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2, ARQUITECTURA BASICA.DE UNA MICROCOMPUTADORA,

Un microprocesador es una unidad central de proceso en un solo "chip" de
tecnologfa LSI, Como se ilustra en la figura ‘2,1 una microcomputadora

es un-

MICROPROCESADOR

MEMORIA E/S

Fig. 2.1. Representacidn
conceptual de una microcom-

" putadora.

microprocesador combinado con memoria y entrada/salida, Hay casos en que

un procesador se construye en varias componentes LSI, El aspecto crucial
de las definiciones es que un microprocesador es solamente una unidad cen
tral de proceso, en tanto que una microcomputadora incluye memoria y en-

trada/salida.

2.1. Arquitectura de las microcomputadoras

1

La arquitectura de las microcomputadorés representa un compromiso dificil
entre los recursos de la tecnologia y las necesidades de los usuarios. A
la fecha, la preocupacidén que domina el diserfio Ha sido el comstruir ﬁrocg
sadores ficiles de usar. Las limitaciones sobre complejidad, velocidad
y empaquetamiento (nimero de patas) han definido los tipos fundamentales
de procesadores que pueden constrﬁirge. Existe una variedad de procesa-

dores disefiados primariamente para construir calculadoras. Por.lo menos
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uno de ellos (4004) ha.sido usado en el drea de controladores, algunos han

sido construidos con capacidad para realizar operaciones aritméticas. Una
tercera generacidn de procesadores es el procesador de 8 bits; por ejemplo

el 8008 y el 8080 de INTEL y el M6800 de Motorola son ejemplos de esta clé

se.

Existen procesadores con longitud de palabra mayor y la clase actual que-
tiene en un solo estrato procesador, memoria ROM y RAM y capacidad de en-

trada/salida.

Hay una clase de procesador por bit que para formar palabras usan varios
chips, se pueden formar procesadores con longitud de palabra de 16 bits o
mayores. Una de las aplicaciones primarias de esos procesadores es la emu-

lacidn de minicomputadoras. :
2.1.1. Caracteristicas generales de las microcomputadoras.

. "Sbftware' que requiere de poco apoyo ’ -

. Documentacidn limitada

. Recursos pequefios de 'Hardware'

. La arquitectura del procesador influye fuertemente al
programa y;al disefio de sistema

. Mecanismos;limitados para responder a eventos asincronos o
dependientes del tiempo.

. Las interfases son’ﬁrogramadas mds que puro hardware.

. La memoria de datos debe manejarla el programador como un
dispositivo de entrada/salida

. La baja velocidad de ejecucidn impone restricciones de algunas
aplicaciones. )

. El pequefio tamafio de las palabras hace muy costosa la aplica-

N

cidén de operaciones con datos con alta precisidn.
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En la figura 2.2 observamos un diagrama a bloques de una microcomputadora

en donde se especifican.sus caracteristicas b&aicas.

~

Memoria local * algunos A

para datos y procesadores | Lineas de L »
control solamente Na interrupciones

' Usualmente ’//;7 ‘Micro- -

controlado - procesador dependiente del

por Hardware ~_ T ‘r///"programa

Memoria \ el programa es Dispositive
dirigi . .
del ) 1r131§o en mu externa 170
‘ ) chos micro- - vva el puerto
Programa proceiadores o 'bus'
Contiene un "| Memoria
algoritmo que
. : de
realiza la fun .
cidn deseada datos
RAM o]

Contiene datos para
la solucidn de pro-
blemas :

Fig. 2.2 Caracteristicas bidsicas de una
microcomputadora.

En la figura 2.2 presentamos el diagrama a bloques de una- microcomputadora

tipica, en donde se indican las secciones de que comprende al sistema.

'

La memoria de solo lectura (ROM) se usa para almacenar microprogramas o un
pfograma fijo depenaiendo de la microprogramabilidad ael CPU. El micropro
grama proporciona la traduccidén de los comandos de alto nivel del usuario,
tales como ADD, SUBTR, etc., a una serie de c8digos de control reconocibles
por el microprocesador para'eiecuci6n. El tamano del ROM varia de acqerdo

a los requerimientos del usuario dentro de la mixima capacidad permisible
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por el direccionamiento del microprocesador. En la tabla 2.1 podemos ver

algunos de los microprocesadores mis comunes.

Intel Intel Intel AMI

4004 8008 8080 7300
Tamano de
palabra ‘4 bits 8 bits 8 bits 8 bits
tamano del
computo de -
instrucciones 45 : 48 74 150
Formato de / .
instrucciones 1,2 bytes 1,2,3 bytes 1,2,3 bytes 24 bits
Capacidad de 4Kx8 ROM 16Kx8 ROM 64Kx8 ROM 512Kx24 ROM
memoria 1280Kx4 RAM 16Kx8 RAM 64Kx=8 RAM "64Kx16 RAM~
Profundidad ) k
del Stach 3 niveles 7 niveles memoria 32 niveles
Capacidad .
de interrupcidn NO ST SI SI
Aritmética Paralela _Paralela Paralela Paralela
Registros . léex4 6x8 - 6x8 49x%8
Tiempo del -
ciclo de instruc| 10.8us | 7.5us 2usec 4us
cién

TABLA 2.1 Algunos microprocesadores en el mercado

La memoria de lectura-escritura (RAM) consiste de un conjunto de dispositi-

vos de memoria de acceso aleatorio que se usan para almacenar el macrocddi

go (programa del usuario) bajo ejecucién. Como se indica en la tabig 2.1,

su tamano varia dependiendo de los requerimientos del usuario

tada por la capacidad de direccionamiento del microprocesador.

La seccidn de entrada/salida (I/0) consiste del almacenamiento
interfase necesario para conectar al sistema a dispositivos de

da tal como teletipos, terminales, y otro tipo de dispositivos

y estd limi-

y control de
entrada/sali

periféricos.
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La entrada/salida es una &rea Que debe considerarse cuidadosamente durante
el proceso de seleccidn de un microprocésador. La entrada/salida puede
producir una limitacidn seria para sistemas pequefios que requieren de una

actividad de entrada/salida pesada.

La cuarta seccidn de la microcomputadora es el microprocesador que se de-
signa como CPU.  El CPU se caracteriza por una gran variedad de unidades

disponibles en el mercado. o
2.2. Arquitectura del CPU 8080 de INTEL.

La uni&ad'central de proceso 8080 es un disposiﬁi§o que maneja 8 bits en’
péralelo y se usa para construir ébmputadoras digitales de propdsito gene-
ral. Se construye en un solo estrato usando el proceso MOS canal-n. La
80804transfiere datos e inférmaciGn sobre su estado interno vva un BUS de
datos bidireccional‘del tipo tres-estados (3-State) (D0O-D7). La direccidn
de memoria y la de los dispositivos periféricos se transmiten sobre un BUS
de direcciones del tipo tres—estados (3-State). Bus de direcciones (AO-
Al5). Dispone de seis salidas de sefiales de control y de tiempo (SYNC,
DBIN,WAIT,WR,HLDA e INTE) esas son las sefiales que salen del 8080, hay cua

~ tro entradas de potencia (+12V, +5V, -5V y TIERRA) y dos entradas de reloj

(¢1 y ¢2). (Wer figu. 2.3)

2.2.1. Unidades funcionales del CPU

-

El CPU 8080 tiene las siguientes unidades funcionales:

. Direccionamiento y arreglo de registros
. Unidad Aritmética y Ldgica
. Seccidn de control y del registro de instrucciones

. Bus de datos bidireccional (3-state).

Véase la figura 2. en dode se ilustra el diagrama funcional a bloques del

CPU 8080. )

-
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Registros ) ’ g ’ \

/ N
Los registros estan formados por un arreglo de RAM estdtica organizada en

t
’

seis registros de 16 bits.

. Contador de programa (PC)
. Apuntador del Stack (SP) ) ’ T
. Seis registros‘de propdsito general de 8 bits arreglados

en pares, se designan como B,C; D, E; y H; L

A

. Un par de registros temporales Wy Z..
Unidad Aritmética y Logica.

La ULA contiene los siguientes registros

-~

. Un acumulador de 8 bits .

- . Un acumulador temporal de 8 bits (ACT)

. Un registro de \banderas de 5 bits: cero, carry, sign,‘parity
~ h )

y carry auxiliar.

. _Un registro tempofal de 8 bits. - .

D, D, BIDIATCTIONAL ts

DATA BUS
DATA BUS
BUTFLH (ATCH

Ben L0 )
INTERNAL DATA B4IS INTERINAL DATA BUS
—= el - -]
T > > Lt 4 ’
REG INSIIUCTION el 1
'"J rkh‘.l'ﬂik w ’ * MULTIPLEXIR
Y w (@ 2 i
FLAG - TEMP REG TEMP RLG
FLIP FLOPS
WU A TOR Liet _T - a ot C st
Lati H o < nEG RLG
INSTRULTION o 7} e € (1)
peecoLn » RCG REG
AND 5 N
} MACHINE = Mo L 8. | _REGISTER
— LYCLL I RFG REG ARRAY
‘| encoving ° Ty
a STACK POINTER
V|
J (31
.. PROGRA™ COUNTER
DECIMAL INCREMEN I H'OECREMLNTER
ADJUST - Pt \ ADDRESS LATCH |
d 8 —
TiIMING
AND
. CONIROL »
POWER | — <12v [ ADDRESS BUF+ER “"'l
SuPPLIES — eV OATA BUS INTERRUPT  HOLD WAIT
A o V/IRITE CONTROL CONThUL CONTROL CONTRGL SYNC CLOCKS
— -

N

=% T T I TTT I

WA DJIN  INTE INT HOLD HOLD WAL SYNC o1 62 RESET A, Aﬂ
. ACK READY 15
ADDRESS BUS

FIG. 2.3. Diagrama funcional a bloques del CPU 8080

-



ARCHITECTURE OF THE 8080 CPU
The 8080 CPU consists of the following fungtional
units:

e Register array and address {ogic

e Arithmetic and logic unit (ALU}

e Instruction register and control section

e Bi-directional, 3-state data bus buffer
Figure 2-2 illustrates the functional blocks within
the 8080 CPU.

Registers:
The register section consists of a static RAM array
organized into six 16-bit registers:

Program counter (PC)

Stack pointer (SP)

Six 8-bit general purpose registers arranged in pairs,
referred to as B,C; D,E; and H,L

® A temporary register pair called W,Z

The-program counter maintains the memory address
of the current program instruction and is incremented auto-

7

matically during every instruction fetch. The stack pointer
"maintains the address of the next available stack location in
memary. The stack pointer can be initialized to use any
portion of read-write memory as a stack. The stack pointer
is decremented when data is “’pushed’’ onto the stack and
incremented when data is “popped” off the stack li.e., the
stack grows ‘‘downward’’). .

The six general purpose registers can be used either as
single registers (8-bit) or as register pairs (16-bit). ‘The
temporary register pair, W,Z, is not program addressable
and is only used for the internal execution of instructions.

Eight-bit data bytes can be transferred between the
internal bus and the register array via the register-select
multiplexer. Sixteen-bit transfers can proceed between the
register array and the address latch or the incrementer/
decrementer circuit. The address latch receives data from
any of the three register pairs and drives the 16 address
output bufferg {AQ-A1s), as well as the incrementer/
decrementer circuit. The incrementer/decrementer circuit
receives data from the address latch and sends it to
the register drray. The 16-bit data can be incremented or
decremented or simply transferred between registers.

i} s s

DATA BUS
BUFFER/LATCH

BI-DIRECTIONAL

D, - D,
T DATA BUS

(8 BIT) (8 BIT)
~ INTERNAL DATA BUS INTERNAL DATA BUS
3
g o
L - < L N
ACCUMULATOR TEMP. REG. © { INSTRUCTION
(a] @I l L REGISTER (s} MULTIPLEXER
- ™ i8) z 18!
5) -
L— LS ops f—y - — E B TEMP REG -~ |— TEMP REG.-
ACCUMULATOR : - -] 18 c 18
LATCH 8 - Q REG REG.
INSTRUCTION = D 18) “E- T B T
ARITHMETIC] - - DECODER o
LOGIC . AnD 2 . REG REG.
UNIT MACHINE L H <81 L 8 REGISTER
CYCLE w REG REG. ARRAY
ENCODING 2 6
x STACK POINTER
- ae) -
PROGRAM COUNTER
DECIMAL | INCREMENTER/DECREMENTER
ADJUST ADDRESS LATCH 116’

L TIMING
AND )
CONTROL | ]
POWER [ —= +12v [ I ADDRESS EUFFER "—‘:]
SUPPLIES | ——e 45V DATA BUS-INTERRUPT—HOLD WAIT . .
. WRITE CONTROL CONTROL CONTROL CONTROL SYNC CLOCKS
o — -5V
—eo DT P I
WR DBIN INTE INT HCLD HOLDWAIT SYNC 1 02 RESET A,
ACK READY s %
ADDRESS 8US
Figure 2-2. 8020 CPU Functional Block Diagram
- 2-2
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2.2.2. Definicidn de los estados del CPU.

Las instrucciones
para su ejecucidn

macién del estado

’

te la duracidn de

~

INTA DO
WO D1
STACK D2
HLTA D3
OUT ' D4
M1 " D5
IMP D6
MEMR D7

45

N - A N -~
\ \
para el CPU requieren de uno a cinco ciclos de maquina

'

completa. La 8080 envia una palabra de 8 bits de infor-

~

sobre el bus de datos al principio de cada ciclo (duran-

SYNC). La definicidn de los estados es la siguiente:

Reconocimiento de la sefial para una peticidn de INTERRUPT.
La sefial debe usarse para disparar una instruccidn de rei -

nicio sobre el bus de datos cuando DBIN estd activa.

Indica qué la operacidn en el ciclo corriente de miquina

serd una escritura a memoria (WRITE) o una funcidn de sa

lida (OUT PUT) (WO =0).‘ De otfa forma una lectura (READ)

de memoria o se ejecutar3d una operacidén de entrada (INPUT).

Indicard que el bus de direcciones mantendri la direccién

\

de 'pushdown the stack' del apuntador del 'stack’'.
Reconoce la sefial de la instruccidn de HALT. ~

Indica que el BUS de direcciones contiene la direccidén de
un dispositivo de salida y que el BUS de datos contiene

el dato de salida cuando WR estid activado. 7

v

Proporciona una sefial para indicar que el CPU estd en el

ciclo de traer el primer byte de una instruccidn.

Indica que -el BUS de direcciones contiene la direccidn
de un dispositivo de entrada y que el dato de entrada debe

colocarse sobre el bus de datos cuando DBIN estd activo.

Designa que el BUS de datos seri usado para leer datos de.

memoria.
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2:2.2. Definicidn de los estados del CPU.

Las instrucciones
para su ejecucidn
macidn del estado

te la duracidn de

INTA

STACK

HLTA

ouT

Ml -

MEMR/

DO

D1

D3

D4

D5

D6

D7

para el CPU requieren de uno a.cinco ciclos de miquina
completa. La 8080 envia una palabra de 8 bits de infor-
sobre el bus de datos al principio de cada ciclo (Huran-

SYNC). La definicidn de los estados es la siguiente:

Reconocimiento de la sefial para una peticidn de INTERRUPT.

N 3 - 1
La senal debe usarse para disparar una instruccidn de rei

nicio sobre el bus de datos cuando DBIN est3 activa.

Indica que la operacidn en el ciclo corriente de m3quina
AN
serd una escritura a memoria (WRITE) o una funcién de sa

lida (OUT PUT) (WO =0). De otra forma una lectura (READ)

\
de memoria o se ejecutar3d una operacidn de entrada (INPUT).

Indicard que el bus de direcciones mantendra la direccién

de 'pushdown the stack' del apuntador del ‘stack'.

Reconoce la sefial de la instruccidén de HALT.

Y

Indica que el BUS de direcciones contiene la direccidn de
un dispositivo de salida y que el BUS de datos contiene

’

el dato de salida cuando WR estd activado.

Proporciona una sefial para indicar que el CPU esti en el

ciclo de traer el primer byte de una instruccidn.

Indica que el BUS de direcciones contiene la direccidn
de un dispositivo de entrada y que el dato de entrada debe

v

colocarse sobre el bus de datos cuando DBIN estd activo.

Designa que el BUS de datos serd usado para leer- datos de °

memoria.
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Instructions for the 8080 require from one to five machine
cycles for complete execution. The 8080 sends out 8 bit of 8080 STATUS LATCH ,
status information on the data bus at the beginning of each
machine cycle {during SYNC time). The following table defines o. [1e o,
the status information, o, : o,
STATUS INFORMATION DEFINITION o o
Data Bus o, i O,
Symbols Bit Definition 8080 gs 5 g:
]
INTA®* Dy  Acknowledge signal for INTERRUPT re- o o,
quest. Signal should be used to gate are- s b2
start instruction onto the data bus when o 112
DBIN is active. o s -
WO Dy Indicates that the operation in the current po" " Saven
machine cycle will be a WRITE memory el Sl mra
or QUTPUT function (WO = 0).Otherwise, 2 £ wo
aREAD memory or INPUT operation will - 3 E er‘:ix
be executed. ) ) :ﬁ S
STACK D, Indicates that the address bus holds the 20 9 m:,
pushdown stack address from the Stac® cLock Gen LTI - 2y L2 mEMR
Pointer, & DRIVER i 14 gLs? wp b3,
HLTA Dy Acknowledge signal for HALT instruction. T3z
ouT © Dg Indicates that the address bus contains the ») OBIN
address of an output device and the data 5 —
bus will contain the output data when * vee
WR is active. )
™M, Ds Provides a signal to indicate that the CPU
is in the fetch cycle for the first byte of n AL
an instruction. o rL ___
INP* - Dg Indicates that the address bus contains the Fa\ /\
address of an-input device and the input __ o2 -
data should be placed on the data bus SYNC /1 \
when DBIN is active. _ ! o
MEMR*® D4 Designates that the data bus will be used DATA ( -
for memory read data. ! 5
* These three status bits can be used to control srarus
the flow of data onto the 8080 data bus.
STATUS WORD CHART
TYPE OF MACHINE CYCLE
r — —
& &
Q ©
S §/&/8
A /L& /S
-~ > l,z" Q Ai" & S . &
s/ S [s/E[S/5/&/S/E/E/E/EE
Q \g o < - Q
< s /&/ /& /x /3 NVISVATEFADY
A S S/ /X S/ S/ LSS/ A
N L )&/ S/ S/ §/8&/S/ T /SE
§)E/§/8/8/8)S/S/E/5 /S
- A~ TR
2 N
. () STATUSWORD
OO ICHICYICIORICEIONET)
Do INTA 0 0 0 0 0 0 0 1 0 1
Dy { WO 1 1]Jof1}lo]l1v o} 1] 1
D2 STACK 0.0 0 1 1 0 0 0 0 0
D3 HLTA 0 0 0 0101710 0 0 1 1
Da ouT 0 0 0 0 0 0 1 |1-0 0 0 _
Ds ™ 1 0 0 0 0 0 (0] 1 0 1
Dg | . INP 0 o|.0 |0 0 1 0 0 0 0
Dy MEMR 1 1 0 1 0 0 0 0 T { 0

Table 2-1. 808G Status Bit Definitions
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@ . 2.3. Interconexidn al CPU de memoria y

dispositivos de entrada salida.

El disefo de una microcomputadora con las cémﬁonentes actuales le permite

a uno realizarlo de una manera simple en vista de la modularidad de las com
ponentes. Un sistema completo consiste basicamente de tres m6dﬁlos, comii~
nes a cualquier sistema de cdmputo: CPU, memorié y mbddulo. de entrada/salida.

En la figura 2.5 se presenta un sistema tipico.

N '

BUS DE DIRECCIONES

V

‘ MEMORIA E/S
MODULO

SR O

< BUS DE DATOS >

BUS DE CONTROL

- FIG. 2.5 Sistema de cdmputo tipico.




i

CPU

(mddulo)

\
Memoria

E/s‘
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.

Contiene al CPU, el reloj y los circuitos para el inter-

7

faz de memoria y los dispositivos de entrada salida.

Contiene memoria de sélo lectura (ROM) y memoria de lec-

tura/escritura (RAM) para almacenar programas y datos.
- N |

Contiene los circuitos que permiten al sistema de cémputo
. - . P |

comunicarse con los circuitos o estructuras que estén fue

ra del CPU o el arreglo de memoria. Por ejemplo termina-

'

les, Discos, etc. - : oo

Existen tres buses para interconectar esos mbdulos.

"BUS DE DATOS
\

. BUS DE DIREC-
/" CTONES,

BUS DE CONTROL

Es una trayectoria bidireccional por el cual fluyen los. f

|
datos entre el CPU y la memoria o E/s.

N -
, .

Es un grupo de lineas unidireccionales que .identifican una

direccidn particular de memoria o un dispositivo de E/s.

Es un conjunto unidireccional de senales que indican el

tipo de actividad que se procesa corrientemente. .

Tipo de Actividades

1. Leer de memoria

2. Escribir a memoria

3. Lectura de E/s ’ L

4. Escritura de E/s

5. Reconocimiento de una interrupcidn.
AN

-



The following pages will cover the detailed design of
the CPU Module with the 8080. The three Busses {Data,
Address and Control) will be developed and the intercon-
nection to Memory and /0O will be shown.

Design philosophies and system architectures pre-
sented in this manual are consistent with produgg develop-
ment programs underway at INTEL for the MCS-80. Thus,
the designer who uses this manual as a guide for his total
system engineering is assured that all new developments in
components and software for MCS-80 from INTEL will be
compatible with his design approach.

CPU Module Design
The CPU Module contains three hajor areas:
The 8080 Central Processing Unit

2. A Clock Generator and High Level Driver

A bi-directional Data Bus Driver and System Control
Logic ‘

The following will discuss the design of the three
major areas contained in the CPU Module. This design is
presented as an alternative to the Intel® 8224 Clock Gener-
ator and Intel 8228 System Controller. By studying the
alternative approach, the designer can more clearly see the
considerations involved in the specification and engineering
of the 8224 and 8228. Standard TTL components and Intel
general purpose peripheral devices are used to implement
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the design and to achieve operational characteristics that
are as close as possible to those of the 8224 and 8228.
Many auxiliary timing functions and features of the 8224
and 8228 are too complex to practically implement in
standard components, so only the basic functions of the
8224 and 8228 are generated. Since significant benefits in
system timing and component count reduction can be
realized by using the 8224 and 8228, this is the preferred
method of implementation.

1. 8080 CPU

The operation of the 8080 CPU was covered in pre-
vious chapters of this manual, so little reference will
be made to it in the design of the Module,

Clock Generator and High Level Driver

The 8080 is a dynamic device, meaning that its inter-
nal storage elements and logic circuitry require a
timing reference (Clock), supplied by external cir-
cuitry, to refresh and provide timing control signals.

* The 8080 requires two (2) such Clocks., Their wave-
forms must be non-overlapping, and comply with the

* timing and levels specified in the 8080 A.C. and D.C.
Characteristics, page 5-15.

Clock Generator Deﬁign -

The Clock Generator consists of a crystal controlled,

2
GND —————¥
~ 20
45V —————p
11
~5V =P
012V—28J
8080
cru
13
SYSTEM DMA REQ ———# HOLD
14
SYSTEM INT REQ. — ] INT
16
INT ENABLE 4————] INTE
IDI XTAL
22
iS al
¥ 2
CLOCK 24 wat
WAITREQ —% Ct'.zi-~TOR o)
DRIVER READY
[ — 12
S¥5 HESET —W RISET
15
SYNC

AQ
A1l
A2
A3
As
AS
A6
A?
A8
Ag
A0
AN
A2
A3
A3
AlS
WR

DBIN |

HLDA

Do
3]
02
03
Da
05
D6
b7

STATUS STROBE

25 » A0
26 » Al
27 > A2
2 » A3
30
> A4
31 > AS
32 > A6
33 » A7
3 A8 ADDRESS BUS
35 » A9
1 > Al0
40 » A1l
37 > A2
38 — » A13
39 $» Al4
36 > AlS
.18
17
21
3
10 R +——— 0BO )
2 > fe———» OB
As le———» DB2
3 v B'r'|g'r:::f > o DATA BUS
eus DRiveR [¢—— DB4
& te———p DBS
V5 l¢——» DBG
6 > | s 087
lo—— INTA )
> ggg;g& _Tg;v CONTROL BUS

Figure 3-2. 0200 CRU 1 warface
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OSCILLATOR
’UEO MHz
330 1Y 330
74504
,\D —» OSC
74504  680pF 74504 . CLOCK GENERATOR
cLK 7486
Ve |oA QA 7aH00
‘ -» 1 (TTL)
o8 Qs
74163
oc ac
| 7486
GND oo oo}l 74H00
ClA LD ‘CJD_‘ — 02{TTL)
= AUXILIARY FUNCTIONS
Ve __] - SYNC
Jam00 74H00
D STsT8
74574
WAVEFORMS
——{CLK T — 914 (TTL)
3 \__/ S
—"WR2 f—s50ns WAIT REQ o o}—» ReaDY
T{? 250ns :'7457‘
501\5-‘ l-— —-I In—som —]CLK
HA 250ns
. J
- »
SYNC OMA REQ D a}l—» HoLD
. J | W L 74574
. - cLK
STSTB \ /

Figure 3-3. 8080 Clock Generator

20 MHZ oscillator, a four bit counter, and gating
circuits.

The oscillator provides a 20 MHZ signal to the input

of a-four (4) .bit, presettable, synchronous, binary
counter. By presetting the counter as shown in figure

3-3 and clocking it with the 20 MHZ signal, a simple -

decoding of the counters outputs using standard TTL
gates, provides proper timing for the two (2) 8080
clock inputs.

Note that the timing must actually be measured at
the output of the High Level Driver to take into ac-
count the added delays and waveform distortions
within such a device.

High Level Driver Design
The voltage tevel of the ¢locks for the 8080 is not
TTL compatible like the other signals that input to

the 8080. The voltage swing is from .6 volts (ViLc).

to 11 volts (V) with risetimes and falltimes under
50 ns.-The_Capacitive_Drive_is 20 pf (max.). Thus, a
High Leve! Driver is required to interface the outputs
of the Clock Generator (TTL) to the 8080.

The two {2) outputs of the Clock Generstor are ca-
pacitivity coupled to a dual- High Level clock driver.
The driver must be capable of -complying-with the
8080 cinck—inpuat specifications,—page 5-15.-A_driver
of this type usually has little problem supplying the

positive transition when biased from the 8080°Vpp-

supply {12V) but to achieve the low voltage specifi-
cation (V ¢} .8 volts Max. the driver is biased to the
80&0 Vgg supply (-5V). This allows the driver to

- swing from—GND to-Vpp- with the aid of a simple
resistor divider.

A low resistance series network is added between the
driver and the 8080 to eliminate any overshoot of the
pulsed waveforms. Now a circuit is apparent that can
easily comply with the 8080 specifications. In fact
rise and falltimes of this design are typically iess than

10 ns.
+2v
- Is
680 pF ; ' a7a "
o 1L —]—— M—>
? MH0026 b {8080 PIN 22)
- OR
6801 couv. |s a9 —
—_— . [~
o2 (TT0) —}j— AM—>
Y7 (8080 PIN 15)
3

-
v
el

AN
vy

—AAA

VWV
-
o
X

1N4002 L
68 uF == E: 1009

-5V

Figure 3-4. High Level Driver
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3 CPU CHIP COMPARISONS
]
i 17 Simularities
i T Diffeiences
)
} {:  Regsters
L P detuntions
T Clock requirements
L Clock waveforms
4 |} Dynamic memory refresh
] G Interrupts
E 0 Technoloyy
] Second source
i
v‘ r_'-: ~ nr}r"-' -"--.,-‘ A ."_‘L_M . ——
{ CPU CHIP DIFFERENCES
'
i
: 280 8080
i Number of:
Instructions 158 78
3 8-bit registers 14 7
)
: 16-bit registers®
; Index reqisters 2 0
é Address modes 10 7
! 1/0 addresses 256 256
Filag bits 6 5

‘Counts 8-bit rcglslér pairs as 16 bit registers
“*Treo 15 1'0 as memory

Lo Voo e, .
L} »
Tl ANEEL AL L8

T, AT AT I I

n ACAY ST ® Ty

-

(1)
{2)
(3)

Ty [T T AT T TR e T e s

Sy, E 5 o -
" i B e R i L T Al 2" O
e

Voltage required
Standard clock rate

CPU CHIP SIMILARITIES

The Z80, 8080 and 6800 all have:

Stack addressing

40 pin DIP

DoOogoooo

N-channel MOS

280

+5V
DC-2.5MHz (1)

Non-maskable interrupt Yes
TTL compatible inputs Yes
Asynchronous control inputs Yes
R 3 state control lines Yes

DC capabihity allows designer to step thru each clock cycle during debug.
Requires expensive interface buffers for TTL compatibility.

Some inputs must be synchromized with external logic.

Address 65K of memory
Inweriuptable architecture

" 8 Eit data and 16-bit address paths 8

Independent tri-state data and address buses

. CPU CHIP DIFFERENCES (continued)

8080

No
No (2)
No (3)
No

+5, -5, +12Vv
0.5-2MHz 0.1-1MH:z P

) R
-l b mena P

E g
¥ et

Lrmalray

6800

+5v

e

Yes
Yes

No
Yes/No
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REGISTERS
!
(aF) Accluﬁ___ :]FLAG D‘_ ___ ] (AF ¥ ACC'E_ hm'] I «
®c) a{':,_vly ] o B -'J @t B ] o ] )
) D |1 Joel ] wer o ] el )
w0 k[0 ] wp | v w| ] v ] ' _
] 280 CPU PIN CONFIGURATION
,' || l R L , '
p
18O REGISTERS ARE SHOWN, X [M j iy
AN'T ORM INDICATES THAT  IN THE 6800, THE v
THE EQUMRLENT REGISTER o [ ] B REGISTER IS AN 3 y 7 h )
EXISTS IN THE 8080 OR ACCUMULATOR i -, ‘ T %
6800 RESPECTIVELY. o . o
J MREG  —a— ] e
; svstew J ORG  ~a——— L 33 . 4,
3 == 2 W
1 . . contaoL ) RO -] L ¥ A,
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42 Ay
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CLOCK REQUIREMENTS LI n:
D,
. . . . et 0,
The 8080 requires two 8.1V asymmetrical non-overlapping clock inputs v o J
. . . . . 13
with a minimum delay between the end of one input and the beginning a0

of the other.

The 6800 requires two 4.4V asymmetrical, non-overlapping clock inputs

(Vss + 0.32 Vclock >Vcc -03

The Z80 requires J single 4.2V square wave. However, the clock can be
held in the high state at any time, for any length of time. (0.452> V¢lock

> 4.65). .
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i STATIC OPERATION
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. .
The Z80 clack can be left in the high stute: tur i indefinitely long period

,! without losing any information
i

: This means that the CPU cloch van be stowed duwn or single clocked during
1 development and debug.
b

The clock can also be stopped for fast-response DMA transfers.
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.: , DYNAMIC MEMORY REFRESH i
| X
p

Neither the 8080 nor the 6800 have provisions for refreshing dynamic
inemories. This must be accomplished by an external controtler which
1equires a special interface to the system.

U

R

: The Z80 processor has built-in dynamic memory refresh capabilities, which
P occur between meinory operations and are, therefore, transparent to system
operation and do nut slow down the processor.
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INTERRUPT CAPABILITY

The purpose of an interrupt i< to allow. |
e CPU

A heral devices to suspend ongoing

CPU c.serativar wnd foroe te it a peripheral seivice routine.

Once he service routine 1s completed v CPU returns to the operation 1t
was | tfornutg when it was interiupted

inter ipt cap b by s meawared by A
) Hos 1 the CHU can begin servic g the penpheral
f9 How many anterrupts can be handled by the system
<} Wiether one device can interrupt another’s service routing
D} How much external hardware 1s needed to support interrupts

fore T T
Ay R £

L crmabaekny A
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e enetiias o ke, bl e s o et

Z80 INTERRUPT MODE 0

When the BOBO recognizes an interrups, it recewves its next instruction
fusu.lly a call or restart) fiom the interrupting device via the data bus.

tn made 0, the 280 responcs exactly hike the 8080.

The: : 15 no equivalent response in the 6800.
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= NON-MASKABLE INTERRUPTS !
4 : |

A non-maskabie interrupt aliows features surh 2. power fail/auto restart 10
N b2 implemented into the asers systens

i

When the 6800 receives a non-maskabie interruptl request, it completss
115 current instruction then performs an interrupt call to the location sp:-
criied 1n memory locations FEFC & FFFD.

i

X B RR SRS 4

When the ZB0 receives a non maskable intarrupt request,
its current nstruction, then performs a call to -scation 0066 ¢

it completes

e o e T o ey T

The BO80 does not have provisions for a non-maskable intzirun:

'
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Z80 INTERRUPT MODE 1

- wamem. wE

Tihe £300 responds to a maskable interrupt by performing an interrupt
call to the iocation specified in memory locations FFF8 and FFF9.

In mode %, the ZB0 responds by performing a restart to location 0038).

There is no equivalent response in the 8080.
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! t
2‘ Z80 INTERKRUPT MUDE 2 i ;
! _ SAVING REGISTERS ON INTERRUPT ¥
! Tio mode allows for very simple vectonng 1. the proper interrupt service . i'";
y to e anyvlo re in o aary, {7 The 6800 automatically pushes the index register, program counter, accum.. -
. ; lators and condition code onto the stack. Thus is possible because the 68u0  }:
4 v mode 2, the «. . programnie cstabii-he s 2n interrupt vector table has very few registers.

momemary  Anoaearect il ilaoagh Ty table s made in response
tooan anterupt. ihwe high oceer addiess Ints tor the pointer to the
: t e are placed v, the wo gt vector ¢ gicter by the programmer.
T dow cader sev o bits are suoptied by the interrupting device, thus
#wing 128 Nt routineg,

T In the 8080 ancd the Z80, a normal subrouting call is executed, leaving it
* to the inteirupt routine to save only those registers necessary.

03 The 280 pragrammer has the option of swapping register banks tor very
fast context swiiching or using the 8080 approach.

Fhere 1s 1.0 vquivagl ot response: i cither the 800 or the 8080.

Ttus mou of inte.ipt respons - allows a sing!e scven bit vector from
the intertupting desice 1o vicion the CPU to the praper service routine
very quickly.  FPuribermore, cince the interrupt table may be located
i RAM memory, the progranuner can dynanucally reatiocate how the
CPU respouds to inteirupts from the same device.
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il SECOND SOURCE
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)
? €0 — N-ch | s denletion load " MOSTEK has a complete second source agreement with ZILOG for the 280
3 Th? z makes use o-f 'O'Hm': ant. l-c -an'ne, stieen gate eg: on foa % family. This includes mask and technology interchange for all Z80 parts.
i . nnomgv" Using various ‘me ant le J.(' S 1L Is easy Lo trade speed for p.owe.r. f This leads to the ultimate in compatibility in parts between the two sources.
3 Vhues, we will offer a wide range of high speed or low power Z80 devices in b
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INSTRUCTION SET AND ADDRESSING
MODES
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INSTRUCTION SET COMPAIISON 8080 COMPATIBILITY
_ o G The £EQ iastruction is 2 true superset of the 8080 instruction set.
I 8080 compatibility
O  Instruction formats O The BO8C instructions are compatible at the binary machine code level.
0  Addressing modes O This meens that programs which run on the 8080 will also run on the 280
. witho:t modificatuon.
0  Types of instructions
O 8080 and 6800 programs equivalent 0 in other words, “anything the 8080 can do, the Z80 can do {better)”.
to single Z80 instructions
‘“ - - m-m'-““ -:::..— - ~__-;* R e R T e T W R Y
INSTRUCTION FORMATS :.‘ ADDRESSING MODES — DEFINITIONS %
; [m} IMMEDIATE. In this mode of addressing the byte following <he OP £
280 6800 8080 § code in memary contains the actual operand.
O"CODE X X X One I rte instructions fs IMMEDIATE EXTENDED. This mode s merely an extensian of $
% immediate addressing in that the two hytes following the OP codes r.
) CODE OPCODE X - - K are the operand. 59
Two byte instructions i &
Oi'CODE OPERAND X X X i 0 MODIFIED PAGE ZERO ADDRESSING. The Z-80 has a special §
- :S’ single byte call instruction to any of 8 locations in page zero of mem- E“?
Ot CODE OPCODE X _ _ H ory. Tius instruction {which 1s referred 10 as a restart) sets the PC »
O RAND 1 to an effective address 1n page zero. 1
Three byte instructions ¢ _ &
(+..0DE X X X H m] RELATIVE ADDRESSING. Relative addressing uses one byte of data 3
U CRAND  OPERAND " following the OP code to specify a displacement from the existing -
;\ program to which a program jump can occur. ,;
Oi :ODE OI'CODE i ¥
0i LRAND CGilfAND X - -  Fourbyteinstructions g O EXTENDED ADDRESSING. Extended addressing provides for two  L*
1 bytes (16 bits) of address to he included in the instruction.
E
kY
4
47
i | .
DU AT S | YA AT R
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INGE -+ 0 ADDRES D In this 1o ¢ of addressing, the byte of  §i
. . 5 lv,.‘
dita foi. wing e Gf LOA’X contams @ ¢ spaowenient which s anged 1o o
one of tie two index reyisters {the OF code spec.fres winch index g,;

register is used) to torn a pointar to memory

TR
o ot e N

0 BREGISTER ADDRESSING Many of the 280 codes contuin bits of
information tnat specity wheel: CPU regsstar s to ke uszd for an
operauciy

A5

@] IMPLIED ADDRESSING. !mplied addressing refars to operations
where the 0P code automatically implies ene or morz CPY vegistars
as containing the operands. .

L L s o SR A S
kT G VN SO SIS SRR T

P INDIRECT ADDRESSING This typs of addressing
., i 1 CPU neasster parr (such as HL) 1o be used as a point-
o e o TN e ety
[ & T o5 riSSING. The 280 contamns a lorce number of bit set, 2t
ot o st asiucuons,  These mstructions allcw any memory E
e o o CPU reqister to be speaified for a bit operation while
th. . he w the OP code specify which of the eight bets is to be
moanpulat od
LI ",'F,". S N
ToomEn T TEEAART L ‘_}Yj"{ G R T TS mee e
BINA: L NI SRS SRS AT AN S i

. TYPES OF INSTRUCTIONS

8-bit lcad Rotate/shift
16 bit load, push and pop Bit set, reset & test
Exctim, Jump, call & return
. Podor lur Loop
e i et Ny Restart

ot Lens Bologic Byte input/output

ci e i antiunetic and flag Block input/output

W aoanclic Misc CPU control
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ADDRESSING MOIES

. . Z80 6300 8083
- . IMMEDIATE b4 X X
EXTENDED IMMENIATE X A X
PAGE ZEHD X X X
RELATIVE X P -
EXTENDED X R X
INDEXED X X -
AEGISTER . ; - e
IMPTIED X X 3
REGISTED  INDIRECT X X 3
BT X - -
N7 SIS

-l st

- e L L g e m P
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- e e

R

R
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INSTRUCTION SET COMPARISON

For gach type of instruction used, a verbal comparison of the major sim:-
larities end differences between the 6800, the 8080 and the Z80 is given.

Then, a chart showing a detailed instruction-by-instruction comparison
between the Z80 and the 8080 s given.

The hexadecimal number in each square denotes the OP code for the Z80
instruction. A shaded square indicates the instruction is also an 8080

instruction.
Note that all 8080 instructions are included in the Z80 instruction set,

and, in all cases, the OP codes are identical, thus providing program inter-
changahility at the machine level.
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8 BIT LOAD INSTRUCTIONS

The Z80 can move a byte between registers and between memory and
registers exactly as the 8080 can.

The 280 1s also capable of indexed addressed moves to er from any one of
seven registers, or from an immediate operand, using either of two index
registers. (The 6800 only has two registers and one index register; the
8080 has no index registers.)

Index registers are valuable, especially when working with blocks of data.
The second index register is particularly useful when keeping track of two
tables simultaneously.

I addition, the Z80 can move data betwecn the interrupt vector register,
v o refresh audiess register and the sccumuliator, These registers are unique
. the Z80.

7 -T\}“Zlf TR T T
B el | AN ) SAAA e STB\ o
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EXCHANGE INSTRUCTIONS

280 8030

A B - -
AF — AF’ X -
B ——— bEC’

Dt ~—— DE’ X -
HI = HL’

DY ~—— HL X X
HL ~— {SP) X X
tX ~——— (SP) X -
Iy (SP) X -

The additional Z80 exchange, instructions allow fast context switching
without using " PUSH" and “POP".

*1 the 6800, 4 «nd B arc each 8 but accumuletor
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16 BIT LOAD INSTRUCTIONS, PUSH AND POP
2 The 280 is conable of all the 16 bt moves that the 8080 can perform.
O The 280 also allows extended addresssing of 16-but operands. This aliows
more fiexibility in accessing 16 bit operands for subsequent processing by

the Z80 16-bit instructions.

0 in addition, the 280 has the ability to load ard store its index registers like
the 6800,

0O The 280 can also push and pop the index registers, net aravided *n the 680,
This extends the usefuiness of the stack by allowing several tasks 10 use both
index registers (re-entrent programs).

e T TR T

EXCHANGE — 280 VS 8080 7

- :r"

IMPLIED ADDRESSING 4

AF’ | BC’,DE'& HL’ HL X Y 2

.. | AF | 08 1

- i

BC, :

DE i

IMPLIED | & D9 :

HL )

§

DE EB i

$

REG. (SP) E3 DD FD ,a

. INDIR. . E3 E3 X
x i
LEGEND: Lii' 280 INSTRUCTION (XX = OPCODE) (

r L:?ﬁ 284 27U B0BO INSTRUCTION (XX = OPCODZ {
=\ MO N ! R
e e e DA L L SRy s e S T T .
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EQUIVALENT PROGRAMS

B The following examples demonstrate the power of some of the unique new
Z30 nstructions. For each case, the 8080 and 6800 programs equivalent
lo asingle 280 mstrucnon are presented and compared.

T AR ERENCY ST T T T T T
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MOVE BLOCK

yre

MOVE ABLOCK OF DATA OF ARBITRARY SIZE FROM ANYWHERE

IN MEMORY TO ANYWHERE ELSE IN MEMORY

: CYCLES BYTES
1 1.  §080A
) MOV LD A(HL) 7 1
LD (DE)A 7 1
bl INC HL 5 1
0 INC DE 5 1
DECC 5 1
P NZMOV 10 3
1] DECHE , 5 1
} JP NZ MOV 0 3
e 54 cycles 12 bytes
i CYCLE TIME =54 x 0.5 = 27 uS/BYTE
% 2. 6800
iy MOV  LDAA 0X 5 2
CONX 4 R
X STX  SOURCE 5 2
& LDX DEST 4 2
b STAA 0% 6 2
¥ INX 4 1
& STX  DEST 5 2
b5 LDX BYTCNT 4 2
DEX 4 1
STX BYTCNT 5 2
i BNE MOV 4 2
_. 50 cycles 19 bytes
; CYCLE TIME =50 x 1.0= 50 uS/BYTE
é 3. 280
3 LDIR 21 cycles 2 bytes
J
3 CYCLE TIME -21x 0.4 = 8.4 sS/BYTE
'
1
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BLOCK SEARCH

P TR - e L c o b b R i s ik AL

SEARCH A BLOCK OF DATA OF ARBITRARY SIZE, LOCA'fED
ANYWHERE IN MEMORY FOR A BYTE MATCH

1.

3.

8080A
FIND CMP (HL)

JP Z,FOUND

INC HL

DEC c

JP NZ,FIND

DEC B

JP NZ,FIND
NO FIND. . .

CYCLE TIME =52 x 0.5u5= 26 us/BYTE

-~

6800 .

FIND DX Loc
CMPA 0.X
BEQ . FOUND
INX
STX LOC
LDX BYTCNT
DEX
STX BYTCNT
BNE FIND
CYCLE TIME = 39 x 1.0 s = 39 ps/BYTE

Mostek Z80

FIND CPIR
(4P Z,FOUND)

NO FIND. . .

CYCLES
7

10

33

5

10

5

a0 __

52 cycles

. CYCLES

HODDDOLELGOD

39 cycles

21

BYTES
1

3
1
1
3
1

3

13 bytes

BYTES

INN-I-bN-lNNN

18 bytes

CYCLETIME =21x 0.4 us=8.4 us/BYTE
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8080A

oMoV

<

_BLOCK 1/0 TRANSFER

READ A BLOCK OF DATA, UP TO 256 BYTES, FROM ANY 1/0 DEVICE

TO ANYWHERE IN MEMORY.

" CYCLES BYTES

IN A, (PORT) 10 2
LD (HL), A 7 1
INC HL 5 1
DEC Cc 5 1
Jp NZ,IOMOV o 3
37 cycles 8 hytes

CYCLE TIME=37x0.5=18.5 «s/BYTE
CYCLES BYTES

8800 '
IOMOV LDAA PORT 4 3
STAA 0% 6 5
INX - 4 1
DEC B .2 1
BNE iomov 4 -2
20 cycles 9 bytes
CYCLE TIME=20x 1.0 ps/BYTE = 20 s/BYTE
Mostek 280
IoMOoV INIR N 20 cycles 2 bytes

CYCLE TIME =20 x 0.4 ys = 8 us/BYTE
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BENCHAMARKS ]

4

T Triple-precision binary multiply i !
“Move a block of data 3

(.Search a memory block for a substring N

3

Cnterrupt driven 1/0 transfer

i;

4

. © - DAANSTARIE SO 3
N o s A7 O y
T T . %!

N

i

L

F

TRIPLE PRECISION BINARY MULTIPLY — DEFINITION hT

Multiply two 24 bit 2's complement binary numbers in memory (starting, |
MSB fiurst, at APART and BPART) to form a 48 bit 2's complement product § 1
in memory {(at PROD)}. -

A::LLL

—'v/ \\/r\
7
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NOTE ON BENCHMARY PROGRAMS
The following benchmark programs were selected for the purpose of ob-
jectively comparing the 280, 8080 and the 6800 n 1mporiant apphcation
areas.

MOSTEK realizes that the best benchmark is one written for vour specific
application. The following are only offered for your evaluaticn as being
representative of the general class of problems being solved by mizrocom-

puters.

b e,
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&
TRIPLE PRECISION BINARY MULTIPLY — RESULTS &
i
280 8080 6800 '
Execution speed® (us) 2504 5061 3532 3
(Relative to 280} (100 (200 (14) }°
Memory required (Bytes) 85 112 121 f
{Relative to Z80) (1.0) (1.3} {1.4) [
*Worst case, multiplier= 0101 0101 0101 0101 0101 0101 ;l

’ 3
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'Y NEST :]-'/7 SR FN ; :
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i ;j SYSTEM DESIGN CONSIDERATIONS
] €
3 g OThe 6800 s designed to use‘6800-senes parts to form a tight-knit-small 10
‘ E medium size systein  This design must be significantly modified for lurger
INTERFACING Y ’ L} size systems containing mote standard parts
; i
4
| System design considerations _:,: “ OThe 8080 1s actually a three-chtp mucroprocessor, once the 8224 and 8278
1. Interface compansons ; have been included in the design. This Limits sts usefuiness in sl systems
! Minimum chip set for functional processor 4 ] Also, the need for external non TTL compatible buffers 1s a definite dhis
U Basic 280 interfacing ’ advantage.
{ +Dynamic refresh comparisons -
O The 280 1s gquite efficient 1n small systems, due 10 its clean tmerf{ac.. desiun
However, its efficiency actually increases as system size increases, because
it was desyoned with large systems of standard compaonents in mind. The
CPU coatiolled dynamic memory refresh is just one exainple of the design
philosophy.
r
N e e 1 7 SISy
*'"*5'45‘:'{\5 o] N\ O\ ' - o -y Selw
- - e e - —— " R ” - - -
\i
INTERFACE CONSIDERATIONS MORE INTERFACE CONSIDERATIONS
¢
Provisions for: Z80 8080 6800 {
DMA -Y_E.S YES YES § 230 8050 6800
VOLTAGE REQUIRED +5 +5,-5,+12 +5
INTERRUPTS
NTE CLOCK PHASES 1 2 2
MASKED YES YES YES . €
é CLOCK VOLTAGE & 4.2v 8.1v 4.4v
NON-MASKED YES NO YES
j INTERNAL SYNC OF YES NO NO
SYNC'ING SLOW DEVICES YES YES NO * & INPUTS
SEPARATE 1/O YES YES NO g DIRECT STROBE YES NO NO
MEMORY REFRESH YES NO NO i OuTPUTS
- NEED EXTERNAL NO YES NO
DYNAMIC 4K RAM TIMING YES NO NO i 3}; STATUS LATCHES
b
{ § TTL COMPATIBLE YES NO YES
* Can be done n clock sircutiry '2
- S _;
j et
] o
! i

S ATy - rea—y—

e
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1024 BIT (256 x 4) STATIC MOS RAM
‘ WiTH SEPARATE 1/0

& 256 x 4 Organization {o Meet Needs Inputs Protected — All _lnputs Have

for Small System Memories Protection Against Static Charge
Access Time — 850 nsec Max. = Low Cost Packaging — 22 Pin Plastic
@ Single +5V Supp! VYoltage Dual-In-Line Configuration

Directly TTL Compatible — Al Inputs e Low Power — Typically 150 mW

and Qulput . Three-State Output — OR-Tie
@ Static MOS — No Clocks or Capability
Refreshing Required

@ Simp)e fdemory Expansion — Chip
Enable Input

s Output Disable Provided for Ease of
Use in Common Data Bus Systems

+

) .
The tritel 81012 is a 256 word by 4 bit static random access memary element using normaily off N-channel
MQS devices integrated on a monolithic array. It uses fully DC stable (static) circuitry and therefore requires
ne clocks or refreshing to operate. The data is read out nondestructively and has the same polarity as the
input data. :
The 8101-2is designed for memory applications where high performance, low cost, large bit storage, and sim-
ple interfacing are important dasign objectives. ‘
It is disectty TTL compatible in all respects: inputs, outputs, and a single +5V supply. Two chip-enables
allow easy selection of an individual package when outputs are OR-tied. An output disable is provided so that
data inputs and outpults can be tied for common 1/0 systems. Output disable is then used to eliminate any
bidirectional logic.

The Intelw8101 -2 15 fabricated with N-channel silicon gate technology. This technology allows the design and

production of high performance, easy-to-use MOS circuits and provides a higher functional density on a mon-.

olithic chip than either conventional MOS technology or P-channel silicon gate technology.

Intel’s silicon gate technology also provides excellent protection against contamination. This permits the use
of low cost silicone packaging.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
S
a ] 22 Y
—1 A, o, f— .
4,2 2 [, — A 00, §— RO, ] @
a —_ A Of, b ° — — —o Voo
' 3 20 [ rw 2 2 ) ,.@ ®
—] A 00, : vo——{¥ : 4
- 3 2 iy T GND
a [ 1a 19 [ céy _1a o1 ) aow CELL ARRAY
] 3 A;o—-w—_ SELECT 32 ROwWS
a, {1 18 { ] oo — a, oo, f— D 32 COLUMNS
81012 A 8101-2 Ay ——LF ]
a, ] ” Scez — T @y ]
—] A oo, § Ay ¥
7 4
a, 17 16 00, 3 T I
GND d 8 " Dml RW ;\ —1 COLUMN 1.0 CIRCUITS £33
oo ot Y COLUMN SELECTOR
o [ s w oo =
- 1 : y INPUT a9 00
Ol ——X""] 0aTa )
oo, ] w0 i bD'J KE CONTROL IR 2
D.J,_;’...D—'— RCRN LY R B—-cooz
o n I} 00 — t
2 L) 00, AW CE2 CEl - '—@"V_" Ay Ag A) @ 00,
it ! L] ——t -
179 T L i
PIN NAMES . iz
0, _ DATaINRUT co OUTPUT DISABLE 00— ' ('« PINKUMBERS
A, A, apvaessputs 7 ooy, DATAUUTPUT ] i)
AW T AEALWHITE INPUT Voo POWER AV
CFY cE2 crisiNeLE T

551

31



o Silicon Gate MOS 8171-2

1024 BIT (256 x 4) STATIC MOS RAM
WITH COMMON 1/0 AND OUTPUT DISABLE

= QOrganization 256 Words by 4 Bits s Fully Decoded — On Chip Address
@ Access Time — 850 nsec Max. ' Decode

Common Data Input and Output . © Inputs Protected — All inputs Have
o Single + 5V Supply Voliage Protection Against Static Charge

w Directly TTL Compatible — All inputs a Low Cost Packaging — 18 Pin Plastic

and Quiput Dual-in-Line Configuration

= Static MOS — No Clocks or a Low Power — Typically 150 mW
Refreshing Required s Three-State Output — OR-Tie

n Simple Memory Expansion — Chip Capability

=nable Input

The Intel®8111-2 is a 256 word by 4 bit static random access memory element using normally off N-channel
MOS devices integrated on a monolithic array. It uses fully DC stable {static) circuitry and therefore requires
1o ciocks or refreshing to operate. The data is read out nondestructively and has the same polarity as the
input data. Common input/ocutput pins are provided.

