 12 11 

1 

.. [¡ D2¡¡...:7::._.-;,......,1e-O-! g><-- DB2 ~ 

~
. o3 8228 - . -oa 

· 3 6 131-D!RECTIONAL 5 08
3 

DATA SU:> 
D4 BUS DRIVER . ..,......__ 4 

~
- D 4 19 18 DB 

's 2,• u::-' 0 6 ~ • <-DBG 
~ D ~6 8 7 J ""'~ ____ .._,;.,-.;..:¡7~--=í . . . ~-os, 

~------
~ 23 

INTA 
' 24 --

1 ~MEMR 

(FROM 8224) STATUS STROBE---..ol ~ iilfEM W CONTROL BUS 

~ttoñ 
-~ · ··· ·· BUSE~ -.,-.;;__-

2
;»<
2

:YJ fO 
27 

- 1/0 W 

) 
' ... ' ~ 



P!N COI\:FIGURATION 

:.::::r~ :::" 
RDYIN L1.1 14 b XTAL 2 

RUIDY d 4 11 !=J TANK 

3224 b 
SYNC L 5 17 DSC 

:11TTL) 11b~, 
STST!l 10b~2 

GI'<O 

~ r:~! ~ '~ ,: í;: ~::~ 
~)~t .. ·'.J~:..t 

BLOCK DIAGRAi\'1 

OóC @> 

,,, Q> 

~~ ~ [~> 

\•1 tTi u E> 

"" . 1 ~'""' li> 
•llSlN_j~~ 1 

[!> IIDYIN 

PIN NAMES 

2-84 

SCI1MITT 1 r 1 

INPUT r-u ._---iiLSET Q> 

[.F 
lJ 

o 

o 

_ __,_O 



o 

o 

o 

,..--------¡ 
1 f\.Jv\...)Jil 

i lrGJh ¡ i 1 

I : 1 

- i 1 

L----·----1 ¡ 
/ 1 

F:::--'-
2" ..... /LC-

USEO CNLY 
FOR OVERTONE 

CRYSTALS 

GND 

GND 

8080A 
CPU 



21 
GND 

20 
+5V 

11 
-SV 

2fl 
+12V 

13 
!.VSTCM DMA REO--- HDLD 

SYSTLM INT REO ----
14
-¡INT 

INT ENABLE ---~16'-! INTE 

J .. , 
]r, - "2 

24 
~11/AiT 

23 
RFADY 

12 
HESET 

19 
SYNC 

aoaor~ 

CPU 

r,J_;_s ______ _ 
------Ao 

------A, Í 2C A,r;;-----
1\ ' '----------------- .... ¿ 

) ~ 20 
A ~ ;\3 

A:~~-=:-=~----------------- .:..,¡ 
A .~~------------------- As 

A;:¡ .<2 

:13 
A 1-

1 l34 
Au! 35 
11ol 

'1 A lO¡--
~0 

,,, f- ---

--,\ ,, 

------------------ ,. 

-------.'\.,, 

! 37 
A¡;,>-------

¡:,!) 
A,J¡- '',J 

• { 19:._ ________ ---- --- ----- A, • 

"11 ~~~ c_:G ___________ _ 

1\13 ~B 
I'Íil ¡->---- ·-------, 

1 

1 

',¡ 
DBINr---

HDL/\ ~1------- 1 
2l 4 1 3 '~ 

-A~~ 

¡ 1(J 1S 1 t lJ :'f ~-;, 1 Du r~ ~~=-= =-=~-= :::~: 
i7 11 

D] - -;-0- 82/S ~-----DO .• 

[) ----- :JI DIRECTIONAL r--- DB, 1 
G BUS ORlVEH 5 

11 4 -- -------onJ 
1q 18 

o, - -----¡ ¡ -------- llll., 

5 zn l ?o 
0 6 -----:~ ------- DRr. 

D 
6 ~f ~ 

1

------- 007 
1 2B - - - - - -'""~ l3 

'-----------' +!,V ~ f',>.-;------ I~H.\ 
YL_7 ______ .:::;;_:.__:_:.:::;;_=_:_: ______ G_N_o_· ~~~---~· SYSTEr" 1- )--zr, ---- MOl f< _ STATus·s-fROO( ., i " 

CONTROL f~~---- Ml r; W 

22 ~~--- 110 '' 
BÜS-EÑ ------ ' ?7 1 \0------IÍO-W 

8080A CPU Standard Interface 

2-86 

----- ____ o 

1- DATA lliJS 
1 

1 
1 

1 

- l U!\ l HOL lllJS 

o 

o 
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@'},'M''>] 2 ?:fxl ~--=.=,. 

.r- . 1 : . 

o F 

.,1 ""·1 ~ a -----• <r:J21 Q 1 
-, 1 1 

1 ~ D : j 
1' 

(~) 

S'fH:zl 
~.,t~(j 

9JHJ .?1~® a 
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1 1 r¡ t, e~, 1\ l.l. 

----.::>--, 1 

i ¡¡ 
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t,..o :::: 2t t .... 
tDS2 

MIN ~-' Mi\X eYMIN DSSM \ ,, 
j 1 .\. '"'De;\1r'\.X 

1 

= 960 - 326 - 60 - 150 

= 424 ns 

t = 2t 
Aee1MAX eYMIN 

= 960 - 200 - 158 

= 610 ns 

AeeESS TIMES* te o tACe j CAT. ¡ TYPE ¡ 
¡ 

l 
1 l \ 

¡ 8080A 424 610 
1 

\ 
80S!IA-Z 244 45 5 
SOSOA-1 134 340 

1702A 900 130 o DEWM 2Sf :.e 8 

8708 ,'~Q¡\ií 
,,. 

z Q 
.J..l\. V 

8111-2 :-:.A0·í :56 Sr~~.!\~-.~ C 1 

8102A-4 .z.A;.í pr 
•'-

;: ~ .'\ r' y 1' 
'-' 1" 1 -· '-• 

8107B-4 ~AI'v! 4K DYJ'.I 

*REF: SEPTEMBER '75 8080 uSEl~'S HAl\JUAL 
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e¡ ~.~~~~-~~·: .:) ~,-:~ ,_: ·'";:~· --: 
..,¡,.¡\..u,-= ....... ¡, \.•....,,.J·~-

:::3 20 ::.'·rogrammable 11 O ;:...¡¡-¡.:., 
:J Cor;,pie~e!y TTl Corr:p~r~:~:,) 

w ~~rer;i e:~~ Sc~~l?:~::;e~ C2~:;~-· ~ . :1 
~¿:s~ns CG; .... ~;·~J J~:.¡J~EcaLit~ .. -~ ..... ,:.;--g=~ce 

82o5 SLOCK DIAG;:;.~;._.¡ 

PA.1 [ p ?A,4 

J'A:! [11 lQb PA5 

PA 1 g J JA p PAG 

PAO ir 4 37 b r'A7 
__ j L --
RO LJ 5 JG r J wA 

¡:;; ds 35b llESFT 

G~D cJ 7 34 i.J 0 0 
' 1 

A1 qa JJÜ o, 
AO rl r. JJ ~~ 0-. - :-J :1 [- .. 

.-C7 L-i 10 3; ~ 0 3 

c~s cj 11 J.: 55 oop o, 
.:>_.jt2 .NOo

6 

.,.-, cj 13 ,. !J o. 
PCO z_¡14 2/b 0;. 

,•._: 1 [11~ :2G t:J VCC 

•c;J [_) Hi 25b PIH 
1 

f'~J\_ll/ 2gp¡-
l tlU d 10 2: p~: 
P01q19 12 P04 

PB2 L;1L 2-0--------2..J1 p P03 

1 ,__L_ 

.~~:,·,~. 1 == ::vo ¡ib ~/L----', 1 
1 .... ~ ~-----"._ 'o ! GR(~lJP _ _j ~~--- -¿'; •A 1r<......----v' PA,, f'Ac, 

.---1 .... 
/ ¡ CDNH~Jl 1 ; ! 1 

J L_J ~..., 
1 1 v 

1 

' ~ 
1 "-----"' h '~ <_) r•rli<Tf ¡.:- 10 

r-~ ~~,y--y~ l---1 PC
1

PL, 

Br OlRfCTIOIOiol OA~A BUS ~ 1 1 - 1 

o [) ~¡~ :~"' /L--' "''-~1 '¡ i 
' ' i 'U"i" •,\.,_, 1 VÍ 

l.' '""1' ~1 
._____J ~~~:.~·~~~~~k:== ''¡ '.,ll/P !..., 1::::) 

¡, ---'\, f'\1 ,¡ [ ¡/- --- 'o 
1 --./: 1 \ ,,¡ 11 f'r,-- PCJ PC 11 ll ¡¡ L:_j~ 

"" __ J 1 ! ~ ~~ ~JI 
wA---

1 
'""'' u_ j 1; 1 1 OJ r'.ol11l j (j~()lJI' /'---_____J 1 ¡ (,"lí•Ur 1 

1 
CQr,TIItll ~ G r 1 /'1---- " 1 !

1 1 ==> 
A,---- LOG" 1 c;no, j ~ --: ',1 """ ~-- 'O 1 l ¡-...¡---V, f1 jv--"; .-a,P00 •.----¡ 1 1 1 ! '"' 1 1 

1 1 1 ' ' "'"' LJ ' u ~ 
'¡ 

~-----....J 
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C0l\:7ROL WORD 

CONTROL WORD 

:v:C:DE 1 (PORT .t..) 

1 /: __ 

:;.:.· p '\ :/. ,·, 1 

, A¡- •'"'''J ,·~ ·5 : 
" ' 
" ' 
¡¡ 

> 

' ' o, r: _ ~.'----:-;;;-· ¡ '1- e --- ,,\¡"'A .J¡ 

2 

l/0 

;viODE 1 (PORT B) 

¡ 8 ~=.-
;:; 

: ¡'J .- ~:. -· 
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o 

o 

MODE 1 OUTPUT 

CONTROL VIJORD 

PC4.5 . 
1 =JNPUT 
O= OUTPUT 

' ' 
\. 

'1 

MODE 1 (PORTA) 

1: 

ij 
PC7 ~~~-_---:.;·> O 8 FA 

PC6 , <!'--- ACK A 

PC3 r,----to. INTRA 

"---'~ 

. fVJODE f {PORT B) 

CONTROL WORD 

'• P¡J7 -PB0 ~ 
< ~ ~ - .... • .... ~ ! 

.--··_, _ .. _., __ ·~ PC,¡ __ ....,.¡;.. OBF
8 

· D D D D D .D O D. , 

. ~--,21 ~.RJ:· 
~ ·_ ~-!NTE·~t PC l .. -:-- ACD<-

' . , B 1 2 ·- ''B ·l __ j 

~n- PC
0

l11---'>- iNTR8 
' . 

~--- ~ ... ------;_-.......,- -~..-........--_ ,-_. ;' 
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MODE2 

o 

o 
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8 2 5 5 . H O O K U P (fvJODE 0) 

l 
1 

1 7407 j 
... PA7 ~~

PA E 1----C::>----+--<i> 
·-- PA5 it-

1
---·r c'=>----+--t----Q 

' ~-pAL¡ ! V ---1---+-. -1---Q -' 

OUT 

. -~ 

>DATA 
LJ ~{ES 

... L'I r·Jr: ,,L 

.... PHií'atR 

.' l 
' 

.-----IBUSY 
'¡ ; 

-· ? ., ~A f~ TB . 

"--'-------

.-----1 PUNCMD 
,....--.' --1" n·i R·c·rL 

,--1 PUNFmY 
.. ·· r .. m e--~f--1--+--1--Q 

.. ; .. .r. ~ > ~- . .._ PAO ~-~-.... ,>----4--1-1--+-+-l·-----· PAPE.R 
' 

our· { 
PC7 
PCG 
PCS 
PC4 
PC3 

. ' - ' ·. '' ._ __ -:_:·:-:-:~::~---._. ::·~:· =!-:1 -. --l 

,, -- 1' 

'· 

~ 

~ 
1----..r':: ' l .... 

1- . ' 

'--1>-
'' '·' 

' ,. 

-

-

·-· ---T~\Pt ·-

~ATA 
LINES 

{ PC2 
' ~ .. -

1 ¡~ PCl - N/c 
...__ ___________ -____,.._¡¡,_D_K_I V_E _______ --

PCO r----------------------------IITAnrnY 

PB7 
,- F'B6 

PB5 

1 ~~ 
PB4 

~ PB3 
PB2 

... PBl !-------------------·----- -·-·-
PBO ~--------------------------------

PROGRAHí·: i I·JG 
nvi AJ83H 
OUT 0F7 

i 
j COífi'ROL vJORD 
] CTL OUT :' - (] 7 

D/\PEr¡ ' ii ,, 1 

l TAPt. 

1 
. Rf.~DER 

mATA 1 

[UNES 1 

.J 

r' 
.í 



i 
1 ' 

1 I ¡ J E p [. V ¡.¡ T C" R ( e ,.... ¡~ T R o ¡~ I \1 5 o o ) l_ 1 \ l L t ¡, o 
DíiTA 

v·--- ------ -- ¡-- ---_ _x 
--rl 1 

. Sus l +- --r¡ . Sus j-t-
1 

MIN 1 1 MIN 

DATSTrl 
1 

--r¡ >.Sus ¡-----
<SO~us 

bUS Y l~////1 -, 
-+ > 1. ~u::;!+-1 - 1 -+Í 

g 
0-lOu::; 

ACK 
p ,, ü (' 

!{ A f~' ~'~,'! I ;,1 G -r' ¡-+-- >2. Sus 
t\ lJ \! 1': ,¡ <S.Ous 

'¡ LPT: I ~~ m:srl ·Re-uD J Lol PORT e CSTATUS) 
.~!'~ I bH u~~--· s·¡ BTT 7 ; 1\;v¡¡~ t\ 1 :.> o 
J1~Z LPT 
f'~10V AJe ; C REG ~~~S ;·'ATA ol.~ iJ 1 

OUT 0F4H ;DATA OUT PORT A 
~~v r 1'1 AJ7FH s--R~Y e ' Ql-t ; 1 \ DL L ~~~ 

OUT 0F6H ;STROBE OUT PORT e 
rwr AJ0FFh ;STROB[ ll I 
OUT 0FGH ;STROBE OUT PORT e 
RET 

o 



' 

' o .P A-P ~ R TAPE PUNe H ( R .E M E X) 

I : · · · .¡.f'o-_-._ · · ·- 13 msec -· -----~ ..__ 
-¡..; 1..--- lus !'-1AX · · ' • e 

uiRCTL 
-~~--: ..----.--.-Su-s"--_ -MI;:_· N.:...· ..:...· ---- . ·- ---- . --

'" " ; --~--

-->.i.:::___ __ _.....J.·_-1-:- \. 2us· MIN 

'ATA iJ . . -----=~--~ 2us MIN 

P R O G R A M M I ~ G 
.. \; ', ... '' . 

, l ' - ' ~~ 1 - \ • ¡ ' 

• { " _. ! ~ 

\ ' - J o ,) ' J' -·' 1 .... 1,. ~ 
. - .\ . ,'" ' 

PTP: H~ .. 0F6H ..... · . ~; R[.t\D ·.:PORT e <STATUS) 
A·i¡· . -,H .. '.. · U'lr"i'S.< '')IT 2. ... · i~ ·- ''-i . -·· ·' .. · ·; ht':n ! b .. · · ·; 
J¡~z< 'PTP --· .: .. ); 1 '· · .•• ! 

:.-,_.~;¡\íoV,:;A~C.·.- ~¡. i.;e RtG_H!\SDATA·: 
e~IA ;· : ( -; eüf·~PLEí·1Ei~t 
OUT 0F~H " ; DATA OUT PORT ;~. 
i•iv r A~·-0r:EH. -. < • ;· D 1 ReTL·. & .. r-uNcr,;.D·; H 1 
OUT 0F6H ; DI HeTL & ~PUI~~(f}iJ\ OUT 
[\1V I A 0BFH ·DI RC1l:~i-fl - PUi~GID LO J J ' • • ' ·-

OUT 0Ff¡H . ; pI RCtL · & -pu:,JC~iD OUT 
~WJ _,,:A'·~0FFH · _,;SAf'~E AS"_ABOVE ,_: ; !_--;;· 

OUT 0F6tL_:· ;r-

o 

"")- ll (' 



(i t''l D .r.: o 
1 L. 1\ 

1H~ I Vl 

l.J/1 TRDY 

i \ 11 l ¡'\ 
,j,)nln 

p .~ 

·-· 1 \ o r R lJ 

PTRl: 

PTRL: 

PTJ{:5: 

C R E fo1 t X ) o 
--->-1 

__ ¡ 

1 
S m s JV~..'\ X ------7-l 

1 ---- -·-

1 

---;-¡ 1 
+- 200us (!<IX) 

-- -- --··---- 1 
·----- --- .... '\ 

A ~~ r1í I IIÍ G ,., 11 

I'·WI Pu Zt:FH --, ·v-/LO!. 1 1: ,TI ¡ 1 ~ 1 ~~! 
J .i-/1\,o. ~ \ 

OUT 3FGH ~IJr(IVE/OL;T PORT e o f·'IV I A_,0FFH '"n·\wf'IT ~ 1J :\ 1 'c. r. ¿ 

OUT 0F6H 'i\:) rvc ;ou-r .¡ill\. [. • PORT e 
ft:V I h_,¿) ---,,rJI -- 1\ r 

' ¡ ¡ ¡,: .._. 1 ; 1 = ¿)i'íS .1 l lo •L' '...o 1 

I"' 1 ~ ZFbri ,,,- f', ¡"1 
; ¡\Lt~ . .u rora e CSTATUS) 

Al·n 1~! U·.: .A <"'•( 
; : ~~~ ~ \.) i BIT 0 

JZ '"JTn-• t l\) 

C.D.LL DEU\Y ; lv:s DELAY 
DCf~ ~- i 

'¡1 '1' 

JI'JL PTR2 
jf:¡p TI ··\r .... J ¡ 't l 

' u 1 

IN 0F5H · D~~T~; Ir~J POF<T ···¡ 

J '\ 1 D 

cr:.~ cr' ''PLE'''-' 'T ; J;·~ 1IU; 1 

RET 

o 
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S~~~con Gate N'~OS 8~5~~ 

a Synchronous ami Asynchronous 
Opera~ion 

.. Synchronous: 
5-B Bit Characters 
Interna! or Externa! Character 

Synchronizaiion 
Automatic ~ync ~l'lsertio,n . 

a Asynchronous_:~ . 
5-8 Bit Clwracters 
Clock. Rate --:- 1; 16, or'.64 Times 

Baua Rate 
Brea!~ Character Generation 
1, 11/2 , or ~Stop Bits 
False Start Bit Detection 

o 18audl Ra~e -DC io 56 k Baud (Sync lVlode} 

OC ~o9.G:~ Baud ~A51mc 1\!lode) 
o Fuüi Dupien, Dou!ble Buaered, 
· -Tfa¡'fsmiHer and Rece¡vGrr 

l ,, 

o Ermr Po/~?c~ion- Par~·~y, Cverrun, 
and Frammg , _ :, .: .. , · __ . _. -· .. 

e Fuu!y Compa~i!ble with 8080 CPU 
D 28-Pin p1::> .P_a~t<age 
o fi1.illnpu~s and Ouftputs"i~ru 

TTt- Cpmpatibie ·- · 

o Singi0 s VoH-Supply- · 
(;J Singie ifTb·Ciock, 

The 8251 is a Universal Synchronous/Asynchronous Re~eiver/Tran·smiúer"(USART) C~ip designed for data 
communications in microcomputer systems. Th'e USARt is used as a peripheral cevice'and 1s programmed 
by the CPU to opera~e usmg virtually any serial data ~ransmission technique presently in use {mc!uding l BM 
Bi-Sync). The USART accepts data characters from the CPU in parallel format and then converts them into 
a continuous serial data strea"m for transmiss1on: Simultaneously it can receive serial data streorns and con-
·er't them into parallel dat·a charac~ers for the CPU. The USART will signa! the C~U whenever it can accept 

o'/new char~cter for t'rañsmission or·whenever it has rece1ved:a character for the CPU. -r:~_e CPU can read the 
COrJ1plete status of the ·usA¡:n at al}y time. These include dat_a tránsmission e~rors a_n¡:J :control sign'als such 
as SYNOET, TxEMPT. The chip'is constructed using N-channel silicon gate technology. 

¡··'·-o, Do 
CID 
no 

1 iiiil 
é-s 
CLK 

RESET 

T•C 

T•D 
n;;c 
fhD 

ll•RDV 

T·RDV 

' ""~ ~·~--... ~- ... ,,_ -·,-· 

D2 o, 
o, Do 

n.o ver 
GND AxC 

o. OTR 

05 RTS 

bG 05A 

o, RESlT 

r,c e u: 
wn T,O 

es TxEMPTV 

CID CTs 
' RD SVNOET 

R•RDV TxROV 

Prn Funcrrnn 

~ 
l•m r..lílrnO Pm funC!10n 1 -----l Q,,tn Ou\ ¡a tuul nsi1 o,,,,, Sct R•·ndy 

Control w Q,,l.a 1\ tobo Wr~non or Rond 

1 

DT-IÍ O.Jt•l Tcmmnul n, .uly 

R1•ad D .• t,l ComnHmd $VNDET Sync Dnt,•rt 1 RTS 
Wr1tc Q,¡l.a 'lr Control Command 

1 .fi::TS 
Rcqucst lo St•nd 0Jt.J 1 

Ch1p Enabtr 1 

1 

CTS Ctc~r to Sc11d 0,11.1 1 
( 

Clock Pul"' ITTLl hE iransm•ttcr Ernpty 

Rrsct V ce +5 Volt Supply 

T rnn\mrtt1'r Ctock GNO Ground 

T ran!lm•ttN OiJta 1 
Rcccrvcr Clock 

Rocervcr Üi11a 

RecCPJCr Rrady lhos charactcr for ~Ot!O) 

T,ílnsmrttcr Ready lrc;1dy for chor frum 8080) 

DATA 
ous 

BUfFER 

BLOCK DlAGRAM 

iBANSMIT 
OUFFEH 

IP ·SI 
TxD 

Tlf.ROV 

OUt fEn _R~~.O 

INTEPNAL 
DATAOUS 

1~ Pi 

CONíHOL 
..-SVNOET 
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8 2 - , 
'· ,.J .J.. C O N N E C T I G N S 

(AS DONe IN T .... MDc:.)' nc 1, .... 

----=--D--=/\..:...T':....;..r\ _b_'LJ_·s-->1 
t"·- --~ -·¡ 
ht~L t 21 

el I/ 
L!\ ~~.~ 

------Li.J 
~ - . ·-· 
L; '.J i\:.-;L 

C~/JJ. -,,.., ~ ¡·.1':·-l 
h;.J, \!!.J -·----""'"===- .lL 

I J;~ 
I Ü1d 

PO!\T F4 -r ~:) 

-
1
--

1
-v r¡, 1 '1 

l ;\.UI\ 

N/C 

----=:;u ¡ I:J 
';1. 1 

-----=·=111~-JlJ 
~~ 1 ____ L.;;..v,;;_ ll i 

i In ~ 
-.· '¡\ X ., 

1 

----< - .) ~- -- --"-

__ -"iJ..,.S __ R f" lLf l~ x ~0Y I rf(RPT CO?T) 
'. "11 ¡ '') ~ 

!J 1 '\ l ~:-- ;\ X L. ----.A __ _;;;;_' '-- l. ':J -. ·-'='--- :; 

~17 . is ¡SY0lD[T e N/C 1 

~123 ·1 1 ¡_ _________ -------- ! 

o 

C? 

l i 7c ¡n;Z 
-' 1 lJ 1\1 j 

o 

\ .., , ' 



3 2 5 l 

o 
PRJG~Ai·'lf··~ I i~G 

RcSET 

( OUT 0F5H 
H 

l \ 
) 

DO~~E ' 

\ uNCi 1 

~ 
1 
1 

ou·r 0¡-5" ¡-- tJ 
, 

\ 
) 
\ 
1 
i 

o ) 
1 

r I~ ~FS~! 
I 1~PUT 

OPER l I ;,¡ 0F4H 
\ 
! 
' ~ 

( 
¡ 

I rJ 0F5~ 

OGTPLiT 
uPtR i 

l ou-~- .0F4H 
1 

\ 

o 

\l r 
1~ ;J 

A e e ' 1 r,r.l· 1 L ~~ T '' n ~L.d,; r1lul\ r¡¡:¡-- T ¡.¡ T TT Ü''J 1).__ ld~. 1 

ll •"'U'" il, O - , u ~~~ l• \ ~ VJ'-"'f-' ' 0/\ 

JI L--= ~. Js~::~.-
, ----- .01 ,'-\DLL P/1~ITY 
L__--~---- on·u· Dr~'· n lT TV \,u. 1 .,\ 1. 

~___ ________ TV:O STOP JITS 

U 'il ;¡ (''1 1 l ~ u ..... uU.L.l 
1 l Ti\1\'•'S''li"r ¡-''';)'LE 
1 ¡ ------ ~:.:_~d l1! l L.i~/-\Jj 

' "T') "1 --,- ''T T., '1 

L
, , ______ lJ 1 !\ uJ: ?u u :e 

L
l ----- p¡::-l~crv::-¡: [:..i!J.Pi ::::-\\._ ,L.L VL-.\ IH-,~--

RTS OUTPUT TO 0 

XXXXXXGX 
XAXXXXlX 

DATA 

XXXXi\XXU 
Xx'\'\o'l'\1\/1 

l\t\AI\1\ 

DATA 

RCVR BFR NOT READY 
RCV~ BFR RE/\DY 

T~A~SMIT ~OT READY 
' ,, IV l -RA' ,..,., .. T l . ¡'¡..;¡ 1 .. '1EI\nv l. -w" 

\ 1 ¡.1.) ¡ 

~1Q- r· re·' ·¡-r)n¡ 
1 '1 ~j L \.., ,'J 1 \ lJ L 

1 /Qr1r-. ¡ I\L' 

Cf) .,,, ~ ·'· ,-¡ :(J;·j·-J'"¡r~.·:'i!, j•j¡·i:\:';1.,: v 1 U-

\,.!Qí\1 'l 
rl 1 lJ 

STATüS OF I ~ lPUT 
DEVIC~ 

"f'A vc•o 
.!.ir~ 1,"1 /\1 t.1' 

STAT~S OF GUTPu1 
)~'-\/ T cr· 
l)C. • 1 [, 

.u"i'!lT{! ' 1¡:t-·R n l,, /\r l 



: ''¡ ,..¡..,. 

~l Eight Priori2}' levcis 
t::J Current Sta~us Regis·lcr 
E; Priority Cornpam~or 

PIN CONFlGURATION 

PlN NAMES 

~·~~S-~~~~E·>-T~~f~~ -~~~ ~~GHE:~:IOR~Tll 
OQ82 CUrW:..NT STATUS 

~GS STATUS GROUP S(LCCT 

E'CS ENAALE CURAENT STAlUS 

INTf INTCftHUPT ENAULE 

Cii( CLOCK UNT F F) 1 
CUt (NAO LE LEVEL RE.AD 

ETLO ENABLE n-liS LEVEL GAOUP 

oo~un 1 

A;;Aj REOU(ST LEVbLS } orr::J 
IÑf INTHlRUPT IACT LOWI - COLLECTOA 

~Ni. O EPMOLE NEXT lEVEL CROUP ------ -~---- --- ---

-·' --.1: ' 
J.,.#~.-¡' 

··,¡ ·~ : ... "", :,.,. 
' ,r,il 

r·- .. ,_, 
~~) ~-: 

~~:tz~ly ~ .. :~:&~t.~.··-~~: ... : :. 
r ü-!~gru ll2r~~i~. ~.-:~.r.~:;c {50ns) 

:..:¡ 24-Pin Du~~: ~uó-Un0 ?acr,agG 

LOGIC DlAGRAJ'V1 

[iY E.ü -----· --------- i---, 
[f;0 ETLG --- ==r:,=t-J-

.----'e;----RECUFST ACT!Váv 1 i 1 

[iD A~ -o~~ ji l ¡· !OPCN COLLECTORI 

[\i> R, ---<>< 1 f f --¡-'\~ - -
¡17> R~~~ AE;:~¿~r!, ___ ,_ ____________ t-i---i--~--- A" CD 
lii> R. ~j >INO 1 [ ! .¡---~- __ r;·':, 

ITD R: 4 ~~~~OOR~~~ ¡-¡1-----------r¡---~~D r., L~, 
@[> R,-:>¡ h L

1 
___________ u, 

1
______ , ---- .,, ~-> 

GI> 11_.,--ol 1¡¡ ~-~ ~ ----0=0---------- --LNL·>~ 
@3> n,~ 1 L --¡~'' ', í 11 . ¡o,•rl" 

S • ____ ,, 1 COLLECTOHJ 

L ___ ~ ~~ ,, tl •. LD, ·§O r:-:11-i> IN. r.~ 
. 1 l'~- 1 - __ -~ D O 0--Q-- 1 l~ 

IT> 8 0 -:.l L_L ' 1 r- IINT 
[}> O~ ClJ.-,RENT ¡-[ ___ 

1
1f ~ 11 f-F 

~ -- ~T,\TUS 1 1 1 A. C 
l2/ o, REGISTEI1 -:-::-__ __ _ ___ j 1 

'¡ 

11 

L.:...:...,j 
[!> SG~ : PldOPjTY 

1 COI.lPARATUil 
1 

1 

~~11 
1 1 

1 1 

12> INTE ----------------' 1 

QC> CLK-----------------------~ 

.2-104 

o 

o 

o 



92 (TTL) -----<--H-+-4-------. ¿6 
CLK 

INTE ---t>---I--I--1--1-__:7~-'-'--INTE 

REOUESTS-

.ENABLE 23,., 
CURRENT ---e>-----~ ECS 

STATUS 
(FROf,1 1/0 PORT'DECODEH) .ELR 

ti 111 
GND 

8214 

,-

.Vcc~~~-~~~---~~----------~----4-~~~~+-~----~ 

1 K <<>>> <<~ > .¿<~ - <<~ 1 K ~>> > ~ > '< 10K ., ? 
-,;,--¡--....:1:...:1-t STB 

23 
INTrf---+-+~4-+-~~-C 

4 

DO a ~=6======~---' -oo1.-
_oo2~-~~o--------~ 
003~15~---------' 
_004~,-~7------------~ 
005 ~--=------------' 
DO- !--·-::•::.~-------------' 

o 21 
007 

INT 
(SOSO PIN 14) 

rQJ l·rr1-.J]:S:J}J 1 :-1 1 
-INTA __:_ _ __,__;;:___ ____ J ·1- 6 J 1 : ,. 1 r o 1 1 

' --e-'- -, -e 
1 

_1__~~_1 __ 1_ 1 _o 1 1 1 1 
2._ -~ _ 1 1 1 e o 1 1 1 

~2.__~ 1 o 1 1 1 1 __ + 5 2 1 1- -o 1 o '1 1 

~ ~- 1 1 o o 1 1 1 1 
7 •o 1 1 

1 1 o· ·O o 1 1 1 
~ --. HIGHEST 

•RST O \':!LL VE:l.TOP. PROGF;t:..M l·)•mTER_Tll LOCATIO/'J 
O (ZEflO) ANO INVOKE THE S'\f-'E ROUTINE AS "RESET" 
INPUT TO 8030. 1 

THIS COULD,RE INIT!ALIZE TI-lE 3VSTEM BASED 0~1 THé 
ROUTINE INVOKED 
(A CAUT!ON TO SYSTEM PROGRC\~.F.1EF1S) 

-- . :: 



r, 
r~ ; ~~ ~ ~ 

~j L L.J \_l_ ,~ ~' 
'~j' 

CJ Four Channe~ DWilt~ ControHer 
::1 Prñora~y DF1.lL~~ Reques~ logñc 
r;. Ctranne~ ku~-ú~blit logüc 

¡¡ Tern1;raai e:nd rJ~odu~o 256/~~28 
o~.r2prwts 

f \ r~ r~~\ e~~ 
¡ ,_: ~ , __ } ... ,-<' 

o 

The 8257 is a Drrect Mcrnory Acccss (DMA) Chrp whrch has tour channels for use rn 8080 mrcrocomputr.r systcms lts pn
m<Jry funct10n rs to gcncr JtP, upon a pcrrpheral rcqucst, a scc¡uentral memory Jcldres:> vvhich w.!l allow thc pcrt;)hcrai lo ..JC
cess or deposrt data drrect'\ from or to memory. lt uses the Hold featurc of thc 8080 to acqu·~e thc systcm bus. it c~lso kccps 
co,mt of thc number of DMA cycles for each c;hanne! ::md notrfrcs the penpherJt when a progri.lmmJble wrmrn,1i count hi.ls 
been re:1chcd. Other fcatur es that rt has nre two mode pnonty lourc to resolve thc rcquest among thc four chan.Jcls, pro9r :Jm
mJblc chilnncl rnhrbrt logre, élll cJrly wntc pcdse opt:on, a modulo 256/128 Mark output for scctorcd dat:J tran~fer~. nn .. uto
m.Hrc lo.1d modc, J tennm.11 count statu; rcgrstcr, a.1d C•Jntrol SIC),l.JI trnurHJ nonerauon dur !na DMA cyclcs. Tlwre <Jrt) tlliL'e 
ty¡ws of DMA cyt:l~s. Re.1d DMA Cyclc, Wr1tc DMA Cyclc and Venfy DMA Cyclc ' 

Thc 8257 IS ¡¡ 40-prn, N-d¡¡¡,¡ncl MOS chip whrch uses .l sinoic f5\/ supply and tllc 02 (TTU clock of the sono ~;vo,ten~ lt 1~· 

dcs¡gncd to work 1n conjunctron wrth i.l srngle 8212 8-1J1t, th:ce-stJW 1-:tch chip. Multiplc DMA chrps can b~ lrscd to ex¡M1d 
thc numbcr of channcls wrth thc ard of the 8214 Pnorrty lnterrupt Chrr 

PIN CONFIGURATION 

~ 
V -~.:::1 

~ 
390 

l 

i: 
Jnp 

37~ 
36 

35~ 
34 

, _ _1¡ i 

~: 
33E: 

32L0 

" 10 .~ 31~ 
8257 

11 30 

12 29 

. 13 28 

14 

q15 26 

~" 
25~ 

17 

"~ 18 23 

19 22 

i &21p C,20 
! 

~;~_OCK DI,A.GRAM 

CH O 1 
-DiiOO 

1G 1 .-¡ OIT 

J .___ DACK O 

J 

CH 1 -ona1 

K 16 
OIT 

1 

t--
! l 

- DACK 1 

l l ¡ CH 2 
1 

' 16 

-DRQ2 

::~ 
A6 -------1 

1 1 1 1 

~~ BIT 

' DACK 2 

W 
~~ 
1 ._. __,..___. 

1 ~-..... 
¡--- -DR03 
1 

A¡ ----\ 

CDNTROc 
READY 1 

HOLD~ LOGIC 
HLDA 

KTt7~fR 

M~;v.·- ~ 

A·N-----l 

ADSTB ----t__,--,-j---~ 

Te-----' 
12B/25G ______ _j 

16 
OIT 

0/,CK 3 

o 

o 



o 

,S'==._R._,A_•- ':;K-,_, 

CD!J....,.Jv~·c..~.,....,c1'J 

rt~.,.~-';::.JI.C.t_ 

o 

A,~t."''" c.;, .. ~., .. _t:_'Y o 

'----+-- Pf"Jn::r S,'!',1..¿Cl'' 

5l51 c:l5 

~--------- ~·~ 
L-----------~ ., 5 

----- :V-!::::; ··¿ 0 

o 

' ~.,;Se~ , s~t:..~ 

F"P.,..:)I.A~ : ~o..¿fT::~ 

1 



o o o 



1 1 

---t-:Db_" _s_:r_r __ -_U_J_J_I\ _ _;_f...\~ _ __.__:D-=U~L_\_0_-_I_ct_7_b __ _c.rJ¡la.!...:;~ 2. - Gucvda..- Jo~_l~ "' ck 1 

o 
\ 

!) • 

o 

) 

) Co.uT K.OL: f>l2.0 6R.A ~-J. A :PR.-ÜJGt PA-L QuE SE cJJC-1\P-6A DE 
) Ct-\'E CA e. s.<' 14 A·Lf QUE CA Hci A R.. LO S 'S €T 'POi 1-JTS. Y 11E 
·J TOH 4·:R. D 1\-TO S U.L COAJ VE t2--Ti Do R. -A-1-J A '-O 6i CO /J:>tG-1 i lA L 
J CA-Dit ~€"R....TO Ti6k'PO. 
' ) 

CI<JB: 

O(¿q 
HVJ.. 
Hvr 
OVT 

Hvr 

:rt·1P 

/OOOH 
S", OH 
A, ez H 
11- t+ 
B,64-1t 

CDJJST 

F:Bf.>... 
CPAe. 

e> 
TDAT 

ceB 

i .Lv.iCICA./i~CL proqrc:u.ua.. 
jiuic.tl~.li?o... col{mdoy de CA.to.c1erres 
j ?r04f'CUU.A.. e.l 1?2 5'5 : pver tos A 
j '1 C. = OUT , pt.Jeffto B =- TIJ 1 

j r~ .. ú:..t'a.(illA. C.Oit\~ci<>Y po..tra fow.~de 
; da+ps 
j CIAec.o... eJ K'e4 isi eA Bu ffe.,.. del .?255 

.) S.i ~ B = "5 .. ET: trQM S f\·~e c.o~+ro{ 
) a. s.ob.,.utút~ que lee C..:;t,rc:Ac..tu 
j J)e u eiM.e..t.t +et. Ce-u. n...d. O V' 

j 'Si "f)=- O) -tYOM s ft'e..re COtA.Avol o... 
j ~v bruH"' t\.. cp.te... toLUa... \.[ pro~ 
;tta..tos cte 1 ADC. 
j $.i B f: O rec¡t"e4-A... a.. ci1.ea--,.- ~1 
j fe 55 po-t si kCLt-t c::x.l~ú¡.\, c.v.-~.c.te.r. 

• ' 1 
) ·' 1 

j TDA-í: ~BFUJTi t..J A U€ ADQUi s.\ o:Ót.J .D:c DJ\TDS, CADA ciEg¡o TiEt-fPd 

j t::L f>WE-ti'Z.I!.HA -pe.{ IJctPAL TR.Ai\JS:¡::i t;~t COJJTR.OL A tST A ~8~UTiiJ t\ 1 r 
j QUG: '?R.iH..tiW .DJH-iBE 'EL Auc..J roHA LA IIJTDeHA CtOIJ .DEL HiSI-1~ 

j LA- COIJ Vi E:R..T6 A 'BCD J LA- C..OI-.fl' AQ..A C.OJJ L. OS ~T :POi IJTS 1 J: I...II>I Gti o;;..i 

j se- H-It "!)..B~E":Pits.ADO UIJ L.Í M\ 16 Y HOE5TR...A ~IJ EL DiSPlA-t( 

i E L V A LO lt. M.:E. 'J) i :DO • . 
) 

TDAí: 

. 
J , 

J. 
) . 
) . 
) 

• 
J 

OUT 
Ik.l 
NOV 
Hvr 
OUT 
Hov 
?v 5.!1 

Mvr 

-A 
1 
go ti 

16 ~ 
151-1 
C,A 
A,Ooi-J 
lbH 
A,C 
D 

.B,O~H 

j "f'oue eM i e( loit Ct p tvd~ j u l.u' bi~ 
) el c. Ab. 
j r u t.u be .e.[ e A D v/o.. ¡:wuló e CffVI e,. 
j Lee g tu·~s del t.AD vítt puev~v B 

' ; Gu Cl...(clCt U! e el da. h> /e,· do 
j H·i-du l-1,' f-tt ce e A D ~ a.r..-ú .. vd o e-l .... t.) 

.L 



, ...... 
\ 

UIU UJ . ~" <« 
- 1::' e, e o 

. ~~~'; 

- 1"•1"> ~ 

~~~~ 
f"'('<f'tT 

-t-•, 

/.---,\ 
\ ' 
'e / 

.. 

r . r 
J) C' S F r - u u AH _0.:__\J_L_i_o_-_!_q_-_H_::) ___ j~}'\Ó. 1/{2 2 - 6ua r do .. - JrJ.se 1(:_!./,!_(U____[ z. 

I-10LT: :PU$,f.1 B j <:?uMd.o.. el 0)v,-/-r ... dov feCAéu 1t.Uo'rJl' tod-1 

• 

- -. f<. c.' c.. 
}ltO 1./ 
IZLC 
RL:.C.. 
~{O' V 

AIJr 

1-{0V 

XRIA 

Hov 
HO\/ 
A~JI 

Mov 
X~A 

MOl/ 
bA:D 

: ~ 

L., A 

H A 1 

A\.B 
or&H 

e, A 
B 

B,A 
B 

¡po.r.rCA.. ¡oC/n.U.dvv el uw deJ r('_,\ o DA l!u~.-r 

) R0 t-~.~, (.,.o.. c..\"- lct nquie...-411.. d co,d deí A ce o 
'¡ Alu,c~'lceA-tlA. t.-U.. 5 la.. uw .. -hJtH( rof-().,!(1.._ 

j Roh:t.. dos. vee-eA ~1c-.oa. lo... • ?quiMdc... 
; d' eovtt~·cto JeJ AWIM.UlttdA>-r , 

¡ Alwa.c.eMCt e-u 11 lo..C<U{lAdo..d. ra-1--""-dtt 3v4~.-,.. 
¡ HRce O los. 5 blh. wctws si~u_t f..u.-~~~~os 
j de. le-.. tt~.M-v:dttd w ti ALuv.r.ulc~ttov 

'j Al V0c.t·ceu o.. eu L e( fi?4,{.tlluA u de lo.. ¡jfe_ 
;YctÚóÍ'\ ec«f e,yiOv 

j f fu W a. UM O l: w e l;.v...i v o 1') .... :1 • e }\ '1 H 
j que dtu.v:to u..< A tos ~Yes ¡u_áA ~~·1u.d·.'C~t¡ 
;hvos de ltt ctu.~.~c-tC\d. DYi~1tu~ 1, al lUo.ca-:w] 

/.JH. lA lo.. "~e.red'\C\. d.e/ ;e41sho., l 
j A llM o.. c..eu et e_.u H e 1 (C-ut [ hw'.o e«t-tC-0 vl" 1 

¡~M~ CA./ Aww.ult~-clM ..-:.1 WlA.fü.1Ado de f5 
) Hace O el bit· !{)Je .• ws -s,·1LA-~·;:·cAhvt.i 
j de 1 {.l CMA.:tt ttt~ ti e. u .e.l Acu M lA IAd o v 
j A 1 w a. e eu Cl.. w. C. .e 1 f 1'-'~n 1 +t~ (kl cw} -vy ,,) ., 

j t:fed.ÚA u.M OIZ VX.c lw-ivo e.tdre. A '1 H 
¡D.HPdcMA.du e,.u A el 01~ t.UM ~rrw;~(tc11.in1.-> 
r~ <J 

¡de_ "10.. (tul.L~dM{ 0(1~¡·1.-t aJ 1 a.l 1.1-<0CWO.ciO Cl 

; la.. cte.~~utA.tA. del req' ~¡-,o Q 
¡ A 1 w.~c eut~... e.u 5 el re .w Jt u d» OJJ. t e.r i" r 
j'5t.lwc~.. \os veqrshos W,L ~ B,C quedo.~.rf~, 

;e./ tC4-Uimdo e.t< ~¡L. Esie tC(>{.t/~"'co; v' 
el wéwero OVI~iual "MUIHplA'ccuio po( ID 

) ' 
j A COvVTitJUAciON HA'{ G\JE' bl\11 Di~ 'POR Z5b ?liRA 0Bf{?IJ6~ EL .DI\10 TDI-illbr) 

) DE IJT RD U L ~ IHJ 6 O Dé HE' .b 1 a o k1 ( O - '1, C1 Cl) . Co H O 2 5 b = 2 '~< ""* X' Y LO 'S 

¡ R.€'61 i ":.TROS Se>I'J 'R Bi rs., t~TA Ui Vi .StO k> QUE DA f.IEC.H A fH./10 !-.11'\T! CM-te I.Jft: 

j EL C.OtVT&AJi J)O I)fL \(..tGiSTR.O H ES Ll\ .:PA~T€ GJJTE~A GU BCD, Y EL 
.i éOk.J1e:tJiDO 'DEL Re-C::tic,¡-R-0 L GS U\ 'P/'Ij:2.fG 'FRACctO.Ut-'\R.iA t.tJ 8'tuA-Qiv 
j .Pl>R.l). 'P¡\Rfl OBrEIJER LOS DOS DiC·úTOS FIU\cctONA'KiOS 61J Bc.'D 1 5E 
~ HULTI PL1 CA t;l CDIUfG't.JiDD DEL RE""C1i~rP-t) L. 'PDg_ 10 Dos VECES: L-A 1 

j'PR.il't~RA ·"6.=t St? GBTiéiJE 6L .DiC¡tTO DE LI\S. DEC.H·H\S Y U\ 'SE6UJ..~'!J¡L 1 

; Vfi'i
1 

t:;L OI61TO bc·U\$ CSL\JTS"$\ ¡UI\s. AHBO~ APAREC..€1J c:-AJ EL "REf\1~11?~ 

j H EkJ BCD. LA'5. !IJ~T~\JCCiDIJEC:. Si6 uit.J.JTtS RtALi~AUJ tl.. '?R.OC.Cl>i HIE.Ul 

~íO Df:SCRirO. · . 1 

) . 
POP B j 'Rewre\'O... e.l c.cnlto..dov- ~ c.u~upct (O. wl-\. 

MV r A) 031t j .3 p!A'(Cl detev VlAi LV\N' ':>i se lvo. h·c del 
C.HP B ;wtC~Yo o de IC-L pcvde {fa..ccio~l(U'i(~. 

~~ ~~L Ü 
MOV D1 H ¡ 'S1 se /Ycdo... del e <A tCNO, io .:ru.:w(t.:\. cu D 1 
~dV A1 L ¡y cwr9o. el AwwHJlt.tdov COVl L pcvro._, 1 

DO~ B ¡ \IVIVIh'¡olicttv lo por 10 i obl€-1.< e¡r el 1 

JH p HU L T i étA:4 1 ~o de IOJ.\ a e.' c.:.<' ~(Clt:l . D ISrH.i li iJ lre el 

¡CO~l +o...dov e.« 1 1 

1 



_,., .. ./' 

~~~; 
·~..., .... 1 ...... , 

o 

o 

FRt-1Cl: 

. 

t~ VI' 

Ú{P 

"Jklc
HOV 
~Lt 

RLC 
l<LC 

IZ.LC 
Hov 
MOV 

DcR 
JHP 
110\1 

/l~JI 
OQ,q 

IJ¡oV 
)(CH(;¡ 

PO:P 

fRAC.2 

A,H 

B 
HUL 

A,H 

Of' U 
E 

E'"¡ A 

1> 

1 ' 

1 1 

1 Ji i :;:) 
Chive¡:. _:__i~aYdct_-_p_~l~v~~-~---

jCot.~.{po-to.., el co~-t.·iculor U?~'~. 2 (UU1... clef~¡-1 
jlvtl~a_,.r s,. s.e·ftCt ftt.. del du¡do de !ov:. dcr~~ 
jlVLct~ o de fa~ cetdé.si!.'.ACw. 

j El dt'qdv de lcts ~e·cl\.U..Ct/-:. 
1 

PM /.1 'o1h::.) 

; Se poVte €M. ef O.,CJJI''A Uietdov pu,rt/\.. 
; roh-.~xlo C\ lo,. 1 r quiU0.f-'L 4- IJU(J,~, que
;dct.udo aL«-t a..ce.uc~AD o. ío.. i 2qutu-d.Á 
j del 1et1 i <¿ fvcJ. 

j 6ua,..,c{~ ett 7; el rCRu/1-w:L•) au.fwo-r 

; :PD.t.l t~_ c.tl Acu v~¡¡u lo~~ o·1 ¡k Cctf-t h eL~ d. &t 
j btiA~ r ,·o de lct wa f ·:,e ob-te).uvro... tJJ. · 
j dJqi hJ dC- ltV:J Cetl f.e'St.tuCV:l. 

j blstM..i VlUU,C ~-\ i e[' CDrt1ctdút l 
j 1-~u/h~la(._. poy ili. 
j CtuqrA. &.t e~ ClbJ V'vi ulcvlo'( el ct/q1' 1-o 
j eou e 1 poVl d.i te(.{:/ r:: o.. 1 o.-':\ e Gtd e""1 a/~ tt~ Be 

). ll~e. O IM 4 bds wÓA st·r:u.\J.tct~hvo~~' 
' 1 \' 1 

; 'Po~tte. eu los 4 !ctl-'>. wc.vJos ~Ú) cu'ftú·l, 
j VOS de E d r).{q ltv J e 1 0./J c!Ú Cu CVl , 

:> 'fCI.!.lCt el co~t ~e u..i do de D1 € o.. H , L ¡ 
j KewpHtl.. el UrvLhtdor E 

1 

J 
) CHA~: f:"~TA :PI\R.JE DEL PR-o u RAMA 'Dé E6JcAe6A h.E COI-.fPIIRRR E:L Dr¡Tu l~EDt-

)!)0 COIJ L-0.\ \JALO~~ DE lO$ '5ET :POiA.IfS. ~¡EL bATO El(CEDE EL Vt;LOP-
j HI\XifW o E~TA PoR.. DE5AJo bEL IIJLOR HÍkli HO_, ~E EIJCE~-J.bt:"KJ\ tli-J IIJDi
jCIIDOQ. 5M CilS.O Qor: EL DATO ESTG btkJT~ ".DE 1?-AA.I60 EL P/WCiP..l,HA 
jCOOTikJÚI\. tL .D/lTO f-i€DiOO €5TA ALHACEIJAl:>o EU LDS I'Efli-sTf!DS li Y L.. LOS 

j SET POiUTS ESTf\AJ AU-IA-C€'NADOS S'N MAX, Hl'tX-11 ~ 1--tliJ; t---~i~Jtl Q.b"-::;:;,EcTi-

j \JM-tE-tJTG" • . 
J 
Cf.-fAX 

CHilXl 

LDA 

C41P 

Jl 
JC 
LDA 

CHP 
J~, 

JNt 
JI-·FP 

LDA 

CHP 
'JH 
Jt 

MAX 

H 

CHAX1 
fiJA x 
K!tJ 

H 
CHiN1 

ENII--1 
?eE:PI\S 

N Al(._¡ 

L 
fNA>< 
PICEPAS 

1 

; Co.rqo. el Acv~v1 tJ lo. 1 o r COl\ la pM k 1'.-{d cr.;, 1 

. ¡del ~,ef po1\d \1A{,l x 
; Co u.1pa rct e..l Anhv1 u la d M con le\ p 1

, i e eH ;dio. 
jdel dedo '~vte.cLtclo. S. (A) u ;c~v,,.¡_) quo2 
j(H), CO'-upevto.. lcLS po.des {-rCt(CCOr\a.fiCt~ 

j S1 (A.) ~ Mevlor que (H). el!.tt.CVlr{G 1~\dtc.J-/o¡ 
j 'Si (A) e.~ rnetL(OYque (H), ccvrc¡A A C.OV1 /ct 

j po.de adev-o... del set poivtt 'Vt.ü·~t tf 
; /el c. o u..t pa ro.. c. .o 11 ti 
j·Si. (A)-,; (11) se v/Á ct eo~ltpfM(\,f IW:l 
j rr.vrCl/l fr-tt.c-rio·~.-trt1úl.) 

1 j Si (A) > ( !1) , t:A-tó (';..~.r(C i ~tdú :\ rL~" 
) SL (A}< (ll), €.1 'dd.IO t<>ln. ciC·t! ln• c{Q ICtt~r¡:L' 
j ~ e lA. v¡'o_ d CD'-LÍ.-0/ a... ?((.E? I1S 1 

j wqct d Aw !AA. (J lo. dov COl-\. la. ra.kfe fro_c)¡¡'u. 
jVICUitA. dei set pOittt ~o.x 
j Ú?LU.-pM~ CO"l-{ [L). Si (A).( (L)

1
_WCI,ru

. de ,¡utticl\.d-trt. St' (A)=- (_L) ÜIVIA. ef¡ 
) ' 
i Co~,tt.;ol a "PC.E'PI\S. CQi (A)> ( l) ())wbo.rcl 



j J2f?"Sf I - U l.Ji\ tJ\ JULIO lháve2- 6u&odtA- Jo~Le~,r;, ~~~ 
j .el da to e o vt e 1 se t po i -t~ t 'V.AJ ""t . ! 

- ------¡ 

<l'l•"'" 
.u ...... ,,. 

• ,.... .... ('0 l ....... , 

1 --

1 ( ) 
1 •._' ,/ 

1 

1 

1, 

JHP 
• 1 

Clv{I 1-li: Lb A 

• 

CNUJ 
11IJJ+ l 

L 
:PREPI\S 
ENitJ 

j CNrc~ A w:.'- lo P~"ie fr~?-tdOY.a (\·o~ i 
jde/ se.i po(· .. á ~"tAtl-'-"-{ GOI/v.pM~A_ (A)o 
• Cffo.t (L). 1 

j St [A)= (L) e<AVI.O. CDi·t1rol a .:PR-Ef'ASI 
;si (A)> (L) euclwde i'-'\dicl'ldor 

• ' 1 

j:P!2-EPI\S: ESTA PARrE .PRE.PARA t=L Df:TO MEDil)O PAí?..A SEQ Et'-.JVlADO 
jYlA EL :PUGI<rO D-t SALiDA 13 AL TtJDiCA:DOR I\IUMERic.D . .PARf1 ['(.10, 

) 

j COIJF\GvRA CADA :PALA.BR.A CON LOS CONA-1JDOS DE C..Of.J/R.ol .b.Cl 
) PUERTO Y LAS ALHACENA COIJstCVTiVA HEN16 A 'PAí.::TiR :UE' LA 

~ Di etS:ci OIJ J)A. TD. 

) 
'PRE PA.S: M0\1 

OR,I 

<STA 
MOV 

AA.Jr 

A, H 

401-t 

l>ATO 
A,L 

OFOH 

j C4rqo. -eu A ilA. ¡oa_,y-fe &.tte.r.:A del [: 
jd.OJo wer:Ucto. 
j PoV\.e ~u "i" el blf 1\{-<oÁ st(;'/.IHCAh~u 
j del AwiA..uJitJ.clor · 
j Al wetceu o.. ( 11 ) e..t{ ·Da fv 
; W(Jó"' f..vt /4. !CL Fa;vfc f'rc:tcetov",o..(l'r.._ 

1 
j del dato v-t edid o 1 

j Hove.e o los 4- brfs weo¡¡os- ~HI'' 1 retdwtj•::: 

RI<C 
RR.C 
RR.C 
R~C 
Of<..I 

j cte{cwtio -sólo ef dJ1¡i+o de lcts dr.ci~"'a.s 
j Cov-re el ci{_'qi t-o de iCUl de·C-~ u 1 o/~ 1 

ja.. los; 4br'fs wetvto~ s{~vti-h'a":h'VvfO 
j del AQ./ w1U/c::uiov. 

SrA 
HOV 

ArJI 

3o H 
])ATO+/ 

OFI-I 

j 'fD u e u V1 1 eu 1 o S ~ d S A 5 ~¡ A cj 
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CURSO ~'MICROPROCESAD.ORES" 

. Práctica No. 3: "Aplicaci6n práctica del microprocesador" 

Ing. Pedro S. Joselevich C. 

Objetivo: Se pretende demostrar la aplicaci6n del kit MCS-80 a 

" la medici6n de una variable continua, mostrar su valor en forma di-

gital y dar señales de alarma cuando se excedan límites (en más y 

en menos) respecto a un valor prefijado-de la· variable continua. 

-+lo V. 
VJ) raJ __ 

' 1 

.]).:>p /;;¡.y 
LV ?n .. -'HO.S o 
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l •... Breve explicaci6n te6rica. 

se·de~e~-rn9s~rar ~a versatilidad de un rnicroproce~ador para fi~ 

nes industriales~ 

un 

r , , •' 

~· '• 

El :-.ki,t :MCª_::-:s:p. h;a. ·sido c~mfi·gu~ado usando· .un pr.ograrna adecuado y 
m.íni!llo -de ·":hardware·", para re~Íi~a·r ia·s si·gliientés: f·unc:Lone·s-: 

a) Convertir una variable cont~n_':l_a_, {¡A ;( ~~'fial~ .ánaltsgicá) .en una 

b) 

e) 

d) 

.., ~ ' - .t.' '.. 

señai -digital binaria, V0 • 

Conver;t'i·r dicha señal binaria e~·: :~n:Ld;~'áe~ d.e- ingenier:La (volts 

en -este ·caso), en c6digo -BCD .• 
' \ •• ~ ~ 4- ,.,_ ' '• ' .... 

Mos•t'ri:lh: -esa :i·n~o:rmaci6n e~ un. ~"d·i~s.pla·y" l.und:noso .• 
; 1 ~!. ~~, --,,.J ~:-~, -.r·~ ¡'-

En~tra-r :datos ~desde el .tec·lado del -term:i:'nái' ({rCRT,,' '.TTY.) _, ·par¡¡ 

ind·i:c.a,r' :al .,s.i:s.t.~~a .el :'~v~lor delr~f.,~rci'nciá·,. ·cdeseado·" Yn. ·de Ra 
~ - - ~ \ ' ' : .,';_ ',, ' -

·v·a'r:i~áb'J;e···Coi'lt:l:nua. de entrada, y lo·s 1:11mi.t'es )máximo y ~m'íriimo 
'' • ' ~¿¡ ' ¿ ~ e; ,~_,. ' ' ' • - >1'" ' ' • 

L.M -;-y ~~- . que -~~-~ta . puede 1=:ene_r ~ · · ·· ' · ·. " · · ., 

: ~e'·) :$i ¡ r1·a. -.yariable. de en~rada torna valoré·~· j~.Úér'a ~de' ila ·banda. ;p.er

. ··rn:it:±aa:, .;d~ ... se·ñ~·Íes ·d~. aÍ~r~~, enc~ndÍe'ndÓ' ;ft6.es :de MAXimo tO 
- ; ' • ' '. ~ ' '_ ' ;._' • ".' ' ~ ,• 1 ~- -. ' 

de :,MI,Nlmo, según el caso. ...,~"' ~-, ' .. : -~ \: .:. 

., 

'' 



") 
• ..J 

~. ]reve descripción de las partes del sistema 

~-1. Conversor A/D: El potenciómetro P torna una pa~te del volcaje 

de fuente (lOVs) y genera asi la señal, continuamente variable a v~ 

luntad, VA. Esta entra al conversor A/D, el que generará la señal 

digital v0 (en código binario puro) en 8 bits correspondient2 a~ va

lor de VA en cada instante. 

Asi, con VA = OV la salida será: 

VD = 0000 0000 

con VA = S V 

VD = 1000 0000 

El valor máximo indicable en v
0 

es 

VD = 1111 1111 

y corresponde a VA = 9.96 V (no puede llegarse a 10 V). 

En general, la señal VA será cuantificada en 28 = 256 estados di 

ferentes; como para este caso el valor de plena escala {no confundi~ 

con valor maximo)es de 10 V., el valor de cuantificación del b~t me-

nos significativo es 10Vd_ 39 mV. 
256 -

puede registrarse. 

Este es el incremento mínimo que 

La conversión A/D se hace mediante "hardware" especial, us.;mdo 

el método de comparar la entrada analógica VA con otra VA' g0:~erada 

por un contador binario y un convertidor D/A. Cuando VA = VA', la 

salida del contador binario será VD. Como debido al método e.i1¡_Jleado, 

es posible que VD oscile alrededor de un bit menos significativo, es 

necesario que el microprocesador ordene al conversor que "congele" 

su valor durante el tiempo en que leerá VD. Esta es la señal de con 

trol c. 

3.2. Microprocesador: Es el MCS-80, al cual se le han configurado 

los puertos de entrada y salida para realizar las funciones que se 

indican a continuación: 

a) 

b) 

e) 

d) 

Control del Conversor A/D. 

Control del display de salida y alarmas 
,' 1 

Salida de datos para el display y alarmas. 

Lectura de datos del conversor 

o 

o 

Para ello, se han configurado los puertos de la siguiente forma. () 



o 

o 

P.B 0/PB = entrada de datos desde el conversor 
~ 7 
Pf3/PA0 = dato BCD a los displays 

PA4 = punto decimal 

PA6 , PA5 = salidas al decodificador de dígitos 

PA7 = inhibidor del decodificador de dígitos 

PC1 , c
0 

= salidas a los indicadores de MAX y MIN 

PC7 = control del conversor A/D 

PC6/PC0 = no usados. 

.4 

3.3. Display luminoso: Está compuesto por tres dígitos decimales, 

donde puede indicarse desde 0.00 hasta 9.99 U. 

~stán conectados en "multiplen", de tal forma que para registrar 

una informaci6n de datos a un determinado dígito, no s6lo debe lle

gar a €1 la información correcta (lo que ocurre desde PA3/PA0 ) ,_sino 

que el dígito debe ser seleccionado por el c6digo contenido en PA6 , 

PA5 y un decodificador adecuado. Además, vía PA7 se envía una sefial 

de sincronismo adecuada para que los dígitos funcionen correctamen

te. 

Los dígitos contiene un decodific~dor BCD a los "puntos" indivi

duales que componen la imagen, con lo que con 4 bits pueden mostrarse 

los dígitos decimales "O" a "9".(En este modelo de display, no pue

den mostrarse los caracteres hexadecimales A a F) . 

3.4. Indicadores de máximo y mínimo 

Están constituidos por un bit de un puerto de salida, conectado 

a un LED (MAX = amarillo, MIN = verde) , a través de un "buffer" ade 

cuado. 



Tare l No. 3 

Doterminar la función de control de un controlador P-D 

VR.. + 
----=-...... 

f(c) == K1P 
r-

p =LV A(k) 
r 

D r=/VA(k) ... 

r> 
f ~---=e,.',,_;-- ... -~,.' 

: - { ,.."';:J-t·;·'-~ • { 

~---------· ¡ 

-----·--------- ------------

1 
1 
1 

Se supone que, via el CRT1 se introdujo un cierto VR, y que VA se v& 

riará manualmente. 

EJ-ercicio: K 
- 1 = 1 

o 

1) Suponiendo determinar el valor instantáneo "P" (variando V~) Q .. ~ 
y sacarlo a la pantalla. 

2) Suponiendo K2 = 1, determinar "D" 

3) Obtener el valor f(c). 

Sugerencias: 

a) Hacer diagramas de flujo en cada caso. 

b) Usar aritmética BCD, para aprovechar al máximo el programa 

ya hecho. 

e) Para obtener siempre saldos positivos , hacer A-B (si A> B), o 

B- A (si AL.B). 

Reglas de la Artmética BCD 

I} Sumas: Se puede sumar directamente dos cantidades en BCD, (po

niendo dos dígitos BCD de cada una, en cada byte). Debe usarse la 

instrucción DAA para corregir eventuales entradas en la ":;:o:1a 

prohibida" del código BCD, o sea las posiciones A-F del C6d1.so Hex. 

II} Restas: (ver páginas 56-58 del "Assembly Language PrograiTh.-ning 

Manual"). 

La resta se realiza por suma de complementos. 

o 



' / 

·Ü-'"'·-· A~B ~. A + (10n - B) - 10n e 

o 

o 

o 

siendo n = número de d~gitos de ,B. 
n n 

10 - B es llamado el . "complemento a-. 1-0 de B". 
- ' 

Si A> B, e es el resuit-ado correcto·~· en BCD, de.la resta. 
. . n \ . . . . 

Si A .C. B, e es el complemento a 10 -de la' resta. ~., ' ' . 

'Mecánica de l·a resta: D.ebido a que la máquina trabaja<norm.Sllmente 

en h~xa., no en BCD, la operación de resta e~ más complicada que la 

suma. . ·: . Ver páginas 55-SS del 11 Ass~mbly 

La!lguage Progr~ing Méimual",_ y subrutina en pág. 58. 
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fíllé-l?: J:¡~ í)Af'\Y t • 'ii. + V 
~ ll ~~ ~~ : .i 1'i ro SUP-XY 

.., 
L - X ... y 

Sl,fl,J: Ji'~ p N~¡"; X: y z :; ... x 
S¡ 1 t· :-- : .J 14 p rq_ T X Y z = X * y 
Sll h"': J ,":P illV:I:Y 7. : x 1 y 

SUP.7: Jt1P [1 r_ r. tl r 1 ;,. R T i"E X 
Stloh: J ~1P t~:cr'o J... E r- r, X ~ 

o 

o 
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AOflxv: 

; 
OAnxv: 

5 Ll H R !) 1 Ji I N t. T O A O D TI~ O l ti a l T U N S I G N E 1) 
J NUMHlRS: Z = X + Y Y 

CALL,tr'Hi SFtHJf.:~IC[; 

PUSH y 

PUSH >. 
CALL ADOXY 
POI' z 

PCP H 

P-OP F~ 

POP D 
MOV A,r 
hOO t 
MOV C,A 
1·10V A,B 
ADC n 
MOV H,A 
;JUSH B 
PCHL· 

POP H 
POP H 
Pl)P o 
(J_AO l) 

PL:SH H 
PUSH B 
RET 

PUSH y 

PtiSH X 
CAL.L OADXY 
POP z Z::X+Y 

GET Rf.:TllRN ADDWt.SS -
; Gt.T X 

r.t::r ·v 
A[)l) 

1. (ll·l F.: R 
8 RITS 

AOfl 
IIPPER 

B BI1S ANO CARRY 
5l,Vt: Z 
r-'fTIJPN 

GE T RF.:HI~N AODRESS 
r.ET X 
(;e::r v 
A Dl:'l. X, V 
SAVf. Z 
R E S T n R E. ~ E T. U R N ,A O D R 1::: S S 
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;---------------------------~--------------------"------ ·--~-------~--

; 

. , 

SUBROUTTI'If.~i'l :;IIPS'TRAr.T TWO tF. ~IT llNSIG~~E.íJ 

NUMHERS: 7 : ~ • V 

CAI.LII'IG SEIWr:tJCE.: 

Pl/SH Y 
PUSH X 
CALL SlJfj:.:\' 
POP Z 

;---------------------·----------------------------"·-------------·· SUB>:v: POP H GET REl'URN Alli)RESS 
POP ~ f GET ~ 

POP D GET V 
~10 V A,C SUA3TRACT 
SUR ;E IJl:>J E¡~ 
MOV ·c,A A BITS 
MOV A,~ SIJH~TRACi 

S6f3 o IIPPER 
MOY B,A ; 13·fHTS AN\) nO!'<R(i:.J 
PUSH 1:1 SAVE z 
PCHL 
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:-------- ... ~--------- -- .. ---- .. -- .. -- .......... epo ... -- ........ --- ..,._- .... - ... ~ .. ,- - "":>- • .,-- ....... '"' ~ 

SUBRUliT T ~IF. TO ~H.:. (.f.o TE (1 ·'' :- l f, f,! T lJN!-, 1,·,: ,· : 

NUMf.H·.R: 7. 1:1 .. )( (~'S C O t • • l t. t-1 f. N T NOTAfT:;.) 
• , 

CALLJNG S~.DUEt;Ct.: 

PIISH X 
C~I.L f\l r r. X Y . POP ' z :.:~ ).' , 

;~-------------------------------~----------------------~----·-·-. NEGXV: ~Of..l 

POP 
~>lo·v 

r.:1 A 
MOV· 
f'1QV 

Cl-1 A 
M(JV 

I 1~ X 
PUSH 
PC.t-ll 

H 
() 

A,E 

E,A 
A, O 

D,A 
l) 

o 

; (;F. T '-' é. i Ll ¡..> .·¡ A n n RE S~ 
r.t.T l( 

; C O t~ P 1 .. r-. M E 1-J T 
1 OWF~! 

R ~IT:;i 

C O ~: P L f ~¡ t: N T 
111-'P ¡:~¡.,· 

r- t'>lTh 
H~ r¡..· E M E N T F fH-1 ~ t S r: í'Hl P 1 L ;. r- h T 

; SAVF: Z . , 
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; ------------ -· .. , ..... _. .... -- .. ---..,-- ... C<lf--------- ., .... --

F'USh Y 
r-'1' :) h X 

r:~\Ll ... ~,$1 .. iXV 
' ( . 

t V' 1 

~. 1 il_ TI P L Y 
J. .. y 

;--~------------------·-----~----------------· ~·:·!l.'T?.I,''~···F(If.; !~ (;f'T 1-?r'Tll¡:'~~ t.h!_lh:~.Si-. 

~'U P ¡-\ 

r CIP ,O 
PIJSI-i h 

LXI ~~ 1 L' 

f, V l A, l 1 
í'll~H PS:~ 

MLTV.: ~~e v t.,H 
RAf.' 
,...,,ov H,A 
r·1 (l V A,C 
1-',H~ 

l'lüV C,/1 
:iTHL 

ncR H 
JelHL 
JZ f",L T2 
,Jt~C Ml.il 

fiAD o 
~1L Tt: 1·10V A,H 

í-?i:.R 
,·~o v H,A 
MOV A,l 
¡..'A f.) 

f'• ()•V L,A 
J-11-f.l ¡v,¡_ T¡,¡ 

~1l. T 2 : xcr~r. 

P·OP H 
POP H 

f-'Li~H H 
1-:JCHL. 

. 
1 

. 
• 

r: ~- r ~ 

q T y 
, ' 

~A.Vf RE: n:ru~,.,rc~·~"'f;:.s 
r. U· A R T N ~ t.f .. · f'l F ¡ J I A i r. r: :· ~ l: · ,. 
~ f-_ T 13 p· r Cll 1 iH ¡.:: R ; 

.·; .1 v f·: e o t J ~.r r P e .t. l 
SriTFT 

O N f i 1 T R I'G H T 
S VI 1\ P i=-' F t 1 t. I 1\.l l) F. R p, C O' . ~. 1 r~ ¡.. ( ¡_ i 

! N T(1 ~ Ó F , :') T A C j( 
DEr. hl e:- i·1 F. t 1 i ' . 

: p EC: T ~.)1:.,1 t" ."'f. !i A T N() F"' 
IF.CnUNT ZU-<n, t'JONF 

; T F M 1 : l. T I t- [·. I t ¡:..• 8 I T t ~~ Z ~ 1, ¡ ' 1 
· r1nN•Í'· :.,·.n.:· · · 

. , 
• , ' 

FIIT,I•IAS ~~ A0P._MUL1'lPLJC.~t-Hl 
SH'!'FT - ~ . 

',• 

" 

n 1\it ¡-; ¡ T ' R l (~ H T 
Cfi ~J :r Hl IJ f._ , f 

; - P U T E X C 1:. ·'' S ! N ( 1) E ) 
h'UHJVE C11UI'JT~ f.t 
~fT RETu~~ AnDRESS 

; ~~VE Z ' 
~ ': .,'¡. . , 

----------~------
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S U r"' e:- f;t · T ! ¡,• r 1' f1 ! , i \' f ~. r~~ 1 ~ t1 • , , i"' T · l ,,. ;) j l ~; 

i .¡ ¡ J r-, '"";- r'l €., : t :: J., 1 Y 

PV1H 'J. 
L 1-~ L L 
PUP 

DIV:XY 
l 7:Y.;Y ( I N í f (, F P. fJ " t-: T 1 

.............. _____ ~" 

o 

; --- ----- .. ---------- ---- ---- ... - .. ------------ ------------ • ..---- rt - .¡,-. ~----- C 

DlV\V: PD~' 

¡..l[_lP 

f-'¡¡¡...> 

PU~H 

M l1 V 
C 1'. A 
~IL V 
;.¡ C1 V 

CM t. 
11 ()V 

l t; '1. 

l ·'- l 
M\11 

DIVr: PU:)H 
llA.n 

J ~;e 
XTrlL 

O 1 V l : PUf-' 

¡...'\i:..;H 
Ml)V 
h' i< L 
t'i (:V 
1·1(,\f 

F< .\ 1_ 

:18 V 
~~ LJ V 
R :,L 
11 (1 V 
:1 (1 V 

~/l. L 
·~¡_.V 

p- 'J 
l,. .. 

r) e.¡. 
JtU. 
nKA 
~~e v 
p;.. ~· 

1"1 D V 
i'i(JV 

1-<t..f.l 

t1 ¡J V 

POP 
Pl, C,H 

PChl 

H 

h 
[1 

~~ 

A,P 

l•, /1 
A,E 

t., A 
r' 
H, til 

A , 1 7 
H 

o 
OIV1 

H 

p ') ~1 

A,C 

e,~ 

A , Fi 

R,t. 
A,L 

L,A 
A ' f. 

H' t. 
PSI.' 
,\ 

¡) I \1 r.: 
.\ 

A,h 

IJ' ~ 

A , 1_ 

t.,A 
H 

f1 

L> t. ¡· ~J ¡.: T 1 • . • ;.J A í1 L1 H f.: S 5 
(.t:T )r. 

r. r. T V 
S .• \V f-. R E -~· tl R N t. nii t-l f S S 
~~f. f. ATE 

{? ' :; ~O:-. P l t-. ~1 E.~: l ~ 

CL.f. A~ Lt· ·,\ r r.rd::R 
G 1:- T r' t Y r a, 1 • ,, T L ¡.., 
S 4 \' i.': R F ,•; ~ i " ¡ ' F ¡.: 
~ U f\ S T R ~ 1~ 7 . • : V I S O 1J ( t. D O N E G T V ) 
1 F 1 J N i 1 f P " L ~ 1 ··i 

RP~Tn~¡ F~H~!ND~R 

r;ET REi"IA í ¡,rJt-.F.' 

ti A V C: C P ll ~! T L R (/•) 
$HIFT 

fHJF f~ [T LEFT 
SMTFT 

f'il'l f- A I 1 L r: F T 
F<r·::.TPP~ l OCi? CfJtJN1t"r: (~) 

~~ (l T fi U ¡-, f· • r G'"J 1" I N 1 i i:: 
r L r-: A P e .. , · r:: v 
:Sh!FT 

R r ,-., A í ¡, · • t K 

o 

; St.Vt:: Z o 
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:-----------------·---------~~-·-----------~~--------~--r t-i f.lll r ¡ Í} í J ,., : ~ [11 ~· i: T: ¡.• ~. 1 1 

ce ti) 11 o 1 f:. .~ ~· r td.,<i, ;_ : t 

fCH1~ t~ r;¡ u ~: 1 1- ·i H i:'CH(1 r: H i,' 
Gr. Te; t-.(.~ u ~i?.1HH e:, 1: T I rJPt ¡-
VAL DI I:.UU V.;') HA H V.li.Tn i'•LI 

,.,;- -n· r ;·) 
r11 i TPI q 

:, r: T ¡..~ !'? 
r.,,ARACTt.R 

JMlTEP 

•'\ 

. ; 

. " 

\ ' ~ ... 

,_,. 

! ; ,\ 

... . . 
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S UbRe·: i ' ~· ·. , ~ ¡. r f 1 :; r t-: n fJ ~ t. ~ (, ~' t! i : ! ¡ ~ ~-.. ~ .~ .. :~, 1- ~ ~ ~ ~-- 1 \ • ~ ¡;:. ¡" . , ¡r.·T,; IJtCif,I\L ;.,'lfJ •')liTPUT Tíi" TH.-: ¡,::--·.-:· -L 

o 
::._.. P L: 5 r1 X 

; r. ,\ L L [' r i 11 P 

~ ,-------------~------------------------------------------------------

i_; 

,,0 

Dt Ct 

. , 

' . ' ' . r->DP 
p () F' 
PuSH 
LXI 
C ALI. 
L~I 

C Al~L 
LXI 
CAL.L 
Lt-I 
Ct..LL 
LXI 
Ct.LL 
1-<'ET 

H 

n 
'J ,, 
ti, 1 iH·~1q 
PHf)JI~ 

H, l í'l f·1 (.: 
p~¡, te· 
H, 1 v. ¡., 

Pf.'IIIl. 
h, 1 n 
Pf-T 1!~ 
r\ , 1 

PR ¡-; J r. 

l-t-. T PEi t•h'~; A!1[)¡., E~;, 

r, l T Y 
; t)fSTD..:F ,.'tillf·<ti APUR!:S . ..., 

Lo t- ', v 
P t.: i r·l T F l ...., S T fl I r. t T 
l ít ,\O V 
¡:; .. ~ T ! 1 T ~ L C ll N D O I r; 1 T 

: LUAII y 
i-'f.~H!í Tt-•íi-\l"l ílif.IT 
Ult\1) V 
r'h:H,i f'!dJrnH l)j¡;¡¡ 
i.(IAO Y 

; ~kTNT Fl~TH niGIT 
FLTdr.:N 

S Li fi 1-? flUí I t, E i O í1 1 J 7 P ll i r, :·. F 5L r~ ll F N T l :. L 
OIGIT iO THt. 1 i:~:,.qNAL 

L X I h , P íl ¡., t' R 
CALL P~nrr. 

P(JP P.StOJ 

( nr. ) H /. S N 1 1 i·1 M E R T t] i 1 f C rl U F 

Ot:r:J~IAC Dif~IT PJ lfll-lfK 
~~ v r . , P. r. ~, A r N o t: K r N e n f. ) 

o 

:--------~-----------------------------~--------------- ·-------------
P ¡... P l ~~ : P U S H o 

PUSH D 
CI\LL l)lVXY 
PC:P F: 
~1 0 V A, r. 
A G I '¡.; t 

CALL Cü 

Pb:;:; )( 
IJ 1 v r n F. ·. 1 v 
c. 1: , n n 1 , rr. w¡ 
:·, l r: T T T . A (' C llt•1 1 l L A 1 il f.< 

r<: 11 ~ f- /1 !1l: l ! ~ 1 T l~ I T 
Sr~T ('l!lí lJT UiAf-\AC~FR 

G!JTPt;¡ :.HAh'ACTER 

kt::TURI'l 

o 
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:--------------------------------~---------~------------·------ . -· --
.'i U LHH11 1 i T :~ F -, n 1 ~ if' 11 t A t , · l.i I T l 1 t-1 S I ~ ~J F ü 
~,U t·: t-\ 1: 1~ t- ¡. 1 1 t, T 1 1 ¡.. 1 f-.. P 1·1 I t, lll. 

r. t. u t-. ~·· e ' " l 
_: 1-'C S H X 

. ,------------------------------------------------------·---------------
f.~JC:(::~: LXI [), ¡1 Clt"AR '-t : IL T 
t: N e~: : CAL l. r-::rr.r GtT CHARICiU~ FrWM n: ¡..~ 11 T N t..l __ 

e ~~1-1 f:CHii FcHn CH;,' AC.TF'~ , fJ TF~'r1TtJhL 

CALL V Al.lil CHFCK ~ (11-" nt-L JMIH.R 
JC f:Nrt E 1\J r) IF il'·l. Tt1J TFr< 
CPI 1 l·l' n::; 1 CH¡..·. /lf;,qN:.;,T 1 f¡\ 1 

J i1 Et-:n~ U:.s~, li'<\AI_Ir¡ 

CPI 1 ~1 1 ~ 1 H~T CHAr- /1(~ ll I t-1 S T 1 ,¡ ' 

JP F r•J r. 2 -'-':01.,1[' P~ \· 4L In 
11ú v H,n I-10Vt. Rt.::.S-•1_1' TO 
,'\OV L,E Tf:-.1·11-lúí-<' ;. ~Y 1 RlJF'FER 

r• Arl n ~, UL T r P l. Y L"~ Ü~ I T 
f, t. u H 

i 1 AL> li 
1 , .\ r 1 H ,-\ v f-t·,L:,JR p¡;.: ; f f .. ~ 

sur 1 lit 1 ~~AV E AS l. j T. rn !}I(:;lT 
:1QV f., A Plr.C~ D r ¡': r :r p.¡ 

:1 V l L),~ rr:nPll~; :. r-n I~UFFER 

iJ l\ li D Af)[l ro t·: :- SIJL'T 

YCHG SAVf. RF ::,·11. T 
.T /~ p t: N e('] 

. e; E T tHl~:t_ !JIGTTS , 
E"ICt: f-'iJP H C.F.T RETI.i·N AODRtSS 

PUSH o SAVP: X 
'í-JCHL. Rl:.illf\N 

ENC~: 1-lV 1 . ~ e, , *, r. t_ ,. F.RRL ,' ·CH llj-.>ACTt:.R 
e A u. ECf-1(1 OIJTPIIT 1 1 T f.P_IÚ N AL 
r.AL.i.. CI-<CdT U JI') L.Hll-
.JMP f:Ncnr, 1)0 (1 V f.~ ·~GI·IN 

fND 
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PROGR&M~ PRACTICA No. 2 CURSO C. E. C. 

(, . 
,-·'' ~ f,> 

r /~' Í ~ ;,":~ 
"SUMAR CANTIDADES" DOS 

'~ 1 .... tJJj (......... f 

l -: ~~"~ ~!r;¡~~.' .. zrr .r 
( ¡ --- .... "'~ ~,'-:.::.,i'~i <f;1;\.,!:·~ 

¡ ll 
¡ 

'¡ J 

' l, , ~ t ' , ' ¡ 

' ' ,l / 
1 ;¡; < !; 

J , '" J, '~ '~ (J/,--
~ ¡ J J ; r ~ ~ ¡ ' 

',; -·: 

-- -- -- ---- '-~ -- -' 

' '< ...._ " -._ ...... ,-' -..-. .. V J'j ,,~ .. 
'' 

·' 
' 

) ,·-
·-t 1 ' ) '-~ ...... ,, ' 

,_- , r ":;_~~ f'' --::- ... r~:-
- A< l i ¡ ~ ¡ < 't 

! ti ':¡,1 
-~ ¡ : J t ' , ¡ 

-¡ ·. 
·¡, ' '· '); 

j! > ·1 
;; l: 

L '1 ¡, --~ '' ''' 

.......,,~ ~v, 

r--~~ }-. 
i 

'' 

'' 
' 

' 1' ' j 

1 ,~ ~ j J '; 
/ " - -- ; "( 

'' 

OBJETIVO:--- ~~~retende realizar un programa que sume 
dos cantidades de hasta 4 díg~tos los cu~ 
les entrarán por consola. La suma se ha
rá en c6aigo decimal. 

d e M n e r 1 a Tacuba 5, primer piso. México 1, D. F. Tels: 521-40-23 521-73-35 5123-123 
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DIAGRAMA DEL FLUJO DEL PROGRAMA 

11 SUMAR DOS CANTIDADES" 

N- 4 

.TóN\!. C..~R.J\C..1~R 
DI: (JKIN\E.'(L S\l-

1'1\.A. •·lDC (_ '::> l l 

N - 4-

.----~:1_ ---. 
YC..t...i.l.. <.:J\Cth.C.\>, [l.. 

r-------------?-ll)t. -:.o::c._,Jo.l Ou r~v-

1 
':;¡\ 

~..lh.N 1) O l <;-;...,_'\ 

• 1 • 
\"-lv/1.\.....\tJO 

o 

o 

o 
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o 

") 
• ,,j 

BLOQUE 11 1" Almacena en memoria 1300 hasta 130D los. dígi.tos componen
tes de ambos sumandos. 

A'l·macena .en me~oria 139B hasta 139E la ~'direcci6n + 1"· · . 
del dígito menos significati-vo de ambo's <~nir.1b.ndos. 

,·, 

DIRECCION: HEXADECINAL·.:.. MNEMONiéO COMENTARIOS 

1.310-

1312 

' 1.315 

1317 

l'31.S 

1319 

131C 

l..31E 

1:321 

1:324 

1'327 

1328 

1'329 

1'32A 

1':32D 

1330 

1'3-3'3. 

1336 

1338 . ' 
133A. 

133B 

133c 

l"EO 3 'h.~ 

2 ro.o 1:3: ~-

3600 

23 

1D 

<;;21513 
.. 

•;L 1 :: 

1·E04 

CD1B02 

CDA013 

CDDAO:l 

77 
' 1 t _. 1 

23 
,, ' 

' ·il..D' . -' 

C21E13 
. ' 

' ' 
1 " 

229.Bl3 .. J ~ .. -\.: 1-:: .• ::,_ 

CDEEOl 
,~ '. : •• :/ • '. 1 -

2'1671.3 

1E03 

. 3 6,0,0, 

.23 

lo 
., 

.q_238.13 .. ' 

MVI E,03 

LXI H,130.0 
''' MVI M,·OO 

INX H 

DCR E 

JNZ 131'5 

MVI E,04 
·r 
¡' • 

CALL GETCH 

CALL ECHOX 

CALL CNVBN 

MOV M,A 
;' ' 

'INX H 

DCR E 
-, _ ..... 

JNZ 131E 

SHLD 139B 
-.. ' 

Toma registro E como contador 
' ..... '¡' \ . .J--. 

CaFga en n;L dirección 13~0 

Carga ·en memoria, direcpi6n 
(H,L), "cer9" '(limpiar)_ 

~ _i 

~ · Increment~·direcci6n de H~L 
• ' • ' \ ~l. J 

Decremen-ta· co'n tador 
,. ¡ •. ' 

· · · ~Decide cua.nao ·se h.:..n limpiado 
13 o o 1 o 1 1 o 2 ., 

Restaura.9gn~~dor 

_Toma car~p~er.~e consol~Y 
Lelimina bii paridad. Subr~
tina de MONITOR (021B) 

Identifica caracter: 
si decimal escribe 
si in~lido escribe '( *) 
si 11 + 11 cambia renglón 

Traduce ASCII---- binario 
(MONITOR 01D~!,_. ·., .: .. ,,.-

_ . Carga el contenido del Ac_umü_la-
, ,:dor eri ··(fireccl6n de H,L. 

Incrementa dirección en H;L.· 
' ~ " .:: t l. - 'y~~ ' ' 

Decrementa .contad'or-

j __ - -:.,E.-¡. o bus·e:a:~::o:tró dígit~; ·-E ·=·.O; 
Continua 

{\' ... t-' 

~.'"-~Sal va ~ireccl.'6n· -+ 1 del Lsn· 
(139B, 139C) 

CALL CROU~, -... , .. Cambia -.de, ~.engl6n por·, segundo 
r h 'F lo ·sumando ;(MONITOR OlEE. ) - ··.: ,: 

TOMA SEGUNDO SU~ffiNDO j -~ ... • - ,. . ' 
'), 1"·-

·LXI H,1307 Carga en H,L direcci6n 1307 
1 • '"- -

· · . .-MVI E,03 Ver primer sÜmando _, ' .. .. , 
MVI M, 00 -11 11 11 

INX H ... 11 11 

DCR E 11 11 - •11 

"'JNZ 1338 11 11 " 
- ' '' 



DI RECCIOl\ 

f J_,z 
1341 

1344 

1347 

134A 

134B 

13t!C 

134D 

1350 

1353 

1356 

HE Xl'<. DE C I r'1i-\L 

1E04 

CD1B02 

CDD013 

CDDAOl 

77 

23 

lo 

C24113 

229Dl3 

CDEEOl 

C30010 

BLOQUE No. 2 

(13A0) Subrutina 

(137\P) Subrutina 

( 13C)) Subrutina 

(13DO) Subrutina 

DIRECCION HEXADECIMAL 

13AO 

13AO 79 

13A1 D62B 

13A3 C2AF13 

13A6 C32D13 

13AF 

HNEHO~ICO 

MVI E,04 

CALL GETCH 

CALL ECHO Y 

CALL CNVBN 

MOV M,A 

INX H 

DCR E 

JNZ 1341 

SHLD 1390 

CALL CROUT 

JMP 1000 

ECHO X 

ECHO XX 

ERROR 

ECHO Y 

MNE.MONICO 

MOV A, e 

sur 2B 

JNZ ECHO XX 

JMP 132D 

• 4 

COMENTARIOS o 
Ver primer sumando 

11 11 11 

Identifica caracter: "- 11 

salta a. SUJ!IA. Cu<1lc:ulcr o-::ro 
salta a ECHO XX 

Ver primer sumando 
11 " " 
11 11 11 

11 11 11 

" 11 11 

Salva "dirección + 1 11 de LSD 
de segundo sumando (139D, 
139E) 

S U M A 

Detecta símbolo "+ 11
; cambia 

renglón 

Detecta caracter decimal; 
escribe 

Escribe 11 *" ¡ transfiere cor.
trol a MONITOR 

Detecta símbolo "=" ~ c¿¡;;-,bia 
renglón 

COMENTARIOS 

ECHO X 

o 

Subrutina anterior ceja carac
ter en "C" 

Checa "+ 11 

Si el resultado es ~O investi 
ga que tipo de cara e ter es, s:.:. Ü 
= O continua. 

Vuelve a almacenar dirección 
y cambiar de renglón 

ECHO XX 

... 5 



o 

o 
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OIRECCION 

13AF 

13BO 

13B2 

13B5 

~3B7 

~3BA 

13BO 

13CO 

13CO 

13C2 

13C5 

1300 

1300 

1301 

1303 

1306 

P.EXAOECIHA.L 

79 

D630 

FAC013 

FEOA 

F2C013 

CDF401 

C9 

OE2A 

CDF401 

CF 

79 

D63D 

C2AF13 

C35013 

BLOQUE No. 3. S U M A 

MNi:;MONICO 

MOV A,C 

SU1 30 

JM ERROR 

CPI 10 

JP 13CO 

CALL ECHO 

RET 

MV1 C, * 
CALL ECHO 

RST 1 

MOV A, C 

sur 3D 

JNZ ECHOXX 

JMP 1)50 

. 5 

COMENTARIOS 

Restaurar información en 
acumulador. 

3X = ASCII representativo de 
dígitos decimales. { c.:-:: 'f.~ '7) 
Si el resultado es negativo, 
salta a imprimir error * (re
fiere a operación (SU DO) 

Si el resultado fue positivo 
checa si es decimal (refiere 
a operación ·(SUI 30) 

Si el resultado es positivo 
salta imprimir error (refiere 
a operación CPI 10) 

Si el resultado fue negativo 
llama ECHO de MONITOR (01F4) 
y escribe dígito decimal. 

Vuelve al 11 punto + 1 11 donde 
ECHO XX fue llamada 

E R R O R 

Carga en e simbolo de error 

* a consola 

Transfiere control a MONITOR 

ECHO Y 

checa 11 =11 

Investiga que caracter es 

Vuelve a almacenar dirección 
y cambia renglón 

Bloque 3(a). 
(1000) 

Toma 4 dígitos por sumando y se reacomoda en dos dígitos 
por Byte de memoria. 

Bloque 3(b). 
(1025) 

Suma y ajuste decimal 

Bloque 3(c). Escribe 
(103D) 

ORG 1000 

,.. 
• •• e 



DIHECCION 

lO JO 

1002 

1005 

1007 

1008 

1009 

100A 

100B 

100C 

1000 

100E 

lOOP 

1010 

1011 

1012 

1013 

1016 

1017 

1018 

lO lB 

101C 

IIEXI\DECI.L'LAL 

OE02 

2A9B13 

0602 

2B 

2B 

7E 

07 

07 

07 

07 

23 

B6 

2B 

77 

05 

CAlBlO 

2B 

2B 

C30910 

OD 

CA2510 

MNEMONICO 

MVI C,02 

LHLD 139B 

MVI B,02 

DCX H 

DCX H 

MOV A, M 

RLC 

RLC 

RLC 

RLC 

INX H 

ORA M 

ncx H 

MOV M,A 

DCR B 

JZ 101B 

DCX H 

DCX H 

JMP 1009 

DCR C 

JZ 1025 

. 6 

CQ¡.lENT l\RI OS 

Sitúa contador sun.a.ndos 

Trae a H, L dirccc~Jn + 1 de 
LSD primer sumancio 

o 

Sitúa contador digltos (pare
jas) 

Apunta H,L a dirección - 1 

Carga el contenidoi-i-L ea acu
mulador 

Rota cuutro lugares a ld iz
quierda. 

Incrementa .contenido H-L {di
recci6~ si B = 2 o (direccióL 
-2) si B = l. 
OR de Acumuladores con(direc
ci6n) si B = 2 o (direcci6n-2)Q 
si B = 1 

Apunta nuevamente a dirección 
- 1 (B=2) o dirección - 3 
(B = 1) 

Carga par de dfgitos en direc 
ci6n - 1 (B = 2 o dirección-3-

(B = 1) 

Disminuye contador dígitos 
{parejas) 

si B=O pasa a acomodar segun
do sumando. Si BiO continua 
con el último par de primer 
su111ando 

Apunta H-L a dirección - 3 

Salta a acomoearsegundo 
par primer sumwndo o segundo 
par segundo surr.ando 

decrementa contador d ..... s.::-.~.:¡¡~

dos. 

Si -e¡: o termina de acor.:odar · Q 
segundo sumando. Si C=O sal-
ta a realizar suma. 
Bloque- 3 (b) 

••• 7 



., 

o ~ .biRECCION 

.. 'l:OlF 

., , 1022 
'• ' 

' ' : 10'25 

1029 

102C 

HEXADECIMAL· 

2A9D13 ,. 

, C30510 
' ,-' ~ _' "" :.· '. 1 , J 

, ' 

.... :;. l < '· J '\ 

2A9D13 

AF 
:- -; ·_,,:> ' .. t 

.1, ...... ~ /:'-..-

l02D 0·602. ', '; 

o 102F lB 

i030 lB' 

' 1031 2B 

1'032 ' 2B 

1033 lA 

1034 ·a E 

1035 27 

1,036 12 

1037 os 
1038 CA3El0 

103B C32Fl0 

o 
103E DASllO 

1041 lA 

MNEMONICO · 

LHLD 139D 

JMP 1005 

.7 

COMENTARIOS 
1 

Carga en H-L,direcqi6n + ~ 
·de LSD de ·s~egündo sumando.', 

Salta a acomod'ar primer pair 
·.segundo ~~mando.. · : · 

. ·.Y-·: REALIZAR SUMA. BLOQUE 3 (b) · · · 
, . ' 

LHLD. 139B·. '".-:'carga· en.H-L dirección+· 2:• 
..... ,·_ .. , ·, ·.,del 'par LSD ,de· prj_mer /~uman

do. · 
' ~ { '• 
!] >"" 

XCHG 

LHLD 1390 

XRA A 
e ' 

MVI B, 02 .. .. ,, ... 
1_ ~ ',_ t !' 

DCX D 

DCX D 

DCX H 

DCX H 

LDAX D 

ADC M 

DAA 

STAX D 

DCR B 

JZ 1C3E 

JMP 102F 

JC 1051 

LDAX D 

' 

1 1'.r (,~ • 

Intercambia contenido de, H::..L 

\' ~' 

con· D-E tal aue• D-E contiene 
dir~c~i6n ~ i~ ~ar LSD, pii
mer sumando . ' 

carga en H-I.. d.iirecci6n + 2'· 
del par. BSD de segundo su
mando. 

\' .~ ~ ' 

Borra Acc. '· . Cy-, Aux. Cy. V 

~ ') ~ ... .i:"' 

. Sitúa contado:r ,·de sumas oar-
..,.&; ., ' 

''< ..., - ..... •'JN 

ciales. 
'· .. ¡ •• 

'~ . , ~ 

\ ; ,_, :., ... . ~ f \ 

Apunto. D-E a dírecci6n de par 
LSD, primer sumando 

Apunta H-L a dirección de par 
LSD, segundo sumando ., 

' 
Trae a acümulador· el conta-
dor de direcci6n en D-E (Par 
LSD de primer sumiuido) · 

''1 ' . 
Sumar + Cy Acumulador + ( dj_. 
recci6n H-L) 

Ajusta el res.ultado a dec:tmal 

Guarda resultado de suma ~n 
direcéi6n de D-E ·(dirección 
par LSD primer sumando) 

'"' •, 

Decrementa contador 

Si B=O saíta a escribi:r · (blo 
que ~(e) sino, termina de 
sumar 

Salta a sumar siguiente par 

ESCRIBIR BLOQUE 3 (e} 

C'( :. l '7. (.Mst>) 

Carga en acumuladores el 12ar 
LSD de la suma 

•• liJO 8 

1 

-~] 



DJ ~' 1 ·:ero~ HEXADECUlAL 

1J42 

1045 

1046 

1047 

1048 

10•1B 

104E 

1051 

1053 

1056 

CDC302 

13 

13 

lA 

CDC302 

CDEEOl 

C31013 

ESCRIBE CARRY 

3E01 

CDC302 

C34110 

HNEMONICO 

CALL NMOUT 

INX D 

INX D 

LDAX D 

CALL NMOUT 

CALL CROUT 

JMP 1310 

MVI A 01 

CALL NMOUT 

JMP 1041 

.8 

CONENTARIOS 

Escríbelo 

Apunta D-E hacia par ~SD 
de suma. 

Carguelo en acu~ulccor 

Escríbelo 

Cambia renglón 

SALTA ORIGEN; FIN 
(espera otro par dé 5uman
dos) 

Carry "1" en acumuj_ador 

Escríbelo 

o 

o 

o 
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.. ~,· 
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'DIAGRAl"u~ DE FLUJO: DEL,..'PROGRAMA 
.J }r.?'' 

p' ~.1'" • 

.. . ~ "DIVISION DE DOS DIGITOS" 
'·-

,· í 
,\ 

! "-11 c.l o 

' 

., ., 
,' 

- \ -. '•' 

'(' 

1· 
t \ ' ~ 

;·r>N\A..· \:ll\IISCit 

.. l., 

NO 

'-.t>J) 

·' 

K <:.o 
l. 

"::.\ 

; f 

-
~- '------r---..:-1 

; \ 

'l ' • 

R·-:::'1\ ~\O 

1;•• 

11 

R <.O 

-. ,, 

1 

~' 

'· 
'•' 
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DIRECCION 

1310 

1310 

1313 

1316 

1319 

13lC 

131F 

1322 

1325 

1328 

132B 

132E 

132E 

1331 

1334 

1336 

1337 

1331\ 

133B 

133E 

133F 

1342 

1343 

1344 

1344 

1345 

1347 

• 9 

DIVIDIR DOS DIGITOS (programa optimizado) o 
HEXADECIMAL 

CD1B02 

CDF401 

CDDA01 

320013 

CDEE01 

CD1B02 

CDF401 

CDDA01 

320113 

CDEE01 

3A0013 

210113 

0600 

96 

FA3E13 

04 

C33613 

EB 

210A13 

70 

EB 

86 

OEOO 

07 

MNEMONICO 

CALL GETCH 

CALL ECHO 

CALL CNVBN 

STA 1300 

CALL CROUT 

CALL GETCH 

CALL ECHO 

CALL CNVBN 

STA 1301 

CALL CROUT 

LDA 1300 

LXIH 1301 

MV1 B,OO 

SUB, M 

JM (133E) 

INR "B" 

JMP 1336 

XCHG 

LXI H, 130A 

MOV M, B 

XCHG 

ADD M 

MVI C, 00 

RLC 

COHENTARIOS 

BLOQUE "1" 

Obtención de dividendo "¡.,_" 

Almacena "A 11 en dirección 130C 

Cambia Renglón 

Obtención de divisor "B" 

Almacena "B" en dirección 1301 

Cambia Renglón 

BLOQUE "2" 

Poner "A" en Acumulador (R=A(J 

Poner en H-L la dirección de 
"B" 

Prepara registro B para alma
cenar parte entera(E =O) 

Realiza R = R - B 

si R < O salta a almacenar 

Incrementa parte entera (E = 
E + 1) 

Salta a restar nuevamente 

Salva contenido de il-L en D-E 

Carga en H-L di=ección de rn~g
nitud entera (E) 

Guarda E en 130A 

Restaura en H-L diracci(n da 
"B" 

BL00uE "3" 

Re~taura el valor d~l r~sid~o 

Prepara registro e para aJ¡-.~0 
cenar fracción (F=v) 

Realiza; R = R * 10 

... 1 o 
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o- DIRECCION 

1348 

o 

o 

134B 

134C 

.134D 

1350 

1351 

1352 

1353 

1354 

1357 

1358 

135B 

135C 

135F 

1360 

1360 

1363 

1366 

1368 

136B 

136C 

136F 

1370 

1371. 

1372 

1373 

1375 

1378 

137B 

HEXADECIMAL 

320E13 

07 
07 

110E13 

EB 

86 

EB 

96 

FA5B13 

oc 
C35313 

EB 

210B13 

71 

3AOA13 

CDC302 

OE2E 

CDF401 

AF 

3AOB13 

07 

07 

07 

07 

F60C 

CDC302 

CDEE01 

C31013 

MNEMONICO 

STA 130E 

RLC 

RLC. 

LXI D, 130E 

XCHG 

ADD M 

XCHG 

SUBH 

JM 135B 

INRC 

JMP 1353 

XCHG 

LXII-!, 130B 

MOV M,C 

LDÁ 130A 

CALL NMOUT 

MVI C, "." 

CALL ECHO 

XRA A 

LDA 130B 

RLC 

RLC 

RLC 

RLC 

ORI OC 

CALL NMOUT 

CALL CROUT 

JMP 13~0 

.10 

COMENTARIOS 

Realiza; R = R * 10 

Restaura en H-L dire~ci6n de 
"B" 

Realiza; R = R - B 

Si R<O salta a almacenar "F" 

Realiza F = F + 1 

Salta restar nuevamente 

Salva direcci6n de B 

Carga en H-L direcci6n de paE 
te fraccionaria (F) 

Carga "F" en direcci6n 130B 

BLOQUE "4" 

Carga ·en acumulador parte en
tera (E) 

Escríbelo 

Carga en registro "C" el pun
to decimal. 

Escribe caracter ASCII 

Borra acumulador y carry 

Carga en acumulador parte frac 
cionaria (F) 

Preparaci6n de "F 11 el cual 
deberá aparecer inmediatamen 
te después del punto decimal. 

En acumulador: 
F1 F 2 F 3 F4 , 1 1 O O 

Escribe fracci6n; .F"C 11 

Cambia rengl6n 

Salta a realizar ot~a divi
si6n. 

FIN.: 

1 

rj 
1 

1 
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Chapter 1 

INTRODUCTION 

The ficld of data communications is a natural area for microproccssor applications. 

Communications requirements are fairly specialized and call for microprocessors 

with more spccific functional characteristics than the general-purpose type of proces

sors in existcnce toda y. In most cases, the rcquirements are related to speed and 

ease of data handling, and interfaceability with existing communications equipment. 

CMP-8 is a high-speed single-chip microprocessor which is oriented to communica

tions types of applications. The interna! structure of the processor consista of an 

8-bit arithmctic and logic scction situated betwcen two buses. Also tied to these 

buses is a complcment of registcrs including accumulators, index registers, a program 

countcr anda stack pointer. To facilitate the computation of 16-bit addresses, an 

Q 8-bit incrementer/decrementer is provided; this unit operates in conjunction with the 

carry-out of the ALU so that the upper byte of a 16-bit number may be automatically 

modified. The arithmetic section also includes a separate shifter section and a bit-
. 

manipulation unit. Gontrol is provided by a hardwired instruction sequence:.- that is 

implementcd with a PLA structure on the chip. 

Scparatc output buses are providcd on thc CMP-8 to allow data and adcl1·csses to be .sct up . 
simultancou.sly. In addition, two instruction rcgistcrs at·c providcd, so that consl.•cutivc 

bytes may be fctchcd from memory in suceessive cycles. This type of fetch interlcaving 

allows a considerable increase in the instruction throughput ratc of thc pt·occssor. In 

cffcct, thc lime takcn to fetch and dccode a two-byte instruction is the same as that requircd 

to fetch and dccode a one-byte instruction. The resulting throughput makes it possible to 

execute many of the rcgister-type macroinstructions in a single machine cycle. 

1.1 FEATURES 

Q A list of features for the CMP-8 microprocessor is provided in table 1-1. Amoñg the 

more important features are an instruction set comparable to those of high-performance 

l-1 
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m inkon1putct·s, including a wide variety of addressing se hemos; complete, vedored 

intcrru¡jt processing capability with floating interrupt routine pages¡ sufficicnt on -c:hip 

storagc (2 accumulators and 2 holding registers) and the ability to handlc 8-bit data 

transactions al high throughput ratea. 

1-2 
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FEATURES 

Vectored interrupt 

Interrupt page pointer for flexible service· routines 

High speed operation.(' .a ~a execution·time). "· 

Addressable to 65K bytes of memory 1 , 

TTL compatible I/0 ~-·· '·". ·. 

Powerful architecture provides very high data throughput rates 

Autoindex registers fo.r list manipulation 

User flags for control output 

User jump condition input for convenient sensing 

Unlimited subroutine nesting with built-in stack pointer 

Use any speed memory asynchronously, with · READY control 

DMA capability 

Resources 

8-bit arithmetic and logic unit 

Two 16-bit index registers (with auto-increment/decrement facility) 
.. : lt 

Four 8-bit registers 

Separate pro.gram counter. and address register 

16-bit stack pointer 

Addressing modes 

Absolute 

Program counter relative 

Indexed 

Indirect 

Immediate 

Auto-increment/decrement 

Implied 

Instruction repertoire 

Data manipulation 

Arithmetic functions 

.. 

1-3 



Test and branch ..: :.. . ~ ,. -~ 

Iligh speed input/Óutput 

Logical oper_ations 

Bit comparison and branch 

Auto increm:ent/dec~ement load and atore 

Increment/dccrement . .-, 

Stack operations 

'· 

; ' 

1-4 
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1. 2 APPLICATION AREAS 

The CMP-8 is aimed primarily at the 8-bit data com.munications area but ~~ also sultable 
i ¡ J t ¡,, 

for a variety of "conventional" microprocessor applications. The followi~g paragraphs 
" ' { ~ ' 1 ' -, ' ' ( • - ~ ' ' ~ 1 ~ " ' ' ; • ·: " 

highl~g~t son:te of the most likely communications applications. 
t, ,, ,r, '~. ~Y.· .. r). ~l' -~'7 , ''¡ ··~ ' ,·· ~ , --·: ~.~· J ¡ 

catioiis · systems. ' These are: ' ' 

' e " 1 : r '. f • ' ~ • ' ' ';-
( ' ~' • ' : 1 • ;-

a) Data terminals 

b) i\Iessage switching 

e) Front-end preprocessing 
, • r- t 

d) Message concentration (line control and processing) 
e.) Per i phera 1. ~ontro 11 ers o 

~n ~ll o(the above.appl,ications~· one of.the.major conveniences·that cán be provideu·by a 
r ' ' ' ' -' ' -~ ' 

-,:~P~~ia!izcd micropro~essor is program control over· the·controller/com~unication-'line 

interface. 

Data Terminál Applications: 

Thcre are two categories of data terminals: the .intelligent batch terminal fpr data prc

processing (high speed) and remote operations; and:thc CRT: display terminál (relatively 
' ' -

~~~ sB~~d),- CM~_-8.col!-ld; be used very-e~fectiv:ely as a local controller 'for such tcrminals, 

performing such functions as formatting, character ma.nipulation, controlling the display 

unit and so on, and the 8.-bit format is ~c:]eally .. suited.for these functions~ 

' 1 ' • J ': \' ' ' <' ' ..- (- ¡ •• '. '. - ' ', _, ;. 1 -" 

An intelligent terminal 's ability to handle data processing and computational tasks is 
~ 1 • ~ "' ' ' 1 7 - ' ' l ' ' - ' ' ' ,.. • J ,,. r 

largcly determined by the processor and memory units. Wo_rd lt;ng!:~, cy~l"e specd, and 
' - .·, \ 

capacity are important memory char~~teristic~>. Th~ inst~uct!on. set,, ~s w,e,H as each 
' A. ' 

instruction's execution time, are important measu_res of11 proces~or's pótenti~l. Thé 
' • '> ~ "' ' • 

instruction set of CMP-8 is well suited for these func:tions. In,additi~~' the ~MP-8 __ ., ., 

microproccssor can be used for executing relatively simple tasks such as recognfzíng 
- ' ' " 

keyboard strokes and converting them into bit sequences, fillin~ up buffers a~d' emptying· 

them in proper sequence, converting data to machine-readable form-and.so qn. 

' '. 
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Mes~ap;e Switching: 

Messap;e switching rcfers to thc process of ínterconnecting m any ter m inals in a ('n111-

municalion network. Mcssages to be transmitted from one terminal to anothcr are scnt 

vía a switching centre. The switching centre stores the mcssage and then forward:-; ¡t to 

thc Jcsil·ed dcstination. With this approach thcre is no physical circuit intercon.o~·ction 

betwccn tcrminals as in the case of line switching. In linc switching, a conncc~u>n cx1sts 

betwccn thc communicating points for the duration of the message. Better utilization of 

linc facilities is achieved with automatic message switching. 

Front-end Preprocessing, Message Concentration and Communicator Control: 

These are arcas where CMP-8 will find very diverse usage. In a typical teleproccssing 

arrangcmcnt, the three main components are a transmission facility (telephonc lmcs, 

modcms, etc.), a processing system anda terminal. In such a system, thc micropt·o

ccssor will he called upon to perform the following tasks. 

... Interface signalling. 

" Charactcr synehronization . 

., Scrial-parallel conversion. 

e Connection and - includes dialing, answering, line switching, patching, etc. 

e Polling and selccting. 

e Terminal control (cursor control, hard-copy printouts, etc.). 

s Message assembly - character accumulation, block, record collcction, etc. 

~~~ Error detection and control. 

o Codc conversion . 

., Data compression/ expansion. 

o Task-based messagc routing. 

"' N ctworJ, pcr formancc monitoring/analysis. 

• Tct·rninal tcsting - limited location of troublc spots. 

• Address-based message routi!lg. 

o Queuing. 

---..-r---:---:~·~"';.;...' .!.!o.m6Ú e ont.rol 

o 

o 

o 
.Most of thc above mentioned tasks can be done with th CMP . . 

e • -8 with 1ts dat.-1. 
control flag outputs and conditional · . 

Vo structure , 
Jump sense Input. 
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Apphcat10ns Engineering 
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A brief o.verv1ew ot.some of thc more· 
popular techniques for accomphshmg Q/ A 
and A/D 'techn•ques. · 1 ri part1culár those 
technique~ wh1ch lead themselves to high, 
speed conver~ion. 

Application Note 



H~GH SPEED D~G!TAlmTO-ANAlOG 
AND ANAlOG-TO"D~G~TAl lECHNaQUES 

INfiWDUCT!ON 

Thc world 111 wluch wc lave 1s liuly an anulo¡; W1Hitl. 
D.1ta takcn from anythmg that 1s tcstcd or me.mucd wdl 
usually appear 111 analog f01 m .111d 1s d¡ff•cult to handlc, 
process, 01 slo¡c fur laler use w1thout mtroducmg con
Sidcr.Iblc erro1. lf dJta is lakcn f1equently from J largc 
lllllllbcr of ~ources, it wdl accumulalc at such 3 ratc that 1t 
hecomc~ a bu1den anda m3¡o1 rroblem to thc IJbt'•atnry 
1111111111¡! lhe (C~I. 1\ tligtt,\) C\llll(llllCI h,tS the capabillly uf 
pwcc,~lll¡! \lh'h d.11.1 .11 ralt' ~_np¡p.uabk lo those at wlw:h 

11 was ptoduccJ. hm>evcr. lite d.t!J 11111s1 fi1s1 be convellcd 
mtn a fo111! usable by tlw d•~:•t.1l compute1. Thcn .;fter lhe 
tllg•tal p•occs,mg •~ compklc. tlw dtg1ls must be lecon
Vcl tcd lo .lll.llop, f111111 lll illlt'l fac1: Wllh !he real wodd. 

lt should be obv10us that thc A/0 convcrtcr _that con
trols thc amb1cllt lemperuturc uf a l;uge supcrmarket 
cannot encocle the Video mformatlon frmn an opt¡cal 
sca1111C1; obv10usly, the syste m rcqturemen ts ¡¡re as (J¡fferent 
as mght and day. There a1c many ways of performmg 
A/0 and D/1'1. conversuJn, from very slow, inexpcns1vc 
tcchmques to ultra-fas! expenstve ones. Fnr thc rcst uf 
thts note, only the latte1 catcgory wlll be d1~cus~ed. 

¡\ppclllhx A 1s a gloss;uy of te1 ms pc1 tammg tu the 
subJCCl of A/D ,11111 D/A convcl~lllll, and m.1y bcncfit thc 
rt'adcr m undc;st.mdmg the author\ m1crp1etatil)ll of 
some kcy tertm 

1\ ppcmhx B d 1scus~cs sever;d of t he more .co mmon 
tltg1tal codc~ mcd Wllh A/IJ ,uHI D/A convcr~nm. 

IIIGH SI'I:.ED 1>/1'1. CONVEinERS 

D1gltal-to-/\nalog couvc1 MO!l can be acclllllph~hell hy 
qtutc a number nf methods lt 1s not the ¡nupusc tlf th1s 
lh~cus~ton to g1vc an exhaust1vc descnpi!Oil of cach type, 

o 

Although a p1111' a11al"g sy~tcm' " cap.thlc ot' bcltc• 
.~o.:cmao.:y th.m an .lll,llog·dlgit.ll sy~tcm, 11~ acctuacy 1s 
1:ncly o.:ompletdy 11~ahlc bec·1use 11 '' p1e:.cnted 111 a f01 m 
thal cannot he ea•;ily read, •eco•dcd, 01 lllte!prcted w1th 
h•gh accuracy. D•g•t.d data, howevcr, is r..:;,ddy prcscntcd 
iu numcncal form rcgardless of thc numbe1 of bits, and 1s 
Jllst as e.tsdy lllalllpularcd, p1oce,scd, .tnd sloted Once 
d.tl.l •~ convcrtcd 111to d1glt:Jl fo1111 11 m.1y be procc~sed 

mathcmat¡cally, so1 tcd, <lltaly!.cd, and mcd for control 
muo.:h more accUiatdy ami ra¡lillly than Wllh thc analo~ 
data. lf d.1ta must be ''handlcd" much after 11 1s acr¡unei, 
tl is safcr lo d•g•III.C 11 bccause there 1s llttle chance of 
error accumulat10n 111 success1ve m:.Hupulation. Further, 
d1g1tal d.1ta can be ~tored 111 many nnn-volat1le types of 
IIICllliHY deVICC~ 

but mc1ely to mcntion J fcw of the mure popula1 teo.:h
niques and pmnt out whe•e they f1t 11110 thc mure Q 
spccwhzcd category of l11gh spccd 0/A convertcrl.. 

, '1 he applu;at¡nm ~~r 1'1./D ,IIHID/1'1. convc1 tersare almos! 
unlmutcd /\s tite \lale-of-lltc·.lll of \C!111Cll1Hiuctm tech
uology adv.t!lCC\, thc cosl of thcse conVCI~Illll system~ w•ll 
contu1ue to drop, and more system dcstgncrs Wlll be ahlc 
to use 1'1./Ds and 0/l'l.s, wh1ch were befare econolmcally or 
phys¡cally impract¡cal A few current uses mclude space 
tclcmetry systems, all d1gital voltmcters, vorce secunty 
systcms, closcd loop process control systems (1 e , chcnHcJI 
plants, steel m1lls, etc), in-n1ght checkout systems (lo 
codc thc output of scnsors so that a small computer on 
board can proccss the mformat1on), und hybud com
puters use both A/0 and 0/ A converters as a means of 
mtcrfacmg analog and d1gital computers to so!ve largc 
system smmlation problcms. The llsted a pphca tJOns m di
cate thc versatlltty and represents,only a small portmn of 
the actual uses. 

Vullage Out pul D/1\s 

Thc output of a D/ 1\ convcrll:r can be an .1nalog voltagc 
or ctmcnt. Thc voltage ouÍput types wlll he dt~.:U!>\Cd 
f1rst, stncc thcy are used most commonly aud are c;IMel>l 
to understand 

Ftgurc 1 shows thc block dlilgtam of a J-b1t voltagc 
out pul D/1'1. u~lllg wc1ghtcd rt·~•~hu ~ and a !>Uillllllllg 
,unphflcl . Thc summn1g re~t sto1 s of a 11 opt't a 1 H•na 1 a mphfil'l 
are wcightcd 111 bm:u y fasluon and ;u e Clllilll'Cicd Vl.l an 
clecll ontc sw1tch lo 1 he refcrencc 01 lll g•mnHI, dc¡wndmg 
upon the statc of cach md1V1dual d•g•tal mput. A digital 
"1" connects the resistor to the reference, .md thus adds 
111 1ts respectiVe bmary weighted incrcment. Although 
double-throw ~w1tches are shown, conceptually it ts un· 
necessary to switch the resistor to ground when not con· 
nected to the refe1 en ce Howcver, when smglc pole 
sw1tches are ut1hzcd, thc gam of the ampili1cl vanes with 
the d;g1talmput and this affccts bandw1dth. de offset. and 
drrft. Tius vanat10n 1s ehnllnJted by the nwre cxpcns¡ve 
double throw sw1tch. 

A slgn¡f¡cant disadvant,Jge of thc Simple wc¡giJtcd re
Slslor approach of F1gure ! 1s that the JccurJcy aiHi 

Clrcuit dlac¡rams externa! to Motorola products are lncludod a• a mcans of lllustratlr,g typical semiconductor appllcations, conscqucntly, 
comploto lnformation sufflclcnt for constructlon purposos 1s not nccessarlly glven. Thc lnformanon In th¡s ApptJcation Note ha' bcen care
fully checkod and ls boliovcd to be entlrcly rolíoblo, Howpvcr, no reoponslbllltv ls aosumod for lnaccuroc•es. Furthermoro, ouch lnformatlon 
does not convey to tho purchaser of the oemlconductor devlces descrlbod anv llconse under the patent rlghu of Motorola lnc. or othen. 
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Co ~·(1/2 Ao ~ 1/4'A\1· + 1/8 A 21 VA 
",.,, 

FIGURE 1 - Voltaga Outpul Wmghted Resostor.Summmg 0/A 
' ' ' 

· stab1hty -of ·lhis tiype of DAC ·is dc.pendent upon the 
·-absolutc · accuracy ·of· '!he res•stms .and thc1r :..bility to 
.track cach other ··versus ·tempe•ature. Smce thc input rc-
sistors all ·havc (hffcrcnt ·valucs, it ·:is chff•cull to obtain 

. ·idcn!u::al·trackmg ·charactcnstics. :Furthet more, s1ncc ea eh 
"input ·rcs1stor's .valuc 1s Hw•cc the prccci:ling onc, 'the 
·absolutc ·valucs .bc..:omc-qu•tc ·large. For highcr resolution 
DACs 11 is al~o .dlf'ficult,.or at 'east cxpcns1ve to get good 
stable rcsisturs.at·suclrvalues. The lugh impcdances, as well 

. as .thc spccd '.lmllta·rions -uf voltagc switch es and operat1on 
amphf1crs, ·-rcstilt 'Íil -the voltagc output DAC being 
re la t•vcly•slow. 

' To ·ovcrcomc ·lhe 'problems re la ting · primarily to the 
. resistor·s,.an.áltcrnate.tcchmque utthzing an R-2R rcs1stive 
"ladder" nctwurk, :shown <in Figure 2,' 1s gcncrally use d. 
Note, that ·•f ·one ~lcg of 'thc ladder is connected to the 

· rcference by -thc ·electronic switch and thc remaiÍ1ing are 
all· groundcd, 'a ·currcnt is •produccd in thc ·Jeg which 
"travels'\through 'thc -la(Jdcr and gets dJv1ded by a factor 

· · of two at cach,junctiOn. Thus, the contribut1on of currcnt 

A e o 

2A 2A 

• B!narily Coded 

FIGURE 2- Sw1tched Voltsg!l 8ourcs iil-2R Laddor 0/A 
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fwm that lcg (e g., b1t),at thc summ•ngJUIICilon i~ bmar11v 
wc•ghtcd tn accord.mcc Wlth thc numbcr of JllllCilPIJ~ 
through wl11ch 1! has passcd. Thc LSB (Jcast s•gmf1can1 
bll) IS therefore on thc lcft 111 F1gure 2. 

One of thc most s•gmf1cant aclvantage~ of thc R-21{ 
laddcr approach ts that the imped~nce as sccn from thc 
tnput to the op-amp 1s constant (cqual to R). 1-lencc, 
bandw1dth, etc., do not changc ~i!~ d•g•tal sct1111g. Of 
more sig111ftcance: howev~r, ·IS the fact that all thc rc
Sistors are c1ther R or 2R. Note that thc accuracy .¡, not 
llependcnt upon thc absólutc value of all thc lh, but 
rather only the•~: d1ffe1 en ces. S11mlarly, tempcraturc cffcct~ 
are only sigtuftcant WJilHcspcct to how wcll a'll thc Rs ami 
2Rs trae k eJch other, respect.1vely. S mee ¡he val uc of R 
C<!ll be any •conv~mcnt value (0.1 k .to 50 k), laddcr nc.t
works are a natural 'for monohthic cltffu: .• on or depos•t•on, 
wh1ch futthcr ltllprove thc1r t1ackmg capabll•ty. Also\ thc 
unpedancc lcvcls can be kept'wffiCJently low lo llllllllllliC 
bandw1dth linlltat•ons,due'tn:~liay c~pJci!ancc. 

Another type of R-2R laddcr, vul¡age output D/ A, ts 
~hown 111 F:•gure 3. Th!s CÍICUit 1S vcry Sllllllar lo thc une 
JUSI describerl, exccpt equal valuc curren! sourccs a1c 
switchcd mto the nodcs,of thc laddcr rathcr than .sw•tchmg 
thc ·~lcgs" uf the:laddcr .bctwecn >Voltagcs. Simply network 
theur.y W11l show that, thc cffect of cach curren!, at c0 , i~ 

the same as.' m ·thc previous c•rcuit, hcncc thcy are 
bmanly wc•ghted: 

For ·severa! reasons, cunents may be ~w1tchcd mud1 
more rap1dly !han voltagcs. Th1s g1vcs thc cu1 rent sourcc 
D/ A an mercase in spccd ·by .tt !casi onc ordcr of lllJgn•
tudc. Bccause of tlus switchcd cuncnt-sou1ce R-2R laddc• 
D/A 1s one of thc typcs"most· often uscd -in high spl.'o.!ll 
voltage-output D/ As. Tlus tcchniquc, beca use' of thc .R-2R 
ladder and current switching, '!cnds ttsclr tó monullthu; 
fabrication.. ' 

• Blnarily Coded 

FIGURE 3- Sw1tr.had Currant Source'R-2R lfadd&r 
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Cunen! Output D/As 

Tht\ type ol D/A c.111 be tm¡+~llll'lllt•d hy gcnc1altng 
b111.11 ily-\vctghied CIIIICilh, pocfc1.Ihly ftOlil act1VC sourcc~. 
.1nd ~llllllll111g the'e 011 a common bu~ hgurc 4 shows a 
block d1 !ram of a D/A mtng !!liS pnne~plc 

L 

1 

-:-

~~o 

l 
ó Ao 

• Bonar.lv Coded 

F-IGURE 4- Current Output 0/A Usmg 

Weoghted Current Sources 

In a11 actu.il cncutt !he swtlchcs conttollcd by !he 
d tgtt.d \\(H d 111 pul. Wllllld sunply be cutt c111 stccnng 
\'IIClltl$, 1101 on-oll ~wttches as shown Curten! flllm a 
Ctlllelll ~llliJCe WllUid e1lhe1 be ~lec!Cd 11110 thc outpul 
bus 01 mto anothe1 nodc of thc ctrcutt. Thrs typc.: of 
~wrtclu11g 1s thc f.1ste~t mcthod of cunen! ~wrtchmg 

av.111.rble: ~wttclung ~pecd~ of lc~s than a nanosecond are 
pos,rble wtlh cnntlct cnupled logtc (MECL) 

Thc wetghlcd ctlltent ~mucc D/A tcdJtllquc rs also a 
meth11d th.tt c.tn castly he 1111plcmentcd 111 mu11olttluc 
form 11 ;~ thc optnron of tlus atllho1 tltJl thts systcm 
ol'fe1~ thl bcst pos,•biltly of p1oducmg a truly htgh-spccd 
D/A 111 mnnolrtluc fotm. 

The ,ub¡ect or IIHHIOhiiiiC fabrtC.IliOil leads liS lo the 
etrcull ,iJtlWII 111 f·tgtiiC S. i\1 lhc pte~ent tune Molorola 
ts prodth 111g hoth .1 ú-h1t allll .111 X-b1t mouohtl11c D/A 
u~111g llil, tec!unqth: (MCI406. MCI40H- '~e data ~hccls 
for complcle mfolnt.ttlllll). 111 ll11s typc of D/A a constan! 
cuncnt. IL, rs mjecled mto an R-2R laddcr. Each of lhe 
laddcr lc¡;s a1e lctmtllatcd wilh an eqt~~potcntral currc11t-

R R 
·V' 

>2R 

AoQ 

l 1 

). 

A¡ 

( 

lo e (1/2 Ao + 1/4 A¡+ 1/8 A2l IL 

\lcCIIII~'. '.\\i:tll rt¡,· '·l,lle PI. lliC\C \WolCil<'\ ¡'. i!<.'j\C'.,,, 

U¡J<>II lile tltgtl.il Woll d lilfllll In o¡¡c; '1.11<' of lite· \\\ '" :, 
thc l.tdUCi CllliCtllilll':ICIJ IC:.¡JCCliVe ieg 1' •.(,'CiCd lllill 1/tC 
output btb, 111 !he oiÍic1 ~l.llc lhc '>Wttcli ~IC\.!1~ tlJc J,Q 
currcnt tnln i!l<lUtHI In thb WJY .111 atl.olug cut rc111 ,, 
prod11ccd prop·lllton.il lo the J:gilal w<•J o\ mput (),,.,; 
arJV<llll.Jge o! [j¡,, SY\[Cill 1\ tJ¡,¡( CUIICJI[ 111 .,:J pul iiOil\ ¡,¡· 

thc lad(lci 1~ con~tanl .11 .111 ltllll'~ amlnol ,, 1 tli!UIIllt ,,f tile 
mput dtgil<ol word In thl\ way lile lm.~ of ~pcc.:d do:.· to thc 
tttllc constan! of lhc l.rdder •~ eilllllllJicd 

HIGH SPEED A/IJ CONVERTERS 

Analog-to-Dtgtl.il cPnversJon eJn be.~~-~ .. 1p11\hed hy ,, 
myr;ud of tcclnuquc.:s llowevc1, A/D sy~kms c.tp:thk ol 
lugh ~pcecl (less lh,líl a llllCfiJ-~ecnnd COIIV\'1 \1011 :.,o,c) ,lle 
lu111ted lO() fcw b,JSIC COIJVeiSIOII 111ctliod~ 

There Jre thrce ge¡,_•¡,¡J c.~tcgutll'S 111 \\l11ch :di lu~:h 

'>pced A/D com·e•tcts f.dl ThL'-'1.~ .ue P.i!.tlkl. Sl'll.tl .tnd 
Comblllalton In a p.u.tlkl convct -;¡on lcchlllljll~ •• dlot tite' 
bttS are COIIVt:rted ~llllldt.i!ICOll\ly by lll.tily CJrCilll~ 111 

parallel In a sett.li typc of A/D each bit ~~ convt.'Jted 
scqucntlally o11e JI a Irme. Tite thnd c.Hcgo1y. com

but.llJon, IS S!lllply ,¡ COillbiii:Jllllll llf liJe pteVJOUS l\H) 

In genet.tl thc p.nallcl sy\ll'llb :.He l.t\lel ami mote 
complcx th.111 thc \elt.tl lype~ Tite cnmbnt.tltOII type' a11.' 
sunply a compt Ollli~C bct WCL'II ~pccd allll complcx¡ty 

Thc Parallcl A/D (fla~h) o 
111 tite pJrallelnteiiJOd, all h1t~ of the dtt!tl.d JCp•c~~.·nt.t-

11011 are dctctmntcd ~•multancou~ly lt •~c.tllnl ¡he ¡w.tllcl 
melhod became of tite conftgtllatJ<lll: ,, b.111k of volt.1ge 
comparalots, cach 1e~pond111g toa drffercnt leve! of 111pul 
voltage Tlus method 1s abo callcd "Fia~lt" cncodmg 
Figure 6 shows thc block dtagt a m 

Charactcllsttc of tlu~ conltglllatloll, 11 r.tn he ~iwwn 

tlt,ll f01 ll·bll~ of b111:11y tllf<lllll.tllllll th..: 'Y'll'IIIIC<¡UIIe~ 
211 -1 comparatot::., .tlld each compat,llllt dctctlllllll'~ 0111.' 

L:)U !evel Unttltecelll .¡<Jv,tnce~ 111 th~.· ~l.tlc-oi-!lt,•-,ut ni' 
mlcgr<~lcd cncutt~. 1111~ melhod wa~ pt1•luhJitVI.' 11' "n" 
wcrc vcry latgc bccamc of the l<.11ge qt~,J!llil~ 11f etllll

paralor~ 1 eqlllrcd. l t 1s econOill!CJIIy mote' ll',I\Jhlc now 
and should be consJdc1 cd whe• e ultrJ-Iu¡:h ~ 1 ·.:~d C<lll· 
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VCISHlll 1s rcquncti 1\s í\ISI .tnd LSf c¡rcu1ts bccomc nwre 
,.llld more comnHlll, 11 IS vcry hkdy that a ~emu.:onductor 
m;~uufactmcr could p10ducc a onc chtp A/D of 4-6 b1ts 
on one monolatluc IC lt ts !he opmion of tiliS author that 
tlliS 1s ;~n mtenm solutmn a! bes! bccause thc perform.1nce 
of such a device could not m;tlch those of the d1scretc 
ClrClllls. /\nd there a1e other tcchn¡qucs, some of wl11ch 
wlil be drscussed I,J!er, th;~t ~uggcst mote attlaCI!vc per
formance specrf1C.t!10ns per nano-acre th.111 that of the 
Fla~h sy~tem al lower co~t 

Onc dr\,Hiv.rnl.rge of thr~ sy~teu; 1S that thc tl\llpul of 
thc C•llllp<uato¡ h.1nk 1s 11111 d11Cctly mablc ,nformai!On 
Thc\e 21,1-1 oul puts musl be con verted lo hm.11 y infor
tllatrnnrn ~orl!e ~ort of bnwr y ende. (For more lllformatron 
on wdmg, sec Appencllx B) For l.rrge valucs of n, the 
massrvcncss of the convcrsHJil logre not only 111Creascs 
cosl and complcx1ty, but rcqu1rcs more success1vc stages, 
thm 111crcasing thc conve•s;on Irme 

The parallel convcrler 1s essentrally asynchr01wus by 
tite llJture of !ls t.:onstruct10n, ami can be used cffcct¡vely 
m both multrplexing or cont111uous lr<Jck.mg mode. lt 
should be notcd that often tllncs a sct of latciles and 
a clock are addcd lo tlus sy<;lcin to stmc and up-dalc the 
out pul 111 a clocked !ll<Jnner Tl11s 1s done beca use thc 
nutput of the ¡-;'Ja<;h systcm cnn g1vc crroncous glnches 
durmg a change fwm onro value lo another 

Spcc¡f¡c rcquucments ofthe complete system de!ermme 
thc typc of comparator needcd \V¡th tlns system smce 
211 -1 comparalors are used, the tot,!lmput b1as curren! of 
the system 1s onc of tl\c comparalo1 's rnput bJas currents 
mult•plred by 2n-1 This f1gure can be qtllte lngh 1f "n" 
·~ llll the order of ú to i:i b1ts. 

Most compJr<Jiors and d1gital logre cJrctuts havc ¡¡ rela
tJvcly frxed poopag.lliOil delay lf parts a1e selcctcd wrth 
llus fe al u re, !he <;ystem can be preloadet.l Thts mcans 

that a ncw ~rg11.d CJII be m¡cctcd to thc ~Y~Iem bcfnrc thc 
sy~lcm has hJd !•lllc !IJ c.ompklcly convc1 t thc prcvtnu~ 
s1gnul Whrle one stgnJI 1s propagat111g through thc digital 
log1c a new s1gnul 1s ¡¡ppi!ed to thc compa1 ¡¡ tor s The d1gHal 
lugtc o perales un tl11s srgnal whilc the comparators convcrt 
a new s1gnal Thts p10cedure wdl, 111 cffect, decrcase thc 
total conve1 Slllll t11ue. Howevcr, 11 must be Jltempted 
wtth great care, smcc 11111111g problcms c.rn a11~e 111 thr~ 

sor t of cunf¡guratJon 

Trarkmg Typ~: of A/IJ 

l'hc Tracking 1\/U dcrrvc~ rls n.unc from thc fact th.tt 
the J¡g¡tal output cont¡nuously "t• <~ck~" thc anulog 111put 
voltage. Tlus typc of A/D 1s usually uscd 111 commuru
catiDn~ systcms or some othc1 <1ppl1c<Jl1on wherc the input 
1s a con!¡nuou~ly varymg ~rgnal. 

Thc Trackmg typc of A/D 1s o11e of ~cvc1 al sy~tcn¡s 

that use a [l¡g¡tal-to-Analog convertc1 (Dí/\) 111 a·fccdback 
path to make an A/D Wtth tlus typc of convc1 ter thc 
accuracy can be no bcttcr than the D/A bcmg uscd, 
(usu:.llly 6-10 b1ts) 

Frgurc 7 shows !IJC block dwgramllf the Trackmg typc 
A/D Therc are t wo opcratmg modcs nf 1 he Trackrng A/D 
The fust of thcsc 1s when the A/D 1s "lockcd" on thc 
s¡gual and is "track.mg" Wilh 1t. The sy~tem wlll stay 
"lock·~d" onto thc s1gnal as long as thc Sr¡!nal does nut 
mercase 01 dcctease 111 amplitudc faster lhJn thc A/D 
syslt'm .;;_¡¡¡ ''!rack" WJtiJ 11 Thc othcr modc of opt'rJIInn 
occur~ when thc sy~tcm 1s JUSI turncd on·GI tl1c ~:~~n.1l hJ!> 
cllanged amphtude fJstcr th.111 the A/D wuiJ follow. When 
t111S occurs thc sy~t e m 1s "out nf loe k" ami thc A/[) 
generales a st;urcast:, m thc OlrCct¡on of thc mput s1ganl 
chan~e. untd 1t agnm rcaches the m pul volt.i¡!C und acquir..:s 
'"lock" agam F1gure o shows thc waveform gCIIl'ratcd by 
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the outpul of lhc D/A .liHJ !he mput s1gn.d piPttcd on !he 
samc ~ct ol :.~xc~ Ti m l1gurc shows both the '"locked" and 
"out oi'lt•.:k''cond111ons 

(onve: ·Ion tune, for LIHS typc of •\ID •s a vcry nebulous 
tlung As long JS thc A/D 1S "lockeJ" ontn the s1gnal, the 
convcr~lllll ltmc ts now the time requtred for the system to 
acqu1rc iuck aga111 Tlus ttmc Wlll vary, dcpcndmg o.n thc 
absohll'' vJiuc dtfi'crencc bctwccn thc output voltagc of 
the D/A d!H.l tlw 111put stgnal. One can scc from tht~ thJt 
tlm ~y~tcm would he good 1f the requu emcnl ts to con-
1 111 UOU~ly PlOill tur ,1 slowly chang111g Slgnal 1 f, howevcr, 
thc 111put ~•g11.ll v.tfle!> m !>lcps,, as thc case of severa! 
Jtffcrcnl s¡gnals bclllg mult1plcxcd, lh1s pJrllcular systcm 
would not be a pro pcr e hot ce. 

In opc1al1oll the D/A gcnel<~tcs a voita:~c output with a 
pos~lblc 211 ¡ll~crelc stcp, thc valuc or lhl~ voltage bemg 
d1rcctly proport!lln.d to the dtg1t,ll "wolll" thal •> on the 
dtgllal 1nput~ of thc D/A A comp<~r.Jtor 111 thc systern 
compares thc out pul of thc 0/ A lo the 111put voltagc and 
g1ves an output ~l¡!lllfymg \\!1ethr1 thc 111put ~~ abovc or 
below thc D/A vnlt.I~L' 

1\l\l\ 111cludcd 111 the ~y~ICtlll~ an n-h11 up/down countcr 
and J frce-rutllllllg nsc!llaln1 n1 clock. The '"n ,. \hllputs of 
thc up/down cnunter are cnnnccted lo thc mput of thc 
0/A. thus dctermm1ng 1ts output voltagc. The "n" outputs 
of thc counter; are also thc dtg1tal output of thc 1\/D 

Thc output of thc comparator causes the up/down 
COUtlter lo COUnt Ctthcr ,Up Of down, dependlllg 011 the 

6 

stalc 01 ¡[•; llUipul '1 hll<,, thc tllllpul uf loc D/,\ 1':,:: 

Ch,tngc 111 C¡',_o<'i; '.!Cp\ (dl'¡JCillilll~~ 011 !]1\: ollll¡llli lll ii:c 

up/down countc1) lll 'tic lo .1 lll.tiHlel th .. t w¡,J.t!W.lY' k11d 

lo dccícase tl1e ,tb~•lluoc v,due of the thffc¡c.¡cc bctwcc1:Q 
thc 1nrut voltage and tlw 0/A out pul In tho~ condiliOn ~'" 
system w!ll gtvc a par.tlicl d1g1t,tl output wJ,¡cl• track~ ti~L · 

:nput s1gnal\ amplttude 
lhe specd, ancl hc11ce thc conve1~:on t11~oc, ot' ;L~ 

syslem 1s dcpcndnct on !he sctl1111g l11ne oC lile 0//• \\1til 
a JllOtllllttiliC D/A. <.tbout thc be\t onc C.tll L'Xpect ·•, 2ll(J 
to 300-nonosecontb f01 lile ~ystem to ~c.Ltlc 111 :-\-t•lt 
accuracy If the rc'l of the system 1~ cap.1hlc of hli'li··:
spceds, then tite D/A 1'- the ltnltl111g L1cto1 ,;¡ tlic A,'l), 
convers10n t1me 

W1th a D/A scttltilQ t1me oí 300-nano~ccund:,, .lllll 

allowmg another J 00-nanmeconds for thc rcspono;,· of lite 
comparator, thc m<JXIIn\1111 ~pced the o,ystcm c.¡;, Le opct
atcd at, for 8-b1t Jcct •.. cy, 1s app10X11li,ltciy 4ll0-na1Hl· 
seconds. Thetcforc. tlll' 'y::.tcm can g1vc a cnnvl:I'IOil, 
wlule 1! 1s 11: lock. 1o1 500 ll.Jtlu<>L'Cond~ Tht:, 1s <i'"tc fa~t 

f01 a Serta! typc ol COilVCI (CI 

The prohlem Wllh th1\ sy,tem, how,~VCI, 1\ thc tlllle ll 

takes !he A/D to teacqu11e lock once thc \l;;n.d 1s lmt In 
the absolulc worst ca~c. tí could take 211 cluck pub.::s! 
Th1s 1s very po01 mdced ln 01 de1 lo prcvcnt tlns con
dttton 111 operatton. tite !>lew ratc of thc n1put s1gn.d ntu~t 
he IHl'ltcd 

In must appl1cat;ons, the opcrat1onal ch.nactcri~IICS .,¡-
the Trackmg A/0 are .unde~tr:t.bl? Howevcr, therc ,m·Q 
appl1Gt!IOJIS whcre tls 'UIIIC(lle !eaturcs are nnt detn
menta! and 111 thc'c cases thc Trackmg type of A/D c.111 

be a very powerful, econom1c.d sy~tcm 
Motorola wdi soon ol'fe1 a ncw IC wluch 1' usclul 111 

ltnplementlllg the Track111g A/0 convc1 ter tccliiHljliC ·¡ i,c 
typc MC I 507L .;onta¡ns J Iugh-specd np amp .111d a du .. l 
thrcshold cornparator Wllh separatc UP and DOW:\ out

puts I3oth tlucshoiLls mJy be adju~ted Sltnultancou~ly h}' 
varymg a rcference voltagc mput. 

Combinmg thc MC1507 Wlth Cllllcr a i\1(' 1 '>Q¡,L •H 

MC l508L-8 D/ A (onvc1Le1 and a pa11 of lii'/DO\\':., 
countcrs produces a 1el.1tlvcly lllCX(lCil~tvc lt.tL¡,_II,~ t:<lil· 

verter The MCJ507 dJ!a •;l¡cct al~,o ~lHlW~ .1 1m·tlo,,d <~' 

spcedmg up lite clock to j¡;¡,tcn !he convc1 ~,¡un t1n.c und·: 
the co)](l!IIOilS when the system gcts out uC :,"-k ·¡ iu~ 
oplton requ1re~ use of a ~econd MCI507 lllnciiLHl blul':... 

Succcs~ivc A ppwxml.llwn A/D 

Th.:: Succcss¡ve ApptnXIIJJat¡on (S/ A) l) 111.~ ni :\·D 1' .1 

scn,il sys!em wh1ch uses a 0/A 1n J fccdb,¡,·h_ ¡,,,,,, lt ,, 
leLiliVcly slow C''lllp,ncd lo ,,¡j¡,·¡ !\ pc~ ,q ::1~::1 ·-¡':e··· 

A/D~. blP liS 1,)\\' Li\\), C.l~C ,,:- C!lll>llliL'!it'l•. ,\lid '\ ,l•,'lll 

Ppei.l\ltllial l't'.illil' llllllt' th.tll lll.d'-L' ll[l 1<11 ¡¡, 1 h'f, ,.; 

spced 111 many .ppi¡C,Illllll~ lt IS by l,ll dtt' llll''l \\ ¡,i_ 1\0 
u~eJ A/0 systcm 111 use ¡,,d.ty 

F1gmc 9 shows thc block d1ap,1.11ll l'f !ht' ~):-.tc'i\1 i1' 
operat10n, the systcm cnablcs thc b1ts of II1L' D 1.-\ ,.¡¡.:; .. : 

;¡ t1me, startmg Wtlh thc most s¡gnli"IC.Int bll l \l~B) ,\, 
cach b1t 1s enabled, thc compJralor g1vc~ .111 utlli'"i 
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: sign,fying that the mput signal is grcatcr or _lcss in ampli· 
tudc than' thc output of thc D/A. lf thc D/A ouÍput is 
grcatcr tÍ1a1; t!lc ·input stgnal, the bit ts-~'resct" or turned 

. off. ,Thc systcm do es this with the MSB · first, then the. 
next most' significant b1t, then' the next: c'ic: After all the o; .. , --. . , ... -

. -~ .... ' ¡ ¡_ : 

' '• r• !,•_• ft 

o 

¡. . . 

bi:s of the D/A havc bccn tricd; thc cpnvcrsion cycle 1s 
c(Hnplctc. At this time, anothcr conversi'qn' cyclc ·,5 startcd 
Tite. ~pc~atto,n of thc sy~tcin can easÚy·~~ und~rstood by 

· reférritig to· Figure 1 O. This cartoon shows the systcm in 
a~t~al opc~ation. : --' ',· · 

'i ~ 

FIGURE 10- Succassive Appro"imation 
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At the slart ol· the C.:OiJVer~IOil cyclc, the MSB oí thc 
D/A 1S cn.d)led, p1 c'::P<1ng .1 voiU¡'t: 10 t11c comp .. rator tlf 

h.dt'-:-calc or Y1cr/2 Thc cnmp.11.1tt" m.1kc~ a dcc1~1on as 
tq whwi, of 1ts two 111put~ are grcatcr ,md g1vrs thc ap

prop¡,,de output, J hlgh ll vlll 101 thc g¡cater :nld a low ¡f 
tht! D/A output voltagc is tl.e IMgc·;t Thc S/A storage 
1Cg1~ter lhen llll!h off the MSB ¡(' thc comp.uator •~ lnw 
Ti m pi OCe\S IS 'cpe.ltcd ~equenti.tlly rm C<ICh b1t of the 
syst.::m. 

In tllc cXalllpk ur Ftgure 1 O, we ~ce !he MSB was en
.tblcd .. nd w.1s lc~s th,111 Y111 Thcrcl'ole, the MSB was lcft 
anJ the scconcl 1\ISIJ \yas enabled Whcn the ~ccond MS13, 
or Y,er/4. w.t, :1ducd to lile magmtuue ol Vrer/ 2. the 
stul\ w.~s J.!IC,llcr th.~n V111 • Thc1cfore, thc ~econd MSB, 
VH~f/-Í. \V,I'> d;~.1hk'J (as ~hown 111 lhc cartoon) Next, 
tltc ¡l.¡rd :\IS13 \\'.!'> lncd Jlld thc sum WJS lcss llwn Vlll su 
th,ll tl1c hil \\".1~ lcft hrgh Al the p1escnt 11111e, the s!o1age 
re¡1t:-lc'! t\ turnPlt: 01, thc fourth ~ISB. or Yrcr/16 We see 
th.tt thc 'lllll \\JI! su1 p.t<;<; V111 and lhc comparator 1s gettmg 
ll:-.tdy ln .. Jt,,iblc" thc lourlh MSB In th1s example, wc 
h.:vc nnly ~hown fo111 b1ts, but thc opc1al10n can be ex
lc'tllkd tn as mJny a~ desued After !he convers1011 cycle 
has-:nmpkted thc· .tdthcss of the D/A 1s the para!lcl bmary 
word oulput of lile A/D 

Thc ~e11.il output of !he system 1s t,1kcn f1om the out
pul ol lhe comp.nator Wlulc thc system 1s 111 the con
veiSlllll cycle, !he comp¡¡ralor output wlll be either !ow or 
lilgh, COirc.,pondlllg to lhe cllg1tal 'tale of thc respect1ve 
b1t In tl11s way, !he Surccs,1ve i\pproxm1at10n A/Dg1ves 
a sena! oulput dlllmg cunvcrsron and a parallel output 
betwccn convcrswn cyclcs. 

Specd and accutJVy of tlm type of A/D a1c duectly 
dcpent ~nl upon the D/A spcCiflcatiOns Typ1cal S/A 
sy~len;-, w!ll convcrt 111 200 to -SOO-ns/b1t JIH.I have bit 
accu1 ac1es of 6-12 b1ts. As sla teJ earl1er, the S/ A system 
1~ a ve.-y popular type of A/D. The modular and hybrid 
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pioducel" 11\C tlns ',Y ,:cm c>.tctl\IVcly, .Jtlll 11 '';,y,¡¡¡.~;,,, 

111 lll'lllUh.l f011l 1 frorn :JI,IIlY S\lllfCeS 
Durmg the lÍI>Cli'-''"'n of tite S/A sy\lclll, ,¡.Jd <li' ~:1,: 

block dtJ¡;1am. teferencc w..~~ maJe lo ,, Su~..cc\s>vc t\pQ 
proxmwt1011 storage rcgl';ler Thts htud. c.tll be ,,n :vlSI 
mtegratcd,cuctlll wl11ch pcrfutms al! of ti.c' d:gilai log1c 
ami storage fuuctJOn~ for the S/ A typc u!' AiU 

Wtth !he avJdabdtty ol' thc MIS ~tot.1gc !<~~¡;,ter>, nd tl.c 

aJvenl or lhc low cos'' lllOilOl!tluc D/ ""· the S/:, 'Y"•'Ill 
1s bcconu.1g an even mute atlrJct.vc sy-,lctlt '! '1-: '::,f¡\ 

g¡vcs thc bc>t comblllal¡on of spccd and accutacy pc1 11111! 
cost of any A/D avadablc. 

Parailei Rippie AiD 

The P.nallei Rtpplc i\/D lednuc¡uc w;¡', dc\e!Pped lo 

dccrease thc aillOlllll of (¡,¡¡(1\v,l!C le<(lllil'll (\l ldlplelllc'li! 
thc s!Jnda1d Parallel convcttct Wi!lwut >ilCI<.'.I\<:1!:! tlic con
verston t1me J¡astlcally Thc ,y~tcm \.ICIIr!t..C> 'OIPc spc.:d 
lll tetut n for a cotbJJc¡ablc reductJOil 111 .:mt and 
complex1ty 

F1gtuc ll show' thc block dJag1,1111 ot· 1he P.1r.!llel 
Ripplc !ypc of A/D Rlstc.tll)' lile systCili --:lli•~IS(~ or two 
cach, m-btl Patallcl convc1 ter,, and an lll·htt D/A Thc 
total system has ,111 n-btt o1ttput, whc1c n =2m In thts 
system bo th the p.u alkl convc1 te' s and the D/ A-sub 1 r.tct 1011 
ctrcultS must be n-b1t accura te! 

In opc1Jl!Oil, the A/D convcrls the f¡rq m-blb of thc 
out pu t by 1 he ~!J nchu d !la sh lcchn¡quc ¡\' 111 mo'l A/D 
sy,tcms, thc output of thc f11st m-bll l·l.~,h encodcr ~~ Q 
dtgJ !JI word 1 cprcscn t111g lhc la rgc~t llllmbc1 of d1~crctc 
quantums that doc' not exceeú thc 1npul s;:::n,d 

Thc output of thc fnst PJrallcl convc¡tcr 1s used not 
o11ly a~ tlic f1rst m-btls of lhc output WütÚ, bu, 1s abo 
U!>ed to addrcss lile D/A 111 thc analog subuac!10I1 seet10n. 
The output of the D/ A g1vcs a voltagc output that 1~ cqual 
to thc lughest d1screte level that does not excccd thc i11put 
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s1gnal Tl11s voltagc JS ~ubtr.Jctcd, by Jnalog means, f10lll 

thc 1111mt s1gnal. Thc JC111.1111der iS thcn fcó to anothcr 
m-bit Flash encoóc1 wh1ch convcrts the rcmam1ng m-brts 
of thc systcm. In an actual system, cithcr the thrcsholds 
,1f thc second sct of 2111 -1 comparator~ must .be scalcd 
down by a factor of 2m, or thc rcmamdcr Signalmust be 
amphf1ed by 2m 

As can ca~lly be sccn, the tune rcqtmcd to complete a 
comcrsron rs thc sum of: 

1. Tnnc requrred for first m-bit conversron 
2. Tune for D/ A to se t tic to requrrcd accuracy 
3. T11ne lo complc te analog subtraclion 
4. Trme 1 equn cd f or sccond m-bit convcrs1on 
Smcc thc l1rst m-bits arrrvc al the output ahcad of thc 

second, Jlld thc sy~tcm uses thc Parallel tcchlllquc, thc 
na me or Parallrl Ripplc W,ls Cl'li'Cd 

Asstatcdc.Hhcr,at thc pr<:~"lll trmc no nnc iS producmg 
a monohtl111:: A/0 of any tyl'': · lowevcr, lhis Slhemc, and 
thc othcr typcs of AiDs abo .. t 10 be dcscnbcó, offe1 tite 
pnssrbrhly of lllOIIOI!lhtc r.,b• ·•-aliOli of an A/D system. 
\V¡th prcscnt technology thc system would probably hJvc 
to be drvrded mto severa! pa1 ts, eJch of whrch could be 
mtcgrJted. As thc c:rpabtloliCS of thc manufacnucrs con
tmuc -lo mercase, a onc ch1p, high spced A/D bccomcs 
more and more fcas1ble. 

VTF A/D Sy~tcm 

Thc Yar1able Thrcshold fiJsh A/D convertcr iS a clock
lcs~. non-synchronous typc of A/D wl11ch g1ves a bmary 
out pul, rcqu1rcs only onc compa1 a tor per bit, and needs no 
Jccodmg of thc comparator outputs 

Pnmanly, thc advantagc of thc YTF system ovcrother 
typcs of A/Ds 1s thc capabil1ty of lugh specd convcrsmn 
couplcd Wilh low parts count and low cost. Also, the 
umquc mcthod that thc system uses for convcrsion g1vcs 
it addcd vcrsatll•ty. More WJII be said about tl11s later. 
In addilion to thc abovc, thc YTF typc of A/D lcnds tlself 
to monolllhic fabm:ation. 

B.l~ically thc YTF sysiCilllS a "flash" apprnJch Wilh thc 
addi!Jon of feedback. Thc ;ulthlion of thc fecdb,Jck ¡ccluccs 
thc numhcr of comp:11ators rcqu1rcd for an n-b1t systcm 
from 211 -1 to n L1kc th'c flash mcthod, n comparators 
havc then thrcshold~ rmtially sct at the bmary wctghtmgs 
of thc rcfcrence voltagc That iS, thc thrcshold of thc 
MSB 1s sct at Yrcf/2; thc tlucshold of thc sccond MSB 1s 
sct al Yrcf/4, etc.* (Scc AN-471). 

In VTF opcratJon, howcvcr, thc comparator tlncshold 
voltagcs are changcd at appropnatc tunes and 111 ~uch 

manncr that thcn outputs are made to count 111 the propcr 
codc. Note that thc YTF systcm may be sct up to count 
~t.llld.Jrd ''bm:uy", G1cy codc. BCD or scvc.:Jal othci 
cothng\. 

hgurc 1 2 ~hows ,1 bloc!.. d1agra111 of a 3-bJt A/D usmg 
thc VTF prn1c1plc OpclatJon of thc systcmmay be easlly 
undcrstood if wc !ook al cach of thc thrcshold dctcJ!llllllllg 
CiTCllll~ as a 0/A convertcr. Note that only a onc-bit D/A 
1s necdcd for thc MSB, J two-bit D/A i~ rcqtmcd for thc 
sccond MSB, a thrcc-bit for thc third MSB, etc. The rcason 
for this 1s shown 111 F1gures 13(a)and 13(b). F1gure 13(a) 
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FIGURE 12- Blodt D1agram of Variable Threshold Flash 
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hsts all of the poss1ble states of a thrcc-lllt bmary code. 
F1gure 13(b) shows thc lcvcl whcre cach JcspccliVe bit is 
high; the shaclcd arcas reprcscntmg thc mput voltagc rangc 
for wlnch thc b1t iS l11gh a11d thc non-~haded arcas thc 
rangc of a low statc. 

11 can be ~ccn that thrrc are 211 ~qw.1IC .IIC.I\ for cach 
bu, countn•g both shadcd all(l non-shadcJ JJCa~. whc1c 
"n" rs thc bit number startmg with tllc MSB a~ l. An n 
bit 0/A has 211 possible oÍ.tlput levels. Thcrefore, thc 
systcm reqtmcs an n-bit IJ/A for bit numbcr "11". Tlu~ 
can be gcncral¡zcd lo any numbcr of bits. 

F1gurc 13(b) shows that thc first (lowest) tran~i!Jonof 
b1t 11Umbcr n, occurs at thc lcvel of Yrcr/211 • Thcid"OIC, 
tite lowcst value of thc comparator thrcshnld flll !he bit 
iS Yrcr/211 • Tlns corresponds IL) thc levcl out lli' thc D/A 
Wilh thc lcast ~•gnificant b1t cncq!IZL'd. hH tlm i<'.lMlll thc 
LSB oiL'ach D/A iS ah-..ty~ ki'to11. 

Ll\lllg thc ab,wc 111k~. tlw 1\ISB U~c·sa 1-bil )),'A \\lllc'h 
iS always Pll TIH~ g;vc~. 111 ci'i'cct. a .:onstant ,,llt.l~:c· equ.d 
to Yrcf/2 as thc thlc\hold voltagc of thc MSB ú1111pJr:llnr. 
As can be ~ccn 111 Ftgures 12 and 13, thc thrcshold of thc 
MSB docs not chJngc. 

Thc sccond most s•gmf1cant b1t uses a 2-b•t D/A. {no 
pun m tended). The LSB of tl11s D/ A 1s alwJy~ 1111, gmng ·• 
threshold of Yrcf/4 to the sccond MSB com¡JJrator. Thc 



1llhc1 111put of lhc D/11. ~~ CUiliiCCtcd lo thc output of the 
M.SBcnmp.Jr.JIIll Thc olhcr illput ol the D/A ~~ co¡mccted 
to lile ontput uf the 1\1SI3 comp~1;llor TlliS mcans th,lt thc 
thlc\hoid ·';he \CCOIHI l\1SB comp;u~tOI wdl hnvc two 

posqbk i.ltc~. V1l'l'/·l .ind 3V 1 ,~f/4 
TI!< tilnd MSII ¡,,,·s ~ 3-bil D/A WJth the LSB always 

hi:~h. Tlll~ )-:JVC'i 1\0illlll.d thre\IHlld for lhc tlmd MSI3 nf 
Yr.cf/6. ·¡he lwo llthcl inputs uf the D/A gl\'e n com
bl!latuln of thice .~ddttJonal pos~1blc slates of the tlmd 
MSB L'tilllpai.ilnr\ llucshold, g1vinga tot,d of four ~tates-

Yrcf/H. 2Y1ef/8. 5V1 ef/~ Jntl 7Yrer/H. 

Thís process m~ y he extended toas many b1ts as dcsired. 
Note thJl thc ,¡ddJiiOil of more bits lo thc sy~tem ill-

Tl11s pilH.:e~~ lll.i y be ex te mled lo ~s m a ny b1ts as des11 ed. 
N1)te th.\1 the addJtJnn of more bJts to lhe sy~tem tn
crc.Jscs thc cmnpk1xty of the addJIIIlllal bit~ only. The 
MSB ts ihl' ,,llllt' i'llr .1 •lltr·bit systcm as a tcn-b11 system 
11h' ~n~'1lll i~ llklllll'.il 111 a twn-hil .ts Jli n-h11. etc 

As .1n cX.1111pk 1•l lmw llll' ~Y''l'lll opei.lll'~. lct us 
.l"-'1111\e thatthe t.:lll'IIJt of hguic 12 iS 111 .i slc,idy cond!liOII 
WJ!l! ,¡ ll'H) VOII~ 011 llll' 111pUI. The CIICUIIIS sct up With a 

full o;c.de ,,f l{-volt~ This givcs lite LSI3 a v.llue of 1 vnlt. 
At lllllC t ¡ .1 stcp 111put iS Hlili.llcd of 5.0-volts. F1gurc 
14(a) thn,ugh (1") ~how the wavcfonns of the system as 11 
"conve11s" the stcp mput voltage to the digital word 
(101) outpul. 