The 8111-2 is designed for memory applications in smal! systems where high performance, low cost, large bit
storage, and simple interfacing are important design objectives.

Itis directly TTL compatible in all respects: inputs, outputs, and a single +5V supply Separate chip enable
(CE) leads allow easy selection of an individual package when outputs are OR-tied.

The Intel 81112 is fabricated with N-channel silicon gate technology. This technology allows the design and
production of high performance, easy-to-use MOS circuits and provides a higher functional density on a mon-
ohithic chip than esther conventional MOS technology or P-channel silicon gate technology.

Intel’s sthcon gate technology also provides excellent protection against contamination. This permits the use
of low cost silicone packaging.

PIN CONFIGURATION 1LOGIC SYMBOL BLOCK DIAGRAM
/S .
a1 18 Dvcc —a ®
a ¢ 1 Ja 0 b a— ”@—-; Vee
! 3 —a, [F{o 'y TN @ -1 ®
a,[§s 16 :Ja,w —]a, 10, fe @ AOwW MEMOAY ARRAY — - GAD
At “I}._.. A 32 ROWS
a s b \ StLecr 32 COLUMNS
ul: 15 CE, P e A ® ]
- i 17—
alds env2vfies . s ol 2 — ]
ag("ls 13 10 ; | |
SE_. :] 3 -—-—1 A, B111-2 aw O _r — C‘_)_L_‘_’ﬁ":‘_'g_c_'“cu”s ———ﬂ
a, )7 2o, S 00 b lo"_ &.__. COTL*UM:‘lSEL]EC' : [
Gno s nt]-o, I - |o,._vI BN:rU; }% A [————-ﬂ i
conOL | —!
o} w[ Jce, HW CE, CE, 10,e Y‘ b —T 5)' O ~S -l
. J "a A!- “l i[ -
10, i
BE e [t
PIN NAMES "1 Sﬂ
e . O .
[ Achr AD’)RESSINPUTS . C“” D_;
. ob T OuTPUT DISABLE | . c;,.,_s..p_.‘
I Rw ReAD Wit e iINPUT . \9 -
et CHIP ENABLE | ) . oo “‘—‘D"‘—“—‘“D O FinnUmBERS
{ et CHIP ENABILE 2 ! :

L 1O, 1O DATA UT uuwur"

5-55



e o o 7
B ko J Silicon Gate MOS 8152-2
BIT FULLY DECODED STATIC MOS
RANDOM ACCESS MEMORY
s Access Time -=-- 850ns Max. & Simple Memory Expansion — Chip
v Single +5 Volts Supply Voltage Enable Input
Directly TTL Compatible — All Inputs - © Fully Decoded — On Chip Address
and Qutput Decode
s Static MOS — No Clocks or inputs Protected — All Inputs Have
Refreshing Required Protection Against Static Charge
o Low Power — Typically 150 mW Low Cost Packaging — 16 Pin Plastic
o Three-State Output — OR-Tie Dual-In-Line Configuration
Capability

The Intel 8102-2 is a 1024 word by one bit static random access memory element using normally off
N-chaninel MOS devices integrated en a monolithic array. It uses fully DC stable (static) circuitry and
thevefore requires no clocks or refreshing to operate. The data is read out nondestructively and has the
same polarity as the input data.

The 8102-2 is designed for microcomputer memory applications where high performance low cost, large
bit storage, and simple interfacing are important design objectives.

It is directly TTL compatible in all respects: inputs, output, and a single +5 volt supply. A separate "hlp
enable (CE) lead allows easy selection of an individual package when outputs are OR-tied.

_ The Intel’8102-2 is fabricated with N-channel silicon gate technology. This technology allows the design
and production of high performance, easy-to-use MOS circuits and provides a higher functional density on
a rmonolithic chip than either conventional MOS technology or P-channel silicon gate technology.

Intel’s silicon gdte technology also provides excellent protection against contamination. This permlts the
use of low cost silicone packaging. :

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
"W N =l Auo% — ®
[ A, O Vo
ww (13 1] Ay — A, O b—
- 1% @ AOW ACRERLALV
Ay Ci 4 13 :_:]CE —fa, A2 SELECIOR 32 HOWS
8102-2 — 8102-2 32 COLUMNS
s a2z Joaraour ] 2: A'C'@—m
A 6 n pATAIN  TEA ‘
1] ] ! R P Bour f— ﬁ.,,@_m
a7 wi Jvee e ) T l
Aom 3 9 bGND RW CE am% - LOLUMN 1 0 CIRCUITS i —=o'oui"
N Dafa
l (r oara @ CONTROL COLUMN €L ECTOR

r Ag Ag ADDRESS INPUTS Dour ~ DATA OUTPUT
AW READMHITLINPUT | Ve POWER (bLY)

PIN WAMES ® t
! D.N DATAIaPUT CE CHIPENABLE !
C’o

| .
B () - o1t NuNse s




g Silicon Gate MOS 2102A-4

?@24 BT FULLY DECODED STATIC NMOS
RANDOM ACCESS MEMORY

@ Access Time —450ns iiax. , s Simple Memory Expansion — Chip

& Single +5 Volis Luppiy Voltage Enable input

« Direcily TTL ‘Compatibie — All inputs = Fully Decoded — On Chip Address
and Cutput Decode

o Static MOS — No Clocks or s Inputs Protected — All Inputs Have
Refreshing Required Protection Against Static Charge

o Ldv Power — Typically 150 mW Low Cost Packaging — 16 Pin Plastic

v Yhree-State Ouiput — OR-Tie Dual-in-Line Configuration
Capability

The 1ntel>8102A-4 is » 1024 wrod by one bit static random access memory element using normally off
M-channel MOS devices integrated on a monolithic array. It uses fully DC stable (static) circuitry and there-
iore requires rn ciccks or refreshing to operate. The data is read out nondestructively and has the same
nolarity as tne input daa. -

Tne 8102A-4 is des signecd for microcomputer memory applications where high performance low cost, large
bit storage, and s*mph-» interfacing are important design objectives.

it is directly TTL compatible in all respects: inputs, output, and a single +5 volt supply. A separate chip
enabie ((..E! lead allows easy selection of an individual package when outputs are OR-tied.

The intel 810”‘A 4 is fabricated with N-channel silicon gate technolfogy. This technology allows the desngn and
production of high performance, easy-to-use MOS circuits and provides a higher functional density on a mon-
olithic chip than either conventional MOS technology or P-channel silicon gate technology.

intel’s sificon gate technology also provides excellent protection against contamination. This permits the use
of low cost silicone packaging.

Pind CONFIGURATION LOGIC sYmMBOL - BLOCK DIAGRAM

W] tod 14, “«‘% B
J Ag i e Ve

ﬁ@ 2 15 AG 7 G,
[:1 - —t A A,c% e—-—@-ocuo .
Aive C:i 3 1y 14, — 42 Oun f—
. b Joe! ' (:>/ ACW nﬁﬁ:l
A:m ) 1 JcE —da, "b& SELLCTOR 22 hows
810244 | _ —4i a, 8102A-4 32 coLumns
a s 1z{ "]oara ous s R 0_@%
— & )
pum— . §
A 6 1" DATA IN ’
. = ~-44s  Doutj— 4.%‘
Wi P s DU B L T
s e s{ Jono XC) ‘ ’ @ _vars

INPUT
para
CONFROL

PIN NAMES ¥
P ow _Datameur | & cupenasle ] [ ‘

.l COLUMN 1.C LIRCUIIS oui

COLUMN SELECTOR

-l Ql
o
Y
;

Ag &g ADDRESS INPLTS onU, mmauwur =

mw Rt ADWRITE INPUT cc POV.;R (.5\/) ) O ot NUMSERS

[ et ]
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Silicon Gate MOS 8157 A

FULLY DECODED RANDOM ACCESS

40686 BIT DYNAMIC MEMORY

s Access Time-- 420 ns max.
= Refresh Period --2 ms

e L ow Cost Per Bit
L.ow Standby Power

= Easy System Interface

s Only One High Voitage
Input Signal-Chip Enable
l.ow Level Addrass, Data,

Write Enable, Chip

Select Inputs

s Address Registers
" Incorporated on the Chip

» Simple Memory Expansion=-

Chip Select Input Lead
Fully Decoded =On Chip

Address Decode
.o Qutput is Three State and
TTL Compatible

25

" = Ceramic and Plastic 22-Pin DiPs

The lnlel®8107A ic a 4096 word by 1 bit dynamic n-channe! MOS RAM. It was designed for memory applica-
tions where very low cost and large bit storage are important design objectives. The 8107A uses dynamic
circuitry which reduces the operation and standby power dissipation. ‘

Reading information from the memory is non-destructive. Refreshing is accomplished by performing one read

cycle on each of the 64 row addresses.

memory s refreshed whether Chip Select is a logic one or a logic zero.

Each row address must be refreshed every two milliseconds.

The

The 8107A is fubricated with n-channei silicon gate technology. This technology allows the design and produc-
tion of liyh performance, easy to use MOS circuits and provides a higher functional density on a monolithic

chip than other MQOS technologies.

PIN CONFIGURATION

31074

b Yss

LOGIC SYMBOL

81074

Vis 1 - A A
ag 2 »-JAI —— A
A 3 ] &, - A, O =
ay, . [ 4 : :‘
s ]s [ voo ~— A;
Dy 6 (1 € — A
DOU’ ! :Nc : :7 Dou' D-
a8 [ 4 I
A,y 3 : A ~ Ao
A, 10 13 ga, — ap
Ve L9 1 =L CS CE W
PIN NAMES
Oin DATA INPUT CE CHIP ENABLE
AgAyy ADULRESSINPUTS™ DouT DATA OUTPUT
‘WE WRITE ENARLE Vee ~ POWER {+5V)
cs CHiv SELECT NC NOT CONNECTED

*Retresh Acurestes Ay A,

Ay
Az

Aq

CcE

O
wE
cs

BLOCK DIAGRAM

O— b=

" ROW DECODE 64 “;E:;?:-v
and BUFFER |-
REGISTER 64 x 64
3
£ 64
HMI’NG COLUMN
CONTROL AMPLIFIERS
GENERATOR
3
64
COLUMN DECODE
1:0 2nd
e BUFFER REGISTER
Sour A5 Ay Ag Ay Ay 4y,

<-0 Yo
0 Vg

567



c
)
=
O
-3
ey
]
4)]
)
=
O
)
&
et
O
-
U1
s
€
@
{ L
¢
'n
&)
ﬂﬂél
O
o
=
0
(€

1024 2T (288 % @) STQT%@ CMOS RAM
*Ultra Low Standby Current: 15 nA/Bit for the 5101

= Fast Access (ime-—5630ns Direcily TTL Compatible— All

5 Single +5 V Power Supply L Inputs and Cutputs . .

= t
s CE, Controls Unconditional e Three-State Outpu

Standby Mode
N
The bntel¥ 510 and 51013 are ultra-low power 1024 bit {256 words x 4-bits) static RAMs fabricated with an advanced ion-
wiplanted siicen gate CMOS technology. The devices have two chip enable inputs. When CE, is at a low level, the minimum
standoy current is drawn by these devices, regardless of any other input transitions on the addresses and other cantrol inputs.
Also, vihen (—ZE_, is at a high level and address and other control transitions are inhibited, the minimum standby current is
arawn by ihese devices, When in standby the 5161 and 5101-3 draw from the single 5 volt supply only 15 microamps and

20U microamps, respectively. These devices are ideally suited for low power applications where battery operation or battery
bBackup for non-velatdity are required.

Tha 5101 and 51012 use fully DC stable {static} circuitry; it is not necessary to pulse chip select for each address transition.
The data is ;ead out non-destructively and has the same polarity as the input data. All inputs and outputs are directly TTL
cornpatible The 5101 and 5101-3 have separate data input and data output terminals. An output disable function is provided
sc that the data inputs and outputs may be wire OR-ed for use in common data 1/0 systems.

The 5107L and 5101L-3 are «dentical to the 5101 and 5101-3, respectively, with the additional feature of guaranteed data
retention at a power supply voltage as low as 2.0 volts.

A pin compatible N-channe! static RAM, the Intel 2101, is also available for low cost applications where a 256 x 4 organi-
zation is needed, .

The Intel ion-impianted, silicon gate, complementary MOS (CMOS) aliows the design and production of ultra-low power,
high performance memories,
i

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
5101 5161
e | @
A T 22 ] v | PRLO — —— =0 Ve
A, e 2n{]a N : A\ GHD
k ? A : Ao D | aporess ROW CELL ARRAY
A — A 20751 BUFFERS DECODEAS
: 3 20 {_] miw ? : A 32 COLUMNS
1 18 D CEY — 5 Ay 1
¢
%o bl —1 A ’ —4 IDISABLE)
a5 18 "] oo - a, o
17
M= N S I
a0 w300, T S : D00
7 4 - 1
-— o, oo, }— : (DISABLE; |—— COLUMN 1/0 | o
eno [T 1s 15 ot 45 7 CIRCUITS ‘
: q ey r)|1 DDZ SO i RAW @ 4 m 002
o, 19 14 {1 oo, —y by, 00, f— o b0 weut L t%
ot po K " DATA COLUMN (14
oo, [] 10 130, B s 0203 contaoL DECODER { =000
DI 12 ::] no i D’O_H_ T T D
2 " ‘a KW CE2 CEl D, reoea
ois COLUtN >
. aer SELECT 1>—J
. 4 B BUFFLRS
PIN MARES T
Oty fay LAtTa ey Qn QUTAIT DISABLE ) ‘
\ 00 & 64
AL AL EYRIPE] SN WATE KN Ly 00, ala QUTPUT A A
" Ry av Wit oot o, POALR 15V A 2
"G Ci7 ComenaRI B - B 01010} O = pnumerns




PNy Silicon Gate MOS 87G2A
2048 BIT ERASABLE AND ELECTRICALLY
REPROGRAMMABLE READ ONLY MEMORY
b inputs and Quiputs TTL Compatibie

Access Time - 1.0 usec
iax. :

Fast Programming — 2 Minutes for
All 2048 Bits

Fully Decoded, 256 x 8 Organization
Static MOS — No Clocks Required

Three-State Output — OR-Tie
Capability

Simple Memory Expansion Chip
Select Input Lead

o

The 8702A is a.256 word by 8 bit electrically programmable ROM ideally suited for microcomputer system
development where fast turn-around and pattern experimentation are important. The 8702A undergoes
complete programming and functional testing on each bit position prior to shipment, thus insuring 100%
programmability.

Tha B702A is packaged in a 24 pin dual-in line package with a transparent quartz lid. The transparent quartz
fig altows the user to expose the chip to ultraviolet light to erase the bit pattern. A new pattern can then be
written into the device. This procedure can be repeated as many times as required.

The circuitry of the 8702A is entirely static; no clotks are required.

A pin-for-pin metal mask programmed ROM, the Intel 8302, is ideal for large volume production runs of
systems initially using the 8702A.

The 8702A is fabricated with silicon gate technology. This low threshold technology allows the design and
production of higher performance MOS circuits and provides a higher functional density on a monohtr_uc
chip than conventional MOS technologies.

PIN CONFIGURATION BLOCK DIAGRAM

DATAOUT1  DATAOUT @
Az[: 1 e 24 VDD T t 1
A,C 2 23] JVec
. = ouTPUT
CYEE 22 ;]Vcc ~ BUFFERS
*DATA OUT 1[:1 4LSB; nf A
*DAYA OUT 2 q 5 0{ J4 2048 81T
PROGRAM —=]  PROM MATRIX
*0ata out 3[_{e 8 A 1256 X 8)
87024 .
*0ataout a[ |7 18] J4 -
*pataouT 5 1s 17f 34 DECODER
*0aTa ouT6[ s 16 DVGG -
,
*DaTa ouT 7[_}10 15 Dv“
INPUT
*pata out 8[| 11 (mse) 1] e DRIVERS
Vee l—_J 12 13[ ] PROGRAM 1 f_ - ‘“1

Ag Ay

Ay

*THIS PIN 1S THE DATA INPUT LEAD DURING PROGRAMMING.

PIN NAMES
| AgAr ADDRESS INPUTS
cs CHIPSELECT INPUT |
DOy- DO, DATA QUTPUTS

g

521
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=4 Silicon Gate MOS 8708 /8704 38

8192/4096 BIT ERASABLE AND ELECTRICALLY
REPROGRAMMABLE READ ONLY MEMORY

o 8708 1024x8 Organization
e 8704 512x8 Organization
® Fast Programming —
Typ. 100 sec. For All 8K Bits
@ Low Power During Programming
o Access Time—450 ns

B Static — No Clocks Required

inputs and Outputs TTL
Compatible During Both Read
and Program Modes

©@ Three-State Qutput— OR-Tie

B Standard Power Supplies—

+12V, X5V |

Capability

® . .
The intel 8708/8704 are huigh speed 8192/4096 bt erasable and electricaily reprogrammable ROM's (EPROM) ideally suited
where fast turn arcund and patiern experimentation are important requirements.

The 8708/8704 are packaged in a 24 pin dual-in-ine package with transparent lid. The transparent lid allows the user to ex-
pose the chip to ultigviclet light to erase the bit pattern. A new pattern can then be written into the devices.

A pin for pinrmask programmed ROM, the Intel 8308, is available for iarge volume production ryns of systems initially using
the 8708.

The 8708/8704 is fabricated with the time proven N-channel silicon gate technology.

PIN CONFIGURATIONS

N

BLOCK LIAGRAM

DATA OUTPUT

a, [ 2 :vm_ 0, O
. L L
a, {12 3{ }as f
Ay I 2[] . [ .
A E 4 2 D Vg i |
A 5 200} CSwe
[ 8708/ n e CHIP SELECT
A, e 8704 191 oo +ocIc OUTPUT BUFFERS
(] ] PHOGRAM
ay(}s 11 0, ——
. ——r g Y
0.3 wl Jo, ——— DECODER : v GATING
L.
0. (e 1 :] N Ay A,
ADDRESS | —
o, [Cn wijo, INPUTS .
—_—
We 2 3 :]o, ——— B
= X 64 X 128
————— DECODER ROM ARRAY
*3704 - Vg L—-—*
8708 - A,
PIN NAMES
Ay Ay | 23768 PUTS
0,0y | UATACUIIIS
CEWE | CHiP STLECT. WRITE ENABLE INPUT

5-29
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The intel 8302 1s a fully decoded 256 word by 8 bit metal mask ROM.

3 A

-

Silicon Gate MOS 8282

2048 BIT MASK PROGRAMMABLE
READ ONLY MEMORY

Access Time —1
Fully Decoded, 256 x 8 Organizalion
Inputs and Outputs__TTL Compatible

Three-State Output — OR-Tie
Capabilily

zoc Max.

s Siatic MOS — No Clocks Required

o Simple Memory Expansion — Chip.
Select input Lead

8 24-Pin Dual-in-Line Hermetically
Sealed Ceramic Package

it is ideal for large volume produc-

tion runs of microcomputer systems initially using the 8702A erasable and electrically programmable ROM,
The 8302 has the same pinning as the 8702A.

The €302 1s entirely static — no clocks are required.

inputs and outpufs of the 8302 are TTL compatible.

T;w autput is three-state for OR-tie capability. A separate chip select input allows easy memory expansion.
The 8302 is packaged in a 24 pin dual-in-line hermetically sealed ceramic package.

The 8302 is fubricated with p-channel silicon gate technology. This low threshold allows the design and
production of higher performance MOS circuits and provides a higher functional density on a monolithic
chip than conventignal MOS tachnologies.

PIN CONFIGURATION

A ~ 20} JVoo

a2 23] JVee

al["]3 22 ;]Vcc
oata ouT 1 {4 iLsB; af ]
pataout 2 |5 20{ 1A,
oata our 3{ " le 197 JAg
Data ouT o[ 17 802 18{ )4
paraour s |s vl 1A

DATA OUT EE 9 16 :_"]VQG
para out 7[Jio is{_Jne
oara out 8[| 11 mse 1uf_Jcs
vee ]2 1w Ine

Ao_Ar
cs

00, DOy

BLOCK DIAGRAM ’

DATA OQUT 1 DATAQUT B '

OUTPUT
BUFFERS

2

2048 BIT
ROM MATRIX

(256 X 8}

¢ DECODER

INPUT
ORIVERS

Ag Ay

PIN NAMES
_ADDRESS mpurs—_}
_CHIP SELECT INPUT

DATA QUTPUTS
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b a2 Silicon Gate MOS 8280

8192 BIT STATIC MOS READ ONLY MEMORY
Organization-- 1024 Words x 8 Bits
B {ast Access — 450 ns . ‘ Three State Output — OR-Tie
Directly Compatibie with 8080 CPU Capability
at Maximum Pr~cessor Speed ‘ Fuily Decoded
Two Chip Select Inputs for Easy - 8 Standard Power Supplies
Memory Expansion +12V DC, +5V DC

g Directly TTL Compatible — All inputs
and Outputs
The intel® 8308 is an 8,192 bit static MOS mask programmable Read Only Memory organized as 1024 words by 8-bits. This
RQGA is deswyned for BO8S0 microcomputer system applications where high performance, large bit storage, and simple inter-
facing are Important design objectives. The inputs and eutputs are fully TTL compatible.

A pin for pin compatible electricaliy programmed erasable ROM, the intel® 8708, is available for system development and
smatt quantity production use.

Two Chip Selects are provided — CS; which is negative true, and csyc%’z which may be programmed either negative or
nositive (rue at the mask level. ;

The 8308 read anly memory 1s fabricated with N-channel silicon gate technology. This technology provides the designer with
high performance, easy-to-use MOS circuits. '

PIN CONFIGURATION BLOCK DIAGRAM :
S . DATA OUT 1 DATA OUT S8 o
A 1 24 jvcc A J . 1 ]
e[ 2 2] e — ouTPUT
as 3 22{"J g C5,/E5; —o BUFFERS
Aa E 4 21 ;j Vs 1
az[hs 20{ ] &5, 8192 BIT
. . ROM MATRIX
a6 3308 19 3 oo (1024 X 8)
a 17 18§} cs,/55,
YL 17§ 0a DECODER
o} - wljo,
o 0 ‘ 1sfJo
zD 3 6 INPUT
03: i 14 Jos * BUFFERS
Vss 12 13{ 10, t t ----- t
' Ag Ay Ag
PIN NAMES ,
r .
| Ao Ag____ ADDRESSINPUTS _
L_ 04- 0y DATA QUTPUTS t
{0 DAT. TPUTS
| 5. cs; CHIP SELECT INPUTS |
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J&J Silicon Gate MOS ROM 831GA

16,384 BIT STATIC MOS READ ONLY MEMORY
Organization—2048 Words x 8 Bits
| Access Time-850 ns max

¢ Singie +5 Volts Power Supply Voltage Three-State Output — OR-Tie
Directly TTL Compatible — Ail Inputs Capability

and Outpuls ' @ Fully Decoded — On Chip Address
s Low Power Dissipation of 31.4 W/Bit Decode

Maximum s [nputs Protected — All inputs Have
a Three Programmable Chip Seiect \ Protection Against Static Charge

inputs for Easy Memory Expansion

) .
The intel 8316A is a 16,384-bit static MOS read only memory organized as 2048 words by 8 bits. This ROM is
designed for mectocomputer memory applications where high performance, large bit storage, and simple inter-
facifiy are impo: tant design objectives.

The 1nputs and outputs are fully TTL compatible. This device operates with a single +5V power supply. The
tnree chip select inputs are programmabile. Any combination of active high or low level chip select inputs can be
defined and the desired chip select code is fixed during the masking process. These three programmable chip
select inputs, as welf as OR-tie compatibility on the outputs, facilitate easy memory expansion. :

The B316A read only memory is fabricated with N-channel silicon gate technology. This technology provides the
designer with high performance, easy-to-use MOS circuits. Only a single +5V power supply is needed and all
devices are directly TTL compatible. .

PiN CONFIGURATION BLOCK DIAGRAM
. 0, 0, 0,0, 0, 0. 0, O
.4 i 2 3 5 1 3
a, 3¢ 2170, <O GND
a_ i3 22§70 ) T :
8 -0, Ao OUTPUT BUFFERS < €s
A Y 21870, ") pecoos
A
Aog 5 wfdo, 2 T T 11 [ 1] 1 4 4
R a ] I
e b 3164 0, 8 1§ YDECODER10F 16«8
831 -
el 1830, ‘ A, « SECLHE”:T
» w C
A [js 1? bO, A < ¢ t f { f f i f PROG
. R ———t @
a - 1679, 6 = .
A
a [J0 151 ¢s, s— € H . T3
- o
A, CIn 14 ] cs, A, o] Er: L 1 - s
GND 312 1387 ¢s, T x =3
I J—— g — 3 16 384 BIT
’ < S CELL MATRIx CHIP
Ay ] o SELECT
’_‘ ; INPUT CS?
Ay —— ‘—-1 BUFFERS
Ao i -5,
PIN NAMES
A, Ay, [ At SL TS
U, U _I'_[,;l.x\..nm]!:‘. _ -
Ts) Che) Prrinei «MAABLE CHIP v LEL T HraP1ITS
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Schottky Bipolar 8272

£

A

f‘*}

El

HT-BIT INPUT/0UTPUT PORT

o Fully Parail=] 8-Bit Data a 3.65V Ouiput High Voltage
Reyister and Buffer tor Direct Interface to 8080
a Service Request Flip-Flop CPU or 8008 CPU
for interrupt Generation @ Asynchronous Register
z Low InLut Load Cuirent — Clear

.25 mA Max.
Three State Outpuis
Outputs Sink 15 mA

@ Replaces Butfers, Latches
and RMultiplexers in Micro-
computer Systems

s Reduces System Package

Count

The 8212 input/output port consists of an 8-bit latch with 3-state output buffers along with control and device selection
logic. Also included is a service request flip-flop for the generaticn and control of interrupts to the microprocessor.

The device is multimode in nature. [t can be used to implement latches, gated tuffers or multiplexers. Thus, all of the princi-
cal peripheral and input/output functions of a microcomputer system can be implemented with this device.

PIN CONFIGURATION

LOGIC DIAGRAM

SERVICE REQUEST FF

L A\ %4 ] \
DS, L 24 Vee ‘DO___‘_A
mof ] 2 23 U JinT DEVICE SELECTION | [ _—{sa
Dy, 3 22 D1y . \ = Csn ]«,1 |
00, {4 21 [Juo [i> DS1-of=== iNT (23
1 8 -
o, s 20 {Jou, 3> 052t (ACTIVE LOW)
i M EN
oo,[ e 18 (Jno LT '
ml , s PO ’ Z>mo WR j
3 ' 8
" > sve —°1 - T
oo, [} 8 00, r T 1 oureur
o1, {9 16| Joig f ! | BuFFen
oo, [ 10 15 { Joo, ll [ | ,f_
SCINEL 14 [ ]CLR o T—i° e+ Doy [
. q C R
ano[[} 2 131 Jos, ’ DATA '-‘”C\“\ L1 - | : —
(>0, =l LI5S ‘ b“‘jf’ 0 52>
| Ch - '
l !
[>o1, e o b-—i— 003 B
Aoy
. [E>01, ! 0 af+ %DO,;{W'}
PIN NAMES : Hea J 11 )
(
DY Dlg !oamm >0 1o o7 ! Dog (15>
DOy D0y ' DATA OUT c |
D% US; _ DEVICE SELECT . ; P-“a__.‘R 'l |
MD Mot
sT8 STRUBE i [8>016 i SamHT t bog (2>
INT _INTEHRUPT (ACTIVE LOW) 4C o ] |
CLR CLEARJACTIVE L OW) | .4 l I
&> Dty 4o a , % 00, {i9>
el | i
) .
@‘NB ' S Ie) ' 003131 >
reseToriver | Uc 1
i 8 {
- Nl | 7
fin> cCr 'D‘%‘; l !
g IACTIVE LOW :
. S S

5-85
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SCrOTTRY SH*CLAR 5212

Functionai Description
Data Latch

The 8 flip-tlops that make up the data latch are of a
“D" type design. The output (Q) of the flip-tiop will
follow the data input (D) while the clock input (C) is
high. Latchung wiil occur when the clock (C) returns
fow.

mput\CLR) (Note Clock (C) Overides Reset {CLR}.)

Quiput Buifer .

The outputs ot the data latch (Q) are connected to
3 -state, non-inverting output buffers. These buffers
have a common control hine (EN): this control line
erther anables the buffer to transmit the data from
tha ouiputs of the data latch (Q) or disables the
buffer, forcing the output inte a high impedance
state. {3 -stare)

This nigh-impedance state allows the designer to
connedt the 8212 directly onto the microprocessor
bi-directional data bus.

Control Lagic.

The 8212 has control inputs DS1, DS2, MD and
STB. These inputs are used to control device selec-
on, data latching, output buffer state and service
request flip-tiop

151, DS2 (Device Select)

These 2 inputs are used ‘or device selection. When
DS1 s low and DS2 1s high (DS1 - DS2) the device is
selected. In the selected state the output buffer is
enabled and the service request flip-flop (SR) is
asynchronously set. '

MD (Mode)

This nput 1s used to control the state of the output
buffer and to determinhe the source of the clock input
(C} to the data latch

When MD is high (outputl mode) the output buffers
are enabled and the source of clock (C) to the data
tatch is from the device sciection Jogic (DS - DS2).
When MD is low (input modz) the output buffer state
1s determined by the device selection logic (DS1 -
DS2) and the source of clock (C) to the data tatch is
the STB (Strobe) input

"TB (Strobe)

..0s input is used as the ciock {C) to the data latch
for the input mada M'D = M and to synchrenocusly
resct tive seroele: rego-it 2SR,

. '
EE R P

Note that the Sti tip flop s negauve edye triagered,

Service Request Flip-Flcp _
The (SR) flip-flop is used to generate and control
interrupts in microcomputer systems. It is asyn-
chronously set by the CLR input {active low). \When
the (SR) flip-flop is set it is in the non-interrupting
state.

"The output of the (SR) flip-flop (Q) is connected to
an inverting input of a “NOR" gate. The other input
to the 'NOR’ gate is non-inverting and is connected
to the device selection logic (DS1 - DS2). The output
of the “NOR" gate {INT) is active low (interrupting
state) for connection to active low input priority
generating circuits.

SERVICE REQUEST FF

DEWVICE SELECTION | [

> 551 < }m?@
3> psz— (ACTiVE LOW)
EN
>mo y WR __1
i> st8 —— CT T T ourer
j ] | suFrER
I | | _1/
o, +Hoa ;%ow@
DATA LATCH | e ‘i l .
E>oi, B— D Q { oo, >
: CR | |
>0, [ D Q-+ } ooz >
RSl
K=
>0, J‘ D o+ 1 ooy o>
TR L
1 |
o115 -+ ,.JD o | oog [i5>
I Heej | I
=11
(>0 : QT oog [i7>
l ~Cr 1| {
| | |
o> o1, +—o o 0o, &>
e G
] LN |
B> oy Da , oog >
eseroriver | Ue | I
! ! )
-
E>cR CTIVE LOW %% d ’ I
Al L |
‘ R R S
st8 [mp_ [Ds, Dsa)_ | DATAOUY “EauaLs || c._ﬁrp—g; os,) Tstg T -snImT_!
Mo To 1t~ o ~t dsrare }_o ) Sy T
L s jo! o ! rsTAtE | It ] PO
o v 0 ' nrravatnp l ' ) ~_ ) o |
RN : 0 ' DATALAIvn ‘f M e ol
6} 0 1 : &,::_:L‘A!I.u ity o © 2 - I..i
SRR DAt AT e v e
L_‘ l ' ! L DatA N | J “INTERNAL SH FLir FLOP
T-n:se;sonvatarcw |
LA N RS T

e ‘ |
el bes v LN LUVPUT BUFFE

N
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Applicaticns Of The 8212 -- For Microcomputer Systems

!
i
i
v

Basic Schematic Symbol
Gated Buffer
Bi-Directional Bus Driver
Interrupting Input Port

V  Interrupdinstruction Port
Vi Output Port

. Basic Schematic Symbois

Two examples of ways to draw the 8212 on system
~ schematics—(1) the top being the detailed view

showing pin numbers, and (2) the bottom being the

¢ VIl 8080 Status Latch
Vill 8008 System
IX 8080 System:

8 input Ports
8 Output Ports
8 Level Priority Interrupt

as a system bus (bus containing 8 parallel lines).
The output to the data bus is symbolic ir_\ referenc-

" ing 8 parallel iines.
symbolic view showing the system input or output = - .

.

" BASIC SCHEMATIC SYMBOLS-

INPUT DEVICE ._ . - - "*‘—onrpurosv'ce — -
e b] - ER r‘“_—“—‘*"""
si8 ; - — sT8
- “'gJDl DO*""L —_ — _£~ DI [»]0] ._..-_
5 6 . 5 —_ 6
L7 8 o O ) | B I
9 10 9 10
- ___4:2 8212;_‘___..’3 . (DETAILED) 261 a2 P15
— N S _ L 12— —
S T2 19 —- 29 -1 — e _
o2 ctR INT 28 - 22 1INT Cctr] 21 '
14 )7 mp \]23 23 17 ™MD 14 -
d6§, | DS, . 9os, ! os . -
NEREE 3 ]2 ?1
D V, -
INPUT GN —"") ~"") ce ouTPUT  _
SIRGBE ! R I """ FLAG
SYSTEM :> - SYMBOLIC SYSTEM
INPUT 8212 .._.._> { ! 8212 QUTPUT
—d iR INT o~ R —_ —f CLR o~ }
GND ' DATA BUS - _DATA BUS Ve -

li. Gated Buffer {3- STATE )

The simplest use of the 8212 is that of a gated
buffer. By tying the mode signal iow and the strobe
input high, the data latch 1s aicting as a straight
through gate. The oulput buffers are then enabled
from the device selection logic (DS1 and DS2.

When the device selection logic is false the outputs
are 3-state. 1

When the device selection logic is true, the input

data from the'system is dnrec‘tly} transferred to the ~

\”*

culpal, T ot A tsd s 280 micro 23, The
oulput Gt won ginlc 15 auli amps. Thz: minimum
high output s 365 volts ':

13

!

GATED BUFFER

—_ -3-STATE
VCC 1
sTB
INPUT
PATA 8212
(250 uA)
CLR
(el £ LR Y]
CunLTroL 4 [Qhi{v]
h‘qH‘vg}

“.87

QUTPUT
DATA
(15mA)

{3 65V MIN)
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SCHOTTKY BIPOLAR 8212

‘L. Bi-Directional Bus Priver BI-DIRECTIONAL BUS ORIVER
A pair of 8212's wired (back-to-back) can be used Vee
as a symmetricai drive, bi-directional bus driver. , . $
The devices are controlled by the data bus input s78
control which is connected to DS1 on the first §212
and to DS2 on the second. One device is active, and
acting as a straight thre .gh ouffer the other is in DAYA 8212 DATA
. e [ . s BUS BUS
3-state mode. This is a very useful circuit in small .
system-design.
— CLR
DATA BUS
CONTROL —— - G'ND S
. {0=tL = R)
(i=R—~1L) a
s78
sz K
Lﬂ CLR
GND

This use of an 8212 is that of a system input port DATA
that accepts a sirobe from the system input source, iINPUT BUS
which in lurn clears ihe service request flip-flop STROBE l )
and interrupts the processor. The processor then ST8
goes thiouyh a service routine, identifies the port,
and causes the device selection logic to go true — STEM
enabling the syslem input data onto the data bus. f,;'PUT Q 8212 >
S e
PORT [ "xJ
SELECTION { oND TO PRIORITY SKY
(D57.D52) {ACTIVE LOWj
OR
TO CPU
- L"D’— INTERRUPT INPUT
Y. interrupt instruction Port INTERRUPT INSTRUCTION PORT
The 8212 can be used to gate the interrupt instruc- : ' Vee DATA
tion, narmally RESTART nstructions, onto the data ! BUS
bus. The cevice is enabled from the interrupt ? ~ )
acknowledyge signal from the microprocessor and ! ST8 .
from a port selecuon signal. This signal 1s normally i
tted to ground. (DS1 could be used to multiplex-a " RESTART c N
anely of witerrupt instructi ! n - INSTRUCTION 812 >
vanety 1 pt Instruction poris onlo a com (RST 0 = R$1 7) ST /1
mon bus) '
' \BT) PORT SELECTION ——am—d | S

GLiay
INTI]ERHUPY ACKNOWLEDGE ~——tmeeememeee e




SCHOTTY BIPOLAR 8212

VL Output Port (With Hand-Shaking)

-The:8212 can be used 1o transmit data from the data

bus to a system output The output slrobe could be
a hand-shaking signal such as “‘reception of data"
frem the device that the system 1s outputling to. it
1 turn, can interrupt the system signifying the re-
cepiion of data. The selection of the port comes
from the device selection logic. (DS1- DS2)

OUTPUT PORT (WITH HAND-SHAKING)

DATA

8US ‘

- " OUTPUT STROBE

sTB
:> 8212 :> SYSTEM QUTPUT
INT CLR fo——— SYSTEM RESET

-~ | Lo__ PORT SELECTION
SYSTEM Vee {LATCH CONTRCL)
INTERRUPT {D§1-DS2)

Vil. 5080 Status Latch

Here the 8212 is used as the status latch for an 8080
rmicracemputer systein. The input to the 8212 latch
5 directly from the 8080 data bus. Timing shows
that when the SYNC signal is true, which is con-
recied to the DS2 input and the phase 1 signal is
true, which 1s a TTL level coming from the clock
generator; then, the status data will be latched into
the 8212.

Note: The mode signal is tied high so that the output
on the latch is active and enabled all the time.

It is shown that the two areas of concern are the
bidirectional data bus of the microprocessor and the
conltrol bus.

8080 STATUS LATCH

1
o, 110 0,
9
o, b 0,
ol |7 o
O3 o} |-oATABUS .
4 4
8080 o, |2 o,
o 9 D.:
ol s
D, D,
1 v
sYne 2
]"
DBIN
0! d STATUS
22 s LATCH
12v 310, O, |4~ inTa |
f\. . 5 6 &5 T1 T2 |
ov - ~ 7 8 _ 1
S sTACK
2 19 hita s\ |
1 a2 [ OuT r—T\ |
L 18/ r”— M1 8ASIC 2 A \
L :(21 L;{: NP -gﬁgrROL P
CLOCK GEN L ITTL) - &R =— MEMR SYNC . } v N
& DRIVER ) i
4105, no Bs, -t _—
; 13 |2 'TI DATA X L
f—— DEIN _| i N
STATUS A
\ Vee
1
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SCHOTTKY BIPOLAR 2212

"Vill, 8008 System

This shows the 8212 used in an 8008 micrccomputer
system. They are used lo muitiplex the data from
three different sourcas 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 drive to the address latches (both low order
and high order are also 8212's) and to provide ade-
quate drive to the output data bus. The contro! of
these six 8212's 1n the 8008 system is provided by
the costrol logic and clock generator circuits. These
circuits consist of flip-flops. decoders, and gates to
generate the contre! functions necessary for 8008
miCrocomputer systems. Also note that the input
data podt has a strobe input, This allows the proces-

sor to be interrupted from the input port directly.
The control of the input bus consists of the data bus
input signal, control logic, and the appropriate
status signal for bus discipline whether memory
read, input, or interrupt acknowledge. The combina-
tion, of these four signals determines which one of
these three devices will have access to the .input
data bus. The bus driver, which is implemented in
an 8212, is also contrnlied by the control logic and
clock generator so it can be 3-stated when neces-
sary and also as a control transmission device to
the address latches. Note: The address latches can
be 3-stated for DMA purposes and they provide 15
milli amps drive, sufficient for large bus systems.

8008 SYSTEM
v INPUT v BUS
< DATA cc DRIVER ADDRESS
— BUS ¢ LATCHES
ﬂ
MEMORY 1N N e —— LOW ORDER
pata A4 #? A 22 T e : > 8iTs)
—-C{CLR —O| CLR f CLR
J X L
({GND L7 GND — ?v
INPUT e
STROsE ) L
boor s, SYNCA ]
S;t—14 Tt p-J
S, > T2
2
INPUT 8212 [ 8008 ! m - 8212 HIGH ORDER
DATA 12 L SYNC f—f i — (6 8ITS)
INY fo——j {
?-9 CLR INT L)Tﬂ , R?ADV <._i i den
| I .
T GND Ll L———.g ! Li ¥
) 41 \
}-—-———j L] — ' . . CC_
~G) MEM READ E T T DA(T)f}?US
Y ) Al
O INPUT_ i 104,567
-Of INT ACK tio
§OATA BUS IN WR
INTERRUPT - IR 0
INSTRUCTION :> 8212 ﬁ> — O=mr REQ ; ouT
e, o
CLR [ N
CONTROL LUGIC
T L & CLOCK GEN.
GND

18
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iX. 8080 System

" This drawing shows the 8212 used in the /0 section
-0k dn-8080 mucrocomputer system. The system con-
sists of 8 input ports, 8 cuiput ports, 8 level priority
systems, and a bidirectional bus driver. (The data
bus within the system is darkened ior emphasis).

Basicaily, the operatior would be as follows: The 8
ports, for example, colud be connected to 8 key-
boards, each 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
encoding circut. This circuit provides a positive
true level to the central processor (INT) along with
a thiee-bil code te the interrupt instruction port for
the genaration of RESTART insiructions. Once the
procassor has been interrupted and it acknowledges
the recepuon of the interrupt, the Interrupt Acknowl-
€dge signal is generated. This signal transfers dala
in the forn of a RESTART instruction onto the buf-
“tered data bus. When the DBIN signai is true this
RESTART nstruction is gated into the microcom-
puter,n tins case, the 8080 CPU. The 8080 then per-
forms a soltware controlled interrupt service routine,
saving the status of ils current operation in the
push-down stack and performing an INPUT instruc-
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

()]

e}

8080 aadress bus which in this system is connected
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 proces-
sor, to put its data onto the buffered data bus to be
transmitted to the CPU when the data bus input
signal 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 false. Using the
same address selection technique from the 8205
decoder and the output status bit, we can selcct

" with this system one of eight output ports to trans-

mit the data to the system’'s output device structure.

Note: This basic 170 configuration for the 8080 can

be expanded to 256 input devices and 256 output
devices ali using 8212 and, of course, the appropri-
ate decoding.

Note that the 8080 is a 3.3-volt minimum high input
requirement and that the 8212 has a 3.65-volt mini-
mum high output providing the designer with a 350
milli volt noise margin worst case for 8080 systems
when using the 8212,
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PROGRANMMABLE COMMUNICATION INTERFACE

a Syhchronous and Asynchronous
Operation

v Synchronous:

5-8 Bit Characters

internal or External Character
Synchronization

Automatic Sync insertion

» fAsynchronous:

]

£-8 Bii Characters

Clock Rale — 1,16 or 64 Times

Baud Rate

Break Charactler Generalion

i, 114, or 2 Stop 3its
False Start Bit Detection

a

Baud Rate —DC to 56k Baud (Sync Mode)

DC tc 9.6k Baud (Async Mode)

Full Duplex, Double Buffered,
Transmitier and Receiver

Error Detection — Parity, Overrun,
and Framing

Fully Compatible with 8080 CPU
28-Pin DIP Package

All Inputs and Outputs Are
TTL Compatible

Single 5 Volt Supply
Single TTL Clock

The 8281 is a Universal Synchronous/Asynchronous Receiver / Transmitter (USART) Chip designed for data
communications in microcomputer systems. The USART is used as a peripheral device and is programmed
by the CPU 1o operate using virtually any serial data transmission technigue presently in use {including 1BM
Ei-Sync). The USART accepts data characters from the CPU in parailel format and then converts them into
a continuous serial data stream for transmission. Simultaneously it can receive serial data streams and con-
vert tnem into parallel data characters for the CPU. The USART will signal the CPU whenever it can accept
a new character for transmission 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.

PiN CONFIGURATION

BLOCK DIAGRAM

o, 9,
D, Dy
RxD Vee L
GND AxC S N DATA \ TRANSMIT T
—_ aus ' BUFFER f—e'%
O biR 0, Bg BUFFER P -S)
o, RTS
o, DSR
o, AESET
oz cLk RESET o /:‘—'> . TARDY
R 10 CLK e b READ/WRITE [Ny TRANSMIT
o C/0.——] CONTROL e T
cs TEMPTY o LOGIC CONTROL )
. J— RD ..o < T3C
CE crs WR G
AD SYNDET J
F2ADY TxRDY c3 l
DSR _°cl
Fan Naaw | Pur» tion Pin Name | Pin Funcuisn OTR ] RECEIVE
0, Dy Dats Bus 18 intyr SR Data Set Ready ~ C'\O’x:?:gl. \F BUFFER f[e—RsD
c.0 Cuntios ui Dots 13 1o ba Written or Raad OTR Data Torminal Ready CTS e n (S -pPy
RD Reay ar s Commaned SYNDET | Sync Detect RTS o—-—} \\‘__.1 /
WR Write Datd ur Contol Convnand ATS Request to Send Data ! Y
cs Chig e e €1 Clear to Send Data t .
LK Cio ke Puise ATTLY Tx€ Transmuttes Enpty ’
RESET Ho et vre +5 Voit Suppty —eVRDY
TaC Trstsimtrer Clueck GND Ground RECEIVE fr—
140 To e e L1t INTERNAL L‘1 comrro |
HaC Roreeier Ok OAtA BUS - o SYNDET
AxD Recevar Data
RxRNY flec vy Regdy this charas ter for BORO)Y
Y.RDY Teay 1 o ooyt oy fea b ram BRGW)
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8251 BASIC FUNCTIONAL DESCRIPTION
. Génleral

The 8251 is a Universal Synchronous/Asynchronous Re-
ceiver/Transmitter designed specifically for the 8080 Micro-
computer System. Like ot=~r 1/0 devices in the 8080 Micro-
computer System its functiunal contiguration is programmed
by the systems software for maximum flexibility. The 8251
can support virtually any serial data technique currently
in use (including IBM “bi-sync”’).

In 8 communication environment an interface device must
convert padrallel format system data into serial format for
transmission and convert incoming serial format data into
parallel system data ior reception. The interface device must
alse delete, or insert bits or characters that are functionally
unique to the communication technique. In essence, the
interface should appear “transparent” to the CPU, asimple
input or output of byte-oriented system data.

Data Bus Buffer

Thiz 3-state, bi-directional, 8-bit buffer is used to interface
the 8251 to the B08O0 system Data Bus. Data is transmitted
or recerved by the bufter upon execution of INput or QUT-
putinstructions of the 8080 CPU. Control words, Command
words and Status information are also transferred through
the Data Bus Buffer.

Read/Write Control Logic

This functiondl block accepts inputs from the 8080 Control
bus and yenerates control signals for overall device operation.
It contains the Control Wo:d Register and Command Word
Register that sture the vaiious control formats for device
functional definition.

RESET (Reset)

A ""high” on this input forces the 8251 into an ““Idle”” mode.
The device will cemain at “tdle’” until a new set of control
words is written into the 8251 to program its functional
definition.

CLK (Clock)

The CLK input is used to generate internal device timing
and is normmally connected to the Phase 2 {TTL) output of
the 8224 Clock Generator. No external inputs or outputs
are referenced to CLK but the frequency of CLK must be
greater than 30 times the Recciver or Transmitter clock in-
puts for synchronous mode (4 times for asynchronous
mode).

WR (Write)

A “low’ on this input informs the 8251 that the CPU is

outputting data or control words, in essence, the CPU is

wyriting out to the 8251,
RD (Rcad)

A “low’ on this input intorms the 8251 that the CPU is in-
putting d.ata or stutes information, In wssence, the CPU js
reaching from the €251,

C/D (Control/Data)

This input, in conjunction with the WR and RD inputs in-
forms the 8251 that the word on the Data Bus is either a
data character, control word or status information.
1=CONTROL 0=DATA

CS (Chip Select)

A “low" on this input enables the 8251. No reading or writ-
ing will occur unless the device is selected.

DATA |- FLJ\ TRANSAHF o
BUS ) BUFFCR %
°1°® puFFer |V V) ees
ﬂegf:‘*“' SN | TaRDY
P “égg%‘é’ge R TRANSWIT | 1,
'Rﬁ—; LOGIE . CONTROL e
(L1 S—" 7
L]
CS______!
USSR —or ! .
DTR o g MODEM Ly RECEIVE .
MODE:S ' gurFiq  fe—-frl
CTS s CONTROL ,/l'—r“i q;—w \S P
RTS w0 —
|
i
// r*MxRD'{
i / L} RECEWE [, R
INTERN AL CONTROL
DATA BUS e SYNTEY
C/D RD WR Cs ‘
0 [0} 1 0 8251 == DATA BUS
0 1 0 4] DATA BUS =+ 8251
1 0 1 0 STATUS = DATA BUS
1 1 0 0 DATA BUS = CONTROL
X X X 1 DATA BUS = 3-STATE
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Modem Coxiir o1

The 8251 has u set of control inputs and cutputs that can
be used to sunplify the interf_ce tc simost any Modem.
‘The modemn control signals ar (cneral purpose in nature
{ne can be used for iunctions other than Modem cont-ol
it nacessary.

38R {Cata Set Ready)

‘The DSR input sigral is general purpose in nature. Its con-
dition can be iested by the CPU using a Status Read opera-
tion. The CSR input 15 normally used to tost Modem con-

ditiors such as Datz Set Ready. -

<@

-

¥ Data Terminal Reasvy) -
13

Ve B TR output signal is general prrpose in nature. It can

“ooozi Ulow' by programming the onnroprsiate bit in the

{loiamend Instraction word. The DT R auiput signal is norm-

‘9?\1 used tor Modem zonuicl such as Data Terminal Ready
C Viate Sa!e'“

- - ‘7 - S e s v e =

8 (REFU"SL te Szrd) ’ Tt

7,

J

B

The RTS output signal 15 general purposem nature. ltcan
be set “low’ by programming the appropriate bit in the
Comrnand Instruction word. The RTS output signal is norm-
ally used for Modem controf such as Request to Send.

TS {Clear to $end)

A “low” on this input enables the 8251 to transmit data
(serial}) +f the Tx EN bit in the Command byte is set to a

¢ re

one,

Transmitter Buiiar

The Transmitter buffer accepts parallel daia from the Data
Bus Buffer, converts it to a serial bit stream, inserts the ap-
pronriate characters or bits (based on the cornmunication
techinique) and outputs a composite scrial stream of data on
the TxD output pin.

Transmitter Contro!

The Transmitter Control manages all activities associated
with the transmission of serial data. It accepts and issues
signals both externally and internally to accomplish this
function.

.

TxRDY (Transmitter Ready)

This output signals the CPU that the transmitter is ready
Us v ontaunachactor, e~ boagsad 3o interrupt to
oy syLtom our tor the 80 L) o0 e e CPU can cheek
T. RIYY 15 aitomatic-
afly revorwhen a churacter s 1o idod from the CPU,

TannY Guing astatus 1+ o1 5. 1a- 0n

. TxE (Vransmitier Empty)
When the 8251 has no characters to transmit, the TxE out-

' put will go “high®’. it resets automatically upon receiving a

character from the CPU. TxE can be uged to indicate the
end of a transmission mode, so that the CPU “knows’ when
to “turn the line around’ in the half-duplexed oparational
mode. :

In SYNChronous mode, a “‘high’” on this output indicates
that a character has not been loaded and the SYNC charac-
ter or characters are about to be transmitted automatically
as “fillers”.

DATA A‘I._I\ TRANSMIT Y
£ N 8US 4 ; { BufFir }—eTe0
0, P0¢—v | surrer [NV P8
L
B
ETo
REzLK . /"—J\/ o TARDY
Rl READWRIFF § \p—
CiBe o] COLTROL m{ Tt
RD. ol .
v - - T4C
LN | L
Qe = - - . -
MR . — e
RECEIVE
_ ‘ BUFFER |e—R20
) .
L T
‘
- [
aRaiOY
RECEIVE i
INTERNAL *1 coNTROL —Ae
DATA BIS oo SYNOET

TxC {"Veansmitter Clock)

The Transmitter Clock controls the rate at which the char-
acter is to be transmitted. in the Synchronous transmissian
mode, the frequency of TxC is equal to the actual Baud
Rate {1X). In Asynchronous transmission mode, the fre-
quency of TxC s a multipie of the actual Baud Rate. A
porticn of the mode instruction selects the value of the
multiplier; it can be 1x, 16x or 64x the Bg}ru_d Rate.

For Example:

If Baud Rate equals 110 Baud,
TxC equals 110 Hz (1x)

TxC equals 1.76 kHz {16x)
TxC equals 7.04 kHz (64x).

M Baud Rate equals 9600 Baud,
TxC equals 614.4 kHz {64x).

The falling edge of T<C shifts the serial data out of the ‘
8251.

5-121
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(W)

Receiver Buffer

W . .
1e,ARccu -er dccepts seral data, converts this serial input

[S%g"parallel tormat, checks for bits or characters that are
... unigue to the communication technique and sends an
*assembled’’ character to the CPU. Serial data is input to
the RxD pin.