For thc purposc~ of thts dtscuss¡on, thc propag..¡tlon 
tune~ of thc comparators, te, are all equal. Also, the 
sellhng times of the D/As, Id/A· are idenltt:al allll equal 
to te 

Figure 14(a) shows thc thrcshoid of thc MSI3 com
parator ;~nd thc 111put voltage, V111 • The output of the 
MSll 1s shlwn m Ftgurc 14(b). Ftgurcs 14(c) and {d) and 
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FIGURE 14- VTF Wavoforms 
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! 4(.;) and (f) oi!Pw 111<' "tmc potnl~ for ca Lit 1JC !he oti.c' 
tw<• lHls reopcct ;vciy 

Fiom lill1C tolo t: lile 111plll vnllaí;e to ll.c ;yslL'I11 VIII 
IS lCíU volts The thrcshuld uf thc comp~.r.tio:o. ;tJC at thc11 Q 
lowc~l states, namcly. 4, 2. anu 1-volt re<,pcti :vcly t\o t!Jc 
111put voltagc JS bclow .di nf thc tl11csholu' ll1c' oulpiib of 
thc con1parator~ are all low 

Al tune, t 1, thc m pul volt.Jgc IS ;t..:p¡>nl lo 'l 0-volt; 
file ¡~put bcmg grcatcr lhan eaLh oí' tite J'''i'•'cltvc 
thre~hold voltagcs, cau,cs all of lhc oulpitl'> lo ~··· I1J::I: 
Thereforc al tune, t 1 -! le¡, all of thc b1t;. .1: e lu~·il ·¡he 
outpul of the MSB iS 011e 111put lo cJch of thc D/A' 011 the 
two lcast 'Jgn¡f¡cant bit<; Abo. thc nulpitl ol· thc \CClll>d 
MSB JS one mpul of thc LSB's D/A Thc<;e volt.~~c' on 1hc 
D/A mputs ct~use the thtc•;ll(lld of tl,c \ccond :1l.'-,ll ¡,,¡;o 
tu SIX volts and thc LSB thlc,ilold ft) go tn -,cvrn Vllih 
Al lime. t¡ + le;+ ldjA, the tiHc'\lmlds ,,f 11\c l\\O lea\! 
SlglllfiC,IIl( bJlS <IIC ,¡[ h.t.'d 7-Vllih 1 C'IWC[JVCIV 

Su1cc al th1s lllliC the 1111"'1 VlliLt:•c· i' !e·" ll>.llt 1hc 
2nd MSB\ comp.nallll ami L.'.ll"; lillc,h•tld· .. ¡,,,¡J¡ u1 lhl' 
two lc,Jst 'Jglllflranl hll~ ,,¡-lile A/D gn to .t ¡,,w lk,,Jli'L' 
the output of the 'ccoml MSii t\ ,111 llljllil 111 lhc' 1 SB\ 
D/A, thc 1h11::shnld ot" thc LSB .t¡_-'..1111 dl:ttlgl'" At lunc. 
t 1 + le! +Id/A 1 + lc2 + Id/A 2 lhc tlllt:>hllld of lhc LSB 
1s at 5.0-volts A; Sil iS les; th .. tl the 5.1-v<>IL\ lllplll, thc 
ou!put of tl1e LSB goes lugh The wnvcroi!lll JS complclc 
at ttmc t¡ + lcJ +Id/Al+ 1~.:2 + ld/A2 + lcJ Thus,at tl¡¡s 
tune, thc data un thc outputs of the comp.trators 1s th¡; 
digital representatmn of thc 111pu1 vollage Q 

The data at thc output of the MSB iS v.tlid onc com
parator delay after thc input hao becn apphcll Thc IC,ISllll 
for tl11s iS the fact that thc thrcshold of the MBS ncvc1 
changes. 

The thrcshold of thc ~ccond MS13 1~ dqwndcnt 011 t:t.: 
state of the MSB Thc1eforc. thc thn'~hold V11lt:tge nf thc 
sccond MSB cannot be assumed lo be a e un a 1<' until onc 
D/A settlmg lime after thc MSI3 rcaches 1b fn,~;l ~tate The 
output of the sccond MSB 1cquJre:. onc Clllllpc~r.tlor dcl.1y 
111 atltlltmn to thts. Bcc.111~C of llus. lhc •'lllput of thc 
sccond MSB ~_.auno! be gu.nantced lo he v.t11d unid 1wu 
comparator d.ciays and OilC D/ A 'ctt!Jng llilll' al kr lhl' 
input ha~ becn ;¡pphed 

Tl11s process can be repcatcd through :~li lli thc ,1~1gcs oi' 

an n-bit systcm, g¡vmg ~ tnne ncccssat y tll g¡,;¡¡~uH;:-c thc 
accuracy of a g1ven bit lt iS, howcvc1. c.isy tu ~:cnct .l111.c 
the procc:,s by 1 he formul,t 

t=ntc+(n-l)td/A (,) 

whcrr n 1s thc btt numbcr, le~~ thc p1op:1g . .1 , .. r¡ Lki:ty tiilh' 
of a cumparator and lcJ/A i~ thc SL'Itilll~.'. i t<llc' uf .1 Di:\ 

Bcc.lli:,C of thr Jbove phcJ1l)I11L'I10II 111 ''1'•-'I.Jltt•'l tite' 
VTf A/D systcm CL111VCrt~ lhl· most ''gtJJI ,,:.t: ' h11 1 ,, ~~ 

thcn the sccond. ct, Tl11s lllL'.tns lh.•t 1f lhl' tl\lli'lli •\e'': 

takcn bcforc tl,c A/D h,Hl compktcly C•'JI\c'llt:d ri,,· 
answn, thc error would be 1n t:~c· lo~t ~t~llti-:·~.tnl_ [1.¡, Q 
only Tlus appcars .1s cr1or and 1ull~ otí tile amptltuuc ur 
the s1gnal output so that 11 .tppcJrs as thon~~h thc >yst-:111 

· wcre bandwtdth lumted Th1s mc-ans that t:,c convl'• t.:~ 
cangtve useful mformalion bet"01e the A/D system has h.tu 



~o 
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tune to guarankr a complete conversion Most .4./D con: 
vcrtcrs of tlm spccd capab1llty will give a completely 
unprcd1ctablc answcr 1f thc output .1s tahn bcforc the 
systcm has complctely converted. 

11 should be noted hcrc that thc VTF A/D does not 
always req~ure the t1me given by equat10n ( 1 ). The system 
can givc the 'currecl answer ·m .as IJttle as one com¡úrator 
dclay. The llllle ICquncd to give the complete conversion 

' .JS a funct ion i)f thc amotln't of·ch<~ngc of V111 ~in ce thc last 
conve1 sion. For ex a m pie, .if _ V111 only e ha ngcs 1 LSB, ,¡he ' 
worst~asc convers1on tune is .t\vo comparatur· délays and 
one DÍA sctthÍlg time. · · · 
· The sysl~m~ a·s describ~tl· hcre is a clockléss, non: 

synchronous .type .• of ~/D. In ·lhis lype of syslcm, the .. ·. 
con verter output foll~)ws. thc input and thc outp~t can go · · ' 
Through false. stalcs dunng tl1c convciSIOIJ. lf desircd, the •. 

' 1 ' 

VT.f A/D sy~t~m coulª · 'b,> madc: into' ·a completé! y 
synchronous, docked ·type o\ system ·by adding digital 
-dclay circuits plus an analog dd.1y tune. 

'Synchrónous VTF A/0 System 

1f.1gure 15 shows the VTF system m a clock synchronous 
. conf1guration. Thi~-c1rcui! is·idcnttcal to•thc onc descnbcd 
learlicr ·anq ·shown lll Figure ,J.2,.except for thc add!tiOil or 
·\he 'D-I Y, pe :Qip-llops and . the analog dclay lincs. ·11lJC 
. advant:.lgcs ·of 'this system .js .that afte1.an ini!laln·dock 
!pcnod propagat1on ·deJa~, the output of the A/D g1ves a 
.complete conversiOn·every cloc~ pulse thcreafter. Thc only 
.requiremcnts being ,¡ hat ·the ·dclay of the analog de la y line 
·must bC equal to the·clock period; and that period must 

V ln'l o--o:-:.-...;.. ______ __, 

Annloo, 
Dolny, 
·Lino 1, 

Anolog 
Oolay 
L~no 

be grcater Lhan the sum of onc comparator dci .. y and on.: 
DI A settlmg tune. 

Thc purposc of the analog and dig1tal dclay ClfCUJts 1!> 
to allow thc more sign1ficant bits to make anothcr com
parbon before the leas! sigmf1cant b1ts havc completcly 
converted. For cxample, Je_t_-us a~~ u me thc cirCUIIIS settlllg 
al zero anda s1gna! 111put is ~r.plied as a ~!cp funct10n. The 
V"Jiuc ;of thc stcp ·i~lp~;~- -char1gcs ·evcry c~o~k pctto~ t(~ a 
·ncw.vulue. This w¡¡veform IS\J!Ownrn F1gwc 1Mb).· 

f ' ¡ 1 ' 

As-dc_scr¡bcd in thc non-sy'nchronC"!us syslcm. th¡; MS!3 
comp:u:1!9r 9utput is. \f,llid afte_r .oné comparator dcl<Jy. 
This output 1s fed to all of th<" ~.ucccssive slagc~ to change 
the othe~ b1t 's. respect1vr ·:1 fl, csholds.' r¡, the non-syn
chronous system the mput s1gnal must remau1 constan! 
unt 11 thc syslem has had ·ti me to complétc thc convers1on. 
Howcvcr, in thc. synchronou~ sy~tcin Ll!c ,out pu 1 is ~tordd 
in a ll1p-flo¡) and:thc-output·oí'·~iJC ll1p-pop 1s fed to thc 
succcss1vc stagcs. This alluws 1 ¡,¡, t\lSB tq S'~e a ncw o.utput 
Wllliout waJtmg for the rcst uf the syHcm lo conJPlcte 
thc conversion. -

Tl11s ·proccss 1S repeatcd tluough all of thc stages of the 
A/D. In tltis manncr thc A/D can, after an inltJalll·clock 
period del ay, g1ve a· complete ·Convcfsio11 ~~cry clock p~ri;cÍ . 

Figures (a) tluoügh ,(n) show' wavcfords of tll~ sys_íc;n 
in opcration. Thc dclays are sh¡~'wn. an'd one c;,n· see ho\v 
the systcm gives a 'complete 'cónvers1on év~ry ~!o~o:k,pcr.iod, . 

As ca 11 be' se en' from !he block dJagrá ni S of 1 he sy~len1s 
and the above d1scuss1on, thc VTF techruque givcs ·thc 
simples!, lowest cost, and lowcst parts count, lugh spced 
A/D that can be built w1th today's technology. Also', the 
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fiGURE 15- Block Dlagram ot Svnchronous VTF 
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FIGURE 16- MSB \11/mralorMs For Synchronous VTF 

f.:,;t th,ll lht: VTI A/D ~:Jn he bu di 111 monollth1t: fo, m 
.:oHdd g1vc thc 'Y\ll'lll an ,tdded bcnef1t to Lhc user who 
des a cd (o fa b11cJ te a lugh-spced A/IJ. 

A 6-b1t A/D uslllg thc IIOIHyncluonous syslcm has 
bccu collslructcu at Motorola's Apphcat10n F.tc11Jty lis111g 

Ml:.CL lll Com¡waío1s :111d dN 1ctc ¡w t D/A,, ,1 WOI\l· 
case conver~1011 tune of 60 nJ.Hl~ccond' \\,1~ a~:h:cvcd 1 t 
1s not unrcasunable to expect thc synciHOIIOU~ ~Y~ic1n lo 
g1vc an R-btt convcrs10n 111 15 ns, al a C0\1 of les~ th,m 
S250! 

APPENDIX A 

GLOSSARY OF ANALOG-TO-DIG!TAL 
CONVERSION TERMINOLOGY 

Thc lé'llllll1(llogv u~ed oll thc literaturc pCII~IIllllg lo 

an,dog-to-dlglt,d couver~1on can be somcwhal confusmg to 

onc that has not worked m tlliS arca. Thc followmg ts a 
l1st of ~nmc of the tcrm~ and thc author's mtcrpretatton of 
thcu 111\'dlllllg that lli,IY he u:.cful1n rcadmg thts rcport and 
othcr P·' pe1 s tlll th:' subjcct. 

CONVLRSION TIME 

In gcne1al, COIIYef\iOll t11ne 1s that interval rcqutrcd for 
the colll",' ter to genera te " d1gttal rcprcse11!al10n of lhc 
IIIJHII volto~gc. Fo1 piOgl<lllllllcd convcrter~. ctmVCIStOil 
tune~~ thc elo~p:.cd t1111C bctwccn a command to pcrform a 
COJIVel\1011, ami thc ,l(ljlC.Jr,lllCe ,¡[ thc COilVei!Cr Ulllpul of 
thc <.:omplcte Ul)!lt.d 1cp1e~cntat10II of the mput voltagc. 
For coniiiiiiOII~ tr.~ck1ng encoders, convciSIOil tune 1s thc 
tnterval bctwccn ,1 'i)!lllftcant cha11ge o<.:ctlllllg al thc 111put, 
and that ¡w1nt .11 wi11Li1 tllc nurput scttlc~ to tts new valuc 
(f ,111 .tlliJllifiL'I 1> \1\Cd to d11YC thc CllllVCI(CI, lhc ~ettllll¡! 
tune ol !he amphiiCI ~~ . .~l~o to be mdudcd 111 the Ct'll· 
vcrstol1 11m e. 

CONVERSION RATE 

ConveiSIOil r<.Jic 1s a mcasure of the frequency at whKh 
convcrsHHl~ a1e 111,1dc lt must t<Jkc mto a<.:count not 011ly 
thc convcrs1on l1me, but rcctwe1y l1mc 'as wcll, and wlll 
usually be lcss than thc recJprocal of <.:onvcrsJon t1mc. 

12 

BIT-PERIOD 

Thc b!t-penod JS dctcrmmed by d1V1d111g thc convcr~ldll 
Irme by lhc llUtnbcr of bJtS Ctnploycd 111 liJe COilVl'l~lOII 
A b1t-pcr10d of lcss than two nll<.:llbccnnd, pc1 b1t ~~ 

genetally ..:onsidctcd lo be htgh spccd opcr,iiiOil 

ENCODER 

An encoder ts an anJibg·lo-dtgltJI (/\/()) cr1nve1 t~1. lt 
ts abo ref ~~red :,, as a d 1g1l1Zer, or "' a qua 11 t 1 ;cr 

DECODER 

¡\ dccoder IS a cllglt,JI-tu·,lll,dP¡; (()//\) (OIIVl'l t~·¡ (illt>r._: 

COilllllOilly :1 ll\OilOIJtltJL' D/ !\ ClliiVCIIl'1 ) 

A!\lPLifiER Sl.::l rUNG r!,\lE 

Amplii'ICI ~ctllu1~ llillc ~~ th.:- IIIIL'1'.ol 1 •::•:•Jt'd, •1 iltt' 

Olllpllt oi" ,111 ,llllJlllfiCI 10 bl't'~'lllL' >l.rhlr dil• 1 'lic .o¡1[Hi< ,1-

(11'11 of ,1 \lép-iull..:llrlll lllJ'IIl ,\Jl \l\llj>\11 ,, '•'ll·llr<IL'<' 
~.tabk 1\1\t'l\ 1! h.l~ IO:l\H\'iéd flclllll(~ li.lii'l•'!ll lc'•¡'•'oi·L "' 

~lh;iJ a dgtCCt' (IJ,¡t ''~ tlUIJllil .IJlf'IU.It'itc, ih >lt',\ri'o ,¡,¡,· 

v,Jluc lvllhill plu:. 01 llllllll~ onc ic,l>t >l~llltl,.lllt l'll iLSt>) 
Total >Clll111g lllllC lll.JY tndudc .•.lillplc .drd ihll,; 111<1 •. 
mult1plextng l1mc, convc¡tcr ,,·ttllllg lllllt', plu' ¡J¡,~ ,\l tu.~, 

COHVCr~IOil llllle (OI\VCISIOil liillO.: >pct.:rfiC.I[¡\111' lloOI 1 !,, 
rcad t:alcl'ully as somc may wclude ail, ,111d tHir>'i3 tllll)' 
part of the abovc mculJOned 

o 

o 

o 
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Nolc lh.ll 111 a 15-lllt ~y~lclll, the RC 11mc conslants 
must he illl:lliplicd hy ,JI lea~.! 12 hefore the ~ettling 

11111e e1 ro1 c,lll be 1gnored. W1th each tune consl~nl pcnod, 
thcC1101 dccrcasc~about J6%.Afte1 ten lime conslants,an 
cxponcni1JI voltagc IS O 005% awJy from !he full value. 

APERTUHE 

i\pcrlliiC IS th..: ,JilJOIIIl( of UllCell,lllll)' abo!lllhc CXaC! 
lilliC whcn thc cncoder 1nput was:1t thc valuc reprc~cnted 
by a gtvcll nutpul codc In gcncr.d, thc apcrtu1c 1s cquJI 
lo 1 he convc1 srou Irme. Howcver, Wllh JIÍc u~c of a sample
aml-hold circu1t a~ an 111put network,,thc ape¡turccan be 
fl'duced, SlllCe llllliC lllfOI!llaiiOn is kn'Üwn about when the 

' 1nput ~amplc was obt:llned IClaliVe tu the tmung of thc 
outpui 1e~ul1. 

QUJ\NTUM LEVEL 

ln.ann-b11 encoder thc1c fi!C cxactly 211 cJ¡ffc¡cnt statcs. 
lf thc <~!!Jlog refercncc voltage 1s d!VIded mto 211 parts 
thcn one pJrt rcpresents ¡¡ fJU:IIllum of vo!tage. The 
rcfc1ence voltage 1s quant17ed lllto 211 quarHum lcvcls 
whcrc eJch quJntum level 1s 1epre~cn1ed by une of thc 
211 blll:.uy stalcs in :m n-bit quanl!Ler. 

The e11or of quant1/ .. at10n 1~ J funct1on of thc numbcr of 
b1ts 111 thc convcrter An A/D convcrter 1s normally ad
Jllslcd for thc ccnlcr of c;~ch of thc binary wr1ghted steps; 
hence, thc error of quant¡zatJon 1s at most one-half of a 
slglllflcanl b1t (l/2 LSB). 

RESOLlJflON 

Rc~olutron i~ lhc abili!y of the convcrtcr to cl1stmgursh 
bctwccn adJaccnt v;¡lucs'of lhc quJnt1ty bc111g meamrcd. 
NormJIIy thc resolul•on would be cons1dercd to be hmrted 
only by the numbcr of b1ts c:Jnrcd. ln pl.tCtJce, however, 
thc ullllll<~tc resolutiOII of a grvcn dc'i1gn 1s ilnulcú by thc 
llOISC 111 1 he V,IIJOLI~ analog and SWIIChtllg ClfCUIIS, alld by 
thc lme:.n1ty and monotonic1ty of thc convcrtcr. Spccrfr
C:IIIOIIS for thc rc~olut•on of a convcrlc• ~hould he com
p.illhlc Wilh thc numher·of IJ¡ts and vicc-veJs:l, othc•w•sc 
the ~pccil'lc.lllon would nnply that the readnq;s convcy a 
lughc1 dcg1 ce of resolut1on !han could actually ex1st. 

ACCURACY 

Accuracy mu~t rncludc dil of ti!C sou1cc~ or crrors 
(qUJillll:aiiOII, llOll·llllC<HIIy, llPISC, <i!H.I SilOI( te1111 dnft) 
RciJIIVC accurJcy "oftcn dcflllcd as the clev1Jtton frum a 
!.lra•ght lme pa~smg through zc1o Jlld the nommJI full 
scale V<Jiue (very ~111111ar lo l111earrly) A typrc:ll accuracy 
spec1f!cation might be 0.05% ± 1/2 LSB al +25°C. 

Long ter m slahd¡ty. not mcludcd 111 thc :.tr..:cur;¡cy 
spcc¡f¡c.IIJon, dcfn1cs thc adJJIIOnal error mt1odncrd be
cause uf úllllponcnl agmg. lt 1s mc,¡surcd ovcr a penod of 
tune (gcncrally une to threc months) ;.,1 a lll\Cd ambtent 
tcntperature. A typ1cal long term stabllrty specJfJcaiJOO · 
n11ght be ±0.005%/90 days at +25°C. 

PRECISION 

Prccísron relates to thc repeatab!lity of successJve 

mc:J~Iucmcnts PtCCI~Iflll •~ ln111tcd 111 p¡;:¡c(¡cc by norse and 
a ;m,di b11t f:llliC qU,IIlliZ<IllOil Cll!H thal :..dW<Jy~ eXIS[~ 111 

~omc "drad bJnd'" at cach ~uccc~~•ve numerH;,d v:Jiuc. Whcn 
thc unknown Jnalog voltJgc he~ Wlthm any of the de:~d 
b<~nds around each of the possrble valucs,llic rcpeatab•l•ty 
can ncvc1 be grcJter than plus or nunus onc le:Jst
Siglllfrcant-blt Onc mea~ure of thc qu<~IJ!y of lhc h1gh 
specd an,ilog-!o·dlgllal convcrter •~ thc ratiO of lhe dcad 
band to thc full quant¡zaliOII lcvcl fo1 each valuc acrm~ 
lhc ellllfe 1<111ge 

MONOTONICITY 

Monotonlclty relates to an mcrcasiug ou1put 1or every 
1ncre.ts1ng vaiuc of mpul voltagc i\nothc1 way of say111g 
tlus is that tite de11Vatrve of thc output Wllh Jcspec! to thc 
111put IS ¡¡Jw¡¡y~ pO~ItiVC A CO!IVCI te1 lllliSI be capablc of 
producmg every wded valuc w¡thm thr input rangc dc
fmcd The accuracy of IIIC var1ous res1slors 111 the ciJg¡t·d
ln-;¡nalog convcrter ladder nclw01k and thc offser volla'ge 
111 !he swJtchmg clcctronJcs mu~t be llllllllll17ed, so that the 
sum of thr errors for any g1ven number of ~ucccssrve lesscr 
~¡gmficanl b11s 1s lcss than the error produccd by !he ncxt 
mmt s1gnlflc:~nt b1l. otherw•~e. it would be poss1blc to 
force llllll·Ulllform spJCIItg of thc quantum lcvcl~ and nm~ 
wmr of the oulput codes altogether. Ahsolutc requu e· 
ments for monotouJctty are th,tt all codcs are obtain<~blc 
and that thc qu<~ntltalton level of each codc be within onc
half of onc least-slglnf•cant·blt of the tdcal. lmcar-relatcd 
quantJZJtJon leve!. 

LINEAR!TY 

LlllC:Jrlty 1s a mcasure uf thc devwt1011 f:om a strarght 
lme of a plot of the mput-output r<Jdto of <~11 analog-to
digltal converter over rls opcratmg rangc and JS usually 
cxpresscd 111 a percent of full sea le. 

STA 111 LITY 

The racto• of st<Jbd1ty o.;unply telall'~ to thc ah11!1y ni" 
lhc CllilVCIICI !o lllallll,llll thc ¡;hai;JCICII\IIl·~ (1Cl.t11V~ 

accuracy. rcsolut¡on, p1ecrs¡on, etc.) ovcr ,, dl'fmcd op
eru tmg 1111e1 vul. Lac:k of sl<J b1hty occurs p11111aflly f01 lwo 
rrasons · dnft 111 thc vo!tagc rcferencc and thc rcs•~tors, ano 
dnft in !he COilVCISlOII SWitChlllg nctWOikS. 

CONVERSION ERI{OR 

Thc d1sc¡cpanry bctween the actual lllllput of an 
analog-to-dig1tal convcrler and thc e>.act d1gJtal rcprc
scntatron of the qu,mt¡ty be111g mc<~sun·d at lhc mstanl of 
mcasuremcnt 1s convcrs1on cr ror. lt 1s g~ncrally onc-half 
of thc vJiuc rcp1escntcd by thc lc,tsl-~lgmftcant-btt. 

INPUf 11\IPEDANCE 

The mput llllp~dJnce of the conve1 ter ~ystcm rs thc 
amollnl of load that the ADC represcnts lo 11s sourcc, thc 
quant1ty be1n;; measured. A typ1cal comparator wrth a 
50 Mn wpul res1stance wtll load a source rcs¡st<~nce of 
1 kil suffic•ently lo mtroduce an error of 0.002%. 



SYS l._ 11 rDti'ERA r\JI{E COEFFICiENf 

l'ile \YSIL'Ill ICIIl¡Jl'l,l!lliC coclriCICilt lil tite WOr~l ca~e !~ 
ihl' ~11111 oi" lile \:011{1 dHI!i011S oi' Cach of thc COillpO!lent 
IC11lpc1Jlllle ··ll'lll..:!cnts One mus! he carcful m rcadmg 
1\¡'l) Cl\1\VCI :l': ~pt'l;lfl\',111011~ lo aVC)!(\ i)cmg llli~lcd by thc 
·'1\i'.lS-t,,ch." RMS C.liculatlnn~ "'e gnod when a large 
lllllill't'l oi" lcllll'i .IIL' llll'lllded, bul are not VJIHJ When only 
J fcw l'lcmcnt~ .11<: p1esent Co11~H!er !he followmg asan 
I.!XJ111ple of 1111~ lllh-,pet.lfH:aliOII' 

V<lll.i¡!C Rí.'l\.'rentl TC = 0.000ú%i°C 

Yoltagc CompJrdtor TC = O.OOOS%/°C 

LJddcr Rcmtor TC = 0.0003'ln/°C 

Algcb1.11C T1Hal 

(nns (I)!JI)~ 

1ms tnt.il O OOOX7.,/°C 

0.0014%/°C 

= (0.006)2 +(O 005)2 

+ (0.003)2 
=o 00000070 

Thc 1{,\lS total 1s obvwusly a nmlcad1ng spectftcalton 
whcn th'-' algcbra1c total cou!d qutle poss1bly occur since 
thc probJb!iHy that J rew thmgs could occur smmltane
ously IS llUI too S111JII. 

APPEND!X B 

CODES ANO NU;\113ERING SYSTEMS USEO IN 
A/D ANI> D/A CONYERSION 

Scveral compul;Jt 10nal codcs or numbct systems are 
used 111 d,ll,t handl!llg m.1chtne~. the maJtmty of whtch 
tli,IY be cai.:gowcd as postltonat· notat10ns. Pos1tional 
notatton 111• m~ thal ,111y mtcgar may be rcpresented by 
lhc ~um of a numbcr of d1g1ts, wetghted 111 value accordmg 
to the1r Pl''>llmntu tite uotJliOll. 

U~lllg 1111> IIO!attO!I,lllS pOSSible !O express any mteger 
(A) as 

J\ = a11 B11 + an-1 Bn-1 + .... + aoBO (1) 

wherc B •~ !he b.t~ m rad1x of thc number systcm, and 
a 11 1~ an tl!lcgcr number A fracltonal numbcr may itkc
WJ\e be exp1 c\\ed 111 the form of cqua!ton 1 by usmg 
ncg.t ltVc ex ponen t t.d powers Thc thrce commonly u sed 
b,,,e~ Jre 1 O (decun.d <;ystcm), 8 {octJI systcm), and 
2 (bmary 'Y'>Iem) 

One of the b,1\1c rcquucments of all po<;tltonal no
tatHlllS ·~ th.1t thc h,t\e of the codc equal the tot.alnumbcr 
of d1gtl symbol\, all poS\1ble values of a 11 , uscd to rcprescnt 
the codeJ number\, a11 ts a ·l¡gtt bctwccn O and (B-1), 
whcte ag.nn 13 ts the r.lllix of the number system. 

Dcctmal 

The deCimal systcm u~es 1 O symbols (0, l, 2, 3, .... , 
8, 9); thcreforc, from our prcvtous dtscusswn thc base of 
thc dcctmal syslcm ts lO, and any mteger (A) can be 
rcprcscnted as 

A=anl011 ~a 11 _¡10n-l +an-21011 - 2 + ... +aoJ0° (2) 

14 

WhcH' a1 ''- .111 !lllcgc¡ bci ,vel'ol and lllcluclul~~ () .1nd <J 1\\ 

an cxamplc, !he nunihc• i ') to the b.J'>~ JO, wl.1cl. 
symboltcally " (1 S) 1 (). " rcprc~cnted a~ '>11"\VIl be lo\\ 

( 1 S) l O =- l X 1 0 l + 5 x l 00 ( 3 ) 

Brea use ol' J!SL':.trly dcv\.'lopment and 1l~ 11. lll!al a'>'<OCI,I-

11011 ll' man (1 e, 1 O i"1ngc1s. i O toe~). lh~ dcu111,d '<Y>lc:JII 

•~ llll!Versally mc:d fu1 hutn.lll compi.l.ill<>ll 1 !•>We\e!, 
WhL'P the dccílll.ll ~y~ll'lll 1\ li\Cd fo¡ illJluliO.,.Ji ¡JIIrji<>'>t.:~ 

111 l11gh <.:pccd dat.1 sy<,lcm~. ti beco me~ clum.,y, :n· llll· 
venJcnl, ,1nd vc1y tneff¡c¡cnl 

Us111g tite dcCillJal sy~tem, clcctrontc LIIC\IIIIY WLHlid 
be requtrcd to accur.1tely repre<,cnt ten d11_:_c¡ cnt ~Lile" 

COfiCSpondtng to thc len diglt "Yillb•>h CllCllil!)' or tlm 
typc ts currcntly unavatl.tble llowcvet, many 111eth(ld' ;mw 

cxJst for reptcsentmg two IJHiepciidcnt \l<ilC> clccli íc,dly 

llmary 

Thc bmary numbc1· ~ystcm w.1" clcvclopcd •o t.1h.e .td· 
V,llJtagc of thc COJIVClllCliCC of the 2-~l.t!C CO!lCCpl Wlitch L 

was JUSI dJ'ícw.~cd Tlm ~ystcm U\C~ th.: 11\lll:h,·¡ b.t~e 2 
whtch t\wans th,lt only !Wtl Llig1ts (O and 1) t-dll lw u•,ed lo 

repte~c•;t ali codcd numbe1s (,1 1\) As .111 n . .~mplc, thc· 
numbcr ( 15) 10 rep1 c<;cntcd 111 bas.:-2 notJ li\llt 1s 

( 15) J 0 = 1 X 23 + 1 X 2 2 + 1 X 21 + 1 X 20 = ( 1 11 l )2 ( 4) 

Tht~ tllustratcs that 1hc bm.uy co<lc ~acrtftccs kngth of 
notalton for stmpl:c1ty of digttal symboll~m 

\\'hen the machme language 1s completely btnary, com
mun¡catton bctwccu mJn and maclunc 1s frcqucntly Illl· 

poss•blcandJt vcry bes!, mc~sy. To overcomc thi\ problem 
a cod111g sy~tem ts nceclcd wh1ch combtnc~ thc ea~c of 
illacl\lliC COlll¡JUlat lll!l of ! he bi,JJI'Y syste 111 Wilh (he 
fam1ltanty of the dccllllal system A cocLng tcchiHquc thJt 
comb1nes thcse featwc~ mto one codc IS thc bmJry
codcd dccunal (BC'D) systcm whtch uses an arll1tr.ny four
cJtg¡t bmary ende to rcprcsent cach of the dccunal d1gtts 
(O through 9). 

Binary.Coded Decimal 

Onc spcc1fiC bm<~ry-coded dccunal cod.: 1, fmmcd by 

IISIIlg !he b111ary rcp:escnlatiOib of the dcLilll·il numh.:1~ 
O thrnugh 9 Thts IS COllllliOilly c.dlcd lile S-'t-2-1 cudc 
The fllsf 16 dccllnal numbe1~ .lllll tlte11 ''~Jlll':.t:lll.ilh)!l'> 

m the bmary and b1n,uy-c\)ded decnn<~l sy~tent :ti'-' :.h,nv11 
111 columns onc th¡ough th1ce 111 ·¡ .1hk ! . ¡n..:iudcd .1! ¡1¡,· 

cnd of tlm appcnd1:-. ll\111~~ tlle bJII,IIY-codt:d dt:l'llll,il 
codc, thc dcCiln,tlnumbct 715 1s Wlillen ,1\ 

01 

7 

011 l 

1 

0001 

5 

0101 

(715) 1 o= ¡{) ¡¡¡ 000 lll lo 1 l¡h' [) \'•1 

To con ven from , 111,11 y-cudcd dclltn.il ( Ut · 1)) 1,' d,,._: 1111 d 
numbcrs, onc has only to mJh.,· d1e coJ,·d llttmh_-¡ illlll 

four dtglt sectiOns, stMllllg Witil IÍIL k,,,t s1:,:t11: .<'dlll 

d1g1t and procccdmg lo th..-: ki-t, .1nd till'll .q•el; tih' 

dcfmt!ton of the bmary numbcrs O thrnugh \l In c.:cl• 
sectwn. 

o 

o 

o 
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Gray TABLE 1 

Onc bmary-~:odcd dcc1mal codc wh1ch f111ds w1de ap
¡;licaliOillll an,tlog-tu-digital convertcrs ts the Ullll-d1stancc 
cude (also called thc Gray Codc, after 1ts inventor, and 
also commonly callcd the "cyclic" or thc "Rcflected 

The Bmary, Bmary-Coded Dec1mal, and Gray Codo 
fquivalonts of the F.rst 16 Decimal Numbers 

llinaty Code': , 
Thc Gray Cnd~ has thc unic¡ue property that its states 

arca unit-dtsl:IIJCt~ aparl. That is 111 going from any decimal, 
, number (i.e., 1 l ) to any adJaccrÚ decimal numbcr ( 1 O 01 

12) only onc bmary d1g1t w1il changc valuc. Thc foUI th 
- column of Tablc 1 illustratcs !he Gray code represcntations 

for thc dcc1malnumbcr O through 15. 
As a nutter oi general informatlon, the generating 

equation for the magmtudc of each one (1) in the Gray 
code is 

J = n 
(7) 

Dec1mal 

o 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
1!3 

Bmary 

0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
111 o 
1111 

Bm<Jry Codcd 
Dec1mal Gray Code 

0000 0000 0000 
0000 0001 0001 
0000 0010 0011 
0000 0011 00}0 
cooo 0100 ,Q110 
0000 0101 011 ¡ 
0000 0110 0101 
0000 0111 0100 
0000 1000 1100 
0000 1001 1101 
0001 0000 1111 
0001 0001 1110 
0001 0010 1010 
0001 0011 1011 
0001 0100 1001 
0001 0101 1000 

j =o 
where n rcprcsents the digit column in which thc one ( 1) 
appears. The most significan! one ( 1) has a püSiliVC sign 
and ea eh of the succeeding oncs ( 1 's) to the right will 
havc an altcrnate~ s1gn. As an illustration, considcr the 
Gray-codcd number 111 o, 

3 2 

Hence, the Gray codc for thc dcc1111al 11 ~~ 1110. Thc 
Gray code for the decunal 1 2 1s 1 O 1 O. Only thc se. ond 
most s1gmficant d•g•t (bit) changes betwccn the succcss1VC 
numbers (1 1 and 12) allowing no amb1gtuty to cx1st in thc 
digital rcadout. The point 1s of reasonablc ~•gnificancc 
when decoding is required and erroncous spikes cannot 
be_tolerated. 

(lllO)G = 2i - ~ + 
• .1=0 j=O j=O 

= 20 + 21 + 22 + 23-20 -21 -22+20 + 21 

=23+2o+2l=(II)Jo (8) 
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3. Renschlcr, E., "Dcs1gn of An lntcgrated Circuit Analog
to-Digital Convcrsion Syslcm," Dcpt. of Elcclril.:al 
En~inccrmg, A11zona Sta le Universi ly, and Moto rola 
Scnucn1Hiuctor Producls Division, Phocnix, Anzona, 
Apnl 1, 1968. 

4. Schnud, H., "D/A Conversion", Electronic Dcs1gn 
(Octobcr 24, 1 ~68). 

5. Digital Log1c Handbook, Digital Equipment Corpor
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A/0 & 0/A CONVERTERS IN SYSTEM OESIGN · 
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The tremEmdous growth of'the minicomputer field·during the past few years has sigflifi
cantly increased thc need for A/0 converters and data accjuisition sy;;tems .. This veé!r 'a!one 
there'will be about.20;000 to 40,000 minicomputer s'ystems installed around the .world, with 
an expect'ed increase óf abciut 25 percent per yeador the foreseeable ~future.·· About ·15 to 20 
percent of these systems are utilized in applications'which require either analog or digital-to
analog converters to communicate between the real world, which is analog in nature, and the 
computer world, which is digital in nature. :' ' . . ' :. 

'' ¡ 

· During the past five or six yea'rs significant advances have been·made in the ability to rnan~ 
ufacture reliable cbnvérsion equipment at increa·singly lower costs and smaller sizes. lnterest
ingly enough, tne technical·.performance of the availabie equipment has not changed sig.ñifi
cantly. Just about every type of equipment available today was also available:in the 1é~O's; 
however, the unit price, size, and power requirements have changed dramatically. The rrlajor 
reasori for·the change, of cour5e, is dueto the breakthroughs achieved by tl:le semicondl!ctor 
industr.y in-biÍ:lO·Iar~and CMOS-technology. · · · · · · · · 

As the ·usage volume of conversion equipmer.~t increases/it becomes increasingly impor
tant for the converter manufacturer to provide hardware that solves more and more of t~e in
strumentation problems that are normally encountered in data translation equipmen~: The 
more the user of conversion equipment knows, of course, the better off he is. However, it is 
much.more·important.that he knows how to apply the'equipment p~operly and how th~ spec
ifications ·for the devices affect the fidelity of the data that ·is generated. 

The detail knowledge that is necessary, of course, is dependent upon the completeness 
of the system that he purchases. There are several levels of equipment complexity a~f'aliJble 
functional components- such as quad-current switches, resistor networks, comparator·~. pro
grammers, etc .. This class of user must keep his knowledge of components at the st~t~ of the 
art and must be able. to purchase components for the converters at the many thousaf,ds per 
year level in order to have an economical design. He also must be willing to ·change his design 
about every 12 to 18 months in order to maintain an economical product. His probÍems of 
design .knowledge, economics, and component reliability are problems not much different 
from those of the corripanies in the business of manufacturing A/0 converters. 

1 



The medium-size user may require in the neighborhood of 50 to 500 equipmcnts per y .<:.r 
Gcnerally, the most economical approach for this c.lass of user is to purchase a collection of 
ind1vldual functional modules - such as multiplexers, sample & ho!ds, and analog-to-c.J.~;,tal 
converters, or to purchase subsystern modules that contain the above-mentioned funct10ns 
in one srnall package. This user can readily update his products with newer modules as t:1ey 
become available. In general, the modules are designed to fit within the enclosure oí u-,e 
user's product. lf the individual functional modular approach is taken, the user must be wJry 
of all specifications for the modules, including those that may not show up on the data shcets. 
lf he mixes and matches modules from various manufacturers, he must be very careful of 
interfacmg compat ib i 11 ty. 

The small user of conversion equipment (1 to 50 per year) in addition to the opt.ons 
avadab:e to the medium-size user can take advantage of complete, pre-packagcd convers;on 
equipment that is rack mountable. In this approach, the manufacturer of the conversion 
equipmcnt has removed from the user the headache of interfacing and packaging of the mod
ules, and thus,provides to the user an easily obtained low-cost solution to his conversion í)ro
blem. 

The attached blcck diagrams can aid the data conversion systems designer in avoiding 
ground loops when connecting the A/D converter to the power supply and to properly vúe 
a pscudo-differential input when multiplexing. The charts of static and dynamic error sources 
can be uscd to constrqct an "Error Budget" to justify using a converter for a specific appiica
tion. These errors do 'not necessarily add arithmetically in any particular converter and s::-ne 
may cancel others. 

The sarnpic and hold chart illustrates the definition of acquisition time and aperture 
tirne for S<lmple and hold amplifiers. The plot of "Voltage Memory on Capacitar" shows the 
ef ect of dielectric absorption for a selected group of dielectric materials used in the "hoid" 
capacitors of sample and hold modules. The best sample and holds use polystyrene capacitors. 
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OUANTlZii\1(] ERROR 

OUANTIZING ERROR IS THE IRREDUCIBLE ERROR 

FOUND IN ANY DEVICE THAT PRODUCES DISCRETE 

OUTPUT FROM A NON-DISCRETE INPUT. 

THE PEAK ERROR IS EOUAL TO ±_1/2 LSB. THE 

RMS VALUE OF THE ERROR IS _ _..!,:..___ LSB. 
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RANGE ERROR CAUSES A ROTATION . 
OF THE TRANSFER FUNCTION, 

PIVOTED ABOUT THE ZERO INPUT 

POINT. THE MAGNITUDE OF THE 

RANGE ERROR IS PROPORTIONAL TO 

THE INPUT VOL TAGE RELAl !VETO 
ZERO INPUT. 
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Bolatíve Accuracy (Integral linearityl 

Relativc aécuracy is a measure~óf the lineanty ef the input-te· 
output éhanictemtics ef· a device. Fer an A/D cenverter, re la· 
tive accurácy IS measufe(l oy deterffiming_ the VOitage WhiCh QIV 
tne céñter ef eác!i códe. Fór a DI A i:enveJter the actual outpt 
voltagé for each input·code is measuréd, The d~v•ce IS usually 
raied W-táking the'maximum deviatieri frem the best stra[g~t 
line dra~ñ threugh ttié méasi.Jred vólfa"ge póints, and ~xpressm~ 
ttiis i:IE!v&atión as a percenf 6f fu!! séiile raiige. Smce, m a con· 
verter, non·linearities can be próducéd by dynam1c errors as 
Wefl as Static érrórs, thé relatiVe aééuracy should be specified 
at sorne given éonvers1ón time. linear1ty errers general!y can· 
nót be cómpensated in the field. 

Differt:ótiál- linearjty 

Oiffererítial Linearity is a measure of the non·unifcrmi!y of 
step óu_tputs of those devices, sucti_ as ('.ID and D/ A converters 
that éxhibit discrete ouÍ:puts resultiñg froni non-<liscrete inputs 
The t!iéofetical w1dth of a bit is équal to · 

~ where rí = total- numb:)r of bits 
2"·1 . 

Oifferential' linearity errór is defermined by measunng actual b1 
widtlis througliól:t the fu!l scale ránge and expressmg the maxr 
mw:n d!'viat1on f~ofn the _thecretica! as a percentage (or fractior 
of the theoretical bit widili. · 

- For a co·n~ertér to have no rnissing cedes, the difterential linear 
' itY error must tié less fhañ 100% or 1 bit. 

Monoroni~"it~ 

Monotonicitv is a measure ot the abilitv ot a cenverter to ex· 
hiblt its codes iri thé apprbpriate sequérice. -A positiVe mcre
tnerit of input voltagé should cause fi-lé dlgital~eutput code to 

- b~ gfeater ttiah, or equál to, the prévious digital output cede. 
Convérsély. a negat1vé u'tcremerit of input voitage should pro
dúce_ fi diglt~l-oútput cOde wh1ch is fess thán, or equal to, the 
p'rev1ous cede · , 

' ' 

Missiñg Cedes 

:Missing cedes éan.be -próduced• when Integral Linearity ex-
ceeds ±. 112 tSB. , ; 

Missing cedes can be caused oy ladder network bcmg im· 
proper!y calibrated such that a, b1t 1s "too hght". . ' 

M1ssing codes can also be caused by dynamic errors when 
comparator makes tts decis1on before everythrng 1s settled 
out. 
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Transfer Characteristic DAC with Bit 1 
(M~B) "LIGHT" by .1-1/2 Bits. 

-' 

. 1·1/2 bit error from Jdeal transfer giv~s 
- 1-Ú2 bit linearity error.- lf gain increased, 
; ·by .1-1/2 bits max linearity.will be ~3/4 
,·_b,it. This ofA ¡~ ~on~':"~not_onic .. · 

•' -' 
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Transfer Characteristic'A60 with Bit 1 
(MSB) "LIGHT" by 1-1/2 bits. 

This A/o is mon'atonic, but it éx~ibits á missi~g . 
s~ate (011 ). Gives 2-code. max error~Cri¡las¡ng 
gain by 1-1/2 bits will split maximum error to' 
±.1 code, but will !!.Q! return the missing state. 

' "t 

~ .. -. 

' A/D ERROR FUNCTION 

. ' 
2-code err~~ ( 1/2 bit dueto 'qua,ntizing error 
plus l-1/2 bit dueto linearity ~rror). : 
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Tmnsfer Charactenstic DAC with Bit í 
(MSB) "HEAVY" by 1-1/2 bits. 

1-1/2 bit error from ideal transfer gi ves 
1-1/2 bit linearity error. lf gain decrcased 
by 1-1/2 bits max, linearity will be x3/4 
bit. This D/A is monotonic. 

'Transfer Characteristic A/0 witn Bit 1 
(MSB) "HEAVY" by 1-1/2 bits. 

This A/0 is monotonic, has no missing 
statas, but has a 2-bit max error. Gain 
can be decreased to split linearity to 
±1 bit. 
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AID ERROR FUNCTION 

Q 
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2-code error ( 1/2 bit due to quan tiz1ng 

i 
error plus 1-1/2 bit dueto lmearity error}. 
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1 
__ ,- All DEVICES EXHIBIT NOISE Te¡> SOME DEGREE. 

-. ·,-Ñ,PISE IN _A CONYERSION SYSTEM AFFETS REPEATA
BILITY OF SUCCESSIVE MEASUREMENTS AS WELL AS 
IN~TANTANEOUS ACCURACY. NOISE MAY USUALLY 
BE. EXPRESs.ED ro· A 99.7% CONFIDENCE LEVEL 
(± 3a) IN RMS TERMS ORAS A PEAK-TO-PEAK 
VALUE~ TH~ PEAK-TO-PEAK VALUE IS ABOUT 6 

. ;TIMES GREATER T.HAN rTHE RMS VALUE FOR RANDOM 
·: .- :.NOISE .ANO !S USUALL Y MORE iVIEANINGFUL SINCE 

- RMS .VALUES ÁRE .NOT AFFECTED MUCH BY ANY SYN
CHRONOUS MOISE SPIKES PRESENT IN THE DEVICE . 

. .IN A CONVERSION SYSTEM, THE TOTAL NOISE IS THE 
SOUARE ROOT OF ,THE SUM OF SOÚARES OF THE 
INDiVIDUAL CONTRIBUTING ELEMENTS. 

GAUSSIAN NOISE 
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HOlO 
HOLD SAMPLE 

ACOUISITION TIME: TIME, ONCE PUT INTO SAMPlE MODE, TO CHARGE FULL Y TO 
WITHIN SPECIFIED ERROR FOR A FULL SCALE CHANGE AT 

ITS INPUT. 

APERTURE TIME: TIME TO OISCONNECT FROM THE INPUT ONCE GIVEN THE 
COMMAND TO HOLD. THE VOLTAGE STORED IS 
REPRESENTATIVE OF THE VOLTAGE AT ITS INPUT AT ANY 

TIME DURING THIS APERTURE TIME. 

SAMPLE & HOLD 
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fuáEMORY SElECT~ON GUIDE 

Address Access Required Wnte 
S1ze Chip Time, ns Pulse Width 

Function Dcvice Words x BitS Select Typical Max Worst Case Typical 

Read/Wnte 93403 16 X 4 1 45 60 45 30 
93410 256 X 1 3 45 60 30 25 
93410A 256 X 1 3 35 45 30 20 
93415 1024 X 1 1 60 90 55 30 

Read Only 93434 32 X 8 1 32 50 NA NA ¡ 93406 256 X 4 2 30 50 NA NA 

7·2 
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B~POlAIR MEMORH2S 

INTRODUCTION 

::l1polar memorres fall into two very dtff~rent categones: 
·"ndom access read/write mamones (RAMs) and read only 
¡,,f'mories (AOMs). , 

A RAM ts an array of latches Wtih a common addressmg 
structure for both readtng and writing. A Write Enaole 
tnput deftnes the mode of operation. In the wnte mode, the 
.mformation at the Data tnput 1s wntten into the latch select
ed by the address. In the read mode, the contents of the 
selected latch is fed to the Data output. 

. AII semtconductor memones have non-destructtve readout as 
.,opposed to the destructtve readout of most magnettc core 
.memones. Btpolar RAM operatton ts static, t.e., the mforma
!IOn ts stored tn btstable tranststor cells (latches) and require::; 
·no refreshing such as requtred in some popular MOS RAMs 
.usmg capacttor storage. Data storage in all semiconductor 
•read/write mamones ts volattle; data can only be storcd as 
long as powar 1& untnterrupted 

In a read only memory (ROM). the data content is fl)(ed, 
normally by a unique metallizatton of the chtp. Addressing 
ts sunilar to that of a RAM; the op:~ration is stattc and the 
readout ts obvtously non-destructtve. A ROM offers non
volattle storage; data is retained indeftnitely even when 
power tS shut off. '' 

Today, btpolar memories are an inteQral part ~fa largo num
ber of dtgttal eqUtpment destgns. In stx years, denstty has 
mcreased by a factor of 64. Wtth a correspondrng decrease 
m power per bit without penallzing speed. Fairchtld is Ctl'· 

rr:ntly producing 1024 btt RAMs with 600 mW typtcai power 
and 60 ns typ1cal access ttme. 

MEMORY ORGANIZATION 

Memory subsystems are generally iqenttfied by number of 

words, number of bits and functton For example, a 1024 x 16 
RAM 1s a random acccss read/wrtte memory contamtng 1024 
words of 16 btts Oé;lCh. Semtconductor memory devtce organ
tzattons follow the same rule. Smce the advent of LSI allow
ing densrttcs of hundreds of gates on a chtp, most memorv 
devtces contam address decoders, outpul sensing, andvanous 
control and buffer/dnver functions tn add1t10n to the array of 
storage cells. Htgh density RAM devtces tend to be organtzed 
n words by one bit to optimiza lead usage. ROM devices tend 
toward n words by tour or erght bits to reduce cost of truth 
table changes . 

ADDRESSING TECHNIQUES 

Addressmg (word select•on) tn a semiconductor memory sub
syste-n C0'1srsts of two parts Ftrst, a gtven devicc or group of 
devro:es must be selec.ted, second. a gtven location tn a devtce 
or 91 oup of devrces must be selected. Devtce sel13ctton may be 
'lccc!Tipltshed by lmear select ustng <1 binary-to-n decoder 
feedmg the chrp select functtOn on n chips, or by coinctdent· 
select usmg two btn~ry-to-'1/ñ decoders and twochtp selectson 
each devtce. When n is large, linear select requires excesstve 
hardware For example, tf n = 64. linear select requires four 
1-of-16 det;:~ders Md a 1-of-4 decoder, or nrne 1-of-8 decod· 
ers. whereas cornctdent selectton can be accompltshed wtlh 
two 1 ~of-8 decoders'wlth fmal decodtng ar the two tnput chip 
select gates rncluded on the memory dev;ces. Selectton of a 
grven location on a phtp rs accomplished by connectmg the 
btnary address lines drrectly to the chtp. In summary, 64 ' . 25ti x 1 RAryls tn a 16K x 1 btt array ustng coinctdent selec· 
tton ;eqUires 14 address lmes, as follows: e1ght connccted 
to 20 through 2 7 mputs on all chtps (usmg nPcessary drivers), 
three feedtng a 1-of-8 decoder to the es 1 inputs. and three 
feedmg a 1-of-8 dscoder connected to the cs2 inputs. 



s¡POLAR MEMO!FUES 

MEMORY TYPES 

A number of cho1ce::; must be made In selectmg b1polar mem
ory dev1ces for a spec1f1c apphcat10n F1rst, should TIL or ECL 
be used? The evpr rncreasmg need for speed m new des1gns 
may 1mpo;:,e a propagat1on reqUirement on the memory that 
cannot be rnet W1th current TIL technology. Th1s may 1n turn 
mfluence the s~lect1on of the log•c fam1ly used for lmplement
mg the ALU or other funct10ns assoc1ated w1th tlie memory. 
Currently, thc fastest 256-blt RAM ava1lable IS the 95410 
ECL rnemory 

Next, should RAM or ROM be used? For data storage the 
cho1ce 1s obv1ously a RAM smce fast wnte capab1llty 1s a 
"must" r ur rlliCíOprograrnmmg the dE'CISIOn IS not SO clear
CUI S1nce most systcrn des1gns contmue to evolve and change 
through pro!otypmg and preproductson, RAM may be the 
log1cal cho1ce; liS h1gher dev1ce cost IS offset by ehm1nat1ng 
the cost of replacmg ROMs as changes are made to the firm
ware In th1s sltuatlon, RAM also offers the advantage of 
ellmmatmg system downt1me dunng f1rmware mod1f1catlon, 
a very s•gmf1cant factor m development schedules. 

Numerous other dec1s1ons must be made, such as power con
sumptiOn level, relat1onsh1p of dens1ty and speed, and other 
parameters The select1on gUide 1s prov1ded for ass1stance 111 

choosmg Fmrch1ld b1polar memones for various applícatíons. 

GENERAL 'IMING CONSIDERA'TIONS" 

A s1mple way of analyzmg a semiconductor memory 1n terms 
of 1ts dclnys IS based on the assumpt10n that 1t IS an 1deal de
VICe Wllh 111ree types of mput and one type of output. The de
VICe mny bo n smglo storage cell, or an array of such cells. 
Bemg 1dcéd. 1t hns no mtnns1c delays, but 1ts externa! connec
tlons have •ndtvtdual delays- ~1 on the Data mput. ~W on 
the Wntc !:nable S1gnal, ~A on the Address mput. and ~O 
on .the Dalil output And, 1f the devtce 1s a large array, the 
externa! lmes m ay be mult1ple, carry•ng whole bytes or words 
mstead of smgle b1ts, for example: 

ldeol Memory Systern 

' ' ' 

DATA -·~f• "" ;, .. INPUT ¡,1 

AOOR(SS -~---··---~
INPUT-~ 

WAITf 
ENABU 

IOf,\.l 
MEMORY 

1<1 AL 
M[MORV 

"Reprtntod on part from Electro"\ ~s, October 25, 1971. 

DATA 
OUTPUT 

o 

Each mput and output m the dtagram 1S b1nóry - that 1s. 11 
has only two stable condtt1ons, a more ncgallve level and il 
more pos1t1ve one. For a g1ven devtce, eacl1 delay shown h<Js 
two values, one for the propagat1on of a ner¡nuve-to-postt•ve 
trans1t10n through the delay element. ancl one for the prora
gataon of a pos1t1ve-to-negat1ve trans1t1on Morenver, com
bmatlons of these tnput and_output delays create the real de
VIce delay t1mes Acces::; t1me. for mstance. ts the sum rJf the 
delays on the Address mput. /\A, <1nd on the Daia output. 
~O (smce the delay through élll tdeal dcvtce 1s zero). Smce 
/lA and AO each have max1murn and m•n1mum values. the•r 
sum also has a maxtmum and a m1n1mum valut: LlkC\Nise, 
data may appear on the Input lmcs, and at somc ldter t1me a 
Wnte Enable stgnal appears, makmg the dev1ce data setup 
t1me Al- t-.w 
In general, a rnemory system contams many dev1ces for wh1ch 
the delays are d1fferent, but the max1mum and mmunum 
hm1ts of each must be known Moreover. when a system 1s 
intended for h1gh volume product1on. the range for the dtC) 
vaces to be used m all systems must be known to avo•d tl1e 
need to tune each system md1v1dually A g•ven pa1r of paths 
may turn out to have the maxtmum delay, and. for the system 
to operate rellably, th1s defmes system mmm1um t1m1ng. Yet 
the desa!ilner must also remam aware of the fact that access 
t1me may be shorter than the max1mum. and that the output 
,of the memory dev1ce 15 unknown between (AA + f!Olmm 
and (!!A+ AOlmax· 

f>.t th1s pomt, relat1onsh1ps between the 111d1vtdual delays m 
the s1mp)e model must be cons1dered. In tho absoluto sens•~. 
this would mvolve spcc•fymg the dclay m evcry pmr of paths 
- a Írather large nurnbcr of pararnetcrs More pr<•cltrillly, 
the output delay 1s usually tmportant only durmg a rcild op•;r,l· 
t10n, so only a few rneasurements need be spec1f1ed But tht: 
input t1mmg IS completely under r.ontrcl of thc svstcrn, and 
rnust be .. spec1f1ed for every mput path wttn •csp•\;t to ,,v,•ry 

.other tnput path. Once he knows how the<;f' mpu•, heilnvC' 111 
relatiOfl tO each Other, the des1gn<>r Cé!P qum.JntE:C d rel!r,:•:t) 
,system 

Al! these delays are mternnl dcv1ce fléHétlllCI''' ·~. ·•"t sy:;wm 
parameters But because of the WHiesprL~ioci fo1i:11e to ·'•s 
tmgUish' between the two k mas of lnPiFIJfü!', ~- r¡ ts. snmp n><IOIU 
filCturerS ltst a guaranteed rnmtmotrn ·1Ct'8S' i:tnf' and vtih'~:; <l 

guaranteed max•mum- the m.JXIIlll•m for :he dev.ce 1s tnc 
mtn1muin for the syo;tem For clnr1ty, tho~, <;,•Cil<>~' j.•:·~:n,1tt~'. 

all devtce delays ,._,(ha Slllilil t and ¡:¡ll systcrn f1·<ZJ'(3 Wltto· 
cap1tal T. 

There are eaght tmportant mcmory d<''JICC ele: .. ¡:;, all sorne• 
combtnat1on of the four delays ;n the s1mple model The crght 
'dev1ce delays are access t•me. read recovery t•rne, wnte tlmt~. 
data setup t•me. data release time, addross tHIIIt11J, w1 tte re 

1covery time, and ch1p select delay. 



() 
Access ttme may be speclfted as lpd+ and tpd-• or S1'11ply as 
facc~ss lt ts the length of t1me from the appeuance ot a vflltd 
add1 ess on the Address mput to the appearance o1 vahd data 
on the Data output- and also, 1f. spcc1f1e-:l, tne t1me from tne 
d1sappearance of the address to the d1sappearance of the ac
tiVe level Where both are spec1fied, system access lime can 
somettmes be 1mproved by takmg advantages of the drffer
ence between them at the gata dnven by the Data output lrne. 
Where only one is spec1f1ed, 1t may be the larger of the two, 
but more often 11 1s just tpd-· the actrve output state bemg the 
more negattve one. Srnce the output stage cf a memory usu
ally has open collector ctrcu1ts. access mvolves pullmg the 
output lme from t!S normal pos1tiv.e level to the negattve ievel 
tf the stored data demands it. 

Both maxrmurn and mmrmum access trmes are rmportant. 
The max1mum access ltme specifies how long the system must 
watt for valle data after 11 supplies a11 address, the mmrmum 
ume specrf1es how long the .,,Jta remains güod after the ad
dress has been removed 

The read recovery time, trr 1:; the ttme requrred for the output 
of the memory to return lo its normal (usually the pos1t1ve) 
leve!. after the address has been ~emoved. Thrs del ay, whrch 
tS mostly caused by the sense amphfters ins1de the devrce, 
mllst be taken rnto account w!ien two success:ve read opera
tlons from d1frÓrent addresses wl!hrn a smgle dev1ce cause tila 
Data output ltne lo be !rrst low, ··then H1gh. Tha Hrgh le>vel 
cannot be attarned until aftcr trr has elaps'ed. Read recovery 
t1me rs bas1cally the tpd+ for an opim collector output lt rs u su-

e
~ ally of no consequence. beca use it wril be <::overed by the ac
j cess 11me of a second read cycle. 

Th~ write trme tw 1s the leng!h of tr.me that an act1ve level must 
be present on the Wnte Enal:lle to guarantee successful wrrt
tng m the memory. (A better name for lt would be "wnte 
pulse wrdth," but th1s would confusa rt Wlth a s1m1lar system 
para meter.) The system must provrde the Wnte E nabla s1gnal 
for tt10 full length of tw(mdX) to guarantee Wrttlng In the SIOW· 

est memory devrces, and 1f the Wnte Enable srgnalts generat
ed by a decoder ClrCUit. any gl1tches on the decoder output 
must be less than lw(rnm) to gua.rantee ~ot wretmg 111 the 
lastost dovtcos . 

Boenuso tilo Wnto Enuhlo síon11l bogins ond onds the wrtttng 
opernt1on, 11 rs a convenrent rofere-nce for the other mput do
lays, servrng as a clock or baste trmmg pulse Data setup trme 
and the data release ttme for both f,frgh andlow output levels 
make up tour parameters assoc1ated w1th a'memory data tn

put and symbol1zed as tdsh· tdsl• tdrh· and tdrl· 
.. . 

Cons1der the two externa! delays, ~~ and óW. shown m the 
, tdeal memory system. Smce the write ttme 1s the cntiCi'l paro

meter, let the ume scale begin at the¡ po1nt when Wrrte Fnable 
beco!nes act1ve- m most cases. when 1t undergoes a Hlgh
to-Low transrt10n. The level on the Data lrne 1s not tmportant 
·~t tlll!> lime, bocouso most rncmones nccPpt tnput dalil up to 
the Low-to-Htgh trnns1tion of the Wrttc Enablo lme. ¡ust l1ke 
an crlgo-tnggered fltp·flop But when th1s L:ow·tO-~tgh tran
Sitlbll occurs, the Data rnput to the·1deal cel1 must rí'present 

Qthe data to be stored. Thus the correct levels mt.s! be prP-sent 
at the input of the memory L\1 earlrer. T hrs deadllne is ti l -
IJ.W before the end of the Wnte l!nable s.iQnel 8t the real 
memory cnput. 

Only the Low-to-High transrtion of t~e Wma srgnal is nnpor· 
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t2nt. but both transrt1ons of the data are srgnifrcant These are 
the setup t1mes for H1gh and Low data 

!dsh = ól+ - Ll W + 

tdsl = til_- /J.W+ 

Suppose that these are 20 ns and 1 O ns respectrvely. lf data 
representad by a H1gh level ·~ to be stored, then 11 must be on 
the Data input !mes at leas! 20 ns before the Wrrte Enable Sig

na! r¡ses- at the real memc-ry, not at the ideal dev1ce. Th1s 
Hrgh data must also rema1n on the Data lmes long enough to 
get stored tn the memory 1\Jc-vv a Low leveltakes 1 O ns to get 
through the delay, and, if 11 anp<"ars less than 1 O ns before the 
nse of the Wnte Enable Stgnal, w11i not get to the 1deal devrce 
before the precedrng Higll ¡evel nas been stored and the Wnte 
Enable signa! rs gone. 

Therefore, the Hl!Jh leve: mus1 be apphed at least 20 ns. and 
be removed at most 1 O ns. 'Jefore the rrse of the Wnte Enablc 
stgnal The 1 O ns time 1s co·nn 1only called the data release 
trme for the ~rgh ievel, or tdrh· but :t 1s obv1ously also the data 
setup trme for the low leve!, or tdsl· Hence tdrh = tdsl• not 
only m magn1tude, but tn ev8ry other respect too. 

In a system contamíng moro than ene devtce, however, tho 
ranges 'of setup and releuse t•me affect the t1m1ng of daia 
avadablabllrty on the mputs For example, to store di'!W 

representcd by· a H •gh leve l. the level must be applred not 
la ter than the longest fdsh before the nse of Wnte Enable, and 
mamtamed at that !evel untr! after the begrnnmg of the st.lort
es! tdrh· or equtvalently the shortest tdsl· Conversely, to store 
the low level, 1t must be present before the max1mum tdsl 
and remarn unt1l after the mm1murn t05¡, 

li the de'lay throÚgh the data path tS very short, the ~ 1 - A W 
may be negat1ve, and appear as a negat1ve value f9r one or 
both of the mrntmum data setup tunes. That 1s, under certatn 
crrcums~,ances, d~ta that changes after the removal of the ex
terna! Wrlte Enable s1gnal w11f be stored al 1ts new value be
cause rn fact the Wnte Enable srgnal was still movmg slowly 
through the delay when the new data mraved Dalil sheots 
spoc•fy ti:J;s os o1¡hor n nogot•vo r!'lonso tuno oro po:.tltvo hold 
timo. 

The four setup an~ re!ease 11mes are roally only two d1fferent 
quantttres. wh1ch can have maxmwin, m1nrmum, and sorne
times n~~atrve v~lues Sorne 0f the dtfftcult1es m spec1fyrng 

them are 1llustrat~d on the follow.ng pago and ftve methods 
of publls1;'11ng trmmg specrf1cauons (A -- E) are shown. T11e 
tunrng chart is for a memory devace Wlth a Wr1te Enable pulse 
that ends (goes Htgh) 100 ns after the reference ttme. The 
chart als,o shows the requ11ed mputs for H1gh and Low data 
Data can changa ¡n the shaded areas, but rnust be stable in the 
unsh<~ded areas to guarantee wntmg as specof1cd 

The f1r:>l spectftc<l!lon ¡A) follows the reconHlWnded method. 
To wrt!l) H1gh data. tho Low·to-1-h~Jh trunsttlun must occur no 
later than SO ns aftet the rcferenr.e time. whtch 1S tJ-oe mnxl
mum tdsh before ,wnte Enable w.es; and the level must stay 
H1gh unlll' 105 ns ~iter reference, a time la ter than the nse of 
Wnte Enable because the mmrmum tdsl 1s negat1ve. A later 
rise or earlter iail makE-s the correGt storage doubttul But to 
write Low data. tha High-to-Low trC:~nsltlon can occur as late 
as 85 ns after raference. allowmg the rn¡¡:r.;mum td5 ¡.:and can 
be rever sed as eady as JUSt after 90 ns, for the mtnunum tdsl•· 
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Data Timing (Writo Moda) 

1 90 •• 90 •• 100 lOS 110 

1 

Mm Typ Max 

Mcthod Paramcter Del m• !Ion (ns) 
' 

1dsh H1g~ Data Sctup T1me 10 20 
A 

tdsl Low Data Setup T1mc -5 15 

B 's Data Setup T1me -5 20 

's 
i Data Sctup T1me 20 e 
1 tr Data Release T1me -5 

o ts Data Setup T1ma 20 

th Data Hold T1me 5 

E Ts System Data Setup T1me 20 
Th System Data Hold T1me 5 

Mm1n1ng of shadmg 1s cxplamed on tho nght 

Spec•f•callon B 1gnores the d1fference between setup t1mes for 
H•gh and Low Slgnal levei, Spec\flcatlon e chooses to iiSt 
H1gh data releasc time mstead of Low data setup t1me. Spec:
f1cat1on D uses still another term, data hold t1me, wh1ch Slmul
taneously changes the s1g'n of the.quant1ty and changes the 
m1mmum lo a max•mum, so that now the column 1s correct. 
Spec1flcat10n E 1s wntten from the sy'stern mstead of the de
VICe pomt of v1ew 

Address t•mmg, l1ke data tl'm¡: •g. mvolves four d1fferent quan

ot•es· setup t•me, 'as· relense ttmf', taro hold tmw, tah· andan
other quantlty that 1s ofter called s1mply address t1me, or ta 
But unilke data t•mmg, bo~,h edges pf the Wnte ~nabla s1gnal 
are 1mportant relat1ve to the Address s1gnal. In most dev1ces, 
an address 1s always present on the Address mputs, and thts 
must remam unchanged dunng the wnte process 

There 1s llkely to be less d1fference between the t1mes at wh;ch 
nommally s1multaneous H1gh and Low address bits arnve at 
the ideal memory than there 1S w1th data btts, beca use address 
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Addross Timing (Write Moda) 

TIMl: (n11 

40 6f.l 60 70 90 'K) lr(l l'fl 

-'"----1'--..1.1--J..' _ __.1~...-_ _,¡ __ _¡___....JL l 
WPlTE. 
F~AE!LE ¡ 

OEV'ICE 1 
Aooqus 
UNES 

1 

OEVIC~' 
ADO~ESS 

UNES 

Dev1ce Parameter 

1as 
1eh 

2 
1as 
1ar 

D!.'fon1t1on 

Aridress Sctup T1mo 

Addrcss Ho!d Tm10 

Addross Sotup lrmo 

Address AeiiWGO Trme 

M1n Jryp1Max Umts 

1 

10' ns 

7 ns 

5
1 

1-10 ns 

ns 

Tnmsition Time Uncertaintiils Q 
~----------------------~.~ 

TI.,\IJG OIAGRAM MEANING 
SVMBOL 

_Fo_rc_'"_::g_F_un_cl_•o_n•-+-0-thor Funr!tllno; 

1 
Musr be Stoady 

'-------'· H'tgh or low 

~Htghtolow 
ChA1'1Q8& Perm•tled 

~lOWICIHtgh 
~ Changes Permt1ted 

~~OontCare 

t:us:\<ZM~ 

Wtll bo St•'l"fv 
Htgh or Low 

w,u be C"h~nq rw 
Ftom Htgh Ir¡ c•w 
SometnT.,fl Our •nu 
Oestynatrci lntrrval 

Wr!l be ChR• q•t'Q 

From low tc1 Hu1h 
Somt!t•rr11• Out •no 
0f"'itQn'1lf'•l '''tr•rval 

St;~tn llnkno""n 
1 Chnng n¡¡ 

b1ts usually pass through lcss combulatronol logre enroutc 
from therr source Thrs means thc worsl r::1se fast and SIO\"J 

brts are usually fatrly close togcther. and d•fi;:-rences bctw,·,~n 
Htgh and Low address bits noed not be s;J••c•f•cd Howevvr, 
!wo par'lmeters must be curefully cons•clcr0d, thcsu &re tho 
maxrmum setup ttmc rcht¡vc to the lead.ng edge of thcVvrne 
Enable s1gnal, and the mtntrnurn sctup WnP rclat•ve to tht:J 
s1gnal trarhng edge. 

1 

! 

The ftrst parameter IS the longer of L\1\¡. - ,\1/o.' __ <"lrl<l e\/;_
/).W_ 1! spec1f1E'S how much trrnc tlw (L'VICt' '•''fth th,, slo\\'<'S¡ 
adoress path requ'· JS to get tilt> nddres~ 111to thc• :..ied' rrhJ,n

ory ahead of thr vVnte Enable pulse lts symbol 1s tas(mQ 

The second parameter 1s the shorter of ,_\A, - /) W +ano ÚA_ 
- ó.W+ lt spec1f1es how long the fastest dev1,;c takes :o g,H an 
address mto the ideal cell No rhange m Lln uddress r;;n b.:: 
,permttted unttl less t11an th1s timo remams betore liw end üf 
the Wnte Enable stgnal. Althouc;ll 1t 1s actuolly the rnuwnum 
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r.ddr ess setup ttme. 11 1s measured relat1ve to th!:l nsing edge 
oí VJntc Enable, whereas t~w mmwnum setup t:m~ 1s meas
ureJ relat1ve to the fallmg edge nnd deserves a dtfferent 

r~anle. Smce the mmlrnum setup time IS likely te be e:ther 
\ __,ero or negat1ve, it 1s commonly des1gnated address holdt.:ne, 

or tah; where 11 is pos1t1ve, address relea se t1me, or tar ts used. 

The Add1ess Ttmtng ftgure shows th1s for two hypothettcal 
rnemones Devtce 1 1s typ1ca! of most semiconductor mem

.ones, but occas10nally one 1s encountared Wl!h the character-
IStiCS of dev1ce 2. In both. a substantra! d1fference between 
!J. W+ and ~ W_ ts assumed, emphas1ztng that the address 
setu¡.> and release t1mes are not two hm1ts of the same para
meters As the dtagram and the accompanvmg tah:e tnd1cate, 
a release 11me 1s a mrr11mum, but a hold t1me, because 11 has 
the oppos1te s1gn, ts a maxtmum. 

Al:hough addresses for rnost memones are •f' b1nary form, 
occas1onally one has some other scheme Then the mm1rnum 
acd:ess puise Wtdth beCOITiflS !!TipWi )'l 1. beca use 50mettmes 8 

nonex1s!ent addt ess m ay be presemed between va !Id address 
pulses torne arrav S mee wntmg c<~n be guaranteed only 1f a 
vahd adchess 1s present long enough for the s!owest memory 
to' resoond, the arldress t1me, 'a· 1s c.nalogous to, and lasts 
about as long as, the wntc pulse Whith, 'w· 

But the really 11r.portant cntenon for Wll!tng 1s that, at the 
1deal memory, both the adoress and the wnte pulse co•nctde 
fo'r long enough to allow the slow~st dev•ce to respond - dur
mg a max1mum tune, agam, fror;n the dev1ce pomt of vtew, 
and a mm1mum t1me from the system pomt of v1ew. Enher of 

¡•he two pulses can start the oporatton when the other is pres
\____)nt. and lhe trailtng edge of etther can end tt Generailzatoons 

are cf¡ff:cult but .n most systems, the address brackets the 
wrttc pulse, so that the wnte ooer;¡t1on depencfs on the dura
tlon or the latter. 

The wnte recovery t:me. twr- -, estr:cts the u:>e of the Data out
put ltnes followtng a wnte operat10n lt rs qu1te like the read 
recovery ttme- the sen se a'Tlpl1f1ers respond to the dilta betng 
wntten ¡ust as they do durmg a read operat1on, and wheo the 
wnttcn data dnves the output to rts 'nore negat1ve level, the 
amplifters reqUtro a short t1me to go pos1t1ve 

An example of tlll!i behav1or ts found m Fa1rchilds 93403 
4-bol by 16-word memory, wl!h Oütput fcllowtng the •nput 
drmny a wnie operat1on, but •nverted dunnu a read operauon. 
Thus, wntmg L.ow level data ;nto the mcmory causes the out
pul lo be Low whlie the Wnte Enable pu!se 1s present; but, 
when the Wntc Enable ends and the adorcss remams un
chnnged, fhe newly wrlitl:>í1 data 'appears "'S a Htph ltwcl at 
ttw output Be..::auso the sense am'pltfter tnV<:~rts the daw, oad• 

" srored Low level appcars as a High level- but not unt;l aftor 
the wrtte recovery ttme has passed. 

Ftnally, most memoncs have Ch1p Sclect mp•Jts that perrntt 
addrcss and data lmes to bQ shared by severa! ch1ps One chip 

. r.ún be ennbled for a rcad or write operatiol"' 

In sorne memories the Ch1p Sel~<¡:t ts Slt11~,1v part of the Ad
rJress lt ts decoded tn the same way and ts sub¡ect le the same 

e -'11ays But tn newer des•g":JS su eh as the 9341 O 2 56 x 1 ITL 
_.AM and the 9341 5 1024 x 1 TIL RAM, whe;e the Chtp Sel
ect 1s tndependent of, and 15 constderably fc.ster than, !he Ad-
dress, ti has tts own delay t1me spcc1fted. The delay from the 
leadmg edge of the Chip Select signa! to the ttme rhe output 
hecomes acttve tS the enaoie t1me, t8. wh:!o that from trt~1img 
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edge to mac11ve, outrut 1:; d1sable t1me, td For a wnte opera
t!Cn, the ennble lime has mu•1mum and max•mtHn v<Jiucs rela
tivo to the trmlmg edge of the wnte pulse. ¡ust as the Data m
put does, although m general the Ch1p Select s1gnal should be 
act1ve at least as long as the Wnte Enable s1gnal. 

In des1grung the ttmtng of a memory system wtthin the frame
work of these e1ght devtce delays, 1t 1s best to start by showmg 
all thc s•gnals relat.ve toa stngle tlmP ax1s tn a t1mmg dtagram. 
Only one pulse trarn can be prectsely kl"own at ail t1mes, and 
that pulse tram must be taken as the reference AJI other Slg
nals wll! show sorne uncertamty rE·Iat•ve to th1s refe:rence. 
(See Trans1t1on T1me Uncertamtws Chart) 

To ¡llu;,trale the foregotng dtscuss•or .. cons1der the tasi< of lm
plementmg the scratchpad functu..,n •n a typ1cal mm•compu
ter requmng temporary storage of 64 4-b•t characters. The 
follow.ng block d1agram of one poss1ble log1c conf1gurat1on 
shows how all the d1fferent delays can be balanced agamst 
one anoth~r Usmg the aoproach ~:ef•,,ed m the Fast Access 
Trmmg Chart permlts f3st openwon at the expense of com
plex t1mtng signa! generatton. ThG other chart shows an 
a!ternate approach wh1ch s1mpllfws tlmmg s1gnal source 
das.gn but sacnf1ccs spcl'!ds. 

DATA 
[UADlE 

QUAO LA'I'CH 

1 

68011 
PULL UP 
AE~ISTOR9 

1 1--'\. OAT .. 
L--,/ OUH'-IfS 
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Fast Access Timing Chart 

o 10 20 JO W 'jQ 60 70 90 00 - 100 110 Ot') 11') 1"0 '50 160 170 o TIMEins.) 

AODillSS 
CLOCK 

100 110 

-~ 

---------

1 
1 

1 
1 

" 

AOORt.SS 

CUIP 
SELECT 

DATA OUT 
FROM 
MEMO AY 

OATA 
ENA.8LE 

FllOTCS F"OR AUtJRt.SS COUNTER 
FOR DfCOOEn 
FOR QUAD V.. TCH 
FOR MEMORY DAlA OUT 

AT lATCH 

-- ----e;.~'.·\·.' ... ~ - - - - -
,Jo ¡t····.,'i-;.-,"·:·., ~ 1 r:¡o 

- - - - - - ... 1}\·•d\•'' ..,: - - - -
1 

1 

1 

DATA. ~N 
TO MEMORY 

111/}J¡f 1 \ 

---------------, L_ ~- 1d<(me,~41-~r-~-+~-L_-_"'_"m_._"'_•_l -------

1 1 

w~me 

ENABL[ 

C5 4 -'r 
Conventionall'iming Chart 

o 

AOORESS__/ 
ClOCI( 

AOORESS 

DATA __¡ 
ENABLE 

25 60 75 

10 

20 

wo 
-,,-5~---1-50·-----1-,5-----,-oo------,-,5------------------~<:=J~ 

1 

120 170 

'" >OO 

1qQ 

120 170 

120 175 

rlATAIN --------,-------~ 

INTERFACE 

TO II.•[MORV 

WHIYE 
ENABLE: 

In most nppltcattons of b:f)olar r:nemones, the dev1ces are com
btncd wtth other TIL or EC:L log•c elements tnto a subsystem 
such as a CPU buffer controller or other functton The mem
ory devtce tnterface ts at standard logtc levels, and the addt
ttonal hardware reqUtred ts usually ltmtted to pul! up rests
tors at the outputs of most TIL memones, and load rcsistors 
or termmatton reststors for the ECL memones 

In some cases, the c.ppltcat•or may reqUtre locat1on of the 
memory several feet or more away from the other functtons tn 
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120 170 

.___ ___ _/ 

the subsystem The result1ng requ11 •,ncn! hr d;;ta tr .. ns
rntSSJon necess1tates add1t1onJi hardwilro ;Jatn transm¡s.:;¡,~r. 
tS dtscussed ,,. d,,ra:l 111 Commun1c;Jtton Lme intcrf.:.ce an.i 
shou'ld pro" nelpfui ¡o tho do51~ne1 In addttton. ttw ur•~ ,___¡¿r 
should refer to the Computcr/lntPrface Sect10n of th 1r· 
chtld Lrnear lntegrated C1rcutts C;:n,Jiog for mformat1on L1n 
line dnvers, !me rece1vers. d•srlay decoders/dnvers. ElA/ 
MIL tnterlace c•rc.utts, and o~her products usf>ful tn mterfnce 
destgn. 



RANDOM. ACCESS READ/WRSTE MEI\r10R:ES 

o 

o 

SCRATCHPAD/FILE APPLICATIONS 

A scratchpad, often called a ftle, IS a small memory mtegrated 
1nto the anthmet1c sect10n of a CPU and used for temporary 
storage of curren! data. Speed 1s of the essence Wlth cost rel
at•ve!y ms1gn•f•cant. Early files cons1sted of fllp-flop reg•s
ters. later followed by 4 to 16 word RAM or MSI fhp-flop 
arrays. A number of exrstmg designs are based on the 93403, 

, 16 x 4 ITL RAM. Currently, f1les of 256 words or more are 
m development. The 9341 OA and 9541 O are good candi-
datos for new desrgn apphcatrons. ' 

MICRO-CONTROL STORAGE USING READ/WRITE 
MEMORY 

' 1 

~arly m semiconductor memory development, a S1gnif1cant 
amount of attent1on was devoted to read only memorres for 
m•cro-control storage. In many cases, drff1cultres wt>re en
countorcd rn dcveloprng firmware for now machmcs. Thcse 
rl•ff•cultiCS involvcd turnaround trme of wccks and months rn 
makrng flfmware changes. wrth cosls rangmg from tens to 

C
U,ousands of dollars per change. One solut10n to these prob

;'TlS is to use RAMs for mrcro-control storage. F1rmware may 
then be changed almost rnstantaneously, thus greatly acceler-
aúng the development program and elrmrnatrng cost and 
~owntrme for pattern changes. lf desired, conversiOn from 
RAM to ROM can be made at the pn{produclion phase. Ava•l-

7-9 

abrllty of 1024 brt b1polar RAMs su eh as the 93415 and 
95415 has prompted numerous designers to consrder th1s 
approach. 

BUFFER MEMORIES 

Buffer memories are small to medrum memorres mserted be
tween 1/0 rnterfaces and CPU. between mam memory and 
CPU. or at other locations where fast mtermedrate storage rs 
required. The avarlabrllty of 256 and 1 024-brt RAM dev1ces 
has resulted rn many bipolar buffer memory designs 

MAIN MEMORIES 

Mam memones vary from 4K to 16K btts in mmicomputers 
up to 256K or more words m lmge marnframes. Before the 
ava1labrllty of brpolnr 1024 RAMs. systorn dos•gners wero 
llmrted to low cosl core wrth 1 to 2 flS access. expons1ve coro 
wrth 400 ns to 1 ps access. or MOS wrth > 200 ns access. 
Sorne n-channel MOS products prom•se faster access t1me at 
low cost. Present brpolar RAM technology ailows •mplement
rng large ~arn memones w1th 70 to 100 ns worst case maxr
mum access t1mes for the subsystem. A read-modrfy-wrrte 
cycle of less than 150 ns rs poss¡bJe usrng the 9341 O RAM 
and 93XX<93SXX ITL log1c. 



93410/93410A RANDOM ACCESS 

DESCRIPTION ANO OPERATION ¡· -------0 
1 

93410 
156 WORD X 1 BIT 

READ /WAITE ME MOA Y 

LEADS 

CS1.CS2,CS3 
Ao- A7 
o,N 
0 ouT 
WE 

LOADING 

O 5 UL 
05 UL 
0.5 UL 
10 UL 

0.5 UL 

1 UL: 40 ¡•A Hlqh/1 6 mA Low 
10 Ul os the output Low drovc factor An 
c•tPrnnl pull up resostor os necded to provode 
Hogh levPI drovc cnpnbohty TIHs output w1ll 

sonk 16 mA mn• nt V ouT" O 45 V 

-cs 1 

H 
X 
X 
L 
L 
L 

w0 .. o.we•cs 
W1 •O•WEoCS 

The 93410 and 93410A are htgh-speed 256-btt TIL 
random access read/wnte memones wtth full decodmg 
on the chtp Each memory, organtzed as 256 words x 
1 bl!, 1s dcstgned for scratchpad, buffer and d•stnbuted 
maon mcmory apphcatlons Both devtces have three 
Ch1p Select tnputs to simpltfy thetr use tn larger mem
ory systerns. Address tnput lead locat10ns are specJfJC· 
ally chosen to permtt maxtmum package denstty and to 
prov1de ease of PC board layout An uncomrnltted col
lector output 1s avatlable to perm•t OR-ttes for easy mern
ory expans10n. 

The 9341 OA 1s a htgh speed verston of the 9341 O, offer
tng a 35 ns access ttme. Stnce the 9341 O and 9341 OA 
log1c funct1ons are the same, the ter m 9341 O u sed tn the 
followmg d1scusston appltes to both types 

A<> shown tnthc log1c d1ngr<:Hl1, word Sf'I()C\1011 tS ilclllcv
crl Wllil thc 8-btt addrcss tnput, Ao- A 7 Thrce Cl11p 
Select mputs are provtded- two acttve Low (CS 1 und 
CS2) and one acttve Htgh (CS3l - for maxtmum log1c 
flex1btltty Thts perm1ts memory array expans•on up to 
2048 words Wtthout addttiOnal externa! decoders For 
larger memones, the fast Chtp Select access ttme per
mtts the decod1ng of Chtp Select from the addresswtth
out mcreastng address access ttme The read and wnt(J 

INPUTS OUTPUT 

- --cs 2 cs3 WE D¡N DouT 

W0110 
DRIVER 

X 
H 
X 
L 
L 
L 

X X 
X X 
L X 
H L 
H L 
H H 

lfi.lfi 
AIHM\' 

M[MOnv rr 1 L 

orrom n 
Y ADtHU SS 

X H 
X H 
X H 
L H 
H H 
X DouT 

" 
~-~ 

i 

V 
'v 

'ol ScofXlC<; 

u: SeiPctod 
Nc_ot Seiccted 

v'r1te Zcro 
Vr1tc One 

R ead data from 
.;ddresscd locat1on 

operat10ns ar~_S:~ntrollcd by the sta1f· of thc nctJve Low 
Wrtte Enable WE W&th WE held Low ,,H¡ the chip selec
ted, the data at.E.!N tS wntten mto tl.o] il{ldt cs5ed loca
tJon Toread, WE •s held H&gh anJ thc ch1p 5elccted 
Data &n the spectfted locat1on ts presL"nlCd at DouT and 
IS not mverted 

in many appl1catJons 5uch as rnp,;¡nry expans.on, tht: 
outputs of many 9341 Os can be t11 .. ¡ tog•Jther 1n otiH'r 
appltcatton5 the w1red-OR 15 not u::,. u In Cltller case. ar~ 
externa! pull up re51St::lr RL mu5t ¡,e used to prov1d0 ó 

H1gh at the output when 1t 15 off Anv v¡liue of RL w1th1r: 
the range spec1f1ed hclow may be used 

5 25 < RL < 2 25 
16-F0(16) n(005)+FO(OO,í/ 

Where RL 1S m kQ 

r u = nunü>er of n·L Un1t L,><hb (Ul) ,Jr,v,·r• o 
The mtnlmum Villue of RL IS lin1ol2'l ./y rqr;,1u1 c.:;r 
s&nktng abdJty Max1mum RL 15 dL'I••fiT'-ióoed by¡;;,; Gu.

put and mput leak;;ge current whoch r.luSt be su;:Jí~ • .;,; :~ 
hold the output at the requ1red output I11Gn w.;,,J_. 
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93410/9::;410A RANDOM ACCESS fVJEPAOAY APPUCA .. ;d~• __ 

:JORO EXPANSION 

vrc 

lll 

' .. 
1 
l 1 

f ~ "o-"'"'"1 Ac4r,4eA7 

1 

1 
, ' ,::L-.1 es j U-L¡-- __ J 01410 

1 MfMOFI't Ve e 

1 ; 1 2'·6 WORO 1' 

1 

1 wt :::~·;,:,':, 

1 1 o,. 1 .-+---in1N !RL 
"'"" 1 "'"'' 1 '----..:,¡t~~:::_:~--+++-H-+-t-·-t--t--·H----~-.::_-.::_::::t::::~~-.._- Dout- ""o 

r------------~~~~~+--r--~------~ 
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¡
1 ilr-------+-· -1----+' ++-t-+-t-, 

r!-:~-!--!--f--f-.:'-'1 1 Ll 4r'"""\ "o A¡ A2 AJ A4 Aa "fl A7 4r-; "o A! 4 2 A.J A4 A!J; Ab AJ 

H~--+---1----¡:=:::¡--<>1.-J es t--lf--~-<>1 " 
91410 91410 

2<;6 worm 2~~ WOI!D 

'----~wt R~:¿~:~·:E . '-----oqw[ A~~gt.¡~~~·:f 
'-"fMOAY M(MORY 

t-------1"'" .-----10•• I·L ~'-------------,.----+-j--------41,__ ___ _...~- 0out -BIT 1 

612- WORO BY Z-BIT ARRA Y 

IIIIAEilF A() A.l 

~---------------~ 

DuAl 14 
DfCOOIM U" 

o,., Att ..... ,, l '" 
~Jf IU410. 

llii\OVI.IItTt 
MfMORY 

"o At 

nt'-l' ~' 1111 r 
~fM[)RY 

4096 - WORD MEMORY PLAN E 

11~ !'NI 1111 
Rl \D Y..A'If 

'lfumn 
"11 ~{l \ ..... ,[ 

M[l\.!(.1~~ 

', 

¡ 
r;--.. ". 9341 O may be u sed m memones reqUiring expan
•on of both the number of words and number of b1ts. 
A 512 x 2 array and the necessary S1gnal interconnects 

for accomplishmg expans10n •s shown above The r.u.n~ 
ber ot words may be expanded to 4096 by usmg I)Jtiy 
one 9321 dual 1-of-4 decoder. 
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93410/9341 JA ITl RANDOM ACCESS 1\~Eí\/jG:~v 

256-WORD BY 8-BIT BUFFER MEMORY SYSTEM ---------------

STRODE 011TrtJT LATCH --------------------------------------------

E Do D1 D2 01 

1/2 q108 DUAl 
4 811 LA TCH 

MR noa 1 o,oJ; 

~---~WE 

t----~wr 

~rs 

1 

1 
0CIIT 

<)]410 

2'i6 WORO 
AY QN[ OIT 

READ Wnt7E 
PJ~rMOR" 

1 

1 
oour 

q)-110 

~~6 W0/10 
DY QNf All 

RFAO'\IVRIT[ 
MlMOHY 

t----~Wf 
'---.,."'.;;." __ j 

1 

-- 1 

DouT 

2~!iWOHl 

RY {)141 1111 
m AD WIHil 

L----J1 l.__-+-:--_-_-_-_-_ -d,_Wf_ ... .J·~,~"' 

lj 
: : l¡ 
! ¡ 1 ¡ 
1 : 1 

1 J '• 'í'' rl••\L 

.tl11llil.l(li 

1,----------' 

~rs 

1------ctwF 

1-----<twF 

Dm1r 

2r16WílHfl 
RV ONr 1111 

RrAO!WHIIf 
M~MORV 

1 

1 
oour 

91-1 IQ 
7r,6wonL) 
BY ONE {HT 

READ \NRilf: 
ME~(JAY 

1 

1 

-=-

es Dour 
qJ410 

25-6WOI'lf' 
BV 01'.f f>1l 

nr r.o ""'RilE 
MEMO"Y 

L-----<ljWl 

A 256-word by 8-b1t buffer memory based on the 93410 
1S shown Input and output data latches and a modulo 
256 address counter may be 1mplemented w1th MSI 

1 

7-12 

ll··· 

""'OD 1'' r •11 '~" (OUI'otlfR 

A(r \¡1\¡ A1 

AOfJHf ,,< T() t'll 

•rlt\lll 
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dev1ces such as the 9308 quad latch ami 9316 bina!"\ 
counter 
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~·,.s-; IN/FIRST OUT (LIFO) PUSH DOWN STACK MEMORV (254 Words Deep x 4 81ts W1de) 

1 

e- ......... JM,,,...,oo, .. ''"" 
'f 'i 'j ·¡~ 

T ,. ,...,,,,,,..,.,,""'"1 
W IJ1J Ol..l.t.l'l 

~ 
~~ ll.,,.ft "'UlTIPUII(,_ 

'• ~~ l( l.., {>: 
w-,! ~ es 

Do{ o,. 

:..~ "0111' 

o, r "" 

Ao A 1 

1 
Wrote O 

1 o 
o o 
1 o 

Read o o 
1 o 
o o 

"o ........ , 

o o 
o o 
o o 
o o 
o o 
o o 

A 4 As A6 A¡ 

o o o o 
o o o o 
o o o _ _..:0:.... Almosl Empty 

o o o _ _..:o:... En1oiY 

o o o Full 
o o o Almo&l Full 
o o 1 
o o 1 

J_ Dl!o!7l OJ 1''•''''' L Oovt 4 
IIIIO•IVI:III 

' . 
~~rQ~ -·· VItO(} C.1 Ot 0] 

y "' 
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1,1111C'\,' 01 02 OJ 

1 '1 
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FL>- '" W:-i!MI.....n ,____' 
"' 

o ... ,. 
-

115 
'"' rn}ft . rtt,. rto• W•IJirt.l..-..fl o 

'" ''10003 

~p-J ~" ",----00" 
1 

t "o,., r, 'J 

L. 
O 11>171 OJ 

'" 50 T ¡¡ct;· '' o 110)4 - CPOYtt 

~J) ... /li":LO~ o-
, ... 1014 ... 

IIIM(WI'f' .._Dftrtlll 

Th1s synchronous memory system accepts data on tour 
parallef rnputs (lo- l3) and, controlled by two mdepend
ent rnputs (Read and Wnte), presents the "youngest" 
word that has not Y<Jt been read on the tour outputs 
(Oo - 03l lt also prnv1des status rnformat1on on four 

outputs· Full, Almos! Full, Empty, Almost Empty 

Operat10n is synchronous and edge tnggered on Data as 
well as Control rnput5 lt depends on the state of the 
lo -13. Read nnd Wntt! mputs, anda setup t1me (~30 ns) 
before the ns•ng edqo of the clock that should not ex
ceed 15 MHz at 50% outy cycle 

Jhere are tour d1fferent modes of operat10n 

W o A= WRITE- i 1S sh1fted mto Q, the old mforma
tron 1n Q 1s sh1fted •l"to R, the address counter 1s mere
mentad, and on the next clock Low penod, the content 
of R IS wntten rnto the new memory locauon. 

~ 
t,.COIC 

~7 

l n nn 
5 J "'o"r "l"J 1 
;. ''"'' o,r 

Uill0n Ot OJ OJ 

J. ILil.L 

A.o ... , ... , ·~ ..... ! ...... , J., 
1 1 

1 

~ 1 -++ 
~f 

1 

1 

' 

] ¡, 
~ 

' . 
- .~SJ-;=~ '1 

...... ,.\ ..... , ... :: '••'Oll''" 
,, o-

JIIIff'UIM\11 'IU" 

r, r., ' ., 

.u ... 
1 1 ... ~ ,. ' t .. ,.,., 

e ONTRO• ('vTPUTS 

[U ""'·roo"''~ •r ,. ..... , )'H ~~,.,.. O • • "ti lORto\b .. MOSI fUIL • • 1~1 ,_., 1 1 11) Wtllfl 
•DONOIW .. II ""' 

ter 1s decrernented lf the prev1ous clock cycle hd j cx
ecuted a Wnte rnstruct)on, then D 1s controlled t-,, ihe 
reg1ster R. lf the preVIOUS clock cycfe had been O ol; of 
the other three modes, then D 1s controlled !:>• the 
memory. 

W • R = READ & WR!TE SIMULTANEOUSLY -· :r Jut 
data 1!> shtfted mto Q, register R an<.l address c,:¡ ... nter 
are mamtarned 

W o R = DO NOTHING - No change. 

The control outputs allow normal computer · 1 , .. ld

shaktnu", and also supply a warnmg s1gnar one .Jf, ra
tlon rn advance 

The SYf!Chronous up/down address counter is bu 1' .• s a 
shlft reg1ster counter Th1s IS both fas ter and me.. a t:Co
nomtcal than usmg 9366 bmary counters. ThP ron
bmary count sequence IS no drawback 1n this a: p .. cu
tlon, and the sacnf1ce of two of the 256 states 1s ins¡g
nlflcant: 

W o R = READ- Dr>ta m the w1red-OR D IS sh1fted mto 
O, the mformatton m R IS marntarned, the address coun-

L-.--------------------------------------------
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93415 IRANDOM ACCESS k\.~Eiv~OF~Y 

DESCRII'TION ANO OPERATION 

93415 
1024 WORO X 1 BIT 

REAOIWRITE MEMORY 

AOORF!.~S 

DECOOFA 
WORO 
ORIVE«i 

J2 M J2 1\IIIIAY 

The 9341 b 1S a fully decoded 1 024-bll TIL read/wnte 
memory orqan1zed 1024 words by 1 bll 811 selcct10n 
1s ach1evecl w1th a 1 O-b1t address Ao - A9 One Ch1p 
Select 1nput IS pr'Jv1ded for memory array cxpans10n up 
to 20<l8 words by usmg one externalmverter For lmger 
memones, the fast Ch1p Select uccess lime pcrmlts thc 
dccodmg of Chip Select es from the Address Wlthout 
affectmg system performance The read and wnte oper
atiOns are controlled ~he state of the acttve Low 
Wrrte Enable WE W1th WE held Low and the ch;p selec
ted, the data a~ 1s wrrtten mto the addressed loca
t1on To read, WE IS held H1gh and the ch1p selected 
Data m the spec1f1ed locatton 1s presentad at DouT and 

7·14 

u 
LEADS LGAD\NG 1 

1 
es 
Ao-A9 

WE 

Chtp Select (Ac••ve Lovv) 1 O 25 UL 

Address inputs j O 25 UL_ 

Wnte Enable (Act•ve Low) O 25 UL 

D¡N 

Dour 

Data Input 

Data Output 

O 25 UL 

iO Ul 

INPUTS OUTPUT MODE 

O¡wn 
es WE D¡N Col lector 

t1 X X H i\lut SelcciOd 
L l L H VVnte Zcro 
l L H H Wr11e One 
L H X Dour Read 

IS not mvcrted Uncorrll11111l'll ··n;¡,.,;¡.' '''"•""-' ,,,,) 
prov¡ded to allnw fn<IXIIllllln fif)XIhlil!\ ,.1 u••! 1 >~•l cr>,••h'C

IIOn In many appilcrtt1ons such iJS rn>'flh>ry c'';'dllSIO·'· 

o 

the outputs of many 93415s 1.111 t•t· · 11 .i tot,,•tllrr In 

othe1 appltcat1ons, the wlrl)d-Otl lé; '''· •'-''•• In c>t''·~r 
case, an cxtcrnHl pull 11p rt'SI~:!•>• 1n ,·:t, ,__. ,, , ,1 ''' ,,,,,_ 

vtde a Htgll tlle out,1ut wh,•n 1t ,~ r>rf '\ , ,, , .. ,¡~,; 
usmg the .:;ame forrnuln as sl1own for tiw . -···: 0 o 
The pnmary advantages of th8 93,~ í .> •'' . ¡,w C<j.; · 
are htgher denstty ano lower powl:'r acn. , . ;. ")V .n;.:cr.~ 

a speed tradeoff. Refer tn ddliJ sheet ;J:. • ,¡wrs to de
termtne spectftc advantnges 111 each ,.¡.,.:,c~ .. :on 

-----------



RIEAD ONlY M~MORIES 

-o. 

.o 

nuod only memorias oro fuwd·contents mamones used for 
random· codo convorsmn, ter table·look·up of certain mathe_. · 
mr111cal; functions (multrplicntron, si na' log) and -for storing 
and decodrng: micromstructions. 

BIPOLA.R' ROM's. 

il1polar~ ROMs offer fast operatron, high output drive capa·. 
bilrty, and operate from a srngle·+5 V supply. · Farrchild offers · 
two:mask-programmed bipolar read only memorias - the 
93434', organ1zed 32 words· by 8 outputs, and the 93406, 
crgan•zed-256 words by 4 outputs. 8oth have·open collector 
butputs;_.ch1p select. inputs (programmable on the 93406) and, 
o through·delay. of 60 ns max. 

' ' 

i.~os ROMa 

Fairch1ld al so offers. a~ silicon gata MOS read only memory, 

e') 3524. organ1zedl 512' words by 8 outputs. MOS offers 
o ea ter ¡:¡acking• densitv·¡;¡nd· lower cost pér bit at the expense 
of an cxtra·supply voltage·(<2'V);Iower output dnve capa-
b•hty and:cons.dera~ly longar access time (650 ns max). r'fho 
64 x 6 x~"J <~nd•64'x 5 ~: 9 srhc.ln gste·MOS character gene'r~ 
dtors (32.57, 3258, 3260) are spacialized ROMs with on-c;hip - . ' ' . ' , -- . ' ~ ~~ ' ,_ ~ '" 

7-16 
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counlllrs; used to'drsplay 64 ASCII charactars on ra: :~H sean 
televrs•on displays. · 

EXPANDING ROMs 

The two popular ROM formats. 32 words by 8 ouwc~¡s, and 
256 words by,4 outputs, often have to be expandt;d t:{o biggor 
arrays Wtth more addreSSOS and/or·more OUtp'uts. ,-j,¡w todo· 
th1s effrcrently rs-explained in the appllcations -6f the 93434/ · 
93406 ROM. " . ~ - . 

'CHANGING THE ROM FORMAl 
' 

Many appliéat~~s' need more addresses. but fev._.,,, outputs, 
o~'tiHly neod fower nddrosses, but more outpuís' 11.1;!~ prov,•dcd 
,by tf1e a~<ulable ROMs. Appllcatrons aro in.ciuo,~d t.:> show 
how the forrnat of the 93434/93406 ROM can' t>e modrf1cd 
to meet these requirements. 

SELECTIVE POWER OOWN. 

Tha'power corl'sum;lúon ·of lurgé' FIOM- arrays can· oo ·~educ~d; 
si\Jnif¡cantly 'by epplyin~¡. poyver, V ce·' only .t~ t~e 'select.~d 
ROiv'ls. .Ho'<l\iova·r; thi_s'-te~hn¡q~.¡e ·.lr:~:reases ~~~· e~~~ss~timEJ. _ 

.. ... ,¡ 



93434 R:EAD ONlY MEMO~'.' 

DESCRIPTION 

q1434 
A') JJ WORD X 8 ntT 
AJ R[AO ONLY MrWOAY 

LOA;),:.u 
LEA OS HIGH LOW 

-------------.----~--

. "o· A 41 Add<e.s lnpu" 
E Enable (Act1ve low) 

Oo - 0 7 Outputs 

2 UL 

2 UL 

oc 

lJL 

1 l.JL 

6 25 UL 

Propagouon dolay E or Ax to Ox = 30 ns (typ}, 50 "" (m .. •l 

J;> • f\ BIT 
PROGf!AMMI .... BL[ ARRA .. 

1 

, he 93434 •s a 256-b•t b1polar TTL read only memory, 
orgamzed as 32 8-b•t words. The words are selected 
by f1ve addrcss lmes w1th full decodang mcluded on the 
ch1p. The e1ght outputs are uncommltted collectors 
wh1ch may be w1red-OR Wlth other ROMs or other TIL 

7-16 

log1c dev1ces \/Vhen the act1ve Low Enz1h:.- ,,-h,¡_. Sei<Jct) 
mput IS H1gh, all outputs are H1~h Tl1e ror·.:,•llt.:> of :¡ '" 
!Tlemory are permanently programmeo ;o custom~r 
orde1. 

o 

o 

o 
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DESCRIPTION 

Ql 
1 
1 

o 

A7 

Ae 
As 1 OF 32 

OECOOER 
A. 

~) 

A2· 

Al 

Ao· 

•es, 

•csz 

LEA OS 

Ao-A7 
cs1.cs2 
Oo -o3 

Address lnputs 
c·hip Select lnputs 

-Outputs 

'\ 

LOAOING' 
HIGH LÓW: 

1 UL 
1 UL 

Open 
Cóllector 

0.5 UL. 
o.suL 
9.3 UL 

Propagatron delay CS or Ax lo 0)( = 30 no (typ), 60 ns(mall) 

W24 91T CELL 
J2. 32 

MUAORV MATAIX 

f.~ 
i 

•chip So leer lovol is progrommable psr cuslomer roquiromonts. lf not 
Spocilrod, CS1 and CS2 Ore BCIÍVI!I low. 

T.l)e' 93406; ts organrzed 256 words by tour bits, wlth 
e~ght. adCiress inputs and ft_rll decod1ng on the chip. 
Chip.Select· lcads:are,programmabla to customer selec
tiOn-of'any of four pat(erns thus'red~cing externa! de-

cod1ng requirements. When the·Chip Select logrcJs•not 
True, all outputs are High. Refer to' tne- FaricMild Ji; f. 

~ • '- 1- _J f ' ! )<..L ' J ~ 

Catalog or 93406 data sheet for·detarls.on u~er,g!')ner-
ated truth -tabla forma t. '· - · ·- ' ' · 

¡ 

1 

1· 
1 
1' 

j 
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EXPA:'IIDING ROMs- INCREASING THE NUMBER OF OUfPUTS 

1 
1 l b 
' L E ! 

•o •o 

1 
., 

93<\34 

~ 
A! 9J43.t ., 31 WORO X 8 BIT A2 12 WORD X 9 Hll 

AJ 
PtAO ONL V MEMORY 'J lll ~D ONL'Y MrMOHY 

•• -- •• 
no_ o 02__0J9" ('Ir, 0¡, f'-, ~Q o, O 0~04 Or1 1lf,(IJ 

1 l l 1 1 1 1 1 1 1 1 1 1 1 1 1 
o8 o10 o 1 1 o,. 

Oq 011 OtJ Ot5 

EXPANOING ROMs- INCREASING THE NUMBER OF ADDRESSES 

b 
• 

A o ., 
93434 

"' J2 wono x e BIT 
A.J READ ONLY MEMORY 

•• 
Oo Oto_, 0104 050tJ 01 

J 1 
l 

~ 

The open -collector outputs are OR -w•rcd and the add•
tlonal address b1t 1s used to select the md1V1dual ROM 
Th1s concept can be expanded to more parallel ROMs 

1 

1 

¡l 

o 
i 

b. 
'---- ., 

f11414o ., 32 worm x e BIT 
A Rfl\(1 ONLY MHIORY 

.~ j 
o o o, o, o,o4 o.., or; o, 

ll L --+---_J..__ rl---J---
--t----

o o 
n, 

l': 
1 ' 1 ,------ - ¡··· -t -¡· -----
··-r-¡-¡--_____.__,¡ ___ 

,,, 
,, 
o, 

l 
os 
o, 

The 93434 thfm •equ1res n der:oder to control t:"' En~;,,, 
mputs. whlle the 93<l06 can dl~code twu .Jcdres; , nos 
w1th 1ts programmable ch1p select. 

o 

6 

o 
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934:2;4/93406 READ OT\!LY fV2cMORV APPUCAT~O~JS 

C .·i.:.NGING THE. ROM FORMAT- MORE ADDBESSES, FEWER OUTPUTS 

64 WORDS BY 4 OUTPUTS ROM 

r, -
E 

¡ 
-Ao ! 

-·· t 
9'~434 - A2 '12 \:VOAD )( 8 FiiT 

--- AJ RfA.O ONL'r' M[MQHY 

-·· 
oo o, Oz o1o., o~, o0 07 ve 

1 
...__ 

1 
1 E 'u• ltn 1üh llb IOr !te 'IM l¡d 

~ ""~'" INI'\.H MUL Hrt UCER 

1" z... z~, 
,~, 1 

612 WORDS BY O OUTPUTS ROM 

---
-

1 

-
1 

/~ o 6 'U 
1 

1 
1 1 L '" es ¡PAOGRAMMEDI 

l 
- Ao r•, WIIDGIIAMMEDI '- A o t.". jPifOGUAMMLOI 

- •• - •• '-- At 
/ 

' '--- A1 '--- ., - "> 
A] 93406 AJ '}34(16 A] 93406 

/ 
256 WOAO )( 4 BIT 256 WQ~j) X 4 BIT 256 WOAO X 4 fUT - A4 kEl\0 ONLY ~EMORY A4 READ ONLY M[MQRY A4 AE40 ONL Y MEMOPY ,,, 

1 
1 
L__ •s As 

A6 ... As ., ., ., 
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The 93434 32 x 8 ROM can be converted tnto a 64 x 4 
'ROM .by ustng a quad 2-input multtplexer (9322) A 
Htgh level on the E 1 rnput forces ali outputs Htgh, but a 
!Htgh leva! on the E2 rnput overndes and torces ali out
·puts-Low. 

ThrP.e 256 l( 4 ROMs can be tnterconnected to form a 
512 x 6 ROM wuhout wasting any bits. T.his cvncep_t 
can be mod!faed to effac1ently provrde many other un
conventronal confagurations. 

1'.1 Q 

l 

1 



93434/93406 READ ONLY MEMORY APPUCATIONS 

CHANG!:\JG THE ROM FORMAl - MORE OUTPUTS. FEWER ADDRESSES 

'l1106 
:?~6 W\Jno x " nu 

A4 READ ONl Y MFMORY 

A 256 x 4 ROM can be converted mto a 128 )( B ROM. 
but th1s changa m format reqUJres two ROM access 
operat1ons for each code conversion. A 5 MHzosc•llator 

ve e 

•s used to mod1fy the address. and two 4-b•t un1VNSJI 
reg1sters (9300) assernble the output ¡ntormat¡on T¡-,,~, 

ancreases the apparent acccss t1me to 200 ns 
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M~CROPROCESSORS ~N 
CRT TERM~i\!AlS 
l. C. Croppcr ami J. W. Wltiting 
Bcchivc Mcdical Elcctronics 

lntroduction 

In late 197!, W1lh lntel's announccmcnt of the f1rst 
processor on a clup. the staff at Beel11vc 1\~cd¡cal Elcctronlcs 
beg:111 ;~irnOS( 1111ll1Cdi3!C!y to COilSidCr the auvantages Of 
u~mg a 1111Cioproc·:~.sor 111 a CRT termmal. D1scuss1ons 
evo! ved tu scnous (:clini!IOil of a new termmal dcs;gn mcor
por;otmg thc follow111g fcaturcs 

G Se!f teq (as nlllliCOmputcrs do) 
81 Standard harliwarc ( capablc of bemg customized by 

wft warc change~ only) 
o Snnplc unplcmcn ta t10n of polhng protocols 
() Lcss r;¡ndom log1c drstgn 
e Stand-alunc C(htmg and computmg c;~pahll:tlcs 
Thc c;~pability of customlllng thc tcrnun<JI by using 

programmahlc 1{0Ms (PROMr,) w.ts paramotllll since pre
•;¡uus .expcncncc haJ shown 1hc cost of producmg custom 
lcnnm<.ils to be pro!Hbltive. In addJtlon, th~ m•croproccssor 
pmv1dcd .m cxcellcnt opportunity to gain expcrícncc WJlh 
a pmducl WIHCh Wou!d havc a profound erfcc! 011 future 
\)' .tcm changcs. 
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Thc t.:t'St of ~oftw.~rc dcvdopm~nl .i¡lJll'.lll'd lo lw a 
lll.IJOf obstadc. (ioWCVCf, Wlth !he Sllpport of .1 f.IISightcJ 
customcr. a dcvclopmcnt con trae t was negot1illCd ilnd the 
effort fonnally bcgan m May 1972. 

Architecturai Considerations 

Severa! questwns :uuse 111 dcfinmg thc llliCfllproccssor\ 
role: tu what dcgrce ~huuld thc m•croproce~sor control th~ 
lh~play fnnctwn? Should the d1~play mcmory be random 
acccss me111ory (RAM) or shift reg¡ste1s? Should the proces
sor dncctly contwl the mput/output of ch.mKtl'r strings? A 
b.1stc dcs1gn phdosophy w:.s est.1bbhcd callmg for thc 
1111l:rOproí:cssor to control all funct10ns 111 thc t~rminal m
sofar as pos'i•ble T111S plulosophy produccd de~·asions, such 
as· 

e Thc CRT d1splay 1s harJw;uc-generatcd. 
o The tcrmmal has RAM dtsplJy rncmory. 
a Tl:r processor d•rcctly controls thc cursor. 
G Thc pri)CCs~or J¡n;ctly controls the líO 

Certa1ri
1 
of lite baste Jcs1gn dccJ~1ons wcr~ amrndcd as 1hc 

COMPUT-E A 



,Jc,, 1' •pme nt J>l ncc~' ton t 1111 1cd. rc~ultmg mamly f10111 spccd 
! ~ljllll CIIICil i\ 

i he télllllll.d w,,., d<''il~~ncd aro1111J tite lntd CurpOI.iliOI, 
~ O()S JlliCIOpl(h.'C'''-OI. tlic l•nly !lliCIOprocessor thcn on thc 
1.1a1h.ct 11 ·~ dc•>~gn lntc11t was to use Ri\Ms fo1 p1ogram 
lllCill('IY ,t,Hafc 111 thc dcsJ¡_:n ciTort aml L~o lo PROM~ and 
t11cn ID ROI\Is JS tlic p1ug1.1111 was stabdizcd. Thc PROM 
t<~palJil¡ty \\'nlild be ret;uncd JS a mcthod of prov1ding 
rustom1/.t'd lcrmlllaÍ> for speclflc user apphcations 

Software T as k 

From thL' bcgl'llllllg. thc softwJrc was considcred to be 
thc m.11or !J'ih. i\t tlut tune. softw;~re suppo1t cun~i<>tcd of 
thc ¡\l)()R mqn¡._ 11011 o;el de,cnpt1on and littlc ebe hom 
thcrc .111 ad-:q11:Jtc 11 not 1LieJI operatlllg sy,tem WJs devcl
cpcd fu1 pi.'¡'i'liiJg SOOS p1ogr.un~ file f1r<;t step w.ts to 
W11tc a '~llll'k un~~·.l';scmblcl un the in-housc Nova systcm. 
1 he f¡rq \'L'I~Il'll tlf thc .~~,cmh!c1 punc·hcd ob¡ect progr,uns 
onto p.1pc1 t;q'c' 111 q1;nght bm~uy fn1mat. The tape was 
lo.tdcd 111to tlw RA~I mcrnmy through a lugh-specd reader 
and ;¡ S¡'l'<:l.ti h,11 dw,11-c 111 te1 fa ce as p,1rt of the powcr-llp 
scqut'ncc 

.-\ b.ttll\ nccdcd dchuggmg routme w,ts the next pro¡cct. 
lile ltHiliiiC pllwlded 1Cg1~te1 and memory dumps. memory 
d.l!.t ll•t~Ll!flcatllln. and b1e.1kpomt mscttlún cap.Jblil!tcs 
Wnh thc as\embler ,¡v,ul.thle 111 June. the fust workmg 
vci~IOII ,¡f the tCIIIllltal program was completcd m late July. 

PROM Pa ogrammcr System 

Thc p10tntypc llllilu~cd a RAM program memory. ;\fter 
dcvclopmcnl of a liiiiCJlle progr.umner system. the mcmory 
was convc1lcd lo I'IZOMs Thc hcart of thc p1ogrammer 
~ystcm w:'' a PR0tv1 111l>l~ramrncr cJrd sct supphl'd by lntel 
CorpOI.tl.·ln. Ralhc1 than mOlhfy the assernhlcr to proJuce 
tape~ 111 i 1 tei's languagc. lhe PROM programmcr was modl
fied to .¡,_cept hm.uy. data frorn a l11gh-speed papcr tape 
re:~ der. l he complete ~y,tem COI1Sisls of 1) !he In tel PROM 
pro¡!ldllllttcr which contams an 8008 m1croproccssor, 2) a 
h1gh sp, ,-d pape1 L1pe 1eade1 and mterface, Jnd 3) a 13ec!uve 
Mndel ! 11 ClU thspl.¡y terrnmal. 

·¡he lw1;uy d.1ta 1s read 111 through the lugh-speed paper 
tape rcadcr anJ swretl 111 one of four RAM banks A 
PROM 1> m,erted m the programmmg socket and chccked 
to venfy thJt it ts completely erased. The PROM may be 
programmed w1th data from a11y of the four RAM banks, 
after wl11ch the PROi\1 conte11'ts are compared Wtth the data 
111 the appropnJ te han k to verify that the data was correctly 
loadcd Data t1 amfcrred to the PROM ts stmtlltaneously 
d1splaycd 111 octal format 011 the scrcen A lcttcr code ts 
al~o d1'>playcd bewle each data byte wl11ch mdicates the 
nun,ber of attcmpts neccssary to succcssfully load that data 
byte In thc event of a f;:nlu¡c to lo:~d thc Jata. the bad loca
tlon 1s tl.i¡,gcd and thc enoncuus data chsplayed. 

ln dcflnmg a prog1.1111. 11 1s f1equently neccssary to make 
s1ngle locat10n changc'> toa PROM The programmer systcm 
allows thc opcratm to copy thc PROM contcnts 111to one 
of the RAM banks and to ed1t the data in the RAM bank 
as 11ecessnry. The ed1t 1s mtt1ated by enteri11g the ed1t func
tlOn rcquest (E) followed by the bank 11umber (1-4) and the 
startmg address 111 octal (1-377). The system respo11ds wlth 
the con ten ts of the addressed Jocation and posit10ns the 
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Cl<l-'()1 lllliiCI tlic [¡¡•,¡ d••·.t i\liCJ thc npC!.ilOI ;Ji¡c¡, thl' 
d.ll,l .I[ OIJC lüt.tliOIJ, ti.c W~ICill IC~pond<., Wit!J ti:c d.iiJ .¡¡ 

thr lll~Xl SCljUCIJt .. li ioc,•ll(}il. willch lll.JY be .dicte<..! 111 llli:l 

11 ch.¡ngcs lllVIlivc chai•"Jlll:! h1t~ fro111 low tu lt,gh, liJe: 
I'RO!'vl m,Iy be lllllllcJ¡a tl'ly reprogrammcd. O l herwhc the 
f'I{OM musl fir,t be era,ed and thc11 tolally rcprogr,Hnmeu 
W1th the Ctl!ted Jata m thc. l..,J,h.. 

Microprocessor Unit Controlier 

Dunng tite \ame pcr1od. a ncw h,trdware pr~>h•IYP' wa~ 

hllllt to liiCO.pOr.liC thc PROM, and ~lnn1n.Ik ¡!J,; l.tpc 
rcader <~S palt of thc llllliahJat;on Tite ddlJL•ilty cncutoi.I<~I
ed m debugg111g Llm ncw lt;uciwa¡c ut<;pucct thc LÍL''>tgn of thc 

dev1cc wlnch beca me known .¡.;; !he M1c rop1 m.c~>ol Un It 
Conlrollcr Tlns eontrollc1. wh1ci1 1' hudt :uPtlnJ thc EOO~ 
llliCroprocessor, plug'> mto tilc trnlllnalthruu¡.!it ,111 Ulllhl!icli 
l'llld 111 pL1cC of thc tclmtnal m¡,·¡u¡)IIh .. CS'>tll Ilt: C\'ltilllllcr 
co11<;1~ts Pi',, swltch/l1ght panel. \lllltl.tl lo :ilai li'L'd 'lll .1 
llllii!COIIlputcr, a<. wcll as tllc Cltt.:tlllly fo1 thc J¡~~Ílt dnH•rs, 
sw1tch dclwuncc1~ .• md cc1l.tii1 't'l'l't,!l IC,illlll''· Tit-' con
trollcr prov1dcs 1cadot1t of llll'illoiy .1dd1es<; antl bu~ '>latu~. 
allows ~111glr stcpputg of p1t•gl.tlll c"\ccutton ,IIHI -;uilstllu
tlon of nwmo1y d:Jt.l w1th d.11.1 fllllll lhc ~w1tt he'>. ,utd h,¡<; 
h;,rdware bteahpoml c,¡pahlilltc~ In cffcL'I. tlh' control!cr 
~~ lo the 1111ClOproee~~or wll,1t tllc opcr,IIOI \ p.1ncl ~~ to ,¡ 

illlllic<Hnputcr Uoth lile l'H.OM bu1ner ami thc con11ollc1 
.ne still 111 u<;e; 111 f.tL'I, thc contlollcr ha~ bcl'll dupiH.:alcd 
scver.tl tunes for use 111 product 1011 tc~t~. 

Lessons of First Attempt 

Sevcr al valuable lcssom Cllll'l gcd from ll1c O.:"\JWfll'ltcc 
Wllh thc fi1st nucroprogr;unmcd tCIIIllllal llil' 1('\ nccJccl 
to mterfacc ihc mlcloprocc<;<.or are mole c'\}1CI1SI\O.: th,lll 
cveryday TTL. clt1ps, 111 p.irllcuio~r. prog1a111 ~lu1.1~c co,t:, 
much more than tite mlc1oproce~sor 1bdf. 

The terminal w.1s ~pccdlcd to opcl,¡tc .tt 1)(,00 hp' "'a 
111i.1Xtlllum recc¡ve/tlanstmt <;pccd. In gcm'1,.l tli.: 1+ !lltlil
sccond ava!lahle to h;mdll' eallt IO-h1t clt.l,,ll kr cummg 
f1om thc UIIVIng computcr w,1, amplc fo1 ¡IJ,· n11, lll('III,C\

snt p1og1J111 tunctions llowevc't. rc1 t .. lll l\III.:I."il'- Ic"<JIItlc' 
mull1ple mcmoty .1cccssc<; Fur l'"\,llllpk. ,, FOi\.\1.-\ i 
CLEAR comm.IIIU (an mstruct10n f10111 thc ClllllJ'Ull'l lll 

clear the data frorn all unprotected fields 111 tht' d1:-play 
memory) rcqtmcs the mtcroprocessor to c'Jmute each Ot~
play memory locallon and clear 1t 1r unprotectcd A L<l.IJ. 
Bit Te<>t, Branch, Sto1e Spacr \o.Jc scqucnce l.t\...e~ ,i'Ju\lt 

60 to 80 mlcrosccond<> dependmg on whcli.c1 tilc br ... ;\:11 
!S taken W1th 2000 lncat¡om 111 thc di~pl.ty mcmory. ti1c 
FORMAT CLEAR reqtiiiC> 110111 120-IC>O ,n,cc. \\'c' llc¡J no 
choJcc but lo 1111plemcnt " hardwatc cncull litat und,·r 
progr;~m control nutomat.c,dly >cannccl mcnwty an,! de'· 
posued sp.Jee C()de~ a¡'prop1Iatcl~ 

Tite edil functtons t1t' thc lc'lllltll.d -- DLl l.TL ..._·11 \R
AClTR. INSERT Cll.\R.\Cf[IZ. l'tc -- ,,¡e <1''' 11lt.- ,•,·: 
lo be uscd rcmotch but tl.c t11nc~ t'llr ,.,,,,·ut:o>l\ ,,f ,..._,1;1.: 

of thc funcllons \\.:re so long as lll bccomc ,lllt .. •y¡ng to thc
operator. In tenm of spcccl. tite R \~1 n~t::m.;¡:- "·'' n,,¡. 
gmally adequate. Specd unprovcmcnts m RA~b :¡¡hl .P~t.:r,l

processors which ha ve becl)i11C ava•Ltblc smcc 197 2 wouiJ 
reduce the ed1t functwn times wdl bcluw 1 SL'con,l. Pcrh:~;''
m two or three years ncw proccssors wlll havc s¡1.:cd ~u.ci 
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mstruct1011 po\11cr lt> ailow an e\amme and conditlonal 
modd\· "' lcss than ;;nd mee Untd thcn thc RAM d1splay 
memory wlll1cqua: •:\ ¡,,, h,trdw;~re hclp. 

Thc disadvantagc~ w•th usmg a' ¡n¡croproccssor design 
rather than a com>'rlHOnal hardware approach may be 
summcd up as follows 

l. Thc R008 is too slow !o handle somc terminal 
func t10ns. 

2. Us111g RAM d"p!ay mcmory compounds thc specd 
prohlcm. 

3. Thc ant1C1pated hardware cosl savmgs a1c offset by 
the lugh cost of thc m1cropro-:ess01 and memorics 

4. When done frum scratch, software dcvclopmcnt can 
he more cxpem;ve than hardware devclopmcn t. 

Second A ttempt 

The Be chive staf f fclt that thc difllculties encoun te red 
on the llrst attemp t could be rcctlflctl, and plans wc re 
made to des1gn a tcrmmal for the general markct place. 
Tlus termmal, callcd Super Bcc, was to be aH thmgs to all 
users. Upgradcd from thc ftrst mtcroprocc~sor tcrmmal, lhc 
ncw termmal was to be a standard modcl wh ich could be 

CONTROL-· 
LEA 

INPUT 

F ROM COMPUTE R -

CURSOR 
CONTROL 

o o1o 
"J~ PAGE 1 0[1 

CHAR fOIT CHAR 

r----¡ 
1 

7 ¡ 8 9 

4 ¡ 5 6 
1 

! 
INS t DEl 

liNE UNE 

1 

1 1 2 3 ¡ 

-- H0\1( -- 0 

TAB ~ TAO 
SET CLEAR 

Ftgure 1. Super Bl!C Keybo.uó 

casdy and extenstvely cu~tom¡zcd wllh softw,,¡c dtJil[!C~ 

only /\ row of ~pcc1al funct1on kc~ s wa~ provtdcd on !he 
kcyho;~rd to factillate adlhtwn nf >pcc•aluscr fun..:twns (s..:c 
FtgliiC 1 ). 

Tl>c dcsign cffort was llltli:Jl:!d !·y dcfmmg thc dtsplay 
allll thc cursor control as pcnphcr.ti lo thc mtcroprocessor 
(~ce F1gure 2). ;\ sl11ft rcgJstcr, wi!ll 1ts n,ttural scqucntt<tl 
arccss. was the chotee for thc dt'iplay tilCllllHY Thc sluft 
rcgtstcr provcd lo be thc leaq expcmtvc way of ilandlmg 
funct!Om such as FORM/\1 CLb\R al 9fl00 hps. lntcl 
had ¡ust mttoduccd thc 8008-1, wl11ch ptov1ded a nccdcd 
50% mercase 111 proccssor spccd W1th thc cxccp!ton of 
courdmatmg thc mtcroproccssor wtth the ncw d1.,play con
tJol, thc Super Bce went togcthet W1th .:ompar,tllvc ca.,c 
Thc problcms cncountcrctl wtlh !he hardw,uc dc~1gn wcrc 
cau~cd by funct10ns not relatcd tn thc mtcroproccssor ror 
thc block dtagrams showmg how thc microprot:c~sor mtct
faccs w1th the rcst of the termmal, scc Figu rl·~ 3 and 4 
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MEMORY 

1 
1 

l TAANSMIT· 
TER 

DISPLAY 
(CRTl 

TO COMPUTE A 

TO PRINTER 

RECEIVER i!<EYBOARD 

f1gure 2. Super Bee Basic Block Omgram 
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Tlw Super Bcc sortwJrc dcvclopl'lCnt wcnt SilHlPtl.!v 'Nilh 
ilh' tnols dcvclopcd oP thc c,u!Jcr plOJCCI. dcs¡llic a col!l· 
pklc tulllOYcr of pn~g~<nnmc:rs Tilc onc an:a of tllc ~ofl
w:uccffoJI wl11ch dOL'\ dc\CJVC mcnt10ll concc1ns thc changc 
from PROMs to Rf'Ms. Thc cff01 t to c~t~bpsh !he Super 
Bcc as a standJrd ICI!Illllal dictatcd !he nccd to changc to 
thc ROM mcm01y to achicvc a cost savmgs. 1 t w;¡s flJund, 
howcvcr. that thc ROM m<~sks had to be changcd aftcr 
product1011 of thc Super !3ce had bcgun. A changc of 
ROM masks is vcry c:-.pensivc. Indica t1ons are that 1! would 
havc hccn substantwlly lcss cxpcnsivc to havc dciayed the 
changc from PROM to ROM untii a fcw months of feed
back from thc cnd uscrs had establishcd thc reh:1bilrty of 
thc program. 

CLEAR TO SENO 

liiiiiT OATA 

PTR DATA 

RECEIVE DATA 

Figure 4. 1/0 Processor Block D1agram 
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RECEIVE 
LOOIC 

Flf:~I-.IVE 

S~lrT 

REOISTFR 

RCVR 

ENABLE 

5YNC 
.--........,.,.¡ \'/OR~· 

RECEIVF. 
BUFFERS 

TRI-STATE 
9YNC SEARCtl 

READY 

Tlie Super Bce pro¡cct w,,, 't.~rtcd m late CktntlCI l ~O 2 
Thc f:rsl work111g prototypc w.1s complctcd dura,,:~ 1 am,ary 
197 3 Thc lirsl product10n modcl> c.Jmc off tlic lmc m 
M.1y 1973 Thc spccd With wlw.h thts pro¡cct p10grcssfd 
from drawmg board to complct10n rcsultcd from thc 
expcncncc Wllh thc f¡rst tcrmmal, plus an cxtraordinary 
el fort on thc part of thc company pcrsonncl in fact, thc 
ctTorl could not havc bccn accompl1shcd w1thout a dcdi
catccl staffand, should 11 be rcpcatcd, wouid rcqu1rc a much 
iargcr staff. 

1 t JS wort h nolmg tha 1 a tlmd programmcd lkchivc tcr
llllll.il was complctcd much fastcr .wd w1th lcss cffort than 
Super Bcc. In partJcui<JI, the ad(1Jt1on of a poli111g capab1hly 
(rcccntly 111corporutcd mto Super lkc) was lruly a> straight
furward u~ l1ad bccn cxpcctetl. Thc lcarnmg curve for 
wo1 :.;:mg w1th a rntcroproccssor provcd to be comparable to 
tha~ cf mtcgratmg a mmJcompuh:r 111to a sy,tcm. E.1ch dcviCC 
.-cr¡uircs software dcvelopmcnt :Hld mtcifacc ClfClllls as thc 
!!IJJOI dcs1gn cffm t •n prodllclllp a workmg systcm 

Summary 

All m all, uudmg a micropwccs~or tu a tcrmwal has hccn 
co<;tly, time consummg, ;md oftcn frustratu.g. 1 lowcvcr, thc 
worst obstaclcs havc alrcady bccn cncountc¡cJ. and thc 
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~lllOl'lh prog¡c'' nf tlic llilld IC!Illlllal confirnh our mtcnt 
to conlilllll: file cllorf 

llow \1 cll IJ:,vc (JI 1¡:Jnal clc~l~!l ob¡cctlvcs bcl'!l met? lb: 
an,wcr ca11 llL' 'LIIlllli.llllCd a' folluws 

o Sclf te'! 'e- Íl'w routmc~ h.tvc bccn dcvclopcd .md are 
Jll' t , ~·g¡¡;n¡ng In be mcd m 1;rodu,·t¡nn test 

e Cu:tom¡;c \\lfl1 -;ortw.~rc -- Dcmand for custom tc¡
llllll.tb h.1s hc,'n much grc,¡tcr th;¡n our software st:~ff 
..:mdd h;wd le. bu t thc concept hJ~ proved to be 
'ound 

0 E.,,y nnplcmcntat10n of polling- Ves. 
@ Le'' 1am!(w1 IPglc dcs1gn -- Ycs, but savmgs are 

rcal11cJ only aflcr a numbcr of software custonuzed 
tcrm111als llave hcen devclopecl. Software is not always 
.:he.lpC! th.m hardware 

e SLmd-alPnc cd,ttng- Ves 
o Sr,¡n,~-.dnnc co111putmg -- Not yct. 
¡\' for tk futurc. tlic sclf-tcst pntcnt1al of a rmcroproccs

'or li'liiillt,tl 11'111.1111'\ largcly untappcd Fa>ll'r and more 
ptlw.::rft,! llliL'IOj'illll'''l''~ are alrc:llly avar!Jblc whtdl can 
llil'fC.l~C tilc hll l.llc .IIHI llcxtlldrty or thc Super llce and I!S 

p1ogeny \V¡th floppy (hsks comrPg down 111 p11cc, onc can 
louk fo1 a lliiC!Ilproccs~or tcrmmal disk systcm by 1976 
th,ll wdl clwlkngc ~o1nc of thc minicomputcr sy~tcms of 
lwo 01 tl<~<:l! ycar.., .lgtl. &l 

.i<;;lll \Va \l'lullnb l) c¡nployco ,\<... ,¡ rL~Ii .... ~ log:c 
ucc,ll_!ner h~. [}eclll\l" Me(iw.d í lec:r~);-'K\ Inc 
~no ha~ i1ad prnnJ_ry de\1gn rc'.pOLl·-ihillty for 
;cvcral tcrmuJ,ol dc"¡::n' u~1ng nliL"':'rocc'',or'>. 
l le rcccJvctl the BA ocgrec from ,¡¡,, i Jmvcrs1ty 
of Mmnc'>~Jll• 111 1 <¡r,4 .1ntl liiP ;o..¡ l'i11l <kgrec 
In Phy~IL'> from !he UnlVCf'l()' or lJ¡,II 111 1971 

Lclgh c. Croppcr dC'>I[;m ¡.,eybrJdo r¡ (é, d11n:d; 
fur llcclllve ;\kd ¡cal Llccl1 OI11C'> ík f 01 e ; (••n.n¡· 
DrciHvc, nc wa~ a prtliCl ( t:ngtllCll ~or Evar•\ 
~nrJ Su1hcrland Compute¡ l'ori'<'>.JIIlln, S<~lt 

LaJ...c C11y. UtJI,, wiwrc,; he dc:-•fndl mtcrfaccs 
hcf\\ccn compulcr gr,1ph1c' ~y, ir lll' .llld mlnl
compn t cr' 

From l 970 to l 0 71. Cr0 11p,·r '' ,h .1 1\,·,can:h 
A'>'l\lant 111 lhc l.'nlvcr·.¡iv of IIJ,IlOI' RadiO 
LocallOII t:.:-- .... e.nch L.d-.or~,lury, '" u1 k1n¿ on a 

CO!llputl'r-controllcd R.Hilo-Dorc,·¡;on-1 ""!"•:: :-y,lcm ,•,,or to that 
he was a projcct cnguJCn and pro¡:r.lln"'''' lor tla· Cti'IOHl i'roJuct 
ÜpCIJllon of Grncral Rad10 Co. Con• <'ni. TI l."' 

Croppcr fl'CCIVCd lhc USLI: dC¡'fl'L' rwm thc :,:,, .• :-.ldiii'C'tl\ 
lil'lilulc of Tcchnology, CambiHI¡~<'. 111 1 ')(,'l •. 1ml llll :.;~ti~ dq::rcc 
frum lhc UniVcr;.Jiy oi'llhnol,, Urban.1. 111 1 'J72. 
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o Analysiis of Microprocessor 
Instruction Sets 
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o 

C. DENNIS \VEISS, PH.D. 
Bell Teleplwne ~aborato1·ies, Holmdel 

The u~e of microproceH~ors, or MOS 1LSI 
"computm·s-on a-dúp," requires progTamming
skill~. And thal m~ty -.eem lo be a di:-;advantage. 
Hardware de:-;11!ner~ once concenwd with I·Hlch 
mattcrs as latch scledion, clocl< phaser-~ and prop
ag-al.ion delay must now consider lcss familiar 
soft ware-orient('d factot·s liko subroutine nest
ing-, indircct addrcsHing and computalional al
gorilhmR. 

However, a revicw of the baHic vocahulm·y of 
mict·ocom¡nller prog-ramming can help start you 
on the way to a microprocessor de..sign. Morc
ovet· a rcvicw of the differing microproccssor 
instruction scLH can cstablish a particular mict·o
processor's capabilities. 

From a programmer's point of view, micro
proceHsor instructions break down conveniently 
into the following: 

1:11 Data movement. 
o Data manipulation. 
a Decision and control. 
c:9 lnput;output. 
Data can IH' movcu about bf'twcen a variet.y 

of interna! sourccs and de:üinalions. Thc pri
mary placcH an• Hhown in FiJ~. l. The most com
plex loeaÜons are those in memory-mmally a 
RAM or HAM hank-since a variety of addrcss
ing modes can be uscd to specify location. 

The effective a.ddrcss of a memory location 
to be read or written can be given immeclia.tely 
by bit.'{ in thc instruction being executcd (Fig. 
2). In currcnt microproce..qsors the immediate 
data may be 4, 8, 12 or even 16 bits long. Im
mediate data may ~he interpreted as a location 
(o1· displacement) in a previously selected page 
(o¡· location) of memory. 

The technique of i11de:red addressing permits 
a 16-bit address lo bf' generated without pro
viding all 16 bits in a current instruction. Were 
all 16 bit.q required, the instruction would nec
essarily be multiworded. The effective address ls 
obtained when the instruction adds immediate 
data-say, 8 bit.."'-to a designated register usu
ally called the index register. 

PC 

IR STAC~ ~-¡ 

1. Data flow among the major ·storage areas ts shown 
by broken ltnes. Btts m the storage locat;ons control 
the flow. 

In com putcn'! thc i ndcx reg-isler m ay eonta in 
fcwe1· bits than thc immediate addrcss. IIcnee 
the regiHtcr appcars to be a displaecment with 
respoct to ihe immediate addres:-;. Thoug-h thc 
reverse is usually true with microprocc:-;::;on~. the 
same view can be taken, since we usually incrc
ment the index regiHt.er to acccs:-; succcssive 
wonh; in mcmory. The indPx re¡.d:-lt.cr can be 
thought of aH a base rc~dHlcr plus variahlt• di:-;
placcmcnt. 

An effective address may also ill' formcd by 
úulh·ectiou. In this case, a memory addrcss is 
first computed by use of immediatc elata or by 
indexed addrcssing. Call lhis a dirC'ct address. 
Then, it..s contcnts are takPn as th(~ addrcss of 
the actual mernory locatwn to be read Ol' writ
ten. Thi!'l is indirect addrcssmg, a powerful tech
mque that allows any memory locatwn to sen·e 
as a. memory address register; its content can 
be used to point to another possibly arbitrary 
word in memory. 

Use addressing rnodes to advantage 

An example follows on the use of various ad
dressing modes (Fi¡r. 3). Assume we writo a 
routine to manipulate data sturrd in memory 
locations A,, A" ... A... All reff'rem·ps to thcsl~ 
locations are by immediate addres.~ing. 
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Hnw lo comput~ cffcdive addrf!s,. 
l. lJ,,, lllllll•·•li.•t•· dat;,, ¡nven in thc curreni in

str ·tFJil \\01 rl 

2. 1 '"e tlw cpntcnts of the mcmory-addre'>s rcg
t<,\Pr, \\ l11t·h c,tn be manipulaled scparaleiy. 

:). Add 1~>).!1'( 1~<'1' munediatc rlata and a lmse, or 
tndt':'l., rqn~tcr This tcchnique IH <'allcd 111-

dext>d add1····;;.;¡n¡<. 

4. P.e;,' : lw ePnlt>nl<; of n memot·y location which 
1tself 1s eomputed using all of lhe above. Thts 
lPehntqne ¡,; tndtrect addressing. An example 
r ollmn~: 

~flUCTION WORD L ___ OQ_QIO __ 00000 
1 

010101 1 

Lo,~~o 11101 L RE.GISTER 
__ 0::;.;.10::..;0:...:0:__. __ _, : _j 

't 
1 do 1. obcde 

The ftnal addrcss is 11101 and the data finally 
:u:.:esscd are alwdc. 

2. An effective RAM address can be formed from im
mediate data, address regtster, index register or a com
btnation of techniques. 

RA'II 

A 1 DATA 1 

A2 DATA 2 
1 
1 
1 
1 
1 

AIO DATA 10 
A 11' DATA 11 

1 

A20 DATA 20 

CnmputalJOn rcípllred: 
(;1 = F(Dala l, ... ,Data 10) 
G, .::-. F( Dala ll, ... ,Data 20) 

e In tlw p1 ngram to compute G, and G,, data 
must be ref('l red t.o hy addresses. 

1:1 1 f A, .... A,, appear as immediale addrc;.;ses 
111 Lhc ¡wo~ram to compute G., this pro):('ram will 
not comp11te (;,. 

m 1 f lhe p1 ogram IJ<.Cs a mt'mory-add1·ess reg
Jst:A·r Lo po1nt t.o D:ü.t. thc regtstcr <·an be mi
tialtzl'd cither to A 1 or r\ 11 • The progr:;m thcn 
increments thc registe¡· to compute G 1 or G,. 

a Tf indcxed addressing is a\·ailable, thcn a 
program whl('h computes G1 will do G, if we f1rst 
add 10 to Lhc appropnate wdcx registcr. 

e 1 n<ll rcct add ressmg would p1·ovide the most 
flcxtbthty 111 thts kind of problem. 

3. An e)(ample of data movement tllustrates the effect 
of dtfferent addressmg modes. 

\Ve can apply Üh' rout i nc to dtffe:.·nt block" 
of data, e;1lH:r lJy -"'" ccc,slvely lc,adin,.:- ,·;1ch lllocl< 
m locations A, ... A,, or by mod1f:,·¡n¡.; th~ m

slruetions 111 1 he rou~JIJC lo refcr lo ncw 111L:mory 
location.s. Elther alternative can lead tu mdú
cient programming, wh1le thc laUer altern:üive 
is, in fact, impos~il.Jle JÍ the progr;,m 1;., storl'd 
in a ROM. 

Now con'lidcr the case whcre l h(·. o1 q: 111.d rou
tinc wo~ed indirccl atldrcs~-;ing, :;o th.ll A, ./\, 
conlain addre:,~ses of dala. A Siinpll' l'i1:111)!,C of 
thE' contents of A, .. A, al!ov..,q the nJUtll1e \.) 

opcrate on a new hlock of data loL:atcd in a <Lf
ferent block of mcmory. Of coursc•, ll1(h:xec1 ~rl

drcs,qi ng can be u sed to aclucv e tite s:une flcxJ
bility. 

If Lhe new dnta locations haH' thr- ,.,,tnw rcla
live displacemcntR n" the oro¡~ 1n:tl l>ll>t'k o!' data, 
a reinitializal10n of th0 inrlex re¡..:¡:-.<cr allows 
the routine to acccRs new dala. Indirc('t addn .. ·ss
ing is not even requircd JH lhis ca;..e. Bul when 
the ¡·elative displaccments are nol Llw samc, !11-

direct addrcssmg- bccomcs more li:'eful 

Accumulator-the essential reg1ster 

Microproccssors gcnerally have .severa] work-

o 

ing registcrs. However only a !-!ingle· re~~lster, 

U."Ual!y ca11cd tLn accumulator, JS e-,;senLial, so Q 
long as 1L has acccss to rcad/write mL·mory and 
thcre are instructions permiUing imrncdJatc ad
drcssing and data manipulation betwe.)Jl the ac
cumulator ami a memm·y word. \Vdh indJI'('Ct 
addressing, even the funetion of irHkx rcgisters 
can be accomplished with memory. 

The major significance of working registers 
líes in access bme and the bit efficwncy of in
struction words. lt tflkes far fewer l.Jits to speci
fy one of severa! prcviomlly dcfnlt'd \Vorki ng 
registen> than a memory locaLion \Vlwthcr l h,':--C 
rcgisters are in éiO externa] mc!lltlry or 111 the 
CPU i~ irrelcvant, so long as thcy can be rcf
ercncE'd cfficicnUy. But a fn;..tcr cxcntt1on time 
can be olJL'lincd wiLh regisiPrs lhat .ti'<' :-.<·paralC' 
from 11lf•mory. Tlll'~' c:n~ '"' :tCL't•,.; .. wd for ¡,•:Hl 
and wrile oper~lJOns \\'lLl11'1lÍ ust•Js llltlltllll~ 

excessive memory-cydt• ckl.n·~. 

The quantlt.y of n'gislen• 111:1.~· not l.Jc :1.<; si¡.:
nific:;nt as the1r quality. For ex:mwle, ean cach 
regiHter be incremeittL~d and h';,led ~·t'l" z~'1'0, or 
is only thc accumulat<)r so eqlllpPc'ti '! 1 f l'.H h 
C<Lll, thcn cach l't;gt:<tcr C:tll he U:o.;t'd oUI' ,¡>¡,;1[111¡; 

and program lo··,; control. ' 
Wluc.h regi:.tcrs can yon use fo¡· tndt•:o-Pd ,l\l- Q 

dt·essing, if any? Can al1 l"~'V ::-1tcrs lw ioad·~d tli-
rectly from memory, or can tlwy lw lnaded only 
from the accumulator? \\'hich re):(l~'lf'i'~' c;m ~~·e• 

used as a sourcc or dest.ination for <~rJthmd•·· 1 

Jogic operations? 
It's difficult to say how many regisü'rs are 
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STACK 

WORO O CONTENT O 
STACK POINTER 

REGISTER 

SP 

CONYEN'~" 1 

---:-.....,..z· CONTENT 2 
1 

' 1 • 
WORO 7: CONTENT 7 

Current 
SP valu<e 

2 

7 

2 
o 

Operntion 

PUSH 
PUSH 
POP 
POP 

Next 
SP value 

3 
o 
1' 
7 

1!1 TO WRITF: rlata, or PUSH onto Stack, store in 
location addrcssed by SP. Thcn incrcmcnt SP. 

I!J TOREAD data., or POP from Stark, ciecrE>mcnt 
SP. Then read data from location addrc88~Cd by 
SP. 

4. last-in, first-out statks are a common feature of mi· 
croprocessors. The order of mstruct10ns contains address 
informat10n w:thin thP stack. 

DATA FORMATS 
width: 4, H. 16 bitfl, 25 digit.s 
cncoding: bmary, BCD 

ARITHMETIC FUNCTIONS 

{ 

with or wi>thout carry bit 
betwccn accumulator and register, mem-

add ory or immediate data 
multiplc precision possible 
poss1bly with skip if carry out u.scd 

subtract - not always. 

multiply { by subroutine or special purpose 
divide hardware 

1 ncrcmcnt/ decremt-nt 

LOGJC FUNCTIONS 
complement .., 
~~~~ge }with or without extra carry/link bit 

AND 
OR 
EXCLUSIVE-OR 
compare accumulator (with rcgister, memory 

or immcd~atc data) and skip 

5. Data manipulation instructions. M1ssrng instr uctions 
may be performed by a subroutine. 

nccded in g-eneral, or even in nny particular np
plication, and the number varíes widcly in cur
rent microprocesso¡·s. Sorne have stack-oriented 
registers that can only be accesscd in a la.st-in, 
first-out ba.qis (Fig. '4). This ot·ientation is not 
a se1·ious limitation, since algorithms can often 
be planned so the required data always are on 
top of the stack. Stacked registers have the ad
vantage of being more numerous than individ
ually addr~ssed registers. Also, instruction bits 

are not rer¡uíred Lo address them. A stack in
struction can rpfer to only one register, the top 
registe1· of th(_ stack. 

Memory-addrcss registers may be thc ordinary 
working registers, or spccially designatcd one.'1, 
such a..q the program counter. A key register in 
any computer, this counter pointR to the next 
location in memory for an instruction-fctch op
eration. In addit10n it's common to havc an in
dependently controlled rcgistcr that points to a 
read/write memory location. l11structions to load 
and store the program counier are cxtrcme!y im
portant, since they permit modJficntion of the 
mRtruction Requence. A special advanLage rc
sulis when thc cuuntcr can he loaded or modi
fied by a value in the accumnlator or otht:r 
wol'king register. This simpiífics the control of 
a prog-rarn's scquenc.::! th1·ough cornputed or ex~ 
temal dala. Othcrwi:;:e we would have to rely 
8olely on test-and-branch, subroutine call or 
fixed j ump instructions in program store-
where the instructions may not be mudifiable. 

For example, supposc a micrQ{~ompulL'l' sys
tem must perform certain functions that m·e 
seledcd by an input data word, interprete(] a,q 

a command for Homc Rcrvicc. How do we tranH
Iatc this input-hit configuration into ih<' desircd 
computcr rCSJ){msc? \Ve want io go to a <:crt..ain 
program location associaied with that command. 
If wc can load the program counter with data, 
the input command word can be cncoded direct
ly as an instruction address. The loadmg of a 
portion of the counter cause..<; sequencing to be
gin immediately at the desired program Jocation. 

Alternatively, we can use the input data a.<; an 
index to enter a table containing program loca
tion addresse;~ and load Lhe appropriatc adctress 
into the countcr to cause the desired jump. If 
program inHtruction:~ are stored in writable 
mcmory, we can modify thc addrcss infot·mation 
in a Jump instrudwn before executing it, ac
cording to the requirements of the input data. 

Rut if the program is in read-only nwmory, 
a.nd thc program countcr cannot be loaded w1Ln 
data, we must resort to something as complex 
as the exccution of a pos:-.ibly lenl,:thy dccision 
routine. This routine co11sists of a scqucnce of 
stored instructions that contain all pos.sible de
sired jumps. Rcpeatcd te.sting of tht! input data 
sequcnces throu~;h thc decision routitiC m such 
a way as to arrive at thc desired jump instrUt'
tion. 

One of the most sophisticatccl addre.s.sin¿::- nwde:-: 
is found in the National ll\'IP-16. It use:- immedJ
ate and indexed addre.sRin!.{, either \vith rcs¡><'d 
to the program countet· or one of two inclex 1"t>¡;

istcrR. In addition the IMP-16 permits indircd 
addressjng, either with or without the ust' of in
dexin~:·, to compute the effective arldrt>ss. The 
256 lo~er order addresse.'> in the RAM ean also 
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be -.¡weificd w1Lh use of an 8-bit ficld in thc cur
rcnt. in~tn~t·titlll wonl. 

Thc simplesl <lata-nJO'.'E'Ini~J1t im;tructions an\ 
found in :.A-lnl mieroprocc!-lsors, !-luch as thc 
Rockw '1 :l\1'¡~~:-···K·h~cLI·omcs PPS and lntel 4004 . 
. Thr:,;,·, a" Wl'll as the 8-bit Intel 8008 machine, 
aJ:-;p require separatc mstructions to load or ma
nipula\ P a nwmory-address rcgistcr, through 
'vhieh :dl mcmury rcferenccs are madc. The 8008 
conl;uns a !-ling·Jc 16-bJ~ memory a<1.drcss reg-ís
ter, wil h 1 ,¡ b1t<> actually URed. The Intel 8080 
P'-"rmils six 8-hit wo1·king- t·cgisters to be used 
in pairs to prm ide three 16-bil memory adclress 
regi~;tcrs. In addilion a 1G-bil addrcss for mem
ory re[t•relH'f' t·an be spccified by two unmcdiate 
byt1·s 111 C1~1·ta1n load and store inslxuctions. 

Thc F:urclllld PPS-25 has a unique instruc
twn ficld for memory referencc.s .• ~ ma.r.;h-pro
J.~ram.nwc\ n ¡wr·tory of six fields permits assign
nwm. uf on(· n·f six predcfined ficlds. in ea,ch 
25-dl~dL ( 100-l¡¡L :-;erial) t·e~isler. Only the se
kdcd data 1'1eld 1s affected by the data move
men1 or a.rilhmelic instruction. A separate pro
gram-('ontrollNl pointer permits access to any 
single-digil (4-bit) field. 

Data manipulat10n capabilities 

Gcncrally thn arithmelic capabilities of micro
proce....,sorH an: hmitcd to add1tion and sublrac
tion, and usually in a binary formal (Fig. 5). 
The Fairchild PPS-25, however, fcatures decimal 
ariLh:nelic pcrfornwrl on 4-bit BCD-encoded dig
il [jc:ds. And severa! other machines include spe
cial 1 1structionR for handling- BCD fields. Apart 
from Lhe PPS-25, data words vary from 4 to 16 
bits, so that multiple-word arithmetic is often 
rcqlllr~'d. C:a.r(' mw;;t be laken thal carry bit." are 
add1:<l into thc succcsRiv'ely more significant 
fiehh--a capaiJilily that is always available. 

Multiply and divide functionR must be per
formcd by "uhroutines in most systems. Or they 
can iJe perf.onned in microcode for microcom
puten; likc lhc Nalional Semiconductor GPC/P, 
wh1ch are m1croprogrammable. 

MicmproccsYors, cRpecially those dcsigncd pri
marily for ealculator applicatiom", may not nl
low lngie o¡wrations. For cxample, thn lntcl 
MCS-·1 and F:urchild PPS-2fl don'l hav<> opera
t.ion!-1 liko A ND, OR, EXCLUSIVE-OR. How
eVl'l', tiH'Y do Jll'l'll11• compkment, shifl and ro
tate o¡wr:tLitJIIs. Tlw usu:d rotat.e or shifl is by 
1, but. thc Natwnal IMl'-16 fcalu1·c~ rotntion by 
a.n arbitrary amount in a sinp:lc 16-bit instrue
tion conlaimng immcdiate da.L-'1. The exccution 
time is, of course, a function of the numbcr of 
sh1fts callcd out. However, the instruction bit 
efficiency is high. 

When shift and logic operation.<J are omitted, 
they can usually be a.ccomplished by a sequence 

JUM!~ 

C'ALL 
ItETURN 

'¡ 

Jcan be con<l,lamal "'"""'"\''"'""\ 

~~l~\JCH ~alwayfl cond!twna) 
J 

JUMP 
Locatwn 

k: . 
k+ 1: 

*k +2: 
1 

m: 

I no, truction 
1 
i+l 
i +2 = JUMl' to ioc;d,¡,.,. ! •• 

1 

* At this point., !he PC \\as ¡.,;¡qcd wd.h m 
rathcr than belllg Jncn•mt·nteo lP k .J_:L 

CALL 
Same as JU:vrp t'XU'p: th:1~ Pí' •·nni·•J,t 1s 

savcrl so we ~:an rdt¡rn lo 1n:-.t t tJ(·[¡¡.,¡ aL k+:~. 
A RETURN JnRtr,lcllol: p••rÚJJ ms Uw rc:-.tor;,
tion. 

A user can Relcct c¡t.ht·r· an on-p,¡ge i sh01·t) 
or arb1tmry (long) .HTt'vTj> addrr-,;, 111 tnc llock
well P.í'S, Intel 4004 ami Fa¡¡·ch•ld 1'PS-25. 

6. Some instructions change the ordcr m whrch other 
mstruct1ons are executed. 

o 

of othcr instructions that are avail:d)lt>. For ex- Q 
amplc, "shift left by 1" rs equivaicnt to the ad
dition of a binary number to itsclf. As long as an 
inciiv1dunl regi.<~ter bit can be lcsi.t·ll--say, by 
rotation int.o a carry flip-flop-ail lo)!'lC opcra-
tions can also be pcrformcd whetiwr nr not in
dividual instruetions for them cx1sL However, 
considerable additional time will h(· :-.pcnt. 

Increment and/or dccremcntr-n,tlul.l arith
mctic functions-can be accomp]J.,,!Jnl along
wilh test-:wd-!:ddp functwns. Su('h m u; L1pk-func
tion im~truetionR are parl!cularl\' u,~.,rul 111 con
trolling! pasRCR through prognm1 lon 1•.., For ;·~:
ample, the Rockwcll PPS has a 1-hyt•,' Jn>.truc;ion 
that adds a 4-bit immcdiatc ficld-s .. ::. tiJ,, nu:n
bcr 1---to thc ~H'Cllmlll:üor. 1f a c;1 • ¡·y,¡ut i:-. ¡~··n

cratecl (when the rq~1Rter t·e;¡cJw..: ,¡,, Jl1.1Xlíll\1Ll 

valuc), the ncxt instruction ,.,t•rd l'-~ :-;'lJ'Pcd. he~: 

thc carry flip-flop t\~11']f ~~~ no\ <.i:üurhed. The 
National IMP-16 has :tn :1P:liogou:-~ 1-\\0rd ( · ,;_ 
bit) insLrucl.!on. 

A ~1imilarly pt)\\'t':rf¡.l in.-;tru\t!.''1 111 lh' l;:\,·1 
400·1 penmts Jnerl'llH~nltll~; :tll,\ u,,,. ,.¡' ;¡; ,¡_¡,Jt 
rt'gisü'rH. Ir the l't'slllt 1:-~ z¡_·¡ n, ti;, ¡¡,.,t 1;;0, · th'· 

tion in "eqtll'l1' •' 1'-~ 1 ak,·n: l ¡' llc<ti ,,, ''· ,, J<l ·1:, · 

oecurg to 11 _ 1 mmed i :ll.n ¡, ,.·:;t ,on nn t ll<' "· t nlt' Q 
ROM pago designatt.'d l•)· th1; :-.l~COtld bylc o;· tih' 
current instruct\on. Ag·;ull, t;w a~·,·¡.rnul·,[,>r ,tnd 
carry flip-ílops are nol aifcctcd. I-lt-1 ,\ a .'-i:.) h' 

ÍI1StrUCLiOI1 ÍS U SeO tha t pn>YÍ<k$ :t 11L)J'C fk;... i \Jle 
jump inste.:'l.d of a skip. 

An inleresting exteusion of lhe llii'rl'rih•.\/ 
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det-remcnt capabliity occur:; in thc National 
1 MP-1 6. A mernory loca.tion can be incremcnted 
or decrcmentcd with skip if the content.<; bccome 
ze1·o. Th1R feature pcrmits efficient use of mem
ory locations as countcrs for control functions. 
Also, the procc~sor's a.ddrcssing modes spccify 
the cffective address of the memory word to be 
incrcmented ot· decremented. 

The Intel 8080 also permits a single memory 
location to be incrcmented or decrement.ed. In
tel"!1al flip-flops are affected, so a conditional 
jump in:üruction can be used later to te.st the 
mem01·y content for zero. 

An unusual and powerful feature of the deci
mal arithmetic in the Fairchild PPS-25 is the 
ability-through mask-programmed options-to 

INSTRUCTION BLOCY. r iNSTRUCTION 11 1 
11\,5 rRuCTION 12 2 
CALL BLOCK 2 3 
INSTRU~TION 1 3 

1 
1 

' 
INSTRUCTION BLOCK 2 INSTRUCT!ON 2 1 4 

INST'lUCT!ON 2 Z 5 
CALL BLOCK 3 6 
INSTRUCT!ON 2 3 
RETURN 

' 
' INSTRUCTION BLOCK 3 INSTRUCTION 3 1 7 

INSTRUCTION 3 2 8 
RETURN 9 

7 CALLS are nested to a depth of two m this example. 
lllustrat1on shows the order of execut10n. 

specify onc of six fields over which any arith
metic function is io operate. The words are or
ganized with a maximum of 25 decimal BCD 4-
bit fields. Hence part of a register can be trec1.ted 
as a mantissa and part as an exponent. Appro
priate arithmetic can be performed on these 
fields under program selection. Otherwise we 
would have to ma."k out or ¡:tore differeht data 
scparateiy. An individual decimal field ca.n also 
be singlcd out by rcference to a pointer register, 
which is it..'lelf under program control. 

Dccrsion and control capabilities 

Mic,·opr·oce~~HH"s U1-IC thc cornmon couvention 
of scquencing- throu~h instructions in on1er, un
les..'! directed othcrwiRe ~y a decision-and-control 
typc of in~truction. The instruction changes the 
vnluP of th(' prog-ram countcr (Fig. 6). 

Mic1·opl·orp~~ors execute JUMPS, CALLS or 
BRANCHES. The wogram counter may be 
changed unconditionally b;¡- a .JUMP or CALL 
instruction, or conditionally, depeuding on the 
outcome of a specified test. These instructions are 
called conditional JUMPS, conditional CALLS or 
BRANCHES. 

The difference between a JUMP or BRANCH 

on ihc one hand and a CA LL on the othcr (con
ditional or otherwiHc) hélS to do w1th whcther 
or not thc program counter is savccl. In a CALL, 
thc progTam countcr (or countcr plus 1) is 
savcd. Thus the eounlc1· can convcnicntl.v be re
storcd to point lo the instruction that would 
have followcd thc CALL had thc rnstruction 
stream not becn changcd by the CALL. The HE
TURN instruction reHtores the countcr to the 
instruction following the last executed CALL. 
RETURNS can be condiiional, as, wcll. If the 
condition is not saiisficd, the counier is not rc
st.ored bui is simply incremented once again. It 
then points to the instruction ston~d after the 
conditional RETURN. 

A further distinction can be made as to the 
aoility to nesi CALLS. Such nesting is illus
ti·ated in F'ig. 7, whcre a series of CALLS trans
fers the prog-ram countc1· to a scquence of in
struction block.g. By an execution of a Heries of 
RETUHNS, the counter eventually retums to a 
locat10n in the original block. 

CAllS and JUMPS can be crucial 

The u:.:e of conditional CALLS and .TUMPS 
is absolutcly crucial to programrrung- ( Fig. 8). 
ERsentially they allow programs to respond to 
input.." rather than simply to deliver the ~ame 
answen; to the same programmed que.'>tions. A 
program must do different things, dcpending on 
the condition of the machine: Has a carry bccn 
generated? What is the cun-ent computer result? 
Is the number zero? (If it is, don't divide by it.) 
Ha." an interrupt or new comrnand bcen is~:med? 

And RO on. 
All microprorcssors allow such conrlitions a:; 

"carry bit set ?" and "accumulator = O'!" to de
termine whether or not a JUMP, C' ALL or 
BRANCH is to be executed. Sorne pcrmit bl·anch
ing as a rcsult of logíc levels prcsented on di
rect input Iines, or individual bits in regi~ters, 

o:r program-set flip-flops, or registcr pariiy, or 
a stack-full condition, or still othcr r('quircmcnts. 
Again, thc almence of one cond1tion C<111 almo..::\ 
nlways bo overcome hy the u··w of extra pro
gr:un ·HtPpH. In a common siLuation, .IUM 1' or 
CALL oecurs if a eOJHlition is THUK Hut ,, 
RymmeLrica.l inHlruction in whil'h thl' FALSI•: 
condition triggers thc JUMP o1· CA LL do~s llOL 
exiRL Ry use of an extra unconditional JUMP 
or CALL, of coursc, thc ch·ficiency can be o,·er
come. 

Thc atldress loaded into the progTam counta 
whcn au unconditional .JUMP or CALL is e:\.c'

cuted-or when a conditwnal JUMP or CALL 
or BRANCH is executed-may be specified in the 
same variety of ways in which memory is nd
dressed: immediate or indexed direct; or indi
rect, through a mernory location which itself is 
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TYPES OF CONDITIONS (JUMP, CALL, RETURN) 
True or ¡-;!\~.(' on 

"' r;n ry IT 
"' ~t•ro rl'P,Ister (us¡_;al!y Accumulator) 
" .:;,r~n (mosto,Stgmf¡cant b1t) of reg1ster 
a ¡J,lrt'v of regtster 
.., P'''''l.lillmer control!ed fllp-flop 
" lr:<;l troput 

lf U111CJtliOil fails, do next mstruct10n in sequence. 

3-WAY BRANCH CONDITIONS (FAIRCHILD PPS·25) 
examplc. d lf&/ < (R), PC.,__PC + 4 btt tmmedtate 

~~ data :: 
(A) > (R), PC<- PC + another 4-bit 

fteld 
(A) = (R), PC+--PC + 1 

SKIP CON DI fiONS 
El tf (R) n M = O, sk1p } 
ll!l lf (R) ·-. M, sktp Nat10naiiMP·l6 
lil ¡f iR) M, Skip 

ta tf fl1p r-lop = l. sktp } 
"' IÍ fl (lowcr) = 4-btt 1mmed1ate Rockwell PPS 

dato, Sl{ip 

COUNT AND JUMP/SKIP 
¡;¡ lllCICnlCill R and ¡f o/• o. do short JUMP 

(lnlcl 4004) 
l!l mcrPnwnt (rlecrement) M and sk1p if zero 

(Nat,OI1.liiMP-16) 
s (A)·--(!\) + M and sktp tf carry out 
El (A)•--(A) + 4 btt 1mmed1ate held 

and sk1p 1f carry out 

NOTE: (A) = contents of accumulator 
(R) = contents of reg1ster R 

}
Rockwell 
PPS 

M = contents of memory locat10n 
currently addressed. 

8. A summary of conditional mstructions shows the 
vanat1ons posstble for JUMP, CALL, RETURN, BRANCH 
and SKIP. 

spee: ficd by an immediate or indcxed mode. The 
obv:ous reason for using JUMPS is to get to a 
new section of the program. For example, all 
work routítH!H in Rome syRtems may report back 
to a main e:-..<·culivc routinc by an unconditional 
JUMP. 

U ncnn<li LJonal CA LLS allow us to use onc copy 
of a scquencP of in:.;tructions, a Rubroutine, and 
to entcr it. from many different routines. For 
exa.rnplc, a multiply ~mbroutinc can be callcd 
whetwvcr rr>quired in any inRtn1d10n Requence. 
Wilh a CA LL, a Ringle RETUHN a.<! the last 
Rll brouti lll' 111struction cau:-wH the progr:un cou nt
m· to relurn to thc Requence immPdiaLely follow
ing- Lhc CA LL. A ncstin~ facility cnables the 
prog-ramnwr to write subroulincs that them
selvcs call on other subroutines to perform op
erat.ions. Thus severa! arithmclic subrout.ines 
might. cal! a still ::>tmpler ~ubrouL1nc that shifts 
a regislet· a certain number of placcs. 

Tho Rockwdl PPS micropri.X'essor allows un
conditiona.l .JUMPS to one of 64 Joca.tions on the 
current 64-word page. ,The locations are speci
fled by 6 bits of data in the 12-bit JUMP in~ 

struction. Uncond1tional lonfl JUMPS provide 
an imrncdiate 12-bit addrcss in the two succes
sive words of the instruclion. The CALL and 

RETURN Jnf,\xw 1 \("''~ are ;dso t,t,(: .:-dJLlqn:ll 

Thc !-~hcn-L CAl.:, ... :-~ockwcll':" l'l'S 1·; ;"' ,.,:

ample of 1ndexed 1 o~.ml'JiaLl· and i:>de:-.• ;d Jti(L 
rccl pro~ram-coti ni t<r <tlldn· . .;<;mv. '¡'!w m:,t n1c- Q 
tion ít:o~clf specifws a;¡ imnwdia.te p~trLJal addrc.c., 
con'listing- of the ".IX low-onlcr hit:, of an acl
dress. Thc~e bit:.; :· .·p litdr·xcd by a fn .. L:d page 
'address, ca.llcd par.E ,;11 Wlwn the ,!¡t·cctly ~td

dressed word on tnemorv p:t>;c Gn IS rcad, 1b 
8-hiL content i.'l us('d as t.h,• low-onkr hi: ·, of thc 
pt·ogT<WL eounter. The hi¡!h-onler ·l lllt" o¡f the 
countcr are automatie:tily "el tu liJO. Tnu" Uw 
fin~l JUMP is madc Lo an addre.':l~ ¡~ivcn ,¡¡,(¡ 

rectly by any ont• of 64 location<; on p:q.-:c ()(l 

The final .JUM P sel'lcs :my 0'1C of Lhe 25() lo
ea.tions on pn).("P::l 56 throu).("h G9---pav,e:-. \\lth G
bit addrcsscs whose high-on1et· ·1 bi~,.., ,t re l 11 O. 
'Whcn thc CALl, 1s eXPl:l1led, Uw currcnt pro
gram counter is pushcd, or placcd in lllL~ uppcr 
register of a t.wo-levd st.ack. ThP currenl con
tcnts of thc Lop Rtack reg¡:o;ter d;:--place,.; lo the 
sccond stack n;gi~ter, \vhose COI!lCJlls, In turn, 
are lost. Exeeution of thl' next f~lc~TUl~~ in
struclion pop8 the stacl< 

All condilional in!-ltruct 1ons in thc r~ockwell 

PPS microC'omputcr are o!' the fono "SK 1 P ncxt 
instruction 1f condition holds." Thc skipped in
struction could be choscn to be an unconditwnal 
CALL or JUMP, therehy g-iving t.he eqmvalent Q 
of a conditional CALL o1· JUMP fúr the.comple
menta.ry condition. 

The Intel 8008 has condit.ional and uncondi
tional JUMP, CALL <tnd HETUHN ¡m;truction:-;. 
The CALL and .JUMP u::~e 14-hit, 1mrncdiatc ad
dresse." only (aml thus a 3-byle in~üruction), 
and CALL uses a seven-level f,tack for pushwg 
and popping the program counü·r. The1·e is, how
ever, a single byte uns;ondilional CA LL mc;h·uc
tion that puslws Uw conntcr and rvplaccs Il wilh 
an addr<'H.'l consi~ling of all Zl'n's eXt'l'p\, l"or b1t 
po~it.ions :~ th¡·ouvh 5. 'l'he~e :u·e l~l\'ell ~~s i1'1-

mediate data in Lhe in.'llrudwn !It'lWc t>ignl 
short, but frequenlly W-tl~d. iiUbrouunc:-. t',w h~ 

located in the Jower onl(.•r G 1 loc·:tl Í\l1ls of mc.n
ory, ac~css1ble hy t:"'t-plton:dly !'.1-·t. .tt.d .'>hot L 

CALLS. The 8008 atCl'pt~ and t•;.;,., ti\l'~-1 su··l. :u1 
inl;truction on itR 1 ll)lllL i,u.._ u pon ¡·l~t'c'Ípl ~>f an 
interrupt signa!. This featurc enaldo'.<~ d1l'l'Z'i L'ü1l
tro1 by externa] devlt:L''-' oi .IUl\IP~ lo routJih'" 
that handle inten·upt s. 

Microprocessor h<:~s stJck pumter 

The Intf'l 6080 contain:-1 a Hi-bi~ re:!1"H'r L':<1lccC) 
a stack pointer, wh1ch 1s lilCJ'Cl11L'I1(,•d nnc\ dc'CH'

mented automatically lJy l;ALL .1nd l{STUH::--\ 
instruclions. Thc current prog-r:ml ccunter i:,. 
storcd in (for a CALL) ot· 10.1\h•d frn:n (t"ür ;\ 
RETURN) a HAM location \\ ho:w addt-.:-··. is 
given by the contents of the :üack-pomtc;· , ,·¡_-:-1----



. (~ 
\__) 

o 

o 

MICROPROCESSORS: New lJircct1nnH /or lJesu¡ners 

t<'r. This permits arbitrary depth nesting of 
CALLS. But since the mcmory locations mu:~t 
be rc!'ervcd for this use, a limit must be set on 
the dcpth . 

In the National IMP-16, all rcgisters and con
dition flip-flops can be pushed or popped from 
the interna! 16-level stack, thus providing a 
convenient way to ~mve the entire state of the 
proccssor. Registcrs and condition flip-flope 
can also be saved in or rcstorcd from the 
RAM l'>tack arca in the Intel 8080, but not in the 
Intcl 8008. This capnbility is particularly im
pottant in. intelTupl-ha.ndling applications. 

An unmmal feature of conditional instructions 
in the Intel 8008 and 8080 is thc way in w!)ich 
thrcc of thc condition flags-ZERO, PARITY 
EVEN, and SIGN HIT 1-are intcrpreted. They 
refer to thc re¡:d:-~1-·•· last refereneed by an in
struction that might changc a condition. 

Thc Fairchild PPS-~f> has a very flexible con
trol structurc. It Uil~~s unconditional JUMPS to 
an address within the same ROM, as specified 
by 8 bits of immediate data from the JUMP 
instruction. Thesc 8 bits are interpreted as a 
sig-ned-2's-complcment number that is added to 
the address of the current ROM location. The 
feature permits jumping forward or backward 
a specified amount from the current location. A 
scparate ROM-select instruction changes the 
high-order bit..~ 'of the program counter, permit
tmg a JUMP to a ncw ROM page. 

Conditional JUMPS can lead to either two
way or three-way branchcs. A two-way 
BRANCH is an ordinary JUMP instruction. 
Three-way BRANCHES involve either two dif
fcrent modificatiom~ of the program counter 
(both using immediate data) or execulion of 
thc next scqtwntial inslruction. A pair of in
structions sclects the desired conditional mode. 

CALLS in thc PPS-25 are accomplishcd in 
two stcps. Firt~t, lhe current program-counter 
valuc plus 1 mtmt be ¡;tored in onc of two fields 
in n spceial status rcg-istcr. Thcn an uncondi
tional .JUMP m- condition:d JUMP or BHANCH 
is cxecuted. Thc eXL'(:ution does not ibwlf I'Jnvc 
thc contcnt of thc countcr. A H.ETURN is ac
complished by reloading the counter w1th thc 
current content of the appropriate status-regís
ter fie!d, aga.in after the counter automa.tically 
incremcnts once. This second incrcmenting en
sures a skip over the JUMP or BRANCH in
struction that followed the original counter stor
age instruction. 

The National IMP-16 explo1ts its 16-bit in
struction word to permit t1exibility in generat
ing the addresses for unconditional JUMP and 
CALL instructions.' The counter is loadcd with 
an effective address that is computed from an 
8-bit immediate-data field (a signed-2's-comple
ment displacement) that is added to the 16-bit 

contcnt of an index rcgiHtcr. If thc indirect mode 
i~:~ ~clectcd, thiH address is u~cd to acccsH a mem
ory loc<flion whoHc contcnt become:~ the value 
for the tounter. In the CALI.~ mHtructions the 
curr~nt counter value is saved in a 16-level stack. 
The RETURN instruction retrieves the counter 
value from the top of the stack and adds to it 
7 bits of immediatc data from the instruction 
itself. 

The Jntel 8080 has an instruction that trans
fers the 16-bit conlcnt of two working rcgistors 
into the progra.m counter, thus caw'ling a.n un
conditional .JUMP. The .JUMP addrcss originally 
in the worldng rcgiHtcr could havo becn obtaincd 
by a computation or .ta.ble look-up opcration. The 
National IMP-16 provides this same flcxibility, 
sincc thc effN·tivc .JUMP addreHs can be bascd 
on an indcx rcgister contcnt.. Or it can be bascct 
on the conlcnt of onc of t he 25G lowet· ordcr 
RAM locations, in which case an indircct mern
ory-rofercnce mode would be sclected. 

The conditional instruction in the IMP-16 is 
a .JUMP and provides an 8-bit displaccment (7-
bit magnitude plus sig-n) that is added to the 
current counter value. One of 16 condition flags 
can be tested, i11cluding severa! externally and 
internally controlled flip-flops. 

Jnputjoutput capabilities 

The nature of the microcomputcr imed'ar: o 

and the l/0 int~tructions vary considcrably from 
one system to a11other (Fig. 9). 

A basic schcme employed in the I ntel 8008, 
8080 and the National IMP-16 providcs bits 011 
the addrcss bus for both input and output in
fltructions. With an INPUT or OUTPUT enúble 
pulse, these iniilruclions can he uscd to scled 
an I/0 dcvice. Thcn the microproce::;so1· cJthcl' 
put..q out the accumulator contcnL'i as OUTPUT 
data or gateH thc input bus content to the ae
cumulator. The addreHs-l:.ous bits in the Intcl ma
chínc.-> come from the currcnt instt·ul'tion wonl; 
in thc IMP-16, thcy aro more g-eneral, lwin¡~ 

formed by an addition of imnwdialt' dala from 
the instntdion and thc contcnt of an intt~rnal 
working- regisLet. 

The Rockwell PPS system uses immediatc data 
for deviee selection, but then it provides a bi
directional data exchang-e in the same cycle. The 
4 bits in the aecumulator go out 011 4 bits of the 
instruction-data bus. This is followed by a load
ing of tht> accumulator from the remaining 4 
bits of the same 8-bit bus. The INPUT instruc
tion for the Intel 8008 also outputs the accumu
lator before loading it from the main instruc
tion-data bus. Hence every executed INPUT 
instruction can also be used to output data to 
the same peri pheral add ress. 

The Intel-4004 uses I/0 ports that are ass()-
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Examplc: lntl'i 4004 
(1/0 pod~ Me aHsociated with Hpecial ROM 
an · HA i\1 devices bus-<;onnected to the 4004 
n ,¡.; I'Opl·lll'l"!~Or) 

Ports 
a ,l ]{¡\:\1 output ¡1ort (4 b1t, latchcd) 
a a IHJ;\'l 1/0 port (4 bits, mask program

mahle lo spceify dtrection) 
Sclcdion 
m onP ( nr two) set-up instructions select a 

IlOi\T and RAM dcvice 
Datn t ransfer 
m (A 1•--lllput pm·t hitR on ROM 
1:1 ROl\I output PORT bit."~(A) 
m RAM output latch~(A) 

Exam¡llc: l'ational li\IP-16 
Se k e! iPn 
l!l ( R) + 7 bit immeriiatc ficlri is transmittcd 

a..; a 1 G-hit. ricvice aridJ·ess/cnable, 
¡¡¡·companied by an l/0 enable sig
na! l t JS scnt to the Address Resister. 

Data tnmsfcr 
" A•-tPxt.rmnl ckvice) 
a (exlernal dcvJcc)~A 

9. ln¡:JUt/output instructions combine a selection and 
data transfer operat10n. These can be tnggered by suc· 
cess1ve mstructtons or by a single combmed mstructlon. 

ciatrd with lhe ROM a11d RAM devices of a 
complete MCS-4 system. A ROM and RAM are 

sclcctcd by Rcparatt~ iw.;~ rucL10ns. Th(· 1/0 po1 t 

of thc goM-cach •Jf t1 lHLs is ma,,;,_;¡ro;~¡ ;lrrmwd 
as either an input (,l- ontrut terml! .. tl-and Ü1c 

laiched RAM OUT!'UT port can bt!, 1 cad or '>Vnt- Q 
ten with an appropnatc.: S-bit in.qtí·ucLion. 

Thc Fairchilcl PPS-25 uses a sc·t of f /0 cum
maHds to conLroi "'pecial I/0 devic•·s desivncd 
for w.¡e in this syst\~m. Jn addJl;on 1t "ntaJn.s ;m 
unm;ual dirnct 8-bit (serial) inpul to Lhe fW:vi 
addre:;s register. 'Data on this inpul ar" addccl 
to the HOM addrcs~1 reg;ster. Also, a '-'pcc·¡a] in
struction loads serial data into thc .tc:LJV(' stal.u:> 
register, where each bit can be intcrrog-ated a:; 
an individual flag. 

8ihlio~.:raphy: 

"IMP-lGC Applu:atwn ;-.¡,,,,¡;1\,'' f'ul>llr.\tl<)n :-.:o 
420002111, .Tu1w, 1!!7:1, !':at\(lna\ Sellllcon<luctur, Sant.1 
Clar;t, Cahf. !lf>O:il. 

":\tCS-4 l\IicrocrHnpull~r Sct L;~;er!- I\lanual.'' Re''''l<lll 
4. l"ebrunry, 1!)7:3, lntcl Corp. :-;,,11ta e:.,." C.1hf ~¡;,1)~. l 

"l'PS-2f>, Pt·ugrammed l'lo<'P'->"01' s, ,:,, lll l'tdiln>n.\ly 
Users Mnnual." O<:toiH·r lf>. 1\li::O, F,u¡·(·h.id SemH·on.luc
tor, i\tountam Vtew, Cahf. !l 1'1 :u. 

\Vickcs, W. E., "Par~tlll'l l'roccc,c,m¡.: S:,"L<·m (Pl'S), 
Appllcation Notes," l'ubl¡c . .tron 251H-Il-17, .Tanuary, 
1973. Hockwell Microclcctron.cs Dw., Anah<•Im, C.dlf. 
92803. 

"8008 8-bit Parallel Central Proce~:oor Umt, Uscrs 
Manual," RcvislOn 4, Novemhcr, 1973, lntt>l Corp. o 

"8080 Prehminary SpectÍicatwns," ltl'VIS10n 1, lnlcl 
Corp. 

o 
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MIC:ROPROCA'SSORS: NP-w Dircction.~ for Designera 

I\1LOS /LSI Microco:mputer Coding 

C. DENNIS \VEISS, PH.D. 
Bctl Telephone Laboratories, Holmdel 

EngineenJ who 1ncPrporatt> MOS/LSI micro
fOmputers in their ,lt.,oigns face n. critical need: 
conversion of system ;llgorithms into instructions 
that can be loadE>d tlirectiy into th~ system'e 
memo1-y. 

IC manufacturera n.re giving more and more 
altention to thil3 phase of design, generally cailoo 
,codmg-, with improved tools and techniques to 
simpli fy ÜJP deRignH's task. 

The ba,'IÍC tools avaílable are these: 
m Af.semblers. 
~~ Ef! i tors. 
El Lo~iders. 
o Compiler::~. 

a Microprogramming. 
Fig. 1 shows the primary function of the first 

four tools. In addition hardwat·e or software 
simulators are available for program testing and 
error locating. 

Assembly language: the most appropriate 

An as!'lembly language, the mmü, common for 
microcomputer programming, ha..<~ th~e features; 
symbolic operation ~ocles; ,JabelR thal rcfer to 
memory locations-instruction or daL'l.; and sym
bolic names for operands, stÍch a.,<¡ registerR, con
dition flip-flops and t~st conditions of conditional 
ínstntdions (F1g-. 2). 

Jo'o¡· example, in thc Fnirchild PPS-25 the in
Rixuction' 

(R, 1 ) +- (A¡) + (R,<J) 
replac('~ the contcnts of register R, with the 
sum of the contcnt.s of the accumulntor nnd 
reg-istt•r R •. Howeve~, only a dc~ign:üP<i field, j, 
in cnch regiHtcr is involvcd in thc acldition. The 
Fnirchild assembly-iánguav,-e equívalent reads 

ADD Y, X, T. 
Here Y represents the name of a destination 

register, X the name' of a source register and T 
a previously solected code, that reprcsents the 
field over which addition is to take place. Th~ 
possible codes of T, with their meaning3, include ,_ 
the following: 

L PROG'lAM :S 1
1 PLANNEO ___ , 

15 F'ROGRAM m Bf. WRITTEN 
1 N 4 HIGH LEVEL LAI%U4GE ? 

U!>E COMPILER TO 
CONVERTPHOGRAM 

INTO ASSEMBLY LEVCL 
tN<;TRUCTIO~S A.N_?_ 1 
hiACiiiNE LAN~~ 

'lES 

USE. 1\ SSE\HJLER 

TO CONVERT PROGRAM 

INTO MACHINE 
LANGUAGE 

= 

USE S, rliT .Qfi 
TO CORRECT 

HIGH LEVEL 
PROGRAM 

USE 1-..PADER TO "] ~~SE EDITOR TO 
PU r MAC>HN( 1 --

LANGUAGE BINARY l CORRfCT , 
CODE INTO -tttGH lEVEL" ~r ;''.:: l MICROPROCESSOFI PROGRAM 

l. Preoaration of the binary codc to be placed in read· 
only m.emory can be stmpl!f1ed by use of a comptler or 
assembier and an edttor ar.d loadcr. 

TOTAL: 
FRAC: 

LSD: 
PFIELD: 

Tot:~-1 field, 
19 (kfl-m\>1-1t) di~rit fral'tion
al or m:mtü•~n. tiehl, 
Least siv.nific<wt digit, 
Di¡;it sclected by pointer 
l'l"~il'tcr. 

In the Jntc-1 8008, eon:;~ider thi~ l"ondiiion:ll 
CALL iwüruction: PCJS_and (PC).- 1,1 bit im
mediate field, if cottdition holds; otherwise do 
next instruction. PC refers to the prQgram 
counter and S represent~ a last-in, first-out l'!tack. 

Such an inslruclion in the Intel nsseml>ly 
language is written 

, CTX PLACE. 
X rE;>fers t.o C, Z, P or S, which mean, res~tive-
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e flo ,,, • O ~SEUDO-QP O[FINING INITIAL PROGRIIM AOOª 

SVMBOLIC (JP-CODl ' / 
""" , COMN'ENT 
'L~ R COliNT ,INCREMCNT THE REGIST~R NIIMEO 'lCOVN'f 

JUMP ¡i.~ROJLOC ,IF RESIJLT IS 7ERO, JUMP TO INSTRUCriON 
LABELLED 'LOC' 

OPERA NO N~M( / 
(CONOtTION FL IP·FLOr) 

XOR T""ORO,A ,EXCLUSIVE·OR THE REGISTER 'T'AURO' WITH 
THE ACCUMULATOR 

[~~e) AO! ~;fllii,A,AOOTHEOATANAMED'OEI.JA' TO ACCUMULATOR 

AD::lRE~S LAilEL 

OPEAANO OEFtNITION 

~~;A•ii) 
RC.OUN1 • ll 

T"ÜRl· • C 

t'5!:uo)Q·OP~ 

ORG o 

INB 
J1 ¿ LOC 
:.<GC 

~oc ADI DELTA 

DELTA [Qll 10 

END 

2. Part of an assembly-language program (a) illustrates 
the baste language fe11tures. The same program segment 
appeat s m the lntel 8008 assembly language (b). 

ly, Carry = 1, HcRult Zero, Parity Even and 
Sig-n Hil l. PLACE is the labcl associated with 
any '-thcr instruction in the sequence being 
assemnled. 

Hencc the ~La.tcmcnt 
CTP STEPI 

ca.u:,,·~ thc mierocompuLer to call STEPl condi
tionnlly. Tlw proces!'JOr saves the program 
countr~r <tnd replaces ii by the address labeled 
STEI' 1, if Lhc pariiy of the register last oper
ate<.l upon was even. Otherwise the instruction 
that follows ,would be executed. 

The scq 11ence ,· 
r~n 
CF'P 
.JMP 

ST.EPl 
STEP2 

incrcmcnls reg1sier B, calls to STEPl if the 
pariiy of re¡.dster B is odd or pprforms an un
conditional .J UMP to ~;TEP2 if the parity is evcn. 

The assemhlcr can rc:ul a source tape or file 
wiih sia.iemenis wntien \ n the symbolic a_o;;sem
bly Jangua~~e (Fig. 3). All>o, the assembler can 
construci various tables from the source file and 
produce an output object tape, or file, with binary 
numbers for the microcomputer. 

For example, in. the Fairchild PPS-25, 
ADD B,C, FRAC 

appears in the object code as 

1-----_-___ ,_o r.c,P _.@_cv_.+_,_o _____ __. 

Thts s;¡ys LOi\D ree1ster AC</J tnritrectly, throiJgh 
the address gtven by adclmg 10 (octal) to the cur
rent value of the program counter (denoted 
by.) 

A líne of the list tape 
! 

10 

000 
9109 

10 000 9109 LD fiC'P ,(gl + l(l J 
ltne number tn asscmbiy l<lllguage pro
gram (on sourcc tape) 
locauf'n of thc .nslructtOn 
hexadectmal r\'prese¡~l:ltton of \h•! hi
btt machme languagc word 

LD AC!f>, @ . + 10 = as:.cmbly lz,~>¡~oJ2ge sta!e
ment wntten by programmer on suurce 
tape 

A iine of the objed tape 

r=. __________ ,_o_ot_o_o_o_tr~~------~ 
Thts is a l6-b1t mach:ne langudge eqUtvalent 
of the mstruct10n abovc 

3. The assembler,-a program,--converh a source ta;>e 

o 

tn a hst tape ano ;:,bsolute ob¡ect tape 1n th1s example Q 
from the Nat1onal IMP-16. 

Frorn !cft to right, 000 i~ the o¡w: ation code for 
ADD; 100 is thc Fain·hlld eode for thc TI rer;Js
ter; 101 is ihc code fot• the e rcgifllcl·, and 010 
represents the ma::ik-pr·og-rammed code to sclcct 
the left~most 19-digít field of a rcgister. 

For the Intel 800~, 
CTP STEPl 

appears as the 3-byte in~lrnction, 
01111010 
00110000 
xx001ll0. 

STEPl iR a.'lsurned lo bv ;ln i n•,l1 ta.Lion ~'t.orct1 

ai bi nary loca\ ion 00111 o no l j í)()(¡() Ti IC \; .. , ~ t.W\) 

bytes givc, rcspeclivcly, the lu\\ :; am. )1,,,:. G 
bits of thc addrc::~R. '!'he bits marke.l :-, :u·\' "\:,,n'( 
cm·cs" for ihc 8008. The a:4o..,l~mulcr coulc1 :<ub.--,tJ
tute any bit pattcrn, sincc ihe nwchi11o i~nor.•,t 

thesc loca.t.ions. 

The assembler-a prog1 ,~m 

The a._qseP ulcr i" a ¡n·o~!Tam thal rnc.:-:é G~ Q 
trun on sorne com;H1ter. Onf' a .. o;;sc.nhkt· prn¡.:T:,;n
from Intei-<;an be ioadcl lll~ú :,:,;\L'I'.tl ¡¡J,'O)I l)l" 

ROM chips and 1:''-:t:cutcd bY a mHTocompt. ~ ,,¡- ,< 
the type for which it ¡g ;¡·c;;o;('mbllrw Tlk.s·· :1 !"O 

callcd "hardware ::Ls:Jembl\~r<:,'' hecm•i-c tbt'Y (1.;; 

on the hardware its<.;lf. 
A more common situation is one in wh¡ch ~¡,~,_. 
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MJCROPR0Cf<JSSOR8: New f)p·ectwn> j~¡,. JJcstgnc1·s 

ENTRY 1 

••• 
ENTRY 1 
• o o 

• .. o 

FINISH 

MEM 1 
MEM 2 
,¡, ... 

ENTRY 1 

ENTRY 2 

PLACE 

FINISH 
MEM 1 
MEM 2 

NUMS:::RS OC~AL 
ORIGINO 
LOAD Rl, MEM 1 
LOAD R2, MEM 2 
'LOAD' IS UNDEFINED OP·CODE • o 0 

COMPARE Rl, R2 
DUPLICATE ADDRESS LABEL o o o 

JCOND PLACE 
'PLJ\CE' 1s UNDEFINED ADDRESS 
LABE.L * • 0 

OPERAND MISS\NG " o o 
JUMP FINIS~ 
STORE P.l, MEM; if fli > R2, EX· 
CHANGE 
'MEM' UNDEFINED 0 "' .. 

STORE R2, MEM 1 
HLT 
'HL T' IS UNilEFINED OPERATION "' '~~ o 
= 1732 
= 1840 
NUMBER :;: ·tNALID OCTAL" 0 o 

ENO 

NUMOtRS O(:TAL 
ORIGIN O 
LOAD Rl, Mf.i\11 1 
LOAD R2, W.EM 2 
COMPt\RE Rl, R2 
JCOND GRFATER, PLACE 
JUMP FlNiSH 
STORE Rl. MEM 2'; if Rl > R2, EX· 
CHANGE 
STORE R2, MEM 1 
HALT 1 

= 1732 
= 2040 
END 

4. An assembler provides error messages that start w1th 
"

0000
" in a program w;th error:s (top). The corrected 

program appears at the ~ottom. 

a~memblet· iL-.,elf is :~ritten in Fortran. With 
minor modifications, ~he ¡H'ogn"Lm can be run on 
a.ny computet· that compiles, Fortran programs. 
Thw~ thc deRip:ncr preparcg Hourcc programs, nR
Hembling them on Homc other computct·, to ob
tain the objecL tape ~or the microcomputer. The 
Fortran-written aHHemblers are often made .a.vail
ablc to uscrs th1·ough vat·ious national time-shar
ing, compnter-se1·vice companies. 

Assemblers cont<Jin p~~udo-or.-'eraliores 

Assemhlers pt·ovide more :'lúp.histicated fea
tures. These are usuaíly pseudo-op-erations, or as
sembler instructions, that do not assemble into 
microcomputer mstructions directly but coatrol 
thc assemhly of instructiona that do. Thc more 
significant .and (:ommon psuedo-ops a.re.- a.."i 
follows: 

I.'J Ntll'vlBEfl. ::JYSTEM CB,O,D). I f n lH Wl'llr 

ten, ail literal::~ that appear in opc~rand f~dds are 
inte:rpre~ed n:~ bmary nurnbers. Sim.lariy O ancl 
D establi"lh octal a.nd decimal mocleH. 

1:11 ORIGTN. The statemcnt ORIGfN 256D 
causes the next instruct.ion to be stored ;d. loca
tion 256 (decimal). Consecutive locations are 
URed unt.il another ORIGIN statement appears. 

m COMMENTS. It's coumwn to int.erHperse 
Engolish text in a source file that containR a.'!
Rembly langua.ge. With the selcction of a Hymbo!, 
such as "/" or ";" or ":", the a1:11-JCmble1· ignores 
all syrnbols to the right of the selccteJ one on 
each line of source tcxt. But thc nsscmbler re
produces the symLols in the final list file. 

r:~ EQUAL. A statemcnt ~.uch n::~ Rl =~ PLACE 
establi~hcs that PLACE, all(l H1 can be uscd in
tereha ¡,g-eahly as nnmcs of re¡.ü:-tcr Rl. The statc
ment DATAl =- 53D causes the content."' of 
DATAl to be taken as 53 (decima.l). 

e DATA GENERATING- STATKMI<;NT. A 
statement such as TABLE D 7, 53, 29 cn•ates 
thrce data words storcd in succcssive locations in 
memory. The first loca.tion is labeled TABLE. 

Assemblers give error messages 

'I'he ability of aRsemblers to detect and point 
to a variety of errors in source sLatements is 
one of their most valuable features (Fig. 4). 
These errors are syntactic-they deal with .mis
use of the actual language. Assemhlers normal!y 
cannot catch logic erron; in the program, errors 
of intent OJ' othcr ~ubllc prolJlems. A sta.tement 
that eol1tains an error is pl·¡nl,,d in lh(; li:.;t file 
with a codP lettcr-a flag--bc:.;iclc it. Or the en
tire error mcssage ma,y b0 printccl. 

So me ct>mmon crrors that can be detecte~ in
elude duplicate addresil lahcl. undpfined lab0l and 
unrecog-nized in:.truction mnemonie (dtw pcrhap:.; 
to thf~ misspelling of an opcration codo). OUwr 
detcctal.Jie errors me! u de undefi ned opcnmd field 
name<1, wrong number of operancts and an in
val,Jd nurnber in the numbcr ~ystem chosen. In 
addition an aRse>mbler eot.Jd be made to det<'Ct 
the error· of an ~tddres~' rt'ferr..::d to the 1>ame 
ROl\I page, a.'l in a short JUMP "' hen a Ion¡; 
JUMP is n~quircd. 

Not all crrors of synlax ;.re t!aggl~d in cur
rent mio·oproceP.sor as~ernb\~rs. Fo1· example, 
when the :!abeled address fnr a JFM P or CALL 
instrnction is not thl' st.art of an ext:CLltable in-,, ~v 

str.u_ctíon, tho nrror j~; not genP.rally d~t.ected. 
A macr::J fal'ility---a deluxe fe<ltun: in Hssem

blers-is very uscful whcn similar se-etions of 



MICROI'ROCDSSORS: Ncw Direciums fnr nw;u,,,,;,,, 

ú>de :u·¡) wwd rep~:ücdly hut vanations pt·edudc 
the 118(' of convcnlional subroutll1e techniqucs. 

... Ao: "~~n~~t;-l ._, ~ ~.lll~~·E·d . ...;- '{¡¡;~_, --~¡.~-~-~~~(-~{¡-(:(- of ,...corlc -Or-_:-a; 
' ~=i~()U 1 ,, • l/!ill i:1 dt'ÍiiJ,~l! \\'';l\1 !.....tp'}J jl~\¡ ''Pl<~ip):..;~d'":.J 

:--·;:,-t,t \',d~~~"" :1~:.~~·t :~:,.::..-.':;, l:ttl~::::!·:·. or e-Y~..:n -¡¡~;;~rv~-.:->4 

·-\ j. • :1' ·A n: ·: . , . ~', 'o!uij o[ a macro in vol ves a specllk 
c;:.l·,. ol' l his ;;pqucnce m which all parameters 
han• assJI-!llcd values. 

For thc as:wmblcr to produce a11 expansion of 
the macro, nnly a Hingle Htn.Lemenl need be writ-
1 en-1 ( yo u asRume that lhe macro definition has 
aln•acty been ginm to lhe asscmbler. This state
men l ap¡wa rs at t he location at which the ex
panswn is to lwgin, n.nrl it contains a list of the 
value~. to bt> :1ssig'ned. The AA~('mhler creates the 
cúmpll'i\' e'p:UISIOII whcre requested. 

Ed1tors make ch;~nges 

Erl1Lnr" nm intct·active systems that allow de
s¡~nf'rs to prcpat·e a program, or text, and to 
makt" chan~:t•s "1th simple commandR. Ttme-shar
illg >~<'J'\'It't's, which providc rcmote acccss to 
lnil'rocomputer :IH:-JemhlcrH, have :-~uch editor syR

Lems. ITen<"l' deHigncr.<~ can prepare assembly
language programR and corrcct Uwm. Thcy can 
adrl documcntation and store, combine and re
tnevt~ progTamR. And they can output programs 
onto papC'I' tape and prilltcrs with t•elative case. 

Once a prognlm ha:-~ b0cn writtcn, assembler
fiaggcd errorR l'OJTeeted ancl a binary object tape, 
or lile, ct·ealed, Lhc program must be loaded into 
thc mcmory of the mtcr0computer systcm. 

A 1scmhled ¡))'ograms can be loaded into mask 
Ol' lleld-programinable ROMs. They can also be 
loadcd into ltAMH, in which ca.<1e a small boot
stx:l p lo:t<kr i:-~ t·cquircd. The latter may be a 
mllllrnal program loadcd inlo Hevcral ROMs or 
pEUMs. This boolstrap prog-ram has just cnough 
cap:dJil!i,y to read an objcct t~1pe of a complete 
lo:1der pl'Ogntm, ,which iR placed on a tape reader 
under mieroproccs!'lor eontrol. More oft.en, thc 
bool~trap loader contairts the entire loader pro
gram, and all RAM sp<tce is available to loa.d 
the application pt·ogram. 

Appliration program~:can be conveniently test
cd in RAM before they are committed to H.OMs 
or pllOMR. Howcvcr, if lhey are to be used m 
RA Ms 111 thc final systl'ffi, a Rtartup or reslart 
procPdure i~ IH:edcu. The proccdurc pl't'mil.'l hoot
Hlrapping of lhc mJrrocomputcr into opora.t.ion. 
A pcrnutntmt loador is rcquired in read-only 
memory. 

Advanced loader' featurés 

Thc most elementary binary loader simply 
reads successive worrls on the object tape and 
···-aM +\-,.,,.., ini n Q.ll('('f•f.l~ive locations of RAM 

DECLAíiC: (X,Y.Z) BYTE; IF X > Y -;·HEN Z = 

X - Y + 2, ELSE Z = Y - X + 2 
An equiva!ent set of assembly language statements 
for the lnte1 8008 

OHG 4000 
BEGIN LLI LOW X 

LOC 1 

LOC 2 

LHI HIGH X 
LAM, 
Lll LOW Y 
LHI HIGH Y 
LBM; 
SUB; 

JTS LOC2; 

ADI 2. 
LLI LOW Z 
LHI HIGH Z 
LMA; 

JMP FINISH 
LCI 377 
XRC; 
ADI 1: 

JMP LOCl 
FINISH HLT 
LOW X E.QU 70; 
HIGH X EQU 10; 
LOW Y EQU 71 
HIGH X EQU 10 
LOW Z EQU 72 
HIGH Z EQU 10 

ORG 4070 
LOC X DEF O, 

LOC Y DEF O; 
LOC Z DEF O: 

accumulator conta.ns X 

B·rE'g1ster contau•s Y 
Subtract 8-rcg1ster from 
accumulator 
1f rcsult negat1vü, ¡ump 
to LOC2. 
add 2 to accumulator 

5tore answcr 1n the loca· 
t1on fo1 Z 

accumulator b1ts 
complcmcmed 
2's compiemcnt of X-Y m 
accumulator 

word address of X 
page address of X 

X = O mlti<,:iy. Value as· 
SIGncd elsewhere 

Y = O lflltlal:y 
Z = O lflllodlly 

5 A short, readable compiler statement corresponds to 
many assembly-language statements. 

memory. Thc loader gcncr:tlly starls al a l'I:-.l'd 
origin. A rclocating loaclcr is mn1 P compkx :t11d 

not gcneraliy ava.ilablc. The n·lo:l,llng lna<kr 
use~ n specml objcct ta.¡w and Uw dPslrcd ül'lglll 

data to automatically .1rl¡u~t. u,,~ pn•g-ram ;,,¡_ 

dreHFiCH and load thc resulting h;nar~· :nsi nH·twn~ 
vVith a baRie binary ]oadcr, tlll' "-:111\L' jj¡-_"inliiy 

can be arhie\'Cd b~' rcas:,¡•mbi~· ot Lhl~ on;~1:1.d 

SOUJ'\:e tape 01' flle, bul \\'llh a ch,lllgt• ul' lht~ Oí,. 
gin using- a :-;¡¡¡(ablc ORIGil'\ P"<''''"H)~h'r,lHm. 

o 

o 

Another fL'<'Ütlrc oC mor<' :Hh ;1:1< ,.¡¡ h>,Hlt'l" i,:; 
linlong- cap.1.hillty. lh'l'<' p;·o¡;·¡ . .rn :-;,·~~ !11<'11\.-. ,,r 
1'0\llinPH VI ith 'l11liclillo'd l:tlJ,·]:..; t)l' n:lllh'" ,·;: n ht• 
loaded. Tl~t• J. ,¡(kt· suppi~<•-, 1\ll~·.trl>.' ''~'''"" ¡,·,' ·¡·

enres bet\\'· ,!n llw :>PparaH· nHt•lill'" .\~nu•. tili~Q 
feature can bt~ achit'\'('d by rca.,;.-<L·mbly ol' tht' 
entire collection of prutJ.tlllcl. 

Compilers translate langua~es 

A compiler is a program that ,1cccp~s a:'l ,:,;··\; 
data another program, wnlten m a so-l·,t\kli 
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a Errors m bas1c system des1gn 
difference hetween mtended or desued opera· 

t1on and that ach1eved 
• Errors m bas•c· algonthms 

mcorrect algonthm 
wrong strategy 
algonthm takes too long to execute 
anthmet1c accuracy or prec1sion unsatisfactory 

.u Errors m 1mplementation 
logic error ' 

off by one count 
cond 1t1ons reversed 
data stored m wrong order 
m1crocomputer hangs up m a loop 
data destroyed by overstore 
wrong reg•ster used 

codmg errors 
wrong •nstruct10n 

a Errors m hardwam 
margmal opcrat1'!'1 

rae es 
propagat1or. ouays too great 

wmng error 
mterface Slgnals lnCOrrect 
penpheral device operated 1mproper:ly 

6. Many potential sourr.es of error exist m a microcom· 
puter des1gn. ' 

source langunge. The compiler then outputs an
othcr p¡·ogra.m, wrilten in what is called the · 
target la.nguage. The latter can be either the 
assembly language or a machine language. 

The source languag-e is usually a. high-level 
:Janguage, in which the instructions or commands 
are much more powerful than those of the target 
language. Examples of sourcc languages are 
FOHTRAN, COBOL, APL,, ALGOL or PL/1. 

Compilcrs make the programmer's job easier 
hccausé thcy provide a Ja,nguagc that requires 
Ít'W<'r statcmcnLq for an alg-orithm. Compilm·s 
eliminaic th<' necd to write detailed codes to 
control loops, to ac~ess complex data structures, 
orto program formuias ana functions. 

For example, a compiler from Intel has a sub
set of PL/1 im'ltructions as ils source language. 
The subset Janguage i~ called PL.'M. 2 An example 
from PL.'M illu~tratt:R lhc powerful nature of 
the source-lan~uag-e 'Ím1lruct.ion~: 

DECLARE (X,Y,Z) BYTE: 
IF X > Y THEN 2 -:-.::. X - Y + 2; 
ELSE Z = Y - X + 2. 

Thc PL/M Rtatements are converted by the 
cornpiler into a Requence of assembly-language 
instructions. The instrnctions compute Z after 
they test to Ree if X > Y. If X is bigger, then 
Z = X -- Y + 2 i:s computcd. If X ~ Y, then 
Z = Y - X + 2 i~- compqted. X, Y and Z refer 
to the content.~ of three, single-byte locations es
tablished by the DECLARE statement. 

INPUT S 

A PROGRAIIII 
TO TEST' 

SIMULATOR 
COMMANDS 

EXAMPLE 

SIMULATOR 

PROGRAM 

INPUT TO SIMULATOR 

OUTPUTS 

r DISPLAY OF 
~ SIMlii.ATf[) r>CHAVIOR OF 

l
MICROPR:lCtSSOR RUNI\IING 
[HE TEST PROGRAM 

The program 1tself (machine language in· 
struct1ons produced by an assembler) 

A llst of simulator commar¡ds 
SET PC ""-' O, REGISlERS Rl =- 1, R2 = 1, 

R3 = 1 
SET MEMORY LOCATIONS MEM (100) 

TO MEM (150) = O 
STOP SIMULATION AFrER 20 INSTRUC· 

TIONS 
DISPLAY REGISTERS R-1, R2, R3 
DISPLAY M::M (100) TO M (103) 
DISPLAY OCTAl 
S"tARf 

OUTPUT OF SIMULATOR 
R l = 5 R2 ~ lO R3 73 
MEM (lOO) O 
MEM (10!) 377 
MEM (102) 264 
MEM (103) 113 

7. Commands to a stmulator al!ow des1gners to venfy 
that a orogram 1s correct 

Fig. 5 shows an cquivalent sequcncc of instruc
tions written directly in the asscmbly lang-uage 
of the Intel 8008. Notice how much more diffi
cult the instructions are to undcrstand, dcspitc 
the commcnts. And noticc the increaóled amount 
of writing- rcquired, evcn without commcnt~'!. 

The use of highcr-lcvel lan¡;uagcs has it.q lim
itations. Although errors may be reduccd be
cause of the lc.'l:-icned detail, ncw problcms can 
be caused by failure to undcrst:md :di the con
ventions huilt into Che compiler. Thcrc is also 
invariably sorne los;.; in dficicncy in compilcr
generated code. 

If you rPiy too hcav;,¡y on a compilcr·, your 
mode of thinking may be too far removed from 
the actual microcomputer capabilities. Whilc 
programs are compacl, em>y to read aml much 
easier to write, the net result may be excessi\'e 
storage space and slower execution. 

One solution is to write routines that are trp
ical for a.n application in both the compiler's 
soul'ce and assembly langua¡:;es. The comparison 
helps to determine any loss of efficiency and 
how pignificant thc loss may be. 

A compiler that produces as.sembly-languagc 
code-and not simply machint.'-language words
permits the use of an as::~embly Ju;;ting for tests 
and verification. Also, such a comp1lcr lets tf-e 
designer eliminate redundant data movement. 
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Microprogramming ta!lors designs 

Somo mHTocompuier::<-the National GPC/P,' 
for •'xamplP--can be tailon·d to desig-n rcquire· 
nli. nL:-; t.hroug-h uge of a, mask-prog-rammcd con
trol RO M. In cffcet, thc de~!Íg-ncr ca.n choosc, 
within limiL:-~, lhc basic machine-lang-uage ín
struct.Ion :oJ<'l i f he wriies Lhe microprog-ra.m. 

l'h1s flcxdJi\ity simplifies use of a microcom
putcl· as an omulator of another computer. The 
instruct.ion sct of the olher computcr is micro
p¡·ogTamrnPd into the microcomputer control 
ROM. Exccut10n of a program instruction cor
r('spomls to Relection of the equivalent micro
rou t.1 nc. 

M ic¡·opl'O}.!Tamming can also be w~ed for criti
cal, ~horl routines in applicationi where speed 
is of i.IH' ('S'-encc. The routines can be executed 
fastcr whcn wrillcn i.n thc basic control lan
gua;~e of tlH' micnwomputer. A single maehin~ 
Jang-uag-e m.;;truction trigg-ers the routine. 

Thc mi<'l'Opl·og-ra.m ihst ruction:-1 are more ele
mental than tho .mm al machino-languag-e ilh'ilruc
Lions. Each in.slruction controls limitcd, simple 
o¡wr:üion~ 111 the microcomputcr. A sequence of 
iru.;tructions i.'i rcquirod for most machine-lan
gu:u:C' in:-1t.ructions. Hence many instructions are 
n~¡ui1·cd for a.n ontirc computational rouline. 

Simulator tests programs 

Many polenLial sources of error cxist in a 
TYIIcrocompulcr progratn of even mode::~t com
p>·x!Ly (Fig. 6). A ::~oílware simulator provides 
or:c of thc most useful Lools for testing programs. 

Input data to the simulator consiRt O'f an as
~wmbl0d ¡wogram, or objoct file, written for the 
Hlicrocomputor. In addition various commands 
a1·c availablo to control the simulatcd execution 
of tho prog¡·am (Fig. 7). 

Th(~ Nimulator output contains representations 
oC thc contenL.:; of various rcgisters, flags an1l 
memory loeatións. These are shown as thcy 
woulrl ap¡war inside the microcomputer. The sim,. 
ulator commands allow dosigners to obtain se
leded out.pul.'i' at simulaicd inst..a.nL'I. A listing 
of simulalor comma.nds similar to thosc for the 
lntel 4004 and 8008•·~~- appears in Fig. 8. 

D St;¡¡[ :,lfl)lJ\.IIi¡Jn 

11!1 Stop :.:rnulill,nn rtfter a g:ven ,nurnhcr of cyclc:> 
of s:mulrtled mstruct:ons 

a Stop s:mulat:on whcn the proe<!Ssor reachcs a 
spec•f:ed mstruct:on or memory locat1on 

lil Stop s•mul<~t:on when the cnntcnts of a spec:í,cd 
memory locat:on are <JitcrerJ 

m D1splay any reg1sters, flags, prc,-)am counler, 
stack contents, 1 ¡o por:s. or m<·mory i<JCJt,ons 
spee~f1ed 111 a command anrl r¿,,.-¡gp l, ; 

a Trace the s:mulated m:croprocrs>o• b~' cl:splay
mg elements such as reg:sters wlwnever an 
an mstrucüon 1s fetched frorn thc mernory 
reg1on sp.::clf1ed m a range·l•st 

D, D1splay the number of 1nstruct:on states u sed by 
the m:croprocessor s1nce the last s1mulator 
1111tlal:zat10n. 

¡¡¡ Set spec:f1ed memor)' locat:ons, rer,1sters and 
1/0 ports to speclf:c values to ¡n:t:ai:¿e a run 

l!l lnterrupt t,h~ s1mulated m1croprocessor vnd force 
a CALL mstruct:on 

o 

8. A variety of simulator commands 1s avaliable to test 
m1crocomputer programs 

1!1 Hardware excrc1ser~ 
ra Test programs for i\1\Ms 
e Log1c subrout:nes f, .r m:crocomputcrs wh1ch do 

not have bas:c log•c type mstruct1ons 
e Dec1mal anthmet:c routmes 
1.11 Transcendental functlon rout1nes 
111 Data format convers10n routmcs 
e Teletype or tape dnve mterface program::. 

o 
9. Program hbraries conta:n frequently u sed prog: ams 

As with all computer sy.'lLPms, m¡c¡·ocompuh~r 
program libra1·ies are bcgmmng to form, w1t.h 
contributions from vendors and u.scn;;. A brief 
listing of frequently used prog-ra.ms appcars in 
Fig. 9. 
l(cf crcm·c~: 

l. "PPS-2f>, Progr:unm-.!d Pron"l~n¡· Sy"-<t Pm l'rt'lm\\
nnry Usen; Manual," OeLOiwr 2G, 1!172, Fa:rchud Semi
conductor, Mountam VH•w, Cal: f. !),10 10. 

2. "A Gu:de to I'L/l\1 Progran11mng," ,)t,ly, 1 ~~í':3, 
lntcl Corp, Santa Cl:11·:•, (';d¡f n;;w,¡ 

3. "General Purywq• \.~ontrolll•r/f'nw<·;.""" ((;f'C/l'),'' 
PubhcatJOn No. 42000W>J\, NatH•n.d S•·:ntl"••nduelol·, 
Santa Clara. CalJ f. D:íllf>l 

4. "MGS-4 Mie¡·oc·ompui<T ,';,t. \],.,, r~ i'tlunual," [{,., ,. 
sion 4. FchruaJ·y. 1'17:\, lnl<"l Col')• 

5. "MCS-i'\, HOOH S1mul1üor Sol'twan• Pac\(11~<·," ;:-.;,"·,·m· 
ber, 1972, Inlel Corp. 

o 
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Microconn.puter I/0 Capabilities 

ANDRE G. V ACROUX 
Bell Telephone Laboratories, Holmdel 

Most buyers of microcomputers m·e dazzled by 
the intriracies (Ir CPU-chip design, but the use
fu 1 ncss of a m :nnl'omputet' depends closely on 
its ability to t:'Xi'Íiange data with peripheral de
vices. A wonl ll' the wise: Explore the 1/0 
at·chilectm·e befo1·c you huy. 

A microcomputer's I/0 architecture breaks 
down into these' areas: · 

13 TransfC'r techniques. 
a Instruction formats. 
a Busscs. 
a Bus structut·es. 
e Interrupt schem('~<>.. 
e Memory-acce"!s techniques. 

Three kinds of 1/0 transfer techniques 

Most mict·opmccssors allow for three types of 
1/0 transfcr techniqu~"!-programmed transfer, 
interrupt-program control and hardware eontrol. 
In the first two ca."les, found in most simple ap
plications, thc microproce.'lsor controls the trans
fet·. T n the third case, system hardware controls 
tranHfer. 

When all I/0 operations are under program 
control-with all instructions to receive or trans
mit information included in the program--data 
are transfcrred whenever the corresponding in
struction is cxecu te d. 

To transfer •data, the program add~·esscs a 
peripheral dcvice with an input o1· output com
mand. In sorne cases· the program must fin;t 
check the availability of the peripheral by check
ing it." status a~d waíting until it is ready. Typi
cal of this approach are applications where in
formation ts entered one characler at a time-
as from a keyhoard. 1 In such ca-Res the micro
pt·ocessot· must spend signifkant "overhead 
time" waiting fo¡· the data to be entered. This 
isn't a disadvantage i'n desk-calculator applica
tions, in which the CPU does not have other 
functions to perform. But it might not be ac
ceptab¡e in a real-time monitoring syst~m. 

The i. interrupt-program approach requires a 
1 

¡----e::.::=[_~~~ 

1 CPU • ~~~ 110 Dt:VICE 1 

1-.--J===i 110 OEVICE 

0 

CPU l/0 BUS 

1 1/0 bus structures employ several schemes. A ra 
d1al system 1s the s1mplest. but 1t l!rn1ts the number 
of 1/0 umts (a) A pMty·lme system reduces the nurn
ber of l1nes needed for a d1stnbutec! system (b). The 
iatter system @.Tco'7 comes m a da1sy-chain vers;on. 
w~"Hch connects dev1ces se11ally. 

smallor I/0 overhead thnn that of programnwd 
transfer. I/0 devices can signa! thc microproces
sor by an Intel'l'upt whenever they are read~- to 
transmit or reeein:: infornwt ion. Wlwn informa
tion is rcceiV'!(¡ and 1dem j¡"icd. t.hc microprm't'sso¡· 
int~rrupt.'l iis normal Pl'•I.•::T<llll, .... torcg its ~tate 
and jumps to a subrouline that :.ilow~ it to jJ('I'

form the transfer opcrat.ion. Once the inten·upt 
has been seniced, the micropr0ccssor returns to 
the state at which it was int~!!Tupted or somc 
other predeterminecl state, and it rt>.'mmeg its not·
mal operation. 

Tlus approac h allows the rmcroproccs~lJ' to 
spend a minimum of time set·vieing- an l O de
vice. Hence it ean perform more operatio·ns or 
hanrlle more pel'ipherals. 

I-tardw~~re control of information transfer was 
not' us~;d much in early microprocessor a¡Jplica
tiol'is, but mo¡.,;t newer CPl)s can uccommodate 1t. 
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Tiw mcthod requtres a 'it;.;niflc.tnt arnount of 
:.dditwnal hard\\are, :o~ince the !/0 devtc(~ must 
.niltatt· and t'ollll·ol, lhe d,1ta lransfcr threctly 
nto or frmn nucrocomputer memory. 

l.~uL "1e soLtware ¡.;upport 1~ minimal. lt is 
l1.1'11teu io the initiatwn, termmation and recovery 
:t·,p.:cb of the transfer. Thcse aspects are per
f,¡rmed aut.omatically without microproccRsor 
tllll'I'\'Clll 1011. 

Thc hanlw:! re-control approach, also known as 
tl!rect-memory acce~s or data break, can be used 
lo tran~fer blocks of characters directly between 
a peripheral device--such as tape, cassette or 
floppy disc-and the main mícroprocessor 
mcmory. 

1/0 !ílstr uct1on formats differ 

Tiw handl;ll¡/ of prog-rammNl I/0 operations 
\':lrll''' ;-;wnliicantly from otll~ microprocrssor to 
:llh'lllwr. Ivlost microp1·occssors have special I/0· 
i1:strwtwns of varying lcngth. But :'lOme don't 
llave any; t he l /0 port." are trealed as if theY. 
wero RAl\'1 locations .. 

One of the sunple .. qt ex,ample1'1 of a special l/0 
instruction i~ that of the si11gle-byte instruction, 
wit.h a d1ffercnt WOJ;"d for each l/0 port. Typical 
1:-~ the I /0 instn1ction format of the Intel 8008: 

01 RRM MMl. 
The five RRMMM bit.q define 1 of 32 (2-·) pos
i'llblc 1/0 opcratwns, where .RR = 00 implies one 
of cight input opcrat.wns and RR ~= 00 one of 24 
outpul operations. 

Thc :Ylostek fJ06!1 has two types of single-byte 
inst¡·ucions. One provides ihc usual I/0 opera
tions fot· 16 input a.nd 16 output ports:· 

lnp11t ac..:umulator command 01 10 XXXX 
Out.put accumulator command 01 00 XXXX 
Tlle sc('ond type has this' form: 

in¡ntl accumuh~tor skip 01 11 XXXX 
Output :L{'('Umu!ator RkJp 01 01 XXXX 

Dtl!Jng the e.,ecutJon of ~hese I/0 instructions 
(which can be used lo access citht~r the same or 
dirTcrenL J.!O ports, depending on system con
figuralion), th(' CPU t1~.''ll." .:1 !1ag bit, which may 
be eontxol kd hv lhe ~:u Id rc .. ..,sed pcri pheral. When
eVPr the flag- lnt is a ONg, lthc nexl two bytes of 
¡nstruetion are skipped. 'L'his option simplifies 
the ciJalogue bPLWcen CPU and pcnpheral. ne
pending- on a penphe1 d's ~~tate of reaciJne">s, the 

1 

progTam can perform an immediate bt·anch 
Dt•Hpite the c-xtn·mc s¡mplicity of the 1 :o in

::ltructions for the Intel 8008 and Mostek 5065, 
this npproach limJts the number of 1:'0 ports 
that can be addressed. With the 8008, the number 
iR 32; with the 5065, it's 64. In adthtion, 1/8 
(R2!256) or 1/4 (G4/256) of the pOR'libh in
struction words al"e used for J 'O alone. Hence 
few combiuatíons are left f'or other purposes. 

1 
1 
1 
1 

.__ __ ,,¡:=J 
---------t 

[REAO_S_T ..... U_U_S -B-IT---, 

l'h.,CO 

SERVICING j> 

YES 

L-------.- NO 

e 

'" 
' 

CONTINUE 
l 

J 

2. Peripheral deviccs can be polled penod1cally to ftnd 
1f any need serv•ce. However, th1s s1mple techntque 
can be t!me-consummg 

Sorne microproce."!Hors use a multilJ:v·tr I;O Jli
struction, allhough lwrc, again. th.~r'' are Rig-
nificant variations. Inlcl's 8080, for t'Xamplc, em
ploys a 2-byte [/0 intruclion with thc following 
form: 

1101X011 
AAAAAAAA 

The first byte s¡wcifics an input or ottl pul in
struction (depcnding on the YahlP ol' X). Th' 
::-;econcl byte chst i ngu ishes lwtwct'n n:-- m:u~.\· :1 '-

256 input 01' Olltput Ck\'ll'I'H J Í<~11l'l' :l :·,·\\ rPni\ll

ll<ÜÍOIIS of in:JLructionH ;11low t.ile U.'\l' nf man)- 1. ~) 

ports. Ilowcvt'l', twicL' a:-; m:1ny byl\'.-; ui u•lltl'l 1 
memory are needed. 

A different 2-bylP 1 .. 0 im1tructinn b 1ound 111 

the Hocln\'l'll PPS-8. Tlw 1111•'1 OJ)I'lW'' .;,n· 1~ de
sign('d to opcrab' \\ ith u¡• !o l(i 1~<'1 ¡",,¡¡¡, tllc'l'-ell

hancing líO d,·\'1' ·,;, t•aeh ,·,f \\hiL'h h;t~ ,,,,, t:.hit 
ports. So.ftwar· control~ t.he de\'ll't'~. ;tnd itttl'nt.tl 
rl'gistenl gtorc control and :-.t:1tu!'1 lnformatJOn. 
The I/0 inslrul'l.ion ha~ thl:-- t'~>n:L 

o 1 o o 1 1 1 o 
AAAAXCCC 

where the first woro llldic:lle~ an I !() OlJCr;"\tw,; 
AAAA define.." one of lG I :o clPVICL'S, X spe..:l:·t~·:-. 

o 

o 

o 
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an input or output operat.ion ami CCC determines 
whi('h regisler within the device is being ac
ces:-~cd by the CPU. 

From a comparison of :the I/0 instructions of 
the Jntel 8080 and the Rockwell PPS-8, you can 
see tnat there iR a tradeoff for a given number 
of in:-~truction bit.~. The ttadeoff is the total num
bcr of l/0 ports vs the intelligence built into the 
intet·face deviccs.' 

However, it's almost always possible to use 
memory addresses for I/0 devices. I/0 ports are 
considered as if they were RAM loc:üions; an in
put is performed by reading memory andan out
put by writmg into it. Though a program may 
look somewhat more obscui·e (l/0 operations 
become more diftlcult to spot if the program isn't 
docunwntcd), ('JH·rnlions perfonned on input 
data can be t.ho1't' of'sociatect with RAM data. For 
l'Xample, :uid, t' ,·,lp:tre and tc~ü bits. This tech
nique also allo\\..., for f["(humher of I/0 devices, 
limited only by Lhe sizc 'of the memory that can 
be addrf'sscd by the rnicroproccssor. 

This approach has hC'en cho~cn by Motorola 
for it.o.; l\16800 mict·oproce~sor, whieh doesn't have 
any instrudions reserverl for l/0. The JlJumber 
of bytes for 1/0 operations--typically one to 
threc--depcnds Ón the type of operation and on 
the addressing rriode. Special peripheral circuits 
in the MG800 fhmily-Huch as the Peripheral 
Interface Adapter or the Asynchronous Com
munications Interface Arlapter-are designed to 
be compatible with this approach. 

The ncw National PACE processor doesn't 
have any special'I/0 int\tructions either. Like the 
Motorola MG800·; it relies entirely on the address
ing- of l/0 ports as if' they were memory loca
tions. Hcnce all memory-reference instructions 
can be used to perform 1/0 operations. 

lnformation travels on busses 

Parallel lines. and oontrol logic, referred to 
collectively a,.'l the l/0 ,bus, transfer information 
between micropt"ocessor· and 1/0 devices. The bus 
contains three types QÍ lines: data, device ad
dress and comll)'and. , 

Data lines consist either of one bidirectional 
set' or two unidircctional sets. In the latter 
ca.<;e, one sct is used exclusively for inputting of 
data to the CPU and the other for outputting of 
data. In most cases th~ width of the bus-num
ber of lines--equals the word length of the micro
processor. 

Device-address lines are w~erl to idcntify I/0 
devices. The theoretkal maximum number of 
available addreRs lines ;changes significantly from 
one mir.roprocessot· to another. It depends on the 
way I/0 opem\ions a~e handled. The number of 
l/0 port.'l can: vary from 32 (or 2'', as in the 
Rockwell PPS-8 or lntel MCS-8) to 65 k (or 2' 8 

as in lh(~ Motorola M6800 or National IMP-16). 
Command lineH allow a periphcral to indicale 

to the CPU that it ht!.~ fmiRhed it:-; prcvious oper
ation &.nd is ready for anothcr tr:msfer. 

Othcr lines are also present. You can find in
terrupt lines on which devices request service, 
enable or disable lines that can be used to con
trol the interrupt, as well as lines that provid~ 
timing whenever required. 

The different busses are frequently combined 
on the same lines to simplify construction and, 
in sorne cases, to reduce costs. However, this may 
increase the number of control lines. The extra 
lines are needed to extract the necessary infor
mation from the common bus. 

Three ways to structure the 1/0 bus 

I/0 bus structures can take three ditferent 
forms: radial, party-line or daisy chain ( Fig. 1). 

A radial-bus systern connect.~ each l/0 devicc 
to the microproccssor through a dcdicated set of 
Jines. It does not allow the connection of more 
than onc I/0 unit. Bec:\iUSc of its simplicity, a 
radial bus provides a conve11ient solution, al
though it isn't usually compatible with the limited 
number of CPU pins. However, it is a possibility 
with the Rockwell PPS-4 system. 

A party-line bus is time-shared for data trans
fen; betwcen the CPU and many I /0 devicc..~. lt 
must provirle mcans of identifyi11g which devkc 
is being called on at a given instant. It docs not 
allow the simultaneous use of more than onc I/0 
unit. All devices are accessed in parallcl, and thc 
choice of one or another is eontrolled entircly by 
the microproecssor. This bus structure would he 
justified mainly in tho case of a distt·ibuted sys
tem, since it. would significantly cut the numbct· 
of required lincs. 

A daisy-chain bus is very similar to the 
party-line, except that the connections are made 
i'n serial fashion. Each unit can modify the sig
nal before pasRing it on to the next device. This 
approach is used mainly for sig-nals relatcd to 
interrupt." or polling circuits. Whenever a de
vice requires service, it blocks the si1,~nal. A 
priority is thus established, since the devices 
that are close."t to the micropro(·essor have the 
first chanee to rcqucst service. 

T1he Fa irehild F -8, fo1· exampk uses the daisy
chain concept to organize it." int~rrupt priorities. 
Each RAM or ROM chip-which also provides 
I/0 ports--can accept one interrupt input. And 
eaoh chip can conne<'t to its neighbors to estab
lishi priontics. Thc dai¡;~·-chain techniquc is also 
used in the Rockwell PPS-8. 

Genemlly a system 's bus structure depend~ on 
the CPU used. Pin-limited, first-generation C~Us 
have a single bus that must be timc-sharcd be
tween memory addresses, instructions, input ~wtl 
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------
INTERRUPT REOUI::ST 

OETERh'IN( PRIORITY 

RESPONSE TIME COMPLETE INSTRUCTION 

STORE STATE OF MACHINE 

------
S111Rl SUBROUTIN E 

SUBROUTINE 

---END SUBROUT IN( 

RESTORE STATE OF MACHIN[ 

-----
RESUM[ PROGAIIM 

3 An •deal mterrupt-service rouúne automat.cally saves 
the st<~te of the microcomputer and then restores it 
alter the mterrupt has· been handled. 

out ¡mt data, dev1ce ad<lre~s(':-f and l'Olltt·ol sig-nah'l. 
Thi~ tinw-sh:tnng- rPquirPs invo\vc<l pcriphcrnl 
cireuiLry, conHistuw 'of mtmcrous \atcheH, mu\ti
plexet·s and Liming- ctrcuitH. Also, output infor
matiOll has lo be latched before it can be directed 
towarci t he appropriatc oulput devin.'--usua\\y 
anolhcr latch. 1 {cnce output bus structures usual
ly hnve to he of the party-line type. 

In :,ccond-g-encration microprocessors more 
than twice m1 many pins ar~ available. Typically 
thcrc 1s a bus for addresse!3 ancl another for in
t~tructwns and dala, and m<'1st control signals are 
direcllr a<:<"l'ssible. Althoug'h sorne time-sharing 
still is nccdcd, there's no need for two-stage buf
fering betwcen the CPU and output device. 
Never1 heless 1!0 busses employ a party-\ine con
figuration. 

Moreovcr more microprocessors are allocating 
one o1· more pi ns for externa! flagH. For example, 
the National J:rviP-16 has t\vo flag bits, while the 
newer PACE. chip off•'rs four external ftags. The 
1\1 os te k 5065 has one external flag. Al\ of these 
flag::; simplify programming when a single bit of 
information has to be exchanged. 

lnterrupts need servi,.,:ing 
\ 

Sorne applicationf;' require that. a pcripheral 
device be scrviced as soon tas possib\e after sorne 
external c0ndilion has occurred. In sorne cases, 

e:.~¡JCcially whcn the microcomputcr is not vcry 
hu~y, lhis can he done by program control. But 
most fr..:qu,~nLly it's 11ccessary to e::::Lahl¡:;h somc 
sort of¡intctTupt strutture th~tt. allm'vs nsynchro
nous ckternal evcnls to change .thc processing 
!l('f¡lH'HCC. 

When mterrupt facilities <He not availahlc, the 
only way to find out wlwther a devit1; rcquirc:-:; 
servicing is to intcrrogate iL pcriodic.dly by in~ 
putting a status bit and testing it. Wlwn t he nePd 
for scrvice is identified, the program hranLI.•·:-: lo 
a special subrouline, at the end of wlucl• thc 
program returns to its regular operattoJI. 

This technique is quite easy to implement 
(Fig. 2). But significant time could cln¡1sc be
twecn the moment scrvice is requcHl('(l and thc 
moment the pt·occ:-;sot· rt'l'ugnize~ it. The t;me 
can he le~sened if thc prog ram ;;ih .,n ;¡ sm:11l 
int.errogating loop (rlaRhcd line in Vi~~- 2) or. if 
the microeompuler i~ programmcd lt• 111tcrrogate 
the inputs frcquently. NP1Llwr casl', howeve-1·, 
repr('sents l'fficit>nt use of a micl·ocomputcr. 

'fo eliminat.c wmüeful loop;¡ "it h01.t :-.a('rilice 
in spcl'd, most microp1·oce~~or~ ltavc <1t lcast one 
intcrrupt' input. Whencv('t' an interrupt <Hcur~. 
the microprocessor termínate~ tho in~\ntl'lion it 
iH executing and branchc~ immediately to n 
service subrolltine ( Fig. :)) . Ideally ihe suh
routilw should do thc fo\lnwin¡r: 

m Savc lhe mict•oproce~:-:ot· "slall'"-all t lw in
formalion eonlained in thc a('l'llmulnlot·, t\w 
registers and the intcmal Oag- flip-llop~. ('fhis 
operation isn't a.lways simple.) 

•. m Acknowledge the inlerrnpt signal on a spe
cial line,: when it is ava.i\n.b\e. 

13 Perform the operation called for by tho 
interrupt. 

1!1 Restore the stalc of thc mn.chi1w. 
m Resume cxecution of thc prog-ram. 

'fhe e\apRed time belween mll'nupl and t h\~ 
slart of thc intC'rrupL-handling :,uhroulinc i~ 

~alled t:he "response time." 'fhc dil1'crC'llú' lle
tween thc total time elapsed nud the actual ~.·xc 

CUtion time is referred to as the "ovrriH~ad." Dot h 
times should be kept as low as pos~ible. 

lnterrupt capabilities vary 
!} ,1 

.. The cnpabilities of microproet.':-..-,•ll':-; can \ .1r.' 
considern.uly in the way th(•y ~a,·e tlh· :,tat~ upon 
receJpt.iOf an tn:errupt n'q\lt':--t all<l ¡·, .. ~ 1)1'<~ t hi" 
state upon co:->',,tction of ::-Pnicin~. For \he Tnt·~l 

8008, for inst...'1.nt:c, an extcn~in.~ amount of ~oú
,1\vare is rcquircd. A nd add1tional hnnl\\';n·e i::. 
necessa.ry for ~aving, .ü ka::~t tem;•ur.tn:y, ·,lw 
accumulator and one of th,) n•gii'lo..·r~ You r···uld 
nvoid the extenwJ circuitry b.v l'l'H<'I'\'lll;! twP ,l[ 

the seven internal registcrs exclusivl.'!y tor ::;tatu~ 

o 

o 

o 
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OUTPUT¡ DATA -
BUS 

OUTPUT0----' 
CONTROL 

INT!::RRUPT 
SIGNAL 

l 
INTERRUPT 

( PRIORITY r--") 
ENCODERl e rVECTOR 

1 ) 

4. Either an eno:~bie! dt:;abie function or a prionty struc
ture can be obtome•:; ro •dtly for: a mtcropmces~or that 
has nerther. A conv<;>rmonai tnput port can be ,used to 
control the intern . .¡)~' :nput. 

~aves. But speerl and pro¡~ram eflidcncy proba.bly 
wou\d hl' 1mpa;r~~d. 

N ewct· n1H.ToproccssorR, su eh aR thc I ntel 8080, 
,Motoroia !\1.1)800 :ll!d National PACE,, have Sl~e
ciHl inl'llntciions .that snve lhe ~tate of the micro
compute¡· by pushing .'ltatw-; information into a 
push-d,m~n. or last-in firsL-out, slack. 

For tho!:'c application::-~ that have fcw inlcrrupt 
sourccR, the MoRlel< 50G5 ofl'er~ a unique ~olu
,tion: I,t inrorporatcH three indeprndcnt set>~ of 
,accumulntors, progTam pointen; and, link fiip
,flopH. WhelH~v,er an inlel'l'upt occurs, thc proces-
1S()I', can s1mply ¡;hift from one leve\ of opcration 
to the next, lhus making, H,tatw; saves and re..~tora-
tions unnccl~->sat'}'. ,,, 

Reccnt microproccHsors-such M . the Intel 
8080, Mostck 5065, Motorola M6800, ~nd Rock

, y.rcll PPS-8-have Interrupt Enahle and Inter
rupi ,Oi:-mble instí·uctions lhat set or reset an in-

1tcrnal interrnpt1coniroi flip-flop. These ,a.ll0w thc 

1 disablm~ of the inlerrupt rcqucst, whenever 
11L'<'c:4sary. In micropt•occHsors not having this 
fpature, ihc OlMly way lo achieve thc samc re
sult i~ to use extecnal h:u·dware Lo gale thc, intct·
,rupt ,sig nals. Thc hardware, in turn, can be con-
1trolled by a conventional output (Fig. 4). 
, The, MostPk, processor employs two 8p~ial in
,structiont:~ to control ihe enabling or disabling 
of, ils inierrupt; Thc fm;;t has the forrn 

O O O O 1 O M, Mn, 
,which, allow:4 a· dP~~igner to enable either Inter
,rupt J, (.M,) or Interrupt 2 (M,) or both, by 
m~.l~ing the approprÜ\tf' bit a ONE. 

The seeond instruction ha.'l the form 
, , O O O O , 1 1 M, M"' 

which allows n designcr to disable either Intcr
rupt 1 ,(M,) or lnten·upl 2 (M,) \H both, by, 
mnking- ,thc ,appropriU:le bit a ONE. 
, Th~~ ~ACE, ~icrop!toccssor ha.q a status re~is
tt>r th~ü rP .. "If~rvp_q 6 of its 16 b1ts for interrupt 

control. Onc of ihe~r: bits can disable a.ll of lht: 
interrupts. It i~ automal!cally set to a ZERO by 
.thc inicnupt fwrvicc rontinc, Lut it can be reset 
bv ~oflwan~. The fivü other interrupt-control b1ls 
e~~h enable or d1sable onc of the four interntpt 
inputs or a built-in intcrru¡Jt lhal is generated 
whcn the stack is full or empty. 

To control ihe status bits, howPvcr, you must 
use a few Jnslructwm¡, TheRe load one of Lile ac
cumulators or register;,; wiih' the in formation and 
ihen dupheate 1i ill the flag regist.ers. 

Each i'iourcc of an intcrrupt signa\ is usnally 
aRsociated w1th a program-controlled Arm flip
flop. A programmer can cnable (Arm) or disable 
{Dism·mJ one inten-up<;, Hource without afl'eet
ín¡.:- the othe1·s. UntJl tnc recenl mlroduction of 
improved support 0ircuif.ry, this feature- could 
be implcmen1 ed on\y wnJ:. exiernal hardware 
undcr oulput control. 

As~igning priorities to interrupts 

Int<wrupt rcque.:<ls ~re frcqu,•ntly a~~wned 

pnorities. Whenevcr two il1tPrrupts occur sinwl
taneou:-ily, the one with thc higher pnority i~> 

c:on;:;idcred first. Furthcrmore a h1gher-priority 
interrupi can interNlpt, ihe ::wrvice rouiinc of a 
lower-priority interrupt. MosL microprocp,sors 
don't havc huilt-in prionties, and these TnUl--L he 
handled Either w1lh sol\ware. extcrn:d hardware, 
or hoth. 

Among the cxceptions aro t.he Moste!.;: :50G:i, 
w hic.h obtai n.-; two levl'ls of 1 nt erru pts t\1 roug'h 
Lwo pins. Also, Nat iona!'s PACE a:-.Hi¡rns priori
ties~~to its fnur mt.errupt inpuL'l, and so dors thc , 
,'I'osbiba TLCS-12 to its eight 111tcrrupt inputs. 
Of eourse, the daisy-chain sln1cture in Fmr
child's F8 or Roekwcll's PPS-8 automatieally 
provides prioritlcs. 

lvlost m1cxoeomputerH Jwve a single-leve\ 
inlerrupt: The intcrrupt c:m~<'."' a transfer of 
control to n prcassi¡rned memor·y location that 
contains thc bc¡rinning of \he ¡H·ogrammcr's in
tenupl-procossin¡r rontinc. \Vlwn more than onc 
dovicl~ may cau~c thc illterntpt, the pro~~ram 

musi poll al! po8sJble :".ources lo determine which 
rcquireH servici n¡r. 

For sorne mieroprocessors--for example, Tn
tel'g 8008 and 8080--LlH' interrupt is "vcctorccL" 
\Vhenevc1· thesc umts receive an interrupt re
quest, the mJcl'oprocc..sso!· immedi.:~tely intcn~
gates a few input bits ( the \'CCtor). Thcsc hit.:; 
l'>pecify one of severa! addresses-t~ pically eig-h: 
--and the progTam jumps to these to find the 
n.pprupriate servicc subrouti1w. Vt:>ctor in~cnupt 
makcs polling unn.~es::;,¡ry whenever the mnnLer 
of interrupt sources h' smaller than the numoel' 
df"fincd by t.he vector. 

In ::-~omo cnscs--the Jntel 8008 and S08G---tht~ 

vector m ust be con~trueted. wi lh cxtcrnal i1,: •·d-
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:, A d•rcct-memory access facility permite; efficient 
transfer of large blocks of data between memory and 
penpheral dev,ce. 

1 1 

w:w_• th;•l Pth:odt'" thc etghl inlerrupt conditions. 
Th1s ean lH~ aehH~\·ed ca~·dl~~ wilh priority cn
cod(•J'A likc Llw :C.N74l4R. In othcr caf'les-such 
a:-~ tlw National PACI<:-the vcdor iR automati
cnll,v constructcd \Vtlhin lhe CPU. 

Mult.iple-levcl inlerrupls are not found very 
frequcntly in prcsently' availa)..\le microprocesRors. 
The exccptlonf'l include lhe Rockwcll PPS-8, with 
three lcvcls (one of which is dcdicatcd); the 
Toshilm TLCS-12, with cight leve!:-~; the 1\-loRtck 
50G5. with two levch,·,· and the National PACE, 
wi th fou ,. leve]:-~ . .Mult!plé-le\;;;¡-r¡-;t-z: ri"li ¡11~-nlró\\:l 
tlp:~-mv,- ~-ii·(>,-c;;~v-r ·t•i· -cldeníJinc-. imHwd¡.¡l(ily1 
\\:,~1ch d1·. H.:.; ;,.; n:·\'¡ll¿:.,_ling··--~m ·intct'ru-¡:íf. At the 
same time multiple lcvels simplify a:o~signmeni of 
inlerrupt. priont1cs by eliminating the need for 
spec1al liardw<lre or software. 

Many appl:caLionR r,equire, the faslest poRsible 
transfer of large amount.." of data hetween the 
microcomputer memory and peripheral devices. 
System cfllcicncy can be increased by avoidance 
of time-consuming programmed word transfers 
in which the microprocessor supervises each 
operalion. 

Increa..'ICd cfficiency can be achieved by addi-

1ion of a direct-m•~J<Jrll".Y access (DMA) fartl1ty. 
IL nllows an J/0 dn·,cf! interface Lo "s~ ¡•,d'' a 
memory cycle from Llw. program and t r'~lnster ¡, Ü 
word of data dJrecth· from or to a rr.c·mory arl-
dresH ::~pecdiecl in a spc.cial addt·css regi~tel'. \V1th 
an automattc int:remenL of lhc ~tdth c·;o, rc·;~i;..lcr 

after cach word t.r:tJlsfer, succc;c.,sl\'C wot cb of 
dala can be transferrcd into suct:e·~:-.i,·c mernory 
locationl'l. 

A separate, worcl-count register kc~e]1'; tr. ,, (•i 

the progrcss of the transfer. Typ1cally U:c 1 t~g ¡-;_ 

ter is loadcd at the bcginnmg of thc opcrat10n 
with the number of elata worcl'> lo lw t ran-~ t'crrcd 
and decrcmenled after each tranó'fer. On rcal:h
ing zero,\the word-count register s¡gn,ti:;; the com
pletion of the transfer operation by generaling 
an interrupt signal. 

Circuitry initiates memory cycle 

Adrlitional control circUJlry Íl'l al~o l'l'IJUired to 
initiatc the memory cyck, once lhc d;lt;l a:·c 
rcad,v to be tran!-1ferred (;·'ig-. 5). T]¡¡,; cJrcu.tr~· 
depend,; on lhe CPU used. :\llhough most S-hit 
CPUs have DMA capabiltt H'!-1, the proiJlt:rns of 
implemcntation can vary sJgnificanll,\· l'rom one 
unit to another. 

Direct"memorv addresR can bt~ inlt1atcd cither 
•1 • o 

by a ,PCI~iphcral device or by the microprocc:-.;;or 
In e1lhcr case programmccl eontrol lo:tds the ncl
dress regi:'ltcr with thc address ot llw firsl 
mcmory ·location, and thc word count 1 t'J.!I:-.!1-r 
wiLh lhc total numhcr of wonls lo be transfel'l'~'d. 

:, Wilh the Intcl 8080. a Hold lllput <~.~ n be 'W·,('d 

t~ request the CPU lo en ter a slatc in wh1ch 1 he 
following occurR: The data bus and 1 he adclt·e:-;s 
bm; go to their high impedance stale, thus :li
lowing an externai clevicc to gain ronl rol of th:lt 
buR. The-CPU acknowled¡;es thc Ho:d inpul '\'\tth 
an acknowledge ::;ignal on its HLn1\ ptn. 

In the Mostek 5065, the same re;..u:t is olktill
ed, respectively, wilh WAIT (mpul) and D:.\i.A 
(butput). 

The most efficient way tu 1m pJem,·n t n i\'1:\ l:-. 

given by the Rockwcll PPS-8. A "lH''-i:tl, ;¡•lt!.
tional chip c.;'Ul be ugcd to conLrol 11p to ~,e, en 
indcpendeni DMA opcr:1 1 ionf\. 

o 
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Table l. Typical applications for mkroprocessors. 

Desk-top computers 

Automat. typesettmg 

lnventory control 

Pomt of-sale term1nals 

Tclecomrnumcatron swttching and control 

Chem:cal analyzers 

frl;¡nufactunne control systems 

Smart mstruments 

Machme control 

Multiprocessor mmtcomputers 

Adap\1ve traff1c-control 51gnals 

rlevl'lopnH'llt 0C bn!er word-lengih systems that 
a1·c rloRf'r to t ruc compnter architecture. This 
cvolution hn.'i rcf'ul\Pd. in the microproccsRor, for 
compntal ion and contról applications besidcs 
cak1!lator::~. 

Mo~t mil'roprocesso1·s :u·e 8-bit machinc::J, while 
calculnton~ ww 11-hiL wonl Jcng-lhs but are flexi
ble enou~h lo handle long-e¡· wordH. In nddi lion 
pandlel and Rcrial mn.chinc~ arc''ava.ila.blc, so lhat 
a varidy nf me1:1ory eonfl¡.;ura .. liom; can be uscd. 

Basic cons1dcrations tn system designs 

Rcgarrllcss of which •approach is takcn-ran
dom log1e or micropn:ccssor_:.the deRign of a 
systcm call;.; for a preliminary 'evaluation of the 
requiremel' '~~- Sorne of the general considerations 
are as follnws: 

e Functwns to he performed. 
e Aml'llltL of h~trdwa.re required. 
lll Tim1ng speclfications. 
a Memm·y requiremeht.''l. 
The nurnbcr and lype of functions to be per

formed det('rmine the 'basic rurchitecture of the 
system. S:v:-~tems that opcrate continually on new 
datc'l. can be built casilyiand chN1ply with random 
logic, espociaJiy whcre lhe decisions are few and 
fllmplc. But in sysLcms with related functions, 
which rcquirc anLhmcl.ic, logic control or de
cision-making opct·atJonR, niicroproccsRors are 
the way lo go. For systems ret]'uiring a knowlcdge 
of past opemtíons to perform: succcedillg opera
tions, microproccssorS::allow a greater reduction 
in ha1·dware. 

Generally any Ry~ü .. em that can be laid out func
tionally like a computer ( Fig. 2) can use a micro
pl·occssol· ;1..c; the ba.sic, building block. The basic 
computer aJ·chitccture allows- continuous and re
petitivc u::~e of a.. mínimum of hardware to per
fot·m a maximum of functiona..l opcrations. And 
tho uso of scmicondudor memories boosts effi
ciencics, thank::~ to sini.plified \memory addressing. 

Processtng osc!llographic data 

Bankmg termtnals 

Automoblle dtagnosttc testers 

lntelhgent data termmals 

1/0 channels for large computers 

Med1cal electron1c systems 

Low-cost radto nav1gat1on eqUipment 

Opttcal character recogmt10n (OCR) devices 

Automated test ftxtures 

Automattc ttme clocks and payroll systems 

Also, .c;ystems that can opera te on a hn._, >'-t ruc
turc for data fiow furLhcr permiL microprot:r--::-,m·s 
to minimizc hardware. 

Hardware rcquil·cmcnt-H d€'Lcnmnc thc phy~1cal 
size of the systcm. An. cslimatc of !he ammint of 
hardware needed can be dctet·mincd by nnswcr
ing- flUeslions likc th~::~e: 

e How ma,ny inpuL and output C'hanneis are re~ 
quit·cd for data aequisilion and trans1mssion '! 

a Do all input and output chamwls use thc 

o 

samc 'data ratC's? Q 
111 Are all 'input and output channels ha11dling 

equal amounts of trame? 
m Do input and output c.hannels opcrat~ se

rially or in parallel? 
1r.1 Are the input and output channcls randomly 

selectable or do they operate 111 sorne prcdcter'
mined sequen ce? 

Ba."!ed on a detailed analysis of these questions, 
a preliminary layout of the system should he 
ma.de, with, both random logic and micropi'OCC..'l
sor circuiiry. Thc difl"erences in the hardware 
required will become apparent, and for sorne sys
tem!3, the d.ifferences will be startling e11ough to 
point to substantial savings with a mtcl·op¡·oces
sor approach. 

System expansion necds shonid ;il"o i ~·· kc¡'i u• 
rnind during this phase ot" dc·-:1g-1l. Ol :en !1:· ·t. 
esllmaleg of hardware rcquiremcnts at't' , Cll

servativt>, bccause dcs1g-n details ;1rc not <LV<l!Í

a.!Jic. \Vith.a.. random-logic approal'h, ,lddJLJ<.n ,,f 
hardware for incrcaRed c;tpabil!Lll'" m;¡~- i•(•: l•,' 
pos~ible without a compl~·te lt'lk:O.l}'li. ;;·.t \'. li:l 
microproce..-;sors, the expan"ion l·an ,,!t<'n ,.,; 
rea.dily accomplished by mmor ch:u:¡:·'~' in tlJc: 

f
. í 

so t.wa.r.e. · Q 
Timing requirc.ncnts can pose spc<'ial ~ll'lJ·.¡(~'n'" .. 

wnen microprOCCS.'\01'~ are ll 4 t'tl. The\' :lc'l' :;:,)\\ <.'!" 

tha-n n1ost comput.ers and no\\ ]¡,_•¡ e iH ,;- ;: ,,.,t 
as random-logic circu1t.-.. To de: ,·nnr '" · rk''''; re-
quircments, consider: How mtH'h lurh: , : :, : ·~· 
allotted to service input all(i output d~v1c'"' O(:-
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fore data is lost? 
For example, miuoprocc:o.:,.:ors cannol supply 

the c.ontinuous output dala for a CRT dis-rJlay
especially one tha.t ia continuously cha.nging. 
However they can supply updated infotmation to 
an output rlevice that services the CRT. But 
hign-speed dala, channt"ls have to be serviced so 
often that they can consume an excessive p€r
centage of the over-ail' processing time. 

The over-all timing includes the percentage of 
time required for eac.tt operaUon (allowing for 
ma>..imum and mininw.m valu8s). In sorne cases 
the system rt..>quires ln1ffer storage of input or 
output data to meet timing specifications. 

Other qucslions to be a.nswered for a timing 
analy~ifl include the following: 

111 How soon 00es (.~·La ha.ve to be a.vaiia.ble7 
lll Hmv quickly do ':iJStem fundions have to be 

performcrl? 
9 What are 1 h(· syst'::m p!'iorities-which chan

ncls havü tn \9(' pro~essed immcdintely or more.; 
oftcn thn n othen;? 

Both randcm-log iC:; and miCI'op¡·oce.qsor sys
tems rcquin· l'lome memory storage. A chccklist 
for thi~ part·

1

of lhe 'rlcsign flhould contaiu the 
answet·.s to the following quc.stions: 

m How mnch variaiDie information is required 1 
El What type of progr:1mq are to be used? 
¡¡¡ Can prog-í·ams be selected from such storage 

as Í<'l.pe or disc or be handled as firmware? 
t'l How many file registers are required? 
u How many flag '•registers are required? 
m Are othei· memory uRes uniqne to the sys-

tem required? ,. 
Largc mem'ory syRtems make the use of ran

dom logic very unwieldy. Standard microproces
sor chips may not be the answer either. In those 
cases you may havc.:to design a high-speed proc
essor, using :small S~.nd medium-scale-integration 
logic ICs, such as thoHe found in 'I'TL families. 

Microprocess~rs vs random-lagic 

Once the,: system-design specifications h:..ve 
been dotermined, tire selection of either random 
logie or mieroproccssors caH be made. While 

. there is a range of applications where either 
will do, at the ext1:cmes onc approach is clcarly 
superior to lt.he oUICr (Fi;.:('. 3). Random Jogic 
offcrs rlcsign advantages when one or more of 
the following- are true: 

m The functiom~<:to be performed are minimal. 
~a The input and, output consist of single chan-

nels. 1· ~· 
ra The systcm operatl".s on only one function 

at any time ( though there may be multiple in
puts), or the system has a single-word transmis
sion structure. 

m A small system has to be custom designed. 
1!1 Hiu:h-sbecd operation ia required. 

YES 

YES 

USE 
RAND~M -----

LOGIC 
L_ __ 

3. Choose between microprocessors or random logic. A 
flow d1agram can be used to analyze the tradeoffs. 

'Microprocessors o!Ter advant.ages over rand~1m 
logic when one or more of the following are truc: 

e Software can bP traded off for additional 
hardware, so that system rapauilities can be cx
panded readily without system redesign. 

[IJ Multiplc inputs are needed . 
' e A large number of functions must be p·~r-

formcd. 
1.1 MultideciRion paths Hn' ITquircd. 
D Large mcmot·ieg m·c involvcd. 
The dic<advanlagc." of r:mdom logic are, no~: 

surprising-\y, rl.'!nted to tht::o advantages o! mino
proccasorf'. A random-logic s~ :,~te m n~qu i rl.'s sub
stnntial hardware incrcascg for multiple 111p:¡rc: 
and outputs, or to line up data, or when mnlllpl~ 
decisions are rcquired for a givcn output. ;.Io;·c
ovcr many opcrations requirc separnte logit" t\n· 
cach operation, ::md variable data. must lw ~tored 
before th(' requin•d fvnction can be performed
as in nl·ithmetic operutiom-J. 
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Man\· of tlw di8adv:.wtar;es of microproccssors 
an• '•Jnllncd lo. thcir jniüal ~u:;;c. Incrcascd de
\·elo·¡¡nent. cosü-1 and ~ new Jearning cyclc for 
de.-.,1;;-ner:;;, for exarnple, are nonrccurring. Gener
ally thc u."' of microprocessoq;·-which really are 
mllltiple i'ubsyst<•m!'l-rcquire~ system consider
at.ionR ~LL all design levels. And thcir use involves 
a wid('r vnnet.y of des,~¡rn dis~iplines. Of course, 
once a dcs1gn 1s eompleted, these aspects with 
thPir problems are understood, and thus, no 
longcr disadvantagcs. 

Types of microproccssors available 

Availahlc micrnproccssors can be classified in· 
two wa:,·s: by tht~ siz~ of th~ data-word length 
by whirh they rwrforl):l their pr~cssing, and by 
the t.ype of pn)('cssi ng uscd-eilher seriai or 
parall<'l. The mo .. qt common yvord lengths are 4-
and 8 bits. Somc mnnufadu.rers state that the 
\vord kn¡~th c:111 he expandcd¡, in multiples of 4 
or 8 lHt~, by comhinillg' proccsRor chips. 

Fou1·-hit chipH are ,espccia,lly useful for sys
tems that pí'dorm mri.ny arithmetic operations. 
Orig-inally desJg-11crl fqr simple cakulaLon;, these 
cin:uJls lall'l. evolvcd to pc¡·f,orm more complex 
mathc-matical funclion .. q-Ruch a.'l tri~onometric 

or Pxponcntiai functionH. Thc 4-bit processors can 
also bP Wk•d for larg-e¡· w01·d lengths. However, 
the words must be composed and formatled with 
externa}, and g·encrally cumb(;!rsome, hardware. 

Most micropro('essor:;¡, including those expected 
shorLly, nre 8-bit cirnpls. Th~se are degigned for 
terminal nr stand-alone oper~tion, although they 
are not 1 mited to this use. 

Most data transmi~síon, primarily asynchro
nous, requires dala-word lengths of 8 bits or lcss 
(Tablf' 2). The longe'~ word ·lengths permit the 
use of :--•t:mdard codes, such. as ASCII, EBDIC 
and EA UDOT. And 1 operatJion with standard 
codes :mnplifiC!-l the ir}lclfacO. with other equip
mcnt, liko leletypewriters or' ihe more common 
types of computers anq modetns. Moreover stand
ard or special codes with up to 8-bil word len!,r1.hg 
allow the use of full alphanumeric keyboards. 
Display outpuLq aro more easily handled, too, 
pa1-ticularly where decoders of more than 4 bits 
are requir~d. 

Usually computers ,·of mo~e than 8 bits are 
prcferred becauHe of their :,g-¡·C'tller addressing
ran¡;c and llexihilityf' 11; icr~JH'ot·csHorH are not 
prcsently availahle in .. won! !Qng-thH of more than 
8 bits. IIowevc¡·, malwfacturel·H say that many 
feature:-; of the long-el'/ word-iength machines can 
be achieved through the uso of externa} regis
ters and microprogrammable, lo.gic. 

8-bit processor yields 32-bit word 

A typical configur.ation for implementing a. 

1 
1 

1 Character 
1 Length 1 

Code 

1 

(bits) 

BCD 4 
1 

BAUDOT 
1 

5 

1 
BCDIC 6 

USASCII 7 
1 (panty 

optsonal) 

E,BCDIC 8 
J 

r~ B-BIT 

L::OPROCESSOR 

I /0 PORT 

1 
1 Appilcat1ons 
1 

1 

Calcu lators 

1 
1 nternat~or1al 

1 teletype 

1 
transmJS.SIOn 

1 

Second generat10n 
computers 

1 
Data transmiss1on 

1 
standard 

1 

i Th1rd generat1on 1 

1 
computen; 

/ r--M_E_MO_R_v _ _, 
8-niT CYíES 

32- BIT WQRO 

4. An 8-bit microprocessor produces a 32·blt word w1th 
externa! logic. Each 32·blt word uses 4-bytes of memory 
and four tir;ne cycles. 

longer word length is shown in Fig. 4. A parti
tioncd word is extractcd from memo1·y in 8-bit 
sf'gmenb~. These words are supplicd via thc mi
croprocessors to the multiplcxer, whzl'h routc..q 
them to the externa! reg:isters wherc they are 
recomposed and stored. The rcgister ouLputs now 
presenta. longcr word length to c1rcuitry extcrnnl 
to thc processor. 

ThiH techniquc is IH'C't•:-'sary to achie\·e g-r(':1ter 
wonl len¡..,rth, al the expense of cydc t.nnc, wlwro 
the syst,~m does nol u::;c :1 n cxlt~¡·nal m icroprt)
gram:nablc CROl\'I (control rc-ad-only nwmot y). 
Tlw zn01·e general approaeh talü·n by ~c·:llt' m:mu
fal'!UI't'l'H i~ to combine :;, .. ,,.ral ,,t' j);,·¡r l·llins in 
par:tllel t.o. achit'\'l' , gr.'a(cr wPnl !t'11·:th l [d\\

evcr, to date, onJ:, one manu fact.urer hn~ prP::-~í·nt

cd a :;;yst.cm with this cnpability, aJhl that. 1s 
accomplishcd through lhc llSC of a Cr~(J;\l, 

1 

The second charactcristic of mitToprocpssor 
categoriúng is method of proccssing. St:rial pro'-·
essing gencrally uses a shift-regiHtt.:T nh~mory 

and has 1the advantage of less hnrJwarc. ¡\ !-

o 

o 

o 
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though the Ínemory shift mte may be operating 
with a higher speed clock, the access time be
comes longer. 

Random-access ability is not usable in serial 
memories. The fetch and execute times are long
. cr. Adding this, to thc longer access time seriously 
restricts their application. Where multiple inputs 
and outputs are ust'<i_ they become· impractical. 
The ability to j'ump from one part of memory to 
another is also: extremely limited. 

1 

' 'Ir ' 

1 
\ 

Pa:rallel proceRsing overcomes the limit<~tions 

of ·Serial processing. Parallel processors use a 
bus ,,íor the transfer of. data. The bus allows 

'multipara11e1 paths for data transfer through the 
syst~m. The fetch and execute cycles, operating 
on para11e1-bussed data, can operate faster. And 
the use of random accessing of memory is more 
easi?¡Y accomplished with a data bus. The wait
ipg '1time is minimized and t}1e ability to jump 
~rom one location to another much simpler t.1; 

implement with little or no loss of time. 

'-
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O Simplifying Add=On Per:ipheEal 
ContFQllers 

o 

o 

. KARL FRONHEISER 
Comp'utC?' Applications Enginflc1.~: Motorola,lnc., 
Semiconductor Products Div., Phoenix 

With available LSI data-communicat_ion· cir
cuits, it's possible to ('\ll. éo::¡1,~ an.d simplify. the 
desig-n of pel'iphcra.l cnntrdl~Ts for minieom
puters. And the same dl'~igu techniques can be 
extended lo microproccssors. · 

Penpheral controllers interface minis or micro
proccsson~ (which use. a parallel-data format) 
ami pcl'ipheral equipmcnt (which emp!oys a serial 
formal). Hence controllcrs perform serial/pm·
allel elata conversions, and · they cóntain interface. 
timing and, synchroni~ing circuitry. Many of 
these fealures have bccn' incorpó1~ated 'into two 
LSI data-communication circuits: the UART 
( Uni\rersal Asynchronotls Receiver/Transmitter) 
arul ACIA (·Asynchronous Communications 
Adapter). · · · 
- Either LST' 'circuit can· be used• in applieations 
involving Ruch peripheral equipmimt ·as lelclype
writérs a:nd terminah;.LT-ypically 1mch applicatiom; 
cáll fói:" iów transmissión htfes_:_below -1200 bps' 
or 120 char/sl?c-and operation' in an asynchron
OlJS móde'. A telelypewriter, for instance, operates 
asynchronously ·at 10 char/sec maximum rate. 

The design of a peripheral controller con-
veniently hrPaks down into these three phases: 

D Interface and controllogic. 
m Data conversion. 
s Softwar~. 
Lct's see how a desig-n proceeds · with thc fol

lowing-•exümple: a colüroller for. a popular mini
computer must transmit and Teceive data from a 
TI ASR 700 tape-ca.qsette terminal. 

Co!l~ider the sys!em basics 

Tlw tc1·minal use~ an :uwnchronous serial bit 
.~tream consisti111~ of data l)itg that nrc preceded 
by a Sl:ll·t bit and followed by one or more Stop 
bits (l"ig. 1). The Sta.rt. and Stop elemcntg don't 
contain information, but they do establish bit and 
charactcr synchronization at the receiving device. 
Al:io :winc mcchanical teletypewriters-and sorne 
reccnt inlegrüted terminals-require more than 

'nn{' Stop bit, due lo the mechanical response time 
'o¡' lhc"UIHl. 

LJ 1' :.• 1:: 1 
• ,~: 2 ¡ 3 : 4 ! s : 6 : · 1 : a· : 

....... -• .. -- .. ...1 ... - -•-- ... L __ J_ -..J-- ... !-- ... .J 

--

ISTARTL- DATA WORO ---lPAR~STO?I 
BIT 1 l ASC ll CHARACTERl 1 BIT 1 BIT 

l. Peripheral devices use asynchronous formats. 

The TI terminal also uHcs the ASCII (American 
StaiHlard Cóae for :Infói'rhati<Hi I nterchange) codc 
for rcprcscntation of alphanumeric informalion. 
lu thc transmi:.~sion of da.ta,1a clock s1~n.ll b not 
tranHmilted · ~long ·':'>'iLh t}1c ~-.data, ar.d g-aps 
( idling) hetween· thc charactcrs mav.rc:;ult. Therc
fore.lhc recetving. d~yice .. mu~t g~nerate a, clock 
t.hal.is synrhroríized to the data for Í•nrpo:;;;es flf 
data.sampling.,-· ·" .~., .·: :. : 

. ln the mini, data_. __ ar9_ hanqled in. <l 'i6~l)it 
para:llel"form ,.,witbout :!?U.,trt ·.<1:~1d Stop e\'ment~. 
The minL uses 16 address lines to ~ . ..:~cd the 
penpheral device fo,r :!iata tran~mis~·Íon; Un·d~t~ 
program C()ntrol, the. mini .!!sse1:ts a. pcripheral 
addr~s, and'.·parallel ~la,ta .eith.e~ tra11Sft•r t~ or 
fmm the penphcral. conlroller-,-a "\\Tite" ~H· 
"read". operation, .r~spc~tively.' The1 •. the con
troller converts the parallcl data t~ :;enal form 
for use by the terminal,· t;r vice vcrs:t. · ' · · 
.. ·The pcripher_al.~~:on.troll~•~-,c~Qsists' ·J:' >;ix. :-.t·e~ 

lionH (Fig. 2) : AddrcHs an,el ,Control l,og-Íl', LO 
Inlerfa.ee Circuitry; Multiplcx(;l'~· Transmiltf•l:, 
H.eceivcr. and Statt;s-and-C~t~ti·oi Stor::g,•. . · 
. -Again under program control, an .8-~it .ch:~r

actcr (in ASCII code)· i::J.loade,d into' ~he tran::-
nuUct· portion.: Start and Stop .bil..; 'arr· :ut(kd · t.o 
1 he l'lmracter ancl' it is tran~~1ilt~<l in ".;·ri:d r:)rll1 

.! ' • 

lo thc terminal. Likewiso in thc rc(:l'Í\'•:r St.'t.'t wn, 
the incoming s::!rial eharactcr has it>, Slart and 
Stop bits stripped, a!Íd the éharactcr:; becóm·~" 
available to the mini in·pa.rallel. form. 

Eithe1· the UART or ACIA can' 'iJe used to 
perform. thc seri.al/parallel conve¡·siol•~- ', , 

The tl~ansmitter portion ,of the UART a(1ds a 
~lart and one. or t;wo¡ Stop. ·~it~ ~o}il~. ~hára'etcr 
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,.-- - - - - -- - - - - - - - - - - - - - - - - -· ·- - - --, 
1 

CLOCK SOUflCE 

IJ ir , 
~ TRANSMIT TRAW.MIT 1 1 

: / ADDRESS 1 ..---,_¡ DATA R(GISTER r--r, --<>--\ SHirT f<fG<iTtR :--n TRANSMIT DATA CONTROL 

ANO 
ADORE SS 

LINES 

' ; ANO 1 1 1 _; _____ j 1 1 

~ '~~::' t--,-1 ---+-1-:l ! !' 1 1 

1 : ~1 STAIIJS 1 1 ---j Tr<r.W.MIT 11 i L----¡ ___ ___;-, ----
1 

1 rl RlGISH_R f-l 1 1 CQI'<T~ 1 '" >- r -i 

1 1 ~ 1 '<i~i 1 1 1 ,. \ H CLOCK 1 ~ 1 1c ::: r,R.~.:u.c • 

l

l 1 1 S ELECT ' "'w (, 1 , i, 

1 
1 ; 1 ·- a: 1 ' 1 

1 1 o 

1 L 1_ _j/ 1 j ¡' 1 -; u ,______,,· 
1 CONTROL RECEIV[R 

1 
- REGISTER 1 CONlROL 1 ) '------' 

1--¡-l 
1 1 

-:-7- 1--- __j 1 
1 1 '" 1 '----.,-- ! 

O liT/\ 
LINES 

1 1 1 1 o 
1 INTERFACE 

: CIRCUITRY 

;¡ ~ 
:1 ~ t V 

:
1 ~ :-- L_-f-::R:-EC:-:E:-:-IV:-::E~D~A::T-:AI 1 R[C[I'/[R l RECEIVER 

,¡ s 1--~~ ,__ __ ¡ f 

~ ~ """" L~1_~';;-r_j 
' 

-l-. 

DAlA 

CLOCK SOURCE =L~ 1 LOC1C j l 

L ~~~ ~~~o~- - -- - - - - - - - - - - - - - - - - -- - - .J 

2. A peripheral controller cons1sts of the blocks shown. An ACIA mcorporates much of ttte ctrctHtry needed. 

:t~ it !'lhifls out ~cl·ia.lly. lf interna! parity gencra
tion ha.~ bcen selected, a pa.ri t. y h1 t al so 1s i nsertcd 
in. lhe bsl dal.1.-bit pos1tion (lhe 8th bit in 
ASCil). Thc tran!'lmitt.er'g input da.L'l storage has 
douhlt~ buffering, so that one charact.er can be 
Joadcd into a buffer as another charactcr trans
mits •·ul of a Rhift register. 

Detedion of the Start bitr-logic Zl~RO

initiato.~ the UART's roociver cycle. The Start 
hil's lcading tram'lition synchronizeR an inlernally 
gcncrated clock lo thc data. Sampling is enabled 
at thP approximale midpoint of the bit times. 
The Sla1·l-bil dctcction circuitry latcheR whcn 
thwStarL bit remainR low for half a bit. time. Thcn 
remainlllg data lJitR can be sampled at their ap
proximale midpoint.'-'. 

The UA I{T's rccc1ver also haR douhle Luffc1·ing. 
RO LhaL one characler can be read from a buffc1· 
as a sh 1ft regiHter receivc.~ anothcr. The status 
of Pach IIH'oming character is checkcd for parity 
ami fram111g and oven·un errors. A framing elTol· 
IIHlil'alcs llw ahR(mce of a Stop bit, and an over
run liHlil'ates Lhnt a. cha1·aetcr previously received 
has not hl'l'll l"l'lld by Lhe mini. 

UART and ACIA drfferences 

Thu~ far, t.he characteristics of a UART are 
idcntical lo lhat. of an ACIA. With a UART, how
evei·, control input.s, status outputs and data 
buffers are accessible through unidirectional 
Jines. Thw-1 the l/0 bus of the mini requires nd-

<hlio.~od mull1plcxing for read o1· writ,· u¡wratin;J·, 
Ttw ACIA incorpo1·a.tes t.hG mull ipl.·.\.111)~ e,;·. 
clllt.ry, so lhat. status, eont1·ol and ''ai.L n'¡..:-Íst<·r·_, 
are accc'lsihle lhrough a. ~¡ ngk hid¡r·cl'LIOnal hu-. 

A schematic of thc pen phcnll t"(Jillmller a¡)

pears in Fig. 3. Bus drivers and rc<'l'IVers mu:-t 
meet. t he mi ni's l/0 mterface -.¡wci ficatwn,... 
Hhown lll the table. 

From Fig. :1, an opcn-colleet<.t' •lll,lll l;nc r~:

ceiver (MC3452) dpcode~ the 111111:'.-.; ;uhires;; Lu:; 
Thc addrcf-!s and data Lus of t.w 1111111 an· :n 
eomplemented fo1·m. A bia .... IIW net 1' d; k ,·onll.'l'i'''. 
to appropriatc addn•ss-rt•cciver I:IJ";,-, sir.>plii~<·, 

the address decoding. Also, tlw 11. ,,ng net\\Ol ;, 

~ets thc threHhold len~! of th,~ lt'('•'l., •• ·. 

Addre,..s I111Cs A,., A .. , anu l'••tltto~ l.ne \·. 

use an active pull-tql. TTI.-!'nrnp . .t¡i'k l"•'l't'l\,'l' 
(MC~<I50) to dnve otiwr TTL-1 t• .¡.,¡¡ i~k lu~ ": 
in tbe rontrollcr. 1\ nd the l•:d1r ,., 1 :u:1:d data \_¡¡,, 

emplo~rs hoth a dnver (?\IC-111 ¡:_,) :.::d l"l't't'lh'l 

(MC:H:lO). 
nlll"lllg ~lw n'ad ;u¡d \\ 1"1\\' (ijl\'1 ,¡, "'11", ¡)¡,• l' ¡l ;·_ 

11 piares' lhl' l'Oilln>lkr addrt"''· ''" ;lw ",¡,,,,." 
bth, along 111th '''llllt'l \¡¡t-.;¡,;,¡,\ ,¡,; :----1. 
(l\ISYN) ¡p¡n· ,tlld (1.-t;' .. :) ·,·~;,. :0\:----i :\. 
allows for th,· -.;¡,,.,,. lll'l\\t't'll 111•' ,,,;.:,.,.,,, ,,:;,: '''" 

trollnt'l; lt ltHltralt~" to Llw P•'·'i·"'t,li ti:;,,'"' 
addrcss and control b1t" a1·,· 1il , .. ,,•:.: 

Once an MSY~ ~~~:n:d 1:-. .¡,..,..,·¡,,·d. th.~ ¡wnpn
eral controllcr has :t nw:--.1mt1m llllW---u;1 ~·' .> 
Jl-"· dcpendlll).!" 1111 lhe lllllll rnudt•l-1n r·t·~,;'••:,,: 

w;th a Slave-Syuc tSSY~) signa!. Tl1i:-. :-. ;: .... : 

o 

o 

o 
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'·~ •• 1 

3 1'• 5V 

----------, 
:®z 5v ' 
1 1 300ns 
1 300n• t 

1 

r-------l :® ~5V 
" ' '( J; 2 1" 1 

1 - ' '! 

5V 

2k ~ 

R 

·.,' -¡ ~~--.==============------' 
1 1 \ f 2 ·'~: 
' 1 ~,,.:- 1 

1 ¡ 1 

~~j-· ¡-------------------------~------+-------~ 
GHll. t---o OSCILLATOR 

ClX~ 
1 

BIAS 

NOTE: AIT 8 A16 ARE COMPUTER ASSERTED 
CUSED FOR MEMORY (XPANSION) 

o 

DATA BUS 

AIT Al6 Al& Al4 Al3 A12 All AtO A9 AS AT AO Al! A4 A3 A2 Al AO 
1 1 1 1 1 O 1 O 1 1 ,, O ·o O 1 1 X X X 

'--r---' '-r-' ~ '--r-' '--r-' 
9 1! '' 4 ' X 

--
A2 IR SI Al (R/W) FUNCTION ADDRESS 

o o CONTROL 165430 
o 1 STATUS 160432 
1' 1 REAO(R•Dl 15&436 
1 o WR!!E(T•Ol 16&434 

--~03 

~--~04 

..,_----jOS 

'r"---JDG 

BIAS 

ACt'A- •• 
MC6850 

MCI489 

i 
TI ASR700 

TERMINAL 

5V 

3. The hardware requirement,s for the controller are ind1cated in this schemattc. 

>-

_._,_:ca:n 'be <lcla;,ed by the one-sh¿t U) ··ii1 -I~ig.· 3 to 
allow. fór data proceRsing- withiri -the conlt:oller. 
The rcHponsc of an SSYN si'gnaJ -indicates to the 
mini;· that the ad'cke:'ls has· been rceog-nizcd by 
tnc··cont1·ollc•· and performance1 of thc reflU(•st 
ha·H-.tak€'11 plaec. After MSYN- i:::; clearcd·, the con
trolle•· clcm·:::; ~SYN- to· free the bu:::; for other 
pur¡)o,<;cs.· One 'MSYN- is generated for a read 
opr~ratl01Í and two for a write pperation. 

The mini lrcats a · pel'ipheral addreR!'I the 
same as. it docs a. core-memorj' address. Thi:::; 
addt'p.<~s requires a elear (deHtructive read) com
mat!d' before- data can be written into core. But 
unlike core memory, data can -be written into 

the pe1:iphcral controller without the need for a 
ch!~{r" op'erat.ion. Therefóre. the. rea'd command 
must be ignored by use of the ·c, conu:b¡ bit, 
which indicate!-\ either a read or write operation. 

. ' ~' . "' ' ~ .. , 
1 ~~ { 1: _¡ ; 

• • ,.. ¡ 

The ACIA'H ·fqm· i·e~i:.:ters-"-eontroi. sU'Ilus, 
- rL.:Ceive data aiHl tra~1smil · <lata1 re,lllll'(' !'our 

Reparate addresses that must be in cnn llltmhers, 
Rincc·. the rnitii'R -Á 01 , bit ·is llRCd lo ittdieaJe a 
byte~o;per_a:tion. ·And for' si:rrq)li t'Ied (~ecod 111¡..: l~•gk,. 
addres:::; bits Aro, n.nd' Aro. Relect · cÍne- of J'ou 1' 

l;cgistel·~.' F'or ·examplé, add1'ess · lGfi-l:W .(~l(·f:ÍI' 
notat.ion) can 'acce::.s· the_control regj;-:t'l'l' \\:hile 
add ~·es:::;es l'63432, 163 ·!34 á'11'cl 165~t;HI r<lll- úo:l'r:--s· 
t he. 'statuR,. transmit.-dat.a and; r·cc~i \-P'-d:H:;,: reg
iHter.R,' re~pet:tively. 

To prcvctlt "glitchcs." dm·iilg epg,¡,..¡L'I'' ae,·.:,.s, 
the R~ad/Write (R,:'WL Rc·g¡stcr S,·h·d· UiSI 
and address inputs must.be'sta:ble''''hen•.tiic'_.ACIA· 
enable input is active .. Thisi re<11_.lÍrtime.1t:. ::~teñls' 
from the· fact th:it the R/W, RS aridí :úl'd¡•e.:f...;: in-
puts are level-sensitive. - · 

Setup and hold'-t.ime requirern·ents for t.he c·on-

• 1 

' 
' ,. 
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Tablc. Mi¡-~¡ iiltcdace requirements 
----------------~- --- -----------] 

DRIVER IO,PEN-COl LECTOR OUTPUTl • 50mA AT OBV LOGIC "o" 

LE_C_E-IV_E_R----------~2--5V __ ._~_l_i_GP __ ~_A ____ L_O_G_IC_"_¡'_'j -- 1 4V 1\T 00 ~A LOGIC "o" 

REAO 

ADO CONT _j ~ 
~ f--150 "' --1 t-75ns 

MSYN 

SSYN 1 ¡__ 
DATA - L_ 

' 1-----rsns --. 
STROBE DATA . 

WRITE 

AOD CONT _j 1 
---1 ~150n• --l t--7~n• 

MSYN 

SSYN n_ 
STROBE DATA ~d/J.W$~ 

4 The muu rstabhshes these t1mmg requirements for 
rcad 'and wr 1t.: operat10ns. 

tro: inp11h- :1ppcar in Fig. 5. Since the addn•ss 
huél 1s de<·od,•cl fully for generation of an SSYN 
.<>¡gn:d, the chip-~elect. capability of the ACIA 
Íf!ll't nee<kd. Hence C.,n, C:- 1 and ~ are tied 
pcrmanently to an active state. 

Tho c<tnl rol logic Íll F'ig. 3 provides t.iming
for hoth Uw ACTA a.nrl thc mini. The 4-to-10 dc
Ludf•r ( iVI< '-1001)) general\':~ read and writc !'om

ma ndél. In L111 n, the commands g-eneral.'-' LhP AC l :\ . 
cnable ;;lroh•~. and Lhey control thc direction oi' 
data on t hP l. O bus. Control bit ·e, sclccls :Lil 

111111...,,.d out put of t.he dct·.oder dunng t.he n•ad 

command. ~o t h:tl t.he command ean hl' 1¡::-non•!l. 

Tht~ dt·l:l,\ nn:uit (2) in Fig. 8, which enauk.-.. 
t.he de!'oder, al!.,o p1·ovidc!i the ~ct.up time rt'quired 
by the ACIA's regi!iter-Helcct inpuLq. Dm;ing :. 
write operation, another one-shot (3) ensures 
that enable setup and hold-time requirements are 
me t. 

R/W 

ADORES$ 

01\TA 

(NABLE 

R/W 

ADORES S 

DATA 

.,rlíllC (IAT~, 1Nl0 ACIA 

2'-V--- /-

--- -. 131:")1'\ .. , - ··.~.{, r • - --

~_:____,/ 
50 ns -l .--- 315ns -t 

:Y!IWffi;ZWI& · ~ 
L--- 365n• --
' 

( .}--
___¡ 265n• -: ~- 10 "' 

F<E.AO DATA FROM ACIA 

7.4v--) -~ 
-------_,~6~5-n,.J ¡---- 450ns --l' 

/.- '---· ---=~,"""o_"' __ ...J: L--- 515ns --- .... 

m:5m2'VJ'ZZ1 · ' t~<~~/:/; 
t-- 565n• -- -

( }--
-1 IJ .. ,n., _. ._ IQns 

5. The ACIA has setup and hold tlnt.nr~ rt.iat:.:..-.-, 
that must be observed m tl1e controller Jes1gn 

r- ----L___, 
1 [fl:~i1- 1 ¡ HOllrllo.E l 

6 Read and wnte operat1ons for the m•n,comp<Jtcr "· •! 
outhned w&th the flow d1agram 
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Finally the controller-to-terminal interface em
plo.vs standard HS232 dovices. The ACIA r(}
celver input and transmitter output are converted 
to RS232 1(' ~ls with an MC1488 driver a!ld an 
MC1489 re~eiver. The data input' and output of 
the ASH. 700 terminal is alrea.dy RS232-com
patible, so no further interfacing is needed. 

Software requirements 

The minicomputer's reception of data can be 
implement.ed on an interrupt or dedicated basis. 
Under intcn·upt control, the main program 
"Jtm1ps" to an inte1·rupt routine. Then the inter
rupt is servict~d and program control is· returned 
to the main progn~m. 

Intenupt,<; can occnr from severa) sources. For 
t>xample, thc reception of a data character in 
the ACIA causes an interrupt. In a dedicated 
system, a subroutinc samples the status of the 
peripheral until dala are available. The ACIA 
works in either interrupt system, but the soft
ware example is ba._<;ed on a dedicated system. 

The ACIA incorporates power-fail protection 
and power-on rcset circuitry. These features avoid 
the reception of false indicators from the ACIA 
durinv, a power-on sequence. But they don't elim
inate the nced for initialization after power-on. 
Initialization beg-ins with a master reset of the 
ACIA. Then the control registers are used to 
program :mch parameters as word length and 
countc1·-dividcr ratios. The flow dia~ram of the 
read and \vritc roulmes appcars in F'i~. 6. 

In a re ,d opera.tion, the ACIA's buffer-full 
status bit JS checkcd continually until data have 
bcen received. Then remaining- status bits are 
checked for data errors due to parity, framing 
or overrun. A data error causes a jump to an 
error ro u t me ( not shown), w hich can cause re-

CONTROL 
ANO 

AODAESS 
LINES 

1 /0 

DATA 
LINES 

ADORESS 
ANO 

CONTROL 
LOGIC 

DECODE 

ACIA 
MC6850 

ACIAC • 
ACIAS • 
ACIAJr • 
ACIADII • 

165430 
105432 
165434 
165436 

C<WTROL RfG!S11-R 
C)1Af,T<; 1Ui,TSTIR 
TRAWit1ITIT R RtGJ:,n.R 
RtCfiVfR R.EG!STER. 

• INinALIZATION 
HOVB 1263, ACU.C 
I«JVB 1161, ACIAC 

• lilAO ROUTINE 
READI : MOVB ACtAS, Rl 

COMR Rl 

FRAM 

OVAN 

PAR 

EAROR 
DATA 

BITB 1001, Rl 
B'E • FRAM 
BIT8 'OIO, Rl 
BEQ Rffúli 

BR ERROR 
r\ITB 1020, Al 
BCQ OVRN 
BR ERROR 
RITB •040, Rl 
REQ rAA 
BR ERROR 
BITI\ •100, Rl 
BFQ DnA 
(rRROR ROITTINE) 
MOVb AÓADa, Rl 
toHB Rl 
RT~ 

• !fRITE AOUTINE 
READZ : MOVB ~CTAS, Rl 

COM6 Rl 
BlTB 16?2, Rl 
DNE OA.T~2 
B\T!l 1010, 111 
BEQ Rf.AD 2 
(ERROR ROUTINE) 

DATAZ I«JVB R2, ACIADT 
RTS 

,H.Wll:R RrSCTS ACtA 
,Control Word • Sohcts word le.,gth, 
etc. 

,GrT STATIJ~ OF ACIA 
.nwr FOR.'t 
.CllrCK BUFHR 11111 
,BRANCII TI BliFFCR 1' fULL 
.CIII.CK 11\:ll 
,RfAO STATUS AGAIN 

.BRMCII TF CARRIFR !S 10'5 
,CHECK FOR FR"-NING ERROR 
, BRA .. \C't 1 F NO FRM-t!NG [RiWR 
, BRA.\.Cil 1 OR FRAMJ~,(~ LRitOR 
,Ulr\K OVLRRIJ:'J ¡ RR0R 
, 1-!RMKll 1 I- NO 0\T RPIIU 
, IHVVoC!I t F OYf RRliN 
,CIII { )1, Pi\lliTI frtROR 
, BRA.'lfll 1 r ~JO [RROR 
,fRROJ{ ltCHTTINf 
,CofT rJATA 
, TRUf fOR't ('40N fOHPI) Hl HTlD) 
, RF.TIJRN ;. RC~l :;ullROln'l Nf 

,GfT <JT\ p¡::; OF ACIA 
, TRUr 1 UI\H 
,(llfCK llltHflt fMPlY fHT 
, HR.J\1Kll 11 ntlrFEk f-; 1 HPn' 
,OftCK Q:;- BIT 
,BRA,fll lF CTS !S ACTIVl 
,ERROR RO•ITINf: 
,LOAD !lATA JN TRA.'l<;l-t]TI[R 

,RfTURN >ROM SUBkOtrrlNC 

7. The software for the flow diagram m F1g. 6 uses 
minicomputer source statements. 

transmission of the previou.'l chamcter or can 
cancel the erroneous dala. If no errors occur, thc 
controller reads the dat.a, and program control 
returns to thc main program. 

In a writc opcration, the buffer-empt~· i'latus 
bil is checked to ~ee if data may be loadcd into 
the buffer. After a character is loaded inlo thc 
controller, the program control rcturns to the 
main program. An example of source statcmcnts 
-in r the mini's language--for the read and 
write routines appears in Fig. 7. 

MOOEM 
MC61160 

'----Dr-AA -r) 
u 
1 DH/~ 

1 1 

r----------- -- - - -- -,-~ 

1 v 1 
1 ' 1 

8. With a modem interface, remote data entries can be ~tchieved. 
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Modem extends controller range 

With thc addition of a modem, the controller 
can ransm1t or receive data from remotc loca
tions over telephone line.o.;. The ACI A can initiate 
the handslwking requiremcnts bctween the local 
and remote locations through thc chip's interna! 
control funct.ions. Fig. 8 shows a typical example 
that ust=>A"i a low-speed modero (MC6860). 

The modt•m convert..<; the digital transmitted 
data from the ACIA into an analog form for 
trnnsmission. Likewise, analog data received by 
the mo-dcm are converted to digital forro for use 
by the mini. Telephone companíes require the 
Data Acccss Arrangeroent ( DAA) for protection 
of their equiproent. The remote site also requircs 
a modcm to eonvert the data froro analog fot·m 
to digital form and vice versa. 

The following proccdure achieves "handshak
ing" between the ACIA and modero after the 

telephotw ehan!lel has been cstahJ¡•:hed: T;¡,. i•'•' .. 1 

modem ( 111 ()¡·igmate roode) is ¡•nablcd vid ; L.: Q 
Requcst to Send (HTS) outp'ufof lhe ACTA. 'í'he 
remote rnodem, upon answering Uw phone, t ran<.;-
mitH back its ca1Tier frcquency. t!pon detedion 
of this carrier, the local morlcm e1::· l ,Jcs its Clear
to-Send (CTS) output, which is dctcclcd b~· the 
ACIA. Theu data can be trans.n1tted and re.
ceived under computer control. 

The CTS mput of thc ACIA lt. av:ulabk ;1:--. ;, 

status bit in the status rcgiHlcr ... nd il aJ:,n dlc.

ables the transmitter portion whe11 lnactÍ\'t~. The 
Data Cm·rier Dctect (DCD) inp1.t of thc ACL\ 
is availablc as a status bit ami 1t abo cl1sabJ..-. 
the receivcr por~JOn when inactiv(•. In this e:-..
ample, the low-spc·ed modcm h~,:-; only a CTS uut
put. Therefore thc CTS output of the modem ~~ 

tied to both the CTS and DCD inputs of Lhe ACIA 
to disable tho tramm11ttcr and recciver simul
taneously. 

o 

o 
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Micro1orocesso~ IC's In1prove 
Instrur.aents 

RICHARD LEE 
Hcacl of Vct·elopmcnt Enginue1·ing, Boonton 
Electronics Corp,, Parsi¡Jpan y, N.J. 

It's n. whole new----» t:d bdter-ba.ll game for 
in:-Jtrumcnt de~!gPer:i, w•w Lhat microprocessor::> 
are a.v~.ila.ble. Thcir application makes practica\ 
a differ('nt on~anization of instrument cirruitry 
( Fig-. 1). Hcre thc mict·oproce . ..,sor has a central 
and dominant role in data-transfer opcration~. 
As a re!'iult, the d1g-ital processor pcrforms any 
required signal averaging, shapmg or other lin
ear or nonlinear operations to deliver the desired 
typc of information. 

In fact, use of microprocessors allows virtually 
a.ny digital tl:ansfonnation, and at fairly low in
cremental cost for additional memory. And the 
instrumcnt transduccr-or analog- "fro;1t end"-
ncecl not perfm·m any sig-na! proeessing beyond 
the minimum of condttíoning rcqnired for inter
face with the a/d convcrter. Without the avail
ability of mieroprocessors, such digital process
ing \VOtdd be too costly. 

Herelofore moRt di¡.;ital-readout ínstruments 
have used annlog, rather than digital, signal
processing. Thc only digital circuitn needed for 
lhese instrumenl~ were codc convcrters and read
out dri\'ers ( F'ig. 2). The rcason wa.<~ simple: Un
til rccently analog operations were les11 expen
sive than digitaL and few instrumcnt de::~ignerR 
werc skilled in di~dtal-<'ircuit desi¡.p1 beyond 
counting and summing cireuits. 

An end to mterfM.e confusíon 

In a t.raclit.ional analog instrumenL, a mkro
proccsso¡· would offer few obvious advantages. 
Most newcr lllst.rumcnts, howevcr, have .<~ome, 

or al!, of tlwst· charactcristics: ctigital readout 
of data, externa! progrnmmabHity and external 
data outputs. But tht:se characteristic.<; are in
tenclated, and they 1mply the basic functions of 
digital data lmnsfer-a hitherto neglected area 
of in~trumcnl design. 

Primarily h<~caufle of this neglect, there are a 
bewilderiug- variety of int~rfaces in instrumen-

MEASUREM~NT 

1 
A-0 J 

CONVC'ITfR 
DIGITAL 
flEADOUT 

1 ¡---

l MICROPROGRAMMED 

---------L ____ COrN-TR_O_L_LT~R, ____ r-------~ 

PANEL { 
CONTROLS - } 

EXTERNAL 
DATA l/0 

l. A microprocessor, funct10nmg as a microprogrammcd 
controljer, allows the econom1cal use of dig1tal tech· 
mques for the req1úed operation!>. 

DTEPNAL 
DATA 1/0 

¡---, 
\..-:.-------------...-----

F'M~EL- CONTR()I.L[,~ FUNCTI0NS 

2. Tradltlonal mstrument des1gns use analog s1gr.o.~!· 

processmg techn1ques to obtam readouts of measureo 
vaiues. Such techmques used to be cheaper. 

tation today. Older de::;igns have emphasizcd th0 
transdnctT functions and minimized data-proc
essing cap!!.bility. Output and input data foí·nwt
ting have been sacrificed for measmement~func
tion design. 
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\V11h \\w llll\Tilj)l'OI'!':-1:-,01' :1:-1 l}w 111!--ÍI'tillWIIl 

t·ont rnlltT, Lhi:-1 p1clun· changcs. l11 ntost ;q, 1di
C.tiJOil:-, a '<l.tml:trdiz('d Íl!t¡•rfan~. h::sed Olla char
aclcr-· Tial d:ila tranRft~r usitl!! ASCII codc, re
-.ult." 111 lllllllmum hardware eosls Anrl th1s 
:-,f.ttH!ardlzation of lhe mlerfaee rf'quircmcnts 
redun•s in:-,1 1'\lllWnl sofLw:u'l' dt•vt>lopmcnt rosb. 

Morcm·¡•¡· t In~ dala and cnillrol Illll'rfal't~ logic 
fot' a d!\'('1'41~ l'<Lilg'C of ÍllslrUnlPlllH ('al1 USe th1• 
:-:111H' h.1:·d1· hardware. lielH't' the manu fadurPr 
can dt•Vt•lop new lypes of ln:-üt·umcnto.; al míni
mum eoRl and abo cut componcnl and aRSt~mbly 
costs. Ai.,.n, LPcausc microprocessot·s suh:-~lanlially 
relllH'l' \he parts eount, reliability increaHCR. 

Furt ht•t·, 1 }¡p us~~ of mon' eommon hardwarP 
<t!J\•'11).!' \';u·I•lll'' instrunwntR makeR m:11nlenant'e 
Paslt·r; nn loll)-!'01' i:- il neccHRary to unravel the 
dc:-:1~~11 of t>ad1 llP\\' lllslrumenL lJcfore it can be 
ealihr:ltt>d or n•pairPrl. 

Tht• pl'!lJ~r:tmmahi!IIy of mit'ropl'Ol't'ssorR al
lows !lldll"Hlll w!l hin Uw JnsLrumenl of d!ag·nos
tit~ aid:-~ for trouhkshootJn~ and sclf-checking. 
::VInlT ~~l'lh'l';tlly. programma.hllily RÍ mpll rieR Uu
loring for Lhe user of ínslrumcnt fundion ami 
interface characLerlRlics. AR thingR RLaml now, 
lh(• manufacture¡· has ve1·y limiled abiliLy to 
makc cu.-;tom changes unless a quanlity ordcr 
is in volved. 

Jo'in:t!ly mic¡·op¡·o).!'rammed inRtrumentR, be
c;w-;e of a!i:lptalJility thnwgh software, promiRe 
t o resi.'ll obHokseenec longcr thnn convcntionally 
di'RÍI.!IH'd instrunwnls. Control programs may he 
cha,¡gp<l in thP fidd to updale and improve lhe 
per1 onnanc\' of mic¡·oprogrammed im;truments. 

But there are problems, too 

;.;onw words of caulion, howevPr: Thc pro
¡~ramm¡ng of micropron!:-~Rors cliffcrs ¡rl·cally 
f¡·om the OJH'l'ations encounlered in conventional 
lo¡~w de~1g-11. Fcw designcr:'l are familiar with 
mnt:l11nc or a~sernhly-lan).!'uag-e p1·og¡·ammin¡r; a 
si~n¡f¡cant amounl of de!-lign time l'ill1 be calen 
up durin¡r llw learning period. 

Aeconllll~ly, UH<'l'H Rhould no le t he ¡·ange of 
soflwarc :ud~ availahle \vith a microp1·oeessor 1n 
an:v cvaiualion of compclilive circuitR. Nced for 
exten;.,ivt~ software devclopmcnt would pr<'clnde 
t he use nf tmw-<·onsnm!ll).!' mach!lle-l:lngu.l~~t' pt·o
).!'l'arnming-. llt'IH'e :l mínimum l'l'qllÍI'Pl11elll con
:-~i:-,ls of an a~:-:ernbly-lnngun).!'e prog1·am to trall::1-
late Rymhollc program~ into actual maehi1w 
lan~ua~e. Thf' availability of a hlght•¡·-le"el lan
g-ua¡rc would help reduce prog-ram costs further 
Bul al pre~ent fcw vendors have Ruch a packagr 
availahle. 

Wr·itin¡r programs is only part oí thc problem. 
Thcse programR must aiRo be tested and corrected 
beforc thcy are stored in production ínstrumenb;. 
A simulator program can test the bulk of the 

1 FRONT ".'INEL ¡ ' 
CONTROLS 1"' 

AND 

1 
DISPLAY S 

'-----" 

3. A 1-MHz automat1c cap.lcltancc bnd_;P usPS " 1n1cro 
processor to transtorm mcc~surC'd cnp:-tCII<~ncc anci cm•
ductance mto vanous quanl111es usetul 10 the des1gncr 

pJ·ogramming, bul there i~ no praetieal !-1\IIJ.stit ut •! 

o 

for actual ~yslcm perl'ormallCf' Lcsts . .At lh1..; 
sta).!'e of lhe dcRig-n, thc use ol' prog¡·arnmaJ,¡,, Q 
ROMs for control mt•mory allows a short. turn
amund lime for lhe JJW\'llable chan).!'cs lhal will 
be rcquircd. 

A range uf new tt•:-~L eq111pm•·nt mu:-1l be av:ul
ablf' to tcRt and rPp;~ir Jnlt'l (•;ll'IH't"-.SOI' :-1yslt•mo.; 
effectively. The use of data muillplt•Xlll).!' :--impli
ficR the d1'sign ami minimit.t''-' •lllel·eonnecliou~ 
Bul al the :-~ame tinw mulLipl•·xJng makP.-. dii'L 
cult lhe l¡·oubleRhooting or 1111l ropl'{)('l':-\SOI" HY:-
Lems w1lh llw usP of collvPntional lt~st equipnh'lll 

Once lhc instrum1•nls ar,• 111 prod\11:: wn, :~ 

strict program of soflwat·e <lu,·unwutatiün mu:-.l 
be eHtablished and 1'11 forced. ThP:-~t• Ry:-~lem,; ,·;¡u
not be tra.ceíl out by convcnLlnnal m~~ans: t]-,,~ 

pro¡rram list1ng 1s jusl as importanL a-. the s~..:ll,•

mat.ics lhat liescnue 1 he hardw.u·p, l•';Lilurt• :,, 
maintmn the software ¡nfonnatJOn mal,cs st.:>
sequent trouhkshooling extn~mely difficull ;wd 
can evf:n nullify many of the advant.ages of uRin¡r 
software. 

Example: an ;1utomattc cap;lc,t<~•lC e J11dgc 

r\ 1-l\Hiz aut•>malil' c<t¡>aL'lt:•tll",• i.>t •• l·.,•'- -\JI<' 

Model íGA , ¡·om Boonton Ell'l'lrPni,·~·--Pl'l'\ ¡,;,.,.Q 
a de~i).!'n example of an inslnllllL'llt usi ng a. ml
croproce.'li'Or for contrnl funclt,ms ( F1g-. :1 l. ,-\ 
convenient control n¡·gamza.tion í'or thl' bc¡,lp• 
consísts of a 4-bit dal[l bu.'1 and .~ ·l.-lHt .cdtil'''"" 
bus. The microp¡·oce.'1sor syst.cm ."t'lt·cl ,.,¡_ ll':,·: 's 
4-bit MCS-4 system--can read!ly handh, ·"l•t:h ;w 

organization. 
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1\LLC'Wl\liU:. 
T fl 1 0/\CS 

t-----111 
1----- 1 1 l B•Din! CTIONIIL 
f----- lll GATll BUS 
1-----·- 11 l 

( 10 l TN } DATA 
5CT STROBt '> 

1101 

( 101 DIGIT 
ADORES S 

1101 BUS 

1101 

( 10 l BLOCK 
ENABLE 

BUS 

4 1/0 operatlons and mterlaces const1tute much of the 
des1gn effort. The 1/ O bus connect1ons and loading are 
shown for a 4·blt mtcrocomputer system, expanded for 
more than th~ baste l6-d1gtt addresses. 

Any design u::~ing microproceHsors should be
gin with a demonstration of a functioning con
trol unit. The demon~tration unii involves a com
plete prototyping PC c:u·d cont.1.ining a working 
micr·oprocessor system-a SIM4-0l microcom
putcr card, in thiR ca.'le. The microcomputer card 
interfaces the prototype bridge with LED-nu
mcric te~t ri.'adout.~. 

A complPte demonstmtion unit ::~hould also m
dude ma.nually operated pHOM-progmmming 
circuilr·y. Wilh lhis lhe uscr can load progmmH 
for thc syHlcm. On~e a complete demon'ltration 
unil ha:-; heen ohLained, the control pr·ogram 
can be wt·itbm din-ctly m machinc langua.ge to 
prove the fea:-~ibility of the microproce."sor 
control. 

Furthcr Hoftwarc dovclopment involve." addi
tional hardwa1·c: A Telctype-ha:-wd program as
~emble•· n.nd pROM-programmrng ~yHtem--put 

to¡~ether with p1·ogramH and moduleH from the 
vt•mlor-hclp Hlmpltfy program devclopmcnt. The 
s:\'slem rcn.ds paper tape' containing a.."-~embly
languagc prog1·ams ancl trant-~lates thcm into ma
chine-language programs, also on paper tape. 
The latter tape can be reread to program the 
contt·ol pROMs. 

1/0 considerations are important 

Applications literature tends to emphasize op
erations interna! to the microprocC'-Ssor itself, 
w1t.h little attention to the problems of getting 
data into and out of the proce.'!'!Ol'. flut the U!-'lel' 

Hoon discoverR that input/output operations and 

illiPrfart!.'l COll<;l.ll11le the btlH\ <•¡' ; lH~ Cl rt'IIÍI d••-
1'\l):ll \·ffort, as well as a ('oll:-,jdl'r:tld,· p:.rl ol tlH• 

prograrnrnin¡,;. Pe:-~i¡~ll d''~'ISIIll•'-1 ¡¡,¡¡~,: :.1"" 111Lo 

account thc programm1ng 111volved, and Llw :-~uh

tlc tradeoffs can become fairly involvcd. 
For example, the MCS-4 family inelude.'l two 

deviccs that provide pROM and input/output in
tcrfacing: the 4008 and 4009 ICs. These circuits 
aclivate a bidirectional, 4-bit dala bus, a 4-bit 
address bus and read and write strobes in re
sponse to RDR (read ROM port) and WRR 
(writc ROM port) commandfl (F1g. 4). The in
terface signals are all TTL-compatible and can 
drivc at least one standard load. 

When the available 16- digit addresfles prove 
insufficient, a 4-bit block ~uldrcss bus can be 
generated by m~ e of one of the nA M out pu t ports 
(RAM-O). But software mu~t b•_. written to make 
the circuitry wor·k. 

Let's examine how the l/0 h1i'> intel'iaceR with 
the front panel-control pushhut tonR. The switch 
circuitry haR two ft.nctions: First, it logically 
senses the switch closurcs. Se<"ond, il- provides 
switch-status information by light.ing_ a corre
sponding LEO inrlicator when a switch closure 
is read an~l accepted by the microprocessor. Since 
18 status indicators and 20 switches nxc mvolved, 
the design combines the switch-reading and in
dicator-data ~torage functions in a shift register. 
The schematic for this circuit block appears in 
Fig-. 5. 

Switch data are transferred in par-allel to the 
~witch n:gi~tcr by pulsi11g lhc LOAD linc. r\t 
this point switch-closure information replaces 
the st.1.tus information. The cnd 4 bitH of switch 
data transfer to the data bus with a pulsing of 
the READ linc. The st.<1tus infonnalion can he 
replaced by a pulsin¡( of Lhe RBSTORE lnw 
while the rcquired rnfo1·ma.tion iR prescnted on 
the data. lms. 
Th~ HESTORE li11o trigger!'l a gatcd dock that 

generales four clock pulses to HhifL lhc dala 
aion¡r the rcgister. Thc clock pubes also po~it1011 
the next 4 bit.'l of gwilch data for rP:Iding. Tht~ 
H.EA D and RESTOí(E opcrations rqwat fot· ,a 

total of five operations each-suffici~nt to read 
in 20 data bits. 

Program executes 1/0 operations 

A listing of the progTams rcquin·d t'or thL':'<' 
operations appcars in Fig. 6. Five digit po~il;ün~ 
in a RAM register store the exist tng- switl'h
status informa.tion. P1·ogram stcp.s :370 fo ;)72 
write the proper block acce!'ls word to enablc 
the patwl I/0 functions. Stcps 373 and 3":'4 ini
tiate two register pairs in the CPll unit for th(• 
desircd RAM and I/0 addresses. Tr.t'Y also prt'· 
set a loop counter (lndex Register 10). 
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~úl E INPUT PUl LUP R~SISTORS 
'"OR 74)6 f"ARAUEL 
0<\TA t~f"UTS NOT SHOWN 
PULLUP RfSISTAr<CE = 1 k TVP 

5. Thc functions of the switch circuitry include the 
sensing of sw1tch closures in an addressable format. 

lt.H Ht•:~""Ot.IC CU I,~!';NTS 
íOf'l!. INST'lUCTION 

'" L'l"' 1 fl 01'\,) 1 TO ACCI LJLOCM :t.IAUL.: 'U'1 rAt•fl.L 
•171 ... Je< ALt .I.JUtJ" TO " ANIJ \1 \IT!: 1 TO nAf"t POlT • ... 

"'J71 "" .. •• /INIT. •·u ll:lol!. TO ALJ l"l .";.:; Dlt.IT • 
"" " '" /lf.iiT. "" " " , .. ~o~n-., . " 1) " 

"'71 '; lC " 11' l~PA1C ru1 . , "''TI! JI JIT Aó)0'1o .. 
"1'"' 1'1"1-r\TF ~'J 1 TCH l.tJ/\0 1'\lt..!'.l:. 
1')1') INC " /lll(' 4 [;~ :::NT ',[;(, ,. , 11!)~ '" TO ,, 

1'••7 'iWL, '•1C .. l'f''ll:''" •r ro n_r,u OI!•IT r•Hm nA.4 
¡1.) ~ 1 di ílOH tflt::AO DIO! r C>TI\TU::. UATAI TO ACC. 
"'lfl;> CMII /C0Hf'Lf.Nrr..9J Lfl .. l" OH ,Oi' LUGit Z.t.J\0 
~111fl )(',...,," ISA V( T C.l'H'O"Af'll LV IN •n:o • 
P)l\4 ". IHJ~ /ftf:.AO 5'\IJTCH OATA 
1')10, '" <M• /COI'II'Lrl1rNT 1 :ili'ITC" CLOSVA!: LOGIC 1 

"'1''" """ /"VRJ1'[ 5VITC~ UATA 1 N PLACI: 01 STATUS 
.,.1117 1 o • IG!:T STI\TIJS DATA rRCJPI Rt:.O G 

"''"'" ~.~e .. I'PR~,.I\R[; ro nnronr <;TATUS JNDICATIDN 
/Rt5TOn(. 'iTATUS .-o '>111M . PLAc;;s 

'"' " ICHIIotJGr 11:1\l"f ArJ!.lRr'>:> TO NE.XT DICIT 
tii.J~I '" 13 SVI.. I"INCRo ••• '" JUHP TO , .. IP NOT • 
8)91 

,, 
LDM " /I..OA[) " TO tl.t.CUMULATOA 

.)011 J"' BU: /J\..t'iP TO SA ~NO VRIU 1 S TO '"'" POIIIf 1 

rnt,. . /ADPRU! ~"" . 
/'I~NO AllllMF..'U tn ""r'l' 

' WHI' IVI11T, Rl flCI'I JI<IAhl 1 coru: 

'" IUIL . /RlTUR .. lO i..AL.LINO POINT 

6. Software for 1/0 operat1ons and mterfactng IS pro· 
v1ded 10 th1s llstmg 

Sl.t>p~ :~77 and :17R pt>1·fonn t.lw LOAn o¡wra
tion for llw ~witch cin~uitt·y when the WIUl 
pul~c is clccoded out of linc 14. Step 379 addrcss2!-l 
linc 15 for suh!'lcqucnt I/0 operations. Step!'l 380 
to 392 pcrform the READ and RESTORE oper
ationR. Thc first 4 bit." of status information are 
fetched from the RAM and placed in Index Reg
ister .O by steps 380 to 383. The switch data are 
read in 384 and stored in the RAM by steps 385 

CONNECTEO TO 

NUMERIC 
REAOOUT 
CIRCUITS 

) ________ ro 

~:~~--~~-=== ¿~ 
\),----------c. 

L----~· " 
74154 

1 oc 16 ;¡¡·coor R 

i)IGI r 
1\DDR 

Also, the c1rcU1try must provtde sw1tch-status tnformatlv··· 
conveyed through a LEO tndtcator 

to 386. Finally stcps 387 to 389 re:-to1 e the stall" 
rlata. 

Steps 390 changc::- tlw HA:\1 addr.·:,~, !<, ti.,. 
ncxt digit, while sl.•~PH ~Hl 1 to ~!)~ ÍlHTt'llH'IIl t : .. 

loop eounlcr and jump baek t.o Ht,•p :)Ht) if tll, 
loop counlct· is nol al zc1·o. Th(• ln"p count, r 
i nitially He t. lo 1 1-i ncremcnt.~ from 1 !l to O .t l't 
the fifth pas:-;, and the p1·ogram exccules :,t,· .• -. 

393 to 395. TheHe Hl.ep:-> n·movc tlw blocl{ t•n,:.;,• 
code, and disable the front panel 1:0 funct10: .... 

Software transforms measured dat<J 

o 

Thc proef'sHorH can (lllh· :u id, .... li ht r.ll·t .1 
:-;hift data. Mulliplll·atlnll .111d dll't:-11Pil lllthl t.,• 

¡wrform<'d with sul'l\l;trt~ th:ti l~et'.•; lit\' tllt·,·,·, ·.

nwntnr~· o¡wralwn;. Tlll' <tl'ltllnwlt•· l11r th,· .. -
pacitance bridge involvpo.; '<tt·¡ou,.; !r.¡n-::c)J'lll:-. •·í 

meat.ured capacitance and condtlL'Lltli'<'. Thv 1·-t·"· 

of Lhese llll':l"lll't'd p.;ranwlc'l'S ¡-. ,.,-.,, • .¡ p., ,:, 

l'(jlll\'aknt, p:tl .dlt•l, thlt't'-l<'i'lllill:•i ',¡, 1111 

'l'lw lran~f· . mal tons pt tt\ ¡,¡,.,¡ t 111 luti.· ,., ... , Q 
lcnt-~crics l'apaut.ullt· :1nd dtfkr,•ttlt.d l.:¡·, 

tance--bot.h the acLu:t! '. alnc .tlld a p,•rcl'· , 
of a. reference capacitance t.h.~t h:ts h.:,•n ¡., •. 

ured and stored mternall~·. Otlwr \ ran::-l•lt ... 
tions consist of eqtuvalcnt-p,;raJ~ci r,•, 1- .t11, 

equiva.lent-serif'-'> resistancc, dis;;tp.ltÍt•ll ,,¡.,] '' 

The value of the 1·eference capacillH. is "'•>•l .. 
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, ni erna.lly on com rna nd of front-panel controls. 
The porccnta.g-e dilrerenlial capacilancc <:an be 
u:--ed to l'lort capacll.m·s into tolcrancc bnntls or 
perform tcmperature coeflicicnt tc.~ts. 

Thc selccted i nformation appearg on two panel 
displays. Altematc readout modes can be dis
playcd since the instrument retains the original 
balance data bet\veen tests. 

Accuracy vs speed: a major tradeoff 

Generally a tradeoff of calculation accuracy 
against calculation time is the major constraint 

fot· micmproec~~~or users. Mulliplication or clivi
sion hy repcated adcl m· sublraet and l-lhJIL ¡·e
sern hh•s a malrix opcralion. II Pncc the lime re
qutn·<l tcnd~ to incrca-"e as lhc squan• ,,f Lhe 
numher of digits. 

This relationship forces designen; to definf 
their requirements carefully to optimizo per
formance. A useful techniquc uses lruncatcd 
products and quotients whcn pos:;iLlc, thu,.; avoid
ing unnecdcd rcsolution in calculation ¡·csults. 
Software support from vendors-limiled al prcs
ent--can be expccted to prove helpful as appli
cation libraries stockpile more programs for com
mon arithmetic operations. 
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CURSO: "MICROPROCESADORES TEORIA Y APLICACIONES" 

DR. ADALBERTO GONZALEZ BURMESTER 

III. Composición Lógica de los Sistemas (Hardware) 

Los sistemas basados en los microprocesadores realizan cálculos 

y funciones 16gicas de decisión por medio de programación. En con

traste con los sistemas discretos, donde esas operaciones se reali

zan por el paso de señales por los distintos circuitos electrÓnicos 

o electromecánicos. 

La flexibilidad de los sistemas que incorporan microprocesadores 

en su diseño está en qué, modificaciones en la operación del mismo 
1 

se realizan por cambios de programación y no en alteraciones de cir 

cuitos. 

La de~isi6n qu~ el diseñador debe hacer es_la de cual parte del 
. -- ..._ 

sis~ema d~b~ permanecer fija (realización física) y cual parte debe 

se~ cam~i~nte o flexible (realización lógica) • Es evidente que la 

realizaci6n, física_ del sistema debe contener suficientes circuitos 

Q electr6nicos d~ .soporte para que el microprocesador pueda -funci9nar 

adecuadamen~e dentro del sistema. 

() 

Los mi~rop~ocesadores pueden efectuar una serie característica 

de oper_aciones o-, Esta serie de operaciones está definida por el cort
., - .. 

junto de ipstr~ccione~ que el microprocesador puede,ejecutar. Arle-

más de las diferencias físicas de los microprocesadbres, éstos tam-

bién se distinguen por el conjunto de instrucciones que poseen. A 
'-

veces, es más conveniente seleccionar un procesadot que es física

mente más c9mple~o en su realizac~6n física, pero ~s logicamente m~s 

fácil.de programar. 

Un procesador, para funcionar adecuadamente, ejecuta_ una serie de 

instrucciones de acuerdo a alguna secuencia lógica, llamada programa. 

Las instrucciones pueden ser operaciones que están relacionadas con 

el movimi~nto de datos entre registros, o entre registros y la memo

ria. Pueden ser operaciones aritméticas o 16gicas entre regis~ros y 

la memoria. Pueden ser operaciones de saltos condicionales o incort

dicionales a otras partes del programa, o llamadas y retornos de súb 

rutinas. Pueden ser operaciones para recibir o transmitir datos por 

las entradas/salidas. Pueden ser otras operaciones de control que 

••• 2' 
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modif~can y contienen el estado de las banderas (flags), apuntado

res (point~rs) y otras sefiales de control. 

La combinación eficiente de instrucciones dentro de un programa 

permiten al procesador resolver problemas de cálculo y de control. 

Cómo se traduce un problema por resolver en una secuencia de in~jtruc 

cienes o programas se llama programación. 

Normalmente los programas que va a ejecutar el microprocesador 

están almacenados en la memoria. Porciones del programa que perma

necen fiJos a través del tiempo se guardan en memorias de lectura 

exclusivamente o ROM'S. Partes del programa que aún se están desa

rrollando o corrigiendo se guardan en memorias de lectura/escritura 

o RAM'S. Cuando los programas requieren del uso de datos, igualmen

te, las tablas fijas de valores se ponen en ROM'S y los datos inter

medios o cambiantes se asignan a guardarse en RAM'S. 

En el proceso normal de programación de un procesador, se e~cuen 

tran varios tipos de programas asociados. La función de estos pro

gramas es la de auxiliar al programador en desarrollar sus programas 

de una manera más eficiente, o en indicar posiblemente donde pueden 

estar los errores en caso de que nq funcione correctamente. Esta se 

rie de programas se les llama Editores, Ensambladores, Compiladores, 

Intérpretes, Cargadores, Simuladores y Probadores . o "Debbugers". 

Existen también otra serie de programs asociados cuya función es la 

de auxiliar en la operación de sistemas ya desarrollados. Estos pro 

gramas se les conoce por Monitores. 

Para distinguir a estos programas auxiliares, normalmente propor 

cionados por los fabricantes de los procesadores, los llamaremos -

programas del Sistema o System Programs. En contraste con los pro

gramas escritos por el usuario o programador, que llamaremos progra

mas del usuario. 

III.a. Programación (Assembly Languagc). 

La operación de transformar la solución de un problema en una 

secuencia de instrucciones, se le llama programación. Cuando se pro 

grama un procesador para resolver un programa, el programador reduce 

o 

o 

la soluci6n de su problema a una serie de instrucciones que se P·icdan Q 
ejecutar con ese procesador en particular. Por lo tanto, si un pro

grama está bien escrito, se obtendrá la respuesta cuando se termine 

de ejecutar el programa. 
• •• 3 
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El programador debe estar consciente de todas las posibles ins-

~rucciones que un procesador puede ejecutar para escribir p~ogramas 

eficientes. Siempre es posible escribir programas de muchas maneras, 

pero que eventualmente hacen lo mismo. Esto implica que la primera 

versi6n de un programa puede ser ineficiente pero aún funcionar co

rrectamente. La optimizaci6n de un programa no siempre es fácil, y 

s6lo se aprende ésto con experiencia. 

Cada instrucci6n de un microprocesador tiene una representaci6n 

en el formato de las palabras de memoria (8 bits en el caso del INTEL 

8080). El conjunto de representaciones binarias de las instrucciones 

se le llama Lenguaje de Máquina o Machine Language. Es evidente que 

el procesador entiende s6lo su propio lenguaje de máquina y por lo 

tanto, hay que traducir el programa al lenguaje de máquina propicio 

para el procesador en particular. 

Es costumbre de programar usando equivalentes representativos o 

Mnem6nicos de las instrucciones. Cada instrucci6n tiene sumnem6nico 

y su equivalente en lenguaje de máquina. La programaci6n con mnem6-

c=J nicos se le llama también programaci6n en lenguaje Ensamblador, por-

C) 

que existe un programa Ensamblador que traduce los mnem6nicos escri

tos por el programador en lenguaje de máquina. El lenguaje de máqui 

na se almacena en la memoria y después se ejecuta con el procesador. 

El Intel 8080 tiene una serie de mnem6nicos para cada una de sus 

instrucciones y un lenguaje ensamblador. Para auxiliar al program~ 

dor en la traducci6n de un lenguaje a otro, el Prog-rama: Ensamblador 

toma el programa escrito en lenguaje ensamblador y Io convierte en 

su equivalente en lenguaje de máquina del 8080. 

Siempre es posible programar a un procesador en lenguaje de má

quina directamente. Esto se hace cuando el programa es- muy pequeño 

y el programador está familiarizado con las representaciones binarias 

de las instrucciones. Pero para programas más grandes es más usual 

programar en lenguaje ensamblador. 

El ensamblador reconoce generalmente programas escritos en- len

guaje ensamblador con una sintaxis aparentemente rígida. Se recon0-

cen construcciones en las cualps hay cuatro campos:- etiqueta~, mne

m6nicos, operandos y (~omentarioa e Cadd construcci6n genera- un nwne 

ro precietermiuado de palabras en lenguaje de máquina. 

• •". 4 
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El ensamblador produce un listado en el cual aparecen las uJfe

rentr~ construcciones del programa. Cada línea contiene la construc 

ci6n y la: ,representación equivalente en lenguaje de máquina .. , SL la Q 
Sintaxis no es correcta, o existe .un error de orden o de evalu~c16n 

de operandos, el Ensamblador emite diagnósticos para que el progra-

mador los puede corregir. 

Una vez que el Ensamblador haya generado el le~guaje de má~uina 

para un programa, es necesario cargarlo en la memoria. Si la prese~ 

tación física del lenguaje de máquina está en forma de cinta u~~ papel 

perforado, el Cargador es un programa que lee la cinta de pape1. y p~ 

ne en el lugar adecuado de la memoria la instrucción correspondiente. 

Similarmente ~i la presentaci6n física es de otra forma, el Cargador 

se ajusta al medio. 

En el caso de que cierta porción del programa está destinado a 

guardarse en memoria de lectura exclusivamente o ROM, entonces es 

necesario programar el ROM con un programa especial. 

El Ensamblador y el Cargador son los programas mas usados por 

el programador para desarrollar sus programas. 

III.b. Compiladores (PL/M) y otros programas 

c~laf1-do el programa escrito en lenguaje ensamblador es muy gran

de, es posible entonces usar otros tipos de lenguaje que están aso

ciados con los programs Compiladores. Un Compilador es un programa 

que traduce construcciones escritas en lenguaje del Compilador en 

un nGmero bastante más grande de instrucciones que un ensamblador. 

Las ventajas del compilador sobre el ensamblador está en que con muy 

pocas construcciones de compilador se puede generar c6digo equivalen 

te a muchas construcciones de ensamblador. Desgraciadamente el com

pilador, puedq ser ineficiente al generar damasiadas instrucciones 

cuando se trate de programas pequeños. 

La compañía INTEL hadistribuido un compilador PL/M que es muy 

parecido al lenguaje PL/1, pero que está especialmente dedicado a 

generar c6digo para el INTEL 8080. El compilador es capaz de optl

mizar la generaci6n de c6digo eliminado duplicaLiones. Otras campa 

ñías han distribuido versiones del PL/M para generar código de sus 

respectivos procesadoreso 

. . • 5 
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III.c. Programas de Soporte (Monitor, Debug, Simulator, Edito~) 

Los microprocesadores cuando se usan en sistemas de desarrollo 

o Kits de diseño, vienen acompañados de varios programs de Soporte. 

El Monitor es un programa que se proporciona en Rül1 y cuya funci6n 

es la de facilitar el acceso de la memoria y los diferentes regis

tros del microprocesador al mundo exterior. Generalmente el progr~ 

mador con el uso del Monitor puede cargar la memoria con un progra

ma, modificar los registros y memoria, leer el contenido de ambos, 

ejecutar el programa y a veces ejecutar el programa paso a paso . . 
Estas cualidades permiten ejecutar programas y probarlos para ase

. gurarse que funcional adecuadamente. 

Los Probadores y "Debuggers" son programs1 que se utilizan espe

cíficamente par~ probar .Programas. Están especiaÍmente encaminados 

a detectar fallas, usando ganchos o trampas en el programa para su~ 

pender temporalmente la ejecuci6n y observar el progreso del progr~ 

ma. De esta m'enera, cuando un programa trata de ej·ecutar una instru~ 

ci6n atrapada, el control pasa al "Debugger" para observar que ha --¡ 
sucedido. 

El Simulador es un programa que se utiliza en otra computadora 

que no es el procesador en cuesti6n; La funci6n del Simulador es 

la de reproducir en programaci6n, la operaci6n del sistema basado 

en un microprocesador. De esta manera, el simulador "ejecuta" las 

instrucciones del microprocesador en otra computadora, con la venta

ja de que se tiene acceso a cada paso del contenido de la memoria y 

de los registros. La localizaci6n de fallas es muy rápida, especia! 

mente si se utiliza el Simulador en un medio interactivo. 

El Editor es un programa de soporte que permite escribir y modi

ficar programs escritos en lenguaje ensamblador o compilador. A es 

tos programs se les llama programas escritos en lenguaje fuente. El 

Editor puede presentarse en ROM para un sistema de desarrollo, en 

el cual se tiene algún teletipo o terminal adecuada. 

Existen además, por parte del fabricante, numerosos programas 

o subrutinas especia1es para efectuar complicadas rutinas matemáti

cas o de manejo de información. Estas rutinas pueden venir en ROM 

y usarse indiscriminadamente por el resto del programa. 
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A first look at the hidden half of microcomputer-based design: 
the programs that can make or break a system 

"\Ve wnnt tlw rmcrocomputer thnt offerR the most 
progrnmmmg power." Thnt's the conclusion of one 
r-..pt•ncrll ed ct .. ~rgrwr of microcomputer-bn"cd CHT 
termrnal". convmcl'd aftcr hnrd expenence that good 
~<oft wnn' rs C~'-t'ntrnl lo hrs work. 

Fnr IIH' pn~:11wer \\ ho '" a frr:-.1 -tune u.;er ol rnrcro
cnmputer-.. ~ollwnre co~ts enn ..;eem nlmost mvisrble. 
Tlw t ;•-.k ol knrnmg lo progrnm n new machme is so 
challengrng nnd nhsorhrng that t.he cngineer may fmd 
hrmscl! loolung hnck on o cornpleted mrcrocomputer
hn"c,l :-.v'-ll'm dPsrgn, ornnzed ot the hours of pro
grammrn:: 1 hat hnvr oceurnuloted. 

The long-tcrrn expenence of computer people is 
tlrnl more t h.m hnlf t he design cost of nn opernting 
<'ornputer syl'lem lre1-1 111 the software portmn of the 
cll'~i::n. For rnrcrocornputer applications, wit.h soft
wn•e rc'-'otrr< r.., only beginning to develop, program
mmg tcnd-; lo take up a very large port.mn of the 
ovrrn\1 dl''-'lgn rffort. 

'l'hnt doe:-.n't m en n t hn 1 soflwn re- bnsed desr¡.:ns are 
more diffrcult thnn those hnsed on hnrdwrred logre. 
For exarnple, one Bell Lnbs test '-'Vf>Lern engineer 
duln't know nnyllllng nhout microproceHsor.., untrl he 
stnrted n prowct thnt waH to rnclude onc of the de
VI('··~ lle nnd hrH coworkers ~non discovered the tiny 
COl!' puterH were ensrer t.o work w1th than t.heir regular 
lo¡.:H: ('Jrcurts Frlled wit.h confrclence, they wrote their 
pro;:ram~, had them "burned" inlo progrnmmable 
r<'.,d-only melllory chrps, ancl then wired thcir teo;;t ng 
L11;,>'l her W rt h ver y lrttle furthcr effort-rt worked! 

í l n 1 he nrga trve srde, neophyte uscrs soon discover 
th.tt lhe mrerocomputer world is a Tower of Babel. 
Ewry microcomputcr manufacturer has mvented his 
own unrque mnchrne archrtccture, and w1th 1t goes a 
unu¡ur ~ct of f>oftwarc tools. To swrtch from one 
brand of m rcrocom puter to another means that the 
U'-,()r luts lo -;lart frorn scrntch. Previotfs programs are 
u~t·lt·-,~. nnd t ltl're 1s n wholp new language to lea m 
bdore new pro~rammmg can hegrn. 

11 nll tlw.; souncls fnrmhar, piense notrce that htslory 
lfl he11tg rl'lrvt•d, wrt.h the microcornputer rndustry 
nnw mm rn¡: 1 hrough mnny phnses rdent Jcal to those of 
t lw conlptrl•'l 111dust rv f 1 lw l!l!iO~. 

Old I'OIIlptlll'r hnrHI-< hnvl' long known ol" llw lnn
gun¡:l' hnrrwr·, lwlw¡•en drffpn•nt compuln '1\'Hil'lliM, 
hui 1 hey too lnce Home uncxpectcd cxperrence'< whcn 
t.hey be¡.:m lo work wrth m1crocomputerH Used to 
working--rn lnrgc computers and m•mcomputers-

Howard Falk Senior Associate Editor 

through soltwnre o peral ing '~Y~I ems that ot Cll ,,y 1 ''"" 

ol thousnndH of bytes of nwnHJry, Pxperttlll •·d pro
grammrrs are olten surprl'-l'd lo rcd1scovcr hm~ Jllll< h 
t he y can accmnphsh wrt h only 1000 hy le;. ol lllll"rll· 
cmnputer rnemory 

One ¡:roup, nt HCA, d¡•vplo¡wd .1 prn¡;ram l•t ~llnll

lutc a ca r-on a TV "' rf'l'll -· golllg 1 hrough a 1n,11e, 
wh1le keepmg trae k of t he 1 ra\ PI t11ne Tht• \\ lutlp 
progrnrn took 800 memory hvles 

A 1 000-hyte ns::.ern hly lnngu.r¡:t· program 1.1 ~ P~ an 
experrenced mrcrocompulcr pro¡.:r.nnnwr ah~>11l n 

week to wrrte nncl dchug But tlw lon¡:Pr tlw ¡Hogr:un, 
tht' lcss efhetent the proccs.., hl'conH'" Thu'>, 11 nnght 
take two rnonths to wrrte nnd tl<•hug a 4000-hvte pro
gram. 

One of the tonghc'll ta!'oks is del11nng thP technu¡ue-; 
to use m writrng the program. 'l'hat rs a ta~k "ome
whal equivalent to laymg out n prrnled crrunl board, 
and 1t ts trme-consuming. Sorne hystrm dt",tgner., ef>
trmate that--includ1n¡:: program cie!'rgn, wrrt tng, and 
dchuggmg-ahout two program mstruclron.., pcr hour 
can realr<ihcally be produced 

Actually, almost everyt hmg t hnl can lw ~;nd of 
ha<;rc mrcrocomputer software concept.s and pral"ll< e 
holds ('qually well fnr mmrcornputer:-. ami large com
pulerf>. Mrcrocomputers are true computcr.., hkc any 
ntherf>, and are capahle-given a large enough mt•mo
ry, nnd adcquate perrpheral equipment--ol pert'orm
lllg the same kmd of computatwnal tasks as llli!Hcom
pulers or large cnmputers In lact, 1t '" wtdl'lv he· 
irPved that computer systcnu; contmmng mult1plc mi
croproce::.sors may ('Ventually he the preferred wav to 

h.mdle complex tasks now perlormed by lnrgP corn
puters. 

The programmer who ,., used lo large < ornp111•·r, 
wrll fmd that, wrth rnrcrocornpuler". he h.1~ lo hl' 
more COilSCIOUS ol lllllllllll7lllg hr._, ll~l' ll( llll'IIIOfY 
~pare ami of nwPting stnct exccuiHlll·llrllf• 11''1""'" 
nwnt-;. Such opt1m1ztng Pllorls are unporl:tnl ¡,.., all'l' 

mrcrocomputer systems nrr oltcn dc'-r¡:rwd lo ::o u1to 
m:ts~ productron. 

\Vhen ~oftwnre dt'vdopmcnl co:-h .1r•· '!'"' .,¡ ""'r 
lllllllV sv-.·tpm~ -in <'<oll~\11111'1" ¡~ond•,. ln1ndo ··ti- .. ¡ 1 h"" 
-.nnds of unth ol n ¡:lvt•n lllll'J<ll <'111¡>111<'1 ~, ,1. r11 111:1\ 

IH' prodllt!'d -·lite sott ,•,'<11<' d<•'-'q~ll 'llnlq·.v 111 '<"--dl rh 
conccntrntt·~ on ~" 11 !utlor..; lh lllllllllllllll 11'·<' ol 
mernnry space, or max1mtHll "Pl'ed ol o¡wr.rt lltll. Hnd 
emphns1zes the contrni;. that de:-.1g11ers Jlltl' 1 haH' 
over the system. Lowrr de'i1gn costs lor ~olt\\.trl' lw
come a secondury c<m!-.ldcmtinn 

In this art•cle, sottware for nucropro<'t·~c.or-ba~ed 

o 

o 

o 
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Microcomputer software basics 
To prow<Jm n nucrocomputor. a lis! e~ coded lnstruc
llons 1s prormed Each •nstruct1on íncludes an oper
a/IOn corfc nnd a memory locatíon where that code 
1s lo be storcd 

Evcry m1crocomputer ls des1gned lo accept a 
spec111ed hsl ol operatlon codes-usually called an 
mstroc110n lrst (or sol) Based on the accumulated 
past cxpcnence of system das1gners and compulcr 
progrnmmors. theso lnstruc110n hsts íncludo an as
!.ertmnnt of opf.lrnlions doslgned lo allow the com
pulor to handlo cffic1ently lhe divorse !asks expecled 
0111 

1 n !he m¡crocompul~o~r. tne lnslruc!1ons exost in bi
nary codl' form ns stnngs of zcros and ones 11 ls 
poss1blo lo progrnm a m1crocompuler In bmary 
codc- commonly callod maclunc languag!'--but lhe 
procoss os vcry lomc-consuming. parllcularly when 
nlmost mcvot;-oble program a1tmat1ons and correcllons 
hnvo lo be nwde 

To •;pP-n<l lhe prr,gr;¡mmmg procor.s. ilnd m;¡ke !he 
microcompuiN ;¡ pmct•cal system componen!. an 
osscm!Jiy lanuu;.gc 1~, ;¡ necess11y 

In ;¡<;scnwlr lilnqu;¡qe. ench ooeriltoon code ls a 
rnnornonoc codo loke ADD. STORE. or JUMP A spe-. 
cial proqr;¡m callad ;m assemiJ/er converls these 
mncmonoc codos into tho bmary mnchme code Tho 
os·;cmblcr also ass1gns and keepr, !rack of memory 
locot•on~, Th1s allows lhe programmer lo use s1mpto 
rofercnco numbors-- hke 10. 15. or 20 -!o 1dent11y 
h1s instructions. wh1le tho :J'lSomblor proqram con
ver!<; lho·.e to actual memory loc;¡fions. as noedod 

Woth lho help of an assembly longuaqe, the pro
spocltve n11crocomputer usor can wr~!e down hls ln
struclionr.. tollmg !he computar e~oclly what se
quonco"> of operat1ons to follow But having in hand a 
p1oco of paper wl!h a wnlfon asscmbly-language 
program. lho user 1s stoll facod w1t.h the task ol get
lmg hi~ progrdm lnto !he mlcrocomputer 

Lot u•; <l~<;ume that his ob¡ect l<; lo pul the pro
gram lnlo semiconductor memory ch1ps conla101ng 
!he rondom-occess memory (RAM) used by the m•
crocomputer A general ~enes ol steps to accom
pllsh th1s goal are shown In Ftg 1 Programs. dep•ct
od as reclnnqtes, include an Editor-wh1Ch controls 
!he entry. correction, and tape-recording of the as
sembly-l;mguage program Al !he center of the figure 
ls tho llssom!Jíor program, wh1ch converts lhe as
sombly languago statements lnto machtne languago 
Tho Loader program reads. memory addresses and 
operat1on codes lrom the machina language tope 
and entors them into the semiconductor random-

sy:-.t.cmo; is cli:-cusscd. A stcp up thc cornputcr-size 
lndder IR the one-hoard rninicomputer-the Oigttnl 
Equipmcnt Corpornt 1nn PDP-RA, for cxamplr., and 
t he Ct•nt•rnl A utomntwn J_,SI-16, holh of which wcre 
dc:-tgned as condcnscd vcrsions of full-size minicom
putprs. 

Tlll' tnhlt> on pngcs HO nnd Hl d1spiay~ mnny of the 
soltwnro rt>~ourr!'s currcntly hcmg otfcrcd hy micm
computcr manufnc! urcrs. Thc most irnportant of 
tht•sc to JHC:-Pnt -dnv microcomputcr uscrs are prohn
hly thc no.,-,ernhler progrnms. 

The assembler: a basic software tool 

Two gcnernl typcs of aRscmblcr progrnms are avail
nhle for rnicrocomputcrH: Cros.~-a.~.wm¡hfer progrnms 
run on mmicomputcrs or large computcrs; 8el{-a.~.w!m
bk•r progrnm,; run on the rnicrocomputcr itself. 

WQLIAL U$ u .. 

access memory Alter the program, m machone 
languagc. hac; been foaded, tho DoiJUgger 1s 
uscd lo make any correchons necessary to assure 
that opera!lon 1s sat1sfactory 

The tapes shown in F1g 1 are usually punched 
paper tapes, but other recordmg medoa-such as 
magnet•c tape cassettes and lloppy dosks. as well a> 
conventional computar cards, tap-e. and d1sks-can 
serve equally well. In sorne systems, edrllng and as
sembly aro combmed. and there ls only one, ma
china language, tape 

Wnll!'ll 
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Evcry microproccssor now proclurcd hn-; nm• or 
more accompnnymg cros.;-asscmhler progrnn• Olten 
thc chip rnanulacturcr wntcs a cross-a.,semhl•'r cven 
hclore thc microproccssor chip-; are phy!--l<'Hii_,. nvnil
ahll': thts allows progrnmn11ng cffort lo I!Ct uuder way 
ns soon ns thl' ha!-ÍC mirroproccs..;or archill'l'l•n<' .lllrl 
in:-ltudion ltc;t nrc rh•termined li~1ng n ''mtuaf"" 
progrnm, n mini- or lnrgN computrr l'llll IJ,· u·.,·d H• 

clll'ck out. nml rlchug manv lcature:---hut n••l rH'I'l'!-
snrtly all nsp!'c!s--of as~cmhlcd mirrorompult•r pro
g-rams. 

Cross-asscmhler~> nre oftcn run on t 1mc-~har111¡! ra
cilitws, and microcomputcr manufarturcr~> 1 r-•qt:Pnlly 
arrnngc to makc vcrs10ns of t hrir crosS·Il'·~··m 11ler~ 

avmluble on onc, or more, cnmmrrcwl timt··~h..ring 

Hervices. With a tclctype or CHT con;;ole. the u.-cr can 



Sorne currently available microcomputcr software 
---- --- ------------- ------------------------

Microcomputcr 
Systems 

Contr ol L.ogic 
1 scrrcs 
rnooulcs 

Cross-Assembler 

Batch vcrsron, runs on PDP-8 source tape, $120 
(ob¡cct tvpes and documentation also avail
abie for cJil programs) 

Self-Assembler 

Compatible wrth cross
assembler source tape, 
$120 

Editor --10 
Source tape, $60 

---------·----------------------------------
Drr,rtal 
Eqpt- Corp. 

MPS Series 
Modules 

A papcr tape system is used to assemble source 
code on a PDP-8 and prov1ee blnary output for 
lhe MPS processor 

-- --· ---- ---- - --- ------------ ---------------------
lntcl 

MGS-4 
MCS-Il 
MCS-8ll 

Wnttcn 111 ANSI standard Fortran IV; source 
dcck, $1250; now used on many systerns, ln
cludlng IBM, CDC, and Univac, Time-sharing ver
sions now up on severa! commerc1al systems. 
Offers macro and condltiofl:ll assembly 
capabilities 

Verslons for MCS-8 and 
-80 are compatible 
with the cross-assem
blers. MCS-4 versron 
IS not compatrble. 
Available only to dc
velopment system 
users. No charge 

Editor ls PDP-8 basrd 

Edotors run on MCS-8 
and -80. Milrupulate 
strrrogs, sc;nch, and 
substrlut" Avari
able only lo cJevelop
ment ~.ystcrn uscrs. 
No charge 

------------------------ ------- -
Motorola Runs on Tymshare system; macro capabllltles Non e 
Semiconductor are in development 
Products 

MC6800 

---------- --------------- ---- ------------
Nallonal 
Semrconductor 

IMP-4 
IMP-8 
IMP-16 

Batch version in ANSI Fortran IV for 1 BM 
and other computers. Offers conditional 
assembly. Source deck, $1250. Similar, 
nonrnteractrve time-sharing vers1on now 
up on Tymshare, and GE systems 

Ava1lable for IMP-8, 
-16. Sim1lar to 
cross-assembler. No 
cost; comes with pro
totyping system pur
chase 

Source statcmC'nt text 
ed1tor runs on G'E Tym
share system 

Source edrtoo for paper 
tape for IMP-16. No 
charge; comes Wlth pro
totyping system 

--- --------------- ------- ----------------------
Haythcon 

RP-16 

RCA 
Cosrnac 

Batch vcrs1on in Fortran-for Oatacraft 
6024. No price policy set yet. Tlme
shanng version In APL up on APL-plus 
systcm 

Batch vcrsion rn standard, simple Fortran 

Planned 

In development 

U ses host-com puter 
ed1trng facrlrttes 

Uses host-computer ed1· 
trng facrlrlocs Ecl-
ltor in development 

o 

-----------

for 1 BM mach1nes. Has macros'"and condl· 
trona! assembly. More powerful time· 
sharrng version up on Tymshare system. 
No prrcrng policy yet -- --- ------ ---- -- 1 

Rockwell 
lntern<rtlonal 

PPS-4 
PPS-8 

Available for GE time-sharing, Tymshare, 
1 BM batch, and severa! other systems. 
No price set yet 

Applred Computer Tech· 
nology, lnc., provrdes 
assembler for PPS-4 

--- - - ------- -- ------------------------ ----------
Signetics 

2650 
Batch vcrsron In Fortran 11 for 1 BM, 

Xerox, other machines. Time-sharlng ver· 
sion also 

---- --· --------· --
Tosh1ba 

TLCS-12 
Batch version only, In Fortran 11 

Nono 

Wrrtlen In Fortran ll 

Non e 

Uses ho·;t-CO"'Jllller cdr
trng facolrteo~ 

Under dcvcloprnf'nt 

---- -· ----------
o 



e 
Loadcr 

Absoluta type source tape, 
$15 

Binary tape bootstrap 
loader 

Por! of systcm "Monitor" 
program. Avallabie 
only to dcvclopmcnt 
system users. No chargo 

uebugger 
------

Memory dumps and modiflcatlon 
source tape, $30 

Non e 

Slmulator Other Programs 

PROM programmer, source 
tape, $45 

Uscr's lrbrary otrcrs 
malh and othcr programs -------------------- -------------- - - ---------

Resides in MPS memory, 
used durlng applicalion 
prograrn developmcnt 

Non e 

---------- -----------
Par! of system "Monitor" program. 

For MCS-4 and MCS-8: mcmory 
dump and mod1fy. For MCS-80: 
brcakpoints; dump and modlfy 
for both registers and memory. 
Available only to development 
system users. No charge 

Sirnulators wntten in Std. 
Fortran •v for MCS-8 

and ·80. Oebugging uses 
source program symbols, 
$750 

Program to load, venfy, and 
rnod1f·~ PROM programs is 
PDP-8 based Duphcator 
prograrn copwo; and verifies 
e1ght-channcl paper tapes 

" Moruior" programs offer 
clcmt'nfary opcratme 
syslem wrth 1/0 capabil· 
rty. No chargc lo users 

PL/M, a hrgher lcvellan
p,u;-.gc wnttcn m Fortran 
IV for MCS-8, -80, 
$12!)0 
A uscr's hbrary ofters 
many programs. Member 
fee ls charged 

-----
Wnttcn in Fortran IV. 

Ava!lable on Tymshare 
system. Allows timing 
of calculalions, and 
Interactiva control of 
executlon 

In development 

---·------------------- ------

C) 
Relocatablc linkm¡~ 

loadcr offers mcmory 
milp ,.nd error mes5ages; 
for IMP-16. Ab~ofute 
loadcr PROM; in
eludes bootstrap cap· 
abllity; for IMP-8, 
-16; no cost wlth system 

Ocbugger offers snapshots, dumps, None 
b;eakpolnts, memory search, 
alteration of reglsters, and 
memory 

Subroutrnes mcluOE' math, 
codc convcrs10n 

PROM programmer 
Telelype lfO, dlld card 
reader 1/0, 111 PROM for 
IMP-8, -16. User's 
library planned 

---- --- ------- --------- --------------------------------------------

o 

Absoluta loador, no 
charge to users 

In development 

----------------·---· 
Absoluta loader In hard· 

ware 

Non e 

Tlme·sharing package offers sym· 
blohc dcbugging. Dump and 
modify for memory In !.tand· 
a long debugger 

Debugglng comes wlth cross· 
assemblcr facilities 

Non e 

Time-sharlng package of· 
fers simulatlon 
facility 

In devefopmenl 

"Monrlor" program in PHOM 
form; others in developmen 

Simulator comes wlth cross- Sorne m<~cros ;:¡nd <;uhroutlnes 
assembler facilities No pncing polr.:y yct 

------------------ --------- - ---
Absoluto loaders, boot· 

strap loader 
Slmulator lncludes debugglng 

fea tu res 
In batch and lime-sharing 

versions. Written in 
Fortran 11. No prlclng 
policy yet 

About 15 anlhmclic <~nd ulil· 
rty routrnes, incllllhn;:: 
keybo;~rd scannrn¡;;: 

-------- ------------------ ------------------------ -

Relocatabfe lo11der "Tclctypewrltcr scrvlce" program 
includes sorne debugglng capa· 
blhties 

Batch-procm:slng version 
written in Fortran 11 

Floillln!-:·POinl .HOthnh·tic; 
cxponentlill, tn¡:ononwtric, 
and log functions. Hr¡:;her· 
level language srrnr!ar lo 
PL/M is under development 



tvp•• 111 h1·~ ~~~~Pmblv lan1!U:lt(C program, makmg cor
n•,l;ono.; alon:: the wny, a~ tndnalcd hv nn mlrradi:e 
ed 1m prn~ram Ot lwr cros<,-aqscm hlcr ver<;ums are 

w•tl 11'11 for "''" wtlh vnrtouR rntntcornputers nnd large 
('1 l'i l 1 \l ('1'"'1 

~ :ro ... s-a""''"'hlpro.; are popular because mo~t micro
,·n¡npuler« 11r•· 11ol conftgured to hnndle af!semhler op
ernt ton<; I'OIIVenient.ly, wiHie largcr computen!, 
l'l¡lltpped wll h more ndequule prmlers nnd more 
rnPmory ~P'" 1', offer thc prognun mcr mnny convcnien

CI'"· 

l.tke nos•,.,¡..,q•mblers, self-asscmhlcrs ore wnttcn 
wit h 11 !lt•fm1te computcr systcm in mtnd. The opcra
t.1on of a f>t~l!-ao.;..,¡•mhler ts h1ghly dependent on the 
tnput- n11t p11t <'!Jiltpmcnt 1 hat surrounds thc micro
pnw,·.,:.or Tl11" ~pectltc svstem tlcpendencc can sorne-
1 IIIH''> l'llW•l' prohlem" 

:->t•\ernl fenturrs of ns:.emhlers ore polenlially tm
port nnl lo lllH'roromputPr u:.ers For m:.tanre, n•/ocn
lt.hft• n~ ... emhlt-rs nllow 1 he nwrnory locnl10ns tor thc 
m ... ·hlill' lnngll:IJ.!C ¡HOJ.!Tillll lo he trnn.,pnrrnt lo the 
u· ... r. Sonw ""'"emhlers --known ns ah.,olutc os.,em-
hlt•,.., -uh\H\"' 'il.nrl 1 he mnchme lnnJ.!uu¡..:e prngrurn 
'<lora¡~!' al t lw '"olli!H', ftxed nwmory locnt10n; othcrs 
olln "t'\'!'ral niiNnnltvc slurtm¡..: loenttnnf! nnd nllow 
HOillt' hnllted lmkllll-! nt progrum scgmcntf! m rhí'fercnt 
lo< al IOll<, 

I<Piocat.lhdlty 1s a convcnicncc thnt ca~c~ thc pro
¡..:mmrner'o; t n"k, hut tt is not nn cs!lentwl fenture for 
m a ny apphl'nl1on!-.. 

¡\ cond¡/¡orml a:.~ernbly fenturc ~~ nvailnhle w1th 
some a~"'emhlPr pro¡..:ramf! Thts nllows the URer lo de
rtdP whtch ol t hr vnnous !-.CCttOns of thc prohram wJII 
he n<.o;emhkd ami to choose the tnost eftic~ent order 

for """ern hly 
/H(Icro ro¡mhtllllr's 1n an n""emhl!'r program nllow 

1 he u-;er to U~l' a smgle m•.,Pmhly-lan¡..:uage instruct10n 
lo ':11l a 'ipenlled sequenc!' of rnuclune longuage m
HI rur 1 wns Tht., can he 11 very pnwcrful tool when cer
tntn sequenel'" are rl'pentcd durmg a program. For cx
nmple. m an tnst rurnent npcrnl ion program, rahhra-
1 '"nmncro~ l':tll ht• n grent programrnmg ltmc-snvcr. 

( 'ross-a~sPm hlcrs n re gcncrally wntten m a witlcly 
w,t·d compu11·r langunge hkc Fortran, so thnt thcy cun 
he l';1sdy ad.1pted to mnny dd'fcrcnt llrne-shanng ond 
h.li<'h-proee<.<.,mg sy ... tems In general, use of sirnplcr 
nnd more f•t.llldard Fortrans--sueh as the onc spcci
fll'd hy llw Amencan Nntwnnl Standnrds Inslttute 
(ANSI) -rnlllllntZe'i the prohlcm of gctting thc as
st·mhler to run on a new syslem. 

Programs that edit, load, and debug 
Ed1tor progr.un<; work togclher wllh n tclctype, or 

Clfl' kevhoard. lo Pnnhle the ll!-.Cr to type h1s nso;cntl•ly 
lnnJ.!IIIIJ.!t' :.lnl<'llH'ttl~ on thc kevhonrd, whtlc mak111g 
anv twt•dt·d 1 h.lllJ.!l'"' 1,\ hnef, ty¡ll'd commnndR. For 
I'Xnmpll·. "''" h commntu! ... nught he u ... Pd to ndd 11 sin
¡~lc l'hnr:n·tn, delele n group of ltm•'l, or search lor u 
lme tontnm1ng n eertnm comhmnt.ion of charnclers. 
E(htor ¡>ro¡•ram., are often an tntegral pnrt of thc lnrg
cr computer "'ystemf! u~cd to run 1111Crocornputer 
CT!l..,:.-u<,o;t~m l1lers. 

1 ,oadcr pro¡:ru tns nccept mnchmc language code, 
usunlly m thc torrn of punchcd cards or punehcd 
pupcr tupe The londcr output may go directly into 
rnndom-ncceHs mcmory (H.AM) or into a dcvice that 

hurno., thr cod·~ 1nlo :1 ¡Ho¡•r.lllllllilhh· lf'dd-oni\ """'"'
ry II'IH>ivl) :-iniii•'IIIIIC'· '•t ¡•o~r.ll•· 1 !ro~:l:llll'- ..... Ih< <1 
loconvPrl the 111111 ll!IH! 1 '"''·lor l'i{( 1M lnlrllll•¡: 

Sornl' loadcr<, nrr! only t o~pahh· ol IL111rll1n;· ... :,.,,,;,,:~· 

modules of ende, d!'<.LIIlf'd lor IHl''-!H'Ciilt·d J11e:n"ry 
locnl.lons Other, more elahoraiP t .. aderq can l1nk to
¡~cl.hcr vanous codc moduiP., <ll1d f1t t IH·m 111t" :Ivad
ablc rnemory HIJHCI' in n llex1hle rnanner TIH'II, !1 .111 

!'rror iR found, only t.hc small 11111nher ot mo.,lnHIH>n<o 
in n smgle code modnll' nef'd lw rl'wrtl ll·n 

Alnng wit.h this lmktn~~ and n·l.,calllul '.q.:.ll!lll\', 

thro;e more :.opht.,l.waled loader'- provHie "'lH 1• .1dtll'd 
lool<~ m• rncmory map~---..,howmg wlwrc vc~n<HI!> pro
grams and prognun-<.egrnent.s are phy..,lc.dlv lo• at{'(l -
n:. well ns nppropn.lle error me~!>ag<'"'· \\ IH'Il .1 1.1ult v 
progrnm cannot he ¡Hoperlv loal'll'd 

Bootstrnp loadN" can pl.tl'C 11 progr.tm 1ntn llH'n'n1y 
when t.he microcnmplll!'r "'v:.tcm 1'• "t•mpt., .. -111 111e 
~ensc thal tt contmns no prt'VIIlll" proJ.!r.tlll """rrna-
1 1011 nt all In SOillf' .,.,..,H·ms, n lo:Hit-r prn:~r ,1!11 ¡o, 

made avnilnhh: 111 l'llOM memorv lorm 'l'n gPI t he 

~y ... tcm ~tnrtcd, it often mdudl'" n '""'''' rap rt>lilln!' 
thal ts nettvuled hy hilt.mg a rt'"'''' hutton nr kt·Vtlli! tn 
a single mslrtH !ton In udd1l.to11, t IH· pro¡:r.1111 1!> u"'ed 
for loading ami lor dt~playtnJ.! lll<'llll>rV l!llll!·nts ami 
t he contents ol mleroproce..,o.,or n•g1"t l'r" 

Dt.,plny capahthlw" are nnportanl 111 prt•J.!ram dr· 
huJ.!gtng Dehugger progrnm<> allow t he llf.!'r lo manlp
ulatr and oh~erve ll'-~l'rnhled program<o \VIwn a prn
gram malfuncl.ton occur..,, dehu¡.!ger" prm 1de !-.Uch 
ronvemences HS pnntoutR, called "dumps," ol reg1s1er 
contentH, or of selerl.l•d IHCafo ot mrmory. 

Snapshot or hreakpomt ~top:. mav alfoo he prt'"'dcd. 
\V ti h thrse, the uscr can :.penf'v the condtt.u•n'-' undcr 
whtch he wants to exam1ne memory or regl.,tl'rs For 
exnrnplc, he may specify thal a hreakpotnl wtll ocrur 
whcn a g1vcn mcmory locatton t!-. acccssed, or when u 
spectlicd code appear~ in a rcgJ.,ter 

Dehugger pro¡.!rams can abo nllow tlw tt!.er to 
change t.he contenls of proce:.sor rcgt..,lcrs :111d memo
ry locnttonH, In start progrnm l'Xerul.1on l rorn any 
p01nt in thc program, ami tn searrh mPnHli':V lor thl' 
local.10n ol specthed contcntH. 

Simulating microcomputer operation 

Even aftcr a microcomputl'r program '" d""l'lllhlcd 
ond dchugged, lhc uscr doe:. nol yet know wi1PIIwr 1t 

w1ll truly do !he JOb for whtch 11. w""' wnt tl'n ;\·J,,.,¡ 
thers seem to fecl that thc onlv pra1 t ll'nl \\>1\ lo lmd 
out. Í~> lo wtrc togelhcr the tnll'J.!ralt'd < tn JIJl 1'·" k
ngf's, conncct thern lo tlw "V"Icm eqlllpll•t'lll, lurn on 
the power, anrl :.ec tf t he proJ.!rHill wtll run IH"I"'' l\' 

Hentu<.e ot thc rclnhvclv low (n•-1 ol 11111 t"l""ti''·
!-.Oro., nnd other nllcrocomputcr t•q•tl!lllll'nt. ti··~ dtrl'tt 
upprnnch usually make~ good en¡:llll't't 1111., ·-t'""' 

!11 foOilll' "'Pet'tal ~llllllllnn._, 11 m,l\ ¡,,. \\<>itl",:;~\·· t•> 
"linUlnle tlw ,\,.1!'11\ hard\\<lr<' ll!'ttllt' 11 1, ,,, t l,,,:h 
produe!'d lVIIcropltll<' -or lllanulnl'llllt'r·-. ,.qll'l'lllt'.l 
nhnut devPlopmg Pi,t•cttVl' '-.\'-ll'lll arthltt•t tult', nllt'll 
lmd s11nulntton prograrn ... en"H'r lo manqHJi.lil' .n .. l 
¡p..,~ cxpcnRtvc lo alter than MOS tl11p dc..,1gn~ ~tllll 

larly, rntcrocompute¡' !o.Y'-tcm dc!-.tJ.!tll'r<o wh•l pi.'" r" 
~pec1fy their own cu::.tom-madc rn 1erop rPtA'"'' •r~ l111d 
use of slmulatwn progrum:. a neecsf.ary 1k~•gn '' c'P 

Gcncrally, the more nccurnll' the !-.llliUlal"'n. thc 
more cxpcnsive the stmulator program, untl t lw longt•r 

o 
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ff lf 1 only had a benchmark! 
W1th so many d•fferent arch1lecture: and d1fferent 
proqram •nstruct•on~. how can ono rTIICrocomputer's 
soflw;:¡ro powor evor be comparad lo another? One 
wny is to sniP-ct a mean•ngful problem, prO!Jram and 
run •t on d•floront. compet1ng machmos, and com
pare tlw rest~lts 

As yct fcw benchm;uks for mlcrocompu!ers aro 
av.11lablo fhe mo~! sign1flcant lo come to our atton
!IOn IS run by Charles Popper ot Boll Telephono Lrtb
orntnno, H1s bonchmark tos! uses n standard qu¡ck-
50r! nlqor~!hm lha! man1pulatos a lis! ot values in!o 
a5cend•nq or descendmg arder Up to 256 8-b1t 
byte<; nrc sorted using programs that conlam ti•o 
equ1vnlcnt of about 50 PL/M 5la!cmcnts 

Tho bcnchmark re5ults found that. w1!h assembly 
langu¡¡qe proqr¡¡ms. tho RCA Cosm.1c processor 
u sed 181 bytes ot memory nnc1 !he 1 ntel 8080 u sed 
192 by!PS. whlle !he In te! 8008 u sed 34 7 bytes. 
Usmo the PL/M languago. the lntel 8008 requ.red 
495 bytes 

Even tilo be•1chmarkmg procedure. wh1ch sounds 
em1nontly fa~r ;,r•d equitable. has its drawbacks The 
benchmark ¡u t •:1ted concentr,¡te5 on memory opor
atlon~ anc1 cllnmc!or ·man,pulallon, bu! many m1cro
processor apphcal•ons are onented toward mpul
output nnd b1! m,1n1pulat10n 

Bonchmark problems can be chose'l so !hoy favor 
one n11crocornpoter over anolher. SlllCe every ma
chme has 1!s own spec1al strcngths and weaknesses 
Furthermoro. the re<>ults depend heavlly on the clcv
erncss ol lhfl programmers 

The lollowm!J !hree examples are not proper 
benchrn.uks smce they all mvolve small. s1mple rou
tmes us•ng lll!le code. and can therefore g1ve only a 
very hm1ted picture of machme performance We 
presen! them as compar~son problems that servo to 
11iu5!rato ·how vory s1mllar resul!5 can be obtained 
W1!h d1fforent machmes 

Proqrams were written to 1mplemen! !he5e prob
lems on the ln•el 8080, the Motorola MC6800, and 
Nat1onal Sorlllconductor s IMP-16. 

The f~rs! companson problem assumes A and B 
are pos•t•ve 8-b1! bmary numbers lf A ~ B. the pro
gram 15 to computfl C = A - B + 2 11 A < B. 11 1s 
to compu 1e C = a - A + 2 Random-access momo
ry iocat1on5 ADORA. 1\0DRB, and ADORC are to 
·conw:n A. B. and C Tho flow chart speclfied for the 
solullon 1s shown lo !he rlgh! 

Resul!s lor !h1s problem depend on whelher A - B 
is o pos1!1ve or a negallve numbor The three ma
chmos used fro•'l B to 15 bytes of memory and from 
12to 39 2 ¡;.s lo execute the programs 

In thn second oroblem, 8 b1!s of d;:¡!a (b8 through 
'br) are lo be enterad ln!o one of !he mlcroproces-

it lakcs t.lwt pro¡:ram to run. Ncar thc p01nt of dtmin
Í!-.hing re! urn~. t he cn¡!tnf'er must decide whct hcr he 
ts hctlcr nfl chccking lu:, progrnms on nt'lual hnrd
wnrP, or 1 rvm¡~ 1 o ¡:ct rnnrf' n·fmcd -.unulat 1011. 

S11nulntion ol inpul.-outpu! (ljü) nperntiom is pnr
ttculnrly diiiH·ult. For cxnmple, !he nctunl 11me takcn 
hy thc procc'>'>or for any ¡.:tvcn JjO computat.10n is sig
nifirnnt, hcc,nJse periphcrnl devu:cs-ltkt> a tape 
rcadcr or 11 dP.,k-rcqutrc data trnn!-.fNs wathm strict 
time ltrn1tatwns if thcy nre Lo operate cfltcicntly. To 
Htrnulate t lw'it' J/0 opcrntums, the progrnm must. 
kcep truck of 'itmulated "real ·time," and this is dtfft
cult und co!-.t.ly to program. 

De!iign control of overall aspects of microcomputer 

sor's registe1 o;, and the one-b1t furlhe5! to lhe •t-• ''· 
lo be locatea 11 be 1s !he one-b1l furlhest lo th•· :ctt 
the mteger 8 15 lo be entered m a second roq•:.tf'r. '' 
b 1 1S the furthe5t-left one-b1l, 1nteger 7 1S to oe er· 
tered, ele 11 ba through b 1 are all zero5, !he secoi.(J 
reg1ster should be Ioft wr!h zP.ro 

Solut•ons for th1s problem usE>d from 1 O '" 14 · 
bytes of memory EYecullon 11me5 v<Jfled. depondmq 
on !he nature of !he data. w1th m1n1mum l1mes ran-;
mg lrom 18 5 p.s lo 36 4¡JS 

The third problem lnVOIVOS a hsl Ol COrl!>IJCU:I•If) 
data entnes stored 1n random-acce-;:, memory l'•e 
address of !he llr5t ilst entry 1n memory 1s denc1,...d 
ALIST A second memory address denotad EN 1 rt ( 
con!ains a 11umber n-between zero ano 255 -- t~'•'' 
SI!Jnllle5 the locat1on. m !he ilst. of a des~red on:ry. 
The entry 1s lo be obtmned and added lo !he m1( ro
processor accumulator 

Memory space used for this problem var1ed fronr 6 
to 13 bytes. w1th execullon ltmes runnmg from 1:1 to 
34 ~S 

Comparlson arlthmetlc problem. 

No 

system accumcy can be nicely h:mdlcd by ~unul.ltion 
techntques. Error hli(IJ!cl ing ts, for f'xa m pie. n pott•n 
tinlly !<ptny problem thnt ts rf'mhly handiPd !Jy stmu
lulton. In n J!Ívcn SY!.Il'!11. thc rf'quired output !HTura
cy can usunllv be nttnuwd b~ 11"-tll!.! mon· ,tcrur.ttc 
sl'nsors, or more actnrntc cornputatwn. tlr ¡n,orc an:u
rntc A/D cnnv('rsion. etc. Prnpcr ('rrur hud¡:l'l tng 1 incls 
the mtx of cornponcnt accurane!-. that will prndut'(' 
thc rcqturcd ovNall sy!.tcmllccuracy 111 hmcst ro~l 

Micwcompuicr uscrs gcncrally hn\c ''' ,·on!('nd 
wtth ftxed-point a~tthmctic an<l ·1- nr H-h11 \\ords. 
Thnt ts, 1 he program mus! spcctfY 1 he locat 11111 of t he 
decimal pomt in earh S('l of culculation numlwrs. 
Floatmg-pomt enthmetic moves these dec1mal points 



automallcally, hut t.lu~ fnnli\i' ,.., not yct nvndnblc for 
mo:-.l mH·rnrou1putcr., A :,¡mulat1on pro~ram knowr~ 
¡¡..,a fll,cd-pou¡t Hcall'T can help conkidcrohly w1lh this 
denrnal poml lol'ulwn prohlern The output ol thc 
pro¡·.: '11 1s a mutrix t.hat mdrcntcs--for caeh set of 
con1putat¡on. llllmbcrH-tiH' dynnmrc rungc nf thc 
r>umlwr~ dunn¡: thc computat10ns, and whcre the 
d!'ci!Hal pomt s -,hould lw locnt.cd. 

Programming at higher levels 
Wit h n lugher-lcvcl lnngungc, thc user ISSlll'H a rclu

tively s~t~nll numlwr ol qu1te general commands~-~~For
trnll stnl!'menh nrc of this type-und thc nucrocom
puter translul<·s t lH'ke commnnds into 1-1pcclf1c ma
chuw codc st <'ps, hopcfullv producmg thc des1red re
suih Tlm, trau:-.lntmn proeess iH curricd out by 8 spe
t:u•l pro¡.:rnm c.dl!'d n cnrnpllcr. 

ln fact, th!'rt' 1s onlv onc hlghcr-lcvcl languagc now 
a" t~l.1hh• lo nnrrocomputcr u..;crs-the lntcl l'L/M 
lnn~~\l 'lgP 

·¡ t"·h on ..;a¡nple progrnms are smd to inchcnte thnt 
n PLjM progr:nn can be wntten in lcss thnn 10 pcr
C<'nl ol tlw truH• 11 takcs to writc thc f.amc progrnm m 
nsst'mblv lnn¡:11llge. Thc mnin rcnson lor this snvings 
111 l11nc 1" t lw lart t hat PL/M allows t.hc progrommer 
In ch•l"me l11s prohlern 111 tcnnR natural to him. For a 
pm¡:rnm t hnt :-.elccts thc largcRt of two numhcrR, the 
l'L/M programmcr nccd only write: lf A > B, then C 
=¡\:el se e = ll 

But to many hardware dcsigners the notion of 

The first microcomputer user's library 
Users' program ltbrartes havo bcen a !am1har part o! 
tilo computcr scene smce the SHARE organ1za11on 
¡-~<Jan to collcct and make ava1lable programs wnt
'"n by IBM employoes and customers 

Startmq c:uly th1s year, the flrst m1crocomputer 
usor s progr:un hbrary was organ1zod by lntel Corpo
r :tlton Tho I11Jrary 1s dlvtdod into threc secltons. cor
,,·,ponrltnq In u•,o ol tho IIHoo princlpnl lntol mlcro
t:nrnpitl•H'I ll11r MCS-4, MCS-0. und MCS-IlO 

Mnlllhnr·.lllp 1r1 onch ol lho~fl lhroo r.ocllonr, 1'1 
.. vnil:li>lo "In nny inloro<;tod por~on or oronni7nhon" 
i••r o yonrly leo o! $100 por soclton The loe will be 
wntvod for uo;ers who submit 8 program lo the 11-
IJrnry 

Docwnonl:tllon for onch hbrary program 1ncludes 
lunction. rnqutrod hnrdwnro and soltwnro. dolnils of 
ll'>Pf proqr ollfl lnlOfllCIIOn, 11r1d 11 listing Of lhO prO· 
qrnm 

1\mon(] thP proornms now av;ulable lhrough tho h· 
brary lor tho MCS-4 mnchinos are AND. OR. and 
XOR subroutmcs, an 8-b1l mulliply. 8-b1t dlvtdc, dect· 
mal addtlton nnd subtractton, Chebyshev approx1ma-
11on, 64-btl <Jrtlhmettc. elemcnlary lunct10ns mcludmg 
s1n. cos. tan, ~''. nnct log, convcrston ol bmnry codo 
to nnd lrom lllll:try-cotlod-dcctmal. nnd tclotype rond 
and punch rout111os For tho MCS-B mnchmo. thore 
mo proc¡rnrn~ for btnmy r,omch. ltoaltng-point arlth
mctiC, lloatlnQ-poml mput-output convers1on. proces· 
sor slalc H";torallon in 1nterrupts. 8- and 16-blt mul
ltply and d1v1de, and teletype read and punch All 
theso MCS-8 programs wtll also be avatlable for the 
MCS-BO mnchtne 

A stnltlar ltbrary ls betng plannod by National 
Somtconductor Corp for users of thelf tMP-4, -8. 
and -16 m1croprocessors 

hwlll'r-lcvcl lnnf:llageo; f.('C'rn., mhpi:wed nnd (fl'·i"rled 
A~ one engmecr p11t 1t, " language'> llkc I'Ljl\1 h.1ve 
cmly n margin,ll valtre. It 1'' uot really dlfftcllil to pro
warn llliCrocomputers In ;¡<.;<.,embly langun~C 1 ;.._111~ 

PI./M nccessanly means supportmg a llme-c,ho~nng 

tcnninal, which mny be a f-.ubc,tantinl <·xpcw.t: for 
many small groups and llrms.'' OthPr lf<.,er., "Cf'lll to 
have httle confrdcncc thai a comprlcr can p"<•<itH e 
machwe code Lhat does an clfrCil'nl. eno11gh Joh ol b1t 
man1pulat10n to save memory Rpacc or spced (or11p1r~ 
tnt.um. 

Most of the applH·all!lll'-' software now wnll<·n lor 
mrcrncom¡nrtcr., tf> q1J1lP naturally lwmg dorH· hy 
us<·rs, rathcr than manufncturcrs. ~omc l:urlv .,t:m
dard routrnc-.--hkc t ho:-.P for scanning a ki·vhn,trd 
an• hcmg offpred hy thc mnnufacturcrs, mnrnlv n.., 
sales mccntivcs to potenll.d nr:-.tomcr:-. lntel (;.,.,. Box 
helow, lcft) hns organtzed a cooJH'ratiVC hhrarv f,,r 
USPr prog!!llllS. 

llscrs complain that computal10n on rn1cro! ••m¡HI· 

trr:-. ts hampcred by a lark ol m:•thernatlc.tl 11ttltl\' 
routmcs. Smcc requ1remcnts of dlilere11t u..,,.,.., lor 
~uch routmes vnry wulely, qome nllcrncorn¡nrll·r m:tll· 
ulaclurcrs--for cxnrnple. S1gm•t tet-o --~are wo1 k.n:.: on 
hhrnries of nnthmet1e ut1lllv roulr!H'"· such a.., llltdll· 
pies, variable length mult rplef>, d IVIdC'-', ami n11rlt IJlll' 
preci'iion anthmetrr. The:-.e routr11eo; are em h hemg 
wnttcn in severa! dllfcrent vcrklllll.., Somc nre lor 
maximum spced of execut.10n, ni herf. lnr compact neo;;,, 
so t.hey can he ktorcd in very hm1t cd rncmory spacc 

Careful records are important 
Hardware -oncnted cngmeer¡, tend 1 o d f<.,cou nt t lw 

imporlnncc of cnreful software documcnt at 1011 Tlw1r 
firc,t impulse 1s often to use as httle cner¡.:y a;, P"""'hlc 
to assure that their microcomputer program., wlll op
eralc corrcctly. In the debuggm¡.: sta¡.:e, t h1s genrrally 
mcnns patching a programmable re8d-only memory to 
make it do the JOb. 

AR D1ck Lec, of Boont.on Elcctromc..;, put-. ti: 
"Whcn thc on¡.:innl progrnmmcr 1s ¡.:one, lt-av111g ht•· 

hmd nothmg hut 11 progrnm hstin).!, sonwlmdv Ira:-. to 
1-111 clown nncl t'Oil<'!'plnllv rt·t·n•nt!' tlw pw¡:tnur 1111111 
1 lu• \¡H( in(.(. '('hnt 1~ 11 dtlill'l¡\(, t IIII!'·!'OIIHIIIIIllli: ¡oh . 
l lnt d lw nl'l unllv lnnlds up n tlow chnrt, 111' cnn't ht• 
sure thnl when he tries to modtly tlu• ¡Hogtalll, ht• 
won'l Introduce somc logicnl tnult Such lnultc. nwv 
lw ;.uhtl!' and not show up untrl thl' c,vstl'rn ,., out 111 

tht• fteld. 'l'lwn, hmgo'" 
Mnny u;.er~ le!'l 1 hnt 11 prmtl'd pro;:rnrn \¡.,1111:: pro

vuiP~ an IHiequale record t hat can ltt· lrnHdl,•d \ikt• anv 
other cng1necnng drnwm~. w1llr ll'VI'·IOII" nnd 'h,llq;t• 

not1ces. In truth, only thc pcr;.on who wrot!' 1 hl' t.~t

ing knowF- thc reasontng behmd the pro¡.:ran1 .JIHI he 
mr~y rasdy forgct To under:-.land a pr.,gt.llll ,,e~¡ 

cnough In rnuke mcnnmgful chnngt'"· n pr<>gLilllfllt'r 
llt'l'd" n tlow ehnrt, ami n wnllt•n dl' ... l np! 11111 ,,¡ i h!' 
progrnm '-'lral!'gy cnn h•· ,, grent ill'lp. H" l'an l11w il\
lmc comrnents on us~l" ,d,ly languagt• progrnm.., 

Reprmts ol lhis arttcle (No X74 -101) are .w<~tlólble ilt 
S1.50 for lhc hrst copy and $0.50 for each add•llon.~l copy 
Picase scnd rem1llance and rcquesl. st01hng arttcle n•tm
ber, lo IEEE, 345 E. 47 SI., New York, N Y. 10017, All. 
SPSU. (Reprinls are available up lo 12 months from date of 
publication.) 
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HOW "~0, DESIGN ~ITH MICROPROCESSORS 
Presented al WESCON 75 

,. 
by Edwln Lee 

,,, SUMMARY 

~-·-Thts· pnpcr prcscn'ts a proccdurc 
for usJng mJcroproccssors in dcdicnted 
control,applications. The procedure 
fulfills n&ods from d~sign to field 
scrvicc .. ·It ·was dcvclopcd by Matt 
Dlt!Wf'T ,l,ta· d~;>siin cngtn'ccr, ovcr three 
ycars-ago nud·is·rcidily learned by 
cnglnrPrs and technicians. It 
dclibcrntely •nvotds dotn proccssing 
nid,s, :;uch as nsscmbl<irs, high lcvcl 
lnnKungc~~!~lmulatcd systcms, nnd 
control··pnnl'ls; 'fhcsc· computer alded 
de!.l¡:n ·toolc:"'t:cncrally get in thc wny 
of cnst-cffccttve_drsign nnd-nrc more a 
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PROIIlEM 
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'',-:_ \¡)\ , SV5TCMATICAllV 
PARTITION THE PHOBLEIII 
_INTO BITE SIZE CHUIIIICS 

J 
¡,' 

SVSHMATICAilV " ' •J ') 

• ~ 1 j 

) JI '~ 

result or thP., cultural influcncc or ..... ,_ 
dntn proccssin~,-rather thnh ~roctical 
nccd. In ncarly four yenrt; of -dqsign.!. · 
ing und !f~Rin,tn.inirlgJ oystems using·_' '.' . 
microprocessors, neithcr the author · 

SVIIITHI51ll THE~ .•• - ~-· 
SOLUTIOIII 

nor thosc with whom he wo~ks have ever 
required these data procéssing tools. 

" r, " \ 

Thc pn.per !irst describes the' 
Sclentlfic Ap~roach to problem solving 
and the.enginccring culture's adaptatioD 
of thnt · appronch. -· The microproccssor 
systcm is shown as a logic element and 
the pro¡;:rruruni ng Rnd dcbur;¡p ng o! 
mJcroprnccssor Bystcms is shown as a 
st~p for ~tcp parallel to the 
englne~ring design npproach. The 
approach involvP& visual tcchn1ques 
and convcntJons for documcntation, as 
woll as tho uso of cll p-on te[lt •· 
equipm~nt. Thia documcntntion nnd 
test cqu ipment nlso provide the· abil1ty 
to dcuug hardware nnd programa on , 1 ' • 

equipmcn.t as, ft opera.tes ,in' tho, 1'ield. 

.. \.: ~-" J. " ' ~1- 1 

TIIE SCJ.J:NTIFIC APPROIICH 
1 > .. ("'¡ ' - ) ' '~ 

. TO' PHOIJLEM SOLVING·_ ... _ 
·-~ ·-~·~·\ .¡:,:~¡.r¡¡ 

The Scicntific Appronch·•is' the ,, ' 
uasis of orgnn~~cd problcm solving. It 
has four df~tfnct phases (oee Y1g. 1): 
Define the· problem,. partition the · 
problcm fn.to humnnly. compreh~nsible: . •'· 
chunks, ~ynthcsize·~he ~olut1ori, and ~ 
verity the solution, in the real world .•. 
Dcfining the problem .. is, primnrily a 1 • 

procesu ot' sólocting thc. finit~ .numbcr 
of vnrlnhlea_ which. nro. significant _to 
tho proul·cm an.J of, catcgorizing ·to . ,_ 
rcas'?nable ,limita. tbc- goal sought •. 

''" ''- . :'. -·· 

Fig. 1. 

,, 
V~RIFV THE '·:··-

SOLUTI0!\11111 THE 
REAL WORLO· 

The Scientific App'r¡';'·¡6h~ .• t~~~ .. 
problem solvióg. ----- ~ 

•"'' 

Systcmntic partitionin~ c~~atos ~ 
bite-!_ilied, chunks ot thc'·probl('m, which, 
can be solved individunlly with hurnaD -~~.,, 

rcason. It nlso provides ~ rond map 
by which thcse bi te-sized c-hunk~ cnn b':""" 
fltted togethcr, !ro~ thc botlom up, 
to produce the final rcsult. 

Syniheiis includcs sev('rnl ntrps; 
• synthesizing·s6lutions-to thd'bit~:~izrd 
·,chunks, inte¡.:rnting ¡;roups of chunks 

- •'into clusters, ~f'!d !innlly ,,int.Pr;':'ati~g. ;\ 
•'clu:;ters of chunks 'into thc __ finnl.. , -0 "· 

solutJon: :·'F:nch Bt';!P ~s. kc¡:ít:,lll1!"nn~y.,_.r,1 , 
comprehenstble. ' · · ' , ,', ·,,-~ -," ¡ ;. •l . 

t! '. " ...... ' .:.~~~·~~''¡'¡\ 
· ~· TIIE ENGINEERING ADAPTATTON, ,;. 

OF TJIE SCIENTIFIC APPilOAÓI·!·: ·_-
- ·~ ~ 

~ '1." ,t " 
Fig. 2 shows the enginePr's·.' ' 1 ,',,:,',':.w;'· 

proccdurc for desi~ning hardwirt'd" , ,--; .. ,1 
logic systems·. Tho product spcci ffcntion )·l :! 
defines the problcm. Rlock dia¡:rnming , , , .. 
breaks thc design probl .. m' 1n'to b'tt<•- ' (• 
'sized chunks, · Thc schematic--brrad- , , , .• ,_, 
board--test cycle desígns nnd dcbugs ' ' f ''1 

·in the synthcsis phase. The desir:D• and ,, ,, 1 : 

· , .. debug procesa is tirst· doné at' ~h~ ::~ ... , . ; n 
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modulo lcvol, then tbe subsystem 
level, and tbon the syatem level. Tbe 
tield trlala are used to verity tbe 
solution in the real world. 

wn11 r rrmoucr 
SPECIFICATIQT'j 

! ----

RLOCK OIAGRAM 
TO MODULF LEVE L 

~ ----
DI SIOT'j 

1\ND 
DE 11\1!0 MODULES 

~ 
DI"!ON 

1\ND 
0[RUG SUOSVSTEMS 

~ 
OfSIGN 

ANO 
OLBUG SVSTEM 

~ ----

fiEl O TRIALS 
WITH 

DESI()N IH VISIONS 

t 
RELEASE TO PROOUCTION 

DEFINE PROBLEM 

PARTITION PROBLEM 

SVNTHESIZE SOLUTION 
FROM eonOM UP 

IN THE LAB 

VERIFV SOLUTIDN 
IN REAL WORLD 

>'lg. 2. Thc cnginccr'a approach to 
Rystem dcsign and its relntion
ship to the Sclcntific Approacb. 

A detnilcd look at the synthesis 
IPchnlqur ir. shown in Fig. 3. It shows 
oh<' r.r•qu<·ncc ur.cd by the design cngineer 
lo de~IKn nnd dcbug nt ench leve} o! 
r.vr:th.,,,¡., Thc conceptual design is 
drnwn in r.chcmntic form. The schcmatic 
Jr. thc cnglnccr's languagn for 
vlsunll~Jng &olutions. Ench of the 
r.c-tor•mlltlc nymbols represrnts thc 
functlonlng o! n particul~r typc o! 
hardw"r" Tho kcy to a good HChPmntic 
ia not ju•;t thc r;ymbols u~<od, but their 
vJquul crouping nnd propcr lnhnling 
to c1t>nrly 11how their intoraction. 
Schemrtt1cr; aro not drawn to e!ficicntly 
fill n sheet o! pnpcr, but to serve as 
visual tools. White space, labels, 
rigbt-lctt convcntiona for input& and 
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outputa, all belp the dcsigner and 
anyone else wbo uses tbe documenta. 

CORRECTFRROR 
AS FOLLOWS 

REDliNf SCHEMATIC 
REDLINE ASSEMBLV 

PRINT 
PATCH BREADBOARO 

USE 
!;CIIFMATIC lANOliAO( 
TO VISlJAll V DE VELO~ 

VES 

A SOLUTION ON PAPEA 

+ 
GENERA TE 

AN ASSEMUl V PRINT 
FROM THf SCHEMATIC 

+ 
DUILO A 

BRLADBOf\RD FROM 
TH~ ASHMRL V PRINT 

·J 
1 r"T 

THf RRF.ADnOARO 
TO CHf <'K Of SIGN 

ASSlJMPTIONS 
USE CLIP ON 

TEST EOUIPMENT 

ERROR S 

NO 

00 lO NE XT STEP 
OF SVNHIESIS 

Fig. 3. Thr rnginecr's design and debug 
procedure. 

The ~chemntic of Fig. 4 URPS standard 
symbols and thcse convcntions and is, 
thcrcfore, clear to most cnginccrs 
and technic!nns. 

An assrmbly print nndfor wirc 
11 st is gencratcd from thc schcm•t tic. 
Thr nsscmhly print maps thc nctunl 
lnyout nnd wiring of hardware. Thc 
brcndhonrd is trsted to vcrify thc 
cnKinccr's dcsign asr.umption~. ln 
the tcsting phnse, cnginccrs follow 
a customary nppronch · Thc Pnf: inccr 
hanl{o h1s schcmatlc nnd nq<>r·rnhly print 
on thr wnll ncxt to his workh<•nch. On 
Uu• workbcnch are thc brf'ndhoard, tloo 
clip-on test Pqulprn<•nt, Rllch n•• scopcs, 
voltmotcrs, wnvcform gcncrators and 
power supplies and the interface 
excrcising circuitry. The test 
equipment is not built 1nto the 

o 

o 

o 



o 

o 

o 
1 

< 
:) 

breadboard, bocause .th~t: would séverel:v' 
11m1t··tho use!ul'ncas of .the cquipmcnt 
and would rcquire a later rcdcsign to 
tako it out. The cngioeer hooks .up 
the hnrdware·.and begins t.esting;· 

., 70,u.· s;c O!'! E SHOT . ) \- ' 
''¡ ,. 

Fig. 4. •A ·typical 1Ci:r.cuit cschcmntic 
.;howin¡;: the visual .convcntions 
usPa .by dcsign .enginecrs. 

·Normal l y, thc •di scovéry 'o! .an 
•error ·t·s .not lon¡r in com1ng. A 
corrcc.t·Jon,, ·for thc wise · cnginccr', 
fcil low!> thi s ·sequen ce: Thc .schC'matic 
is \redlincd in .the whitc ;spacc ncar 
~hd pnrt•of thc ~ircuitry involved with 
thP: c!langc. ·.Thc · asscmbly ·print is thcn 
rodJJneél ·und ·thc .brcndbonrd Js pntchcd 
to rcflcct ·Lhc -rNilinc; ThP cn¡;Jncer 
chn ngcs .'hi fl -documcn tat ion f irst, to 
kccp hiG documcntation in lockstcp ,,. 
wi t'h his e hardware. JI e sirnply red] ines 
and patchPs, cbccausc it .is u waste o!· 
time and moncy to Tcdraw and rcbuild 
afte~ cach of the incvltablc'correc
tions. Patching is ensy when ~a 
~chcmati~ ~s.d~uwn wlth white•spnce-. 
·nnd .thc :hnr.dwarc is laycd out. wi th · 
room for "PR ~ches. 

1 
--~ ~, ., 

- Thc, dcbur:r. ing cyclc ¡ju'1t' cdcscribod 
Jn •TCJH'nlr;tl many tirncs' during' a normal 
denJ~n .. · ,The .wilnlc •proccfw J•>'cnrried 
out nt thr:! .u,,., kbench •.. rcqutres no 
•compult!r .n::sir:t:lllC:C ·nnd can hP o;tarted 
nnd ntoprH'd nl .rny point without losa 

'Ol time. }J'hc cngjnc!l'r mny turn .off -
power, l·<•11ve <lhc workh<'nch ( tor -phonc 
cRr!n, m'Pf't.inv,s, ·or·,to go homo at-

"3 a.m.) "llnd -tiren ·r.ctur.n, turn on -power. 
~nd pick up:right ~hcr~~~ 1oft off. 

'Thc 'des i'gn-dcbug cyclc-is 
•syntematJicnlly'·cmployed first at , 
•module· lcvcl, .then at subsystem level 
.and fina'lly at ·systcm lcvol. ·At each 
lovel'tbe engineer checks only a humaol:v 
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cnmprchcnsiblc numbor ot- J tcm<;. At the 
module levcl he chccks ~he intpracti~n 
of componcnts to pcrform thc module' 
function, nt thc,subsystem lcvel the 
internction of modules,- and -at :.thc 
nystcm level the interaction ot ·. 
~ubsystcms. This synthcsis npproach 
also nllows .diffcrcnt pcoplc or ,_" 
di!!ercnt groupo to work in pnrallcl ••• 
so long as all groups follow tho same 
documcntation convcntlons. 

Ficld trials nrc ,an ,cssential 
pnrt of the desJgn cycl~. Thcy ~es~· 
not ·only ·tlll' dPSlgn In thc •real world, 
,but thc .product speclflcntion. , 
·Gcncrnlly,'·whcn thc cnginccr ,f·inn·lly-· 
docs design something to spccif~cation, 
mnrket 1.ng changos 1 t. •Equ 1pmcn.t ;can 
and~must bo modifiablc in the ~ield, 
if'.the •field •trials .are •to •procPed' 
~!fect1v~~~. The .clip~o~ test 
e9uipmcnt and a soldcring 1ron ~llow 
.test and rhnrdwarc ,chan¡:cs ·in ·the field. 

TIIE MICROPHOr.ESSOR SYSTEM 

AS A LOGIC F.LEMI~NT 

•The kcy ~o using the microprocessor 
systcm effect1vely 1'3 to trcat ,it·as 
a logic elcmcn1, rathcr than ns a 
computcr. This npproaeh 1s -espccially 
ncccsr.ary ·for dcdicatcd 'control systcmo;, 
nnd thc~e systPms constitutc at lcast' 

· D!!'.t of thc markct for ·m1 croproccssors-: / 
Thc.distJnctions hctwcrn thc reo] world 
of dcdicatcd control and thc art1fic1nl · 
wo-rld of data processlng are !"pelled 
out ,in Rcfercnce l. A d0d1cated ·control 
·systcm has only. onc es<:JcntiaJ 
charactcrl.Stic ... when it5 power ,is 

'turned on thc systcm docs its job. 
A well designc_d _dedicntcd -control .. 
·systcm ·has a sccond characteristic ..... 
all .systcm hardwa·rc'•is er;&cntial ·to. 
doing thc job. ThinKS such,as ·computcr. 
control panels,' loadcrs, .diagnostic 
routincs, ·and pcriphernl control lera e" 

•do nothing to -solvc problcms, ibut · 
·mcrcly scrvicc thc problcm•solvc~. 

In'·F1g. r._, a mlcroprocc,.sor 
·sys 1 e m i s t>hnwn as n ·log J e 'f~ 1 cment 
'wi red to load!<. Thc ,mic:-oproeessor 
sysl<•m is n bJnck box. •It .trns 'u numher 
of input gntes and a numhcr of latching 
output drivers (thc output:>.of-:flip- · 
.f)ops). These inputs and outputs are . 
simply wircd to lcvel compatible loada, 
I! a load happcns ~olbe a group of .
swltch contacta (keys, relny contacta, 
thumbwhecl switches), these •. contacts 
ar,e put in a matrix with one ·axis¡driven 
by .the outputs and the-otber nxis<senscd 



by the inputt>. Funct 1ons •mch as noiae 
rejoctlon, switch-bounce el1minntion, 
and nR~Jgning mcnnlng to thc various 
contacta, are all done by tho progrwm. 

The microprocessor systcm can do 
nnything nny othcr blnck box witb N 
inputb nnd M outputs can do. It can 
do t1mlng, mnkc dccis1ons, store data, 
do arithmctic and othcr analysis, 
conv~ri codo~. lincar1ze curves, etc. 
Thc bas1c diffcrcnce with this black 
box is that instend o! having to wire 
up componcnts insidc, thc deslgner 
q!mply puts spcciflc coding into the 
ProgriUll Mcmory. PROM or ROM is uscd 
ns Progrrum Mrmory, bccause of the 
prcviously stntcd requ1rement that the 

1 

1 

PAOGRAM 
CLOCK ME MOR Y 

(1702Al 

1 J ) 
CPU 

1 (4004,4040) 

OUTPUTS 
MICROPROCESSOR (LATCHES) 

SYSTEM 

J 
STROBE 

~ 1 'l ::::: 
!·l··llLJ t= 

BCD DATA ~ 
¡ 

) ) J ' ' 

/';;\ 
'-" LAMPS LIMIT SWITCHES 

TOGGLE SWITCHES t'-f>--0-- MOTORS 

RELAYS 
RELAY CONTACTS 

PUSH BUTTONS 

syhtem doca its joh whencvcr powcr is 
turncd on. The PROMs or ROMs are coded 
before being plugged into the systcm. 

The data mcmory in thc micro
processor systcm is gcncrally no more 
thnn a few hundred bits of rcgistcr 
storagc. If the des1.gncr wants to 
storc more data, it ls far more cost
effcctive to put data mcmory out~ide 
thP m1croprocessor systcm as an 1/0 
module. 

The interna} workin~s of the 
system are time scquential, so a 
clock is necessary to stop the bystem 
a long. 

DATA 
ME MOR Y 

-) 

1 
INPUTS 
(GATES) 

¡\ 
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/ 
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SELECT 
/ 
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Tho syatcm operntes through the 
intornction of thc CPU nod the Progrrum 
Mcmory. Conceptunlly, tbis intcractioa 
is indonticnl to tbc procesa undcrgone 
by n pcruon rcnd1ng n set of jnr.tructioaa 
nnd pcrformlng·them onc nficr 'nnothe~. 
When powor is turned on, thc CPU rends · 
the f irst codo word in Progrn.m Memory, · · 
iotcrprcts-its mcnning, nnd does what 
it 1'á 'told. Whcn it finishcs doing ' ..., 
the'firr.t opcrntion, it rcnds thc oext 
linc'nnd does•thnt.- The CPU is 
preconditiooed (just as we are in 
acbo~l) to !ollow this Re~d/Do cycle. 

J " .. 
~ 

CPU AOI.>Ill ~~ES PAOGAAI\1 
MEMO'I~ IH LOCATION : ., 
OF NEXT INSTAUCTION 

l-· ' 
,, 

PROGRAM MFMORV SENOS 
INSTRUCTION TOCPU 

-l·· .. 
•' . -· 

'. 
- CPU JJ EXECUTES INSTAUCTION 

' 
-· ... :1 ' ' ., 

"' ,, <"!: , 
' 

,. 
' .. •1 . ' 

Fig. ·a.·· Thc •bnsic steps in an' instruc
', 1 ··: .t~on cyclc. · 

Flg. 6. shows thc tim!ng scqucncP-under
gone by thc microprocessor system-to do 
onc particular tnsk. The full sequcnce· 
1s cn1lcd the instruction cycle. Using 
·the 4001 ns nn cxnmple, the sequcnce 
tnkcs cJght clock times to complete ... 
thrce for thc ·CPU to scnd a twclve bit 
nddrcss ~o Pr0gram Mcmory in four-biti 
bi tes, .two for the Program Mcmory to · 
Rcnd bnck the e1ght-bit instruction in 
four-bi-t tbjtcs, and thrce to .decodc • .. 
nnd cxccute the ·instruct ion. · Thc 
instruct.ion cyclc tnkcs nround f'lc.vcn 
mlcrot>ccond~ .nnd might do sonocthing . : 
such as scnd four bits of dntn to 
output lntchcs, scnse thc dntn nt four 
gntcs; or .ndd two four-bit words. Some·· 
instructions rcquire mqrc.thnn one 
1nstruct·ion ·cycle, to define and exccut.e,, 
For'cxnmple, thcre might.be a lookup 
tablc · in 'Progrwn Memory ( to lincarize 

\ 
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a curve, multiply two decimal digits, 
etc.). To take one eight-bit'word'arid 
translate it to-another eight-b1t word 

-using the lookup table takes two 
1nstruct1on cycl~s with the 4004. 

,' 

TO NDFFlO 1 AN A MIO D 
FROM ., 

INSTAUCTION ' M[MOAV· ~ 

PAOGRAM 
AEIJISHA 6 

IIIIEIIIIORV ... 

~ 
AAITIIMETIC 

TO LOGIC 

PROGAAM J CONTROL . ' UNiTr¡', 

ME MOA V liNfS 

.. 7 ;1 1 ADORE SS COUNTER J ' ,, 

+· ' "'1 REGISTE A 

ADORE SS STACK ' 
SlURAOE 

' ' ,_ 

- ---
... l -' i':. ~ ~ \ 1 -v 

Fig. 7. The~working registers-aod data 
flow in.,the 4004 CP~~~ 

The functionnl circultry insÍdc 
thc 4004 CPU chti.1i shown in FJg.f7. 
Thc nddress countcr controls "hJch line 
of pro~rnm mcmory is to·bc ~e~d ~ext. 
It stnrts at 000-nnd counts ~p; The 
Instruction Reglster nnd rclatcd ' 
dccoding gates intcrprct thf' cight~bit 
word nnd cause things to hap¡wn.-., The 
Arithmctic Lo¡.:1c Un it and Registcr· 
storngc are Read/Writc M0mory, in whlch 
data cnn be manipulatcd by an Inst~uc
tion. Thc nddrcss stack cnnblcs thc 
CPU to rcturn- to thc .rnain pror:ram nfter 
it's u&cd a·program module callcd a· 
subroutinc. It's similar to thc mcmory 
rcquircd by a pcrson rcading instr~c
tions, where''bc's 'beco ;told on p'¡q,:c 1 
to rcad tbe details-on pagc 10; and 
nfter rcading the dctails must rcmcmber 
to return to page l.- The· judi e ious : ',
use of subroutioes is essential to·the 
bottom~u~ synth~sis approach describod 
below. _ , __ :_ ~---

'filE ENGINEERING APPROACH 

Thc cng!necr's dcsign approach 
fltH thc microproccsRor bascd Rystbm 
of Fig. 5. Thc key to undcrstnnding 

, the appronch nnd the techniques which 
makc it work is dunlity •.. for each. 
step in the hardware desigo proceas 
there is a eorrespondiog elcment 1~.th~·-
pr~gramming procesa (see Fig. 8). · 
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ll~ROWARE <~----> PROGRAM 

~-----
RLOCK OIAGRAM 

q'"lfl M A TIC lANGUAOE 

Wtnl l 1ST OA A~',¡ MOL Y 
PAINT COOING 

S.CHEMJ'.liC ANO ASSl: MOL Y 
PAINT 

FLOW CHART 

MNEMON'C COOINO 

HEXADECIMAL COOINO 

PROORAM ASSfMOl V FORM 

CO~f"'NfNT 

M00\11 ( OA S\Jfl t;;VST[M 

r•Rl AOIHlARO OR PROTOl VPE 

IN~fRUCTION 

~lJR ROUTINE 

PROM 

WIA[WRAP GUN 

OR SOLOF~ING !RON 

OSCILlOSCOPE 

PROM PHOORAMMER 

CliP.ON TESTER 

Fig. B. The dual or equ1valcnt elements 
in hardware and prograrns. 

WRIT[ t..NCIFICATIONS 

OEVf LCW 
5YSHM Bl()(.J( DIAORAM 

ANO 
SVSH M • LfJW CUAHl 

01 Vt l nr 
Dl TAill.D lH l.)(' K OlA(, RAM& 

AN[) 
OlTA.H[D FlOWCHARTS 

01 O.,I(,N IIA~OWARf 

lJ\INO V Uf ~·TIC'; 
ANO WIHTf PUOíiRAM 

U<;ING V,!tl MA11C l ANUUAO[ 

ON COUING ,.OnM 

htJil O f\HI APUOAilO 
coor r~oc.n.a.M IN lO PnOMS 

A.NO PUl PfHJM\ INTO BHI AOHOARO 

lll U\INf VHl MATIC:i 
ANO PA lCH CHANOf 'O ON 
HIH. AIHIOAnO - R[OLIN[ 
COUING fORM ANO PAlCH 

l[ST 
IJA[AOOOARO 

CHANOI SON PR()r.ll$ 

Fig. 9. 

vos 

Cl J ANIJJ' c;.rttr M"'TIC!. ANO 
PHOOHAM COOINO BUllO 

ANO CUt CKOUT P"ROTOTVP( 

fi[LD TAIAlD 

The step-by-step design 
proc0dure for m1croprocessor 
based systcms. 
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In Fir,. 9, thc de~ir.n process 
it< r,hown wl th thr addiUonnl steps 
fnr mlcroprnces">orR. 'ftriting the 
product bpccification ib not 
si~nificnntly altercd becnusc of 
mlcrnprocrs•nrs, although, once the 
cnpnbll1ty of mlcroprocessorq 1s 
rccognizrd, the spcciflcatlons will 
chnn~c to eliminate buttonq and pots, 
slmplify the operator funct1onb 
and allow for many more opt1ons. 

Just as the block d1a~r~m 1~ 

Ut<f'd to partit1on thc hardv.nrc lnto 
b1tc-sizcd chunk~. the floY cnnrt 1s 
u5ed to part1t1on the pror:rrun tnlo 
bitc-si¿ed sequcnces. Flow chnrt1ng 
is s1mply a tool for describuq~ a 
&equcnce of evPnts. It can bL' 
adrquately rcprf'!,cnt<'d Wlth t"n 
&ymbols ... a box for a proccss anda 
d lJLmond for a de e 1s1on. Thc nwnbcr 
of levels of flow charts 1s str1ctly 
a function of lhe complexlty of the 
problcm. Fig. 9 1tsclf is a flow 
chart. 

Once flow chnrtin¡:- has gcn<·r ated 
bi te-si;o:ed modul fJ&, t he«e modules can 
br synthesized Vlbually with mncmon1c 
codln¡: Mnrmon1c cocllng 1s the dual of 
thc <'n¡;inecr's o;chematic lnn¡:uar:c for 
hnrdwarc. I prcfer to call mnrmonics a 
~ehemn t 1 e pror:ram 1 nn¡:uage. "Muemon 1cs" 
are ~lmply ~horlhnnd words, whtch sound 
like the1r funct1ons. 

The «ucce«•;ful uRr of mn<'monic 
symbol s for ''ynthes1s il'- t hn•u¡:h their 
v t•,unl organizallOO on paper w1 th wln te 
spacc, conv<'ntJOn'< and propcr lnbcling. 
FiK"· 10 and 11 sbow thc Progrnm 
~~~~rmbly Form dcvcloped by Matt Dlewer 
ano de«cnbed in Hcfcrencc 2. Th1:; 
furm •; .. rvcs as both the ~chcmntic und 
R<;~cmbly print for the Program Tbe 
F1r: 10 '<hows the main pro¡:ra.m and 
F1c. 11 shows a t1me dclny subrout1ne 
for a real t1me clock program. The 
(1 SCC) «ubroutinP is equ1valent to 
the ene shot c1rcuit of Fig. ~ The 
port1on of the ah<,cmbly form wh1ch 
HcrvP~ the functlon of thc· •.c:hcmrtllC 
1•; under thP MNF.MONIC columns. Thr 
lnbcls in the LIIBI:L column h.tvc t he' 
r-.,nnc functJon as f:lTCUlt t1tl,.~ (·-uch 
fl', thc title to the onc <,hot Cllcult 
ln 1'1g. 4). A «pcctflc Jnlwl npp• .1r•, 
only once tn a systcm, nt ti"' ll!'¡;lllltln¡;; 
of the ¡;roup of in·;t·n•ctlonc. whtch 
form the module. Thc Opcr:ttton antl 
Opcrand Co1umns cont..tn tlw l'-cin:mntl.c. 
Thc mnemonics shown here are the lntrl 
mnemonlcs for the 4004, 4040 CPU ch1ps. 