Receiver Control

" This-functiondl block manages all receiver-related activities,

- RxRDY {Receiver Ready)

~ This output indicates that the 8251 centains a character that
is ready to be input to the CPU. RxRDY can be connected
to the interrupt structure of the CPU or for Polled opera-
tton the CPU can check the condition of RxRDY using a
status read operation. RxRDY is automatically reset when
the character is read by the CPU.

8xC (Receiver Clock)

The Reeewer Clock controls the rate at which the character
is to be received. In Synchronous Mode, the frequency of
AxC is equal 1o the actual Baud Rate {1x}. In Asynchronous
Made, the frequency of RxC is a multipie of the actual
Baud Rate. A portion of the mode instruction selects the
value of the mulupler; it can be 1x, 16x or 64x the Baud
Rate.

For Example: If Baud Rate equals 300 Baud,
RxC equals 300 Hz {1x)

RxC equuls 4800 Hz (16x)

RxC equals 19.2 kHz (64x).

If Baud Rate equauls 2400 Baud,
RxC equals 2400 Hz (1x)

RxC equals 38.4 kHz {16x)
RxC equals 153.6 kHz (64x).

Data is sampled into the 8251 on the rising edge of RxC.

NOTE: In most communications systems, the 8251 will be
handling both the transmussion and reception operations of
a single link. Consequently, the Receive and Transmit Baud
Hates will be the same. Both TxC and RxC will require iden-
tical frequencics for this ope'ratnon and c¢an be tied together
and connected to a single frequency source (Baud Rate
Generator) 1o simplify the interface.

SYNDET (SYMNC Detect)

This pin is used in SYNChronous Mode only. It is used as
either input or output, programmable through the Control
Ward. It is reset to “low’ upon RESET. When used as an
output (internal Syne mous), the SYNDET pin will go
“high’’ 1o indicate that the 8251 has located the SYNC
character i the Recvive miode. If the 8251 is programmed
to use doibie Sync characters {bi-sync). then SYNDET will
go ik of thy

adddle et it of

NDET s
Read operation,

TERREP the nacanst Sync

churacter, &7 automatically reset upon a Status

}

When used as an input, {external SYNC detect mode), 7
positive going signal will cause the 8251 to start assembling
data characters on the falling edge of the next RxC. Once
inSYNC, the "high’ input signal can be removed. The dura-
tion of the high signal shouid be at least equal to the period
of RxC.

- DATA AN rl_l\ TRANSAMIT
< N 8US 4 i { Burren f—eTiD
0,03 71 asuFfer Nt V0 B B4 P -5
! !
'“E:,F;"‘“ AN o TXRDY
LR . N,
R-——el READ vRITE [N\ —y TRANGYIT e
co_.} contrRoL Al BT
RD oq  Locic ‘ X T
i ikl
o1
D3R o) J
OFR e e _
MODEM AS—] RECEWE | R0
& CONTHOL Q_ BUFFER
CT8 e, ’ ] i -7}
ATS 9 -
i
/l
s — e RARDY
. RECEWVE |, _AC
INTERMAL CONTROL
DATABUS e YNTET
\
\
§ ADDRESS BUS 1
o ]
v CONTROL BUS \
RESET %,
| | i I i
\ DATA BUS 3
‘ ] ! l
o 3 ¥ 1
c/6 cs D,-Dy AD WR  RESET  Cx
8251

8251 Interface to 3050 Standard System Bus
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DETAILED OPERATION DESCRIPTION
General

The complete functional detinition of the 8251 is program-
med by the cystems software. A set of control words must
he sent out by the CPU to tnitialize the 8251 to support the
aesired commuiications format. These controf words will
prooram the: BAUD RATE, CHARACTER LENGTH,
NUMBER OF STCOP BITS, SYNCHRONQUS or ASYNCH-
RONQUS OPLRATION, EVEN/OCD PARITY etc. In the
Synchronous Mude, cptions are also provided to select either
iniernal o1 external character synchronization.

Once pyogrammed, the 8251 is ready to perform its com-
munication functions. The TxRDY output is raised “high”
to signal the CPU that the 8251 is reacdly to receive a char-
acter. This autput (TXRDY) is reset automatically when the
CFU writes 3 character into the 8251, On the other hand,
the 8251 recaives serial data from the MODEM or /O de-
vice, upan recetving an entire character the RxRDY output
is raised “lagh” to signal the CPU that the 8251 has a com-
plete character ready tor the CPU 1o fetch. RxRDY is reset
antomatically upon the CPU read operation.

The 8251 cannot begin transimission until the TxEN{Trans-
miiter Enable) bit is set in the Command instruction and
it bas received a Clear To Send (CTS) input. The TxD out-
put will be heid in the marking state upon Reset.

Programming the 8251

Prior to starting data transmission or reception, the 8251
must be loaded with a set of control words generated by
the CPU. These contro! signals define the complete func-
tiona! definition of the 8251 and must immediately follow
a Reset operation (internal or external).

The control words are split into two farmats:

1. Mode instruction
2. Command Instruction

Maode Instruction

This format defines the generdl operational characteristics
of the 8251. It must follcw a Reset operation {internal or
external). Once the Mode instruction Sas been written into
the 8251 by the CPU, SYNC characters or Command in-
structions may be inserted.

Command Instruction

This format defines a status word that is used to control
the actual operation of the 8251.

Both the Mode and Cemmuait instructions must conform to
a specified sequence for prooer device operation. The Mode
Instruction muast Le inses et nemdiately follewing a Reset
operation, prior to using the 5251 tor data cornmunication.

<

All control words written into the 8251 after the Mode.In-
struction will load the Command Instruction. Command in-

" structions can be written into the 8251 at any time in the

data block during the operation of the 8251, To return to
the Mode Instruction format a bit in the Command Instruc-
tion word can be set to initiate an internal Reset operation
which automatically places the 8251 back into the Mode
Instruction format. Command Instructions must follow the
Mode Instructions or Sync characters.

C/D =1 MODE INSTRUCTION

c/D =1 SYNC CHARACYER 1 ] SYNC MODE
! .

c/b =1 SYNC CHARACTER 2 : onLY

/D=1 COMMAND INSTRUCTION

C/o =0 ﬁ& DATA a, .

€D COMMAND INSTRUCTION

cib=06 2 DATA " if

¥
c/D =1 CONMMAND INSTRUCTION

*The sccond SYNC character is swipped 1f MODE imtruction |
has programmed the B251 to wingle character interna: SYNC
Modn Both SYNC characters are sjipped f MODE irstruction
has programened the 8251 to ASYNC mode

Typical Data Block

(8
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. Mode Instruction Definition

The'8251 can be used foi either Asynchronous or Synchro-
nous data communication. To understand how the Mode
Instruction dafines the functiona! operation of the 8251 the
designer can best view the device as two separate components
sharing the sume pa;:kage. One Asynchronous the other
Synchronous. The format definition can be changed “on
the fly” but for explanation purposes the two formats will
be isolated.

Asynchronous Mode (Transmission)

Whenever a data character is sent by the CPU the 8251
autoematically adds a Start bit {low level) and the program-
med number of Stop Lits to each character. Also, an even
or odd Pacity bit is inserted prior to the Stop bit(s), as de-
fined by the Mode Instiuction, The character is then trans-
untted as @ serial data stream an the TxD output. The serial
data 15 shifted out on the talling edge of TxC at a rate equal
to 1, 1716, or 1/64 that of the TxC, as defined by the Mode
instrucuon. BREAK characters can be continuously sent to
the TxD 1t commanded 1o do so.

When no data characters have loaded into the 8251 the
TxD output remains “‘high” (marking) unless a Break {con-
tinuously low) has been programmed,

Asynchronous Mode (Receive)

The R4D line is normally high. A falling edge on this line
triggers the heginning of « START bit. The validity of this
START but 1s checked by ayan strobing this bit at its nom-
inal center. If a low s detected aqain, it is a vahd START
bit, and the bit counter witl ctart counting. The bit counter
locates the center of the data bits, the parity bit (if it ex-
ists) and the stop bits, It perity error oceurs, the parity er-
ror flay 1s set. Data and parity bits are sampled on the RxD
pin with the nsing edye of ;?IE If a low level is detected as
the STOP bit, the Framing Error flag will be set. The STOP
hit signats the end of a character. This character is then
loaded into the paraltel 1/Q buffer of the 8251, The RxRDY
pin is raised to signal the CPU that a character is ready to
be fetched. tf a previous character has not been fetched by
the CPU, the present character replaces it in the /O buf-
ter, and the OVERRUN tlug 15 rased {thus the previous
character 1s lost). Alt of the error tlags can be reset by a
command instruction. The oucurrence of any of these er-
rors will not stop the operation of the 8251.

o, 0, Oy D, D; O, D, D

s; | s, {Erfren| L, ) L, | 8,8

BAUD RATE FACTOR

o 1 0 1
V] 0 1 1
. fqvg%cg (1X) | £16X) [ 164N}
CHARACTER LENGTH
] 1 0 1
1] 0 1 1

5 ] 7 3
8ITS | BITS BITS Bi1s
PARITY ENABLE
1= ENABLE 0= DISABLE

EVEN PARITY GENERATION/CHECK
1= EVEN 0=CG0D

NUMBER OF STOP BITS

0 1 o 1

[} 0 1 1

7 R 7
INVALIB} g7 | givs | BiTs

Made Instruction Format, Asynchronous Mode

t

TRANSMITTER OUTPUT
—— -4 & d
START PARITY sTop
TxD MARKING BIT DATA BITS 8T BITS
4

RECEIVER INPUT

— 4 { -
RxD START DATA BITS PARITY ST()P,_l

BIT :124 eiTs
—4 b=

TRANSMISSION FGRMAT
CPUBYTE {5-8 BITS/CHAR)

i o
+ ¥

OATA CHARACTER

gt
——b -

ASSEMELED SERIAL DATA QUTPUT I IT:D)

-k 5
START PARITY T STOR
It DATA CHARACTER 1T 1S

1

1 — ——

RECEIVE FORMAT

SERIAL DATA INPUT {AxD)

1) PAR S;(‘P
START . ARITY i
It DATA CHARACTER A e

e
— 1

CPUBYTE 5 2B1TS Criiry®

DATACHAHACTER

d b
F

CNOTE IFChHyY ACTUR GRS G TH L F S0 L7
G115 ¥ UNL O LIS ARESLY T © 0y

Asynchronous Mode
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Synchronous Mode (Transmission)

The TxD output is continuousty high until the CPU sends
its first character to the 8251 which usually is a SYNC
character., When the CTS line goes low, the first character
is serially transmitted out. All characters are shifted out on
the falling edye of TxC. Data is shifted out at the same
rate as the TxC,

Once wransmission has started, the data stream at TxD out-
put rust continue at the TxC rate. If the CPU does not pro-
vide the 8251 with a character before the 8251 becomes
empty, the SYNC characlers (or character if in single SYNC
word mode) will he automatically inserted in the TxD daia
stream. la this case, the TxEMPTY pin is raised high to sig-
nal that the 8251 is empty and SYNC characters are being
sent out. The TxEMPTY pin is internally reset by the next
cha: acter being written into the 8251,

Svichrenous Mode {Receive)

In this mode, character synchronization can be internally
or externally achieved. If the internal SYNC mode has been
programmed, the receiver starts in a HUNT mode. Data on
the RxD pm is then sampled in on the rising edge of RxC.
The content of the Rx buffer is continuously compared
with the first SYNC character until a match occurs. {f the
8251 has been programmed for two SYNC characters, the
suhsequent received character is also compared; when both
SYNC charecters have been detected, the USART ends the
HUNT mode and 15 1in character synchronization. The SYN-
DET pin is then set high, and is reset automatically by a
STATUS READ.

in the external SYNC mode, synchronization is achieved by
applying a high level on the SYNDET pin. The high level can
be removed siter one RxC cycle.

Parity error endd overrun errar are both checked in the same
way as in the Asynchronous Rx mode.

The CPU can command the receiver to enter the HUNT
mode if synchyonization is lost.

D, D; O

0,

D, D, D, D,

PEN

Liyjofo

ll

CHARACTER LENGTH

) 1 0 1
0 ° 1 1
5 6 7 ] 8
BITS BITS BITS ar1s

PARITY ENABLE
(1= ENABLE)
(0 » DISABLE)

EVEN PARITY GENERATION/CHECK
1+« EVEN
0=000

EXTERNAL SYNC DETECT
1> SYNDET IS AN INPUT
0= SYNDET IS AN OUTPUT

SINGLE CHARACTER SYNC
1 = SINGLE SYNC CHARACTER
0~ DOUBLE SYNC CHARACTER

Mode Instruction Format, Synchronous Mode

CPUBYTES (5-8 BITS/CHAR)

o

DATA CHARACTERS

ASSEMBLED SERIAL DATA OUTPUT (TaD}

SYNC
CHAR 1

SYNC

CHAR 2 DATA CHARACTERS

RECEIVE FORMAT

SERIAL DATA INPUT {RxD}

SYNC
CHAR

SYNC

ARACTER
CHAR 2 DATA CHARACTERS

CPU BYTES (58 BITS/CHAR)

DATA CHARACTERS

Synchronous Mode, Transmission Format

5-125 . ’

© A EEAR el IR e R e



SILICON GATE MOS 8251

COMMAND INSTRUCTION DEFINITION

Once, the functional defimtion of the 8251 has been pro-
gjram}ned by the Mode Instruction and the Sync Characters
are loaded {it in Sync Mode} then the device is ready to be
used for data communication. The Command lInstruction
cantrols the actual operation of the selected format. Func-
tions such as: Enuble Transmit/Receive, Error Reset and
Modem Controls are provided by the Command Instruction.

Once the Mode Instruction has been written into the 8251
and Sync characters inserted, if necessary, then all further
“control writes” {C/D = .1) will load the Command In-
struction. A Reset operation {internal or external) will
retern the 8251 10 the Mode Instruction Format,

STATUS READ DEFINITION

In data communication systems it is often necessary to
examine the ‘‘status’” of the active device to ascertain if
errors have occurred or other conditions that require the
processor’s attention. The 8251 has facilities that allow the

" programmer to ‘‘read’’ the status of the device at any time

during the functional operation.

A normal “read” command is issued by the CPU with the
C/D input at one to accomplish this function.

Some of the bits in the Status Read Format have identical
meanings to external output pins so that the 8251 can be
used in a completely Polled environment or in an interrupt
driven environment,

(4] IR § RIS EH |SBAK) AxE ] DTR | TxEN

TRANSMIT ENABLE
1 = gnable
0 = disabio

OATA TERMINAL
READY

“high” will tarce DTR
output ta tero

RECLIVE ENABLE
1 = enable
0 » dusable

SEND BREAK
CHARACTER
1 = torces TxD “low™
0 = narmal operation

ERROR RESET
1 = reset all error flags
© PE, QE, FE

REQUEST TO SEND_
“high™ will force RTS
output to 2wQ

INTERNAL RESET.
“high™ returns 8251 to
Mode Instruciion Format

ENTER HUNT MODE
1 = enable search lor Sync
\ Characters

Command Instruction Format

SYNDET} ’FE O€ PE TxE RxADY | MaROY
.

SAME DEFINITIONS AS 1/0 PINS

PARITY ERROR

The PE flag s set when a parity
error i3 detected. It i3 reset by
the ER bit of the Command
Instruction PE does not snhubut
operatian of the 8251,

OVERRUN ERROR’
. The OE fiag v set when the CRU
r does not read a charactar betore
the next gna tecomes arailatle
It 1s reset by the ER lut af the
Ccmmand lustru¢thion. OE doves
not bt operation of the 4251
however, the praviously overrun
choracter 1 foat

FRAMING LRAOR (Asyac nnly)
The FE Nag s set when 2 vahd
Stop i 1s not detected st the
end of every characler 7 13 roget
by the ER bit o1 the Commang
Instruction FE does not snhiag
the operation of the 829%.

Status Read Format
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APPLICATIONS OF THE 8251

& ADULRESS BUS {

~ Lr'

CONTROL BUS

ADDHESS BUS

11

CONTROL BUS

\ if |1
i
UATA BUS 1 ¢ ] DATA BUS 3
T
. |
) . ,
Rl o] EIATOTTL joye AxD
CONVERT L)
¢ () PPS— 10PT) l»-—L—-. , _'_ PHONE
8251 b e OsRp—1  Asvnc UINE
A<l . OTR b———e MODEM INTER-
et :j__ BAUD RATE cAr . FACE
‘ GENERATQOR TERMINAL 6251 CTS poo———1
. ATSp—]. ~ — --
[ — —— et ] ~gAC0D T '
Zsynthronous Serial Interface to CRT Terminal, - cEmenATOR FELEPHONE
0C-5600 Baud - —_ - *LINE
Asynchronous Interface to Telephone Lines
§ ADURESS BUS - 1 ¢ ADDRESS BUS - )

1

CONTROL BUS - -

L]

DATA BUS S
— ~ —
( N
ILIT '
SN/
RxD -
TaDp——————=] SYNCHRONOUS e -
- TEAMINAL
8251 RaC :1—— OR PERIPHERAL
el ] DEVICE ~
SYNOE [ } ~——e—e ] i )

Synchronous Interface to Terminal or Peripheral Device

5127

. e — e

Ll

CONTROL 8US

__ DATA BUS 5
RxD
a251 <D PHONE
. AxC - LINE
S INTER-
TxC FACE
SYNDET SYNC
MODEM
CTS po——1
ATS p——ert
DSR foe——
DYR p——ee
TELEPHONE

LINE

Synchronous Interface to Telephone Lines
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int=l  siicon Gate MOS 8255
PROGRAMMABLE PERIPHERAL INTERFACE
B 24 Programn. tie /0 Pins 2 Direct Bit Set/Reset Capability
m Completely TTL Compatible Easing Control Application Interface

B Fully Compatible with MCS™ -8 and 40 Pin Dual In-Line Package
MCS" -80 Microprocessor Families & Reduces System Package Count

The 8255 is a general purpose programmable 1/0 device designed for use with both the 8008 and 8080
microprocessors. It has 24 1/0O 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 I/O-pins may be
programmed in sets of 4 to be input or output. In 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
contrel signals. The third mode 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 1mA of current at
1.5 volts. This aliows darlington transistors to be directly driven for applications such as printers and high
volrage displays. ‘

PIN CONFIGURATION
825% BLOCK DIAGRAM .
. . .
pai (] A ST !
Pz (]2 3] ras ™ I '
SR T {7} pas o ]
Pag ] [ Jear rowen | T GROUP
— — SUPPLIES a
L i o
Als w[3wa e anawe | 4 mmwunnp: JCTUN  guumang S0
s ]e ) F RESET . P &,___‘ ™
Gano g 1l o, -
ar s 1Blijo,
I L
ao (e wflo, l
ecri e niJo, ’ -
GAaLyl
fes (o 8255 10 :] Dy :V—_‘\——-—:Vl\ 'D:?C /‘——72 o
ecs ]2 9 ) o, B ueeen |7 1P
Fealng [0, 81 DIRECTIONAL DATA 8BS
- o DAartaA ~
pco 14 170, u,D,C:> Bus < ™
- BUFFLA
par f_] s * d Vcc mlart:"-m [fIvIFLY
ecailis 2] ens DATa Bus ::: obi e f\,‘—: -
e (I 2 s P86 i Luei A ) Py PG
- o fomd
puo( |1s 23} eBS f -
ra ' as 22 L_:] 1]
B2l 20 27 pea . 1
RO ——-—.q
N e | snous l
CureTHy X, | SUU— A V
A ————a ;um:-.l CONTROL | NI '4 v-l:l —‘J\vao;q
PIN NAMES . " s Y v
q
i T AESET 4
T0,-6, ' parasusai DIRECTIONAL) j
Af e f RESET INPUT -
Lo St scLt OF \
i i we e A 3
- ROL [T DY Py 4
= - o 1 & ———
tedd AR T
hb At PUAT ALLLEDY N
[“pazpac [ poAT A (sm j

FLE PR s T
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. 8255 BASIC FUNCTIONAL DESCRIPTION

General

The 8255 15 a Programmable Peripheral Interface {PPI) de-
vice designed for use in 8080 Microcomputer Systems. lts
function is that of ageneral purpose /0 component to inter-
face peripheral equipment: » the S080 system bus. The
functional confiyuration of the 8255 is programmed by the
system sofrwuie so that normally no external logic is nec-
essary to interfuce peripheral devices or structures.

Data Bus Buffer ‘

This 3state, bi-directional, eight bit buffer is used to inter-
face thae 8255 to the .8080 system data bus. Data is trans-
mitted or received by the buffer upon execution of INput
or OUTput instructions by the 8080 £PU. Control Words
and Status ntormation are also transferred through the Data
Bus buffer.

Reud/Wiite and Control Logic

The function of this block is to manage all of the internal
and external transters of both Data and Control or Status
words. It accepts inputs from the 808C CPU Address and
Controt busses and in turn, issues commands to both of the
Control Groups.

(CS)
Chip Select: A "low" on this input pin enables the com-
munication between the 8255 and the 8080 CPU.

(RD)

., Read: A “low’ on this input pin enables the 8255 to send

the Data or Status information to the 8080 CPU on the
DataBus. in essence, it aliows the 8080 CPU to ‘‘read from*’
the 8255.

(WR)
Write: A “low” on this input pin enables the 8080 CPU to
write Data or Control words into the 8255.

(Ao and A1)

Port Select 0 and Port Sefect 1: These input signals, in con-
junction with the RD and WR inputs, control the selection of
one of the three ports or the Control Word Register. They
are normally connected to the least significant bits of the
Address Bus (A5 and A,).

8255 BASIC OPERATION

e

-———rem e GAD

N
oyt

DATA .
[
BuHI iR

'

[

LTI

TTE v ,

!
"
. i
Wt g * .
o

Ayl Ap | ED | WR | €S | INPUT OPERATION (READ)
0 0 0 1 0 | PORT A= DATA BUS
0 1 0 1 0 [ PORTB =DATA BUS
1 0 0 1 0 | PORTC -~ DATABUS
OUTPUT OPERATION
- (WRITE)
0 0 1 0 0 | DATA BUS = PORT A
0 1 1 0 0 | DATA BUS - PORTB
1 0 1 0 0 | DATABUS = PORTC
1 1 1 0 0 | DATA BUS = CONTROL
DISABLE FUNCTION
X X X X 1 DATA BUS -» 3-STATE
1 1 0 1 0 [ ILLEGAL CONDITION
" j
! !
_j! i/, -t -" — -~
,T:_';“_;! Y ’- 7
[ i
i |
' RS Fa ' - —
N . -
' A .
— N ’\l 1
‘ 1
C
1 _—-——.’ :
- |
!
A
| |
| SR
- ! i

E2E5 Dlock D:agram
u
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(RESET)

Reset ACBigh' on this input clears all internal registers in-
Lludmg the Cuntrul Register and alf ports {A, B, C} are set
to the input made,

Group A and Group B Controls

The functionyl contiguration 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 * “bit set”, “‘bit reset’’
etc. that initishevs the functional configuration of the 8255.

mode”’,

Each of the Cuntrol blocks {Group A and Group B) accepts
“commands’” tiom the Read/Write Control Logic, receives
“control words” from the internal data bus and issues the
proper cuminands 10 1ts associated ports,

Control Group A ~ Port A and Port C upper (C7-C4)
Contiol Group B - Part B and Port C iower (C3-CO}

The Controt Word Register can Onky be written into. No
Head operation of the Conlrol Word Register is allowed.

8255 BLOCK DIAGRAM

pa3 {1 N/ 40]7] Pas
paz(]2 »[]ras
par]3 w[]eas
= - } PADS 4 » D Par
A5 (s [ WA
o - ’] s s 35| RESET
il e e A e . Gno ()7 1 [T o,
I -l VS N " s e ar(]e nlo,
cumTROL | VT e a0 q ] 20,
- M ec? [fro »{7 o,
| : res (I 8255 n!” o,
- 1 rcs 12 HImy- N
- i LRGP rca[]13 7 o
| [ s o e reojra ok
- p— rc (s 2% b Voo
° ' ’ o ! pcz T1hs 7] o0y
- == R O . ecal ]z 2a{" pae
o ! . ROus es0 s 23 es
"_,"‘J 2 K‘_ ;_—_;‘f“/J ontc e pe1 "9 22{ 7 ras
L R | R .'_1 v raz{ 20 2 LJ [
| | f
| 0
T PIN NAMES
- - ! [ “-";“" D a GMULE e
ot o mz-v LT 0-0y | DATABUS (Al DIRECTIONAL) |
——— - LRESET | _RESETI INPUT
" -J i &t CHIP SELECT !
o [ i:"_REJ T meapwwsur ___:_:_:5
! e e ’ !r_w_n_ 1 WRITE INFUT Lt
L ————e e a0, at ] _PORT apoagss
. :?A7PAO_";_.PORFA(UIH ]
: . ' PB7 POO PORT B 41T !
Técreco porre 2r, T T
Cvee | 1esvours T
fowo__ T evours — —

Ports A; B, and C

The 8255 contains three 8-bit ports (A, B, and C). All can
be configured in a wide variety of functional characteristics
by the system software but each has its own special features

r “personality’” to further enhance the power and flexi-
bility of the 8255.

Port A: One 8-bit data output latch/buffer and one 8-bit
data input latch.

Port B: One 8-bit data input/output latch/buffer and 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 be di-
vided into two 4-bit ports under the mode control. Each 4-
bit port contains a 4-bit tatch and it can be used for the
control signal outputs and status signal inputs in conjunc-
tion with Ports A and B, -

PIN CONFIGURATION

©an
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8255 DETAILED OPERATIONAL DESCRIPTION

Mode Selection

There are three basic modes of operation that can be select-
ed by the systen software.

Mode G - Basic taput/Oc "t
Made 1 - Strobed fnput/Qutput
Mode 2 — Bi-Directional Bus

When the RESET input goes “high’ all ports will be set to
the Input mode (i.e., all 24 lines will be in the high im-
pedance state} After the RESET is removed the 8255 can
remain & the Input mode with no additional initialization
requirad. During the execution of the system program any
of the other jnodes may be selected using a single OUTput
instruction. This allows a single 8255 to service a variety of

petiphierai devices with g simple software maintenance rou-
une,

The modes for Port A and Port B can be separately defined,
while Port C s divided into two portions as required by the
Port A and Port B detimitions. All of the output registers, in-
cluding the status flip-tiops, will be reset whenever the
mode is changed. Modes may be combined so that their
tunctional definition can be “tailored” to almost any 1/0
structure. For instance; Group B can be programmed in
Mode 0 to monitor simpie switch closings or display compu-
tational resutts, Group A could be programmed in Mode 1
to monitor a keyboard or tape reader on an interrupt-driven
basis.

- ADDRESS BUS D)
cONTHOL BUS )
1L - I
ATA BUS ‘
JL 3¢ T
RO wr D, O, A, A,
cs [
8255 >
7
HMODE 0 —= ¢
u — a
—T < ey
15 [E‘O jali0 4110 {6\}"0
-
PI_'L' |’Bo PCJ PCO PC, PCA PA, PAO
c
mMODE1 —]_ B P A T
TN
4 - »
e [T 30
RN ¥ [}
PY, PBO CONTROLU CONTROL PA, PAO
OR 110 OR 1:0
c
ManEz - =] L e iiisila e i
—
Js [El-omecnom\n.
~
1y s=——-r--—d
CONTHOL v

Brefind Do

e ————— e —

ttons and Lus Interflce

CONTROL WORD

O} Pe]0s| D03} 0

GROUPB

PORT C {(LOWER)
1= INPUT
0= OUTPUT

PORTB
1. INPUT
0 = QUTRPUT

MODE SELECTION
0=MCDEOD
1 2 MODE 1

GROUP A

PORT C (UPPER)
1« INPUT
0= QUTPUT

PORT A
1 = INPUT
0= QUTPUT

MOOF SELECTION
00 = 11ODE O
01 = MODE 1t
1X = NODE 2

MODE SET FLAG
1= ACTIVE

Mode Definition Format

The Mode definitions and possible Mode combinations may
seem confusing at first but after a cursory review of the
complete device operation a simple, logical 1/O approach
will surface. The design of the 8255 has taken into account
things such as efficient PC board layout, control signal defi-
nition vs PC layout and complete functional flexibility to
support almost any peripheral device with no external logic.
Such design represents the maximum use of the avaleble
pins,

Single Bit Sad/Reset Feaature

Any of the eyyht tits of Poit C can be Set or Ruset uang o
single OUTput incuuction. This feature reduces suftwore
requiremuntsin Control-toned appheations.

e

T N
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S!LiL,Oni er E.E MOJ éba.

R 0,3

CONTROU WORD

B, | Oy ”5J D 10y 1Dy 0Dy DuJ

' l BIT SET/RESET
X x X 1= SET
e 0= RESET
ooN'T
CARE
BIT SELECT

0" 1127314l st6]7
01,0 10,170 1]eg
oralin ool 114]s,
olejojo[1[7]1]1]ag]

BIT SET/AESET FLAG
Qs ACTIVE

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/Reset op-
" eration just as if they were data output ports.

Inierrupt 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, can be inhibited or.enabled
by setting or resetting the associated INTE flip-flop, using
the Bit set/reset 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: T

. (BIT-SET) — INTE is SET - Interruptenable —— " -
{BIT-RESET) — INTE is RESET. = Interrupt disable

Bit Set/Raset Format

Note: All Mask flip-flops are automaticaity TeseT during
mode selectign and device Reset.

Operating Modes
Mode 0 {Basic Input/Output)

Mode O Basic Functional Definitions?

® Two 8-bit ports and two 4-bit portsT—

This functiond! configuration provides simple Input and © Any port.can be input or output-
Cutput operations for each of the thrie ports. No “’hand- @ Outputs are latched. —_— e e
shaking” is required, data 1s simply written to or read from @ Inputs are not latched. _ .
a specitied port. © 16 different Input/Output configurations are possible
in this Mode. :
. — N/
BASIC INPUT : N - = = - - -
TIMING {D7-Dg |
FOLLOWS INPUT, INPUT X X
NO LATCHING) i
SO S — e o o o e
Dy Dy ’X
- - - _':- - t DELAY TIME I TDELAY TimE
FROM RD | FROM INPUT DATA

N/

- SET UP VIOLATION

i
i
BASIC QUTPUT - '
i
t
!

TIMING (OUTPUTS o,oo'""'X' | \K-"-"'“"X X""'“"""""
LATCHED) ' ; Ji - - - —— e =
i

QuTPUT ' ; ‘ \./7,7,/,// x
— —_ - ! /"\. 0 //
tDATA ,‘ L,___ l___] tDATA \

SET UP

-

HOL
oLo QU IPUT DATA

15V ALID

TBELAY Teag
FROM it

tlode O Tm\mg !
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SILICOM GATE MOS 8255

.MODE 0 PORT DEFINITION CHART

A 8 GROUP A GROUPB
N PORT C PORT C

Dg | D3 | Dy | Do | PORTA | .o | # | PORTB | & e
o | o | o | o |oureur | outPut | 0 | OUTPUT | ouTPUT

0 0 0 1 ouTPUT OuUTPUT 1 OUTPUT INPUT
0o | o |1 0 | ouTPUT | OUTPUT | 2 | INPUT OUTPUT

o | o | 1 1 | OUTPUT | OUTPUT | 3 | INPUT INPUT
i 0 1 ¢ | 0 | ouTPuT | INPUT 4 | OUTPUT | OUTPUT

o 1 0 | 1 | OUTPUT | INPUT 5 | OUTPUT | INPUT
o | 1 o | output | InPUT 6 | INPUT OUTPUT

. o | 1 1 1 | outPUT | INPUT 7 | INPUT INPUT
1t | o[ o | o | nPuT OUTPUT | 8 | OUTPUT | OUTPUT

1 o | 0 | 1 | INPUT QUTPUT | 9 | OUTPUT | INPUT
1 0 1 0 | INPUT OUTPUT | 10 | INPUT OUTPUT

1 o | 1 1 | INPUT OUTPUT | 11| INPUT INPUT
1 1 0 | 0 | INPUT INPUT 12 | OUTPUT | OUTPUT

1 1 o | 1 | iNneUT INPUT 13 | OUTPUT | INPUT
1 1 1 | 0 | INPUT INPUT 14 | INPUT OUTPUT

1 1 1 1 | INPUT INPUT 15 | INPUT INPUT

MODE 0 CONFIGURATIONS :
CONTROL WORD =0 CONTROL WORD 52
O, Dg O, O, D, D, D, D, D, o, O, D, D, D, O, D
} ] 0 1] 4] 0 0 [1] 1 0 [ ] Q ] 1 0
a ‘—-—-/—B——— PA,-PAy A ———#——— PA, PAy

0,0,

8255

-——-;L‘—o PC,-PC,
C{

‘———%‘_‘-.PC:PCO

8 ——————/——a—ora,-rao

‘DTDO Ao i

F—rtt—s #c, e,
c {
3. A PCq PC,

[} .——74—-—-—8 PG, PO,

CONTROL WORD =t

O

CONTROL WORD =3

b B, D D, O, DO

0

a 0 0 o 1 1

v, o, O, b, D, D, D, D, D,
trfojoioflo]e] o} 1
8
A L_.._/.__. PA, PA,
8255
4
- p— e PC, PG,
0, Dy ~————= C<'
’ L}
[ - — e PC PGy
sl /8 -
, ——f———e PB, PE,

5102

0, By +— >

8

Af———F——— = A, P
q

e pC, PC,

NN

. 8
8 |e——F——-— e, g,
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CONTHOL WOHRD =4

CONTROL WCRD -8

D, Dg O, D D, D, D, D, », D, D, D, Dy B, D, D,
i |
v]joflejofijo ] o fo0 110 o | 1iolaojolo
8 8 P
A ffme—e PA,-PA, A|e——rA——= Pa, P4,
8255 8255
4 4
. P pe——f—— PC,PC, | ————f—— PC, PC,
D, Dy o ———— e D'I"DG -—— C - .
. 4
. - _._.._’(_‘_._., PC;PCy |———Ff——— PC, PC,
. 8 8
B p———7———= 78,-PB, 8 ———f———= PB, P8,
L
CONTRQL WORD #5 CONTROL WORD =9
Gy Dy Dy D, D; DB, B, By b, by D, D, D, D, D, D4
1lolololr1loleln 1lalofr]o]ojoljn
8 8
. A pr—fm e P8, PA A jo———afm——— Pa,-Pa,
8265 8285
4 2
fo———pf——— BC,PC, ———/———\—-» PC,-PC,
0, by w—————a 0,0, c
L] 4 N
-e—-—?L——— PCy-PC, w——+———- PCy-PCy
R |
8 WA P8, P8, 8 p——rf—— PB,; P,
CONTROUL WGRD =6 CONTROL WORD =10
B, o, b, O, B, D, D, .D, 0, D Dy O, O D, D, Dy
11oetlojojr]o} rjo 1joltol1r|o}jogjrlo
8
' Ab—rtl o pa, P, A fe—rf PA,-PA,
8256 . . - 8255
] ‘ 4
— q__/____:. PC, PC, s L o PC,y-PC,
D’ DO S ——e e 07 DD it e e G| C .
o 2 o PCy PC,
'
g ! B
8 fe———pf———— B, P8, 8 }e——rp—— r8, g,
CONTROL WORD 27 CONTROL WORD =11
D, Dy v; D, D, O, D, DO, 0o, 0, O, D, D, DO, D, D,
rjoejolo|riof ] vjo|lojrjio}oe oy
. 8 [
A f———f—ime A, PR A fo——rt Pa, PA,
- 8255 N 8255
4 4
- pC, PC, : [ A PCy ke,
0, Do —eee | c 07,00 PP Cc \{
— - ec, v, P et PC, P,
4 ]
. Y | oo ———— PB, P8, B fe—— e g, Pl
)
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66

TONTROL WOHD =12
b, o, b, D, D; O, D, D

]
rjoeloejr)iriel oo
i

a 7 PA,PA,
. . .
. -+ PC, PC,
D, D, <o c{ ’
4
e PC, PCy

gf—A>—e »8, P8

CONTROL WORD =14
0, 0 D D; Dy D D, O

1 Q ] 1 1 [} 1 [}

A -———/—8— PA, PA‘,
— ey,

DDy +—————> Cc -[ :
r—-——/—‘——— PC, PCy

8
B |[«——F———— r8, p8B,

CONTROL WORD £13
0, D, Dy B, Dy D, D, D,

10 9 t 1 < [+ I}

Ale——np=E PA,PAy
{ et rc, 0,

c
A pcy PG,

8 f———A——er8, pu,

CONTROL WORD #15
0, by O, D, Dy D, D, Dy

1 [} [ 1 1 [} 1 1

A <——,L°——- PA,PA,
. . -
PP,
D,.o° ————ee | c { .
fa——f—— PC;-PC,

B o lmn 8,8,

Operating Modes
Mode 1 (Strobed Input/Output)

This functional configuration provides a means for trans-
ferting 1/0 duta to or from a specified port in conjunction
with strobes or “*handshaking’’ signals. In Mode 1, Port A
and Port B use the fines on Port C to generate or accept
these “handshaking’ signals.

Mode 1 Basic Functional Definitions:

® Two Groups (Group A and Group B)

© Each group contains one 8-bit data port and one 4-bit
control/data port. :

® The 8-bit data port can be either input or output.
Both inputs and outputs are latched. o

© The 4-bit port is used for control and status of the
8-bit data port.
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INTERRUPT
' REQUEST ™|
APPLICATIONS OF THE 8255
Tihe 8255 is a very powerful too! for interfacing peripheral s | PA, R,
, ;

equipment to the 8080 microcomputer system. It represents , PA,|e—————AR, FULL;‘

. . . : DECODED
the optimum use of availuble pins and 1s flexible enough to i PAg Ry KEYBOARD
. . . R
interface almost any /0 device without the need for ad- . PAs o

.. P
ditional external logic. ‘ MODE 1 __ p:5 s;wr
. . (INPUT) 6
Each peripheral device in. iliciocomputer systern usually I ea, CONTROL
has a ‘‘service routine” associated with it. The routine man- . X
) . pC, STROBE
ages the software interface between the device and the CPU. o ACK
e . .. - . 9
The functicnal definition of the 8255 is piogrammed by the —
{/0 service routine and becomes an extension of the sys-
tems software- By examuining the 1/0 devices interface char- .
acteristics for both data transfer and timing, and matching PBy By
. . . . PB B
this information to the > «inples and tables in the Detailed ' ' BURROUGHS
. . . . P8, 8, sELfscan
Operational Description, a control word can easily be de- . B DISPLAY
Lo - g . 3 1
veloped 1o initialize the 8255 to exactly “fit"” the applica- PB, 8,
tion. Here are-a few examples of typical applications of the PB B, .
: MODE 1
8255, ooreun 7 P8s BACKSPACE
<. B, ——— CLEAR
. . | pe, DATA READY
INY ERRUPT Fol | pc, ACK '
ALQUEST B ! 7Cq BLANKING
P ' PC, '_PC, CANGEL WORD
e _" I N
e -
3 rEAn 1
PA INTERRUPT '
- f--‘ REQUEST i
PRz HIGH-SPEED
| PA, PRINTER
Phs Keyboard and Display Interface ’
P v '
woos L2 ==l
outeuT) T "l
P, HAMMER INTERRUPT
! L .| I Retavs REQUEST
) | fCy DATA READY
" PC; ACK PCy  pag Ry
: pCq |—~———o] PaPER FEED | i Pa, R,
PC, FORWARD/REV
Lo t ra, R,
8255 " oA a FULLY
[v8, - — (NPUTY % o T
i P8, ] {INPUT} PA, Rg
. | PB, T Rg
PB; t——e |-————| DATA READY ! PAg SHIFT
8255
PB, ACK L pa, CONTROL
MODE ) _ P8, PAPER FEED i
touTeun — PBg . FORWARD/REV, : STROBE
, P8, RIBBON , PCq &
i CARRIAGE SEN. ' pCy ACKNOWLEDGE
. PC' DATA READY | PC‘3 BUSY LT
‘ !
PG = 1 ACK Il #C, TEST LY
£C, o e —
, PBof= ad o TET AL
) CONTROL LOGIC AND DRIVERS | pg o T % ALDRESS
INTERRUPT i ' . ‘
REQUEST . P, [e—————f—o" o
moDEQ _ P8y T ¢
INPUT) -—t g b
Printer I nterface : booes, "
PR, |-~ —a” e f— g
PBg " \G—_*T
[T SRS [ S -
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INTERRUPY
REQUEST
| Pa, f———| 58 . PC; {Tes, 0,
S
Pa, P8, fo———=| D0,
Pa,
rg, | «———=10,

; Pa, ra, D, FLOPPY DISK

Ty S— . : ‘ CONTROLLER

i p . PBy [ o] 0% AND DRIVE
MODE 0 | PAyf— B o
110 £217) R YO E—— 1287 ° :

oa DA A WODE 2 -{ PBg |«————=| Dg
’ "] converTER ANALOG OUTPUT B, 5,
PC, LAC) .
C —————————
- | PG ec, DATA STB
8235 PCy Pe, ACK {IN)
p——————e
Pe, msB rc, DATA READY
- PC, ACK (OUT)
2Cy f———+| sTaDATA s -
<@
P ——— e :
C, t— OUTPUT EN b, TRACK “0~ SENSOR
87 :
SET/RESET . PC, SYNC READY
rc, SAMPLE EN ec, |e———] npEX

l-rc, sTe

-

i eg, LsB PA, : ENGAGE HEAD

i PBy s, PA H— FORWARD/REV.

| *8, CONVERTER |« ANALOG INPUT PA, f——=-————1 READ ENABLE

o4 {ADC) — S | €
mooE 0 'j ¥B, g0 | P ———| WRITE ENABL
LINPUT) : P8, {+———m————] (OUTPUT) | PA, DISC SELECT .

i Pl Pa, ENABLE CRC

_ bopg, je—————— . PAg TEST
! P8, | e— Ms8 D TRl BUSY LT “‘
Dugital to Analog, Analog to Digital Basic Floppy Disc Intirface
INTEHNWUPT INTERRUPT
REUUEST REQUEST
V7Y E—— Y PC3 ipa, R,
PA, Ry CRT CONTROLLER PAy o R,
(79 E— o CHARACTER GEN. Py |-————-—fR,  BLEVEL
(TN} SE——— o REFRESH BUFFER PA, |e——-—|R, TAPE
rA, A, © CURSOR CONTROL P . e e ] R, READER
PAg R P *+—————-—1R 4
_ MODE 1 " >
MODE 1 | PA, f———————u| SHIFT 4 pagle—————n,

- {INPUT) ©

lOUTPUT) | pa, CONTROL PA, fo—————=-—R,
PC, p————————+] DATA READY PCylo——1 578

: PC, ACK [ ACK

1 pg, f—————s| BLANKED PCe |————) 5T0PIGO

{

| PC, BLACK/WHITE - =

8256 | 8255 | MACHINE TOOL
PC, { START/STOP
|
PC, f—————«] ROWSTE ::‘::f": 4 PCy e L2417 sENSOR (HIV)
PC, —=] coLumn sTE PC, | +—————— OUT OF FLUID
PCy f———————e| CUNSOR H/V STB - .

1 PB0 Pﬂo - CHD\\NGE TOOL
mong o | RO e P8, p———-—=| LEF| JRIGHT
OUTPUT) | PY, | ————— — P3, f—=-——— =]up DN

. HSOA COLUM " N

Poew, b —— - f\?\ni :.f;“OW' LUmN MOLE 0 | Pis, f————— =] HOR |5TEP STRNBE

(Y ST S Hav UIPUTS | p, | o ———<f VERT\STEP STRURE

| ea, ! 8, SLEW/: STEP

P - y P |- ————-—e] FLUID *NABLE
2 ——— - - ! ‘ [ R IERTSYTHES Yo 2 fate

\

E1.c CRT Contioiier Intert..

'

cue
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SYSTEM BUS (D, A, AND C) i
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| I
s l |
g ol | | | |
. . MEMORY |
] = || e | L] e |
t
| - | - ' | |
| | | | |
A L | .
’ e T e | | n
T | | |
1 __MastERcru I | 1
% - ——— e MASTER I | ' ] l |
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2.7 Perspectivas

Hay evidencia del poder de la industria de los semiconductores
de empujar a la tecnologia de las computedoras hacia nuevos
circuitos integrados -algunos:inclusive mds complejos que los
microprocesadore; que han revolucionado la computacidn duran-
te los afnos pasados- empezaron a ser una realidad en el con-
‘trol de periféricos, y también como un medio para estandarizar

~

las capacidades de software.

Los nuevos dispositivos en el area del control de periféricos,
por ejemplo, muy por afuera de la complejidad de los CPU's y
de las memorias. En tanto que un microprocesador tipico tiene
alrededor de 7000 transistores, varios CRT en un CI, comunica-
ciones y controlador de discos contienen del orden de 22000
transistores c/u. Uno de esos el chip de National MM57109
(Number Cruncher) -disefiado para conectarse a un microprocesa-
dor estandar- contiene reloj, lb6gica para control y aritmética
E/s, y 12 K bits de microinstrucciones en ROM para habilitar
los cédlculos de un huesped de funciones matemdticas, incluyen-
do las funciones trigonométricas, exponenciales y logaritmicas.

El cruncher también proporciona manipulacidén de registros, con-
trol para ramificar, banderas de error, etc. para un.total de
64 instrucciones. Cada instruccidn toma 20us de tiempo de ci-
clo a 400 K Hz de frecuencia de reloj. La mayor parte son
instrucciones de un solo digito (entonces arcseno es una conti-
nuacidén de las instrucciones de INV y SEN). E1 formado bara
los datos se puede seleccionar que sea punto flotante a ins-
truccidén cientifica, bajo el control de progama. Entrada ra-
pida al dispositivo usualmente toma 2.4 ms, pero este método
puede usarse solamente si otras rutinas no estan operando du-
rante la entrada de digitos. Las entradas controladaS‘por ins-
trucciones toma 6 ms. para méntiza de 8 bits signada en un ex-
ponente signado de dos digitos. Con 'handshaking, la misma



entrada toma 30 ms. E1l dispositivo en TTL compatible y puede
ser operado de una fuente de +5 y ?4 volts.

El adaptador de interfases de propésito general (GPIA Motoro-
la MC68488 proveé la interfase entre el bus instrumental

"IEEE488 y la familia de microproéesadorgs 6800, y con alguna
l6gica adicional, se puede interfacear con otros microproce-

sadores también.

Las microcomputadoras se ve que parecen destinadas a volverse
la parte fundamental en los sistemas de telefonia en los Es-
tados Unidos. De hecho, las telecomunicaciones futuras proba-
blemente serdn realizadas por micros hablando con otras mi-
cros, con chips enterrados en.cada nodo del sistema. E1l mi-
croprocesador MAC-8 fue disefiado en los laboratorios Bell con
esa aplicacidon en mente. Es esencialmente un micrbprocesador
que puede compilar eficientemente un lenguaje de alto nivel,
desigual ahora simplemente como e. Este lenguaje, desarrolla-
do originalmente en los laboratorios Bell, se ha adoptado réa-
pirdamente en los sistemas Bell. Su objetivo es prevenirse de
una Torre de Babel ofreciendo un medio estandar de disefar
software y para operar sistemas operativos. C es un lenguaje
interactivo. Comparado con el cb6digo a nivel de ensamblador,
el pago por uso es de un 20% de incremento en tiempo de corri-
da y espacio de memoria.

)
Adicionalmente a correr y compilar eficientemente C, MAC-8 tie-
nc algunas caracteristicas Gnicas. Una de ellas es la instruc-
cién 1llamada '"encuentra el que se encuentra en el extremo iz-
quierdo'". (Find the left most) (FLO) que se usa ampliamente en
el proceso de identificacidn del siguiente item del negocio,
MAC-8 tiene 16 acumuladores/registros de indice realizados en
RAM. Se proporciona una variedad de médulos de memoria, in-
cluyendo auto-incremento como son operaciones de memoria a me-
moria. La maquina tiene arriba de 400 instrucciones fundamen-
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tales. -Debido a que la mayoria son de 16 bits de longitud
(aunque tomando 8 bits a un tiempo), hay alrededor de 32000
combinaciones de instrucciones.

Otro desarrollo bdsico ha sido la aparicidn de interpretes en
un chip. Con eso, los usuarios de microprocesadores solamen-
te necesitan conocer un lenguaje de alto nivel (como Basic)

*y no requiere trabajar con ienguaje de mdquina, o a nivel de
ensamblador. Los Interpretes no son, desde luego, nada nuevo.
Lo que ha pasado es que han sidofpuestos en un chip, y en al-
gunos casos en medio chip. |

BASIC Industiral es un lenguaje de programacidén que ha sido.
escrito en un solo chip (ROM). El1 lenguaje viene a ser un
interprete del lenguaje y fue ‘especialmente disefiado para usar-
se con los microprocesadores National SC/MP. Se'interfasa, a
través de sus propias rutinas de entrada-salida con un tele-
tipo o terminal. Su Gnica modificacién incluye un DD/UNTU -
que es una estructura de control adoptada del lenguaje PASCAL,
y un operador de indireccién para un acercamiento flexible de
lenguaje de maquina para control de procesos.

Adicionalmente a NIBL, un inteprete en BASIC en un chip, ha
sidc desarrollado en los Laboratorios Lawrence de Livermore
para usarse con un microprocesador del tipo 8080; y el inter-
prete TRS-80 desarrollado por Tandy, Inc., para usarse con el
microprocesador Zilog-280.

La posibilidad de disponer de interpretes en un chip abre 1la
computacidn a muchos nuevos usuarios.
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Please use the Reader Service Card in the back of the
magazine 1o answer this quesuonnaira. Even if you are
not the slightast bit interested in microprocessors, your
answers could be illuminating; if you ace stightly inter-
ested, but know little or nothung about the subject, your
answers are also va'uable. If you do kncw what you
nead, here's your opportunity to speli 1t out. In the
event that you are working on moro than one micro-
based system, or have requirements for different types
of products, please make a copny (or copies) of the
reply card anc respond for each of your different

Section I: What do you know abrout micros?
1. Do you understand microprocessor termin-
ology and nomenclature?
a) Yes b) No c¢) Some of it d) Most of it
2. How do you stay up to date on the subject?
a) Read magazines b) Send for literature
¢) Talk to reps d) | work witht micros
e) Attend workshops o1 special micraprocessor
© sessions at shewa or seminars,

3. Do you feel that it is a necessary part of your
job to stay up to date on microprocessors?
a) Yes b) No ¢) Partly d) Intellectually

4. What would help you the most in learning
about microprocessors?
a) More articles in trade magazines
b) Better sales literuture
¢) Technical documentaiion from vendors
d) Traveling microprocessor workshops
e) Hands-on experience with actual systems

5. What is your personal opinion about the entire
microprocessor field?
a) Fabulous opportunities for cost savings, ef-
ficiency, more powerful devices, new.instru-
ments, and a plethora of appiicatious
b) They will never replace minicompuiers, but

specificaticns. (You'll have to put the copies in an
envelope, however.) Room is allotted on the reply
card for comrnents; if this is not sufficient, letters are
welcome. If ycu come, across a question which you
don’'t understand or which is not applicabie to your
situation (such as questions directed at currant users},
leave the answer blank. Don't try to guess at an
answer. “No preferance” answers are provided in
places where we think it is an honest answer to a
question Tabulated results and an analysis of this
questicnnaire will ba printed in a future issue of InTech.

micros definitely have a place in the process
control industry -

¢) Has possibilities, but the technology has
not matured enough to make any predictions
d) T will wait until commercial products are
uvailable,. MTBF studies have been run, and a
number of systems actua'ly instalied before I
even consider using a micro-based product

e) Has possibilities, but I consider much of the
sales literature to be mislzading

Saction I¥: Weuld you buy one?