o 

o 

o 
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Fig, 10. Thc complete documcntntion of the mn1n progrnm for n 12 Hour Clock Sy~tcm. 
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Fig. 11. Th~ documPntation of a 1 Sccond Delny subroutlnc. 

Jn normnl operation, the microproccsnor 
~cqucncrH through thc instructions from 
thc top down. Sorne inntructions act 
like components, others act like wires. 
Instr~ct1ons that act like componcnts 
cause the microprocPssor to do some-
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th1ng ... lond a rcgister, ndd two 
numhcrs, writc data out (FIM, ADD, 'liRR). 
ln&tructions thnt act like wirc~ cause 
thc proccssor to go from place .to place 
(;nodule to module) in the program 
(JUN, JMS, 3BL). Some instructioos 



1 

compound thü!o<C tv.o functl'>nB (JCN, ISZ). 
Once thc d<!Sl~ner undcrstrtnds thc 
function~ rclntcd to thc symbols, he 
Kroupq thc Rymbols on papcr to achicve 
thc funcl\ons of n module. A module 1s 
a ~'t•l>rnutinc. A subroutine is likc a 
5 volt ¡.><>w<•r Rupply. lf n.n cnr,Jneer 
rk<;ir,n•, n ~:ystcm using 30 TTL chips, 
tnc"" chip'> nll use +5 volts, but he 
bulldq only onc 5 volt supply nnd 
prov~dcs a power wirc n.nd a ground 
rcturn lo cnch chip from thn.t supply. 
Thc JMS instruction pcrforms thc function 
of t.hc powcr w1rc, BBL 1s thc ground 
rrturn (in the 4004 mncmon1cs, other 
mncmon1cs use llET instond of BBL). The 
funct1ons o! JMS n.nd BBL are illustrated 
1n FJ,:r;. 10 and 11. JMS (1 SEC) 
lnd1catcs thc pro¡;rram should go to the 
(1 SEr) subroutine At thc cnd of thn.t 
c·uhrouLJnc, BBL scnds thc processor 
!Jack to thc ma1n pro¡;rn.m at JMS (SET). 
Ttw •,uorout in e module should be visually 
obvi,,us, thcrcfore, the lnbcl lS at the 
top nnd thcrc is while space (unuscd 
J Jne·.) 11bovc nnd bclow thc module. 
~(¡l!.tl\y lmportant is the documr>ntn1\on 
shown in the Comments Column of thc 
sch('rnalic. F:ulurc to documC"nt 
ConunPnls JS known ns job security in 
data proccssing ... it's known as sloppy 
documr·n ln t ion 1n cng i ncer ing. Thc 
Coramcnls explain to the dcs1gn 

'.
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Fig 12. Thc translation table for 
gcncrating PROM coding from 

'rnnemon ice. 
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rnginecr, lo manufncturing trst, nnd 
to fil'ld "crvicc whnt tnc progrnrn is 
dolng to affcct thc hardware ... this 
link is vital to debugg¡ng. 

Aftcr thc program schematic ih 
gencrnlcd, thc INSTR Cnlumn is codPd 
ln hcxndccimnl. The flllH Columns 
rcprcscnt thc progrnm mcmory locations. 
Coding the lnstrllct1on Column is 
cquivnlent lo gcncrat1ng a hardwnrc wlre 
l1st, s1nce thts coclln¡o: io; pul 1n the 
PHOM to conf1gure the hardware. \\e 
do coding w1th thc n.id of a Look-Up 
Tahle, such as thc part1nl tahlc sloown 
1n F'lg. 12. Afler a ""hllc, mor;t cod1ng 
1s done from memory al an av0rn~c rate 
uvcr ten lines pcr minute. flddrp•;o; nnd 
Jnslruction cod1ng should be 1n hcxn
dcclmal (sec F1¡::. 13). not Jn octal or 
b1nary. Thc reason 1s s1mplr .hardware 
d('bug~in¡: requ1res a humanly cornprehcn
sible codc 1n whlch what happens 1n a 
r,1vcn interval of t1mc is read1ly 
rclated to what is on a piccc of papcr. 
BLnnry is a n¡ghtmn.rc. Octal does not 
prov1de a speciflc charn.ctcr for 
spccif1c t1me slots for four-IJJt or 
e1ght-bit mlcroprocessors. Hexndec1mal 
is the bcst compromise ... one character 
representa four bits. Most iuo;tructions 
are eight bits or two hexadec1mal 
characters. 

Fig. 13. 

HEX 10 f\INARY 
CONVERSION 

HEX BJ4J2j1 
o o o o o 
1 o o o 1 
2 o o 1 o 
3 -o o 1 1 
4 o 1 o o 
5 o 1 o 1 
6 o 1 1 o 
7 o 1 1 1 
B 1 o o o 
9 1 o o 1 
A 1 o 1 o 
B 1 o 1 1 
e 1 1 0--o-
D 1 1 o 1 

E 1 1 1 o 
F 1 1 1 1 

A table show1ng th(' rrlatJon
ship betwcen hexadec1m~l nnd 
binary coding. 

o 

o 

o 
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Docause ot the manner in whicb the 
schematie and wire list are representad 
together on the same documcnt: the' .. • 
tunction ot-thci'white spac~ arou~~-~he 
mo~ule serves both schematic and 
bard~aie:lri lci~ving room fcir patcbes. 

,) ~í ~ (' i ~' 

Once the program schematic nnd- ., 
wirc list hnve beco properly documentad, 
it's time tor the debur,ging phase. The 
equivnlent •'of a breadboard is a 
progrrunmed PROM. The only reo.lly usefuf
PHOM for' thl s purpose is thc 1702A MOS 
PHOM.--· ,It is 'rcadily aval lnblc and 
crnsablc.. 'l'he 1702A PHOid hrts 256 -·' 
( lwxadcc1mnl FF) eight-bit word1;, The 
tool we use to code the PR01d is the -. 
PROM Programmer, shown J.o fig. 14. This, 
instrument' ~s equivaleot to a soluering '
iron. • 'Tbt- qrogrammer bas fo_ur -!:.asic :J 

j• 

_, 

,\. 

~~ ' ' . '~ 

operations .•. Liat, Progrrum, Duplicate 
(with .correctiona), n!Jd yerity. , Whe~ a 
PHOM is codcd for the.first time, -the 
Program''mode, is U!H?d. •, In this mode;, . 
data ·ts cntered throur.h the keybpar~. 
1nto tho PROM _(addressing_is auto-.· .. ,. 
mnticnily kept track ot by the · · , 
in~trument). Only two keyboard e~tries~ 
per line of code are required. An 
entire 1702A can be coded from the ,- .. ,
a~sembly form in under 15 mtnutes by ~ 

hand. It t.he systematic module-up · ,,. 
mC'.thod ot r,ynthesis ia betng used,, the. 
opcrator will never be cod1ug more thán 
60 O!' 70 in¡;truct ions at n timo. For _' 
example, he would code and dchug the , 
(1 SEC) mod'lle, and this tokes, fcss, :'. 
thlln a minute to key i:l. Once tlle' bas'ic· 
code is in the PROM, thC'-Duplicate mode 
is used to make corrections or ncw PROMs. 
In the Dupl1cate mode, tbe ori¡inal 

,, 

·''• j 

,• 
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~' ' 1 

• : 1 ¡ t ~ 
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Fig.'-14. '·_Toe' Pro-LOg Series 90 P~_OM Programmér, J~cd,'1n' tbe de~~g'n_cyéle •. ,_ ... 



PHOM (''"as" condition) 1s put in the 
~ln•;t í'r Socket, a bl ank PllOM 1s put in 
thc Cnpy Socket, nnd the red lines are 
kcycd in through the keyboard. A new 
cr-py ( "1 s" condit ion) takes 30 se conde 
to l(!'l"~rnte. 

Once the PROM is coded, it is 
plnc~d in the microprocessor system 
nt thc "orkbench and brendboard testing 
ber:ino; The Program Ass,.mbly Form is 
taped on the wnll, one page of forms to 
a PllOM. At the workbench are the 
o~cillo~cope, powcr supplies, voltmeter 
and a new piece o! test equipment, tbe 
Sy~tem Analyzer pictured in Fig. 15. 

Fig. 1 !:i. Thc Pro-Log M422A Systcm 
Annlyzcr uqed 1n design and 
field trials. 

Thl"< unlt clips onto the CPU chip in 
thc m¡crnprocet>~or brea<lhoard. lt is 
GPlf-pn•ered, w1th built-in lo~ic that 
enables it Lo observe without affecting 
thc o¡wration of the system (&ome 
control functions are available). 
UeLnu~e it clips d1rectly onto the 
mi cropro<·es~<nr CPU, i t ohserves 
<·vcryt h1ng thnt flows into or out of 
t he eh 1 p, pro¡:rnm nddrcoc;ses, instruc t ions 
cominG hnck from PROM, and data as it is 
hein¡- rn.tnipulntcd by the CPU. The 
1•rlmllry charltcteri&tic of the Systcm 
Analy/.<'r is its ability to synchronize 
on uny ~tcp of thc pro¡:;rnm. To ob&erve 
thc time delay subrout1nc in action, 
~et up the address switches to the 
Rppropna te pro¡:rnm nddress and observe 
the di~play lights which shows evcry
thing goiog on whenever tbat instruc-
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tion 1 s exccuted by the CPU. Equally 
important, thc Analyzcr generales a 
S cope Sync a t t he a ame time. I f 
som('thing goes wrong, an oscilloacopP 
can be u~ed to see if it is a hardware 
or timing problem, ratber than a 
program problem. 

The System Analyz('r and an 
oscllloscope are all thut we've found 
ncccssary to debug hard"arc. If a 
program error is found dur1ng test, 
r"d line the documentat1on (mncmonics 
and comments, thcn the Hcx cod1ng) thcn 
tnkc the onp;inal PROM, put lt in the 
Progrnmmcr and crcate a duplicntc 
PHOM with all the corrcct1on<; as 
duscribed above. (Not(' thl& luxury, 
onc that thc hnrdwar,. dcs1gncr docsn't 
hnve. The old brc•ndboard (l'HOM) lS 

untouch,.d until era~ed "ith nn ultra
Vlolet light and 1s nva1lahlc 1n case 
thc pntchc!'. don't work.) Put the new 
PROM bnck into thc breadhonrd and 
continue debugging until all thc 
correct1ons are made Hemove the 
breadboard system ... ready to U!'.C. 

R,.peat thc proccss nt sub~y~tcm 
and syst,.m level. ror thc 12 Hour 
Clock Systcm, the instruct1ons in 
Fig. 10 wcre all thnt wcru "'Ti t ten 
nnd dcbugged at systcm leve!. Whnt 
n,.cd is there for lt computcr to hrlp? 
At ~vstcm luvcl tape th,. wholc progrnm 
on the wall. The modulrs nrP vl•<t•ally 
obv1ous nnd sequcnc•~d in PHO~b 
nccord1n~ to convent1on .. matn proKrnm 
at the })('g\nnlng of thc fir·;t I'I!OM and 
~ullroutin('S plnccd nfter thc main 
pro¡:rnm. BecnuHe of whitc space, thc 
modules are h1ghly visible and do not 
movc nround on the paper whcn cnrrcc
tions are made. Corr,.ct1ons .trP placed 
in thc white space nenr thc affpcted 
mc>dulc. Becau!>e of stability of 
location, you become familiar w1th the 
locat1on of modules ln the program. 
You develop a systcm undcrstnnd1ng 
wlnch 1s far greater than that al lowcd 
by rcams of computer printout, wh1ch 
shifts around ench ttme the progrnm 1s 
rca•;sembled. Once the systcm pro¡;rnm 
is dcbugged, nll modules may hP mo~cd 
oncP to cl1mlnute unused PHOM. Oftcn, 
cven th!s isn't necessary. 

Once thc desi~n is complete nnd 
~y~tcms are shippcd, thcy cnn be tcsted 
1n thc field s1mply by cl1pp1n~ on the 
~vstern Annlyzcr nnd an oscilloscopc. 
The field scrv1ce mnn nccds only the 
Program As6embly Form (properly 
documentad) and hardware schcmatics. 

o 

o 

o 
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PRACTICAL EXPERIENCE 

The techniques described here 
hnve hcen u~ed on many significant 
systcm designa. One of thc most 
complcx of these was a hcart monitoring 
system, deslgned and built three years 
ago. This systcm monitored and recorded 
severa} henrt wnvcforrns, did wavcform 
nnnlysis, real time signal nvcraging, 
hnd nutomatic gain control and was 
entirely operated by the microprocessor. 
The progrrum was about 3,200 instruc
tions long, was written and dcbugged 
(including most of the hardware 
debugg1ng) hy two cngineers working in 
parallcl on d1ffercnt parts of the 
design, on a part time basio, in undcr 
600 mnnhouru. It' s my obscrvation that 
the bulk of real-world control problems 
rcquirc les~ than 2 1 000 instructions to 
implcmcnt. For this si :re progrnm 
computcr aidcd design does little to 
improve thc design approach and docs a 
lot to scpnrate the dcsign enginecr 
from intimate knowledge o! his hardware. 

CONCLUSJONS 

Thc dcsign--debug procedurc 
describcd hcrc scems superior to the 
RAM mcmory 1 simula tcd sys te m npprouch 
for mnny rcasons. Thc documcntntion 
is forcrd to be in lockstcp with the 
hardware and is mndc visually useful 
with whitc spncc register mnp~ nnd 
commcnt~. Thcrefore, thc des1gn is 
under control. Powcr can be turned off 
nt anytime in the dcbucging cycle and 
turned bac~ on to pick up instantlY. 
where the designer.le!t off. No time 
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is wasted loading and dumping programa. 
The old brcndboard can be maintained 
until the new breadboard is proven. 
Many times a fix doesn't work and the 
designer wants to get back to the way 
1t was. With th1s method, he sirnply 
plugs in his· last PROM. Old PROMs are 
crased only when .thc designer is 
satisfi~d with the.corrections. Two or 
more engineers can work in parallel, at 
two or more workhenchcs, on two or more 
modules and simply tie ~he modJlcs 
togethcr at subsystern or system level. 
Engineers can carry test equipment into 
the field to modify opcrating systems. 

Whit cnginecrs nccd to do, rnthcr 
thao to blindlv embrace computcr nidcd 
deslgn, is to standardlze mnemonic& and 
the visual convcntions for us1ng them. 
Program dc.sign and debugg1ng can then 
be as cfficiently' handled as their 
hardware cquivalents. The IEEE should 
sponsor this effort, rnther than pursue 
its present course of telling cngineers 
tbey must use computers and high level 
langunges to design microprocessor bascd 
syatems. 
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by Michael Hilford 

Thcrc nrc B numlwr of pitfnlls enginccrs should tnke 
cnrc lo uvoid wh('n dr·signing n systcm thnt uses a micro· 
proccssor. 1 n thc followmg, we willlook nt some of thcse 
trnps nnd sce how they cnn be sidcstcppcd. 

In plnnning lo u<>e a microproccssor, the enginecr 
should hcnr In mind thnt propcr performance of the 
systcm he is dcsigning dcpcnds on succcssful int.craction 
nmong hnrdwnrc, software and prople. If this is not 
hn nrllt>d corrcctly, thc opcrnlion of the system is bound 
lo su ffer. 

For n smnll compnny, thc dccision lo incorpornte u 
microprocessor or microc:omput('r int.o n product 
rl'prescnts 11 mnjor comu·,:tment from hoth fmnncml and 
mnnpower viewpoml s. ! '' nll pmbnbility, t.!w nccd to 
nvoid mnking errors c],_,ring product dcvclopmcnt 
hccomcs more crilicnllhnn cvcr beforc in the company's 
history. 

Onc importnnt decision the cnginl'er fncl's is the 
seiPction of the one microproccssor that sntisfies his 
syslt•m's n•c¡uircmt•J11.s h!'st. Howcvcr, it isn't until the 
sy~ll'm hns bt'l.m wdl·rif'finNl ond the mínimum tools 
rt>quire<i for thc microprocessor-bnscd produrt hnve bt.'Cn 
selr•cll'd 1 hnt the enginecr"is in n r,ood posrlion Lo choose 
thc bp•;t microproce'i'io;. So the engirwcr should not 
comrmt him~!'lf lo n pnrt iculnr microproccso;or too soon. 

Ohvirnw ¡111 fu lis thnt !.hould he nvmdPd cun b(' hroken 
rlown int.o lhrec <'nt,.gorie!l: softwnre, hnrdwure, nnd 
sysl••rn. "Syst em" lwre rclers lo tlw intcrncl•on hctween 
softwnrc and hardware. 

1 n tlw software rnl q~ory, tlwrc u re lJ posslblc traps. 
Thes•~ nre (1) ~ciPcllll~~ 11 rnicroprocc~sor systcm that has 
insufficicnt 1/0 •·npalllliLJ<·s; (2) poor systcm defmilion; 
(3) lnck of, or poorly wnllcn, performance contruct; (4) 
lnck of nrll'rJUIÜl' l.ools to complete lhe job; (5) un· 
dercstimnlion of job complexity; (6) program objectivc 
n'<lirection; (7) undcrtrnin(•d pcnmnnel; (R) inexpcrienccd 
rnnnn¡:emcnl; (9) poor documentalion; (10) no proof of 
pro¡{n·:;s during progrnm d('veloprncnt; nnd (lJI no 
financtal conncction nuuJe lo software development 
progress. 

Hardware Pitfalls 
Pitfnlls lo nvoid in the hnrdwnre rnl.cgory are (1) 

inndequnte systcm fnmilinnty; (2) inudl'quate systcm 
dcfmition: (3) des1gner unfnmil1nrity with 
microprocessor chnr acteristics; and (4) poor 
documenlntion. 

Things to wntch out for in the syslem cat.egory include 
(]) poor documcnlntion; (2) inck of firm guidclines; and 
(3) lnck of performance p~nn!ties. 

The nbove itC'ms sug¡;C'st that if a systcm is well· 
defmNI nnd documented at the outsct, mnny prohl('ms 
conc('rnin¡j software co:;t nnd product devclopment 
sciH"dulin¡; will d.·.nppenr. 

Th(' nl'Cd for thorough and arxurate system definition 
can't Le overemphn'li7.1~d. SybLr'rT' defmition takes in 
fcnturcs, software 11 nd mcmory reqUJrcmcnts. Fea tu res 
include thc defmitír>n of r('quired fcutures and sys!.cm 
objcclives in wnttcn form. Softwnre breaks clown as 
dcfinition of intelligent l/0 requiring software: func
Lional block diagram including intelligent I/0; through· 
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put nod progrnm documentntion requirl'm('nts; and an 
outline of the pmduct usN!!' manunl for future 
customcrs. Mcmory requiremcnts encompass ROM, 
PHOM, and RAM. 

Every dectromc syat.em ever designcd has hnd 
physical, linnncioi nnd tirne con~trnints. Sorne of thc 
more common constrnints of a microprocessor-bn'lPd 
system are physicnl d1mcn~ions, power usnge nnd 
voltage lcvels, devclopmcnt time nvoilnble, non· 
rccurring cost. limitallons (software for in-house com· 
put.er), in-house computl'r nnd progrnmmer capobility, 
and pnrts avnilnbility, inciuding both long lead-time 
pnrts and part11 not in production. 

Anticipating Problems 
Thcse consl.ramt.s must be nnticipalt~d. mljustcd ior, 

or avoided by eorrcct m1croproces~or selection. The · 
dimensional and powcr constrnints involve a trnde-off 
bctwpcn lhe nmount of microcomputcr sy:-tcm function 
thnt cnn b(' pcrformcd by thc rnicrocornputl'r nnd thnt 
which must be pcrformcd by 'l.I'L. Support logic mny 
perform tnsks lhat should be done 111 the minocompul er 
system such ns l/0 selecl.ion, prioritlzl'd dirt.'et nwmory 
llCCt''!S control, mcmory st>l('dJOn, kcyhnurd and di~plny 
control,nnd printercontrol, tomenlion n few. Ench •¡•rL 
paclwgl' cnsts money lo instnll, (¡•o;t, trouhlt'~.lwot nnd, 
in the cvent of fnilure, replure Thc J,po;t, lllll'IO('IImputer 
is the onc that requircs no supportmg TI'L. 

Thc developnwnt time e onstramt involvP~ tlw llllloUnl 
of software that must be gencrut.<·d ami dehu¡~¡:t·d to 
make the microcomputer control n devK'I' or rnnclww in 
real lime. Typ1cnl devires cnuld he floppy di<.c!., printcrs, 
displny nnd l<eyboards und Cli'l's The ¡,, ... t 
nliC mcornpull'r is onl' that hns n family of mll'llig('nt 1/U 
cJ,¡ps t.hnl perform the'lc control functions aulornntu:nllv 
withoul th(• nced for hundrcds of instrud.ion'! thnt lf;· 
lcrw('ave rl'al-llrne evenls. 

I'hcre 1:re mnny wnys to crente nnd dl'hug ~oft.wnrc 
and integra te hardware anrl rnicrocomput •~rs into func· 
lioning syslems. However, the oplimum,ll'a~l cxpcnsivP 
wny Lo develop a microprocessor-bast>d prnchrct is to usp 
lools dcsígnl'd spccificnlly for the pU1pose. With proper 
tools, the systems designer cnn quickly d•.>~ign products 
having optimum performance. Without LhPm, the 
systcm dcsigncr can mnke prod11cts only with grcut 
effort, money, nnd time, systems which wry likl'ly will 
not pcrform in on opl.lmHm manncr, if at ull. Lack of 
performance usuolly re<>ults in the inab1litv of the 
dcsignPr lo r('do the software where it is weak. ;fhe cffort 
reqUJred to gel the systern to funct10n the f1rst time cnn 
consume thc avuilnble time und fumhng so that thcre ure 
not enough rcsources rcmnining to impro\ e functionnlly 
weak softwnre. 

The busic de"vclopment too) fassemulntt•J) should han' 
these characlerístics: (1) direct tcnnin;ü interfnct• 
such as tcletype or TI Si!ent 700; (2) flexible progrnm 
editing capability such as PDP-10 type ed1tor; (3·) lur¡;e 
pmgrnm and data storage; (4) ea!>y program and dut.a 
modification: (5) single step and progrnm trap 
capability; (S) capability lo print a trace of the cont.cnt.s 

(Continued on Page 41) 
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'ContinHt-d from Pngc :lO) 
of t'\ery re¡;•~ler m the CPU, on commnnd. n) simple 
hnrdwnrc/~oftwnro· mlcrfncc; '8) PltOM writ111g 
capnbd1ty; '!l) HUM ooject lnpc formnt punch 
rnpnlllhty; (10) mt•mory cxpnnsion cupuo1hly; nnd (11) , 
n•,•,¡gnnbl• i /0. 

1\e•,¡clt , Lhc n~··l'llllllntor, sccondnry tools urc nlso 
necdPd. Typrcal of thl:'sc nrc n PPS di'lc/high-spt..>ed 
pnnlt:'r; PPS cros'l·ll'·semhlcr inslnllcd in uscr's m-house 
cornputcr; nnd tnncshnre or TYMEshnrc cross· 
ns~cmulutor, nll of which ore ncccssnry for Jorge (4 to 
l6k) progrnms. A TI Silcnt 700 lerminnl with tope 
cnsscttc nnd o Tl'Y tcrminnl with pnpcr-tape rcader/· 
punch nrc nccc~~ury for small lo medium-size (under 2k 
lo 4 k) progrnms. 

Tool Set Com binations 
Nl''\l, wl:' wlll hst lhe comhinntions of llSSI:'mlllntor nnd 

SPCondnry t ool" nrcordmr, lo lhe1r dcsJrabllit.y, ·kecpmg 
in tmnd nntH·lpniPd ROM si7.e rl'quircmcnts. These 
rombin:.t JOil'l of tools form loo! scls. 

Fo1 t lll' ··n¡:inl'l'r who is intent on producing com· 
phcnl{'<l pn,duct s qu1ckly nnd cff<'<'Livcly, the too! sets 
should contmn n PPS d1sc/high-spccd prinlcr 
ns~t·nnllator ~V<;lt•m or n PI'S cross-nsscmbler or lhe 
timl'~harc ~I'~JCt'S, TI Sllcnt 700 terminal wilh tape 
cn«s('tlc, nnd n Pi'S usscmulntor. 

For lhc engmPl'r working on less complicated 
products, t.hc tool sct nvnilnblc to him should contain a 

TI S1lt·nt 700 lerrlllnnl Wlth t.upe ca%et tp und u l'I'S 
aSO.l'lllUlntor. 

A mm•mum lool ~.ct for thc devp]op.nt·nt of vt·ty 
simple "Y"I.c111s would con~ist of n tclt·t) pl' '~ 1th ¡mpl'í 
rendcr /punch une! u I'PS us"cmulntor. 

To nvoid undcr·fmn ncinf~ n rnu-ro¡-roce,..,or-ha•.('fo' 
product, COhtS lll ench step of t}¡e tJ¡••,¡gr¡ o fforl JIHJ•,L !,e 
cstimatcd. Thcse muy be po'>~Hblc nm1~< ,·urnn¡~ co:<ts, 
costs of software, hnrdwnrc, ond o.,yst.Pm oevdopmcnl, 
and documentntion nnd manngement cn~ts. 

Under possiblc nonrccurring costs, it.cm•. whit'h •.h01•ld 
appcar ure m;scmulntor, in-housc 1;oftware pat :.agr 11nd 
convcrsion, protolype modulPs, Tl'Y or TI Lerrnmt.l, 
TTY modifJcntion, phone couplcr, nnd no1 mallabornU..ry 
equipmcnt such as power suppiws nnd o.,copes. 

Software dcvelopmcnt costs mny he est una 1 nJ by 
using n cosl pcr dcbuggPd m«tructron 1 Pchniquc, or 
est1mntmg on lhc bnsis o-f ex pcrit~nce (pe; ucat.ed f;tJCS'i). 

Thesc c:osl esllmntmg lt-chnulUl'S nn• only rule<; of 
lhumb nnd nrl:' bnsed on many ns.,umpLI0\1..,, Thcrc 1s no 
cnsy wny lo t:'SlJmnt.c pro¡:rnmmmg CI''-L and rules of 
thumb must be npplicd wJth grcnt. care. 

The nttempl lo e~timnle t he co~ot t•Í producmg a 
dehugged progrnm is t.lw mo«l chfflrult p.~rt of any 
product cosl·!'~l mllll.mg ncLJVJty. Thc prn, iuctnnly of t. he 
programmers vnril's grcatly from pl'r'>nll to pcrson 

Thc progrnmming cost hl'rll'flt~ t hnt n·snlt f10m 
choosing a m1crocomputer t.hal has n ,·omplütc family of 
inlclligcnt 1/0 controllcrs cnn be illu•.t rntcd by com· 
paring a few examples of control of real Lune evcnts. Onc 
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pxnmplc mvo)v,.~ lhe progrnmming rcquircd to display 
32 d1¡~Jl~ und scun, clehnunce, nnd prov1de two-kcy 
roliover for o kt•y!Jourd Ttus octivJty tokes up
proxllnntcly 22 mstructions, without real-time 
n•stnctJOns, lo pcrform whcn un intelligcnt l/0 JS uscd. 
It tukcs approxJrnntcly 300 rcol-time mslructwns to 
pcrform in the obsencP of such o controllf'r. The next. 
cxnmplc, n floppy disc controllcr, con complPtcly control 
up to four floppy d1scs w1th opproJo.imotcly 200 in· 
slruclions, without reol-timc rcstnctions, when an in· 
tclhgcnl 110 dcvicc 1'> u:o.cd, as opposed to the necd for 
more thnn 1000 rcnl-timc instructions in thc obscncc of 
such nn intclligcnt controller. In thesc kcybonrd d1splay 
nnd f1oppy-d1sc cxumph~s. the real-time controlling 
ncl1vity not only rcquir('S signihcantly more 
programming nnd dcbugging pffort, it also requircs 
nlmost tot ni CPU involvcmcnl dunng it.s cxccution. This 
mvolverncnt rnrons thut the CPU is not avnilnblc to do 
more importnnt tÍ1<;ks so thnt t.hc nbility of the 
mirrocomputcr t.o perform n total systcm function is 
!'CVNPiy lw mpNro. Whcn nn intclligcnt I/0 device is 
u<;ed to control o ¡cnl-tJmc ev(mt, howcver, only a small 
pcrrcnl.age of CPU time i<; rcquircd. • 

Thus. t he cosl of prort amrmng is dosel y tiPd to the 
dPCisron lo provicic ~;,,. rcqmrcd t.ools nnd the 
micrc)('omputc.r w1th t.l~t' 1~' en test 1/0 strcngth. 

Muny fnctors cun imlul::;c the cstimulcd cost of a 
pn•duct dcvclopmcnl thnt indudcs n microproccssor. 
Exnmplcs nrc pnor vcndor prrformnncc, job complcxity 
undcrcstimule, lock of ndequnte dcvclopmcnt tools, 
systcm rcdefinilion, lock of product dcvelopmcnt tnleut, 
Jnck of mnnngerinl tnlcnt nnd lack of consuitant per· 
formance. Of the uuove·mcntioned it.ems, system 
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reddnl!tlon ond con~ultnnt po:rformnnc•~ ·~'-'' d I!Jo.p~ln',,on 
T!Jc dcf!llllJOn of sy~-!!'m rcqnu•·nwnt" .sl.o11id l><! 

care!11lly documcntcd to uv01d thc '>)''ot<~rn rc:quircment 
n'dcfinit.ion p1tfnll. To havc them redduwd dunng 
progrum dcveloprncnt grcutly mcren<.es thc co::.t of 
creatmg t.he debuggcd software. Thcsc Jncrpw,t•3 can be 
ovcrlookcd 1f thc systcm is frequcntly rcddmed vcrbnJ;y 
during t.he systcm dcvplopmcnt. 

flinng a consultnnt mny be nPcf:ssary tn en:;urc thnt 
the syst.cm mcets objcctives Progrnm performance at 
logical mílestoncs with respect to dnt('~ shóuld be 
cnrefully dcfincd throughout the developmPnt effnrt. 
Onc way to irnprove consult nnt pr>rfornwnce would be lo 
providc progress paymcnts nfter the progrum has been 
functionally dcmonstrntcd lo Jn(·e: milestone 
reqlllrcmcnts nnd hos becn propcrly docun.Pntcd. Thc 
documcntalion 11t cnch md•·~tonc should IH' romplc~e 
enough to enablc onothcr programmPr to t alw óvcr thc 
JOb ¡f m .. 'CP'isnry. WJt.hout o -pny-on·pcrfonnance con
sultuntlcompuny relnlwnslup, a m<~n;•¡:~>r may lmd 
lumsdf in thc position of hnving iuvc:-.terl n.onths of 
valunblc tune and money on u progrnnmlmg t•xcJ cise anrl 
hove only e fcw thousr-nd iilst11Jdlnns thn\ do nothm¡~ 
for lhc rcturn on bis mveslnllmL Aho, t.he ¡11og1 :1m mny 
Le so pnorly dorurnent.cd and organJ7Pd tiwt a ncw 
programmcr would not be nhle tP stt•p in nnd lmish thc 
JOh. The rcsult could be wustcd computf'r funds, time, 
cncrgy nml moncy. A rcstnrt I'Ould be impo<;-,¡!JJc due to 
ncw dcmanrls for compnny resourccs or los~ of com· 
pctit.ive position. 

A-fichael H. liilford is an l.'ngincer Wllh thc micro· 
electronic deuice diuision o{ Rockwell lnternutwnal. 
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A lnumph ol miniaturization ~~ ruprrscnlrd "' IIH'<;" p~t:l\11"'; of nlll ~11d 
nrw complll~'rs Th0 lnsl clrctron1C dlfJIIill complll~'r. ('illl<'rl r >·11;\C w;1•; 

cornnlf'IQCI illltlr Moorf' Sclwol ol rtN lrlC<ll [nr¡¡n<'l'[l(l(j ill p,,. l 1n1V('f',¡fy 
ol Prnnsylv::Jnlil Hl 1'3-IG In thr: 1;-Jrqrr photor¡r;-Jpll, lhl' l\'.'() [11•'11 lrl ltH' 
lorcgrouml :He ih0 co-tnvcnlcH'; ni ttu• hur;0 m.tch,nc. ,1 Prr".;Y'r [c;.-r·ll 
Jr aPd John W M;-JuChly ENIAC contamcd 18 000 v¡¡cuum i• ¡!;r.-; nnrJ 
liS f10WN f.C'liHCC (no! shown) OCC\IJ)ICd atJOUI lléllf il'; rnuCil r ;,;¡rr ilS liH' 

computr.r 1lscll i he hr~l f111Crocomrutcr. hC'Itl by 11-; tnvcntor. ~.1 L Ho1! 
Jr of lntcl Corp. occup1cd a l!nv l'hlp of st11con (1t1c sm<11t rcctélngle 1n 
the centor). But 11 matched EN1AC m computat•onal nb1IIIY 

o 

o 

o 



Lf'ss !han thir·t.y yPars ago, l'kclrical t'IIJ.dnf'er ,J. l'n·:~-
wr Ec:kcrt .. Jr. and phy~icisl .T!,hn \V. Maurhly, aL tim<"s 

nssislcd by as many ns lift.y helpcr·s, laboriously huilt thc 
worl11's first í'leet ronie digital computí'r. 'rhcir EN I AC 
(Electronic Numcriral Jnfí'gTaf.or and Compuler) was a 

cddc lllOIIHler lhal WCi~~herJ thirf.y lom; ami rall 011 18,000 
~tcuum tubC's-when it ran. Bul ít starlcd the computct· 
revolution. 

Now under way is a ncw cxpansion of elcclronics into 
• om· liVC'I-l, a s('corHl computcr rovolution that will trans

form ordinary produds anrl crc:dc many llCW orw;.;. Thc 
instrumcnt of changc is an cll'C'!ronic dala-proccssiug 
machinc Ro liny tlwt it could e<t~.ily havc been lost in the 
f'Oci<et of one of lhose ENIAC lnhcs. ThiH rcmarlmble 
dcvice is lhc microcomputí'r, also luwwn a;.; thc compuler
on-n-chip. In it~ ba~ic conllg-ur':llion, il consisl:-; of just 
tl1at-a complex of drcuits on a chip of silicon about lhc 
f'i:.:c of lhc flrst thrcc ldterH iri thc word ENI AC a:-; printcd 
hcrl'. Yct cven a mNIÍUPl-slrcng-lh microcomputer can 
pcrform 100,000 cakulrd iüiiH n nccond, twcnty times ns 
nwny HR ENIAC could. 

This Rlllllll<'sl o( all dab-proces~1ing mnchine~ wns iu
vcnl('d Rix yC'arH ago, but ilH mass npplications are just 
br•¡ . .dnning lo explode, ~C'tting-

on· rcverhcralions lhat will af-

invent in Vhat scls any compulí'r :q¡;u'f. from evcry 
o 1er Jcind nf mHchinc is its storcd and all<•J·aiJ!c p¡-og¡ am, 
which allows onc compulcr to perform many difff!rcnl 
lasl<s in response lo fiÍmplc program changcs. Now lhe 
microcompulí'r ean impart. this powí'r, in a compacl form 
anrl al. a Jow pricc, lo many otlwr machines antl deviees. 

In lhe most common form of microcomputer, furthcr
more, u user CHII chang-e thc program ¡;¡m¡Jiy by unplug-
ging a tiny memor·y chip a1111 putting a ncw one in ib 
place. To ;.;how off this vcrHntility, J'ro-Log- Corp. of 1\Ton
lcrey, California, built a clcmonslration llpparatu;.; tilat in 
its orig-inal vcrsion i:-~ a digital cl(lck; whr~n tl program 
chip that l'llllH lhe clock is removed and another i:-~ pul. in 
i ts place, f be lh i ng suddcnly RtarlH hcl t.i ng o u l a ti nny 
\'ersion of thc l.hí'mc from Tltr Sti11r¡. Wilh still anothcr · 
memory chip, it hecomes n rudimcntary piano. 

An antidole for inflation 
Bc:.;ides providing \'('I'S:ttility for 11S('n;, lhe llliCI'OCOlll

pUlCI" makes possihle large economics in manufacluring. 
Now a manufacture•· can buy a :.;lall<lard microcompul<'r 
system for many difl"ercnt. producls and use a <liffererd 
program chip wilh cach. By doing so, thc manufaclurcr 

ca11 save sub:-;tantial mnounts oi 
money since a single microcom

fcct worlc niHl play, fhc proflt
'luility and productivily of cor
. JOrations, mHilllc naturc of lhC' 
computcr industry it;.;clf. For 
the microcomputer provide::; nn 

The brainpower of a digital 
computer is now available on a 

little chip of silicon·. 

pufc¡· can replare as nrany as 
200 individuallog-ic chips, which 
cmü about $3 cach . 

Thc use of mirrocomputcrs, 
morcovcr, can suhslantially re
duce service arHl warranty costs 
bccause thc rclial>ility of thP 
eledronic portion of a devicc 
is inrr<•ased up to tcnfold. A 
micrncolllpuler that n•placc•4, 
Hay, lifty i ni egr:tled ci re u i t s do e~ 

(]esomc amounl of compute¡· 
¡-,.,wcr· i 11 a pncl<age th at in i ts 
NirnpleHt form cosf::; les:-; than * 1 O hou¡rht in quanl ily nnd 
casi ly lils i nside a rnatchbox. 
Accessory dcviccs hring- micro

The reverberations will affect 
both businesses and 

consumers. 

compuler prices lo bctwecn $50 aml $250 npiece, lo be 
RUrc, hut thal'::; still a lot leHs thanlhe thousands of dollars 
a minicomputer cosls. 

ll's choaper lo movo olcclrons 
Ancl unlil<e thc familiar r•ld<'l' computcrH that come in 

their own l)oxes, thc microcqmputer is mounte1l on a ;.;mall 
board t.hat can be made to frl í'aslly nnd unoLlrusively 
into n corncr of an clecl ríe typewriter, a hulchet·'H Hcalc, 
n <'axh ¡·e¡dsl<!r, n microwavc ovPll, a ga'l pump, a traflic 
)ighl, ll complex Hcicnlíflc in . .,lrument :-Juch a.'l a g-as !'hro
matlwraph, and any of a myriarl oUwr dcvkcs \\.'hose 
capabilitieH alrcady are hcing enhanced by thcse slice~; of 
(•lccl ronic hrainpower. Soon microcomputerx will start 
rcplacing- whcclH, gcars, aJHI mcchanical relay:-; in a wide 
vari<'ly of control applil::ation:-~, hccausc it's nltlch nwr·e 
~flicicnl to move Plt•clrons arotuHl than mcchanical parls. 

To cite thc.'lf! applications and capahilitics, as wcll as 
many othcr uses to collle in the home, thc factory, ancl thc 
Üo~obilc, i;:Jo rlo only palc juHticc lo this marví'lous_ 