6. Are vou using any rmicroprocessor-based pro-
ducts now? (check all thut apply)
a) No b) Iastrument, scope or meter
¢) Controller, data logger, or PLC
d) Microcomputer develocpment sysiem, as-
sembied kit, or full svstem, which is under-
going developinent or evaluation
e} Process control or data processing system

7. If you have been using a microprocessor-based
product or system. how do you feel about it?
a} It surpasses my expectations
b) It meeits my expectations
¢) I am disappointed
d) Haven’t decided
¢j Does not apply
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8. Do you anticipate buying a microprocessor in
the ruture?
a) Yes b) No ¢j Maybe

9. How will you purchase it? (Or, how did vou
purchase it?)
a) A set of chips b} Boerd-mounted chips
¢) A kit with all necessary components
¢} Assembled microcomputer, no peripherals
e) Packaged development system (with TTY)
£} As a complete data processing or turnkey
system, with software

10

What criteria do you use in selecting a vendor?
a) A major vendor who offers service, second-
sourting of components, training, software
support and documentation

b} Any major name brand’ manufacturer
¢} Any vendor with a product that fits my
hardware and software specifications

d) The most inexpensive source

&) A “systems house” (nonmanufacturer) with
& packaged system

1i. How do you plan to use the component or
" product? ‘
a) To replace, or instead of, a comniercial
nonmicro product or device such as a meter,
scope, data logger, annunciator, etc.
b) As an element in a control system such as
& multiplexer, controller, data concentrator,
communications module, PLC, etc.
¢) As a number-crunching or data processing
computer, supervisory control system, process
control system or managementi information
system
d) As part of a product (as described in a or b)
which my company will build and market
e) As a lull system (as described in ¢) which
-my company will build and market

12, How many micro-based products, such as
scopes, data logygers, meters, stand-alone con-
trollers, etc. will your company Luild or pur-
chase in the next five years?

a) None b) 1-5 ¢) 1-10 dj 1-25
e) more than 25

13. How many micro-based control systems_ auch
as intelligent controllers, programmable con-
trollers, multiplexers, communication dovices,
or small process controllers will your company
build or purchase in the next five years”

a) None b) 1-5 ¢) 1-1¢ d) 1-25
e) More than 25

14. How many complete microcomputer systems,
such as data processors, number crunchers,
process contro! systems, distnibuted control
systems, or supervisory systems will your com-

pany build or purchase in the nex: five years?
) None b) 1-58 ¢} i-10 d) 1-23

e) More than 25

Scetion 1H: Hardware specificaticns -

In Sections T, IV, V and VI, please limit your
answers t¢c a specific product or application.
If you have more then one product or applica-
von in mund, which requires diiferent specifi-

" cations, please answer on a separate card,

15. What size CPU fits your needs?
a) 4-bit b) 8-bit ¢ 12-bit dj 18-bit
e) 24-bit f) n-slice

16, What word size fits your needs?
a) 8-bit b) 12-hit ¢) 16-bit  d) 24-bit
17. Whar technolegy do you prefer?
a) PMOS b) NMOS ¢) CMOS
d) Bipolar e} No preference

18. What features do you need? (check all that
apply)
&) Interrupts
b} Direct memory access (DMA)
¢) Microprogramming capability
d) Arithmetic unit (add, subtract)
e) Arithmetic unit (muitiply, divide)
f) Floating point module
#) Logic instructions (AND, OR, XOR)
h} Clock driver
i) BCD arithmetic
j} Memory protect

19. How many geperal registers do you need?
a) 1 by 14 ¢)1-8 d) 1-16
e) More than i6

20. What type of memory de you prefer or need?
(For mixed systems, check all ther apply)

a)-Core b) Semiconductor RAM ¢) ROM
d) PROM e) No preference

Z1. How much memory do ycu need? (8-bit bytes)
a) Less than 1K b} 2K ¢) 4K d) 8K
e) More than 8K

Section IV: Peripherals

22, Check ail of the peripheral devices you need.
a) Teletype b) CRT ¢) “*Smare” terminal
d) Line printer e} High-speed paper tape
f) Programming pane! or data entry panel
g} Cassstte tape h) Mag tape
1) Floppy disc  j) Standard dise
k) Serip printer 1) Others (Use romment
section on card)

23. How many digita! fuputs and cuinicts?

C LT QGY
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a) 1-8 b) 1-16
e) More than 64

c) 1.32 d) 1-44

How many analog inputs and cutpuats?
a) 1-8 b) 1-16 «¢) 1-32 d) 1.64
e) More than 4

33. Do you need a computer-to-computer link?

a) Yes b) No ¢} No, but may need it in

future

VWhat type of computer-to-computer link do
you prefer?

a) TTY interface b) ASCII bus

¢} CAMAC d) Direct, single word

e) DMA, bulk transfer

Section V: Software develuiment
27. What i3 your software background?

3L

4) Familiar with assembler, machine language
can write complete control programs

b) Familiur with assembler

¢) FORTRAN, BASIC or COBOL

d) Have used a process control language

e) Limited

. What type of assembler support do you need?

a) Resident assembler

b} Crosz-assembler (for IBM 360, etc.)
¢) PROM programmer

d) High-level languapge compiler

e) Resident development system

What software aids do you need? (chzck all
that apply)

a) Hardware stmulator b) Debuy program
¢} Cross-simulator (runs in another computer)
d) Trace program e) Other

. What application prograras or operating sys-

tems do you need? (check all that apply)

a) Real-time exec (skeleton)

b) Real-time operating system

¢) Peripheral driver programs

d) Network cominunication puckage

e) Batch operating system

f) Disc or tape operating system

g) Editor program (pap.r tape, disc or tege)
h) Library of programs and subroutines

In what medium would you prefer ‘o work
with source code?

a) Paper tape b) Cassette tape c¢) Cards
d) Disc file e) Mag tupe file

In what medium would you prefer to work with
object code?

a) Paper tape
d) Disc file e) Mag tape file

b) Cassette tape ¢) Cards
Yy ROM

MOVEMBER 1975

33.

34.

What kind of loader would you like?
a) Relocating b) Absolute ¢) Linking
d) No preference

Who will develep the softwore?

a) Myself b} Programming department
¢} Outside contractor (software house)
d) Microprocessor vendar

_¢) Consuliant (job shopper, etc.)

Section VI: Hardware development

35.

36.

37.

10.

41.

What is your hardware background?

a) Kxtensive experiznce in micros and minis
b) Experience in minis or other computers
¢) Process devices and control hardware only
d) Limited

What type of hardware support do you need?
(check all that apply)

a) Technical manuals and iogic d:agrams

b) Maintenance and diagnostic softwire

¢) Hardware simulator  d) Prototyping cards
e} Application notes

What kind of assiztance do you expect {rom
the vendor? (check all that upply)

a) Factory engineer available by phone

b) Authorized service in your area

¢) Hardware school d} Little or none

Whac components do you expect to buy off the

“shelt? {check all that apnly)

a) Digital 17O boards

h) Analoy /0 components and boards
¢) TTY-compatible interface

d) Multiplexers, communication devices
e) Peripheral device interfaces

f) All necessary components

. Who will build and develop the hardware?

@) Myself b) Engineering department
¢) Outside contractor {sysvems house)
d) Microprocessor vendor

e} Consultant (jon shopper, ete.)

Who will maintain the hardware?

a) Vender b) Authorized service company
¢} Cur maintenance departiment

d) Operators and enginecrs

f) Ship it back for factery sesvics

How many hardware functions ar¢ vou or your
company able to perforin with a reasonable
amount of assistance from the vender? (check
ali chat apply)

a) Hardwure desigm

b} Component installation

¢) Checkout &) Maintenance

e) Future sxpansion,/ modification
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CAPTTULO 3: LA MICROCOMPUTADORA 8080

Alejandro Guarda Auras

3.1 Introduccidén a la familia INTEL 8080

Desde que en 1972 se anuncid la introduccidn al mercado del microprocesador

8008 de INTEL, la proliferaci6n de este tipo de dispositivo ha sido tan gran

de que, s6lo cinco afios después, se estima que habian mads de 120 microproce-

sadores distintos en el mercado.

Una porcidon muy importante del mercado de microprocesadores de 8 bits, ha

sido captada por el 8080 de INTEL. Las razones que se pueden aducir son

varias. Sin embargo, las mds importantes son las siguientes:

A} INTEL ha sido el pionero en el desarrollo de microprocesadores, siendo
sus dispositivos Tos que han establecido estandares para cada generacion.
En 1a tabla 3.1.1 a continuacidn se resumen los productos mds importan-
tes y alaunas de sus caracteristicas:

Procesador | Afo de Introduccidn Ciclo de Introduccidon | N°de Instruc.
useqg.
8008 1972 - la. generacion 12.5 - 20.0 48
8080 1974 - 2a. generacidn 1.3 - 2.0 78
8048 1976 - 2.5 - 5.0 - 96
8085 1977 - 3a. generaciobn 1.3 80
8086 1978 - 4a. generacidn 0.5 - 0.8 ?

TABLA 3.1.1

B) Disponibilidad. Este factor es muy importante en la relacidn de un proce-
sador. Aln cuando un producto pueda parecer muy poderoso, rapido y versd-
til en la hoja de especificacidn. de nada sirve si no se puede conseguir co
mercialmente. E1 8080, es un producto ya establecido en el mercado, con am
plia distribucidn y "second-sourcing" (producido por otras compafias).

C) Soporte. En este aspecto vamos a diferenciar en: soporte de circuitos pe-
riféricos, soporte en sistemas de desarrollo, soporte en software y sopor-
te en médulos para "0.E.M." (Original Equipment Manufacturer = Fabricantes
de Equipos Originales).



18224 |Generador de reloj y driver

Soporte en circuitos periféricos: Un pprocesador sdlo es totalmen
indtil. (distingue entre uprocesador y ucomputadora). Requiere
de una serie de circuitos periféricos que provean funciones de se-
cuenciaciéh, controi e interface. Estos circuitos pueden ser im-
plementados en forma discreta (hard-wired logic), con los consecuen
tes problemas de sincronia, costo de desarrollo y confiabilidad
due ello implica, o bidn, como es el caso generai, el fabricante
provee de circutis LSI que realizan tales funciones. Una caracte
ristica de la familia 8080 es la gran cantidad de circuitos peri-
Féricos de soporte. En la tabla 3.1.2 se incluyen los circuitos
periféricos de la familia 8080

Eircuitos de Soporte al C.P.U.

8228 |Controlador y Bus driver

Circuitos Periféricos de Propdsito general

8205 [Decodificador Binario

8212 |Puerto de E/S de 8 bits

8214 |Control de Prioridad de Interrupcidn
| 8251 (Interface programable de comunicacion

=8253 Secuenciador programable de intervalos
8255 | Interface de E/S Programable

8257 |Controlador Programable de DMA

8259 |Controlador Programable de interrupciones

Circuitos Periféricos Dedicados

8271 |Controlador Programable de discos flexibles . i
8273 Controlador de Protocolo de comunicacion de datos
8275 |Controlador Programable de CRT

8279 Interface Programable de teclados y displays.

TABLA 3.1.2
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Soporte en sistemas de desarrolio. E1 proceso de desarrolio de un
sistema basado en un microprocesador, requiere de estaciones de de
sérro]io”que @gi]icen dicho proceso. Estas estaciones, dependien-
do de necesidades y recursocs, pueden ir desde microcomputadoras
muy simples con costos de $ 5,000.00 M.N. hasta sistemas completos
y de propdsito general con costos aesde $ 25,000.00, 

Para el procesador 8080 ofrece una gran variedad de opiniones que
van desde el sistema SDK-80 hasta el MDS-80.

Soporte de Software. Una computadora funciona en base a cddigos
binarios el cual debe ser cargado en memoria para luego iniciar su
ajecucidn. Para facilitar el desarrollo de programas de aplicacidn
los fabricantes ofrecen paquetes de programs que varian de comple-
jidad: |

Monitores. Permiten: cargar en memoria, via teletipo o similar,
un programa codificado en hexadecimal, iniciar su ejecucidn y en
forma muy primitiva, limpiar de errores el programa.
Ensambladores: Permite al usuario codificar progrmas utilizando
nembnicos, y direcciones relativas mediante el uso de etiquetas,
produciendo como salida el céddigo binario con direcciones absolu-
tas. ‘ |

Comniladores: Permiten el uso de lenguajes de alto nivel para la
generacidn de programs. Entre estos lenguajes destacan FORTRAN,
BASIC, PL/M y actualmente se habla mucho de PASCAL. ET1 compitiador
traduce el programa escrito en lenguaje de alto nivel a cédigo ma
quina. Su empleo resulta beneficioso, sdélo cuando el programa a
realizar es muy comb]ejo.

Sistemas Operativos: Permiten el-manejo de archivos, la reubica-
cion y ligado de programs, asi como el manejo de programotecas re
sidentes en disco.

Sistemas operativos en. Tiemno Real: Permiten la generacidn de pro
gramas a controlar eventos asincronosy concurrentes, como es el
caso del control de procesos industriales y adquisicion de datos.
Intel ofrece todos estos programas, espcificamente: Monitores pa
ra SDK-80 y para MDS-8C; Macro Ensamblador para MDS-80; compilador
PL/M para MDS-80, Sistema operativo ISIS-II para MDS-80 y Sistema
operativo en Tiempo Real, RMX-80 para microcomputadoras modulares.



.4, Soporte en Mddulos para 0.E.M. Existe una enorme cantidad de
aplicaciones de microcomputadores, en las que el interés se cen
tra en disminuir el costo de disefio en vez del costo de partes.
Tal es el caso de industrias en proceso; comunicaciones, instru
mentacidn, etc. Es estos casos, 1o mds deseable para el fabri-
cante es contar con mddulos: computadoras en un circuito impre
so, & 1as que pueda conectar a su vez otrcs mddulos, tales como
memoria, entradas analdgica, salida analdgica, etc.

Basados en el 8080, Intel ofrece varios de estos modulcs que va-
rian en compiejidad y precios. Tales son los "Single Board Com-
puter" SBC-80, de los cuales existen, eh orden de complejidad cre
ciente el SBC 80/04, SBC 80/95, SBC 80/10 SBC 80/20, SBC 80/20-4,
SBC 310. Ademds de estos médulos de computadora, ofrece midulos
de: Expansidn de memora.

£/S digitai

E/S analdgica
De esta forma, el disefiador no tiene gue preocuparse de particu-
lares como secuenciacidn de sefiales, niveles de alimentacidn,
circuitos impresos y todos los problemas que invariablemente
surgen al pasar un prototipo de su forma original al circuito im

preso.

Con lo anterior no se ha pretendido decir que Inte} e la {inica compaiifa que
ofrece los productos sefalados anteriormente. Otra compafifa que a juicio
del autor, merece mucha atencion es Zilog. Sin embargo, y nuevamente a jui
cio del autor, es conveniente trabajar con productos de una compafifa bien
establecida, que esté entre Tos 1ideres en su campo y que tenga un buen ni-
mero de otras compafifas haciendo "second-source"” de sus productos. Estas
caracteristicas las cumple Intel y por haber sido la pionemen este campo
hay muchos ingenieros que prefieren seguir con sus productos.

Finalmente, cabe mencionar algo sobre la obsoiescenciade productos, cosa
que nos preocupa mucho en un campo en el que entre una generacion y la si-
guiente transcurre menos de dos afios y donde aiin queda mucho por verse.
Afortunadamente, los fabricantes han sido cooperativo en este sentido y ca’
da vez que introducen un nueve producto que obhsolece al anterior, 10 hacen
compatible en software; es decir, mantienen el mismo conjunto de instruccio



nes que tenfa la version anterior, agregando algunas nuevas que mejoren la
eficiencia del procesador. De esta forma, puede introducirse la nueva ver-
si6n manteniendo los programas desarrollados para la anterior sin grandes
gastos en desarrollo. Esto es ic aue los fabricantes dicen; sin embargo no
es del todo cierto como serd el caso entre el ‘8080/8085 y el 808¢, io cual .
ain estd por verse ya que el dispositivo fue anunciado en un congreso (ISSCC
San Francisco, California, febrero de 1978) y descrito en una revista (Elec-
tronics febrero 16, 1978) pero aln no estd disponible.

El material impreso que sigue a ccntinuacién, son copias del manual de usua
rio del 8080, puestc que no hay nada publicado que mejore o agregue a 10 que
se dice en dicho manual. Se incluyen ademas, copias de descripcidn y espe-
cidifaciones de algunds de los dispositivos periféricos que serdn descritos-
en el curso, asi como una breve seleccidn de articulos gue pueden ser (tiles
para lectura adicional.



Programmable perivheral inte
IC’s boest your nC’s

floxiniif

The popular 8255 software programmable 1/O device is versatiie, has
an interrupt/handshake capability and can reduce system complexiiv.

Alan Ebright, Iniel Corp.

Hardly is a new microcomputer system produc=d
han a second generation or impreved version is
announced. Thea trend in uP’s has been to add
more functions and to improve control of these
functions. At first, many features wera fixed; then
they became hardware alterable and finally soft-
ware programmable. This trend applies equally to
other devices in the various microprocessor
families. i

Among today’s more flexibie pC system-
oriented LSI devices are the programmable paral-
lel input/output types such as those offered by
Motorola, Intel and others. These units allow
designers to interface with parallel I/O peripher-
als under the varying conditions required for a
specific peripheral, with device operating modes
selectable under program control. This article
describes the pcpular 8255 developed by Intel and
now also available from AMD, NEC and National.

The 8255 provides three operating modes

Directly compatible with 8080-type CPU mod-
ules, the 8255 programmable peripheral interface
(PP1) is a 40 pin device withi a total of 24
control/data lines and an 8080 bus interface.
Three 8 bit I/O ports can be programined to
function in three different rmodes, two of which
offer interrupt capability. One of the ports is
actually two 4 bit ports, and its bits can be
individually set and reset.

In the first operating mode, the two 8 bit ports
can be either input or output, as can the two 4 bit
sections of the third port. In the second mode,
the two 8 bit ports are strobed and again can be
either input or output, utilizing bits from the two
4 bit ports for control. In the third mcde, one 8 bit
port is used as a bidirectional bus, the other 8 bit
port can be in either of the other two modes, and
bits from the two 4 bit ports are used {or contrel,

For purposes of discussion we will break the
8255 into three sections: CPU interface, peripher-
al interface and internal logic (Fig. 1.
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fig. 1—Operation of the 8255 can best be explained by

breaking the device’s block diagram into three sections: CPU
interface, peripheral interface and interna! logic.

CPU interface—direct commui:ications

The CPU interface section is ratnér straighttor-
ward. Fig. 2 shows a simple system in which a
CPU, clock generator and system coniroller all
communicate directly with /O devices. This
circuit dedicates address lines Ay and A, to seiect
either the coniroi register cr one of the 8255's
ports, and address lines A, and A, to select one of
the two /O devices. Signral leveis required to
accomplish port and device selection are shown
in Fig. 3.

When the CPU selects ari /O via ai add css 'ine
signal te the 8255's CS input, that /O unit then
communicates direcily wiih the CPU. With this
particular system, the CPU can select up 16 51 {/O
devices. If additionai /O devices zre necuszay,
bits A; through A; on the 8255 can be zncouad to
generate up to 64 device select iines

it
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fig;. 2—By encoding bits A,-A;, the 8255 can generate up 1o 64 device select lines. In this linear select inlerconnect system, the CPU
can setect up o st VO devu es.

The system controller drives the i/O device Peripheral interfzca—strobed 1/O or bus

read and write lines directly. With the resulting One of the greatest features of a programmable
isolated 1/O architecture, the CPU /O instruc- /O unitis its flexikility; the 8255 flexibility stems
iions reference independem /O address loca- from the fact that it can be programmed to

tions. Note that this system uses no external operate in any of three different and internally
'ogic; even in larger systems the CPU-to-1/O flexible mcdes. Because the characteristics of the
mterface requires only mintmum external logic. interface lines vary with each mode, you should
be aware of those changes. Table 1 lists the basic

R T R e L e L e T "*7\.7-"'."2"‘(-?'57\“:
fr : T } ‘ features of the inte.rf;_ice li.nes for each of the
I ] R B B | Mol e available modes. while Fig. 4 illustrates the
e B . groupings of these lines for each mode.
Lt Both Table 1 and Fig. 4 point out an interesting
‘ aspeci of the 8255: Port Cis arranged as two 4 bit
' o A poris, so ycu can use it as 1/O or control
o depending on the mode selected. Additionaliy,
B s ~any of port C's bits can be set or reset indepen-
o ‘ denily, so you can generate device strobes by
: Y software without any external logic. '
: I both Mode' 1 and Mode 2, several lines oii
Te e e . ' port C handle interrupt control. This means thata
e e oo . significant portion of the logic required for
,( MEXADECIMAL PORT SELECT CHARACITR | interrupt drive 1/O is on the /O device itself,
s ; PORY SELECTED LUSED WiTHIN OR QUT INSTRUGTIONS “ ’I srmphfymg the design Of interrupt-driven hard-
f; pooN e /8 , ware. We will present an example of this type of
i BB e nns P ; ‘ application aft'er dls.cussmg the internal logic and
;‘ PORT & B255 2 ta - software considerations.
' POHT B8 8255 2 F5 L
Vi PUKIC 8255 2 £6 . Ve e X . .
{ CUR TROL WORL HEGISTER 8255 2 £ i Infermai logic — MSB deterinines function
- L T e T : Internal lcgic on the 8255’s internal data bus

accomplishes transfer of data and control infor-

Fig. 3—This /O port select coding appiies fo the system ”
mation. When lines A, and A, select port A, B o-

shown in Fig. 2.

”
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C, the operation is an 1/O port data transfer; i.e.,
internal logic selects the specified port and
performs the transfer. If the control-woid register
is selected, internal logic performs the operations
described by the control word.

In the latter case, the most significant bit (MSB)
of the control word determines the fuiction to be
performed. tf the MSB is a ONE, the wontrol word
is interpreted to mtean mode definition; subse-
quent bits determine mode and port assignment
(Fig. 5). For example, the control ward 10010101
means the function is mode definitiori; port A is
to be Mode 0 as an input port; port C higher
order bits are to be outputs; port B is to be Mode
1 as an output port; and pori C bit 3 is an input.
(Bits O through 2 on port C are used for port £
control.)
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Table 1—Interface line characteristics vary for each of the "(’ r i . . /
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: ‘ (S IR G GA Ok VoA register, the M5B of the control word determines the function
: . i Gl ATk, w0 R her) , L performed. Here the MSB is a ONE, so the control word
| . LOiT A POAT U CONTHOL o provides mode definition.
3 S e Saiman i y
§ HRE I, e, PC, PC, PC, PC, PC, PC, PC, 4 ’;r f:x
: 14 Loy s 1 - 1 . . .
§ 7{} v ‘ i S A S o if the control word’s MSB is a ZERO, the 8255
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5 AN ‘,? Loemon 3 b interprets it to be a port Cbit set/reset command;
3 . . vV -, . . . .
i i R G M subsequent bits determine which bits are to be
) Lt a . b ' § . .\
‘ caritagy - g 4 setorreset. Any of the eight bits of port C can be
§ e e e 2+ ey eeees ] POAT A CONTROL By 5 . . . ilusts - h
: oty at : DIHECTIONAL Y independently set or reset. Fig. € illustrates the
! S At format of the contro! word to accomplish bit
4 ; set/reset. Since bits 4 through & of the control
5 K : ., 32 word are not needed, they should e set tc zero.
= - ERVIERCRS TR FENSLPD St it s B 22

F1g. 4—Because port C is arranged as two 4 bit ports, you can
us 1t for 1/O control.

Thus, in this operating mode, the contiol word
00001001 indicates that bit 4 of part Cis to be set.
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seltarep? contvol logic sdaius words

Wirea the 8255 funciions in either Mode 1 or
Mod: 2, itissues a stztus word o the software to
reflact the state of the interrupt logic thar it's
supporting. In Mode 1, a status word is issued
when port C is read; this word appears in the
format shown in Fig. 7. Here the bits in the status
word correspond to the states of the associated
port C lines (buffer full, interrupt request, etc.).

Of course, the status word issued by the 8255
varies in structure depanding on the function of
the mode. Fig. 8 shows the status word that
results {rom a read of port C when the 28255 is
progranmmed to have port Ain Mode 7 as an input
and port B in Mode 1 as an output.

A status word issued when the 8255 is function-
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Fig. 7—In Mode 1, lhe 8255 issues a staius word in this f~rmat
when port C s read.
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Fig. B—Strucivre ui the Mode 1 status word varies depending
on the function of the mode. Here is what you get from a read
of port C when you program the 8255 1o have port Ain Mode 1
as an ipput and port B in Mode 1 as an output.

ing in Mode 2 is differeny, because in Mode 2,
port B can operate in either Mode 0, Mode 1 or
Mode 2. Status word bits D,, D, and D, reflect the
mode of port B (Fiz. 9).

Software considerations for (he PPI

All the flexibility and versatility of the hardware
is not much geod uniess some software issues the
correct control viord and supporting information
to the prograr nable /O device. The 8255
software requiremen’s vary according to its
operatinz mode. Generaliy, however, you need
an initialization routine that issues the correct
node cortrol word, sets up the initial states of
ihe control lines and initializes program internal
data.

For simple status-driven device interfaces with
no interrupts, software reflecting the flowcharts
in Fig. 10 proves quite adequate. Most devices
support BUSY/READY signals to determine 1/O
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Fig. &—Poyl B can ope:'ale in Mude o, MJdE 1 or Mode 2 when
the 8255 functions in Mode 2, and status word bits D,, D, and
D, indicate port B's nperation.
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Fig. 1G—Software flowcharts such as these suffice for simple
status-driven device 'nterfaces with no interrupts. |
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y2auiness, and a DATA STROBE to request data
iransfer. It necessary, you can easily generate the
DATA STROBE with the 8255's port C bit set/reset
capability.

With Mode 1 and Mode 2 operation, the 8255
provides interrupt-driven peripheral capability.
This usually means that the software must be able
to support interrupts. Unfortunately, routines for
interrupt-driven situations tend to be relatively
complex because they usually are constructed to
allow other software tasks to be performed while
the /O operation occurs. A common approach
breaks the routine down into 2 command proces-
~or and an interrupt service routine.

The command processor initiates program
requests and passes information to the interrupt
service routine. Upon validating the transaction
and starting the operation, it returns contro! to
the requesting part of the program. Meanwhiie,
the interrupt service routine processes the trans-
action with the information passed.

For an interrupt service routine to be effective,
it must perform several functions: It must save
the state of registers, status, etc., so that they can
be restored after the interrupt is processed;
determine the source of the interrupt; and be
able to pass data to and from the 8255. Further, it
must return contro! tc the requesting routine at
the end of the 1/O operation and restore the state
of the machine prior to returning to the interrupt-
ed program,

Wwith these factors in mind, you can use one of
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Fig. 11—The three peripherals in this status-driven interface
system support the standard BUSY/DATA STROBE signals

several methods to write command processor and
interrupt service routines.

A peripheral driver by status

Let’s now examine a typical application of the
8255: Fig. 11 shows an interface block diagram for
a status-driven interface where the peripherals
are-a character printer, a paper-tape punch and a
paper-tape reader. All of these units support the
standard BUSY/DATA STROBE signals previously
mentioned.

In this interface, both port A and port B of the
8255 are Mode 0 (simple 8 bit 1/O). Port A is an
output port; port B, an input port. Three of the
lower order port C bits (PC,-PC,) input peripheral
busy signals, while three of the higher order bits
(PC,4-PC,) output strobe signals to the peripherals.
Because the drive requirements of these output
lines depend on the peripherals, fength of
interconnections and operating environment, the
7407 that we have used may not be the appropri-
ate buffer for all applications.

Addressing the 8255 is accomplished with the
linear select approach illustrated earlier in Fig. 2.
Ali of the CPU-to-8255 interfsce lines are driven
directly by the CPU module.

Although fairly simple, Fig. 11's applicatica
iliustrates the principles behind Mode 0 opera-
tion of the 8255. You could enhance the system
somewhat by using one of the spare port C
output lines to control punch direction—a meJdi-
fication that would require only a minor change in
software.
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Iin a status-driven peripheral the software driver
must poll the peripherals to determine if an
operation has been completed. By contrast, in an
interrupt-driven nesipheral interface, an interrupt
can indicate the end of an operation, freeing the
processor from the time-wasting polling task. The
8255 can be programmea to operate in Mode 1to
provide an interrupt-driven interface, as Fig. 12's
interface for a character printer shows.

Here, port A operates in Mode 1, and instead of
a BUSY/DATA STROBE interface, we make a DATA
STROBFHACK interface by using bit zero oi port C
as 2 data strobe, bit 6 of port C as an acknowl-
edgement line from the prinier and bit3 of port C
as th2 interrupt line to the CPU. Port b and the
other bits of port C are not necessary in this
application.

Interrupt support is provided by an 8228 system
controller. In a small system requiring only one
interrupt vector, this device can auto.naticaily
provide an RST 7 instruction to the data bus at the
appropriate time.

In operaticn, a character is iransferred 1o the
prinfer on port A upon a DATA STROBE signal on
bit zero, port C. The ACK signal from the printer
notifies the 8255 that the character has been
transferred.

Software for this interrupt-driven application is
based on the typical command processor/
interrupt service routine mentioned earlier. The
initialization routine issues the mode contro!

R4

word sfier e VxUS is reset. This routine also
places a juwg  the interrupt service routine in
the interrupt location for an RST 7. A user routine
starts the com.nand processor and checks wheth-
ev or not an 1/O operation is in progress. If not, it
starts the i/O, enables the interrupt and returns to
the calling voutine so that other processing can
take place.

The data-transfer operation places the charac-
ter in the output buffer, then a DATA STROBE
causes that character to be sent to the printer.
The printer next generates an ACK signal to the
8255, clearing the “‘buffer full”’ indicator. Then the
8255 generates an inferrupt, in turn processed by
the CPU. Once the CPU determines the location
of the interrupiing unit, the interrupt service
routine passes control to the user’s routine, with
the state ot the processor restored o the
condinons that existed prior to the interrupt.

This type of interface illustrates the capability of
the 8255 to support an interrupt-driven hardware
inlerfzce without any external logic. In larger
sysieans, you may want to provide hardware to
locate the source of the interrupt request.

As previously maniioned, software required by
an interrupt-driven system is inherently more
complex thzn that needed for a status-driven
interface, but the added complexity is usually a
small price to pay for a signifigant increase in
system throughput.

A chalienge to the user

Space hmitations preciude us from iliustrating
all of the many types of interface applications that
the 8255 cain handle in its three operating modes.
Even within these modes, variations are possible.
We have shown the basic I/O capabilities of Mode
C and the more sophisticated capability of a
strobed 1/O port possible with Mode 1. in
aadition, a bidirectional bus configuration, Mode
2, offers even maore flexibility to designers. ©2
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USART—a universal pP interface
for serial data communications

with everything conveniently packaged on one chip, these receiver/
transmitter devices reduce cost and complexity of interface design.

<ianel Smith, Intel Corp.

Today’s microprocessors handle and store data in
parallel form."In many cases, data transfer to and
from peripherals can be effected in this format.
However, in certain data-transfer applications—
via modems or devices with modem-like
interfaces—a bit serial format is necessary.

To satisfy these needs, uP manufacturers like
Signetics, TI, Motorola, Western Digital, General
Instruments and Intel have developed universal
interfaces for serial communications. While some
of these circuits, Table 1, operate in either the
asynchronous or synchronous transmission
modes, others can operate in both.

One device which falls into the latter category
is the 8251 USART (universal synchronous/
asynchronous receiver transmitter) (Fig. 1). Be-
cause it satisfies data-transfer requirements in all
transmission modes, a functional description of
this device will cover the general operation of
most programmable interfaces. Signal designa-
tions will of course be unique to the 8251 in most
cases, but the theory of operation is universal.

Let’s start our trip inside the chip

In the synchronous mode, the USART operates
with 5+, 6-, 7- or 8-bit characters. An additional bit
can provide even or odd parity for error checking.
Synchronization can be achieved externally via
added hardware, or internally via sync-character
detection. To prevent loss of synchronization in
the event software fails to supply data in time,
single or double sync characters are automatically
inserted into the data stream,

Asynchronous operation uses the same data
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L HIN C. . WESIrAN WESTERN |
I - INTEL MOTORGLA AM¢t BrGiTaL BIGITAL E
r Aas | oeEsp -] L urieng
{1svncHRonousiasyncHRONOUS | 80T+ |asyncrRONOUS|s YHCHRONOUS lasynCHRONOUS)  BOTH X
»
115 10881T CHARACTERS YES NO vES YES ves
i FULL DUPLEX Yis YES YES YES ves  f

YT TR(3S
S ReeTecTon ves [ ves | wes s 3
¥{Bus oRGanizeD YES YES ~NO NO ves g
%’-1 NUMBERA OF PINS 28 24 40 LY «0 q
¥ {power surpLies -5v 5V v PV B ¥
s -V

INT EXT SYNC
k INTExT ST vES NA INTERNAL NA wreanay |

AUTO SYNC CHARACTER 1
3 JINSERT YES NA vES NA ves g
N !?,"‘f,ﬁf‘,‘s“"o AMALF ORTWO | g i0R2 NA 1082 vEs
b T R T SRR e e S NI iR, ST P AR i e e e =
[ Yo bk e - : i —a

and parity structures. A START and one, one and a
half, or two STOP bits are appended to this data.
The receiver checkhs proper framing, and a status
flag is set if an error cccurs.

This USART can transmit in half- or full-duplex
mode and is double-buifered internally (i.e., the
software has a complete character time to re-
spond to a service request). Although it supports
such basic data-set control signals as DTR (data-
terminal-ready) and RTS (request-to-send), it
does not support such signals as CF (carrier-
detect) and CE (ring-indicator). An additional port
will also be required to implement secondary
channe! signals. Finally, additional drivers and
receivers are needed to interface to the voltage
levels required by E!A RS232C.

In order to keep the hardware as flexible s
possible (both at the chip and end-preduct leval),
all specific operating characteristics required to

&1
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support a desired communicaiions forrat are  Transmission mode selection comes next
programmed into the USART by the systems As the initialization flowchart (Fig. 2a) shows,
soitware of the CPU. This programming takes  the first operation that must occur following a
piace immediately following a reset operation reset is the loading of the mode control register.
(interr.z] o7 external). The CPU sends cutasetof  Since the USART needs this information to
contro!l words consisting of both mode instruc-  structure its internal logic, it is essential to
tisns and command instructions to program baud  corapiete the initializat’'on before any attempts
rate, character length, number of stop bLits, are made at data transfers (including reading
synchronous or asynchronous cperation, even or  status).

odd puarity, etc. In the synchronous mode, Following a reset, the mode control register is
op.ions are provided to select either internal or  ioaded by the first contro! output. The mode
external character synchronization. control instruction, Fig. 2b, can be considered as

Once programmed, the USART is ready to four 2-bit fields. The first 2-bit field (D,, Dg}
perform its communication functions, and so  determines whether the USART cperates in the
signals the CPU by raising the transmitter-ready  synchronous or asynchronous mode. In the
output HIGH. This output is reset automatically  asynchronous mode this field also controls the
when the CPU writes in a character. In the reverse  clock scaling factor. As an example, if D, and D,
operation, serial data can be received from the ' are ONE’s, both the receiver and transmitter
modem or 1/O device. After receiving an entire  clocks will be divided by 64 to establish the baud
character, the receiver-ready output is raised rate.

HIGH to signal the CPU that a complete character The second field (D, D,) determines the
is ready for the CPU to fetch. Again, reset {of number of data bits in the character length, while
receiver-ready) is automatic upon completion of  the third (Ds, D,) controls parity generation.
the CPU read operation. ‘When setting up the character length, note that
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Fig. 2—Loading the mode control register is the

e Dt

first operation following a reset. The first two bits of the mode contro! in-

«eevipn (b)Y determine both the uperating mode and clock scaling factor

the parity bit (if enabled) is added to the data bits
and is not considered as part of them.
Depending on the mode of operation, the last
field (D,, Dg) has two meanings. For the asynchro-
nous mode, it controls the number of STOP bits
to be transmitted with the character. Since the
receiver will always operate with only one STOP
bit, D; and D4 really only contro! the transmitter.
In the synchronous mode, this last field controls
the synchronizing process. Note that the choice
of single or double sync characters Is indepen-
dent of the choice of internal or externa! syn:irro-

nization. Even though the receiver may operate
with external synchronization icgic, the transmit-
ter must still know whether to send one or two
sync characters should the CPU fail to supply a
character in time.

If synchronous mode has been specified, the
appropriate sync character (or characters) must
be loaded fcllowing the loading of the mode
instruction. {t is loaded by the same contrc!
instruction used to load the mode instructios.

At completion of sync character(s) loading {or
afier the mode instruction in the asynchror.cus

&3



odeY, s cc mznd Chziacsr ﬂg, oy usued to
ba USART This command * < ru 2t wn contiuls
the operation of the USAx/ wuhn the basic
framework established by i mietie instruction,
A status register, which. can be rzad under
program control, indical-s the swale of the
USART. '

When operating the receivey, it is important to
~ealize that receive-enabic (bit D, of the
command instruction) only irhibits the assertion
of receiver-ready and does not inhibit the actual
reception of characters. Since the receiver is
constantly running, it can contain exiraneous data
sten enabled. To avoid problenis, this data
should be read from the USART and discarded.
The read should be done immediately following
tne seiting of receive-enable in the asynchronous
i 2de and following the setting of enter-hunt in
tre synchronous mode. it is not necessary to wait
ics receiver-ready before executing the dummy
fexd,

.ne parallel LP meets the serial modew

Fig. 4 shows a compleie system. For ease i
fellowing its operation, we will coasider first the
intzr-zlationship between the 8080A CPU and the
USART and then between the USARY and eithera
synchronous or asynchronous modem.
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A 3-state, bi-directional, 8-bit buffer mterfaces
the USART to the CPU. Control words, command
woids and status information are afso transferred
through the data bus buffer. Note that while two
registers store cata for transfer to the CPU
(5TATUS and RECEIVE DATA), only one register
stores data being transferred to the USART. This
sharing of the input register, for both transmit
data and commands, dictates that this register be
clear of any data before any command is sent to
the device. Such assurance can be provided by
monitoring the transmitter-ready line. If it is low,
neither data nor command transfer should be
attempted. Erroneous data transmission can re-
sult if this check is not performed.

Information on the CPU’s contro! bus (Table 2)
is decoded by the READ/WRITE control logic intu
signals which gate data on and off the USART's
internal bus and control the external 1/O bus. If
neither READ nor WRITE is ZERO, then the USART
will not perform the 1/O function. READ and
WRITE being a ZERO at the samie time is an ilfegal

84

[o5 URE T ATH A T T T I Sy P o g

N

[ 0 »n O 0 © 0 2 D

i PR I lmrs ! ER ]SB'L"I AaE | ma]v.mT

!"'"f"*“r" T T T
1

i : l ' TRANSMIT ENABLE
; ' . | 1-ENABLE
| .
| t
l i

.
‘ !

i

[

gt
. A FAL M -

{ HIGH FORCES DTA
[ - OUTPUTY TO 2ERO

i oo 1 Recerve enasLe i .
1-ENABLE RECEIVER READY ;

0-DISAULE ACCELIVER READY .

' e

SEND HAEAK CHARACTER '

___._.__._.__a-f 1-FORCES TRANSMITTER DATALOW |

U 0--NORMAL OPERATION
e s 3o

——

|
|
|
!

H
| 0-DISABLE
' i
" l R DATA TE HMINAL READY
f | i

.} errOA RESET
- V-RESET ALL £RAOR FLAGS

1

! i

! .

| e
b

AEQULST 10 SEND
HIGH FORCES RATS QUTPUT LOW
p]

.
! . . INTERANAL AESET 1
: HIGH AE TURNS 8251 TO J i

MODE INSTRUCTION FORMAT

ENTER HUNT MODE
' 1-ENABLE SEARCH FOR
1 SYNC CHARACTER

;.M,‘ e s M KA i B 8 b bt i 2 e b st
Fig. 3—An 8-bit caramand instruction controls the operation
of the USART within the framework established by the mode

instruction.

tale with undefined results. The READ/WRITE
~ontrol logic contains synchronization circuits so
that the READ and WRITE pulses can occur at
anytime with respect to the clock inputs to the
USART.

Directing transiaissions to the modem

The USART’s modem-control section generates
the request-to-send data and receives the clear-
to-send data signals. In addition, two general-
purpose terminals are provided—a data-
terminal-ready output and a data-set-ready input.
Although the USART attaches no special signifi-
cance to these signals, the former is normally
assigned to the modem to indicate a ready
terminal while the latter indicates a ready
modem. ‘

The USART transmitter accepts parallel data
from the CPU, adds the appropriate framing
information, serializes it, and transmits it on the
transmitter-data pin. In the asynchronous mode
the transmitter always adds a START bit. Depend-
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Some prac!:cal des:gn hints
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Several areas involving signal nmmg and sngnal
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enable will . lmmedlately clamp the serial

"/ output fin€] These signals should_ rémain

interaction can cause “operational problems.

Rased on our experience with users, the -
following c’embn hints will help avoid such
nrablens .

-A comm. v output. to lhe USART w1ll destroy
+ theantepo iy of any transmission in progress:’

¢

Any char.. ter stored in the buffer, waiting for'j "
transfer to the parallel-to-serial converter, will -
Bewgitten over. This problem can be avoided

by waiting tor transmitter-ready to be asserted
before sending a command. Transmission will

- «Extraneous transitions could occur on lhe

o asobedisturbed if a commandis sentwhile a :

boosvine character is Tbeiny generated by the'!
LSARTL To prevent this problem, commands
<hautd b transferred only when a positive-
paing odue

ooready Thne

1s detected on the transmittér-

réceiver ©

¢

. eRecewe-cnable, does not control
«operation; i onl\, acts as a mask for receiver-
ready. The receiver could contain one artwo -

wi' canse system problems, these characters
shoald he read and discarded when ™ the
recrive-enable bit is first set )

loss of clear-to-send r!a!a or transmitter-

2 O

C.characters when itis eanbled. If this condmon‘ ’

asserted until the transmussnon ‘is complete :
and complete in this case means clear of the
modem. A defay of 1 msec, following detec-
~ tion of transmltter-empty, is usually suffi-
cient. in the ' synchronous mode, loss of
transmit-enable will clarp the data in at a
- SPACE instead of the normal MARK. An
external  gate, combmmg ‘request-to- send
data and the seria!’ Outpul data, can’ correct
this problem. '

- transmitter-empty line durmg transfer of data
- (including USART- -generated sync c’s) to the
. parallel-to-serial converter..To insuré no such
transitions, allow time for transmnler-emply
to occur through several consecutive status
readls before assuming that the transmmcr is
truly in the émpty state.

<A BRFAK detected by the recetver results ina
string of characters which have framing er-

.rors. If reception is to continue after a break,

- care must be taken to ensure that the received
data is valid. Thisis a special problern with the
“ last character perceived during a BREAK since
its value, including any associated framing
error, is indetermin‘ate.’ |

PN bedmiainduat o FETENPEY yra ol iin

ing on how the unit is programmed, it also adds
an opuonal even or odd parity bit, and either one,
oné and a half, or two STOP bits. In the

ynchronous mode, the transmitter does not
generate any extra bits (other than parity if
endbled) unless the computer fails to send a
character to the USART. In that case, the USART
will transmit a sync character.

If the USART operates in the dual sync mode,
both sync characters will be transmitted before
the message can be resumed. No sync character
will be generated until the software has supplied
at least one character (i.e., the USART will fill
‘“holes’’ in the transmission but will not initiate
transmission itself). Until transmit-enable and
clear-to-send are asserted, transmission is inhib-
ited.

An additiona! feature of the transmitter is the
ability to transmit a BREAK. A BREAK is a period of
continuous SPACE’s on the communication line
and is used in full-duplex communication to
interrupt the transmitting terminal. A BREAK
condition will be transmitted as long as the D; bit
of the command register is set.

Listening to the outside world
The USART receiver accepts serial data on the
receiver-data pin and converts it to para.lel data

according to the approprlate format When the
USART is in the asynchronous mcde and ready to
accept a character, it looks for a low level on the
receiver-data line. When it sees the low level it
assumes a START bit and enables an internal
counter. At a count equivalent to one half of a bit
time the receiver-data line is sampled again. If the
line is still low, reception of a valid START bit is
assumed and assembly of the character begins.

On the other hand, if the second sampling
detects a ONE, then either a noise pulse has
occu-red on the line or the receiver has become
enatled in the middle of the *ransmission of a
character. i, either case, the receiver aborts its
operation and prepares itself to accept a new
character. After the successful reception of a
START bit, data, parity and STOP bits are clocked
in and then transferred on the internal data bus to
the ieceive-data register. The transmitter-ready
signal is then asserted to indicate that a character
is available.

in the synchronous mode, the receiver simply
clocks in the specified number of data bits and
transfers them to the receiver buffer register,
setting receiver-ready. Since the receiver blindly
groups data bits into characters, there must be a
means of synchronizing the receiver to the
transmitter so that the proper character bounda-
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fig. 4—FErroneous data transmission can resull if data or command transfers to the USART are attempted before the transmit
data/comunand buffer 1s clear, No transfer should be attempted if the transmitter-ready line is low.

..~5 are maintained in the serial data stream. This
synchkronization is achieved in the HUMT mode.

In the HUNT mode, data is shifted in on the
receiver-data line one bit at a time. Upon receipt
of each bit, the receiver register is compared to
a register holding the sync character (program
loaded). If the two registers are not equal,
ansther bit is shifted in and the comparison is
rep2atec. When the registers compare, the
USAKT erds the HUNT mode and raises the
sync-cetect line to indicate synchronization. If
2-sync character operation has been pro-
grammed, two contiguous characters from the
iine must compare to the two stored sync
characters before synchronization is declared.
Parity is not checked. If the USART has been
programmed to accept external synchronization,
the sync-detect pin operates as an input to
synchronize the receiver. The USART enters the
HUNT mode when it is initialized into the
synchronous mode or when it is commanded to
de so by the command instruction. Before the
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receiver is operated, it must be enabled by the
receive-enable bit (D,) of the command instruc-
tions. If this bit is not set, the receiver will not
assert the receiver-ready bit.O '
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Thus chauter introduces certain basic computer con-
cepts, It provides background information and definitions
which will be useful in later chapiers of this manual. Those
already famiiiar with computers may skip this material, at
their oprtion,

A TYPICAL COMPUTER SYSTEM
A typica.i digital computer consists of:

a) A central processor unit (CPU)
b} A memory
¢} Inpyt/ouiput (1/0) ports

The memory serves as a place to store Instructions,
the coded pieces of information that direct the activities of
the CPU, and Data, the coded pieces of information that are
processed by the CPU. A group of logically reiated instruc-
uons stored in memory s referred to as 2 Program. The CPU
“reads’” each instruction from memory in a logically deter-
mined sequcnce, and uses it to initiate processing actions.
If the piogram sequence is coherent and logical, processing
the program wiil produce intelligibla and useful! results,

The mernory is also used to stora the data to be manip-
ulated, as well as the instructions that direct that manipu-
lation, The program must be organized such that the CPU
does not read a non-instruction word when it expects to
see an instruction. The CPU car rapidly access any data
stored in memory; but often the memory is not larg: enough
to store the entire data bank required for a particular aopli-
cation. The problem can be resolved by providing the com-
puter with one or more Input Ports. The CPU can address
these ports and input the data contained there. The addition
of input ports enables the computer to receive information
from external equipment {such as a paper tape reader or
floppy disk) at high rates of speed and in large volumes,

A computer also requires one or more Outnut Ports
that permit the CPU to communicate ih» result of its pro-
cessing to the outside world. The gutput may go to a dis-
n'ay, tor use by a human operator, to a peripheral device

inat produces ‘‘hard-copy.” such as a line-nrintir, 10 &
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peripheral storage device, such as a floppy disk unit, or the
output may constitute process control signals that direct the
operations of another system, such as an automated assembly
line, Like input ports, output ports are addressable, The
input #nd output ports together permit the processor to
communicate with the outside world.

The CPU unifies the system. It controls the functions
performed by the cther components. The CPU must be able
to fetch instructions from memory, decode their binary
contents and execute them. It must alsc be able to reference
memory and [/O ports as necessary in the execution of in-
structions. !n addition, the CPU should be able to recognize
and respond to certain external control signals, such as
INTERRUPT and WAIT requests. The functional units
within a CPU that enabie it to perform these functions are
described below.

THE ARCHITECTURE OF A CPU

A typical central processer unit {CPU) consists of the
failowing interconnected functional units:

o Registers
o Arithmetic/Logic Unit (ALU}
o Control Circuitry

Registers are temporary storage units within the CPU
Some registers, such as the program counter ard instru. .
register, have dedicated uses. Other registers, such a5 e ac-
cumulator, are for more general purpose usé.

Accumulator:

The accumulator usually stores orne of the operahds
to be manipulated by the AL, A typicai insiruction might
direct the Al.U to add the contents of some other register to
the contents of the accumulator and store the result in the
accumulator itself. In general, the accumulator is both &
source (operand) and a destination {resu!lt) ragister.

Often a CPU will include a number of addinal
gereral purpose regisiers that can be uaed to store operands
or intermediate data, The availability of general purpose




registers eliminates the need ta “shuffie” intermediate re-
sufts back and forth between memory and the accumutaton,
thus improving processing speed and efficiency.

Prté;'g.rvam Counter {Jumps, Subroutines
and the Stack):

The instructions that make up a program are stored
in the system’s memory. The central processor references
the contents of memory, in order to determine what action
1s appropriate. This means that the processor must know
which location contains the next instruction.

Each of the locations in memory is numbered, to dis-
tinguish 1t from all other locations in memory. The number
which identtfies 2 memory location is cailed its Address.

The processor maintains a counter which contains the
actdress of the next program instruction, This register is
cat'ed the Program Counter. The processor updates the pro-
gram counter by adding ‘1" to the counter each time it
feiches an instruction, so that the program counter is always
curreat {pointing to the next instruction).

The programmer therefore stores his instructions in
numertcally adjacent addresses, so that the lower addresses
contam the first instructions 1o be executed and the higher
add: esses contain later instructions, The only time the pro-
grammer mdy-violate this sequential rule is when an instruc-
tion in one section of memory is a Jump instruction to
anather section of memory,

A jump instruction contains the address of the instruc-
tion which is to follow it. The next instruction may be
stored in any memory location, as long as the procgrammed
jump specifics the correct address. During the execution of
ajumpinstruction, the processor replaces the contents of its
program counter with the address embodied in the Jump.
Thus, the logrcal continuity of the program is maintained.

A special kind of program jump occurs when the stored
progrem ‘‘Calls” a subroutine. In this kind of jump, the pro-
cessor s required to “remember’” the contents of the pro-
gram counter at the time that the jump occurs, This enables
the processor to resume execution of the mam program
when 1t s finished with the tast instruction of the subroutine,

A Subroutine is a-program within a program. Usually
it is 2 general-purpose set of instructions that must be exe-
cuied repeatedly in the course of a main program. Routines

+hich calculate the square, the sine, or the logarithm of a
Jrogram variable are good examples of functions often
written as subroutines. Other examples might be pragrams
designed for inputting or outputting data to a particular
peripherai device,

The processor has a spectal way of handling sub-
routines, in order to insure an orderly return to the main
program. When the processor receives a Call instruction, it
increments the Program Counter and stores the counter's
contents in a reserved memory area known as the Stack.
The Stack thus saves the address of the instruction to be
executed afier the subroutine is completed. Then the pro-
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cessor loads the address snecified in the Call into its Pro-
gram Counter. The next instruction fetched will theretore
be the first step of the subroutine,

The last instruction in any subroutine is a Return. Such
an instruction need specify no address. When the processor
fetches a Return instruction, it simply replaces the current
contents of the Program Counter with the address on the
top of the stack. This causes the processor to resume execu-
tion of the calling program at the point immediately follow-
ing the original Call Instruction.

Subroutines are often Nested; that is, one subroutine
will sometimes call a second subroutine. The second may
cali a third, and so on. This is perfectly acceptable, as long
as the processor has enough capacity to store the necessary
return addresses, and the logical provision for doing so. In
other words, the maximum depth of nesting is determined
by the depth of the stack itself. If the stack has space for
staring three return addresses, then three levels of subrou-
tines may be accommodated.

Processors have different ways of maintaining stacks.
Some have facilities for the storage of return addresses built
into the processor itsetf. Other processors use a reserved
area of external memory as the stack and simply maintain a
Pointer register which contains the address of the most
recent stack entry. The external stack ailows virtually un-
limited subreutine nesting. In addition, if the processor pro-
vides instructions that cause the contents of the accumulaior
and other genera! purpose registers to be “‘pushed’” onto the
stack or ‘‘popped’’ off the stack via the address stored in the
stack pointer, multi-level interrupt processing (described
later in this chapter} is possible. The status of the processor
(i.e., the contents of all the re'gisters) can be saved in the
stack when an interrupt is accepted and then restored after
the interrupt has been serviced. This ability to save the pro-
cessor’s status at any given time is possible even if an inter-
rupt service routine, itself, is interrupted.

Instruction Register and Decoder:

Every computer has a Word Length that is cnaracteris-
tic of that machine. A computer's word length is usuatly
determined by the size of its internal storage elements and
interconnecting paths {referred to as Busses}; for example,
a computer whose registers and busses can store and trans-
fer 8 bits of information has a characteristic word length ot
8-bits and is referred to as an 8-bit parallel processor. An
eight-bit paralle! processor generally finds it mosi efficient
to deai with eight-bit binary fields, and the memory asso-
ciated with such a processor is therefore organized to store
eight bits in each addressable memory location. Data and
instructions are stored in memory as eight-bit binary num-
bers, or as numbers that are integral multiples of eight bits:
16 bits, 24 bits, and so on. This characteristic eight-bit field
is often referred 10 as a Byte.