away wilh ahoul 1,800 inl1~rconneclions-whcrc n1osl 
failt1reH occur in cl<•('frnnicH. TIH' mirTnrontntlfPr in nfht'l' 

~~~~AJo-~~ 

word<;, is Ollt" of IIHJ'W r:tl'f' ll!,.!.!!.'~~t.b;k.] 1}¡¡~klll." 
J.u'w J'f'fllln'" t li, • ('l);..t o t' 

1
nt:lltll l':ll'lllri ~'.['.i!.!d ~UJ~~..t.h· , 

capah¡}¡fiPs :111d v:llJ.iZcrt li¡~· j1rnl)t;LCÍThus thc 1111crocom-ll 
puter may he thc hes! terhnological anlidotc for inflalion l 
lo come along- in quite a while. 

Evcn l.h<' men who makc ancl use miuocomputcn~ say 
that thcy havc~n'l y(!L g-rasped Uw <levirP'N full implica
tion~, lntt Uwy lwow the implicalion~ are Ja¡·ge anrl far 
re:whing. Fairly typical is !.he comnwnt of Edw:ml L. 
Gclbach, senior vice prcsidcnt al Intcl C'orp., thc Santa 
Cl~'u·a, California, semiconductor com pan y wherc 1 he ti ny 
comp'tllct· was invcntcd. "Thc microcomputcr," he says, 
"is almost too g-ood to be truí'." 

Thc microeomputcl' i~ fhc logical end rcsull. of thc e!f•c. 
tronics induslry'H hcadlong dri\'c lo minialurize. The 
industry has g-allopcrl throug-h Unce g-cncrations ol com
ponents in as many dccndes. In thc late 1950's, thc 

---Rcsc(iri:h-(ls:~oCiaú:ll-liCiá-ilills Moor1: 
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: :ansisim· n•pl:lc1·d Lhí' \'acuum tulle. \Vithin a fcw ycar:>, 
'

1H' tr;u¡~,Jsior Jhl'lf ¡~a\'c way lo "lat·J~P-scah! inLPgral.ion," 
r LSl, iltl' il'c' ·1111(\H~ thaL 11ow placP~ l.houéland~ o( micro

minialurii'.t•d traw;islors-an inlcs~ral<'d circuil-on a 
slivPr of ,..,, licon only a frart ion of an inch on a sidc. LSI 
madc pOR!'\lblc Lhc suilcasc-sizcd minicompulcr. 

A bold technologicallcap 
'l'hc ¡.;cmicondudor Jode circuit, of eoursc, coniaincd 

thc sf'cd of lhc micro('ompulcr, sincc lhc chip had log-ic 
('lemcnt!'\ on it-t.he 1 r:111sislors. Bullhc individual chips 
WPI'C dí'si¡;n1·d to pcrform limilcd t.asks. Accordingly, lhc 
el'nlral proress¡n¡: unlls o( largc compulers wcre made up 
of hundrrds, or thousands, oí 
intl'gratPd ~·irruits. 

Lo~::ic chips \\'el't' also cm¡)loycd 
for control or arilhmt'lic func
lion!'\ Íll Hpccializcd nppl!cat.ions. 
In whal heeamc lul0\\'1\ as "hanl
wired lo¡:ic" :-;ysiL•ms, chips nnd 
oi hí'r indívid ,¡a] componcnts wcrc 
soldcred inlo n ri¡;id pallern on 
a ~o-rallPd prin!J•!l-circuil boanl. 
Tlae fixed iniNconncclions scrvecl 
as lhc pro¡rram. Curiously, il wns 
t•ven lcss Oexihlc lhan ENIAC'A 
Jll'imitivc nn·ay of plug-in wires 

ff, 

lo slore a pnwr:tm lo 11111 a minusculc cornpuUrw !'Jtcuit 
Jn \¡j~¡ pn•JÍmlll:tl'y ¡\(::-;jgn, J fo[f condell'iPd lh1~ \a.) oul. 

onlo three chips. !le pul tltl' l'ornpuler's "\,rain," 1Ls c~~n
l.ral pro¡·pHsin~ u ni l., 011 a sin¡d1· t'hip of 'lilwon. 'l'hat Q 
possihle hecause !he ~i!•micondlll'l.or· ind1niJ'.Y h:ul dev!:l
opcd a mcans of inscribin~ vcty compi!'X í'ireuils 011 \¡ny 
surfacc."l. A masler drawins~. usually !)001 inws as largc :~e; 
lhc actual chip, i~ reduce!! phot.o¡!rapll!!;all'' t.o mit:ro
miniaturc sizc. Thc phol.o ima~·.es :trn lhPll i J'an.c,fel red lo 
lhc chip by a technique similar Lo pholn<'JI¡rravins~. 

Hoff's CPU on a chip hecame known as lhe micro
procel'sor. To lhe microprocessor, he atlached two mcrn
ory chips, one lo move dnla in and out o( lhe C:I'U and 

i h:tl could be move¡l around lo 
chan¡re lhc pmgram. 

Thc eledronic calculator, in al! 
hul thc la les l. versions, ttsf•s hn nl
wm~d lo~ic. '!'he nrilhmelic func
tions, or t.hc nperaling prog-rnm 
imd,ructions, .tre cmbcddcd in lhc 
chips, while the applicalion pro
v,ram iH in thc uscr'H hcafl-his 
inst.rudions yicld lhe deHired 
cnlculat.io11s. 

' l 
¡ \1.1 t ., ,, \' ., 
r·.~'·· -mt;:Q r·· l 

one to pro\'ulc t he pro~ram t o 
dri\'t thc Cl'U. Horr now had :n 
hand a nHlimenlary ¡~elwral-pur
püf.C compulet·lhat nol only cnul<l 
runa complex cakulalor hut nl;-;o 
could control :111 elcvalor ora sct 
of t.raflic li¡rhls, aiHl ¡wrfonn 
many o1hcr Utsks, dependin¡~ on 
its pro~ram. The microeom¡wlPl' 
was slowcr than minicon1pult'l's, 
hul 11. could be mass-producl'd a" 
a componenl, on lhc samc hig-h
volume lines whcrc Inlcl maflc 
mcmory chipf.-a surpri~in¡.!" de
vclopmenl lhaL would suddcnly 
pul !he semiconductor t·ompQ,_" 
inlo ihe eomplll!•l' husineo.:.o.:. 

Holr had strnn~ hackl'n1 in In
lcl's lop cxPcutivcs: Prec;idí'nl 
Gonlon E. Moon• alHl Chairman 
H.obcrl N. NoyeP, the eo-invf~ntor 
of lhcinft·¡~raied drruit. Unlikc 
many olhl'l' spc<·ialisls, (\;oyce 
an1l Moore had St~llS('d 1 lw pnkn
lial of tllC' microrompull't' t•arly 
on, ancllhey lcnl enlhusia:-.lie sup

¡. ,·: .,,,(l~- .• ' ·-- '""··- «-• .,-~ ___ ...J 
Thc lntricalc circulls of a microcompulcr are lirGI drnwn 
on rnper nnd thcn rcduccd photoarnphically onto ol;¡ss 
"rn;¡c.kG" tor rholocnornvmq on a chlfl of S11icon Hnrc n 
Molorol;¡ onrpnccr holds plastic shccls-wilh r.1rcu115 lrn
rmnlcd "' various colors-that aro uscd lo check for ac
curacy clurmg tho rcduct1on proccss 

A youn¡~ J 11lcl clwinecl', M. K 
lToiT .Jr., cnvi:-.ione<l a difTPrent wny of cmploying- lhe new 
cleclronic capahilil icH. He had reecivcd a Ph.D. in eleclron-· 
ics from Stnnfonl Univet·sily, wherc he had hccomc aecu~
tonwd to ~;olvin¡~ prohlf'ms with general-put·poR!'! data
IH'OCI's~ing- m:u:hiltc". ln l!Hi!l he found himself in ehat·ge 
of a projccL lhal lnl.el too!< 011 for nusieom, ll .Tapanesc 
calculnloJ' company. l:U.'IÍcom wanted lnlel lo produce 
calculalor chips of .JapaneHe clcsign. The logic circuils 
wcl'e Hprcad a1·ound eleven chips nnd t.hc complexily of 
ihc rksi¡~n woul1l havc taxc¡l Inlcl's capauililies-il wn:~ 
IIH•n a :-;mall company. 

lfoll' !1aW a way lo imprnve on t.he .Jnpanese (lPsiJ~II hy 
nmldn¡~ a hold technolo¡.o;ical lPap. lnlcl h:ul pionecred in 
lhc dcvclopmenl of semiconductor memory chips lo be 
used in lnr¡.o;e compul(·n~. (See "IIow Intcl Won Its Bct on 
Memory Chips," FoltTUNE, Novcmbcr, 1!>73.) In lhc inl ri
catc innnrds of a mcmory chip, Hoff knew, it was possible 
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port lo IIoiT's projcct. Most ollwrs h:~d vi:,ualize!l a com
putel·-on-a-chip a~ hcing somclhin~r exln·mely <'XP!'n-:i•:e 
and far in t.hc fulur·e. \Vhen in lhe lal1' l!lGO's Noycc su¡(
~eslecl ata con r ercnce lha l Lhl' nex t. decad(' Wtlllld S\'(' 1 he 
tlcvclopmcnl of a computcr-on-a-ch¡¡1, nnP of his f!'J\,lw 
panclists typically· remarl<ed tn :di st'IIOII';IH'!"'': "Ccl', 1 
cPrl:unly wouldn't w:ud. lo \!l:--.1• m~· whole t'Oillptilt•l' 
lhrcnwh a crack in lhc floor." Nn:Vl'l' loltl t llt• man: "You 
llave it nll wrong-, llccausc you'll hav<' lilO motl! sia1111~ 011 
yout· dc~l<, :-.o il won't. nwlter if you In~·~· one.'' 

Using words to rcplllco lwrdw<Ho 

Afl<!t' other ln',·l ell¡~tll\'t'r~; whn h•1•l, n\'1'1' t\11' ~:~·l;11i··• 

design work ¡;ul lhrough wit ]¡ 1l, 1lolr's lllVt!lltion ~·~·11 

tained 2,250 microminialuril.cfl tran"1:-.tors on ;, !'),_;¡¡ 
slightly lcss than one-sixlh o( an incll Ion¡: and mw-l·i~ )l 
of an inch widc, and cach of thosc microscopic transistor 

V 



·\':ts roughly cqual toan ENIAC vacu11m lulw. Inlcl la
helcd t}H' miaop¡·ocPssor t~hip -1001, aJHI Lhe whole miero
COillJlliÍ.cr .MCS-4 (tmcrocomputc~r systcm 1!). "Thc 400tl 
wdl probably be ns famo11s as the ENIAC," says an acl-

()rinJ; Molorola cxec11t.ivc. Dcspitc its small si:~.c, lhc 
,;·nn,t just. aboui. malehcd gNJAC's compulational powcr. 
lt. :-~lso matclwcl !.he C!tJlai.Jilily oran J. n.M. machinc of lhe 
carly 1 !HiO'R thnt sold for $~!0,000 :11ul whosc central proc
cx~lllg- uníl look up the spacc o( an oiTicc dcsk If :.nyorw 
had ~ug-ge~1tcd in thc rlays of ENIAC lhat this kind of 
ach·:mce woulcl tal<e place sn soon, says Prcspcr Eckcrt, 
t1ow a vice Jlrcsiclcnt. al Sperry Univac, the idea would 
ha ve struck him ns "oullandish." 

For· logic nnd systcms clc . ..;i~ncrs lhc appcanlllrc oí thc 
microcomputcJ' brou,~ht. with ita dram:llic chan¡;c in thc 
way thcy cmploy<'d Pleclronics. Tllcy coulclnow rcplacc all 
t.hnsc rigid harcl-WJI'Cd logk R?stcm~ with microcom
put ers, beca use t.hcy cou id : .. ',.,.e prog-ram ~CfJ IICIIC<'S in t he 
lahrrinthinc ci n:nit." of tlH' '''','llHlry chip inslcacl of usim~ 
indi\·iduai loJ~ie chip~ and :li::crdc compotH'Ill~ to implc
mcnt the prog-r:\111. l~n¡.;Íll<'C'I'f-1 Uli!R eould substitutc pro
gr;lrn cod,~ words fo¡· hanlw:ti'C pads. 

Fot· lhe semiconductor ilHlustry the anival of the 
microprocc:;;sor· on a chip ~i~nnlccl thC' cncl of a cosU.v 
~>carch for way::; lo reduce lhc comnlicalcrl tcchnolo¡~y 
tn more g-enemlizcd applicationii. "Thc prohlcm," says 
Moorc of Inlel, "wn:;; lhat as thc technolof~Y g-ot more com
plex you couldn't find any ,.-:-cncrality to lhe circuit íunc
liollH. \Vhat cusl.omcnl wanfcd was onc of llds circuit, onc 
(-)hat círcuil. lo huild a ~ysl<'m.'' Such dcmanc1s threw 
nnllll<<'Y wn•11ehes i11lo thc iruluslry'H cfl'orls lo hold down 
cosfs throug-h mnss prndneiion. 

Thc industJ·y kcpl fladíng and gropíng for ways to 
ma:,tcr UH~ prohlcm. 'TexaRlnfltrumcnl~'• for· iJmt.ancc, had 
a hiJ~ prograrn aimcd at ll1,ÍJH~ computcr-guidcd desig-n 
lo makc production of inte¡~ralf'd lrwie componcnt.s more 
fkxihlc. Jo':tirehild f;f'míconcluclor 1alkccl nhout lurning
out. a:-~ many as !>00 clifff~l'l~llllogic componenl~ a wcek to 
suil the rcquiremcnfs of diiTP.rcnl cu:;¡lomers. 1n thcse at
lPm pls, eng-i nC'crs were tryi JW 1 o force t. he te eh nology lo 
hecomc more flcxilJlc. Tcd 1 hff'R solution, lo make t.he 
intPrnal clcsi¡~n ilsclf mon~ llf'xihlc, waR far more elcg-ant 
aJHI more powcrful. SayR Moorc: "Now wc can make a 
si nJdc m icroproc('ssor eh i p ancl Rell i t for severa! thousnnd 
dilfercnt applicalion.'l," 

A rush lo gel on board 
~~ Gr:5l 111!' ¡;(\ 

.i.J,';';'ír litf)t• jntcn·<d in lhi0 t:n·:1 e•;¡¡¡ jn j!s. !cchnQlg~:y .. 
ltohc•r'l Noyec n•\'alls ! hat whPil lnlC'l i ni rodl!cl'd lhe 
lllÍcTocom¡HJter Jal!' in 1 !171, t.IH~ indll:-;lry'!-1 ¡·cactinn Wai! 
''ho hum." Semiconcluctnr manufacf un•rs hacl m acle so 
many C'Xtravav.aut p1·omis<'R in the pa.c;t thallhe industry 
~f'cmcd to hnvc bccomc immunc to claims of real ad
;~""\c~. Besidcs, the big Hemiconducl.or companie!"
fo"'-..../iH Instrumenta, Molorola, and l"airchild-wcre prc-

oeeupied with their lar,~(', current j¡¡¡~,¡ne:--.'-1, llllf'~~r:d.!·rJ 
f'ircuit.s ancl ealculalor chip:-;. "Look1n¡~ iJael\," sayi-l ,, 
l•'rcd Buey, T.T.'s cxccutivc vice prcsicl(·nl and ehicf op 
crat.iug ollkcr, "we probably should havc starlcd 011 
rnicroromputcr::; carlicr." · 

Only Hockwcll lntr~rnaUonal and National Scmi\:on
clur.tor g-ot inlo lhc flelcl carly on, :d,out. a ycar <~flrr JnL<'l 
F'airchild carne out wilh n microprocessor chip tbat ít so\rl 
primarily lo calculalor manufncturcrs. 1 L took anoth~.,· 
six month:;; or so hcforc thc ncw cconomics of thc mic1 •J

comput.er stung lhe olhcr g-iants into action. By thnt tinw. 
harclly anyonc could have misscd lhc mcssa,~c: a n~icro
processor and íls mernor~' could rcplacc a Jot of inrh\'idll:il 
lende chips-anywllt'l'f~ from ten lo 200. To spccd tlw 
ndopt.ion of microcomputcJ·s, Inlcl uml!'rtook lo n~ea:-.1 

t. he th i nld ng of i n•l usLJ·ial-cleswn cngi nccrs-thc com pa 11 \' 

laugh~ fJ,OOíl en¡dnecrs Lile use of thc nlicrorompulct· Íll 
l.hc carly Sevcnl ie~\ and anolh!'l' !í,I)OO or so lal.cr on. Onc(• 
thNw eng; 11PCI'8 sla rl erl onleri ng- lhc tí ny compd 1 erH in 
some quantil.y, lhf' big com¡Htníc~. ilS Noycc pu{s it, saicl, 
"\Vc've gol to get on board hcre." 

They rttshcd to get on hoarcl by "sccond-sourcing"
i.e., copyi ng-Jntel's microcompulers. Seconcl-sou rci n¡~ i" 
a common praclicc in !.he semiconductor inclustry. 1\íon· 
oflen than not, it is done wilhout thc ori¡dnal manufac
turcr's pcrmission or coopcration, hut Lhc ptaclicc i~ 

JJonel.hclesR widely acccpled by lhe companics involvc>cl. It 
works to thc hcncftt of the u ser in cst.abli~;hing a compcl i
t.ivc sourcc for thc eomponcnt. as well as a bat'l<tlp fo¡· ti11· 
orig-inal manufacturcr. In .facl, users normally demaud 
sccond-sourcJIIg. 

Late bul nimble 
Second-Hou reí 111~ m ícrocornpulers provccl lo IH~ a eom

plex lnsk, howcver. Vv'hni.'H more, Inll'l l<cpL m'oving·. It 
followcclup t.hc t101H with a mor(', capaciou8 8008modcl in 
1!)72, anrl ow;tnl flll'' rncl o( I!ln l.!!.,·oiiJ:)llmlJaif:? ·;¡cr,¡;',il(]
¡~rnf'r 'on nlicrocompu (~r. fi'éHo1·W. Tlw; was t.wenfy 
l!lllCH Iasler than lw · lli•L 1-:ven t JCil mo~t competitor:? 
hncl no microcompulcrs of their own to otrcr. Thc lirsl 
real compciilion to the 8080 was 1\Jfotorola's GSOO, whirh 
cnmc ayear aflcrwanl. Thc late slnrters Cinally be~an to 
cateh up lhis ycaJ' when Texas In"lrument.-;, General 
IrlHLrtm1f'nf, and o!.lwn1 announeccl mil'nwompnlt'l' nwtl
clx of flwir (J\VIl. '1'.1. ul~o inlr1,duced ifii C'npy of lh<' HO~n 
OIIIV tlriH year. 

To papcr n\·cr tilc gap, some nimhle (·om¡wtiHm..: up
graded cakulator chips and s\arfcd ralling thcm rompll
tcrH-on-a-chip. \Vith mcnwry nn 1 he sallH' :-;qtlar<! or 
Hiliron, tlws!~ IJ:t:-~ic unif:-~ can ¡wrform ~llnp:c ancl ('\'PII 

nwcl i um-com p k x i !.y control f 11 ncl i cl!l.~-l'llllll i ng w a~i1 in~~ 
machine~ or microwave oven:-;, for insfanel'. T.l, Hnci;~ 
W('ll, aml olhcrs now olfcr í'Urh ehips, The T.L produd, 
TMS 1000, sclls íor ns litllc aR $4 in large quantilics. 

Ali thesc compnnicH, and many other:-;, are i.Jattling- for 
a market that so far is íairly small-this ycar it will 
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¡{ :1mnnnt lo only :dHHIL :f,!íO million. l!nt. it i:; ex¡wct<'d Ir, 
t",pand lo $iií0 million ncxL year, and lo reaeh $1!í0 lllil
J:nnl•y l!lSO. 'n tllt'se esLimal.l's, lhu microprocl'ssor chip . .., 

~~ :ll'cnunt for o1d,Y J G lo 20 pcrcent. <•f thc <!ollar total, with 
,l nwmnnc; ancl olhcr componcnt.s making- up lhc bulk of 

lhe llCW llllsines.'1. 
Applirations of mierocompnlt'rs Loday are tillcd hcav

ily towarrl da!a-p¡·o~·(•ssing- cquipnwnt oí various kinds, 
i nc hHli 1W com pu t <'r t ermi nals n nd ot hcr acrcssories. The 
othcr m:ljor ma1 kcl is retailing- <'quipmenl-clcctronic 
<'a~h n·¡~isll•rs and point-of-sale lcrminnl:-1. But lhc pie
llll:<' Js e-.;pertcd In chang-c draslically in a fcw years as 
mlcrocnmpu!Prs im·:l(lc coll.'mmer prnducls in force.n 
·": im:li~"'- t h:;\ con~nnwr- 1rnrluct IIS<'s will accnunt for 

OpportuniliPs for upstarls 

In thr•ir c:1pahdll.ics, microcomputcrs covrr quite a 
ran¡~t' 0f npplicnt inno.; A simple microcomputer can acl 
:1s a mJnialnn• eontrnllc-r, rcplacing- an elcclromcchanical 
1dav o1· hanl-wirl'd log-ic syslcmH. A more powPrful 
lllodel, stl('h aH the ~o~o. can control a computcr prinler, 
M a whnlc sPric-s of thc-m. Slill more powerful modcls 
lw¡~in lo malch-and some nlready excccd-minicom
pult•rs in thcir computational spccds. 

'l'he tiny computcr is hcg-innin¡r lo g-c-ne•·ale not only 
11<'\\' produc~ls hut JH'W cnmpanics a" wcll. Says Got·don 
JTotfman, an cxcrul ivc aL l'vloslek, a Dalias semiconductor 
lwu~e: "A lot of lllg- companies are g-oin¡~ to be impropcl'
ly ]'n'parcd lo lake advanlag-e of the microcomputeJ'. lf 
l)lf:y don't tal<e aclvanlage of it, lhcy may fmd them
:,ch t·s out ill Lhc col el whcn a litt.le upstart comes along 
and says, ' [ ·~an do it. bctl.ct· with a microcomputer.' "· 

That k111d of compelilion ha:-1 alre:uly bcg-un, with 
many fa!'.t-llloving- small companic.<~ lakin¡~ advantag-c of 
t h(' mi<'l'<lc·ontputer'H mi¡~hty powcr. A few exnmplcs: 
• Clwnwl.ll<'<; Corp. of Burling-amc, CalifOI'nia, only two 
yc'arH old, ltas hrou¡~ht out an advanced blood-chcmistry 
an a lyzer. 
m Elt•ctro Units Corp. of San .Tose has dcvcloped an clec-
1 ronie control sy~;lt•m for bars; it dolcH out prcciscly 
nwa<>un'ci drinks and serves as an atlenlive invcntory 
ronlrollcr Loo. 
• Tclc'-<'llsory Syst.em Inc. of Palo Allo is inlroducing
t hi.•, fall a "lall<illl~" calculalm· fo¡· Lhc hlind, wilh a re
r·ordPd vocalmlary of LwPHI.y-four words for spokcn vcri
Íical.ion of calcula! ion slt•ps and re~ull.s. 

Lar¡~~~ con1pnni"~• of colll''4C, nrL' also using- thc capa
llllilit•>~ of 1111' cnlllJllilt•J·-nn-a-chip lo t.urn oulncw prntl-
11('1•;, AlllPilJ~ ll~t•IJI: 

.. Ct•nt:ral i':lccl ric, which is looking- into many po~~iblc . 
applicationR, recen ti y introduccd a robot industrial loo¡,· 
run by a tiny com¡)liLer. , 
• AMF, with the aid of Motorola, developed an auto-, 
mntic scorer now being demonstratcd in bowling allcys .. 
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a Tappan C.1. i." dt!:\q;ning- a microv:avc r¡V(:n wilh "loll< 1, 

and-cool<" controls; 1L II<;Ps lhc Hin¡.;le-clllp mlcroerJnlf)liL, 1 
madc by Texa<> lm;tnllncnt~. () 

For companics larg-c and small, ; n ,\ l'lttnentai.JOl~.-
proving lo he onc of t.hc mo!'.l n·wardJJW .•xt::t•; of micro
procc:-.soJ' applicaLions. I:L·cau~P o[ ¡j;; p<I\Verfl,l dai.a

JH'occs<>in¡; capacily, a com¡HilPr-on-a-r·liJ)I ca11 n•J\. only 
imparl hran<l-ncw capabilll.iP~ to .u1 in•,l.rtJJ·:• n1 h1d. al~o 
malw it much ea~i<'l' to operalc~. \V¡L]¡ lite· I•IJrrocr,¡npllll'r 
helping out, an unskilled pcrson can <lj)('t-:dP a c•Jmpl<':-. 
in~Lrumcnt, hccausc-. a~ one l'crkin-l~lmct· (!li¡~iJWi'l' pub 
1t, "Lhe skill now rcsidPs in lhe mwrrJr"I11Jl11ler." Pí'rlun
Eimer has alre:uly íntrncluccd two dd:·ctcnt ó--pc-ct.ropho
tomclcrs incorporattng- thc mlerocnnlp.tl.er and is worl<
ing- on olhcr us<·s 111 seientil1c inst rtlmcn:', 

7 Microcompulrr" will also mal'(! a lot ,,¡ l.<h1rator.v-t.~·¡w 
.analytical cquipnwnt more rcadlly :~¡lplJ(",tiJ!e Lo ¡non'.'-. 
control. Lecds & Northrup lt:¡;; aln·ady prodl<('(•d onc :~u!'ll 
ins!.rumcnt, a p:ll·t it:IP an:lly ¡,pr t.llal liS('s a lns(•r IH':tlll 
lo measure parlidc-s and a lliÍt:J'ncompldcl' lo l'1¡:un' out 
thei1· siw <list.rihution. The devicc 1:' IH:in~~ teslPd in a 
t.aconitc (iron ore) plan!., ht1l it c:nl h(• :ul:tplt:d lo otltL'I 
cuslomcrs' nceds t.hroug-h a <·han¡~e 1n it<; pro¡~ram. 

Semiconductor manufaclu rl'l s are aho lool<in¡~ for ;lp

plications of micrncomputers t.o apph:mccs such :t<> wa:--h
in¡-:- machines and rdrigcr.\Lors. Tlw currcnt n·cl'ssion 
has tlelaycd I1C'\\'-product introducl1on 111 i his ficld, :•ut 
microcompulrrs are hc-ing- dc~i~~1wd inlo nwdPis thal arl' 
exper\pcl l.o slart ¡:,hnwing- Up in ahoul 1 \\'0 ycars. n 

The aulomobilc may provc Lo be n !Ji¡: user of (~:f
tronics in yenr:'l lo come. Some eleclr(JIIIC componpnt~ ar<· 
alrcady bcing- cmplnycd in cars t.o ó--llpPrvise Jgni\1011. 
mensure volta¡~c~. anrl so on. Microcomp11Lers are cx¡H'cl
cd lo slarl appcarinJ~ in nutomobJl(•s towanl lhc ¡•ntl of 
this dccadc. Fonl Motor Co. has found t.hat minocom
put<•r·-run control:-; can tul fucl cnnsun1pl inn hy :1~' llllll'll 
aR 20 pcrrl'nl und<'r tc-~t condilion~. Tht: rompany plan•, 
to introduce Lhc Liny compntcr~ in a 1 !l7!l car. 01 hct· auto
maken:¡ have HimiJa¡· plan:-1. 

Like going from wood lo nuclear fucl 
In many olhcr arc:1s, mwroccllllptd(•rs pron1i~w '-Pt'\

tacular a<h·anccs. In llw lto111e, mKJ<ll'Olllill•lt•r cont1 nJ, 
could rcsult in saving-s 011 cl(•ct nr a11d lwallll), \¡¡J¡·. ¡:,., 
t.hc mililary, thc liny compule1s Jll (•llli~l' ¡j¡,. t;\(,!,:lit· "' 

more ver :--atik weapons. ln med~t·al ,•11-rt ron¡,.,,, t tl•'\' "Jh'll 

up possihdilicc; for eomp:1cl. an.! lt"'" c'\l"lly .ll;l''il(l'.' 11 
inslntnwnb-;. ThcrP are indic:di¡q¡c; 1ho~t 111 con¡:.t1•'\1•'1· 

· wllh complt~X npt.ic:d and nH·,·h:tlllt':ll .1, 'wc~-. 111!<'1 '" •H•t 
)llilers cnuld lu•lp rt·~dnr,• \'l~loll t'tn ~···:.t• ,l[· ¡]¡.· 1>\titti J¡, 
<',JIC Jli'O,IC\'1, a lllll'l'IIJll'OI t'~···lll' Chip \\ ¡,\ ¡,,. ,.,,.\,.•,¡,\, •l 11· 
an C'ye~dass fr:p·,,) lo derodt: \'~:,ual litt'tll'lllallt'il lltlllt 
arli ficial "e y e:-." and scnd i L to l he l1r;u n. 

As is true wilh any ollwr ('ompt.l l't', t hr~ lar¡:,· J t(r-t..¡ 
-and most problcms-ari::;e in wnt1ng ap¡lllratlt•n .___}
g}7ams for microcompulcrs. Ba:-Jica1ly, a d1¡~ital com;)J,l ('\ 

! contwucd ¡)(tyc 1 s~· 
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Tesllng eyes 

J 

o Conlrol!lng lrall•c 

THE MICROCOMPUTER'S LENGTHENING REACH 

Thc compulrr-on-a-chiJl IS bC'Q1nnmq lo cnh;"Jncc 11•,, c.1p,1tli1111es ol 
IQmrl¡ar pror111cls and crcnlc ncw On";, loo 11 few f'X,Wlf/IC'c, ,y¡; p¡ctured 
hcrc Lowcr lefl a tr;¡ff¡r;-flow-controf ~y~lcm undN dcvt'/•);'rnrnt by 
TI1W lnc for lile C1ly of flnltnnore. 11ny tinta rroccssors l•cd h1 ;¡ cc.,lréll 
compuler wi\1 d~recl liql1ls ni 900 JnlcrscciJOns TtlC' 1:crns m thc tiHec 
uppN piCiurp<; ore all mnde by C;¡liiOrrWI COin¡lillliC'S l)f!r'cr l~'fl tilo 
o,oplron, wll;cll mea<>urC's thc ob¡f•f!Jvc rdlaCIJon or lhc cvü :or cy,> 
glnss prescr,pl1ons (Cohcrcnl f1adiiú::Jn, í';¡lo Alto) M,cJol<· ,1 com
¡¡ulcrilcd i'l"lxPd-dnnk d1srcm:er IN bars ,¡ ;¡!so kccps flilCk of nwcnlory 
(Electro Un¡t·; Corp . San Josc) U0pcr n0hl thc D'ptlor. a IC',JCh1ng Jld 
lo hclp youngslcrs Jcnrn anll1mct1C (C(•ntunon lntiustrtcs. lrc . ncd· 
wood Clly) In lhe lorcground of lhe p1clurc ¡usl nbovc 1S ;:¡ con'''IJtcnzcd 
sea le thal nnl o ni)• docs thc wc,ghmg, l1kc !he oldcr scaln nc> i lo 11. l)l•l 
also convr:rt·. lhc wc1ghls lo pr~ccs nnd orern1c~ ¡¡ cli~f/1.1)', 11 c,111 <1i;.o 
prtnl o lotbcl w1lh tho woighl and pnco 11 c:Jcs1rcd (Tolrodo Scalu Co ). 
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Cornputcr Rcvolution ('(11/lll/llctl fril/)1 1)(u1r. J.?s 

1'1111~ 111 J"<•c..poil~<· to in.'~tl'll<"l ions wri1.1l~J\ in lh<• hinary 
cPdt• of Olll'S , ·tl Zt'l'os. Thal's how thP hrsl <'ompuler.-: 
\\ elt' prog-rnlll11led-\\ 1! h t.lw eomplex inslruelions writ
l<'ll out painsl:1kinp,\y J,y hand. To <'a~c lhc prngramrncrs' 
la~k. lhc indu~try has nvcr t.h!~ ycars dev<'ln¡wd hi~~h-level 
compulc1· lan¡~u:wc·s IIJ \vhich abhrevialions or cven 
\\Onls sub:-.1 il.ule for whole ::~críes of numhcr.s. Along
wil h thc lan¡~ua¡~es call\c such prog-ramming- aidH a!i as
scmhlers and <·ompih•¡·s. 

Thc semJcOJHluclnr induslry makcs surh aid::~ availahlc 
lo miC'l'O<'omputcr ll"~"i·s. Thc machines :u·c, in ciTccl, small 
eompuiNs Lhal. ulil1ze mic'l'op¡·oc<'-;sors. Thcy ¡.;cll for 
$:..!,000 lo $10.000. l\lotorola calls ils dcvice thc Exor
ciser; lnlcl's 1s callcd the lnlellcc. 

Prohlemc; an~.(' "'hen dt'sign Pn~~inccl'R who havc ]1I'C

\'Íou.c..ly deall '' 1lh el('dronwrhaniral relays, or cven hanl
wired lcwie, and an~ 11ntulni'C'd in computer prog-ram
ming-, sudd~·nl~· facp the complcx accoulrcmcn!.s o( dala 
p¡·ocps•;in¡.;. Fot· ~onw, ~ays onc SJWcialisl, lhc cxperiencc 
is likl' "goinJ' from \\ ood 1ll1rning to nuclea1· fu<:> l." As a. 
n•sult, snmcl hing of an occupational ohsolesccncc has 
¡,~mporarily developed in thc dcsig-n flclcl hccausc lhc cn
¡~inecrs who are most skilled in produet clcsi~n mmally 
have litlle or no cxpcricncc with microproccssors a11d 
llwir applicalinns. 

Try111g Lo fill Lh<' e<lucalwnal gap, M.LT. nnd ::~omc 

ot hc1· unÍ\·<·t·sit Íl'" ha\ l' hc¡~un inlPnsi\'e courscs for bolh 
sludents and iuduslry repn•<.<:ntati\·Ps. l!Pporls M.LT. 
Pt·oft•ssnr 1 l. M. D. 'l'onng-: "Slu<knts go ridll from hcrc 
nut Íllto indtd.l y and ¡~eL ,iobs fin·:!. thing- he:uling- micl'O
enlll p11\ er <l<'\'Piopnwn L and appl icalion¡.; depa¡·Lmcn Ls." 
So111c ::;pcciaJ, d.H thinl< thal thc applicalions o( microcom
pul.í~rs will hlart cxpan<ling- manyfold whcn lhc néw 
graduateH hegin lo cnler lhc work force in largc numbcrs. 

Tho 99.9 pe1 ccnt prico decline 

Fo1· ,';('llli<'OIIdlll'lor ro111panies tlw 1\IÍt'l'O<'IllllJIUkt• 
OJI'-'11" anol i1<'!' hl'llad av<·nllt' for ¡~rowl.h. \Vilh plwnonwn
al prÍ<'e dcrl1111'<.; a way of lif<', lhe induslry is a vontcious 
c·nnsunH'I' nr II<'W markels. lndu::;l ry cxeeulivcs jil<e lo 
noL<' 1 hal tlw pri<'<' of an e!Pdi'Onic funclion stll'h as a 
t1ansistor dropped fl!l.fl JH'ITI'nl. from lf)(;() lo 1fl70 and 
is still df•<'linin,.;. As liiW man puls it, "Il's likc pulling 
an $H pri<·f~ la¡~ on an $H,OOO Cadillnc." 

AL tlw same iinw, <'a<"h ncw advanee in Lechnology has 
In ou~~hL with it .l '' idPnÍIW use of Pledronics. T1•xas In
:.1 rtlnwnls <":tlrulall'c, thal durin~~ 1 h<· vaeuum-tuhc t'l·a, 
di¡~il:d-(•l<•t:l.ronie saltos rosp "11 a ~lo¡w of ahoul lO per
<'('Jll a ycar. In lhe days of the tt·ansistor, thc slopc slccp
<·ned lo an 1H pcrecnl annual inercase. lnlcgralcd eir
,.,,d,f-1 inercascd Lhc .sales g-rowlh rale lo !38 pcrccnl. Now 
T. l. cx¡><'cts anolht·r upward tiJL in lhe eurvc in lhc Jale 
1 070'H, thanl<s chícl1y Lo Lhc microcomputcr. Thc com
pany anlicipalcs lhal for lhc fo¡·cscNlblc fulurc sales of 
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<'lt•f·tronie eompOlwnl" will elimb at a <:lr.;~yllW r;ti" •,/ 
fi() l.o ¡;o pl'l e en l :1 ,Vt':tl 

'I'IH•re S<'('lll'-~ In lw lilll<• di.·-::wrt•l'llti'11L i 11:11 IIH' 1111l'l "
romputer is clos" lo hclll¡~ an ult1n1al" ~-•'11\lt'lllHitH l<tl' <"1(!~ 
cuil and that 1L now ~··l~ lhl' d1lel'ltoll f'or '-f'llllC'()!Idi•l t-.__) 
Lt'ehnolo¡!y. On thc fae<~ nf il, Uw Jli'Íili'Íp:.l iJcil<'li('iary rd 
this Ll'<'llll \\'ollld ap¡war to he llllt•l. Tht• 1 11111p:1ny llO\\ 
dnlllinates Uw lllÍ<'I'Of'lllllpllkr marl((•L. \\ hat's n1on·, 11 
mainly m:dws scmH·oncluetor nwmt•t'lt's 111 lL•' l\lnd llt:li 
¡m into microeomputer:-. and dut•s nol 111 . .1 ,. \hl' llll"J~I at .. d 
circuils Lhat minocompulcr:.; ¡·eplace. Tite pllllC'Ipal lo~

crs would secm lo he T<~xas lnslrumenl.s, F;urchild, !\11)
lorola, aJHl National ScmH'OIHluclor, wlltch :tl'l' hq~ 111 
whal is calletl lransi~lor-Lransi;-,lor lo¡~JC ('l'TL), llw 
mainst:ty o( thP ini<·J~I al<'d-cirrult l111~itw:.s loday-prc
dscly lhe circuils lhc 11\1('\'0eompulcr rcplat'P.i. 

The Texans change ho1 :;es 

Bul lhal'~ not hqw Lop 1•':•·< u(IVf'.-: vf .<.omc of tho:--(' 
companies :-.ce l.he fuLure. T l.'s l'red 1 :11r~· PllVl~·1on.c; lu;-, 
company cmerging af. a m:tJol' force• in mi,Tncom\lutcr<; 
~o !loes Charle:; K Sporck, prc".idenl of 0atiOJw] Sel111-
conductor. An<l both are proh:11Jly rwht l~tu·y "lrc-..c.e~. 

_:tnd othf'J's :J.t~~!i~~"- t.~~!1)<.:l,_,~_;~~-~~12-~rf:0~Df[.:;c~~~:~ 
~)ltcalll'llS \\ l (·l't' ~,:.:···f~-~·~11<' <il'\ ltt•:, 11:1\t' llt'\1·1 ' 
~-- ~"''e'-. -~~.-~~~~~-~~-L'"'!."'t 
IJPI·n elii¡'no\;·< H~l urP. Ncw ;,pplle:tl1011~ 1 hus \\ íít IH' Lu 
'"ino're llllptiitl'i';r=tl;a;', rPplaccmenl ol' TTL logic. J:u,·.\· 
aho notes LhaL T.!. is llw onl~· H<'nlÍ!'nndudor comp:u¡~· 
"lhal has lived th rough a 11 t he gell<'l al1ons of ckclron ic 
componenls. \Ve'vc ;-,uccessfully movt'd fnm1 Olll) hoQ 
1o the JH'XL" Fcw cxeculivcs in lhe ¡ndtic..[¡·y \\nuld dt:-.
pute T.l.'s ohvious slreng-lhs as a $1.G-bi11inn cnmp;llly 
evcn if il. has lwenlal<' in rnicrocomplllPr.->. National Seml
condudor, too, i.s an I'Xef'edmgly clcv('l' markel"r. 

EvNyonc agrcc~. furl.hernwt·l', LhaL thcrc \\'Íli h0 a 
whole ~peclrnm of minoeompuler:-. aimf'd at dilrt·rPnl 
applicalion~, with m:m~' 1'ompan11~s ~h:ll'IIW tiH• :.ni w1-
pal('d hi¡r mnrl<PI_ 1\nd il. ~~ 1'<'11•·1 :1il,· :tl't ,.,.,¡ 111.1• 111 .. 

~~=::ucu4;;a:n'í':»m:;t ~~«~-,.. ----: --r-•<11"~...., .- -'í"'.;---"""" .,. :or-=::r~::.~ 
11\11!,[. c,11('('1"'';fl¡] 111,11-t•J ', lll 1\111 IIH 1\lllJll}lo•J •; \\ 1\l fof' ( \.11• 1' -- -r-r-- _..,...,....,_,.._~ .....,...._,_, ...... __ _.,. .... ...,. 

"-.l.!tal •;11pph· 1111' J,.l.Ul'J·~""-~..._:_( .. b,;.." · 1 1-~o 
J:('lil'l :11" .... ,~~ t ,, a rt· 1 () ~~ü.l.l-!JJ:.:.J..~~~ ... ~~~~.n.mf_::-': .,, .-:.J. 

... rw;\· :11· 1 \'11 ~:..!.:.n; ... c..t ·11,11 ~:.:.;.!.cl.l.U...t:.!.!:...~lll.~~.nu~c, .. ,~::..~~-~~-~:· ~:. · __ : 
n·pi11111 of '[' 1, wlttl'lt l<~r \•'.11" l\<l\1 \::•. ¡,, •'lt 111,1 .. 11"' 

- -~~-~-· '-P'!'t"' ~ .,....,....,....._,."""-"'"-' :......-~ 

-. bo!l1 llllllll'nlll!'lilt•l c.. :1111l \ t'1 ;: l:.!.,!.~:.....;_:.l~;~,l_l.!.l,l:_:.~·--. 
l!ucy and ot hl'r T. 1. <'\.t't'tli 1' ''·" i <'t•l 111 .. 11 ·" an<~l \lt'l' plu:-. 

for lheir compnny. To ld'('Jl lls l'olnpul<'l, 1~t·d l·,;:t•llit'1. 
an<l Lo <~a~e tlw !:1~1< of uc..er:, \\ l1n \\:111llo t'lllJii•,~· l·ltt'l"
COillpllll'r<. 111 coll.JIIIldion \\ il h i-1¡'1'<'1' lllat·hin•'"· T 1 :1 
few \\'t•('l(c.. :wo tntrodti!•'d a Jlll\\t'llitl llllt'l',,ton,,·til··' 
who<.c sofl\\:ll'l' is <"Oil1p:dd,lt• \\ ilh i ll:ti ·•f tltc t'lll1'!':1i . .-·. 
minis T.T. secs a big t.:onlp..tiltn' ad\'.<11!,, ;,; i:: í ,-, -,_ 

proach, sincc the snflwan· of nwsl <Jil\1'1 l1ilt ro< "''':'1':•'\ 
dtws nol din·cll• match Lh:ll ot' h11(g('l' <·om¡n•tct.. 

Thc ahilíly of u-;eJ·s Lo o¡H'r:t((' a \\l1nlr' ¡,.:·t·;¡¡,·iJ.,· ,,, 
compulcrs, from 1\ big ho.<;t Pl:,lhÍI\(' \O lilt: l1lil'i'(l('O 

pulet· íar <lown in thc organ1zation, will ~pccd th,, \r 
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As eme of Jap:111'~ le.tdtng long-lerm crecltl han k-;, 
wtlh a~scts of mote than Si 7 htllton. we are ~pcnnlll.cd 
mmecllum- and long-lcrm llnancmg .111d m:nnta111 good 
hank11tg relalions w11h lll.IIOI hpane~c compalltC<;. 
Out st:tl'f of cxpcricnccd h.1t•k111g cxperls ha' a thorough 
k!lowledge of llllern.llional rmallt:lllg :ts well ;¡<; 

Japanc~e IIHill<;lnes a11d can provJde you w11h thc 
CO!Ilprehcn~tVe SCfVJCC lleCC<;~;ny lo <;el llp bliSilleSS 
wtlh l.tp;,n For successful bu~inc~s w11h Jap;tn, it will 
be lo your advantage lo con<;ult m fírst. 

Hoad Offlce Otcmnchr, Tokyo. Jnnnn. Tol 211 5111 
Cable Addrc".s "IJANKCifOGIN TOKYO" 

.j London Oranch 3 Lombnrd Strcct, 
:~ London, I::C3V 91\ft, England, Tcl 623 9511 
' Now York Ornnch 

140 Broi"lrJwny, Ncw York, N Y. 10005, U S A, Tel. 797·1170 
;ll Amatordom Roprosont.otlvo Olllco· Sarpil,ltrslrnat 39, ' :o Am~tcrdarn. Thc NPiilorlnntls, Tcl 224191 ! Sydnoy Roprnsonlntlvo OÍIIcn· lowrr Bulldtnr.. Austrnlta Square. 
" G"Cl'"" 5tr.,ct, Sydn"Y N S W 2000. A<"tralra. Tcl 241 2986 
1] Sño Pnulo Hoprosnntntlvn Olllco• Run Lthcro Badaro, 425 9' Andar, 

S~o p,,uln, J1razri, T~l 33 156o. 35 4q14 
• LTCB ASIA LIMIT[O lwholly owncd sub"dtiHY) 140.1 1•103, 
' Molbourno Plaza, 33,, Quoon's Rood Control, Hong Kong, 

Tol.52590131 ' . ' 
; '·=e ;, iX ;: ,.m;;;:; o :;:: z:i;:x:;;:;;; >:t:;;;;¡;;;;;:-m;;:a;-a;g;;;: 
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tow<· nl "di.'-d ril•utecl" comp11lcr power. l{ucy S(:C~ as a 
rcsult a conqwfcr world polattzcd into ~~1anl machinc'> 
and hug-c n11ml1C'rs of microcomp\ILPr~. \\'llh medium-Hizcd 
compulcrs diminishing- in imporlancc. 

Othcr spcciaii~ts scc compulcr:-; of the futurc cvolvin¡~ 
inlo modular procc.:;sor "ys(('ms ba:-,ed nn microcompu!
cr:~, with many of ihcir progT<lms cml¡(•(hl1•d in m!Cl'O

computcr memorics, rcp!acing !~xpcnsivl' software. Frcd
crick G. Withington of ArLhur D. Little, Inc., prcdids 
that ten years from now, as a rcsult of lhe scmicondnc
tor industry's nonslop pricc e¡·nsion, thc cost of cvcn the 
lar¡~c~L CPU may come clown fo about $30,000. 

Manufacturcrs of big-g~r mainframcs are indccd bc
ginning lo íncorporate microcomputcrs not only into 
lC'rminalR and minicomputerH but also into tlwir largP 
machines, to contl·ol sueh fundions as inpnt and outpu: 
of data. A vice prrsidcnt of NCR says that his company 
h "goin¡~ to conccntratc on the u::;c of mtcroprocessors u: 
microcompu!ers, minis, and on up thc llnc." NCH. huy.'' 
microcomputcrs from semieotn!w:tor manufncturcr~ hnt. 
if also plm;s fo mal<e it~ own. l:urroug-h:-. alrcady nwmt
factureR ib~ o•.v11 microcompulcr.c.; :1nd ll"!'s thcm in a vari
ety of dcviccs, including a small IJu•,inc;.;s computcr. 
Control Dala buy:-~ from lntcl. I.n.M. :1ml lioncywell do 
not yct mal<e a microproccssor on a chi:J. 

Compulers by the miilions 

For rn:mufadu1 ('rs of h1g mainfranws, t.hcn, thc miero
compulcr has so far hecn a new component rather lhan 
a compctit.or. J1ql fo1· manufacturcrs of minicompu!crs, 
lhc arrival of thc microcontputcr has crcated a compcf 1-

tive dang-cr-l.hc mieros an~ CllC'.roar:llllll~ on lhe minis. 
To countcr t.hc thrcat, Digihtl EquipmcnL Corp, No. 1 
in m111is, has made arrangcment.s witlt a scmicondtteLor 
company, \Vcst.crn Digital Corp., under \Vhich WcsLt>rn 
makcs micropmccssors and assoeiatcd componcnts. Dig
ital Equipment. t.hcn puts t.he dcviccs 011 •,:1rcuit hoaí'ds 
ami sclls thc microcompulcrs in dircd eom¡wtit,on \\ :th 
thc semiconductor housc!'>. 

Some semiconductor comp:mics, in fut·n, han• COlilP 

out w1th mJcrocompntcrc: thaL rnn on pro¡_: ram/o\ wr1i u~n 
by Digital EquipnH•nt anr! Data CenPral Cnrp. for tit('ll' 

minicomplll('rs. Thl's(• mitTocomputers do e:-,:-,ent::ul,\ 
the same job but sell for a lot les;; than tlw nri¡.;inalllldll'·· 
This blurring of dividing lincs bcL'.\'C!~i1 mmputcr :md 
scmiconrluctor rnannf:tct,•rcn'l iH expeel¡~d lo ronfinuc 
Only half in jcst, Noyc(' alrcady calb lntel "thc world':-. 
lnrg-est computcr manufaclun~r." 

In ifR impacl, the mierncnrn¡H,(er p¡ oll1ist'" io nval ih 
illw;trious prcclecPssots, lhc \':lt'llllm tnbt•, !he tr;¡nsí-.to¡·, 
and thc inlegratcd-circuit logic chip. So far, prob:dJ\y 
no more than 10 pcrccnt of t;lc tiny cnm¡¡uter's ])(lten(i,\1 

applicatinns ha ve rcaehcct production s! ;1¡..:-e. Toda y, nc:li
ly thirty ycan; affer tlw debut of the EXlAC, lhcre ;.¡·!.! 

ahout 200,000 dig1lal computcrs 1n thc \\Orld. T.;n y.~~n. 
lr.W:~¡s..,w;l.JJ.:'.;·J1hanks to tl1e microcomputer, lhere may Le 

mi Ilion.' ~ 1 ¡;;:-.; D 
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PART 1 

Reprinted from ELECTRONIC PRODUCTS MAGA
ZINE, Januar.1 20., 1975 and February 17 8 1975., 
645 Stewurt .!\venue 17 Garden City 1 New York 
11530, 19:-' :S United Technical Publications., 
Inc., a di'' ision of Cox Broadcasting Corpo
ration$ 

Not sine e thc dcvclopmcnt of tho transistor in r 948 has any product or tcchnology oUerocJ such 
an cxcitiny promise of things to come as has the microprocessor. Applications spcm the cntire 
rcalm of clcctronics and cxtcncJ into new arcas whore existing tcchnologics hacl ncvcr bofore 
pcuctratccl. Althougl• mucfs has boen wriften about these MSI/LSI intcgratod circuits, Electronic 
Products Magazine felt it was time for an article that concontratcd heavily on microprocossor 
basks. 8oth uscrs and manufadurers agreed omphatically. Tl1c material that lorms the basis for 
our two part teaturo was originally prepared by National Semiconductor to train its field engi
neers. We think you'll lind the presentatiolfB interesting and informative. 

Sincc thc microproccssor is a computcr in IC form, a 
r~?~,...:.· ·-...;;;,;,.,,,,:"'""------.. ~~ good place to start is with computcrs. Simply put, 
- ·~· -~"'·~··.. . :>\~ a computcr is a de vice capable of automatical-
,..,.., .• .J ' \ti,~ 1 o f . 

word may represen! a comput,111onal qu.mhty (oper.md) 
or it may be a dircctivc spcofymg how the machmc is to 
operate on computational quanhtJcs. 

To accomphsh autom<~tcd computahon or contr,,I, 
thc computcr must perform v.1rious interna! funchons. 
The most obvious is to do anthmetic typc of operat10ns 
(add, subtract, etc.) on two opcrands. Thc section per
forming this funct10n is the Arithmctlc Untt (Au). 

f'"!·~-· i · \ ·~:\\ y carrymg out a sequcncc o operat10ns on 
c.-~"""j , __ .- _ . . : \~·\ data exprcssed in discrcte (d•gital) or con
.... -:·--~~~~·--·--:. _ .',>~\ tínuous (analog) form. Its purposc is to 
.--·- .- .. -·, · ,-., sol ve a problem or class of prob-

' 1 

\ 

, .... ·, lcms; 11 m ay be one of control, 
• ,..,¡ ................ t\" 

/ ' 1 .:,. analys1!>, or a combmallon of thc 
¡: r :r;¡ !WO. Jn digital computers, numbcrG \.. , 0ft are rcprcscnted by the presence of 

't""r:-::,-,_~_,.._ ... _......,~~--- :;~:.¿, '4 voltage levcls or pulses on g1vcn /\ .__)1--· '·":í~ !mes. A single line defmes one bit 
t /,"·"' ' -1•\ (short for binary digit or a base-2 

•• ~- ·¡:~ number). A group of lines consid

' ~ .~ ' ~ ~ ~~ ' '_,.\. 

- ---~---r-~~f,-.,, ' 

' 1 ered togethcr is called a "word"; a 
;'J 
'f 
~~ 

_.-------~~~--·~-~ 

Something must control thc ,uJihmrtlc un1t to m.1!...c 
1t follow thc spccJftc scqucncc of opcrations nccessarv 
to solve a g1vcn problcm. In other words, a sequcnCJn¡; 
mechanism 1s required, furthermore, 1f thc computer 
is to be programmed, the scquencer must also bE' pro
grammable. Sorne storage is necessary in wh1ch to hold 
the required sequence of operations before beginmng 
a computation. The sequencer can be separated into two 
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funrt1orL1! und· .. p:ng1an1 ~tor,1gt., .1nd control. 

"Jiw (01111<•1 unil<.ln be V1cwcd '"' ~crv;mg cxtern<1l 

collditll>n• •. md ~~~u1ng commands to othcr machmc 

elcmcnh For C".,llllple, thc control un1t send~ com

m.~r1d•; l<' the .1nthmcllc un1t to 11111late anthmctrc oper

.JIIl>n~. <•r scnJ, cPmm.HH:Is to the progrJm stora¡:;e, 

whllh < .lii'C~' il lo look-up the ncxt pro¡:;r.1m d1rechvc. 

rlw l<>llli<>l un1t 'l'll~e~ o;ud1 COIHlitJOnc; as thc comple

l¡on ,,f .111 .lntlunet¡c ''Pl'1.1110n, thc c;¡¡:;n of <1 rc~ult, and 

:lw ¡>tl''<'il<C ,,¡ ~IPphtall c;¡gnals from thc computcr 

orcJ.ll<ll ·· Thc n¡.,rhmc ¡uc;t dcfmed 1s rcprc~cntcd m 
blPrk chagr.1m fpr m il1 F1g 1 

From the rJ¡,¡¡;ram, 1t ts cv1dcnt that no provis1on 

h,1c; bccn madc 1<• mput data (opcrands) mto thc ma

lhllle ,,r to 01rtput thc rc~ult., of opcrations on thesc 

np,•tandc; ¡:l!llhcrmoJc, no tempnrary storagc h.Js bren 

¡novidcd lo hold tlw inlcr mc,IJ.lte or p.Hii.ll rcsults of 

<ompulalion~ ,¡•, wcll .1~ thc opcr.1nd!. thcmc;clves. Thesc 

rkm' ,,111 IHHV he .1ddcJ to complete thc lOmputcr 

(lig 2). rile input 11111! ¡e; lllliJcatcd, but ¡te; CPnncction 

i<; lcft un•.pc< dicd untd thc mtcrface is dctcrmmcd. 

Basic elements of a computar 
Whcn the tnmpll'led mJdllllC is 111!-pect('J, o;ome 

potcn11.1l ¡,•dund.inu<"· .uc not('d Tlwre are three 

·;e¡•. u al!' c;tol.lg<· clenwnts oper.1nd, progr.1m and tem

por.uy Could .1ll thrct' be rombm('d mto one !>lorage 

Ullit or ·ncmory, and ~unply part1t10ned into t~ree seg

mcnh? Almo~t, but 11 wdl be more effiCJ('nt if thc 

trmpor.uy .,101 agr l'i m.1intamcd as a sep.1ratc clcment 

.1nd · .,.,.r.1nd .1nd progr.1m •.toragc comb111cd mio onc 

m.til• '"''lll<li y lit ni. ~lli< h .1 '•1111phfit.1linn yirld•. ,¡ 1\Hli'C 

tr.idll"'"·,¡ 1'"'~ Oll)~ II'J'i't"•''lll.llton uf,¡ L'lllliJIIIIt•i' (lig . .J). 
11"• fuur ¡,,,.,i,. t'lt•nwnh of .di p1og1 .11nmablc com

pulel ·• ,., tH'l ¡•,e 

• Mcmury - -- A .,tor.1gc un1t. In modern compu

lt•r•;, llH'IliOJi("; are implemcntcd w1th ~cmironductor or 

magneliC core •,y,tcms. Mcmories can be read-only 

(HOM), for prugram stor.1gc, or rc;¡d/write rJndom 

.Jcces~ (t{i\M) for rrogram, operand or temporary !:>tor

a¡;c D.1t.1 JS usu,1lly !>lored m binary form. 

C(>MM~NOS COMMANOS 
1 

ARITIII~[l!C 
1 

CONTHOL 
1 

PROGRAM 
urm UNIT STORAG[ 

1 1 
COIWifiONS OIR[CTIVES 

fig t. ln thh rud1ml"nfary microproc~ssor, the conlrol unil s~nds 
rommand~t to thE" arithmetlc unit to inltlate arithmetic oprrations, or 
oendo commando lo program olorage lo look up lhe next inslrucllon. 

o Arithmctic unit- Oftcn rd('IJ .. d In ·''· 11'<' .11 1.1 

mcliL and lngic un1t (Al ll), il pcrfu1 m•. tlw .11 illlllli'IH 

opcrat10ns on opcrands or provid('.., p.1rli.1l n·,u!t ... wi!h-

111 the computer. 

e Control unit --- Rd crred lo ,¡•, tlw hr.11 n of ,1ny 

computcr bccau~e it rooJd1n.11e~ all unth oí ihc <om

puter m a tuncd, lng1t.1l •.n¡uencc In fi'\t•,l-rw.lrmi!Pil 

lomputcr~, th1~ un11 re<ciVC' dJrCC!iVl''i fnnn th(• ¡'t<l

gram mcmory (hPIC,lftrr d¡reclt\'C' l'vdl he , .lik,l "111-

'tructwn~" ~mee thry ¡p<,(rud tht• co:npul•·· ,,¡,,1t 
.1clions to take ;mJ 1\'hen lo t.1k.c ihcm) l hc•.c m~truc

lion~ are 111 scqurnceo;, called pr <>¡;t.lll1'• Thcy 1 ,·.;Hit• 111 

thc mcmory and are rcferrcd to ;:¡•, ~oflware l he control 

t1111t 1s cloo;cly synchr on11ed to the mt'mor y L \<le 'pceJ 

and !he CXCtU!iOfl lime of C,lLh Íi".l'd ilblll1Cii011 i' oftcn 

.1 mult1plc of tlw lll('mory .;peed 
10 lnput/Output- Thc mc.1n•, by wllll h thc com

putcr COI11111li111C.lll'~ Wilh ,1 \\111(• V,ll!cl)' l•f deVill'..,, 

rcferrcd lo .1~ pl'nphcr.ll.., Tlwy mdude <;1\'il<hc~, 111<li

c.ltl>r lamps, tclctypcwnteJ~, Cll r·..,, m.1gnl'11c 01 p.1pcr 

ta¡ •e un1h, luw pnnte1.;, ,\/n or D/ A convcllt'r~, cnd 
1 cadcrs ,1nd punche~. communJC,llion modcm.,, etc The 

1/0 lme~ can be conJH't tcd to 1111crmcd1.lll' •.t,,r.1¡~c de
Vices for US(' w1th m.l.,s lll('monco;, mdudmg lll.l¡;nl'IIC 

J¡scs, m.1gnellc clrumo; ami brgc-~,-.~lc HA~t ·;y•.tems 

To dlustratr the opcr,Jt¡on of thi., 1111Lfll!'IOCl'~'or, 

or digital computcr, comp.ue two ~y~tem!. for ~olv,ng 

Simple mathcmalic.Jl cxpre~<,¡on~. both compo~cd l'f the 

class¡c clements of a computcr: memory unit, anthmetic 

umt, control unit, and mput/output unil 

The frrst such sy~tcm (l 1g 11) ~~ ;¡ man w1th ,, c.d-

OPERMW 
STORAGE 

INPUT 
urm 

t 
1 

Ullll'lll 
liNil 

1 
1 
1 

~RIIIIM[IIC 

Ullll 

PR0·~~:~~1 
STOR.\Gr 

¡-------~ 

_..'1 ····.~-: 
___ _.¡:.(~\,~, 

no Cí<:::'Jl í" 

fl(; 2. By adding input .lnd oulpul funCIIOn'i plu-. opf'r.1nd ol!H\ lt'm.· 
rorary storage lo lhe rudimenlary unat, a coruylcle mh uJ¡•ro(.cs,.or 
evolve1. 

1 

1 
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culator. fhc progr.1m ;¡nd opcr.md ~lor;¡r,c (mcmory) 
¡r, the picce of paper <:ontaining a l1~t of mo,tructions for 
thc m.m, the .111thnwtic unit i~ thc c.llculator, thc con
trol unit is tlw man\ bram ,¡nJ fingen;, thc input unit 
is his eyes and thC' uutput ur.1t is his hand. 

Examme the J¡r,·ctiOns (progr.1m) that thc m;,n is 
lo follow !0 r.olvc a t•Hnpl!.' add1hon problem (note that 
this computcr ~~ extl'rn.11ly programmed). 

To add: 

J. Clear c.1lculJtor 

2 Entcr Opcr.1nd #¡ into calculator 

.3. Dcprcsr, + ~ cy 

4. Entcr Opcr.:r;.l 112 mto calcuiJtor 

5. D<'press =~-, k.cy 

6. Read Jnd rewrd result 

7. Halt 

This pror,ram would be appl1cJble to <~ny pair of 
oper.mds lo be Jddcd. But cons1dcr each step the mJn/ 
c.1lculator cxccutes in solving the problem. For sim
pl~t:lty's sake, assurnc thc problem to be solved is 
6 + 2 =-=: 7; thercforc, Operand #1 = 6 and Operand 
f/2 = 2: 

lnstru<:tion: Fetch 
l. Control unit (brain) causes eycs to read 

~t<'p 1 from hr.t of direclions (first instruction is 
fctched from mcmory) 

Instruction: Exccu te 
2. Control unit dirccts fingers to dcpress l 

"clcar" kcy (f1rst instruction is cxccutcd) _j 

CPU 

TIII.POR/,RV 
llorr,\,r 

a Aj} 

l 
S 
D 1 
1 "'>" 

INPUT 
U"ll "' AIIIIIIMHIC 

& lOGIC 
Uh1f IAlU) 

0\lfl'lfl 
li'l•l 1 

CONTROL 
UNIT 

w 
..J 
o 
>-
0 

1 

a 
~ 

B 
R 

Inslruction: Fetch 
3. Control unit causes eycs to rcad stcp 2 

from J¡st (next imlruction i~ fetchcd) 

Operand: Fetch 
4. Control unit causes eyes to input Opcrand ~ 

o 
111 (exccution of ¡nstructlon begms with rctneval >-o 
of 1st opcr.uH.I from memory) 

1 

... 

instruction: Execule 
5. Control unit directs fm~er to depress key~s 

that corrcspond to the value of 1st oper.md (in 
th¡c; case 6) 

lnstruction: Fetch 

6. Control umt causes eyes to re.1d step 3 
from i1st (fetch) 

Instruction: Execute 

7. Control unit directs finger to depress + 
key (execule) 

lnstruction: Fetch 

8. Control unit causes eycs to read step 4 
from i1st (fetch) 

Operand: Fetch 

9. Control unit causes eyes to input Oper,md 
#2 (lst-half exccute) 

lnstruction: Execule 
10. Fmgcr "dcpresses keys correr.ponding to 1 

value of 2nd operand, a 2 (2nd-half executc) _j 

1 
~r•:nnv 

u.:n 
1 

1 
1 f'j'i(l{__,¡IV,l (H ff:¡',\rJ 
1 SIL·,CI 1 

~l(Jl,\u[ 

1 

l ~DATA 
,-cor.rROJ. 

w 
...J 
o 
>-
0 ... 

w 
..J 
o 
>
(.) ... 

Flg. J. By rurran11ln¡¡ the elrmento ehow" In Fls. 2 lhe mlcroproc~••or renala Ita conventlonal compuler elruchue. 
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Instruction: Fetch 
11. Read o;tcp S 

lnstruction: Executc 

12. Fmgcr d1rccted to dcprcss 

Instruclion: Fetch 

13 1\c.td stcp ó 

Instructíon: Excculc 

kcy 

14. Hand outputs result by rccording it in 
propcr pl.!cc on ~hect of paper 

Ino;truclion: Fetch 

15 Rrad 5lcp 7 

lnstruction: Exccute 

J l' 1-ialt. 

]~ 
w 
...J 
o 
>-
0 ... 

The computcr hac; executcd tts program, outputted 
thc re<;ult and haltcd; the operat10n is complete. Note 

that each slcp 1s 1dcnt1fu~d as bcmg onc of threc typcs: 
instrucllon fetch, operand fetch or instruction executc. 
Alc;o thc cyclcc;, the b.1c;1c unit of machmc hmmg, are 
idcnllf1ed. A., a mm1mum, a cyclc consic;ts of one in
str.uction fetch Jnd one instruction executc; if a storcd 

operand is involved, an operand fetch is requircd be-

rlg a. In thls non-tradltlonal repruenlatlon of a compuler, the man 
perlormo lnput/oulpul and conlrol functlone, whlle the calcalator 
oervro ao the arllhmttlc unlt and th• paper provldeo momory. 

tween thc instruct10n fetch and the cxc\ul<' s11l>cy< ). •, 
A cycle is thc tune rcc¡Uir<'d by a com¡>ull'r ¡.,f..¡, h, 

dccode or exccute onc program step (m't, uct1nn). 
Cyrlc bme!> ·rant;e from 200 nscc to ~<'vn.tl llllnnl(~d 
nucroseconds. In mm1computers, m.JLhme cy<·lc lime 
j<; usually cqual to mcmory cycle tune, that 1'•, a mmt 

th.1t touts a 1 2 ¡t~ec cyclc t111H' actuiilly would havc a 
2.4 or 3 6 ¡tsec cycle an~truLiwn cxecutlon tune. 

Microcomputer performance cíiteria 
In m1crocomputcrc;, thc ba.,IL t1nH' mtcrv.d 1., the 

macrocycle Sincc both the mstrucl1on fetch ami lllslruc
taon exccutc subcyclc<; are each comp1 io;cd oí onc or 

more microcyclcs, dcpcndang on thc mach1nc <1nd 111-

structiOn, the cyclc lime cJlculatiOn bcconws .lmblf.liOll<; 
and complex. To tlluslrJtc, cons1dn il nuu PL~lmputPr 
that rcquarcs two m1crocyclcs to fPt<.h <1n ln.,tructaon, 

one microcyclc to dccodc, and onc m1crocyclc to cxecutc 
a "rcgistcr add" mstruction, two m1crocycle<; lo exc
cute a "jump lo ;ubroutane" in.,tructlOn, dL If wc 
iiS'illlllC ,, 2 ¡tscc nucrocyclc, thac; machanc wt>uld ll'CJUirc 
a cyclc Lime of 6¡t<;Cc to ;¡dJ two rq;i••tL·rc; (3 llliUt>cyt.lt"•) 
or 8 ¡tscc to jump to ~ubroutmc (ti lllll rot Y' h·!·). Con
fuscd 7 Don't fccl b.1d; so ~~ everyone el se! 

lhc poant is: Cyclc spccd or Lydc lame alonc i•; not 
J v.1lad cv.1luation critenon for a computer, .111d cr.pe
cially not for ;¡ m1crocomputcr To provade a p1'1 ftHm
,,nce anclacator, the cffancn\y of thc m<;tfU( t ltln ~el mu•.t 
also be conc;idcrcd - what can .111 an.,truction rc.,]ly do 
and how long doc<; it take to fetch 11, execull' 1! and 
be rc.1dy to fetch thc ncxt in!>truction7 

Now, look .11 .1 cla~'iiC ~lo!!'d-progr.llll n•mpult'r 
(fig. 9) and sce how 1! might bt• u•.cd In •.olvt· tlw • .. 1nH' 

prohl!'m. Thc mcmory is cnmpo~ed of •.tol.l¡',t' "1'·11 t' for 
a l.ugc numbcr of "word">," Wll h c.H h !.IIH.I¡~t· ~p.H e 
adcnt.ficd by a uniquc addrco;<; ·¡he wolll •.tOI<',¡ ,11 .1 

gavcn addrcss mar,ht be ctther comput.lllon.ll d.1L1 (<'I'•'T

and) or Jn mstruclton (such a e; add, 1 ca el [,,,m nwn11Hy, 

etc.). Two tcmpor.uy stor.1gc reg1sler<;, e.hh C.lJ'·lbi•' tlr 

contammg onc word, are incluJ<'d in tl•c lllt'llllll ') ·¡¡,,.,e 

regl';ters Jrc dt"<;lf,llilted as Mcmory t\ddn· ·!· ;.:., ):1'·1<'1 
(MAR) iind Mcmory Dat.1 Rcgl!·ll"r (i\llll() l hl' ?\1 \H <t•n

tams thc addrc<;S whcrc anform.1t1on ¡<; to be r•·.hl 1 rorn 
memory or wnttcn (storcd) 11110 menw1y. \\lulc tht' ?\lilt< 

contams the d.lla bcang exchan~;cd w1th mc•nr>• \ 

Thc simples! ALU consasts of .:m addcr a11<1 ,, ', ,., e u

mulator. The adder a•' ls (or pcrforms ~untl.>r lt> 1~ • 1! 

operat10ns, e g, OR) two mput~. A and B, JnJ prodL!l'l''· 

the output. The accumu]Jtor hold~ tntermcdl.lll' rc•.t,!t, 

of a computation or numbers for a pcnd.ng CL'tnpttla
hon. The accumulator as thc temrtJrar) storage t,, 1\h!Ch 
wc'vc been refcrring, thc !>IOr.:lge that, f01 r<',1'<'11" ,,f 
cff1ciency, was not includcd in thc mam mcmt>ry 
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Thc rcmamJer of the CPU, the control portion, is 
•mplcmentcd usmg .1n m~trucilon rcg1~tcr (IR), a control 
decoder and ~cqucncer, and a prngram cuunter (PC). A 
machme in~truction 1c; tr.1nsferred from program !>lor
agc mem01 y mio tlw IR and 1s subc;cquently mtcrpreted 
by thc decodcr/sequcnccr, wh1ch •s~ucs thc appropnatc 
contr0l pulsee; lo thc other computrr elcmcnts Thc PC 

c0ntam~. al ar>y g1ven time, thc addJcsc; m mcmory of 
thc ncxt m~trucl1or Th1c; countcr ~~ normally incrc
rncnted by one immcd1ately follow1r>¡~ the reading of a 
new iil~tructJOn. Thc PC contcnts c.1n be replaced bt 
the conlenls of ,t ~f'''c.ficJ memory !ocat10n 1f thE la!>l 
mstructum wac; of ;·,,, ¡ump cl.1~~ Th1c; causes the next 

in~tructwn to be r~.,t~ from a program-specif•ed location 
inste.1d of trom tl:•c •1cvt sequentJal locatJon. 

rm.1l!y, a nH'.llh of mput/output (I/o) is providcd 
vi.1 an 1/o reg•~tt'l, throu¡;h which data cxchanges take 
pl.1ec wJth ext crnal, or pcnpheral dcvtecc;. Voila! A 
complete computcr. 

le!'!> contmu<' thc an.tlys•s by cxccutm¡; thc pro
r,r.mt Jc~uilwd bclow (note this jc; es~Pntially the s.1mc 
problcm u~cd to illuc;tratc tlw m.m/ calcul.1tor): 

"Rc.td m .,n operand from thc 1 /o. Sto re it in mem
ory locat.Lm 50. Rcad m anothcr operand from thc 
I/O. Storc 1! 111 memory locat10n 51. Add thc two 
numbers togcther. Storc the rcsult in mcmory loca
llon 60, and halt." 

PROr.RAM 
AOOfifl~ 
10 MIMORY 
/' 

~IRUCJIONS IN 
FR OM MfMO~Y 

IR 

' 
,. 

CONlROl, 
orrom R & 
SIOUINC(R 

PC E~~~~~~ 

~ 

CONIROl UNIT 

'IUMP AOOR[SS[S" 
tROM M(MOHY 

<==1 

} CONIROl 
UN[~ 

rt11. 5. In Jhe control unlt, lh~ lnslructlon r•gioltt r<c<lvr. lht m>ehlne 
ln•trucllon• frnnl rronr.lm siDtaR•· Thf8e ••• Jhen lnl<rpreltd by the 
decoder/eeqaencor, whlch controlo the varloue mlcroprocoooor alemente. 
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Herc 1s a program to exccutc this ta~k, 1t is storcd 
in consectullve mt'mory locatwns bcgmnmg at ad
drcss locat•on 100. 

Memory location 
100 
101 
102 
103 

104 

105 

106 

Instruction (contcnl!>) 

Input to accumulator 

Storc accumuLll(ll at 50 

Input to accumulator 

Storc accumulator at 51 

Add accum Loe. 50 
Plan• rcsult in aLcumulator 

Ston• accumulator .1t 60 

H.tlt 

To exccutc thc pror,rarn, thc program cowHer 
points to each instrumt'nt in turn, ~tarlmg .11 100. Thc 
processor fetchcs thc mstrucllon, decodcs 1t, and fmally 
cxccutes 1t 1 nonc or more mJcrocyclcs Whcn the rnicro
proccssor rcaches 106, thc operation 1s \umpletc. No 
human intcrvcnt10n w.1s reqtured- cvery OPI'Iallon was 
autom.1t1c. All computcr~. reg.udlc~c; of the1r <;Jze or 
mtcnd!'d purpo5c, oper.lte m ,, c;uml.u m.1nncr. lt mu!>t 
be cmph.lGJZed, however, that many v.u~otla•n'> are pos
sJblc wllhm this b.ts•c o~rchitectur,tl fr.unc-wo1 k. 

Variations on a theme 
Cornmon improvemcnts, .ulchtions .md/or ,¡Jtcma

trons lo thc cla~GIC .1rch•tcdurc Jc~cnhed al•Pvc IIH lud!' 
multJplc accumulators, sophJsiJcatcd 1/o ~lructurc~, 

index rer,istcrG, mdircct addrcs~mg, ¡ntcrrupb, pu~h
down ~tackc; and m•croprogr.mtnwd LOil!Jnl un1t~. Sud1 
features can !'nhance a m•croprocc~·.or's l.lp.tl>d•llc~ •. 111d 

are oftcn thc b.1~1!> for cornp.tri~ono, bctvH'l'll v.lflllll' 
machmco;, as well ao; prov1dmg a thl'm!' for conlpctdJVl' 
advertismg and !>alcsmanship In vicw of thc~.(' tlucc 
facts, a dhcussion of basic computer v.trJ.t!Jnno; fllllows: 
Accumulators, multiplc- By dcfinJ!Ion, an ,,ccumul.ttor 
prov1dec; a tcmporilfy ~tor.1gc meduun Tl'mpor.uy stor
agc .tllows programG to cxecutc f.1stcr .tnd more cfflu!'nt
ly by obv1atm¡; thc ne('d lo ~hll e p.1111.tl 1,1 mtcrnwd1.tt!' 
rcsults in mam mcnl()ry ,1nd sub~Pqu('ntly 11' retncvt• 
them for UGC m addJtillltal comput.tlrons. Mult•plc <tCCU

mulator regiG(l'r~ ,11low severa! ¡MrtJ,¡j rc;'ult~ to be m.lin
tamcd al thc computer's fingcrt1ps, thcreby climin.ttmg 
thc many program stcps th.1t would othcnvJsc be rcqmrcJ 
to storc and thcn retrievc d.tta (shortcr í'fl'¡~r.lrils co~t 

lcss to wnte, les!> to shlfc and e\ecutc f.hll'r th.tn lonr,er 
pro¡;r.unG) Four accumulato1 s .He .tblc to prov1dc a ~rc.tt 
de.tl of programmm¡; and opcr.JtJOn.tl ver~.lt.!Jty, and 1t 
1s often considcrcd an optJmum number. 
I/0 structures - A basic mput/output ~ystem pro
v•dcs a single input port and a single output port. 
A port allows transfer of ene word of data across the 
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computcr'G boundary More soph1st•cated lÍO unlts 
facd•t.Jtc thc UGC of mult•ple input and output ports, 
allmv,n¡:; Vlrtually Slmultancous commumcation with 
many pcnphcral dcviCCS Another powcrful 1/0 tcch
mquc, rcfcrrcd lo as DMA {for d1rcct mcmory acccss), 
allow; pcnphcr.1l dcv1CCG to transfcr data directly into 
.md out of mcmory, mdcpcndcnt of thc control umt and 
thc opcratmg prngram. Th1s contrasts to thc more con
vcnt10n.1l pro¡;rammcd 1/0, whcrc an cxphcit program 
mqructiun IS rcqu¡rcd for any data lrilnsfcr. The DMA 

tcchmquc faohtatcs fastcr data cxchangcs with mcmory, 
wllh f,·wcr pro¡;r.un stcps, and 1s considcred most ap
phc.:~blc to bulk <;tor.1gc dcv1cc (d1sc) mtcrfaccs and 
computcr ·to-computcr conncchons. Contrary to occa
sional m•susc of thc tcrm, DMi\ IS nota uniquely defined 
off-thc-<;hclf CIICUlt, but can be 1mplcmcnted in a varicty 
of way~ m any general purpose computer. 
lndex regi~tcrs - Th1s fcaturc prov1des program
nHng flcxdJil.ty by prov1dmg the user w1th more 
mcmory addrcGsmg modcs. AG a rule, whcn a program
mer w1shcs to retrieve an operand from memory, he 
5peC1fu~~ 1ts add1 CGS m thc mstruclion that ca lis for work 
to be pcrformed on that operand (e g., add it to an 
o1CCUillU!ator). The pre~ence of ,m index regiGter(s) 
allows the programmer to modify or index the operand 
addrcsG w1th thc number contained in thc register. 
Typically, thc operand address from the instruction 

1/0 REGISTER INTERFACE UNil 

Flg. 6. lnput/output r<gloter Interface unlt. Thlo componen! provlde• the 
data uchonge link belween the mlcroproceuor and lhe oalslde world. 

MAR 

MEMORY 

ELEMENTS Of A MEMORY UNIT 

Flg. 1. Elemrnlo of a memory unlt. In lhe o¡>erallon of a memory, lile 
MAR contnlno lhe addreu where lnformallon la lo be alored or read. 
Tht MOR holds the dato lo be sloracl or rccclveo lhe data •• lt le read. 

v.ould be addcd te the contcr>t of the 1ndcx rrp,1~tn 

Such a fealure grcatly s1mpi1f1es the transfcr nf .111 ,,;r.l:· 
or f1cld of data into or out of memory. M.Hhl<lO:'· 1\lth 
two mdcx reg1sters offer enhanccd programm1n¡; ver~.l
tdlty ovcr machmes wíth a smgle regiGter 

lndirect addressing :..._ Th1s is donf' when tite 
address contamed 11\ thc in!.tructwn spcnhc> only thc 
address of a memory word, wh1ch tlself, 5¡'eCJftcs 
the operand address An indmxt addrcss 1s ;m .tdJrcss 
in an instructton that tnd1cateG the local101t of the 
address of the referenceli '-)pcrand Thmk of 11 a<, a 
computcnzed treasure hunt --- thc mo,tructwn dl•cs nut 
tell the localton of thc "tteasurc" (opcrand), but ll'lls 
where to go to hnd a clue that g1vc<; 1b locabon Multl
lcvel tnd1reclion is poss1ble, although not con·~1Jl•red 

necessary. Herf' thc system ¡umps through two or more 
clues unttl thc operand 1s found Ind1rcct add1es•o~n 1~ pro
vtdes great programmmg flex1b1hty by allowmg l)PCI and 
addrcss to be contmuously mod1ftcd by the program. 

lnlcrrupts -- A machme operatc, under .ts own 
control but frequcntly 1t t!> de<,¡rablc to havc .m ex
terna! evcnt c.1use the computer to shtft lis attcnlton 
to anothcr problem. This can be done in m.my wilys: 

o Thc compulcr program can mclude a sect 1011 that 
causes 1t to look for po,,tblc externa! evcnt< c.1ch 
lime tt cycle, Tl11s may consume a lot of mcn\Ory, 
makc thc computcr operate 1ts pror,ram more ,(owly 
and may not permtt thc computer to respond qwckly 
to the externa! event. 

lll lnterrupt signals may be forccd mto the computcr. 
Th1s require, cxtenstvc programmmg lo 111<;urc th.tt, 
when the externa! evcnt has becn scrv•ccJ, thc com
puler can return to tts prior locat10n. 

e Thc computer can have interrupt capab1hty bmlt 11110 

tts hardware, thus allowing the computcr to scrvice 
the interrupt quickly, W1th a mínimum r' ¡oenJ¡ture 
of progra~ and memory storage spacc 

Push-down stack - Or "Push-down, pop-up" ~tack, 

LIFO (last-m, f1rst-out) st,Kk, cte. Tl11s t'• .1 mcíul 
fc.lture for the "nc~tmg" of 1nlerrupto, and o,ub"'utmcs 
Nc .. tmg refcr, to thc cntry mio a ~ccond (,)r tlur,l) ln
terrupt scrv1ct' pro¡;ra111 or subroutmc prnlf ¡,, <'<'111!'lc
tl0n of serv1ce or execut10n of thc Úrst. The ~t.ll-;._ ~t,)rr., 

thc current program exccut10n addrc~s (contc:•t' t•i l'C) 

c.tci1 lime thc C(>rnputcr 1s dncctc,! to .1 n••w .11'' t\Lr\' 
t;'lsk, thcrcby .dlowlllf, thc compu ter tn '· • u r•1 ,• n.l 
clcan-up unhn1shed v vi k 111 rcve1 •.e l'l d..:1 Ti··· 't.H·k LS 

also uscful for stotmg part1al r,·stdts of rnm 1'tll.ttl''''s 
(Subroutine: A set of tnstruct1nn., ncre~~.lf\' to d~rcd 
thc computer to carry out a wcll-dcfmcd mathc111al1Lal. 
logical or analyhcal operahon, usually arr,rn¡::cd ~o th,1t 
control can be transferrcd to 1t from the mam ptoí~l .tltt 
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and so th.1t, at the concluo;¡on of the subroutinc, control 
reverh lo the rn.11n progr.1m.) 
Microprogrammed control unit - In a computer with 
a mJcropro¡,rarnrned control un1t (MCU), thrce of 
the bas1c elements are nearly ident1cal to our cla<;SÍC 
f¡xed-instructmn computer; the sígn¡f¡cant difference 
ís th.1t the controlunit h.1s 1!G own memorv. Th1s control 
memory contams the stored sequence of control func
llono; th.1t d1cl.1te the cnd-uscr ,JrchJtecture .1nd the 
mo;truct1on repcrto1re of the mícroprogrammed compu
tcr. ThuG, the mr.truct10n 'sct c.1n be mod¡(¡ccJ or 

incre.1scd lo ad.1pt thr microprocessor lo system needs. 
InstructJOnG are machme d1rectivcs and are thc 

pnmc conGtllucnt of programo; They are fctched one
at-a-tJmc by the control un1t, wh1ch thcn carrics out the 
opcrallnn(s) ind1catcd lll thc mo;trucllon. 

Jn~tructíon•. for mo~t modern compulers can be 
r,roupcJ into Cl¡~ht fundion,¡l d.1s~cs· lo.1d/~torc, arith
metJc, IPg1c.1l, •.ko 1l, •,hifts, tranr.fcr of control, rcgi!otcr 
.1nd 1/o. A bdcf dc<ocript10n and cxample of each 
ciar.•, followo;. 
Load/storc - Thío; instruction clJss pcrforms the 
function of cxchangmg d.1ta between mam mcmory and 
tempor.uy stor.1gc rcp,l<olcr!o (.lccumu),,tor, mdcx, cte.). 
lo.1d tr.1n!<fcro; contcnts of a sclcctcd mcmory loc.1tion 
into ,, Jco;¡gn.1ted regi!oter. Store rcvcrscs thc opcration. 
Typ1c.1l clao,~ mcmbcrs mcludc load, load indircct, slorc 
.1nd r.tore indircct. 
Arithmctic - Almos! self-explanalory; thesc in
structwns perform an arithmctic operation upon two 
operando;, onc of which 1~ in ,, rcgbl<'r ancl the other in 
mcmory; thc rc•adt u~u.1lly rcpi;Hc!o the opcrand in thc 
rcg¡o;tcr. Typic.1l members mdudc add, subtract, multi
ply and divide. 
Logical - Thcse pcrforrn a logical opf:ratJOn on two 
operands, one of whiCh is m a register and the other in 

oP::~~os f---.._,. ACCUMULATOR 
MEMORY 

RESULT 
' AOOER 

CONTROl 

ARITHMETIC & LOGIC urm 

Flg. 9. Thh almple ALU conta!no an adder and an accumulator. The 
accumul.llor provld .. ~ lrmporary slor.ag~. For e"amp111!', here U tan hold 
one oru•nd whlle another lo oblalnecl from mrmory in ordu to per
fonn addlllon. 

JANUARY 20, 1975 

mcmory; the result usually rcplaces thc oper.1nd m the 
reg¡slcr. lnduded .UC ANO, OR, EXCLU!>IVE-01<. 

Ex.Jmplc: Logical OR 

Operand 1· o 1 1 o 1 o 1 1 (Regir. ter) 
Opcrand Z: o o 1 1 o o 1 o (Mcmory) 

Result. o 1 1 1 1 o 1 1 (Reg1~.tcr) 

Skip ·- Thc~e are uo;ually 2-pha!.c 111!-ITIICtlono;; th.1t 
1s, an anthmctic or log1cal opcr.1t10n 1s pcrformed on 
onc or two opcrands .md thc rc~ult 1s tc~t<'d for ,, 
!opeof¡c condit10n (e g., pos1hvc). If thc comht1on 15 mct, 
the ncxt sequenhal mstruc!lon 111 the program i!o skippcd. 
Cla% members mcludc: incrcment and skip if zero, 
decrement and sk1p if zero, sk1p rf ¡;reatcr, and sk1p 
if not equal. 

Examplc: Decremcnt and skip if 7e1o 
A c;peof1cd mcmory luc.111on h.1s 1 !<ubtr.KII'd from 

11; 1f thc rc~ult is cqual lo .leru, thc ncxt ino.,truc!ion b 
sk1pped. (, 

Examplc: Sl...1p 1f nol ClJLI.ll 
The contcnts of thc o;pccificd regio., ter .ut~ wm¡Mrcd 

to the cor)tents of a !<pcnf¡cJ llll'll\llry luc,l!lon; .f thc 
two contento; .1re not cx.1ctly idcnllc.ll, thc ncxt mstruc
tion i!. skippcd. 
Shifls - The contents of a dt'!>lgn.ltt·d n·¡;btcr are 
shifted one b1t to the lcft or nght. Thc b1t po•.¡(¡on 
that b vacatcd c.1n be frllcd with a lero (o.,hlft) or the 
bit that "fell off" thc othcr cnd (rot.llc) Rotate i!. 
mercly a Clrcul.tr !ohift. 

Example: Shift left 
Ueforc .-1--..-1---.--.---.-r-....--1·-.·-o 11J-Jl

1 After ..r o 1 1 o .-o v...._.__..._...__._ --L-..L--1 

1 

Transfer of control - This class of instruction 
cause~ the Program Countcr (Pe) to jump l<l .1n instruc
tion - spccif1ed point m the progr.1m; that 1!>, control 
of thc computcr is tr,msfericd to ,, new progr,lm clcmcnt. 
Such tr<1nsfcrs can be cond1t1oned (based uron ~0mc op
cratJOn and/or test) or uncondJtum,,J. Cond1tional tr.ms
fer includes Branch if Accumul.&tor Po~it1vc, Br.1nch if 
Cond1t1on, and Branch 1f Reg1stcr = O. Uncond1tional 
transfers include Jump, Jump lo Subrouhnc, and Re
turn From lnterrupt. An immense amount of program
mmg power is found or lost here. 
Register - Includcd here are instn:ctions that pcr-
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fJR 9. C.nmbinlnR fiR,ures 5 through n, the wholr! (.Oint1Utt"r emergt•o;, Memory Jq ¡·u~rformrd in v.ui()U'i I'arh of thn rnicro
procr'iliOr 1 h• mrrnory rrghtC"r contaln• thr atftln"t~~i whcre inform.•lion 1' to be re.ul ''' lfiOrC"d, whllf' tht memory dat.a 
rrKI•trr hnldt the dala brin" e::cchnnged with mernory. The accumulalor r~erv~fl. a" o1 t .. mpor.uy ~atouKe unlt. 

form .11 dhrnl"IIL or logil.1l opcr.1t10n~ on thc cnnlcntc, of 
two rq;l'.tcr•, or .1ftcr thc contcnt of a ~1nglc n•g•stcr. 

Examplc, of two •cgJstcr mstruct10ns Exthangc Regís

ter and Stack, Rcg1ster Add, Rcg•ster Copy. Smgle 

Reg1ster mstructum~ mclude Load ImrncdJ<lte, as well 

as Complemcnt and Add lmmedJatc. In an JmmedJate 

in~truc!Jon, the opcrand JS mhercntly includcd. 

Input/Output - An enormous variety of inc,truchons 

are posr.¡bJe herc, commoner ¡rstructJOns are those 

that transfer thc lontcnt uf a spcufll: rcg1~ter to an 

output. port (Rcr,J~tcr Out) or transfer thc word appear
mg 111 .m mput port mto a rcg1stcr (Rcg1ster In) 

Thcre .ue as many m~.truchon ~ct~ as thcre are 

computcrs, and 1t IS C]lllte dJff¡cult to say whJCh are 

good and wh1ch are bad. The numbcr of instruc

IJOns JS not a good mdJcatJon of, the powcr of a com

putcr smce e.1ch manufacturer counts dtffcrently. An 

mstruct10n set that one, manuf;~cturcr statcs has 43 

mstructJons m1ght be c;dlcd 352, usmg anothcr manu
facturer's pnxcdurc (1 c., a rcg1ster to rcg1ster add 

m1ght be counteJ as one instructlon but 111 a machinc 

wJih fuur regi~.ter~ 1t could lw lllllllted .1~ •;¡xlccn) 

Onc of thc true mc.t~urc•c, of a m.lLilJIIC 1'; htnv m.tnv 

in~trw:tJons 1t rcqtnrc~ to cxccutc a g•vcn "bt·nrl1!n.Hk" 

pror,ram. lt 1s 1m portan t to note he re th.lt .1 <'Oillpu ter 

w1th a rrucropror,r.1mmcd control unll C.lll be ulnl•gurcd 

to cxccutc any Jn~tnrchon, thcrcfo1c thc nt,mbcr of 
m~truct10ns reqturcd for a spcc•ftc cla~< pf )''b" can be 
lllli111111LCd by taJ!onng the 111SII11CliOn si'( tu thc pccuiJ.or 

rcqu11cments of thosc ¡obs lnsttuctlon ctf¡uCill)' J". 111 

llu11, ¡cJatcd hack to the archJtrdurc ,1nd \\'lllcl '·ILC r,f 
thc mdJvJdual computcr 

Thc Sl'Cnnd p.tr! of th1s nllcropr,,,·..:c:s,,r pnm··· ,,_.,. ,., 

such nnportant to¡>JC' ,15 sc,ft\\,lfC, thc ,l,iV.llll,1gc'" 

and dt~advantagcs ur mtcroproce'~·OIS, and 1\ hat to 
look for when choosmg a m1cro 1,rocrssor. Rc¡.n1nt<- of 
both Part 1 and Part 2 wdl be av<Jd.1biP nnt montll 
Check the February 1ssuc for further detads 
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PART 2 

Part 1 of tl:is artrcll! dcscribcd the basic clcments of a 
microproccssor, told how a microproccssor functions 
and introduccd thc conccpt of mstructions. lt also 
conclr.dcd lhat microprocessors are compute~s in JC 
form, and that thc tcrms "mrcroprocessor" and "com
putcr" car1 be uscd-synonymously. 

Taking t/Jis conccpt furthcr, Part 2 deals rvith how 
to tc/1 thc microproassor wl1at to do. This, of coursc, 
can be implcmcnted using hardware or software, but 
dcfining thc solution is the most important and most 
difficu/t part. 

Software ic; a tcrm uscd to dc!>cnbc the programs 
that makc a computcr do a spcCJfic task. In fact, when 
uscd in thc context of computers, the word software 
can be mterchanged with thc word program. In gcn
Nal, a program is a senes of sequcnt:al steps that 
accomplish an objcLf¡vc. A hst of direct10ns to travcl 
from Phdadelphia to San Francisco is a orogram: Orive 
to Philadclphlil a1rport, get parking ticket, par;< r..ar, 
writc pi!rking section on back of t1cket, take b..1c; to 
terminal budding, buy ticket at the United counter, 
check monitor to determine gate, go to gate, etc. lf 
you followcd such a list of instructions or program 
(and 1t was corree!), you would cnd up m San Fran
cisco. Note that thc program asked you {the machinc7) 
to pick up inform.1tion in cert.1in places and to act on it 
or lo ~h>n• infornution (writing down thc p.uking scc
tion) lo be rt'l ncveJ .11\d useJ la ter. Note also that thc 
order of e'<ccutiOn of c.1ch stcp is vcry imporlant. 

A compulcr 15 a device that can rccognize and act 
on a predetermincd sct of inslructions. Even though 

. -----------------------------

the specdiC sct of instructions it can use is f1>.cd by its 
des•gn, a computcr ¡s general purpose bcc,JU~e it can 
execute a list of thcse mstructiono; (a pro¡;r.mt) to per
form some functions, cxccute another hst of mstruc
tions to perform sorne other function, and so on. 

Smce many apphcahons for m1crocomputcr!. c.m 
also accept a hardware solut10n, you should comp.1re 
the design stcps you would u•.e for each. Sincc !ooft· 
warc 1!. designed like hardware, 1t b intcrcsting to note 
how !>Jmilar the following step~ are: 

Software: 

o Define the problem and what data, input!., and out-
puts are avadable and/or rcqUircd for its solution. 

o Determine the best form of thc solutwn. 
o Outhne the mt?thod of solution on a flow chart. 
o Wnte the entire program, step by stcp, using the 

computcr's instruction sct. Assemble or compile thc 
pr0gram (if necessary). 

o Load the prc0ram into the com¡mlcr memory and 
run it to test and dcbug. 

Hardware: 

"" Ocfme thc program and what data, inputs and out
puts are avad<~blc and/or rcr¡um~d for 1!!> solution. 

"" Oetermmc thc best form of thc solullon. 
o Outlme thc mcthod of solullon on a 11ow chart. A 

:.t.1tic di.1gr.un r.m .1l~o be· w ... J. 
o Dr.nv up tlw dct.uiL•d ¡,,¡;11: di.1~;r.1m u·o~n¡; !he ,1\',ul

able .Hld COilll'•ltibJc SSI, MSI anJ LSI tunCIII'IIS. 

o Make wire hsts, cte. 
e Wire circuit boards; operate to test and debug. 

' "'~.....;; 
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Dcfm111g the program is thc most 1mportant and 
p1ob.1hly the ;nn·;t ,1¡ff1cult part of ellhcr ~olution Step 
2 dcpend' 1.-ugcly on what resourcc!> the des1gner has 
.1t h1~ di'·j'Os.11 l h1' 1s the pomt where a dcc1S10n wdl 
be m.1de lü ¡:;o k11dw;~re or software. Note that for 
sorne .Jc,•gn pwbkms the f!ow c.hart for hardware and 
SL1(1\,,orc m.1y lnok thc s.m1c 

\ \'n tn•r. tlw l'' P¡~r.lm, Step 4, dctcrmmcs the in
.rcmr•lt.d Cthl nf the sy~tcm, smce 1t ddmcs the 
.mwunt uí nH'IlHll)' rcqLured lo o,totc the pro¡;1.1m. 
Sml e thc nu1nbt•¡ ,,f m~.trurt10nr. rcqu11cd to perform 
.1 ~nl.lln funr!lt1n 111.1y be d1ffcrent for c.Hh computer 
on wh1Lh tht• funt t '"'' 1s programmcd, thc cost of pct
Íormmg .1 );1\'cn t"u11t twn wdl depcnd on the mstruc
llon •,d t'f th,, cotnpuler uo,ed 

'IIH' 'pccd at which ,, g1ven funtii<Hl m<~y be pPr
formcd Jqwnd~. on tlw ¡n•.tructlon o,ct of tlw cornputcr 
.1r, wPll .,, thc .1Ltu.ll t11nc 1t t<~kcs the machmc lo cyclc 
through ,, g1vcn lll'>lruc!IOn. 13ecaur,e of tlus, a machinc 
th.1t '" <onr,idcJed f,l';t may takc much longt-r to per
form .1 g1vcn funt 11011 than a machmc lh<lt 1s con!.ld
cred ~low. Th" par.1dox 1s part of thc reason why 
"propcr Cl'U r,ek, 1 u m I'> not ea~y " One almost has to 
write h1~ plllgr.llll ÍLlr sevc1al machines bcfore making 
an acruJ.lle compalJ~on of cost and performance Thesc 
tP;,t~ .H<' somel1nw•, 1 efe, t cd to ¡¡s benchmark tests. 

Soft warc dco;¡¡;n 1s the analog of hardware logic 
dcs1gn. ;·:lC ef[,c,cncy of the !>oftwarc dc!.1gn is meas
ured prtro~.udy m the amount nf 'mcmory used to store 
the software and thc t1me rcqlllred for execution of thc 
prog1.1PL H,udw.ul' des1gn eff,cicncy 1S mcasured m 

flg l. In lhe hierarchy of proJ:r~unrnlng, l.mguageg can be reprrsenl~d 
as a RJlhl"re In lht' cl"nh•r ¡., lh(' nt;uhlne code and each layer awny from 
th.e c~nter lB clo•er to human l.anguo1ge. 

number of gatcs and functmnr, u~cd (pack.1r;cs " ro•.t) 
lt mu•a be as~.umed th.Jt the cÍÍiucnt h.1rdw.Hl' de~.q;n 
would perform the fu11clion as filst as reqUlrcd Tlwre 
would be no advanta;;e 111 grcatcr speed, ~mee a hanl
warc based sy~tem wouiJ not lend 1lsclf to do1;1g more 
funC!IOI1S in liS SpiirC' lii11C, Wfllle a software bascd 
syo;tem would. 

Commanding the computer 
\-Ve hc.u talk about ~ui~ware .1nd progr.1mnung -

and mo;,t t.1lk about pl<')',l·ll1111l111¡; 1:1 •.um•· l.n1gu.1¡_;L' or 
antJther. Th1s 1' bccause the w.1y wc <c>111111,111d thc ma
chme l'i vety much hke the way wc cnmmuntr.liP by a 
wntten language Wc h.iVe rule<. ,1buut hc'W \vi' ,t,11 t 
and Pnd scntcnces and paragraphs .1Ni hnw wc s¡)('ll 

words Thc way we ct'mrnunJcatc w11h " lL>Il1j'll!er rs 
through a prograrnn11ng bnguage, 1\htch al~o h,,, rules 
of ~pellrng and punctu.lt10n, but thc•.c rules ,1n· much 
more stnctly enl-orced lf you llll'·'Pcll a fnv word~, 
your H·ader wrll prubably undcr~l.1nd you anyw.1y. A 
computer bngu.1gc 1s not that fo1glv111g ami wdl not 
produce the dc.,m•d rc~ult Jf 1ts rule., .He brokcn 

There ilrc a number of levclr. of programmmg l.m
gu.1gc~, as shown tn F1g. l. The mncrmost leve! 1s th.lt 
of the .::c!ual machmc bngu.1ge LH h rnstrucllon 1s 
umqucly dcfm('d by bmary code (pallcrn) of o.1cs and 
zeros. The central processmg umt (CPU) e'\.1m1nc~ 

each 1nstructlon code and perform;, thc ex.1ct scquence 
of evcnts to p1oduce the opcriltlOn dcfmed by thilt m
struchon. Assume a 0011000100,000000 codc tells the 
computer to add rcgtstcr (accumulator) zero to regtster 

SOUOU PPOGRAM 

MACHIM 
lMicUI,C[ 

TRANSIATION PROGRAM OBJECT PRUGRAM 

Fig l f.:cept for machlne lanr.u<~g~ ii.;("H, {'<H h uo;;í'r-v.rllll'n c;nur(•' ,•r,,
Rram muqt be translated into a machh\e langu.,¡:e objcct pro¡;r.·un ht WH' 

lhe compultr con use lt. 
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onc Jnd put lhe rc~ult m rer,1stcr one. Whcn program
mmg m machme languagc, lhc pro1~rammcr muGt enter 
0011 0001 0000 0000 lo Jdd reg1stcr zcro to rcg1:.tcr 
onc. Th1s can be awkw.ud as wcll as quill' slow; lt 

isn't eJsy to remembcr all thc codes. In sp11e of lts db
Jdvantages, lhe use of machme languagc ¡., a perfectly 
reasonable way lo program whcn lhc .1ppl1callon 1s not 
too complcx ,¡nd tht.:' dforl 1s on .1 low budgrt. 

To rn.1kc progr.Jmmmg c.1~1cr, a~srmblers have 
becn dcvclopcd, they are thc next leve! un the software 
sphcrc. An .,,Gcmblcr nr ,.,~~emblcr p1 ogr.1m '' ,1 com
putn pr!lgr.lln t!.,,, .1cu·pts coded lll•;lluctlons or mnc
mon1c~ th.tt .1re nw1c mcaningful to use ami translatcs 
thcm mio .1 0111.11 v mad1111c codc lhc compuler can 
cxccu!c. Tlw rnncmonJl!> used for each in!>truction are 
mulh casu~r to remcmber, .md they milkc a IJstm¡; of 
lhc pror,ram much easier to read. Thc mnemonic for 
lhc rr,~~~lcr lo rcgl';ler add men11oned abovc might be 
RADD o, 1. 

Keeping track of each instruction 
The u~e of rasy lo remcmbcr .1nd easy lo work 

wllh symbohc codes in pbce of thc ones .md zeros of 
machme l.1nguJ¡;e is not the only 1mprovemcnt as'>em
blers c;¡n prov1dc. An ar,semLler kecps tr<1ck uf the 
loc.1l10n of cach mstruct10n, wh1ch i~ 1mport;¡nt bec,IUGe 
it allowG thc pror,ramrner to use symbohc iabds for 
1mportant localion~ m thc program Thesc labds allow 
referenccs lo be made to locatlons 111 a program Wlth
out keepmg track of thc exact memory locallons (which 
would changc 1f 1nstruct•nns are mscrted or deleted 
between thc locat10n and where it 1S refcrenced). Th1s 
"bookkeep111g" featurc allows lhe asscmblcr program 
to choose the best addressing modes (i.c., indirect, m
dexing, cte.) autom.111cally if the instruction set has a 
varicty of addressing modes. 

In add1t10n lo allowing the u~c of mnemon1cs ilnd 
l.1bcls, as~cmblers pcrrmt hstmgs to 111clude comments 
that hclp to docurncnt thc p10grammcr's work, macros 
that as5ign a mnemon1c to group~ of code, l1~tmgs of 
labcl~ and whcre they are found, and many other such 
refinemen ls. 

The outcr IJyer of thc software sphcre h the areJ 
of the h1gher-levcl IJn¡;u.,~;es, wh1ch come thc closcst 
to nJtur.tl or human langt~ctges They are problcm Ofl

ented .JnJ contam famil1ar word~ Jnd cxprcc.sions; 
howcvcr, they have very stnctly dcf111cd r.lructure .111d 
syntax. Therc ue !wo lyper, uí h1r,hrr lrvl'l l.mgua¡,cs, 
compdc1!> and Jntcrprctcr:. BL'th typc' are programc, 
that t.1ke thc hi¡;lwr-levcl ianguagc pwf;ram thc pro
¡;rammcr wntes and turn 11 into machmc l<ll1guagc the 
computer can use. The ma¡or d1ffcrcncc between a <..om
pder language and an mterpret1vr bnr,ua¡;e 1s how the 
langu.1ge progr.1m convert~ to lmt.try m<~d11ne lan~;uagc. 
¡\ compdcr takcs thc wholc p1 og: Jm .1nd converts 
(lranGiateo;) 1t mto bmary machrne I,Hlgu.tgc before 1t 
is ready to exccute 11, whale an inlcr p1 e ter t1 ,,n.,l.t te~ 
the program into execu1.1blc binary mach:ne codc on a 
statement bas1s (.md mually excUJtcs thcrn .11 the tune). 

H1gh leve! l.1n¡;uagcs are oftcn wnttcn fur "PCCiftc 
necd~ and "pec1.1l uses Sorne th.1t m.1y be famd1.1r .ue 
ALGOL and FOHTIV\N for SCICnllftc u~cr<;, COII<\L for l.1rgc 
busmc<;s system~, RPG for small bu·~m.:<;s !>ystcms, 
DASIC and AI'L for t1mc sharing, and i'L-1 for large, 
general systcms. 

A h1r,hcr leve! lanr,uage (such a<; DASIC) might 
ha ve a statcmcnt hke the folloVvmg · 

LET ANS = A x B + C/D 
Thi'i stalemcnt computes thc valuc ANS by multi

plying thc prevJOu!>ly defmed valuco, of A and B and 
adding the result to C d1vidcd by D. Thc same state
ment wnttcn for anothcr cornputcr, but in the samc 

SOURC[ PROGRAM A>Sí Mlll Y Pi!OGRAM Q,!J[C l PROGRAM 
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fiR· J. By variouD m~an-a, the sourc~ pros¡am can be en te red lnlo a compul•r where U l• proces'>Pd fto prep.1Ct!' 
nn obJrct program (machlr.e JanguiiR~") for lhe mlcroproce•no:. lf the computrr h the s.unf' mlcroproc:rs~or tho.~l 
wlll ~ .. cale lhe pro¡¡ram, lhlo olep 11 called r~•ldent aonmbly 1 U 11 lo a'!olher rompator,lt'o calltd cro••·a~Sembly. 
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fi¡:::. 4. riow ch.ullng h a convrnlenl melhod for showlnr. the 
strp'l uquirrd IR a pro~um. The cornmon rtow chonl c¡ymhoh are 
r.hown b"low with the eJi:oam¡,Je obovr. Note the ur;e of notaUontJ 
wllhln the lliymhn1" dnd the use of i1frOW!. The branch al the 
dtclolon oymbhl permito mulllple lranolls lhrough lhe program¡ 
lhla la called Jooplng. 

ian¡;ll,lf;l', would look C'>!>CHl1ally thc ~ame bcc,Jwc thc 
dctads of thc ¡nqruclton <,el, ,,d,J•c~<.mg modc•., '' ·.;J<.Icr 
ass1gnment~. etc, are takcn carc of by thc compdcr (or 
interpretcr). Thcrcforc, thc compdcr (or mtcrp1 etl'r) pro
gr.! m bccomcs, for all prac.liL.ll pUl poses, your com
puter, and 11 ¡sn't nccc~'>·HY for yo u to know or c.11 e 
about thc dct;:ulcd opcratwn of the host computl'r 

Defining the program 

At tl11s pornt, ~ourLc prngr.un•; .HHl ob¡c< t pro
gr.IIIIS mu~t be dcfmed. A sou1u' p1 o¡:1.1111 1<. .1 l'"'¡;r.11n 
w111ten by the progr.1mnH'I 111 any of thc l.m¡;u,J¡;¡·<. ,lr•.
cu·.~ed Thc ob¡ect progr.1111 ~~ the lt•;t of b1n.11 y ma
chJ,lC mstructwns (anJ addll'~'·l''•) tk1t ~~ rco~dy '" be 
loadcd mto thc co111puter and be <'-...ecutcd. TlH' ,,b¡cd 
pro¡;ram 1s gencr,1lly proJuccd (ro m thc ~Ollll ,. pro
gram by onc of thc typcs of compull'r program<., 1 c., 
comptlcr, mterpreter, !lf a~r.cmbh-r. Thesc relatr!•n<.hlp~ 
are tllu'itrated 111 F1g 2. Note th.1t a machme languagc 
program reqlllres no internu~d•.1tc stcp. 

lt 1sn't neccssary for thc tran~lat10n progr.11n to be 
run on thc samc typc of compuler· that the 0b¡ed pw
gr.llll 1~ gencratcd for. In f.lCt, 1t is oftcn not p•.Jctlcal 
anJ ~ometuncs, not evcn po~s1blc, bec.w.,e n•nq•tlers 
are long p10gr.1ms anJ so takc a lot of mcmory Fur
thermorc, somc Jntcrocomputer in;truction seis wdl not 
support a practlcal asscmblcr. When thc tr.1n .. lat10n 
program JS run on anothcr machmc, it is callcd a cross
as~cmbler or cross-comptler (F1g. 3). 

Thc mam advantagcs of machme langu.J)',C pro
grammmg are that 1t can be completcd w1thout thc ard 
of another program, and 11 allows thc progra111111er to 
kcep !rack of and control evcry dctad of the machJnc 
opNatiOn Assembly languagc progr.1mnung ,,]]01\'S the 
programmcr to rctam complete control over tlw lmpor
tant detall~ of thc computer opcr.1tion, but t,1k.cs c.nc 
of .1ll the drudgcry of thc bmary codmg, aJd1 L''<. .-al
culattons, and thc l1kc. 

Comptlero; ha ve .1n advant.1¡;e in that l'"'f:l .1111S 
can be wntten WJthout regard tn wh1ch mach11w tlwy 
wtll run on The h1ghcr-lcvcl m~trud1011 cxampk g1\'Cil 
above m1ght takc 30 to SO mach1nc langu.J¡:;c rliStJuc
tiOns; th1s shows how much work a hi¡:;hc·; lewl 
languagc m1ght s,1vc ..1 pro¡;rammcr Th1s rcl.1ll\ ,. "'m
photy .1llows a person to be tr.uncd a~ a r•••1·, lll11l1l'r 
in a f;:11rly short t11ne. \N1th <.0mpdcr", thc p1t•;:• ,lllltll<'l 

doc~ not conccrn hm• .. clf w1th thc Jnncr wo1 i"n~~~ ,,f 
the computcr or cvcn the dct.11b of how thc u•mp1kr 
gencr.1tcs codc, e g., to produLc .1 mult1ply Thc~c \ crv 
adv.1ntages, howcvcr, c.1n be ntcJ .1!> dl~.ld\'.lllt,J 1~c". 
T.tkc the case of a multiply: Thc multLply tunctJ,,n c.1n 
be written in many ways, onc uo;cs vc•y fcw m,lniL
tions (not much memory) but 1!> vcry slow, ,,n,,thL·r 
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COST CONS!OERATIONS 

MICROPROCESSOR CHECKLISr------------, 1 

Literatura 1 1 
Normally rh1p cost IS liot the lar¡¡cst factor, but it could be 1n a 
simple systcm. Thc mJ¡or cost 1s usually 10 thc circUftry ncedcd 
to support !he m1croprocessor. The eng1neenng cost to put your 
system together, howevcr, can be greatly mfluenced by the 
amount of qual1ty of support the ch1p supplier has ava1lable. 

Support circuitry 
O Clock wcu1try ano clock drivers- how many phases? 
O Power suppl1es -- common or special'l 
O Butrcrs- MOS to TTL input/output7 
O How much contnl logic (i e., acldress and data latches, etc.)? 
O Mcmory- st~nrl.mt or special? 
O Power of thc Hl~lructlon ~el (a good inslruclion ~el can re

duce mcmory rcquil cmcnts by 40%) 
O Support rcqu¡rcmcnts (lhc larr.cr thcsc are, t~o more expcn

sivc the PCO or the grcater thc numbcr of PCO's reqUJred). 
O Ease of checkout (test vs purchased card). 
O Proccssor card availabillty (small production and preproduc

tion w1ll use off-the·shelf cards). 

Support from supplicr 
O Hardware support 

prototyp1nr. system 
mcchan1cal hardware 
proccssor cards 
mcmory cards 
interface cards and cables 

O Software support 
ht¡:h lcvcl languages 
asscmblers 
utll1ly prograrns - debug and ed1t 
loadcrs- absolutc and 1elocatable 
pcriphcral dmers !HY, card readcr, lme printer, floppy disc,: 

etc l 1 

spec1al subroutmes (BCD to binary and binary to BCD, float-' 
ing point math package, ctc.l 1 

uses a lot of mstructions bu't is very fast. Which one 
should the cornpiler use? 

The programmer has no control over thcse types 
of d<'cJsions and must accept all the constramts and 
compromisos designcd into the comp1ler. Other dis
advantages of compilers include their often ineff1cient 
use of the machme mstructíon set m appli.::at10ns for 
which the comptler has not bccn spcc¡f¡cally optimized, 
the problcm~ mvolved in dcbuggmg the re~ultant ob
ject code on the actu.1l machine, and thc los~ of control 
ovcr things such as interrupts, register assignments ,md 
man1pulations of md1vJdu<tl bits (necessary in control 
applicatwns). Comp!lcr gcnerated object progr..Jmo; gel'
cr.llly t.1kc consJderably more mcmory than the same 
program wnttcn in assembly language. Whethcr you 
consider this as an advantage or d1sadvant.1¡>,e depcnds 
on how many systems you will bu1ld and whether you 
are buying or scllmg the memory. 

The followmg 15 a hst of other softwi1re that is 
encountercd whale using microproccs~>ors. 
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How well writtcn thc hardware and software manuais are 
dctcrmmes how much time is spent in lcarning the system. 1 l 
O Techn1ral manuals 
0 Software manuals / 
O Appllcation notes 
O Special mterfaces - DI A, A/D pcnpherals 

Technical support 
Th1s r.an reduce the eng1neenng t1me 2nd cost re¡¡wred to get 

the new product dcs1g~cd and into product10n. 
O Area systcm sp<.:C!allsl 1 
O í 1eld appl1cat10n engmcer 
O Plan! appl1cations and engineenng groups 

PERFORMANCE 

1 í 

! 1 

Specd 
O Eff1c1ency ol the mstruction se: - how m~ny instructions are 

nerdcd lo salve a part1C1ilar problcm (a math probiem, a 
proccss cnntrol problem, data har.dlmg, etc )1 

O hecut10n lime ol e~ch inslruct1an 
O Mlcroprogr~mmablllty - can the mstruct10n st!t t.e chatlged? 

Interface 
O lnpu!/output flcKibdiiY and capabil1ty 

How many pcnphcr~ls ciln be handled? 
lfow •nJny comrn~n~s lo each pcr1phcrai1 
How l~q;e 1s thc subrou!m~ lo hancJie any of thc pcnpherals7 
How much log1c 1~ reqUJred? 

O !ntcrrupt flcxlbiii!Y and rapabillty 
Can vcctorcd 111tcrru¡Jts ~nd/ or polled mterrupts be han· 

dled by thc processor? 
How rndny mtcrrupts can be handlcd by !he proce%or? 

O Spec,al control featurcs 
enable s1gnals (smgie lme control whcre fas! response or 

ease of inlcrfar.e 1s 1mportantl. 
sense 111puts (test a smgle mput and respond accordinglyl 

1 

1 

1 

1 

• Sirnulators - Software s1muiators are sornctimes 
uscd to debug pwgrams using anothcr computer. 
Thcy are espeCially useful 1f the actual c0mputcr 1s 
not available (or hasn't becn built yet). If hardware 
is availablc, the use of a ~imulator is an unnrccssary 
extra step, since thc software must stdl be dcbugged 
on the hardware. The cost of the computer time to 
run the simulator cffectJvcly 1~ dten more than the 
co!>t of a prototypmg systcm. 

o Debug programs - Debug program!. help the pro
gr,lnuncr to fmd errors m h1s progr.1ms whtle they 
are runnmg on the tompmcr, ;md allow fun~ to replac(· 
or p.1tch mstrud10ns m!o (l•r out of) h1s p<0f,f.lm. 

e Di.IJ;I:o~,lic progr,m!s - Ti1csc progr.1m-; check the 
v<~nous hardw"re parts of a sy~tcm for propcr orer
ation; CPU dtagno~tlcs check the CPU, mt>mory dtag
no,;tfcs check !he memory, .md so forth. 

o Loadcrs - The vanous appla:ations {user wnttcn) 
programs must be pl<tced m rhc pwpcr locat10ns of 
the system memory. The programs that do this iob 
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are c.1llcJ lo.1Jcr.;, Loadcr pror,rams ran¡;c from sim
ple onc~ that lo.1d ab~olute bm<~ry object code with 
no error detectlon, to soph1stJcated loaders that load 
rcloc.1table bi'n.uy ob¡ect code, resolve global (be
tween progr.1m) symbol1c labcl linkages, perform 
error detectJ!'Il, ;md execute various commands, in
cludJng st.11 tmg the program ¡u~t loaded. 

• [ditor -- As .m a1d in prepanng source programs, 
ccrt.1111 0n-hnc programs have been devcloped that 
marupul.1te text matenal. The~e programs, called 
ed1hH5, tcxl edrtors or p.1per tape edJtors make hfe 
c.1~1er for tho~e who h.we system hme to write 
c;ourcc pu,gram~ on-line. 

• 1/0 handlcro; - - lnput/output handler.,, sometimes 
c.11icd dcv1cc dnvn~, .ue subroutmes that service 
spcuf1c pcnphcr.d dev1ces such as teletypewriters 
and l_,ud re.1dcr~. They help preven! "reinvention of 
tlw wlwcl" every time a programmer wants to use a 
stand.ud p<·nplwr,,l. 

Wh.1t dcw•; o;oftwarc really coq 7 There are a num
ber of "rule~ of thumb," cach one as erroneous as the 
othcr. Lrt's f.Kc 11 -- <;oftware is expensive. 
• An extremcly large mmJ-computer manufacturer 

chargec; 1ts cuo;tomero; $50 per hour for custom soft
w.ue. Thio; pncc 1s typ1cal of the larger CPU manu
f.1cturers; however, •,mall sy~tem houses w1th lower 
overlwad charr,c about $35 pcr hour. 

• Whc1. all the hours are tabul.tted for writing a pro
gram, includmg nowchart, mr.tructiono;, checkout, 
rewritmg, recheckout and documentation, a valid 
f•gur<' of 10 to 20 instruct1ons per day can be ex
pectrd. This is not a typographic error: 10 to 20 
inslructJon~ per DA Y. 

Thus, at $35 per hour, software W1ll cost $280 for 
an eight hour workd.1y. Divide this sum by the mini-

+ 

BATI[RY 

mum number of 10 instruct1ons ($280/10), aPd ~-nÍl

ware costs $28 per in5tructJon; dJv1de the ~unt l•y lhc 
max1mum number of 20 mstructJOns ($280/20), .1nd 1t 
cost~ $14 per mstructJOn. Even if the work rs dPne 
in-house, you can stdl expcct a mtmmum of '310 pcr 
instruction. 

It JS also necessary to con.,Jder m.1ch111c langu.lf.C 
VS assembly vs h•r,h levcl lan¡;uage Ob\ J()li'·'Y· rnv 
people rcally wntc m.:~chme language prog1.m1~ ( i ·~ .111d 
O's) of more than a few ¡n~tructJons and thcn only lo 
test .1 part1cular funcllon or hardware mtcrfacc You 
do wnte as~cmbly levcl programs and also con~Jder 

h1gh levcl programs. 
H1gh lcvel progr.1ms can be dcvcloprd .11 c111r h.-df 

to one tenth the cost of the asscmbly l.Hlf,ll•')~t· pro
gram. l3ut thcy are mcff.cient becausc thcy n'qurre 
more memory and run more slowly than o~~cmbly 

l.u~gu.1ge programo.,. At the present lime, the .ugument 
¡., .:~c,1demic bccau~e only one hir,h leve! lan¡:uage 1s 
av.1dable for one m.1mlfacturcr's microprocc~sor. 

What is microprogramming? 
Microprogrammmg has a numbcr of thffcrcnt 

mcanings. To some people mJcroprogrammrnr, means 
thc use of ROM for program ~toragc m~tcad of JV\M. To 
others 1t mean~ thc combmmg of mstructJon code-; 
!.uch as can be done WJth a PDP-8. The pr!'fc~red 

meanmg refers to the programmmg of the control scc
tion of a computer. A macroinstructJOn is decodcd by 
the control section of the computer; the control sect1on 
then "pulls the proper strings" to do the operation 
specif1ed by the instruct10n. With a m•croprogr.1mmed 
controllcJ, this string pullmg IG carned out by nucro
instructlons. Th1s is an alternatJvc to the use of r.111dom 
log•c to do the control section function. The grc.ttest 
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.-----------WHERE CAN MICROPROCESSORS BE USED? ---------, 

The potcnt1al uses ol m1croprocessors are Vlrlually lim1tless. A 
few commcnts on the1r functton~ 1n major areas cover only a 
small ¡¡art of what \hey can accomplish 

o Commerc1ai bu1l<i:ng conliol systems perform !he followmg 
funct10ns· buddm¡¡ ou!omatlon (temperaturc control, ltghts turned• 
on and oH, etc l. bul!dtng ftrc protect1on (when a f1re 1s detected, 
thc ~1r flow contams the f1rel, building secur1ty íthc systcm mont
tors w:ndows, doors, etc l. In !he pst, lhts type of control syslem 
was tmplcmented w1th hardwlfed processors or Simple lo-complex 
log1r systcms The curren! trend iS lo replace thcse hardw1red 
procP.ssors w1th one or more mtcroprocessors Home control sys
tems are very stmp'r tthPTmosta!s), but Will be a ma¡or user when 
very-low-cost m,c;c;,· ocn~sors beco me avadabie. 

o lndustrral cont•nl systems rncluflc process conlíOI and !es! 
mstruments. Proce\~ control systcms pcrform w~ter lrcalmcnt, 
wastc lre.llmcn!, nu:l.1i~ proccssmr./ mintng, ccrarnics, octroleunt, 
prtro chcm1cal rrfinir,g .1rHI powcr plan! regula! ton Thesc are now 
done by a h.1rdwired controllcr or mtnicompu!rr, Wtlh future 
lrends lc3n111r, rn !he dtrection of m1crocomputers A general rule 
ot thumb rs th<1! hardwrrcd controllri s and mmiconwutcr> work 
to only 15% lo 25% of capac1!y in a process co11troi Lnvr1onment, 
therefore, nllcrocorn¡Julrrs can repl;¡cc most hardw1rco con~rollcrs 
and nunicornputcrs, cvcn thoueh thc microcom1•uicr may be 3lcwcr. 

o Thc pnm.1ry use lor tnformat10n systcm comp~ters rs 111 !he 
arca of clcc!rontc data proccssmg lfDP) Sorne tr;;d,tiOnal lasks 
of EDP comptr!crs are p.1yroll, mvcnlo'y control, managernent In· 

forrnat.on and general accounting M1crocomputcrs arr bcr,tnmng 
lo replacc !he trad1!1onal low end EOP computcrs, but are not 
expccted lo compete wt!h thc mcdium or largc fDP compulers. 

E> Anothcr arca opcnmr, up lo m1crocornputers an EDP ts the re
placemcni of l:ardwircd logtc 111 such devices as card rcaders, mag 
tapes, CRT's, front-end proccssors for telccommumc.Jitons, plus 
ltme-sharmg and point-of-sale tcrminals (m!clltgcnl cash regislers). 
These ncw areas wtll be h1gh volume users of microcompulers. 

Emerging applications 

There are severa! po5iltons now berng usurpP1 by lhP "comp,!ler 
on a chip" concept lhat wcre prev¡ou>ly !he dorroa1n of other tcch
niQUDS. A1rlrne l1cketrng functron; are a pnme exam~le or lhe 
iur.ctronal switchover lrom a mcn onentcd systcm lo a compul~r
or~enled one A~ ~n examplc of computer replacr.mcnt ur persornel, 
look al your fflcndly netghborhood bookre; state run oh-track
bettrnr, machmcs, run by mtcroproccssors comrnumcattnJ Wtlh 
larger machrncs, w.ll probably run htm out of busmess 

The changeovcr from analog lo dtgttal computers !S becoming 
apparenl rn m;my process control appltcat10ns wherc !he condilion 
of one stage of process cffects a prevrous onc Until recently, 
digrtal metl,utl~ have nol bcen cost compeli!ive wt!h lrnear com
putatronal dcvtccs desp:te the i.Jbor ovcrhcJd reqUired to kfcp the 
analog computrr on lme A prtmary constderat10n 1s !he anft free 
opcrJ!ton of thc rmcropr.Jcessor. 

Evidence of the transt!IOn trom th~ use of large cornputers te 
rnrcrocomnuters can be scen in machme card control applications, 
where once one computcr controllrd ~.cvcral mJchme tools, drJ¡. 
catton ol e.1ch tnol lo a srnr,lc mtcroiHOccssor reduces lmc stop
paP,t'S wlrcn !ht•rc ls a cornputcr f,ulurc. Ollltc frcr¡ucn!ly !he 
changcovcr from ,r lat gc to a small c01~putcr can mean the Ir le 
or dcath of an idea. A case 1n pornt os !hat of the satclhte navl
gation svstcrn ongmaily emrloyed lor spacecrafl trackmg, ships 
and sophtsticatcd m11:1ary vessels. Tha onginal systems used a 
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full blown computcr, requrring large amounts of ~pace and power 
aboard ship Now, thanks lo mtcroprocessors, thc entrre systcm, 
mcludtng recervcrs, rs packagcd in a box smaller !han an oran¡:e 
crate 1t delivcrs accuracies wtlhin 40 yards of !he laree systern 
and rs so mexpcnsive thal no! only wrll all scagoing naval vesscls 
carry 11, but a ma¡or tly ol !he merchant fleets of the world are 
expected lo use 1t as well. 

o The game of Pong '" every bar or motel lobby 1s only the 
f1rst step in the use of mtcroprocessors ;n toys and gamcs Pong's 
imitalors and successors are on thetr way. There'll be more than 
one son of Ponp, The more sophrsticalcd sor. wrll rematn tn !he 
motel lobbies and bars; !he cheaper, slowcr, dumbcr son will m
vade !he horne m !he form of one man elles~ ,1nd electronic brrdge. 
Grandson of Pong w111 be the dehght ol b,rttcry manuf.rcturers 
evcrywherc, cmmenlly lnp-overablc and whnt every chtld want~ 
because of super-saturat10n advcrtistnr, on Saturd,¡y mornmg TV. 

E> Sometunc 111 the ncxl few years. you are p,oinr, lo ydl at your 
televrsion sct and rt wrll answer you back. Wt!h thc advcnt el 
cable TV will come home hrgh spccd commun,calton rh,mncl> 
controllcd by microproccssors Time sharcd comnutt•r access, 
citywide town mcetmgs 1n wluch m~tantancous ctli/Cil r~sponsc 
1s availabie, and maybe cven !he at..rlily to boa thc v1srtmr. fcólm, 
•mil be channclcd lhrough !he cable TV se! Hi¡;h $¡wrd dilla c:h2P· 
neis CXist now that w111 prohfcratc cvcn more Snwl ternunals, 
such as tcachmg machmes, hbrary rcscarchmr, ur11ts, .11HI oll-track 
bcttrng machmes, wtll pcrform port1ons of the ¡ol1 Jnd rcfcr 
loughcr parts lo central mamframes. 

o A rna¡or aulornoltvc appltcatron w11J be the on-board car and 
truck computcr. The cornputcr wtll mantlor and control •.uch thrngs 
as spark advance, carburetor gas flow, !rJnsnuss10n shift, etc il 
w1ll also provide dnvcr warnmr,s of such lhings as altcrnator 
laliUI e and what lo do about rt (hg. 6) 11 may even dnve thc car 
for you The car controller, however, will Lccumc a onc ct.1p 
custom devtcc uscd m very hrgh volumes, so th1s may be con
Sidercd cuslom LSI rather !han a mtcroproccssor. 

o Automated gas statrons are bemg lried us1ng mmrcomputers, 
but a mtcroprocessor wrll do thrs, too (Fig. 71. 

o Mtcru;¡rocessors wtll end 11p in elcctnc lypcwraers as con
'rollers for sclf-justtfying .1nd execut1ve spacing and as data 
communicators lo CPU dcvtccs for sur..h funrtions as cdilin¡;, type
s~ttrng ar.d translalton. 

• Spcclaltzed calculators, too low in volume pot~ntial for 
spec1altzed chips, will appear. Pnvale boating and avia!IOn naviga
tlan a1ds are examples, along wrth hand carned morlar tra¡ectory 
calculators for !he Army and Marme Cor¡¡s. 

o Mtcroprocessors w111 control machmes rnvolved 111 mail so;t
mg, mventory pulhng and slockmg, and pallclizatiOn of h c:ght 
lrngatmg systcms will scnse crop needs for water and fcrlihzer, 
dclivcrmg the requ~red amounts lo whole ftclds or spcctfrc areas, 
depend1ng on !he microcltmate. 

., Very low cost p;ocessors w111 encouragc the use of "throw
aw~y~" 1n such arcas as wcathcr data colleclron, occanograrluc 
morutormg, and wcapons. 

o 1\utonwtic controllrrs lar Ir alftc lir.hts, tnol~. ~t.>Vl'S, dr.lt\
ln~ mJchmc~. looms, pho!Otiraphy proLc~smg, p.1Hll llliXer~. as¡Jh.lll 
makcrs, grape crushcrs, banana pcclcrs, pac~agin¡; machrncs, powcr 
switchrng, ratlroads, piano tuners, anl1-skrd braking sy:.tcms, no-slip 
tour whecl drive, fast food busrncsses, automatcd radoo siJIIOns. 
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IC Updaie 

,,dv.Jnt.lr,P of a Imrroprogrammed controller is that the 
OlJCrcHn'.lntclion o,ct can be altered by changing the 
n11cropror,ram iJF.tcad of rewmng a bunch of logic. 
(Thi~ procedure •~ much more diff1cult to cxecute on an 
LSI ch1p.) 

Why use a mlcroprocessor? 
The mam advant.1gcs of using a microprocessor 

appro.1ch to ~ystem des1gn are: 
., Short design cycles - The u~e of microprocessors 

,11lows r.1p1d dt",Jgn once a basic set of boards and 
I/o mtcrface~ h.wc been developed. Because of the 
st.md.1rd1zed nalurc of thc logic, many aspects of the 
dc~1¡;n ,·,1n procl'cd m par.11lel. Logic de~ign for spc
d,,J 1/o .1nd pro)~r.m1ming c.1n proceed together once 
b,,.,¡, ground rull'r. h.wc been set. 

And the c.l'.c with which the product can be 
mod1ficd allows earher entry to the marketplace and 
f,1c.ter rcsolut10n of any shortcomings. 

o Lower cost - 1 he use of few~r components can re
sult in l.uge cost savmgs for moderate-s¡zed systems. 
The use of the same cJrcuit boards for a varicty of 
applicat1ons results m economies of scale. 

Q Flcxibility of the cnd product - Allows redefinition 
of product without costly rcdesign. A wide variety 
of ch"nges are possibl~ by reprogramming. 

For example, the company plann111r; a product prr

p;ues a busmcss speof,catwn, followed by a h.~rdw.111' 

spcc based on what 15 practica! and what •·· •.a!,,hi,: 
If the hard-w1rcd syo;ll'm <~ppro<~ch 15 chn··•·n, tl1l' 

enhrc system must be dcs1gned logically. Wh<'n colll
pletc or nearly complete, power reqUJremenh (,111 be 
totaled and powcr ~upphcc. orderccl. 

The dcs1gn must be breadboardcd, wh1ch m.1y 
pomt out logical dc5Ign error~ or may e ven force rcwnt
ing thc eqUlpment spenfic.liion Thcn the o,y-,tcm ¡<; 
tcsted; 1f 1t doesn't mcet spccifications, p.Hhal or com
plete redes1gn is requ1reJ Next, thc board layout 1!< 
done, wh1ch may requ1re lwo or thrce ¡terahon.,, or 
even rebreadboardmg fmally, thc mech.1nic.1l d<"•o~¡;n 
and system are testcd. Thcre is no ¡~u.H<mtee of ¡',l~.,m¡; 
sy~tcm te~t ,md more redc•,¡gn mo~y be 1cquired 

If, .1fter tlw bu~.¡nc<;s •.pecifi(,l!Ion ;s Wlillcn, thc 
eqtupmcnt ~pcoficat1ono; mclude ,, microproce·.· •>r, thc 
events change. f¡r<;t, the logic de~1gn of the Inkrf.lccs 
is made In parallcl, after sorne bas1c dcs1gn dL·u~IOil5 
are madc, thc software effort can begm and thc mtcr
faccs breadboarded. Smce the mterfaces are usually 
fa1rly Simple, thc number of errors are reduced and 
rework 1s held to a mm1mum. Thc board is then laid 
out and, likc the breadboard, the opportunity for errors 
is reduced because the hardware is reduced. 
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flg 7. Thl& dlagram Bhow• how a mlcroproc~osur <ould be ;ued In thhnhle produc• 
tlon, U1ustrallng t:. cummon mea!lunmenl rdlaaUan. appllcab¡e 111 many oihf"r .ttt'6&. 

Thc program 1s tcstcd, rcv1scd and rctcstcd . .Fin.:~l
ly, thc mcchan1cJi dcsign and systcm<; test is pcr
formcd. Any fadure lo mcct speof¡catiOns can prohably 
be corrected by chan¡;cs to thc program. At th1s point 
thc programmable sy~tcm is rcady to go to the f1eld. 
le<;S time and les~ cost havc becn expended than m 
the h.1rd·w1rcd systcrn, but cvcn so, all thc advantagcs 
have not becn cxploitcd. 

When cithcr systcm, hard-w1rcd or programmablc, 
IS sold, thc customcr may ask for modtiicatwns or may 
cvcn wish to conncct m h1s 1903 widgct. W1th the 
hard-wircd systcm, thc modifiCatiOn can be madc 1f 
thcre are a couplc of unused pins on the board, and 
if an extra board 1s requ1red, thcrc is room m the card 
cagc. But w1th thc programmablc microproccssor vcr
S!On, a ncw interface board can be as~emblcd and the 
program mod¡f¡ed to cffcct the dcs1red changc quickly 
and at a fract1on of the cost of mod1fymg the hard
wircd systcm. 

Small quanhties of systcms are not cconomicdl 
bccausc of thc cost of dcveloping software. Howcvcr, 
whcn the qu<~niity passcs five or six or as the umt price 
passes $10,000, a microprocessor should be considered. 
But what s1ze (numbcr of bits) and which manufac
turcr's proccssor should be used are key questions that 
must be t.1ken into consideration. 

Choosing the right microprocossor 

Thc choice of which processor size to use must 
rcalistically start w1t~ what performance is needed and 
how much reserve ycu want for future growth (i c., 
n10dlf1catiom, opt10ns, greater performance, etc) If the 
choice 1s based on b1t s1ze and the support is equal, 
thcn thc choice 1s much eas1er. Once vou know what 
the systcm must do and how much tim~ it has todo it, 
you can better dctcrmme if you nccd a 4 bit, 8 bít or 
16 bit system. Thcre is no casy way to classify onc 
appl!cat10n as ;m 8 bit problem, and another as a 16 
bit problcm. Sorne typical matches mclude: 
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4 bit systems 
o M.m/machme mterface (neo) 

Accountm¡; systems 
T<'rminals (s1mplc) 
Instrumcntatlon 
Calcula tors 
Store and forward 

o Non ncn typc 
Carneo; 
Replace random logic designs 

a bit systems 
o Traff1c controilers 
e Point-of-salc terminals 
o Control systcms 
e Proccss control systems 
o Smart tccmmals 

16 bit systems 
o Smart termma!s 
e Multiple inter5ect1on controilcrs 

-e Numencal tontrol 
o Proccss control 
o Front cnd proccssor. 

All the produds nicnt¡oned in this art¡cle .1re 
being bwlt right now - thcy are not p1pe drcams. 
Arthur C. Clarke is probably thc most suc.::e~~ful prog
nostlcator of the futurc in our time. In h1!; book, Pro
files of thc Futurc, he says, "lt is impos~1ble to prcd1ct 
thc future; al! attcmpts to do so in any dt"tail o1ppcar 
ludicrous within ::. vcry tcw ye,us ... One can only 
prcpilre for the unprcdictable by trym¡; to k-=c;> an open 
and unprejudic<'d mind." So it 1s with the computer on a 
chip and with the applicatwns its existence w¡ll s¡:¡awn. Gl 
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Acccs~ Time: Tune hetwccn thc tnsl,lfll thal an addrcss is 
scnl toa llll'IIHJIY aiHI thc tnst;¡nt thal data rcturns. Smcc 
lhc .Jl'l'C~~ tune tu tilffcrcnl locat10ns (.tddrcsscs) of !he 

mcmory may he dll!"crcnt, thc acccss tune spcclflcd in 
;; lllCllllllY dcv11.:c J\ thc path wluch t.tkcs the longcsl tune. 

Acl·umulator: Rcp,h:r .nalrclatcd cm:urtry whu.:h holds one 
opcr.tnd fnr .ullltJnct¡c and logtcal opctatwns. 

Additionalllardwarc: 1\l¡croptoccssor chtps dtl'fcr m numbcr 
ol .tddti!Ollal ICs H'.¡<HiCd lo mtplcmcnl a funcllomng 
contpHlct. Gcncr.illy. l11Hing, 1/0 contwl. huiTcnng, and 
mtcrrHpl controllcquue o.lc11tal compoucnts. 

Addrc,~: A lllllnhc1 u~ed hy thc Cl'li lo ~pccrfy a lucal10n 
llllllCIIlOIY. 

Addrcssmg Mudes: Scc Mcmory Addrcss111g Modcs 

ALU: Arithmctic-Logic Unit. Th.tl JXIIL of a CI'U wluch 
exccutcs adth, ~uhtr.tct~. ~lufts, ANlJ's, OR's, ele. 

Archítccturc: Orga111.'al10nal structure of a compuling 
sy~lcm, ma111ly rclcwu~ to the CPU or m1croproccssor. 

Assemhler: Suftw;tre thal converts an asscmbly-language 
program mto madunc language. The as~cmbler assrgns 
local1ous 1n sloragc to successtvc 1nslruct1ons and re
places symboilc add1c~ses by machme language cqUJva
lents. 1 f the a~~emblcr runs on a computer other than 
that for wluch 11 creatcs the áwchme language, it is a 
Cro!>s-A:,~cmbler. 

Asst~mbly Languagc: An Engilsh-hke programmmg language 
wluch savcs !he prog1 <ll;tmcr the trouble or'remembcnng 
thc b1l patterm 111 each 1nstrucuon, also relieves hun of 
the nece~s1ty to kecp t rack of locat1ons of data and m
structJOn~ m ius program. 

Thc a\semhier opcrates on a "one-for-one" bas1s 111 that 
cach phrasc of the hmguage translates duectly in!o a 
spec1fic machmc-language word, as contrasted with High 
Levcl L:mguagc. 

As.~emhly li\ting: A pnn tcd llstmg m a de by the a~semblcr 
to documcnt .rn a~semhly. lt shows, lmc for line, how the 
as~cmhler 1nlcrp1clcd the asscmhly langu.,ge program. 

Asynchronous Opcration: Clrcu1t ope1a11on w1thout reltance 
upon a con1mon tunmg sourcc. Each circtut operatwn lS 

ternunatcd (and ncxt operat1on mllwled) by a rcturn 
s1gnal frorn tite destmatmn denot1ng completton of an 
operat1on. (Conlrasl w1th Synchronous Operation). 

Baud: A conlmunlcatlons measurc ofsenal data transmiss1on 
rate; loosely, b1ts per sccond but mcludes charactcr
framing START and STOP bits. 

\ 

Bcnchmark Program: A san1ple program uscd ro evJ!uate 
and compare computers. In general, two computcrs w11l 
not use the ~.~me numbcr of mst ructlons, memory words, 
or cycles lo solve the same problem. 

Bit. An abhrev1al1on of "b111ary d1g1t". (S1nglc characte1s 111 

a bma1y number.) 

Boohtrap (Bootslrap Lo.tdcr): Tcchlllquc or dcvtcc for 
loadmg first 1nst ruct10ns (usually only a few words) of a 
routmc mto mcmory; then usmg the~c mstruct10ns to 
brmg 111 thc rest of the routme. 

The hootstr.tp loadcr 1s usually entered m.uwally or hy 
¡H c~s111g a ~pcc1al con sol e kcy. COSMAC Jocs nol llCcd 
onc. Se e Load Facility. 

Branch: See Jump. 

Uranch ln~truetion: A dec1~1on-making II!Sirt!CIIon wh.ch, 
on appropnalc conthiJOn, force~ a new addrc\\ 1nto tite 
prog1;11n counter. Tllc cond111ons may be tc1o rcsult, 
overflow on add, an externa! flag rJI~ed, etc. One of Lwo 
allernatc program scgmcnts 111 tite mcrnory :~re chosen, 
dcpendtng on the resulls oblatned. 

nreakpoint: A localiOn spccJfied hy the u~cr at wluch 
program exccul;on (real or sunulatcd) 1s to tcrnunate. 
Used lo a1d 111 localmg progrJm errors. 

Bus: A group of wtrcs wh1ch allow memory, CPU, and 1/0 
devices to exchangc words. 

Byte: A sequcncc of n btts operated upon as a un1t is called 
an n-b1 t byte. The most frequent byte Sl.le 1s 8 b1ts. 

Call Routine: See Subroutínc 

Clock: A device that scnd~ out timmg pulses to synchroni.le 
the acttons of the computer. 

Compilcr: Software to convcrt a progr<1m m a h1gh-kvd 
language .mch as FORT AN mto an asscmbly ianguage or 
machme languagc program. 

Cros..'> Assemblcr: A syrnboilc languagc translator that runs 
on one type of compulcr lo produce machme Cllde for 
anotitcr typc of computcr. Scc A~scmhlcr. 

CPU (Central PHlce~slng Unll) That pJrt llf .t comput.:1 
systcm that controb tite mterprcl.ttJOn allll c:-ccutton of 
instrucllons. In general, thc CPU contains thc followmg 
clements: 

Anthmetlc-LogJc Umt (ALU) 
Tunmg Jnd Control 
Accumul.ttor 
Scratch-pad mcmory 
Program ceunter and addrcss stack 
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COSMAC D1ctionary 

ln~truclldll rq~1slcr and decode 
Parallcl d.ll:1 anJ 1/0 bus 
Memo¡ y anJ 1/0 conl1 ol 

Cyclc Str lu1g: A memory cycle stolen from the normal CPU 
opc!.ltlon for a D:\iA operat1on. Sec DMA. 

Cycle T1mc: Tune 1111erval at wh1ch ;my set of opcrat10ns !S 
1 

rcpcated rcgul.~rly 111 thc samc scqucncc. 

D Rcgiqcr: The accumulator in thc COSMAC micro
procc~'>tlr. 

Data Pointcr: A reg1~tc1 holdmg the mcmory addrcss of the 
data (opcr:llld) to be used by an mstruct1on. Thus the 
rcg1stcr "pmnts'' to thc memory locatJOll of thc data. 

Data Rc¡:,,tcr: An) rcg•stcr wl11..:h holds data. In the 
COSM A(' 1111croproccs~or, any one of thc 16 x 16 
scratch-p.1d rcg¡skJs can be uscd to hold two bytes of 
dala. 

Dchug. To clumn.ttc prngJ.unming nustaJ..cs, includmg 
Ollll~~lt)llS, fllllll ,¡ plOgl.llll. 

D('hug P1ograms: Dchug programs hclp lhe programmcr lo 
lind cr~t•J ~ 111 h1~ prog1.11m while 1 he y are runnmg on the 
cornpul cr, and allnw hnn lo re place 01 palch mstructmns 
11110 (01 out ot) h1~ program. 

Dc~ignator. Thc lhrcc 4-hlt rcg1slers P, X, ami N 111 the 
C'OSMAC illll'rOpll)ces~or are called des1gn.11ors. P and 
X .1rc U\cd to dc'lglwte wluch one of thc s1xtecn 16-blt 
scratch-pad 1 cg1~! crs 1s u sed as thc curr.cnt program 
counter and thc da 1 a pom ter, rcspcctlvcly. 

N can des1gnate. one of lhe scralch-pad reg1stcrs; an 1/0 
dev1ce or command; a ncw val u e m P or X; and a 
furthcr dcfimt1on of an mstruction. 

Diagno~tic program~: Thcsc programs check the vanous 
hardw.~rc parts of a system for propcr operation; CPU 
d1agnm11cs check thc CPU, mcmory dwgnosllcs check 
thc 111C:!JJOry, and \O forlh. 

Direct Audll's~ing: Thc address of an mstructwn or operand 
is coml'lct el y spct:Jiied 111 an mstruct10n without refcrence 
toa h:t\P- tegt\lcr or 111dex regtster. 

DMA: Du c~o:t Memory Access. A mcchamsm wluch allows an 
111pllt/outpul dcv1ce lo takc control of thc CPU for one 
or more mcmory cycle~. 111 ordcr to wnte to or rcad 
from rncmory. The order of exccutmg thc program steps 
(1ll~truct10ns) remams unchangcd. 

Ed1tor: As an aid m prcpanng source programs, ccrtain 
programs havc bccn devclopcd that mampulate text 
matcnal. Thc~e programs, called cd1tors, tcxt ed1tors, or 
paper tape cdltors make 1t pu ,s¡blc to compase asscmbly 
languagc progra1m on-hne, or on a stand-alonc system. 

Exccute: Thc procc~s of mtcrprctmg an instruction and 
pcrformmg the mthcatcd opcration(s). 

Fetch: A process of addrc~smg thc mcmory and readmg 
mto thc CPU the mforn~at10n word, or byte, stored at 
the addressed local10n. Most oftcn, fetch refcrs to the 
readmg out of an mstructwn from thc mcmory. 

- 2 -

firmware· Sof,w:tre wlllclt 1:, Jmpkntcntcd ¡¡¡ l~í J.\1\ 

Fi.'l.cd-in~ln1ction Compillcr (St 01 cd-1 nst 1 u e IIPII ( ·, >~tt¡Htlcr) Q 
Thc mstruclJon set of a LOtnputcr 1\ ti ,cJ by the 
manufacturcr 1 he use ro; will dc~1gn appiiCJIIOJI ¡)rograms 
usmg tlliS JnslrucliOn o;ct (111 contr.~st In ,:,e :'.licro
programmablc Computer for wluch lhe 11\cr:. 11111\l dcstgn 
thctr O\Vn a1strucllon scl and lhu\ cu,tqqu;L! tilr coJn .. 

puter íor the1r nccds.) 

Fixed Mcmory· Scc ROM 

Flag Lines: lnputs lo a nuuoproccs~or coniJollcd hy 1/0 
dev1ces and le,lcd by brand¡ Jnslrucllon\ 

Fortran: A lugh-lcvcl progr.llllllllrtg l.mgu.¡gc gt:ti.:J.dly for 
SCIC!lltf1c use, o.¡HC\'>ed 111 .tlgciH.th.: nol.iiiOII. ~hnrl for 

"Formula Tr aml.1lot ". 

Guard: A mccham~m lo tcmHnat.:: ptn¡~ram c:\ú'lllillil (real 
or Sllllltl~teJ) u pon .ICLC\ó (o d.11,1 .11 ¡¡ ~pcL ¡(¡c:d illCIIHHY 
localJOII. Uscd 111 <lchuggn1g, 

llardwarc: l'lly~tc.JI equiplltcnt lotllllllL~ ·1 t:OillJ'Illt'i ~Y'>ICtll. 

llcxadccimal: Numbcr sy\lc111 11\JIW O, 1,. . A. B, C. 
D, E, F to represen! .di lhc ¡1"'-'ihlc hdUc'> ,,¡ " 4-btt 
c..hg1t. The dccunal ecpuv.dcnt '' O lo i 'i. i wo h.::xa
decunal d1¡;1ts can be mcd lo ~pcul'y a byte 

High-Levcl Languagc: l'IOgJ.Iillllllllg languo~gc wll!(;h gcncr
alc~ maclunc code' ltolll p1ohkm- or l'uncllort-<liiCilled 
~lalemenls. FORTRAN, COBOL, and BASIC .lfC lluce 
comrnonly u~cd l~tgh-level langu;,gcs. A \Ingle lunctJonal 
statemcnt m ay tr Jnsla te mto J senes of m~l ruct 1uns or 
subroutrncs 111 machmc langu;¡ge, 111 contrast lo a low
lcvel (assembly) language 111 which statemcnls translate 
on a onc-for-one bas1s. 

lmmediate Addressing: The method of add 1 css1ng an 
mstruction rn wluch thc operand 1s locatcd m the 
mstruclJon Jlsclf or 111 thc memory locat1on HnmcdJalely 
follow111g thc mstruct10n. 

Immediate Data: Data wl11ch lllHJlC(hately i'ol!ow~ :m 

m si ructJon m mernory, and J\ u sed as an orcrand by 
th.1t mstruc11on. 

Indcxcd Addrc~~ing: An addrc:.\lllg moJe, 111 \\ !11, i1 lh.: 
the addres~ p.1rl nf an lllSirtiCII<lll '' mod.r,..:d by thc 
contcnts 111 an auxrlwry (•ndcx) rcgt~tct d111 1ng 1llc 
exccut1on of thal mstruc110n. 

lndex Rcgister: A 1Cg1ster wiJ¡,_}¡ coniJIIIS J qu.llllil)' \\h eh 
may be u~cd to mod1fy mcmory adJres;,. 

Indircct Addressing: A me;.ns of add rcss111g 11> wlud1 the 
address ofthc oper;md 1s ~peCJficd by an at.;\ll,,¡¡y r.:p~tcr 
or mcmory locat¡on spc-:1ri.::d h:· thc líl~tru,_lit'tl '"':'er 
tJwn by bttS 111 lhe In'' rUC [IOil 1 !Se! C 

lnput-Output (1/0): General tcrm fm the cqtllplliL'Ilt uscd to 
commumcatc w1th a computcr CPU. or thc d.tl., mvnlvcd 
111 that commumcatron. 

Instruction: A set of bll~ that defines .1 compu ter operat1on, 
and is a bas1c command understood by the CPU. It may 

o 

o 
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movc d.1ta, Jo anthmct1c and log1c fu'lc!tor.s, control 
l/0 dev1ccs, or makc deciSions as to wh1ci1 .nstruet:on lo 
executc next. 

lnstruction Cycle: Thc process of fetchmg an 1nstructwn 
from mcmory .llld exccutmg il. 

lnstruction Lcngth: Thc numbcr of words nccdcd to storc 
an 1nstruci10il. lt ~~ one word in mo~t computers, but 
wmc w1li use muir iplc wonls to form one instruction. 
MultqJic-word instruct10ns havc d1ffcrent instruciion 
execut1on tune~ depcmhng on thc length of thc wstructwn. 

lnstrucl ion Rl.'pcrtoire: Se e 1 nst ruction Set 

lnstruction Sct: Thc sct of gcncral-purposc mstruct1ons 
avadahle w1th :1 g1vrn compulcr In general, d1fferent 
machmcs IMvc thflercnt Jnstructlon scts. , 

The numbcr of 11"1 ruclions only p:ntially mdt,·atcs the 
qu.1lity of an 11'\\ .ttcl1on scl. Somc m>lructlcns may 
only he sltghtly Jllfcrcnt from onc another; othcrs 
rarcly may be uscd.lnst1UCI1on sets should be compared 
u~111g bcnchmark progrJms typical of the applicat10n, to 
uetcrm111e cxccutron tunes, and mcmory rcqlllrernents. 

lnstruction Time: The time requued lo fetch an mstruct10n 
from mrmory ;1nd then cxecute it. 

lnt<'r¡>reler: A progr:1111 wh1ch (etches and cxccutes "m· 
st ruc twns" ( p~cudo instruetions) wn t ten in a higher 
lcvcl IJngu.~gc Thc h1gher-lcv.cl l.mgu;¡ge program is a 
p~eudo program. C'ontrast WJih Compilier. 

lntermpt Request: A s1gnal to the computer that tempo
rartly ~uspends thc normal sequcnce of a routme and 
transi'crs contrül lo a spcc1al rouline. Operat1on can be 
rc~u111ed from !In~ point iJter. Abii1Ly to handle mter· 
rupl~ is very mrfulm communicat¡on applrcat1ons whcre 
it .tllows thc rmcrop10ccssor to scrvice many channels. 

lntcrrupt Ma~k (lnll~rrupt Enahle)· A mcchantsm whtch 
allow~ thc p1og'r:11n lo ~pecify whethcr 01 not intcrrupt 
rcc¡uc\l~ wJII be ,¡ccc¡1ted. 

" lnlcrrupt S<"rvicc Houlia~c: A rou.ttne (program} lo propcrly 
slore awJy lo the stack the pre~ent status of the maclune 
in ordcr to rc~pond to <~n mtcrrupt request; pcrform thc 
"re;,) work" requued by the interrupt; restore the saved 
slatu~ of thc maclun~·: all(l then resume the operat1on of 
thc llllcrrupted program. 

1/0 Control Eleetronics (1/0 Controller): The control 
elcctronics rcqiJlred: :to interface an 1/0 devíce to a 
computcr CPU. 

Thc powe1 fulucss and usefulncs~ nf a CPU 1~ vcry do~l'ly 
a;;~ocialcd W1lh thc rangc of l/0 dcv1ccs wluch can he 
coiHJected lo JI. On.:! can not usual!y !illllply plug thcm 
rnto thc CPU. The 1/0 Control Elcctrc•nic~ w1il do thc 
"matci11naking". Thc:complcxíty and cost of the Control 
Electron1cs are very much delennrncd by both the hard· 
ware and software I/0 arch1tecture of the CPU. 

1/0 Interface: Sec I/0 Control Electronics 

.'L 

1/0 Port: A connect10n to a CPU wh1ch ~~ cnnf1gured (úr 
programmed) to prov¡de a data palh bct wccn the CPU 
and the externa) devJcl's, such as keyboard, display, 
reader, cte. An 1/0 port of a m1croprocessor m ay be an 
input port oran output por!, or lt may be bldlrectwnal. 

Jump: A departure from thc normal one-step Hocrcmentmg 
of the program counter. Uy forcmg a new vJiue (addre~s) 
1nto the program counler thc next mstructíon can be 
fetched from an arhJtray locatwn (e1ther furthcr ahead 
or back). 

For example, a program jump can be uscd lo go from 
the ma111 progrJm lo a subroutmc, frorn a sub10utme 
hack to the main program, or from lhe cnd of a short 
routwe back to thc beg111ning of thc same routmc to 
forma loop. Scc also the Branch lnstructwn. If you 
rcachcd lh1s pomt from Bran:;h, you have executed a 
Jurnp. Now Rcturn. 

Linkage: Scc Subrou11ne 

Load Facility: A hardware fac1hty lo allow program Joading 
using DMA. lt rnakes bootslrap unncce3sary. 

Loader: A program to read a program from Jll mpul dcvice 
m lo RAM. M ay be part of a pacakge of UIJhty programs. 

Loop: A self-contamed senes of IIIStructíons in whd1 the 
last m~lructwn can cause iCpclJIIon of thc series unt1l a 
tcnnmal condít1on is rcached. Branch mslruc11ons are 
used to test the cond1t10ns in the loop to determme if 
the loop should be contmued or terrninated. 

l..ow-lcvel Language: See Assembly Languagc 

Machine: A term for a computer ( of hi>toncal 01 igin). 

Maehine Code: See Mach111e Langu,1ge 

Machine Cycle: The basic CPU cycle. In one maclunc cyclc 
an addrcss m ay be sent to memory and one word (data 
oc mstruction) read or wntten, or, 111 one maclunc cydc 
a fetched instruction can he exccutcd. One madunc 
cycle in the COSMAC nucroproc!!~sor cons1~1~ of c1ght 
clock pulse~. 

Machine Language: The numc11c form of spec1fymg in
struct•ons. ready for loading mto rnemory and exccut10n 
by the machinc. TlliS 1s thc lowest-kvcl languagc in 
wluch to wr11c programs. Thc valuc of cvcry bit in cvcry 
mstruchon 111 the program must be ,pecllled (e.g., by 
g!Vmg a stnng ol hinary, oc1al, or hcxadccunal dJgitS for 
the contcnts of cach word 111 memory). 

Machine State: See State Code 

Macro (1\facroin~trurtion): A ~ymbolic :;,•urce l.u1~uagc 

statemcnl whu:J, 1s t''(p;mdcd by the ;1~scmblL·r 1111,, onc 
or more lllachinc Jangu.tge l!l'.ll UClltlll~, rclrevlilg !he 
programmer of havi.1g to write out frequcntly oc~unng 
mstruction sequences. 

Manufacturer's Support: It m eludes applicat ion mformation, 
software ass1stance, componerHs for prototyping, availa
bility of hardware in all contigurations from chips 10 
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sy,tcms, anJ la~: rcspomc to rcqucst> for cogmccnng 
a~~ISt ,IIJCC. 

Mcmory· • 'JI part l'f a computcr whu.:h hoiJ, d.tla and 
mslrudtom. Each 111SliUCI1011S or uatum IS ;¡s,¡gncu a 
umquc .•ddrc's wluch 1s u'cd hy Lhc CPU whcn fctchlllg 
,11 ~torm~ thc mfollll,ltton. 

Mcmory Aódres~-o Rq!i\lcr: Thc CPU rcgastcr wluch holds 
tia: adJtcss of !he lllCilltJry local ton hcin¡,\ acccsscd. 

Mrmory Addrcssing Modes: Thc ¡ncthou of spcc1fymg 
thc mcmory loc.atton of ;m opcrand. Common atlurcsstng 
modc~ are ---- tltrcct, lllllllcdwte, relaltvc, mdexcd, and 
tnchrcct. Thcsc modcs are unportant factor~ 111 program 
cfficacn,·y. 

Microromputrr: 11. (omputcr whosc CPU l\ a lll!Cro

prtKl'\\tlt. 11. lll!Clll\.:nmputer ts an entuc \ystcm w1th 
mtcropro:cs~or, lllcmOiy, and 1nput-output conlrollcrs. 

Microkit: /\ COSM/\C-ba,cd prototypmg kat. Scc Proto
typmg Kit. 

Micrnprou''"or. Ft cqucnt ly called "a colllpllt c1 on a ch1p". 
Thc llliL"lnpnlCCS\or ts, 111 realtly, a ~ct of onc, ora few, 
LSI circutls cap.thlc of pcrformmg thc e'senttal funct1ons 
of .1 computer CPU. 

Microprogrammahlc Computcr: A compulcr 111 which thc 
Interna! CPU control signa! sequcnce for pcrformtng 
in\lrucllon-. .m: gcnctaled from a ROM. By changmg the 
ROM contcnts, thc 1nstruc11on 'ct can he changed. Th1s 
contrasts wtlh a Ftxct!-lnstrucltl)ll Compuler 1n wh1ch 
the 111~1 ruc!1on ~el can nol be rcadtly changcd. 

Mncmonic">: Symboltc: nantes or abbrev1at 10m for mstruc
liOII!., 1 :gJ-.Ier\, mcmory local1ons, cte. A techmquc for 
unprov ... g the effictcncy of the human rnemory. 

Multiplc Proccs~ing: Configunng two or more processors 111 
a ~111gk sy\lem, operalmg out of J common mcmory. 
Tlm :111.1 ill~cmcn! perm1ts execu t10n of J' many pro
gram'> ,¡o; lherc are processors. 

Ncsting· Subronttne~ wh1eh are callcd by suhroulines are 
satd to he ne~ted. The nesttng leve! 1s the number of 
tulle~ llC\IIng can he repc.tled. 

Nihblc: /\ sequcncc of 4 b1ts opcratcd upon a~ a un11. Also 
sce Byte. 

Objcct Program: Program wiHch ts the out pul of an aulo
maltc codtng systern, such as the ,tssemhler. Often the 
ohJCCI program 1~ ,¡ mach1ne-languagc p10g1 ,un reJo y for 

! 

execulton. 

On-Linc Sy~tcm: /\ ~y~tem .. r 1/0 devtcc~ 111 wh1ch thc 
opcrat10n of such dcvtce~ 1\ under the control of lhe 
CPU, and 1n whtch 111f01ma110n renect1ng currcnl ac
ttvJly 1). mtroduceJ 1nto the data processmg or con
trolhng system as soon as it occurs. 

Op Codc (Operat10n Code). A codc that represents spcc1fic 
operat1ons of an mstructíon. 

Opcrating Sy~tcm: System soitwarc controlhng thc ovcrall 
opcrat1on of a mult1-purposc computcr systcm, mcluding 

. 4-

•,uch ta'b ,¡:, '11Clllory JiltJC,lliOil, tnplll .111d oulplll dl\lfl
hutiOII, mlenupl p1oce\\111g, .md JOb ~c:hcdulilli; o 

Pagc: /\ natural gtouptng of memory locat 1011'> by ht¡~her

nrder address btb. In an R-htl intc!Oprocc.,..or, 2R = 256 
consccuttve bytes olten may con~ltlute a p.1: .;. Thcn 
words on the samc page only dti"fcr 111 1lic il>WCI·OIUer 
X addre~s IHls. ,_, 

PLA (l'rugtammahlc Lügtc /\rray): /\ Pl ,/\ ~~ :111 .111 1Y of 
log1c elcmcnts wluch can be programmcd ll' pc1 f<lllll a 
spec1f1c log1c functtOil. In th1s sensc, tlle :111:1y of lng1c 
clements can he a~ sunple as a gale or ,1> Célll1plcx a~ a 
ROM. Thc array can he progtammed (n<Hlll.illy mask 
prngrammahlc) so thal a pven mp11t cn•nhln.Jllnn 
ptoduces a known out~1ut func:lttlll 

Pomtcr: Reg1sters 111 the CPU wlll<.:h Ullll.lill lllCIIHHY 
addrc~se~. Sce Proglalll C<HIIllcr :Jild n . .t .. l'ollltCI 

Program: 11. colleclton of tn~ltuClll'll~ p•opcily <ndcred lo 
pcrform some parttcular la'-k 

Program Countcr: /\ CPU regy.tcl wl111.h ~¡w, 1r1c'> the 
.tddres~ of the neJd m~tructtnn lo be lctLiied and 
execuled. Norm.dly 111~ 111CIC111Ctllcd autuln.iltL.dly eJch 
l1111e an IIISliUCl!Oil 1\ fetcheJ. 

PROM (Programmable Re.lti-Only Mcmory) · A n 111lcgr J lt.:d
CIIClllt memory array that 1s manufactured wtth a pJllcrn 
of e1thcr alllogtcal teros orones and has a spcctf1c: patlnn Q 
wntlcn 111to tt by the user hy a ~pcc:1al h.udwarc pro
grammer. Some PROMs, c.tlled EAROMs, 1 kctflc.dly 
Alterable Read-Only Mcn10ry, can be era~ed .111d repro
grammed 

Prototyping Kit: A hardw.ne 'ystem u~cd lo h1e.1dbnatd a 
nucroproce~s01-bascd prouucl Conlam~ CI'U. memory, 
ha~1c 1/0, power supply, swtlches and l.unps, p1 ov1~1om 
lor cu~tom 1/0 controllcr'>, mcmory expan,Hlll, ano 
oftcn, a utlhly progtam 111 f1xed memory (l{Ü:'\'1) 

Pseudo lmtruction: Se e lntcrprctcr 

Pseudo Program: Se e lntcrpreter 

RAM (Random Acces' Memory) /\ny typc of mcm01y 
wl11ch has,both rcad and wttle c;¡pah11lly. 11 1~ Idlldllllliy 
acces\tble 111 the 'ense that thc 11111e rcquil<'d tn ll'.ld 
lTOill Of lo Wnle 11110 the lllelllnry. 1~ lllUCpCillkill o{ ll11.: 
local1on of the memor¡ whcre dat,1 wa~ ll'u': rcccnlly 
read from or wnllcn 111lo In conlr.l>l,lll a Scll.il Ac.:.~~~ 
Mcmory, IIHS tune 1s vat1,1hle 

Regi,ter: ¡\ f:.st-access nrctlll uscd lo '-ln1C bll, ''I word~ 111 
a CPU. Regtslt:ts pl.ty a l<..cy role 111 CPU o¡,.·:,tiHJm In 
mosl appilcatton~. thc efTictcnc~ oJ" prog:.Ulh '" ¡,·litCd 
lo the numbcr of rcgl\tcrs. 

Relative Addrc~sing· T.,c addte\~ of thc tl.tl,l ¡,;IL'Itcd tu 1~ 

the addrcss gtvca 111 the tml rucltLlll plu; '>u:nc othcr 
numbcr. The "other numbet" cJn be thc add1c~, ofthe 
ínstructton, the address of tbc llrsl loc.t!Hm uf thc cur
rent memory page, or a numbcr storccl m .1 rcg¡,tcr. 
Rt:lative aqdressmg permtts the m.tdunc to rclocatc ,¡ 

program ora block of data by changmg only one number. 

o 
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Rctum Routinc: Scc Subroutmc 

ROM. Re.1d-Only Memory (Ftxed Mcmot)) ~~ any typc of 
mcmory wluch cannot be readlly rewntlcn; ROM 
requncs a m.J~l-.mg operat1on dunng p¡oductton to per
lllallCiitly rec01J p111gram or data palterns m 1t. The 
mform.ttinn ts st01cd on a pcrm.lllent bas1s and used 
rc¡.>ct 1t 1vcly. Su eh ~t01 agc ts use fui for p10grams oc tables 
of d.tta thal rcm:nn ftxcd, and is usually randomly 
:ICCC~~tblc. 

Routinc: u~ually lelcr~ lo a sub-pro:.;ram, i.e., thc task pcr
formcd by 1lie ruut1nc ts lcss complex. A prog1am may 
mcludc rout1ncs. See Program. 

Seratch-Pad Mcmory: RAM or reg1~tcrs wha::h are uscd to 
~torc 1empora1y Jntcrnlclhatc rcsults (dat,t), or mcmory 
add1c~sed (pomtc1s). 

Serial l\lcmory (Scn.1í Access Memory). Any type of 
IIIClllOI y 111 wlnch Lhc 11111e re((lllrcd to read from or 
wntc intn thc mcmn1 y ts dependen! oq the l•>catton m 

the memmy. Tlus type tlf 111emmy has to w:ut wh1le 
ttOIHirslfcd me111o1 y loca l!on:. are accc~~cd. Exa:nplcs 
are p.1per tape, d1sc, magncttc tape, CCD, etc. In a 
R.mdnm Acccss Memo! y, access tune 1s con~t an t. 

Sinm!ators: Snrtwa¡c Slllllll.ltors ate ~omctimes u~cd 111 the 
dchug prm:e~s lo ~imu!,1te the cxecutton of machine
langu.tgc pr;lgl.illlS using ano! her computcr ( often a 
ume~ha11ng s'y~tem). Thcsc ~unulatms are espec1ally 
uscful tf thc actual computcr ts not avall.iblc. Thcy may 
f.ICiiltate tiJC dchugg111g hy provldlllg acCeSS [O llltCrna( 
ICgl\lers of thc Cl'U wl11ch are not brought out to 

externa! pms in the hardware .. 

Snap~hot~: Captu1e of lhc ent1rc state of a machme 
(real or sunulated) mcmory contcnts, rcg1sters, 
flags, etc. 

Software: Computcr programs Of'ten med to denote 
gcuer;il-pu rpo>c prog~<um p1 ovuled hy t he manu faclu rer, 
.-;u eh as a~\Cill hlcr, ctl1 t or. colllpilc•, ct c. 

Sourcc l'rogram: Con1putt:r program Wlltten m a languagc 
dc~1gned for c.1~c of c"prcs~lon of a cia~s of problems or 
procctlurc~. hy humans: symhol1c or algchr;uc. 

Staek: A scqucnce or reglslcrs ;.nd/or 111Cil10ry locatlons 
u~etl 111 Ll FO fa~luon (l,¡st-in-lir st -o11t ). 1\ stack pointcr 
~pecilles thc la~t-111 entry (01 whcrc thc next-ln cntry 
w1il go) 

Stack Pointcr: Thc counlcr, nr rcg1ster, useJ to address a 
~tack 111 thc mcmory. See Stack. 

Stand-1\lonc Sy~tcm: A mterocomputer software develop
menl sy~tcm wh1ch runs on a mteroco¡nputer wtthout 
eonncctton to another compuler ora tuncshanng systcm. 

Th1s ~y si cm mcludes an as~embler, ed1lor, and debuggmg 
a1ds. lt may mclude somc of lhc fea tu res of a prototypmg 
kit. 

Statc Code: A codcd mdJcatlon of what statc thc CPU 1~ 

-- rcspondmg loan mtcrrupt, scrv1cmg a DMA rcquest, 
cxccutmg an l/0 mslrucllon, cte. 

Subroutinc: A subprogram (~roup of in~lrlicltons) 1eachr.d 
from more than onc place m a main prog1a1l1. The process 
of pa~sing control from thc 111.1111 progr~.m to a sub
routme 1s a subroutinc cal!, :-~nd lhe mcchamsm is a 
subroutinc linkage. Oflen d.1ta or d;,t;; Jddrcssc~ are 
madc avadahle by the m.llll p1ogtalll to the subroutme. 
Thc p10cess of retur111113 control f10ill subroutmc lo 
malll prl>gr,ml 1s ~ubroulinc rcturn. The hnkJgc :mto
mat:cally rctUIIH control to ihc ongmal pmlllon 111 thc 
mam p10gram 01 to anothcr ~l<lH11Utmc. Sec ~Je~t1ng. 

Subroutine Linkagc: See Subroutine 

Support: Scc Manufacturcr's Support 

Synehronou~ Operation: Use of a cnmmon lllllll1g •,ourcc 
(dock) lo tune cm:uit or dat,¡ transfer oper~t1ons. 

(Contrasl wtth Asyuehronou~ operation) 

Syntax: F01m.tl stru..:ture. The rules gl>VCilllllg scnlcnce 
~tructurc 111 a la1•guage, or ~latrment ~tllH.:turc 111 a 

· languagc such as assemhly J.¡ngu.¡gc or Fortran. 

Terminal: An lnput-Outpu! dev1ce at w!uch dat;¡ (caves or 

entcrs a computcr system, c.g .. telctypc tcrmmal, CRT 
terminal, etc. · 

Test ami Branch: Scc Branch ln~truc:inn 

Unhundling. Priemg ccrlam type~ of software and scrvtces 
scparJtely from lhe hardware. 

Utility Program: A progr Jlll p1 ov¡umg basic convemences, 
sucl1 as capability for load1ng and sav1ng programs, for 
observing Jnd chang111g v.ilues in a computer, a11d for 
itultatmg program execlltiOn. Thc ut1hly program el11111· 
natcs thc necd for "re-mvcnl111g thc whed" cvcry tune,¡ 
designcr want~ to pcrfotm a conlmun fuud 1011 

Word: The bas1c group of b1ts wl11ch 1s manlpul,ltc<l (read 
in, stored, added, read out. etc.) by thc cnmputcr tn " 

smglc slep. Two typt..s of word are m~d 111 cv.:ry 
eomptltcr: Data Wortl~ ami In,tlllclior~ W<~rtb. DJta 
words enntam tlle mfmmatwn to he nla:11p:.lalcd. 
lnstrucl1un wmJs CJu~c tlw computer tn cxccute a 
parltcul.lf opera llon 

Word ~ngth: The number of btts 111 thc l'lHllputcr word. 
The lóngcr the word length, thc grcatc, thc preciSlon 
(ñ,(¡mbcr of ~tgnificant dig1ts) In g..:neral, thc ionger thc 
word length, thc ncher thc mstructton sct¡ and ¡he more 
vaned thc addre~smg modes. 
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Ah,tratl-&t.;"·~rar,·,J-.c-Jrcn•l nu.·nutril~4i ""ug hi¡Htlar rran'i'tor h'"Ch
nnlo¡~' ar<' roonp:.,.~¡ "nlo llll'IHOro<'' b.o\t'tl<NI varimt' form~ uf thc in,ulntrd

~·''" hl'i•l-< tft'<'l lnu'<'.l<lr (IGFET). A <'nmhmuloon of p-ch.mnd IGFET 
'"''""'"' cdh ",¡¡, ho¡"li 1r lrnn\1\lnr nl'Ct'\.'i l'ircmto, ll[l¡«·.or.. to offcr a 
.:,·,oral>k CtFHi>maionn uf donrnct<•aa\liN. 1\ll'mory or¡:anu:ation, chip 

.lt·"¡:n. •'·" !-.~¡.:u;;. nrt~l uoot•rcnuncctu>n nlt<•r.mti><"> are l'On"tla·rl'tl. llc.ml
¡, utl "'ai•·••·JIIlldl<lil h~ hnnln¡:y hn' '>l¡:mhcant ndHmlo~¡:~ ovcr othcr 

¡1!1\'l..a,:mJ! :uul mlcn:onm-..·tmo lcchnolngi<.., in thc rcnli.rntion of !>Cmi-, 
,-ün4hh'lor t•lt'UH)ry. 

~""'' of lhr ¡•rtli>lt·n" ''"J>t.'ctrd in lhc dcsi¡:n of n millinn-h11 compulcr 

mt'lllflr~· nrc '''!"""""¡· ""h alh·nllnn lo p4mer ¡J,,,¡p.ltion, mtcrcnmu-ction\, 
rdmh1loly, .,, unl:uu.lillloly, and co't. Finnll), thc potcnti.ll charnctcri,lic<. of 

a nullwo-lut \l'llllrtl!ldmlnr mcmory ba\Cd on today's lechnology are com

p.m?<l \\llh !he clo.Jr:~clcn•.!ac. of fcrritc corc, plnnar film, and cylindrical 

111m rnu¡:ndic mcm~tncs. iloc conclu,ion drawn (ro,¡ this cxplorotory sludy 

i' Chal ~nuconuuctor m•·mory has altractivc potential for both small- and 

lar¡::c-eapaclly memory llí'plications. 

l. 1 f'.l moi>UCIJON t. NO Dn INITIONS 

~EM IC'ONDU(. fOR mtcgrakd-clrcull menwne~ are 
U already add1ng ~1gntfi..:ant ncw capabilltles to d1g1tal 

~y~tcm'> [ 1]. W •de~p1cad appltcat1on of se1mconductor 
memory 1~ cxpcclcd a-; co~ts decline. The outstandmg per
fonnance: il.lractell'>llc~ of semiconductor mcmory are rc
lated to ti·: ekctt~c.il and phy~1eal compatib11ity of h1gh
~pecd mlcgratcd-ciiLUI! log1c and memory clements. Com
buwtiOil' oi' dcv1cl·, c1rcuit, and sy~tcm charactcristJcs not 
n:adtly 1 c:il11a hk w11 h othcr mcmory tcchnologJe:> are prac
tJc;.l ,tnd ce' lllOilllc 1 1 1gh-specd opcration with nonde~l ruc
tJve read-oul (NDRO) ~~ obtamed at no extra co~t Thc 
CCOI101111C lllodular ll.llllre of SellliCOJldUctor memory ofl'cr~ 
alll.tciJW p1o¡oc• IIL'>, ho11l for large memones in convcn
llonally 01 gan11cd -,y..,lcm:-. and for small memonc~. 111 11111-
malc conthJnat•on with toga.: ami penphcral circuJtry. 

Thc ra¡wl J..:vdopment of mtegratcd-ctrcUJt technology 
h.t.., all..:.tdy m;1de ..,em1conducLor memory an econom1c 
alte1 nat1vc to nJ .. gnctJC rnemory for ~tor agc capacJtJes up to 
al lea~t I(H)O b1b. In tlw. capac1ty rangc. lhe eo~t of mag
nctJC lllelllOl y IS rCI.Ii 1\'ely h1gh becau~e the expense of lJigh
Cllllelll dJtVCI.., and ..,~:n\1!1\'C detector~ must be sha1cd 
among a ..,mall nun1bcr ol' b1h. (Dnvcr~ and detector::. for 
:-.em•conduclol mcmory aJe much ~unpler.) When low-co~t 
O.Jil.:h-piOCCS~lllg tcchruque:- are apphed to the work or 111-

len.:onnccllllg and packag1 ng integrated-c1rcuit memory 
componcnt~. the co ... t per bit for semiconductor memory 

M.onii,Uij)l rccc'JVcd Apnl 17, 196X 
1 h11 1/ll'lft•d ¡wpc1 11 onl' oj 11 .1erw.1 p/unned llfllOplc 1 cJj iJl'nerul m/crl',\l.~-

1 he /.tf11or 
Thc author " wnh llcll Tclcphonc Labora tones, lnc., Murray 1 hll, 

N J. 

may fall bclow the con e~paHa.lru;; co~l of m;¡¡·nd,.; m~:mo1 y 

thl oughout lhc cap.lt:l ty 1 a ngc rhc !ow-co -.t j)lllcn [l,d ·~ 

evJdCill When Olle COllSidCI ~ 1 ll;¡( )()()()lO 5() ():¡(\ g0<1J i11Cll1-
0rycc1Js can be obt,uned l'rom a Sln:;ic ~J!¡con ... :JC.:. Provrd.:d 
that !.UtTicient reh.Jbrhly rs atl;lln.tblc. ¡( ;¡ppco,u;. that 
mtlhon-b1l ~emJconductor 1•1emOJIC.., wili bccome a ¡11 actrc,tl 
reality. 

Terminology vane~ 1n tlus new a;-c;¡ of technolngy. Semi
conductor memory also hac. becn callcd wll:gr.tl<.:d-crrcuJt 
memory, active memory, tr.tnc.Jqor mcmory . .t:Jd l11p-Jlop 
m-.:mory. Thesc dc:-.JgnatJon~ all .~ctn lo d1g.t.d mcmonc~ 
wl11ch employ a brstahlc eleclromc crrcult lO ~to;c cach bit. 

D1gital mcmone~ are ordmanly 01 g.tmzcd a:- W wo1 ds, each 
of B b1ts, w1th total ~torage capaeny ~1r W x IJ b1U... 1 he fol
lowing dJscus~JOil centcrs on ranÓOiil-acce-..c, memory, lhal 
i..,, n1cmory for wh1ch the ac.cc..,.., t1me to ead: word 1"> rdcnt1-Ü 
c.1l, 1egardlcss of the ~cquence Ji1 wl11ch worJ.., .11e acc..:.,sed. 
By way of contra~t. ~h¡ft rcgJ\lcr ... and m,¡gJ.ctJC d1sks :u e 
~cnally accesscd. Data 1s av,ulabk only 111 tilc ~ame tune 
sequcnce a~ 1t was ongm,tlly :-.torcd. 

Emphas1s wJII be placed on read-wntc mc:no,~y. for wh1ch 
data may be read out or wnttcn rn at h1gh "lh'cd i-lowcvc1, 
much of thc <hscu..,c.ion ¡:-, appl1cahle lo rc,¡d-n,¡Jy ~cmicon
ductor memory TlliS lype or lllCI11tliY lypllaily IS 1101 clec
liically altcrahlc. the wn11ng of m·w d.Jt.t u~u.dly requucs 
physlCal replacement of thc stor.tge mcdn11n 

Semiconductor mcmory ~~ ol con:-.1d<.:J a hk 111 tcn: ... t now 
bccau~e 1t ¡,ecm:-. hl..dy lhat d1gilal memo1y will h.: the ¡¡,..,¡ 
'•gnrlicanl appl1ca t 1011 of l;u ge--..c,tlc Jntcgr:lllllll [2]. [J 1 
ICtndom-acce~s mcmory IClJllill'~ l.trgc nun1h:J' ol llkntll".tl 
dcv1ccs or componen!\ connectcd 111 a ll·,~ul.ll patll.:1n 
"l hcrcl'orc, mtc1 con ncct 1011 .111d 11ackagmg Jllllhkm~ are 
more easdy ~olvccl 1'01 memo• y th.m flll allthmL'Iic and l on
lt ollog•c CircuJtl y For the"e 1 c.Jc.ons. menll)l) •~ ;111 o hv11H1~ 
vchrclc f or pr ovtng ( or d I'Jl' O\ 1 ng) t he rca~J billly of va lll'll:> 
tt.:chnologiCal appro.1chc~ t n l,11 ,L:c-c.c.lic rn tcg1 ,liJnn. 

In 1hc t'ollow•ng p.q;.c .... Sccll~)ll 11 :-Ull\Jll,t.J/.::-o tllL· !'llb
J¡.,!Jed literalure on c.t:lllJCOildliL'lc)r lllll'gi.Jll'll-c'JJL'lill JllL'll\-
01 y ScctJon l! 1 p1 c.,cnb a com¡ur.ttJ\'C .tli.ll) ,¡., ,,¡ tl.,· ckL·
Incal ch,tracll:ll'-llc:; o:' llh:lllOlY b,i'>lXl nn ',¡, ••'l•' ,,·mi

conductor dcv1ce l.c:hnolog¡._·., .md cmpln_'lli~! tl.ih·;cnt 
l'orm;. oforgan¡;at¡on Scctron IV .:·umlllL'' lll.lilcl., rcJ,¡¡,·dÜ 
lo JnlerconneciJOil. p.td .. l[!-111)::. ,Jnd iCII;:hil'lY ,,:~ ,¡ lll<:llll'f.' 
module. A proposed de ... Jgn ¡,,, ,\ mlil•on-h1l ,,;;¡¡¡.:onductcH 
m.:mory JS prc~ented m S·~ct1nn V A ..:omp,¡r• ... on lwtwcl'il 
mJgnelic and ~cmJconductor m.:mone:-. ~~ pr.:~cntcll 111 Scc-
11011 VI, along wilh prOJCCllon;. ol thc po~:-rblc char.lclcnstlc" 
of !>CI111COildUCtOr ll1CI110f)' in the futura:. 
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Both hipol.tr tr.m:-.1"1(~'<1 and insulatcd-galc ficld-dTcct 
trans1Sl01 (IGFET) nllcgratcd-cm:ult lcchnolog•cs havc 
hc..:n appilcd for 1 c.tllla 1hlll of ~cmiconductor nh.:mory. 
Tunnd d1odc mcmo1 1c:-. are of lunited mtc1cst because 
intcgratcd-cm:LIIt rcaiii.I!Jons aJe nnpractical; cconomJc 
consJderaiJOns 1 u le out :-.cm1conductor mcmories cmp1oying 
a dJ:-.c1 etc compone ni lo store cach h1t. 

Thc memory sysiL'm orgamzation to be dJ~CU!>scd here IS 

1-hown 111 clcmcnt:u y form 111 FJg. l. An arra y of bistablc 

O 
mcmory cl'lls 1s conncctcd so thal any onc of W B-h1t words 
may be llldcpcndcntly .1ddrcs~cd. Thc sclcct¡on is de
tcrmmcd by a h111ary codcd addrcss. Thc B b1ts of cach word 

o 

an: conncctcd lo onc or two common word lincs. Onc b1t for 
cach of thc W w01d<, 1s conncctcd Lo one or two digll lmes. 
Dig11 dnvcr and detector circUJis are uscd to writc mto and 
rcad out from lhc o.,clcclcd word. Thc time for a complete 
sclcct-1cad-wnlc opcration is ca11cd thcfull-cycle time. Data 
and addrc<;~ registe• ~. and tlming circUit~. are not ~hown and 
willnot be dJ!>CUs~cd. 

lt is poss1blc to dcsign a ~cmiconductor mcmory so that 
no intcrfacing d1g11 circuil~ are uscd bctwccn thc array .1nd 
thc loglc-lcvcl input and output d.tta. 1-lowcvl..r, whcn mcm
orics larger than a fcw words' capacity are cons•dacd, thc 
advantagcs of ~uch an arrangcmcnt are more than oiTsct 
by thc rcquircmcnl~ for addit10nal componcnts in and acccss 
lincs to cach mcmory ccll. Becau<>c mcmory cells are uscd in 
far grcatcr numbcrs than sclcct1on and digit circUJts, it 
gcncrally pays to aun for minimum complcxity of thc mcm
ory ccll. 

Moo;t of lhe ~cnllconductor mcmorics now in use cmploy 
bípol.1r t ra n~istor ce lis a nd aLcess circuits. The lirst full 
dcscnpiiOll of a b1polar transistor mcmory 1s dueto Pcrkins 
and Scl11mdt [4 ]. '1 he mcmory thcy dcscnbed uscd a thrcc
transistor basic ccll; slorage capacity was 256 words, cach 
of 72 b1ts. Read cycle lime was 150 ns. Cardully planncd 
but convcnlional packaging lcchmqucs werc uscd w1th a 
mmimum of compr01mscs. A modificd version of this mcm-
ory system is now on thc markct, priccd near a dollar pcr b1t. 

A mcmory of 64 words, 21 bits pcr word, bascd on a 
p-n-p-n mtcgrated-c•rcuit array, was dcscribcd by Shive1y 
[5 ]. A rcad cyc1c time of 100 ns was demonstratcd. It ap-

pc:11s that clo~c control mu~t he ma1111aincd in dcv•c.: 
prm:cssmg to obtam umfo1m llli n-off lime~ lor lhc p-11-p-11 
de vices. 

A 1 athcr complcx s•x-transJstor ccll 1s lhi: ba~1s for a 
semiconductor memory oi ~>loragc capac1ty wl11ch may hc 
spccificd m thc rangc of 16 lo 256 word~. 32 b,¡.., pcr \1/liiU. 
1 his design, rcportcd hy Pottcr, Mcndcbon . .¡nd S11 km, ~~ 

uscd at a readmg spccd of 60 ns m a recen! 11mc-shanng 
computcr ~yslcm [1). Thc complcxity of thc ba!>IC cell is a11 
obstac1e tO 1arger-capaCIIY apphcaiiOllS of lhl~ dcslgll. 

An extrcmcly simple and comp<KI two-uans•~tor ccll 1s 
thc storage clemcnt in a 64-word. 16-hn mcmory Wlth " 
1 00-ns rull-cyclc tune (ic~c.·¡bcd by 1 WCI :-en. WuOJ incn. 
Murphy, and D'Stefan [61. Th1s mcmory wa ... as~crnblcd oi" 
uncascd chips, mountcd and inlcrconncctcd by bcam-lcaJ 
lcchnology [7]. Th1s approach has thc kcy advantage that 
the packaging, lcads, and mtcrconncclaons may be lormcd 
by economical automated method~ [X], [9 ]. t\ 11 of thc abo ve 
mcmorie!> use betwccn 8 and 36 mcmory cclls pcr mono
lith•c ch1p; a chip 1s reJcctcd if all cclls do not funct1on 
properly. 

An a1tcrnative approach is bcmg used to !.1brica1e :nuch 
la rger arrays of ce lis on a smglc pu:cc of ~11 11.:on. A la rgc
c.tpacity memory operatmg on a 400-ns cyck: has bccn dc
scnbed by Canning, Dunn, ancl Jc.~nson111.: [101. [111 
Defective cclls on the shcc of sihcon are a\mJcd through 
use of discrehonary winng [12]. Thc comparativc cco
nomics of this approach are stlll opcn lo quc-;tion [3 ]. [1 31. 

A parallel-scarchcd a!>o;oc•at•vc mcmory of X words by 9 
b1ts, assemhkd by automatic tcchmquc~ m a hyhrid form. i:-. 
shown by l31dwell and Pnccr [ 14 ]. !\ ri:.ld \lf intcrrnga le 
cyclc rcqt~~rcs 20 ns. Thc phys¡c,tl vol u me m~,l Pllwcr dJSSipa
lion or thc md1vidual ccll would e reate a p•oblcm in largc
cap.Jcity rcalizations. 

A read-write cyc1c time of 17 n~ ~~ oht.11ncd \\ tth ,, com
plcx currcnt-mode ccll in a 64-word, S-b1t m~·mory Jcscnbcd 
by Calt, Garth, and M urray [ 15 ]. Powcr wn~umption ,IJld 
COStare ltkely lO be barners to 1arge~apaclty apphcations of 
this de~ign. 

Although the first pub1ishcd work on :GFET mcmory 
predates thc ear1iest reports on bipolar mcmory, the formcr 
has bcen s1owcr in rcaching the application ~tage. Onc rca-
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"nn In' lile tkl.1y '" ih,t! J(l( TT dcv!cc lt.:chllnlogy 1~ nut a'> 
!.11 ;tdV,illL'L'd ;¡.., l~¡pol,¡; lt'Cili!Piogy l~.nly ICil· ET~ wc1c not 
~uiJ¡u..:ntlv ·.t.1t~k .~nd 1cpn)ducJblc for ~<~ll~racto¡y ap
pliL'.illPI1 limvcw¡ ihc1c ~~ cnn~Jdcr;;hlc cvidcncc thal 
tl1c"c p.dhkm~ h.IVL: h..:cn ovcrcomc. 

rih' dc~1~:n of .1 ó·l·hlt mcmory clup, cmploymgp-ch.~nncl 
IGI Ll .... \'-'.1~ dco.,,;¡hcd by S..:hnli(lllli carl_> l%5 [lú]. At 
th.il l1111L' he 1 CJ'Oil..:tl a pi obkm or low Chip ytelds. ThiS dc
~l)!.il u'cd ¡e; 1·1 1.., ,;¡ thc til1vcr ami Jdcc!or CIJTIIJ!s; lhcic
flliC cy1.:k 11111c~ o! tiJc ordcr ol onc 111lCJosccond wcrc ex
pL't.:lL'd 

l\lt1th highcl-'ix'·d opciation can be obtamcd through 
II"C of b:pLll;\1 lr.ill'i'.,[OI~ 111 di"IVCI~ and dclCClOfS, éiS firsl 
dL',LTibt.:d hy lg.JJ,t,hi. Ku10sawa, and Ya1t.1 [17) Thc~c 

autlhll\ ·.hu-., ,¡n .~ ... ,,lL"JalÍ\C mcmoryccll, f01 wl11ch mcmory 
COilll'll(~ ,¡re ;¡dd!l'"Cd Wi!IJ part1al knowkdgc of' data 
SOll(!lll. i·¡¡riiJcr i"L'~till~. Íncl11d111g a 1Cp0Il of aS~OCialiVC 
o¡1L'l.!l11111 lll sm.ill ,¡¡¡,¡y~ ata 100-ns cyclc tune, an: p¡c
scntcd 111 a ~e..:ond p.qwi [1 ¡.;J. 

Tllc opu .1 t J(lll ol ~¡nglc-conducllvlly-typc 12t\-wOI d 
IG rr:·¡ 101·:11101 te .... li"lilg bipolar tran~Islor accc::.s C!I"Cliil~ al 
cyck lllllC~ 111 tilc 100-m. rangc, has hccn d1~cu~~cú by 
l'le~hko .tnd Tel!H.ill [19! and by llodgcs [20). J\ vcry low
j11)WCI p-cli.tnnél IGI ET mcmory ror élirbornc appilcallons 
wa' ICCcntl] Icportcd by Brcwcr, NI~~Im, and Pod1aza (21]. 

St01agc c.¡p,ll'iiY 1~ .'\0/\ bits(/\= 1024), thc largcst rcportcd 
lO d,JIC fo1 .111)' Selll!CUlldUctor ll1Cill01 y. J\n lll1j101'lant 111-

110\',1[1011 111 ilm, l-¡1:-- lllCnlOI"Y dCSig!l IS thc USC of pulscd
~Upply (lpe¡,¡f¡on lo reduce tot,d opciallng powcr to 3.5 
w.ttt~. P.t:-.qlÍalnli ha~ dl~cu~::.cd opllmum org.mitalion of 
IGI:L r m·:llhliY 111 tllc d•ntcxt of thc lun¡talions unpo~cd 
1>Y convcn:10nal paLkaglllg tcchniquc~ [22j. 

J\n altcl'lólllvc 101111 ollGFET mcmory usc~complcmcn
laiy dcv1C1', Ill a ccll dc,ign which rc~ult~ 111 Virlually l.l~ro 
power dl..,:-.lp.ttton 111 thc stand by statc. Mt.:mory cyclc tunes 
In thc lO'.J ?00-n.., I.tngc appcar ka'>Ihlc. Tlu~ apprnach has 
hccn rLp<ll tl'(l by Bu1ns. C11b~on, I·J,¡rcl. Hu, and Powlus 
[2 ~l. by l .PINl'il, Mll..,utomt, and Whilc [24j, and by J\IIJson, 
Burm., o~nd i lcJman 125 j J\ drawhack in th1~ c;1sc IS that, 
to datt.:, cotllplcult.:lllaiy IGFET procc~~tng has rc~ultcd in 
lown ch1p yteld~ tl1:tn ha ... hccn oht:uned Wilh lhc ~Implci 
~¡ngic-Lonductivlly-typc IGI-T~T pH)CC\\lllg. 

111. CoM I'A 1(1111 VI A N Al YSIS Ol· SJ·MI< ONI>lH · I'OR M 1 t.IOJ( JI.\ 

Puhli\hul de ... lll(llton:-. ol ..,cnuconducto¡ lllt:lllOIIC~ repo1t 
a Witk 1 :tngt.: ol cli.11 :~ctcn:,Lic~ for varwu~ rl',llllaLions 
Cytlc liillL', ~tor:tt!L' cap.lt.:Jly, powcr comumptwn, phy:-.Jc<~l 
\I/C, ,llld co..,¡ .liC p.ii:tllleiCI\ or ÍII~l-ordcr Importancc. In 
tlu~ "ect¡on .111 .tlll'illpli:-. lll<IL:c· to place lhl'~e chai.IClcn~tiL'~ 
on a COiilpai.lhlc b.l'l.., fo1 ..,evcral dev1ce tcchnologic~ ,1nd 
fo1 .illl:Jilaiive loiill'> ol mcmory OJg,li1I/.tllon Thc oh.Jec
IIVC I~ lO detCilllllle lile op1IIllll111 mean:-. lO ICalil.aliOll of a 
la1 gc·c.Ip.lclty memory. 

Commcnt' ancl d.1ta prcscntcd hc1c ;uc ba ... ccl on pub
li~hcd Infonna11on (a~ Iclcrcnccd 111 Scct1on 11), on fir:-.t
hand cxpeiiillcntal rc~ull~ for dcvclopmcnlal 1000-bit bi
polar tran~l~loi and 2000-bil IGFET mcmonc~, and on 
an.dy~~~ and ~unulation. Bccau~c cxpcricncc lo date with 
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senticonductor mcmory IS lnmlccl, conclu~Ion" prc:-.cmcd 
ht.:IC lll.lY ICt¡UIIC lutu1e rcv¡~¡on. Howcv,·¡, CVl'IY .JtiCillJll 
h.i'> bccn llladc to be reaii..,tic, .llld attcnii\L' ro woi ~l-c,¡~e 
con~Jdcr;¡tJon~. in all c~liill.Ilcs ;¡nd cxtiapolo~ilon:-. 

A. /)cnicc T('('/111olo!JY 

!) /(,'/·'/;''/" 1 ·,., 111.1 /J¡¡)()Iul' /1 tlllllllo! ¡\/,·111··11' (',·/f., llc·IL' 
wc l"Oillp.tre 111Ciillll)' .11 1.1)'~ h.l:--c·d <lil bq)pi,,¡ ¡,,¡¡¡~¡~¡,,, .111d 
f(if·ET tcchnolugy In rq;.trd lP potenl1.d p,·,¡,,l!ll,llll'L' .•1hl 
cn~t 1 he compai.!li\'t: COillllll'ilh .IIC 11\llil' ,1¡ k ... ~ lildc
pendcnt of thc detall.., oi" cell CIICUI<~). ÍHl\\..:\ci. ti•e ~l¡;, 

~hown 111 Flg~ 2 ,lf1J :1 are li~L·d a~ lilL' [)d'l' r,_¡¡ ,¡¡.,lll'''ll" 
In cache tsc .1 b,lianc,,_J u;gll i1nt.: p.11r I'> u ... ,.,~ "'r ln~·!¡- ... pcc·ci 
O(lCidl1011, gOLld i101Se lllllllli11Il), .111d ~:•l•'<• "'ic'l,lllcC l'; 

\',l!latJOll.., 111 dev1ec p.ll,llllcte.~. 
Thc raclOI'> detCIIll'•lldg ~c'11111l)i\(llilÍ\ll .1\c'ill\\l:• ':c·k 

liillC COilVe111e1111y '<~.!)' be 'bi<lh.en Lhl\\11 'liHP [\\0 '.'llll-o 
poncnb. Aual' dcla_1 1 ,11c tnc ,·,¡p,tclll\t.: ._,¡¡r.::Ilf a,¡J IC
L·ovay III11eS of thc \\'<lid .lil<..l dtgll linc,. 1)ili • dd) rL'o..tl\\.': \ 
lilll<.: rcquncd by mclJ\'Idual mcnWI) n.:lb .ll.tcl .• -.".: ,)¡ 

WJILC opCidllons. Thc word cilld d:g:l lillL'C. a1e •l,,:,n.111iy 
~hort cnough m rclatiOil to ~1gn.tl n.~c lime'> sn tiL1l 1i.lll~

mi1>Sion-hnc analysis 1::. notneccs~ary. Fir:-.l-o¡Jc¡ c,.t;m.lrc ... 
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(o) 

(b) 
' Ftg. '\, IGr-I:T mcmory cdl. (a) Schcmaltc. (b) Photogr;~ph of an mtc-

gratcd-corclllt rcah/.ot1on of ahc ccll, dcM¡;ncJ hy 11. J. Boll of Bcll 
'Tclcphonc Lahuratoncs, lnc. 

ofthc sclcct, rcad, and writc array dclays are found using Lhe 
following cxprcssion: 

Cv 
't: = ---· ; 

whcre 

e =0 total word or dtgil lmc capacttancc 
v=changc in V\)llagc for sdcct, rcad, or wrilc 

(1) 

i = tmnimum dtt\ e cut rcnt, .tvcragcd ovcr charging ttmc 
t = ~clccl. rcad, 01 wnt..: arra y dclay. 

Cll'l uit dcluy., .11c ¡J¡c p10p.tgalton dclays in lhc addtcss 
dccoder, word dnwro,, and (hgit ctrctuls. Thc ctrcutl ddays 

oare e~lllllalcd by allílWII1_g 5 ns for cach logtC or gam ~tagc. 
Such a figure i~ rcprcscnt<ÚÍvc for cconomtcal saturattng 

: hipolar tran~istor ctrcuitry. Considcratwn hcrc 1s lunitcd 
to mcmorics cmployllig bipolar tranststor word and d1gtt 
ctrcutb becausc thc use of IGFET circuitry for thcsc func-
tton~ \vould tncrca~e mcmory cyclc tune by a factor of five 
or mor\!. 

i 

1151 

TAilLE 1 

IGFI:.T VrRsu~ llu•otAR TRANM~toR M• MORY ( 121\ W• mi>\, 12 1111') 

C't"il .u ca (5 ¡1m tolcranccs), mm 2 

Supply voltag.c, V 
C.t 1J.tCitancc\ (i 210V x 328), pF 

l>t¡!ll lonc 
Word h11e 

Rc.tJ-nut cuncnt. m;\ 
Word ~l'ILcl voll.tgc ~wmg. V 
Dt¡!ll \llrll<' voll.tgc ~wmg, V 
A1 r.ty dc!.oy~. m, 

~dcct ( 1 O m¡\) 
Rc.td \10m V) 
Wntc (20m A) 

Tot..1l ociJy ume 
CtH 111t dd.ty,, n~ 

DcLCl\lt.:r 
Word ~clcct 
Detector 
Dtgll drtvcr 

Full cyclc tnnc 
Powcr dt~stpJtton, W 

Fuli-~pccd opcrat10n 
Mcrnory cclls only-stanúoy 

p-Channd l(il·E'i. 
b1pol.tr .u..cc.,, 

0.016 
6 

2·1 
20 
o 1 
50 
50 

10 
10 
30 

50 

'5 
10 
15 
15 

105 

1 o 
016 

All n-p-11, 
bopol.or 

ll 020 
2 

(,.¡ 

32 
05 
2.0 
1.0 

4 
5 
5 

l<l 

15 
15 
15 
15 
74 

5.0 
4.1 

For both IGFET arrays and btpolar transt::.lor array:-., 
array dclays as givcn by (1) are dctermincd by line capaei
tances, ccll read-out curren!, and the voltage and ct~rrent 
~wmgs uscd for word sclcctwn and dtgtl wnting. To the:-.·~ 
del.1ys mu~t be added thc tnlcrnal swt tchu¡g ami ret;ovcl y 
ltmes l'or an md1V1dual cell. Tablc l compare:- the relevan! 
pat amctcrs l'or thc cells shown in Ftgs. 2 ,¡no 3. Thc com
panson is bascd on a module capacity of 12X words he
cause the bipolar array cmploying ~tandard device tech
nology is limited to approxunatcly this stzc by Lhc dtgtl llne 
lcakagc current (typically 1 microampcrc per cell) originat
ing m invcr::.e tran.'>l~tor adion ofthc unscleckd ccll~. l)¡gÍI 

l111c lcngth may he lllcrea:-.ed through use ol' Sclwltky
b.lrncr diode anltsaluration clamps lo teduce invct~e 

tr.1 n:-.1stor actwn [26]. Thc module capactly of IG FET mem
OtY can be cxpandcd to 1024 words or more, with somc tll
cr<·a~e in cyclc time. 

t\ssuming .1 constan! de s11pply volta~l·, lhe to,_':ld-out 
CliiiCI\l ftOll1 the bipolar ll",lll!>ISior cdl oi' hg. 2 IS ,¡p¡HO\t
matcly the same a~ the stamlby cut rent. For a l.trgc mcm
ory, Lhermal con~•deratwns rcqutre that ~t.111,lby po\wr 
dt!>::.ipauon per bit be lumtcd Lo the onl.::r of 1 mW or (prer
ct.thly) lcss. 1 This tndicatcs a 0.5-mA m.n1mum standoy/ 
r~.·.1d-out curren! for lhc btp,,l.¡r cdl. A luntt \lll r,:ad-,llll 
Ctllll'lll of 0.5 mt\ i~ ~lt!lltlil'.llll bec,¡u,,.._• thc .III.IY dday Ú>f 

I'C.Id-Ollt 1!> proportional lo 1 he J"al il) of di¡~i l (li\C o,_·,¡p,ICi
tallCC to rcad-oul curren!. Wctc tt nol for th1~ limtt on r.:.Hi
out currcnt, thc read-out array dclay for the bipol.tr array 
would be even ~mallcr in rclat10n to that for the IGFET 
array than is ind1catcd in Table l. 

' La1gc load rcMstancc.~ are rcqutrcd for ~t.11u.lhy pow.:r stgmficanlly 
bciow 1 mW Thcsc are nol castly obtatncd wuh ~lJnd<~rd htpol,¡r tr.m~l>llH 
tcchnology. 



¡\¡a ~landby Cllllellt of0 5 lllJ!li:llll¡tCre fléf hipOi:ll C<:li, 
o!Jm¡ed1np~ 111 d1!ru·.~.·d CIO~'>umkrs a1c app,ce~ablc m com
p.lll'.\lll ¡, he voltagc nw1gm~ of the hqml.1r cell. Mono
lltlllc ch.,l.., canyu11; l.1r¡;e number<> of b1pol •• r tr<~n~l~tor 

cclb (1 e, .r~ 01 lllOie) wliiiequlle etthe1 \OlllC fonn o! two-
1.1)'<.'1 llli.:Llillallon o1 con,,dcrahlc ch1p are,¡ expended m 
c¡;..:u¡toll' rnut;ng .,¡ ;,¡n~lc-l,rycr mctalit:<iliOn. lt <~p¡x:,us 
p1 a e tu. :11 to u:-.e 12X-I>il monoilth1c IG FET ch.ps w1th Single
laya mcl.di;_aiiPll, hccause :.tandby curlcntls lyp¡cally onc 
01 [\\'¡) nnh·r:-. of magnitudc smallcr th:in for b1polar cclls 
and bcl".lll~<: Vl'll.:gc marg1ns ;u e l.u-ger for the IGFET ccll. 
Note tiL!l th•· lC:ld-out cunent for the IGFET cclii::. about 
tl.'ll tunes lar¡~c1 th.1n thl.' ~l.indby currcnt. Th1s 1s an un
p¡1Jt,Jnt.Jdv.lnl.lgc lo1 l;ugc mcmory apphcatiOns. 

Early ¡J-ch.ln!lcll·nhanccmcnl modc IGFETs had thrcsh
old vult:1ge·, llllhc r.mgc- 3 to -6 volts and rl.!quircd 10- to 
30-\'oli pm\ er so mees Rcccntly rcp01 tcd dl.!vclopmcnts in 
p11Kl"'~ tcchnoiog; ll,¡vc y¡cldcd stablc, umform p-channcl 
IGI"ET ... \\'llh -1-\oit thrl.!sholds (27]. This unportant ad
vancc lllL'.lll~ that !Gf·ET mcmory cclls c.1n now opcrate 
frn1P 4- iu (J-\olt :-.uppiles. 1-ligh-spccd word sdcct and digit 
w11te .~re nt1t;uncd w1lh word and d1g1l voltage swmgs equal 
to thc supply voltagl.! Though thl.!sc swmg~ are largcr than 
thosc rcqtml.!d Wllh h1polar mcmory array~. thcy are l.!as1iy 
wiihlll thc co~pc~bdlty of low-cost monolltlllc mtegratcd 
diiVIIlg ctrnub. D11VI.! currl.!nt~ of thc ordl.!r of 10 mA rc
!>ult 111 1.1p1d :-.witclung on the rclallvcly low-capacJtancc 
wo1d and d1L~ll lmc:-. m thc IGFET array. 

Wl.! now tui n tu a considcration of cost-dctermining fac
tols. Whcn thccclb :-.hown in F1g 2 (doublc-emittcr vl.!rswn) 
and F1g. _l. al l.! 1;11(1 out" 1Lh cqual minimum ma:-.k clcarancc 
tolciallCI.!'·, thc bipol.tr IIan:-.I~tor memory cdl occup1cs 
ahout 20 •l.!rccnt mure ... !ice an.:a lhan thc IGFET ccll. Thc 
difh~Ience 1'> pnma1 dy dul.! to the rcqUireml.!nt for i:.olation 
of adpcent bipolar cl.!lb on a monohthic ch1p. IGFETs ha ve 
thc ath 111lage ol he1ng Jllhercntly ~elf-Isolallng. 

Bq•"i 11 tran:-.1~tnr '>hcc process costs are hkcly to be 
h1ghe1 ¡J,,¡n p1 o...:c~:-. co:-.t:-. for IGFETs, beca use bipolar 
tlall'-ol~lol'> ¡cquiiT more mask1ng and dJfTusion stcps. If 
two-layc. JJld:lill.lllon JS rl.!quirl.!d, th1~ will cntail a furthcr 
IliC1ea~c 111 co~l Anothl.!r factor is yicld: thl.! sunpkr proccss
lllg for 1 <ir ETs ..,lwuld 1 c:-.ull 111 h1ghcr y¡dds of good ch1ps. 
Thu~ co-,¡.., 1clakd to ccll arca, fahncation procl.!;,:-.tng. and 
cinp y1eld .di .¡ppc.11 lo bl.! lowcr for IGFET ll.!chnology. 

Rcii.JhJiny ~~a Clllclal factor in thl.! compan~on of IGFET 
and b1pol..r t¡;m:-.l~tor tcchnology. A:-. ~hown 111 Scct10n IV, 
a clnp f.llillll.! late of thl.! order of 0.001 J11.!1CClll pcr 1000 
hou1:-. 1:-. IClJIIIII.!d lt)l a onc-yc.tr mc.1n tune lo failurl.! of ,¡ 
mlilloll-hlt ~enllcondllltOI :ncmory. _F;¡IIure 1ak:-. in th1s 
r.111gl.! h.1vl.! h.:l.!n demonst1al\'d i'or b1polar trano;istor int<.:
gi;Ited ClrCllll:-., but not yel for IGFETs. lt i~ po-.sibk that 
rdiablilty problcm.., wlil reduce thc attractJvcncss of IGFET 
[I.!Chnology for app1Jcat1011 111 largc-capacity SCI111COlldllCtOr 
111\.!lllOfy. 

2) P-Chrmncl Vc1 1111' n-Ciumncl IG FET M cmory Cc//.1. 
Thc chotcl.! bl.!lwcl.!n p-channcl and n-channcl IGFET tcch
nology ~~m a de on 1 hl.! bast~ of a campa nson of spccd/powcr 
performance. In cllhcr case, a low-magmtudc threshold 

1'1{0\ '¡_[)10;(,:, 01 "fiiL il ;_¡. liJLY l'illi\ 

1/\Bll" 11 

Dcv1cc lhrc,hllld vol1.1gc, V 
'>uppiy vollagc, V 
Carne¡ tnohdny. --mJ'jV-~ 
Suh,lratc dopmg, cm- 1 

DcviLC gwmctry í H- iL) 
!',w¡lch 
Lo.1d 
(i,¡tc 

:'!1.1ndhy curren!, ¡u\ 
Rc.ad·out currcnt. ¡1/\ 

St.1ndby powcr. ¡1\V 
NtliM! nMrgm, V 
C.lp,lCIIancco; (128H' X 32!1), pF 

D1g11 lmc 
Word lmc 

p·Ch.Hlnd 

-- ¡ () 

(¡(1 

I)U 
lO'' 

10 
0.3 
35 
7 

100 
40 

1 2 

n-Ch.1nncl 

1-1 () 
(,() 

3SO 
2 ' 10 16 

¡¡¡ 

() 3 
1 5 

17 
70 

100 
06 

voltagc 1~ 1s dcs¡ral1k f1olll " '-opced¡'powcr ::,tandpoint 
llowc\'Cr, thrc~hold voltagl.!~ ~.;;.llfic,lntly below 1 volt fur 
l.!nha ncl.!ment modc devJCe~ a re urHk..,rl ,1 blc 1 o1 1 ca~on-.; rl.!
l.!lcd lO llOISC marg111~ and JC\'1\.e ~l;,b,illy 

Tablc 11 <>how~ calculated comr,ll.lllvc ch.llactl'II:-.IIC~ 

for arra y!. of p-channcl and n-cha nnclmcmo1 y el.!! b 1 n c.1ch 
cdl, the rclativc gconKIIIC~ of thc dCVICCS ,IIC cbOS\.!11 lO 

11111111111ZC ccll arl.!a whilc m,unl,lillll1g good lllll~C rnargms 
and whilc obt;umng good polcnllal for hrgh-'ipl.!cd opcr,¡
IIOIL Numcncal ~111lUiation stu~l1c::. wc~c uscd lo op111111~y\ 
1clatrvc dcv1ce gl.!om.:tnl.!s Thl.! :actnrs !01 wh:ch !herl.! IS a\J 
unporlant dilTcrcncc bctwl.!cn thc p-channcl and n-ch;rnncl 
arr,¡ys are thc wbo;tratc dopmg 1cqulrl·d lo1 1-volt lhrc~h
olds and thc carncr mobil1ty m thc ch:1nrKI Thc rcqt11rcd 
:-.ub~tratl.! dop1ng ~~ grc.ltcl for 11-channl'i Je\lccs a~ a te~tilt 
of Lhc net po~rt1vc charge ord1na1 Jiy founJ 111 thc gate ox1de 
of~1hcon IGFETs of CILIKr conductrvity ty¡w. 

Thc grl.!ater sub~tratl.! dop1ng rcquired r,11 ¡;-ch.tnncl de· 
VleCS :-.ub:-.ta1111ally lllClea~C~ lhl.! cffccl of :-.\lliiCC-:-.Ub'-.ll:il<' 
b1a~ on thrc:-.hold voltage [2X ]. SHnul.lllon :-.lud 1e~ :-.how t h.1 l 
a:-. ,¡ rcsult, thc ccl 1 gcomct 1 y rl.!q utrcd !'or adn¡ u a te m a 1 !--'llh 
yJclds a smallcr rat1o of rc.1d-out curren! to ~t.tndby cu1 1 e,, 1 

for thc n-channcl ccll. Fu1th~·¡morl.!, the hc.lvier ~ubq¡at,· 
dopmg mercas\.!~ the c.1pacll.t nce on t hl' wnr d :11hl d 1)::•1 
hncs, 1 Hnlllllg l11gh-~pccd pe1 form.1nce. On 1 he h.1 ,l., oi • h ·~ 
l'Vldcncc, p-channd tcchnoln:'-Y 1.., p1 ek1 .illk i"PI .IJ'l ,¡,,·,¡-
11011 to ~JIICOI1 '>lllgk-conducll\'ll)'-typc IGi ¡ r llll'llhll) l'l'ii 
ar r,¡y~. 

3) Colllpf,·mclltill r IGFF1 ,\/,·¡no¡ 1 Ct·ff, Cump!--.11, .,_ 
tary IGFET m.:mo1y oflcr~ thc attl.ll"llvc lh.ltad\'11:-li•' ,,¡ 
nc,Jr-7ero ~t.111dhy pow.:r [2:1]-[2)] 1"11..: di.l\\h,kh.' ,JI.Ih,, 
;q'pro:~t.:h Icbll\'1.! lll ¡•-.. :h.lllllCI Pll'llhl:\ ,Jil' 111 ¡,,, .. ¡·,i 
:-.lÍICl)ll <ll"l'.l (~01111.! j"Lll"lll ni' ,Jl"ÍI\l' ,J.:\)(~' i'tl: ,¡,,>,> !~ lll.·~·,k,\) 

,l!ld lllCICa~Cd f,¡l¡¡ 11'.,[¡¡)(1 C\l!llpk\11; l-u¡,j.¡_-, llll>,,·. ¡j¡,· 

ClfCllll C0111pi.I.!Xll)' ,tnd ~l!cc ,~fl'd ll'ljllllel1l~'lll~ illl ''tl111pÍ.:o
l11C11lary IGFET memo1y cctl ... ~hown 111 >11e il<.:r.tluiC "r 
con~1daably grc.¡tcr ¡han for ¡lJI.! ¡H.:h.lni~el ccll ~11l)\\.l 111 
F1g. 3. Fmally, p1 csl.!nt ~¡IJcon-,>n-~.~pphlre compkmcnta1 y 
IGfET dcvicc tcchnology y1ckb J.:, 1,·...::-. \\ .th k,¡\,.,:¡;c C'.II

rcnts (hcncc powcr consumpt1on) 111 thc :,,11nc r.mg,· .¡•. •s 
attarnablc with p-channcl circtutry (25]. 
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Tbc l11gh-~pclxl pe1 fm manee o: complt:1r.cntar¡ ICIFET 
. (}cmo1y is l11mlcd by thc ~ame factor<; a<. 1,1r p-ch.mncl 

-inenlOIY. Anay ¡JcJay~ :llc rundamenlally rdated lo capaCI
tanccs and llmitmg cun enh of Lhc dcv1ce~ u sed 111 lhc mcm
ory L'dl. lkcau~e capacllancc~. and Lramconductanccs are 
Sllllllar, arra y dcl.¡ys for complcment.u y IG FET :11 rays are 
approx11nately the s.1mc a., for p-channd IGFET a1rays. 
Sillcon-on-sapphlrc ll:chnnlogy, wh1ch reduce~capacitances 
for complementa ry IG FEl ÓICUitry, wlll do the samc, more 
cconomically, for p-channcl e1rctlllry. (Data prc~cntcd m 
Tablc VI show Lhat small di!Tercnce~ m ~w1tchmg and re
covery times of thc 11Hhv1dual umt ccll are not crucial be
cause th~·sc times are only a small fJ.ICIIOn of thc ovcrall 
cycle t11nc of.1 largc semiconductor mcmory.) 

In any case, h1gh-spccJ performance depcnd:. enl:cally 
on thc ddays 111 .1ddics~; ,¡,.(·odc, word ~clcct. and dig1t Clr
ctuts. IGFET c¡rcwtry (·; :ln.:se funcllon~ .• complcmcntary 
or p-ch.1nncl. ¡•; fundam('IHally slower than bipolar transiS
tor CiiCUilry bcc,IU~e of lb.: !111111Cd gam-handw1dlh product 
of IGFETs. A ~torc combmmg complemcntary lGFET 
memory cclls With h1polar tlansJstor word sclcct and d1git 
Clrcuits operates at aboui the same m1mmum cycle ltmc as a 
storc of the samc c.1pac1ty using p-channel memory cells 
(29]. Thc potcnt1al n:duct1on m operatmg power consump
llon is limitcd becausc b1polar tran~1slor word and dig•t 
circtuts for high-~pced opcratwn consume as muchas or 

c~morc powcr than lhc p-channcl memory cel!s they serve. 
(Scc Tablcs 1 and V.) llowcver, thc <>tandby power for the 
compkmcntary array would be much smallcr. Evcn in 
brgc arrays, heat rcmoval.from p-channcl IG FET mcmorics 
should po-;c no pracl ical problcm. 

In summ<~ry, comrlcmcntary IGFET memory Wilh com
plcmcntary IG FET word and digll circmts is attraclive only 
for appltc<~lions in which both ~pecd and economy can be 
sa~.:riliccd ror thc sakl! or near-zero power consumption. 

/J. M ('11/(//'Y 01 {/OIII::IIII0/1 

Thc problcms or lo¡;lc.ll orga n Íi'a tion ora ~e m icond uctor 
memory are closely rclated lo the interconncctlon problem. 
In general, the1e 1s a t1adeoO'betwecn intcrconneclion count 
and dcv1cc counL Thc key qucstion IS how much ,tddrcss 
decodmg should take place on the chips carrymg thc mcm
ory cdl).. Onc cxtn:me appro.tch phy:-.ically scpara~cs all 
dccodmg CiiCUllry l'rom thc memory chips, rcsulttng m a 
lllllllmum dev!Cc count at the expense of a !urge numbcr of 
inlerconncctwns. The othcr extreme app10ach bnngs a 
h111ary-coded addrc:-s onto each ml!mory chip. This reduces 
thc numher of intcrconncctwns but rcqu1res extcnsive 
dupllcallon of decoding Circu•try. As d comprom1sc, a 
partlally dccoded s1gnal may be brought onto thc ch;p for 

Q fmal decoding. 
Onc example of a deo;;ign cmploymg dccodmg on thc mem

nry ch1p u:-.cs 170 IGFETs for decodmg on a 128-bit clup, 
thercby lumtmg the chip lcad count to 21 [22J. In c.:>ntrast, 
a 128-bit chip With no decoders rcqum!s at lcast 34 lead~. 
Econ01mc interconncction and packaging of chips with 
large numbers of lcads rcquires sorne fonn of automatcd 

1 1 ~ 1 

lc.td fo¡maliOI1 and Cllip .IS~cmhly. F11p-LI11p [\0], :-older
rcllow [31j, [32]. and heam-lead ~ealcd-Junct¡on [7] f91 
tcchnolog1c~ ofTer po~.~1blc solutions lo mtcrconncctJOn anci 
p.:ckagmg probkms. The~e 111.1tters are furthcr dl'>cus~cd 1n 
Section IV. 

C. Word and Di_q¡f Cirnul\' 

One significan! ad vanlagc of sem1cond uctor memory rcla
tlvc to magnct1c mcmory i~ thc bcttcr cleclncal compatlbii
Jiy betwecn semiconductor memory storagc elcmcnt~ and 
mtegratcd log1c C1rcu1try. W1th magnet1c storagc clemcnt~. 
dlfl]cult probkms stem from thc f.1ct that '>clcetion and 
wntmg s1gnal cncrgy 1s SiX lo ~cven ordcrs of magmtudc 
g1eate1 than thc read-out ~1gnal enc1gy. FurthclnhHC, the 
d1111cnswns ancl topology of h1gh-specd corc ami film mem
OIH.:s :11e such thal chstnhuted llldiiCliVC and capaCitiVC 
ellccb are ~•gmfic<~nt m mcmory up.:r,ttwn. Sophisticatcd, 
expensivc eircuils are icqu11cd to cope With the re~ultmg 
power dnvmg and noisc problcms. 

Thc cnergy difTercnce bctween read-out ancl w11tc Signab 
111 a ;,emiconductor memory array i~ t)pically tl11ee to livc 
01ders of magnitude. Although the mdlv1dual sermcon
ductor mcmory ccll may operate w1th thc rallo of rcad-out 
encrgy to wnte energy clase to un1ty, 111 an array large 
amounts of cnergy are expended in dnvmg many cells in 
parallcl on both read-out and wntc. 

Thc total lcngth of a word or digit lmc m .1 s1nglc arra y iS 
unl1kcly to cxceed 10 cm. For an IGFET mcmory ;u¡,¡y, the 
RC time constant of thc senes linc re~¡st.tncc and shunt 
capac1tancc can be lim1ted lo a smal! fraclllm of the n'>e 
tune on word and d1git llnc~. lnductivc clkcts are neghgiblc. 
Therd01 e only lumped capa<:illvc cfTect-; necd he con~idered 
1n dynam1c an.dy).IS ofthe memory array. For the~c rea~ons, 
dc'>1gn and real1zation of wonl and d1g1l c1rnuts l'or ~enll
conductor mcm01y ;,re dra~tically ~unpl1ficd m rdatwn Lo 

the con c~pomhng ~¡luation fm magnct1c mcmoJtes. 
Examplcs of word and digll CIIt'llillY fm 1\iH~T mcm

OIY me ~hown in Fig~. 4 and 5. Sumlar CliCIIII~ h.1ve bccn 
u~cd wnh a sm,dl cxpenmentai¡J-channcl IGI;L~T nwno1y 
ccll array operating ata 135-m, ~clcct-n.:ad-wnte cyc!e tune. 
Thc c1rcuil complcxily 1s typical fór eithcr b1pobr tran'>istor 
or IGFET memones. 

ln the word sclcction Circwtry, thc hmary addre~~ 1s 
dccodcd 111 two dwdc matncco;; llllo a onc-out-or-X. onc
out-of- Y code. Final dccod1ng ami word hn~.: dnv1ng 1s 

carne<.! out with a ~unplc trcc-typc NANn gatc as '>hown 111 
Fig. 4. Minimum word lmc dnvc current i.; ~rccilicd al lll 
mi\, allowmg use ofsmall-arc;JHltcgrated tr.lll:-.lstor~ WM,I 
lmc rccovery does not l11mt memory pcr:·onnance becau:-c 
thc word lme recovcrs to thc thrcsho!J nr thc gatc dcvKI.! 
of the l G FET ccllm kss t han 20 ns. Rccovcry can t:l kc p!ac.: 
concurrently w1th sclect10n of a ncw worJ becausc thc 
square-law current-luniting IGFET characteristics cllilll
natc the possibil1ty of intcractwns betwecn ccl!s on thc digit 
lmc. Th1s fact has been conflrmcd cxpenmentally. 

A gatcd fhp-Oop iS thc basic clemcnt m thc digtt dctc,;t,;r 
shown in Fig. 5. Th1s Clrcu•t has thc u~d'ul charach:risuc 
that once the flip-flop 1s sct, its input diodl!s J. re back b1asct!. 
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F1g 4 Typ•c.1l word ~ckct CJrcullry for IGFET m.:mory 

+6 

+6 
(al 

END OF -:-
WRITE SLo 

ibl 

DETECTOR 
GATE 

OIGIT DRIVER 
GATE 

DATA 
OUT 

+1.5V 

F1g 5 Typ~eal di!'JI lln:ullry fnr IGITT mcmory (.1) D1g1l detector 
(1:1) D1g1t dnvcr. 

Thus a Wlltc opcrat10n, or a ncw word sclcct opcrat10n, 
may bcgm as '>OOn as thc Oip-Oop 1s sct. Thc lcngth of thc 
data output pubc J'> dctcrmmcd by thc detector gatc pulse 
W1dth, and m..1y be JO ns or more. Extcns1vc stud1cs show 
that an mtegratcd-c•rcuit vcrswn of this detector can have 

d j() i)}V "Ci1 ,•~P'U_:. V\ ,!Jl ilt) (•j)Cl!.d J'IL'l lLILitlil\ ;)¡:~¡\_ 

d1 1ver~ u::.c pu\h·puli c:illl• :u- lollowc'l'>, ,tVCI.:;!L' driVLr • '"O 
rcllll~ lunllcd 10 20m/\ lo ulll\l'l V<: liCVJCC .tn:.t (i<Jid-d··~·cl. 

~.duratlllgcircllltry ¡.., u~..:d, yJcidlloge::.llm.llctl ,J\Cid¡_;c 1"'·,)
<~g,l!Jon dclay~ of 5 ns pcr galc or pcr ga1.1 ·,;,¡gc. :v:ol(; 
complcx nomaluratmg ClfCUJlry 1111ght be u-,,d lo reduce 
mcrnory cyclc tune somewhat 

Tahlc IV shows thc csllmatcd ::.d1con ~llcc :11 •:.t 1 ··c¡¡,:¡ccl 
ior mtcgratrd-circult re;lill:atJOn oí' the c!lcu.,. ',ol(J\\ 11 i1..:1e. 
Thc~e c~tmoalc~ are ba::.cJ on actu.li layot1t;. :-,,, ~,,n¡J;¡r or 

•dcntlc.tl cucu1b. Thcy can ;.crve as a b.t5L> l'o1 c.liculatl,,íl nf 
an cxpected rangc of mem01 y co::.ts 

D LaryC/ -Ca¡wt'ity /1-lemOI_l' i'11111lule.1 

Thc storagc Ctpc~cJty of a mcmory mo<:uk m,.\' be cx
p.InJcJ by 111creasll1g thc numbe1 o! worcb .u.d/o,- 1 :,e num
her Of bitS pcr WOI'J thal ;-,hafC a >;lll:'iC SCI t" ~.cicCl. dri\'C, 

.md dctcct CIICUILS. Th..: d,ll,¡ oi'1 .1bic 1 may lk w.cd lo c::.tJ
matc thc cyclc time for largcr (01 \o~JallcJ) nHhl;ilc::.. Tlle 
a 1 ray dcl.1ys mcr e.1sc ltnea 1ly Wl t h ,·;..tc!Ntl. 1 ni t he lcngt h 
of the rc;.pecllvc ll!les. Decodc1 CJJcu:t del.¡:,, ,,.,·;case k:-.s 
th,m lmcally w1th thc number ol \vi)Jd> \Vo,d '>clect. dJ¡!Il 
dnvcr, and d1g1t detector dclay'> 'houiJ be .q>proxunatcly 
mclepcndent or array ~1/C. Tabk l!l ;.how..; C'llJ11.1lCd pc!
i'orm,mcc or larger-ca¡XICILY 1 G ¡; LT ll1Cll10· y lllOd ll k::.. 

M.1rgm con;.ldcratJOn-' placean upper iln1.t on the d1¡pt 
lii1C lcngth fOI any for:n of<;CI111COI1dllctor ll1C'illüry A'i meno· 
t1oncd carher, thc d1gil lmc lcngth for thc h1pol.tr c~.·li ,, 
f•g 2 1S lumtcd to about 128 words unlc;.s ::.pl·._¡,tl tcchn1que., 
are u;.cd to mm11mzc mvcrsc trans1stor .IC!Jc)Jl D1g1t lmL' 
lcngth for IG FET mcmory IS limJtcJ only hy ;.pecd con
~•dcratiOns and by thc total lcak.1ge cu1 rent oC the ¡Ht 

JUnclions ticJ to thc d1gil llne~. Tlm lc.tk<~gc current llJU::.l 
be ~mall 111 rdatwn to the typ•cal rcad-out currcnt or 0.1 
m/\. A maxunum lc.1kage cur••:nt of 10 n/\ pcr ccll would 
permil al lca::.t 1024 cdl~ on a lmc. 

Thcrc ¡;. an opt11n;d wo1d lcngth. 0 0 , lo1 a mcmo1 y 
module oí' .1 ~pccdinltolal storagc cap.1uty oi' N h1h P,lwcr 
d1::.stpation, a1 ro~y del.ly:-., 01 co~l mo~y he lllllliilil/cd hv 
p! opcr chokc of worJ lcngt h. ! r X 1::. t he p.l! ,; 111dCI lu be 
nunim1zed, optunum word lcngth ~~ Jctcnnii1Cd a:-. fol:ow~ 

X= f ... (W) + t;,(D), N= W x. D 

dX ----=o t/[) ' 

(::') 

whcrc .f:.. 1s thc componen! a;.socJ,Itcd '' 1th ,., ,), d dm1cns10n 
and (J 1s thc component assocJ.ltcd '' 11 h \' di d t..:n¿:t !J A, 
.111 approxmiat1on. powcr di:-.:-.Ip.tlJOll, c·•~t. ,¡¡:el ,¡¡ ¡ "~ dc
l.lyl- are linear fu,Kl!on::. of wo1d ,l/IJ mg1l .iJ:Ill.-li,·"':~~- ,1!' 
thc array lf thc cor> tant::. of ptoporl1onal1,y fe)! :; -:;;,,,\._:¡¡ 

paramctcr are x ... and Xa for ihc word and dl!.!ll d1mcnQ 
s1ons, respectJvcly, thcn the opumum word lcngth ¡~, fvund 
to be 
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HODGi '> ~1 MICOND\I«_'TOR MEMORY 

l'i\IILC 111 

c,ú•Aun·VJJl\IJ~CY<•"If fiMIIOI( IGI r¡ MJ•lOilV 

Wl 111 llii'ULAR 1 RAN~I~TOR i\( CI.S\ CIIH'Uil\ 

Wo1d c.Jp.•c•lY (32-b•t woHb) 
12H 256 512 1024 

-------------------- -- ------------ ---------------
A1 r.1y dcl.1y~. ns 

W<Hd \clCCt 10 10 
Rt·.•d 10 1 S 
Wnte JO 36 

Cirnnt ,klay~. n~ 
lkrndcr 15 1 ~ 
Word 'clcct lO 10 
('\elector 15 15 
D1g1t dn\'cr 15 15 

Full cyck tune. JI\ 10~ 116 
Rc.HI cyclc t1mc, n' 
W1Hc C)dc tnnc, m 

As,umpt•on~ l"cd aho\c 
Mcnwr;, l'CII (wor~t c.J>c) 

5Q 

80 

Wnrd hnc '" mg 5 V 

',5 
t;(¡ 

Rcad-out s•gn.1l 0.1 mA 
Wntc ;.¡gn.ll 5 V 

Word and {llgH cJrcu1ts (worst cnsc) 
Word ~clcct cturcnt lOmA 
Detector ~en~lliVIt)' 10m V 
i)¡g¡t dnvc curren! 20 mi\ 

10 10 
20 30 
4!i 72 

20 20 
10 10 
15 15 
15 15 

138 172 
15 85 

IOJ 17.í 

~ ---------------- ------ ---------------------------L 

TAllLE IV 

SlliCON Suc1 ARLA RrounH n I'OR IGFET M1 MORY AND 

A1-.~oc1A 11 n WoRo AND DIGIT ÜRCUITS 

W<)rd \CICCI ClfCllll (\CC 1 1g 4), l-of~l6 COdC 
17 1 r.,n~l~i(H\, 18 rc~Jqor~ 

Dmdc dccodcr, 1-or-16 codc 
144 d10dC\, 16 rC~I\tlll \ 

D1g11 dclcctur and d1 Jvcr (F1g S) 
Detector: 10 tran"~lo1<o, 14 rc~1.~10rs 
Dnvcr 6 tr.lll\1\tOf\, 7 ICM\IOrs 
Wastcd are,, 111 l.1yout 

Two dclcctor-dnvcr~ pcr d11p 
Mcmory o.cll' (IGI·rT) (hg 3) 

rachccll 001fimm 2 

128 ce lb pcr dup 

As~umpllon~ U\Cd ,,hove 
Mmunum lmc W1dth,, m.1~k ahgnmcnl tolcranccs 
Arca rcqu1rcd pcr t ran"\lor 
Arc.1 rcquunl per rc~1'tqr 

Ch1p hordcr a1 c.1~ 11111'1 lw ,1ddcd lo ,¡bovc figures 
lo ohtam over.JII clup ,1rca. ty¡ucal bordcr w1dth 
1~ O 125 mm al cach dup cdgc 

0.31 
0.17 
0.12 

0.60 

5 ¡¿m . 
0013 mm 2 

0.013 mm 2 

Thc dcstgn or a large-capacity. semiconductor mcmory 
bcgm<> with dctcrminallon ofthc maxunum module capac•lY 
that can be m.cd wtlhtn thc linuts tmposcd by systcm rc
qun emcnts ami a~~cmbly constderat10ns. lf sy!>lcm rcquirc
mcnb allow lkxthii!IY in word lcngth. tiHs para meter should 
be adjustcd lo mmtmt;e array delays, cost, or powcr dis
!>tpatiOn. Ordmarily, a numbcr of the rcsulttng modules 
will be used to achtcvc the total requtred storagc capacity. 

IV. lNlbRCONNLCfiON, PACKAGING, AND RELIADIL!TY 

The realization of rcliabk, high-specd, economic !>emi
conductor mcmory dcpcnd<; crittcally on severa! mtcrre
latcd problems of mterconnecl1011 and packaging. For con-

ventencc 111 di'>Cll'-~lon, the ovt:rall prohlcm 111.:'/ he hrokcn 
down mlo lhicc mam areas· cell (k~1gn. chtp de~tgn, and 
module destgn. Thts dtvl~ton 1:-. 111 f.Kt .trllflClal; tlu: thrcc 
arcas mu.\f he considcJcd ~tmultancou:.ly or llc!.llJvely if a 
bal,mccd dcstgn 1~ to he achtcved. 

A. M cmory Ce// De., run 

·r he co~t pcr btt of a scmtconductor mcmory of any 
capa.:tty is strongly a!Tcctcd hy thc ~tllcon ~lH:c arca uscd 
ro: an intcgratcd-ctrCUll IC<Ihzation. Cell <HCd úcpends on 
dCVKC tcchnoJogy, CITClllt configurat1011, 11llll1hcr Of (mes lO 

cach ccll, and mtmmum photolithogr<~phtc m;¡~¡._ clcarann:s 
allowcd for tcasonablc y1cld m fabncaiwn. The cells shown 
in Ftgs L and 3 are typical of c~l:~ dcsigll.:d foc ~dnple inter
conncctiOn and small arca. The~c cclls occu¡)y 0.02 mm 2 

anJ 0.0 i 6 mm 2 , respcct;v.:ly, whcn J,uJ out wtth 5-¡nn 

mJillmum m<~sk ahgnment tolcwnu>. !me wwths. and con
tacl wmdows. 

Thc cclls as shown are dc~igncd f01 f1xcd-p,¡ttcrn ~mgk
layer metallízalJOn_ Largcr mt¡aconl1l.:ctwn a1cas may he 
requircd ¡f additJonallaycrs of mctaihzat!on a;;d/or dtscre
tionary winng [12) are to be uscd for lntcrconncctJOn. 

B. Memory Clu/J Dcst(Jil 

Present expcnencc !>how~ that a typ!c<d 6-cn1 2 stl!.::on !>hu: 

wluch 1S free of largc-ar•~J dcfccts has belwccn JO and 1000 
small-area defccts [IJj, [29), [33]. Each of thcs.:: small 
fl.1ws rcsults 111 an unusablc dev1cc. Whcn 11 ts dcé.trcd lo 
bulld a memorv or olhcr sy!>tcm requmng a tot.ll of severa! 
squarc CC11lli11ClCJ'S Of pct f'cct SJitCOI1 atea, ~OillC mcthod 
must be found to mte1conncct only thc gond tnh:gratcd
CifCUlt componcnts. Two qutlC ddTcrcnl mcthods ror llllet
connccling thc good componcnts havc hcc.1 wtdcly dts-

, cu~scd. Thc:,e may be termcd thc f}(!l fcct du¡• and the tll\
crcl umary ll'lrin!J tech n tq u e~. 

The lir!>t approach av01d~ h,¡J componcnh by ~cp:11atmg 
the slicc into 50 to 1000 uHIIv;Jual chtps. E.1ch chtp m.1y 
carry up to 100 or more galcs. mcrnory cdls, or othcr 
circuits. The perfect ( HlO-pct cent funct10nal) chtp~ a re 
a:,sembied on a prctc~tcd sub!:>trate wl11ch ha~ hccn mctal
ltzcd w1th thc dcsircd standard mtcrconncct10n pattcm. 
Automaltc chtp h,mdllng .tnd assembly nKthod~ .1rc Il'

qlllrcd to mccl cost and tcllabtlity ohJCCiivcs. Ch1p :-ve 
should be chosen lo minnn11c ovcr:tll e,,..,¡ [1 J ]. 

Thc applicatwn or lhc <.hscrcliOil:lly \VI[ Jllg tcchmqlll' 
rcqui 1 es that .1 slltcon ~ltCL' be dcstg.wd SLl t hat thc lit~~ 
laycr Of mcla(j¡¿;¡(l011 resulis Ín J()O() lO :2() ()\)() l!ldlVldU,Illy 
testablc gatc~. memoty ccil<:, or othcr c1rcu:to.; Thc rcsults 
of a prohc test of • .. \ICh c•rcllll are u~cd a~ 1lw ,l.tt.t input l\) 

:1 computcr program wluch g..:ncra\c:- a un¡quc p.ltt.:rn fnr 
onc or mor•~ ,tddlltonal layc¡s of nwt.lllt/,tliull. Tltu,. lHll) 

good CIICUih are inlcrconncctcd to fonn thc dc!>ttTd l'dlll

poncnt as:,embly. Thc followtng su~'sccitons prc:.cnt a mote 
ckla!lcd discusswn of the pcrfc¡;t chtp and d¡:,crcti0:1MY 
wumg tcchniqucs. The ohJCCttvc is to dctcrmmc \\htch 
tcchmquc ts most appropriatc for rcalization of largc
capac¡ty semiconductor mcmory. 

/) Pctfect Clup Dcsryn: l t JS wcll-known 1 h,~t thc propcr 



clHHc.: 1)! llllcgJ.HL'li-cJrcuJl chi¡í '1/é wlil lllil\lilll/L' total 
L'O~l pcr Clll'lll( fu,,~¡¡~)Jl i'oi ,JllY g_JVL'l) \d of slií.L' dild cl11p 
pilll'L''>'>IIl•_•, p.td .. a¡:lllg. and llllciconm·ctJon ch.uacleii'>
IIC~ ! l_; j -[35 ]. A" cll1:1 -,¡;e 1:-. red uced bclow 0¡1l!llltalll, cost 
pcr CII'Cllll i'lllh.lhlll n~c'> h.:c.tu:-.c t:hql borde! Wd'>lC, test 
co.'>h .. 111d JntcJcunncctilHl C11~ts all 1111-rcase. On the othcr 
h.tnd, ¡¡' ch1p Sil<' ,., lilCI c.t:-cd abovc thc oplliH\llll pomt, 
owLtll C•hl 1 L;c., hccausc thc y¡clcl of good clllp!-. dccrca~cs 
1 apidl) Recen\ ~ludtc:.-. ~how that thc ll11!1llllllll1 co'>l pomt 
fo¡ bc:un-lc.~d tnlcgratcd cncwt~ wtth p1c~cnt tcchnology 
JS rcachcd wtth ci11p ,\Cll\'C arca (cxcludmg border ,uca) 111 
tlll' r.1ngc o!' 2mm 2 [13] SllmiarcalculatJon<>carncd out m 
thc C.I~C of C:011\Cill10!1,d p..iCLlgiDg, f01 wh1ch lhc COSl!-> of 
Jntcrconm·C'tltJn and .:ncapsulatJOil .nc con:-.Jd.:r.tbiy h1ghcr, 
:-.how t!J.lt ~he üplollilll1l Chip aCli\'C ,\rca IS of' thc ordcr of 3 
lllJll 1 [33]. Tot,tl C•''>l per CIICUJt funcllon ~:-. l11gher for con
venlwn.llly pad:.at',,:d ..:omponcnb th.lll for bc,un-lcad com
ponen!~, 

The forcgnil1g d 1scus~Jon gtvc:-. no con'>Jdet .1 !ton to thc 
detad.:d problcm·. o:· ch1p JnterconncciJOn In particular, 
ti may !1LH be Pl.''-'lblc cconomlc.dly to <~ccommodatc !he 
numbc1 of olr-Lhip conncctwns rcqlllr.:d by an opltnHtm
~~~e ch1p Tlw.¡1rnhlem c.tn bccomc acule for convcnllOilally 
pad .. ag.:d clupo., \VJlh wn-c-bond.:d JnteJconnccttons. One 
lllmlatJon 1!-. tllc maxnnum number of package pms avatl
a ble. ConvcntJOIIal packagcs Wl th nwrc pms ;11·e not a 
de~11able ~oluu,m dueto thc htgh co~t ami !JmJtccl rc!Jabil
ity of WJrc-h~.>nclcd mterconncct1on~ .• 1nd bccau!>e the 
p.ll.I~IIIC n:.ICI.¡ncc~ and phy~1cal volume ol mult1p1n pack
age~ can pul a limtl on h1gh-sp.:cd :-y:-.t.:Jll performance. 

Th.: ;dtern.t!Jve .tppwach, 111 whJCh l:ugc chtp:-. are dc
:-.Jgncd \"llh h1gh pliOnty on llllllliHlllll p111 counts. JS co~tly 
fm la 1 i-- :,y<,¡.:111~ becau ... e con~rtkra hk duplica llon of 
u1 cutll y '·" 1 eq llllnl. Tht:, pomt ~~ dlu~IJ a léd by the examplc 
IIH:ntinlll'd lll S<:L'I10!1 111-B. 

'Jil\' i<lrégOIIlg COil).llklaiHlllS kad lll a J¡~( Of dC).Jr.ible 
Ch<II.ILI<:JJ:-.IIC'> l'<ll a perfÍ.'Ct Chip llliL'gi.J(<.:d-cJICIIJI lCLh
llO lngy ¡ n ll'llO!lnccllon~ .llld cnc.1 p-. ul;d Hlll -,lwuld be m.tde 
by autolll.!lcd 01 h.ttch-plOCl').:,ed kchnlqltc~ lo obtam low 
l'll~l. htgll Jchahillly, aJl(l phy:,¡cal cnmpacln.:.,., Maxunum 
cl11p p111 co111ll .,Jwuld be gre,Jlcr th.tn th.: 14 to 22 pm~ 
.tllowcd f'o1 ~t.llld.lld packagmg 

Bc.Jm-lcad o,cakd-Juncllon Jnlcgratcd-cJICUII tt·chnology 
med~ lhe'>c requ11cmcnh. 13cam k.Hh aJe l<ltmcd at low 
CO'>I as ,1 pa 11 ol 1 he :-.he e procc~..,1ng '>ClJlll'IKC. Dcvclop
mcnlal dev1cc~ h.tve u~cd ccntcr-to-cenlcr k.1d spaclllg of 
U 1 mm orle~:-. .. 1llüwmg roughly 36 lcath nn ,¡ l-mm 1 chtp. 
The chip\ are cncapsui.Jted hy .111 0\eiCO.tllllg or ~tlicon 
n1tnde. Te.,tcd C'111p:, are t1onded by <><.:mJ.ltllomallc t.:ch
nlquc-.., at a lm\ co:-.t tndep.:ndcnt ni k.td cuunt [')]. The 
bondlllg opt:l,illon 1:-. greatly f.tcilat.Jkd by tite !.1c1 that 
only ,, o,¡ngle a!Jgnnienl opclallüll p.:r clllp ~~ IC(jUIIed. 

Severa! huntiJcd chips m1ght be bomkd to ,1 ~1nglc prc
lc~tcd gold-metalhzcd ccram1c sub"trate lo obtam a com
plete runCllOI1al untt. Any ChipS d.lmagcJ dunng or aftcr 
the bond1ng oper.tt1on may he rcplaced. Thc gold-to-gold 
bonds ami '>tlicon Bltrtde enc.¡p:,ul,t!Jon g1vc vcry h1gh rclia
bi!Jty 111 htgh-tcmpcrature .Jcccleralcd aglllg Le!>ts [8 J. 