Each operation that the processor can perform is
identified by a unigue byte of data known as an Instruction




Code or Operaticn Code. An eight-bit word used as an in-
struction c¢ode can distinguish between 236 alternative
actions, mare than adequate for most prozessors,

The processor fetches an instruction in two distinct
operations. First, the prccessor transmits the address in its
Program Counter to the memory. Then the memory returns
the addressest byte to the processor. The CPU stores this
inswruction “Lvte in a register known as the Instruction
Pegister, an:- *:38s it to direct activities during the remainder
of the instruwtion execution,

The mechanism by which the processor translates an
instruction code into specific processing actions requires
mare elaboration than we can here afford. The concept,
however, shou!d be intuitively clear to any logic designer.
The cight bits stored in the instruction register can be de-
coded and used to selectively activate one of a number of
output lines, in this case up to 256 lines, Each line repre-
sents a sel of actiyities associated with execution of a par-
ticular instruction code. The enabled line can be combined
with selected timing pulses, to develop electrical signals that
can then be used to initiate specific actions. This transia-
11on of code into action is performed by the Instruction
Decoder and by the associated control circuitiy.

An eight:bit instruction code is often sufficient to
specify a particular processing action, There are times, how-
ever, when execution of the instruction requires more infor-
mation than eight hits can convey,

One example of this is when the instruction refer-
ences a memory location. The basic instruction code iden-
ufies the operation to be performed, but cannot specify
the object address as well. i a case like this, a iwo- or three-
byte instruction must be used. Successive instruction bytes
are stored in sequentially adjacent memory locations, and
the processor performs two or three fetches in succession to
obtain the full instruction. The first byte retrieved from
memory is placed in the processor’s instruction register, and
subsequent bytes are placed in temporary stotage; the pro-
cessor then proceeds with the execution phase. Such an
insteuction is referred to as Variable Length,

Address Register(s):

A CPU may use a register or register-pezir to hold the
addiess of a memory l!ocation that is to. be accessed for
data. If the address register is Programmable, (i.e., if there
are instructions that allow the programmer to alter the
contents of the register) the program can ‘““build” an ad-
dress in the address ragister prior to executing a Memory
Reference instruction (i.e., an instruction that reads data
from memory, writes data to memery or operates on data
stored in memory).

Arithmetic/Logic Unit (ALU):

All processors contain an arithmet.c/togic unit, which
is often referred to simply as the ALU. The ALU, as its
name implies, 1s that portion of the CPU hardware which

performs the arithinetic and logical operations on the binary.
data. .
The ALU must contain an Adder which is capable of
combining the contents of two registers in accordance with
the logic of binary arithnietic. This provision permits the
pracessor to perform arithmetic ménipulations on the data
it obtains from memory and from its other inputs.

Using only the basic adder a capable programmer can
write routines which will subtract, mulitiply and divide, giv-
‘ing the machine complete arithmetic capabilities. In practice,
rowever, most ALUs provide other built-in functions, in-
cluding hardware subtraction, boolean logic operations, and
shift capabilities. ’

The ALU contains Flag Bits which specify certain
conditions that arise in the course of arithmetic and logicat
manipulations. Flags typically include Carry, Zero, Sign, and
Parity. It is possible to program jumps which are condi-
tionally dependent on the status of one or more flag_s. Thus,
for example, the program may be designed to jump to a
special routine if the carry bit is set following an addition
instruction. ' ‘

Control Circuitry:

The control circuitry is the primary functional unit
within a CPU. Using clock inputs, the control circuitry
maintains the proper sequence of events required for any
processing task. After an instruction is fetched and decoded,
the control circuitry issues the appropriate signals {to units
both internal and external to the CPU) for initiating the
proper processing action, Often the controf circuitry will be
capable of responding to external signals, such as an inter-
rupt or wait request, An Interrupt request will cause the
control circuitry to temporarily interrupt main program
execution, jump to a special routine to service the interrupt-
ing device, then automatically return to the main program.
A Wait request is often issued by a memory or 1/0 element
that ope:ates slower than the CPU. The control circuitry
will idle the CPU until the memory or 1/0 port is ready with
the data.

COMPUTER OPERATIONS

There are certain operations that are basic to almost
any computer. A sound understanding of these basic opers-
tions is a necessary prerequisite to examining the spécific
operations of a particular computer. ’ T
Timing: ’

The activities of the centra! processor are cyclical. The
processor fétchcg an instruction, performs the-operations
required, fetches the next instruction, and so on. This
orderly sequence of events requires precise timing, and the
CPU therefore requires a free running osciilator clock which
furnishes the reference for all processor actions. The com-
bined tetch and execution of a single instruction is referred
to as an Instruction Cyele. T_l]e por'tion of 2 ¢ycle identified



with g clearly vefined activity is ealted » §7ute. Airad the inter-
val between pulses of the timing oscitiator isvefened to esa
Clack Period. As a general rule, une ¢r more clock periods
wre necessary for the completion of z state, and there are
aevg:a! states in a cycle.

Instruction Fetch:

The first state{s} of any instruction cvcle will be
dedicated to fetching the next instruction. The CPU issues a
read signal and the contents of the program counter are sent
to memory, which responds by returning the next instruc-
tion word, The first byte of the instruction is placed in the
instruction register, I the instruction consists of more than
one byte, additional states are required to fetch each byte
of the instiuction, When the entire instruction is present in
the CPU, the program counter is incremented (in prepara-
tien for the next instruction fetch) and the instruction is
decoded The operation specified tn the instruction will be
exzcuted in the remaining states of the instruction cycle,
The instruction may call for a memory read or write, an
niput o output and/or an internal CPL) operation, such as
a regrster-to-register transfer or an add-registers operation.

)

Mermmory Read:

An instruction fetch is merely a special memory read
operation that brings the instruction to the CPU’s instruc-
uon"register. The instruction fetched may then call for data
to be read from memory into the CPU. The CPU again issues
aread signal and sends the proper memory address; memory
responds by returning the requested word. The data re-
ceved is placed in the accumulator or one of the other gen-
eral purpose registers {not the instruction register),

Memory Write:

A memory write operation is similar to a read except
for the direction of data flow. The CPU issues a write
signa;, sends the proper memory address, then sends the data
word to be written into the addressed memory location.

Wait (memory synchronization):

As previously stated, the activities of the processor
are timed by a master clock oscillator, The clock period
determines the timing of all processing activity.

The speed of the processing cycle, however, is limited
by the memory’s Access Time. Once the processor has sent a
read address to memoaory, it cannot proceed until the memory
has had time to respond. Most memories are capable of
responding much faster than the processing cycle requires.
A few, however, cannot supply the addressed byte within
the minimum time established by the processor’s clock.

- Therefore a processor should contain a synchroniza-
tion provision, which permits the memory to request a Wait
state. When the memory receives a read or write enable sig-
nal, it places a request signal on the processc;r's READY line,
causing the CPU to idie temporarily. After the memory has
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had time to respond, it frees the processor’'s READY line,
and e instruction cycle proceeds.

input/Qutput:

Input and Qutput operations are similar to memory
read and write operations with the exception that a peri-
pheral 1/0 device is addressed instead of a memory location.
The CPU issues the appropriate input or output control
signal, srnds the proper device address and either receives
the data being input or sends the data to be output. .

Data can be input/output in either paralle! or serial
form. All data within a digital computer is representedin
binary coded form. A binary data word consists of & group
of bits; each bit is either a one or a zero. Parallel 1/0 con-
sists of transferring all bits in the word at the same time,
one bit per line, Serial 1/0 consists of transferring one bit
at a time on a single line, Naturally seria! !/0 is much
slower, but it requires considerably less hardware than does
parallel 1/0.

Interrupts:

Interrupt provisions are included on many centrai
processors, as a means of improving the processor’s effi-
ciency. Consider the case of a computer that is processing a
large volume of data, portions of which are to be output
to a printer, The CPU can output a byte of data within a
single machine cycle but it may take the printer the equiva-
lent of many machine cycles to actually print the character
specified by the data byte. The CPU could then remain idle
waiting until the printer can accept the next data byte. if
an interrupt capability is implemented on the computer, the
CPU can output a data byte then return to data processing.
When the printer is ready to accept the next data byte, it
can request an interrupt. When the CPU acknowledges the
interrupt, it suspends main program executicn and auto-
matically branches to a routine that will output the next
data byte, After the byte is output, the CPU continues
with main program execution. Note that this is, in prinicipie,
quite similar to a subroutine call, except that the jump s
initiated externally rather than by the program,

More complex interrupt structures are possible, in
which several interrupting devices share the same processcr
but have different priority levels. Interruptive processing is
an important feature that enables maximum untilization of
a processor's capacity for high system throughput.

Hold:

Another important feature that improves the through-
put of a processor is the Hold, The hold provision enabfas
Direct Mernory Access (DMA) operations. )

In ordinary input and output operations, the processor
itself supervises the entire data transier. Information to be
placed in memory is transferred frorm the input device to the
processor, and then from the processor to the designated
memory location. In similar fashion, infarmation that goes



from memory to output devices goes by way of the
processor,

Some peripheral devices, however, are capable of
transferring information to and from memory much faster
than the processor itself can accomplish the transfer. if any

appreciable quantity of data must be transferred to or from

such a device, then system throughput will be increased by

L

having the device accomplish the transfer directly. The pro-
cessor must temporarily suspend its operation during such a
transfer, to prevent conflicts that would arise if processor
and peripheral device attempted to access memory simul-
tanecusly’ 1t is for this reason that a hold provision is in-
cluded on some processors.
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CURSO DE MICROS

EL SISTEMA SDK-80,

Ante la gran demanda que tuvieron 1los microprocesadores (en parti-
cular el I8080), surgi8 la necesidad de producir sistemas ya configurados,
es decir, que estuvieran ya integrados en una unidad funcional. Este ti-

po de unidades se conocen en el medio como ‘kits',

La ventaja de un kit, por encima de la compra de las partes discre-
tas que lo componen, es que, en la gran méyoria de los casos, existe,
para empezar, un desconocimiento parcial o total de la mecinica y la 16~
gica implicita en un procesador. Ante esta situacidn, es de gran conve-
niencia empezar a trabajar con un sistema ya integrado, probado y dise-
nado por el fabricante, de bajo precio, con un sistema de 'software’' mi-
nimo, confiable y que, ademis, es de alta calidad y resistencia al des-

~3.4C8.

El kit que ahora nos ocupa, es conocido como el SDK-80 (System
Development Kit 8080) y s de gran popularidad. Consta, como es de su-
poner, dc¢ todas las partes bisicas que conforman a un sistema 8080, tales
como:

1), Un procesador central (CPU) 8080.

b) Un controlador de sistema (8228),

c) Un sistema de reloj (8224) y su correspondiente reloj
de cuarzo de 2 Megahertz.

d) Dos kilobytes de ROM (2 8708).

e) Un kilobyte de RAM (2 8111).

f) Decodificadores para las memorias (2 8205).

g) Una interfaz programable para comunicacifn serie/
paralelo (8251) conocida como USART (Universal Synchro-
nous Asynchronous Receiver Transmitter).

h) Una interfaz programable para comunicacifn paralelo/
paraleloc, cen tres puertos de entrada/salida (8255).

i) Elementos de 1dgica SSI (Small Scale Integration) para
la generacidn de las fre(encias de comunicacifn que re-

quiere el sistema,



j) Una tau':je.t:as\| de cirxcuito impreso en la cual se acomodan
las componentes anteriormente mencionadas, 'En esta tar-
jeta, ademis; hay espacio para agregar un 8255 mds, dos
8212 (buffers/drivers) para arreglos dé'expansiﬁn de me-
moria, y dos Kbytes mis de ROM, Asimismo, hay un area

'wire wrap',

de expansifn para arreglos alambrados tipo
k) El sistema incluye también conectores 'amphenol' para
la comunicacidn de la micro con el mundo exterior, y un
regulador de voltaje auxiliar para lograr los voltajes
de polarizacidén de la 8080,
1) Finalmente, todas las componentes discretas adicionales
(tales como resistencias, capacitores y transistores)

vienen incluidas en este sistema ninimo,

Por otro lado, el sistema seria incapaz de ejecutar programa alguno
si no contara, al menos con un cargador para inicializar el sistema. El
fabricante ofrece, pues, un sistema 'MONITOR' mfnimo que permite el exd-
men del sistema, asf como la carga y ejecucidn de ciertos programas sen-

cillos (de menos 1 K),

El Monitor posee los comandos X, I, S, M, D y G. Estos comandos se

discuten, brevemente, a continuacidn.

Comando 'X'., Examina el contenido de(l) (los) registro(s). Por me~
dio de este comando es posible obtener el valor contenido en cualquiera

de los registros del CPU (A, B, C, D, E, H, L y banderas; PC, SP),

Comando 'I'. Inserta c8digo en memoria. Por medio de este comando

es posible cargar en memoria cédigo de miquina (expresado en hexadeci-~
mal). '

~

Comando 'S', Examina memoria, Por mediu de este comando es posible

examinar y/o modificar el contenido de alguna(s) localidad(es) de memo-

ria,

Comando 'M', Transfiere el contenido de una localidad de memoria



hasta otra localidad de memorla, Pox medio de este comando es posible
tranaferir bloques de memoria a otros lugares de memoria distintos a los
originales,

Comando ‘D', Despliega un bloque de memoria en la unidad de entr.da/

salida, Por medio de este comando es posible ‘vaciar' en el disnositivo

de consola del sistema un bloque predeterminado de informacidn contenida

en memoria.

Comando 'G', Ejecuta un programa a partir de la localidad designa~
da, Por medio de este comando es posible inicializar el PC (contador de
programi) de modo que empiece a correr a partir de una localidad arbitra
riament : seleccionada por el usuario. Esto tiene el efecto de permitir
la ejec icibn de un programa a partir de cualquier leocalidad de memoria

-

rreasigiada,

Para montar un sistema de cbmputo (si bien elemental) no es necesario
mds que el siguiente conjunto de elementos; 1 sistema de kit como el des~
crito; un arreglo de fuentes de potencia; una terminal de video o tele-
tipo. El costo minimo de este arreglo es de aproximadamente unos veinte
mil pesos. Es fdcil convencerse de que &sta es una de las principales
razones por las que este tipo de computadoras personales est&n en pleno

apogeo en la actualidad.

E' tiempo de armado de un SDK~80 es de aproximadamente cinco horas.
La expceriencia personal del autor indica que las probabilidades de falla
son ex!remadamente reducidas si se observan las precauciones adecuadas
de sesuridad v limpieza. En cinco sistemas armados, nunca ha habido fa-
llas de funcionamiento. La computadora empieza a rcsoogder a la consola

inmediatamente.

Aplicaciones. El sistema SKD-80 fue diseifiado para ser Lo mis versa-
til posible, El autor ha implementado, con pequenas variaciones en el
‘hardware', concentradorcs, estuciones muestreadoras, sistemas de vigilan-
cira, sistemas de multiproceso, sistemas de recoleccifn de informacién,

sistema» de memoria y DMA (direct memory access), Con excepcifin hecha del



Gltimo caso { y tal vez ni en 8gte) el punto critico del diseno ha sido
la parte 'softwarael!: Eito, por supuesto, no es motivo de sorxpresa, La
gran flexibilidad de una computadora reside en su parte programitica,
Fsta es, en la opinifn del autor, la segunda razfn por la cual las micros
han proliferado: wun sistema €nico se puede aplicar en una amplia gama

de problemas. Ello redure los tiempos de disefio en una forma dramitica,
lo cual, a su vez, redunda en costos mucho menores en el disefio en gene~

ral,

A continuacifn, se ha incluido una copia de la informacidn pertinen-
te de un sistema SDK~80. Esta informacifn, aparentemente, estf dirigida
a8 un srctor no-técnico del mercado, Como se observa, el lenguaje es cla-

To y n~ utiliza tecnicismos complicados,




CHAPTER 3
THEORY OF OPERATION

Now that you have assembled the structure of
the SDK-80 it is time to- discuss the internal
compnosition of the design. We will do this by
presenting the functicnal organization of the
SDK-80 logic and, in the process, bring in the
dacisions that you, &s the user, must make
.oefore completing the kit.

Figure 3-1 is a functional black diagram of the

‘'SDK-80. it has been purposely drawn as simple

as possible 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, some occasional reference to the SDK-
80 schematics (Appendix B) will be in order.

The text to follow describes each of the
elements in the block diagram.

RESET
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Figure 3-1. SDK-80 Functional Block Diagram.



SYSTEM BUSSES

The SOK-80 togic i3 buili around three system
busses: the data bus, the address bus and the
contro! bus. All of the MCS-80 components
communicate via these three busses.

The system busses can be selectively enabled/
disabled from the user system if the board is
jumpered for that capability. Bus enable
jumpering is described in the System Bus
£nable section of Chapter 4.

Each bus is more fully described in the 8080
Microcomputer Systems User's Manual.

RESET SWITCH

The Reset Switch gives you the capability of
forcing a reset to the SDK-80 logic at any time.
When the switch is pressed, the Clock
afnerator wiil send a RESET signal throughout
.he system. The Reset Switch should be
sressed each time you power-up the system.

CLOCK GENERATOR AND CLOCK
CRYSTAL

The 8224 Clock G :nerator provides the primary
uming to the system. It geonerates the high-leve!
clocks necessary to drive the 8080A CPU,
synchronizes the READY signa!l into the CPU,
and transmits the power-up {and Reset Switch)
roset signal.

21 and {2 Clocks

C1 and (2 are 2.048 MHz clocks for the ZPU.
They are derived from QSC using an mternal
civide-by-nine function.

RESET Signal

RESET is the primary reset signal to the system
loqic. it1s usserted both at power-up and when
the Reset Switch 1s pressed. RESET clears the
CPU, disasies the RAM Decoder, and resets the
USART. RESET i.. avallable to the user system
at pad V.

READY Si nal

READY can provide a synchronized READY to
the CPU, .ferived from an external asynchro-
nous RDY.N signal (pad P).

OSC Signal

OSC provides an 18.432 MHz input to the Baud
Rate Gen:rator. This 18432 MHz rate was
cheeen for two reasons. First, it permits the
~230A CPUJ to run at very close to its maximum
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speed. Second, it is a convenient rate to use in
designing a simple, but highly stable, Baud
Rate Generator.

STSTB (Status Strobe) Signal

At the beginning of each machine cycle, the
CPU issues status information on its data bus.
STSTB causes the 8228 System Controller to
store this nformation into its status latch.
STSTR is available to the user system as
STATUS STROBE at pad J.

808CA CPU

The 8080A CPU is thoroughly described in the
Inte! 8080 Microcomputer Systems User’s
Manual and need not be repeated here.

The CPU clocks, #1 and @2, will be supplied (at
2.048 MHz) by the Clock Generator.

The data bus will interface directly to the
System Controller and the address bus will
enter the systern through the Address Buffers, if
applicable.

There are two separate jumper-wire options
with the CPU. The ftirst option allows an
external HOLD signal to be presented to the
CPU via pad R. The second option allows an
external READY signal to force a Wait state in
the CPU. It should be pointed out, however, that
the B08B0A and SDK-80 memory chips have
been designed to operate without Wait states.
The option permits you to force a Wait if
desired, though. Both of these jumper options
are described in the Hold And Wait Options
section of Chapter 4.

SYSTEM CONTROLLER

The 8228 System Controller generates the
control bus signals that provide read and write
functions for /0 and memory.

They are available to the user system as shown
below:

o [/OWis at pad E
o |/ORisatpad L
o MEMW is at pad U
o MEMR isatpad T

The System Controller also buffers the data
bus.

interrupt

A single-level interrupt structure is provided
such that whenever pad H (INT REQ) is



arounded, the System Controlier causes a
Qestart instruction (RST 7) to be inserted into
:he CPU. This feature provides a single
interrupt vector without using additional com-
ponents, such as an interrupt instruction port.

Multiple level interrupts will require additional
ships to be instailed into the wire-wrap area.

ADDRESS BUFFERS (OPTIONAL)

The 8212 Address Buffers are not included in
the System Design Kit, but must be added if
more than a nominal amount of memory {(more
than 1024 bytes of RAM and more than 4K bytes
of PROM) 1s used. The Address Buffers are tri-
state TTL buffers that provide 15mA drive.

Thie address bus level can be forced to the high-
impedance state by inputting a high level on
pad S (SYSTEM BUS ENABLE), if the board is
jumpered for this capability.

SDK-80 MEMORY

The SDK-80 has two types ot memory. Its
PROM Memory can accomodate from 1K to 4K
bytes, where the lower 1K bytes are dedicated
to the system monitor. Its RAM Memory can
accomodate from 256 to 1K bytes, in which al!
but the uppermost 30 bytes (addresses 13E2-
13FF) are useable by your system. Figure 3-2 is
a map of SDK-80 memory.

° r 0000
i SYSTEM ‘
; AIONITOR PROM
03FF
" 0400
USER
PROL a1
------ 07'F
Ll - 0800 NOTE
USER $4ADED AREA INDICATES
PROM 2 MEMORY SUPPLIED WITH
0BEF KIT,
Wh = oon = oo o 0co0
USER
PROM 23
P 4 “’;;0‘
RAM
MCMORY
8 13FF

Figure 3-2. SDK-80 Memory Map.

PROM DECODER AND PROM
VEMORY

The SDK-80 can accc modate up to four 1024x8
Electri:ally Program:qable Read Only Memory
tPRON") chips. Two  f these chips are supplied
in the System Design Kit.

The 8708 that installs into board location A14
has been pre-programmed with the SDK-80
system monitor.

The 8708 that installs into board location A15
can be used to hold a program that you have
developed and checked out in RAM.
Locations A16 and A17 are useable for
additiorial PROMSs if required.

The 8205 PROM Decoder selects the PROM
¢hip being addressed. Figure 3-3 shows the
PROM address format.

15 14 13 12 11 10 9 8 7 6 L] 4 3 2 1 0

0t « USER PROM 1
10 » USER PAQM 2
11 = USERPRAOM 3

NOT USED

BENDEREEEEENEEEE
_j""" T é
i LFROM&DDRESS
PROM CHIP SELECT
| 00 = MONITOR
|

Figure 3-3. PROM Address Format.

RAM DECODER AND RAM MEMORY

In the standard configuration, the SDK-80 can
accormmodate up to eight 256x4 Static MOS
Random Access Memory (RAM) chips. Two of
these chips are supplied in the System Design
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. ‘

(TITIIITTITTITTT]
—r —T -~

l ' RAM ADDRESS
RAM CHIP PAIR

SELECT

000 = 1000-10FF

001 = 1100-11FF

010 : 1200-12FF

031 - 1300-13FF

100 11t ARE UNUSED
IN STANDARD
CONFIGURATION

NOT USED

Figure 3-4. RAM Address Format.

RAM access is disabled whenever the RESET
signal from the Clock Generator is asserted.



SAUD RATE GENERATOR

The Baud Rate Generator circuit supphies the
transmuiier and receiver clocks to the 1O
f‘ommumcauo” Interface. This cirguit i3 made
up of threp IC chips: one 93818 and two 74161s.

The Baud Rate Generator ta:ies the 18.432 MHz
OS8C signal from the Clock Generator and, by
internal givision, generates a series of sighals
which represent baud rates between 75 and
4800. Tre baud rate thatwill be presented to the
I/0 Communication Interface is determined by
jumper-viiring or a rotary switch. This selection
will be ¢.scussed in the Baud Rate Selection
section ol Chapter 4,

170 COMMUNICATION INTERFACE

The 82511/0 Communication Interface s a Uni-
varsal Synchronous/Asynchronous Receiver/
Transmitter (USART) chip that accommodates
any data communications required by the
SDK-80 system. The /O Communication
'terface can accept paralle! data from the data
=us and send it senally to an external device. it
can also accept ¢ zrial data trom an external
device and put it unto the data bus in paralle!
form when eight bits have been collected.
Figure 3-5 shows the address format for
communications. ~ ‘

The baud rate at which the 170 Communication
Interface will tranismit and receive data is
governed by the SBaud Rate Generator.

The 1/0 Communication interface circuit on the
board also includes some jumpers that select
the communication input/cutput level. Any of
three levels may ba selected.

© R5-232 teve!, which 1s typically used for
CRT applications

e Current-loop level, for TTY appiications

e TTL level.

The input/output level jumpering is discussed
in the Communication Leve! Selection section
of Chapier 4.

PERIPHERAL INTERFACES

The 8255 Programmable Peripheral Interfacas
provide the user's primary access point to the
SDK-80 data bus. One 8255 chip is supplied in
the Jystem Design Kit.
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b CONTROL/DATA

0= DATA
1= CONTROL

NOT USED

—— 8251 CHIP SELECT

0= USART SELECTED
1= USART NOT SELECTED

Figure 3-5. /0 Communication In!eriace Address
Formatl. ‘ ,

Each Peripheral Interface chip provides three 8-
bit parallel /O ports, each of which is
independentiy addressable. Figure 3-6 shows
the address format for /0 port selection.

7 6 5 4 3
NREE ]
(TTTITIT
: T J?L 1
b
Pl
{ e ——— 1O FORT SELECT
‘ ©3=PORY A- - DATA BUS
| I 03 = PORY 8 -~ DATA BUS
%0 e PORT C — DATA BUS
, 11 = CONTROL — DATA BUS
i
;
L— NOT USED

i 8255 CHIP SELECT

1o e KIT SUPPLIED CHIP
SELECT

01 = USER SUPPLIED CHIP
SELECT

00, 13 = ILLEGAL

Figure 3-6. Peripheral interface Address Formatl.

The output pins of the Peripheral Interfaces are
totally uncommitted and may be jumper-wired
to best suit your particular applicaticn. For
example, they might be wired directly to the
interface plugs or, alternately, they mignt be
wired to standarc TTL buffers in the wire-wrap
area before coming back to the plugs. This
wiring is turther discussed in the Qutput Wiring
saction of Chapter 4.



CHAPTER 4

FINAL ASSEMBLY AND CHECKOUT

At this point in the manual you should have
completed the preliminary assembly and read
the theory of operation. You can now finish the
board assembly and begin a chieckout se-
ruence

JUMPER WERENG THE BOARD

The SDK-80 is designed to be used in virtually
any evaluation application and can be
jumpered to suit your particular requirements.
These questions will help you decide what
jumpers are needed:

1. Will you ever want the CPU to enter aHold
or Wait state?

2. Will you ever want to disable the system
busses?

3. What type of input device will you use to
communicate with the SDK-80 (e.g., CRT,
Teletype)?

4. What is its baud rate?

5. Will you be using 8212 Address Buffer
chips?

6. What kind of information will be transfer-
red to/from the SDK-807?

If you have a fairly good idea of the answers to
all of these questions, you are ready to start
jumper-wiring the board. The scrap leads that
have been cut trom previously-instatled resis-
tors are a good source of jJumper wire. However,
use 22-gauge insulated wire in situations where
any jumpers may make contactwith each other.

Hold and Wait Options

The SDK-80 is designed to run without Hold or
Wait states. However, a jumper-wire option is
available to give either capability.

O To.disable the Hold state, wire J5-2 to J5-3.
1 To enable the Hold state, wire J5-1to J5-2.

° ItREADY is toforce an 8080 \Wait state. wire
J5-8 to J5-Q f not, wire J5-8 to J5&-7.
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System Bus Enable

One jumper is available to make it possible to
selectively disable the SDK-80 system bus.

O if the bus will be selectively disabled, wire
J5-5 to J5-86.
C If the bus should remain enabled at all

times, wire J5-4 to J5-5.
Baud Rate Selection

The communications baud rate ¢an be selected
in two ways, depending on the application. If
only one baud rate will be employed, the rate
can be selected by installing a single jumper
wire. If two or more baud rates wili be employed
in the application, however, the Spectrol rotary
switch installed in Chapter 1 will be used for
this purpose.

O Toselectafixed baud rate, jumper pad 29to
one of the pads 31-37 per Table 4-1.

Table 4-1. Baud Rate Selection Table.

Baud Rate Wire Pad 29 To
4800 31
2400 32
1200 33
600 34
300 35
150 36
75 or 110 37 J,

0O For 110 baud, the standard Teletype rate,
wire pad 4 to pad 5.

Communication Level Seleclion

Any of three communication levels can' be
selected: CRT, Teletype, or TTL. All serial data
is passed through connector J3.



Lo g e snbARAIE WL o Lavsl Sunsper Toble,
CRY i TTL
Cenhiguration Configuscilen Conliguration |
L Jumpers Jumpeio Jumperg |
) 2310 24 2310 26 23to0 25
| 17 10 18 18 to 0 17 to 18
| 9t0 10 10 to 11 120 13
! i3to 14 13to 14 2103
’ 2103 102 20t 21
: 6to38 7t 8
27 to 28 15to 16
2110 22 2110 22

3 Jumper wire pads 1 through 28 per Table
4-2.

It vour systern does not contain a modem,
jumper pad A to pad 8.

G

~ &3 Bug Juripers
17960 0o not use 8212 Acddress Bufier chips on
o SDK-80, the addross bus must e

oranered across locations A1l and £12. I ths
sitcavion, connect the following jumpers A™
2O0TH LOCATION A11 AND LOCATION A12
Al jumpers should be insialled form the circu .
sice of the boarc e, NOT the silk-screen side.
Jump=ar pac 3 to pad 4.

Jumper pad S to pad 6.

Jumper pad 7 to pad 8.

Jumper pac 9 to pad 10.

Jumper sad 15 10 pad 18.

Jumper pad 17 to pad 1i8.

Jurmper pad 12 to pad 20.

Jumper pad 21 to pad 22.

Goooooon

Qutput Wirlng

Connector J3 is dedicated as a communica-
tions interface (see Table 4-3) and s, infact, the
oniy cornmitted interface in the SDK-80. All
otnerinterfacing 1s at the ¢.screticn of the user.

For example, the 8255 fenpheral Interface
might be iumpered directly to connector J1 or,
alternately, nignt be iumpered to TTL butfers
in thewire-wrap area before« being passedto J1i.
Converse'y, you might wish to aod a switch
array to the 8255 area in order to send gata to
the CFU.

Your Syster Design Kit includes male connec-
tors that mate with the female connectors
instalied at J1 ancd J3.

A group of control signals are available at the
alphabetic-labeled pads 1n area two of the
board. Table 4-4 :denufies these © * 3s.
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Table 4-3. “in Assignments jor
wenimunications interface (J3).

JS GRT | yrv | TTL |
' Pin! Conliguration | Configuration ' Conﬁguratic'nJ'
T 1 1
2 | CRT REC TTL REC.
DATA DATA
3 | CRYT XMIT TTL XM
i DATA DATA
q |
5 | +12vDC
6
7 | SIGNAL GND SIGNAL GNID |
8 | +12VDC |
9
10
1 ,
12 , TTY REC. *
I RETURN
13 nl TTY XMIT
] 144
15 |
16 .
y 17
| 18
; 19 i
20 | +1z vDC
21
22
23
24 | TTY REC.
;25 | i TTY XMIT
N ' RETURN e
“anile 4-4. 5:IK-80 Control Bus Pads.
;E'cd Mnomonic Descrip?ion‘m i
A CT7s Clear To Send
B RTS Request to Send
C 82 () 2.048 pirz Clock
D OSR Deta Set Ready '
| E- oW 1/0 Write b
I F DTR Data Terminal Ready
;o HOINT REQ interrupt Request
| J STATUS STROBE Status 1s on Data Bus
' K 0OS8C 18.432 M+z Oscillator
L I/OR 1/0 Read !
; M HLDA Hoid Acknowledge
r N INTA Interrupt Acknowiedyz '
| P READY Ready :
I R HOLD Hold
S SYSTEM BUS ENABLE Enables Data Bus anu »
Address Bus
T MEMR Mernory Read
LU MEMW Memory Write
. V  RESET Reset




INSTALLING INTEZGRATED
CIRCUIT CHIPS
You have now reached the point where you will

start instatling IC's in the board, but afew words
are in order before you begin.

Speclal Precautions For Handling MOS IC's

The Kit's MOS IC's (8080, 8111, 8251, 8255, and
8708) are particularly susceptible to static
electricity, They can be easily damaged if
proper care is ndt taken in handling them. For
this reason, the following steps should be
adhered lo as closely as possible:

1. All equipment (soldering iron, tools,
solder, etc.) should be at the same poten-
tial as the PW board, the assembler, the
work surface and the IC itself along with
its container. This can be accomplished by
continuous physical contact with thework
surface, the components, and everything
else involved in the operation.

2. When.handling the IC, develop the habit of
first touching the conductive container in
which it is stored before touching the IC
itself.

3. Always touch the SDK-80's PW board
before touching the IC to the board. Try to
maintain this contact as much as possible
while installing the IC.

4. Handle the IC by the edges. Avoid touch-
ing the pins as much as possible.

S. In general, never touch anything tothe IC
that you have not touched first while
touching both it and the IC itself.

Aligning the IC Pins

The connector pins of Integrated Circuit chips .

are very fragile and can be easily pushed out of
line. In fact, sometimes IC's will arrive with one
or more pins out of line. Trying to install a
misaligned IC is a hapless task and, worse,
might cause permanent damage to the chip.

Aligning the pins of an IC is an easy job. Simply
lay the IC on its side cn your work surface, hold
tne chip by its body and exert enough pressure
so that all pins are perpendicular to the body.

Chip Orientation

The IC's must be correctly oriented on the
board or they will not operate properly. One
end of the chip will carry some sort of
“entifying m2rk, typicallvancichore ..itora+

sign. The chip must be installed so that this
identifier corresponds to the silkscreened 1"
on the board.

installing IC Chips

After orienting the IC, follow these steps to
install it in the board:

1. Start the pins on one side of the IC into
their respective holes on the silk-screened
side of the PW board. DO NOT PUSH THE
PINS IN ALL THE WAY. If you have dif-
ficulty getting the pins into the holes, use
the tip of a small screwdriver to guide
them.

Start the pins on the other side of the IC
into their holes in the same manner. When
all of the pins have been started, setthe !C
in place by gently rocking it back and forth
until it rests as close as possible to the
board or socket.

3. IfthelCis notinstalled in asocket, turnthe
board over and solder each pin to the foil
pattern on the back side of the board. Be
sure to solder each pin and be careful not
to leave any solder bridges.

Y

Removing IC Chips

If required, an IC chip can be removed from a
socket by gently rocking it back and forth to
start its release. When a gap exists between the
chip and socket, pry it gently at alternate ends
until the pins start to come lcose. A popsicle
stick or small screwdriver works well here.
Then hold the chip by the ends and puli it free.
Try to keep the chip fairly parallel to the socket
throughout this operation. ,

CLOCK GENERATOR

Sesides the 8080, the most critical chip in tric
<DK-80 circuit is the 8224 Clock Generator.

2] Insert the 8224 Clock Chip into the socket
at location AS8.

POWER, CLOCK AND RESET
VERIFICATION

With this single chip installed, we can check the
power and clock inputs and the operation of the

.Reset Switch, The procedure is as foliows:

21

‘7Y Connect your power supply to terminal

lugs E1-E6 on the SDK-80 board.



NOTE
The SOK-80 edge connector is
power-compatible witiv Iatel's MDS
{Microcomputer Devclopment Sys-
.dem). It you have MUS, the SDK-80
¢an derive its power through Installa-
tlon in the MDS chassis.

(3 Turn power on.

0 Using a voltmeter, verify +5 VDC at the pad
provided.

3 Verily +12 VDC at the “+12” pad.

0O Verify your supply's negative voltage at the
“-10" pad.

0 Verify -5 VDC at the “-5" pad, near location
AT,

3 Fress the Heset Switch a few times and
check for +4 VDC at A8, pin 1{RESET).

-
ﬁ NOTE

. Develop the habit of pressing the
. Reset Switch each tima you power-up
i the system

0O !t you have an oscilloscope, verify that A9
pins 10 and 11 each show 2.048 MHz clocks
(D2 and 01, respectively).

O Using an oscilloscope, verify that A8.pin i2
shows an 18.432 MHz ciock (OSC).

O Turn the power off.

REMAINDER OF SDK-30 CHIPS

After having veritied that the SDK-80 logic is
correctly receiving power, the system clocks
and the RESET signal, you can finish installing
the chip complement. Some of the IC’s wiil plug
Into socketls, others will have to be so'dered
onto the boaid.

The procedure is as follows:
O Solder the 23516 chip into location A1.

3 Solder a 74161 chip into locations A2 and
AS.

0O Solder the 7406 chip into location AB.
0

If applicable, solder 8212 chips into loca-
tions A11 and A12.

Solder 8205 chips into locations A13 and
A18.

D Soider 8111 chips into Iocations A25 and
A20.

ad

00 Insert the 8228 chip into the socket at loca-
tion AS.

O Insert the BDBOA chip into the \ocket at lo-
cation A10.

a lnsert the 8251 chip into the socket atloca-
tion A7.

O Insert the 8255 chip into the socket at foca-
tion A3.

0 -insert the pre-programmed 8708 PROM
chip into the socket at location A14.

Table 4-5. Power Requirements.

Symbol | Voliage Mg;;’;;‘:nm MS"’;‘;:Z;"Q Unit
Vee +5V 5% 1.3 2.1 Amps
Voo +12V £5% 35 .45 Amps

-10V 5%
Vea 12V $5% .20 .30 Amps




START-UP PROCEDURE

You have now completed the SDK-80 assembly
and are ready to start up the system. The start-
up procedure is as follows:

O

(]

0

Plug your system communication moni-
tor (CRT, Teletype, etc.) into the SDK-80
connector J3.

Turn power on at both the SDK-80 power
supply and your communication monitor.

Press the Reset Switch.

At this point, vour monitor should display the
following message:

MCS-80 KIT

If it does, congratutations! You are now ready to
start using the system.
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TROUBLESHOOTING HINTS

If the SDK-80 system does not work properly,
turn the power off and investigate these areas:

1.

‘Verify that al! resistors have been properly

installed and are correcily color-coded.
Appendix C summarizes the color codes.

Verify that all capacitors' have been
properly installed and that zaii electrolytic
capacitors are installed with proper
polarity. ‘
Verify that both diodes (CR1 and CR2)
have been installed with proper polarity.

Verify that the metal tabs of all thres
transistors are properly positioned.

. Verify that all IC's are installed with their

“1"-end idantifiers correctly oriented.

Verify that all jumpers have been properly
installed. ‘



PENDIM A, SDK-80 I

INTRODUCTICN

The €CX280 Monitor is an Intel® 808C program
provided in a pre-programmed ROM. The
Moniter accepts and acts upon user commands
to operate the SDK-80. 't also provides input and
cutput faciiities in the form of 170 drivers for
user consoie devices. The Monitor provides the
following facilities:.

s Displaying seiected areas of memory.
o Initiating execution of user programs.

o Modifying contents of memaocry and proces-
sor eeqrszers

° [pputting hexadec.mal file from the console
device t0 memory.

The Monitor communicates with the user
through an interactive console device, normally
a Teletype or CRT Terminal. The dialogue
between the operator and Monitor consists of
user-originated commands in the Monitor’s
command !anquage, and Monitor responses,
gither in the form of a printed message or an
action being performed. After the cold start
procedure (Cescribed under the heading, “Cold
Start Procedures” in Section 1), the Monitor
begins the dialogue by typing the sign-on
message on the console and requesﬁng a
commanc by presenting a prompt character, “."
{period).

MONITOR OPERATIONS

The SDK-80 Monitor is a command controlled
operations supervisor for the 8080 Micro-
computer Sysiem Design Kit. Control com-
mangs are discussed in Section 11, “Command
Structure”,

I. FUNCTIONAL SPECIFICATION

A, General Characteristics and Scope ot
Product

The monitor is 2 srogram written in Intel? 6080
macro assembly 'anguage. The monitor resides
in 1K (K = 1024 ¢ . ses) of programmed ROM and
is located in ?",= address space of the 5080
mnicrocomput2r “etween 0 and 1K. The non-
volatile natur:: ¢ the program's storage media
means that ‘hs monitor is available for use
immediately 1fte- power-on or reset.
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TONITOR

B. Description ¢f All Major Functions
Periormed

1. CONSGLE COMMANDS

The monitor communicates with the
operator via an interactive console, norm-
ally a teletypewriter. The dialogue be-
“tween the operator and the monitor
consists of commands in the monitor's
command language and the monitor's
responses. After the cold start procedure,
the monitor begins the dialogue by typing
a signh-on message on the console and
then requests a command by presenting a
prompt character, “.". Commands are in
the form cf a single alphabetic character
specifying the command, followed by a list
of numeric or alphabetic parameters.
Numeric parameters are entered as hexa-
decimal numbers. The monitor recognizes
the characters Othrough 9and A through F
as legal hexadecimal digits. The valid
range of numbers is from 1 tc 4 hex digits.
Longer numbers may be entered, but such
numbers will be evaluated modulo 2'¢ so
that they will fall into the range specified
above.

The only command requiring an alpha-
betic parameter is the “X"” command. The
nature of such parameters will be dis-
cussed in the section explaining the
command.

. USE OF THE MONITOR FOR
PROGRAMMING AND CHECKOUT

The monitor allows the user to enter,
check out, and execute small demonstra-
tion programs. The monitor contains
facilities for memory modification, 8080
CPU register display and modification,
program loading from the console device,
program initiation, and the recognmtion of
an “RST 7" instruction as an unconditional
branch to RAM address 13FDH. By
inserting RST 7 instructions in a program
under test, or by using the hardware
generated RST 7 instruction (if available),
the user can cause execution 0 aprogram
to transfer_to_a_dedicated location, for
whatever purposes he desires.

When the user wishes to re-enter the



monitor, he should use an RST 1 instruc-
tion, either generated by hardware or
coced into his program. When entered in
this manner, the monitor will automatically
save the state of the 8080: specifically, it
will save all registers (A, B,C, D, E, H, L),
the CPU fiags (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. /0 SYSTEM

The I/0 system provides two routines,
console character in and console charac-
ter out, which the user may call upon to
read and write, respectively, characters
from and to the console dsvice.

C. Applicable Standards

'Throughout this specification, the numbering
convention for bits in a word is that bit 0 is the
least significant, or rightmost bit.

The internal code set used by the monitor is 7
bit (no parity) ASCII.

il. INTERFACE SPECIFICATIONS

A. Command Structure

In the following paragraphs the monitor
command language is discussed. Each com-
mand is described, and examples of its use are
included for clarity. Error conditions that may
be encountered white operating the monitorare
described in Section IV.C.

The monitor requires each command o be
terminated by a carriage return. With the
exception of the “S" and “X" commands, the
command is not acted upon until the carriage
return is sensed. Therefore, the user can abort
any command, before he enters the ca riage
return, by typing any illegal character (such as
RUBOUT).

Except where indicated otherwise, a single
space is synonymou : with the commafori:se as
a delimiter. Consect.tive spaces or commas, or
a space or comma immediately following the
command letter, wi.l be interpreted as a null
parameter. Null parameters are illegal in al!
commands axcept the “X" command (see
below). ‘

ltems enclo: «d in square brackets *[" and “]"
are optional. T 1e consequences of inclucing or
omitting them are ¢:scussed in the text.
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1 DISPLAY MEMORY COMMAND, D

D <low address>, <high address>

Selected areas of addressable memory
may be accessed and displayed by the D
command. The D command produces a
formatted listing of the memory area
between <low address> and <high
address>, inclusive, on the console de-
vice. Each line of the listing, begins with
the address of the first memory location
displayed on that line, represented as 4
hexadecimal digits, followed by up to 16
memory locations, each one represented
by 2 hexadecimal digits.

The D command may be aborted during
execution by typing an Escape (ESC) on
the console. The command will be
terminated immediately, and a new
prompt issued.

Example

03,24
0009 00 11 22 33 44 55 66
00107788 99 AABB CC DD EE FF 1020 3040506070
0020 80 90 A0 B0 CO 0O EO FO 01 02 03

. PROGRAN EXECUTE COMMAND, G

Gi<entry point>]

Contro! of the CPU is transferred from the
monitor to the user program by means of
the program execute command, G. The
<entry point> should be an address in
RAM which contains an instruction in the
user's program. If no entry point is
specified, the monitor uses, as an address,
the value on top of the stack when the
monitor was entered,

Example

1400
Control Is passed to location 1400H.

. INSERT INSTRUCTIONS INTO RAM, |

| <address>

Single instructions, or an ertire user
program, are entered into RAM with the |

.command. After sensing the carriage

return terminating the.command.line, the
monitor wits for the user to enter a string
of hexade.:imal d:gits (O to 9, A to F). Each
digit in the strirg is convert.d into its
binary value, &nd thén loided into
memory, beginning at the starting address
specified and continuing into sequential



memeory locations. Two hiexadecimal
digits are loaded into each byte of
memory.

Separators between cigits (spaces, com-
~_mas, carriage returns) are ignored, illegal
s:characters, however, wiil terminate the
command with an error message (see
section IV.C.1). The character ESC or
ALTMODE (which is echoed to the
console as “$") terminates the digit string.
¥ an odd number of hex digits have been

entered, a O will be appended to the string.

Example

11410

1122334455667788998

Tihis coinmand puts the following pattern
into RAM:

1410 11 22 33 44 55 66 77 88 99
11440

123456789%

This command puts the following pattern
into RAM:

1440 12 34 56 78 90

Note that, since an odd. number of

hexadecimal digits were entered initially,a

0 was appended to the digit string.

. MOVE MEMORY COMMAND, M

M <!cw address>, <high address>,
<destination>

The M command moves the contents of
memory <low address> and <high
acdress>, inclusive, to the area of RAM
beginning at <ldestination>. The con-
tents of the source field remain un-
disturbed, unless. the receiving field
overiaps the source fiald.

The move operation s performed on a
byte-by-byte basis, beginning at <low
address>. Care should be taken if
<destination> is between <low address>
and <high address>. For example, if
location 1410 contains 1AH, the command

M1410, 141F, 1411 -

will result. in locations 1410 to 1420
containing "1A1A1A..."

- The monitor will continue to move data
until the source field is exhausted, or until
it reaches address OFFFFH. If the monitor
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reaches address OFFFFH without ex-
hausting the source field, it will move data
into this location, then stop.

Example
Mi410, 150F, 1510

256 bytes of memory are moved from
1410-150F to 1510-160F by this command.

. 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 first memory location you
wish to examine, followed by a space or
comma.

ii. The contents of the location is dis-
played, foliowed by a dash (-).

ili. To modify the contents of the location
displayed, type in the new data, followed
by a epace, comma, or carriage return. If
you do not wish to modify the location,
type only the space, comma, or carriage
return.

iv. If a space or comma was typed in step
(iit), the next memory location will be
dispiayed as in step (ii). If acarriage return
was typed, the S command will be
terminated.

Exampile
$1450 AA- BB-GC 01-13 23-24

Location 1450, which contains AA is
unchanged, but location 1451 (which used
to contain BB) now contains CC, 1452
(which used to contain 01) now contains
13, and 1453 (which used to contain 23)
now contains 24.

. EXAMINE AND MODIFY CPU

REGISTERS COMMAND, X
X [<register identifier>]

Display and modification of the CPU
registers is accomplished via the X
command. The X command uses
<register identifier> to select the
particular register to be displayed. A
register identifier is a single alphabetic
character denoting a register, defined as
foliows:



A — 8080 CPU register A

B — 8080 CPU register B

C — 8080 CPU register C

D — 8080 CPU registar D

E — 8080 CPU register E

F — 8080 CPU flagsb /te, displayed in the
form as it is stored by the "PUSH PSW"
(hex code F5) instruction

H — 8080 CPU register H

L - 8080 CPU register L

M — 8080 CPU registers H and L
combined

P — 8080 Program Counter

S — 8080 Stack Pointer

The command operates as follows:

i. Type an X, followed by a register
identifier or a carriage return.

li. The contents of the register are
displayed (two hexadecimaldigitsfor A, B,
C. D, E, F, H, and L, four hexadecimal
digits for M and $), followed by a dash (-).

lii. The register may be modified at this
time by typing the new value, followed by a
space, comma or carriage return. If no
modnflcatuon is desired, type only the
space, comma, or carriage return.

iv. If a’space or comma was typed in step
(ili), the next register in sequence
(alphabetical order) will be displayed as in
step ii (unless S was just displayed in
which case the command is terminated). If
a carriage return was entered in step isi, the
X command is terminated.

v. if a carriage return was typed in step (i)
above, an annotated listof all registers and
their contents are displayed.

Example

XA AA- 88- CC- DOD- EE- FF- 12- 34- 1234- 0000
XA AA- 23- CC- 01- EEs FF- 12- 34- 1234- 1010

X

A-AA B-23 C-CC 0-01 E-EE F-FF H-12 L-34 M-1234 P-DICF S-03COD

B. Console Davice Drivers

The monitor interfaces to the console device
via a universal synchronous/asynchronous
receiver/transmitter (USART). The monitor
drivers 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 type of consoie
!
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interface. The actual console device must
conform to this interface.

C. Using the 1/0 System

The user may access the two monitor 1/O
system routines from his program by calling the
routine desired. The following paragraphs
describe the routines available and their
respective functions.

‘Cl — Console Input

This routine returns a character received from
the console device to the caller in the A-
register. The A register and the CPU condition
codes are affected by this operation. The entry
point of this routine is 3FDH.

Example
Cl EQU 3FDH
CALL €I

STA DATA

CO — Console Qutput

This routine transmits a character, passed from
the caller in the C-register, to the console
device. The A and C registers, and the CPU

" condition codes, are affected by this operation.

The entry point of this routine is 3FAH.

Example
co EQU 3FAH
Ml G
CALL CO

Il. OPERATING SPECIFICATIONS

A. Product Activation Instructions
1. COLD START PROCEDURE

After a power-on or reset, the monitor wil!
begin execution at location 0in ROM. The
monitor will perform an initialization
sequence, and then display a sign-on
message on the console. When the
monitor is ready for a command, it will
prompt with a period, *.".

2. USE OF RAM STORAGE IN THE
MONITOR

The monitor dynamlcany assigns its RAM.
stack near the top of the first 1K bytes of
RAM (address space from 4K to 5K). The
top_3 bytes in _this dlock of RAM are
re§£rved for a transfer address, supplied




by the user, which is used as a destination
location for RST 7 instructions (or the
optional harcwired instruction). Several
additional bytes are used, below the stack,

- for temporary storage. Except for RAM
addresses 5K-1 to 5K-256, all other RAM is
available for the user.

B. Summary of Normal Use Methodology

{This section, which normally consists of a
detailed example of the use of the monitor, will
be omitted. Examples of all commands may be
found in the sections explaining the monitor
commands.)

C. Error Conditlons
1. INVALID CHARACTERS

The monitor checks the validity of each
character as itis entered from the console.
As soon as the monitor determines that
the last character entered is illegal in its
context, the maonitor aborts the command
ang issues an "'*" to indicate the error.
Example
01400, 145G6°

The character G was encountered in a
parameter list where only hexadecimal
digits and delimiters are valid.

Yﬂ

Y is not a valid command.
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2. ADDRESS VALUE ERRORS

Some commands require an address pair
of the form <low address>, <high
address>. If, on these commands, the
value of <low address> is greater than or
equal to the value of <high address>, the
action indicated by the command will be
performed on the data at <low addrgss)
only.

Addresses - are evaluated modulo 2
Thus, if a hexadecimal address greater
than FFFF is entered, only the last 4 hex
digits will be used.

Another type of address error may occur
when the operator specifies a part of
memory in a command which does not...
exist in his particular configuration. In
general, if a nonexistent portion of
memory is specified as the source field for
an instruction, the data fetched will be
unpredictable. if a nonexistent portion of
memory is given as the destination field in
a command, the command has no effect.

16



APPENDIX B. MONITOR LISTING

8080 MACRO ASSEMBLER, VER 2.3 ERRCRS = § PAGE 1

i

WO M WD % T we me VE Se S s N WS W Ve e M WO Mo NP N S SE S W s Wa B NP N %o e W s We W WO We VO WO WT W we mg WG NI N e W4 N

(22 E R E-EXE X R E2 ISR E-AR-2-2 K22 2-20-2-2.0.0-4-0-2 -4 2-8 - 20200 2-L-2-0:-0 2 &2 %

PROGRAM: 8880A BOARD MONITOR

COPYRIGHT (C) 1975
INTEL CORPORATION
3865 BOWERS AVENUE
SANTA CLARA, CALIFORNIA 95851

AR R LR YT RS R X222 2R 2 R R 2222 RS RSN 2-2 AR 0-2-2 4 4 2

ABSTRALT

ooaIapos

THIS PROGRAM RUNS ON THE 8088A BOARD AND IS DESIGNED TO PROVIDE
THE USER WITH A MINIMAL MONITOR. BY USING THIS PROGRAM,

THE USER CAN EXAMINE AND CHANGE MEMORY OR CPU REGISTERS, LOAD

A PROGRAK (IN ABSOLUTE HEX) INTO RAM, AND EXECUTE INSTRUCTIONS
ALREADY IN MEMORY. THE MCNITOR ALSO PROVIDES THE USER WITH
ROUTINES FOR PERFORMING CONSOLE 1/0.

PROGRAM ORGANIZATION

SUENIVE ITIDBEISTI/IED

THE LISTING IS ORGANIZED IN THE FOLLOWING WAY. FIRST THE COMMAND
RECOGNIZER, WHICH IS THE HIGHEST LEVEL ROUTINE IN THE PROGRAM.
NEXT THE ROUTINES TO IMPLEMENT THE VARIOUS COMMANDS. FINALLY,
THE UTILITY ROUTINES WHICH ACTUALLY DO THE DIRTY WORK. WITHIN
EACH SECTION, THE ROUTINES ARE ORGANIZED IN ALPHABETICAL

ORDER, BY ENTRY POINT OF THE ROUTINE.

THIS PROGRAM EXPECTS TO RUN IN THE FIRST 1K OF ADDRESS SPACE.
IF, FOR SOME REASON, THE PROGRAM IS RE-ORG'ED, CARE SHOULD

BE TAKEN TO MAXE SURE THAT THE TRANSFER INSTRUCTIONS FOR RST 1
AND RST 7 ARE ADJUSTEO APPROPRIATELY,

THE PROGRAM ALSO EXPECTS THAT RAM LOCATIONS SK-1 TO 5K=256,
INCLUSIVE, ARE RESERVED FOR THE PROGRAM’S OWN USE. THESE
LOCATIONS MAY BE ALTERED, HOWEVER, BY CHANGING THE EQUED
SYMBOL "DATA™ AS DESIRED,

LIST OF FUNCTIONS

UIcd £ DoxzDJITESD

GETCM

- an ac -—-n

DCHMD
GIMD
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3668

vgls
13FD
T3FA
J027
gJdF8
2O0FA
POFA
g¢r8
9080
1302

T U WP To MO Mo o wg SO WS WG M WO WO w0 A0 MO N WF SO V0 e wg SO Ga ww
2

~a Nt e wg

.~ -

~e ~o %0 wr e

ICMD
MCHD
SCHD
XCMD

ORG

ERRORS = ¢ PAGE 2

GH

A A AR LR R 2.2 1-2-2-2-2- 2.0 - L3 LES- SR E-E-2- R E.E-T--F-E:-0-2-2- X 2.3 8.2 - X0 - X-E A L8 EX-21

MONITOR EQUATES

;ﬁﬂﬂﬂﬁﬁﬂﬁﬂbﬁﬂﬁ:ﬁﬂﬁnbﬁﬂﬂRﬁﬁ:‘uﬁﬂﬁﬁlﬁﬁt}ﬂﬁﬁaﬂﬂﬁﬁtﬁaa"7 EE-2-2-4-% -4 % KRR A R 3-R N'ER-N]

?

i
BRCHR
BRLOC
BRTAB
CMD
CNCTL
CNIN
CNOUT
CONST
CR
DATA

EQU
EQU
EQU
EQU

QU
©QU
EQU
EQU
EQU
EQU

184
13FDH
" 3FAH
827H
dFBH
BFAH
BFAH
OFBH
gDH ;
5¢1024-256

~o w0 wa ae

o ws &8 wo w0

CODE FOR BREAK CHARACTER (ESCAPEL)
LOCATION OF USER BRANCH INSTRUCTION IN RAH
LOCATION OF START OF BRANCH TABLE IN ROM
COMMAND INSTRUCTION FOR USART IVITIALIZATION
CONSOLE (USART) CONTROL PORT
CONSOLE INPUT PORT
CONSOLE OUTPUT PORT
CONSOLE STATUS INPUT PORT
CODE FOR CARRIAGE RETURN

’ ;3 START OF MONITOR RAM USAGE
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8086 MACRO ASSEMBLER, VER 2.3 ERRORS = §

PAGE 3

CODE FOR ESCAPE CHARACTER

0018 ESC  EQU 1BH 3 ‘
808F HCHAR :QU 8FH ; MASK TO SELECT LOWER HEX CHAR FROK BYTE
0OFF INVRT QU @FFH  ; MASK TO INVERT HALF BYTE PLAG
080A LF  EQU @AH 3 CODE FOR LINE FEED
8e00 LOWER EQU 0 ; DENOTES LOWER HALF OF BYTE IN ICMD
7 LSGNON EQU --- ; LENGTH OF SIGNON MESSAGE ~ DEFINED LATER
9oCF MODE EQU OCFH  ; MODE SET FOR USART INITIALIZATION
1 MSTAK EQU - ; START OF MONITOR STACK - DEFINED LATER
$NCMDS EQU -— ; NUMBER OF VALID COMMANDS
8aoep NEWLN EQU oFH ; MASK FOR CHECKING ‘MEMORY ADDR DISPLAY
807° PRTY8 EQU @7FH  ; MASK TO CLEAR PARITY BIT FROM CONSOLE CHAR
13ED REGS EQU DATA+255-18 ; START OF REGISTER SAVE AREA
0002 _RBR  EQU 2 ; MASK TO TEST RECEIVER STATUS
6038 RSTU EQU 38H ; TRANSFER LOCATION FOR RST 7 INSTRUCTION
; RTABS EQU -— ; SIZE OF ENTRY IN RTAB TABLE
0818 TERM EQU 1BH ; CODE FOR ICMD TERMINATING CHARACTER (ESCAPE)
0081 TRDY EQU 1 ;} MASK TO TEST TRANSMITTER STATUS
80FF UPPER EQU OFFH  ; DENOTES UPPER HALF OF BYTE IN ICMD

,.Qﬁﬁﬁatﬁ.tﬂhqﬁlﬁttﬁﬂﬁ.ﬁﬁtﬁﬂtttﬁtﬁ.iQﬁ.ﬁﬁﬁalﬂtti..ﬁﬁ.f..iﬂﬁﬁaa!ﬂln

MONITOR MACROS

AR SAEER RS RS2SR 2222222222222 2 2 R 2R 2220 R0 20 4

e we % W Wy W we we

1 TRUE MACRO WHERE 3 BRANCH IF FUNCTION RETURNS TRUE (SUCCESS)
1 Jc WHERE
ENDM
}
1 FALSE MACRO WHERE ;3 BRANCH IF FUNCTION RETURNS PFALSE (FAILURE)
1 JNC WHERE
ENDM

BN R AN O R AR RIS A AN AR A RN A AN AN AOA ARG AR AT RN IARORACAARR T ARG,

USART INITIALIZATION CODE

BN AR AGANARERARBANANC AL RAABOINBARR R ABASOEAGhAST AR AR RADAGAGNRDOR G

THE USART IS ASSUMED TO COME UP IN THE RESET POSITION (THIS
FUNCTION IS TAKEN CARE OF BY THE HARDWARE). THE USART WILL
BE INITIALIZED IN THE SAME WAY FOR EITHER A TTY OR CRT
INTERFACE. THE POLLOWING PARAMETERS ARE USED:

e B we W TS W W5 N4 Wy B W W W s W
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geoo
68a2
$e9y
83v6

33038
d2o8
0YwB
gudec
OV@F
7912
vel3
2016
0019
P3lAa
go18
pa1c

3ECP
D3iFB
Je27
D3FB

22F313
£l

22F513
218898
39

22F713
21F313

Clwe ¢ =i “o e 0 w w0 o me

HODE INSTRUCTION

TROD ONANAIVEILTO

2 STOP BITS

PARITY DISABLED

8 BIT CHARACTERS

BAUD RATE FACTOR OF 64

COMMAND INSTRUCTION

TOTJURIRT TuTHLBLIGRE

RO HUNT MODE “
HOT(RTS) FORCED TO 8
RECEIVE ENABLED

DATA TERMINAL READY
TRANSHIT ENABLED

Y N I WM kg R MG Wy G W MO D D T S NG DO WD

ATR A ,MODE

ouT CHCTL  ; OUTPUY MODE SET T0O USART

My . A ,CHMD

OUT CNCTL 5 OUTPUT COMMAND WORD TO USART

EA L L o T R L Iy e

RESTART ENTRY POINT

CEAA AL L R L R R e R N LT

SAVE HL REGISTERSS

SHLD LsAvE
H GET TOP OF STACK ENTRY

POP

r]
H
SHLD PSAVE ; ASSUME THIS IS LAST P COUNTER
LxI H,8 ; CLEAR HL
DAD sp s GET STACK POINTER VALUE
SHLD SSAVE ; SAVE USER’S STACK POINTER
LXI H,ASAVE+] ; NEW VALUE FOR STACK POINTER
SPHL ; SET MONITOR STACK POINTER FOR REG SAVE
eusH PSK : SAVE A AND FLAGS
PUSH B i SAVE B AND C
PUSH - D ; SAVE D AND E

R R g Y Rt I I I I TILT

PRINT SIGHON MESSAGE

©o 98 w8 wo ug
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,QQQQQQOQQQQ.ﬁt.ﬁﬂﬁ.aﬁnol.t.ﬁtﬂtﬁ0&Qtﬂﬁﬁtﬁﬂ.ﬂ..a...ﬁ.?..@ﬁﬂ.ﬁ

}
!

001D 219083 LXI H,SGNON ; CUET ADDRESS OF SIGNON MESSAGE

0929 060E MVI B, LSGNON ;3 COUNTER FOR CHARACTERS IN MESSAGE
8922 HSGL: . :

vo22 4E MOV C,M 3 PETCR NEXT CHAR TO C REG

0023 CDE3C] CALL co 3 SEND IT TO THE CONSOLE

0026 23 INX H 3 POINT TO NEXT CHARACTER

0a27 as DCR B 3 DECREMENT BYTE COUNTER

0328 .C22208 JNZ . MSGL 3 RETURN FOR NEXT CHARACTER

]

]
,toﬁﬁa.ﬂtitt'tt.i.tt'..iﬁaﬁttt.ﬁﬁttﬁtaﬁ..tﬁlﬂ.tit.ﬁ.ﬁ..'.ﬁ....htﬂt

COMMAND RECOGHNIZING ROUTINE

CRAEACASRBAORACAVEAARACARAQARAREACRASAGRRORARCAREDARSSANDSONCRI RN

!

}

!

}

'

H

H

; PUNCTION: GETCHM

3 INPUTS: NONE -

: OUTPUTS: NONE

; CALLS: GETCH,ECHO,ERROR

: DESTROYS: A,B,C,H,L,F/F’S

; DESCRIPTION: GETCM RECEIVES AN 1nPUT CHARACTER FROM THE USER

H AND ATTEMPT:sS TO LOCATE THIS CHARACTER IN ITS COMMAND
H CHARACTER TABLE. IF SUCCESSFUL, THE ROUTINE

; CORRESPONDING TO THIS CHARACTER IS SELECTED FROH
H A TABLE OF COMMAND ROUTINE ADDRESSES, AND CONTROL
H IS TRANSFERRED TO THIS ROUTINE. IF THE CHARACTER
H DOES NOT MATCH ANY ENTRIES, CONTROL IS PASSED TO
H THE ERROR HANDLER.

G

evz8 ETCM:
8028 21epl3 LXI H,MSTAK ; ALWAYS WANT TO RESET STACK PTR TO MONITOR
dU.E  F9 SPHL t /STARTING VALUE SO ROUTINES NEEDN’'T CLEAN UP
98.¥  OE2E MvI c,”.’ : PROMPT CHARACTER TO C
Udsl  Cpr4gl "CALL ECHO : SEND PROMPT CHARACTER TO USER TERMINAL
0834  C33B0RQ Jup GTCA3 ¢ WANT TO LEAVE ROOM FOR RST BRANCH
:
0018 ORG RSTU 3 ORG TO RST TRANSFER LOCATION
du18  C3FDI3 . JmMp USRBR 3 JUMP TO USER BRANCH LOCATION
3
9830 GTCO3:
dﬁ}s CD1BA2 CALL GETCH ; GET COMMAND CHARACTER TO A
9PIE  CDF4B1 CALL ECHO ; ECHO CHARACTER TO USER
0:41 714 MOV A,C t PUT COMMAND CHARACTER INTO ACCUMULATOR
qtaz 010620 LXI B,NCMDS ; C CONTAINS LOOP AND INDEX COUNT
$r3% 218943 LXI t,CTAB ; HL POINTS INTO COMMAND TABLE
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c048 -

u@48
D49
204C
844D
284¢
94951
BIVET
8854

86857
285¢.
¢dsy
8954
d85¢6
295C
gasn

2450
gase
0869
¥061)
8864
8865
3869
2868
0069
8a6C
886D
087y
po72
8272
0C7sS
gu 6

CDEES1
1C
cDC302
D
cociag2

6E20
CDF4al
1x>
cbC382

GTCO0S:

KoV
IRX
HOV
MOV
PCHL

1

5]
GTCl8
H
Cc
GTCBS
ERROR

H,CADR

(o N
-
>z =

ae WE W0 Ns ws we we wa we

‘PAGE 6

COHMPARE TABLE ENTRY AND CHARACTER
BRANCH IF EQUAL - COMMAND RECOGNIZED
ELSE, INCREMENT TABLE POINTER
DECREMENT LOOP COUNT

BRANCH IF NOT AT TABLE END

ELSE, COMMAND CHARACTER IS ILLEGAL

IF GOOD COMMAND, LOAD ADDRESS OF TABLE

/OF COMMAND ROUTINE ADDRESSES

ADD WHAT IS LEFT OF LOOP COUNT

ADD AGAIN - EACH ENTRY IN CADR 1S 2 BYTES LONG
GET LSP OFf ADDRESS OF TABLE ENTRY TO &

POINT TO NEXT BYTE IN TABLE

GET MSP OF ADDRESS QF TABLE ENTRY TO H

PUT LSP OF ADDRESS OF TABLE ENTRY INTO L

NEXT INSTRUCTION COMES FROM COMMAND ROUTINE

-

R-2-1-1:2-2-2-2-F-5-E-X.0 2. F-X.0-2- - RYEYN-EREX S22 EL L. 2- 0. ER-X-- X E L RE-E-R-T-4-2-2-K-2-R-F-E-2 -5 2-0 8-

A e %W Ce W w. NG SO

INPUTS:

~ o

CALLS:

- we %o wo

FUNCTION:

COMMAND IMPLEMENTING ROUTINES

DCHD
NONE
QUTPUTS: NONE
ECHO,NMOUT, HILO,GETCM,CROUT ,GETNH
DESTROYS: A,B,C,D,E,H,L,F/F’S

DCHD IMPLEMENTS THE DISPLAY HEMORY

DESCRIPTION:
DCHMD:
MVI C.,2
CALL GETNM
POP D
pog H
DCHMBS :
CALL CROUT
Hov AH
CALL NMOUT
HOV A,L
CALL NMOUT
JCHM18:
MV c,”
CALL ECHO
MOV A M
CALL NHOUT

LEA-L N 2.2 22000 ER AR X L EE R 3. LRS- 2.0 R 2.0 -2 2 R X. 'R -2 R-2-5-2.0-F 2-2-2-R-R<X-3 2-R-34

(D) COHMAND

GET 2 NUMBERS FROM INPUT STREAH

ENDING ADDRESS TO DE
STARTING ADDRESS TO HL

ECHO CARRIAGE RETURN/LINE FEED
DISPLAY ADDRESS OF FIRST LOCATION IN LINE

ADDRESS IS 2 EYTES LONG

USE BLANK AS SEPARATOR
GET CONTENTS OF NEXT MEMORY LOCATION
DISPLAY CONTENTS



3089 MACRO ASSEMBLER, VER 2.)

oCc79

1
Wc
0O7Ff

1
pos2 1
0ess
V035
0048
B EY:]
0818.
89 C
9C 40

003F
J9i2

0095
8995

o8 ]
(SN ]
9.9C
G RE
Ve Al
D A4
B AS
DINY
toA7
ﬂfﬂA
“’ I\A
val A
VeAD
RIMTR
el

CcDBDO1

DABS00
CD9CB2

D288B9¢0

CDEED]
c328080

23
70
E6OF

C270600
C36500

CD2202

D2AARQ
7A
FEOD
c28022
21F513
71

23

70

CiBoed .

A
FEBD
c2eDa2

ClI2EQ]

CALL
- TRUE
+ Jc

CALL

+ PALSE
+ JNC
DCM12:
CALL
JMp
DCHL15:
INX
MOV
ANI

JNZ
JMP
H

ERRORS = @

BREAK
DCM12
DCM12
HILO

DCM1S
DCM1S

CROUT
GETCHM

H
AL
NEWLN

DCM10
DCH@S

- s s

e w8 B we w5 W

PAGE 7

SER IP USER WANTS OUT
IF SO, BRANCH

SEE IF ADDRESS OF DISPLAYED LOCATION IS
/GREATER THAN OR EQUAL TO ENDING ADDRESS
IF NOT, MORE TO DISPLAY

CARRIAGE RETURN/LINE FEED TO END LINE
ALL DONE

IP MORE TO GO, POINT TO NEXT LOC TO DISPLAY
GET LOW ORDER BITS OF MNEW ADDRESS

SEE IF LAST HEX DIGIT OF ADDRESS DENOTES
/START OF NEW LINE

NO - NOT AT END 'OF LINE

YES -~ START NEW LINE WITH ADDRESS

N

,ﬂﬁ.ﬂﬁﬁt‘tﬂ.ttﬁtl.i.Qiﬁttﬂ.tttﬂﬂti.tﬁﬁﬁa'.‘it...ﬁ.ﬁ...ﬁﬂ‘tﬁﬂﬁ.ﬂtlﬁﬁ

FUNCTION: GCMD
INPUTS: NONE
OUTPUTS: NONE

DESTROYS: A,B,C,D,E,H,L,F/F’S
DESCRIPTION: GCMD IMPLEMENTS THE oEGIN EXECUTION (G) COMMAND.

CMD:
CALL
+ FALSE
+ JNC
HOV
CPI1
JINZ
LXI
MOV
INX
Mov
JMP
GCMOS::
MOV
CpP1
JINZ
GCM10: ’
JMP

H

GETHX
GCMO5
GCMa5s
A,D
CR
ERROR
H,PSAVE
u,C

H

M,B
GCM1 9

A,D
CR
ERROR

RSTTF

-~ %0 we w

-~ we =

:
;
;
} CALLS: ERROR,GETHX,RSTTF
;
G

GET ADDRESS (IF PRESENT) FROM INPUT STREAM
BRANCH IF NO NUMBER PRESENT

ELSE, GET TERMINATOR

SEE IF CARRIAGE RETURN

ERROR IF NOT PROPERLY TERMINATED

WANT NUMBER TO REPLACE SAVE PGM COUNTER

IF NO STARTING ADDRESS, MAKE SURE THAT
/CARRIAGE RETURN TERMINATED COMMAND
ERROR IP NOT

RESTORE REGISTERS AND BEGIN EXECUTION

,ﬂﬁ.ﬂt'tﬁl-ulttti..ﬁ.llﬂ'#tttﬂﬁ.i..ili'.ﬁﬁitt"‘.itﬁtllﬂ.ﬁﬂﬁﬂﬂﬁﬂtﬁﬂ

el
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2983
2883
go8s
8058
2eBA
03ED
§2BE
288E
26C1
e9c2
80C5_
88C6
0ocs
esce

1

#0CE 1
2201

1

89D4 1
08D?
d90a
a»DB
98DE
88EL
632
@eES
0VE6
39cs
¢OER
gors
02EE
DEEE
garl
BOF4
8RF4
0RF7
00FA

8EDL
£ns782
JEFF
32F913
D1

cpling2

DABESD
CD6FE3

D2EEZA
CODAG L
LY
CDsSes)
JAF913
87

c2e600-
13

EEFP
328913
cisege

CD4593

Cigpp2

Cn4s59)
CDEE®]
C32B068

+ +

> ¢

PUNCTION:

OUTPUTS:

Pt A e e e wE wo YU e w3

CHb:e
My
CALL
MVY
STA
POP
1ICHES:
CALL
[210)Y
CALL
MoV
CPI
Jg
CALL
TRUE
JC
CALL
FPALSE
JNC
CALL
3oV
CALL
LDA
ORA
JNZ
- INX
ICM109;
XRI
STA
Jue
ICx2G ¢
- CALL
JHP
1CM25;
CALL
CALL
J¥P
]

ICHD

INPUTS: NONE
NONE '

CALLS: ERROR,ECHO,CETCH,VALDL,VALDG,CNVBN,STHLF ,GETNK,CROUT

DESTROYS: A,B,C,D,E,H,L,F/F’S

DESCRIPTION: ICMD [HPLIMENTS THE INSERT CODE INTO MEMORY (X) COMHMAND.

.

C,1
GETNY
AL UPPER
TENP

D

GETCH
c,a
ECHO
a,c
TERK
cH25
VALDL
ICHMOS.
TCHO5
VALDG
ICH28
1CiH20
VBN
c,a
STHLE
TEHP
A
ICH1G
D

IRVRT
TEMP
ICKBS

STHF®
ERRCR

STare
CROUT
GETCR

Q8 wo VO e %s wn @ -

0

L)

.t Wa e uwe TO W WO

a0 we - W we

49 ms

GET SINGLE NUMBER FROM INPUT STREAH

TEMP WILL HOLD THE UPPER/LOWER HALF BYTE FLAG
ADDRESS OF START TO DE

GET A CHARACTER PROM INPUT STREAR

ECHO IT

PUT CHARACTER BACK INTO A

SEE IF CHARACTER IS A TERMINATING CHARACTER
IF SO, ALL OONE ENTERING CHARACTERS

ELSE, SEE If VALID DELIMITER

IF¥ SO SIHPLY IGNORE THIS CHARARCTER

BLSE, CHECK 70 SEE IP VALID HEX DIGI?
1¥ NOT, BRANCH TO HANDLE ERROR CONDITION

CONVERT DIGIT TO BIWARY

HOVE RESULY TO C

STORE IN APPROPRIATE HALF WORD

GET HALF BYTE FLAG

SET F/F’S

BRANCH IF FLAG SET FOR UPPER

IP LOWER, INC ADDRESS OF BYTE TO STORE IN

TCGGLE STATE OF FLAG
PUT NEW VALUE OF FLAG BACH
PROCESS NEXAT DIGIT

ILLEGAL CHARACTER
AAKE SURE ENTIRE BYTE FILLED THEN ERROR

HERE FOR ESCAPE CHAKRACTER -~ INPUT IS DONE
ADD CARRIAGE RETURN

,naasr:nnnaaaakuaannaaananancnea&awaaﬁmnaaac«aem&nnn#aaanaannﬁttrav:

3

»
¢
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32aA El pop H : IF NOT, RESTORE ORIGINAL HL

¥2AB DS - PUSH D : SAVE DE

82AC 3JEFPF HVI A,0FFH ; WANT TO TAKE 2°S COMPLEMENT QF DE CONTENTS
J2AE AA XRA D : !

@2aF 57 MOV D,A

9230 3EPF MVI A,OFFH

9282 AB XRA E

3283 SP HOV E.A

$28B4 13 INX D 3§ 2°S COMPLEMENT OF DE TO DE

8285 7D MOV A,L

9286 83 ADD E ;} ADD HL AND DE

9287 7C MOV A,H

0288 3A ADC D 3 THIS OPERATION SETS CARRY PROPERLY
8289 ol pop D ¢t RESTORE ORIGINAL DE CONTENTS

82BA 78 MOV A,B 3 RESTORE ORIGINAL CONTENTS OF A

g28B  Cl POP B ¢ RESTORE ORIGINAL CONTENTS OF BC

628C C9 - RET -3 RETURN WITH CARRY SET AS REQUIRED
928D HILOS:

828D E) pop H ; IP HL CONTAINS @FFPFH, THEN CARRY CAN
g2BE 78 MOV A,B 3 /ONLY BE SET TO 1

82BF Cl pop B s+ RESTORE ORIGINAL CONTENTS OF REGISTERS
82C8 C34303 JMP SRET :+ SET CARRY AND RETURN

?

!
,ﬁﬂt'tﬁﬁtﬁiﬁtﬁtoﬁ&t.h.tﬂﬂ&iQOQQtaﬂﬁtﬁtﬁtttﬁt'Qt.ﬁtﬁﬂ.ﬁt.'ﬂ&ﬂﬁﬁﬁtﬁ.@ﬁe\ﬁ.4

]
Y

3 PUNCTION: NMOUT .

s+ INPUTS: A - 8 BIT (NTEGER

3 QUTPUTS: NONE

3 CALLS: ECHO,PRVAL

i DESTROYS: A,8,C,F/3?°s - .

} DESCRIPTION: NNMOU'T CONVERTS THE 8 BIT, UNSIGNED INTEGER IN THE

H A REGISTER INTO 2 ASCII CHARACTERS. THE ASCII CHARACTERS
H ARE THE ONES REPRESENTING THE 8 BITS. THESE TWO

H CHARACTERS ARE SENT TO THE CONSOLE AT THE CURRENT PRINT

H POSI'TION OF THE CONSOLE.

H .

N

22C3 MOUT:
g2C3 ES PUSH H ; SAVE HL - DESTROYED BY PRVAL
42C4 FS PUSH PSW ; SAVE ARGUMENT
42CS oF ' RRC
I2CH or RRC
) el anl
¥y2Cao O el 3 Gol derbh 4 08.99 TC wwh 4 B.T #OolTaudo
92CY E6OF ANI HCHAR ; MASK OUT UPPER 4 BITS ~ WANT 1 HEX CHAR
¥2C8 4F MOV C.A
g2cCccC CDDE®2 CALL PRVAL - ; CONVERT LOWER 4 BITS TO ASCII
Q2CF CDF481} CALL ECHO s SEND TO TERMINAL
2D2 Fl POP PSW ; GET BACK ARGUMENT
82D3 E6RF ANI HCHAR ; MASK OUT UPPER 4 BITS - WANT 1 HEX CHAR

¥4
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82AA
248
2 2AC
B82AE
J2AF
8288
8282
8283
8284
8285
£2B86
6287
828
289
A2BA
g2eB
028C
2280
028D
828E
az28rf
02C8

82C3
§2C3
02C4
92C5
d2Cé
J2C8
g2C9
a2ce
g2cc
82CF
22D2
82p3

El
DS
JEFPP
AA
57
JEPF
AB
SF
13
1D
B3
7C
8a
oL’
78
Cl
c9

C34383

H

D0 NP mr Yo We W B he TE W Vv %o S Ne we W9

poP 8 ; IP NOT, RESTORE ORIGINAL HL
PUSH D s SAVE DE -
MVI A,GFFB ; WANT TO TAKE 2°S COMPLEMENT OF DE CONTENTS
XRA D
MOV D,A
MYI A,BFPH
XRA E
HOV E,A
INX b § 2°S COHMPLEMENT OF DE TC DE
HoV A,L
ADD E ; ADD HL AND DE
HOV A.H
aADC D ; THIS OPERATION SETS CARRY PROPERLY
P0P D : RESTORE ORIGINAL DE CONTENTS
MoV A,B ; RESTORE ORIGINAL CONTENTS OF A
POP B : RESTORE ORIGINAL CONTENTS OF BC
RET ¢ RETURN WITH CARRY SET AS REQUIRED
ILOS:
POP H : IF HI, CONTAINS @FFPFH, THEN CARRY CAMN
MOV aA,B s /ONLY BE SET TO 1
POP B ; RESTORE ORIGINAL CONTENTS OF REGISTERS
JIMP SRET : SET CARRY AND RETURN

LA A2 L0 0-R 2 2 2-L-0- 222 FNE2-2:- P L-ER LR L2 RS L LR 2-L0-22-2-2-0.2-2- . L-2- 2.4 & L X 5-2 5§ 5.2

PUNCTION: NAMOUT )

INPUTS: A - 8 BIT !NTEGER

OUTPUTS: NONE

CALLS: ECHO,PRVAL

DESTROYS: A,B,C,F/ "5

DESCRIPTION: NNMOU'T CONVERTS THE 8 BIT, UNSIGNED INTEGER IN THE
A REGISTER INTO 2 ASCII CHARACTERS. THE ASCII CHARACTERS
ARE THE ONES REPRESENTING THE 8 BITS. THESE TWO
CHARACTERS ARE SENT TO THE CONSOLE AT THE CURRENT PRINT
POSITION OF THE CONSCLE.

HOUT: -
PUSH H ; SAVE HL - DESTROYED 8Y PRVAL
PUSH PSW . SAVE ARGUMENT
RRC
LRC .
]l 5 Gat Jlrin v 8.7 TC oauwm o« BIT POSIT.ovno
ANT HCHAR ;3 MASK OUT UPPER 4 BITS - WANT 1 HEX CHAR
MOV C,A
CALL PRVAL ; CONVERT LOWER 4 BITS TC ASCII
CALL ECHO ; SEND TO TERMINAL
POP PSW : GET BACK ARGUMENT
ANI HCHAR 3 MASK OUT UPPER 4 BITS ~ WANT 1 HEX CHAR

47
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9205 4F MOV C,A

82D6 'CDDED2 CALL PRVAL

8209 COF401 CALL ECHO

920C Fl POP H : RESTORE SAVED VALUE CF HL
0200 Cc9 RET

nnata-auaanatwtaagthﬁtatntﬁtaatttnaaaaataauatttuotanewann-taantacttata‘

H

H

;

H 3
3+ FUNCTION; PRVAL

; INPUTS: C - INTEGER, RANGE @ TO ¥

: OUTPUT:: C - ASCII CHARACTER

; CALLS: HNOTHING

; 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, 8-9,A-F. PRVAL
: DOES NO'' CHECK THE VALIDITY OF ITS INPUT ARGUMENT.
: ,

p

d2DE RVAL:
32DE 21BF03 LXI H,DIGTB ; ADDRESS OF TABLE
82E1 06900 MVI B,0 ; CLEAR HIGH ORDER BITS OF BC
82E3 99 DAD B 3+ ADD DIGIT VALUE TO HL ADDRESS
#2E4 4E Hov C,M 3 FETCH CHARACTER FROM MEMORY
62E5 C9 RET
'
,naaettawﬁtttm-atni-ataategnta;tattnatwnnaatntattanaetwacennuanﬁttatn
H
H
s FUNCTION: REGDS
; INPUTS: NONE
1 OUTPUTS: NONE
; CALLS: ECHO,NMOUT,ERROR,CROUT
R ; DESTROYS: A,E,C,D,E,H,L,F/F’S
; DESCRIPTION: REGUS DISPLAYS THE CONTENTS OF THE REGISTER SAVE
3 LOCKATIONS, IN FORMATTED FORM, ON THE CONSOLE. THE
; DISPLAY IIS DRIVEN FROM A TABLE, RTAB, WHICH CONTAINY
; THE, REGISTER'S PRINT SYMBOL, SAVE LOCATION ADDRESS,
; AND) LENGTH (8 OR 16 BITS).
’
02E6 REGDS:
@2E6 21CF03 LXI H,RTAB ; LOAD HL WITH ADDRESS OF START OF TABLE
02EY REGOS:
62E9 4E MOV C,M ; GET PRINT SYMBOL OF REGISTER
P2EA 79 MoV A,C
@2EB  B7 ORA A ; TEST FOR 6 - END OF TABLE
92EC  C2F3u2 JINZ REG1H ; IF NOT END, BRANCH
92EF  CDEEUI CALL CROLT ; ELSE, CARRIAGE RETURN/LINE FEED TO END
@2F2 C9 RET . /D1SPLAY '
02F3 REG10:

48
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B2r3
gare
B2Fg
82F8
g2rC
BAFD
garr
G368
B30)
9384
€393
5306
4309
8364
6368
BigeE
B30E
8318

8313”7

w314

6317
9317
831A
831D
831D
931E
23lF
8322
8321
@326
8327
Yodh

CDF481
8E3D
COF4e:
23

SE
1613
23

1A
CpC382
JE

87
CABES]
is

1A
€pCiB2

PE29
CDFé81
23
C3kE902

21CF0O3
110300

1€

87
CAQDO2

Cilpel

CALL

REGLS:
mvY
CALL
INR
Jup
[

BRRORS ~ @ PAGE 21

ecH

s ECHC CHARACTER
C"n'
ECHO ; OUTPUT EQUALS SIGN, I.E. A=
H ; POINT TO START OF SAVE LOCATION ADDRESS
E,H ; GET LSP OF SAVE LOCATION ADDRESS TO &

D,DATA SHR 8 ; PUT MSP OF SAVE LOC ADDRESS .INTO D
; POINT TO LENGTH FLAG

GET CONTENTS OF SAVE ADDRESS

DISPLAY ON CONSOLE

GET LENGTH PLAG

SET SIGN F/F

IP &, REGISTER IS 8 BITS

ELSE, 16 BIT REGISTER SO MORE TO DISPLAY
GET LOWER 8 BITS

DISPLAY THEM

=
=g
3

UU;?’»ZU&
(2]
bt
Ut

w0 we ws Bu Ne ws ws wup

=
x
2
=]

c,” °
ECHO :

H 3 POINT 7O START OF NEXTTABLE ERTRY - B,
REGHS 7 DO NEXT REGISTER

,ammaaawmennaaeeaaamemoeeeeana COANNAOYNA0ITAGOAVERORNOARBBONABERG Y

H
1
!
$ INPUTS:
}
}
!
H
i
!
H
H
!
1
!
}
R

GADR:
LXI
LXI
RGAG5:
MOV
ORA
J2
CMP
JZ
DAD
JMP
HCAL19:

PONCTION:

RGADR

C - CHARRACTER DENOTING REGISTER

OUTPUTS: BC - ADDRESS OF ENTRY IN RTAB CORRESPONDING TO REGISTER
CALLS: ERROR

DESTROYS: A,B,C,D,E,H,L,F/P’S

DESCRIPTION: RGADR TAKES A SINGLE CHARACTER AS INPUT. THIS CHARACTER

DENOTES A REGISTER. RGADR SEARCHES THE TABLE RTAB
FOR A MATCH ON THE INPUT ARGUMENT. IF ONE OCCURS,
RGADR RETURNS THE ADDRESS OF THE ADDRESS Of THE
SAVE LOCATION CORRESPONDING TO THE REGISTER. THIS
ADDRESS POINTS INTO RTAB. IF NO MATCH OCCURS, THER
THE REGISTER IDENTIFIER 1S ILLEGAL AND CONTROL IS
PASSED TO THE ERROR ROUTINE.

H,RTAB ; HL GETS ADDRESS OF TABLE START

D,RTABS ; DE GET SIZE OF A-T!BLE ENTRY

AH ; GET REGISTER IDENTIFIER

A ; CHECK FCR TABLE ENL (IDENTIPIER {35 @) )
ERROR ; IP AT END OF TABLE, ARGUMENT IS ILLEGAL

C ; ELSE, COMPARE TABLE ENTRY AND ARGUMENT

RGAlQ ; IF EQUAL, WE'VE FOUND WHAT WE RE LOOXING FOR
D ; ELSE, INCREMENT TABLE POINTER TO NWEXT ENTRY
RGABS ; TRY AGAIN

49
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812a
Jiza
032C
8320

032E
032E
832F
8332
8333
6334
8335
0336
0339
033A
833D
033E
2341
0342

0343
343

23
44
4D
Cc9

37

H

i

W w0 S0 S =t We W e WP N4 w9 TP W N6

RN me o0 vo ~e %o S0 e we W Wi e v we e

INX H : IF A MATCH, INCREMENT TASLE PCINTER TO
MOV B,H ;s /SAVE LOCATION ADDRESS

MOV Cc.L ; RETURN THIS VALUE

RET

ER OO NGRS AN AR R AN AR RN AR ARG AXARNTERNBRAINAG A OATDRAST OO CaRNARSANSROY

FUNCTION: RSTTF

INPUTS: NONE

OUTPUTS: NONE

CALLS: NOTHING

DESTROYS: A,B,C,D,E,H,L,F/F’S

DESCRIPTION: RSTTF RESTORES ALL CPU REGISTER, FLIP/FLOPS, STACK
POINTER AND PROGRAM COUNTER FROH4 THEIR RESPECTIVE
SAVE LOCATIONS IN MEMORY. THE ROUTINE THEN TRANSFERS
CONTROL TO THE LOCATION SPECIFIED BY THE PROGRAM
COUNTER (I.E.  THE RESTORED VALUE)., THE ROUTINE
EXITS WITH THE INTERRUPTS ENABLED.

STTF:
DI ; DISABLE INTERRUPTS WHILE RESTORING THINGS
LXI H,MSTAK ; SET MONITOR STACK POINTER TO START QOF STACR
SPHL
POP D 3 START ALSO END OF REGISTER SAVE AREA
POP B
POP psw
LHLD SSAVE 3 RESTORE USER STACK POINTER
SPHL
LHLD PSAVE
PUSH H ; PUT USER RETURN ADDRESS ON USER STACK
LHLD LSAVE ; RESTORE HL REGISTERS
EI 3 ENABLE INTERRUPTS NOW
RET 1 JUMP TO RESTORED PC LOCATION

1

AR AR X ERZEREANEEEIENERS RS ERES NSRS 202 R0 2R R 2R 22 2R RER SRR 2 R 222 ]

FUNCTION: SRET

INPUTS: NONE

OUTPUTS: CARFY =]

CALLS: NOTHING

DESTROYS: CARRY

DESCRIPTION: SRET IS JUMPED TO BY ROUTINES WISHING TO RETURN SUCCESS.
SRET SETS THE CARRY TRUE AND THEN RETURNS TO THE
CALLER OF THE ROUTINE INVOKING SRET.

o
m
-3

STC 3 SET CARRY TRUE




8886 MACRO ASSEMBLER, VER 2.: ERRORS = § PAGE 23

6344

4345
4345
3348
3349
¢34n
134C
K

8358
358
8351
8352
8353
8355
8356
8359
0354
335D

c9

3AF912

(iwe 4 ©6 B5 ©0 B3 W e B WO N> W Te we W

7

}
!

mC we WO WO %o W % w0

RET ; RETURN APPROPRIATELY

LR AR AR5 RS ELEETEL SRR RE-RRRL S22 8 0 -8- A 2-5.-0 2. K-R-2-2-2-2-2 % 2.8}

PUNCTION: STHFG

INPUTS: DE - 16 BIT ADDRESS OF BYTE TO BE STORED INTO

OUTPUTS: NONE .

CALLS: STHLP

DESTROYS: A,B,C,H,L,F/F°S

DESCRIPTION: STHF@ CHECKS THE HALF BYTE PLAG IN TEMP TO SEE IF
IT IS SET TO LOWER. 1IP SO, STHF8 STORES A § TO
PAD OUT THE LOWER HALF OF THE ADDRESSED BYTE;
OTHERWISE, THE ROUTINE TAKES NO ACTION.

THFS: .
LDA TEMP  *; GET HALF BYTE FLAG
ORA a : SET F/F’S ‘
RNZ i IF SET TO UPPER, DON'T DO ANYTHING
MVI c,e ; ELSE, WANT TO STORE THE VALUE 8
CALL  STHLF ; DO IT
RET

LR RN E-L XL R R LY EEE LR DRR-E-2-2-2.0 X 0-2.F 8.0 . L §-2-8 -2.% 2-3. 5 K- 2. 3-F 3.

PUNCTION: STHLF
INPUTS: C - 4 BIT VALUE TO BE STORED IN HALF BYTE
DE - 16 BIT ADDRESS OF BYTE TO BE STORED INTOQ

OUTPUTS: NONE - .

CALLS: NOTHING ’

DESTROYS: A,B,C,H,L,P/FP’S

DESCRIPTION: STHLF TAKES THE 4 BIT VALUE IN C AND STORES IT IN
HALF OF THE BYTE ADDRESSED BY REGISTERS DE. THE
HALP BYTE USED (EITHER UPPER OR LOWER) 1S5 DEWOTED
BY THE VALUE OF THE FLAG IN TEMP. STHLF ASSUMES
THAT THIS FLAG HAS BEEN FREVIOQUSLY SET
(NOMINALLY BY ICMD).

THLF :
PUSH o]
PoP H : MOVE ADDRESS OF BYT:Z INTO HL
MOV A,C ;s GET VALUE
ANI aFu ; FORCE TO 4 BIT LENGTH
MOV C.A ; PUT VALUE BACK
LDA TEMP ; GET HALF BYTE FLAG
ORA A ; CHECK FOR LOWER HALF
JNZ STHYS ; BRANCH IF NOT
MOY A,M ; ELSE, GET BYTE

51
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835
9368
2361
¥362
9363
8363
83¢4
3366
0367
8368
8369
036A
2368
8l¢eC
836D
B36E

BI6F
P36F
8378
8372
8375
2177
8l37A
237D
vi7F
¢:82
Wo84
6387

EGFO
8l
77
C9

7€
E60F
47
79

79
PE30
FA1802
FE39
FA4303
CAd4303
FE41
FAl3@2
FEQT
F21802
€34383

ZRRORS = & PAGE 24

AN - @POH 3 CLEAR LOWER 4 BITS
ORA < 3y OR IN VALUE
®ov M,A 3 PUT BYTE BACK
RET
STHBS :
MOV AM 1 IP UPPER HALF, GET BYTE
ANI @FH : CLEAR UPPER 4 BITS
MOV B,A ;s SAVE BYTE IN B
MOV A,C 3+ GET VALUE
RRC
RRC
RRC
RRC 3 ALIGN TO UPPER 4§ BITS
ORA B t OR IN ORIGINAL LOWER 4 BITS
MOV M,A 1 PUT NEW CONFIGURATION BACK
RET

3 .
’Qﬁﬁoﬁﬂﬁanﬂtﬁtﬁﬁﬁﬂ‘tiﬁ.'ﬁﬁiﬁtﬁiﬁtit‘ﬂ&itﬁatﬁﬂaaﬁ.tﬁtttﬂﬁﬁaﬂﬂ‘ﬁttﬁﬁ

FUNCTION: VALDG
INPUTS: C - ASCII CHARACTER \
OUTPUTS: CARRY - 1 IF CHARACTER REPRESENTS VALID HEX DIGIT
- & OTHERWISE
CALLS: NOTJING
DESTROYS: A,F/F'S
DESCRIPTION: VALDG FKETURNS SUCCESS IF ITS INPUT ARGUMENT IS
AN ASCII CHARACTER REPRESENTING A VALID HEX DIGIT
*~F), AND FAILURE OTHERWISE.

et % % me e % W we W O % we

ALDG:
Hov A,C .
CPI ‘e’ ; TEST CHARACTER AGAINST '8°
JH PRET ; IF ASCII CODE LESS, CANNOT BE VALID DIGIT
CPI ‘9’ ; ELSE, SEE IF IN RANGE ‘86°-"9°
I SRET ; CODE BETWEEN ‘0° AND °9°
Jz SRET ; CODE EQUAL ‘9"
CP1 ‘A’ ; NOT A DIGIT - TRY FOR A LETTER
JM FPRET ; NO - CODE BETWEEN "9  AND 'A°
crl ‘G’
Jp FFET ; NO - CODE GREATER THAN ‘F° ,
JMP SFET : OKAY - CODE IS ‘A" TO “F°, INCLUSIVE

i
‘
,'_.aﬁﬁﬁt!nﬁ.tﬁttlﬂﬁ.ti.Qﬂnﬁﬂttﬁﬁtﬁﬂ.iﬂ'ﬁﬂﬂﬁ-iﬁ'iiﬁtﬁitiﬁiﬂiﬁi#ttﬂttnhiﬁﬁ*t

i

H

3 FUNCTION: VALDL

1 INPUTS: C - CHARACTER

3 OUTPUTS: CARRY - 1 IF INPUT ARGUMENT VALID DELIMTER

52
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- @ OTHERWISE
CALLS: NOTHING
DESTROYS: A,F/F’S
DESCRIPTION: VALDL RETURNS SUCCESS IF ITS INPUT ARGUMENT IS A VAL1D
DELIMITER CHARACTER (SPACE, COMMA, CARRIAGE RETURN) AND
FAILURE OTHERWISE.

Lol I LR TR I T

ALDL:

A36A

d38A 79 MoV A,C

8388 . FE2C CPI . ; CHECK FOR COMHMA

¢36D CA4303 Jz SRET

3396  FEQD CPI CR 3 CHECK FOR CARRIAGE RETURN

8392  CA4303 Jz SRET

23195  FE20 CPI ce ; CHECK FOR SPACE

3397  CA4303 Jz SRET

#3554  C31802 Jup PRET 3 ERROR IF NONE OF THE ABOVE
; \
;ﬂﬁﬁ&ﬁ&ﬁﬁﬂ#&ﬂﬁ'&#ﬁﬁhﬂtﬁﬁﬂﬂﬁﬁﬁﬁmﬂﬁQﬂﬁﬂﬂﬁﬂQﬂﬁﬁ&ﬁﬂﬂﬂﬂﬂbaﬁﬁﬂ&ﬂﬁﬁﬂﬁﬁﬁbﬂ\-’t
H
H
: MONITOR TABLES
H
;ﬂﬁnbﬂﬂﬁ&tﬂﬂtwﬂﬁﬂﬂﬂ#Qﬁaﬂﬁﬂﬂﬁﬂﬂaﬁﬂ&ﬁﬁﬁﬁﬂﬁﬂﬁﬁﬁﬁﬁﬂﬁﬁﬁﬂ&ﬂﬁ\'ﬂﬁﬂﬂﬁﬂﬂﬁﬁ‘ﬁﬁﬂ
}

8390 SGNON: ; SIGNON MESSAGE

439D 8DBA4DA3 DB Ck,LP, "HCS~-89 KIT ,CR,LF

83Al 532D3630
23A% 2084B4954
03A9 BDOA

QenE LSGNON EQU S-SGNON ; LENGTH OF SIGNON MESSAGE .
4

93AB CADR: ;s TABLE OF ADDRESSES OF COMMAND ROUTINES

43A8 0009 Dw ] s DUMMY

63aD 4101 D% XCMD

83IAF 1031 oW SCMD

2381 FDOg bW MCMD

9381 B3pg DW ICMD

@3B5 9508 DH GCMD

PIR? SEAQ fat¥) DCMD
H

4389 CTAB: : : TABLE OF VALID COMMAND CHARACTERS

#3B9 44 bB ‘D’

23BA 47 DB ‘G’

83BB 49 D8 1’

23BC 4D DB ‘M’

@3BD 53 D8 ‘s’

B3IBE 58 D8 '

2096 NCMDS EQU $-CTAB ; NUMBER OF VALID COMMANDS

53
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818F Brcra: s TABLE OF PRINT VALUES OF HEX DIGITS
gIBF 30 DB ‘e’
03Ce 31 DB ‘17
83Cl1 32 DB ‘2
¥3ic2 33 DB ‘3°
83¢3 34 D8 ‘4°
83C4 35 DB ’5°
83CS 36 DB ‘6° ‘
63C6 37 ' DB 7
03c? 38 DB ‘g8’
93C8 39 DB ‘9”
93C9 41 DB ‘A’
83CA 42 DB ‘B’
83CB 43 DB ‘c’
83cC 44 DB ‘D’
83CD 45 o8B ‘B’
. 93CE 46 DB F°
7
83CF RTAB: ;s TABLE OF REGISTER INFORMATION
v3ICF 41 o]} ‘A’ ;+ REGISTER IDENTIFIER
Y3D@ F2 [b]:] ASAVE AND @FFH ; ADDRESS OF REGISTER SAVE LOCATION
¢3inl p0 DB 8 ; LENGTH FLAG - 9=8 BITS, l=16 BITS
dou3 RTABS EQU $-RTAB ; SIZE OF AN ENTRY IN THIS TABLE
8302 42 DB ‘B’ '
8303 Fo D3 BSAVE AND OFFH
¢3D4 00 o]:] 8
J3D5 43 . ): ) ‘c’
2306 EF DB CSAVE AND OFFH
2307 0o DB 2 ’
83D6 44 DB ‘D’
v3D9 EE DB DSAVE AND OFFH
83DA @@ oz} 2
230b 45 DB ‘E°
830¢ ED DB ESAVE AND OFFH
630D 99 DB )
d3CE ) DB ‘P’
QILF Fl DB FSAVE AND OFFH
@3ty Q¢ DB )
83El 48 DB ‘H’
v3E2 F4 DB HSAVE AND @FFH *
83E3 PR DB )
8JIEQ 4acC DB ‘L’
23ES F3 DB LSAVE AND 9FFH
83EH a0 DB @
B83E7 4D : o} ‘M’
Q3E8 Fd DB HSAVE AND @FFH
@3L9 o1 DB 1
BP3EA 59 DB ‘p’
83EB F6 DB PSAVE+]l AND OFFH
63EC 0l DB 1
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83ED
BIEE
¥ILF
BiFd
dirl

33FA

B3FA

@3FD

138y
13€D

13ED
13ED
13€E
13eF
13¢9
13frl
13F2
13F3
13F4
13FS
1387
13F9

13FD

2283

MO PROGRA#M ERKORS

53
F8
g1
20
8o

C3E301
C3ipaol

~e

e as w3 wo we

MSTAK

ESAVE:
DSAVE:
CSAVE:
BSAVE:
FSAVE:
ASAVE:
LSAVE:
HSAVE:
PSAVE:
SSAVE:
TEMP:

SRBR:

~ . O

ORG

JIMP
JMPp

ORG
ORG

ORG

END

‘g-

SSAVE+1l AND @8FFH

1
2
2

BRTAB

Cco
CI

DATA
REGS

EQU
DB

= @ PAGE 27

’

°
H

SooeaeeeenE W

55

“e %6 e wE me wD we we NG S we we

-

END OF TABLE MARKERS

BRANCH TABLE FOR USER ACCESSIBLE ROUTINES

EREE LR RN RS PEEE ST ET RS E R LR L EEEEEEEEEEEE R EA- AR E-A AR RN A

ORG TO REGISTER SAVE - STACK GOES IN HERE

START OF MONITOR STACK

E REGISTER
D REGISTER
C REGISTER
B REGISTER
FLAGS SAVE
A REGISTER
L. REGISTER
H REGISTER

SAVE LOCATION
SAVE LOCATION
SAVE LOCATION
SAVE LOCATION
LOCATION

SAVE LOCATION
SAVE LOCATION
SAVE LOCATION

PGM COUNTER SAVE LOCATION

USER STACK

POINTER SAVE LOCATION

TEMPORARY MONITCR CELL

ORG TO USER BRANCH LOCATION

8RANCH GOES IN HERE
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* 91

A
BREAK
C
CNCTL
Co
CSAVE
DCMOS
DCMD
ECHOS
ESAVE
FSAVE
GE1CH
GHX®S
GNM1S
GO

H
HSAVE
1CM25
LF

M
MSGL
NMOUT
PSW
REG15
RGAl D
RTAB
SCM1S
SRET
STHLFE
TRUE
VALDL
"XCM18
XCM30

* 02

A )

¢ 24
* 85
* @6
= @7
* @8
* @9
10
* 11
=12
* 13
..L

0007
218D
g061l
NelB
2113
13tF
80065
005E
81D
136D
1341
f2iB
02.8

251
00¢8
Qe4
1304
AN
20JA
8006
0022
n2C3
1026
30E
H32A
J3CF
313D
J343
0350
OF9F
038a
0178
$184

ASAVE
BRLGC
CADR
CNIN
CONST
CTAB
DCM1 P
DIGTB

ECH10

ESC
GCMOS
GETCHM
GHX149
GNM20
GTCO3
HCHAR
ICMB5
ICMD
LOWER
MCMB5
MSTAK
PRTY®
RBR
REGDS
RGADR
RTABS
SCMD
SSAVE
TEMP
UPPER
XCMB5
XCM28
XCMD

SYMBOL

ERRORS = @

TABLE

B
BRTAB
CI
CNOUT
CR
D
DCML 2
-DSAVE
ECHO
FALSE
GCile
CLTHX
CNMBS
GNM25
GTCRS
HILOS
icmig
INVRT
* LSAVE
mCHD
NCMDS
PRVAL
REGOS
REGS
RSTTF
SCMBS
SGNON
STH@S
TERM
USRBR
. XCM16
XCM25

I3

PAGE 28

8890
23FA
21D6
JOFA
080D
0082
0085
13EE
¢1F4
0F9C
o0Re
0222
0258
0291
0348
828D
00EG
00 FF
13F3
QOFD
00026
@2DE
02E9
13ED
032E
0122
239D
8363
7018
13FD
8163
01AB

56

BRCHR
BSAVE
CMD
CNVBN
CROUT
DATA
DCM)5

FRROK
FRET
GCMD
GETNM
GNM10
GNM32
GTC14a
HILO
1CM260

LSGNO
MODE

NEWLN
PSAVE
REG10
RGARS
RSTU

SCM10

STHF®
TRDY

VALDG
XCML5
XCM27

0B1B
13rQ
08z7
B1DA
01EE
1300
p08E
0des
020D
218
8895
0257
8273
8295
0854
82¢C
BOEE
6085
960k
0eCF
@6oeF
13FS
82F3
31D
A638
812D
B80e6
0345
0001
936F
0170
8lAC
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EL SISTEMA, SDK-PRACTICA,

El objetivo de esta practica es que se familiarice usted con
el Tenguaje y forma de operacidn del sistema 8080 y, en particular,

con el sistema SDK-80.

A continuacién hay varios segmentos de c6digo y/o comandos
que usted debe de ejecutar. Antes, siga las siguientes instrucciones.
Recuerde que el equipo con el que estd trébajando es sensible a la
estatica. Por ello, es recomendable que evite tocarlo antes de ''des-
cargérse“. (Trate de estar en contacto con la mesa de trabajo cuando

~manipule los 'kits'),
Practica 1.