¡:urther ,J<iv.Jiil.i;'l''> <•: 1!:,· nC,tln-lc.td :'iJ:1,.¡:,ch ·.i.:J.J 1-ru,n 
lile facl \hal Cbtp'> ll1,1\;'-' \Vllh dlil'<.:ITIIL lll:íJ,Oiil)_;IC\ k ,'0 
hqwlar ll <iil~d'>lOI .• ml !( d T~f J t<1.1y he 1111:-.cd o.1 ,1 \ilt:~· 

~~~b~tr~,t<.; Note .th•l tlut lll.: dcn•,¡t:; ,tl WÍlllil .:h:p~ ,¡,'- .ll

tachcd lo thc ~Ull\l,.Jié ,11ay he .:d¡u:-.tcd " thc lt~Lt o:· 
the:mal and/or lllle,cotll1éCtJo;1 C(ln'>:,icr<:ii•l"' ¡.,,,,tlly. ihc 

use oí modcJ<llC-:·.J7ClÍ chip'> wnhout '>CV<:t,: ¡111í .;.,u,¡t lunll.:
tions oflcn allow). the CIO\sovcr prohlém ¡,,he· 11, ¡~,kJrcd 

l'10m Lhc clup to lb..: Cél.lllllC ó.ub-,tt.tk M.:;,:i[,·_ <:rch'>o\, 1 '> 
may be f'ormcd ,¡nd tc:-.t.:d on thc sub,trat.: lll'iol e thc •,;.;,;;;
cünductor ch1ps a1c ,lllachcd P.lrtiiioning tln.: c:11p ::.11<'. lli

lerconncctJon, ,md cro.,.;llver probkm 111 1:11'> \\,Jy \ho,:lJ 
icad lO good y¡ckh Ol a\;.emhlcd funcilonaJ lllílh 

2) Fui/-SI¡ce Dt.\CI CI/0/I!IIT 1 v,, uu¡ ·;-1;..: di'.,~' cuonar) 
Wlrll!g tcchJilquc ¡:,a mean:-. hy wi•,ch go<hl c,)m,.n,1..:nts 1l1; 
" stllcon sllcc may b•: llllcrcoiioJ<.:,ted \'.illó\JL" phy~,c;,lll, 
scpar atmg thcm f1 o m 1 he bad C<li1 1 ¡ h)I>Cni" i,,)W Clhl ;md 
h1gh rcliabiltty are cxpected bcc.lthl~ .. :: piO<-C~-,mg op.::;:
twns are carncd out al thc ruil-~ltcc kvcl Handiing ,:;;d 
bonding of Jndtvldual componente·'" clzmmat.:d Thc num
bcr of ofl-~!Jcc connect1on~ ¡:-, 1 e,;,..,•Jil<~ hk beca use the ::.he.: 
1s dcsigncd a~ a compktc funct:on,d ;_m,t 

Severa! ciJawbacb lo dt).Crdl,>nary w¡r,ng c.m he ..:n<~

meratcd. Thc full siJcc J), u~elc~~. ¡J' thcr.: a1.: <1ny dekch 111 
thc 111!-.UlatÍOn 01' mct,ti j¡¿;¡(lOil U -,,;d for d I~Cret!Oilél ry \\ lflllg. 
1t 1:-. qucsllonablc whcthc1 tj1c requt!Cd degrcc ofpcrli:ct.on 
ovcr <~ full shcc can he attamed cconomic.diy. (A:. a gcm'l)'~ 
p1 acttcc. tl sccm::. undcstrabk Lo he~ ve c1 Jllcal procc~~~~\J 
steps f'ollowmg sllcc te~tmg) A ).tudy reporteo ci-..e
wherc [ 13] ~how~ thal cvcn ¡f 1 00-perccnl y1eld b .:C'o
nomically achievcd 111 sccond-l.tyer met.t!IJL.ttl<l:l. J¡-,c¡ .:
lionary WJIJilg Ita!-> only a margnwl cnst .HI\.Jnt.tgc O\cr th.: 
bcam-lcad pcrl'ect cl11p appru.tch de~C11hed .1 hove. 

Powe1 dJ~;.¡paLJon 1~ annlhe1 problcm .ILl0111p.tnylll¡!. th.: 
uttill.<llll)Jl of lull-;.llCé !'unCIWllal COillJ10111.:lll~; L'l)J1VCC!Illll 
coolmg may 110l be .ltkqu.ll..:. Of'te,1 nmay 11c itl<.:onwnt<.:nl 
LO 11!-.C llHCgJalcd ClrCLJll'> 111 :-.y:-.lénh at !Le ~:JII1C l11t~j¡ dL'I1'>1lY 
at wl11ch thcy are mo::.t ccollOllllC,dly fahllC.Lted 1\ ¡,,·.:nt 
1 CJ101 l SlJOWS lhé ! -11). deJa y:-. f'or llHCI COn IIC..:(L'd h)gJL '- 11-

cuJts can be rcahzed .tl ,¡ gale den~1ty •>~' :tbLllli 50 cn1 2 ¡:;¡¡ 
ThJ), llldJcatcs that hlgh-~pccd opcr.llJ,>Il ni d1~:1idl C'IrLu''" 
dOC). not reqlllié lhe \lSC of g.tte;, .tl lhé lilO()-lill 2 lklhll) 
typtc,tl on a ~l!cc. 

Fmally, Lhe full-~licc dppn'a,·h lO runctld:J.d CUJ1\¡J\l:lco,[ 
dcs1gn 111 pl.tCIJCe Jequtté\ th.u d '>in¡,!lc c.mtponen: 1·.:~_!1-

nology be uscd throughoul A:- d¡..,n,;.,,,.,; 111 S..:cllcln :11. .1 

mtxtu re of de\ 1ce t.:chnolog1e~ .1 pp-:.1 r ~ to dli ,-r \l)~l ;¡,1,1 ¡1-.'1-
formance advantagc;. for seimconductPI ¡,¡,·¡,;ol). 

C. ;\[udlllc Dclli¡n 

1\ ~ClllJConJucto mcmorv lihxlulc ~~ ¡,,.,e ,·,,¡~~l,ic·¡,·,i tl1 
compllSC an .111:./ ol' m cm 01 y L'el b. tut:c¡h._:¡ \\'JI h .. l'L.ll~; p Jco¡,· 
sct of d1g1t d11Ver .llld dcteclL)f Clr..:ull<> .. h'diL·~, dccodc 
and word clnvc ctrcutts Reg1st.::r~ .;ncl ,,,n¡;¡_:: cJrctnb !11d) 

be mcluded ¡fdeslred, íhc,c will not h.: -:,~cm,c,l hc~c 
Thc storagc cap.!Clly r~)j a mm:uk l)f lCJFET 111CJ11PI)' 

with btpolar trans1:-.tor d1g1t .1nd word CIILUll:- c;m he lll lhe 
range or IK (or lcss) 10 64}; btt'i (1\ = l02<i) iJcally, ,¡ L'0111-
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F1g. 6 !024-bH b1pol.u tr.1m1~tor 111CI110l)' .~rr.1y w1th dccod111g and word 
-;clecllon ClfClllt~. as~cmblcd on a 2-by-3-cm mdd1zcd s1hcon sub
'tr,J!C [6) 

plelc functaonal module ~>hould be assembkd on a single 
!>ub~trate or areJ of i O cm 2 to 100 cm 2

• Alumina is a !.uitable 
sub:-.trale material bccau!>c of 1ts good surfacc and thcrmal 
propcrti.::-.. Small-an.:a sub!>lralcs n¡¡¡y be madc from oxt
dil.cd silicon. Asan cxamplc, fig. 6 shows an experimental 
1024-bit bipolar transi!.tv, memory cmploytng bcam-lcad 
intcgr.tlcd-circll!t chip:-. a\!>emblcd on an oxtd!zcd ~ilicon 
suhslralc or approxunatcly 6 cm 1 in arca [6). 

Prcliminary ~ludies indlL<alc thal mcmory modules with 
storagc capactly up lo 64K btts might be as~>cmbkd on a 
!>tngk alumina suh~ltale or lOO cm 2 in arca. Mcmory whkh 
is both physically ami operallonaliy modular should havc 
significanl advanlagcs rclating lo thc rcliabtlity ,111d main
t;unability of a largc-capacily mcmory. Thts point1s furthcr 
disctJ.~scd m Scclton V. 

A!. an cxamplc, th~.: potential physical and clcctrical ch.lr
actcnsttcs of a 1024-word, 32-hit-pcr-word semiconductor 
m.:mory module are outlincd in Table V. E:>..pam.ton to a 
64-bit word VJould doublc capacaty wtth bul a small m
crease m cyclc tune. 1 lowevc1, it would he dillicult lo ac
commodatc 128 data lca(b (m addition to roughly 26 
addrc'is, ummg. and powcr lcads) on onc cdgc or a sub
stratc of rcasonablc 1.ltmcnsions. A total of about 340 bcam
kad scalcd-junction chaps could be asscmblcd on a 12-by-
8-cm substratc lo oiJlam a capacity of 1024 words. 32 bits 
pcr word. Thc approxunatcly 90 conncclions ncedcd for 
thc complete module may be brought out on onc 12-cm 
cdgc on 1.25-mm centcrs. 

1 AIILL V 
10:?4-Woim Mi MflitY Moll\JU·---L\IiM,\IU> CIIAHM-IIIll\iiC~ 

Mcmo1 y ccll an ay. 
1024 word~. J2 b1h p.:r wonl (J2/\ bu~) 

25(1 IGFET mcmory ccll ciHps, cach 16 word~, 8 bit\ 
1 ot,1l ,tet1vc ~•hcon arca of 256 ch•r~= 540 mm 2 

Standb} powcr lor 32/\ b1t~ = 32A.' x 40 ¡1W = 1.4 watts 

W01 d ;clcct c1rcull\ · 

1 1 ~~· 

Sclcct onc of 1 024-word hnc~ 11\ing a 1-of-32. 1-of-32-codo.: from dccodcrs 
64 chip>, c.sch d11vmg 1 6-word lmcs 
1 o tal oiCtiVC ~lhCOil ,1rca of 64 clups = 32 111111

2 

Opcratmg powcr =, 0.04 watt 

Dwde dccodcrs. 
P•ov1dc a 1-ol-32. 1-of-32 output codc from a 10-bJt two-ra1l bmary 

mput addrcss 
4 ch1ps. ca eh usmg a 1-of-1 6 codc 
Tot,JI act1vc \1hcon arca ol 4 clups=7.2 mm 2 

Opcrallng powcr =O 72 w:Jtt 

D1glt detector and dnvcrs: 
Prov1dc mtcrfacc bctwccn 32-blt log1c lcvcl data 111put and output and 

thc mcmory ccll array 
16 clups, each With two detector~. two dnvcrs 
Total acllvc s1hcon arca of 16 clups=20 mm 2 

Üpt.'ralmg powcr =, 1.0 watt 

Ovcr.lll char,•ctcn,llcs. 
340 mtcgratcd c1rcull ch1ps, approx. 6 cm2 total S1 • .HC<I 

Suhstratc. alumma, 12 by 8 cm, T1-Au mctali17A1tlon 
Tot<~l powcr = 3.2 watt~. powcr dcn,•ty=0.032 W/cm 2 

Lcad count: 32 bitS dat.l 111, :u b1ts dat.1 out, 10 x 2 h11~ addrc~\ 111, 6 
powcr and 11111111g lmcs=90 lc.lds total 

1 ntcrconnccllon. 90 lcads on l. 25-mm ccntcrs on onc 12-cm cdgc 
Esumatcd mean lime to fa1lurc-= 3 x lO' hours (34 yc.•rs), ha sed on 

0.001 pcrcent pcr 1000 hours mtcrconncctcd dup fa1lurc ratc 
------·----

Thc delay and cyclc time e!.limatcs are bascd both on 
cxtrapolation from experimental mea!>urcrncnts on smaller 
mcm01 ics, and on <hrcct calculations. Power disstpation. at 
3.2 watts, is low cnough to allow convcclton cooling with a 
tcmperalure 1 i~c of roughly 25"C abovc ambacnl. 

Most of thc tcchnology rcqturcd for rcaltt..tlion of :-.eml
conductor mcmory on thc scalc de~crihcd h\.·rc appcars lo 
be close at hand. Howevcr, thc ncccssary c.lpabtliuc~ re
main lo be dcmonsltat~XI in severa! arcas. Fi1~1. ;he dcsign 
d.:::.c1 ibcd in Tablc V docs not requtre intq~l.tlú.l-cu-nut 
chips wath two-laycr mctallt7ataon. Ralhet, h1gh-quality 
CIO:-.-;ovcrs on thc alumma sub~tralc~ m.ty be 1equircd. 
Methods for batch fahricatJOn ofair-tsolatc,lmct.dltc caw .. ~
ovcrs havc rcccntly becn dcscrihcd and appcar hl b.: appro
pnatc to tlus apphcatwn [38 ]. Economac.tl mcans for 
fabricaiing 100-cm2 alumin;.; subsiratcs. with m.:tallization 
on O. J -mm ce!ltcrs and w1th crossovcr!l, ha ve not bccn con
clusivc!y demonst¡atcd. 

Tcstmg m.:thmts ror colllplc:>.. substratcs hcforc chip~ arc 
attachcd are likcly to be dll1icult to unplt:ll1\.'11l. (fcstmg or 
fully asscmbled mcmory moduk~ h.ts bccn c.tt ncJ out ~th.'
cessfully with standard mcmory cxcrc¡scr~.) Qualtl) control 
111 sihcon slicc proccssing must be tmprovcJ somc'' hat bc
fore thc 128-bit IGFET memory chip rcach.:~ th.: nummum 
cost point. If thcsc problcms cannot be ::.attsfactonly rc
solvcd, thc 32K-bit module as dcscribcd hcrc may not h.: 
feastble. Howcvcr, it sccms likcly that semiconductor 
mcmory modules of at least 4K-bil capac1ty. cmploying 



11 ~X 

rh1p' '' 11h h.Jich-pl nc,-,..,cd kad;, ;tnd encap-,ul.ltion, ,..,,¡¡ 
~0011 be,¡ IC.Iilty. 

/), /\,·/¡u,,,'¡¡¡· 

1 1~<.· 1l'il.l hd 11 y .1 11< 1 ·IJ;mg ch.11 actc1 ~>t.~_·;, ol :-.cmiCOiHI liCtor 
111l'ill01) atL' )'CI lo he delll()ll;,(¡;¡{cd. Üf LOUI:-.e, lhe 11l:lXI

ll11llll u:-ci'ul 'oi/L PI " 'emu.:onductor mcmory 1:-. lumtcd by 
thc alt.unahlc Jcli.d•dny. S1gnlficant rcilabli1ty test:-. havc 
nnt bccn po;,~d.1k IP date, bccau;,e largc mcmoncs havc not 
bccn hullt and bec:lll~•: e.trly re,lhLdltons of scnuconductor 
memo1 y h.tw not h..:c11 constructcd W1th cmphas1s on htgh 
rch.ihliny. 

Thc ti1st bc.~m-k.ld seakd-Junctwn IGFETs havc only 
Icccntly bc~·n n':ldc· ~o available rcltabli1ty d.tta on thc:.c 
dc\1ce-; 1:-. \er) illllttcd. lt i;, wcll known lhat lGFETs are 
cspC\.'l;tll) sci1SiU\'C lo su1 facc contammatwn. iltpolar lran
;,tstor:-. ma(i<' w1th IW:lln-lcad scalcd-Juncuon technology 
ha\c undcr¡.:one C('il'ldcrnblc fl¡gh-tcmpcraíurc power ag
mg IX J Mc<~;,u¡cm,·nt;, of low-curn:nt common-cmitter 
cun cnt ga111 followlllg ~uch agmg llldJCatc that th¡;, tcch
nolo¡.:y P• t'Vldc~ vc1 y good protect1on of dcvJcc surfaees 
Thu'. 11 doc' not ~crm unrcn:-.onablc to cxpcct that lugh
relJ.ihJI¡ty IGFET;, can be madc. 

1 01 purpo~c;, of fli~cu~!>lon. 11 is as;,umcd that lhe mc<In 
tune to t:1ilutc of .111 mtcrconncctcd bcam-lcad ~l~alcd

JilllciiOil llltcgiatcd-clrcuit clnp (b1polar trans1stor or 
IGr·LT) wlll be at lc.1~t !OH hours. In othcr word;,, tlll~ ~~a 
fo.lllu1c ratc ofO.OOI pcrccnt pcr 1000 ch1p hour;, A burn-in 
;.crccnmg tc't vcry l1kcly wdl be ncccs;,ary lo ach1cve th1s 
low ¡¡¡¡J¡¡¡c 1.1tc. lt ~~ mfo1maiive to note that f.ulurc r.1tc~ of 
le!>;, than O 001 pcrccnt !''5 1000 hours havc bccn altamcd 
for carcfu::y :-.crccncd llllcgratcd c1rcuih cmploying con
vcnllonal ,, .rc-bondcd ultc¡conncct¡ons [39]. It is cxpcctcd 
thal thc fa:lurc ratc for beam-lcad intcgratcd circUlts will 
be lowcr than for wnc-bondcd intcgrated eirctllts. 

Al a ¡nc;lll tune to ch1p failure of 10>~ hours, thc mean 
:une tu ¡,~,Jure of .1 32/\-bit mcmory module should be 
aboul 3 x. 10 5 hour,, 1H }4 ycar;,. Thc ovcr,lllmcan tune lo 
fall u re of ,, mil 1Jon-h1t mcmory would be onc ycar. Th1;, levcl 
of ¡c!Jabillly ¡;, ;.ullic1ent f01 many applica110ns. 

V. MtLLION-Brr Mr MORY 

The t wo prcv1ou;, ;,ect1ons ha ve exam1ncd thc clcctncal 
and phy;.¡c.ll ch.ir.lctcnstJC;, of a 1024-word, 32-bil-per
wnrd mcmory mod11k. lL 1s .1pparcnt from thc ch1p arca 
d.tld oi'T.1hlc V tho~t :he1c 1:-. littlc cconomtc molivatton for 
ii1Cicaslllg module ~ti<: abovc thc 32A..-blt leve!. 

T11c ant1C1p.1ted L·oq, rcll.lbllity, powcr reqtllrcment:-., 
,IIHI phy~ICai :-.1/C o(' lile 32/\-bil module are ~liCh that 1( 

.. ppe:11~ IC.I~on.¡hlc to Cllll~Hlcr ,,,~.cmhilng a l:11ge lllCI1ltlry 
1 rom a numbcr ot' tllc~c modules For purpo;..c;. of dt;,cu'>
"on. ,1\\lllliC t!Jat ,¡ 106 -bil lllell10ly, COillj1ll\111g 32 of thc 
:12f..-htl module:-.. '' dc~Jrcd. Somc of thc importa ni poml!> 
10 he cono,;dcrcd 111 th1:.. scctlün are quc~t1ons rclated to 
<~dd¡c;," :-.clccllon, par.illcl dnvlllg of dat.1 !mes, mtercon
IOcctiOil'>, nOJ;,c, vol.ililrty, and maintamabJ!¡ty. As a sum
rnary of lhe COnCJUSIOn;, Of this SeC[JOil, thc lcft COilllllll Of 
T;,bic VI ~how~ the expcctcd charactcnsttcs for a JOf'-bit 

¡; 1 y ,• .. 

h ¡ . ~-, ' ' ,¡ "1 •,e;- ,¡0 lllCIJ1t){y u(t:-,C{ 00 ·•1C~ ~~l\-nll Ifll.hlli~t..''l (¡,\' \·~~'' L· JI l • 

thc ¡upcr. 
lt ;.hould h,, ohvmtl'• tila! !lh: d.1i,1 pn .~,.;:c(J )¡u,_ ,;te 

Od.'>Cd 011 VC!Y C.\lCiHk,i C.\lf.ipol.llll'il iJOiil ,¡t ,,,¡J c,¡l-.;1; 
enCC Wilh "CllliCülldULI<li lilCill\lry. I)L~j'•IIL • ' :. 11,'U.i.Jii\ ,· 

naturc o(' the folloWIIlg di\Cll~\ldll, !. ,¡,,,¡;,: i•l Ul ~~11~~,· 

llllCic:-.1 bcc.Ju~c thc rápidly p;ogn:~'>tn~ dc:\,·),,¡1.-•'¡·,,. d! 

¡ntcg¡atcd-cllcllll tcchno!<lgy may sho1!ly ht ¡;·,;· 1dl,'' ~C!1i,

conductor mcmory tnlo Ico~lity. 

A Elcurual OI(Jilllt:a/wn 

A 106 -b.t mcmon' could he org:lllJ/c(: .h >2i; W•licb. ~?. 
bitS pcr word. A 15~blt bill:lij ddrirc,, ,, lct¡.:J:cd ro, \\Oid 
:.elcctlon; add1c:-.;, sclcclllm cm11d be O• ¡:ani/O:tl .J" :ollow~ 

Thc JO lca:>l Slglllt'lcanl hliS or thc ,l(ldrc::-.:-. .¡¡-.: l•)lll;cctcd ill 
parallel lo thc decodc, .:'pttb <ln .di 32 ¡¡¡,>dülc~ •. The 5 
rcmamlllg addrc:-.;. h11~ a1c ccnl:,tlly dcL<)<k,l .iiHl u~cd lO 
fOUIC powcr ~11pply andjor li111!f;;! pUl~';' lO p¡;c of thc 32 
module!> The1cforc. th•: J¡g¡t Clt\:Uih ul only <>nc of thc ~2 
module~ wlll be cncrgl7cd at .111)' o,¡c t.:JJC : iJ,, ~t•atc_,;y 
apprcoably reduces ovcJall powc. con:-tli110L•"' Thc powc: 
supply swttchmg will prcfcrably t.ikc pl.a:'~ on thc: moduic 
suhstratcs, undcr thc control or 111c ccnlr~.l ckcndcr. 

Thc rcad cyclc time will not LK .1pprccl.lbly .drcctrd hy 
powcr ~w¡tchlllg the detector,, tw.:<~u;.c thc ck:a) a;.~oci<~lcd 

w1th 1.h1;, swllch111g ~hou!d he about equal to ti"· c>lunatcd Q 
20-n~ rcad array del.1y. llowcver. thc wnk cy~·ic lime may 
be lcnglhcned by 20 n:-. beca use no ~11111la¡ ovcr • .~p I\ prc~cnt. 

lf thc d1git detector CII'Cllll of F1g. 5 ¡:-, h.:dc:.tgncd for 
Wilcd-OR p.llallcl conncclron .Jl thc outpui. o~ddil,onal ck
layo, .llld tbc Jo.tdillg of }J p.i'>~IVC nodc:-. V 1ili lcngthcn t!Jc 
rcad cyclc by 20 to 30 ns. Thc dtgiL d11\'cr mpuh lor thc 32 
module~ may be parallclcd d¡rcctly on a lme t1cd lo a h1gh 
fan-oul bufkr atthc cost ofpcrhaps 20-n~ dcl.1y. Thts dcl.1y 
overlaps w1th ;,clectlün del.1y. In total, thcrd~lll', thc ac.:c~~ 
tullC .ln(i rcad cyclc tune J'or thc complete lG''-htt mcnl.>r y 
:.lwuld lw under 120 11~, tite Wlltc cydc tm1c. ;t!ln,rl 150 '", 
a mi " complete read-wn le cyclc tune al one ad\i • e~'· 2:'0 1•' 
01 lcss 

Thcse cst lllla tes or thc e y ele time llld!C.Ik til<C ,¡¡)p! ox¡m;¡ i ~· 

pc1 lormancc c>.pcctcd wl1e11 u~1ilg thc rcl<~li\'Liy .>m•rk 
saturalmg bipolar transistor word aJHl d1gll CliCllltr) ;]1Cll\'rl 

m Ftgs 4 and 5 H1ghcr-~pccJ upcrat1on cot.ld be obt:•'•lcd 
by rCdUCÍllg thc numbcr of WOrd~ pCí illO(i<.JC. ,llld/(11 by 
u~·ng more sen~ltiVC d1g1t dctcclor~ .wd ht(.Chct-cu¡¡·cm dit:·l 
dii\CI~ 1-iowcver, lhc wtcrú)l)lll'ClH.Iil .1:1d .. lll~C pr~,;1km~ 
d1~cm::.cd bclow m.1y r._.,u;t m dllnm.: l11n¡; •L'tliril" t'o; .ll

tcn1pts to reduce ~ubsí:tniJally n:.Lil1l1 i} L~yck~ l·LIC ~-\ 1 1 CII
mcnt.ll cv¡dcnc..: on thc~c m.lltc·r, ¡:, b.¡Jl) rh·,·,:,·.J 

1J Pacl,at¡tny und ln!r <'Uiti/,'Citonl 

Carc w¡ll be m.:cc:c;;,ary 111 pl.tnn:n~: tn,· 111tc, ,.,1lllKdl(',J Q 
and packagmg of :1 l 0''-bit mcnh'ry w m¡,¡;:'l,;c p•·or,kms 
Wilh clcctncal nm;.c. hc.lt d.~'li)dllon, :1mi rc'll .. bli:t\ lt 
sccms dc~¡rab!c lo kccp thc m;mbcr of ~nkk:..:,! ·'''d prc~-
~urc contacts toa m1nlllHII1l m ordt.:r to m.t\.lm 1/C rd 1.1 b.l lt~· 
Onc poss1ble approo.~eh would u~c a li;.:t, mo!dcd \\ li .: 
harness to make conncctwns from vcrucally m~Jun.c.:d 
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IIODGI:S. SEMICON})li\TOR MEMORY 

TAllLE VI 

CoMI'AI\'~ON m SI:MICONDUI IPH ANn MMiNI:llc M1 MnJw.\ 

-..:.=--=-~-:::::-:_-.=...::-...:::....::.-:=:---_--

IGFI:r B1poiar Platcd w1rc Plan.tr film l"crrllc corc 
-- -· - ----------- ----------------- ---------

lrn11 ccll 
Rc.Jd-oul NDI~O NDRO NDRO DHO DIW 

190 
190 

() 

Rc.1d dd.1y. ns 
Wnk dci,¡y, n~ 
Slandhy prmw. ¡1W 

Array o!'cclb 

10 5 
25 5 
40 1000 

20 10 
20 10 
o o 

' /\¡r,¡y,llc. rnt~ 1024 X 32 128 X 32 4K>-. 128 1024 X 64 16/\ X 18 
425 Wmd 'ci.:u l'Hrtcnt. mA 

l),gll "nt<· cut ro:nt, mi\ 
D11vc \ nll:!),!C'. V 
Rc.td-<Hll 'lgn.li 

Mcg.1hll mcnwty 

10 
20 

5 
100 ¡u\ 
llc 

20 
20 

¿ 

50ll ¡.¡A 
de 

900 
20 
20 
lOmV 
pulse 

201) 
15 
lO 
2 mV 

pulse 

425 
30 
20m V 
pubc 

256K 64K [CPilOllllC module, IJ¡t, 8K-J2K 4K--'iiK 256/\ 
l'owcr "'"IJ'.IIion, \V 60 1000 200 :'00 l 00 
l'ull ,.),k tllliC, n' 220 170 200 :'-ill• 500 
R.H k p.1nd hc1ghl. cm 30 JO 60 3ll 300 
Mi'g cn't pc1 bil 111 n1.1s' pr<>dJit'llllll, ccnb 1-A 4--5 2-4 2-4 2--3 

lli 1'[1 = ¡>·l·hannclmclii<H)' a, ¡,¡y, w01d org.m11cd. b1pol,u trans1s1or word .111d d1g1t Clrculls, bcam-lcad scalcd-JU11Cl1011 a~\cmbly. o~ll d.11a are author·, 
C'lllll.tlC' 

Bt¡H•I.Ir= lo¡pol.1r tran~"tm mcii10J)' .m ay, Wl•lll olg.tmzcd, b1polar transt~tor wurd and d1g11 ClrCUils; ~1hcon full sh<:c w1th d1~crcuonary wmn&. d.tl.l 
1111111 Dunn f4J 1 

Platcd w•rc~- pcrPl.tlloy clcm.:nt. wmd otg.lllltcd. h1pol.~r transi'IOr cu~.:ull~. from W,t,lbcn [441 .uul Pct~chaucr (45] 
l'l.tn:u liilll=-pctm.dloy LOUpl('d lilm ckmcnt. word otganJlcd. htpolar tran~t~lot Clll'llll~. from Pct~hallCI [4~]. Pugh ctal [46]. ano Snnkm' [47]. 
rcrntc CllfC=II1agnc\llllll·l1l,lllf!<lllC~C COIC~. 22/15 11111; 3-WIIC 2iD orgallllCd, btpol.tr lranM~IOf CIICUI!s,lrollll'ctschaucr [45] .tnd CiliJ¡g,lll (4:1j 

mcmory modules lo hori7onlal bus~s intcrconncctmg all 
module:-_ ;\t 1 he mcmot y module, the wtrcs would be wddcd 
to thc mctallll.cd allllmna on 1.25-mm ccntcfs. 1\tthc busc:-., 
connccl!ons would be m:tde h:v wirc wrappmg to pins 011 

2.5-mm cenkr". Wire orrentatron through the fan-out 
would be pre~erved by 1 h~ molded hat ness. Modules would 
be replaccJ by remov111g thc wrre-wrappeJ connections and 
in:-.talhng a new module. With adjaccnt module~ mountcd 
verlically on 1-cm centcr~ •. 32 modules, logethcr w1th tim
tng. control, and Jegi ... ter l:ircuits, could he tlhHinted 111 onc 
JOW ora :-.tandard 4H-cm rack. Tht~ a:-.semhly and inter
connection approad1 cltnllnatcs all cpoxy ptmtcd CII'Ctllt 
C.IHIS, piug-111 eOllllCClüi'S, and soJJcrcJ CO!llH.:C!IOll~. lf 
rcqtmcd by maintcnancc considcrattOns, plug-in con
nectors could be u~cd 111 place ofwire-wrapped connectwns. 

A prcli mmary cst1ma te of thc noisc problem <11 t he back
pancl bu ... c~ may be madc using lumpcd-paramctcr tcch
n•quc-;, hccausc the pulse nsc time on all !ines can be ap
prt·ci.tbly grcatcr than thc propagation dclay [40] Thcrc 
will be arpt cciahlc mutual capae~tancc ami mductance 
betwccn opcn hu se:> on 2.5-mm ccntcrs. Poss1bly st1 ip-hne 
tcchmqucs would be ncccssary to reduce thc couplmg bc
twecn lmes. 

The total powcr diss1pat10n fo.r the 106 -bit mcmory is 
cstunatcd from thc data ol' Table IV. Thc mcmory cclls, 
wh1ch must be cnergizcd at all t1mcs, rcqUJrc 40 watts. 
Only onc dccodcr and one ~ct of chg1t c1rcuits wtll be 
cncrg1zcd at any tune, so thc dccodc and dig1t circllll powcr 
diSSipation wtll be undcr 2 watls. Addmg an amplc aliow
ancc for central t1ming, control, and rcgiste1 circuits, thc 
total power OISSlpattOn should be lc~s than 60 watts. Th1s 
amount of heat can be elimrnatcd by frcc-air convection. 

C. Volatility 

/\11 storcd llll'ormation 1:0. lo:-.t rrom a :-.emicondllllílr 
mcmory 11' supply powcr 1~ mterrupted. Va1 HHJS mean~ c.tJI 
be suggc~tcd lo tnllllmizc lhe significancc ol'tlm. prohlcm i'or 
applicatwns where no back-up sloragc ts a vallablc. '1 he 
IGFET menhHY anay dc~cnbed abovc will hold all ~lored 
ml'ormatton with 40 microwatts pcr btt :-.tandby power. l)f 

40 watts for 106 bits. i\ modest ballcry wouid :-.upporl llw. 
load for severa! hou1 s. ;\ dra:-.tic rcd{JcttOn 111 holdmg pmwr 
would beachicved with low-lcakagec!ltnpleml·ntary IGI·I· f 
memory cclb, at the expense ol' an ancJl',l~<-· in dcvtl'l' 
proccs~ing complcxity. 

1 n some :-.y:-.tems, thc most cru('ial Informalton doe~ nnt 
rcqUirc frcquent changc. ;\ nonvolattlc 1ead-only mcmory 
might be uscd ~o store ~uch :nformattOn. Early c~tunatcs 
111d1ca te th<lt :,cmJconductor rcad ·only memory (not clce
tncally alterable) wlll cost apprcciably lcss than rcad-wntc 
memory. 

F111ally. some clcctrically alter,tblc nonvolatt!c semicon
ductor storagc clcrncnts ha ve becn reported 1 e.:cnlly (41]. 
(42]. Howcver, furthcr work is nceded bcforc the prac
tlcaltty or largc mcmoncs based on thcsc dcv1ccs can be 
cstabllshcd. 

/). M aintamahiltty 

Scnuconductor memory has an un porta nt ad\ antage 
ovcr most magnet1c memory techmqucs 111 that comp.tct. 
complete modules with capaelly of 256 to 1024 w01ds are 
natural, cconomieal buildmg blocks for a largc mcmory. 
Once such a module is availablc. mcmoncs of vanous ca
p.u.:íties are casily buill up \\Íth a minimum of dcs1gn and 
toolmg expense. 
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A \CL'lllhi. illOil' 1i11porLinl ,¡dvo~nl<!~C or lh-: modular 
ll.iltllc ol ~L'll11L'Oilliul'lnr mcmory ~tcms f1n111 \he lacl thal 
25(1 lo 101 · 'VOJtb ~~a typ1c,tl r.1ngc for mcmory p.1gc s1te 
111 comp!i,L'r:-. Wllh p.t¿~ew¡;,e .1dd1c:,~ reiocallü•1 capabli1ty. 
rhl\ ll'l\::111:-. lh.l! 111 Cd~l: of a 011C-bll faJi111e (ddected by 
p.111ty ciH.:ck111g cvLTY wo1d re.1d out), the mform.tllon 
sllHnl 111 thc dekdtvc p.1gc cm be automat1cally 1elocall:d 
111 a 'P·IIC p.1¡,:c. D1.q;nost1c rouuncs could be used to check 
for nthc1 f:11lurc' 'lhc dcfcct¡vc p:1gc ~.:an be byp.1~sed by 
the .lddll·o.;s leloc.llHll1 roul111e unttl it 1s rcplaccd. Only a 
onc-p.nt 111\ cntor} ~~ ncce:-.sary for thc en tire 32-module 
1<1CI1101 y. Th1s onc-lo-onc correspondcncc betwccn the 
phys11.:al and thc funetional module ~hould be very helpful 
m d¡,¡gnüc,!S .llld rcp.m of fa dures. as wcll as in mimmiZing 
:-.)stem dm-.n tm1c. 

VI CWII'ARISON At'<D PROJLCliONS 

A. ,H,u¡nnu h•1 1¡,,- Sciiii<'OIIductor A1cmory 

1.1hlc VI p1 c-,enlo.; a companson of two poss1ble forms of 
~l:lll1Clllld11Cl01 mell101')' and th1ec ¡c,¡IJ¿ai!OllS of magnctJC 
ll1li110ry, .111 a11ncd al thc millum-b1t capac¡ty rangc. The 
numhcr~ prc:-.cnted a1e rough and ~llbJcct to qualificaiiOIL 
N e\ ert he le:-\. thcy llldJ<:a te so me rcl.1 t 1vc eh a raclcnst¡cs of 
ulll'cl enttcchnolo¡pc., as applicd lo la rgc-capac1 ty memoncs. 

Commcnt ~~ 111 ordcr conccnung thc sl.ltus of each 
mcmory technology 1-11gh-spced core mcmories are avaJI
,¡hlc fnr largc-cap.Klly appJ¡catlons. PJ,¡nal and cyilndneal 
film memonc~ are now ~eeing mtroduct01y applicat1on. 
Lu ge-capacily low-cost ~cm1conductor memories are under 
dcvclopmcnt; appiicatiOil 111 commciCI.tl systcms cannot be 
cxpcctcd h:f01 e 1970. 

Cons1tk• lir~l the comp.uat1vc characte1 1sllcs for the uml 
memory CLII~. Note th.1t the read ,¡nd wnle delays for thc 
fcrntc corc are con:-.1de1ably grcatcr than for the other tcch
nologlc', Thl'> 1> >O bccau:-.c fcrnte SWILchmg mvolvcs 
nuclcaliPII .111d prop.1g.lll011 of m<~gncllc dom.11n:-., a slow 
and lo~~y ¡Hoce'' In contr.1~L. lllagnctlc lilm :-.wttching in
volvc:-. thc 1 ot.tl10ll ni m.1gnct1c doma In>. fundamcntally a 
ra~lcr procc:-.<,. Cm e and planar film technolog¡es bcar a 
burden not sharcd by the alternat1ves; thc st01cd mforma
tion mu!-.t be ITWiltten aftcr evcry rc.1d-out. 

Of eour:-.c !he dcl..Jys for any of lhe UJ11t ccJJs may be 
rcduccd through h.11 dcr d1 lVlng and/or rcdes1gn. Thc num
ber~ ~hown :-.ccm lo be a fan· prescntatwn of rcsults obtam
ablc Wlthout ~CIIOII~ econom1c pcnaltrcs. 

The :>landby power rc41mcmcnts for semiconductor 
memory are a dr.1wback, m01c or lcss senous dcpcndmg on 
thc sy~tcm appl1eauon ThL ¡)Qwcr rcqlllrcd by a b1polar 
tr.1ns1~tor mcmory cclli~ so h1gh that hnngmg curn;nt mto 
.md hc.1t out from .1 l.1rgc mcmory may be costly. Ncw or 
1111p10vcd dev1cc technology 1s ncedcd to reduce standhy 
power without senou~ cost penalty. 

The largc dnve currcnts reqUJrcd for word sclcctwn m 
magnctic mcmory are mcompatible with low-cost mono
lllhle mtegrated-circuit capab1lit1cs. In this respcct, semi
conductor mcmory has a s1gnificant advantagc. Thc rcad-

!'RO< i 1 íJ1i'-G.'- Or Tlí1: ¡,_¡, ,LL': 

out :-1gnals from :-.c1 .. 1-:o,ll:dctor mcm01y ;,,,: d1rcct -.L.' u1t 

th.tt 1'>, thc ll.,ad-ouí co;l\11H,..::- for thc dLil .t\:llil of' ·wol do 
.1CCC~S, \lll1j)i1Cy111g thé ICLJll1remcnh 011 dctcc;,¡r Llr..,ulll)' 
M.lglh'!IC mcmtliY re.1d-out ~.1gnah are puhc. lli' llimlLd 
enc1gy and w1dth. Thercl'or~.· ~en'>ll1H'. .JCllll:1il ·J g.tted de
tector'> are r~.·qtllrcd lor lliii)!I1Cl1c memo, ;e\ 

TUl nlllg now 10 thL' quc'-11on of modul..: -.:;-:, :l '' i..lcar 
th.1t f'or sem1concluctor lilCI110ry 111 lh..: f'o1,·,; d, ,,, 1hed 
ahovc, the cost pc1 b1t doc~ not decrca'>e :.¡>¡;;·l.c:.·tily ;," 
module cap.IC:ty J\ mcre.1:-.ccl above aboui 32/\ h,t~ Cp•,t 

per b1t for magnct1c mcmory 111 ~m<1ll ,nm:u:c., :~ h1ghL·r 
th.111 for ~Cll11COI1diiCIOr ll\Cll10I'Y, .1nd iÍll' COl rc:->po,¡Jmg 
llallcr11ng 111 the co~l vc;,u~ c.1paoty cu1vc 1., ;e.tchcd ,¡t 
64/\ bits 01 h1ghcr. E~llm<~tes '>um,n,¡¡¡;cd 1;1 ·¡ .111lc VI mdl
catc th.1t thc manufactunn¡; en:,! für ¡;:c¡;ah.l •,<.::niCOiicluctor 
mcmory wdl be compcllliVC W1lli th.11 f'o1 111,\filCill .ncmory 

The phy~1cal vol u me ol :1 llll'.Jln; y C.Jil b~ "J!!IIIi~cant 1f 
propagat1on limes for control .111d cl.Jl;l ~11:'-ll<ii~ 111 tl.c mcm
ory bccome apprcc¡ablc 111 ¡t:J,1tiOII to cyclc l1me. Table VI 
~hows that th1s p10blcm 1~ !Jkcly to he 11lllllll1:tl for :-.cm1-
conductor and m.tgncllc film lllCillOJ 1c~ 
A~ a fin<Jí poml of compar1son. nutc th.11 thc proJl'Cied 

cyclc time~ fo1 ~cmtconductol alll; nl.Jgnetlc lilm me111011e-> 
r.JII 111 thc same rangc, In c,¡ch ('.!~C. tite dcl.ly:-. .1~:-.0CI.J!ed 

w1th the uml ccll ;ue ;¡ !>l11all f1ad1on ol cycle tune. Thc 
m;1_101 part of thc cyclc tune for a megab1t memory ~~ 111.1de 
up of thc delay!-. 111 dccodlng, sclcction. aml d1¡pl ClfCUltry. Q 
S1ncc b1polar tran~istor cunntry 1s u~cd for the:-.c lunclllll1:-. 
111 all cases, 1t 1s rcasonablc to cxpcL'l roughly cqu,tl cycic 
t1mes. 

11. Conc/usions all{/ P1 o¡c:ctlonl 

Thc d1scus:-.1on m thc e,u llcr scctlons 1~ LOI1CCmell pn
manly w1th the probable charactcn>.llC~ ül :-.em.concluctor 
memory based on 196H sillconlnlcgtatcd-urcllll tcchnology. 
Rcfincmcnls 1n th1s tcchnology ate liJ..cly ovcr lile nc:-..t 
~cvcral ye.trs. W1lh tlw<.c 1clincmcnts will COIIll' the pokn
ll;il fo1 rcduccd co ... t .tnd 111lp1 ovcd perloiill.illCL' ol \•::1· 1-
conductol mcmo1 y. 

lt scem:-. llkcly that :-.e1111conductor mcnltll y fvr "lli11l' 
ycars to come will be ba;.cd on :-.i11con tccllllo:ogy. Altil,>u¡.:h 
modest Improv.:mcnts 111 h1gh-spccd pc1 l"o;m.¡nee '11J~:ht be 
obtamed wllh gcrmamum 01 t!alllllll1 a1 scn1dc dcvJ,'•'·, 1ll 
thc mcmory ccll .~rray, thc h1ghly dcvclop<.:d ~d1coq I<:Cil
nology will almo~! cctta;nly h.Jvc .1 >llh~t.llll1.1Í ec,)lloll<l,: 
advantagc wcll 1nto thc l"ulllrc. 

IL ts w1dcly expected th;1I the co:-.1 ¡)el c¡:·c¡:.t funci:,)¡¡ l'¡' 

sil1con mtcgr.ttl.:d c1rCUib ''di contmu.:: to dc'L'imc ,\cc,l;,;-
mg lo one rcccnt e.,tlm.Jtc. thc e,).,¡ rcr lc)g,, ~.n..: .\1, ,i.'=:-
1t.d 111lCgr,¡ted C!ICU1b lll COil\'c'I\(IOllai p 1c'"·1~~c', \ 1ii d~'

elli1C by more th,lll ,l .. lctor of ft)lll 111 th..: {h'1ll),¡ l ')(.~ t<.) 

1974 [33]. Thc an~1C1pated I"Cl!IJCIIOI1 111 (u:-l '' ,:¡ he ¡;¡..:o 
rcsult of 1cductl0n~ 111 urcull drmcn~1011~. ol ckcli;l.rl~: .,;:e~· 

processmg and ch1p pack<1g1ng co<.l<. .• 1110 oi· :.-tl;)tv,cml.i;::. 
111 quahty controL At lca~t ,lJl cqt~lvalcnl rcJuctton 111 thc 
cost of senuconductor mcmory ~hould be cx¡-;ectcd 

Advanecs m mtcgratcd clcctron1cs tcchnology \\:ll .1:·,.) 
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tcducc thc ..:yclc lllllC for ,¡ 111Cll101Y module of f,lVCil storagc 

e) capactty. As potntcd out 111 Scct10n 111, array dclays are 
, dctcrmmcd pmn.tttly hy t he capacitanccs of dcvtcc~ and of 

mct;1ilm:d intt,Jconncdtons on thc mcmory chips. Rcllnc-
mcnh in m.lsk-mak111g and photolithographtc skills wiii 
pcrmtt rcduccJ dcvtcc dimcn~ton~, rcducmg all capact
tanccs. A rcdw.:II0\1 or cap.lCllanccs by at lcast a factor of 
two from thc valucs IIstcd m Tablc 1 should be cxpcctcd. 
Wotd ,wd digtt circuii dclays will also be rcduccd through 
use of smallcr dcvKcs. Nonsaturating circuitry may be 
rcquircd to obtam stgmí1cant 1mprovcmcnts. 

In summary, rcf1ncmcnt~ m prcscnt tcchnology over thc 
nc:-.t se\ eral ycars should pcnmt thc cvolut10n of mtllion
bit scmtconductor mcmorics opcrating at cycle time~ m thc 
100- io 150-ns rangc, at a cost in thc rangc of onc ccnt 
pcr btt. 

Thc ultnnatc cho•cc h ·~ -. :ln scmtconductor and mag
ncllc mcmory wtll be ba:.n1 ,wunarily on cost and rcllabtltty 
data which wtll be avatlabk only aftcr cxtcnsivc cxpcncncc 
has bccn accumulatcd. How~vcr, tl now appcars thal both 
magnctic and scmtconducLor mcmory wJll be widcly uscd 
in ruturc :-.ystC\11!-o. Barrm¡; dr,unatic ncw dcvdopmcnts 10 

cilhcr magncttc or scmtconductor .dcvicc tcchnology. mag
netic mcmory will be favor~d whcrc voiat1hty of storcd in
formation cannot be tolcratcd. Semiconductor mcmory wdl 
be favorcd whcrc cconomic modules with capaclty of 105 

() bits or less are dcslrcd, and for highest-specd operation. 
.\__ 

o 
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Large-scale integration of semiconductors has made standard memori8s 
practica! for use in implementing combinntionci.l and sequentiai logic; 
Floyd Kvamme of National Semiconductor explains how this is achiev8d 

0 Complcx logw functiCH)S j,) contwl and a1 ithmctic ap
plications can now be implemcntcd economically with 
semiconductor rí',)tl-only mernmie~. thanb to IC'ccnt 
L·chn,1!ogic.1l :1ch·,111C<'~ th.d 111.\J.,.L' tJ¡,·rn JIJ:r<;<: p10rlnciblc 
\\ 1li1 latgc c:q.J,IL'ItJc.~ and goml yicld;.. '1 he!>l' applica
tions a1c in acldition to thcir cla<;sic ciJOJcs of mic.:rop•o
graming, table lookup, ancl data convcrsion. As imple
mcntations of logic functions, thcy rcplace arrays or 
asscmhl•cs of gates and !lip-:flops al lowcr cost and pto
vidc more cfficiC'nt use of !>ilicon real eo;t,1tP, witlwut sac
rificing thc dircct interface with the logic cil cnits in the 
data path. Furthc•morc, thcy'rC' simpler to dC'~iga than 
g:1te arrnys. and can be manufactured a!1ll tcstcd in thc 

o~une "''"" a~ re.ld-onlv memories for com·cntional uses. 
Of cot;rse, tlll'y ha~·c alway!> becn capablc of acting 

as cmnhinational and secltlcntiallogic networks, but pa!>t 
propo~als oftcn depended on corc ropcs, arrays of resis
tors, or thc like. ThP'>C complex structures, as logic net
works, wcre economically ancl tcc:hnically i'lcompatible 
witl1 thc structurl:' of thcn-convenlional d1gital systcms. 

In general, dig1tal sy!>tcms c.omprise a sedes of rcgis
tcrs tlwt store data tcmporarily during thc proccs'i, com
binational logic that opcralcs on thc data as it passcs 
from regi~tcr to rcgister, ancl control logic thal deter
mine!> both when data tran~fer occurs ancl what happcns 
to tlic data during tl•c transfer. \Vhen thcse sy~tcms wcre 
built with vacuum tubes or tramistors, or even with indi-

0-___,.¡j 
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viclu:~l intcgratccl-urcuil ~,,te ... , thcy l1arl to ht: c.Hvfully 
designcd to C\C'ClJtc !he deqcd iunct¡c;,~,, and o,¡Jy ti1c 
clc~ired func t¡qn-,, \\ ith a 11!Íitir111r111 lilllllll"r nf co¡n;>n

ncnh. Tl1l < ··~l uf tlJ(''<l' 'r•.,¡ 1"J''''Il!<. l'a 11 i·ll\ ""':-.i .t:
l,tng('lliCllt in a machiuc, and othc r glth' t'•ll<.,icl,·¡at:""" 
impo~ed 1-cn·re constraints fln ~,·-,tcm 01 ~',tllitatk>¡l- cO>t

strnints that precluclctl tl1c use. d bulk)~· ;;nd C\Jil'iL>Í', l 

tead-only mcmory structu1e~ like c·o¡c ropc:-. 
Today, kngc-scale intc~1ation (¡f bl>ll• iu[~ic .~nr1 rllt'l11· 

ory circuit~ ha~ rcmO\'t'd thi<, ¡m.'c:lu~ion. \\'¡,¡, ll1c nw:,tl
rn:icle-silicon proccss, tt•.Jcl-flnly memorie~ 1\ iti, (\11).\Cll:-::, 
of up lo 2,0-18 bits pcr chip are in m;:tss p¡oclucl!Oll, .mcl 
4,mJ(i-bit units \\'i1l h,.. a\'~'ilo~hle ~0')11. In tLc'C' unil ,, tk: 
cost of ind1viclual con1pom•nt.., i~ al1n05.t negligihle, and 
packaginp; con!>l1.1ints ate nwn· ld·.t'ly lo invoivc lllt•cl
conncction<; a fr aclion of <111 inclr long ¡,!lltcr t),,m lo ;n
volvc 50-foot cable::. unclcr thc flnvr. '· 

Thus, C'conom1c ÍIICTTÜÍ\ e ta re nrc;;m i;e .\y~tnns JJO ,v 
exists, becan se thcse memo¡ ic<; prcl\ l(k the ft:ncl ion.d 
cquiva1cnt of lOO lo 200 logic gatcs Ancl rc:tJ on!r memo
ríes are among tht: lca~t C\peu<>in• form~ of LSl hcC:!IJ~,(· 
they cornprisl' an.1ys of id•.•ntical cC"lls in-tcad oi -:ollcc· 
tions of misccllaneou ~ ~ates r.mclo.11ly co11nected. 

Nor do thc tcchnical harricr~ remam. }.íO:. rl':ild-onk 
mcmorics can be an inlegral part of .1 logic sy:.tcm il·-'
cau~e thcy are c1C'ctrically and ph¡s¡c .. Hy <·ou•pr,tii.!_· 
with logic ICs and ll::wc sdf-con taincd cb:odin¡;; :mJ 

1 

CHIP ENABLE 

logi: or dedo. 1f ~ scvcr. :,:· f1ipU~ cun h ... · 

rcgoíd..:O e.~her es Cl:1 Ch.:,;;-,-..!>~ fo; o~c 
of tho 12.:1 cic¡nt-::;ir w~ ,;,, (.,- J' n 
comb;notio:~ r:,f s~·;·c.1 :c-J'C Vl..!í;:J0!v=; 
conlroiling eigl-.t indcp<;ólC:.;ot fu•K1iclls. 
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(c,r.v<:r5ion. 1\ reo d-on: 1 men·,cry 

cor~:o1:11ng 16 four-b1: w0rc!3 con 
convcít frorn !hE: Gro y ccd] to b~."'.o~ 
cod~ ¡•Js.~ e~ v;c!i os ~hr !r,,.·,c n~ivvoCi 
ihrec e:-xclusri~-OK c.,rcu.~:;, ~he rcc..d-only 
•nerr,cry conloi,·,J r,.,crcl í ~ :1n fru:n tc.b!c 
for the conJcrSIOn :_Ioft, -;-,,s ¡_, ·1 ~¡;nple 

exomp!-3, bccousc [)o;h convf r }I'Jns 

rec¡uire or1ly a ~mglc rlo' ;--11 :tiCt, o rh·p 
V..':;:¡ fcL; C>'CIUSIV8 O=:'.s ,:, ('\O'~nbj~., 
vÚ'Ich ~..· :.u/d ¡·,ove o~¡:::::~:! C! c..u1t lcft 

1 jt 1 ¡ ' Oi01 

1 ,;101 011 o 2 3 

OIO::l Qj ji 
MSB 

BINARY COOE BITS 
r ••. ,~, 1000 - ---~ . --

1 ; ! ~~ ¡ \001 A 

1 :111 1010 1 

1: ~:~·¡ 1 CJ 1 ~ 1 
1 •EA.CL úR 

liO:J 1 ¡: 01 ¡ ! 11 o: 
1 

1 l ('0! l 1 
1110 

1 
t B 

10\:'G 1 f 1! 1 

over 1n !tli~ oppl1cot•o:i. 
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<t'II'I' Cli cnllty. i\vÍOit~ :'\!OS and LSI a11".1ys hccamc com
nlnn-pLci', rc.ld-n:d;. llll'lllOJ ;e~ "ere gcncrally ttcalccl 
,:< ~u¡-,,\ \:en~:-. hcc,llJ~c thcy rec¡uirccl spccial control, 
"'11~(· ·. ,¡_] po\\ c•-.,upply circuitly, ancl wc1c as~emblccl 
a;hl p:tl bg,,rl ddfercntly from logic citcu1b. 

:\ltlinllí~h it I' nllt a ncw ide.1, ~·cry ]¡llle of a pr.1ctieal 
n.llt.!t~ h,¡r, hccn \nJttcn about re.td-only mcmory logic. 
Thcll'fme, tl1c' ~;. o..!cm clc~igncr will find liulc Lo gniclc 
i11nl m this fiel d. One pitfall to ~l\ o id is tJ ying to fmcc 
Tl',,d-only l1H'nlUI l!'~ inlo thc cst.thlisllL'd molds for rclay 
.111d ;.:ate logif', by n~ing, for imt.mcc, logic equalions in
kn<kclt.) lllillJlllliC thc numbcr of galcs or wi11n~ cro~~s-
0\l'". Th,·~e do not apply lo \lOS rc.ul-only IIWmOiics. 

lr_J c?nventiona! loí;ic clcsign, reclundancic~ co.~l money, 
odHI Jt <; 1\ cll \\ orlh tiH_' lime and cfforl lo elimina te t]ll'm 
frorn thc clc!.Jgn. But thc adva1Jl;1gc offcrccl by mcmmy 
lúgll: l!l" in the f.1cl that H.'d11ndancico.; add littlc to thc 
~·e"!: lhc dt'"igncr io.; ~pared thc dfort' and C"\pcnsc of try
~~-~~ lo produce .l JC.l(l-only mcmo1y wilhout rcdunclancy. 
l r.•d:i ,on:tl lngic clcsign tcehniqucs that cklcle stm age 
,.¡<"lllt',J'·. \\ Jil1.n <·.~r-1. llWlliOIY lllli\l he dlnppccl in f,l\;)J" 
o: .ti.' ,:,(J.¡ 1l1 ,¡ 11 d111 t''> llw llltllllwr "¡ Jc.td-onh· lllCJJl· 

ury p ... l •.• :;cs tll .1 ÍllJH lwn. 'l he co~t of thcsc im-liv1du:~l 
p.od;,¡;~< •;, :111d thl'! .:rore lhe coo.,t of tl1c '>ystem as a whole, 
" 1-qll l.1'11' hy 11!-- 1 11)~ ~ 1 and;lt :.T'prodllcl ion lllclnoric·~ with 
''·tlld,IJ d C.lJ>.lCllJc'" aml cuslolll int('lll:d \\"Íring paltcrns, 
l:lt'll th(111gh !>lll'h ,¡Joule would tradilionally cuta1! ('\:· 

·J:J.¡., ¡, tl1L! 11th Hl~talhncnt, aml thc 34th .11ticlc, in 
Llccf/()nics' con!lllllllli; ~CIJCS on mcmmy tedmology, 

1 

1 

______ ¡ , whiLh Lc¿_:an JJo !he Oct. 28, ] 968, issuc. 
-------------

pcno;Í\ e or indfic ient Ul'\í;n' ll' n .g .11 r .• : ~ uÍ ¡;::1 k ... 
System dc\·cloprnent u<-u,dl~ c·;,n he r_l.\ 1d,·d J:lio .<.tx 

sll'p": dc~cnhlllg tl1l' s~ -,tcm. dt"-.J:~nm~ tht· '" ,Jnt•·c~llf<', 
gcncratw~ thc l1 uth t.1bk~. gvJwr.tlJnt.; : :1~· iogic n¡tl,l

tJOn., .md di.1gr.un,, ln11ldmg th,· h.trd\\ ,¡¡ ~·. _,,,¡] CJwcLng 
out thc c;y~lcm. Tn tlno; c;crllll'ill'C of <otl p~. tl.·: PIJIUL for 
programing a rc.td-onl~ menltlr ~ would ]H_' .l (¡,¡th t::ú1lc, 
"hich h1ings thc nH·tnnry'o; lll.lllllf.tcluu', nlio tl:e j)lC

lure aflcr tlw thircl o;trp B11t .tl tl1l~ o:1h•·l ot dc.,clop
mcnt, thc sy~lclll ck~igncr should decide ,·.·hcle he c:m 
uo;c thc memo¡ ics. ,md he !.hould he <L·f:n.lc .1boul IJ1is 
bcfore comrnittlll~ ]Jiln~clf to .1 particular ;uchitcclurc
tlJat is, bcforc tal..mg tlw st'concl ~tcp. Ot:Jc!\\ .~e, hQi1l 
f1ml himself a~kin~ the manuf.lc:llli"CJ lor ru~h ch.L ncs, 
al g1c.tl c:-..pensc. 

In general, a trulh table J¡..,¡., \';trJUl•~ ~.·o¡oJhin.tlions 
of a ~ct of input \'.lJ iah]e..,, "1lh onc or :nor·· ,)lltput ftonc
tions for CJch combin..¡t;nn. a, o.,uch, 1t go' Clll~ the loca
tions of l .md O hils ~tmed 111 thc Jl';HJ-ouly nwmm.y. 
~Iost llh'I110rics cont.1in standard grol'p\ of dccocL .mcl 
~•·n~<' c-i1et11h fl:.n!-.:i1l:~ ;¡ -:t,1nrhrd ;11r~~) < f '.~::•' !.r1rl-C:iccL 
tl,tiJ::.l~ltll~. D.!i.l ¡-., !u .. tl,·d .~1to ii\1~ .nr"' ¡,, ,.¡, i:111 ~ .:\1 •') 

p.nl ol thc g.tlc o\1dc of ~lU~ l·J-.h coJJ< ,~Jtmdu,·~ ,u l 
lllls, "o that "]¡en tlH'~ ate ~ ... l.:ctc·d. ¡]¡,_ ~- lH'~;:n lt> v¡,,,. 
rhJct .md t!lCil'hy pl<lduc,; .1 1 onlp11l. 'fL,· u[]l,;.- :'110~ 
FETs in tlw ,JJLl~- c.Jn't etliJdiiVl t'\c'll :f ... ,.J,·,·Itti ti:,· ,lll

,·tclu·d g.lll' O\Jtlc .tl L',lcll ll.l'l'i~lt~l '" :: ,,._ \, ;: :ll'i'::h :.1 
¡nc\<'llt -tlw potl'JJ[J,¡] l:ue ltJ ¡].,· g,t!,· ''''t .. ·,,·;_,, 11 <.ij'• 1•

mg a conducllll_t.!: channclu1 tlil' ll.t<bio..t••,, ~]¡,,._ p.,·:Ju,;
Jllg .1 O oulpnt. 

Using a read-only memory ~or L1::.c ·~•,llo«'' • .~:- .. 

d;[i"ctcnt pomt of \IC\\-. not .1, j¡,¡n;:~' '·' th.· h:.:cL,,.,,. 
\hny el.1s~ic rc.Hl-onl~- m¡·JlJOJ\ ·•r·pi:c.t, :·'"'--lm l·~ .. Lll

pk, comt•tltng .1 \\tllll J'l Olll' ende ~o,,\', .d i.1 .t ,¡,;_-, ... 
l'llt codc--.llt' J(·.ill~- c•n,lhll:.t!IIJJl.ll i.J,:.'> ; \:J. t
wol k lhcJt impktil( 1''' tllll' nl tht'"' iltJ'• '•:,, ,., ,,,., 1;, · .. 1 
... pccific output j ,¡ cach ;..p,·c.fic cüllll¡;n,,;;,,n (J! lllpu~ 

\,Jll~ible", Icgarc1k~s~ nf t!tl' ncl\\()~~,·~ pd'l lll'-~·-'·:·T 
\'icwcd functwn.1liy. tl.c ¡;;cnHny":-.. 1•1(1'•', :s ,,;, ,;dd,. ·,~ 
ancl 1ls output is a h1t or .1 \1"!>1 d cot H'~,,.,,,._¡:,¡:_~ t·f\' 
ac!drcss; but the conci'¡l~<; ,n tln-; llit?lllül_\ .,,: ,•,lkd ¡,\.-r{,. 
nology can he JCpl.lcecl ¡,¡,,·-:uJ-o:;t' by tt!,.lbnl.:~:.'ll,,; 
]ogic tell11ÍIIOIO~\'. 

Thi~ onc-for-~;nc IC[ll.!c._•¡¡wJit ¡., ·'Pl';tl < 1;t m lh(' l.' '' 
bit JI1Cll101)" ~lJ0\\11 ¡¡ppOSitC, Jt piOdll(¡_; ,liJ , , 1,,.,:, 
oulpul word \\"hcn onc of l2S sc,.:n-llll .~JJH''-'-.C:-. 1~ ;e-
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ccivecl. Thc scvcn bits in thc address can be ca1Jc-tl scvcn 
V.lriables and thc ei:~ht bits in lhc ontpnt wo1d c;m rcprc
~cnt ci~~l~~ indcpendl'JJt function<; of thc\(' '.ni:-thlcs. 

A prourJITl"!r ~P''' il) jng d.tta lo 1 •e ~lO! e el in ._l 1 cad
only memory thinb in tenn~ of storiug certain word~ in 
ccrlain adclres~es. But a logic dcsigner wm king with lhc 
samc mcmory can think in tcrms of thc output functions 
and ignore thc fact that words are storecl. Thcsc two 
viC\\ points corrcspond to looking at thc mcmory eithcr 
horizontally or 'crlica1ly [sce tables, pagcs 91-93]: 
~In thc horizontal view (tablc 1) a word at thc input 

O·o<.luces a word at thc output, an<.l all bits in thc input 
worJ are rclatc<.l to tho~c in thc output '' ord. Howevcr, 
no output worcl is rclated to any othcr in thc memory. 
Hcrc, the rcacl-only mcmory pcrfonns its clas~ic fnnction. 
~In the vertic.tl vic\v ( tablc 2), thc outpnt bits for a 

givcn input may be totally unrclatc<.l to onc anolher. In
stcad, bits in con c~ponding po~itions for all thc input 
combinations rcpre~cnt valucs of an output variable as a 
I3oolean function of the inpnts. Seen in this way, the 
mcmory is a bit-for-pit implcmentation of a truth table. 

A third approach, partly horizontal and partly vertical, 
divides cach input word into sub,vords (table 3). This 
viewpoint is more flexible than the othcr two aspects. 

\Vith programing variations, the horizontal vicw in ta
blc 1 coulcl reprcsenl thc convcrsion of a communicntions 
codo such as thc American Standard Codo for Informa-
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Lion Intrrchange (M,Cri) lo ,t m::~cl;ine 1.mgun6c such :1s 
tl1c stñndat<.l 1 folletillt punchcd catd coc1~. Or, it cuulcl 
-;ln.nd for thr g¡·ncr.tl1on of an crrnr-c.or:-e;:·tin~..( <'<'<1c fro::~ 
blli<tl)'-COd(•r[ tlt'l'Í!•ictl lltllílh<'l,; Oi fl';it\'~l'll' .l illldl)

program. For inslance, tllf! read ()I¡]y ll1Clll01 r ca!l lllkl'

ptct kcyboan1 in~t1 uction~ ton busine~!l lnac-l!ilh~ or l:l>,\
trol how an "intelligcnt" com¡mler tl'nnin.1l m:llli¡mbtc.;; 
data whcn nddresscd by ino;truclions from th•· cclllral 
proccssor. In cach examplc, thc data in tl\1t' form a:l
dresscs thc storccl w01d.s rcprc~l·rüing tl1e <bta in th.:: 
convcrtcd fonn. 

The ve1tical reprcsentalion in t::~hlc 2, a cl:J~sic lnttb 
taok, is gencrally nscful in lo~ic ~yntL•:ó:~- A lo~;íc c1c 
signcr, bcginning with a (.:Ombinatinnal lunction- to L~ 
implc•111cntcd or with an ccpwlJOn, rnakco., .1. tn:th table 
that dl'.<.(.:tilws thc function. Evl·ry comLm:ll1nn nf tLc 
input variables :>hould he ente•ecl. The logtc ~1un of thosc 
cntlic~ containing a 1 in thc nulput collllll•l i~ U1c .<.tand
ard sum, which fully defines the function } .. ,t is g('llf'rally 
full of rcdundancies. Each tcrm in the ~t.mclarcl !>um 1s 
callcd a minlcrm. 

In conventional logic uc~ígn thc st::tiHhrcl ~Uln is ib_) 
starting point for the logic dcsicrncr'~ mo:-l ('\act;n'' l:-t\k 
-clctcrrniniug thc lcast rcdunct·lllt sutn. lrs ltJ:.nll, ¿1c 
mínimum sum, i~ a sum of proJuet~; cach p;uduct is im
plemcntcd by an A~D gate, anr1 their ~um by an Oi'\ 
galc. An cxactly parall l proccdurc TL'sultin~~ in a prvc111ct 
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Coscade. Ccmplex in~:·ic functions con be 
eYccutcd SÍI'";!y v.he.1 srnoll mcn~orics 
ore co~cc· '.;u He re ífor lcft) o.1ly 2,048 
bil5 dcfl•ic four incie¡)', r~cknt functions 
of 1? va noble~ eoch, o tmk :hat woulci 
r·.:c,:.1rc cight times os rnony bits in a 
~ir.g~r· rcad-only mcmory, or in porallel 
rec~··~·nly mcmories wircd lo actos a 
sinc~c crray. At thü l,-1 t, 3,072 bits 
tc~·2 :i-.. ~ ;:>iccc cf 32,i68 in a 
s¡r.¡~:or !c>'OL't. 

of :;nm<; i::: :!l~o ~.o;ncUmcs u~cd. 
7)ut :<il this l1:1:d \\·mk i~ a'voidcd whcn thc mintl'nns 

n; e pn)g1amcd dir,'c!ly into a 1 cad-only mcmory. This 
c;-.n be rlonc ditedly úom thc trnth t.1blc, for cach of 
:;c\C!:ll function:, at once, bypassing thc minimization 
pt occ~s. 

Thc \'Crtical 'icw in tablc 2 shows se\ en input varia
b]C';, A througlt G, dcscrihing 128 ddiercnt combinatíons 
of ~cven cw·nl ", and cighl possible outpu t functions, 
~hown ns f, !h~nugh f,, for cach cYcnt combination. To· 
rcaL7e a lt111ct ion of thc ~cvcn v:u i.1hlC's thc designcr 
would sil1 lply place a 1 in thc colt1mn cOI-rPsponding to 
th:lt function whcrc\'cr the function was to contain a 
gi,·cn mintcim. 

Each funclion thuo; CCJJltain~ a s~t of mintcims that is 
cMfc¡cnl fmm thc q·ts cont.1ined by thc othcr functions 
and ind<'pt'nclcnt of thcm. 

13y usin¡:. :1 truth t.1hlc that is cfllcicntly implcmcntcd 
in thc rc.1d-only mcmory, the logic clco;igncr avoids not 
only tlw t;,r;k of minimi7.llion hut aho minimization er
ror~ th:tl >;:ight 1 JC•·p infn a g.1tc .llt:t)'. For cXHlllplc, a 
lic~ig.Jcr <":ill _,;,\ ,,. g.;i," hy u·d,,cing thc l'\plC!>~ion 

z = A"Ifc --;- A'nc +Aire + 1\ITc 
to 

Z = J~C + Añ -t--.ABC. 
In a rcad-only mcmory tl¡is cxprc~sion, in its unrcd;_¡ccd 

form, c8.n be impkmc1~,. <1 Wjth ci~ht 1Jil<;--cí;ht hC'r ;,,;-;., 
tl1c c-xprc<;~l(•n ]¡,yo]\,~-;; tJ,rcc blll~.ry ':;,;':..hlcs, aué"l 
21 :..--:: 8. :\hmJm/:¿üio;¡ J'· ,,c],;ccs no sa\·;ngs. :)ccau<;c ~;;e 
mmi:ni/cd cxpressJOn o:;t¡lJ irn oh C''; thrce \·:1r:.:.blcs. CJn 
(lJC otlJcr hand. C\'Cn ~j¡¡; nlin;mizcd C'\¡_ll'c'><.ion fCfJli•'O 
d:~simihr Q:atc'>-t\'. o \:.:Ds ;;nd ;,n <)¡;_ 

Logically, if tl1e numlwr of minkrr,¡s for ,, gi-. en Íunc
tion of n rariablcs is ~te;¡lcr tkm 2'- 1 , it i> cas1cr lo 
pwgwm 1 he complemr ~ t of thc flliiC t 1rw .11 ,¡¡ 11 cr l tl-:c 
rcad-only mc:11nry's output l:tlhcr tllan pro·:,·nt11 :lw f11nc
tam itsclf iu thc mc1 r,on· 

T t 1 ~ 11 n 1 1 ~ e J \- t L d t \ t 1 ~ · 1~ 1.-. 1 1 \ · 1 e· J 111" v o i: \ ~ r 1 ( cnl J J 1 :1l · 

cquation Jll l';..1ct1Ltl "~'¡)]¡c;,~;,¡,J<. J~cc.:IJ'c '-'"':1ol i11JJC· 
tions 'ary '\\"lde1y, there 1s no tl~rce~nCIJ~ in ~h~ .. i1teralure 
on a typical nu:nbcr of mm le 1 ms in a cnn: 1 ol funclion. 
Bnt functions l1kc thosc m tJ.blc 3 '' <JIJld ~ir-Jo:tblv takc 
about 1:2 gatcs to implcmcnt. uncl ri.;ht ,;,eh fut{ctlons 
,,·oulcllherf'forc rcquirC' ahout 10:J ::.ttc:o.. in othcr words, 
onc 1,02·1-bit re;-,d-only mcrnory J~ ¡:cnCiaik thc cquivJ.
lent of 1011 gatcs. thm 10 bits 1:1 a ; cacl-01,]:· mcmory cm 
gcncrallr rcpbce a -¿;ate in cfln:lJJnali011:1l )o;.:íc. l-Iü\\C\CJ', 

tl11s 1~ a conse¡ \ <~t;, e estima!<:, il·:, c;;•,y to Lnd cxarnplcs 
in which threc or í()ur b;ts cq1:;d .1 ,_;are. 

Onc such ex:-.n1plc. \\·h:ch inc:dí:•;L¡]];· J'i ,,;~o a ~im;;k 
example of thc equi\·alency C'i com crsio;1 aJJd log.c-, 
shown on pa::;c &9. is in chan~1:1~; a four-lJJ~ C1:1: cocl.: 
rcprcscntation-one in '' hich ~t.CC(''-~Í\'C ':ducs dllTcr in 

no more than onc hit-into 1ts ~)inary .:qul\ .J1cnt. Thc~c 
r<'jllescntationo; are oftcn uscd ''hetc .1 COIIIÍJIUOil~ly 
\'arymg qu.mtity. partiu.l<<rly a mcclwnic;,] onc, is con-
' r·rtccl to digital fn:-m. \\"hcn thc <.011\'C': 'iou is Ílnplc
mcnrcd in con,entionallogic, it Jequirc-> thrcc c:..chJ'>n·Q 
OH gate<;, ora total of 1'5 '>imple g::ltcs. Eut a Jc,ld-only 
mcmory conl.~ining 16 four-bit \\·ords-61 bit.-, in a1l
c.oclld be prngramcd to gcncratc lhc corre'iponcling bin:ny 
output for any Gray-code input. In thi~ c-~,sc, G-:1 b;t., in 
thc read-only mcmory replacc 15 gatcs in thc· logic implc
men!ation, ~o that cach g,1te is cqllivakJ;t to appiOxi
mntcly four hit<;. 

\i( 1 ~(1C'i: ~f) ;-, ],<~:(' (~t_''J,t_;JH l·, ÍL~I'lt}-..t ~)\_,¡j¡ t~>·. JI., dl1 

c.\,llllplc \U eh r•-. tllc !1 J':;.>l't~l.oH:t. •e l(Ju~up (.,];]¡; ( t:<1 ,],; 
·1). Hcad-only memorice; so pro:;r:1mcd :u e m,¡¡l,~ :1~ •;[;-¡;¡,}

a¡l1 componcnts for ~ign;,i plocc~_c,Jr~ :¡_¡¡el [ .. _-,t-Founcl
t; .msform application". In tL1s t.:.blc, ;,:¡ inl·'i~ \\11, d i<> a 
~c\·en-hjt binn(\ f:·;tc~inn th~1t rl'l)re:cnt~ .111 .. ~:~~~~~· .;¡,.t 1~. 
a multiplc of 0.70312.3. \\'hir.h is l/l2S of '!l',-: t l lt: cur-
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¡· 1 

r1 1 lj e---J 
\fl ~ OUTf'UT OISAB:...EO 

xh .....,,_ __ .... u 1 
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INPUTWORD CUTPUT WORD 

•\ Az A3 A4 As Ar, A7 x, Xz x3 ~ x5 Xs x7 Xa 

0000000 1 1 1 1 1 1 1 

0000001 o 1 o o 1 o o 1 

0000010 o : o 1 1 1 o o 
ooooo: 1 o o o 1 o o o o 
o o o o 1 o o 1 o 1 1 o o ! 1 

o o o o 1 o 1 o 1 -,·a To·o; 
o o o o 1 o o o o o 1 1 o 1 

o o o o 1 1 1 1 o o o o o 1 o 
0001000 o 1 ¡ o 1 o o o 
o o o o o 1 o o o 1 o o 1 o 

respon,Iing o u tpt• t word is the Lm:try reprc~entation of 
th~- sin<' of that angle. 

In generJI, thc :mmlwr of inp11ts to :1. mc·m0ry is thc 
!:J_;:cllllÍlln. b,t'•L' :2, oF tlw llllllihCL' <,f \\ o:d' Thuo:;, d;,uh1ing 
tlw nuwLcr of '' ords incr.:a~cs the numl>L~r of adchm.!. 
bits by one. \\"hcn applictl to rcad-only memcnies that 
repbcc logic nc:t'' orks, this rule scems to require a dou
bling of mcmory bits witl1 evcry additional variable. Not 
so-sc,·cral mcthods are avaibu1c to significantly reduce 
the number of re.lcl-only mcmm ie!> ncedcd lo perfonn 
largc combination,1l functiom. Onc of the bc:,t mcthods 
i!'> cascacling thcm, as shown at thc Lop of pagc 90, a 
tt:clmiquc LhaL bl'come.!> more cfficicnt as the number of 
variables incrcasc-;. 

..-\simple cxample is an Ai\'D function of four variables, 
ABCD. This function can be pcrformcd by 16 bits of ouc 
rcad-only memory, 15 of which a1c O, or by 1 bits in each 
of thrce memorics for a total of 12 bih. A 4-bit scgrnent 
in onc fint-stagc lllcmory would fonn thc AND function 
of A aml H; thc !>ccond mcmory· woulcl similatly form 
C ancl D. Thc A·B :.md C·D outpuls of thcsc rcad-on1y 
mcrnorie., would tlH'n be thc inputs to a third 4.:bit rca<l
only mcmory, p10duciug n sccond-.!>tag'~ output rcprc
sentiug A·B·C·D. 

IL's impractical actually to use rcacl-only mcmorics for 
four-input A:'-:Ds, but this cxamplc shows thc tcchniquc. 
The progress10n in the number of bits as thc number 

TolílLE <1 
i02<>·diT .;:ro.E LOOKUP T.\SLE 

ADDRESS 
1 

DEGREES 
1 

BINAR Y' OUTPUT 

0000000 
1 

o 1 o 0000000 

0000001 
1 

1 

0.7 o 000001 1 

o o o o o 1 o 1.4 0000011 o 
1 

00000 1 1 1 2,1 o o o o 1 o o 1 . • . . 1 ¡ . . . 

Tabi~ 2 

¡~,FUT VARIMlLES cvrru;· Fu.';cr¡c,·Js 
ABCDEFG f¡ lz 13 f.:, 15 f- f 7 l 

" ·a 
o o o o o o o l. 1 o 1 o o o l 
0000001 o o o o 
o o o o o 1 o .! 1 o 1 o o 
000001 

1 

11 o o o o o o 
o o o o o o 1: o o o 1 
o o o o o 1 

¡ 
1¡ o l o ;) o 

o o o o 1 o rl l~ 0 o 0 1 
' o o o o 1 1 1 ¡1 o o o o o o 

o o o 1 o o o ¡· 1 
! . 1 o o o o 

o o o 1 o o 1 o o o o o . 
o 

of variables incrca:.cs, !>hcl\\ n in tahle 5, 1:, m¡,ch ~lowcr 
than thc cxponential growth of a single )l·,u1-o:J1y mcm
my. Notr th:-tt thr_· fl¡ <.,[ pf [\'.o IC,Hl-r¡n]_,- :.H'IllOl r Jc, ('¡, 
[or a 7-mpn~ \ \'lJ co'.l.llll,'- d1n-•: lCé\d ,,,,:) u;c·IJID!'I,n .. 

two '1-lnl and S-bit. 
Tl!c eascac.1c!. accompiish, with 2,0-IS ,¡¡¡d 3,072 bits, 

f unctiom that wou id rcquire lG,3S 1 ancl 32,7üS bits, 1 e 
spcdivcly, with a ~ingle rcad-only mcm01y or \\"Ílh pa1:1: 
Id naenwrit'S. Thcy also illustralc two olhcr poi¡¡ts: thc~ 
Hexibilíty of rcad-only memO! ies fol1owing thc: log~ ea
pacily rule, aml thc efficicncy of ;, few mcctnlln-sizccl 
mcmorics rclati,·e to OllP giant--.md C\jX~ti!.IVc--spcci·¡: 
mcmnry. In tl1,~ tliH'c-meuKn y cascJ.lko_,, l\';o of tlw j,¡

tcrim oulpuls are comhinccl in an on gntc, wllich cf!=cc
tivcly "doubles" thc sccond mcnwry's cap.tcity by ux1uc
ing thc scconcl-stagc inpnts frD111 c:gl1t lo 'iCH~n. Truth 
tablcs pcnníttmg !>uch COiuhinations are ca5y to prepa:·c 
whcn tl1u fir .... t-stage reacl-onlr mc·m01 Íl'!-. ha\'l' input :,uh
worch in C:OllllllOn. EitltL'f a ktnb .1rc logic gafe Jll.lY be 
u~cd or, a:,. -,hown on p.1gc DO, thL· ill\'111('! y ou tputs c.n; 
simply IJ¡_: mixccl t<lgdlwr. Anolhcr lt'cllliÍ(jttc u~e!> a logic 
galo al nn inpur lo "double" mt'lll(Jty c·ap;.etl}'; what i:-. 
aclually dot~bl,·cl i!-. tl1c~ systcm·~ lng1• .. \d f!C\1l11lity. " 

ihe casc¿¡cJe techniquL.'s wr~.at1lily ü; duc to liw Lwl 
that nny Ltrgc group of functions u~u.dly eoutains 1r.any 
conunon variables or mintCims. Thi., appear!> in tnble 
3, for cxample, in which the most sign¡ficant hllt: of cigltt 
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inp1lt word~ are alJl-:c. Likcwiq', in thc hnHnemoty 12-
input (\t~c..Hle, thc !:>haH·cl ll'nn<> comhinc \\ 1lh thc un
shatL'd k:nl~ lo d1i\(' thc o;;ccond Jllenwty. Thc ptinciplc 
of ¡)¡,_. three-mCllllll v ;nr.mrcm~nt i:- simil.tr. Jt is most 
u~dul \1 hcu a g¡m,·p of input v.uiahks, <;uch as EFCIJ, 
are l'Oitlmon to \C\ ct.tl o ni put f un el iom. But cascaded 
r._.,td-only mc1norH:s, ltkc ca~cadccl logic g.ltc~, have a 
lt-ngcr ¡m>jJa¡r.:-~tion deby than clocs a single rank. 

:-..r any 'aJ ia tío m of thesc ha ~ic ca scacles <HC possiblc, 
and thcy can be usccl in combin.t!ion wilh rc;Jd-only 
Jliemorico; uf cldfcrcnl sizcs. Dcte¡¡nining the be!:>t way to 
rc~urangc tlw original tlUth tablcs is an ideal ta<;k for a 
<·-.:nnputcr. ~ince a g1cat manr variables must be com
parcd and shiftpcJ cii'Olll1d to match C0111lll011 tCIJ11S in a 
convcmcnt onkr. Tlw~,, tcclmirptc'> ~tcm from thc table 
3 app10ach, wlnch thc ~\.ttional Semiconductor Corp. 
u~c~ to m:- ,:nizc larg<> con\·crsion rcad-only mcm01ics and 
charackr ~::.:nerator!:> for displa) s. 

For c.\:11nple, ;'\,ltJOn,ll mes thc thrcc-mcmory cascade 
lo lrrm~htc from thc 12-lmc IJollctith cocle to thc 8-lmc 
ASCIT. n''.~d-only illl'!llOries Jikc tahJc~ 3 -;e¡ ve a o; alpha
IJ11Pít'JIC' :,-·J•t' .• md Ic,td-,,lJlly Jl1~mory J.-¡::, ate .lvailablc 
te. gen u .de :'i-by-'7 11ld\ 1 Í'>•:.s o[ 1 ;m el O pattClllS, for cxam
ple, f1un1 ,\SC!l G-Ime inputs for Yarious typcs of displays 
and prin lon: <;, 

In lhis .1pproach, thc 4-hit input subword \\'ould ad
drcss a charactcr, and the 3-bit ~ub\votd would acldress 

a tow, linc (Jf co)umn ¡, larcd to tlwt rhar;:¡r·te~, Thc 1 b~., 
:a tLe iirst e¡_;1ll ,·o-,\·~. (![ lhc ontpul m:,t:-J\ (),¡llill<' :~. 
lcttcr ~. thcsc b.\s cnuld cl;~play tl1c ch;:¡r;:ctc'l c;n a c;:l~;
oue-r,ty tubc h) :~o~tmg tllC' crt bcam witlt outp11t Ii,1•~-hy
linc or colunm-bv-column. 

A5sumc. ho\n~H-r. thal ?\ reprc.,cntccl ,\ brgc gronC) 
uf functions cont.11ni11g tb: co¡¡e~!v•ndi11:; .mnfcn•l!:> m 
the flrst c;ght ~ct~ of inp11t \ ;mahJc-,. Ji \he lctrer ?\f 
rcpl('SCntcJ a dlffcrent brgc group of f¡m,·fí<ln ~, ÜJC f1. 
f~, Í;¡, f" and f, cohllllll~ would be iclC'nlic.11 !o :],u~.c ior 
t1¡c :;\-group. In ti1i~ c.;<;c~ a majonty of tl1c J:Iintcinl> 
(1¡,tt CÜI¡]tJ])(' Jl'¡il('~!'IJkd hy l]H' lllpill \,¡¡¡,¡]¡)e, :·• l', lll 

f.tcr, collilll•ln. l-lll''-•' !c',td-onk uwlll<ll\' ,,,n,;¡n, ,,l.on 
kchmr111CS du 110\ 1 cctt'.l le th¿. dn1 ·.·n ~. o~d c:c hn gg.ng 
problcms of g.ltc-log¡c minimi?..ltion .. , Th,· 'all1 ltty ¿f a 
truth t:-~blc doc~n't ha\ e to be chcck.:d out in p: ototypc 
J¡ard\\arc, bccausc it i~ cas1ly n'nflctl wi1h .1 ',Jmputcr. 
Pro~rams are ;nailahk to print nut twth tables frnm 
logic l'\pres~ions or \ il'l: ICJ!:>.l, ill''' J.,¡¡¡¡zin.l~ ;m nlitCI\\'J'iC 

tcdious manual¡Hoc.eso;. 
Also, o;l..mcJ,¡n] 1 c.Hl-only l1H'ili(ll le' S wi)J g¡'llCr.lk .!11 

í'lghl out¡mt fnnctiono; for ,¡ g.n·n i11pnt colll:'lJI,l(ion in 
about 1 microo;econd. t\<; a n•o;¡,]l, dl'lays fu:n1d :n Jargc 
combinational ncts aH' a\·oidecl, ,¡¡¡d thcrcf,Jre nccd not 
he compcnsated \\·Jth high-spccd logic, \\'hich lmngs m 
its own problcms of noio;c, racc.;; .md clock .~kcw. 

Read-only memories can also 1>:.• progran1cd to pcrform 
a scquence of logic eYcnts. or a mix of combmaiJOll:Jl 
ancl :-.equcnt!,ll C\·cnts. Fccdb:1ck 111akcs t!Jc ~cqucntial 
op~raliou possiblc. 

Any ~c1 ies of read-only mcmo1 ico; can simu1atc se
qucntiJ.! Iogic in a '>lr.t,ghtfon' ard manner. For cxam~JlcQ 
t he mcmoric-; sho\\·n at the hottom of pagc SO a1 e mc1 el 
pwgramcd to ~luft the b;n,lJ:y \'aluc of c.1ch sct of output<; 
up by onc from ~tage to stage. Thc collection of rc:td
only memoric~ sinml.1tC\ a co1111ter- Sllift rcgister~ ::md 
othcr sequcntial function~ could be impknwntcd in this 
fa~hion, but the de~ign \\'Ould he indflCI('lll hccausc it 
wouiJ requile many rcacl-only memorie'>. 

But only onc \\-o¡dd lw ne¡·df'd tn !11:1],,. ~~ crHmkc- 1f 
¡]¡,• fll![j)lll fr(!]l' [ji\' fll·-[¡¡ .td-(Jilh lllUll(Jl\ \\l'IL'ICilllll•_'Ll 

ditcctiy tu 1ls mp11t. \ hill·llY .0000 il11;ut \\'Otlld gc,l
erate an outpul of ()(l()J, ch.mging; tlw mput to 0001 a11J 
thc .oul¡_Jut to 0010. ,-tiHI so frn th To kcC'p the lt'old-only 
mcmor~- f10m 1ippl:ng tluo¡¡glJ ;¡]1 ih ~t01k~, ,¡t L.,,~,t OJIC 
additional input i~ rcr1uitccl for .1 clncl.: ¡itd"~ 

TlH~ lli('l1lüry is pin¡::r.1Illcd to ,t:;cncí:léc ,',¡ ,¡¡¡l~nll for 
cach clock t)llhc tha~ m.1klh·~ tlw otl11·; ; h1:~ of :;,e 
input. Thi-; matc.h C::1ll he ¡;-.;¡r~,. t,) occur .lt tl.c 1 j,,; uf i;,c 
clocl, pulse, .ll its f.tli. Pr :1l hPth. 

Thl'; 1llg_ll1y cfTictt\l~t coun~1ng tcchntqth~ ~ :llj'~~): ín~~ ilh.--.. 
c]ockJng J.lld f<?c·cilJ;;ck tl'chn:qllt'S \\ .lS Jlli, •1· ~lol'•,'c1 a :-,.\\' 
yeus a:..:;o,~ con'iid,·tahh ,1hc.~d o[ ;l, tPnc l! \',:1:-- ;,nn:.·
lliCJltcd'-\,·ith .1 snJ.tlll~::tcl-onl·; mc!llO<\- ¡;: 1) .. :--l,,:J:'_
ing the countcr mod1JIIlS to <'l·~ht \lud.: ,, ¡,_·.u:-,.,¡j,· 
HlClHOliC'i Jlldkc th1~ ~ Jttnt;n~r Leci~nJCHiC rnnl :l ;¡,\)ll) ~)(; \:-

¡ ,.,. .l 'l 

erful. Any <Hhitu¡¡y Jwmbcr cf ~la:-~c\ c.ln :•'''\ ~. · :~~.l-,j;
nwnkcl \\·it]l mcmorJ('~ ol 11p to .~.0 :.": lnt•., ·,i J, ,. ,1dr;¡. 
lional inputs ;md out¡:uh ~~1~ ;l\ .1ILlblc fm :_',:! 1)', ll•Ylll'\-,0-
and :,pccial feccl!J;¡c~ lunct1om. 

Any design of .1 C..OUlllC'r. 01 (o¡ th.\1 Ii1,Il:e: ,;.,.,.g¡¡ ni' 

any scqucitll.lllogic func11un, 1nu~t ;rn~\\ Cl '•:\ :_•,:d ¡¡,l;)'1L

tanl .quc~lwns. \Yhctc <.loes tJ,c ~C!plcncc -,t.nl'? \Vlkl0 
does il slop? If it gcb in lo a wmng or c]¡<:,tl]o,\ ,·d ~t.> le Lc
cau,c,c o[ uoi:,c or othcr pcrturbaLIOn, lH)W c;-,n tlm cond1-
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tion be cktectcd ancl how can tlJC dcvice he forcecl out of 
thc wron~ st.1tc J,K,p? 

\\'ith r,·,cd-nnl: mr·moncs. tl;c_,e c¡tw~ti·>''' nrc an~\\ crccl 
ll101L' !>lmply lhan \\ 1th conw·ntion~tlloglc clc~i~n. In fact, 
startmg thc countcr is easy-ju~t force tJ¡c aclclrcss to its 
initial valuc and hring up the clock si¡,.,rrwl. This dcsign 
avoicls thc additional rcset input or its eqUJvalent, re
quircd in convcntional scquential circnits. And thc 
counter stops whcnc,·cr the clod. s1gnal stops or the 
evcnts bcing countccl stop happcning; the only precau
tion is to m;¡ke sure thE' counter counts cvery cvent, yct 
does:1't count a single cvcnt more than once. In designs 
that havc many bits changing at nominally the same time, 
anothcr problcm i~ avoicling falsc scqucnccs whcn the 
changcs involve ),l1ght cltfferential dclays-as in fact thcy 
invariably do. 

One way of soh-ing thcsc problems is to count in Gray 
codc, which easily <.on,·crts to straight binar)', as was 
illustratcd earlier. Gray-codc counting is ensy to accom
plish with rcad-only mcmoriC'~. as nrc many of thc arith
mctic lcchniquc::. ckH·lopctl in synthcsii'ing rday-type 
logic aml in a\ oidm~ ,rncc conditions that oecur in asrn
chronous countcr-l~ pe Jogic !>ystcms. 

A simple design using a rcad-only mernory is a countcr 
that can count cither up or clo\\·n. Such a counter, shO\vn 
bclow, can be built with a 1,024-bit memmy, so that it has 
16 stable statcs; it can be connectcd to similar units to 

~ 
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~ 
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incrca~e lhe numbcr of st;:¡tcs .md thc c:ounl range. lts 
l\VO most signiHcant input bits me thc up/down controk 
Thc h\·O mosl st,é;n¡fic;,nt outputs ;n (' the c,¡rry/borrnw 
llltC~, \\hich c.m lJc cnJlllLCtcrlto thc• cutwl-up and C:IJt;r,l

clo\vn lincs of anothcr rcad-only mc111ory countcr lo ex
panel the rangc. Stablc! stalcr; are rcachcd as tl1cy are all
drcssed, nnd thc countcr is dra\vn by feedback into thc 
next stablo slalC'. 

This design is basically thc clcmcntary scqut~mial 
logic cü cuit proposcd in 19G7 for imíJlcmcntation \\ ith 
rcad-only mcmorics-with l \\o major impro\'cmcnts. First, 
it ~as addilional capabJlity for gcncrahng Ddditional 
outputs, such a<; cany ancl borro\\'. Scconcl, it takes 
ach·antage of a tcclmology-\IOS-that permito; far more 
complcx function'> than this lo be built monolithically, 
whercas thc OIIginal dcsign uscd up a "holc hípola1 
mcmor}' for a o;implc eountmg opcr.lllon. Bipolar tcch
nology's lm\ cr componcnt dcnsity and more complcx 
comtruction havc) icldcd lo \lOS in !his 1.:spcct. 

It is not ncccssmy to fccd back all ou~put linos to fonn 
ncw inpuls. SonH: output<> 1nay rcprL·~c:1t comhin.1tionnl 
functions and !>ome may he fcd back for ~cqucnti~~1 func-
tions. In acldltion, thc feedback loop~ llligl1t llwlllsclvcs 
actas outputs to contwl subscqucnl ciic:nits. 

At first glancc, thcse random-logic tcchniqucs sccm 
to rcquirc asynchronous operalion, which is diificult to 
control. But in rcad-only mcmories thnt havc cont10ls for 

Up-down .countcr. 1lll$ sirrple sc:quent:ol 
círcuit, essenlicily similar t0 one firs: 
proposed in 1967, oiters t·no 
ímprovemenls: it genarot0s cddítionci 
outputs such os carry ond bor row, ond 
ít has bosic potent:ol for considerably 
more complex funcfions thon mere 
counting;' 



·.: ohin;; or en:1bllll,L;. the slJClbe )iJ,e can be uo;ecl mnch 
lt;,;c a ") slt'm c1clC'k. For iml~:ncc, !he onlpllls can l1c 
dtsabkd unt1i :11l1t1pur i.ran<;i¡·nt'; h·nc died away. 

In .1 ha~ic wnclt}m-log;c confi61Jr;Jtion, :.hown on pagc 
c,l. lhc ·d-only mcmory pcrforms combinational 
innctH)m, ~uch as C<~dc convcrsion, with thc si.x data hncs, 
,,·J.¡]c a can aho pct fonn control and sequen! ial funcliom 
,\·1th thc :\ anrl B ,nput" and thc \V ancl X outpul-> (or 
11 ith somc of thc cb:a linc"> as wcll). In nounal operation, 
i1oth thc j¡~tcnllpt lill(' A aml thc re~ct linc l3 are at lhcir 
,-, sl:-tlcs. Thu~. th•: \V .md X oulpnllinc<; me also at i.hcir 
() .<:1.'1'''· In th:s cPnf.;;ur:1tion. a 2.0 ¡,q.bit mcmmy can 
(:,,le.::=;:~; ,,•nh l':,:l1 () dat.1 ])][<; :llld 2 conllo11llls. 

:\O\\ ~nppo~c· .111 .ntc11upt al tbc l lcv<·l ap1wars al 
thc .\ i;J;)t:t. Tlm canse~ !he \V linc lo pul oul a l, 
alcrting thc out-.id<' world that thc rcad-only mcmory"s 
ontpnt clat:-t ¡~ no longcr ,·altd. At thc same time, thc X 
linc ¡;oc, to its l ~late, if thc 1csct is at O, Lllls clrí\'CS 
thc n input to it~ 1 ',[;de and cause"> thc unil to btch. 
\Vhcn tlw inlt.:tlll;_,t 5ignal retmns to O, thc outputs 
1cm:1m in tlH.'ir l ;tale", due to thc fecdb.Ick loop, and 
thc B linc run.1m-. at l. \Vith thc mcmmy latchcd, a 
rc~ct com1llancl is Jcquircu hcforc the olher six outpuls 
l'an IejHL''>l'nt thc d:--,ta or funclions programccl in lhat 
portian of thc Itternmy. 

The gatc dri\'lng thc B input takcs thc place of an 
adclilional .ldche<><. or control ]ine, an<l is the equivalent 
of a ninth input \ari.1blc. -\Vith it, the 2,0118-bit read-only 
memory l1as thc samc logic flexibtlity as onc \\'Ílh •1,096 
biL~ under thc log~ mk. The single cxternal gate makes 
thc ¡,fruct me vcry c.1sy to implcmcnt. 

\Vh.ü tlw cliagram :.hows is a nülnwl combination..¡] 
logic net ,1ctcd u pon by (\\o serpwnlial c\·ents -interrnpt 
followecl by rc.,ct-lhat •.tnp It antl thcn 1estart it respcc
liYc1y. Th~ rc.lCl-only tncm01y's capacity can be uscd 
fnr comb!'lation:11 functions, scqucnl1al func:tions such 
as n n10clu-, 1~-lG connlcr, or in many othcr app1icatíons. 

Many approacl1es h.tve hcen champíoned as thc mo~t 
cfTicicnt implcmcnt:llion of LSI. Onc way to judgc thcir 
ccoPI>Il1i" n,,.¡,(-; i~ !o r·omj1nrc thc ~ilicon chip are; • ., thcy 
lth::d tu i'I'J,,nm tl1c .t\CLlg'C illllétlon. For ('\amplc, a 
2,U-i8-b.t 1 cad-on:; níl·mo¡y can be madc on a 80-by-110-
rrul chip. .\cc01 cling to, our approximations, it is thc 
equi\·alcnl of about 200 logic gatcs. 

There are no LSI techmqncs today that can put a 200-
galc random logi::: f unct.ion on :.o small_ a chip. ~n fact, 

no eme \\·ou];i J1HlJ•OSI' ¡, pnl cvcn 100 g'<l"'' ü.t '";e;, 
a (;;i;). Thus cl1íJ' cco¡,r·,,¡Íco; favor tLc ~l'·C 11; IC . .d·<)i:~_.· 
mcnHJ!Ies Cl,'il .[ •J.1r :tJ1t'lO\im;,t:oll \\CU' oír by a L1cl<>:· 
of t11 o. Forl'C.t'il::. d b,~,o:'"r lo,c;ic u<:~ d'; sm.t!l as JO 
sc1uarc mtl~ h:n e bcen maJe, Lul :-,¡os FET stor.1ge elc
nwnls h.t,·e ;¡Jrcady gonc bcyond th1s le•., ~.-i, to :-tbo,;tO 
l S(IIJ:1r::' mil pu \íOS ¡: :~ :·. Of th(~ 10,000 'fj 1 11 e Jliils 011 

th(' chip in the photo ahoul ())<:"·(; 1<; occo~ 1 •• ccl b:,· ti1...: 

wirc-hondin¡z p.Hl~, mtracom¡e, tion \\ i1 ing, :t.;d rkcl•f¡c 
and s.:nsc c.Jrcuits, Logic an:1ys Je(jlllll' ~j¡,,;l.,· ·1\'c:,t
tn\..lltS in ruc-a for anp"t-Olltput Lill.{ ~lO,"'',. F'1,~1:~C' 1 11 ¡}[fi\C-

11Wnt<; m pr•1Cc,s rc·.,o]¡i\¡nn and J..¡g(r c· .. p •;¡;e~ w1:· 

J~TL'all) il1LICJ.'t" fl'th_l-')111~ J1Jc'!-llOty (',lJ).I( 11)' 1H \_:~·¡s 1 ' j 

lhc b .. t~ic 'tn;-.J~~l: c·1¡·,~u·nt .. ..:; <,lll,tll ::..1/c' 

~fmCO\Cl, semicondllclor :ca,] o,J;y ll<<'iJI<:J :e·> ;cqt .. ;,,:: 

no custom engincc1 íng. \\ itlll¡:", p.H.k:<.;m~: u: lC':tin.c:; on 
the part of tLc semiconductor n 1:md ;¡cl1;; C'-'· O ncc thc 
nscr submlts his tn:lh t,1blc tu !Le m.::: •. Lc\:ucr, 110 

furthcr ncgotiat-ions ar;- l"C'(llTiJ cd. Only on.~ ;n,J"~, cor~
trollim; thc !:!.ltc-oxidc thicknL'~' j~ :1lh:1c•l lu ptol2,ram 
a Icad-only ;;,cmory. Logic ~111 "r', b~ c•1r.:1 o~'>t, rcquiw 
thc manufacturer to dcc1phcr 1n;;k' ~qt~al,J!ls .md dia.
gr,llll'i, to plepa¡¡~ a . .,et of p,n<JncJ;,m nJa<;k-> 1.::-,:.cci on 
thcse diagrrt.m~ g0,·crnmg tl1e _:lw ,l!ld í'JI, 11 ]oc.>iinr; of 
logic cclls anc] input-out¡mt ,::·\ H:c,, .-llld 10 gcnc·;·atc 
up lo three .nctallization ctcLin~ n¡;,,"k<.. 

Differcncc<> in tite gatc ox1dc La,-c Yitlually no d[ecl 
on the produc!ion JHUccs">; thal io:;, rc.:d-only mc¡;,n¡ics 
slorin~ diffcrcnt Lbta or irnplcnwnting dtffcrcnt logic c~c
sign~ are p10duced idcnlically, so it Í<; a stand~:;¡l pro
dnction item. Its h;::uHllin~, fiow. Íll!'pcct ;OJI, pacJ.:¡¡¡..::In¿::. 
,mcl kstmg a1e f.ulllliar io pr~oplc o.1 thc iJIIJri,Jdioil l;;1cQ 
\\'Lo thm dorú ha ve to lcarn thc Uh! Ílld ¡e¡¡¡~ hcl wcc 
d1ffcrcnt desi~ns. Expcr!l'ncc pro,·co; tkll t1.ts fan~i]¡;;r;ty 
\\'ith a single dc~ign, or "·ith a minilt\11111 nu.JJLJc;· of 
clcsign:;, is not a 1ninor point in tlw pwclm:tJon oi any IC. 
Pio spccial prccautions or m:.tmction'i al<~ nc~:l1cc1 at m;y 
::.~agc dming the rnanuf.1ctmin;_¡; ptocc~s, f10m lÍrst d:f
fn<>ion to fin~J test. and 11Cli1C lll'l'cl be paid fnr. 

Perhars tlle gre<1test hcncfit nJ- H'.l·~·:.tth '"''J•l•Jry 
1P:tZic c..o1nc·s 1!1 t'-~""tin.~. ~\ Lle\ ice \\ nl1 ~~·~o th ~~~;¡) :;---~, "1 

;Jbay!-. po)cs SC\crc lco,ling p1oblcms: E-.c1y iu,,l,,;,,;; 
that it should pcrfonn mu>t be ,·criflcd, ;,nd t :cty ¡,e,~\ 
1cn f11nction that it llligllt pcdorm nn:st ;;e \\'<'f'c1cc1 \)ui·. 
This complcxitr rcquircs t];c 1o,c;ic<c•·¡a:' Ll.il·•;[:,c:-¡¡;c¡ ;..-. 

c..lcYclop cíthc-r a spcc¡,¡] lt'stn f,¡r e .. e: :·¡:a;.- :i1:1L i~ 
builds, ora Llr:;,, gc-nclai-pnl poc.•· te, t.:, e, .1 ,; .¡,. 11f le • 1 · 

\Írtu[lily nn~t1ting in cH.~ilnl ~ÍlCi·JlJ; J·.~L~ l ,~¡¡ 1 ).~;-¡;',' 
i~ cxpcno;;in·. But tllf' ¡c,,,l.,-,n]y ,o~,;;;~n:\ n1 1u,:·.;ct,:· e·. 

c,m use ~ st:l;jcbld k~·lC1 th,1l l .. l)I·Ji\ c1:f'l';,, ,,,,r 1: . .; 

Hll'lllOlÍC'~ in :~.11.lpp1:c .. ltinn .... --.ts Ilh 1l"'tA·'l 11'"' .~.- •1
\ id':.~ 

F'nt:h('¡'¡ll('fC'". th~ rc .. Hl-ni11V ll1l'Jl)~l¡\ .h~t'll P~li_\' r 
ftH-.tcd for d~ '-'0Iil1)jl)['¡:j()ll,l1 r\llh !inno..... d 

¡¡·,¡¡,¡] l'l,·, t1 ic1l lL·~t'. l:t1i¡J,, .. 1'1 .:11 .·1 

l.ttch1 s. a tL'ad-ullh- llll'ltl•ll \' :, :'•' ;¡t i.ti 1. , '.:, '" .· ,, 
!Jo chcd.~·d out ;,. ,.¡ tlw- !,., ,l\);¡ck l,,,,h ,.,., .•. : .•. ::, 

if thc contbinatiodal nct fun('t :on-.. J"':ltlj)l'l :·.) \1~~.· ~.,cr:r¡cn· 
lia1 nct \\·111 n1"o v.·o1!{ ,\-~ie;r t~,~~ frc.~lj, :~ l. ·\)S ~ e 
clo~cd, bccau';e thc-,!oop.;; ~1111pl~.r ~.11,1n~;~ :~~~~ ~ .. ¡~:~~~t L'-~o 
onc combiuational J.unction to atw(hcr C 
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PERIPHERAL SYSTEM CONTí..:CLLER 

Carl R. Eoehrne 
Carl R. Eoehrne Assoc, Inc. 

690 Salt Lake Drwe o San .Jos e, C.:t. 95138 

ABSTR,l\CT 

The \ow cost and high r'ehabthty of LS! 
n-.tcrocom;:¡ulcr:o makc tt economLCoél\ly fcastble to 
dcdu:utl.! lhese ciev¡ces (0 speualtzea pertpneral 
control functtons. Low spP.ed peripheral devtces 
are rdme canatdi:ltcs for such an tmplementation. 
/"'n 1nt2gratco pcrtpheral system dcsign !S prc
scntcd ncre. Two controllcrs, operat1ng on a 
common d<Jta b.1sc, are presented. The pr¡nter 
controller' <:1ccon1f1llshes the control lo~1c and data 
proce~•s1ng al~¡onthms 1n f1rmware. The mag
neltc lwpc untl contro\ler <:~ccomptíshes the control 
logic ¡n f¡rnovv~'r'e <~nd the data process1ng algo
rithms 1n convcnt10n<Jl log1c. 

THE TRAOITIONAL 
PERIPHERAL CONTROLLER 

The traditional peripheral controlter util
i7.es SSI and MSI 1ntegrated c¡rcults for ¡mple
mentatwn of control and dato proccssing algo
r¡thms. In sorne 1mplementations theconventional 
logic i.s organizcd as a special purpose micro
processor whtch 1s then m¡croprogrc:~rnmed to 
implement tl-.e control atgol"\thms and in sorne 
cases the data procr:sstng cJlgonthms. 

THE MICROPROGRAMMED 
CONTROLLER OVERVIEW 

LSI mtcrocomputers are general purpose 
machu"' ~s, tn the sense that thcy have a f¡xed 
arch¡tccturc, and in most cases, a fixed ¡nstruc
tion sct. Whcn comparcd to a sp~cial purpose 
rroicro1)rocesso,~ des1gned to accomphsh <l specific 
task, tney .:~re grossly incff~cient. Prov1d1ng th¡s 
¡neff¡c¡cncy doe~; nota ffcct the performance of the 
.cystcm, 1t can be just¡f¡cd 1n terms of lower pro
duct dcvclopmcnt cost, and lcss dcvelopmcnt ttme, 

Thc dc~,¡r¡n presenlcd hcre utiltzcs <:~n 8 btt 
p¿¡r.:~ltcl, 10,GS ~·sf'c. m1crocomputcr systcm. 
Thc sy~.tcrro Qrch¡tcct,..Jrc provtdcs a 4 b¡t parallel 
data path ancf a m1ntmal tnstruct1on sct. The tn
structlOn set, though 'm1ñimal when compared to 
convcntton<Jl co.-nputcr systems, was more than 
éldequ¡¡te for ¡mplementutlon of these controllers. 
Of thc 45 instruct10ns recogntzcd by thc mtcro
computcr systcm less than hcllf ilppcarcd tn thc 
controllcr routtncs, 

Analys¡s of a tradt tion.:~l pertpheral con
trollcr reveals Lhat the controllcr can be part¡
tioned into two o¡stinct log1c sect10ns; Dev1ce 
Ttming and Control Log1c élnd Data Processmg 
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Log1c. In thc case or htgh spe'-'d, t~lock onenlcd 
devtces 1t ts not <:~!ways fcé.!stolc lo trnplcrr,( nt the 
Data PrGcesstn~ to']tC l" fp·•mw:;¡rc. -;-hts ts cfue 
to the large number of cvents whtc.h ,r,u·.:;t occ.ur- tn 
a short ttme pcrtod. ln the CG~sc of low ::,~;¡-_,ccJ, 

byte Ol" wcrd ortenled dcv1ces, t'oti 1 the Con~ re l 
Lcgtc and Data Process1ng Log¡c n ,é\y be tn>pic
mented tn f!rrnware. The two conlroiler c;;,:;¡gns 
presented here cover thcse two dtsltnct cases. 

SYSTEM OF'EF~IlO~ 

The mtcrocorn¡>utc,- rrcc•vc:; Lh8 date• to be 
processed from <:1 l<e~/)O<:wd. Tht:_; dJta ts stored 
with¡n the m¡crocornpuler' unl,l Ll ron-numertc 
character is recetved. Upon ¡-ccctpt of the non
numeric charac:ter the WOr'O 1 :_; prt:-.tcd on the ltne 
pr¡nter and transferred to <J i02'' btl ::..u;fer n~gls
ter (BR) ror f-urure recorcl,ns; on ''"-'~F~ettc tape. 

When the BR C.Jnt¡:¡¡n:_; more thon 112 bytes, 
the ccntents are tr¿¡nsferred to m,x¡ncttc tupe. The 
format of the mogneltc tape ts one h le contaimng n 
130 byte records. The lwst 2 bytes of cach record 
contain the Cycltc Redundancy Ch.:::ck word. 

CONTROLLER FOR A.. o 
Dí~UM PRíNTER 

The Se11<o 102 pr¡nter, ¡na scnsc, ¡s the 
ideal per1pheral for the mtcrocomputer system 
used 1n th1s appllcatton. Referencc to Ftgure 1 

reveals that all of thc control log1c und data pro
cess¡ng algor1thms are contc.nned tn ítrmw¿:¡rc. 
The electromcs extcrn.:.l to the ftrrr,w<:lrc uric: 

1. D<~ta Sht ft f-<cg¡ ~.ter (DSF?.) - ¡-li"'OVlcl:·d 

only to econom1zc on ,-:;:,c_-,[J\ l/0 pcll't:·. 

2. Solenotd Dr1vers (SO)- lcvel sh1fLC'r-:; 
whtch convcrl lh~ tv10S lc;vcls oí Lhe 
DSR to thc htqh curn:;nt k·vcls of tnP 

trtf)']Cr' m.oH:¡ncl~~. 

3. Scnse Ampuftcr'", (5,\) - ¡~,-,)vtd•-d to 
convcrt th~: Ort~;tn plol:,,' ;:md í-~0\'. 

llrrnng pulses to TTL :c:vt'\s. 
4. Row Countcr (RC)- conL.,ns tnc m,r<l

ber of tne row of ch<Jr;_; -t::r'ó c.u,~re'1Ll:, 
under the pnnl han1rne:- :-. 

Hardware Ch~r,<ctcr:st¡cs 

The rol;>' ••9 pcnod or th:: pr 111: drurn .s 
325 (+ 78, - 2 .• :.) mscc. Thc sc::m,íu'g t:;-.1c 
allowcd for comp:'rLng c(RC;) to tht.." :npu~ d.:1.t:;. ._tnd 

loadtng the currcnt prtn~ 
6.2 msec. 



o 
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Ftr:-nworc 

Thc complete pnntcr controller routinc IS 

con:.:\lncd 1n onc 2b5 word ROM. Thc controllcr 
rout1nc IS chvtdcd 1nto 2 d1stinct secttO•,!:ój ¡n¡ttall
zalton ilnd sci\nncr-drtvcr. 

Trunsforn,atton of thc spccwl chnracter 
ossoc1utcd w¡th thc word to be pr¡nted and deter
m¡nation of whcthcr tha word 1s to be pr1ntcd ¡n 
red nnd/or a dectmal potnt to be includcd 1s done 
durtng thc tnlttoltzot1on phase. Thts transforma
lion 1s accompl1~.11ed v1a 3 look-up tublcs, Table 
1 contatns the ASC 11 code of the spccwl churac
tcr. :Table 2 contatns the numbers of the print 
rows whcrc the specwl charac~~:- rcpresentat1ves 
may be found. Tablc 3 conta1ns the red shift and 
dec1mal point informut10n associated Wtth the 
spcCtill chilracter, 

Trilnsformatton Ex.:~mple: 

Spcciol character "-'' Pr¡nts as -II 
C(Tablc 2 potnter) = 21 octal 
C(Table 3 pointer) = 117 octal 
21 octill 1s cqual to the row number of 
"-" and "11". 
117 octal me~1ns print in red and with a 
dcctmol.point. 

The Scanner-Dnver scans the input data 
including thc transformed special character and 
determines which columns are to be P':'inted. 

' .__, . ... . . 
MICROCOMPUTER 

SYSTEM 
'• 

ROM 
OR 
RAM 

1 
CLOCK, ,. 
DATA 1 
ENABLE t- DATA 

1--~----Jio...,SIIIFT 

HEG 
(DSR) 

1 

1 
1 RED SHIFT 

1 

Upon cntry to the Scanner-Drtvcr c(F<C) +1 IS 

stored 1nto a locat10n caltcd RCB and 1s uscd to 
dC'tcrmtne corroplct1on of the scunntng procc.;;s. 
To insure élQ<,¡nst a short cyc\c the Scc:mner
Driver wa1ts unt1\ RC advanccs beforc commenc
ing with the ftrst sean. The scann¡ng process 
proceeds as follows: 

1F c(RC) = RCB THEN Done 
ELSE 

Cont 1: Sean Data 
FOR i = 1 TOn 
1 F compare THEN DSR (i) = 1 

ELSE OSR (i) = O 

Sean tt'élnsformed special character. 
FOR i = 1 TO m 
1 F compare THEN DSR (1) = 1 

ELSE DSR (l) = O 

WA1T T1LL ncw c(RC) = old c(RC) 
DSR Enable = 1 
WA1T T1LL new c(RC) == old c(RC) 
DSR Enable = O 
JUMP Cont 1 

Done 1: Red sh\ft =O 
Une feed 
RETURN 

Upon completion the Pnnter ControUer 
Routine returns conlrol to the Execut1ve progrc:~m. 

SOLENOID 

DRIVERS 

17 

o 

RS, 

PRINTER ANO ELECTRONICS ... 

..---------

23.00+ 
ll3G54 721-

1234567890+ 
463.75+ 

~EIKO 
ROM 
OH 
RAH 

1 PAPER FEED 
102 

PRINTER 
1 

ROM 

1 

1 
1 
1 

RC O 

RC 1 
RC 2 
RC 3 

1 

PF 

ORIGIN PULSE /1 j 1,.-----,--,---:~ 

RC 

R0\'1 
COUNTER 

.;.2 1---<~ 

Fig~re 1- PRINTER CONTROLLER 
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CONTF<!OLU:=:r~ ¡--or<. 1\ 

ML\GNLl !C T/\PE Tí""<.l\F::!s;::;OfH Thc S-3 tr<:uY ,)ort possesscs the foliowtr< 
charilC te rt S t¡ C. e,: 

Tracks -- stngle trock recordtng 
Thc IOMF:CC S-3 tape_! tronsport, tn a sense, 

IS notan -JccJl pcnpherul for tne mtcrocomputer 
7ystcm 1::..ed tn th¡~; appltcutlOn. Hcnce, the 
mtcro::omputc r ~;ystcm assun1E:s the role of a 
supervisor rdlhc1'- than supervtsor and dtrect con
trol ter. Rcfcr·cncc to Ftgure 2 reveals thnt only 
p<:~rt of the control logic rcstdes tn ftrrnwnre and 
alt of the dat¿\ proccsstng algortthms are imple
mentcd tn convent:onal logtc. 

Denstty - 400 BPI 
.Speed --/or21lPS Q 

are: 
The clcctron¡cs cxternal to the ftrmware 

1. Phasc Encoder- CQnverts the binary 
data to be recorded to bt-phase, 

2. Ph.:Jse Decoder- converts bt-phase 
dota to btnorydata, 

3. CRC Feedback Shtft Regtslers - Com
pute thc rcmatnder polynomtal R(x) 
b.:~scd on thc gcnerator polynomtal 
G(x)= í rx2 +x 1t>+x16. 

-4. Wntc Control Logic - enabled by the 
n;icrocomputcr system, controls the 
transíer of the Buffer reg¡ster data to 
magnetic ,tape and term\nates the 
rccordtng process. 

MICROCOMPUTER SYSTEM 

TZST DATA FIELD 
CPU 

BOT - clcar lcuder 
EOT - rencctivc fotl 
Usable Tape - 190 feet 
Low Speed (7 1 PS) 

Ftrmwarc 

.Stop-.StéJrt Ttme - 65 m~, 

Btt Cell Ttme - 360 fl-SCC 

1/2 81t Cell Ttme - 180 ¡J.sec. 

The S-3 con~rollcr routtncs <:~re dtv¡ded 
11'"\to severa! dtsttnct secttons. These sect\ons 
implement the followtng lape oper.:1t10ns: 

Read one Record* 
Wrtte onc Record" 
Wrtte Ftlc Mark 
.Search End o f File 
Erase 3" of Tape 
Backspace one Record 
Rewtnd 
Power on-Power off 

$Data \S transferred and CRC checked, 

CONVENTimiAL LOGIC 

IOXEC S-3 
HAGNETIC TAPE 
TRANSPORT 
READ/WRITE ELECTRONICS 

DATA PROCESSING 
AND 

WRITE CO~TROL ~LECTRONlCS 
L--r---."--..--------- ------ --:-----1 

READ / 1\ ~,_,"RITL 

l_J DA'.i¡\ '1'1RITE DATA CLOCKS 

WRITE CLOCKS 

ROM..' 1 1 

l 1 

BR DATA 1 

L __ j 

IREGIS'i'I':-:O">, i 1 
WRITE DATA . ~·~~ 

lCLOCKS 1 Sli I?T j L..---=D ¡ G~ocr;~: ¡ 
___ ¡ 

Ftgure II - S-3 TAPE CONTROLLER 
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Thc tape opcrations are trun~.latcd by the firm
wur-c lnto thc €'lcmcnt¿¡r-y communds r~cognizcd 
by·the S-3. The trunslation proccss'procccds 
bascd on the known h<~rdware ch<~ractcristics and , o thc cur-rent status of the S-3. 

:
1 Comm.:~nds 

·Status 

Go Forward 
Go Reverse 
High Spced 
Write Amplifler En<~ble 
High Thrcshold 
Write Logic Enable 
Read Enable 
Write F1le Mark 

8eginning of Tape 
End of Tap·e 
CRC Error 
Data Ficld 
File Protected 

Since all of the data processing algorithms 
are implementad 1n hardware, all of ,the tape 
opcratinns appear only as motion control and 
supervisory procedures, 

Example of a routine which controls tape 
motlon_and_supe~ises_tbe_t~ansfer of data: 

Opel"ation: Write Onc Record , 

O
Entcr: Powcr on = 1 

Writo amplifiers on = 
WAIT :20 msec 
Go forward = 1 
IF 80T ~HEN WAIT 20 rnscc 
WAIT 110'mscc 
Write logi~ cnnble = 1 
WAIT TI LL CRC-Done = 1 
WAIT 35 msec 
Wl"ite _loglc cnable = O 
Go forward = O . 
WAIT 65 mscc 
IF EOT THEN ETFLG = 1 
IF CRC-ERR THEN ERFLG = 1 
Wrlte ampllflcrs on = O 
Power on =O 
RETURN 

Example of a ro~:~tine which contl"ols tape 
'motion only: 

Operation: Backspace qne Rec¡:ol"d 

Entel": Power on = 1 

L 1¡ 

o 
L2¡ 

WAIT 20 mscc 
IF 80T THEN RETURN 
Go reverse = 1 
IF test= o 
l F 80T = 1 THEN JUMP L2 
ELSE JUMP L1 
1 F test :.: 1 THEN WAIT 
WAIT 35 ms 
Go reverso =O 
WAIT 65 m::.ec 
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Powcr on =O 
RETURN 

FIRMWARE GENERATION 
ANO VERIF!CATION 

The firmware for this system was gener
ated and partially ver\fled using the m¡crocompu
ter manufacturer-supported assembler and simu
lator.- F1nal verification of the f1rmw.:~re was 
accomplished by running it on the prototyping 
system purchascd from the microcomputer manu
lacturer.-

The simulator is especially useful for 
debugging data processing and scientif1c routines. 
lt may be used to pélrt!ally verify routines which 
control peripheral devices by insur'ing the proper 
sequence of control events. 

Routines which control peripheréll devices 
can be guaranteed correct when the devicc per
forms properly under conlrol of the microcompu
ter system. These routines are best verified by 
interfacing the prototyp¡ng system (which has the 
same timing chal"actt:;ristics as the microcomputer 
systcm) to the device and allowing the pr9totypmg 
system to ,exercise the device. 

CONCLUSIONS 

LS,I microcomputer systems can be used 
to control one or more peripheral devices. The 
low cost and high rehab1lity of m1crocomputer 
systems, coupled w1th the inherent flex¡b\1\ty of a 
general purpose computer·, removes the prcvlous 
technologi~al lim\t<lt\Ons imposed on thc logical 
complexity of the control algorithms. 
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A olAiy•o~~t¡ O! h"'Chnology ilnd tJUI';Ir"l("5.5 Clevelopmanla 

Two years after the1r first use by IBM as data-entry devices, 

they're in new System/32 and three DEC .mini-based units 

by Paul Franson, Los Angeles bureau manager 

Aftcr ónfiinr, for four years, the 
t1oppy-J1sk m¡;m<>ry linally sccms to 
be mak1ng ¡fs mark. IntcrnatiOnal· 
Buo;mcss M.~ch1ncs Cnrp. dcvelopcd 
thc mcdnJm, and lfs u<>c m IBM's 
ncw ~m;,ll Systt•rn/32 ClHllpurcr (scc 
p. 38) bk>scs liJe lloppy d1sk for 
mass ~toragc. Othcr ma.1or lirms are 
also Jllmpmg on thc bandwagon; 
tloppy 01sks are uscd in thc _Bur-;, 
roug.l1<> Corp. rcccntly anryounccd 
$1000 -Jocum"cnt cncodcr/sortcr, 
and D1gital Ec¡tupmcnt Corp. has 
a n no u nn:J-· t h rcc···m in icom pu t cr
bascd sy:.tcms that use tloppy disks. 

All th1s actÍYity should makc thc 

C\.,k-dnvc makcrs hcalthy and 
lppy. Unfortunatcly, most are stlli 

w:ut111g for sub!>tantwl onlers for 
th~1r ~ystcms. 

John Rm:,, prcsJdcnt of ,Qrb1s._ 
Systcms _Inc ·--~Costa Mesa, Cahf. 
lamen!~, "Thc contract5 are JU~t 

dragging out. Thc product is bcmg 
cvaluatcd ro dc.1th-it wdl be bcttcr 
provcn tho~11 any prnduct in his
tory." Ch.ulc·. A Oicklll\On, general 
manager of ( 'ontwl Data Corp.'s 
Hawthornc, Ca!Jf., Mcmory Prod
ucts UIYISIOn, agrccs. He commcnts 
that general use of thc tloppy d1sk is 
sprcading much more slowly than 
most manufacturcrs had antici
patcd. H1s firm, l1kc most, IS tunning 
behind Jnltial forccasts, and he 
doesn't forcscc b1g salc5 m 1975. 

Donald E. Taylor, J¡sk-product 
m:magcr at Pc.!:.!_~c- _Corp_.,_ Chats
worth, Cal1f., say~ volume oidci: .. 1're 
~1111 s1x to nmc months m the future. 
Díckmson says that the industry 
shipped about 17,000 umts in 1974 
for about $6.5 million, and "we 
t1->1[1k wc're compctmg for, about 
(_)OO umts-$15.5 mllhon to $16 
million-in 1975." 

Electronlca/January 23, 1975 • 

Whcn IDM dcvelopcd tloppy d1sks -
m 1970, they wcrc intendcd for 
loading programs into the big 3330 
di~k drivc. Thcn lOM two ycar~> ago 
!.el thc standard for tloppy di11ks lli 

data-cntry systcms with 1ts modcl 
3740. Of the floppy-disk systcm:, 
shippcd in 1974 by othcr makcrs, 
only 6,000 or 7,000 were compatible 
Wilh that 3740 standard, "but we 
fecl the non-IBM-compatlble market 
is dcstined to dry up," says Dickm
son. 

Jnnovex Inc. in Bedford, Mass., 
which brought out its first systcm at 
about thc samc time IBM d1d m 
1970, fccls thc mix wdl be half lDM
compatiblc, but rismg. For examplc, 
only 5,000 nonoompatiblc systcms 
are cxpected to be shippcd tlus 
ycar-most of thcm by ~.e.n1_ore>s...,. 
C.orp~of Su_~nyval_s Calif. By 1980, 
however, D1Clúnson predic!S· that 
the world market will take 50,000 to 

~ 
¡ ., . • ------~'-'1 
; l.-~--------~--- --------- t 
1 1 -. --- -·-~- ----· 
~ ¡lr ,...,...,....,..-,--.. .....-~-- -

~- L~-~~~,~~-- _- -~-~,:~~~ 

• ¡ ., 
,, ,, 

In and r ~·· Top p1clure shows l,O;JPY 01sk 
or d1skolle. bo1ng msortcJ 1n 18,\l's now 
small computar, Sys:em/32 S¡·s:cm aoova 

ls from Penec, wh1ch feels that volume 
orders for IIO;Jpy d1sl~ memorias are 51,11 
slx to nine months a_way. 
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Probing the news 

300.000 un1ts per ycar, worth a total 
of about $75 n11lllon. 

The dnvcs now sell for $600 to 
$750 10 smgle quanl¡ty, but large 
quantity pnccs dr0p to $400 or less. 
Thcse ftgurcs should be halvcd 
whcn produccrs bcgm true vol11 ~e 
production. The llnppy-d1~k control
krs, howcver, can cost as much or 
more. This situat10n should change 
in mid-1975 whcn such manufac-

{ 

turcrs as Motorola Semiconductor 
and Rock\vcll M1croclectromcs In

troduce single-ch1p semiconductor 
formattcrs dcsigncd for use wtth the 
floppy d 1s ks. 

Cnpabilitic'i. The floppy di-...k, 
which is also casy to store and m:1ll, 
is convcnient for ind¡v¡d u al, ~clf
contained data bases, hkc hospllal 
pattcnt records, says Vrctor Poor, 
R&D vice prcsidcnt at Datapomt 
Corp .• San Antonio, Texas. 

The main d1sadvantage of floppy 
disks is that they are more limitcd in 
capacity than othcr record1ng 
media, hut in most of thc prospcc
tivf small-scalc apphcations, tlus 
isn't a scrious problem. Howcver, 
the life expcctancy of thc hcad and 
disk 1s a greatcr objection, bccausc · 
thc hcad is actually in contact with 
thc di~k as 1t ~rms. Pcrtec dis
cngages it during standby and other 
firms reduce hcad pressure. 

At any rate, manufacturcrs are 
using vanous techniques to incrcasc 

life. Likewise, a number of mnnu- puter Automation Inc. oi Irvme, 
facturers such as Control Data Cahf., and D1va lnc., Eatontown, 
Corp., Hawthornc, Cahf., and Per- N.J., 1s bcl¡cved lo be one of DEC's 
tec Corp., Los Angeles, are going to suppl1crs. Other supphers are Orbis 
longer-hfc ceram1c-fcrrite hcads. Systcms 1 nc., a spinofT from Cal
Even with a conventional hcad, thcy comp when 1ts di:> k group was called 
are claiming hfe at 10,000 hours and Century Data Systems. Orbis, in 
more. Jocl H. Levine, marketing Costa Mesa, Cal!f., has t1cs w1th 
mannger at California Computer Bnta1n's Data Recordmg Instru
Products Inc., Anaheim, Calif., says, mcnts Co., and Japan's Yaskawa 
"We prormse 10,000, but wc're get- Elcctric. Orl'i" also ~ells to Rcmcx of 
ting 30,000." Santa An:1., C:1l!f., on an OEM basis, 

Markctcrs. f>1 ~!l'lorex. has prob- and has a contract fo.r 4,000 units. 
ably delivered the most dnves, and Control Data supplics NCR Corp., 
its ~pinofT, Shugart Associ_ates, ap- and Pertec 1s agg¡ essively markctmg 
pcars to be the leader m the fastcr- its m1mmum-cost, minunum-sizc 
growing IBM-compatlble market. un1t and has received a contract 
Shugart clatms to have dehvcrcd from Advanccd Elcctwnics Dcsign 
5,000 units, more than half of them Inc., Sunnyvalc, and a few sma\ler 
113M-compatible, and shipments are ordcrs. 
now 700 a month. Presidcnt Dona Id Applicatiou-.. The major use of 
Massaro says the company is sup- floppy d1sks-thanks to HlM-is in 
plying Datapomt, Spcrry Univac, data-cntry sy~tems, hut intclilgent 
Four-Phase Systcms of Cupertino, terminals and remole-batch apph
Calif., three div1sions of L1tton 'In- cat10ns nre not far bchind. However, 
dustne-.; Modular CompUter Corp. by 1980, pred1cts Venture Dcvclop
of Fort Lauderdale, Fla., RCA mcnt Corp., a Wellcslcy, Mass., rc
Corp.; Storage Tcchnology Corp. of search ílrm, termmals will account 
Bouldcr, Colo., Pnme Computcr . for 23% of lht~ total; data-cntry and 
Corp. o! Frammgham, Mass., Com- point-of-~ale systems, 15% each; 
pugraplllcs of Doston, Docutel Corp. ~· and pcnpherals for small computcr 
of Q;¡ llas, and National Semicon- system~ 13%. Fewcr wlll be used . 
ductor Corp. of Santa Clara, Cahf. with programable calculators and m 
for use in thc microcon1putcr-pro- word-proccssing, control, and test 
graming a1ds 1t se lis to users. systems, in add1tion to the origina 1 

In second place behwd Shugart is use as a program loader. 
probably Calcomp, and marketing • Manul;¡cturers agice that both 
manager Levine claims to be shtp- the sluggish economy anJ lack of 
ping 300 lo 400 drivcs per month. acccptance hy user~ havc hcld back 
Calcomp, which is supplying Com- thc flexible d1~ks. For exarnplc, DEC, 

,-----------------------------·--. thc largest rn in icornpu ter manufac

Whai's a floppy disk? 

Tho floppy dtsk-vanously callod dtskette, flextble dtsk, or mtnttlisk by those 
who thmk "floppy" solJnds fnvolous or worse-ts tn effect, a large. round 
p1ece of magnettc tape 11 1s an oxide-coated Mylar d1sk, looktng much ltke ·a 
flextble 45-revolutJon-per-m,nute phonograph record. lt's 7 8 tnches tn 
d1ameter, andO 005 m th1ck, wtth a 1 5-tn hole tn \he center The dtsk 1s 
COnlatned tn a fiCXIble plaSliC e["lvelope 8 tn SQUare and 1 /16 1n. lhick. lt'S 
coatcd on tho ms1de wtth a soft matenal that permtts easy rotation of the 
dtsk ms1dc thc envelope at 360-rpm A slot tn the envelope provtdes access 
lor thc rc.Jd-wr11c hoad to thc d1sk surface 

A smgle floppy d1sk holds iJbout 3 1 m1lhon unformatted btls-roughly 
250,000 bytes m the standiJrd formal The dala ts recorded on 77 tracks al 
a max.mum dens1ty ol 3.200 b•!s per tnch on the .ns1de track, and track 
dens1ty 1S 48 por 1nch. Transfer rate ts 250 kilohcrtz. Any potnt of the d1sk 
can be randomly accossed m less than a second, a compelhng advantage 

· over any ta¡)e format,1 tncludmg cassettes, reels, or cartndgcs Althoug\'1 
early dtsks were not un1form tn formal, vtrlually all manufacturers are now 
concentrating on the ~tandard.IBM adopted lor tls 37 40 data-entry system. 
Ou,al-denstly, hard-sectonng, and other upgradtng techniques are waittng 
tn the wtngs for noncompattble systems. 

60 

turcr, waitcd for a product that hvc~ 
up to it~ cxpcctatwns. N\)w, Roh..:rt 
W. PuiTc1, vil'c prcsiJcnt of hard
ware devclopmcnt, says that dunng 
the past year, DEC has changcd 1ts 
attitude and i~ convinccd that thc 
floppy disk w11l be important as a 
da ta-entry dcvice. 

Anothcr pcriphcrals firm, 
Datapoint Corp., cmphas1zcs a ma
jor advantagc-thc l'ompaubli1ty 
forccd on thc mdustry by IBM's de 

Jacto standard. Datapoint's Poor 
says: "lt's intrinslCally an lntcr
change medlllm, and wc'd aJopt ,,¡_ 
ternatc tcchnologics only ¡f IBM ac
ccpted them first. Any othcr 
alternative would be likc coming 
out with punched cards with 
triangular holes-you'd never be 
able to sellthem." O 
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by David C. Vimarrñ 

The microprocessor in the hands of design engineers 
hns radicnlly chnngcd the hardware implementat10n of 
sy ~tcms A n cxnmple> of how the microprocessor changed• 
onc particul:u system, nn intclligcnt typewntcr system 
(]TSI. 1s g1ven m th1s art1cle As thc reader is mtroduced 
¡o the dcs1gn c;tcps. lhe va nance from prev10us des1gn 
procedure wlll bccome obvious. 

An intelhgent typewriter system was picked to 
dcmonstrate thc 1mpact of m1croprocessors for severa] 
rc¡¡sons. F1rst. tht conf¡guratJOn for the systcm hard
.,.. are can be npphcd lo other apphcations with similar 
serial input/output requirements. Sccond, the hardware 
l'Omponents. mounted on 3 pnnted C'lrcuil cnrd, are 
ava!lable for dcmonstration ano cv11lual10n. Tlmd, the 
design proccdures are straightforv•ard and pasy to 
follow. 

Although many arguments have becn mude in defense 
of the microprocessor, n kev advantage to usmg 1t m an 
apphcat10n hkc JTS 1s it.s nhiiJty lo reduce the hurdwar(' 
components count s¡gmf¡canlly and, w1th 1t, production 
costs. Keep m mind that during the prototype 
devclopmcnt phase the dcs1gner necds to des1gn the 
m1crocomputer softw..¡re al :d the hardware intprface 
between the m1crocomput~r and the "outside world" 
cmcfullv. 

The dcs1gner is faced WJth a fundamental trndeoff once 
he starts to create the system. He must meet the critica! 
quest10n of how to coni1¡,rure the system while 
r¡¡inim1zing the componen', ('0Unt and hardware com· 
plexity ,by periormmg ·¡wre functwns withm the 
m1crocomputer w1thout dc¡;radmg the system's overall 
performance. 

First Step 
The step·by·step procedurc an cngmecr ought to 

follow m ,dcveloping a m1crocomputer'-based prototype 
system is prescnted in block dwgrum form in Fig. 4. Thc 
first block rcquires that thP dcs1gncr or the manager 
wnte a dctailcd dei>CnptlOn of the funct10ns the system JS 
to perfor!TI; thc next block concerns documenting the 
I1'S' funéliOnal spcc¡f¡cation 

B<lscd 'on th1s 'ipeclflcaLlon, a suitablc systcm hard· 
wnrc conf¡guraliOn must be defmcd to nwet the mterfncc 
requircml'nts ol the m1crocomput.cr and the "outside 
world," prov1dmg ;JdPquate c<~pabilllies w1thm the 
mJcrocomputer to mcct tlw functJOnal spcCJficatJOn In 
general, workmg w1th a pnrticular microproccs'ior takps 
so me ingpnuity to gel thcsc tasks done Pconomicnlly. 
(Thesc new components, therefore, do not supcrcede the 
nccd for clcvcr cngmeers ) 
' Thc ncxt stcp is to dcsign thc m•crocompuler 

program. By program lS nwant thP "ru~tonu;.ed" 
scquenc1ng of log¡cal, anthmctic nnd control operntions 
6f thc rrncroprocessor lo mcct the de¡,¡rcd funct JOmtl 
spccificat1on. Thc syslem designcr begms by brcakmg 
thc required functions down into a set of clemcntary 
procedurfll steps arranged m a systematic and clearly 
defincd manner by suitable program descnptions. 

The microcomputer program des1gned in the prcvious 
step is then implemented and tested in the fourth and 
f1fth blocks of F1g. 4. The {'ase w1th which the program 1s 
1mplementcd ;md tcstcd dcpends largcly on usmg thc 
proper ~~ ructunng l<'<-hniques dunn¡:: the program 
de~1gn proccss (block threc). Next. a mlrlocomputrr· 
lv1sed ha!~dwar{' prol.otypc systcm is 1mph•mcnted (block 
six) mcor.poratin¡; the prcviously tcsted m1crocomputcr 
progrnm .. SuccPssful tPo;tmg of the prototype svstem 
completes prototype de' eloprncnt. -

Gen era ting Text 
., '1 

The oven.!] dcs¡gn problcm hcre is lmph·nH'nllng un 
mtcll:¡!ent typcwnter syslcm (Le .• a text gcncrating 
system) 1.vh1ch pro' idcs. as an output. a "prcviously 
spec1f:C'd ·· text - .... ith hlanh spaccs that l he u ser can f¡]] 
in to "cuslom¡¡.e" thc text. A typ1cal e>.amplc ''ould be a 
form lcttcr Labbed with thc namc, age and socml securny 
nurnbcr ;-Jf cach individual to whom it 1s sen t. 

Thc input mcdn:m for the 'prcvioui>ly sp('Clfit>d"text is 
the farn1har typcwrit.cr keyhoard. The output medium is 

FFf Mm·h ?Q 1Q7t~ 



Llw ty¡wwn((·r ¡m ni mg nwchanism Control eh m nclPrs 
nt·t•d lo lw nnplenwniPd mlo the syslcm to nllow m· 
<-t•r t ton of untque chnrncLers <~l locat.ion~ identified 
<1tllmg te~.t gl'rwrnlton. Additional control chnrnclcrs 
wt!l he n·quttl'd lo ¡HovrdP nn cdtt (i.e , erasurp of the 
pt<'VJous ch.traclt'r entercd) and sysl.Pm rcscl cnpnbtlity. 

Tlw fundumal s¡wC"ification of thc JTS ""inch hns lH"cn 
expn•ssl'd Lo t 111s pnint in commoniy uscd Enghsh 
lnn¡~trn¡~e wdl ht• r.•wordl'd in more precro,c tr·chnical 
t<•rrn1nolngv ]al.t•r. Fn o.;t,- ccrtarn hardware ronst rnints 
rnu~l he c•v,·rconw and llw iunct10nalu.,e oí the vurious 
control clwract t·r s clrfmed Thcn the hardware and 
sofl.wnrl' 1 o¡nf¡¡.;urntron dctuils, as outlincd m Fig. 1, can 
be gPnN<' . d. 

A ll'lt·l~ ¡le ('!TY) t!'rrninnl wrll 1->t•rvC' ns the t.ypewril.cr 
mt!< hanr•,rn lll'cau•,e a rn1crot:ornputer mu~t. always 
l'lllploy :tn mpuL!oulput (1/0) dt•vice or de\<tCes. The 
'ITY (ol 11 ¡)(>rfonn :rll Lhe 1/0 functJOns rcqu1rt>d by this 
appli( ,¡''m Tlw '!TY ~1perntes very m u eh lrke a 
typo'\1'111<'1. exct'pl for lwvrng !>Om<• addit10rwl keys. 

The 'J•ry kPyhoard 1~ •;hown m Fig. l. Il includes the 
fnrnillflr :1lphabd keys found on a convent10nnl 
ty¡wwnl.~:r .md "l'Vl'rnl control k<;ys. 

The llllc fPl'd kPy ndvnnccs thc puper, on which the 
TTY is prinLing, hy onq line. 

Thc 1vl'Y prinlmg nH·cfinnrsm mOVt'S from left Lo right 
whrlP prin11ng A retu~n l<cy 'moves thc printmg 
nwchan¡o.,m to tlw left hond m<~rgm. 

Rubout Key 
The uscr. ao:; you wrll ~ecnll, will be l,ypmg mto the 

r.1icrocomputer mernory. (Thl~ w¡}] mclude letter, 
numerals, !Jnp fet'ds. and rct, rns.) A nJhout kcy is uscd 
to dele·! e from mernory thc'Jast t.ypi:od chnracler or control 
kcy. t\ddiLJonal prt·cc·dmg' chHrCirtcrs can be ddeted by 
cont.nu¡;,g Lo pr,•;.., thc rubout kt::y. llubm .. t w1ll affcct 
the ed1tmg funct10n of thc ITS. 

Thc JTS will hanclle form lctters this way: Whcn Utc 
user rcachPs n pomt m the Jetter where unique in
form<~tion 1s to be inscrted, he will simultnnl'O\ls!y 
clPprP~s the CTitL (control·) key and the charnrter B (We 
w11l rcfN to tlus combmntion ns CONTfiOL + B.) The 
mn U•rwl writ lPn ha e k ffom mcmory w¡IJ then stop 
prmtmg so t.hnt thc unique information can bP t.yped in 
by the user. Aftcr the user has lyped m. the unique in-
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formntion, he can resume thc typmg from mr•;-nory by 
CONTROL + C. 

There has to bC' n commanci CONTROL+ P to m:tiate 
prmtout from the m1crocornpuLer nwmory as wcll us a 
CONTfiOL + E. 

A bell on the TTY terminnl, on cormn.1nd from the 
mrcrocomputcr, v. rll ring \dw; ot'\'er the 1: "cr tn•'S to store 
more data charactcrs than thc lTS ~Lurag·· cnpabillty 
will pcrm1t. (l n thi::: "Xamph• thP sLorngc cap.d.nilty '' rll 
be lrmrted to 250 ch.m:ctcrs ) Tht• bcll wlll al so 1 wg if the 
u ser tr.es to rcad .111 em¡JL_Y m~mory. del eLe more 
chnracters than exist in sloragc. or contmue pnntmg 
uft.cr thc cont.ents of the memo,-y have bt~en pnnted out. 

Now: we cnn proceed \\1: h lh,· de'-'11:n ¡noblPm TfH' 
mt.e1lare rcqu1rcmenLs for t IH· 1 P]t'l.y pe ht•yboard and 

· typing rnPchamsnr must lw ml't by l.ot.h a < nnvent ]()n.¡J 
dcs1gn u~mg :,Landard cJrcult ry ( LSI, MSJ, SS!) and onc 
·using t.he microprocpssor ;¡•; .t ".YSll'm ('ompnncnt. 
' Ncxt, wc vnll bncflv con:,¡der a ~y~tcm-levcl hloek 
dingram of a conventronal dt•si¡;n nnd <!slimnte tlw JC 
packages requ.red, follov.cd by un cxammat10n of 

o 

o 
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CONTROL+ E 

S SIMUL TANEOUSLY 
TO ERASE 

#1 
UNE FEED 

CDOdCDCDG:>OCDCDOCDQ~ 
@ Q Q ~·~ QO Q (7) ® CV@@ 

112 
AETURN 

' Q0GJG)~QOCV~G®88 

."::,o o 00 0) Q <D <DF 

#4 CONTROL + 8 
PRESS SIMUL TANEOUSLY 
TOINS¿RTCHARACTER 

1 

1 c;g 
WRITE MICAOCOMP~TER-BASED 1 

SYSTEM SPlCifiCATION __j 

#5 CON'J"ROL + P 
PRESS SIMUL TANEOUSL Y 

TO PAINT 
1 

FIGURE 1. TTY keyboard with ITS co/nmands 

MEMORY 
256 BYTES 

1 
CONTROL¡ 

8 

ADRS 
8 

DATA 

CONTROL 

HALF 
DUPLEX 
SERIAL 

CHANNEL 
CIRCUITRY ¡.....,¡¡.---e:-1 

FIGURE 2. ITS block diagram 

LEAST SIGNIFICANT BIT 

DECODER ANO 
TYPING 

MECHANISM 

TTY 

KEYBOARD 
ANO 

EN CODEA 

(1) +5 V--.. :~J-r--,-- ~- T --,- -.--:-r-.....------1 r . 1 1 1 •• , ·1 

(O} ov- L__l_ ___ l ___ l ___ : ___ L __ l __ l __ l __ l 
' J A ' + 1 1" 1 

/ 

ST ART B,íT 7-BIT CODE PARITY STOP 

FIGURE 3. Teletypa &erial data 1/0 transfers BIT BIT(S) 

DEFINE MICAOCOMf'UTEfl BASED 
SYSTEM HAAOWAfH: CONFIGURATION 

l 
OESIGN MICAOCOMPUTEA PROGAAM 

IMPlEMENT MICROCOMPUTER 
PROGAAM 

TEST MICROCOMPUTER PROGRAM 

IMPLEMENT MICROCOMPUTER-BASEO 1 
SYSTEM PAOTOTYi'E 

'--------~-------J 

,...----___1-~-----. 
TEST MICROCOMPUTER-DASEO 

SYSTEM PAOTOTYPE 

L--------------------·-
FIGURe 4. Prototype devolopment procaouru 
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Com-Count ponents1 

1 

75 Substantial 1 

1 
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6 Negligible 
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PRQTOTVP:: PROCUCT!ON COST ! 
DEVE.LOP~J1E:'rf e~- • 1' - , -- "-7 'e¡. ) 2 1 

1 
L...Jii,\1M1•-\ o 

¡ 1 

1 1 

1 1 
Significant Hardware ! 

Deouggíng 1CO% 
1 

: 

Software Debuggmg 1 

Sorne Hardware 10% 1 

1 
Debugging 

Support cornporoPnts: PC board, conneclors. cables, etc. 2 Ouanl1!1eS of 100 un1ts. arnort1zed oevelopmenl costs. 

T•\BLE 1. Software hardware comparison of convenlional vs. microprocas!>or-basoo sysloms 

h:tnlw;ln~ confl¡~nrnl rPn using- thc ?GSO microprocessor. 
1\ di,CUS'oiOil of Lh,· ~nflwur(• progr<~m dcsign and lm

plt·m¡•nt ;111nn dd :lll•- v. ill 1 hcn be m ordcr 
ThP sysl<'lll lwnh>nrr block dw~~rnm for thc lTS 

nppl!c.tlH'll 1~ ..,IJO\VIl 111 F1¡.;. 2. Es•H·ntmlly. the ~yfltem 
1 on'•l'·l ~oí a t eld ~ 1 ,. (lo en ter o nd typc lhc text), control 
nrcu¡l ry (lo illlJllenwnL t.hc des1red functwns) and 
lll<'lllOI)' (lo slo'<' tlw lext). 

'l'lw (P]d Vpt' ('IT\') t'lllOdt"i cach chnrnCLPr key HiLO n 
lllll!jll<' 1111 p.111 t·rn •,,•vpn boLo., long w1th a panty lJIL for 
PI rnr cont wl S1nnlnr lv. whcn the Leh•Lype H'CCIVCS 

ch.o1.1Ct ero., PIH odcd on t l11~ n•anner, Lhe ty pewnt.er 
nu·< h.llll"lll ¡o., :1rLn:.d"d to p1111L the a¡oproprinte symbol. 
Till' . ..,lanct.,rdllt'd '·t·nal dntn mput/output procedure is 
dt·1ncted >r. F1g. 3. 

Wiwn th uperator pu~hes !l key, us in Fig. 2, ¡¡ unique 
'-'l'nallnL pattl'rn is spnl. Lo t.he control circUJtry, wh1ch 
n111o;t '""l unlil the c nllre b1t pnU.crn is reccived It then 
o;ends 1L ovcr Lhc s;-¡mc sPrial channel to the typcwriter 
pnnt nwch:oa1sm so Lhnt the opernLor can v¡sunlly verify 
t.haL Llw r ••rrecl cl,o~r;~cter was rece1ved by the control 
<:~rcu¡Lry 'l'li1:> retl.lll'-'nllSsion of n·ceived dnta is called 
<"chomg 

The Tcletypt~ Interface 

The command spr·r:lflcaLion togt>ther w1th Lhe tcletype 
serial mpuLíoulput ~.y<;tcm answer the rC(jlllremc·nts 
conccm.ng the ll',pr nnd the teletypc mterface Fig. 2 
¡Jiustrntes thnt \dwtever the hardwnre implcmentation 
of t he tont rol nrcult ry. a t len<;t 2 56 bytP~ of nwmory will 
bP rr·qu1red to storc the tc:o.L nnd corrc.spondmg com-
01dl1U:" and "Cnci llh!rn hack lo Lhe tPictype print 
rnt•chan¡sm nt the rcque<;t of thl' u:c;cr. 

Two possJ!Jic hardv>arc implemcnLallon'> could mect 
Lhe nPcds of the a;JplicatJon. J n one approach, con
vcntional h;;rdv.'lre could be uscd, and no softv.are would 
be rec¡u1red. A second approach mcorporates thc 2650 
m1croproces~or as a system component Hcre, tlw 
functions pr('vwusl) pcrformed by hardware are handlcd 
by Lhe mJcroproccÓ>sor program. 

1\ compan<;on of thC' convenlwnal nnd microprotcs~or 
.lppro:.ches, g¡ven m Tablc 1, revcals that thC' hardware 
Plt•clronics p¡¡rt~ count, using thc microproce.,..,or np
proach, is reduccd \¡y n factor ol lO. In add1tion, the 
nun.IH~r of support components is signific_flntly reduced, 
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prototypP dPVf!lopmrnt ~~. n·.m r mrt ¡,, ,J 1tal n mL 
thC'rcfore, product10n CO[.L \'i !nr ¡,.~,·;. 

The ranriorn logie unpicnH·nl;l(H;I, of th.· ,.¡¡el;¡¡••·nt 
typP\IorÍt('r sysl!'m reqHir<'~. f11 ·.t of all, ·• :-l'n .. ' ·p.1r.1ild 
convcrLcr. Tiu., JS nn LSI onU·í:r<t!l'd '11, tJ.l "luch 
ronvcrls from thf' ~ennl tran:·ollll:-.'o~nn mod,· \<~>l(' h1t at. u 
llme) of the teil'typc lo thl' pa. aliC'l rnod,• l:.,·v¡·ral biL1> at 
u tune) of tbe memory, u nd v 1ce ver"". 
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Onc po~~ible ~enn!/pr.r<~ild con"vertcr thnt could be 
u«Pd ¡o; thc TH 1 G02 ''"\ nch10nous n•cervcr transmrtrcr. 
The T!Uí;()~) ll!l~ •Hl p.ns of data !mes, control lmc~ and 
po\\'f'r·~lljlpl:> hrws i ltr,li powcr supplres of +5 and '·12 
volt'> nrr rl'qtnn·d t.'n:1trol !me" recervc nnd Lransmrt 
d.ll.t. rndtraw l'noro., and control clock, n•sct, nnd for
mnt 

¡\o., nt~ti'd jli"('VlOil'-h Pnch nwmory word must he ctght 
¡,,¡" \\ rdP for nll rm¡.\,·mcnt.altons ¡\ suit able mcnH•fY 
com¡•orwnt rs th" Sr 1~net.rcs 2G06 slntrc JtAM. IL~ 
organi;,atwn r~ :>;,(; bytes (crghL lHLs wrde) of <;Lorage 
~¡o.H:l' Íor t lw texl 

Thc larg(·<.L aml nw·.t complrcat.ccl portron of the ITS is 
l hP control l t rn¡¡y 1 ,,. rJ, <:1 1: ned f ro m '1TL, SSI, and MSI 
int• gralr·d c•rcutl<. The h .. rdwnre lJlock dragram for the 
IT~ u<:rng \ lw con"v!'nllonnl logre appronch rs shown in 
i'r¡: ;, l:; .. j, block. of rourse, contams many IC 
r•<~ckagP'>. 

Next an• t he varHms o.:ystcm funrt1ons that will he 
n·qurn rl Frrst of n li. the i·n 1602 as y nchronous rcccrvcr 
tr,¡no.,:nlLt<-r rnuo.:t lH· < ontrnlled The :n lmcs of data 
funcl10n'- .tre <On(rnll•·d by thrce funct 10nal blocks: 
r<'{ erve rl1La control. lrnnsmrt. data conlrol, and 
rni~ccilil!ltfll;<> control 

¡\ clock r·, rcquircd Lo dnve the TR1602 and possibly 
th•] rest of the sys~em Thc dock block performs th1s 
functron 

A memory control ;<; nceded for the 2606 memory. 
Addressmg the rnr•rn(Ji)'. dnta flow control, rend or write 
o¡1ernlron select, and fnrp en11ble are the functions th1s 
block provrdcs. 

Storage Control 
The ciwr;..·tcr slorrq:e control hlock rs for stornge of 

charncll'rs r.-•c<'IVPd frc,,n the TTY into mcmory. These 
charactcrs wrllm.dH· ll¡J tire pnnled puge when the pnnt 
command rs ¡<;o;ued latcr. 

¡\ conlrol-rhn nlCt •·r •;lorage control is needed for 
~lorngc of control ch<•ro~clers rc"Ccrved from the TTY mlo 
rncmory Thrs typc ni ch;¡rnct.cr IS not pnnted \\hen 
prrntoul rs requestcd Control charncters nmlrol pa¡;e 
forma! and provHiP stop control (insertron of spccwluscr 
informntion rnLo thc lctter aft.er a stop). Control 
charuclcrs are st.orro rn mcmory. 

The conLrol-charact l'r control is a rnajor funclional 
rec,tJHemPntofthe ITS lt provrdcs the control funclio:1s 
of rhnruclPr delcte, mernory erase, continuc (after stop). 
and ;1nnt<mt. 

An error control mdrcatcs memory overfill. t•mpty 
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1 n the f.irst part of this article 
(st'c EET, r•ínrch 29, pp. 24-29). 
ÜIC fcns1hihty of using a 
nllcroprocessor-bascd system m 
,,., mtelligcnt typt">Hiter was 
dí~cusc;ed The convers1on to 
microprocessor control from 
hardYo ire ron troJ circu1trv can 
be orcomplished by several 
techmques. 

One haqic ocsign nppronch 
U!'eS n un1ve;-~.:1l g:.;ynchronou& 
rece¡vcr/trnn"n··¡r.ter.(UART¡ :,·) 
con'> ert frnm sPrwl lL'lrtyre !/0 
to the more c.onvcmcnt pnrnlir>l 
I /0 Then, the pnrnllel in
put/outpul data hus of the 
m•rroprocf'ssor is connf'Ctl'd to 
thP pnmilc! port of Lhc UART. 
The udd itionnl control circuitry 
rt>r¡wrerl to accomphsh this 1s 
iJiu.,trntcd in Fig. 6 Thc signnl 
!in!'~ nn t.hP lPft hnnd sirle of the 
pnge are t.lw SignPtics 2650 
pms. Thl'se are summnrized m 
l•'•g. 7 nnd Tnhlc 11. The 
number of IC packnges lo 
irnplcment this version 1s 18; 
the IPngth of the software 
progrnm is less thnn 350 bytPs. 

The main ITS software 
progrnm flow chart, f1g. 8, 
dP«cribes thc proccss of text 
in.,ertion, including the mnin 
suhroutines. We be¡~in hy 
utih;.ing tbe ITS in the 
suhr'lllline lnbeled IN 1 T; this 
{'ntlllls clearing the typcwnter 
control mechamsm,. keyboard 
buffers and memory in wh1ch 
thc text is storcd. Subroutme 
"IN" tben gcts a cbaracter from 
thc kcyboard buffer. S:nce the 
htí~dw~re interfnce is parallel, 

/J' .. the c;pven-b1t character pattern 
,J is n.oceivcd in regisler Ro of the 

//' 2650 The line from the teletype 
input is h1gh (+S V ora logical 
1) when no chnrncl.er is being 
trnnsmitted. 

In l.h1s hnrc!Yonrc configuration, thc UART dl'trrmines 
whrthcr or not n charncter is bri;¡g scnt. Lnter, we will 
propose a confi¡,;-urntion where this is performcd by 
softy,are. 

Thc nPxL opcrntion, dcpicted by suhrout.inc "CTRL," 
is thc dctPrmination of whelher the type of chnracter just 
rf'CPJvcd is a chnrncter for memory storage, R TTY 
control chnructcr for mcmory slorage or a control 
charncler for t.cxt control purposcs. 

The ~equence of opcrntions 0ccurring within the 
routinr is cxpandPd in F1g. 9 The chnrncter just received 
is compnred by the 2650 against known values of control 
churocters. If a match is found, like the rubout control 
chnracter (F1g. 10), from the ·rrY, the control ñmction is 
exocuted. In this example, the rubout char!lcter catases 
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dclrrwn of the las·,, c:1aracter in 
mcrnory. Next, the deleted 
charncter is "echoC'd" to the 
TT '¡'so the u ser can verify what 
he dcletcd. 

At thc next lev.:-1 of dctail, 
let's look at wnat happens 
m.;;we the OCJCLe charncter 
routme, documcntPd in·F1g. lO. 
WP note thnt the main 
opC'rHtion in th1s rout.ine is thc 
replucement of the given 
chnrnct.er with n null chnrncter. 
In:;¡,· 2G.'i0, n nuli charactcr is 
reprc•entcd by an eight-bit 
bytP ront.nming oll zpros This 
byte 1s readlly gcncrat.ed by 
t. he log 1cn J f unct 10n mst :-uction 
"EXCLUSIVE (Ht." All WC 

hnve to do is "EXCLUSIVE 
OH" t.he content., oi Ro with 
it•-l'lf (EXCLUSIVE Oll, R()). 
Th1s instmct10n implicc; th~at 
thc other n•g•~t.er to be EX· 
CLUSIVE Olt't·d 1s Ho. Wc will 
cnn.,ld('r n vers10n of the t·<·ho 
ch<~rnc! ¡·r suhrot.tllw m thc nelt.t 
<,('Ctlon 

The process Jll~; d!'~crilwd oí 
scquf'nt1ally j1f(o\f'('rling to 
thc npxt leve! of riPLml until thc 
tnsk lo he perfornwd can be 
descnbPci by t.hc m•cropron•s!-"r 
instructions l hemsPivpc; .~ 
cnllcd top-down cks1p1 
Slnrting w1th n syste1~1 

spPcifJCalion, t11e joh of tl-..· 
mJcroprocessor-bn<,ed syé-\en, 
designer 15 lo plan thc func
tioning of }¡¡s ent1rc syc;tpm by 
this logical top-dow¡¡ 
programmmg process. Thus, 
ernphas1s in devf•ioping a goo.:l 
dcsign in a timf'ly manner is to 
plnn well-stmrtured, easy to 
dehug/mod1fy /understand pro
grams. 

net urning lo rÍg. 8, WP S('(' 

tbat the nl'll.t ta~k nÍl.<'r per-
forrnmg the fu nct h>ns in routmP 

"CTRL" is to check the «.>altor stattas If thr e<Í1tor is not 
in the pnnt mode, then it 1mpl:es thnt WL' nre inputtin~ 
the text; consequently, we ndd a e ha meter to the text 
buffer mcmory in routine "SAVE ·· Oi C(lursr, if the 
character we~e a control opcrntwn ns dt>scrihc>d m 
pn"Cedmg pam¡;rnphs, 1t is not ~torPd in mo'mory Fh:t. ¡f 
it's eitbcr a chnracter for mPmory stor<~¡;.:- or a 1TfY 
control charao:ter for memory storngc, it 1s. 

Aít.cr ensuring that there"s room leít LO srorP this new 
chnracter, we send the chnractcr back to the telct;. pt
printing mecbanism (ECHO), so thnt the uscr can v;:-rii;. 
what he type,i in. This proce~s is rrpPnted in an Pndies~ 
loop until a cvmmand is decoded that indicates the teJo.L 
inscrtion tas « is complete. 

We ha ve n•)led that thc teletype is a Sl·nal 1/0 dt'VÍCi'. 
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I .1 1 •H' pn'' ioufl mlrrníJror·ps'lOr-bw.cd dr-;¡gn, a Ull. HT 
,., .~ ll'-<'d lo f'011Vl'rt t:w ~erwl l/0 tF1"typc chnnncl ton 
p:• r,. llc J ch:umr! r.o th:-.: chnrncters rnuld be mput to the 
:ó,);lC vin tlw p;¡rnJl¡_'l r.ntn bu~ But., for an nppllcation 
mvolvmg :; relalivl-1)' low-apeed device <;uch as a 
t.c>let_> ;le, 1 ¡·, <2 1s no n.·ed t.o use the hi&h-:,p<!ed pnraliel 
dut.n t_;nnól!er r.a0~ :); } he ?6~? " . . 

In hg. ' nno J no!l' d, tne &ense b1t m thi.' 16-blt 
pro~rnm status wuni ,PS\\'), is JocntR.d in the most 
sigmf1cnnt b1t locr•tio:-.; that is, bit 7 of the upper half of 
the PSW df'"lgnalc>d ns PSU; and bit 6 is the flag bit in 
the PSU. Tncqe hitR 11re directly nccessible on thc 2650 
pins. Thesc t.wo, t.he ~-.~nse nnd thc flag pins, can be used 
to 1mplemcnt a serinl I /0 channel m the following 
manner. · 

Using The Sense Line 

For mputt m¡.:; TíL rompnt iblc serial clnt.a, we can use 
thP s!'nse lme. Tlw sPn se hit is normally a 1 ( + 5 V) 
hC'Iwt>en dntntrnndNs The !me drops to 7.ero volts (0) t.o 
indKntl' a stnrr lut. Tncn c1¡;ht bits nre sennlly trans
ft>rred. Rft.c- "- hlch t h,~ ]me f!()CS bnck · to n 1 ( + 5 V) íor 
onC' or two ~tn¡-1 timt·~- d<'pending on thC' datn transfer 
rnt.e. Tlus hne cnn llt' snrnpled lnsidc the Zt1.'l0 under 
~oftwan' cnnt1ol by <''>f'Cutmg n "STOH.E PSU" in
si ruct10n wlurh ston's Uw contcnts of the !'SU m lo Ro 
nnd .,,~¡_.,t. he coll(!Jtlnn ¡orle bit (CC) of lhC' PSW. 

For out puttn1~ Yl'L-compolible serifll dnta, we can 
11''<' thP flag lmc. To trnnsmit 11 stnrt. bit hack to the 
lt•letype, we set thl' flng hit of t.he PSU toa O; to lrnns· 
m1t n o;lop h1t, w'C' •wt .the f1ng t.o n l. Moreovcr, to 
trun.,rml dntn lHto;, tlw flag iHt is o;et the sanw n!'l thC' 
corrt·~pnrHllll¡: datn hit.. Thi~ pro< t•ss is ncr ornph~IH'd 
unda .,oft.wnrc conLrol hy ex<x·utmg the "SJ·:T l'SU" 
lll"l ructu1n 

Thus, m the cn.,e of this dt><hcntf'cl microprocPs~or 
nppl;cat wn. t lwre 1s n·nlly no nf't•d for n gPncrnhiPd M'nal 
I/0 m!Prfar·p In.,lend, wP l'·lll dirpct.Jy u~<~ t.hc s¡m<;e/f1ag 
pmo; on tlw ¿¡;:)O for o;r•nnl l/0 Tlw re~ul! ing hnrdwnre 
confwurnt.ior. for this dP<hcntPd ITS n)'plicntwn IS shown 
m Fig. 11. 

ThrP<' cont •ol r.:ignn!'> from lhC' S1gncltcs 2G50 control 
lhc JTS mcn10ry, P:\dudmg Ü1P nridr!'GS bus OPH.EQ 1s 
a coordm:tlmr, -;ign~ol t hat indicntPs nn externnl 
operat10n ''· t a km¡; pl<~ce. OPII.CK i~ groundcd and 
llnll'of'ci. '-'111' í' t he /'LOG illld 2(;Q8 n•-,pnnd in lP<;S lhnn 1 ps 
leo a 2G:)O r··· 'lf''t lU\\' ~elPct.s a n~ad or wn!p opNntion 
of lhc 2t>Oi) lU\iví rnr-mnry. and WHP prov1des a timing 
pulsP for thnt Thc> Lt>nth nddrcss bit. ADR10, acts as a 
ch1p ~"lecl ; L; 1 laces thr~ 2i,08 m nddress spnC'e 0 lo ] 023, 
and lhc 2GOG m tlw adciJP'lS spnce 1024 to 2047. ADR10 
and ADHO-ADF\.9 select one loc:ntion in thosé address 
spaces Nolice that we hnve six 1C packnges and only 
one +5-V sup;-;iy drflwmg about 500 mA! And t.he 
hardware for t.h1~ syslcm is avniJable from Signetlcs on 
just a 2· by 3-inch pr.nted Clrcuit card! 

The Software Program 
Now lc>l'!' look nt thc «nftw!Hl' ;-¡rogrnm Funct.ionally, 

.thC' softwnr!' program ht'('Om!'s more sunple \Ve don't 
have to gcncrnt.c thC' UAH.T control s1gnnls The only 
~~gn¡f¡cantly nC'v.' sof~v .. are progrnm convcrts the serial 
mput from thc sen<;e linC' lo parnllel byte format for 
iurther procc<;<;mg and thc logic lo set the flag line to 
l'Cho or pnnt the proper chnrncLcr on the telc.Lype prinler. 

LC't's look at thi<; pmgram m mort> dctail. 
Hdl!rnng lo F'1g. 11, not(' thnt kcybonrd processing IS 

donc> m '-Uhroutme "IN." \Vc"ll discuss lhe dctnllcd f1ow 
clwrt. and lhP corrf'<;ponding progra~1 for this 
~uhroutmP, tJ<;Íng thc 2GSO m<;trucliOn set. 

ThC' ílow chnrt. for this convcrsion If> shown m Fig. 12. 
The ftrsL JOb 1s lo continually sample the sen se line unlil 

EET, Apnl 12, 1976 

a start hit, . .., d1·1 c-ct(·<~ '! ;~~~·n ::1 dPlny of hé11f! 1-- h~t L.!:JH' :'-. 

~nt;oclL.c'·rl tf1 l1"•t t.:1e • ··~1<:.,(· Lr.c aEn-'n Lo en•,,.:-c tL11l Lhe 
';tn¡·t D\:., \\'d:• 110c 1\CtUP!:v B nnl...,C' ~n.hC rf >i\':1 "•C .r.· 
troduce a dPi'IV of nnc lnL t.,me to le'i; thc •,.,n"ü hnc for 
thP fm;t hit of t:-w M!VPn-h.t charnclPr Th1" proce~s l" 

reprnLPd lintll nll sevcn btt.~ are Tt._·ce¡v('ci und pul n•Lo t.hc 
proper parnllcl hytc form<.t. 

'l'o dclny for any t1med o,)c·rat:on i~ n c;n¡¡;;¡,, iní1t~,(.,;"" in 
the S1grwtlcs 2G50 microproce~sor /u1y r<!!;I'·Ler, llkc I\{), 
1s londcd with a numbl'r. The r!'gi<;tcr I~ decremcnted by 
onc each time through n pro~ram loop (a loo;• '" a 
sC'quenco of mst¡·uclions which trnnsfers CJ,.<'('.Ji : •• r. from 
fmish to str.rt.). \Vhcn 1 he rcg1stcr is to•sted (e.H.;, tirnL: 
through the loop) and found C'qual lo zcro, the t.im.·G 
dclay JS complete. The tlmmg JS prov1dcd by t.hree 
things· 

o 2650 input clock frequency (l M Hz in thP cao;e of the 
ITS). The 2(i50 clock frequency 1s vanable up lo 1.25 
M Hz. 

" Instmction execut.ion time ThP time t.o •''-C'r:utC' an 
mslmct10n is a fllo.l'd value "- h1cn oqwncb m; ltw t) pe of 
mo;;truction and clock fi·ec¡u<'nry TIJC sum of the 
e>.ffution times of cvcry m~tmcL.on ¡;-¡ thc :oo;) g¡vcs the 
loop dclay tune 

o Number lonried into t.he n·¡.swr h0in¡:: u~ed in thl' 
program loop. This is thc humbcr of L1mes t he IO•)P IS 

executed, and, therefore, the number of loop Ó<"iay times. 
Exumple 

Clock FrequPncy = 1.25 MHz 
Loop contains instructions A, B, and C 
Instruct10n exccution times A = 4 R f-.1& 

B = 4.8 pS 

Loop ext>eutinn tune 
N umlwr of t. unes t.hrough loop 
Tolul delay t.tme 

C= 7.'2 ¡.<S 

= 16.8 j.JS 

= 100 
= l.íl8 m~ 
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FIGURE 6. General-purpose serial 110 interface. UART permits conversion to 
p&rallel 1/ O 

FIGURE 9. ITS input character 
decode machina (CNTL) llow chart 
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FIGURE 7. Summary of inleriac.o slgnals lor the 2650. 
Also seo labio on pago 38 lor sign&l plnouls 
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FIGURE 8. Input ch¡¡ractor routine flow ch:Jri and 
correspondang aso;umbly language lns&ruclions 
for a parallel 1/ O channel 
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(Continucd from P.1ge 36) 
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FiGURE 10. Delate character subroutine llow chart 

,, ........ , 

G:~.~=EJ •~"',.,,r...,,.,.,,"V 

'"""¡,"• IN 

--------~1 -----

11 ¡·r===-~:~: .. ~-:.-::--, _____ -e---::::~~-;:-.:-::--~ 
! L_ ______ l _____ __j -- -

l.~_-- --c-~ ..... ,;:00::·~ J 
-~ 

_j •.. 

~~- ) 
FIGURE 12. Assembly language program llow chart 
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<eruj 

Dat;¡ Tr;¡n<;fer SHF.;ils 
ADDRESS Aodr.-,~.ses proqr;¡m 

i.nd dnta memory and 
¡¡o 

DATA 

MilO 

R/W 

SRP 

FLAG 

SEN SE 

Sync Soqnals 
OP REO 

OPACK 

lnlerrupl 
!Ni REO 
INTACK 

DMA $¡r¡n<llS 
PAUSt: 

RUN/WAIT 

ADí\EN 

.1BUSEN 

f:,¡ c:¡rtlr.t¡on;¡i rlt~:a bus 
;,,, prnqr;¡rn ;u1d data 
rncrnory ;-~nd 1/ O 

S¡Jcc•I•C's a mPmory or 
1/0 OOVICC OpPr atoon 

Specd•cs ;¡n input or 
C>ll\pul opurat1on 

A rul•.p ourmg ;-~n ou\· 
pul operatoon 

An oulrul ¡,n¡-. loc.-.lod 
on thc PSW. Use os pro
gr,¡mme>rs chooco 

An onput 1inc lo lho 
PSW U~;c &s pro
grammers ctoooce 

Coord1n;atc·~ é.li extor· 
nal opcr;¡lions 

R.~';pon~;,, tu OP r:!EO 
lrom Ci.IPrn;d l;u~&Cf, 

ExtfJrn<ll mlr•nupl 

~P~~on~~loiNiREO 
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~~(,¡:' o~tlrtd~un o11ne 
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SENSE 

• 2~ BYTES RAM 
• lK ~YTESROM 
• 6 PACKS 

---1 

' 
LOAO R, i'NilH Ot 

1 • + 5V ~ APPROX 500 mA 
'----S-T-0-:R:-E -PS_U __ ..J]----- 1 S TORE PSU IN RO 

FlAG 

OBUS 

26SO 

Once a 'nild ~Lurt lHt ;s (lf't l!Cled, a rll'lnv of one bit 
tunf' ( ~'-'D.l ms) ~~ mnde unttl lhe nmldle of the f•rst duta 
b1l. The m1Gdlp of the fm;t dat.a b1t 1S 1enched in the 
foliov. mg mPnnPr. The lending edgc> of the start h1t IS 

delt'Cl!•d becau:-c the ZíiGO rrogl!lm IS contmuully looking 
for 1t in a t1ght loop. Tht> r•rogrnm loop is vcry fnst 
comparL•d to the frequ!'ncy of the '-.Cnse 1>1gnul (severa! 
nJJcrosecond~ rompurcd to 9.1 miihsccond~), so when the 
su:nt bit 1s dPtectcd. it can be nssumed the leadmg edgc 
i~ detN:tcd nnd not the mJddle. The mirldle of the start 
h1t wa" locnted dueto the ll2·bit tune delay dunng the ·C: no•~•! dwrk Fmall). t he m1ddlc of the flrst data h1L wus 

-"'' d,•t<·clt•d clue to the one bit time dcluy from the m1ddle of 
tlw sl.1rt b1t 

'!'he f¡r<;t dntH l11t ¡.., ~nmpJ.~c:l on thc scnse lmc as "1" or 
"G" (high or low), and <;aved When ~cven hits hnve heen 
rN'PJvl'd m tl11s manner (a count is kept 111 R2), un entire 
thar<Jcter hns becn recc1ved. 

Thc scnnl·to-parull('l conversion for each chnrncter is 
Hcromph<;hcd by trnn~ferring a data bit from the sen~e 
b1l into IW w1th thc "STOJ{E PSU" instruction. The 
data bJt.alonc 1s left m H.O aft('r executwn of the "AND" 
m<;tructwn. The la'iL dnta bit nlone is left in RO nfter 
c>.t'<'utwn of the "AND" mstructiOn The last data lHt 
~arnpled is asseml•led togethcr with the data b1ts 
prev10usly received m RO by the "INCLUSIVE OH" 
mstructJon. The "STOH.E" m~trúction puts the contents 
of H.O mto Rl. Fmally, ''ROTATE HJGHT" gets the 
contents of Rl reHdy for the next b1t of the charucter. 

Comparing the two lmplementations, it's easy to ~ee 
thnl !->)'Stl'm tomplcx¡ty •~ Sl~nifJruntly reduced by usmg 
lllJCrocompuLt•rs rother than rnndom logic And, since 
tlll' p.1rts count1s n•duccd, it's much ea!:>JCr to !ay out the 
pnntcd circ·u•t hourds. In add1L1on. crosstalk nnd othc; 
mu•rfprl'nce problPm~ t~nd connectwns, cablmg. coohng 
and packaging requ¡rpments are reduced. Most 
'-IL~;.lificantly, thc 26:-,o n•quires only one +5-V supply. 

Ot hcr nd~ 11 nln¡:cs of l he JnJCroprocessor- bu ... cd sysl e m 
ult'ltldt' t Jap fucl ll.nt ..,oft\\ nn• programo., llrt' IJ<;Uullv llllll'h 
,.,,.,.,.r to undt•ro.,tund tlwn nn ('t¡llivuh·nl ptt'(t' of hun!

___ ,.,,·;ut· J),·bu¡:¡;mg s!lftwarc ¡s lltlHh mon• sy-:tl'lllllllr nnd, 
_/ tht·~t·fore, usuaily less tune·consummg thnn hurdwnre 

_/" troublc~hooting. For cxnmple, problems such as elt>e-
/ C__) tromc cirruit malf1mction, intcrfucing, Ltming pulse 

al1¡:nmcnt and HFI are practlcally ehmmated. 
Dchuggmg !he 2650 l.'> purticularly casy smce its mLernL!.l 
circu1lry is static 1uther thun dynamic, con!>equently, 
t he el oc k cnn be st opped Lo loo k ut its pms without losmg 
!lut.n nr status. 

Tbe m•erocomputc·r·b,tsed systcm is also more flexible 
and pt~lcr to !:>Upport ])¡·cause software can be mod1f1ed 
n·¡,duv and clocu¡¡wnt .. ·rl Pl!<;i}v H.-.huhil,," :~ , ... ~•~· 

AN0128 

---:---J { CONTPHS Of RO 
----- 'ANOE0WifH1261227 

TO GEl SENSE BIT 

-----l 'INClUS.IVi: 0~ A, WITH AO 
ANO SAVE AI:.S.ULT IH AO 

-----1 'SlORf AOtNRI 

·-----1 ROIATLRIGHrAI 

F1GURE 13. Senal-to-parallel 
cunvcrs10n llow charl 

ugam due lo rcduced ;i<trl'> ,·o;.¡nt 

All of these factors cun ue tran'ilated mto (OSl Sdvings 
to the rnanufacturer Software dcvelopment í~ a one<1me 
cost that can he spread ;1crost> thP prCtdurtwn run And, 
w1th fewer spares requ1red in 1>Lock, fwld ~upport IS 

easicr. Fmnlly, the product can be continually up¡;radcd 
w1thout nltcring hardware paclwgmg. makmg new 
products more compet1t1ve in the murket. 

Daue Uimari, marketin¡/ manager for !.tOS micro
processors at Srgnetics, zs pnmanly uwoluPd 1mth the 
2(j50 microprocf.'ssor. Prcuiously, Uimari IL'DS r•mploycd 
by llarris Semzconductor a~ marketing manager for 
mPmorie.~. 
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(') Flag checking pern11ts slow but reliable 'opera tion, vvl'1ile 

O· 

a 01\11; subroutine provides fast, but noise-sensitive, data flow. 

\Vhetlwr you u::;~ <1. minieomputer ot· a micro
procc::.;;:,ot· to '-'OJltrol an analog data. collcction 
.system, intC'rfncing the an:1log-to-digdal convertcr 
toa. prGcc::::::;or nccdn't be difricult. Two b.1.sic type;; 

'f)f interfaces can b~ u"ed "·ith almost any a/d 
. COll\'Cl'tL'l': a Jow-speed fla~; clwck 01" a lJig-h-spccd 
dat ... channc! interfHcc (somctimes called dircct 
m~::mory :tcccss-DlVIA). 

Flag- chcckin;..:- h J¡n.i~cu in spccu by the pro
gra.m cyclc tim~~ whiie D~IA inputs are usually 

Ralph D. Taylor, Sen1or Project Engineer, Brooks Re· 
search & ManuL:lcturing lnc., 5612 Bnghton Terrace, 
Kansas C1ty, MO 64130. 

i ,, r• 

r ·, 1 

¡ 

' ' ' ~· ' . 
~ 

!. 
'. 

u~~oo::;:; m cru 

GI\TC:J J 
DATA l 
DONE 

01\Tll IN 

STAAT ---
AODRESS r-: 
SELECT 1 : 

UNES : 
DEVICC 
CODE 

LOA 2. BUF 

Next: fJIOS i\OC 
SKPí3L ADC 
JMP. -1 
DI'' \i, ADC 

STI\ t.\ó.2 
INC 2,2 
DSZ CTR 
Jiv1P NEXT 
HALT 

. 
CTR: 'JO. 
GUF·OBUF 
DUUF: .11LK 50 

". "" - ·-

NOVA 1200 
; INITIALIZE POINTER. 

; STt1RT ADC 
; BUSY? 
: 'fES. LOOP 

iW, HEADADC 

STOI"IE !N CORE 
iNCREMF.:NT CORE 
LAST READING? 
NO 
YES. STOP 

TAKE ~O REAO!!'IGS 
POINTEH fO l~liFI"I::R 

, li'<rUT OUfF[.R roR ADC 

l. A few r,ates and a one-shot are all that ara needed 
for a flag-check converter-to-computer interfac~ (a). To 

102 

limitcrl by converLet· spced, cxl'ept wlH·n .",¡;· .•. 
hig-lH;peed converlcrs are u:o;crl (250-:lf ll~ e• :·. 
version rate). Whcn high spceds an~ ne~ •!· ·' • 

converters are usual! y opcrated in a Lur~t-m, .' .. 
and Lhe data ft•d inlo a high spccd buJ f1•r ¡:;,·,· .. 

ory, and then fecl into thc main meldnry. Ti. , 
method of data h:tlldling- is n:-;ually ca!l,•d dt~:.l.l,._ 

buffcring. It gives lhe computer extra timt• lo 

handlc bnrsts of da.ta. 
A/d's are available in a wiJc rangc of :-¡w~··l '· 

accuracies and co.sls. Typical limits mig-ht bt• ¡ ~ 
bits at 100 kHz, 16 at 20 kiiz and 6 bit." at :2:.~. 
MHz. Prices for top units like these are u:-uall) 
over $10,000. At the lower cnd of the pcrfom1ann: 

PDP 11 
Assumes: b1t 1 1s convert line 

b1t 2 1s busy flag 

Next 
LDA R2, #BUF 

: MOV .j=l, ADC 
TST ==2, ADC 
8R .-1 
MOV ADC, (R2)+ 

DEC CTR 
BNE NEXT 
H1\LT 

CrR:50 

BUF: .+50 

START ADC 
BUSY '""'O 
NO. LOOP 
YES. READ ,-,:~0 
1 NCf\H~ENT 
Lt,ST RE:.''.DI~W 
NQ,A1'.01HER 
YES,STOP 

TAKE 50 REIID· 
INGS 
BUFfER 

talk with. a con11erter, the software for a Nova 120~ 
(b) or a PDP·ll computer (e) reqUires only a few fines. 

EI.rClRONIC Dt!>IC.N 1. bnuary .S. ,.,¡¡, 



DATA OUi ;-{ =-=======+===t~----t 
DATA OUT B ----------

STIIRT 

NOVA 1200 

o 

PDP 11/?.0 
lflA 1. CTR ; :;j: ot Readtngs Assumes: ADC tS status re¿; 

i 
1 

00!3 1, 1\DC 

LOA 2, BUF 

DOAS 2, ADC 

L fWF· 08UF 
DFl¡ rr. ULK~O. 

Srnd =it of Readtng to ADC 

Core start for buffer 

Slart ADC transfer 

Potnter to Ouffcr 
50 f~cadtncs 

2. Thc DMJ\ interface be:twccn <l computcr and a con
:verter (<~) requ~res m.1ny more control lrnes than the 

ran¡~l~ ;.re 8, 10 allCl 12-bit moduleR ihat havo 5 or 
.10-ldiz convers10n rait.:s and co~t under $100. 

Combinin¡~ the module and compulcr can bo 
done ('ac;ily. Tlle mini or micro 1s \1scd io start 
conv~";·o;ion or accept dala whcn convo¡·::;ions are 
comp;, :e Thc íl;t¡(-chcckin¡:; mC'Lhod uses tcle
ty~cwritc¡· and low-::;peP'd card-rcadcr inte¡·facc 
proc:ed u res. Thc proccf!!->Or constantly chec ks a 
particular lino until thc sig-na] on the line diRap
pears, at \\ hic¡l. Lime it intenupt..s thc program it 
is proce:->sing and accepts the data from the a/ d. 

Interface tht: a/d with software 

Two rommon minicompulcr¡;: u~cd throughout 
indust rr ;u·L· tlw Data General l'\o,·a. 1200 n.ml ihe 
Dlgil:tl Equipnwnt. l'])í'-11. Let's ;:..ce llow :w n/d 
<:Oll\'('l'lrT C:Li l ht~ i Jill)l" r:ll't\d (o Lhc-.:t' b\ o machillC'R 
\\ ith fla;~-cht'<'k1ng progrrrms (Fi¡!,'. 1). 

Tlw l'ircuit llt·..:·dn1 to intcrfan.! a.n a./d with' 
cilhcr machillt) 1s sllown in F1~. la. To clH'<'k for 
a fl:w .. a monitorin¡! program, like that :;,hown in 
F1g. 1 b, rnust be w.,ed. Thc cumpuil'l" st.arts !he 
COllVl'l'Lcr uy using thc NIOS ADC statcmellt to 
¡.,end n pube on the ¡.,tart linc. 'I'his sLaiemcnt con
tains thc d<·virc codo fo1· the convcrter, which 

Lr 1 CIIHJ!'IIC DI~:>IUN 1, Janul1ry 5, 1976 

ADC +2 contiltns word countcr 
ADC -t 4 contatns bLJffcr sta rt 
MOV #50, ADC +2 

MOV .:i:EJUF, ADC +4 

MOV #l. ADC 

BUF .. +50 

Ser :or 50 
reud1:1; ... s 
s, ..... t ~;1,): fcr 
.1(1(1, t ,.~ 

Star~ ADC 

ADC Buf!cr 

flag.check schc:me. Thc progr(lms nrcdí;d :o control til(.: Q 
lntcrfacrs let dat<~ mOVí:: at 3.3 Mwords/-.. rutes (b). 

is dC'codcd by gomo seledion lo¡sic and thcn 
ANDed with éL one-shoi, which, in tum, ::;ta1·ts 
the a./d convcrtcr. 

Once thf' convodc¡· is trigg-crccl, thc pro~:ram 
cnters a loop, wa.ilit,g for the convertcr to ~f'l ;,¡, 

"done" flag- whcn com·ct·::don is \'l),nplct(•. Thl' 
SKPBZ AlJC docs il11::, by chcekinr,- ~he ;K·t .;lht•l ,11 
a.dclrcss for a flag. If no flag i::~ fouml, th0 pro
gram loops by using tho ,11\'ÍP. ·-1 comm:1nd 
which iells thc proC0.'-SOr to do ilw prt'\'iot;:; c,-,¡~¡-

mancl (SKPBZ A DC). .,. 
Whcn Lhe flag is se>n'icé:, thc pro¡; z·am bre:~k-; 

out of the loop [l11d t'O'-'~ to t.hc D1 A ~.\, r\ llC sta:c
mcnt, which tclls tlw prDcc.ssoJ· to rc:,tl ilw d.:-.l,, 
from iho con verter mto ~lccu;nul.l; ,,r O. 
prol'c.-;s de,; el ilwd Sl) ia r C1 n b,~ l'l'l'c' .. ; l.,¡ t ,, ¡:,•t ,._: 
m:~ny n·:tdlll)'.-·" frum the a 1 d a;; lh',.,; .. ,· 'i'i:,• ¡.¡ ,,_ 

¡;ranl shown t~1kc:.. GO r-.· ,diP.''·'· o,·,,,.,: ··, .::·i,•r 
dnta are .srnt in', :h·, unn1l;l~o1· ~;, t:ll·;: nit1:"'\ ¡,, __ \ 
1'1lon~1 in mem,¡ry o¡· t hey will be ]o .... t ,.,·he¡, 11lt)l'c 

dat:1. C'nter thc ;~<'l'dlHub; .. r. 
DepL'lldin;.; llj)Oll the ;¡('lu;d ¿l, d ('(o¡ \ c'r~c'l' '-'•'- o 

leckd, you may ha ve lL) invcri t !1e bu:...\ ::-l¡,.'nal 01 
otlw·r line~ fo¡· Uw ~ignal levt-·b ¡,.__., ,tl·,i hy 1 :¡,• 
proccssor. Therc are ihrPe signals of p;tr~icu:;,¡· 

inton~~;t: a start sig-1wl, a momtoring sign .. l 

1 \1_, 
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SEARC:i OUITER 
FOR L4RGEST 

VALUE 

' ~. . ... . ..... ~ .' . 

SAVES ONLY LARGEST 
) 

3. These two simple flow charts Jet the computer de
termme the maximum value of a waveform. The chart 
on the left saves all input data, whil.e the one on the 
nght saves only the highest value. 

(btmy) to indicate when convcrsion is complete, 
and a signn.l to gate data into the computcr. 

Similarly the progra.m shown in Fig. le inter
fac~s the PDP-11 to a converter. Execution times 
for thcse programs are typically 20 JLS for the 
Nova and 15 J.LS íor the PDP-11. These times do 
not include the actual conversion time of the a/d 
a.nd are thus the limiting factors that determine · 
the input data rate. The data. rate using the flag 
check is thus limi ted to about 50 k Hz. 

Try DMA for fast interfacing 

If a. da.ta rale of 50 kHz is too slow for your 
need~. you can make the converter fced its output 
di¡·ccUy into memory. To use a DMA interface, 
the computcr mu:"t gencrale or ma.ke use of sig
nals ci lhci· nceded or sent out by thc a/ d. Fig-. 2a 
sho\\'s a simplificd schcmatic of a DMA control 
ci1·cuit. Thc soflware programa to bring the data 
in are listed in Fig. 2b. 

The pro6•-:ram:,¡ must first initialize two counter
rcg-isterH bcfore any data transfer takcs place. 
Ono rcgi:-~ter must be loaded \vith thc core :uldress 
for the first data word; the other register i.s set 

l\A 

f111' t;le llili1ÜJ~~~- o[ readings to ])(' tah··n. ¡.·v.· t!w 
Nu\.t, Lh1:-1 1~ dnne by tlw fir:--l foil!" C(lllOill:llllls oi 

tlw program. Now lhe :,y:-.tem is l'<':,dy h> stan 
tlw él)ll\'crsion :cnd accepL thc n~sultint~ data. 

The st.ut pubc j:-, g-i\·cn ::;imultan~ou.-ly \Yith 
the Ja..,t s:.:t-up rommand: DOAS ~ •. -\ DC. At thi-; 
point. the addr.:ss lincs are decod1·d lo :-.elect thc 
;1/d intcrf;¡ce and .t\;\¡'Dc<l lo lri~~~er a one-shot, 
which, in ttu·n, starls the converler. Aftc1· tht~ 

a; d i.'l startcd, thc interface waits until thc busy 
sig11al scts lhc flip-flop that. indk.üc:; the con
vcrsion is complde. Next the interface circuit 
request....;; da.ta-ch:mnd control. 

Once lhe computer aclmo\Yicdges this rcquest, 
t!1e memor.r adclre:-,s in thc ¡·cgbh~¡· is gated on 
the addre.ss lines, and t.he data are cnaiJled onto 
Lhe data bus. The requircd cont1·ol signals are 
differcnt for each computer type uut mu~t be 
generatcd to load the d:ü .. 1. word into memo1·y. 
Whcn the word is loa(kd, thc proce.~or si;;nals 
hack lo indicat~~ data are in memory . .Aftct the 
inte1·face circuit ¡·cceins this signa!, it resets 
tho control flip-flop, changc~ thc core ~uhlress 

counter, changes the reacling counter and issues 
a.nother convert command. This process continues 
until thc word countcr reaches zero when control 
gocs back to the main p1·ogram. Similarly the 
PDP-11 prog-ram offers an almost idcntical op
era t.i ng proceclu re. 

The ha1·dware needed for a Dl\IA interface is 
much more complex than for the flag-rhccking 
method. The import.m1t signals for the Dl\1A in
terface are: data out, start and channcl control. 
Since this intcdacc operatcs fastcr and necds 
accurate timing, it is more sensitivo to noise and 
other intcrference. Typical data ratc~ depcnd 
upon the machines, but they range from 0.8 to 3.3 
M words/:;;. If you have a lot of data to transfcr, 
consirler double-buffering the a/d :md usin~ a 
mass storagc system, like a <lisc. This pcrmits 
you to fill a buffer of a fixcd size ~nd then start 
putting convertel" data into a second buffer, 
while the dat..1. in the first buffer are being trans
ferred to the disc. 

Before you go to double-buffcring, though, 
check t.he!'le ex:lmple.s: 

a Use of a 5440 rlisc drive (madc by Pertcc, 
Wangco aml othcrs) anda data tmnsf~r of ma:d
mum rate with a buffer sizc equal to onc cylinder 
( one complete revolution of thc disc without :my 
head mo\·cment). This is aiJont GOOO rcadings 
(depcnding upon sector size, word ~izc, etc.) ::md 
reprcsents lhe data that can be storcd in On(• 

revolution of thc disc-ahout 17 m:;. Thus, ii 
your data rate is so fast that lhe buffer wili fill 
in less tha.n 17 ms, the syslem won't kccp up. 

a Use of a 5'1·W disc drive, a buff~r of 256 
words (sector buffer) and an a/d convcrsion rate 
of 1 kHz. This systcm would t..1.kc 2fi6 ms to fill 



( ' 

O~•>. CHMJ 
CQt, TROL 

: DATA OUT A 

1 

1
1 

OECREMENT 1 s-r -----, 1 t. ,. 

--D1i 

MEMORY 

4. A very-h1gh-s~eed interface for a 250-MHz a /d 
converter contams 1ts own ECL buffer memory and 
high-speed clock. 

thc first buffer, and while thc sccond buffer is 
bcing filled, you can transfer data. from the first 
buffer onto a di::;c. 

Howev<.'r, if only a small quant.ity of data are 
nccded (cnou:~h to íit in corc) at. a high data 
rat.c a core buffer can also be used. Thus, with 
opcrat..ün al a mrLximum data channel rate, data 
ratos of up to 750 kHz are common. 

Try out thc iow-speed interface 

Lct's considc1· :;;ome t.ypical circuit applications 
of thc;-,e ilitcrfaccs. F'or the Jow-spced interf:lcc, 
lct's try to monito1· a 1-kHz sigual and mca:;;ure 
thc high and low \"alt1cs. Todo t.his, ihc first. stop 
is to "C'kct ;1.11 :. /d and a samplc/hold, if t he~· are 
noL alrl':HI_v built intn lhc a,'d. ,\ct·onlinl.! t.o Slwn
IWil':-~ !:-':lltl¡liln;: Tlh·on·m, :1 s:1mplin¡~ rak of aL 
kao.;t 2 ld lz 111\lsl be U:-l'd. This pro\·idL'S a sample 
inkrval of ~,(¡() ¡t~, and thus flllY ~ignnl or spiko 
\Yith a wirltl1 of !~'~.-. th:m 500 ¡ts rould pa<>s un
(iC'tl'l"l<•tl. So, ju:,t ln b~: on the safc ::~icle, leL's use 
11. <"tlll\'t•J·~ion :-,pt•t•d o(,¡ li.llz. 

To ddenllillt' lww !:1<-.t a ~~arnpling rate you 
nccd, thcse ft\l·mul:ts might pn)\ e hclpful: 

S, = l/l' {for digital signals) or, 
S, =-.: N/P (for analog- signals), 

whcrc S, is t.h(' samplc int crval, l' is thc narrow
cst pulse illlcrvnl Lo l'c detc'<'led aml N the num
l.Jcr of rcadin¡~!i ¡wr pulse int.crval. 
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5. To use :m a/d converter to take tlfT.e or ltmc- rntcrv:~: 
measurements, you can use thrs p~ocram to~ count U1'2 

numbcr of conversrons and mult1ply them by the peno;;: 
of <he converter. 

Once the com·e¡·Ll'l" rwd samplcr :~:·e selc.::tcd, 
the software must be writtcn. I·'¡~~- :-; shows t\·,o 
possible flow ch;u-t~ for programs. Ti1e éhart of 
Fig. 3a stores all 1 L:ldin.z,; ;,nd ~e:,réhc:, ior the 
highest value. ln ]·'¡~;. ;}il, 1 he ,·)¡;,;·¡_ compares 
each rcading ancl slor.:s c)rtly ;,}¡(' h.c.;he;:;L valu\.'.. 
Simibrly a flow rllart can be den:-,ed to stor.:: 
the lowest \·alue. The h1!!"h :c:Hl lu\\ c:1ad.s can 
then be comlJined, ancl tl;c :nin :llHl max value:-. 
8tored in memory for furt lr.:r c:.liculation. 

Pulse mcasuremcnLs are ,;;"ten vct·y Lri.:-ky. LcL':, 
try to digitize a pulse th,,L occurs only once and 
lnsts for only 50 fL~- From éi1c divit1zcd result, \\e 

would like to finu thc enc1·¡;y of thc pulse anJ 
ho,.,- nwch enersY was dissipated in the lirst x 
microscconds. Abo, let.'s assumc \Yc have a 1-
MHz a/d with sufficient aperturc Ílmi:C) to t:·ack 
the signal. Wit.h spccd;;, this high, flag- chcckin:~ 

is rulcd out, anu a DMA interface mu:-,t bo uscd. 
Aftcr thc data an~ in core, the proccssor can 

access the memory and maké thc c,dculaLions for 
total cncrgy ancl dissipat.ccl encrgy. 

To record \·ery-hi;>;h-specd evcni.~, com·l'ncr:; 
thal can do 250 million com•c1sionc; ;1•:r se(ond 
can be u:-;cd. HO\\ c\·er, they ~1 re l in:: ~~:el :.o n.·J y 

shorL-Lcrm cvcnts, since 25 l.'1" won,·. are av;tíl
ablc in 1 sccond. -,r~·pic;d memorH'-'• :-ucil a~ co; ,. 
or 1\IOS, can't handll:' daL1 at ~uch ~~ JL¡:h ~]lt'l'cl, 
so speeia] iligh-spL·Cll oufCPr:-,, ¡,,¡¡¡¡ \':llil F:Cl. 
(emilter-couplcd Jo;·ic), mu~l ]¡¡' u:,.,¡_ '['p ;nt,·¡. 

fac(· lile hwh-:-¡>t·cd <:tli~\L'rt,·r \\,:1: t.!:,, E•,'l., 
a l'Olllpk.\. L'li'Ctld i:-, !1< ,.,J,•d ( ].';;•. -l). 

'fl1e l'JrcutL ts ~qnltl.tr tt) t l::, ~ :.~ .... l\\¡ H~ l·'¡~~- :-~.\: 

hü\\ f'\'er, a :o:;C'p:u·.¡tc 200-?-.: J\;. ,.¡.,,.¡, l'lll"l ),,. d:-t·,i 

:1nd llw bui"Ú'r nJcnh)ry mu:-l b'-· Lt:•·,· ,·¡:,_ld".ll \,l 
lwl<l lhe :-:llnplP:-;. Üill't' d.1i.1 ,,,, ,,; ,··:e' l• 1! ic'r 
l11l'lnory. 1i1l\~· l'.lit 1'"-' tr~t1L~:·._·trt'd :~~ :11\~ ; .. d~~~ 

mcmury and t ~¡, ... ¡,,. prüCt',;·,,•,l .. : .1 .... :,-.,, ,·¡· 1 .. ~~·-
An a.' el C:lli al:-.o he ''"'"''¡ l<> n:, ,t·;;¡¡·~_· t:,,. wili~h . . . 

~~ .u~ :l (~ 

is con1lJined \Yith a ~tdh~l· t'!ul·l\, ~~ c:ln :1-.'"dJ1:t...~t 

a pulse Lr.un. By L'c•lllll.tl•t-:· thc <:om ci :-iülb, :-·,1<: 
can thcn dctrrmliH' ho,,- long- thc pu;:-.l'S :u·t: .• ;.~· 
flow chnrt for thi . ..; i .... in Fi¡;. [J. "'" 

:.o 

o 

o 
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D.esigning with 

1 

m1croprocessors 
i nstead of wired 
logic asks more 
of. designers 
When engineers accustomed to 
hardware logic gates tackle a job 
with the new microprocessors-
as they're almost su reto do sooner 
or later-they'll need to know 
sorne of these programing techniques e; . 
by Bruce Gladstone, var/191/nc., ShemtiJnOarts. cam. 
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j 
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O The microprocessors recently introduccd by various 
semiconductor companics foreshadow wiuc changcs in 
the design of many elcctronic products and systems. 
These mjniature computers substitute programing for 
logic design-an alternativc that secms to surfacc for all 
but tiny specialized systems and ultrahigh-spccd sys
tems. The primary advantage of microproccssors is the 
short dcsign turnaround time thcy make possihlc. 

Dut to reali1.c this advantagc, as wc!l as thc corollary 
advantagc~ of easy ficld altcrations nnd incxpcnsivc 
customizing, the logic or systcm designer will nced to 
use new t~ols-somc ofwhich may be unfamdiar to him. 
Thus, instead of gate networks, he will use masks, com
p<:risons, and jumps; and instead of time delays, he will 
use circulating loops. _ 

Basically a microproccssor is no more-and no less
than a full-tledged processing unit essentially like the 
processor at the center of any computer system of any 
size. 1t has three major ditferences from a convcntional 
processor: it is fabricated entirely as one integratcd cir
cuit oras a small number of such circuíts; it is rclatively 
slow, compared to most minicomputcrs, partly to cnable 
its fabrication as nn re; and it sclls for $300 or lcss. Rc
quircd with thc microproccssor in any working systcm 
are a rcad-writc memory for data, anothcr mcmory
possibly read/write but usually read-only-for a pro
gram, and circuits for obtaining access to limítcd-per
fonnance input/output gear. Generally, these periph-



~r:~l c1rcuits, cach on its own IC, are uscd m larger 
•¡uantltlc" lhan thc mJcroproccs;;o;-s, so that thc \vorkín¡; 
:.y~tcm fills · up onc or more good-sizcd printed-c¡rc" 1t 
boards. 

When a designer uses a microprocessor instead of 
hard-v: m~d logic, he determines thc ~ystcm funcuons by 
a program--a sequence of instructions-stored in a 
mcmory. Ifhc u~cs a read-only mcmory, the program is 
immunc to in<~dvcrtent alteration. Replacing the pro
gram can complctely alter thc function of the machine 
that contains thc microproccssor. 

Using a gcnuine rcad-only memory, of course, would 
run counter to the flexibility advantages of using a 
microprocessor, except in large-volume applications. 
But using a programable read-only memory, or better 
yet, a reprogramable read-only memory, allows · an 

Word 
SIZO (bots) 

lnstrucuon 
toma 
(microsecondsl 

4 

lntol 
MCS-4 

10 8-
21 6 

Pgm 4,096 bytes 

4 

Rockwell 
PPS 

5-
10 

16.384 bytes 

Memory ~--+---------~----~=-alzo 1280 
Dota nobbiM 

No.ol 
lnuructlons 

lntnrrupt 
C8p3bllity 

AddriiiB 
moda& 

(Noto 3) 

45 

Re•ct 
to 
o 
only 

Pointor 
lnd!fect 
lmmedlate 
Roglstor 

8,192 
ntbbl<!~ 

(Note JI 

54 

Nono 

Pointer 
lmmed1&t0 

8 

lntel 
I\1CS-II 

7.5-22.5 
12-44 
(Noll! 1) 

16,384 
bytes 

48 

1levol 
vector 
to 
8 locatoons 

Poonter 
lmmedoate 
Ragister 

existing system to b'c n.í1cred quickly-in a matter of 
hours. As a re<.ult, a m<Jnufacturer can bccome much 
more responstvc !n his m a rkct. 

Mlcvopmcessor characteristics 

The most significan! characteristics of today's micro
processor~ (not counting calculator sets and ~cnal pro
cessors) are their spccd, addressing modcs, mtc1 rupt ca
pabilitics, and thc numbcr of internal rrghtc. ~. Thcsc 
and olher charactcristics are summanzcd in thc table on 
this pagc. 

The value ofspecd, in thosc applicatwns th;lt fl ·¡ 1irc 
it, is obvious. (Some techniques for specding up thc 
slower microprocessors are dcscribed Jatcr) The more 
addressing mode::. and the more interna! reg•stcrs th:.t 
are present in the microprocessors, the iess extcrn::li 

lntel 
8080 

8 

2-6 

65,536 
bytes 

48+ 

Multl· 

1 

leve! 
vector to 
8' local ion! 

Poin!er 
lmmediate 
Reg1ster 

8 

Sognetoc• 
P!P 

<5-
<10 

8,19:;> 
by les 

64 

1 lcvcl 
stack to 
storo 
machone 
state 

Oorect 
lnd.rect 
Relatovo 
lmmediote 
Rrgi\IOr 
lndoxcd 

Natoonal 
GPC/P 

4 16 

33-
9G 

6~>.536 
bytes 

M•cro 
program 

1 leve! 
slack to 
store 
machone 
state 
(Note 5) 

DlfCCt 
lnd~rect 

Relauve 
lmmcd•ato 
Rc~ostnr 

lndPxrd 

8 

1\-

1\r.ll 
7300 

32 
(Note 2) 

•4.09G word> 
(Note 4) 

65,536 bytes 

M1cro 
program 

3 leve! 

O~rcct 

lnd~rcrt 

flCidiiVC 

lrnmcdttHo 

n''''"'"' 
lndt•xrd 

~----------+----------F--------~~~------1-=--------+-----~~-+----------+---------· 
Regtatora 

RAM IL 
ROM 

TTL 
dllpl 

16 )( 4 bits 
pe+ 
3 stack 

Specoal 
or 
standard 
(Note 8) 

Clock 
only 

Noll!l 

2 x 4 blto 
pe+ 
2 stack 
1 poonter 

Special 

None 

!))(8hlts 
pe+ 
7 stock 
1 pointer 

Standard 

20-40 

Sx8b1ts 
pe+ 
unhm•ted 
stack 
1 poonter 
(Note 6) 

Stand~rd 

Clock 
& 
bulfers 

4,. 8 bits 
pe+ 
7 stack 

Standard 

4-6 

4x1Gblts 
pe+ 
16 stack 
(Note 7l 

Standard 

15--20 

Hi x 8 l.uts 
pe ._ 

:l) x 8 s•ack 
IN<•Ie 7) 

~;t";"'·IIU--1 
dnr, 1 
<;prctal j 
nnrroprogr<l•' Í 

CIOt.~ 1 

1 ~uflc•s 1 
-----~~a-----"'------ -----~1, 

O) ROOO 1 inUt urilon tln;C't ero O O M (0000 lnsti\ICtlo,., umr'! 

(2) E~:~ncutns mtcrmnstwctiOill hom 'bt2 • 22 mlcropr<IQIIImod ROM ra 41Js/tlliCJO•''"iHIC1ton 

141 M1croprogrom 
fSl CondtttonDI Jump MUX ~-H·rn¡;l to Ch1JJ1 a:lloVI.S 21evelln~Prrupt verv llmpty 

(6) Pe ltaC" '' sto,nd 10 maln m"n1.Jry and '' access1ble fO progromer 
(7) Stock "goneral purpo1a to •toro pe. rcg111e,., an<l flo95 

131 On.• nobblo • 4 h•11 • Y, bylo ' J' 
L------------------------(8_1_4_00 __ 8_&_4~00-9_~ __ ~~--·l-lo_w_•.•~·-~_'"_'"_'_'K_•_t=o-st-•n_d_••_d_R_A_M_& __ RO-M--------------------------------------

o 

o 

o 



o 

o 

o 

mcmory capacity lS likcly to be required. The requirc
mcnt for externa! mcmory is important bccause, in most 
systcms, the memory cost dominatcs all other considera
tions. lf the microproccssor can handle interrupts, it can 
perform more than one task ata time, and it can also do 
single tasks more quickly because it can overlap pro
cessmg and inputloutput. 

Many microproccssors, as indicatcd in the table, have 
a pomtcr-addrcss modc. This permits a machine with a 
short word length to address a large memory array. And 
because such large arrays may require more bits in an 
address rcprcscntation than can be contained in an in
struction word, thc address is kept in a special register ' 
or pair of registers prcloaded hy an instruction in the 
program. Subsequent instructions then refer to locations 
in thc mcmory, which are addressed by the contents of 
the pointcr registcr. Howcver, the preloading instruc
tion adds lo thc ovcrhead in machine operation, reduc
ing thc ovcr-all performance. 

Sorne mtcroproccssors also have immediate and mdi
rcct-address modcs. These modes are to be distin
guishcd from dircct addressing-the simplest and most 
common. In any processor, an instruction word consists 
of an operation code (op code) and an operand code 
(that which is to be operated upon). When the operand 
codc is a direct address, the processor exccutes the in
struction on data in the location specificd by that ad
dress (Fig. 1). Whcn the operand code is an immediate 
address, the proccssor exccutes the instruction on the 
opcrand code itc;elf. And when the operand code is an 
indirect addrcss, thc proccssor exccutes the instruction 
on data found at the address specified by the opcrand. 

INSTRUCTION. 'ADO 2 TD CONTENTS OF ACCUMULATOR REGISTE A 

INSTRUCTION MEMORY ACCUMULATDR 
SEQUENCE 

AOORESS CONTENTS BEFORE AFTEA 

OIRECT ~¡¡¡¡¡~oo~oQ1o2::l---·~!@!:Y 
ADORESS-c> 142861---i 

142811---l 
142881---1 

INOIAECT 
AODRESS 

1. Addrct&G modaa. Three ways o! addressing memorv are In com

mon use, and soine mlcroprocessors use all three. Otrect mode is 
the slmplest, lmmedlate is handy when worklng wlth constan!&, snd 
lndlrect often almplllles the handftng of subrouttnes. 
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lndircct addrcssing and pointcr addrcs1.ing are ~m11lar. 
exccpt that the address pointer 1s in an interna! rcg1stcr 
instcad of in a main-memory location. The particular 
mode of addrcss is identified by the op code tt~clf or by 
a flag bit associatcd with the op code. 

Indircct addressing is a powerful tool in al! software 
systems. It's particularly powerful in minicomputcrs, 
whcre thc limited word length prevents dircct access to 
more than a small part ofthe mcmory, and for the same 
rcason, it can be equally powerful m microproccssors. 

Sorne mic.Toprocessors are microprogramed-that is, 
their control sequen ces are storcd in rcail· only memo
ríes in the same way as object programs, which deter
mine each machine's function. Tllese microprograms 
are functionally similar to thosc used in largc machmes 
and minicomputers, in which, during thc last few years, 
they have largcly replaced hard-wtrcd control. 

Available ~oftware is an important aspects of the use 
of microprocessors. Writing a program in machmc lan
guage (directly in binary notation) is-likc walking from 
Portland, Maine, to Portland, Ore.-not impossible, but 
exceedingly difficult. At the very leas!, an assemblcr or 
cross-assembler is neccssary to convcrt a program writ
ten in a symbolic language into machine language. 
Even new asscmblers are written in symbolic notation.' 

An assembler is exccuted on the same machinc that is 
to run the object program; a cross-assembler would be 
exccutcd on a ditrerent machine-most likely a mini
computer-but would produce a machine-language pto
gram that is executable on the microproccssor. Simula
tors, ,Jebuggers, nnd canned subroutines are othcr 
desirable software packages. Here, a microprogramed 

SUBROUT!NE 
N 

2. Sequentlal tesL An externa! s1gnal can be 1denl1hed and used to 

tngger an Infernal routine by companng i! succassNely w1th several 
test words. A match causes a program ¡wnp out ol companng se
quen(;e toa subrout!ne that processes the Glllernal s1gnal. 



3. lndlrect Jump. To slmpllly !he task ot locallng a subroullne, 
some11mes an lncoming slgnal can llsellldenllly the locallon, and lhe 

program jumrs 1nd1reclly lo lhe subroullne vla lne Input bulle>'. 

microproccssor has a distinct advantage-becausc the 
microprogram can be recast lo make one machinc emu
late anothcr, the microprocessor may be able to utiüze 
existing software at minimal cost. 

IOeslgn tools 

Logic .dcsigners are accustomed to using a number of 
standard tools, including gate networks, time delays, 
countcrs, and discrete input/output controls. Each of 
these has its counterpart in a microprocessor program, 
but applying the programed counterparts by rote may 
yield an uneconomical solution to a design problem. 

Features of microprocessors -

Two wir:lely used mlcroprocessors are the lntal 4-brt 
MCS-4 and 8-bit MCS-8 chip sets. which can be put to
gether In vanous combínations to produce systems ol dlf
ferent capabillties.2 .. 1 The processor chips In these two 
sets are, respectively, the 4004 and tha 8008, lor whlch 
severa! program routines are listed In thls article. To 
make these routlnes more lntelligible, brief lunctional de
scrrptions ol these two chips lollow. 

The lntel 4004 contains frve hJnctlonal sections: an ad
dress reg1ster and s~ack with an address incrementing 
circuit, a set of 16 4-bll regrsters for indexlng and gen
eral-purpose temporary storage, a 4-bit arithmetic and 
logic unit, an 8-bij instruction register and decoder, ano 
peripheral circuitry. 

The 16-bll reg1sters and the tnstruction regrster are the 
mosllmportant sections in \he present contexl. The index 
reg1sters can be us('rl e1ther slngly for lemporary storage 
durlng computalíons, or in pairs lo address memory and 
to store data letched from tha read-only memory. 

The 8-b1t instructlon regisler can ho!d at any ona lirne a 
4-bll operation code and a 4-blt orerand Some lnstruc
lions in the 4004 are of double lenglll (16 bits inslead of -
8), have multlple operands, and are stored in success1ve 
read-only memory locations; they take two systam cycies 
for executlon lnstead of one. 

MERAN O 

REGISTEA 

OR 

f:XCliJS!VE OR 

1000101110 

1 o o 1 o 1 1- o 1 o 

1 o o o o o 1 o 1 o 
1 o o 1 1 1 1 1 1 o 
o o o 1 1 1 o 1 o o 

----
1 

·-HAS 1 WHERE OP OR REG (NOT BOTH) HAS 1 J 
HAS 1 WHERE OP OR REG (OR BOTH) HAS 1---' 

HAS 1 WHERE OP ANO REG IBOTH) HAVE 1 ---

4. lo{¡llc operatlons. These lnstrucllons can be used lo mask cer
lain unwanted bits In a regtsler or lo qenerate signals lhal are lo be 
sen! outslda lhe mlcroprocessor 

How,.ver, careful analysis of rcquircmcnts and knowl
edge of microprocessor programing tcchn1ques will 
simplify design of an optimum '>ystcm. 

For example, programed logic is time-shared-it 
works oniy when the program rcaches a particular point 
in its cxecution. But gate networks are always avmlablc; 
when the correct combination of inputs appears, thcy 
genera te outputs, whether the rest of the system is ready 
for them or not. 

Gate networks consist of ANOs, ORs, and NOTs; thcir 
inputs combine in the way determined by the combina
tion of logic blocks to produce either an output from the 

The 4004 has a total of 45 lnstruct1ons 1n its repertoire. 
plus a no-operatron dummy instrucllon that uses up one 
instruction cycle bu! doesn't do anything The 4-bll oper
and code m an m~lruction can specily, among other 
ttnngs, one of the 16 individual regrsters, or, w1th 3 brts, 
ona of lhe eighl reg1ster pairs The upper end (most SIQ

nilicant bits) of the register parr is the same as one of the 
even-numbered indrvidual reg1sters 

The lntel 8008 contains tour funcllonal sect1ons. an lll

struction register, a local memory, an ar1thml'l:•:-lup:c 
unit, anq inputloutput buffers The anthm~tlc-ln:J•C L:•:d 

includ&s tour control lhp-llops-c::~rrv, zero, Slgll. il.IÜ 
1 

panty-which indica te condrtrons that a11se durrng ea eh 1 
ins!ruction execut1on ano are the basis for execu11ng sub-
sequen! condillonal jumps ¡ 

Par! ol the local memory cons1sts of sev••n f\-b1t regrs- 1 

ters 01 these, one, designated A, 1s the nccu111ulator, 

1

1 

w!'ich contams one of !he operanrls and the r t:é''lit oí ev-
{;Jty arithmetic operat1on. Four others rfJCJ!:,ter·~ El. C. D. 

o 

o 

andE, may be used for any ternporary stornnc. -vh:i . 1i .u ¡ Q 
remaíning two, rr d1sters H and L. conlurn respeCL'-'C•i !tiC 

1 
h1gh- and iow-order bits o! an 111d1reGI address 1n t",l8rnal 
rnemory. (Beca use externa! m~mory IS lrm:lPd to 1 G.384 
wordá, addressed by 14 bits. reg15ter H 1n th1s aprt:cat1on J 
contaln5 only 6 bits.) 

'--------------·----·- --- ---
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proccssor itsclf or an altcration in the excculron of the 
program. Thcsc functions are cxccuted in a micro
proccssor by thrce basic opcrators-MASK, COMPARE, 
and JUMP. (A spccific microproccssor may not have 
thcse particular instructions, but it should be able to ex:
ccute their cquivalent in sorne form.) The MASK ex
eludes fr~m subscquent operatwns any bits in an oper
and that are unwanted or are optional or "don't-care" 
bits, the COMPARE matches thc operand against another 
b1t pattcrn, and the JUMP transfers the sequencc of in
structions being cxccutcd in the program to one that 
will pcrform the desired action as a result of the 
COMPARE opcration. 

Instructions ate ordinanly cxecuted directly in se
qucncc, as they occur in the program; this sequential 
opcratron continucs undisturbed if, for cx:ample, the 
match attcmpJcd in a COMPARE is unsucccssful. But if 
the match succccds, the opcration executed aftcr the 
JUMP (sccond opcrat1on 3fter thc COMPARE) is not the 
onc immediately following the JUMP (fig. 2) Here the 
microproccssor reccivcs a s1gnal from the outside world. 
This signal may be a pulse or lcvcl on a single wire, a 
series of pulses placed in order in a shift register to 
crcate a proccssor word, or a worJ receivcd simulta
neously in parallcl on a group ofwíres. 

This input, in whatever form, is compared succes
sivcly with each of severa! previously stored words in 
the mcmory. Whcnever any comparison shows that the 
mput and a storcd word are equal, the program, instead 
of cxecuting the next comparison, jumps dircctly to a 
sub-routine stored clscwherc in the memory. The ad
drcss of thc bcginning of this subroutine is the JUMP in
struction's opcrand. Although the diagram doesn't show 
it, in many applications the subroutine would retum to 
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FIH IP 2 FETCH IMMEOIATE, A TWO-WORD INSTRUCTION; 
TRANSFERS CONTENTS DF 2ND WORD TO REGIS
TER PAIR SPECIFIED DY OPERANO IN FIRST 
WORO. (P IN AN OPERANO OESIGNATES A. 
REGISTER PAIR.) HERE REGISTER PAIR 1 !S 
LOAOEO WITH THE NUMDER 2 -- AN A~BITRARY 
NUt10ER THAT DE PENOS ON PREV 1 OUS ACTIONS 
IN A PROGRAM OF WHICH THIS ROUTINE IS A 
PART. 

SRC lP SENO REGISTER CONTROL; ADORESSES THE 
READ-ONLY OR RrAO-WRlTE MEMORY WITH THE 
CONTENTS OF THE REGISTER PAIR SPECIFIEO. 
HERE PAIR 1 IS SPECIFIEO; SINCE PAIR 1 
WAS PREVIOUSLY LOAOED WITH THE NUMBER Z, 
MEMORY LOCATION 2 IS CALLEO FOR. 

RDR READ DATA FROM Tllf SELECTED MEMORY LOCA
TION INTO THE ACCUMULATOR. 

XCH 4 

JIN 2P 

EXCHANGE THE CONHNTS OF THE ACCUMULATOR 
ANO THE INDEX REGISTER SPECIFIED. HERE 
REGISTER 4 !S SPECIFIED; IT !S THE UPPER 
HALF OF PAIR 2. THUS WHATEVER WAS READ 
FROM MEMORY 15 NOW IN REGISTER 4. 

JUMP INDIRECT TO TIIE AODRESS CONTAINED 
IN Rf.GISTER PAIR SP~CIFILO -- HERE PAIR 
2. PAIR 2 COMPRISES REGISTERS 4 ANO 5¡ 
SINCE RFGISTER 4 CONTAINS A NUMOER 
BROUGHT FROM MEMORY, ANO REGISTER S !S 
EMPTY, PAIR 2 CONTAINS A MULliPLE OF 16. 
TIIE JUMP IS TO THE BEGINNING OF A 16-
WORD SUBROUTINE. 

the next comparíson at its complctwn. 
In an alternativc procedure (Fig 3), the input signa!, 

whatcver its ·nalurc, causes an mdircct jump to the 
proper subroutwc. Thc input signalloads an addrcss in 
a particulár location in thc mcmory, wh1ch is not the lo
cation of the JUMI' instructron. Then, following a suc
cessful companson, the program jumps indircctly to the 
subroutine via this intcrmediate locatwn. 

loglc operators 

In sorne mícroproces~ors, purc logic opcrators, corre
sponding to thc gatc funclions of hardware log•c, are 
availablc. Thcse opcrators, usually thc AND, OR, and 
exclusive-OR functions, are convcment to gencrate sig
nals to be sent out from thc m1croprocessor in response 
to mcoming signals. (Thesc functions are not lo be con
fuscd with the AND, OR, and NOT of hardware logic.) In 
a program, lhc AND operator 1s the most straight
forward way lo pcrform the MASK funct10n. 

Logic operator~> retain 1 bits m a specificd register 
where callcd for by logic 1 bits in thc opcrand (Fig. 4)
in both the register and the operand for an AND, in ci
ther that register or the operand, or both, for an OR, and 
in either that register or the operand, but not both, for 
an exclusive-OR. 

Not aH microprocessors havc alJ three of thesc logic 
operators in their instruction scts, but fhe de~1gncr will 
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Mnemonle Operand A e llon 

LCI 

LLI 

LHI 

INP 

LOAD REGISTER IMMEDIATE (2 WORDS). 
HERE DATA FROM THE 2ND WORD OF IN
STRUCTION 15 PLACEO IN REGISTER C. 

THE SAME; REGISTER L. 

TflE SA11E, RFGISHR H. 

RéAD DATA SUPPLIED BY INPUT DEVICE 1 
linO ACCUMULAlOR (REGJSTER A). 

NDM FOR~1 LOGIC "ANO" OF f~HfOR\' LOCAT ION 
SPECIFIED BY CONTENTS OF REGISTERS 
H&l WITH ACCUMULATOn. 

INL INCREMENT REGISTER L, TO SPECIFY LOCA
T!ON OF lEST WORD. 

CPM COMPARE: CONTENTS OF MEMOR\' LOCATION 
SPECIFIEO OY H&l WITH THE ACCVMULATOR, 
IF THEY ARE EQUAL, SET THE ZERO CONOI
T!ON FLIP-~LCP. 

JTZ MATCH CONDITIONAL JUMP, A 3-WORO HISTRUrTION; 
JUMP TO INSTRUCTION (SYMOOLlC ADDRESS 
"MATCH") SPECIFIED BY 2ND ANO 3RD 
WORDS OF THIS INSIRUCTION lF THE ZERO 
FLIP-FLOP IS ON. 

OCC DECREMENT REGIST(R C; IF RESULí 15 
ZERO, SET THE ZERO FLIP-FLOP. 

JTZ NMATCtl CONOITIONAL JUMP TO T11E FIRST INSTRUC
TION (SYt1BOLIC ADORESS "NNATCH") OF 
NEXT ROUT 1 ti E. 

INL 

JMP ~t-12 

\ 

INCREMfNT REGISTER L AGAIN. 

UNCONDITIONAL JUMP, A 3-WGAD INSTRUC
TION, TO THE ADORESS SPECIFIED BY THE 
2ND ANO JRD WOROS; ' MEANS THIS IN
STRUCTION ANO •-12 MEANS rHE INSTRUC· 
TION 1 Z WORDS BI\CK -· TflE "lNP" IN
STRUCTIDN. 



ISZ O • INCREMENT ANU SK!P IF ZERO {2 LlOROS). 
iNCREMENT CONTENTS OF REGISTER SPEC
IFIEO IN OPERAND OF F!RST WORO, ANO IF 
THE RESULT IS O, EXECUTE THE NEIT IN
STRUCTION IN SEQUEtlCE {SKIPPING 2ND 
WORO OF THIS INSTRUCTION). IF THE RE-
SULT IS NOT O, JUMP TO TKE AOORESS 
SPECIFIEO IN THF 2tl0 WORO. HERE THAT 
AOORESS IS THIS INSTRUCTION'S OWN, IN
OICATEO BY •, SO IT KEEPS JUMPING BACK 
TO ITSELF UNTIL REGISTER O AGAIN CON
TAINS O-- 16 REPETITIONS. 

ISZ 1 •-2 INCREMENT AfiO SKIP IF O {2 WOROS). 

BBL O 

TH 1 S HAPPENS JUST ONCE BHORE RET!JRN
ING TO THE PREVIOUS ISZ FOR 16 MORE 
REPEATS, ANO FOUR TIMES BEFCRE EXITING 
PERMANENTLY -- A TOTAL OF 64 STEPS IN 
THE OOUBLE LOOP. 

BRANCH BACK ANO LOAO; THE OPERANO IS 
PLACEO IN THE ACCUMULATOR. THIS RE- 1 
TURNS TO THE ROUTINE OELAVED BY THIS ' 
DOUOLE LOOP; THE ü OPERAÑO CLEARS iHE 1 
ACCUMULATOR. ____j 

soon lind that at some cost in mcmory spacc anrl run
ning time, almost any opcrator not exphcitly included 
can be made up from available ínstructíons. Bccausc of 
thís cost, implementing the gatc functions is likely to be 
more cconomical in hardware outs1de thc micropro
cessor than in thc program, if thcir outputs are rcquired 
cxternally. Thesc funct1ons pay off, however, if there is 
sorne regularity in the task they pcrform-for cxample, 
if onc group of bits is to be comp~rcd to many test 
words. 

In sorne microproccssors, thi;; multiple comparison 
can be programed very compactly. For example, in the 
lntel 4\)()4, thc contents of any memory location can be 
loadcd into a general-purpose rcgister, which is spcci
fied in a JlJMP INDIRECT instruction. Thus, data can 
modtfy thc llow of instructions, anda multiple branch is 
no more than a simple procedure of lookmg up num
bers in a tahlc. 

The routine (Tablc 2) rcquires only fivc instructions 
occupying six words. Four instructions idcnhfy the 
memory location-in this case an inputloutput devicc
and they bring data from that location into the accu
mulator and thcn put it into an cvcn-numhered regis
tcr-one of 16 4-hit registers in the 4004 that can also be 
nddrec;sed as cight 8-hit rcgister pairs. Each evcn-num
bered rcgister 1!1 thc upper half of a registcr pair, so that 
loading anythmg mto an cven-numbcrcd register and 
lcaving Os in the lower half is cquivalcnt to loadmg a 
multiplc of 16 into the rrg~stcr patr. Thc las! instruction 
in the routinc is thc JUMI'-INOIRECT, wluch refen; to the 
rcgif>tcr pair for the addrcf.s of its dcstination-thc be· 
ginnmg of a 16-hyte subroutine. A maximum of 16 such 
subroutines can be selcctcd. 

Programad AND-OR 

Another vcry uscful tcchnique in microprocer.sor pr()o 
graming is the use of a routine that branches back to it· 

Mr.~"1110nu: Operand Atllnn 

LAC LOAD ACCUt1Ul ATOR WITH CONTENTS Or REGIS
TER C. 

lLI LOfiD REGISTER IMI~EDIATE; 2ND WORO OF THIS 
INSTRUCTION TO REGISTER L. 

LH! SAME; REGISTER H. L&H NOW CONTfdtl ;¡¡[ 
ADORES$ OF THE LAMP-BANK Ir~AGE l'l ltt~ 
MEMORY. 

ORI1 FORM LOGIC "OR" OF MEMORY LOCATIOi< <,Pli 
IFIEO BY REGISTERS H&L WITH lilE ACCUtllJ-
LATOR. LOCA TI ON CONTAINS LAMP-Df•:W 
IMAGE. 

NDD FORM LOGJC "ANO" OF REGISTER O Wllll THE 
ACCUMULATOR. 

lAi 4 

MOVE CDrHEtrfS OF ACf.UMULATOR lNlO ~IEMORY 
LOCATION M (SPECifiED BY H&L) THIS !S 
THE NEW Ir1AGE OF Tll( LAMP -BANI(. 

LOAD ACCUMULATOR WITII CONT[NTS Of 2ND 
WORO OF T~lS JNSTRUCTION -- THE NUMBER 4. 

OUT AIJO MOVE CONTENTS OF ~ít IJM'ILATOR TO OUTPUT 
CHANtiEL, IOEtiTIFYING 11'( OEVJU FOR A 
SUBSEQUENT OUTPUT OPERATION. THE DEVICE 
15 THE LAMP-BANK. 

LJI.M MOVE MEMORV LOCArlOtl ~~ INTO T:IC MJUiHI-
LATOR. THIS BRIN(;~ rJllf Tll( NLW !W\1,[ OF 
TfiE LAf1P-IIANK AGAitl 

OUT WR r~OVE CONTENTS OF AWJIIIILATOR ONI(J PllfVI
OUSLY SELECTEO OUTPUT CHMINEL, !litiS AL
TF.RING THE CONOITION OF THE LAMP-1\ANK TO 
f1ATCH THE NEW IMAGE IN MEMORY LOCIITION M. 

self in a continuous loop, togethcr w1th a provi"1on to 
count or orhcrwtse limit the number of t1mcs the pro
gram executes the loop. (Wllhout such a prov1s10n, thq 
proccssor w1ll contmue executmg the loopcd program 
indefinitely-chasing its tai\, so lo speak.) 

The equivalen! ofan extensive hardware AND-OR net
work can be implemented with a loopcd program. Us
ing the Intcl 8008, the program (Table 3) can be written 
in 12 instructions occupying 21 words, only 15 ofwh1ch 
are actually part ofthe loop. 

First, the numbcr of times the loop is to be cxcl:uted 
is cntcrcd in one of the gcncral-purpose rcgl!'>tcr~; thi~ 
corrcsponds to the number of AND gatc~ m thc hard
ware equivalent. Each pass through thc loop bnngo; an 
8-bit word into the accumulator rcgister, mask~ out any 
unwanted bits in that word, and compares 1! \\'Jth ;; tc-.t 
word p:;eviously stored in thc mcmory 

For cach input word, thc mask and thc teq word are 
storcd in adjaccnt locations m thc tJtunory Maf.!--~ a nd 
tests for succcssivc inpuls are ~to1cd 111 succc-:~¡vc ¡),¡¡¡~ 

of!ocations. Thus, after spcnfytng thc numhcr of p<~'-.,e·; 
through the loop, a pair of general-puqw•.c rcg¡o;tcrs • ., 
loaded with the address of thc mas k to be" rphcd to thl: 
fir!'l mput (onc rcgistcr can't lwld a COlllpkl< .• Jdd1c~~) 
Thcn thc program entas thc loup for thc ,¡,,¡ ¡ , . 

Dunng cach p<h' thc progr.un fctchc-. an 111['11' v.llJ :. 

forms the logic ,,ND of that word w1th thc mask tn 
memory, and compares thc rcsult wlth thc test worJ 
ne;tt to the mask. If the two match, thc program 
branches to a routine to proccss the mput word If thc 
match is unsuccessful, the loop countcr 1s decrcmcntcd 
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by 1 and testcd to Hnd out if ir now contam~ O. if it does, 
the loop ha~ becn cxecutcd the pre~cribed number of 
u mes. a nd the program branches lo anothcr task: ¡r not, 
the two pomter registcrs th.tt track the masks and test 
words are incrcmcntcd, and the program gocs back to 
fetch anothcr mput word. 

Loopmg is also thc obvious way to gcncratc tune dc
lays. For examplc, to program a delay with the lntel 
4004, a four-instruction scvcn-word wutine (Table 4) 
can be used. lmtially, thc numbcr 12 is loadcd into reg
iscer pairO, which thcn contains 0000 1100. (In fact, the 
number is m the ~mgle rcgistcr 1, whilc rcgister 0-the 
uppcr half of pair 0-contains four Os.) A one-instruc
tton loop thcn mcrcrnents rcgistcr O over and over 
ag;Hn, tc~ting the contents each tirnc untd the regcstcr 
agam cnnta ms 0000--a total of l (, stcp~. Another single 
in~tructcon thcn mcrcmcnts rcgistcr 1 once anc-! returns 
to the onc-ino;truction loop. uniess thc incrcment has 
placcd four (}; en reg1stcr l. 

Because reg1ster 1 initially contains 12, it is mcre
mented four tune~ -cach time preceded by 16 rcpeti
tion~ of the incrcmcnt~ng of registcr O; therefore, a total 
of64 mcrement1ng stcps are taken by these two instruc
tiOns alonc. Finaily. whcn rcgistcr 1 turns up with con
tcnt" 0000, thc program returns to the routine tha! has 
bccn waiting for thc complctlon of ihis time-dclay 
loop-perhaps to pcrmit sorne mcchanical operation to 
take place. As de.,cribcd here, the dclay is slightly more 
than 1.5 nulli!>econds, but it can be set to any amount 
by changing thc numbcrs loaded into thc registers and 
line-tuned to a certain cxtent by inserting dummy in
structinns (no-ops) in thc routine. A no-op uses up one 
instruction cyclc--1 0.8 microseconds in the 4004-but 
doe'\n't do anythmg. 

lnpui-oulput lmages 

In designmg such log1c systems as d1gital controllers, 
scn~ing d1scretc condit10ns and gencra!ing discrete out
puls are importan!. Thc condit1ons include switch do
sures, status bits, ami thc likc. Typical outputs perform 
such functions a" hghting lamps and energ1zing rclays, 
tasks that data-proccssing systems rarely pcrform. 

A microproccss0r controls and monitors thc~c s1gnals 
in a uniquc way-ít rnaintains an 1mage of thcm in 1ts 
mcmory For examp!e, one 8-bit word can scnse c1ght 
status line~. (re,¡l,ng each mput s1gnal as ncw data to be 
rcad and stoied 111 onc b!t pos1tion of thc word. And by 
programed bit manipulation, another word can control 
the llghtmg of eight la mps. 

For instance, a program to J1ght lamp No. 3 and cx
tingúish lamp No. 4 in a bank of eight lamp~ can be 
wntten for the lntel 8008 with JO instruct1on<; that oc
cupy 13 words The program (Table 5) assumcs that onc 
gcncral-purpose register-say, register C-has prev10usly 
becn loaded w1th 0000 0100, which idenlil1cs lamp 3 
(counting from thc right) as the one to be turncd on, 
whilc another register, D, contams l 111 0111 to pomt 
out lamp 4 as the one to be turned off; a IO<-:ilwn in 
mcrnory contains an image of the bank of ei¡?ht 1amps. 
w1th thc1r prior on-olfstatus. 

The contents of rcgister C are flr~t loadcd mto the ac
cumulator, wherc thc 1ogic OR is formcd w1th thc imagc 
·Of the bank of lamp", and then the log1c AND 1~ formed 
with the content~ of reg1ster D. The OR opcra11on lea ves 
a 1 in the accumu1ator for each lamp that should be on 
at the end of the routinc; the AND leaves a O for all 
lamps thal should he off. Beca use thc accumu1ator con
lamed only a single 1 b1t before thcsc two log1c stcps, 
only one lamp changes from Oto 1; and since rcg1stcr D 
contams only one O, only onc lamp changes from 1 toO. 

Now thc accumulator contains the updatcd imagc of 
the bank of lamps, which is storcd back 111 the main 
memory tcmporanly, while the addrcss of the actual 
bank is scnt out through the output port. The unage is 
thcn brought back mto the accumulator and ~ent out af
ter the address to ~w1tch the lamps. 

Functions like thcse can be implcmented w1th a small 
input/output card or subassembly containing two 8-bit 
registers. One of these, an input register, stores changcs 
in externa! conditions that are to be sensed, and input 
commands transfer its contenls, as rcqu1rcd, into 
mcmory. Simdarly, output commands transfcr data mto 
thc other register, from which output signals can be 
gencrated as necded. 

Designing systems around microproces~ors 
Elecl~onic lock 1lluslrales power of chip sello handle complex operations; 

addrng such capab1lll1es as 1/0 conlrollers and interrupts can expanda syslem 

Translating log1c-gate networks into program se
qucnces, a~ descnhcd in thc prev1nus scction of th1s ar
ticlc. i~ the firo,l ~tep toward a m1croproccssor-based sys
tem-hut only the first ~lep. Program scquences musl 
thcn he gathercd 11110 a complete<.! ueslgn thal wcll per
form the dco,ircd functi<'n. 

An cxarnplc ~how~ how lo accomplish this conver
sion. The logre de-.1gn 1 is an electronic lock-the buncr 
typc oftcn uscd in apartmcnt houses, banks, and other 
securc areas-with a sequential combinatwn instead of 
a simple button. In tts s(andby state, the lock is closed. 
To opcn it, a bulto!! is prcsscd, startmg the sequence. 
After a short time I.Jelay-a few seconds-a light begins 
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to nash on and off at a 1ow ftcquency, severa! S\:conJs 
for each half-cyclc. During each half-cyde, thc butto11 
must agarn be prcssed a prescnhcd number of t1mcs. li' 
thc sequencc is cxecuted correctly. a signal cnerg1zc~ thc 
lock ancl opens it one half-cycle 1atcr. anJ thcn the cir
cuitry returns to it~ Mandby statc, reclosing thc locL A 
m1o,take in thc scquencc returns thc ('iiCUit to ~t.mJby 
without opcnmg the lock. 

For a haif.cyclc time of 4 scconds anda combinalion 
of 3-6-5-thc number of times thc button is presscJ dur
ing each half-cycle-thc state diagram appcars in Fig. 5. 
This diagrarn defines the succcssive states thc scqucntial 
ci1·cuit must occupy, and it is the startmg point for cith.er 
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5. Eleclronlc loe k. Lock opens only when button has be en prossed 

the corree! numbor ol times durlng three successrva lime perlods. lis 
operatlon ls described In thls stale dragram, whlch ls the starting 

polntlor elther a hardware ora programad deslgn. 

a hardwarc-logic design ora microproccssor program. 
Becausc the diagram conta ins cight sta tes, the se

quen tia! logic would require a mínimum of three flip
flops, which together have eight combinattons of on and 
off. The system control also would require input ami 
output gates for these flip-flopG, a four-stage binary 
counter, four more flip-flops, and a decoder, although 
all ...r these can be obtained as small- or medium-scale 
intcgrated circuits. 

Another flip-flop or latch circuit is necessary to take 
the inevitable "bounce" out of' the pushbutton contacts. 
Bcyond thesc are a dock, which would be most ea&ily 
made from an oscillator running ata k1lohertz or so and 
another counter-more flip-flops-to divide the oscilla
tor output down to the fractional-hertz leve!. 

Finally, either the combination must be fixed when 
thc lock circuit is pul together, which calls for a rewiring 
job to change the combination, or addittenal wmplica
tions- such as rotary switches on the protected side of 
the locked door-would have to be mcluded in the de~ 
sign. (Dnver circuits for thc lamp and the electric lock 
are also required, but the microprocc~sor design will re
quirc thcm too.) 

This list of parls that the clcctronic lock would re
quire-ncarly a d~zen packages of small-scale and me
dmm~scalc integrated circUJts-is intcndeJ to emphasile 
its complexity if it is dcsigncd with hardware log1c. On 
the othcr hand, it 1s quite s1mplc if programed for a mi
croprocessor, which has its own counting capabihty. 

In thc Intel 8008 microprocessor, for example, the 
·controller rcquircs only an 85-byte program, for which a 
ftow chart is shown m Fig. 6. The program can be storcd 
in cither an alterable or a read-only memory. In a ROM, 
at about 2 cents per byte, the incremental epst is $1.70. 
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6. Countlng slgnolo. The sequence of events 1n the ciuct1 onrc loe k 
ls dehned In this ltow charl, wh1CI1 doscr1bes exactty what happons 

lrom the interna! viewpoint. as opposed lo the external v1ew. of the 
state diagram. Block.<> in the llow chart are rtJad:ly 11 anslated ¡nto a 
program rouline !n any machina code or ;.ymbol1c co1!o 
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Furlher:norc, thc romhination can be changed simply 
by reprograming. The n::w program couJJ be stored in a 
read-only memory, to be inscrtcd in place of the old 
one, or in an alterable memory that is rcloaded. In the 
same way, more complex combinations or additional 
funct1ons can be added through programing. 

fhus, new funct10ns are inexpensive, once the basic 
cost of the microprocessor has been paid, and the hard
ware logic diagram shows why the microproccssor is so 
powcrful. The most im portant parts of thc clectronic 
lock are the !6-linc dccoder and thc gate elcments that 
compare the decoder outputs with !he previous state of 
the three scquential-logic tlip-flop:.. But (he bulk of the 
logic ¡., in the countcr itsclf, and thc microprocessor can 
genera te any countcr scquenre trivially-that is, thé pro-
gram itsclf1s the countcr. 1 

'' 

input/output controllers 

Todo anything uscful. any pn>ccssor, llilCr0 or othcr
wise, must hn\'e onc m rnorc i11putloutput dcviccs con
tlcctcd to it so that 11 c:111 acqmtc 'data to process :md it 
can dispo"e of thc rcsu!ts. 110 dcviccs may he as simple 
as lamps nnd switchcs or a~ complex as d1sk storage 
units. hut for microproccs!>ors, thcy fall genera lly into 
thrce d1stinct groups: senal-bit-strcam dcviccs, single
charactcr dcvices, and block-transfcr dcviccs. Thc first 
class is not discusscd furthcr here bccause, for thosc de
vices, the microproccssor is its own 110 controller, but 
for thc1 other· two classes, extcrn.t! control logic is rc-
quired.r 1 1 

' 1 1 

" Many dcsigns for 110 systems~are poss1blc, and there 
are many tradcotfs betwccn 1cOS(, Speed, numbcr of Jines 
scrviccd, and so on. Aut 'all controllcrs share four com· 
mon functions: butfering, addrbss-recognition, com
mand-dccoding, and timing and control. All these fune• 
tions can be includcd in a rathcr simple dcsign. 

1, Buffering is ncccsc,ary in thc path along which data is 
transferred in either direction between an 1/0 device 
and ·thc m1croproccssor beca use the tWo units ha ve sep
ara te clocks and thcrcfore are not~synchronized. Syn
chrontzing, or cquivalcntly controlling the 110 unit from 
the microprocessor clock, is not advlsable bccause the 
connection bctwccn the two·units· may be lengthy and 
thcrefore subjcct to d•fficultics with no1se and delays: 

Address~recognition 'is ncce1.sary when (as is usually 
the'dse) more than onc l/O'unit is uscd wilh a micro
processor. Command-decodmg is neccssary for 110 de

/ vices that are capablc of actions other than thc transfer 
' of data-for examplc, rewinding a tape dnve ~inally, 

all of thcse function" require timmg and control. - 1 
11 Por. a typical microprocessor system, thc c:cintroller 
diagramed m Fig. 7 provides all four functions. H in
eludes thrcc buffer rcgistcrs, which store mput data, 
output data, and dcvíce 5tatus. A typical write sequence 
involvcs four steps: 1 

' ' 

1 First, rhe microproccssor scnds out the addrcss of the 
dcvícC' 1in which it wants to write. This address travels 
along a ·common ·bus that also carries data, and serves 
thc memoty, as wcll as the' 110 'systcm. Thcrcfore, the 
addtess is accompanied on separate lines by an address
command· and an 110 rcqucst. The address-cornmand 
identifies the signals on the bus as an address, nnd thc 
l/0 re~ue8t directs it to the controllers linstead of to the 
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mcmory. A synchwnizing signa! strobes the address 
into thC' s~kdcd wnlrolkt éUHf cffect1vcly c~tabl1shcs a 
tempora1y liryk betwccn the separate clocks of the mi
croproce~sor and the controller at the moment the ad
drcss is transfcrrcd. 

Sccond, the addressed controller sets its address ftlp
ftop, which generales a ready s1gnal to the mlcro
processor. All the signals sent out by the microprocessor 
went to all the controllers, but the address 1dcntified 
only one 0f them. That controller, with ready signa!, 
thus acknowlcdgcs reccipt of the address command and 
indicates that it is in a condition to lJcgin operation. 

Third, the microprocessor sends out a wntc command 
and a word or block of data-again w1th an 110 rcqucst 
and a synchronil.ing pulse Only thc prcviously sdcctcd 
controllcr rc~ponds to thesc s1gnals. Thc d.tta gocs te 
the controllcr's storage registcr, and it rcturn¡, anolhcr 
ready stgnal. Thc data goes to thc controllcr on the 
samc lincs as thc addrcs~. but thc wnlc command idcn
tifics ti as data instead of an addrc~s. Thi~ ~tcp may be 
repcatcd as m.wy times as necdcd !o tnmplctc thc wntc 
opcration, and bctwccn writc !>lcps. the controllcr for
wards the data to thc dcvicc it i~ operating. 