1) Utilice el comando X (examinar). Vea el contenido de los
registros. En particular vea usted las banderas. Recuerde que los
bits del registro de banderas (F) tiene el siguiente formato:

s ~Z-0-AC-0-P-1-6

Note que la pareja HL es un apuntador natural a memoria. Este

apuntador sefiala a la localidad denotada por ''M',

El registro SP (S en el 'kit') indica la localidad de memcria

a que se apunta al momento de examinar el CPU.

Finalmente, ndte que el .registro PC- (P en el 'kit') no puede

accesarse en forma directd; “‘iqualmente, el ‘contenido del SP no puede
. + .\ _\



copiarse en forma directa.

El siguiente cddigo almacena el contenido de todos los registros

en memoria:

GUARDA: CALL GETPC; toma el PC y almacena en memoria

" PUSH H
LX! H,0
DAD SP
SHLD GSP; ahora guarda el ‘'SP!
POP H
SHLD GHL; guarda HL
XCHG
SHLD GDE; guérda DE
MOV H,B
Mov L,C
SHLD GBC; guarda BC
PUSH PSW

" POP H
SHLD GAF; guarda A & Banderas
HLT

GETPC:  XTHL;  intercambia SP y HL

SHLD GPC; guarda PC
XTHL ; dej; como al principio

RET



GPC

GsP

GHL

GDE

GBC

GAF

EQV
EQU
EQV
EQV
EQV

Qv

1300H
130ZH
1304H
1306H
1308H

130AH

2. Pruebe la instruccidn | (insert) para el cddigo anterior.

verifique que el siguiente cOdigo corresponde al anterior:

1300:

)]
E5
21
39
22
El
22
EB
22
60
69
22
F5
£l
22

76

50

00

A2

Al

A6

A8

13

00

13

13

131E:

E3
22 AO 13
E3
3



Una vez que haya insertado el c6digo de (2), use la instruccidn

D (display). Use el comando D1300, 1323 y verifique que su programa esta

correcto.

En caso de algin error, modifique la localidad usando el comando

e

S#### ~ (ndmero correcto)

3) Ahora ejecute el ccmando
S13A0

e introduzca cualquier valor conocido (por ejemplo 9).tantas ve-
ces como sea necesario para asegurar que las localidades de la 13A0 hasta

la 13AB (inclusive) tienen un valor conocido,

Note que estas localidades de memoria se usan en su programa pa-

‘e guardar los valores de los registros.

4) Usando ei. comando X introduzca valores conocidos (los que us-

ted quiera) en los registros del CPU.

5) Utilice el comando G {(go) para ejecutar el programa que cargd

antes en memeria,

La instruccidon GI1300 es la adecuada. Note que, puesto que el fil-
timo byte de cédigo corresponde a HLT (76), el CPU se 'muere''. Por tanto,

ya no le responders.



Inicialice, pues, el sistema (por medio del botdn de Reset).

6) Vuelva a examinar las direcciones de 1z 13A0 a la 13AB. lLos
datos que cargd en los registros y los de memoria son igualies? (Qué va-

lor tiene el PC?

Si no obtuvo el resultado deseado, cheque su procedimiento y vuel-

va a8 empezar.

Note que, en una localidad doble, como las que hemos estado mane-
jando, el byte meros significativo es el primero, y el mis significative es

el segundo.

A eso se debe que el c¢ddigo

LX1 H,1400

corresponda a:
21 00 14

21 14 o0.

lgualmente, note que al trabajar con registros de 16 bits (PC,

SP,HL,DE,BC,PSW)el registro menos significativo va primero.

Asimismo, en la localidad 13AA se encuentran las banderas. Note

que los bits 1, 3 y 5 estdn fiJos a los valores 1,0 y O respectivamente.



LQué valores tienen las banderas?

Practica 2.

La siguiente practica tiene por objeto familiarizarlo con cddigo

de ASSEMBLER, para manejo aritmético.

Otserve la siguiente rutina.

Una de las ventajas del sistema 8080 es su 'stack'. En este pro-
gramg_hemos implementado una divisidon recursiva, de modo que el resultado
se obtiene con i5 bits de precisidén en la pareja HL.

Usando el cddigo de la rutina de recursidn

a) Cargue el programa en RAM. Recuerde que el 'kit' tiene RAM

a partir de la localidad 1300H.

b) Ejecute varias corridas con diferentes datos.

En la siguiente figura se muestra un mapa del 'stack' en su mdxi-

mo nivel de anidamiento.

Note que el programa estd escrito de modo que (nicamente una lo-

calidad de memoria se requiere utilizar para. almacenamiento de variables.
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OOFF
0000
0003
0004
0005
0008
000R
000C
000D
000E
0011
0012
0013
0014
0015
0016
0017
0018
0019
CO1A
001E
6coic
GO1E
001F
0020
0021
0032
0025
00256
0027
0028
0029
002A
OQO2H

002k .
QO2F

0030
0031
0032
G033
IV E
0037
0038
003K
003C
003F
0042
0043
0d14
G047
004

31FEOO
AF
2F
32FF00
coocoo
76
B?7
EO
F21A00

- 60

69

R7

74

1F

57

7R

iF

SF

AF

47
O0E08
7n

EER

7C

24
DA2EQQ
&7

7D

93

&F

29

37
C33000
29

R7

78

17

47

On
C21C00
csS
JAFFO00
3C
IZFFOO
Chnoco9
3n
CA3IPCD
1

6O

Ly

RCRSV EQU OFFH
LXI SFyOFEH
XRA A

CHA

STA RCRSV
CALL DIV
HLT

I'IV: ORA A
RFO

JF ETC

MOV HsB
MOV L»C
ORA A

MOV AsD
RAR

HOV DisA
MOV AE
RAR

MOV EsA
ETC: XRA A
MOV EBeA
MUT C»8

COHFARAS MOV AsL

. CHF E

MOY AyH
SER i
JC SHLFT

MOV HsA
MOV AsL
SUR E

MOV L»A

DAl H

sTC

JiF RESULTADRO
SHLFT: LAD H

- ORA-A--+RSTC -

RESULTADO M0V AR
RAL

10V ERsh

ner C

JHZ COMFARA
RECURSION: FUSH R
LI'A- RCRSV

INR A

STA RCRSV

CallL OIV

LCR A

JZ 12

L1! FOP R

a1 B

iKE )

0 FAGE 1



8000 HMACRO ASSEMELER» VER 2.0 ERRORS = O FAGE 2

0049 ci 2 POF R
U044 &8 MOV LB
004an 2 RET

END

N3 FROGRAM FHRORS

8080 MACRO ASSEMELERs VER 2,0

SYMEOL
% 01
A Q007 b 0000
n 0002 LIV 000C
H : 0004 L 0003
M 0005 PS5 0004
FESUL 00630 SHLFT 002E

FT=200241 FPT=12,2 I0=1.2

ERRO

TARBLE

RS =

L1
RCRSY
SP

¢ FAGE 3

0001
0003
00446 %
0OFF
0006

CoMFa
ETC
L2
RECUR

001E
001A
0049
0037 %

~



Note que todos los registros del CPU se utilizan durante la eje-

cucién de la rutina.
Practica 3.

En esta practica se desea que noten la diferencia entre e! c¢bdi-

go generado por ASSEMBLER y por compilador (PL/M).

Observe el programa que se presenta a continuacidn. AquTl se
implementa, también, la divisidn, as7 como la operacidn '"MOD'". Esta opera-
cidn se define como el operador binario que arroja como resultado el resi-

duo de la divisién entre dos nGmeros.

Note usted la falta de economia del compilador, que generd e!

siguiente cbdigo:



ul¥:

Da:

D1:

LX1

LX1

MOV

INR

MOV

MVI

MOV

INR

MOV

MoV

CMA

MOV

MOV

CMA

MOV

INX

LX1

MV

PUSH

DAD

JNC

XTHL

POP

PUSH

MOV

Sp, FAH

H, "'¢%

E,M

L

D,M

L, FCH; DIR ('8')
C,M

L

B,M

L1

A,D

D,A

A,E

E,A

H,0

A,11H

D1

PSW.

A,C

RAL
MOV
MOV
RAL
MOV
MOV
RAL
MOV
MOV
RAL
MOV
POP
DCR
INZ
ORA
MOV
RAR
MOV
MoV
RAR
MOV
RET
CALL
LX]
MOV

INX

C,A

A,B

B,A

A,L

L,A

H,A

PSW

D¢

A,H

D,A

A,L

E,A

DIV
H,“A”
M,C

H



MOV M,B

LX1 'H,”B"

MOV E,M
INR L
HOV D,M
INR L
Mcv C,M
INR L
MOV B,M
CALL DIV
LX1 H,"A"
MOV M,E
INX H
MOV M,D
El

HLT

La rutina de divisibn, en este caso, ocupa 49 localidades de
memoria, -contra 61 localidades en el caso anterior. Sin embargo, por
manejo de variables, el programa ocupa 91 localidades contra 72 del pro-

grama escrito en ensamblador.

Cargue usted el programa anterior y obtenga los siquientes re-

sultados:



N .

8050 FILM1 VERS 4.0
CHTen

boooz 1

Qo007 1 DECLARE (AsEsC) ADDRESSS

00003 1

00004 1 N=RK/C}

00065 1

oo00s 1 A=C MO0 R3

00007 1 EQF

ND FROGRA4 ERRORS

$ET=33.4 FT=3.9 ID=1.4&

E FLAMII/Z43FILE FILE22(MAXRECSIZE=22sRLOCKSIZE=22) yFILE23(MAXRECSIZE=22H
FRUNNING 4025

&7

8080 FLM2 VERS 4.0

$I=7 $F=1]

STACKN STZE 4 BYTES
MENHINY s oo ss0ss0svtocosesssssssesD1I00H

Av9.ooocoooooooooooooooooooooeboOOFAH
I‘OO00000000000OOQOQOOODOOOOQOOOOOOFCH

~ o
hoo»0ooooov¢000000§00.ooooooooeOUUFEH

0000l LXI SP FaAH OO0H LXI H FEH O0H MOV EM INR L MOV IM
COOSH MOV LT FCH MOV CHM INR L MOV BM JMF 3EH GOH MOV Al
O0LZH Gt MOV D& MOV AE CMA MOV EA INX DI LLXI H OOH GOH
291 MOV AL 11H ¢ FUISH H DAL It JUNC 23H OCH XTHL - FOP H
0024H FUSH A MOV AC RAL MOV CA MOV AR RAL MOV BA MOV AL RAL
0020 MUV LA HOV AH RaL MOV Ha FOFP A DCR A& JNZ 104 QOH
00346H ORA A MOV AN R&R MoV DA MOV AL RAR MOV EA RET CaLLl
QO3FH 11H O0H LXI H FaAH Q0OH MOV HC INX H MOV ME LXI H
0045H FCH OO0H MOV EM INK L MOV DM INR L MOU CM INR L MOU BN
00T 1H CALL 11H OOH LXI H FaAH O0H MOV ME INX H MOV MHD
00ZAaH £1I HLT

NN FROGRAM ERKXORS

#ET=1100.9 PT=3,8 Iu=1.9



10

125 MOD. 13
497- MOD" 19:
JARBRVART
93 /93

Recuerde que hay que ajustar las localidades de RAM.
Practica h;

En esta practica deberdn checar el funcionamiento de un siste-

ma habilitado por interrupciones.

Para la practica deberdn utilizar un'kit'que contiene un ROM

ya programado en las localidades 400H a 7FFH.

1) Examine el listado que se incluye y vea cémo se programd

el PPi. Modo 0? Modo 1? Modo 2?.

2) Note que en el SDK-80, las localidades 13FD, 13FE y 13FF
deben programarse para que haya un salto (JMP) a la rutina de servicio
de- interrupciones. (En qué localidad estd esa rutina? Programe conse-

cuentemente las localidades antes mencionadas.

3) El sistema tiene un 'one-shot' para generar el pulso de in-

terruncidn, Dispare las interrrupciones.

Note que un sistema como el que estd aqui disefado debe prever



que una interrupcidn llegue en el momento de despliegue.

Ud.? Note la forma en que se efectud en este caso.

11

LCOmo lo haria

L



INTIRR 200
bSO §

LD:'aU 7 70
B H.
REFIR DIV,
74 L.OAD OK
HEX EASE OR

REFFETR
TEADIZ

GINE
RESUL T 4BH.

TRACE OK
S B=115C=23,

SET. OK--- -
8 [I=24yE=17,

SET OK
G

REFER AT CH=DIV
o CF.

CYzZsSP A R c

VERS 1.0

D

E H L HL

Sk FC

*0101XFFHAORHX17HX18HA1 1HXOOHXQOHKXKOOO0OHXO0O0FCHX00O0CH

G.

%0011 FFHXOOHXOBHXOCH#*O8HX16HX2EHKX142EH

1oV an
CO114O00H
RAL
0011 OOH
MOV EA
0011 OOH
DCR €
%0000 OOH
JNZ 1EH
*1000k26H
HOV AR
1000%00H
RAL
X0000401H
MOV RA
0000 O1H%01H O7H
DCR C
CYZSP A 2] c
#0001 O01H O1HAO&H
JiNZ 1EH
¥1C01444H C1H O&H

OOH 08H
O0H 08H
O0H 08H
OOH%O07H
00H O7H
O0OH 07H

OOH 07H

OCH
OCH
OCH
OCH
OCH
OCH
OCH
OCH

D
OCH

OCH

08H 16K 2EH 162EH

08H 16H 2EH 162EH
08H 16H 2EH 162EH
OCH 16H 2EH 1462EH
08H*14HKACHX144CH

0BH 14H 4CH 144CH

O8H 14H 4CH 144CH

08H 14H 4CH 144CH

E H L HL
034 14H 4ACH 144CH

O08HX10H4B88HX1088H

OOFCH%0030H
OOFCHX00Z1H
OOFCHX0032H
0OFCH%0033H
OOFCH%X0034H
O0OFCHX0030H
OOFCHX0031H
OOFCHX0032H
OOFCHX0033H-

SF PC
GOFCHX0034H

OOFCHX0030H



IOV s

1001 ¥0iH 01H O&H
RAt
0001 5%03H O1H 04N
Mau BA

GO0l O3H¥O3H 06H
ICR C

0001 03H O3IHMOSH
JNZ 1EH
KIoto: JOH O34 O5H
MOV Lo

iN10:03H 034 05H
forle

¥CO10R0O7H O3H O5H
OV TA

0010 O7HXO7H OSH
e ¢
CYZSF A K C
F0000 O7H O7H%04H
JNZ 1EH
*0013iX4FCH O7H 0O4H
#i0V AR

0011%07H O7H O4H
Rak

001150EH O7H 04H
MOV ERA

0011 OEH%OEH.O04H
neR C ‘ ,
#0001 OEH OEH%03Y
JMZ 1EH
*1010%F3H OEH 03H
MOV AR

1010%0EH OEH O3H
RAL ,
¥0010%1IH OEH O3H
ROV EA

0010 1DH&1DH O3H
Lcr ¢
CYZSF A R C
%0000 1DH 10H%02H
JNZ 1EH ~
%001 1%FFH 10H O2H
MOV AR

001ix1DH 1DLH O2H
RAL

0011%3AH 10OH 02H
MOV BRA ,
0011 3AHA3AH 02H
ICR C

b]

%0000 3AH 3AMKOLH

JNZ 1EH
*1011X03H 3AH O1H

OCH

OCH

GCH
OCH

OCH

OCH

OCH.

OCH
OCH

OCH

OCH
OCH
OCH

OCH

OCH

OCH

OCH

C8H 10H 83H 1088H
Q038H 10H B8H 1088H
08H LOH 88H 108&3H
o8H 10H 88H 1088H
OS”WOQHWOOH#O?OOH
08H 09H OO0H 0200H
08H 09H OOH O0900H
08H 09H OOH 0%900H

E H L HL
03H 09H GGH O09P00H

OBH¥12H OOH¥1200H
084 12H 0O0H 1200H
08H 12H O0H 1200H
08H 12H OOH 1200H
08H 12H GOH 1200H
O8HXOEBHAFOHRXORFOH
08H ORH FOH ORFOH
08H GBRH FOH OERFOH

O8H OEH-FOH ORFOH

CE H L - HL

08H ORH FOH OBFOH

OBHX17H&XEOHX17EOH

08H 17H EOH 17EOH

08H i7H EOH 17EOH
OBH 17H EOH 17EOH
08H 17H EOH. 17EOH

O8H,- 1 7H%XROHX17ROH

GOFCH%X0031H
OOFCHXOO32H
QOFCHX0033H
O0OFCH¥0034H
OOF HXO03O0H
OOFCHXCO31H
GOFCHAOO32H
O0OFCH%0033H

SP FC -
OOFCH#0034H

OOFCH%X0030H
OOFCH#OOBIH
OOFCH%0032H
OOFCH%0033H

OOFCH¥GO34H

GOFCH%0030H

OOFCH¥0031H

OOFCHX0032H
OOFCH*Q033H

SP rC
OOFCHX003 41

OOFCHAOOZOH
OOFCH%0031H
OOFCHX0032H
OOFCH%0033H
OOFCHX0034H

QOFCH%0030H



MOV AR

}‘..4 : ’...

#pIVLATGH
OV B

0011 73H#75H O1H

3AH O1H

LCR C .
CYZ8F A R c
20101 75H 75HXO00H,
JNZ 1EH

0101 75H 75H OOH
HANOR

G101 794 75H QOOR
Lo FEH

LoV airFH 75H O0H
LI

D101%00H 75H OOH
STA FFH

G101 COH 75H QOH
CaLi CH

REFER AT CH=DIV

o @P.

CYZSF A R c
0161 0O0H 75H QOH

G.

¥1010XABHX0O0OHXO8H
MOV Al
1010+00H O00H OBH
RAL
¥0010401H OOH O8H
+OV EA
0010 QO1H%01iH O8BH
LCR C
0000 O0tH O1HX0O7H
JNZ 1LEH
¥1001%48H O1H O7H
MOV AR ‘
1001:%01H O1H O7H
RAL
X0001%03H
MOV BA
0001 O3H¥%03H O7H
DCR C B
CYzZsr A R C
0001 03H 03HX08H
JNZ 1EH
X171 1%88H 03H 048H

OlH O7H

to11%3ad 3AH O1H

GCH
OCH
OCH

OCH

OCH

OCH
OCH
OCH
OCH
OCH
OCH
OCH
OCH
OCH

I
OCH .

OCH

o8
O8H

O8H

08H

O8H
O8H
O8H
08H

O8H

O8H%X16HXP0HX1490H

08H

O8H 16H 90H 1490H

08BH 14H 90H 14690H

E

08H 16H 90H 14690H

O8HX15HA1O0H%1510H

17H
17H
17H

H
171

17H
17H
17H
17¢H

17H

17H

17HXSO0HX1750H

17H
17H
17H

17H

16H 90H 1690H

H

BOH
oM
BOH
BOH
ROH
EOH
ROH
BOH

EOH

BOH

SOH

SOH"

SOH

S0H

L

1780H OOFCH*O0031H
17B0OH QOFCHAOGI2H
1780H OOFCHX0OO33H

. HL SF FC
17B30H OOFCHX%0034H

17BOH OOFCHX%0O037H
1780HXOOFAHLQOTEH
17BOH O0FAHX003JEH
176804 OOFAHXOOICH

17E0H OOFAHX0O03FH

HL. SF FC
17ROHX00FBHX000CH

OOF8HXO03O0H
1750H
17%50H OOF8HX0032H
1750H OGF8H%0033H
17504 OOFSH*0034H
OOF8HX0030H
OOF8HX0031H
OOF8HX0032H
OOF8HX0033H

HL SP FC
OOFBHKO034H

OOF8H¥QOICH

OOF8HX0031H

6



MOV &

101 1%03H O3H 06K
SUIVEE I VR AL VR
5OV LA

G011 O7HAOZH O6H
nck o

OO L O7H O7HIOSH
JNT T
X1O0DLO8H O7H OSH
HUV AR

1300%07H O7H OSH

e d

A I0GA0FH 07 0TH

Hoy In

GO0 OFHAOFH O05H
Lok ©

CYZ5&™ A B (N

0000 OFH OFHYX04H
Jibd tEH

FLOOODLWOGAH OFH O4H
MOV Al

100G xQFH OFH O04H
RAal

AQQDOKIFH GFH O4H
S0V En

QOO0 1FH¥IFH 0O4H
nche .

42001 IFH 1FHX03H
JiNZ 1EH
XLAOHLoRY 1FH O3H
MOV Ak

1009+1FH 1FH 0O3H
Ral ‘
KODOOK3FH 1FH O3H
MOV LA

0000 3FH%3FH O3H
LCR C

CYZSF A B Cc
Q000 3FH 3FHX02H
JNZ 1EH

4001GtFaH 3FH O2H
MOV AR
0010x3ZFH 3FH 02H
RAL ;
0010%7EH 3FH 02H
MOV Ba&

0010 7EHX7EH O2H
DCR C
¥0000 7EH 7EHX01H
JNZ 1EH
*0010xF4H 7EH O1H
MOV AR .
60103 7EH 7EH O1H

OCH

oCH

OCH-

OCH
CCH

n
OCH

OCH
OCH
OCH
OCH
CCH
GCH
OCH
OCH

OCH
0CH
0CH

0CH

OCH

OCH

OCH

OCH

OCH

08H 15H
OBH 10H
08H 15H
O8H 15H
08H*12H

0894 12H

08H 12H

E H
08H 12H

O8HIOCH
08H OCH
08H OCH
08H 0CH
08H OCH
O8HXO00H
08+ OOH
08H 0OOH
08H OOH

E H
08H OOH

10H 1510H
1O 1516H
104 1510H
10H 1510H

10H®1210H

10H 1210H

H 10M 1210H

10H 1210H

L HL.
10H 1210H

10H¥OC 1 OH
10H OC10H
10H OC10H
10H OCLOH
10H OC1OH
1 OH*0010H
10H 0010H
10H 0010H
10H 0010H

L HL
1G6H O0010H

08H OOHX20HX0020H

084 COH
08H OOH
08H OOH

08H OOH

20H 0020H
20H 0020H
20H 0020H

20H O0G20H

O8H 0OHKIOHK0040H

084 OOH

40H .Q040H

OOF8H%0031H
OCF M GO M
0OF8HX0033H
0GFBHX0034H
OOF 8HX0030H
OOFSHX0031H
OOF SHX0032H
OOF BHE0033H

Sk FC
O0F38HX0034H

OOF 8HXOOIOH
OOFBHX0031H
COF8HX0032H
GOFBHX0033H
OOFRH¥003aH
OOF8HEOO3OH
OOF8HXO031H
0OF8HAOO32H
OOFBH*0033H

SF FC
OOF BHX0034H

00F8HX0030H
OOFB8H*GO31H
O0OF8H%0032H
OQFSH*OO33H
QOFEHX0034H
O0FB8H%¥0030H

OOF8H%0031H



RAi.
SJO10XFOCH 7EH O1H
[ ATR VIR IT3)

OO0 LS FRHL R O
i L
A S R c
aoblvl FCH FCH%x0O0H
JMNZ 1FEH

0101 FCH FCH OOH_

Flisid R

.0LCl FCH FCH QOH
Lhiia FFH

SIOLIANH FCH OOH
Iv #
£0000%01H FCH OOH
ST FIRAH

G0 01l FCH OOH
catL CH
REFFER AT CH=DIV

D Cr. ¥

CY75F A R c
0600 O1H FCH OOH

G.

0000 O1H FCH OOH
ICR A

¥0101%400H FCH OOH
JZ 49H

0101l OOH FCH OOH
FOFR R '

0101 OOH FCH OOH
MOV LR

G101 OOH FCH OOH
RET

D101 OOH FCH OOH
DCR A
2001 LKFFH
JZ 49H
0011 FFH FCH OOH
FOF W

0011 FFH%735H OOH
MOV HER
CYZSF A B Cc
0011 FFH 73H OOH
RET
HLT CYCLE 1835

FCH OCH

DM OF4AH T OFCH.,

O0F4aH 42H OOH OOH

OCH
QCH

It
ocH

OCH

OCH

OCH
OCH

OCH

OCH

OCH
OCH
OCH
OCH
OCH
OCH
OCH
OCH
OCH

]
OCH

FCH

08H

0EH

03H
08H
08H
O8H
o8

O8H

08H

O8H

08H

o8H

.08H

08H
08H
03H
08H
O8H

E

OOH

OOH

COH

OGH

OO0H.

00OH
QOH

O0H

OOH

O0H
O0H
O0H

OOH

OOHXFCHXOOFCH OOFSHXQO0AEH

40H
40H
L
40H
40H
40K
AOH
40H

40H

40H

40H
40H
40H

40H

0040H OOFBHXQ0G32H
0040H OOFBHX0033H

HL. SF FC
0040l COF8HXGO3AH

0040H OOFBHX0037H

O00A0HXO0OF SHXOO3EH

0040H OOF&HXOO3RIEI,

0040H OOF&6HX003CH

0040H QOF&HXOO03FH

HL SF FC
00A0HXOOF AHX000CH

0040HXOOF SHXO0042H
0040H COF&6HX0043H
0040H OOF&H¥*0049H

00A0HXO0OF8HX004AH

O0H FCH OOFCHXQOFAHX0042H

OOH FCH OOFCH OOFAHX0043H

OOH FCH OOFCH OOFAH%0044H

00N FCH OOFCHXQOFCH%Q047H

H

L

HL ‘sP PC

O08HX75H FCHX7S5FCH OOFCH%0048H

42H OOH 00H 7SH ORH

{©
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APUNTES CURSO MICROPROCESADORES.
Resumeq.

Se trata detalladamente algunos de los programas que
sirven de rxespaldo o apoyo en el desarrollo de sistemas integrados con
micruprocesadores, entre los cuales estin los simuladores y los ensam-

bladores.

La utilizacidn de estos programas es cada vez mas
comidn lo gue implica la necesidad (por parte tanto cdel usuario del
sistema como del disenador de este) de conocer su funcionamiento y la

manera de implémentarlo.
I. Simulador.

Un simulador es un "programa" gque emula, imita o rea-
liza las actividades de un sistema, tal y como en la prictica serian

llevados al cabo por este {iltimo.

El programa simulador en lo general corre o es ejecu-

tado en una computadora para emular a otra que puede o no existir fisi-

camente.

Con el fin de facilitar la exposicidn de este tema
partciremos de algunas cuestiones que surgen en la pr3ctica y que tarde

O temprano nos haremos como usuarios.



f.1) <(Cudndo se requiere utilizar un simulador?

’

.  En la mavoria de los casos la necesidad de utiiizar
un simulador surge entre ios reguerimientos de desarrollo de un pro-
yecto especifico, por ejemplo: cuando deba evaluarse la capacidad de
un mic}o—mini 0 macro sisvema para rvesolver las necesidades de la apli-
;a0ldn, pudiendo una vez realizada la simulacidn seleccionar una u otra

maquina de las propuestas como candidatos o bien verificar los requeri-

micntos de memoria de cada sistema, longitud de cddigo necesario, etc.

La finalidad como sqlta a la vista es ahorar posibles
fracasos en la compra de un computador, asegurando lo mas formalmente
posible que aquel gue resulte seleccionado resolverd la problematica de
la aplicacién en forma 6ptima. Este ahorro incluye la parte econdmica

de la realizacidn del proyecto.

I.2) (Es conveniente comprarlo o hacerlo?

El costo inherente de estos programas en el mercade
es elevado, es claro gue algunas veces por razones de tiempo serd nece-
sario adquirirlos pero siempre y cuando el sistema a utilizar haya sido
"vya" seleccionado, (no debemos olvidar que para cada sistema candidato
hay que tener un simulador); por otro lado, el realizar los programas
tiene un costo que depende en gran parte de la eficiencia y conocimien-~
tos de los programadores, en la misma forma podra decirée del tiempo

de realizacidén. Sin embargo, en muchos casos resultard mas practico.
: . . -
No hay que clvidar que éstos programas necesitaran
1 .
l
|
!



ser probados, (realizados) y ejecutados en alglin sistema; por ejemplo,
en una mini 0 macro-computadora lo cual incrementa el costo de realiza-

cién,

i.3) ¢éQué conocimientos se requieren para realizarlo?

Haciamos notar que lé necesidad de utilizar un simu-
ladpr depende en la mayoria de los casos de la aélicacién y ésta nos
daria un punto de partida para evaluar cuales sistemas podrian satisfa-
cer nuestras necesidades. Por esta razén, se proponen los siguientes

l .
pasos a sequlr:

I.3.1) Conocimiento de nuestra aplicacidn.
I.3.2) Conocimiento de la arquitectura de los siste-

mas propuestos.

En cuanto a:
a) Nimero de instrucciones.
b) Nimero de registros.
c) Namero de banderas.
d) Numero de puertos.
e) Funcionamiento del program counter, unidad arit-

mética y stack.

I.3.3) Seleccidn del sistema mids apropiado.
1.3.4) Seleccidn de la miguina en donde se va a =i~

mular el sistema escogido.



1.3.5) Seleccidn del lenguaje de programacidn.

1.3.6) Estructura del programa simulador.

T.3.7) Determinar las variables y constantes del sis-

tema por simular,

I.3.8) Elaborar un cargador.

1.3,9) Programar.
I.3.10) Probar.

I.3.11) Desarrollar el progréma de nuestra aplicacidn.
1,3.12) Simularlo.
I.3,13) Adguirir o deshéchar el sistema propuesto.
I.3.,14) Implantar el programa simulado de nuestra apli-

cacidn en el sistema fisico adquirido.

I.4) Deéarrolloy

El conocer la arquitectura de varios sistemas (I.3.2)
es cosa sencilla si se tienen los elementos necesarios para poder eva-
luarlos; ej.: manuales, diagramas, etc. Realmente son pecas las ca-
racteristicas a comparar entre sistemas; por ejemblo, sus costos, ve-~
locidad, nimero de polarizaciones, sistema minimo, facilidades de entra-
da/salida, etc. Sin embargo, para la sihulacién estos datos no son ce
interés, bastar3 con conocer los elementos internos del mismo (I.3.2)
pudiendo-de aqui seleccionar el mis épropiado (I.3.3) en cuanto a faci-
lidades. Por otro lado, serd de gran importancia conocer el nimero de
instrucciones y formatos de &stas, la longitud de palabra y el manejo
del program counter y el stack pointer si lo tiene. BAdemis de compren-
der lo mids completamente pdsible la interaccidn entre registros, bande-

ras y unidades del "sistema.



Otro tipo de evaluacidn (I.3.4) debe realizarse al
escoger la miquina en donde se llevard a cabo la programacifn del pro-

grama simulador,

Con el fin de referirnos a un caso real, plantearemos

el sigquiente ejemplo.

En el Instituto de Investigaeién en Matemdticas
Aplicadas y en Sistemas, nos proponemos a realizar un simulador para
un sistema 8080 de Intel, Po&emos utilizar el Sistema B6700 o un sis-
tema PDP 11/10. Teniendo ambos sistemas a nuestra disposisicidn, de-
beremos escoger aquel en que nos cueste menos trabajo realizar el pro-
grama tomando en consideracidn para esto los lenguajes de programacidn
de cada sistema, los pasos necesarios para escribirlo y verificarlo y

el tipo de salidas de este,

El sistema PDP 11/10 nos brinda la posibilidad de
(X.3.5) utilizar FORTRAN o ENSAMBLADOR, el sistema B6700 incluye ALGOL,
FORTRAN, COBOL, BASIC, etc. dentro de sus lenguajes. ia cantidad de
memoria es suficiente en ambos sistemas. Entonces, <dcudl deberemos
utilizar? En este caso especial simplemente escogeremos el que mejor
nos acomode o conzcamos. Sin embargo, la cantidad de memoria y las
facilidades del computador a usar pueden ser determinantes en esta se-
leccidén. Por ejemplo: El sistema B6700 serd el escogido por tener
el superlenguaje ALGOL, ya que este me permite realizar la simulacidn
en forma sencilla sobre todo debido a su facilidad de acceso a cada bit

de la palabra de B6700 independientemente, cosa que, por otro lado, en



"ORTRAN no existe,

Entrando en materia (I.3.6) sabemos que la longitud de
nalabra de un microsistema es actualmente de 8 6 16 bits serd necesa-
rio entonces para facilitar la simulacidn escoger un sistema que tenga
una palabra igual o miltiplo de esta longitud. El sistema de B6700 tie-
ne 48 bits al servicic del usuario; es decir, para un microsistema de
8 bits en tan solo 1 palabra B6700 cabrian 6 instrucciones de formato

gy

unitario {instrucciones de 8bits).

‘La estructura del Programa Simulador es bastante sen-
cilla si conocemos la forma como cada instruccidn es adquirida de memo-
ria y llevada a la unidad de contrcl, decodificada y ejecutada por el

sistema a simular.

Esto es el ciclo de fetch y el ciclo de ejecucidn nos
‘indicardn como debe funcionar el programa simulador y de hecho las ruti-
nas, procedures, o subrutinas de las cuales debe constar. Ademds el
manejo del apuntador de Programa o program counter decidiri paso a paso
que instruccidn serd la sicuiente a ejecutar.

Con 155 conocimientos anteriores serid sencillo deter-
minar cuales serxdn las variables de nuestro programa y cual el tipo de
estas, Por ejemplos En el sistema 8080‘se tienen los registros RA,

RB, RC, RD, RE, RH, RL, PCy SP, pudiendo referirnos a ellos por pares:

RBX, RDX, RHX, PSW

(r8 & RQ) (RDIZ: RE)(RI\{Q & RL)Z;&\ BAN)



si1endo este Gltimo la concatenacién de RA y las Banderas BZ, BP, BS y
N\
bV OVERFLOW ZERO SIGNO

1 3 PARIDAD

* una memoria constituida por RAM ¥ ROM de una cierta capacidad; por

ejemplo, 16 K.

Teniendo en cuenta lo anterior, el programa comenza-~
ria definiendo:
BEéIN
ARRAY M [0:2730] ;
ARRAY REG[0:7];
INTEGER BAN, SP, PC, INSTR ; % INSTRUCCION
DEFINE CAMPO = {7:87 #,
, RA = REG [7] . #,
RB = PEG [0] . #,
RC = REG (1] . #,
RD = REG {27 . #,
RE = REG [3] . #,
RH = REG | 4] . #,
RL = REG (5] . #,
BZ = BAN . {(6:1] #,
BP = BAN . [ 5:1]#,
E4:1]#,

BV = BAN . [3:1]#,

B5 = BAN

PCT

pC. [15:16]#,

SPT

sp. {15:16])%,



RHX = RH & RL#,
RDX = RD & RE¥,
RBX = RB & RCH,

PSW = RA. & BAN#;

e oo ¢ a e

MEM(X) = M { (X) DIV 6 ].L 47-(8 * ((X) MOD 6)): 8] #:

En donde esta ltima definicidn corresponde a la

manera como quedari simulada la memoria, es decir:

M[o] 1Byt O {Byt 1Byt 2 |Byt 3 |Byt 4 |Byt 5

M[1] |Byt 6 Byt 7

lLa estructura del programa es la siguiente:

ENTRADA

R,

DEFINICIONES REGISTROS
A PSW
B C
CASE DE . :
N D E
INSTRUCCTONES
L H 1,
SALIDA  SP
FETCH
pC
CARGADOR ~ T
\\\\\\n MEMORIA
SIMULADA

 MEMORIA BG6700




Dada esta estructura, analizaremos detalladamente cada una de sus par-

tes:

El cargador es un procedure o subrutina que permite
al usuario introducir en binario las instrucciones del programa a si-

mular para ser colocadas en la memoria simulada.

Cuando el usuario desee introducir la instruccidn
00101111 independientemente de lo que &sta represente, &l deberi es-
cribir en primer lugar un cero a continuacidn otro, luego un uno, luego

un cero, etc.,.hasta concluir.

Al introducir el primer cero la terminal envia el
cddigo ASCII correspondiente al cero siendo este: 00110000. El carga-
dor recibe este caricter y lo enmascara para leer finicamente el valaor
del bit menos significativo; es decir, el Gltimo de la derecha, el
cual corresponde al cero deseado. El1 cargador ahora toma este valor

y lo introduce como uno de los bits de la jnstruccidn como se muestra

en la siguiente figura:

M [o]}o

bit introducido

Palabra B6700

A continuacidn el usuario introduce el segundo cero
sucediendo algo andlogo a lo anterior con la diferencia que el bit ocu-

pado es ahora el siguiente:

M {0]jojo




En el caso del uno siguiente el cbddigo recibido co-

rresponde a 0011 0001.
.f,

Realizidndose la misma operacién finalmente se terminarid de introducir la

instruccidn, quedando:

M [ef{olot1jofr1]1in

) En esta forma, el cargador introducird el programa

del usnario a la memoria simulada deteniéndose hasta que el usuaric se

lo indique con algfin cré&cter de control.

A continuacibn se forza el 1 ciclo de Fetch apuntande
la variable PC a la direccibn origen del programa; es decir, a la ler
instruccidn del programa del usuario introducida y ésta se introduce en
la variable INSTR. 7:8 , es decir:

INSTR.[7:8 ] = MEM (PC);

Al actualizar la instruccidn pararemos a decodificarla; es deéir, rea-

lizaremcs la misma actividad gue harfa la unidad de control del sistema.

Con este fin, se usa un CASE de instrucciones.

El CASE de instrucciones es un decodificador, el cual
direcciona a la rutina necesaria dependiendo de los campos de la instru-
ccidn, por ejemplo:

Supongamos la instruccidn MOV A, B para el contenido

del registro B al registro A. Su cbdigo seria:

01111000
- a g Smnngy i s

oy registro B
32; registro A -

c6digo de operacidn



Observando macroscSpicamente el programa simulador,
se tendria: \
case insT.[7:27] oF
BEGIN
00: )
01s R [iNST. Us:3) : = r [omst. (2:31] -

10: -

END;

Lo gue equivale a RA: = RBj

En forma anfloga cada instruccidn estard caracteri-
zada por su c8digo de operacién y estos cddigos formardn una familia

facilmente distinguible.

La simulacidn en este caso se realiza a nivel ins-
truccién, habrd sin embargo simuladores que sean a nivel circuito o com-

puertas o a nivel unidades,

'

I.5., Salidas del Simulador.

Un simulador puede incluir la emulacidn de puertos
de entrada/salida para operaciones como IN & OUT del sistema 8080; para
realizarlas deberdn usarse las declaraciones de Read y Write del lengua-

je escogido pudiendo de esta manera tener varios puertos simulados.

Habiendo analizado el disenc del simulador, podremds

plantear ficilmente cuales serian los requerimientos de salida o bien



que tipo de resultados debe entregarnos. Si lo que nos interesa es
obsetvar el desarrollo del programa simulado a nivel registros/banderas,
el programa a cada cambio de una variable deberi escribir el status del
sistema indicando cual o cuales registros/banderas han sido transforma-
dos. De ma misma manera, lo anterior seri vidlido, para PC y memcria.
Ctras de las posibles salidas de interés puede referirse al tiempo gas-
tadorpor cada instruccibn dando la suma en microsegundos, a partir de

los ciclos de cada mAquina para cada una de ellas.

)
=
&
=
H-
o}

I.6., Interaccién del u

La interaccidn del usuario con ellsimulador es de
gran importancia, ya que mientras mids sencilla sea, el usuério podra
efectuar cualquiera de sus requerimientos, Por ejemplo:

a) Cambiar contenidos de registros)banderas/memoria.

b) Desplegar el status del sistema.

¢) Utilizar diversas bases numé@ricas para marcar

sus datos,
.d) Producir interrupciones por ciclos,

e). Permitir o inhibir interrupciones.

g) Intercalar instrucciones.

h) Conocer el tiempo de proceso.

1) Desplegar contenidos de memoria programas o datos.

j) Referirse a etiquetas o variables por su nombre

simbdlico.



MOV A,B Ot iI000

Una vez concluido el simulador éalta a la vista que
el simular un pregrama utilizando finicamente el cargador presenta los
siguientes problemas:

a) E1 usuario n& estd libre de eéuivocar un 0 por
un 1 & un 1 por un 0; ;i el programa es largo
la probabilidad de error es grande.

b) Resulta muy tardada la p:ogramacién en esta
forma.

c) BEs dificil verificar errores.

Por estas razones surge la necesidad de emplear un

programa ensamblador.
II. Ensamblador.

El programa ensamblador correr& a su vez en la mis-
ma miquina B6700, teniendo como finalidad principal producir a partir
de los mnemdnicos de las instrucciones, el cddige correspondiente a

estas, facilitando al mismo tiempo la decoeificacidén de etiquetas.

En la figura siguiente se muestra la interaccién

entre simulador y ensamblador:

—

MOV.B.C > | ENSAM. > j SIMUL.




III. El 8imulador INTERP/80..

Dentro de los programas de auxiliares en el desa-
rrollo de programas de aplicacidn para el sistema 8080 de Intel, se
cuenta con el simulador INTERP/80. Durante esta platica se tratarad el

programa para €l Sistema 8080,

) El desarrcllo de un programa de aplicacidn se rea-
liza generalmente utilizando un programa ensamblador o un compilador.
En el ler caso, los mnemdnicos de cada instruccidn son el lenguaje de
programacidn.

Los requerimientos para la elabecracidn de un pro-

grama son los siguientes:

a) Conocer los mnemdnicos del sistema/8080.

b) Realizar un diagrama de flujo del programa.

c) Codificarlp»en papel,

d) Utilizando el editor del sistema {en nuestro
caso cande de B&700). Introducir a un archivo
los mnemdnicos generados.

e} Ejecutar el epsamblador del lenguaje (en nues-
tro caso Assembler/8080).

f} Generar un archivo con el cddigo de miguina
ensamblado.

g) Ejecutar el simuiador.

h) Monitorear el programa.

i) Generar del programa correcto una cinta con el

c8digo de miquina.

.



j} Introducir este al ROM en donde quedari residente.

k) Colocarlo en el sisﬁema /8080,

. Descripcidn del proceso:

E
MOV A,B
Mvi C,l0
Lxl H,3
Moy M,A
usuario
ASSEMBLER
F 21
NSAMBLA
N

Y

INTERP / 80

|

Resultados
de la

simulacion




.

Fn la siguiente figura se contempla una sesidn

de cande {command & edit) del sictema B6700, especificando paso a paso

los mensajes que durante la practica se deberén generar. Con + se indica

lo que el sistema genera. Con * lo que el usuario introduce siempre

terminadc por + carryreturn.

A continuacién se indican los posibles controles

del simuledor vy del ensamblador;:

PR

ﬁ \ Cwcuito por probar
T 55

&7
Sisterna por/>{\~0 OO \\

emuiar N\ y
N
/ N
A ofras

tarjetas



En la siguiente seccifn incluiremos una sesién com-

pleta de trabajo coen el INTERP/80. <
Paso &,

Coloque su clave en el teletipo en la siguiente formg:
o : {/W carry return

* MR85/BOMBON

-+ SESSION # 4080: YOU ARE TTY#
* MAKE MX/PROGRAMA DATA : SEQ }
. - WORKFILE MI/PROGRAMA

> 100 ® MOV A, B |}

+ 200 * MVI A, 3}

+ 300 * LXI H, 10}

+ 400 ¢ END |

+ 500

- #

% SAVE]

-+ WORKFILE MI/PROGRAMA SAVED



PloioReaitns IE FOrs™L 0

10000
10001
10002
10003
10004
10005
10004
10007
100608
10009
T00610
10011
10012
10013
10014
10015
10G16
10017
F0018
10019
10020
10021
LOG22
10023
10024
10025
10026
10627
10628
10029
10030
10031
10632
TONI3
10034
10035
10038
10037
STV
10035
IR )

F)

SHLFT

REGUL

LY

L

EX Y

L I A

~ORSY
LXI
AF
(¥t
STH
CALL
HLT
(R4
FKFQ
dF
MOV
MOy
nEAa
111
RAR
MOy
MOV
RAR
[RINLY)
‘RA
Moy
MUT
MO
CHF
IRIY)
SRE
JC
Moy
MOV
SR
eIy
Lids
SIC
NIl
Tian
Ok
MOV
RAL
MOV
neR
JNZ

MIVISTON

NU OFFH

SFOFEH
[}

FCRSY

DIV

A

ETC
Hs B
L.»C

<
He

ey
ArE

Esé
#
By &
C#8
Al
=
HrH
It
SHLFT
s &
Gyl
E
lLedk

" H

KESUL

H
A FRSTE
“s R

RN

t.
COMF

REGUHRS IV IDADR

“



HOA 2 CONTINUA o0y

10041 RECUR ! TFUSH E
10042 LTS RCRESY
10043 INK A
10044 STA KCRSV
160435 CALL nIv
10046 BCR A
10047 JZz - L2
10048 1 ¢ FOF K
16049 MOV HsR
150%0 RET

10051 L2 +  FOF E
10052 MOV LeR
13053 RET

100354 END

10055 END

4



h

Faka ENSAMBLAR FL PROGRAMS DE EJECARLO ES BECLSARICG INTRODUC IR LA SIGUILNTE
TRHIFUCCION ¢

E ALDERRLERZR08BC ¢ FILE FTLE?O&MHXHEFSIZE=14wELUEH5}ZEﬂ4QU9FITLE=UIUINEU)rF{LE?l(TITLElMIO)

Z A L0 CUAL LA COMPUTATIORA CONTESTA @

FRUNHING 94984
E7P

OO HMALRO AVSEMEIER: VER 2.0

Z AST TEMEMOS Ya& CONTROL SOBRE EL STSTEMA Y HASTARA IRTRODUCIR L.0S SIGUILCNTES
“ CONTROLES

$1=2 $T=1 &M=}

A ALG QUE EL SI1STEMA RESFONDE

EEGTRN




B3080 MACRO ASSEMRILERY

O0FF
Q000
A003
0004
VI N
0008
QOOR
OO0
GOOn
SO0F

G011

Q042

INTOR A
0014
DOLS
D016
0017
0018
o001y
0o0I1A
GOLR
0010
Q01E
OO1F
G020
0o
Q02
0025
0026
0027
0028
OO0
OO0
QO2R
CD02E
QO
QO30
0031
QOS2
0033
0034
Q037
QO3
O03Ek
003C
QO3
Q042
Q0GR
DL &
O0a7z
0048

31FEQO
AF

2F
32FFO00
Cnoceo
76

B7

EO
F2LA0O
60

659

k7

7A

iF

u7

7H

1F

SF

AF

47
OE08
70

RE

7C

24
DAZEOO
&7

7D

73

&F

29

37
£C33000
29

R7

78

17

47

on
C21FE00

'.., o

R}
3AFFO0
aC
32FFO00
cnocoo
3n
£A4900
Cl
40
Ce

VER

”~

QQU

DIQ

ETC

COMF

SHLFT

RESUL.

RECUR

ERRORS = O FPAGE 1

Ll
*

£ XY

23

.o

.o

..

RCRSV
LXI
XRa
CHi
STA
CAalLL
HILT
NRA
RFO
JF
MOV
MOV
ORA
MOV
RAR
MOV
MOV
KAR
MOV
XRA
MOV
MUT
MOV
CMF
MOV
SEE
JC
MOV
MOV
SuR
MOV
LAl
ST
JME
nan
OFRA
MOV
RaL
MOV
LCR
JNZ
FUSH
LIA
INR
8TA
Al
NneR
JZ
FOF
MOV
KET

EQU OFFH
SF » OFEH
A

RCRSV
v

A

ETC
He B
LoD
A

Al

A
AYE

EvsA
2]
EByA
Cs8
Ayl
E
AsH
n
SHLFT
HsA
Ayl
E
(Y]
H

RESUL

H

A FRGTC
Ae R

BsA

c
COMF
k
KCRSV
A
RCRSV
Y

A

)
o

R
He B




8080 MACKO ALSEMRBLERy VER 2.0

0049 Gl .2
0044 68
04K Ce

Wil PROGRAM ERRDRS

#3830 MAURO aSSEMRLER, VER 2.0

# Ot

A 007 R 0000
fl G022 Lty ¢GOocC
H w064 -l C00L
r 2GO& HGW G064
Feiv Gt (0 X0 SHEFT Q02

PET-4:0%,0 FT=13.3 T0=1.5

EREO

o

FI

M
R
E

ERRO

TARLE

RS

aF
ov
ET
NI

RG =

C
E
.1
RCRSY
SF

0 FAGE

l.s B

O PAGE

COO01
COO3
Q046
GOFF
05GAh

2

~y
R ]

W

COMF
ET0
L2
RECUR

VIORIFN
TGLA
Oyd?
OG37

A



“A CONTINUACION SIMULAMOS EL PROGRAMA USANDNO EL INTERF/80

E INTERF/80 5 FILE FILE21(TITLE=MID)
FRUNNING 9613

27
INTERF/8C VERS 1.0

%4 CONTINUACION INTRODUCIMOS EL CONTROL DE CARGA $F ¥ LOAR 7 7.
$F

LOAD 7 7.

“A 1O QUE EL SISTEMA RESFONDE

76 LOAD OK

“i CUNTINUACTON‘ VEAMOS QUE HAY EN MEMORIA DEL. SIMULADOR
OMO TO 76,

AZY EL SISTEMA NOS MUSTRA LOS CONTENTLROS

00000 049 254 000 175 047 000 2G5 000 205 012 000 118 183 224 242 024
GOGTA OG0 O%6 10T 183 L22 031 087 123 031 093 1795 071 014 004 125 187
CQOTD 124 104 218 G4 000 103 125 147 111 041 059 1905 048 000 041 183
OO0a 120 023 G671 013 124 2830 000 197 058 255 000 040 050 2UuG 000 2200
Q03N 012 GO0 081 202 073 400 193 094 201 193 LG4 201 D00



ATAMBY
200 NUESTIR

nMo

0000
DOGH?
DD a
0021
00024
COGH™
IR
OGN
INTeY N
DO0AZ

e 7

H

20 BTE

M0

3000
(FTOTV R I
QOD3AY
0048
VIVIV YY)

EN SERTA CONVENTENTE
N FROGR&MA

TG 76 C,

I XT

QOO
AP

RIS
MUt

G40
arG
Fréul.
L0
BETI
IR

oOEN Hi XADECDHAL,

0 76 H.

J1H
OOH
S0
FEH

CiTH

RO OTKO

I+ ZFU.

CYZeH

A

’ t

SF

C

R

FFH
SH50H
7 aH
L/
GOH

(RN}

3]

254
Cl
024
Moy
08
[$187¢)

S

MDY

FARW W

o112
MO

OOH
GPH
[
4714

T
ATt

QUE

c

L.

e

BA

HE

AFH
B7H
2FH
Qi
ik

HAY EN

I

CON

OO0
013
QGO
MO
MOy
Moy
048
i
AIVIE:
GOO
RFTY

TENEMGS

Ak
Al

H#A

JFH 32H
7aH 1FH
O0H &7H
C3OH TEH
A%H OOH

- E

LOS

MOSTRAR FL
ESTE FIN

XR&
000
MOy
Rak
CiHF
MDY
000
JNZ
TMK
NCkR
POk

e

i

A

H

MNEMONTICO TE

SAMOS 3

CHMA

HLLT . -

B MOy
MY
M

Lo SUE K
H

D
030
85TA
J7

My

FFH 00H ChOH OCH
57H JERH O1FH SEH
70H 93H &FH 29H
OO0k CS5H ZAH FFH

C1H &40H

CyH ClH

1.C
A
ik

LE

OOH
AFH
37H
OOH
SOH

CATlN

5TA

R &
I
XERA
ShG
MO
O a
GOO

2o

073
RET

7 6H
47H

C3H

e
L2

REGTSTROS DEL SISTEMA 7

L. H

L.

F

, P
L0000A0GOXO00KOGOXO00K00OX00DKODOXO0000X00000KI0V00

A
H

A

't)
I

LA

B7H
OF
30H
S

OGH

INSTRUCCION

T En
255

0
MDYV AT
MOV B
J6
S T-3 AT
MOV AR
FUSH I
OO0
OGO
H0F

EOH F2H 1AH
O8H 7hH REH
OOH 2%H R
FEH OO0H I

ZaUN NATIA YA QUE TODAUTA NO INTCIAMOS LA CORRTUA DEL FPROGRAMAs FARA
(i TRACE .

WAL

FUNCTONAR

FROEMOS

FETTR



TRACE © TO 76 .

ZA L0 GE FIL. SISTEMA RESFONDE

TRACE NK

ZFIDAMOS O CTCLOS Y ODERSERVEMOS ¢ CUANDO LE INDICAMOS QUE COMIENZE

CY‘ I:'OGO

CYCLE OK

GOOY GOG 000 000 000 000 V0O V00 GGOOO 000H0 OH000
LXT whk 2%4 .

GRG0 0G0 000 G000 G000 000 HG0 000 BO00OXOO2T4X00003
LAY .