· Finally, thc microprocessor scnd'> out anothcr addrcss 
CÜmmand to sclect a dlll'crcnt wntrollcr. Thic; rcscts thc 
addrcss fhp·llop in the prcv:ously sclcctcd controllcr 
and tal<cs it out of operation un !JI it IS agatn !>clcctcd. 
' Thc first two steps of a read scquencc are thc ).ante as 
thosc for writc. But in thc third step, thc read command 
goes out, and the microprocessor wa1t~ for data to come 
back. Thle presence of data on the !mes for thc micro
processor to accept is announced ~y a rcady signal. Th1s 
cycle can be repcatcd as many times as necded--until a 
new controller is selectcd. 

Generally, a read opcration rcquircs a dclay while 
thc mechanical device prov1dmg the data accelcra!cs to 
its normal opcratmg spccd. The microproccssor can also 
request ·the controllcr to transfcr its status information 
into the mcmory-an operation essentially idcnt1cal toa 
rcad, except for the delay. Thc statu<> is always Jmmedi
ately availablc m the controller, and finding it rnvolves 
no mcchanical processcs. 
·' Ftgure 7 shows the four commands-REAO. WRJTE. 
ADDRESS, and STATUS-as coming to the controllcr on 
four dtfferent ltnes. These could be encodcd on two 
lincs; or the four lines could be encoded w1th as many 
as 12 more commands if thc 110 functions are to be ex-
panded. ' 1 

' 

lnterrupt 

One such expansion might be the addition of intcr
rupt capab1lity to thc systcm. In thc examplc ol thc elec
tromc combination lock, a loop at the <;tart of the pro
gramed scqucncc represcnts thc stanuby statc. Whilc in 
this loop, thc microproccssor cn·cdtvcly runs ar,.lund in 
circles waiting for somcthing to happen--f0r somcone to 
push the button. Similar standby loops are oftcn in
corporatcd in programs, but if the evcnts thcy wait fcr 
are infrequcut- Jcss than once every 50 in~tructions or 
every 100 to 1·,000 microscconds-the m1croproccs:.or 
could be doing useful work while waiting for the exter
na! event. That event mus! be nble to cause the m¡cro· 
processor to change its course of action. This capability, 
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7. Bnpulloutpul conl,.JIIer. This simple assembly provldFls all baste lunchon:; ol any controller bullenng. address recogn!lton. command de
codt·lQ, tlmlng, and control These tuncltons are requlred, regardless ollts speed or how many Unes it services 

ava1iable on sorne microproccssors, is caBed interrupt. 
Interrupt is cspecially valuable in communications 

applications. Since lhe microproccs'ior often has no con
trull>Vcr whcn data is lo be transmittcd or received, the 
capahility to work while wmtíng is dcsirahlc. 

Rc~olving an interrupt is a rathcr complícated procc
durc. F1rst of all, once an intcrrupt has bccn rccognizcd, 
the microproccssor can'l afford to rccognize any others 
until the first one is out of thc way. On large computers, 
intcrrupl pnoritics are somctimes installed so that a 
high-priority intcrrupt can bump a low-príority inter
rupt. Such complcx desig'n scems undcsirable with mi
croproccssors al prescnt.) 

ence of an interrupt at regular intervals during machmc 
operation. For example, the test might occur JUSt before 
every instruction fetch so that the fetch is blockcd 1f an 
intcrrupt has occurrcd. 

An intcrrupt-proccs~ing routinc is shown 1n th.: t1Pw 
char~1n Fig. 8. The dcgrcc ofcomplicatum varíes WHHy 
from onc microproccssor to anot hcr--Sl)JllC ha ve pH'
ccs!>ing intcrrupts that are more aulomaL•c than othcr~. 
For examplc, the National Scmiconduct0f G PC/P ha~ a 
stack memory that can comrlctcly stnrc thc m.1chinc 
statc in qnly five instructions. rtHS h•ghly ctTiCH~''•t tcch· 
niquc qualifies the GPC/ P for cxccllcnl rc.d-ltmc pro
cess control. 

Oalsy~chain signa! 

Aflcf· disabhng further mtcrr11pts, ;,~ dc~C'IIh.-d pr~
viously, thc n11croprocessor must u~.·l.'"'"'l' d_::c tite cur-
rcnl inicrrupt ami dctcrmtnc 11~ sPur'' 1 ,,, tl:t' 1''·•-

o 

o 

Sccond, bcforc Lhe microprocessor can process an in
lerrupt, it has to store its own statc- that is, effcctively 
lo take note of where it was whcn it was intcrrupted so 
that it can pu.:k up whcrc it lcft off aftcr thc intcrrupt 
processing is 11nishcd. This mvolvcs transfcrnng !llto a 
rc~crvcd part of thc mcmory thc inslrm;tion countcr. 
which idcnt•lic' thc next instruction, thc contcnts of lhc 
accumulator, and othcr kcy rcgistcrs and llip-f!ops. Thc 
existence of only óne such rcserved arca is !he reason 
for rccogmzing only one interrupt at:.: lime. 

po,c. thc inte1r11pt-ad.1Hl\\kd¡~c ltnc !'·' ·l'' ,,,,.,, ·lt .;1¡ 

cunt•ollers in n "11 ·•~y-dwm" fa,h1(11\- thc ,, \_¡,,,wk,l,·.• o 
s1gnal passcs frJm cach onc to thc ncx.t untllthc S•1ur,·~.· 

In general, lhe implementation of an interrupt systcm 
consists of replacing the wait loop in the program with 
an equivalenlloop in hardware, which tests for the prcs-

Ofthe intcrrupt SlüpS it. lly tlm lllcans, l/0 p110rtty IS C~

tablished by prox.imJty to thc m:ctoprocc~'''r t\rnv,d of 
the intcrrupt-acknowlcdgc s•gnal tnggcrs 1 ';e sendmg 
by the controller to thc mtcroproccssor of 11~ :1ddrc''· 
from w~ich thc microprocessor detcrmmcs tlH.: i<JC.'''·l!l 

69 



o 

u 

() 

of the routine to scrvice the interrupt. In sorne systems, 
the controller can send, not its own address, but the ac· 
tual addrcss of thc routinc, so that the mir.roprocessor 
can rcach the routine via an indirect jump instruction; 
this is called a vectored I'llterrupt. -

In all interrupt routines, the machine state must be 
stored before anything else happcns. Then, after much 
ado, the interrupl itsclf can be processed. Whcn it is fin· 
ishcd, the previous steps must be u'ndone-the machine 
state is restored, and the interrupts are re·enabled. De
pending on how the word "disabled" is defined, new in· 
terrupts that occurred during the previous interrupt 
process may have been ignorcd totally, or they may 
merely have been kepl waiting. In a completely inter
rupto{)riented system, when re·enabled, the disabling 
signal can start the whole interrupt-resolving cycle 
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8. Sleeve puller. A mlcroprocessor need not stand ldle whde wail
lng for an externa! event-11 11 can keep !rack of whal 11 was dolng 

when the event flnally occurs. Thls flow chart oulllnes how 11 can 
mark lts place In a sooondary ro~:~ttne whlle processlng an lnterrupt. 
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again bcforc the rnicroprocessor can get back to tts main 
routmc. If such new interrupts are unlikely, thc micro· 
processor may get an automatic chance to exccute one 
more instruction in its main program before chccking 
again for interrupts. 

By adding the logic shown in Fig. 9, the prcviously 
describcd 110 controller can be easily modified to work 
on an interrupt basis. Usually the intcrrupt signal is the 
result of something that happens in the controlled 1/0 
device, although it can be an event in the controller it
self. Either way, the signal sets the flip-ftop FF ¡, and 
sends an interrupt requcst to the microprocessor. The 
microprocessor's acknowledgment passes, daisy·chain 
fashion, through all controllers via gate G u::;tJJ r.~t 
reaches the one that originatcd the rcquest, wherc G ~~~· 
blocked by the ON state of FFt. The trailing edge of the 
acknowledge pulse rescts FFt. and the turning-otf ac· 
tion sets another llip-llop, FF2, which, in turn, opcns 
gates admitting the controller's address to the data lines. 
FFz also generales a rcady signalto the microproce~sor, 
and the ready, delay'ed, turns olf FFz. 

When lnlerrupts aren't wanted 

Dccause the enttre process of handling intcrrupts may 
rcquire many hundreds of microscconds, externa! 
events that occur, on the average, more than once every 
4 or 5 milliseconds, will sevcrely impede the main pro
gram if they depcnd on interrupts lo obtain scrvice. 
Therefore, ifprogrcss in the main program is importan!, 
or if manyyinterrupts are expected, another tcchnique 
should be used lo service the externa! events. 

An example of a proccss that can't depend on an in
terrupt for service is the rcfreshing of a ca thode-ray· 
tube display. Suppose that the display has a capacity of 
30 lines at 60 characters per !me-a total of 1,800 char
aclers to be refreshed 60 times per second. Rcfreshing 
requires 108,000 charactcrs per second to be delivered 
to the display, or one character every 9.2 mtcroseconds. 

Many higb·speed 110 processes, such as the preceding 
example, can tolerate relatively slow processmg if the 
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9. Addlllonmlloglc. These logic blocks mus! be added lo the Simple 

lnpul/output controller of Flg. Sto enable il lo handle tnterrupts. 



Jata transfer to and from the unit can be fast. These 
proccsscs can therefore makc use of a direct mcmory
access channel, or DMA, the next step up m complexity 
and performance from a simple interrupt. 

Al ·\1A channel in a microproccssor system requircs a 
few more controls than those in thc individual 1/0-de
vicc controllers, which are not alfected directly by lheir 
conncction through a channel to memory instead of lo 
lhc proccssor. Thc microprocessor obtains acccss 'lo its 
own mcmory through these ehannel controls in the 
same way that thc inputloutput controllcrs do, and, 
sincc conl1tcts can arise, thc channel's main function is 
to detect and resolve thcm. They are lcss hkcly to occur 
wtth microprocessors than with minicomputcrs and 
large ~.:omputcrs, howevcr, because thc microprocessor 
usually runs slowcr than its memory, not faster. Con
flH.:ts in ~y.~tcms of any stzc are always resolved in favor 
of thc input/output, because thc device is usually in 
mcchanicalmotion and can't alford much dclay. 
· Once the channcl is under way. the channcl controller 

takcs lwcr thl' task ofsclccting addresses, 110 sequences, 
and data handling. As a result, both 110 and processing 
opcratiom are cxpedited-the first because it is limited 
only by the mcmory cycle rate, not the instruction rate, 
and the second because the microprocessor need not 
pause in its own work to run an 110 operation. 

Block lnput/output 

Channcl input/output leads quite direetly lo block 
110, in which largc blocks of data are transferred in or 
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10. Block JnpulloutpuL To transler larga blocks ol data to or lrom 

memory, this loglc ls added lo the baste lnputloutput controller. 11 

must not lnter1ere wtth other mlcroprocessor tasks, yet lt must work 

wlth both Interna! devlce addresses .and wlth memory. · 

out of the micropro< ·:~sor by a single command se
quence. Ackhttonall(l •r: in the 110 controller is rcquired 
to work, not only Wllh :1ddresses in thc main mcmory 
and addrcsses of indiVIdual devices, but also with ad
drcsses within thc devtcc-such as tracks and sectors on 
a disk drive, files on tape, and so on. 

Thrcc major elements (Fig. 10) must he added to a 
basic 110 controller to permit it to hant:;,~ block in
putloutput: an 1/0 device-address countcr, a mam
memory counter, anda block countcr. At t he sta rt of an 
operation, the device-address counter i~ loadcd w1Lh the 
device's mternal addres~-such as lhe sct t()r nllmbcr
the main memory counter has the adclrc''' lo or from 
which the transfer of the block begms, <llld thc block 
countcr contains thc number ofblock<> lo he tran~fcrrcd. 
The first READ or WRITE command sels a HUSY l11p-l1op. 
As eafh word is transferred, the mam-memory counter 
is incrcmented, and as each block ts tramfcrred, the 
block counter is dccrementcd until it p.ts<>cs ú, gcner
ating a borrow stgnal Th1s s1gn;d resc15 thc OUSY lltp
flop and scnds an interrupt s1gnallo the mícroprocess\)r, 
which is thus informed that :1" 110 operation has bdcn 
completed. 

A drum-prlnter controller 

The preccding seclions havc '>hown how a few com
mon logic-design problems c:~n be solved w1th a micro
processor, and how controllers for use w1th micro
processors can be easily ano qu1ckly designed. Many of 
these concepts can be combincd in the des1gn of a con
troller for a drum prinler that takes advantage of a mi
croprocessor lo control the formal of the data transfer 
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11. Drum prlnter. Rola!lng drurn carne<: complote C~lphabol on 11s 

sur1ace. repealed for each pnnling pos1t1on across pJye Sep;1ra1e 
actuator-hammer palfs for each pos1t1on pross the p<~¡Jur aaa1n5t lhe 

drum to pK:k up the impr1nl as the desired charectec ¡· •ssvs 
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be!wcen a largcr central pro:::essor and the printcr. 
Microproccssors arcn't suitable as controllers in every 

l/0 application. for example, many magnetic-tape or 
d!sk units havc data transfcr rates that are far.beyond 
the capabilitics of any present or contcmplated micro
processor. In fact, the fastest microprocessor on the mar
ket in 1973wasNational Semiconductor GPC/P, capable 
of a maximum of about 30,000 bytes per second, and 
\he eight-bit Intcl 8080 is limited to about 60,000. 
Dut sincc disks and tapes routinely spew forth data at 
hundreds of thousands and cven millions of bytes per 
sccond, controllcrs for these devices must be bUtlt out of 
convcntional logic circuits, and high-speed ones at 
that-emitter-coupled logic, in many cases-using mi
croprocessors at best wilhin the controller for certain 
proccss-monitoring tasks that do not involve data
handling. 

But other 110 systems and subsystcms are well suited 
for control by a microprocessor-among them, data
communications channels using telephone lines, card 
rcadcrs and punches, tape cassettes, floppy disks, and 
drum printcrs. 

A typical drum printcr prints a maximum of 132 col
umns of charactcrs from a 64-character sct at 1,800 lines 
per minute. To achicvc this level of performance, the 
machine contains a drum (Fig. 11) w1th 13::! complete 
sets of 64 charactcrs ir¡ círcumferential columns, and 
like characters m cach set are iined up along an axial 
row. Close to its surface is a bank of 132 electromechan
ical hammers that can be driven toward the drum as it 
spins on its axis. Dut betwcen the hammers and the 
drum is the web of paper upon which the printcd char
acters are to appear, plus an inked ribbon to record the 
imprints. 

As the drum turns, its position is monitored by the 
controller. As each of its character slugs to be printed in 
the 132 positions of a line approach.es a point opposite 
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the corre~ponrling hammcr, the hammer is driven for
ward-- timed in such a way that as it reachcs thc limit of 
its travel, it prints in the dcsircd position by pinching 
the papcr and the ribbon between 1t and the drum when 
the dcsired character slug is. exactly opposite it. When 
the drum has made one complete revolution, a com
plete line has been printed on the paper, and the papet 
moves up into position for printmg the next line. To al
low time for papcr movement, thc characters do not fill 
the en tire circumference of the drum. 

One common controller des1gn contains 132 6-bit 
counters. The controller translates the data in each 
printing position into a particular counting step. Such a 
straightforward but complex controller is not nccessary 
when 'a microprocessor is employed. 

Instead, the data to be pnntcd is Joaded in the form' 
of a map into a large arca of the microproccssor's main 
memory. This arca can be visualized as a rectangular 
array of bit cells, 132 wide aíid 64 high (Fig. 12). Each 
64-cell vertical column corresponds to onc of the 132 
printing positions on the paper, and each of the 64 ce lis 
in the column corresponds to onc of the characters in 
that position on the drum. Two such maps in the 
memory cnable the processor to fill one whilc a lme is 
being printed from the other, and their roles are rever
sed for alterna te Iines of printing. 

At 1,800 lines and 1,800 revolutions pcr mmute, the 
drum makes onc revolution in l/30 second; during this 
interval the central processor must provide thc map 
with up to 132 characters. Tlus is 3.960 charactcrs per 
second or one character every 252 microscconds-a data 
rate that is wcll within the capab1lilics of a micro
processor. 

The microprocessor, working as a controllcr, uses 
simple arithmetic and masking in5tructions to translate 
data received from the central processor into bits placed 
in the map. Thc character to be printed identifies the bit 
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Crankang up ihe mRcroprocessor 
Now th<Jt<the engmeer has read how to apply micro
processors to every-day des1gn problems, assurne that 
hr rders one-from lntel, or Nat1onal, or anybody Thf! 
r <~CI oprocessor has an adequate quanl1ty of read-onl y 
and read-wntc memory and alllhe necessary extraneous 
parts Now. suppose that the engineer wn!es a program 
lo lit his appl,callon, and assume that the program is nght 
!he f1rst tune and 1 that 1t's be en pul· into a programable 
ROM connActcd lo the mlcroprocessor system. Now, 
how daos r.e start the machmf3? 

Larga gcneral-purpose computers always come with 
software that helps load programs into the memory and 
ensures thal the computar starts runnmg the program 
when it is turned on. This software 1s so cleverly designad 
!ha! 1t seems to melt nght mto lhe scenery The rules fol
lowod in w1illng the program may have been imposed, tn 
part. by the computar hardware, but sorne ol them werc 
1rnposed by the software However, the microprocessor 
doesn't havo any software hke this. 

To sta1t nny processor, sorne kind of number must be 

ccll in thc wlunm of64, and scts that ccllto l; all othcr 
cclb in that column rcmain Os. Succcssive charactcrs in 
thc hne sct corrco;ponding bits in succcssivc colmnns in 
thc map. 

Whcn thc map has bccn fillcd with bits corrcspond
ing to data to be printed, thc map turns to thc control of 
thc spmmng drum. Once pcr revolution, the drum gen
erute~ a synchrontzing signalthat says the first character 
in thc ~el of 64 is in a position to be printcd anywherc it 
may he reqmrcd along thc linc-possibly, hut improb
ably, in al! 132 positions at once. This synchronizing sig
na! sets a pomtcr at row 1 in the map. If any of thc 132 
bits in that row is l, thc hammer corrcsponding to the 
bit p(lsition fires to print the first character in the propcr 
colu.nn. The pointer then is incrementcd to row 2 as the 
drun1 continucs to rotate into thc next charactcr posi
tion. Thi~ proccss is repeatcd for all 64 rows in thc map 
and all 64 pnnt positions on the drum. . 

But in reading out these map cells, the micro
proccssor can take, say, 8 bits ata time (assuming that it 
is an lntcl 8008 or similar system). Tlms, to print in 132 
charactcr positions, the microprocessor can take 17 
mcmory acccsses.....:l6 of 8 bits each and one of 4 bits. (A 
standard hnc lcng~h for pri~tcrs is 132 characters, but 
unfortunatcly, 132'is not divisible by 8.) 

Mcanwhilc, the spinnang drum passes onc of the 64 
charactcr po-;itions m l/30 X l/64 = 1/1,920 sccond. 
or about 521 microsecond:'i· Howcvcr, during this pc
riod, for accuratcly aligncd smudgc-free prinling, 3illhc 
hammcrs that are to be pulscd to print a givcn charactcr 
muc;t be pulsed within a 66-f<S window. This ratio of 66 
to 521 rcpw.cnts fl r:~thcr rdaxcd duty cycle for the 
printcr mcchamsm, allowmg plcnty of time for thc 
hammers to scttle back mto position aflcr liring, but 
during the window, thc microproccssor must pcel off l7 
8-b1t bytes from the map-less than 4 J-1.S pcr byte. To 
handlc this data rate, the microproccssor must have a 
DMA channcl. 

This printcr-control alg~rithm can be coded for the 
Intel 8008 microprocessor or the new 8080 with only 72 

loaued into ti1e program counter, wh1ch will t)len 1nd,cate 
lhe first instrucllüll m lhc! program, Rnd h10 proccssor 
clock has to be started In lntel's 4004 m1croprocessor. 
l11ts rs brutally simple-an externa! llne, when grounded, 
torces the program counter toO. and when lhe 'rro,1nd rs 
removed, lhe clock starts runnmg 11 the f1rst -.truct1on 
of the prograrn has been placed tn memory rocat1on O. 
grounding the resel hne mdkes the pro~Jram ce mtcr Do;r,t 
to thal flrst instruchon, nnd removmg the grou11d r::s 
the processor. 

The 8008 ts also simple to start, but thu priJcus·~ 110i 

quite so ::;tra1ghtlorward Essentially, tt1e mac ll ,¡ r r: Céln be 
made to execule an instructton that 1s not 1n the prog1arn. 
but wh1ch !orces the program to Jump lo .J locar,on wlrose 

'address 1s a multiple of 8 Any address betweun O nnd 56 
can be used; tf the f~rst mstruct1on of a proqram 1s 1n lila! 
locatton, the processor starts running as soo11 vs ihe 
jump has been executed. 

Other microprocessc~s also havc o:;,m,lm s1mplc rn9ans 
of s!arting. 

byte~ in thc program. Thc mL·m .. ry m.lj''---11' ('- rcq•11rc 
2,176 bytes. Thc 8008 isn't f.1sl cnough to •un the hy
pothe~ical printcr, but it can ]1.111dle aboul 500 !mes per 
minute, a r~spcctable specd f,,. ~nme applications. Thc 
8080, on thc other hnnd, ca11 il 'ndle n bout 5,000 !mes 
pcr minute. 

In an actual application, of coursc, a full controllcr 
w•mld be required-with other functions, such as se
quencing, vertical forms control, and vanous alarm 
functions. Dut thc basic símpltnty of a controllcr butlt 
around a microprocessor is apparent. 

This dcsign has severa! 1mportant a~pccts. No gatc
lcvel logic dcsign was neccssary, and no ~tnte diagrams 
were usc'd. Also, only slight program changes woulcl be 
necessary to control.a printer with a larger or smallcr 
character set, a different input code from the central 
processor, or even a more complex pnnter, such as a 
chain printer. O 
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Preparation,: 
the key to 
success. with microprocessors 
Unwary system engineers can fall victim to time-consuming mistakes, 
not to mentían co;:.t, when building on new breed of semiconductors; 
help is available, however, for those ready to pause and pay heed 

by Robert Lewandowski, John Ftuke Mfg Co . lnc . soallle, Wash. 

O A dcsign tcam that takcs its first crack at devising a 
systcm bascd on a microprocessor can be in for a trymg 
cxpcncncc. But many of the usual pitfalls can be traced 
to two basic ovcrsights; thcy in vol ve ( 1) a precipitous 
plungc mto a projcct with a dcsign group inadequatcly 
prcpared for the task, and (2) failure to obtain the dif
fcrent kinds of hclp available from manufacturcrs, 
timc-sharing serviccs, and consultants. 

Hardware problcrm, whilc formidable, can be solved 
by traditional methods. But not so for software. Micro
processor manufacturers say it is easier to turn a digital 
designer into a microproccssor programer rather than 
the other way around. While this may be truc, it doesn't 
grve a realistic picture of what can happen while a hard
ware designer ts in thc process of learning. The prob
lems associated wtth bccoming famJiiar with the micro
processor and its interfaces, and with learning 
programing, can al best lead to sorne extremely harried 
designers or, at worst, a poor design. 

· Hardware problems 

Analog designers probably will not be atfccted, but 
thc digital dcsigncrs must bccome familiar first of all 
with lhe capabrlitics, limitations, 1and charactenstics of 
the many mtcroprocessor-system components. In addi
tion to thc central processing unit, there is a clock gcn
erator-driver, which supplics timing and synchro
nization to most parts of thc system. Thcre is a ROM, 
which contains the actual' progr,tm statemcnts cxccuted 
by the CPU. Thcre may be a memory interface device to 
provide address information in the correct formal to al
low a gcneral-purpose mcmory chip to be used with a 
specillc proccssor. And most systems wlll contain a RAM 
to store transtent data gencrated by the processor dur
ing program execution. _ 

Also, inputs and outputs will usúally require interface 
hardware to provide timing and multiplexing so that 
peripheral circuitry can aocess the p~ocessor's data bus. 
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In sorne systcms, memory mtcrlacc anó 110 may be 
handled by the same hardware; other systems provide 
interface adapters for various types of 110 operattons. 

Additional hardware may also be required to intcr
rupt processor operation for service requests, to change 
program flow, and to handle special modcs of oper
ation. And since the devices uscd within one system· 
may span severa! technologies-p-MOS, n-MOS, C-MOS, 
and TfL-there are many dtfTerent interface problems
voltage levels, propagation times, etc.-with which hard
ware designers must be familiar. 

The software problem 

Many hardware dcsigncrs assume that bccause they 
have done sorne programing wtth htgh-level languages 
like Basic or Fortran, their cxpcrience will be directly 
applicable. Such programing is, however, a world away 
from the low-levcl languages required by most micro
processors. So whtle digital designers may have devel-· 
oped the logtcal way of thinking necessary to bccomc 
proficient programers, thc time allowed them in projecf 
schedulcs to get up to adequatc speed in programing is· 
frcqucntly grossly underestimated. 

If a prOJCCt rs on a schedule in whtch sufficrent time 
cannot be given to dcsign-team mcmbers to thoroughly 
learn about the device to be used, an altcrnative to con
sider is the use of a consultan t. 

Many consultmg firms are spino!Ts from micro
proccssor manufacturers. Thcse pcople have workcd on' 
many spcctfic applications and are famthar wuh both· 
hardware characteristic~ and pwgrammg tcchniqucs. 
Sorne consultants will undertake the wholc dcsign
hardware and software-whtle others will only do the 
software and ddvise on hardware implcmentation. This 
course wul allow in-house people to becomc cxpcri
enced as thcy work with the consultants. 

If, on the other hand, time does permit the education 
of staff design.ers, where can the education be obtained? 



While therc is a great deal to be said for self-made m en, 
there are Jclimlc limits imposcd when it comes to mi
croprocessors. The mformation available for sclf-study 
fron1 ' ·ndors, for example, is usually non-existent, and 
muc11 or what 11. avai,lable is in the form of spccifications 
not really hclpful fot the task at hand. 

Many collcgcs and some community colleges now 
olfcr short courses in microprocessors and even courses 
on machmc- or <L'>scmbly-languagc programing. These 
can he uscful- as can the general informalion available 
on programmg minicomputers (in vicw of the similarily 
bctwecn lhc s1mple mini anda microcomputcr system). 

A bcttcr approach is lo lake advantage of seminars 
olfcred from time lo time by vendors or consultants in 
vanous locallons around the country. These usually last 
two lo fivc days, are very concentraled, and cover the 
ba!.>tcs of hardware operalion and the inslruction sets 
used by spccific deviccs or families of devices. The se mi
nar'> mually include sorne "hands-on" time employing a 
hardware simulator, which allows students actually to 
write and cxccute simple programs. Under no circum~ 
stanccs, howcvcr, should it be assumed that these semi
nars are gu.~rantees ofexpcrtise. 

Whcn 1t comes down lo a mattcr of practice, timc
shared computcr services can be useful, Many such ser
vices alTer proprictary programs supplicd by the micro
proccssor vcndors-programs that allow lhe assembly of 
"sourcc" ·programs into "object" codc suitable for exe
cution in a m1croproccssor. ' 

Thc sourcc program, writtcn in thc assembly lan
guagc peculiar to a particular microprocessor, consists 
of symholic opcration codcs corrcsponding to the actual 
bit palterns that cau'se a givcn operat1on to occur. It also 
cons1sts of symbolic \abcls corrcsponding to the actual 
binary addrcsscs at which thc instruction op-codes will 
reside during program cxecution. Thc assembly lan
gua¡:c frccs the programer from keeping track of the ab
solutc address of an instruction to which the program 
transfcrs control or to which the program branches after 
a logical or arithmetic test. The assembly language also 
kccps track of the start addrcsses of subroutines that 
may he utili1.ed by various parts ofthe main program. 

The objcct code generatcd by an assembler is the set 
of binary numbcrs that, when loaded in the correct se
qucncc in thc mi'croprocessor's instruction memory, 
causes the processor to act in the desired manner. These 
bit ·codcs are perm'anently "burned" or "hard-wired" 
into thc system ROM during manufacture and provide 
thc instructions for á microprocessor to execute. 

To develop a microprocessor program, the first step 
gencrally is to cstahlish the logical sequence of events to 
occur by using a flow chart or similar aid. Each oper
ation is thcn convcrted into onc or more microprocessor 
instructions wntten in an asscmbly language. The se
qucnce of instructions 1s then keyed into a data file in 
the timc-sharcd computcr, and the program, or source 
file, is acted upon by the asscmbler program in the 
time-shared systcm. If lhere are no errors in the source 
program, thc assembler generales an output record con
sisting of the object file in a suitable format for storage. 
This object file can be sent to a vendar who can convert 
the bit patterns into a usable ROM. 

S1nce ROM rnanufacl11rc is an LSI semiconductor pro
ccss, the initwJ :.ctup 1~, 1 J ther costly ano tlfne-consum
ing. It is of cnl!cal in1portance, thcrclorc, that the 
pwgram he debugged and operational ¡mor to ROM 
manufacture. In the case of product1on-LSI parts, littlc 
or nothing can be done to correct crrors m thc ongmal 
hardware. The entire process of mao;k gen(·, 1l1on and 
fabrication of new parts has to be rcpcatcd --wtth t1me 
delays of two to four months for cach corree: 1on. 

To determine whcthcr a program 1<; opera t1o1 .. d or 
not, the bme-sharing serviccs also olfcr a ~lllltd.ttion 
program that can exccute the object program on thc 
host computer in a manner similar to thc actual m•cro
processor. A wide varicty of informallon 1'> avallablc to 
the operator about the cxecution of lus program, !>uch 
as program timing, current contents of interna! storage 
reg1sters, addresses, and the actual instrurt10n cnncntly 
being executed. The simulat01 can stop opera t1on at 
various places in the pmgram and force condttions to 
occur within the si m u lated 111" r 0proccss01. l11c"e fca
tures, combined with on-hnc cd1llng programs thal al
low rapid modificat10n or Clll rcct10n 0f sourcc pro
grams, make an extrcmcly ¡)()wcrful '>y~tcm for 
devcloping rmcroprocessor pnw,ra ms. 

One drawback of time-shured '>crv1ccs is thcir htgh rc
curring costs. In addition lo thc renta\ fcc of a terminal 

. for access, thcre are chargcs fo1 connect1on lime, and 
execution chargcs for use of thc host computcr. Also, 
therc usually is a royalty for u~e of the nllcroprocessor 
vcn~or's proprictary asscmbly and simulation pro
grams. Ti1Ue-sharing services a l"o ha ve a ~ecmmgly •nfi
nite variety of billing rates and M.:hedulcs, so that com
parison of costs of one service to another is vtrtually 
impossibl,e. One can easily expcct costs of $1,000 to 
$3,000 per month for a program devclopmcnt, which 
can easily take two to four months of peak demand 
time. 

Protoiyplng systems 

An alternative to the ~riel use of a tm1c-sharing sys
tem (and one that providcs a real-t1mc operating-hard
ware situation) is the prototyping systcm. Thcsc are suld 
by various microprocessor manufacturcrs or indcpcn
dent proprictary microcomputer-systcm<> vcndors. Cost 
can be $3,000 to $10,000, dcpcnding on cornplcxity and 
fcatures. Thc prototype system can prov1dc an opcr
ating setup that has the capabd1ty of cntnmg ancl edrt
ing source programs in asscmhly languagc and c;~.c~.":ut
irig the resultant object progra ms w1th thc actu .1\ 
microproccssor hardware. Thc<;c !>y\tcms allow dircct 
hardware interface to thc rnstrumcnt undcr dcv,·!up
mcnt vta plug-in "klugc" card~. and c.m cont:ltn tllc 
hardware to be uscd in the tin.d S\ ·;tcm. 

The main diiTercnces in companson ''llh thc timc
shared approach is the prototyp1ng sy~~.:m's ~k)wcr 
speed of'CXCCUI.IOI1 and LlS la e k Of SOft\~ :J: C ' ;l r<~:.~ r ,; :1\ 

featurcs. Also, tlw J11ing cap.1hlilty '' \bu.lll~ ,\,,)~Lm
ited, and ,in son;c cases noncx¡qcnt. That, tog.:thcr wnh 
the fact that most prototy¡"ng ~ystcms l)pcr:~te v1a a 
conventional ASR 33 Tclctypc anJ papcr iapc. makc 
their use vcry awkward. 

During operation of a prototy¡'mg systcm, t he asscm-
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Why a microprocessor? 
To name three of the chief advantages of a m¡cro
processor-based mstrument, a m1croprocessor can pro
duce !he follow1ng results: 
¡¡¡ Reduclion of the cost and complexity of hardware by 
replacmg existing random-logic designs with fewer parts. 
i!ll Add1l1on ot arithmetlc or computallonal capablhty 
unava1lable w1th random logic. 
l!l Achievement of a "smart" lnstrumentlhat can execute 
a sequence of instruc!lons under program control, and 
poss1bly lo control or interact wilh other instruments. 

The quest1on remains· when 1s a g1ven appilcation suil· 
able for a m1croprocessor? The rule of lhumb today IS 
that a m1croprocessor-based system is worth cons1denng 
1! an ex1s1tng des1gn uses 50 or more packages of me
dlum-scale integrat1on Bu! there are also other neces
sary precond111ons. namely, that: 
m There is sufflctent oroduct sales volume lo approach 
the "knee" of the vr:ndor's pnce curve. 
m The applicalion 1:; ous-onenled, lhus requlring a mm
lmum of peripheral support hardware. 
e There 1S a sigmflcanf market advantage to be gaif'led 
by features that come "free" w1th the add1t1on ol a mlcro
processor. 
e There ls tho potent1al for futura extension of the des1gn 
technlques to other applicalions. 

The desirab1lity of a bus-onented structure ls based on 
the m1croprocossor's l1m1ted mpul/output capabi11ty. 
Most m1croprocessors transmit data on a character-senal 
bus (that is sorne mu1t1ple of 4 b1ts). Th1s can, unless the 
system is already bus onented, necessitate a larga 
amount of outboard hardware to mult1plex and distribute 
the data over w1de parallel input and output structures. 
The extra components would seriously reduce the cost
eftectlveness of the m1croprocessor solutlon. 

The add1llon of computat1onal ability greatly increases 
an instrument's usefulness, al!ow1ng 11 lo convert mea
sured electrical parameters-volts, ohms, etc -into engl
neenng un1ts-pounds per square inch. pH, feet per sec
ond-whlle also performing self-cahbralion and faull 
d1agnos1s. 11 should be noted. however, that although 
most ava1lable mlcroorocessors have sorne anthmet1c ca
pabillty, h1gh speed "real-time" computat1on 1s severely 
hm1ted because dev1ces generally ava1lable have no 
hardware anthmetic features and must use repet1!1ve pro
gram techniques Speeds of execu!IOn under these con
dllions are well-suited for human Interface, but not for 
h1gh speed machme-t'o-machme mteractions. 

Front-panel controls are areas 1n which a mtcro
processor can be usad to great advantage 1n the des1gn 
of a "smart" mslrument Compare, for example, the elec
tromc calculator lo a 1mechan1cal calculator of f1ve years 
ago. The mechan1cal calculator requ~red that !he E'ntered 
data be just1f1ed with respect lo !he dec1mallocat10n, and 
frequenlly reqUired adjustment or re-entry of !he data lo 
accommodate the hmited dynam1c ranga of the machina. 

1• 

1 

bly progr a m (punchcd .on paper tape) is read into stor-
age in the system via sorne sort of monitor or control 
program which resides in the systcm's ROM. Program 
control is transfcrred to the assemblcr and the user's 
source program is read in from paper tape. Thc com
plete assembly of the s~>Urce program takes two or three 
entries ("passes") of t~e entlfc tape, dependmg on the 
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A s1m1lar problem can be seen m a keyboard-pro
gramed frequency synthes1zer that has a seven-decade 
d1splay. 

Entry of a number S1gn111cantly smaller than lull scale 
reqUires entenng a number ol zeros ahead of the most 
Slgn1f1cant diQII, makmg data entry rather clumsy To im
plement the free·form entry with random log1c reqUires a 
complex and costly deslgn. But a microprocessor can 
meet the reqUirements easily. 

One of the bonus features 1s the m1croprocessor's abll
ity to store and recall vanous rront-panel control settmgs 
or programs al the touch of a button Th1s makes 11 pos
Sible, for example. to store all the spec1f1c frequenc1es 
and signa! levels requ~red for product1on testmg a nar
row-band f1lter A s1ngle buttor recalls the data prev1ously 
stored, and allows !he operator to examme or ad¡ust the 
dev1ce under test al each cr~tical frequency 

This techn1que can be extended lo allow the user lo 
enler h1s own programs lnto lile m1croprocessor for spe
CIIic appilcations Th1s reqUires both a complex keyboard 
or program entry method and a user who IS fam11iar w1th 
program1ng the particular m1croprocessor m the lnstru
ment. Nevertheless, il can result m an extremely powerful 
lnstrument SUI!ed !ora vanety of appl1cat1ons. 

A m1croprocessor-controlled mstrument can offer so
ph1sl1cated remete program1ng capabliltles, especially 
when equlpped wlth the proposed internat1onal Electro
technlcal C<?mmtsslon general-purpose bus mterface 
[Eiectromcs, Nov. 14, 1974, p. 95] The structure of the 
lEC bus is 1deally su1ted for use w1th a m1croprocessor, 
allowing the mstrument lo take the role of hstener, talker, 
and poss1bly system controller when used 1n the appro
priate appl1cation 

Al present. in instruments des1gned w1th random-log1c" 
controllers, a h1gh príce must be pa1d for the lEC bus op
llon because of the large amount of add1!1ona1 c~rcu1try 
necessary lo rece1ve or send the ASCII control charac
ters. But the only hardware needed when mterfacing a 
microprocessor lo the bus are the bus dnvers and recelv· 
ers. and the random logiC for both llmmg and recognlllon 
of addresses and universal commands Tt1e recognit1on 
and mterpretat1on of ASCII control characters (m the 
case ot a listener) and the encodmg of data to be trans
mltted by a talker are all done under program control. 
They may even be handled b)" the same methods usmg 
the same subroutmes. as are used lo process s1gnai!J 
from the front panel control 

An ;nst1 urnent w1th m1croprocessor control can be pro
gramad lo per!orm the controller funct10n m a bus sys
tem, aithough an mstrument w1tt1 programmg f!ex1bihty of 
a calculator IS usually ass1gned th1s task The control pro
grams for a m1c::roproce;ssor m an applicat1on as a system 
controller could be very complex. requinng SIQnlf1cant ex
ecullon lime, but 11 could reprssent a cost-elfect1ve solu
t;on for certam appl1ca!ions 

system. jfhe object tape is generated dunng the final 
"pass'' and can then be rcad tnto program storage 
within thc system and exccuted by thc microprocessor. 

Loading thc asscmbler. assembly, loadm¿; the object 
tape, ar<d execution of thc obJect program can ea.>tlyr 
take from an ho~,;~r, for a small program, to well ovcr 
eight hours for a l'argc prog1am. And thc program storu 
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Speedy look .. up tables 

fv'", ' m1croprocessors do no! have buill-in, hardw1red 
,mthmellc roullnes They must use slower, software-con
trolled methods of computations. But there 1s a way !o 
overcome 1111s hand1cap. at least partJaliy Sorne compu
tatJons can be done SJgni!Jcantly !aster w1th memory look
up techn1ques, 1n whlch tables of precomputed answers 
are arrangod for rap1d access by lhe processor al the 
time of program execullOn. 

For example, m multJphcaiJOn, the products, Z, ol the 
SJngie-dJQII BCD numbers X and Y can be stored 1n read
only memory. as shown m the accompany1ng table The 
values of X and Y are !Jrst comb1ned lo forman offset ad
dress, XY, wh1ch JS then added toa base address lo form 
!he actual address of the product For example, 1f X - 2 
and Y - 7. then XY 1s 2 7, wh1ch 1s added to 15 7 ( an arbl
trar•ly chosen base address) to form 17E (a hexadecimal 
number-s1xteen diQIIS, O through 9, plus A, 8, C, D. E, 
and F represen! dec1mal O through 15). The product. 14, 
IS m storage location 17E. 

There 1s much redundan! informat1on m the tabla (7 x 
2 and 2 x 7 have separata locations), but any extra log1c 
lllat would be requ1red to remove the redundancy would 
probably slow down the process. 

One problem w1th this method is that the offset ad
dresses are handled 1n dec1mal coda (actually seo), wh1le 
the actual addresses of the ROM sequenhaliy step up in 
binary (actually hexadecimal) Therelore, between 09 and 
1 O m the offset address, there are six addresses that 
have no meanmg in th1s process (OA, 08, OC, OD, OE, 
and OF) These correspond to the unused storage loca
tions shown on the tabla. Thus 1t takes 260 sequenhal 
b1nary addresses lo hand!e !he 100 offset addresses. 
Agaln, extra logic could be used to test values and ellmi
n.l!e the unused storage locat1ons, but this would also 
slow down the process. 

Although larga amounts of memory could be required 
w ;h th1s type of computation, semiconductor memory 
pr1ces are coming down Today one can buy ROMs con
tatnmg 2.048 8-bit words for less than $30, equivalen! to 
less than 1 cent par binary-coded-declmal digil. 

agc wilhin thc systcm is volatile. So whcn the system is 
powcrcd down, the stored objcct program is destroyed 
and thc objcct tape must be re-loaued for a new exccu
tion. Data on the object tape is usually denscly packed 
so that readmg a large objcct progrnm is usually less 
than half an hour. 

Sorne shortcuts are availablc-but they cost. Sorne of 
thcse are: storing the assembler on PROM (programable 
read-only memory) within thc system, thc use of a high
spced paper-tape reader and punch for data input and 
output (five to 15 times raster than a teletypewriter). or 
the use of mintcomput··r periphcrals adapted for micro
processor systcms, such as ca~sclle tape systems, floppy 
disk systems, CRT terminals, ano line printers. Thcse de
vices can reduce systcm opcrating t1mes by factors of 50 
to 1 ~U. '1 hey can also prov1de other benefits, such as 
mass data storage and low-cost/high-speed hard-copy 
data. But the addedi'peripherals can easily bump system 
costs by more than $10,000 and require a large amount 
of eustom interface hardware and software. 

Keep in mind that assembly of the sollrce program is 

XV 
OFfSET ADDAESS ACTUAL 

INTO TABLE ADDRESS 
IBCDI (HEXADECIMAL) 

00 157 
01 158 
02 159 
03 15A 
04 158 
Olj 15C 
06 150 
07 15E 
08 15F 
09 160 -· 1() 167 
11 168 
12 169 
13 1 fi/\ 
14 16t3 
15 1f,C 
16 160 
17 1(,1_ 
18 16F 
19 110 -·· 20 177 
21 178 
22 17') 
23 171\ 
24 1713 
25 17( 
26 17 [) 
27 17E 
28 17F 
29 180 -••o 
30 187 
31 188 
32 189 

97 24E 
98 24F 
99 250 

Unused storage locat10ns: 
"161, 162, 163, 164, 165, 166 

• "171, 172, 173, 174, 175, 176 
•••tal, 182, 183, 184,185, 186 etc 

z 
TAflLE 
ENTRV 
(BCD) 

00 
00 
00 
l:O 
on 
00 
00 
00 
00 
00 
00 
01 
02 
O:l 
04 
05 
06 
07 
os 
09 
00 
02 
04 
06 
08 
10 
12 
14 
16 
18 
00, 
03 
06 

63 
72 
81 

not nccessary cach t1me a change or corrcctwn is mo1dc 
in the objcct program. Most prototyping sy~tcms prn
vidc for "palching" or mak.ng program wrrcct1on) vw 
dircct cntry of machinc code 111to menwry. F('f ~mal! 
changes, this provides a mcans of kccp111g tilc orig111.ll 
program running lo check f01 ol hcr error~ L1 rg..: 
chang~s (such as relocalion of l~n;~r btocks nf u·dc 
wuhin memory) are very dlfllcult .1nd can crc.1te more 
problcms than thcy solvc. 

Another factor lhal can kccp thc a~~cmbly of Lubc 
source programs from beconung a m,lll J...Jll!n~ JU:J 1s 
that the mam program can be as~cmhkd • ,. blod,:-. \\ 1i ,¡ 

vacancies'.insertcd for fututc ''i'atchc~ .. Only an a!'
fccted block nccd he reas~c1nblcd ro l'<llrcd Cllub. 

Whcn the prograp· lS complcll'ly dc-lmggcd, thc blanks 
can be removed t~nd the program rca!>scmblcJ, crcatm<> . o 
one contmuous program w1th no wastcd spacc. 

One frequently hcars thal mlcroprocc>!>ur systcms 
offer greater ftcxibility for design changcs bccau~..: al! 1t 
takcs is simple modilicalions lo thc program. This cu1 
lead the programer into da) Sor weeks of dcbuggwg thc 
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GVNTHESIZER 
COMMANO 
LATCHES 

Synlhealzer. In a new appllcallon, a mlcroprocessor has been bullt 
lnto a 1 0-hor!z to 1 1-mogohcrlz lroquency synlheslzer lo handle a 6-
dlglt d1splay, a dozon LEO Bl)nunclalors, and a 24-bulton keyboord. 
The ~hlp sol conslsts of fivo' parts. a CPU, ROM, RAM, clock gener
ator, and a memory ínterface círcull. In addíllon. aboul 30 TTL ICs 
are needed lo handle lhe Interfaces wllh olher components 

"stmple" program modtficattons. This ts partlcularly 
true when thc pcrson making tne changes dtd not write 
the original program. A dcnscly packed, efficient pro
gram is likc a finely "twcaked" analog circuit in which 
sigmficant problcms can be camed by subtle changes. A 
change to one part of thc program can cause cata
strophic occurrences in totally unrelated arcas. 

ln-house computers 

There is still another altctnative, the use of an in
house computcr systcm for program development. Mi
croproccssor vcndors ha ve avatlable assembly programs 
written in languagcs like Fortran, which can be uscd on 
a variety of computer' systems and provide essenhally 
the same capabilities as the time-shared ®ervices, in 
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OATA 
LATCH 

Lp R O T 2 

OISPLAV 
DATA 

LATCH 

L 

OTHER INPUT PORTS 
(REMOTE INPUTSl 

many cases thc programs bcing thc samc. Howcvcr, 
note that thc computcr rcquircd lor !.uch apphcations is 
large, costly, and may not be availablc. 

Last of the altcrnative prograrn dcvclopmcnt mcth
ods are the high leve! programmg ianguagcs, like PUM 
(Electromcs, June 27, 1974, p. 103], availablc for sorne 
processors now on the market. They are Similar in com
plexity to Basic or Fortran, whcrc one program state
ment will gencratc many microproccssor instructions di
rcctly, as opposed to asscmbly languagcs which 
gcncrate onc microproccssor im.truc:lion from cach pro
gram statement. Thcsc languages are relatiwly casy to 
learn. They are clauned to be withm a sma!l pcrccntage 
of thc cfficicncy of an cxpcrienccd programcr writing in 
asscmbly language, at least as far a.> thc numbcr of m
structions to ó!ccomplish a particular· task is con cerned. 
However, the comp1lers for these ianguages are vcry 
large and usable only on large machines. Sorne time
sharing serviccs offer them, and they may be more oost 
effective than assembiy language mcthods. 

Once tbe program development is complete and the 
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hardwa¡c dco,ign opcrational, thc next step in the dcsign 
proccss will be thc stand-alonc prototype instrument. 
To makc this transition, a programable ROM is used to 
store thc obJCCt program (typical PROMs have capacities 
of 256 eight-hit words). These devices can be pro
gramcd on the prototyping system or by peripheral pro
graming unil<;, dcpcnding on the compatibility of the 
dcviccs bcing m.cd. Sorne PROMs can even be erased 
and rcprogramcJ. Other PROMs can be programcd only 
once, by using destructive programing methods, anó 
once a b1t is sct, 1t cannot be erased. 

An altcrnative mbthod is to go directly from the pro
totyping systcm to a ma;,k-programed ROM. Howcver, 
the major disadvantage in the design cycle of this route 
is that they rcquire a lead time for manufacture, wluch 
can vary from about 12 weeks for a first mask device to 
8 for a last mask device. lt is also poss1ble to use PROM 
program storage on a production basis for a small quan
tity of instrumcnts with a mini mal amount of program 
storage in each . 

. The final problem area is that of production testing of 
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the componcnts, sub-asscmblics and fimshcd mstw
mcnts. Of course, complete mcasurcmcnts of al! param
eters on microprocessor componcnts can req11irc cx
tremely complex and costly test eqUJpmcnt Titll 

comparable resulls can be attaincd w!lh 1ciauvcly 
simple functional testing, and with a minunllm of adclJ
tional test·eqmpment cost. Th1s c;m be <Ü'il<' by u:-mg ·:¡ 
prmotypc instrumentas a test b~d a11\l e j¡, .:k111¡; 1!::> per
formance with cach ncw nlinl'pwcc,,,.r Cll111¡wncnt 

Troubleshooting and rcpair of fup..::ti"n;d t>wdul( ·, or 
final <lS'>embhcs can be bcst al-compli<>h~d--\\ .tlt ,, 1\)\ll-

imurn of aids-by direct componen! substllUtiO.l. A 
w01d of warning, however, on f'lchrmnar;. l<h,'ccu,,,¡ 

o 

o 

and handlmg of cirCuits: ca u t.· •r¡ JS Itcc,J, l ..,,, tltdt 
soldcí bridges or oth~' short cir·-uii' l'f J. ¡;cd n- dn
propcrly mserted p«, .s, do not dcstrn; cxpcns1vc < i'U or Ü 
ROM ships at the moment of turn-un. lt 1s n:lat1\cly 
easy, whlie substituting componrnl,, to C:e~tiO; :c\'C .. :i 
devices before a fault is located. And smce ¡;1o~: pnx.:cs 
sor components areMOS, careful handling 1s reqUircd to 
prevcnt da~age dueto stat1c elccuic•ty. 0 

79 



() 
p --' > ' ~ ' 

¡:-
,, , 
l v' 
~ ,) 

·, ¡ ¡ 
.1 

r 
r 
r 
¡, 

¡ 

C> 

() 

D~verse ~ndus~~ use~s 
c~amber aboard ~he 

m~croprocessor lbandv~ZJgon 

LSI processors are not only expandmg 

capabrlitres of tradrtronal products 

-from instruments to consumer wares

they're also creating completely new markets 
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O lndustnal-eqUJpment destgners like them because lhey can be tal
lored econom1cally to bnng computar capabthty lo jobs where mmt
computers represen! overk1ll 

Communtcattons-gear destgners are enthustastlc because thetr 
flextbtlity can salve problems presented by the ever-changtng multl-
plex and modem spectflcaltons. · 

lnstrument designers are lookmg forward to makmg them the bas1s 
o1 famlites of "smart" mstruments that can evaluate data and react 
accordmgly, Wtthout boostmg 1nstrument costs stgntftcantly. And 
even computer manufacturers are eye1ng them as perfect compan-
lons to their TTL-based central-processor modules r 

lt's no wonder, then, that m1croprocessors are engagu1g the atten
tion of eqUtpment designers of all persuas1ons and manulacturers 
from a Wide vanety of 1ndustnes. As a result, the growth of micro
processors 1s projected to leap from last year's $1 O milhon to $800 
mi Ilion in the next f1ve years. More dramatic yet Will be the 1ncrease m 
the value of new end eqUJpment bUJit around LS! processors, ex
pected to exceed a staggenng $1 Oto $15 bilhon a year by the end of 
the same penod. 

What has caused the sudden m1croprocessor boom? Stmply 
stated, LSI technology has reached the level of sophtsttcation where it 
can provide the log1c and memory performance needed to perform a 
grow1ng number of computer functions at low cost. Programable LSI 
ctrcutts-the calculator was the lirst-combme the flexibihty of cus
tom design w1th the cost advantages of readily a·.;atlable standard 
products Tt1e user can cllange h1s destgn · or add leatures to il 
merely by changing a program in a read-only memory No mask 
changes are needed And he iS savmg money by replacing many 
dozens of logic packages wtth a few LSI chips 

lmpress1ve as today's microprocessors are, they ate only the most 
vistble aspect of what is clearly becoming an LSi-processor revolutton 
that Will completely change computer and computer-control destgn. 
Today's LSi processors are at the capabtllty leve! of the small and not
so-small computer. But more powerful LSi-processor and computer
cornponent chips that are now starting to appear lar exceed the re
qutremcnts of today's m1crocomputer applicat1ons 

f3uilt Wilh btpolar and improved MOS techniqucs, these laste• and 
more complex components go to the heart ol mtnicomputer-based 
systems, nourishing more and more eqUtpment-rlcsign applications. 
These are the LSI programable chipS computer manufacturers them
selves have been wailtng for. Atlas!, the full benef1ts of LSI program
able technology can be applled to the large computer, ushering 1n a 
new era of high-performance computer control at lower cost. 

These articles bring together the experiences of the lirst mlcro
processo~ users-the prom1ses and problems of destgnmg With ltliS 
powerful technique. The enttre range of electronic-equtpment de
Signs has been researched-tndustnal, communtca!lons, consumer, 
comrnercial. instrumentalion, and computer technology lncluded 
are details on such vaned systems as process and numencal control
lers, word proccssors, data loggers, communtc<111cn::; controllers, in
telhgent terminals, point-of-sale systems, games. toys. advanced c<:~l
cul;:¡tors, self-cahbrahng instruments, automobtle controls, and al! the 
rest 

Also tncluded is a sect1on that contams t1ps on software and de
Sign aidS. Finally, Bill Davidow, manager of microcomputer systems 
for lntel Corp., adds up the design advantages of mlcroprocessor
based systems to show their impact where 1t counts most-on the 
bottom hne. -Laurence Altman, Senior Ed1tor 
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by Alfred t. Rosenbfatt, Assocíate Edttor 

"The microprocessor is going to set the industrial-equip
ment marketplace on tls ear. The technology w•ll never 
be the same again." That opinion was expressed by a 
market planner at a semiconductor housc dcvelopmg a 
microprocessor-chip sct for one of the manufacturers of 
process-control mstrumentation. The prediction JS 
borne out by dcvelopments in the industrial market
place. What's more, prospects for dramatic Improve
mcnts are ao; bright for piece-parts manufacturing as for 
proecss control. 

Although less than thrce yearsold, microproccssors are 
already findmg thcir way mto a host of ncw induslnal 
equipment-factory-automation systems, machme-tool 
COntrol, data-aet}UISÍtÍOO systems for SUCh JObS as moni
toring apportionment of meat for hamburgers, elec
tronic scales, control of conveyor lines, numerical con
trol, robot mampulation of piece parts, data-sensing, 
and component-msertion. They are also bcing used for 
env1ronmental momtoring and phototypcselting. 

Thcsc m•croproccssor-bascd S)'Stcms oll'cr thc llcxibil
ity lo adapl manufactunng systcm~ to chang1ng dc
mands and upgrade them as production expands. All 
that 1s neccssary 1s for chips contaimng ncw wstruct10ns 
to be mserted when peripherals are changeJ, equ1pment 
is addcd, or the system 1tself is modified. Changes and 
modifications are much more d1fficult when conven
tíonal hard-wired circuitry must be replaced. 

What's more, manufacturcrs are happy ab0ut de
creases in manufactunng costs that result whcn a rela
llvely few microprocessor chtps replace tens of d1screte 
SSJ and MSI c1rcu•ts. Not only are fcwer components re
qu•red, but thc n11croprocessor obv1ales the ncccssity to 
fahncate many more components manually mio hard
WJrcd Jogic arrays and inscrl these boards into the con
trol systems. However, whcre speed is critical, hard
wired designs may do bctter for sorne time lo wme. 

As the capab•htJes of micropr<>q!ssors are expanded, 
they are taking over many of the tasks-at a plcas~nt re
duction of co!lts-prevwusly performed by mini
computers, but for whieh a considerable amount of the 

power of minicomputers is wasted. Replacing the pur
chased mimcomputers may also increase the amount of 
value added for a manufacturer in his final product 
With a conscquent increase in profits. 

Taklng over the factory 

The availab1hty of powcrful low-cost micr(Jproce~sors 
is also hastcnmg the trans1tion to thc cfllcient di!>tribu
tion of computcr power through cmploymcnt of hicr
arch•cal com putcr systems in factorics. Thc micro
processors and m1crocomputers perform dcd~~.:atcd tasks 
undcr the control of mmicomputcrs, and thc cntirc 
complcx is ticd in to large central computcr ~y..,tcms. 

What's more, the m1croprocessor is making it possiblc 
for manufacturcrs of proccss-control cqmpmcnl and 
systcms vJrlually to go into computcr-manufactunng. 
Bruce H. Baldridge, director of corporate marketing 
and product planning at Foxboro Corp.. Foxboro, 
M a%., pomts out thal m1croprocessors are gom¡; lo seri
ously mflucncc thc makc-or-buy uccJsJon so that "a 
company likc Foxboro could buy a n11cro clup. put it on 
a board, and Jt would be puttmg us in the computer
manufacturing business WJthout the expense úf getting 
deC'ply invo!veu in the tcchnology." 

The importance of the microprocessor to industry is 
summed up by Edwin Lee, president of Pro-Log Corp., 
a Monterey, Calif., systems-design firm that abo offers a 
line of microprocessor modules, "Within 12 to 18 
months, anyone who hasn't incorporated a micro
processor in h1s design will either be serving a vcry spe
cwl apphcatwn or he's going lo be very uncompetitive, 
as far as hardware 1s conccrned." 

Another consult,ml calls thl!o "an cxpl,>sivc l>Jluatwn
anytlung that's chcap and rcasonably pllWcrful changcs 
thmgs. Anyone doing anything with hard-w1rcd elcc
tromcs who doesn't look at and cons1der micro
proccssors 1s making a big mistake." 

A recently completed study on factory automation by 
Quantum Sctence Corp., a New York-based mdustrial
research COJ11lpany, estimates that by 1984, mdustry will 
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: ~.~ochml! tnol 
Robots 

Prodn<( Focdoll"' Total ~ control tl!\tmg momionng 
l (unot1/yur) (umb/yearl (ornb/yurl (unou/yeer) CO>I 

-l 300 10 300 !!iD 760@$1,000 
1 each avg 

1 
J 3,400 2,850 500 3011 7,050@ $400 l each ovg. 
_¡ 
1 

' ·1 7,800 14,000 1,000 600 23,400@ $300 
¡ each ovg ¡ 

1 Esto mates courtesy ol Quantum Sc•ence Corp 

be buymg 27.300 microcomputers a year at an average 
price of $300 cach. Accumulated over the years, these 
numbcrs will have an incredtble effect on the factory's 
operatton, mcrcasing the effictency and cost-effec
tiveness of production. The average unit price today is 
$1,000 accordmg to the Quantum Science study. 

Pc1 haps most un usual is Quantum's predict10n that 
programable mampulators, or robots, wtll mushroom 
with thc aid of microcomputers from lO units iilStal!ed 
in 11}74 to 14,000 a year by 1984. About half that 
many-7,800 a ycar-are expccted to be used fur ma
chinc-tool control, a mammoth increase from the 
prescnt base of 300 a year. And about 3,900 new micro
proccssors a ycar are prcdictcd to handlc communi
cations bctwccn thc various tools and computers in an
othcr 10 ycar'>, whcrcas now only 50 units a year are 
now being sold for that purposc. Product-testmg is ex
pcctcd to account for 1,000 units per year by 1984-
more than a thrce fold increase-and facilities-monitor
ing will rise to 600 a ycar-a four fold increasc. 

Per haps the earlicst to recognize thc potential of the 
new microproccssors wcre manufacturcrs of industrial
contr- ·1 equipment. For example, Comstar Corp., Min
neapolis, first started using microprocessors two and a 
half years ago, and now it has more than 700 micro
computers mstalled. Applications include assembly-ma
chine control, automatic weighing and batching sys-
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tcms, matcn:tl:--handllll!~ systcrns, remole illOni!• '1 1ng 
<Jnd control, J;ua cntry, .¡mJ aulomobtlc-IJJillc control 

Onc parl:cularly <.trqng markct for ihc mKro
proces~on; !S in matcnai.~-handhng. Fo1 Bc,ll>Jcc Food','
ncw frozen-food warehousc in Chteago, for cxamplc. 
Comstar has installed s1x microproccssor sy:.tcms Each 
controls 50 motors in a nctwork of more t:1 "' 300 con
veyors that transport boxcs from tiH.: f1co.cr lo trucks. 
On the way, they go through sortcr<>. con.;crgrr", lh
vergers, and conveyor-bc!t changes, hut thc con 'ollcr 
kceps trae k of every box t0r 1t!:. cnttrc tJ ip. 

"In earlier warehouses, Beatnce used elcctromcchant
cal-relay control, with lnnit swttches for actu,J!J<•n.'' says 
Tom Walstrom, regional sales manager for Com;.tar. 
"Something hke our systcm could lwve bc..:n dcs1gned 
and built w1th relays, but 11 m1ght nevcr haw workcd. 1t 
would have beco too complex to be '"lractJcal and much 
too large to maintam." 

Numerlcal controllers galn 

For several reasons, micropn'cc,sors ato;,) h;,vc an cx
cellent potential for bcing built llltn ~.tanJ-,llone nu
merical oontrollcrs for machinc 1\1ols. \\111Lh .on· now 
fabrica!ed w1th hard-w1rcd lo[l<:. Mlcropít'LL'',~or~ c.tn 
sharply reduce the componcn1 •11 !111 111 tl!c L·ontrollcrs 
whilc offering easy modtlkattnn'. ·i' program.., and func
tions. which are now poss1blc (ql) ;' with rnut'J·, 111nrc cx
pensive systems bu1lt around m1nJcomputn~ 

Although the maJor N/C suppl11:rs l1kc Al!cn-BraJlcy 
Cn .. Rendix Corp .• and Cm cm na 11 M Jlacron Cl) aren 't 
saymg much about thc1r intcn:'-1 1n lllJCrtlprm:cs~or·,, 

smalkr companics and evcn ncwcomcrs tn thc 1icld, 
with httle or no product base and 1nventory to worry 
about, may JUmp m. General Elcctric C'o., the largc~t 
NtC supplier, only last month announccd th.11 11 had bc
gun usmg a rrncroproccssor m onc of tL'> numcncal con
trollers. 

Onc newcomer is Cambridge Thcrmwnic Corp., 
Cambndge, Mass., a manufacturcr of te ~lKkcts :~nd 
tcrminals. But rather than compete hcad-nn w1th thc gJ
ants. Cambion's recently mtroduccd PMC-1 rmcro
c,:lmputer numencal control is a1mcd at apphcations 
that may have bcen too expcns1vc fór N/C unul no'' 
says Lyndon Wilkes of the NtC mark.:-tmg f'-roup. Thc 
PMC-1. which nperates point to pomt. r.1thcr 1h.1n on ...1 

contmuou~ path, is atmcél <~t s1mplc po"Itlllllln:: '''r :-.uch 
applicahons a'i msertion. w¡rc-wr.1pp1n¡_~. ,1n~l .n.tciiiiiCS 
for drilhng printed-circu¡l hnard~ In 11" nr·,'¡1-i<lPj1 c,m
figuratiOn, 1t can pos1tJOn a t11ol 10 '''llh1n .C•l i •m h 

Price of the un1t !S less th .1 n $4.000. md u.:' "e'- i he c~_,n
trolier, whtch is butll around thc in:cl ..;-hl; ~·íCS-·~ m:
croproccssor set. plus a l\\0-,tXI~· m,,; 1r dr:\C .md ,1 stc¡)
pmg powcr supply The pn~-..: ts ah,,ut S 1.000 kss th.1n 
the lowc~t-pnced hard-w1rcd controllc1 .,, .¡¡l,l[;Jc. as
se! ts WtiJ...~·~. 

Manlpulatlng the e >ntrols 

o 

As indtcated .,¡ thc bloc.·!.. Ol,ll!r.lm. ¡(;,· ,·,•:•:r,,l ,tr.,! Ü 
anthmetic umts m the lntcl 4004~chlp all,n,· tl¡c ~_·¡'lJ tu 
acquire and mampulate control k'~IC J¡,.J J.:t.I trllil~ thc 
rnemory sections of the mi.:rocomputa ,llh1 ~:cncratc 
the outpuls called for m the p¡¡ft"-lll,¡J..mg rrllt::r.tm 

Control programs contaming the lo¡;tc wh1,h, 111 Cl'l'-
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vcntional N/Cs is hard-wired, is stored in read-only 
mcmory. The ROM controls interfacing for a maximum 
of 32 mputs and outputs. In addition, the ROM sectlon 
contains the m1croprograms and data ~bies that the 
central processor must •execute to control the tool. The 
untt can accommodate a maximum of six ROMs, each 
containing 256 by 8 bits, or programable ROMs, if field 
programability is desired. 

A random-access memory-there can be a maximum 
of four devices, each containing 256 by 8 bits-serves as 
a scratchpad for the central processor. The RAM tempo
rarily stores and releases data and instructions needed 
on a priority basis ~y the CPU as it executes the control 
programs stored in ROM. The parts-making programs 
thcmselves are written by the user, just as for a hard
Wircd controllcr. Then they're entered into the control
ler via punched-paper tape. For production runs, how
ever, these programs could also be stored in a program
able ROM. 

L1kewise, the ROM output interface controls the dis
patch of signals to the X- and Y-axis motor drivers and 
the display readouts. RAM storage controls output to the 
tools and tape-rcader motor. An automatic reset clears 
the CPU and RAM, resetting the system back to micro
program stcp one. A two-phase clock circuit provides 
the timing signals needed by the CPU. 

Othcr components of the system include a ROM in
put-control interface that monitors inputs from control
panel switches, a papcr-tape reader, too) feedback, and 
an X-Y jog-sclcct mode. 

All active components in the control scction are con
taincd on a s1ngle plug-in printcd-circuit board-a de· 
cidcd advantagc for maintenance and trouble-shooting, 
pomts out applications engineer Howard Atwood. 
Morcover, bccause thc control has fewer parts, Atwood 
says the company can dcliver a unit in one month or 
even two wccks, as opposed to the thrce to six months it 
would take to puta hard-wired control together. 

Bendlng metal 

A microprocessor-based system also controls a metal
stretching and bending press designed by Varitel Inc., 
Beverly Hdls, Cahf. About as large as a good-sized 
room, these giant machines have tSenerally not been 
amenable to control by off-the-shelt-numcrical control
lcrs, as have other machine tools, because of the great 
differences in thcir design caused by the spread in the 
size and type of parts they are called u pon to fabricate. 
Hard-wired logic systems are generally used, and each 
prcss requircs a custom-designed controller. 

Although custom designing is still a problem, Varitel 
prc,.•dent Bruce Gladstone estimates that use of micro
processors can cut dcsign time toa third or even a quar
ter of the t1mc required to program a hard-wired sys
tem. To program the National Semiconductor IMP-16 
card uscd by Varitel, the operator first bends the metal 
by manual controls. Two angular and two linear multi
plc~ed analog-to-digital converters transmit to a tape 
cassette the amount of stretch and other factors in
volved in making the bend. The operator can edit the 
information as he goes. 

When the information on the cassette proves to be ac
curate, it is transferred to the IMP-16's on-board 

erasablé RAM. The RAM's capacity of 256 by 16 btts 1s 
adequate to provide 12-bit accuracy .. lchlc' cd thwugh 
two digital-to-analog converters that Jnvc hnc.H scrvos. 
Asan added benefit, Varitcl provides a small panel that 
plugs' into one of the IMP-16 slots for servicmg and 
troubleshooting. Thc panel contains its own mcmory. 

The new microprocessors could also atfcct the design 
of programable controUers, which are themselves solid
state replacements for hard-wircd banks of electromc
chanical relay Iogic. The present solid-state designs are 
also hard-wired and hence would be excellent candi
dates to be replaced by microprocessors. 

But because of the many inputs derived from the as
sembly-line machines bcing controlled, present CPU 
speeds are generally too slow, says senior systems cngi
necr Ronald D. Malcolm at Modicon Corp., Andover, 
Mass. Hard-wired designs will offer as fast or fastcr pro
cessing specds for sorne time to come, but the micro
processors could allow more features to be added at 
lower cost, says Maleo! m. 

In addition, thc microproccssors shorten dcsign time 
"a great deal," he adds, a" wcll as reduce the physical 
size, power-supply requirements, and cost. However, for 
use in its larger controllers, Modicon is considering a 
16-bit bipolar monolithic microproccssor with a 150-
nanosecond microinstruction time that is being samplcd 
by Monolithic Memories. 

And Modicon, a pionecr in programable controllcrs, 
has already applicd microprocessor technology to pc
ripheral products. For example, lntel's MCS-4 sct is de
signed into the P-500 impact printcr introduced last 
wintcr, as well as the manually opcratcd programing 
panel for its smallcst controllcr, thereby specding up the 
panel's response time. 

Controlllng trafflc 

One of the greatest potcntial applications of micro
proccssors is to control street traffic. lndecd, Mullisonics 
Corp. of San Ramon, Calif., with 10 years of experi~nce 
in this application, predicts that intersection-control sys
tems constitute the wave of the future for micro
processors. 

Tom Seabury, chief engineer, points out that control
len can be designed for cach intcrsection's needs. 
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1. Numerlcal control. An lntel4004 m1croproccssor chip 1s al the center ol the PMC-1 poJnt-to-pon11 numnn<..al-control r.yslum 1ntroduced 

by Cambridge Therm1onJC Corp., Cambndge, Md Programs can be chanued Slmply by p1ugg1ng 1n new read-only-memory Chips 

"Somc trallic schcmcs, for cxamplc, rcquire that all ve
hieles stop wlulc pcdcstrians cross in a 'scramblc' fash
Jon," he says. ''Thc convcntional random-logic control
lcrs nccd wmng changcs to allow tlus, while with the 
micrcproccssor. all wc havc to do is plug in a different 
.ROM ;•ackage." 

Scalmry says thc microproccssor is ideal for the 
stand-alone mtclligent intcrsection controller. Mini
computcrs, thc othcr alternative to hard-wiring, providc 
powcr t_hat 1s wasted in such a dcdicated application, 
anJ thcy are unahlc to withstand thc scvcre environ
mcntal cond1tions without major design modifications. 

Thc switch to m1croproccssors is coming at a time 
whcn hard-w1rcd controllers had begun to supersede 
elcctromcchan~eal controllcrs, which have synchronous 
motors that turn switch drums to operate the s1gnal 
lights. Now, 111 rcplacing the hard-wired controllers, the 
numbcr of In has bccn reduced by at lcast 60%-from 
bctwccn 500 <~nd 600 to about 100. The company's 
modcl 901 ·controllcr uses only 50 watts of input power, 
weighs only 41 pounds, and measurcs only 17 by 17 by 
9 inchcs. Standard hard-wircd models use about 200 w, 
weigh about 80 pounds and are twicc as big. 

Thc modcl901 uses the Intel 8008 as its CPU. Mulll~. 
somcs dcstgncr~ first built their systcms w1th thc 1 ntcl 
4004 microproccs~or chip as a substitutc for dnfl-prone 
analog timmg circmts. But this 4-bit chip was small, had 
limllcd mem_ory capab1hty, and had no instruction-in
terrupt or capability for single-step instruct10ns. Whcn 
the 8008 bccame available, the designers shifted to it. · 

Also making traffic-signal controls, Comstar is team
mg with TRW Systems, Houston, on a oontract for 1,000 

120 

microcomputcrs for thc Clty or Baltunorc. 
M1croprocc~sors are also prov•tllng mfm nl.ltlon to 

hclp humans improvc thc qu.1hty ofthc L'arth\ cnvtron
mcnl. In one application, n11croprocc~:-.or<> are bcmg in
stallcd in remote data-gathenng ~lallons th.tl are kccp
ing tabs on such cond1tions as water and a1r quality at 
s1tes proposed for nuclear-power plants. 

1 

Watchlng the envlronment 

Dy preprocess1ng data and dctcrmuung 11!;111 .lt lhl' 

r•~mote sitc whethcr or not it falls withlll n·rt.llll prc~ct 
hnuts, "we can cconom•zc grcatly on d.Jt.L-tJan~m~~-;wn 
Cl)!o.LS because wc send back only import.ttal data," cx
plams Mclvin Couchman, dtrcctor or 11l.tll-.Ctll1¡; anJ 
plannmg for NUS Corp .. Rod.vlllc. Md. 011iln,ml) . .ts 
many as a half dozen remole sl,llton-; ...trc' l1..:J ll) a ~;en
tra) data-gathcring station via telcphont: hnc·~ In addi

tion to screening out unnccc<.sar¡ and rcJundant d<~ta, 
thc m1croprocessor-based sy~tcrns c.1n abl) run C<~ilhra
tion and dtagnostic tests or thc rcmotc lll~lrumcntallnn 
to detcrmme whcther or nPt 1t's fu,lCtiLmm¡: propcrl). a 
task that m•ght othcrwisc have to be hanJlcd from thc 
LCntral S!le. o 

Thc new systems, built around Compull:r Automa
tton'<; LSl-2 Ullll. al~o cost les~ th.in ¡{ thcy d ¡·,c-:n hqlt 

'wtlh hard-warcd lo~::c, C~lllCh111,111 potnts \JUl fiut O:vL'I\ 

· more unportant ¡,, the capab1hty of pwgrammg thc mt
croprocessor lo ta1lor thc opaatwn of e .. teh rcnwtc st.l
tion lo specifac rcquirement~. "We JU!-.t ch .. mgc thc pw
gramable ROM in the lield with a ncw program, or wc 
put in a readtwrite mcmory and use the ~.1mc h:Jstc 
physical hardware," says Couchman. "lt would be 

o 

o 

o 
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much more complicated to change hard-w1red logic." 
Other typcs of data-acquislt•on systcms are also fcel

ing the cffect of m1croprocessors. Qumdar Elcctromes 
Corp .. Spnngfleld, N.J., has expandcd tl:lc eapabiht1es 
of 1ts system, wl11ch is dcs1gned to monitor the operat10n 
of ullhtJes, part1ally process the data, and send neces
sary mformation lo the central computer (Electronics, 
5130174 p. 34). Process Computer Systems Corp., Ann 
Arbor, Mich., has dcsigned a system that monitors 
torque apphcd to fasteners on an auto assembly line 
[Eicctronics, 6113174 p. 42]. 

Another company, Done Scientific Corp., San Diego, 
Cahf., has introdueed a new data-monitormg system 
that not only sharply cxpands the numbcr of monitorcd 
pomts-to as many as 1.000, an order of magmtude m
ercase over the c..1pacity of an earhcr hard-w1rcd unit
but also incrca~cs thc kinds of parameter~ that can be 
monitorcd. Doric's ncw microproccssor-bascd Dig1trt:nd 
220 monitors and recNds de voltages and currents, as 
wcll as thermoeouplc outputs, in such diversc arcas as 
thc tcxtilc, pctrochemieal and pulp and paper indus
tnes. 

Thc systcm handles as many as six d1ffcrent typcs of 
fnnct1onal rangcs at a time- doublc the capae11y of 
Ooric's hard-wm:d DJgttrcnd 210. Morcover, wiih room 
for plug-in interfaces, it can send this data out lo as 
many as four scp<>rate pcnphcral reeordmg or trans
missiOn devtces, such as magnettc-tape recorders or tele
typcwnters. In contras!, the D1gttrend 2 JO handles but a 
smglc pcripheral. 

Doric relics on an lntcl 8008, with as many as three 
PROMs, four ROMs, and two _RAMs in a bus-organized 
structurc. Thc mcmorics contam input instructtons for 
handhng data, cocfiicients for ltneanzing the nonlincar 
thermocouple inputs, for scaltng, for rcading out mea
surements dircctly in both the fahrenheit and eelsius 
scales, for limttmg alarms, and scratchpad memory for 
aiding in linearization and formatting. 

Thc new unit was dcstgned to do more than its hard
wtred predccessor, bu! comparable configurations 
would cost 25% more, admits chief engineer Frceman 
Rose. Howcver, it performs all its functtons in just 
about the same space as its predcccssor. 

Morcover, the microprocessor approach is ''quite a 
bit" chcapcr than if Doric had gonc to a minicomputer, 
Rose contmue~. At any rate, Doric did nol want to 
"bogglc the mmd of the customer" wtth a mini and the 
software that would be needed. Wtth the micro
proccssor, changes are made by simply plugging in a 
new memory. rathcr than substituting a hard-wired 
log1c board. Done is lookmg at such new n-channel mi
croprocessors as the 8080 lo expand the capabtlity of tts 
systcm sttll further by offering sueh operations as trend 
analysis and avcragmg. 

Typesettlng makes headllnes 

Fot typcscttmg. a typical microproccssor-bascd syl-
tcm would con.,Jst of a module containmg all the pro
cessing and mcmory functtons. One module, buih by 
Vantyper dtvt~ton, Addressograph Multigraph Corp., 
East Hanover, N .J., contains the lntel8008, whtch otfers 
the large instruction capability required by phototype
sctting equipment, plus the required programable ROM, 

ROM, and KAM, an input bus, and printcr and telc
typewriter interfaces. 

Not only 1s Varityper able lo add proccssing capabili
tie~ to its top-of-the-ltne phototypcscttcr tha t se lis for 
sorne $15,500, but proccssmg can be includcd in lower
end products as well. In the past year, thc company h.ts 
introduccd a phototypescttmg controller callcd the Am
trol, built around thc lntel 8008. The result~ couldn't 
have made managemcnt happier. Vantypcr engmccrs 
have bUtlt a fanuly of 16 standard plug-m modules that 
they can JUSI about pull oll' the shclf and apply to new 
products as they'rc needcd. 

This summcr, for example, the company will intro
duce a corriposttton maehine that will sell for lcss than 
$10,000, ybt ha ve decision-making capabihty. This 
could never havc been accomplishcd al such a low prtce 
with the special-purpose mmicomputer that Varitypcr 
had been buymg since 1969. The old mint was 
"markcdly" more expensive than even thc full Amtrol 
controller, and the modular family enablcs Varitypcr lo 
tatlor the processing power to each application. · 

Other advantagcs abound. The new proccssor is far 
more compact and reltable, and tts plug-in dcsign 
makes it easy lo troubleshool and servicc in the fil!ld. 
Morcover, customers seem to prefer the microproccssor 
destgn to hard-wtred logic, says Joseph A. Vcrderber, of 
the office of product managcment. beca use 1t's easicr lo 
upgradc thc systcm by adding fcatures through a plug
in read-only memory. 

M1croproccssors have alrcady bcgun to have a trc
mendous impact on many industries that havc rcpcti
tive processcs to be controlled. In thc futurc. thetr apph
catiOn ts likcly lo be hmJtcJ Slllcly by tite illl.l¡!ÍilaiJOil of 
thc dcsig,n cngu1ccr. Although cheap tww. mtall
proccssor prices wlll come down still furthcr. Within a 
dccade, an enttre microcomputcr wtlh 4 kilobtts of 
memory could cost less than $150, predicts a markct 
consultant at Quantum Science Corp. That price car
marks the device for an ub1qutly Similar to that enjoyed 
by today's hand-hcld calculator. 
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Commurn~ca~~o~11s 
Da~aahand~B~1g g<EJons Y~ei!D~:D~~c·~; 

by Staphen E. Scrups/<1, Communicalíons & M1crowave Edtlor 

A strong t1dc is running in favor of replaeing analog 
communicatwns with digital methods. Mlcroprocc:,sors 
are accclcratmg this trend, bringing on a new wave of 
"intclligcnt'' digital communications equipment. Multi· 
plexers, code convcrters, error chcckers, inputloutput 
controllcrs-all are natural applicatwns for micro
proccssors. Howcvcr, their full impact is yet to be felt; 
most communications-cquipmcnt suppliers are still in 
thc fcasib!lity-model and prototyping stages, while the 
speed limitations of prescnt-day microproccssors are 
still inhibiting thcir wider usage. 
A~ in othcr indu.;;Lries, communications dcsigners hke 

thc flcxib1hty and the low costs offcred by micro
com puters. Custom routines for individual tasks can be 
qmcUy changed simply by changíng the contents of the 
programable rcad-only memories that hold the pro
grams. This ts particularly useful in digital communi
cations, whcre many different codes and message proto
col" are in use and where the processing chorcs do not 
requ1re the capabihties nor justify the cost of miní
computers. 

M1crocomputer hardware and software can be de
signcd in parallel. While the printcd-circuit boards are 
being latd out to accommodate the almost standard 
parts of thc microprocessor complement, software de· 
sign can proceed independently, and thc two designs 
can be merged late in the product.'s development cycle, 
allowing for system optimization in a minimum of de
sigo time. What's more, when a microcomputer brcaks 
down in a communications system, recovery time 
should be substantíally less than in any other kínd of 
system. Scrv1ce tcchn1cians can carry standard círcuit 
modules that are compatible with any of their com~ 
pany's equipmcnt, requiring only new programing to 
take the place of a failed uní t. 

Micro teams wlth mini 

An example of how a microprocessor and a mini
computer can be teamed up is in the message-switching 
units (Fig. 1) being developed by Action Communi-

122 

cation Systcms lnc., Dalias, Tcxa<., 111 wl\1(.:!1 tmuo
procc<;sors serve as front cnd~ for Data General Corp. 
Nova mintcomputcrs. The swítchcr~ are u .. cd in nct
works of pnvate terminals, such as tho!-C cmploycd by 
policc departmcnts to access rccnrds in a ~late cap1tal or 
thc National Crimc Informat10n Centcr in Washmgton, 
D C. The company has installcd severa! ~uch sy!-tcm~. 
In the Tcxa<; network. for examplc, more than 500 tcr
minals are located in police hcadquartcrs throughout 
the state. 

These switchers. now in the prototypc stagc, wdl 
specd up the switching action and allnw l11ghcr data 
rates. They will do this by rchcvmg thc nunicomputcrs 
of certain standard operations-thc ''thrty work" that 
must be performed on all mcssages, such as convcrting 
them to the proper codc for proccsstng by the Nova and 
scanning thc incoming character stnngs lo identtfy dlf
ferent control sequences. 

"What we're trying todo is eliminatc any charactcr
by-charactcr handling by the Nova and allow 11 to 
handle only blocks of data," says Action Jc~ign cn¡~l· 
neer Michael Fannin. By allowing the mimcompulcr tu 
do the more complcx tasks whllc thc rnlcroproccs,nr 
handles thc menial chores, he prcd1cl<; that t:w. configtt
ratton will raíse the process10g spccd hy <~hdut <1n ordcr 
of magnitude, from the 1,000 or 2,001) d1.1r <~Clcr'; ¡•cr 
second lo 10,000 or 20,000 charancr' pcr sc-·,)nd. 

Action is us1ng National Scr.liConductor':, IM P-l6C 
processor for thts applicatwn "bccau~c of •t<; P••wcrful 
mstruction set." savs Fanmn. "Althou¡:h 1t n.1s a:;¡,,.,.,, r 
cyck time than soJme of j¡, compct!tl~c,n." lw aJd~. "¡( 

docs more w1th 1ts instrucllons." 
In thc system (F1g. 1), c¡rcult contr,)lklc; 111kiL1ú~ 

w1th the communi1 ~t1ons ClfC\1115 and p~11úrm s;;¡ ... ¡ «:.
scmbly and dis.nJ:.cmbly or tile l.haraclers at J,:ta r,¡(..;s 
as high as J9,200 bits per scoond. The m1croproce~5ors 
interface with the oontrollers and perform four func
tions: 
l!ll Convert charactcr codes. 
a ScanJDessages for key character<;. 

o 

o 

o 
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11 Edit mcssagc headers and text. 
11 Check character calculattons. 

One microprocessor can handle the 19,200-b/s rate. It 
also mterfaces with the 64,000-character semiconductor 
random-access memory, which butfers message blocks 
betwecn the microprocessor and the central mini
computer. 

In such applications, the microprocessor serves pri
marily as a p1ece of hardware, since the custom features 
still reside in the minicomputer's program. In effect, Ac
tion is using the microprocessor as a low-cost way to 
achieve large-scale integration. Many communications 
des•gners consider that this is the primary benefit of the 
microprocessor. 

Arhss Whitcside, senior department consultant (es
sent•ally a semor scicntist) in information proccssing at 
th.! Bendix Rcsearch Laboratories in Southlield, M1ch., 
says. "A mtcroprocco¡c¡llf is just anothcr component-and 
a fcw too many peupie consider it somcihing magic. 1 
think thcy'rc ovcrsold.'' 

Whitesidc gocs on to cxplain that the microprocessor, 
in h1s vicw, 1s simply a way to cash in on the benefits of 
largc-scale intcgration-lower costs through fewer pack
agcs-without cntcring a multi-thousand-dollar pro
gram to devclop custom LSI. "1 call it standard LSI," he 
adds, "LSI that is standardized, flexible, and built by the 
nianufacturer in thc quantities that are necessary to jus
tify the design costs for an LSI chip." 

Handllngthefullload 

Such a vicwpoint is supported in applications where 
the microprocessor assists a minicomputer. But in oth
ers, microprocessors shoulder the fullload of data pro
cessing. Collins Radio Corp. in Dalias, for example 
plans to use microprocessors in an intelligent repeater 
for a prívate microwave data-transmission system now 
being built. 

In the system, severa! data links surround a central
hub repeater terminal that switches one link to another 
upon request. The data signal carries address informa-
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tton that is decoded by the microprocessor, which thcn 
routes the mcssage through the hub rcpeatcr to the 
propcr rcccivmg terminal. Although thts is stlll an ex
perimental projcct, according to Collms, the experi
ments have nothing todo with the microprocessors-the 
unknown factors are in the radio communications. 

In this instance, the microcomputer's small size help~ 
it beat out a minicomputer for the apphcation-the re
pcaters have to be roan-transportable and battcry-pow
ered. To further reduce the power drain, Colüns engi~ 
neers are replacing the TIL circuits recommended by 
the microcomputer manufacturer with complcmentary
MOS circuits. To conserve battery power, Collins is also 
using C-MOS chips for the random-access memory and 
programable read-only memory. Howevcr, the use of 
C-MOS instead of TIL slows down the system from the 
microproccssor's basic 1 .4-microsecond cyde time to 
about 4 JLS. 

Conslderlng tradeoUs 

The reduced speed affects the architccture of the sys
tem, sincc extra memory is rcqmrcd to compcnsate for 
it. As thc message is reccived in thc procc1.sor at the hub 
repcarler, it is storcd in a buffer memory, and the micro
processor goes right to work processmg the information. 
By the time the mcssagc is completely rcccivcd, the mi
croprocessor has extracted the processing and routing 
information, and the message is ready to be retrars· 
mitted to its destinatwn. 

The reduced speed also prevents Collins engincers 
from using the microprocessor for what should be a nat
ural function-error-checking. The expected maximum 
data speed of 500 kilobits per second 1s just too fast for 
today's microprocessors. Error-checking therefore is 
done by hard-wired logic. However, if thc transmission 
speed were lower-say, in the range of 50 kilobits per 
second-the microprocessors could be uscd to perform 
error-checking, says Collins dcsign engineer Dale Walls. 

Or, if the microprocessor could be operated at its de
sigo cycle speed of 1.4 p.s, Walls says it would be "aw-
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a. lnlerpr!!lor. A m•croprocessor handles convers1ons ol codos and 

speed!> to ai!ow a dornest1c data processor to communicate with an 

overseas netw01k v1a the RCA Global Commumcallons system Eas

¡ly changed software helps custom1ze system 

lully düsc to hcmg applicable for error-chcckíng:' The -
!Jmiting specd o!' today's mtcroproccssors howcvcr, will 
soon be ovcrcomc by a ,new generation of fastcr dev¡ces 
bu1lt with bipolar or sa'pphire-based MOS technolog¡es, 
whlle 4-bit processor shces capable of instructton times 
of lO tü 50 ns ar~ expccted to be availablc by the end of 
the year. ' · -· · 

lntcr1acing between natlons 

A microprocessor is the solc compuhng cumponent in 
a programable contro\lcr built to handle internatwnai 
lca'ied-data channeh Devcloped JOintly by RCA Labo
ratorie->, Princeton N.J., and RCA Global Communi
catiow lnc., Ncw York, the controller connects RCA's 
Cosmac, a lwo-chip C-MOS microprocessor and associ
ated semiconductor RAMs, lo a floppy-disk drive for 
mass storage of messages. 

Thc combmat1on of the mtcrocomputer with a 
floppy-d1sk drivc allows RCA to cut the cost of the con
troller beíow that of either a system combining mag-

nclu.: tape w1ti• :1 tnlmcnlllJ'Uicr Pr hard-w1ícd \·1~·\L' Ti•c 
Slnglc bdSlC dC',~;n, C~.l\Jl~, C. U~l\)1\1 ILCd b_; '"\'i 1 \J..'d íC~ ·l:IC_C .. ·, 

a vaucty of dllfcrcut cuo;t,•mct nc,·ds, wlitk Jl thc :-alOH.': 

time ofkring tmprovcd m.untamabíllly._. 
The ffiKfO!lfOCcssor's JOb is to.providc al! c.~.conver

sions nccc~sary to mterface a Jomc<;h~ commu lllCJ.tlons 
network w1th an overscas nctwork (Flg 2¡ ~~g~1al-., 
codes, spceds, charactcr formats-all mu!'.t he oftcn rcc
onciled to al\ow the two nctworks tn CDI'ltnunicatc 
with one anothcr. And, smce cach pnvate u<;c¡ '¡¡_, 
lcases a channcl from RCA has hts own umqul· (.,)mhm,l

tion of such parameters, use of hard-wtred k,¡;¡c \\duiJ 
requirc long developmcnt times and an abunJancc vf 
specialized eqUJpment that would have to be m.un
tamed. 

Minicomputers, although thcy' offcr prog1 a mab1lity. 
are simpiy loo expcnsive to be co,1<;1dereJ for tlns applt
catiOn. accordmg .to RCA, stnce thcy havc L)d ·~•uch 
computing power for the few !mes thal. mu:;r b~ cor:
lrolled. Another tangcntial problcm, RCA cla;m". r:-. that 
oftcn the customer has only part1~d knowlcJgc of hts 
own nceds,, and the micropro~.-cs~or rrogr~mabthty 
ofrers RCA ei1gineers an ea.c;y mean~ to.add necJcJ Cca
tures at !alcr:stages. 

Helping Uu~ pollee 

In another police-oricntcd app!Je<)lÍOn, Motorola's 
Communications division, Schaumburg, Ill., is u!-.1ng a 
microprocessor m a computerizcd nwb!le tcrn11n,d sys
tcm, lir~t installcd for the Atlanuc City~ NJ_: puhcc in 
1973. Each squad car carnes a h¡;ht-wcight. tenmn:ll 
with a full keyboard and pla.'>ma alphanumcnc d1:->play. 
Using thc termmal, a pohccman can acccss file> at h1.., 
local station, at 1 he state hcadq uartcrs, or e ven at thc 
Natwnal Crime lnformatton Ccntt:r. 

An 8-btt mrcroproccssor i~ bUllt tn}O thc bf~'>c-~t.ltlfln 
umt. says Jcrry Schlocmcr, manag(:r for nm11í1and ~llld 
control products at Motorola. Thc m¡croproc,cssor acts 
as a communications interfa~c to thc computcr at thc 
next htgher echelon, controlling .the cod1'!g on the rádro 
channel and pcrforming a reduccJ storc-anJ-forward 
functton in both directions.·- ·- -- ··-- ·- ' ·. 

"We hopc that thc cost of.n1rcroproccssor dcvKcs ~vlll 
oorne down with incre~.s¡~g.1v~~lumcs," Schlocmer says. 
"lf so, we're planmng to · put microproceo;sor~ in thc 
next-generation car umt-it givcs usa bttlc extra pc1v.cr 
to be ablc to o!Ter more fealurcs Wc hopc ¡),;¡( thc11 11'<: 

will reduce our product-intrudtH_ 1 ton cyck ,'' he ol· :.¡, 
"but wc've secn no cvidcn(c oftll.tl yLI '' . 

Evcn voicc St!:',nals, once tlw-, ate~,.,,, \'lil.'J h• d1•:1t .. l 
fonn, as in a pt~lsc-coJe-llll·'dt-ll.tll.<'ll ~):>tcm. IIL•\ :,¡fl·¡ 
oppmtumtlcs for 11\lCroprocc~")t \ l'rl'~cnth te k¡'h"nc 
voKe s1¡;na!s in a 4-kiloht:rtz: b,l!1dw¡Jlh an· '"npkd 111 
a "channel bank" atan 8-kiiL tate. ,md c,1, h '-~ll•:': '" 
cm·o~.kd into 8 bits; thus the 4-kl!!. \Otee :-IFil.d ,., óll<l 1t 
a ratc of 64 k1loh.b pcr SClPll~l. ,,:l\¡ch t' , •. ,-,:·,,·lv 

wastcful of bandw1d•:.s. "•1)'~ l'\:v¡.t. Í'ia~~. m.''',li_'.<'í ,.¡ 
thc communu:alJOl,;, systcm lah-->rat,)ry or thc Ra) lh.c,Ht 
Equtpmenl d1vision w Wayland, i\las~. 

. . ..... , . . \ Slmpmy!ng the phone syst~m-
• ' .. ' ' : • ; ; 1 ~ i 1 

1 
: • • i . i ' ' 1 \ ' .. 

::";:: 
1
•' 

1 ~ He points out that telephone engtncers b.I''C ~~iYCn 
L---------------~------"' · much thought lo ways to· reduc.e thc btl r.1tc n~.r.:~.,ary 
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Calllng all cars. M1croprocessor 1n Atlant1c C1ty, N J , police stai!On controls rnessage-codmg for keyboard term1nals used '" ::;quad cars. 

for each voicc signa! and thus to expand the capabtlities 
of the transmiss10n system. For example, many al
gonthms ha ve bcen proposed for a processor that would 
note an instantancous valuc of the voice signa! and pre
dict thc valuc during thc next sampling pcriod. Thcn, 
whcn the ncxt sample actually appcars, the processor 
would tram.mit only the ditrerence between the actual 
and predictcd valucs. 

If the algorithm is elrccttve, it would only reqUJre a 
few bits, rather than the full 8 bits prescntly used. An 
identically programed microprocessor at thc receiving 
end would then reconstruct the full voicc signal. In fact, 
he envrsions a tclephone set that has the samplmg and 
microprocessor l1rcuitry built right into the back so that 
dtgital signals are sent to the telephone central office di
rectly from the set itself. 

Microproccssors are bcing designed into a somewhat 
similar system at Harris Electromc Systems, Melbourne, 
Fla. Harris is building encryption devices for secure dig
ital-communications systems and, says Ray Glenn, as
sociate princtpal cngineer at Harris, the microprocessor 
makcs a good pseudo-random noise generator. One m•
croproccssor can be programcd to cncode a digital sig
na!, and an idcntical mtcroproccssor at the recciving 
cnd can dccodc thc 1.ignal. 

lf fahricatcd with mcdium-scalc intc¡;ration, such a 
systcm might rcqUJrc up to about 75 packagcs, but a nu
croproccssor would cut thc count to only 10 to 15 pack
agcs, Glcnn estimates. He points out that micro
proccssors are bcing uscd at Harris to control the 
output-powcr lcvels of radio-frequency transmitters 
throughout thc day. Tcmperature changes, Glenn says, 
cause the power level to drift, but a simple 4-bit micro-

processor can store a control algorithm that cnables the 
microproccssor, whcn prcsentcd with digital informa
tion on the output level, to bring the leve! back to thc 
destred potnt. 

It is clcar that microproccssors are taking over many 
of the routine appltcations m commumcations equip
ment. And regardless of whcther thc des1gner views a 
microprocessor as merely another oomponent-a way to 
get standard LSI- or as a radical new component that 
offers ~mall-scale programing, nearly all analog, as well 
as digital, communications gear will benefit from,its im· 
pact. 
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by Gerald M. Wallser, Consumar Ed1tor 

ManufJ.cturers of commercial and consumcr product.s 
have for sorne tune taken the lead in ;.pplying adva•,¡.;ed 
semiconductor technology. Their adoption of micro· 
processors is no cxception. In a sense, microprocessors 
ore accc!erating thc hmetable for equipment and sys
tems already decmed feasible in both the commcrcial 
and consumcr markets. 

In add1tion, dcvclopment of totally new products not 
yet identified will swcep these markets in the same way 
that the p~rsonal clectronic calculators carne from no
where into internat•nnal prominencc. Thus, micro
processors are havmg 1t both ways-enhancing prescnt· 
day Cl¡',ipment while promising completely new prod
ucts fo: offices, storcs, households, and entertainment 
centers. 

Induded in commmercial equipment containing mi
cropn·~cssots now on the markct are terminals for 
point-<lf-salc and !.upcrmarket checkout, scales, termi
nals for invcstrncnt houses and the financc industry, 
automatcd hack tellers, processors for busincss"in
ventury control, cquipment for supermarket in-storc 
packaging, and portablc data tcrminals. 

Among thc products using microproccssors in the 
com'lumcr ::md rclatcd markcts or on thc drawing board 
for thc ncar futurc are sophisticatcd gamcs, gambling 
equipment, cahle-tclevision transmission hardware, do
ll-your:.clf instrurncnt kits, and photographic-film de
velopers. Furthcr clown the pike are automobile on
board proccssors that perform such tasks as contro!ling 
combust1on timing (Fig. 1), exhaust emission, trans
mission opcrat1on, ami ·' ti-skid and diagnostic systcms. 

lt's in thc ho11~dwld that thc cxplo:-.ivc ncw prmhu:t-
thc homc COll\JllllCf-IS CX.J1Cdcd lO emerge. rhc IIIOSI 

obvious door mto thc home is the tclcvision st:t, wh11.:h 
can make good use of a data-communications proccs
sor. By thcn, m1croprocessors will have to be q01tc dif
ferent from today's products, not only in bit capacity, 
but also in bas1c envuonmental configuration and pnce. 

In the entertainment world, the microprocessor olfers 
the simulahon of games ata level of sophistication until 
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now 1cserved for military and sp.1cc projc1 !~. l n 1 h uvii
ian formal, simulaban makcs gan1cs rcall'>llr hy 1he ca
pability to cram programing, m~.·nlury, fccdh.11.:k, and 
real-time proccssmg onto a !>mgk chip. Ccrtau1ly Dl:-
ncy's "Land" ami "World" are prnvmg thc \\>!de .lttrac
tion of family fantasy vm s1mulat•on. Thc suhjl.:ct of a 
movi..: spoof about a year ago, an adult fantasyland dc
sigucd around simulatiun technic¡ucs is now rn01c than 
scicnce tktion. 

In general, the advantélges of r111croprocessor" to com
mcrc\al/consumer-cquipmcnt dc~•gncrs bod down lo 
the tradeoff.s between hard-wircd and programable 
logtc. For instancc, point-of-salc ca~h rcgl'>tcr~ bullt 
w1th hard-wired packages havc pcrformcó both a~ 
stand-alone units and minicomputer-controlkd tcrml
nals. By changing to rnlcroproces!.ors, POS-cqu•pmcnt 
manufacturcrs gain thc important aJvantage of J.dapt
in¡; thcir basic equipment through progt.11111ng \l) t he 
nc..:Js of indiv1dual storcs. 

On thc other hand, the problcm mo~t rrequcntlv 
mcntioaed by manufacturcr:. of commcfl:lal/cnnsumcr 
eqt~~pmcnt using rmcroproccssors Í['. thc Jll\lcull:: or IC

fining !he vcry software that thcv aho ~ay 1:-. tlw 1,¡,._:-,1. 

prtlCcssor's maJlH advantagc uv r h,1rd-\\lll'd •:11,1 ,¡ .. 

El¡uipHicnt mak.crs fcd that 111!, 1np1<'Cl'''"'1 'll¡'¡'l" 1 ·, 

are not equallo thc l.1sk pf prtlVIdtnt: ,,,,h,-,~H· 'lli1ih: t, 
forcing uscrs to bccomc tmnH:r..,..:J u: p· ''L:I:llntilf; 

Somc of thc comnh.'H •al-Cl'O'-U>~h'r l'l<.1du, '' ,,. 11';'. 

rnicroprocessors a.-e hardl) :.1 p:nn.dh•n 1''1"·" , . .¡ J¡,•:n 
elcctrnn,cchamcal dcs1gn Y t:l thc ""lalh d 111 ,. r,· ·' i 1<:· 

qum:mcnts of thc tcchnvlogy ha ve m.:d<· th; ;;,\·,¡,·\¡, ,, l'l 

fnilll haH.l-v.ired lobll.: to 11\ll'lPJlf<l<'C~'l•'' , "·\\tl\i.ll:~ 
h1r lk·.¡¡;ncl~ 11~ th· "'1!:1n;d \'11.•11:_',<' i111111 .:: ,. ''•'1"•'· 
chamcal 111 an clcL"(I• dC <~pp1u.1• 11 

As C.\V. KcssLr, VII:~ prcs1Jcn1 o!' c0rp''"'t•: cn.·~~
neering and advann·d dcvchpmcnl for NCR (_'~,,¡ ¡., 
Dayton, Ohio, pomts out, cngtm·,:l:-. Lmui1~H .,,. ¡¡, [ ,,,_ 

lean equations and logic fam1bcs, which '"c1c :.Hky_u:u,· 
for thc rics1gn of hard-w1rcd cquipnH'lll, musl now Jdd 
COOJplcx UlStructlon Se(s to Úlel.f re pe¡ luir~~ ¡(¡í mi.;¡('· 

o 

o 
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proccssors. They must be prepared to live with the se
qucntial operation of microprocessors, which is slower 
than thc parallel operation of chtps using standard logic 
hke TIL. 

In addition, Kessler suggests, "There is a horde of 
new problems in choosing the right microprocessor, and 
thcsc have bccome corporate-level decisions. After aU, 
you'rc tied to one supplier, once work is completed on 

' hardware and software. There's a lot hanging on the 
sourcc selcction, since you don't havc a second source." 

POS-terminal producers took differcnt routes to arrive 
at use of microprocessors. For example, National Semi
conductor's Systems dtvtsion began applying them as a. 
dircct result of its ties to development by the semicon
ductor operation. Beca use of the close relationship, pro
grams prcsented little problem. However, the main 
challenge was to tcach test personnel to debug semicon
ductor chips the way programers debug a computer. 
This convers10n ~::quired training because micro
processor faults are much more difficult lo isolate and 
corrcct than fa1lurcs on a standard LSI ch1p. 

At American Rcg1tcl Corp., San Carlos, Cahf., appli
catlon of a mtcroprocessor made 1t poss1ble to design a 
terminal combming stand-alonc "intelligence" and pe
ripheral-communications capability. Such mechanical 
attributes as communications routines are specified in 
read-only mcmory, while the logical attributes at the 
human and cxtenor interfaces are specified by instruc~ 
twns residmg in random-acccss memory. The former 
are conccrncd with fixed procedures, whtle the latter 
must be vanable to permit application of a wide range 
of sequences, tax tablcs, and keyboard checks. 

Most of the jobs assigned to the controller are per
formcd at the speed of the terminal operator, and the 
program responsible for driving the printer has a 
throughput of only 30 to lOO characters per second. Be
cause the arithmetic is nota major dtfficulty, and trans
actíons are done at human speeds (communications 
functions require logic throughput of 200 to 300 charac
tcrs per second), a gcneral-purpose microprocessor that 
couiJ fetch in 3 to iO microscconds was adcquate, put
ting the task wcll within the capac1ty of 4-bit proccssors. 

NCR prcscntly cmploys lntcl MCS-4 microproccssors 
in two products-a bank-tcller termmal and a point-of
sale terminal-and will soon introduce four others that 
use microproccssors. Their functions are quite dtlfcrent. 

Instde the NCR 279 financia! termmal, for instance, 
microproccssors control the keyboarJ, printcr, and 
crcd1t-card rcader, do the tellcr's arithmetic, transfer 
data, and actas computer-interrupt. In thc NCR 255 su
pcrmarket rcg1ster, the microprocessor is essentíally a 
back-up element to provide the terminal stand-alone 
!=apab1hty, should the remote computer-controller fail. 
The microprocessor makes it possible to do away with 
dual mmicomputers to control terminals unless the cus
tomcr wants the redundancy. 

Anothcr teller tcrmmal using mtcroprocessors has 
been budt by Fmancial Data Science lnc., Orlando, 
Fla., and about 100 are presently in the field. The model 
108 contains three MCS-4s-one for printer control, one 
to provide stand-alone processing in the event of com
munications failure to the central computer, and one to 
control the keyboard and perform calculations. 

Mlcroprocessor knowhow 
Not only are microprocessors changmg the des1gn of 
equipment, they are also changmg the demands on 
the des1gners who use them A list of the sk1lls and 
tools needed for the new generat1on of m1cro
processor applicat1ons eng1neers, recently drawn up 
by Herman Schm1d of General Electnc. 1s awesome 

He states that engmeers must thoroughly compre
hend the organ1zation, operat1on, and performance of 
the processor's CPU; control of mput/output; the or
gan¡zation and operation of RAMs, ROMs, and pro
gramable ROMs, plus such mterface c1rcuits as 
analog-to-dig1tal and diQital-to-analog converters; op
eratlon of penpheral eqUipment, the operaliOn of mul
tileve! pnonty-mterrupt systems: the operat1on of con
trol-panel ClrCUits. and the operat1on of such vanous 
logrc'Íam1l1es as ITL, p-MOS, n-MOS. and C-MOS 

But that's not all For des1gnmg f1rmware, th1s sama 
engmeer must also have exten&lve knowledge of pro
gramlng Th1s des1gner needs to be an expert 1n soft
ware for machme-levE>I, micro-level. and assembler
language program1ng Fmally, the m1croprocessor en
gineer must be far1111iar w1th such interface opera!IOns 
as the performance of converters and Slgnal-condi
l!oning 

The first and third applications could ha ve beeen per
formed by hard-wired logic, but stand-alone processing 
backup would have required a minicomputer. By applyo 
ing the microprocessor to the keyboard, total package 
count was reduced 30%, and total cost was lowered to 
slightly less than what hard-wired logic would have 
been. In addition to the 108, which is meant for savmgs
and-loan institutions, the model 151 is also available for 
full-service automated bank tellers. It uses one micro
processor, essentially as a calculator. 

Automatlng lnventory 

The manufacturer that probably has the most units 
containing microprocessors in the field is MSl Data 
Corp., Costa Mesa, Calif. This firm has dclivcred about 
10,000 portablc data tcrminals for use in taking and 
recording inventory or othcr data at remote locations. 

127 



FUU 

ON BOAPO 
COMPUTER 

VAl VE COMMI\:;-¡ 

POSITIOtJ ~ 1 
L.-.-.-,.__1+~~ 

I'HESSURE 
HMPERATURE 
ANO RPM 

SPARK 
AOVANCE 

1. Ecooomy car. One m1croprocessor will be used 1n an automob1le 

ior spark-IQnltlon !lmmg and exhaust-gas reclrculatlon-valve control. 

Each terminal wntains one MCS-4 microprocessor. 
Thc MSI b.1ttcry-powered model 1100, which has 

semiconduc1or mcmory, and the model2100, which has 
a magnet1c-tapc cassette, look hke p!ump hand-held 
calculalors, c;-.::cpl thal the kcyboards have speci::~l sym
hols, and just bdow the LEO displays are functwn 
switchcs for tr,msfernng data to telephone modems. 
Data such as supermarket inventory or warehousc 
~tockroom snpphes 1s entered through the keybo:ud and 
recordcd Cithcr on a tape cassette or in solid-state 
memory, depcndmg on which ofthe two models 1s used. 

Afterwards, this data is communicated by telephone 
to a MSI rece!Ver at sorne control location. Depending 
on thc model uscd, 7,000 to ~0,000 characters of infor
mation c~n be transmitted in less than three mmutes, 
eliminatmg severa! data-handling steps required in 
manual or evcn punch-card procedures. 

MSI ongmally des1gned these tcrminals with TIL to 
centro, the d1splays, computations, and interface cir
cutts. :,.¡ter modcls wcre converted to complementary
MOS chips lo reduce battery-power dissipation. But the 
need for flexibdity to meet a variety of uses for remole 
tcrmínals madc m1croprocessors attractive replacements 
for tt1c control log1c. At the same time, delays in deliv~ 
ery of standard chips made the change to micro
proccssors cvcn more attractive. 

Larry HenJncks, manager of the Electronic Engi-
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nc.:ring dcpartnWn! for t,¡',l, j10l11lS OU1 ti1:1t r•;c';,,,,,, c,.
pc1!CI1CC m dc~tL:111!1g J nll!IILOI1lputcr ,, •r •; ulk, ;ur 

tLlta !cJm<;1~~is was valuahk m learmng l."'" l" ,,c;,,~n Q 
\Vllh m!ctopwccs.sors. In fact, MS! n¡¡w uc·:' a mli11· 

con.putcr tlulltt des1gned anJ bu,lt to s~:f'>C a~:" com
mLn11Callons controllcr to wnte the rmcropi t'¡:; ""1~ 

Hcndncks complains that mKroprott.>'"·' •Ic ~tdl 
dt!Ticult for rnany designers to lcarn to u,..: I)O.:C.ll1\C 

th(;re's no easy applications track; ha;dwa;•:-ollrPitd 
engmeas stmnblc on the software, whd..: ~¡,ftw,,r, <•r: 
cntcd pro1~,ramw, get confuscd by LSJ tcchnot. ¡~y 

He al.so cites three other currcnt prohknr. ¡·:r\l, he 
would like microprocessor marmfacturcr~ lt• ~u .. ~, v.1th 
ene device long cnough to e~tablJ;;h an ¡ncll:,lr) st.m
dard su eh as the 1103 ch1p. Sccünd, il cnd ;¡e;.;~ 1s un
comfortable with smgle-source purcha~mg, parucularly 
SIJICe ¡\·!SI is now buying m1cwproccssor~ 111 ¡d:\tzvcly 
large quantíties to supporl producllOn or aboul 1,000 
portablc data termmals a day. ·rile thu·J pml.>km I'> thc 
nccd for a more .sophtl>tlcatcd ''. stcm tl•:1t nonpro
gramcrs can m,e for mil.:roprogr.¡¡;;,ng. 

vVh:le reicroprocessors are es'-cnliall) n:,cd fur what 
Hcndricks calls "b1t-hanging," th<~t 1s, Wi';'lc ,;n,J slow 
proccssmg chores, he behevcs th 1t thcrc's '1 danger of 
trymg i.o appiy them for too m.1ny funct.or.s "Il may 
secm possible to substltute a m'croprocc:,o;or for every 
minicomputer," he says. "but yuu have to watch out 
lhai you'rc not :,cndmg a boy todo a man's Job." 

S!nger patterns 1t2 own 

Although most microprocessor users. c~.peCially com- Q 
merctal manufacturcrs, have b..:cn conccrn..:á w1th cic
pcndence on sole-source purchas111g, Smgcr Corp .. Ncw 
York, has alleviated th1s s¡tuatiOn by C:c~¡gn,ng ns own 
n11croprocessor at the firm's rescarch laboratory 1n Falr-
field, N.J. At lea~t thrce semtconduclür homcs are qual-
ifled tome Singer's masks to produce thc ch1p. In fact, 
one of tüe dcstgn constramts wa~ to he cnmervatJve 
cnough to keep producib1hty w¡lllln thc capabll¡ty of at 
leasttwo supplícrs-not an casy task. 

Thc n:sult is thc Advanccd I3ytc-OncntcJ (AllO) rm
crocomputrr, an 8-bit, n-channcl MOS prou.:>,or mc,¡
~uftng l9l \JY 202 m1ls. The 40-pnt umt 1~ dr>J)::ncd for ,¡ 

varíctytof S1ngcr products, HKiudJng pu11n-uf-,alc lcr
minals bUilt by the Business MachnH:~ dtVhl<'ll 111 San 
Leandro. Calif lt's microprogr.,m,'d 1ntc1 n.ill; ;·rlllll .1 

6,000-bit ROM, lather than fr~.1m ~l'¡'<lfatc e: u¡'~ 
Onc n~ns(>n Smger design··.J rt" own llllLWcnm¡'dkr 

was to follow thc coursc of 1ts l'ln·1wn\C C>1cl ptn•\1,, ts 
mto wha! the r.rm calls "d¡str¡bull:d \.ll111putlll¿:," 1\"tt 1~. 

loadmg each piccc of cqutpmcnt '' •lb .1s Jl\uch J'l<'~o:c''
lng cap.lhlllt)' as pos~tbk Thu~. 111 a S1; ... -, :·us tl'r;nt

nal. !h¡· ADO is hcavy on pn'' c~~~nr. c.q•.li ·\~ ,Jnd L::h~ 
on anthrnctK-GliCUiatwn z'unLlll.m, 

:\i:uoc1'mpntcrs í'rom scmll""•'duct<•l ~ll 1 l 1 '1 ,·r, n.·c.J 
b.)!Í\ capabllttJcs, \\hcre,Js a L'll'l<'l11 dc-.l¡_:n. ''\' ",¡,,, '· 
grade the lc,<;s 1111 i"' allll ..ltl nbut ~- \) ¡ ,¡ (t,' i' tl l': 2 ·' :, : l: 
struction codes, 5t.J ¡lfe has¡c. .wd thc mstnh·uC>n ti,nc 1s 
typ1cally 10 microscconds. Accord111g to ~~t•t;".' '. ¡1I~o)· 
totypcs of its mJCroproccssor are now b.:m¡_: u;.dlül.1c

tured. by two sources. 
l'hc Business Machines div1sion prcscntly ::·1s a t,'r

mina! with a single microproccssor also or S1nge( d.::-
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~· POS mlc:roprocesRor. In a stand-alone pomt-ol-sale lermmal, 
the control unit carnes out mrcrornstrucuons stored rn·a ROM 

sign. However, unlike the ABO, this unit has five 
12-kilobit ROMs outboarded to instruct the micro
proccssor. The function of the microprocessor-control 
umt (Fig. 2) is to dircct the ftow of data bctwecn the 110 
devices and the buffer memory and to perform arith
mctic chorcs. All data transfers within the micro
processor and between 1t and the 110 devices are accom
plished hy mcans of a source-destination bus, consisting 
of a 5-bit source address, a 5-bit destination address, 
and a 6-bit data bus. Because each register inside the 
microprocessor and in the !10 devices is addressable, it 
can act as either the source or the destination in a data 
transfer. Howevcr, intercommunications are minimized, 
and interface requirements for the 110 devices are 
simple because the terminal is bus-oriented. 

Steerlng for Detrolt 

An examplc of what an automobilc-microprocessor 
systcm might look likc is a Ford Motor Co. advanccd 
dcvclopmcnt. Figure 1 shows thc bare bones of n digital 
conrrol sy!.tcm, dcsigned to maximize fucl economy. It 
is bemg road-testcd, but1t won't be rl.!ady for a standard 
car for sorne time. Tlus systcm tlscs two microproccssors 
and other custom-LSJ devices to control timing of spark 
ignition and position the exhaust-gas-recirculation 
(EOR) valve by using severa! engine inputs. 

Ford engmccrs dec1ded to use a microprocessor be
cause attcmpting to compcnsate an analog programable 
spark-timing controllcr ovcr thc worst-case of auto tem
peraturcs turned out to be more cxpensive than a digital 
control systcm. The microcomputer made it easier to 
program changes in engine design than to use hard
wired log1c. Ford uses a 12-bit microprocessor with the 
program and associatcd coefficients, which describe the 
engme-control algorithm stored in a ROM. 

The prescnt engine-control software is containcd m 
a bout 1 ,500 12-bi t words. The system al so in el u des an 
8-bit analog-to-digital converter with an eight-channel 
multiplexer under CPU control to measurc the outputs 
of engine and EOR-valve transducers. The key reason 
for using a microprocessor for this application is to be 
able to design the. same hardware for all engine and 

transmission vanatwns m seve~al e;. L :-::nt mo~c:.;. 
changing only thc software to match cac.1 car. 

Actually the tdea for computer-likc management of 
timing, combustion control, emiSSion control and trans
mission control has been considcrcd by thc advanccd 
engincering dcpartments of the auto Big Thrce for sorne 
time. Therc is also a possibility for microprocessors to 
handle such safcty functions such as antiskid brak.ing 
and on-board diagnostic systems. 

The gamo's the thlng 

A unique, but significan!, application of micro
proccssors to games is excmplified by a bowling game 
Bally Manufacturing Corp., Ch1cago, has been market
ing since last Octobcr. Sold to distnbutors for $1 ,600, 
abou~ 85 of the electronic game, Bally Alley, are now in
stallcd. Each contains one lntel 4004 CPU, four pro
gramable ROMs, a RAM, and onc 1,024-bit ROM, in addi
tion to sorne 250 discretc powcr transistors and silicon-
controlled rect1fiers. · 

The elcctronics package in Bally Alley is vital to give 
players the right "feel," not only in the scoring, but in 
the fall of the "pins," the roll of the "ball," and posting 
the odds normally associatcd With making various shots. 
None of this could have been done in the sizc and cost 
required of an arcade gamc without the microprocessor. 

The microprocessor monitors thc placcment of thc 
ball whcn 1t is sent down the lane by a player (one to 
four can play at any one time), kccps tabs on the pins, 
and meles out free games and credits. In controlling the 
scoring, the microcomputer tracks pin pattcrns. A 
playcr r.an decide at what place along the bottom of the 
lane to let go of the simulated ball, and the micro
processor calculates from program instructwns how 
many balls have been used before recording the score 
on an incandesccnt-lamp display. Bally is now looking 
at microprocessors in 8-bit configurations for other 
games, as well as gambling equipment it builds. 
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Although much of the shouting about microrrocessors 
has becn about consumer and industrial applications, 
thcse programable large-scale integrated circuits are 
also impingmg on the way computer manufacturen 
themselvcs are designing data-processing systems. 

For manufaclurc¡s of large mainframes, the impact is 
mainly in pcripheral and control cquipment because to
day's microproccssors are generally too slow and hm
ited to perform large-scale proccssing. For mini
computer manufacturers, however, the low-cost 
vcrsatile LSI proccs:;or goes to the very hcart of thcu de
signo, and pronllSl'S lo open up a whole rangt~ of highcr
pcrformancc c.1pabilities at lower costs. 

A major advanlage of microprocessors is the 
smoothcr Jcs1gn 1lerations that can be wholly or par
tially ach1cvcd by reprograming a microprocessor in
slead of rcwmng a major part of a prololype dcsig,n. 
Thesc dcs1gn iteralions are necessary in almost any de-· 
vclopmcnt cydc beca use lhe original specificatíons havc 
to he fllotllfkd as dcvclopmcnt procccds. Thc goal is n 
dcs1¡:n that medo; thc original spcl'iticali(>ns lo snmc Jc
g¡cc wlulc hcmg both manufacturabk and nutrkl·tahk 
In c,mvcntional dcsigns, itcrations oftcn take thc forrn 
of b111lding and rebuildmg a succcssion of prolotypcs
an cxpcnsivc and timc-consuming proccss. 

Thc mnin u~c of m1uoproccssors wilh thc largc m:lin
framcs h:1s bccn 111 pcnphcral cquipmcnt and control
lcrs. Thc1r apphcation insidc thc computers thcm<;clvcs 
has becn llkc only a dislanl rumble of thunder becau&c 
until now they ha ve bccn too slow. However, a ncw ¡r,en
eration of ch1ps now on the drawing board pmmiscs to 
ovcrcome that shortcoming. 

M1croprocessors have thus far proved of value pri
manly m low-Cül>t, low-speed equipment, such as cath-
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odc-r:1y-tubc tennmals and magnct1c-1.1pc cassette 
ctnvcs. Thcir mam bcncfil<. have bccn to (anhtalc cuslu- Q 
mization llnd addition of powcr al a lowcr cost than 
prc·;inu!> dcsigns and to in crease the proccssmg c:lpJ bll-
ities of rcmote terminal'>. 

Makcrs uf punchcd-card ma..::hmes, Doppy-d1sk-~t.)f
agc· umt.5, and devices of sunJ!ar compk:oty say thcy. 
may use microprocessors in the•r next dc<.1gn cycics. 
However, they have thus far found thc LSI ch1ps too 
slow or too hmitcd in somc other functwns. Thcse com
pames are expressing great intcresl m such m1cro
pn'~~sors H'- lnlcl's ncw 8080 ( Eb trames, 4118174, p. 
9.1}, rnainly bccausc of its cxpandcd 111"1rud10n ~el anJ 
thc orJcr-of-ma¡;nituJc incrca~c ¡q -;pt:l'd 

M icroproccssors cut costs "n!l rcJ thY :.yo. te m úllli

p!CJU!)' W]Hle snnphfymg CU~IO!ll1l.i•1t,ld nr othl'fWISC 
st<!ndard designs. For cxmnpk, lkchiVt: ;-..¡_,¡,·al Ekc
twnic<:> !nc. of Sall Lakc C•1y. Ulah . .._ .. ,. , · tpt as 
SupcÜKc tcnnm~d cas1ly toa \;• ,-.,~ty ('[ "~'l''" ,,;1\'IIS h..:
nwsc 11 mrs thc lntcl ~on,;_¡ u1•í' And .. d•l.,.,,. ;, t:1c 
nucroprocc.~~,1r rcpl:lcc;. l'nly ~·- " u:' 1hc n.,_,, 11:1• ,,¡· 
lt~t• o:t>!l>pany':; carb.:r lllll·kl. 11 Jpi.1•: n.·w t'um ,,,11,., ,~,.,¡ 

nLhpts cas1ly !o c.H.:h ~...u~IP•ner'•; ~~"'l'hL"a(tt'•ll 

A< trcnd changos 

~;l)~i11fit'a!ll\y, tht:: 0\llt'Ulf\111{: 111\\1 '1\ 11\l< lt•-

p!liU'%0fS J~vt:r~cs onc lll'l''''""'i ''''ll•' ih .• i1, ... bú·,, 
q)wp1ng Uf' dUI1!1)' i11: pa'ot lcW \•',¡; 1: •: <''\lclii .. •n ,¡¡ 

hardware of m .~y luncl!om tr.tdltam.;;,) :d·: tu \:1.: 
se!lware. T.lns Lrad1hon w.1s C'>ldbll:'>hc,i 1n t.~:.: c.uiyQ 
da;s of computers, whcn g .• ·C', ct-·>1 S H~n :1 í''' ce anJ 
programer;.; were pauj clcncal w.-,ges. Thcsc r.ucs m._¡Jc 
the mínimiz.at10n of hardwar.:- imp.::1 ;üivc ;:¡ :1d thc pro
liferation of software mitlaily un HP 1 •nri ,:ot 
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Hut since then, costs" of hardware and software ha ve 
moved mcx01ably in opposite dircctions. Today, sorne 
functwns that would have cost astronomical amounts 
for 1954 hardware can be implementcd now for little 
more than pocket money, while software has grown to 
almost unmanageable proportions in lhe form of oper
ating systems, time-shanng, and so on-all in the name 
of cfficient use of hardware. 

The low cost of hardwaré has made microprocessors 
possible-simple cnough not to require software of the 
complexity rcmotely resembling an operating system 
and chcap enough for inefficient use without adding sig
nificantly to the cost. As a result, sorne new functions 
can be tmplcmcnted in software that considerably sim
phfies design and alteration-without the headaches as
sociated with large software systems. 

IPerlpherals and controllers beneflt 

In the peripheral devices themselves, microprocessors 
take a substantial load from a controUer or central pro
cessor. For example, Digi-log Systems Inc., Horsham, 
Pa., uses microprocessors to control a display's refresh 
memory, its communications interface, its editing func
tions (inserting and deleting words, phrases, and para
graphs, and rearranging them as directed from the key
board), as well as other display characteristics. 

A variety of optional capab1lities is available with the 
basic models. Customers select the capabilities they 
want, and modules programed to perform the desired 
tasks under software control are shipped with the sys
tem. In most other terminals, these functions are per
formed by hard-wired logic, which can be added or re
moved from a system only with difficulty. 

However, sorne designers who have tried the Intel 
8008 for these functions have criticized it as not being 
fast enough and not having a large enough instruction 
set to do an adequate job. Again, the 8080 chip is 
viewed as a substantial improvement, although it's still 
too new for users to have accumulated much experience 
with it. 

'Ate Beehive and Digi-log terminals illustrate one of 
two trends in the computer-terminal market-their 
microprocessor-bascd units olfcr greatcr power and a 
higher level of customi71ltion, yet at lower cost. The 
othcr trend is to the "dumb" terminal under control of 
the central computer, which provides a simple way to 
"look into" a computer to sec what's going on. ''Thcre'll 
always be 11 markct for a dumb terminal," says Richard 
Kaufman, director of marketing nt Applied Digital 
Data Systems Inc., Hauppauge, N.Y. Becausc of these 
two extreme requirements, the intcrmediatc terminal 
that has only a small amount oflogic capability will dis
appear. But the bcst way for dcsigners to keep up with 
the trcnd toward smartcr and smarter terminals is to use 
microprocessors to provide the "smartncss." 

Building controllers 

Buildcrs of mechanical peripheral equipment that 
.contains minimal electronic circuitry have no need for 
microprocessors. However, builders of controllers for 
this equipment, as well as the manufacturers that build 
both the mechanical devices and their electronic con
trols, are more enthusiastic. about microprocessors for 

Microprocess~r aids the mini 

Perhaps partly because of a certam degretl cA over
selhng by microprocessor manufacturers and partly 
because of misunderstandmgs of what a mtcro
processor is and what ti can do, t11ere has been sorne 
speculation that the advent of mtcroprocessors means 
the end ol the smaller mintcomputers Thts tS most em
phaltcally not trua. On the contrary, by enhancmg the 
capabtltly ol the mmtcomputer, the mtcroprocessor 
opens a whole new ranga of app!tcations for the mmt
computer that ti couldn't touch econorntcally belore 

In many of the new apphcattons, !he capabtlittes of 
microprocessors and mmtcomputers have been com
btned to 1ncrease the eltecltveness ol the enttre sys
tem at only a small tncrease tn cost For example, Da
vid Methvin, pres1dent ol Computar Automation lnc , 
descnbes attempts to dnve a senes of remole termi
nals frofT] a s1ngle m1mcomputer. "11 dtdn't work very 
well," says Methvin, "beca use the mmtcomputer's 
speed and short word length are generally adequate 
to dnve no more than two or three terminals." 

But by des¡gmng mto each term1nal a mlcro
processor to handle sorne local process1ng and relieve 
the control mintcomputer of the drudgery, 11 can eas1ly 
do !he h1gher-level work for the entire network. "In 
this way," concludes Methvin, "!he advent of the mi
croprocessor creates a new market, not only for itself, 
but also for the minicomputer, wh1ch previously had to 
yleld to somethtng bigger and costher " 

Micmdata Corp , lrv1ne, Caltf , a leadlng producer of 
microprogramad m1nicomputers, has not yet begun 
uGing i the s1ngle-ch¡p p-channei-MOS mlcroproces
sors in any of 1ts computers However, Rtchard Vahl
strom, technical dtrector, foresees a poss1ble ut1hzat1on 
of the dev1ces 1n peripheral equipment whonever they 
become cost-effecttve. Meanwhtle, Microdata has in
troduced tls Mtcro-One, a one-board bipolar procC"s
sor that is both software- and firmware-compatible 
wlth the company's older 800 and 1600 series mini
computers and with the1r pertpherals [Electronics, 
5130174 'p. 142] 

Dtg1tal Equipment Corp. and General Automatton lnc. 
have already recognized th1s trend, as shown by their 
recen! product announcements. General Automatton 
now has two mmtcomputers basod on sihcon-on
sapphire mlcroprocessors, whilo DEC's mlcroproces
sor module, an extension ol tls long-standtng lino of 
loglc modules, 1s basad on lntel's 8008 mtcroproces
sor-one of sorne 53 ctrcuits on the card The PDP-8/ A 
is the company's lates! verston ol the ltne with which 
lt more or less tnvented the m1ntcomputer market 
back In 1965. The origtnal PDP-8 was a dtscreto
comportont computar 1n a big pox 34 incllos high and 
almo:;t two feet square But now tho comploto sot of 
79 PDP-8 lnstrucliOns can be cxecuted by an assembly 
of components on a s1ngle pnnted-ctrcutt board meas
unng 153.4 by 8 V2 mches, not 1ncludmg the memory 

The PDP-8/ A makes extensiva use ot LSI, bu! nona 
of the ctrcutts is a mtcroprocessor. Futura vers1ons of 
thts and other DEC computers may ínclude ctrcu1ts 
that would be callad mtcroprocessors today W1l1tam 
Hogan, market1ng manager for logtc products tn 
DEC's components group, describes the mlcro
processor module as the ftrst of a sertas of prod"Jcts 
that will use any appropnate semiconductor chtps with 
the nght combination of cost and performance. 
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1. Interface and control. Today's mtcroprocessors are apphed in 
computer systems pnmarily where they do not aflect data llow, bul 
thallimtlaliOn wtll only last unlll thetr perlormance improves. 

use in the interface and control sections of their ma
chines (scc Ftg. l). Thc interface section responds to sig
nals from the central processor and generales status sig
nals to it. Thc control section sets up the device 
controller for a particular task. But neither of these 
functions is concerncd with the actual passage of data 
through thc controller, which may involve such steps as 
serial-to-parallcl conversion, assembly of words from 
bytes, and error detection and oorrection. 

Although the cnthusiasm of controller designcrs, Jike 
that of terminal dcsigners, is tempered by the perform
ance lcvel of prcsently availablc microprocessors, they 
look forward to a new gcncration of microprocessors 
now on the drawing board. The higher performance of 
thc ncw microprocc~sors will enable them to graduate 
to full'JSe in thc data path as well. 

New single-chip processors made with silicon-on
sapphire and bipolar technologics are expected to pro
mote such a graduatíon by reducing the typical execu
tion time to the range of 50 to 500 nanoseconds (from 
today's 2 to 20 m1croseconds) and increasing the num
ber of instructions toward 200 (from today's 40 to 75). 
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Spccific.llly, Intcl is rcrnrtcd to he working un a h.pn
lar xmcroprocc · "r that L.\n cxccute 111~1. uLit•lll~ Jli d.<. 

httlc as 500 nanoscconds In MOS, Rockwclr~ i\1Jcroclcc
tronics Group, one of thc earliest to cx¡du1l ~appime 
technology, is devcloping more powcrful P' occ~~or eh ips. 
Thcy n.lrcady supply dcvices to General Autom.1tion for 
their LSI microcomputcr hnc. Also, Insclck Corp, Pnncc
ton, N.J .• has proposcd a C-MOS-on-sapplwc mJcro
proccssor that could handlc a data r<~tc of 3 mcgah1t" 
pcr sccond with its cyclc time of 300 ns lmckk Vl) • f1c 
dcv1ce will be available carly in 1975. 

For its paper-tape emulator, Remex, a u¡,¡t of Ex
Ccl\-0 Corp., Santa Ana, Cahf., chose thc lntcl MCS-4, 
a ch1p set that includes thc 4004 4-bit mlcroprocc\'>O• 
The emulator is a magnet1c-tapc cas~etlc d1 ¡ve that 
works w1th a minicomputer hkc a papcr-tapc rco~dcr. 

Currently, the programs for thc cmulator are sturcd 
· in programable rcad-only mcmonc~-thc J...md th;tl can 
be erased under ultraviolct light Program hugs turned 
up by the first fcw cnstomers can be cao¡ily corrccted. 
La ter, when change activ1ty ha'. d 1cd down somcwhat, 
Rcmex plans to switch, perhap!> tllSI to fu~cd-ltnk ROMs, 
which can be updated but not cra~cd, anJ evcntually to 
masked ROMs that can't be changcd in the ficld ,1t all, 
except by physica11y exchanging nnc part ror another. 

Stamp out loglc monsters 

Decision Data Corp., also of H9rsham, r .1 . md1cates 
grcat intercst in microprocessors-particulany in data 
rccordcrs. In these periphcrals, a few m1croproccssors 
rcplace a multitude of interconnected intcgrated cir
cuits. The company manufactures a line of punchcd
card machmes-both the old standard 80-column type 
and the newer, smaller 96-column equipmcnt for IBM's 
System/3 and similar computcrs. The linc includes a 
data record~r, which is a sort of combmation keypunch, 
card rea,der,l card punch, and printer, with various othcr 
outputs'available and usable either on line with a com
puter oras a stand-alone devicc. 
-"Data recordcrs are monstcrs in logic,•· says Thomas 

Richardson, vice presidcnt for enginccnng, rcfcrring to 
the multitudinous funchons that thc machmes pcrfnrm. 
Prcsent designs, he says, use 700 to 800 small-scalc tnk· 
grated-circuit packages, plus as many as 400 stgnallmcs 
to interconncctcd equipment-clcarly a prunc tcrritory 
fvr an invasion by micropmcc~s~'rs. Rtchar• !~'"' tndl
catcs that thc <".ompany will bcg111 Lo movc in tlw. dlrn;
tion bcforc thc cnd of 1974, intltallv wtth 1h own d<~t!'" 
implemcntcd w1th mcdlUill-\cak Íl'<; and la ter L~' .IJt,l
ating to bona lidc LSI micrPpm~l'S'-• .,.,_ 

Dcspitc thc aJvanccs .llrr.Hiy m.ldl·, dcVt'l\)pmcttl ,,f 
fa~tcr, more powerful micropt•)"C"~nr:-. ~~ l'•'ntJl\llll\~' t\1-
tllough today's m•croprocc~~urs h.wc wonl lcnsths ,¡¡· .¡ 
to 8 bits and mstruct10n-cydc t1111cs of 2 11, 20 t11il'r,• 

scennds,·at leas! onc 12-hlt unit h:1-. all\:.1dv hc,·n tkv,·l
opcd in Japa·n !Flt'ctrorucs, '/21 17-l , ¡, 1; '1 ,.\nd 
s..:mtconductor man•· .. 1durcr" 111 tll..: U.S .. trc ''''' 1--tn~ 
feverishly to incr- ... se ~pccJ~. ~ 

What's more, LSl proccssors bcmg madc wttl. h1poL1r 
and sos technologtcs are yicld•ns proccs~m c1"í"'" that 
blur the distinctions bclWCCn thc Capabtl!LICS Of the ffil

croprOCeSSOf a nd th'e- sma 11 mintcom pu ter. I ndeed, thc 
LSI miniprocessor is already on thc dcsign bench. 
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Systems are gefriBng 'smBoier' 
by M1chael J. R1ezenman, Industrial Edllor 

Anyone who has ever twiddled the controls of a pulse 
generator, wasted a couple of hours trying to recall how 
to use a scope's delayed-sweep feature, or laboriously 
calculated the standard deviation of a set of measure
ments knows that it takes detailed knowledge and re
fined techniques to use a complex modern instrument 
properly and efficiently. But soon, microprocessors will 
bring about a new generation of "intelligent" instru
ments that will automatically relieve the operator of 
routine procedures. And most of these "smarter" instru
ments WJII be cheaper than the ones they replace. 

Instruments can be made less costly beca use, in many 
cases, the software techniques used with micro
processors will be cheaper than the hard-wired logic 
and mechanical switches thcy replace. Probably multi
instrument systems can benefit even more because mi
crocomputers should replace minicomputers or pro
gramable calculators in small systems and do much of 
the repetatious work so that much cheapcr mini
computers or calculators can be designed into larger 
systems. 

Many cost-related benefits can be expected from a 
whole new class of small computer-controlled instru
ment systems that would be too expensivc if built with 
minicomputers or even programable calculators. And 
for largc systems that need minicomputers as control
lers, microprocessors may be able to make significant 
reductions in the costs of the computers by using them 
as preproccssors in thc instruments that are controlled 
by, and are fccding data to, the minicomputers. 

These reductions should be significant. The intelli
gent application of, say, $400 worth of microcomputer 
componcnts in each of five or six instruments may make 
it possible to replacc a Digital Equipment Corp. 
PDP-11/45 minicomputer that costs about $16,000 to 
$18,000 in an appropriate configuration, with a 
PDP-11/40 ata cost ofabout $12,000. 

The straight bench instrument that can probably real
ize the greatest cost reduction by use of a micro
processor is the frequency synthesizer. A high-resolu-

tion synthe:.izer uses a large number of expensive 
electromech.mical switch es and a grcat deal of complex 
1ogic circuitry S1mply to tdl the frequency-gencrating 
circuitry what to do. Replacing thesc switches with sim
pler, chcaper oncs or with a keyboard and replacmg thc 
logic circuitry with a microprocessor will, in most cases, 
justify the cost of the microprocessor, even if it brings 
no other benefits. 

Of course, m1croprocessors will provide a wholc host 
of such other bencfits as data-formatting for the instru
ment's input/output interface. Moreover, the micro
processor will enhance accuracy and reliability through 
the use of special routines for self-diagnosis and the 
elimination ofsystematic errors. 

Automallng testera 

Already several manufacturcrs have introduced mi
croprocessor-controlled instruments. Among them are 
the in-circuit IC testees built by Testline Inc., Titusville, 
Fla.; the model 76A a u toma tic capacitancc bridge madc 
by Boonton Elcctrics Corp., Parsippany, N.J.; thc Qual
ificr 901 IC testcr madc by Fairchild Systcms Tech
nology, Palo Alto, Calif.; the Digitrcnd 220 rccorder 
made by Doric Scicntific Corp., San Diego, Calif.; and 
the interfacing circuitry used by Tektronix Inc., Deaver
ton, Ore,., to marry the digital processing oscilloscope 
with the company's model 31 programable calculator. 

Most of these pioneering applications use thc micro
processor more as a manipulator of bit pattcrns than as 
a number-crunchcr. The microprocessors are uscd rnore 
to sct up tests, pcrform interfacing chorcs, and control 
othcr sub~ystems than to proccss the data that the in
struments have acquircd. 

The IC testers are perhaps the bcst examplcs of this 
emphasis, since, strictly speaking, thcse instrumcnts ac
quire no numerical data at all. They use the micro
proccssors for the quick and easy setup of complex 
input-bit patterns and comparison of actual and ex
pected output-bit pattems without resorting to either 
expensivéj minicomputers or so--called performance 
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1. Genorall~o~ inslrumont. Typlcal drgrtal-readout rnstrument ls really illi analog rnachrne w:lh a lot o¡ drgrlal r0n1rol ancl dr~.play c11 .::u•lry 
tacked onto rt (?) In particular, srgnal processlng ls performed by corwenlional anillog means w.th m1croproce<,, or, n-d cmwPr IPr •:; rnov;ed 

, up froní so lhal most p~ocessrng can be done drgitally (b). In both diagrarns, srgnal palhs are shown rn color, and conlrol !lnes a• e H1 hlc~cl: 

bo:trds. Onc of the additional benefits of the Quali!1cr 
901 1s a thorough scÍf7,tést routinc. Under control of the 
micropro~éssor •. thc, i!i~chine checks itself out every time 
a programis Joaded into it. 

Whilc thcy us,c -the microprocessors largely for con
trol, the Boonton capacllance bridge and the Dorir. 
rccordcr also cxplmt the proccssor's ability todo a btl of 
numencal caiculation, as well. The capacitance bridge 
directly measurés only capacitance and conductance. ll 
then processes these numbers to find such quanütícs as 
equ1valent series resistance, equivalen'. parallel resisl
ance, Q, d1ss¡pation factor, and percentage of deviation 
from a preset reference. 

The Done Digitrend 220 recorder is programed witb 
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a ~Cl Of linc~rizing cquallOO~ ror V,\11• 1\l'· lh~rn\Ol'l1ll :'le"· 
lnstead Of u'smg CÍiírcrenl brÍ.:.HIZll\~ IH'lWl11;_;~ ¡-,1;· c·:~<'it 
of the six common thcrnwcouplcs (ty¡'_<:S J. K, ·¡. E. S. 
ami R), the mstrumcnt does 11 .lll Wlth svft\, ,¡¡~.· (S..:~· p. 
87 for more detall.' on th1s instlllment.) 

A gencrahzed microproccs~or-contr.'-''icJ i11 -'t n, :11crll 

and its c.onvcntional d1gttal cot111lcrpart ar· ~¡h'\' ,; ;,, 
F1g. l. The exact nat>' .-e of the m-;tru1Í1cnt '" r~<'t ·, 1>c·,·¡

ficd. l;ut it m a y c1t · ,er be a two-channel vollrncter or a 
watt'meter. 

The main point is that the convent1c•,¡al vcrs:dn o:· 1~1.; 
gencralized instrument (F1g. la) docs all of •<i> píoc~.·~s
iug, whích may include such d1tflcuit operauons as mul
tiplication and linearization befare the output 1s dtgi-

o 

o 

o 



o 

o 

ü 

tizcd. Also, the conventional instrument needs lots of 
Iogic circuitry to control the making of the measure
ment, to format the digital d1splay, and to handle thc 
l/0 interface Wlth any Other equipmen¡ tO which it may 
be connected in a system. 

The m•croprocessor-controlled instrument, on the 
other hand, (Fig. 1 b) converts the data into digital form 
as close to the front end as possible and does all of its 
signa! proccssing digitally. Its potential for cost reduc
tion comes from the capability of a single micro
processor to do the signál processing and also handle all 
of the interfacing and formatting chores that would re
quire literally hundreds ofiTL packages. 

Gettlng 'smart' 

The most dramatic impact of microprocessors on in
strumentation will be in the creation of new "smart" in
struments for a host of new applications. A smart instru
ment is one that performs a significant amount of 
interna! arithmetic processing. From a nurnber of inputs 
(elther signals or sw1tch positions), it calculates an out
pul to display and/or performs addilional processing. 

Indeed, smart instruments, bke people, may be ex
pected to come with a wide range of intelligence. At the 
low end of the spectrum may be a digital voltmeter for 
communicatJons applications that can be programed to 
make, say, 1,000 measurements and then display the1r 
mean and standard dev1ation. For this, the micro
processor, together with associated control memory and 
110 circuitry, would perform all the logic-management 
functions. 

Assuming that very fast measurement times aren't 
needed, such a system could be built of one of today's 
8-bit n-channel microprocessors, together with, say, 
eight 1-kilob•t random-access memones to supply 8,000 
bits of main memory and the associated read-only 
memory for control, plus 1/0s. The entire system could 
be Implemented with fewer than 20 LSI packages-only 
a tenth of the more than 200 standard ITL circuits that 
would be needed. 

A somewhat smarter instrument might modify its 
own behavior as a result of its calculations. An example 
of such an instrumcnt airead y exists-it is Hewlett-Pack
ard Co.'s model 3805A distance meter. This surveyor's 
tool f!lCasures distances by measuring the time required 
for an infrared beam to travel from the instrument to a 
reflector and back. 

Since atmosphenc perturbations can alfect the read
ings, the meter is programed to make 3,000 measure
ments and to calculate thcir mean and standard devia
tion. Thcn, 1f the standard deviation is within a 
spccified hmit, the mean is displayed as an accurate 
reading. If the standard deviation is out of spec, the me
ter makes as many additional measurements as are nec
essary to get it w1thin spcc. lf, afier it has made 32,000 
mea su rcrnents, thc instrument still fails to gct a suf
fic•ently good standard dcviation, it displays thc mean 
m llashing numcrals to tcll the operator that the mca
surement condil10ns are Jess than Ideal. 

The next level of instrument made possible by micro
processors could, by today's standards, be called ge
niuses. These mstruments will probably be most 
noteworthy for their high degree of human engineering. 

Their value may best be appreciated by considenng the 
hairy problems that one may encountcr when using a 
complex pulse generator or oscilloscope. H1ghly skilled 
engineers, not to mention techmcians and service per
sonnel, can easily waste severa! hours refamiliarizing 
themselves with instruments that they haven't used for 
several months. Even an instrument that one ha~ used 
every day can present problems ifsomeone else bQrrows 
and returns it with sorne small, seldom-used, control out 
of its usual position. 

Building 'genluses' 

M1croprocessors can and wlll be uscd to gcnerate a 
"gemus" class of instruments, but how It will be done is 
uncertain. One can imagme an oscilloscope that has had 
most of the knobs and switches replaced by a kcyboard 
through which one punches in such parameters as the 
sweep speeds, vertical sensitiv1ties, and triggering 
modes needed for any particular application. 

Seldom-changed controls might be automatically set 
to preprogramed states -from which they could be 
changed, via the keyboard, if desired. Thc status of the 
machine could be presented on the cathode-ray tube by 
a character-generator similar to the one already avail
able on Tektronix' 7000 series scopes. In addition to 
simply prcsenting the machine's status, the CRT readout 
could also wam of incompatible instructions or of valid, 
but unusual, measuremcnt conditions. 

In a sense, oscilloscopes and other measurement tools 
aren't difficult to deal with because they present thc 
user with displays, which, if abnormal, wam that corree
ti ve action is needed. The myriad possibilities for error 
in setting up signal generators, synthesizers, and other 
signal sources, on the other hand, can drive an engineer 
to a psychiatrist. Few users of pulsc-generators can 
claim that they have never set the pulse width toa dura
tion longer than the period defined by the selccted repe
tition rate. And on sorne complex two-channel pulsers 



Who lnvented the micwoprocc~~~or? 1 ¡o lnlel r0rp · cerlwnly de serves the cred1t for exploitmg t11e 
mic•·)¡ :oce::;sor concept and was the l1rst to market ml
croprocessors, although much cred1t mus! also go 10 the 
many companH~S and md1v1duals who contnbuled 1n 
sorne way lo thc development of large-scale mtegrat1on 

Remember V1atron? In 1968, the Burllngton. Mass . 
firm startlod the world by announcing its mtent10n to bu; id 
a data- handling systern that would rent for $40 a month 
in 1ts bas1c conligural1on [Eiectrontcs, Oct. 14, 1968, p. 
193) Heart of the V1atron u1111 was an 8-b1l mlcro
processor run by a pnm1t1ve program 1n a read-only 
memory But tho company encountered senous flnanc1al 

that havc ~r.:paratc controls for such settings as ampli
tudc, olrsct, úclay, pulse width, and triggcr mode, the 
fact that thl'~c hi¡;hly mteractive controls have bcen set 
wrong 1~ IWl :JlW,I)~ obVIOUS. 

Thc microproLcssor can unravel that complex.ity. If 
all of thc mstrumcnt's operating information ts fed in 
through a small keyboard-controlled processor, the in
strumcnt could sunply refuse to acccpt an input that xs 
incompatible w1th carlier mstructions. Alternativcly, 
clcctron1c stops could be programed into the machines, 
and a small hght-emitting-diode display could be posi
tioned above a vernier pulse-width control. As the con
trol is rotated to mercase the pulse width, the display 
would reflcct its posit10n, so long as the pulse width did 
not contlict w1th any other control scttings. 

lf such a conll1ct anscs, thc machine might be pro
gramcd to ignore thc control setting and to set only the 
maximum pulse width that could be accommodated. 
The LED display would keep the operator informed of 
what is happening by always showing the actual pulse 
width t··cmg gcncrated, regardless of the front-panel 
control scltang. 

Although each of the ways in which a microproccssor 
might be uscd in an instrument has been discussed as a 
separate idea, it should be clear that, at least until thcir 

136 

and managemcnt problems, and 11 went ban~rupt alter 
about two years. 

MRanwhile, General Electnc Co found 1tself dc<:lgrllno 
1ntograled Jog1c circu1ts for sorne of 1ts tmrn1nnls dupll· 
catlng much ol the wotk from pro¡ect ((, pro¡cci. J,ut rrr)t 
gcneratmg enough volume on ony one ol them 10 ¡u·>trfy 
the use ol custom-designed LSI-untli sornclloC.:y ll1n1r• 11 
el a custom1zed programable ~SI ctrcutl c;c tlw 1 dev•-:r 
oped an etght-chtp bas1c logic un1t. or BLU, th;!l · ·Juld 1.0 
used wilhout change w1th dtlterent programs 1n 1P,1ny dif
Ieren! termmal des1gns-essenl1ally what 1s uone touay 
w1th m1croprocessors 

pnces are rcduccd considerably, thc dcvtc..:' w1ll bc: uscd 
primarily in apphcations whcrc thc:y can pcrfomi sev
era! functions. 

Most industry sources a¡;rcc th 'tan in~tn.rncnt would 
have to sell for at lca~t $2,000 l·l : • .\,000 to JU'it;Cy thc in
clusion of a m1croprocessor. Thc, e ¡<; no uppcr l11mt to 
the si1.c of instrumentat10n sy~tcn1s 111 wi11eh mlcro
processors could be mcludcd, Slil<'C cvcn ~Y~·tcms large, 
complex, and costly enough lo JU'llfy thc u~.c of a mini
computer may bcnefit from thc mclusion of mlcro
proces~ors as preproccssors. 

Peak plcker 

Such an application might be 10 an analytical chem-
i~try laboratory, where a single, fa1rly small m1m- Ü 
computcr could control, say, two or thrcc mass ~pec
trometer!o and a dozcn gas chromatographs 1f cach of 
thcm wcrc equipped with a m~eroproccssor programcd 
to act as a pcak-picker. Thc outputs of thcs.: analytícal 
instrum1,nts, if drawn by a chart recorder, are typically a 
series of pcaks separated by nulls. U nfortunately, 
closely spaced peaks tend to blend wto cach other, 
which makes it difficult to dec1dc ex.actly whcre the 
pcaks are. 

An cxperienccd human opcrator can locatc thc peak~ 
by cyc, but it takcs a fuirly complcx computcr program 
toJo lhe job. lf thc computcr 1s to úo al! tih: p.:ak-píd,
ing, it would have to be an cxtrcml'ly fast tn.1chmc w1th 
a lol of memory. Adding the microproc\!ssors bnngs thc 
task well within the capabilltlcs qf a minll:um ru h:r (1f 
modcst si1.e. 

lm¡.H·ovomonto are lmmlner.~ 

Thus far, only a handful of conuncrcwlly ,,,,;¡Jain...: 
instrumcnts contain m1cropro..:c~,,_¡rs. But tlus st 01 ,; 0r 
am:urs in no way indica tes a hd pf 111tcrc'l 111 th.:n1 by 
thc maior instrument houses. í)u.tc thc cont r:1n. 

Allhough details are not yct avallabk. 11 ·' ~lt:ar th.1t 
m1croproccssors are respons1bk f·Jr prcvi.1u .;) :•n.w.ld-
able or unaflordabk: c;¡pablltti. lh,lt 1\dll'· ,1: .. , ! :,\ 
severa! new meters. ('' .111tcrs, s¡_·nai · P.tr~·e$, a¡¡.J ,,,,-.¡;,,. 
scopes befare this; .:ar is out. ·r'ho.: desi~ncrs •Jf thc~.: 1n- Ü 
struments speak of"totally new .tpproaches to thc 111ak-
ing of measurerncnts'' but, undt.:r:.i alilbbly. they refus..: 
to elaborate on what that mcans nght now. Howcver, 
the next six months promisc plcnty of cxc¡temcnt for 
thc makers and users of electroníc ms1rumcnlau,:n. 
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' by Wallace B Rile y, Computers Ed1J.orf 

It's a whole ncw world, b~t it's really not all that ditfer
ent from · wh_at~·.t!te-·enginecr-;·,i~. accustomed to. Sup
poscdly,, Er..c;:c~perienccd ;¡n the éonventwnal approach 
to dcsign-llip-flop~ and gatcs-might expect to e'ncoun
ter dllficulty exprcssing their design ideas in term of 
software. But, although the_ end result of a software. de
velopment effort looks d1tfcrent on paper from the tra
ditionallogic diagram, it is basically idcntical. 

An cnginccr's usual approach begins with a set of 
functional specificatJOns, which he translates into a 
block diagram and thcn reduces to the level of individ
ual gates. 1Th.e, 1 ,~;omplcted design is assembled on .a 
breadb'oard•,' bl.'i'iltl into a prototypc, and then, with a 
series of tests and redesigns, reduced to a form that can· 
be manufacturcd in volume and sold al a profit. Mean
while, it may be undergoing simulation on a computer 
ac; part of thc dcs1gn refinement. 

Likcw1se; . ~q(tware .. design b.egins with functional 
spc'cification's;J5úl' it is translated into a scquence of in
strl.lctions, ratllctlhan into an arra y of gates. The paper 
dcsign usually involvcs a llow chart, wh1ch shows events 
graphically in thc proper arder, togcther with cond1tions 
that can causc~the-ordcr of evcnts to change, The first 

··' step ca.n he';.· hi'gh~lévelllow chart, which dosel y rescm
blcs thc block'diligra'n1. This is brokcn down into a form 
m wl11ch cach blqck in thc llow chart rcprcscnl'i a smgle 
i!lslruction·-.'.in tlie''prográm. Standard1zcd shapes of 

'blo'cks in th1c' llo~ diagram ha ve evolved (Fig. 1) so that 
one person' eah/mofé"easily follow thc logic of anoiher 

. pcrs'on's work'f[For~an' example'of applying a flow chart 
to"either th'c h:ardwa'r~; or software implementation of a 

... speCitic des'ign, see Electronics, Oct. 11, 1973, p.97.] 
For sorne :mdividuals, s'oftware is a problem until 

they get tlie'•hang·qf it. At sorne compames, teaching en
gineers how' to program and programers- the limits of 
hardware has' turned out to be a great enlightenment on 
both sides. But the highly motivated people who under
took the project knew that understandmg mtcro-

. p'rocessor software would be essential sooner or later, 
and they have managed to overcome any obstacles to 

understanding. Still other companies hctve ass1gned the 
task to younger engmcers who had no prcvious strong 
commitment to eithcr hardware :or software designs, 
and who, therefore, made the trans;ition ea~ily. 

In the last analysis, any intelhgent person who can 
YJayout a procedure accurately oqe step át a time can. 

learn lo write a program forla.microproc_essor. 

Support ls essentlal . '., .- .. 
t ¡. í 

Sorne uscrs and potcntial 'tlscrs ofmicroproccssors cx-
press ~o~cern about the level of software support:.from 

_ the. manufacturer. Smce microp~ocessors come .· from 
semiconductor houses, those. ,users fcar the vehdors 
don't have the capacity tq,óffer-t_be assi;tance that·is ex-
pected from the mMs or thspEcs:: .. ,.-:; "' 

The conccm is largely''urifounqed bccause the nced 
for software support, comparcd to the rcquircmcnts of 
large computcrs, is small mdecd. But to the extcrít that 
microproccssor uscrs have had no~previous exposure to 
computers, they may need to bé, Ied. through thickcts of 
unfamil!ar conccpts to gct thcir a'pphcatJOns workiilg. 

Support for a large gencral-purpose computcr .is sig
nificantly dilfcrcnLJJ;9Jll . ..S.l!PR9Xt. for -~--n~•!liE.s>-!:~Putcr, 
and it-dill'crs evcn nwrcJro,m;,ti)_(Z:.kind .. <~(r§~p,p~m that a 
microproccssor uscr-w¡Jtncc(,t, An_q_sinc~.a gcn~_r:.ll-pur
pose co'mputer is Jikcly to cost its uscr hundrcds of J,)J
lars an. hour, he docsn~t-want--to .shut 11 down.cvcn mo-

- • ~ ' -~''' /" ) ~ 1 ~ .~· 

mcntanly if he can .ayqi<;i· it_;-I}Ot ,eycni H>: Jo~~ ns:w 
programs into·,it. To :prot~~t h_JW .fro~:J-fnn_e~f~~.áry e:\
pense, manufacturers ~tfer.,op~r~~i~g.sy~~ems11~~·:~ich are 
software packages des1gnt;A) l.<?! .J<;ef.p. tiJ~, ma~IHI,le run
nmg un'der alh but the .. J11Q.st _c~!~strop~!~ Ef?EtfJJtions. as 
well as various aid~;that, ~i~pl,~f:Y ~~e_ t;t~~ <?[¡:-Y!.t~~~g pro
grams for the larg<r c_qp1p1,Jt~~·· '· ,-,1;.·:·,,.1,. . .. _ 

But a minic~m~p-~t~r .j~:}'i~~ly1 i'? ,~e: op}~~~.tt;~ -~\'a dedi
cated applicatión so that a .single, progra'n1 furis over 
and. over indefinitel~· ... S~,r~.he~m:Or~~. ~(s,~y~~:Cic~!!Y inex
pensive that it~ >oc~~si~mal~ sto~p~n&- oe,\~~~? }>bs or 
when an error occurs ~· O!'}ly _ aq mc~>n~en\~!,lj::é; not a 
major\e~pense. ~i~im-~er~ ~só 9ffe~ supp~~,''in the 
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1. F1ow-dlagram convontlonsa. These are among standard shape~; lhat simphtv cornmumcat1ons vla llow charts Al<;o often IISRó a1'1 ~poc1f1C 

lnpul/output luncllons, such as a torn sheet ol papar for a printout, a !"!pe reel !or magnel1c tapo, ora cyhnder fc1 o d1sk or drum 

form of some kmds of programing aids and perhaps a 
relativcly low-lcvcl time-sharing system. Of course, 
therc's maintcnance of the hardware, but this is far 
short of the support that is expccted from the manufac
turer of a gcncral-purpC>c:c computcr. 

can't J,e patchcd thc way a hoard (>1 d;ass1~ can. 
For uscrs wholly unacquamtcd w1th lh~ art and sl·i

cncc of computer application. e:-.kn'lvc ~urrort ¡·,·om 
the vendor will be nccessarv. Bv and Ltrgl', tlu~ ~u 1 ·.Dort 
is available now--in the f~rm jor mcr:;' m~lllll.ll~. ~1ro
graming manuals, apphcati0n notes. anJ ·.:·n,Jar do.:u
mentation-and it shows no s1gns ot" abat¡¡,.; ;·,_,t in .tíl 

probability, using r. ¡croproce!->~ors won 't he .1 wlwl :v 

o 

o 

None of this kind of support applies in any way to 
microprocessors, except possibly in the form of higher
level programmg languages like PL/M {Eiectronics, 
6127174 p. 103]. Like the average passenger automo· 
bile, a m1croprocessor remains economically feasible, 
even though it may be "parked" 90% of the time. I~s 
program is likely to be whoUy in a read-only memory, 
making it evcn more dedicated than a dedicated mini. It 
doesn't even need hardware maintenance, because it 

new expcrience fvr most people. Many engmecrs have Ü 
alreaciy used minicomputers 111 sorne form 0r kw:: cn
listed the aid of various compnh:r-aickü-dc:":=.n pro
grams. And, as indicated prcvwultiy, most of thosc who 
bave already tried microproce~sors haven't found the 
software a se:rious problem. 
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by Wilf1am Davidow, In te/ Corp., Santa Clara, Ca lit. 

When the first single-chip microprocessors were in
troduced two years ago, few dcsigners or projcct man
agers could foresee how mas51vely these devices would 
intluencc creation of ncw products and services. To 
most, thc m1croprocessor was merely another interesting 
LSI dev1ce to be evaluated and built with sorne memory 
and interface ch1ps into prototype cquipmcnt. 

Dut as dcsigncrs became familiar with the early mi· 
croprocessors and equipment bcgan to benefit from 
them, respcct grew for their capability and versatility. 
Rapidly there arose an awareness throughout the elcc
tronics industries that the microprocessor was indeed a 
significant extension of computer technology. Suddenly, 
the concept of distributed computer power became a 
reality, applicable to a host of new equipment. 

There, are compelling and fundamental reasons for 
the drama tic succcss of today's micl'oproccssors: 
l!ll Manufacturing costs of products can bl! significantly 
reduced by designing around microproceswrs. 
1!11 Development costs and time are rcduced. 
lill Products can be rushed 1.0 the markt:t faster, which 
enables a company to seize advantages in sales and 
market share. 
m Product capabilitics are enhanccd, and manufnc· 
tl,lfcrs can economically add fcaLures that boost prolits. 
a Product reliability is increased, leadmg to .a corre· 
sponding reduction in both the cost of se mee and war
ranties. 

Microprocessors enable designers to rep1ace hard
ware with software. Using pr.ogramed logic, they can 
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ROM 1110 Galos ICs 
(bits) rPolaced rQplacod 

r---· 
2,048 128- 256 13- 25 

4,096 256-512 25-50 

8,192 512- 1,024 50- 100 

16,3G4 1,024- 2,048 100- 200 

now substHulc a handful of ICs for a large number of 
· corwentiOnal random-logic networks. In such a system, 

the informat1on about logical ·sequences and the output 
responses pronded from input signals are stored in a 
few memory ch1ps instead of in relatively expensive in
tcrconncct paltcrns on printcd-circuit cards. 
u~c of microproccssors saves money and time at ev

cry sta&e or lhc product's life cycle. These savings are 
passcd on to thc customer in products with greater ca
pabiiitics and h1gher reliability than has ever hefore 
becn attainahlc. Microprocessors are not only imp¡rov
ing thc pcrform:mcc of established products, they are 
bring:ng abGut completely new products. They are be
ginmng to pcrmcate cvery walk oflife. 

Momory replacos random loglc 

If microproccssors wcre fast enough with theír pro
gramable tcchniques, they could replace all hard-wired 
logac. But as thc spced of ncw generations of micro
proc.:ssors 1s incrcascd, they will movc into more and 
more dcsigns now implemcnted with convcntional ICs. 
And although cach ncw application has its unique 
structure, 1t's possiblc to t--stimate thc package reduction 
tjlat á:-crucs whcn hard-wired, random logic is rcplaced 
by prt -;ramable tcchniques. 

Agam, the microprcccssor replaccs logic by storing 
program sequenccs in memory, rathcr than implcmcnt
ing thcsc scqucnccs with gatcs and ftip-flops. Whilc it is 
imp.níble to prove quantitativcly, dcsigncrs use a 
rour h rule that thcy can rep1ace one gate by using 8 to 
16 b1t:- of mcmory. Thercfore, if the average hard-wircd 
logic c1rcuil contams on the order of 10 gatcs, Tablc 1 
indicates that a single 4,096-bit read-only-memory can 
replace 50 MSI packages. Each new 16,384-bil ROM savc 
as tnany as 200 IC packages in every design. No wonder 
system designcrs are being so quickly convinccd of the 
capability of mtcroproccssors to reduce IC complexity. 

Reduclng manu:a~turlng-costs 

Clcar1y, rcduced IC complexity translates directly into 
reduced product costs. Table 2, which prcscnts a de
tailed analysis of the SCilfCes of these surprisingly high 
costs, shows that the average sale priée of an integratcd 
circUil today is approximatcly 50 cents. Incoming in
spcction and tcsting cost an average of 5 cents more. 

Many companics are now buying aged and tested cir
cuits for their applications to increase system reliability, 
and this adds about 15 cents to unit costs. A simple 
printed-circuit card may cost as little as 25 cents _for 
each IC position, but the average cost in most appli-
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!nr.omtng mspetiiOn 
Pe tard 

$ 50 ÍQ 

' 
Fatmcal•on 
Board test nnd rework 
ConMctor 
Discretes 
W!ung 
Pomr 
CJbmetry, laas, etc. 

.G'i 
50 
G' 

1 IV 

1 05 
.C5 1 
'O l 
.o ' 

1 10 

S 1.5il ~j 
cations for high-quality cards is clos..:r to 50 cr"ls. (In 
some systems, costs of sophistKatcJ ¡¡;ultila)'-r cards 
can go as rugh as $1 pcr loCall•ln, and ¡[ WlfC-wrap 35-
ScmblieS are used, the cost pe1 ,,_. posttlOn can rcach the 
$2 mark.) 

Next, board test and rcwork ,,dd anothcr d1;11e to sys
tcm cost, whlie the cost of a conncclor. úiviJcJ by the 
number of !Cs pcr printed-cir<'lllt card. lreqt.cntly ex
cccds 5 ccnts. Thcn the systcm rcqu¡rc.<. such compo
ncnts as rcsistors, capacitors, ar' 1 powcr-bus bars, wluch 
add anothcr 5 cents pcr TC -

Systcms frequcntly average onc w1re or more per IC 
po-;ition, and th..: wires-evcn thosc ¡nstniicd by auto
matic cquipmcnt-frequcntly cost. more than 10 ccnts 
each. Finally, thc cost of powcr supplics and mccham
cal packaging add another 20 ccnts. Altogcther, thc 
minímum systcm oost approachcs $2 per IC. 

Table 3 shows the potcntlal systcm saving in manu
facluring ~o-osls that can be ach.cvcd by U!-.111¡j a micro
processor. The savings are dcrivcd by assumwg that 111c 
typ1cal manufacturcr can save $1.50 to $3 by displacing 
a single !C, after which thc cost of im plcmentmg an 
cquivalent systcm wíth a microproccs~or 1s taken mto 
account. In modcra~c volumcs, a systcm such as thc 
MCS-4, made up of 16,384 bits of ROM, J procc,sor, and 
a mmimal amount of RAM, can be purcha~clÍ for k~~ 
!han $lOO. This sysh~m has thc potcntlal ,)f d1splacwg 
$150 lO $600 of manufacturing cost m a~) ~lcm. 

Reduclng devalopment tima 

Use of mícroprocessors simphfics nearly cvcry phasc 
o.f producl developmcnt. Bc .. ause or the ,:,\ll'iJ';¡',C dc
stgn aids a.nd support supplied wit;·, mtCWf•lll,'C~~·L>f', 1t 

~~....__ .......... , .. ...,¡,~-- -.,-,. ... ___ .......... _,.,,_.,._,.. 
R0:\1 me IC 

(bits) rsplmd 

1,048 n-2~ 

4,09f: 25-50 

8,192 50- 100 

1o,384 lOO- 200 

o 
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Convent•onalsystem 

Prodact delomt•on 

Syllem end log•c des•gn Done Wllh log1c d1agrams 

Debug Done Wllh convenllonallcb iMirumentation 

Pt card ley out 

Documentet10n 

Coohng and packagmg 

Power d•stnbuhon 

Eng•neermg changes Done Wlth yellow wue 

is relatively easy to devel~p applicat10ns programs that 
ta1lor the dcvices to the systems and thcn implement 
thcse systems in very short turn-around times. Indeed, a 
principal reason for the increasing popularity of micro
processors is the speed with which products can be de
velopcd, designed, and rushed to the market. Discus
sions with system designers indicate development cycles 
have frequently bccn shortcnecl by as much as six to 12 
months to only a few weeks. 

Table 4 tabulates a number of the stcps in a system
development cycle and the effects of the m1croprocessor 
on the design-cycle time-dcsigning becomes easier, 
fastcr and Iess costly. Surprisingly, product definition is 
frcqucntly spccdcd up as soon as the decision is made to 
use a microprocessor because the incremental cost for 
adding fcatures to the system is usually small and can 
be casily cstlmated. 

For cxamplc, adding such featurcs as automatic tax
computation to an elcctronic cash rcgistcr may rcquire 
only thc addition of a single ROM, which has a minima1 
elfcct on total system cost, power dissipation, and pack
aging rcquiremcnts. Dut adding the same function by 
mcans of IC logic might require two or three fairly large 
pe cards fillcd with SSI and MSI logic packages. 

Building around microprocessors also reduces the 
time necded for system design. When the engineer de-

.., .... _, 
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FIRST PRODIJCT 

(a) 

o~----~,~.----~2----~3~----4~----~s--~~ 

YEARS 

- ~- r -· -' J - ....... --~~~ ... ---.........,...... '""" ----..:-......-.~,~--... --~--..."' 
Programad log•c 

S•mphfoad because of case of mcorporatmg featuros 

Can be programad Wlth des•gn a•ds (comp•len, assemblen, ed1tonl 

Software and hardware 01ds reduce 11mo 

Fewer cank lo loy out 

Less hardware to document 

Reduced system s•ze end power consumpt10n eases ¡ob 

less power to d1stnbuto 

Changa program m PROM 

cides lo use a microproceswr, he dc~igns by program
ing-potentially a more organized and fastcr way to de
sigo than by using log1c diagrams. What's mor_e, the 
ready availability of extensivc software aids, such as 
simulators, assemblers, editors, compilcrs, and ,moni
tors,, red'uccs the cost of program development. These 
·aids also reduce the lime needed for system debU;gging. 
Pc-card layout time ís reduced simply because fcwer 
cards need to be laid out. 

Gettlng to market fast 

When product-design cycles can be shortencd! ob
viously new products can be rushcd to thc markct 
faster. This permits compamcs lo cithcr bcat out thc 
competition or ctrcctivcly respond to compctitive 
moves. Figure 1 shows what typ1caily happcns in a com
petitive program whcn onc company bt:ats anothcr to 
the markct. Assuming that both campantes havc about 
thc samc marketing capability, thc company tbat Intro
duces thc product first usually can gam a grcatcr sharc 
of thc markct (Fig. 1 a) and rcach a maturc sales volumc 
more quickly. 

Figure 1 (b) shows the price erosion charactcristic of 
r most products during thcir hfe cydes. This crosion 

means that the company introducing the product first 
will not only sell more but will scll at a higher price. In 

w 
u 
a: 
~ O,S 
z 
:;) 

(b) 

' 

YEARS 

1. Market Jump. M1croprocessor des1gn helps gel eqUipment to the market last, resultlng in a groater share of market than second,entry (a) 
as product matures. What's more. flrst procluct shows a slower rate of prlce eroslon (b). 
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r; FIRST PRODUCT 

Pnt11 Un1Bnlos lntDIM 

$1 00 .25 $ .~S 
90 1.00 .90 

.80 100 .80 
4 70 .75 .52 
5 .60 25 .16 

.i 
Total S 2.63 

SECOND PRODUCT 

Yeor Pricv Umt sales lncoma 

1 
-¡ 

$1 00 o $ 00 1 

2 

1 

90 .25 23 
J .80 .75 .60 
~ 70 .so .JS 
~ 60' .10 .os 

Total S 1.24 

this hypothctKal cxamplc, thc first product to thc mar~ 
ket genera tes a bout twice the total income that thc scc
ond product docs (Table 5). As a result, the advantage 
gaincd by apphcation of a microprocessor to achievc 
early product mtroduction can have a much greater im
pact than mercly rcducing manufacturing costs. 

Again, sincc product features can be added lo equip
mcnt built around microprocessors simply by adding 
more program storagc; many manufacturers are taking 
advantagc of this charactcristic to increase the value of 
their products. For instance, makers of point-of-sale
cquipment are adding automatic tax-computation to 
cash registers by mercly incrcasing the ROM size. Instru
ment m.1kcrs are adding automatic calibration to their 
instrurncnts. Makcrs of vehicular-traffic-light controllers 
are ndd. 1g automatic scnsing of traffic loads to their 
basic equipment and adjusting the duration of the sig
nals. From a profttability point of view, these optional 
featurc;, many of which are rcquested by the customer, 
are frcqucntly sold at lO to 20 times the cost of adding 
thcm. Somc •ompanics have bcen ablc to eam sizable 
proftts f10m margmal products and serviccs through the 
applicallon of mtcrocomputers. 

Becau~c thc dangcr of their failure is eliminatcd by 
replacmg many ICs, the use of a microproccssor can sig
nificantly increase system reliability. A digital system 
fails most frequcntly because interconnects fail. The use 
of a typical 16-pin IC will introduce approximately 36 
intcrconnccíions m a system (16 interconnections from 
the chip lo the lcad frame, 16 from the lead frame to the 
pe card, two interconnections from the pe card to the 
back· planc, and two interconnections from back-planc 
point to back-planc point). 

If one ROM ellminates 50 ICS, then it eliminates ap
proximately 1,800 interconnections. While little data ex
ists to prove the point, it is believcd that the rcliabilily 
of thc clectronic portion of a system can be increased by 
a factor of 5 to 1 O by use of microprocessors. 

Finally, consider the bottom line. Table 6 prescnts a 
comparison based on information from users of the 
profit-and-loss statements of a hypothetical product line 
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s~le; 

Cost ol goods sold 

G ross margin 

W1thout 
microcomputer; 

100% 

-55 

45% 

100% 

-45 

55% 

~---------------------+-----------+--------~---
Devclopment 

Engmcermg 

DocumentaiiOn 
Warranty 

Markctmg 

G&A 

Enymcennq r.nd marketmg costs 

Belore·tex ¡nofrt 

8% 

1.5 

1.5 
20 

3 

34% 

11% 

6 Ío 

1 

1 

20 
3 

31~, 

24% 

befan! and after the use of mtcro¡lr0ccssors. Thc prod
uct using the microcomputer ha:-. .1 smaller lin,ll cost be
cause thc manufacturing costs of ~y,tcrns ('.OntJ.ining mi
crocomputers are generally lowc1 tiiJ.n thosc built with 
conventionallCs, and the enhancu.i capabdity of many 
microprocessor-system products en a hles manufacturcrs 
to charge more for thcir cquipmcnt. 

In add1tion, the shortenmg of dcvclopment cyclcs and 
the elimination of much documcntation can save a com
pany another 2.5%. Warranty and savice costs, such as 
thosc associated with stocking sparc parts and training 
service engineers, can also be greatly reduccd. Thc nct 
effccts of all these savmgs can frcquently increase prod
uct-line profits by lO% to 20%. 

The challcnge is here. The des1gn and co~t advan
tages of putting computation and <.lccision-makmg into 
equipment are clear messagcs lo product-planning 
managers for all kinds of manufacturcrs, many of 
whom have bcen outside of the orbit of the clcctronics 
industries. Thcse technical managers are finding that 
the use of microprocess01s can affect such ha~1c mgredi
ents of corporate succcss and failure as m.u1Ufacturing 
costs, market share, development costs, tune, ~y~tem 
reliability, and seryiceability. Thr advantag•"• of nJicro
processors ha ve beco dcmonstratcd .llt caJ y Th e ~.-h tl
lenge now is to use them wisely. LJ 

------- ------ ---~--
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. DI RECTOR! O DE ASISTENTES AL CURSO DE MI CROPROCESi,DORES: TEORI A Y 
·-AP1: 1.CACIONES {~DEL 19_A-L=31 DE JULIO DE 197'6 ) 

NOMBRE Y DIRECCION 

1. MIGUEL ANGEL ALANIS MARI N 
Coquir¡1~o 714-3 
N3ucalpan · 
México 10, D. F. 

2. ING. ALEJANDRO ANDREU BARRERA 
Mig.uél L·aorel}t.964-1. · · · · 
Col . Na r va r te ·. 
~1é x i e o 1 2 ; D • . F • 
Tel: 5-59-23-47 

3. ALVARO ARROYO SANCH~Z 
Churubusco 137 
Metropolitana 
E-do. de México 
Tel: 5-58-71-13 

SENOSIAIN 

EMPRESA Y DIRECCION 

LOG 1 CA, _ .s. A. 
Avi la Camacbo No. 80-104 
Co 1 o Li ndavi sta 
México 14, D. F •. 

1 NST;I TUTO '•~EX r CANO DEL PETROLEO 
Av;·.de Jos .Cien ,Níetros No. 152 
San Bartolo Atepehuacan . 
Tel: 5-67-66-00 Ext. 2355 

1 N STI TUT.O D~ . .'ASTRONOMI A; UNAM 
Torre' de Ciencias 2o •. Piso. 
Ciudad Universitaria 
Méx i e o 2 O, D •. F .•. 
Tel.: 5-48-53-05 

. ' - ' ' 

UNIVERSIDAD NACIONAL AUTONOMA DE 

.o 
4~: .JORDI;.· I·ÑA:K/ ÁU:STRI CH 

'Su-r 67-A No. 13.3 
·Col~ Prado Ermi·fa · 
Méx i co 1 3 , D •. F o • 

Te.] : 5-39-1.1-69 

MEXICO , 
México 20, D. F~ 

,. 
,-' 

: ' ' ... '~· () ¡1 ~ ," ~ :· ~ • 'l ~ • 

• ' -- 1 ' ' ~ ' ' - 1 

5. '1 ,NG .•. SEHG(8 .Bt.\LÁNo'RAN RO.CHA. 
Portal ·No. 53··, , · 
Los La u re l-es , 
'E.catepec, 'México 
Te.l: 5-69-'50-52 

1 ~ ~ ~ 1 '-' - ' : 1 

6. iENR·I QUE A.. CALLES RU 1 Z 
Ri o Nazas :No.. 65--45 '· 
Co 1 • Cuauht,émoc 
~é~·i co 5, D.. F. 

. ' 
7. L'l C. VI CT·OR 'M .. CARBAJAL CASTAÑEDA 

·Unidad Cult•lahuac 59-B-L~02 
~co.J • Cosmopo 1 i ta 
Méx-i co 1.6 , D • F. 
'T,eJ.: 5-56-.03-12 

' -
1 NSTI TUTO MEX:I c'Á'No DEL p'(lROL,EO 
Av. de los 100 Metros No. 152 
Méx i e o , D o F •. , . , . 

r' • ~ ' 

TELEFONos· DE .-MEXJCO, 
Parque vra No. 198 
Col. Cuauhtémoc 
México 5, D. F. 
Tel: 5-18-12-48 . 

• L ' 

S: A~ 

" ·fA C U L T A D DE -¡ N G E N 1 E R 1 A , U :'J l\ M 
'Ciudad Universi t~ria 

Méx i e o 2 O, D. F. 
Te1: 5-48-65~00 Ext. 444 

~~ .) { '' '· 
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DIRECTORIO DE ASISTENTES AL CURSO DE M.lC~OPROCESADORES:TEORIA Y 
!_: _ 1 CA C 1 O N E S ( DE L .}.]._ AL 3 -, O E J U U O __ f; E 1 9 7 ) 

NOMBRE Y DIRECCiON 

8. EDUARDO COLLADO MEDINA 
Pte. Coatzacoalcos No. 15 
Casas Aleman 
México 14, D. F. 

9. SALVADOR C. CUEVAS CARDONA 
Paseo de la Reforma 668-813 
Tlatelolco 
México 3, D. F. 

10. RAFAEL FERNANDEZ FLORES 
Circuito Misioneros M-33-A 
Cd. S a té l i te 
Edo. de México 
Te 1: 5-62-95-01 

EMPRESA Y DIRECCION 

TELEFONOS DE MEXICO, S. A, 
Ernesto Puglbet No. 12 
Méx i co 1 , D • F • 
Tel: 5-18-25-80 

INSTiTUTO DE ASTRONOMIAjUNAM 
Ciudad Universitaria 
México 20, D, F. 
Te 1: 5-29-36-57 

ENEP-C 
Cuauti t la n-I zca 11 ¡ 

1. 

o 

11. ARMANDO FLORES GARCIA 
Payta No. 656 

BANCO DE LONDRES Y MEXICO, 
16 de Septiembre No. 38 
México, D. F. 

S.A. 

Col. Li ndavi sta 
Méx i co 1 4 , D • F. 

12. Ai. TURO GAMBOA ALOE CO 
Heriberto Frfas 925-8 
Col . de 1 V.a l le 
1"1éx i co 1 2 , D • F • 
Tel: 5-23-27-29 

13. ING. OCTAVIO FLORENTINO GARCIA N. 
Av. 1 P N 2 2 2 1 E di f . 3- C- 1 06 
Col. Lindavista 
México 14, D. F. 
Tel: 5-86-66-75 

14~ ING. ELENA GOMEZ RICARDEZ 
Genova 107 V~lle Dorado 
T 1 u lncp.:m t 1 éJ, E do. de México 
Tel: 3-79-33-50 

15. ING. ARNO .KOSAK 
Méx i co , O • F • 

Tel: 5-86-30-52 

INSTITUTO DE ASTRONOMIA,UNAM 
Torr-e de Ciencias 2o. Pi so 
Ciudad Universitaria 
México 20, D. F. 
Tel: 5-48-53-05 

1 PN-ESI t1E 
Unidad Profesional de Zac¿¡tc~cG 
México 1 D. F. 

1 ~~ S T 1 TU T O 1'1 E X 1 U1 1'-l O D ;~ L P E T R (', '_ ~ Q 

Av. de los Cien ivk::tros ,':o. í )/ 
Col. l nclustrial V.:J: 1cjo 
1\_A '\X ·, -~o 1 ¿, o F . '"ll,; L. t :; o ~ • 
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- DI RECTOR! O DE ASISTENTES AL CURSO DE MI'CROPROCESADORES: TEORI A Y 
A~LICACIONES {DEL 19 AL 31 DE JULIO DE 197b:J 

NOMBRE Y DIRECCION 

16. SR. ERIK KOSAK 
México, D·. F. 

1'7. G[RTRUDIS KURZ DE LARA 
Av. Copi leo No. 76 B-3~404 
México 20, D. F. 
Te 1 : 5-48-}6--68 

' 
18. 1 NG. ARTURO~ LE-bN'·. R0}1ÁNOS 

Futbol 173-6 
Col. Country Club 
México 2 1<,. D'" F. 

ING. FRANCkSCO J. LOPEZ ROMAN 
A.v·. Cop i l:co, "16 E'd.i f. -A-7 Dep. 502 
Copi leo I-nsurgentes San Angel 
Méx·i co ~2·, D .•. - F. 
re. l : 5- 48~.,.-S--p'-.89: 

20:. ING. J. iYl:tGl:.tEL·MADINAVEITIA V. 
Carne l i a No: 8:..:G 
c-c>~1:. F lq ~-iYda: : 
Méx i. e p.· 2_0.,_,-- Q/ •. F.·· · · 

4~J:. ING •. FEQERI:.C!:.0.·C. MARTI·N POLO 
A h~_a tr ac~·s; No;.: 1 21 

22· ,.,.,. 

S t.a. Mór.ti;cq;, E'do. de Méx i e o 
re t: 3- 9:7·-8;4- 28 

., .. 

EMPRESA Y D LREC'CI ON' . 

FACULTAD DE CIEN(IAS,UNAM 
Ciudad Univers~taria 
México 20, D. F. - -

l 'V ,,, 

FACUL TAO -DE C·l ENCI As::,UNAM ---· 
Ci u_dad Uni vers:i tari-a .. 
México 20, D. F. 

_, 

FABR 1 CA' DE PAPEL LORETO·· Y. PEÑA 
POBRE -
Av. San Fernando No. 329 
Méx i e o, D. F. 

f ~ ' ' ' ' / \ i '; 

1 ~ .., 1 

1 NST 1 TUTO DE 1 NGEN 1 ER 1 A·, UNAM 
Ciudad-Universitaria 
México 20., D. F. 
Te 1: 5-·L~8.:.97~92 . · 

ENEP-C, UNAM 
Cuautitlan-lzca~lJ 

- ' 
" ' 

ESIME . 

S--: 1 

1 NG. ARTURO.:· MART 1· NEZ ROÓRI GUEZ 
Las Rosas. 28-~. Unidad Profesional 

Col. Lindavista 
Méx i e o 1 4, -o. F. 

Zacatenco · 1 PN 
Cumbres Sa'o. M~·teo 
Edo. de Méxfco. 

2~ •. ING,. GILBJ~.TQ,MARRUFO QUIRINO 
Sec:und i na: Be 11 as 1 Ol 
Sa 1 amanea., G.to. 

24 .... 1 NG. ARTURO G. MIGUEL Y CARVALLO 
· · L_ago Mas k, 398 

Méx i e o 1 7 ; D • F. 
Te 1·: 5-45~20-09 

',' J 

ESCUELA DE INGENIERIA·oE'LA·:, 
UNIVERSIDAD DE GUANAJUATO 
Prolonga,:ón Tampi~o- -
Salaman ..... a, Gto. 

FACULTAD DE MEDICINA, UNAM 
Ciudad Universitaria 
Méx i e o 2 O·, D • F • 



DIRECTORIO DE ASISTENTES AL CURSO DE MICROPROCES~DORES: TEOR!A Y 
APL CACI ONESTD[L 19 AL 31 DE JULIO DE 197bl. 

NOMBRE Y DIRECCION 

25. ING. PATRICIO F. MEJIA Y CAREAGA 
Coapa No. 124 Depto. 401 
Co 1 • T o r i e 1 1 o 
México' 22, D. F. 
Tel: 5-73-60-13 

26. ING. ROBERTO QUAAS W. 
Calle Crestón 209 
Pedregal de San Angel 
México 20, D. F. 
Te 1: 5-68-d7-07 

1 

27. CARLOS PAEZ CRUZ 
Edificio A-Depto. 3 
Unidad Sta. Cruz Meyehualco 
~1e.x: i e o 1 3 ~ O. F. 

28. ING. FERNANDO RAMIREZ MONROY 
Feo. 3 Musica No. 46 
Col. Constitución de. 1917 
México 13, D. F. 

29. ING. LUIS R. RIGO LEMINI 
Monte Alban No. 17 
Col. Narvarte 
Méx i e o 1 2 , :O • F • 
Tel: 5-19-47-91 

30. FIS. ELFEGO G. RUIZ SCHNEIDER 
Mimosas No. 61 
Contadero Cuajimalpa 
México 18, D. F. 

31. ING. HECTOR RUIZ VERAZA 
Sara 4612 
Col. Guadalupe Tepeyac 
Méx i co 1 4 , D • F • 
Tel: 5-17-41-59 

EMPRESA Y DIRECCI ON 

FAIRCHILD MEXICANA, S. A. 
Blvd. A. López Mateos No. 163 
Co 1 • Mi xcoac 
Méx i co, D • F. 

INSTITUTO DE INGENIERIA,UNAM 
Ciudad Universitaria 
México 20, u. F. 
Tei: 5-48-97-92 

o 

INSTITUTO MEXICANO DEL SEGURO SOCIAL 
Paseo de la Reforma No. 476 
México 6, D. F. 
Te 1: 5-25-90-20 

COMISION DE ESTUDIOS 
NACIONAL 

DEL TERRITORIO 

San Antonio Abad No. 124 
Méx i e o 8, D. F. 

INSTITUTO MEXICANO DEL PETROLEO 
Av. de los 100 Metros No. 152 · 
Méx i co, D. F • 

INSTITUTO DE ASTRONOMIA,UNAM 
Torre de Ciencias 
Ciudad Universitaria 
México 20, D. F. 
Te l : 5-48- 53- O 5 

1 • P. N. 
Unidad Profesional Zacatenco 
Méx i fO, D. F. 

o 

o 



o 
DIRECTOR! O DE ASISTENTES AL CURSO DE MICROPROCESADORES: TEORIA Y 
AP::CACIONES (DEL 19 AL 31 DE JULIO DE 1976 ) 

NOMBRE Y DIRECCION 

32. ING. SALVADOR SAHAGUN VALDIVIA 
Av. del Taller Ret. 38 Casa 24-A 
Col. Jardrn Balbuena 
México 9, D. F. 
Tel: 5-52-23-59 

33. ING. SERGIO SALES 
México, O. F. 

34. ING. JOSE H. SALINAS ALTES 
Rinconada Diligencias 19-A 
Lomas Verdes Naucalpan 
Edo. de México 
Te l: 5-72-52-57 

EMPRESA Y DIRECC! ON 

ESIHE-IPN 
Unidad Profesional Zacatenco 
Méx I co , D. F. 

INSTITUTO DE INGENlERiA,UNAM 
Ciudad Univc~sitaria 
México 20, D. F. 
Tel: 5-48-97-92 

INSTITUTO MEXICANO DEL PETROLEO 
Av. de los 100 Metros No. 152 
México 14, D. F. 
Tel: 5-67-66-00 C:xt. 2358 

o 35. ING. AUGUSTO SANCHEZ CIFUENTES 
Vicente Suárez No. 120-11 

FACULTAD DE INGENIERIA,UNAM 
Ciudad Universitaria 

o 

Col. Condesa 
México 1 1 , O. F. 
Te1: 5-53-37-74 

36. ING. RENE SAUL 
Otate 369 
Pedregal San Francisco 
México 21, D. F. 
Te1: 5-54-83-00 

3 7. ARMANDO . H. SOLAR SCHU L TZ 
Retorno 5 de Av. Taller No. 19 
Col. Jardín Ba1buena 

38. 

México 8, O. F. 
Tel: 5-52-18-75 

RICARDO SUAREZ LOPEZ 
Moreno 425-A· 
Co 1 • de 1 Va 1 1 e 
México 12, D. F. 
Te 1 : 5-43-2 7-20 

México 20, D. F. 
Tel: 5-50-00-40 

PROVEEDORA ELECTRONICA
4 

1
Pro1. Moctezuma Ote. 2 
México 21, D. F. 

S .A. 

INSTITUTO DE ASTRO~OMIA,U~~M 
Torre de Ciencills ~·o. p¡~n) 

t-it5 X i e o 2 0 , 0 • F . 

l NTELEX 
P.A. de lo< Santos No. 70 
Méx i e o, O . F. 
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DIR-CTORIO DE ASISTENTES AL CURSO DE MICROPROCESADORES: TEORIA Y 
APLICACiONES (DEL 19 AL 31 DE JULiO~Dt 1976 ) 0 

NOMBRE Y DIRECCION 

39. ANTONIO A. TENE MARTINEZ 
Manuel Navarrete No. 26 
Co 1 . A 1 q a r i n 
México 8, D. F. 
Tel: 5-19-64-84 

40. ING. VICTOR M. VILCHIS SANDOVAL 
Edificio Uxmal Depto. 1 
Unidad Independencia 
México 20, D. F. 
Te l : 5-9 5-2 8- 96 

41. A. TEODORO VILLAFUETE CARREON 
Serafín Olarte 223 
Col. Vértiz Narvarte 
México 13, D. F. 
Tel: 5-39-58-35 

42. MIGUEL A. ZAMORA CARRANZA 
Edificio 9 uepto. 604 
Co:. Villa Olimpica 
Mé>'. i co , D • F • 

EMPRESA Y DlRECCION 

K.C. DE 1'1EXl CO, 
,v,o n te r re y 5 2 9 
Col. Roma 
México 7, D. F. 

rlel: 5-74-74-33 

QUALITY DIGITAL 
Sevilla618 
Col. Portales 
Héxico 13, D. F. 
Te 1 : 5 - 3 9- 91 -.6 6 

S. A. 

CONSEJO DE RECURSOS NATURALES 
Niños Héroes y Dr. navarro 
Méx i co , D • F • 

o 

o~ 