V9101 GO0 000 000 000 000 O0O 000 00000 (O2H4X00004
CMany

QLOLX25S 000 000 000 Q000 060 000 00000 CO2TA4X00005
SThA 299

Q01 255 000 000 000 000 000 000 Q0000 0025400008
Chti. 12

CYCLE AT 12«07V

ACON 10 SNTERTOR HEMDS COMENZARO HA REALIZAR LA SIMULACTON Y
TENOLA MTSMa FORMA FODRENMOS SEGUIN HASTA Ei. FINAL
ZROVIFTQUEMOVS FRIMERAMENTE FLo CONTENIRO QOF ATGUNDS REGTSTROS
ZEOR FCTR Al sl QUE  HEL -~ 258 ¥  LRE = T772.

S H=1 o+ S L =2, 8D =3, §E = 4,

QET ON
SEY iR
[ob B il
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Emulador.

UIn emulador a diferencia de un simulador consiste de
una pieza de hardware y de un progrdma de aplicacidn. Actualmente, el
uso de emuladcres se ha diversificado y ya se encuentran en el mercado

emuladores comerciales.
Fupcionamiento.

Como indicamos, una pieza de hardware forma al sis-
htemé,' nsta por lo regular consiste de un socket gue reemplaza la pie-
za a emular, la finalidad de la emulacién puede ser:

a) La verificacién del funcionamiento de un siste-

ma ya armado.

b) La verificacidn o chequeo de uno o mias integra-

dos.

c¢) La verificacidn de un programa de aplicacidén.

En nuestro casc el emulador de un programa Se conecta

de la siguiente manera:



i

En €1 podremos en 1inea cbservar la actividad dei
circuitd paso a paso o bien contar las instrucciones que han transcu-

rrido o verificar su cédigo.

El modelo con el que se trabajard en clase "nc®
brinda todas las facilidades gue deberian esperarse de estos sistemas,
 yé que alguhos como el "LABISIS" permiten modificar el programa del
usuagio al encontrarse alguna falla o tambien leer la memoria y los

“contenidos de registros, banderas, etc,

' ¢Es conveniente contar con estos sistemas?

IR

‘.

Si se tiene un programa simulador puede rastrearse
el programa de aplicacibn; por otro lado, ya en el modelo fisico de
desarrollo puede habernos fallado alguna conexidn no fAcilmente detec-
table, o bien, ya trabajando en el campo del tiempo reezl puede haber
alcances o retardos indeseables que en el simulador son casi imposibles
de preveer. Sin embargo, el costo de estos sistema; es elevado y se

debera tener realmente necesidad de ellos para adquirirlos.
La practica a realizar en el curso consiste en emu-
lar el circuito integrado CPU 8080 perteneciente al sistema SDK, con

el programa monitor en su memoria ROM.

éQué actividad realiza la parte software de un emulador?

Podemos imaginarnos por un momento un sistema emu-

lador, que tipo de circuiteria interna tiene, si es capaz de emular a



un wmicroprocesador? Pues senclllamente tiene otro microprocesador, el
cunal interactuando con un programa de aplicacidén maneja los pins del

circuito emulado y comanda sus acciones o actividades paso a paso,

teni¢ndose .gracias a estc la posibilidad de deteccidn de fallas, etc.
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t#t**ﬁttii*ﬁ*ﬁ***tttkﬁ*it&**t**tiﬁﬁ***t*iti*iti*fi*tiﬁiﬁ*titi#t*t

PROGRAM: 8880A BOARD MONITOR

COPYRIGHT (C) 1975

INTEL CORPORATION

3065 BOWERS AVENUE

SANTA CLARA, CALIFORNIA 95051

2R EEI RIS XSRS RN ERNEERSANSE SRR EERESRE SRR ER R RS

Se NS Ne WE e we S0 VN we N N =

ABSTRACT

THIS PROGRAM RUNS ON THE 8880A BOARD AND IS DESIGNED TO PROVIDE
THE USER WITH A MINIMAL MONITOR. BY USING THIS PROGRAM,

THE USER CAN EXAMINE AND CHANGE MEMORY OR CPU REGISTERS, LOAD
A’ PROGRAM (IN ABSOLUTE HEX) INTO RAM, AND EXECUTE INSTRUCTIONS
ALREADY IN MEMORY. THE MONITOR ALSO PROVIDES THE USER WITH
ROUTINES FOR PERFORMING CONSOLE I/0.

NE %o w6 ws we N % we wE W g

PROGRAM ORGANIZATION —

THE LISTING IS ORGANIZED IN THE FOLLOWING WAY. FIRST THE COMMAND
RECOGNIZER, WHICH IS THE HIGHEST LEVEL ROUTINE "IN THE PROGRAM.
NEXT THE ROUTINES TO IMPLEMENT THE VARIOUS COMMANDS. FINALLY,
THE UTILITY ROUTINES WHICH ACTUALLY DO THE DIRTY WORK. WITHIN
EACH SECTION, THE ROUTINES ARE ORGANIZED IN ALPHABETICAL

ORDER, BY ENTRY POINT OF THE ROUTINE.

THIS PROGRAM EXPECTS TO RUN IN THE FIRST 1K OF ADDRESS SPACE.
IF, FOR SOME REASON, THE PROGRAM IS RE-ORG’ED, CARE SHOULD

BE TAKEN TO MAKE SURE THAT THE TRANSFER INSTRUCTIONS FOR RST 1
AND RST 7 ARE ADJUSTED APPROPRIATELY.

THE PROGRAM ALSO EXPECTS THAT RAM LOCATIONS 5K~-1 TO 5K-~-256,
INCLUSIVE, ARE RESERVED FOR THE PROGRAM’S OWN USE. THESE
LOCATIONS MAY BE ALTERED, HOWEVER, BY CHANGING THE EQU ED
SYMBOL "DATA" AS DESIRED.

LIST OF FUNCTIONS

N NE Ve WE me WE me %S NI %e mg Me BE e We N6 W WS Ne Me %4 N0 Ne %o %o we we
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ICiD
MCMD
SCHD
XCMD

BREAK
CI
CNVBN
Cco
CROUT
ECHO
ERROR
FRET
GETCH
GETHX
GETNHM
HILO
NMOUT
PRVAL
REGDS
RGADR
RSTTF
SRET
STHFO
STHLF
VALDG
VALDL

TE Ne SE mp e e Me ep Ne TA WE NS B NS WG WF NG MG WS w4 N6 B as U Ne e we w4 N6 w¢

G000 ORG gH

[ RS A EE R ERE R RN EEREEEREEEE R EEEERAEFEE LR FE SRR AR RN SRS E-E AN NENEEE S

MONITOR EQUATES

AARASAR YR A AR A S A AR A A A AR O A AT A T AN A I N A A A AR AN A AN AN AN S AN NN AR A AR RS

.8 mr we wr we s we be we

$0lb BRCHR EQU 1BK ; CODE FOR BREAK CHEARACTER (ESCAPE)

13KD BRLOC EQU 13FDH ; LOCATION OF USER BRANCH INSTRUCTION IN RAM
WIEA BRTAB EQU 3FAH ; LOCATION OF START OF BRANCH TABLE I ROHM
6927 CMD  EQU @27H ; COMMAND INSTRUCTIOW FOR USART INITIALIZATION
4prB CNCTL EQU @FBH ; CONSOLE (USART) CONTROL PORT

gorh CNIN EQU @FAH ; CONSOLE INPUT PCRT

GOFA CNOUT EQU @FAH ; CONSOLE OUTPUT PORT

0dFB CONST EQU @FBH ; CONSOLE STATUS INPUT PORT

800D CR EQU @DH ; CODE FOR CARRIAGE RETURN

1300 DATA EQU 5%1624~256 ; START OF MONITOR RAM USAGE

30 ' '
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0g18
000F
gorr
000A
0099

0aCF

gear
887F
13ED
02002
3038

0a18B
paol
BOFF

-

—

——

w8 ME ma e Ne NE NS e we N N6 me Ne w we

ESC EQU
HCHAR EQU
INVRT EQU
LFP EQU
LOWER EQU
; LSGNON

MODE EQU
s MSTAK

; NCMDS

NEWLN EQU
PRTY® EQU
REGS EQU
RBR EQU
RSTU EQU
; RTABS

TERM EQU
TRDY EQU
UPPER EQU

ERRCRS = 8 PAGE 3
1BH ; CODE FOR ESCAPE CHARACTER
OFH ; MASK TO SELECT LOWER HEX CHAR FROM BYTE
8FFH ; MASK TO INVERT HALF BYTE FLAG
0AH ;: CODE FOR LINE FEED
2 ; DENOTES LOWER HALF OF BYTE IN ICMD
EQU -— : LENGTH OF SIGNON MESSAGE -~ DEFINED LATER
8CFH ; MODE SET FOR USART INITIALIZATION .
EQU - ; START OF MONITOR STACK ~ DEFINED LATE
EQU —-——- ; NUMBER OF VALID COMMANDS
0FH ; MASK FOR CHECKING MEMORY ADDR DISPLAY
@7FH ; MASK TO CLEAR PARITY BIT FROM CONSOLE CHAR
DATA+255-18 ; START OF REGISTER SAVE AREA
2 ;3 MASK TO TEST RECEIVER STATUS
38H ; TRANSFER LOCATION FOR RST 7 INSTRUCTION
EQU —-——- ; SIZE OF ENTRY IN RTAB TABLE
1BH ; CODE FOR ICMD TERMINATING CHARACTER (ESCAPE)
1 ; MASK TO TEST TRANSMITTER STATUS
dFFH ; DENOTES UPPER HALF OF BYTE TN 1ICMD

I R R R R R R R R R S R R R R R R RS S R R R R IS SR EE SRS R ERERSES R EEES]

’
.
’
?

’
i
’
'
.
r

TRUE MACRO

FALSE MACRO

JNC
ENDM

INTERFACE.

WHERE
WHERE

WHERE
WHERE

MON

.
¢

.
’

USA

ITOR MACROS

IR R E R R FEEEEE R FEFFEREESERRRESRSENEE R RS RERREENENES S R AR RS

BRANCH IF FUNCTION RETURNS TRUE (SUCCESS)

BRANCH IF FUNCTION RETURNS FALSE (FAILURE)

KR A R R R AR R R R R R A AN RN NN A AR R A AR AR R AR A A AR A AR AR AANAN R RAR MR AT RANARR A AN

RT INITIALIZATION CODE

RAAXERNANKR AR AR AR R A A NR A S R R A AR AR AN b a kA kA A kA danakhkAn s A kAt hkkak kA ik

THE USART IS ASSUMED TO COME UP IN THE RESET POSITION {(THIS
FUNCTION IS TAKEN CARE OF BY THE HARDWARE). THE USART WILL
BE INITIALIZED IN THE SAME WAY FOR EITHER A TTY OR CRT

THE FOLLOWING PARAMETERS ARE USED:

N



808% MACRO ASSEMBLER, VER 2.3 ERRORS =

3403
didd2
8444
wou6

0088
gous
004
29d8C
QadF
ge12
9913
#4916
8019
UdlA
suis
¥e1cC

IECF
D3FH
3827
[RRE

22F313
El

22F513
210600
39

22F713
21F313

. =

We We Mp Wo ma %8 G4 ke N6 we ws Ne N P wE v

C) 98 e me St wr Se we e we we

R S T,

8 PAGE 4

MODE INSTRUCTION

2 STOP BITS

PARITY DISABLED
8 BIT CHARACTERS
BAUD RATE FACTOR OF 64

COMMAND INSTRUC

NO HUNT MODE

TION

NOT(RTS) FORCED TO &

RECEIVE ENABLED

DATA TERMINAL READY

TRANSMIT ENABLE
MV X A ,MODE
our CNCTL
MVI A ,CMD
auT CNCTL

I E2 R AR RS EERES SRR RS

22 R A REEREE RN SRR R RN

O:
SHLD LSAVE
POP H
SHLD PSAVE
LXI H,0
DAD Sp
SHLD SSAVE
LXI H,ASAVE+
SPHL
PUSH PSW
PUSH B
PUSH D

b

: CUTPUT MODE SET TO USART

; CUTPUT COMMAND WORD TO USART

TR P ESEEETESSE R RS R R EE S A A R LA EREREREERNSS

RESTART ENTRY POINT

X R R R R R R R R X2 SRR RS R R R RS ER SRR ERERN

GET TOP OF STACK ENTRY
ASSUME THIS IS LAST P COUNTER

; SAVE HL REGISTERSS

; CLEAR HL
: GET STACK POINTER
: SAVE USER’S STACK
1 ; NEW VALUE
: SET MONITOR STACK
; SAVE A AND FLAGS
: SAVE B AND C

: SAVE D AND E

VALUE

POINTER

FOR STACK POINTER
POINTER FOR REG SAVE

I ZF3 RN EZEERREESEREEAEREESSNEESE RS ER LSS SRS FEESRSRERE-EERE]

PRINT SIGNON MESSAGE

32
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801D
2920
0022
0922
0223
0026
0827
9028

2028
0e28
BO2E
0a2F
0831
8034

0038
0038

0038
0038
003E
0041
0042
0045

219D83
@60E

21ED13
F9
QE2E
CDF401
C33B0@

C3FD13

CDlBO2
CDF401
79

010600
218993

PAGE 5

BEAEEEEEESEEEIZEERSEEEEEEFEEEREARERESAS SRR R R R R R R R R LSS N

- we =

MSGL:

LXI
MVI

MOV
CALL
INX
DCR
JNZ

H,SGNON

B, LSGNON

Cc.,M
co

H

B
MSGL

’

e St we we W

GET ADDRESS OF SIGNON MESSAGE
: COUNTER FOR CHARACTERS IN MESSAGE

FETCH' NEXT CHAR TO C REG

SEND IT TO THE CONSOLE

POINT TO NEXT CHARACTER

DECREMENT BYTE COUNTER

RETURN FOR NEXT CHARACTER

REEEES LRSS EEZERE SRS E SR RYERRASRARS RS R R RS AR RARRRRRRER R R R R SRR

COMMAND RECOGNIZING ROUTINE

AR EEE RS RIS R EEEEERREERERERREE A SRR RERESRRRRERRR R R R RN RN

FUNCTION: GETCM
INPUTS:
OUTPUTS:

NONE
NONE

GETCH, ECHO, ERROR

DESTROYS: A,B,C,H,L,F/F’S

DESCRIPTION: GETCM RECEIVES AN INPUT CHARACTER FROM THE USER

AND ATTEMPTS TO LOCATE THIS CHARACTER IN ITS COMMAND
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 CHARACTER
DOES NOT MATCH ANY ENTRIES, CONTROL IS PASSED TO

THE ERROR HANDLER. ‘

ETCM:

GTCO3:

i
i
’
i
;
H
H
H
;
H
;
; CALLS:
;
d
i
’
’
G

LXI
SPHL
MVI
CALL
JMP

ORG
JMp

CALL
CALL
MOV
LXI
LXI

H,MSTAK

c,’.”
ECHO
GTCO3

RSTU
USRBR

GETCH
ECHO
A,C
B,NCMDS
H,CTAB

. =, s we 5 mp we

ws we %8 we =g

ALWAYS WANT TO RESET STACK PTR TO MONITOR
/STARTING VALUE SO ROUTINES NEEDN T CLEAN UP
PROMPT CHARACTER TO C

SEND PROMPT CHARACTER TO USER TERMINAL

WANT TO LEAVE ROOM FOR RST BRANCH

ORG TO RST TRANSFER LOCATION
JUMP TO USER BRANCH LOCATION

GET COMMAND CHARACTER TO A

ECHO CHARACTER TO USER

PUT COMMAND. CHARACTER INTO ACCUMULATOR
C CONTAINS LOOP AND INDEX COUNT

HL POINTS INTO COMMAND TABLE

33
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8846
8048
2849
064<
0940
Co4E
8us1
8054
8a54

pa57
Q858
8959
BOSA
ggsn
vos5C
GaaAsD

edse
QbSt
060
U¥o3
Ho64
puesS
vd65
Ad6s
6069
_8d6C
YO6D
0879
gg710
8072
go7s5
ge s

21AB0O3

69
a9
7E
23
66
6F
E9

HEad2
Cns792
Dl

El

CDEEB]

CDC302

0E20
CDF4B1
7€
cDC302

GTC85:
CHP M : COMPARE TABLE ENTRY AND CHARACTER
Jz GTCl4e ; BRANCH IF EQUAL - COMMAND RECOGNIZED
INX H ; ELSE, INCREMENT TABLE POINTER
DCR c ; DECREMENT LOOP COUNT
JN2Z GTCO5 ; BRANCH IF NOT AT TABLE END
JMP ERROR ; ELSE, COMMAND CHARACTER IS ILLEGAL
GTCl8:
LXI H,CADR ; IF GOOD COMMAND, LOAD ADDRESS OF TABLE
; /OF COMMAND ROUTINE ADDRESSES
DAD B 5 ADD WHAT IS LEFT OF LOOP COUNT
DAD B ; ADD AGAIN - EACH ENTRY IN CADR IS 2 BYTES LONG
MoV A,M : GET LSP OF ADDRESS OF TABLE ENTRY TO A
INX H ; POINT TO NEXT BYTE IN TABLE
#HOV H,M ; GET MSp OF ADDRESS OF TABLE ENTRY TO H
MOV L,A ; BUT LSP OF ADDRESS OF TABLE ENTRY INTO L
PCHL ; NEXT INSTRUCTION COMES FROM COMMAND ROUTINE
H
;*t*ﬂttﬁﬁltﬁwt&*#htaéﬂ‘«ﬁi:*‘uﬁfxtznwkﬁﬁﬁeﬂtttﬂ*itﬁﬂt‘kiaﬁantttﬁtltttthtiititt
; COMMARD IMPLEMENTING ROUTINES
;tttntt*tﬁﬁiiti***t‘kﬁﬁtﬁﬁttﬁ?ntt#ttﬁtt*tt'ttitﬁﬂtﬁ*tﬁ*tttttt.tiitt*ti~t
; FUNCTION: DCMD
; INPUTS: NONE
; OUTPUTS: NONE
; CALLS: ECHO,NMOUT,HILO,GETCH,CROUT,GETNM
; DESTROYS: A,B,C,D,E,H,L,F/F’S
;: DESCRIPTION: DCMD IMPLEMENTS THE DISPLAY MEMORY (D) COMMAND
DCMD:
MV1I C,2 ; GET 2 NUMBERS 'FROM INPUT STREAM
CALL GETNM
POP D ; ENDING ADDRESS TO DE
POP H ; STARTING ADDRESS TO HL
DCMBS
CALL CROUT ; ECHO CARRIAGE RETURN/LINE FEED
MOV A,H ; DISPLAY ADDRESS OF FIRST LOCATION IN LINE
CALL NMOUT
MOV A,L ; ADDRESS IS 2 BYTES LONG
CALL NMOUT
DCM16:
MVI c,” ’

CALL ECHO ; USE BLANK AS SEPARATOR
MOV A,M ; GET CONTENTS OF NEXT MEMORY LOCATION
CALL NMOUT ; DISPLAY CONTENTS

g
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8879

1
287C 1
BOT7F

1
9882 1
2085
2085
2288
2088.
eess
988C
088D

D0O8F
8892

0895
2095

0098 1
2098
809C
PB9E
00Al
69A4
BOAS
00n6
00A7
PBAA
0QAA
00AB
00AD
20BY
oeBo

CDBDO1

DA8S00
CD9Ca2

D28BOO

CDEE@]
C32800

23
7D
E6OF

C27009
736500

CD2202

D2AABY
TA
FEQD
C28002
21F513
71

23

70
C3Bova

1A
FEAD
c20002

C32E@3

+
+

SEE IF USER WANTS OUT
IF SO, BRANCH

CALL BREAK
TRUE DCM12
Jc DCM12
CALL HILO

~ e

SEE IF ADDRESS OF DISPLAYED LOCATION IS
/GREATER THAN OR EQUAL TO ENDING ADDRESS
IF NOT, MORE TO DISPLAY

e ws we

FALSE DCM15

JNC DCM15
DCM12:
CALL CROUT ; CARRIAGE RETURN/LINE FEED TO END LINE
JMp GETCM ; ALL DONE
DCMIS: -
INX H ;s IF MORE TO GO, POINT TC NEXT LOC TO DISPLAY
MoV a,L s+ GET LOW ORDER BITS OF NEW ADDRESS
ANI NEWLN ; SEE IF LAST HEX DIGIT OF ADDRESS DENOTES
: /START OF NEW LINE
JNZ DCM18 ;: NO - NOT AT END OF LINE
JMp DCMBS : YES - START NEW LINE WITH ADDRESS
;*ﬁ**t***t*tttﬁtt*tt**tti**ttttiﬁ*k*ti**ttttttiit*kt*iitittti*tttt
; FUNCTION: GCMD
; INPUTS: NONE
; OUTPUTS: NONE
; CALLS: ERROR,GETHX,RSTTF
; DESTROYS: A,B,C,D,E,H,L,F/F’S
; DESCRIPTION: GCMD IMPLEMENTS THE BEGIN EXECUTION (G) COMMAND.
GCMD :
CALL GETHX ; GET ADDRESS (IF PRESENT} FROM INPUT STREAM
FALSE  GCM@5 ; BRANCH IF NO NUMBER PRESENT
JNC GCMBS
MOV A,D ; ELSE, GET TERMINATOR
CPI CR : SEE IF CARRIAGE RETURN
JINZ ERROR ; ERROR IF NOT PROPERLY TERMINATED
LX1I H,PSAVE ; WANT NUMBER TO REPLACE SAVE PGM COUNTER
MoV M,C
INX H
MOV M,B
JMp GCM1@
GCMOS ¢
MoV A,D ; IF NO STARTING ADDRESS, MAKE SURE THAT
CpI CR ; /CARRIAGE RETURN TERMINATED COMMAND
JINZ ERROR : ERROR IF NOT
GCM19:
JMP RSTTF ; RESTORE REGISTERS AND BEGIN EXECUTI1ON

I AESS RN FEREE RN EREEENSEE SRR R RN RS R RRRRERERRRRRRRR SR EERES]
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el
2en3
vous
¢288
dUBA
YLD
GeBE
past
86 1
gecz
BACS
cRCo~
0uCcs
veCs

0BCE
04D1

998D4
00D7
0U DA
2408
Y8 DE
BOEL
YUE2
96ES
GeLE6
J0E6
gukl
STt
[T EAS
PBEE
BOFlL
g4r4
00F4
g7
VOFA

8EB]
¢cDS5782
SEFF
32F913
D1

colvgz
4F
CDF431
79
FE1B
CAF448
CDBAR3

DABE®®
CD6FE3

D2EEQQ
CDDA¢]
4F
cnsgas
3AFS13
B7
C2E600
13

EEFF
3VE913
(sHEPG

CD4583
Cs8D0B2

CD4503
CLLE®]
C32600

-+

+

FUNCTION: IC
INPUTS: NONE

DESCRIPTION:

bl Re Ne N4 Ws w6 e we we we

CMD:
MV
CALL
MVI
5TA
popP
ICMB5:
CALL
MQV
CALL
MOV
CcpP1
Jz
CRLL
TRUE
. JC
CALL
FALSE
JINC
CALL
- MOV
CALL
Loa
ORA
Jn2
INX
ICM1D:
XKRI
STA
JmpP
ICM20:
CALL
JMP
ICM25:
CALL
CALL
JMp

~e Ne Se we w0

MD

QUTPUTS: NONE
CALLS: ERROR,ECHO,GETCH,VALDL,VALDG,CNVBN,STHLF,GETNM,CRCUT
DESTROYS: A,B,C,D,E,H,L,F/F’S

]

PAGE B

ICMD IMPLEMENTS THE INSERT CODE INTO MEMORY (I) COMMAND.

c,1
GETNM
A,UPPER
TEMP

D

GETCH
C,A
ECHO
A,C
TERM
ICM25
VALDL
ICMBS
ICM@5S
VALDG
IcM20
ICM20
CNVBN
C,A
STHLF
TEMP
A
ICM19
D

INVRT
TEMP
I1CMB5

STHF®@
ERROR

STHF@
CROUT
GETCM

e me w4 me W w8 ow ~e ~e ~e i % ok S w0 ~ ~e

.~ wa we

e

GET SINGLE NUMBER FROM INPUT STREAM

TCMP WILL HOLD THE UPPER/LOWER HALF BYTE FLAG
ADDRESS OF START TO DE

GET A CHARACTER FROM INPUT STREAM

ECHO IT

FUT CHARACTER BACK INTO A

SEE IF CHARACTER IS A TERMINATING CHARACTER
IF SO, ALL DONE ENTERING CHARACTERS

ELSE, SEE IF 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 ADDRESS OF BYTE TO STORE IN

TOGGLE STATE OF 'FLAG
PUT NEW VALUE OF FLAG BACK
PROCESS NEXT DIGIT

ILLEGAL CHARACTER
MAKE SURE ENTIRE BYTE FTLLED THEN ERXOK

HERE FORK ESCAPE CHARACTER - INPUT IS DOWNE
ADD CARRIAGE RETURN ‘

ARA N A A R R A A AR R AR R N A A R A A AN b n P T N AR A ARNR AR R A AR L LA KA B AR AN AN s AT AR AR

36
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QBFD
4@ FD
GUFF
2102
1ol
v104
8165
9125
9196
0187
pvles
alyc
B1o.
P10L
214C
818D
BlVE
dlor
vil2
Blli3
0114

¥l117
011A

gl1lu
211D
8120
0121
0122
9122
8123
8125

—

0ED3
CD57¢2
Cl

El

Dl

Bl
CA2B@0
13
El
CcD9Ca2

D22Bo¢Y
Clesal

CD2262
Cs
El

7A
Fe20
CA2DO1

FUNCTION: MCMD
INPUTS:
OUTPUTS:

CALLS:

NONE
NONE

ERRORS = @ PAGE 9

GETCM,HILO,GETNM

DESTROYS: A,B,C,D,E,H,L,F/F’S

CMD:
MVI c,3
CALL GETNM
POP B
POP H
POP D
MCM@S:
PUSH H
MOV H,D
MOV L,E
MOV A,M
MOV H,B
MOV L,C
MOV M,A
INX B
MOV A,B
ORA C,
Jz GETCM
INX D
POP H
CALL HILO
FALSE GETCM
JNC GETCM
JMP MCMOS
s+ FUNCTION: SCMD
;s INPUTS: NONE
; OUTPUTS: NONE
; CALLS:
; DESCRIPTION: SCMD
SCMD:
CALL GETHX
PUSH B
POP H
SCMBS:
MOV A,D
CPI e
JZ SCMl@

“e we e

-

~o

~. =e ws

“e we we wo wo =

- we w0

; DESCRIPTION: MCMD IMPLEMENTS THE MOVE DATA IN MEMORY (M) COMMAND.
M

GET 3 NUMBERS FROM INPUT STREAM
DESTINATION ADDRESS TO BC
ENDING ADDRESS TO HL

STARTING ADDRESS TO DE

SAVE ENDING ADDRESS

SOURCE ADDRESS TO HL
GET SOURCE BYTE

DESTINATION ADDRESS TO HL
MOVE BYTE TO DESTINATION
INCREMENT DESTINATION ADDRESS

TEST FOR DESTINATION ADDRESS OVERFLOW
IF SO, CAN TERMINATE COMMAND
INCREMENT SOURCE ADDRESS

ELSE, GET BACK ENDING ADDRESS

SEE IF ENDING ADDR>=SOURCE ADDR

IF NOT, COMMAND IS DONE

MOVE ANOTHER BYTE

IR R R R R R R E R R RSN R R R ERE SRR EREREERAZEERERARRRERRRERREEREREREERSSE]

GETHX ,GETCM,NMOUT, ECHO
DESTROYS: A,B,C,D,E,H,L,F/F'S
IMPLEMENTS THE SUBSTITUTE INTO MEMORY (S) COMMAND.

GET A NUMBER, IF PRESENT, FROM INPUT
GET NUMBER TO HL ~ DENOTES MEMORY LOCATION
GET TERMINATOR

SEE IF SPACE
YES -~ CONTINUE PROCESSING

37
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»128
J12A
212D
4] 2E
2131
9133
8136

8339
013C
813D
J13D
¢} 3€e

2141
gl41
0134
8145
0i48
B149
vl4n
V1l4E

gisl,

8154
0154
8155
0is58
Bis9
415A
BiscC
815F
8l60
8163
0163
0166
0168
glésb
616D

)
pa

FE2C
C22B2d

71E
cDC302
BE2D
CDF401
€cb2282

D23Dp61
71

-23
C32281

cblB@?
4F
CDF4091
79
FE@GD
C25401
CDE®Y2
Cl2B00

aF
cn2703
C5S

El
0E29
CbFragl
79
32r913

3AF913
FE20
CA7891
Ft2C
c22B08

ERRORS = @ PAGF 10

cel e ; ELSE, SEE IF COMMA

JIN2 GETCM ; NO'— TERMINATE COMMAND
SCM1@:

MOV A,M ; GET CONTENTS OF SPECIFIED LOCATION TO &

CALL NMOUT ; DISPLAY CONTENTS ON CONSOLE

MVI c, -’

CALL ECHO ;+ USE DASH FOR SEPARATOR

CALL GETHX ; GET NEW VALUE FOR MEMORY LOCATION, IF ANY

FALSE SCM15 ; IF NO VALUE PRESENT, BRANCH

JNC SCM15 .

MOV M,C ; ELSE, STORE LOWER 8 BITS OF NUMBER ENTERED
SCHl5:

INX H + INCREMENT ADDRESS OF MEMORY LOCATION TO VIEW

JMP SCHM@5

I ZEREEZSZREXEERZIEEREEFESE PR EEEEFFEFEI IS EEEEEL SRS RS EENE R EES RN S

FUNCTION: XCMD

INPUTS: NONE

;- OUTPUTS: NONE

CALLS: GETCH,ECHO,REGDS,GETCM, ERROR, RGADR,NMOUT,CkUC:, GETHX

8 wr we @ ws wp we

; DESTROYS: A,B,C,D,E,H,L,F/FP’S
; DESCRIPTION: XCMD IMPLEMENTS THE RECISTER EXAMINE AND CHANGE (X}
: COMMAND.
XCMD:
CALL GETCH : GET REGISTER IDENTIFIER
MoV C,A
CALL ECHO ; ECHO IT
MOV A,C
CPI CR
JNZ XCMB5 :+ BRANCH IF NOT CARRIAGE RETURN
CALL REGDS ; ELSE, DISPLAY REGISTER CONTENTS
JIMP GETCHM ; THEN TERMINATE COMMAND
XCMB5 ¢ .
MOV C,A ; GET REGISTER IDENTIFIER TO C
CALL RGADR ; CONVERT IDENTIFIER INTO RTAB TABLE ALDR
PUSH B
POP B : PUT POINTER TO REGISTER ENTRY INTO HL
MVI c,”
CALL ECHO ; ECHO SPACE TO USER
MOV A,C
STA TEMP ; PUT SPACE INTO TEMP AS DELIMITER
XCM10:
LDA TEMP ; GET TERMINATOR
Ccpl ° ; SEE IF A BLANK
Jz XCM15 ; YES - GO CHECK POINTER INTO TABLE
cpl e ; NO - SEE IF COMMA
JINZ GETCM : NO - MUST BE CARRIAGE RETURN TO END COMMAND



8680 MACRO ASSEMBLER, VER 2.3

o170
0170
P 9171
" 9172
0175
a178
@178
6178
e17C
817D
017F
. 9180
0181
0182
0183
0184
0185
2186
0189
018A
0188
818C
018F
8190
8191
0194
6194
0196
0199

#19cC
B19F
g1Aa0
0lAa3
d1Aa4
01as5
B1lA6
B1A9
01lAA
21aB
21AB
B1AC
81AaC
AlAF
8180
o181
0184
8184
8185
o1B8
8189

7€
B7
c27881
CDEEQ1
C32840

CDC392
Fl

~F5
B7
CA9401
2B
7€
CDC302

QE2D
CDF491
CD2202

D2B491

71

119344
El
19
C36301

1A
32913
Dl
DL

XCML15:
MOV
ORA
JN2Z
CALL
JIMP
XCM18:
PUSH
MOV
MVI
INX
MOV
PUSH
PUSH
POP
PUSH
MOV
CALL
popP
PUSH
ORA
Jz
DCX
MOV
CALL
XCM20:
MVI
CALL
CALL
FALSE
JINC
MOV
STA
pop
POP
- ORA
Jz
MOV
DCX
XCM25:
MOV
XCM27:
LXI
POP
DAD
JMP
XCM3d
MOV
STA
POP
POP

ERRORS = 0 PAGE 11

A,M

A ;s SET F/F’S

ACM18 ; BRANCH IF NOT AT END OF TABLE

CROUT ; ELSE, OUTPUT CARRIAGE RETURN LINE FEED
GETCM ; AND EXIT

H ; PUT POINTER ON STACK

E.M .

D,DATA SHR 8 ; FETCH ADDRESS OF SAVE LOCATION FROM TABLE
H

B,M s FETCH LENGTH FLAG FROM TABLE

D : SAVE ADDRESS OF SAVE LOCATION

D

H : MOVE ADDRESS TO HL

B ; SAVE LENGTH FLAG

AM ;s GET 8 BITS OF REGISTER FROM SAVE LOCATION
NMOUT ; DISPLAY IT

PSW ; GET BACK LENGTH FLAG

PSW : SAVE IT AGAIN

A ; SET F/F°S

XCM20 ; IF 8 BIT REGISTER, NOTHING MORE TO DISPLAY
H ; ELSE, FOR 16 BIT REGISTER, GET LOWER 8 BITS
A,M .

NMOUT s+ DISPLAY THEM

c, -’

ECHO ; USE DASH AS SEPARATOR

GETHX ; SEE IF THERE IS A VALUE TO PUT INTO REGISTER
XCM390 ; NO - GO CHECK FOR NEXT REGISTER

XCM30

A,D

TEMP ;: ELSE, SAVE THE TERMINATOR FOR NOW

PSW ; GET BACK LENGTH FLAG

H ; PUT ADDRESS OF SAVE LOCATION INTO HL

A ; SET F/F’S

XCM25 ;s IF 8 BIT REGISTER, BRANCH

M,B : SAVE UPPER 8 BITS

H ; POINT TO SAVE LOCATION FOR LOWER 8 BITS
M,C ; STORE ALL OF 8 BIT OR LOWER 1/2 OF 16 BIT REG
D, RTABS ; SIZE OF ENTRY IN RTAB TABLE

H ; POINTER INTO REGISTER TABLE RTAB

D ; ADD ENTRY SIZE TO POINTER

XCM1Q ; DO NEXT REGISTER

A,D ; GET TERMINATOR

TEMP ;s SAVE IN MEMORY

D : CLEAR STACK OF LENGTH FLAG AND ADDRESS

D : /OF SAVE LOCATION

39
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p1BA

C3ACH1

CTER INPUT

818D
818D
J1BF
JiCl

v1C4

$1C6
g1C8
0l1cCAa
BlCD

81D8

DBFB
E602
CAlB802
DBFA
E67F
FELB
CA41383
cllsue2

N0 %E N wE Se we NE uE N we we

e se N oes wu we

-

oI e ne S s

NE NE we ne wa we e we

() =s ~e ~e

JMp XCM27 ; GO INCREMENT REGISTER TABLE POINTER

AR AAA A kAR ARA R R IR A A S A S AR AR YR AR AN AT YA AR AN IA A A A AN AR A A kA dAndandad

UTILITY ROUTINES

FA AR E A AR RN AN A AR AR A R A kA D AR RS A AR AU A A A XA AN ER P s T AN AL A AN AT T AR d AR

FUNCTION: BREAK
INPUTS: NONE
CUTPUTS: CARRY -~ 1 IF ESCAPE CHARA
- @ IF ANY OTHER CHARACTER OR NO CHARACTER PENDING
CALLS: NOTHING
DESTROYS: A,F/F’S
DESCRIPTION: BREAK IS USED TG SENSE AN ESCAPE CHARACTER FRCH
THE USER. 1P NO CHARACTER S PENDING, OR IF THE
PENDING CHARACTER IS NOT THE ESCAPE, THEN A FAILURE
RETURN (CARRY=0) IS TAKEN. IN THIS CASE,

THE
PENDING CHARACTER (IF ANY) IS LOST. 1IF THE PENDING
CHARACTER IS AN ESCAPE CHARACTER, BREAK TAKES A SUCCESS
RETURN (CARRY=1).
REAK -

IN CONST ; GET CONSOLE STATUS.

ANI RBR ; SEE IF CHARACTER PENDING

JZ FRET ; NO -~ TAKE FAILURE RETURN

IN CNIN ; YES - PICK UP CHARACTER

ANI PRTYO ; STRIP OFF PARITY BIT

CPI BRCHR ; SEE IF BREAK CHARACTER

JZ SRET ; YES - SUCCESS RETURN

JMP FRET ; NO ~ FAILURE RETURN - CHARACTER LOST

[ EE N ESEEEFEE NS EEEEE S SRS RS EER RS ASEEEEEEEERERERESN AL ERNSE RN

FUNCTION: CI

INPUTS: NONE

CUTPUTS: A ~ CHARACTER FROM CONSOLE

CALLS: NOTHING ‘

UESTROYS: A,F/F’S

DESCRIPTION: CI WAITS UNTIL A CHARACTER HAS BEEN ENTERED AT THE
CONSOLE AND THEN RETURNS THE CHARACTER, VIA THE A
REGISSTER, TO THE CALLING ROUTINE, THIS ROUTINE
1S CALLED BY THE USER VIA A JUMP TABLE IN RAH.

40
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91Do6
21p2
Ains
a1n7
8109

@1DA
010A
81bB
a1pn
1Dk
J1EY

SUEZ

01E3
BleE 3
dlES
Aarey
BwiLA
gl
@1ED

DBFB
E602
CADRO1
DBFA
C9

19
D630
FEQA

D607
co

DBFB
E641
CAEIDL
79
D3FA
C9

() %e %6 %6 Se Se wp S0 we Se e Ne Se ae ne

(Y %e me me me we S we Se we S ome ne e

. e %o wa W

IN CONST ;
ANI RBR H
Jz CI H
IN CNIN H
RET

PAGE 13

GET STATUS OF CONSOLE

CHECK

FOR RECEIVER BUFFER READY

NOT YET - WAIT

READY

SO GET CHARACTER

[ 2 X EZ R E R FETESE SRR RS ET R R RS ERER R RN RS RS ERRRRREARRRRERRAREE R D]

FUNCTION: CNVBN

INPUTS: C - ASCII CHARACTER
OUTPUTS: A - 8 TO F HEX

CALLS: NOTHING
DESTROYS: A,F/F’S

“B°-"9" OR "A'="F"

DESCRIPTION: CNVBN CONVERTS THE ASCII REPRESENTATION OF A HEX
CNVBN INTO ITS CORRESPONDING BINARY VALUE. CNVBN
DOES NOT CHECK THE VALIDITY OF ITS INPUT.

NVBN:
MOV A,C
SUI ‘e’ H
cpIl 19 H
RM H
SUI 7 H
RET H

SUBTRACT CODE FOR “@° FROM ARGUMENT
WANT TO TEST FOR RESULT OF @ TO 9
IF SO, THEN ALL DONE ’

ELSE,

RESULT BETWEEN 17 AND 23 DECIMAL

SO RETURN AFTER SUBTRACTING BIAS OF 7

iiiﬁiititikt*hik**ﬁtﬁi*ittt*i*t*ﬁ***t*tigiit**l*ttit*kﬁtittkht*ti.tt.i

FUNCTION: CO

INPUTS: C - CHARACTER TO OUTPUT TO CONSOLE
OUTPUTS: C -~ CHARACTER OUTPUT TO CONSOLE

CALLS: NOTHING
DESTROYS: A,F/F’S
DESCRIPTION: CO WAITS

AND THEN
0:
IN CONST :
ANI  iRDY :
JzZ- C0 ;
MOV A,C H
ouT CNOUT H

RET

UNTIL THE CONSOLE IS READY TO ACCEPT A CHARACTER

SENDS

THE INPUT ARGUMENT TO THE CONSOLE.

GET STATUS OF CONSOLE
SEE IF TRANSMITTER READY
NO - WAIT

ELSE,

MOVE CHARACTER TO A REGISTER FOR OUTPUT

SEND TO CONSOLE

ERARN AN AL AR RANRNNARN BTN NN AN R R AR AR AR A AN R AR AR A AN AR Ak R A Ak kR A A r A Ak

41
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FUNCTION CRCUT
INPUTS: NONE
QUTPUTS: NONE
CALLS: ECHO

6 PAGE 14

DESTROYS: A,B,C,F/F’S
DESCRIPTION: CROUT SENDS A CARRIAGE RETURN (AND HENCE A LINE
FEED) TO THE CONSOLE.

L T I

vlEE CROUT:
PYEE  BFOD MV C,CR
d1F0 CDF40} CALL ECHO
g1F3 c9 - RET
: LEREEREARENEEEEFES SRS EWFEE BB EE B R R S RX FNT t’* *‘* & f ok & bk f AXKARARNAARIRNARUL KA
; FUNCTION: ECHO
; INPUTS: C - CHARRCTER TO ECHO TO TERMINAL
; OUTPUTS: C - CHARACTER ECHOED TO TERMINZL
CALLS: CO
DESTROYS: 4,B,F/F’S
; DESCRIPTION: ECHO TAXES A SINGLE CHARACTER AS INPUT AND, VIA
; THE MONITOR, SENDS THAT CHARACTER TO THE USER:
: TERMINAL. A CARRIAGE RETURN IS ECHOED AS A CARRIAGE
; RETURN LIHE FEED, AND AN ESCAPE CHARACTER IS ECHOED AS S.
01F4 ECHO:
WwlKg 41 MOV B,C ; SAVE ARGUMENT
vi1Fs JEIB MV A,ESC .
eg1e7 BB CMP B : SEE IF ECHOING AN, ESCAPE CHARACTER
01 CIFDOL JINZ ECHB5 ; HO0 - BRANCH: ,
aLrE  GE24 MVI c,’s’ ; YES - ECHO AS §
@1FD ECHAS : ‘ ' '
$1FD  CoLE3B] CALL co ; DO OUTPUT THROUGH MONITOR
Broy ThY L MVI A,CR .
Buv2 38 CMP B ;. SEE IF CHARACTER ECHOED WAS A.CARRIAGE RETURN
0293 CLopp2 JINZ ECH10 ; NO -~ NOQ NEED TO TAKE SPECIAL ACTION
2206 DEUA MVI C,LF ; YES - WANT TO ECHG LINE FEED, TOO
P2BB  CLE3DL CALL co
9298 ECH1@:
0208 48 MOV c,B ; RESTORE ARGUMENT
u28C CY RET

AR EEEREEEEFNEENFNEESEEREARENNEEESNFENSRESEREEEEEEEEESEEREE SRR EEFNFFEEEEERES

FUNCTION: ERROR
INPUTS: NONE
OUTPUTS: NONE

Se me %t w1 e we

42
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0200
p20D
g20r
8212
8215

2218
9218
n219
B21A

8218
@218
021E
0220
8221

QE2A

CDF481
CDEEQ]
C32p00

37
3F
(]

CDDoAl
E67F
4F

C9

RS

FII ne Mo %e we we we Se ae we we %8 Ne we we e

i
G

.
’

v

CALLS: ECHO,CROUT,GETCM

DESTROYS: A,B,C,F/F’S

DESCRIPTION: ERROR PRINTS THE ERROR CHARACTER (CURRENTLY AN ASTER1SK)
ON THE CONSOLE, FOLLOWED BY A CARRIAGE RETURN-LITNE FEED,
AND THEN RETURNS CONTROL TO THE COMMAND RECOGNIZER.

RROR:
MVI c ’
CALL ECHO ; SEND * TO CONSOLE
CALL CROUT ; SKIP TO BEGINNING OF NEXT LINE
Jmp GETCM ; TRY AGAIN FOR ANOTHER COMMAND

LR R R S E R N R R R N R R RS R R R R R N N R S P RS R R S F RS R LN R RS R R R SRR RS ER ERARREREN R

FUNCTION: FRET

INPUTS: NONE

"OUTPUTS: CARRY - ALWAYS @

CALLS: NOTHING

DESTROYS: CARRY

DESCRIPTION: FRET IS JUMPED TO BY ANY ROUTINE THAT WISHES TO
INDICATE FAILURE ON RETURN. FRET SETS THE CARRY
FALSE, DENOTING FAILURE, AND THEN RETURNS TO THE
CALLER OF THE ROUTINE INVOKING FRET.

RET:
STC + FIRST SET CARRY TRUE
CMC ; THEN COMPLEMENT IT TO MAKE IT FALSE
RET s RETURN APPROPRIATELY

A RS S R RS R SR EE R RS RN ANEES NS EEE RS E R REERRRRERRRRRREERERREN

FUNCTION: GETCH

INPUTS: NONE

OUTPUTS: C - NEXT CHARACTER IN INPUT STREAM

CALLS: CI

DESTROYS: A,C,F/F’S

DESCRIPTION: GETCH RETURNS THE NEXT CHARACTER IN THE INPUT STREAM
TO THE CALLING PROGRAM.

ETCH:

CALL CI ; GET CHARACTER FROM TERMINAL

ANI PRTYO ; TURN OFF PARITY BIT IN CASE SET BY CONSOLE
MOV C,A ;s PUT VALUE IN C REGISTER FOR RETURN

RET

AMS AR T rARKR AR RAN AR AR AR R A NANR AR At ANk NAR AR AN AN e A RS AT ANRAR A A NN, .

43
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6222
4222
0223
0226
0278
0228
y27u
B22C
#22F

8232
B35
6236
B237
8238
9239
L B23a
y238
@23y
0241
V241

9244
9247
@24A
024C
0240
g24e

ES
214069
1629

CDhiBG2
4F

CuF481
CDGAG3

D24192
51
LS
1l
el
748
B7
C24303
CAIRA2

CD5F83

D7ena2
CDDAG1
1EFF
29

29

29

+

FUNCTION: GETHX
INPUTS: NOHE
OQUTPUTS: BC - 16 BIT INTEGEK
D - CHARACTER WHICH TERMINATED THE INTEGER
CARRY - 1 IF FIRST CHARACTER NOT DELIMITER
- @ IF FIRST CHARACTER IS DELIMITER
CALLS: GETCH,ECHO,VALDL,VALDG,CNVBN, ERROR
DESTROYS: A,B,C,D,E,F/F’S
DESCRIPTION: GETHX ACCEPTS A STRING OF HEX DIGITS FROM THE INPUT
STREAM AND RETURNS THEIR VALUE AS A 16 BIT BINARY
INTEGER. 1F MORE THAN 4 HEX DIGITS ARE ENTERED,
ONLY THE LAST 4 ARE USED. THE NUMBER TERMINATES WHEN
A VALID DELIMITER IS ENCOUNTERED. THE DELIMITER IS
ALSO RETURNED AS AN OUTPUT OF THE FUNCTION. ILLEGAL
CHARACTERS (NOT HEY DIGITS OR DELIMITERS) CAUSE AN
ERROR INDICATION., <fF THE FIRST (VALID} CHARACTER
ENCCUNTERED IN THE INPLT STREAM IS NOT A DELIMITER,

~e me o we wa

- we we No wa e

Cme %o we S mr ws a . e wa s

GETH® WILL RETURN WITH THE CARRY BIT SET TO 1;
OTHERWISE, 'THE CARRY BIT IS SET TO @ AND THE CONTENTS
OF BC ARE UNDEFINED.
ETHX:
PUSH H : SAVE HL
LX1 H,0 ; INITIAL1ZE RESULT
MVI E,0 ; INITIALIZE DIGIT FLAG TO FALSE
GHX@5:
CALL GETCH ; GET A CHARACTER
MOV C,A
CALL ECHO ;s ECHO THE CHARACTER
CALL VALDL : SEE IF DELIMITER
FALSE GHX1D : NO ~ BRANCH
JINC GHX1@
MOV D,C ; YES - ALL DONE, BUT WANT TO RETURN DELIYMITER
PUSH H
pOP B ;s MOVE RESULT TO BC
POP H : RESTORE HL
MOV A,E ; GET FLAG
ORA A ; SET F/F’S
JNZ SRET ; IF PLAGC NON~£, A NUMBER HAS BEEN FOUND
Jz FRET ; ELSE, DELIMITER WAS F1RST CHARACTER
GHX10:

CALL VALDG ; IF NOT DELIMITER, SEE I¥ DIGIT
FALSE ERROR s ERROR IF NOT A VALID DIGIT, EITHER

JNC "ERROR
CALL CNVBN  ; CONVERT DIGIT TO ITS BINARY VALUE
MV1 E,OFFH ; SET DIGIT FLAG NON-@

DAD H ;22

DAD H ;%4

DAD H Y
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a24¥ 29 DAD H ;s *16 .

9250 0600 MVI 8,8 ;: CLEAR UPPER 8 BITS OF BC PAIR
0252 4F MOV C,A ; BINARY VALUE OF CHARACTER INTO C
0253 ¢9 DAD 8 ; ADD THIS VALUE TO PARTIAL RESULT
3254 C32882 JMP GHX@5 ; GET NEXT CHARACTER

I 22 2R R E R E Z R R R FE SRR ES R R RREEZEFSEEE SRR SRR SRS RRRRES R RS SRR RN SRR

FUNCTION: GETNM

INPUTS: C -~ COUNT OF NUMBERS TO FIND IN INPUT STREAM

OUTPUTS: TOP OF STACK - NUMBERS FOUND IN REVERSE ORDER (LAST CN TOP

OF STACK)

CALLS: GETHX,HILO,ERROR

DESTROYS: A,B,C,D,E,H,L,F/F’S

DESCRIPTION: GETNM FINDS A SPECIFIED COUNT OF NUMBERS, BETWEEN 1
AND 3, INCLUSIVE, IN THE INPOT
STREAM AND RETURNS THEIR VALUES ON THE STACK. IF 2
OR MORE NUMBERS ARE REQUESTED, THEN THE FIRST MUST BE
LESS THAN OR EQUAL TO THE SECOND, OR THE FIRST AND
SECOND NUMBERS WILL BE SET EQUAL. THE LAST NUMBER
REQUESTED MUST BE TERMINATED BY A CARRIAGE RETURN
OR AN ERROR INDICATION WILL RESULT.

QY S% %6 we v e e e w5 w0 %o SE Ne w6 S0 %4 S0 Ne ne % we

8257 ETNM:
8257 2EQ3 MVI L,3 : PUT MAXIMUM ARGUMENT COUNT INTO L
8259 79 MoV A,C :+ GET THE ACTUAL ARGUMENT COUNT
825A E603 ANT 3 ; FORCE TO MAXIMUM OF 3
025C Ct RZ : IF 8, DON'T BOTHER TO DO ANYTHIING
8250 67 MOV H,A : ELSE, PUT ACTUAL COUNT INTO H
825E GNMB5:
B825E CD2202 CALL GETHX : GET A NUMBER FROM INPUT STREAM

1 + FALSE EKROR ;s ERROR IF NOT THERE - TOO FEW NUMBERS
8261 1 D20DO2 + JNC ERROR
0264 CcS PUSH B ; ELSE, SAVE NUMBER ON STACK
0265 2D DCR L ; DECREMENT MAXIMUM ARGUMENT COUNT
8266 25 DCR - H : DECREMENT ACTUAL ARGUMENT COUNT
8267 CA7382 Jz GNM1@ ; BRANCH IF NO MORE NUMBERS WANTED
026A 7a MOV A,D : ELSE, GET NUMBER TERMINATOR TO A
8268 FLOD CPI CR ;s SEE IF CARRIAGE RETURN
826D CAPD@2 Jz ERROR ; ERROR IF SO - TOO FEW NUMBERS
9270 C35E82 Jup GNMOS ; ELSE, PROCESS NEXT NUMBER
8273 GNM18@:
8273 7A MoV A,D ; WHEN COUNT @, CHECK LAST TERMINATOR
8274 FEBD CcPI CR
0276 C20D02 JNZ ERROR : ERROR IF NOT CARRIAGE RETURN
9279 B1FFFF LX1I B,PFFFFH ; BL GETS LARGEST NUMBER
827C 0 MoV A,L : GET WHAT S LEFT OF MAXIMUM ARG COUNT
027D B7 ORA A ; CHECK FOR 0@
927E CAB8602 Jz GNM20 ; IF YES, 3 NUMBERS WERE INPUT

45
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281
n281
8252
2283
6285
2286
2287
G288
£289

828¢C
g428F
AT

229C
629C
429D
229t
vz9r
H2AY
8241
B2A4
B2A5
82A6
B2A7

1
1

CS
2D
281672

)
Bl

£1
CD9CO2

029162
&4
S0

ma -
Lo

DS
CsS
ES

an
re
£l

‘E3

C3nsEe

CARDAZ
21
1C
BS
CABDE?2

GNM]15:
PUSH
oCR
JINZ

GNM2B ¢ .
POP
POP
POP
CALL
FALSE
JINC
MOV
MOV

GNMZ5:
XTHL
PUSH
PUSH
PUSH

GNM30
DCR
RM
PGP
XTHL
JIMP

~e w5 wo

.~ e

ERRCES = @

B

GNM15

T oW

HILO
GNM25
GNM25
D,H
E,L

iy
B
H
A
H

GNM32

.
K

e

b w4 wa ue

e e me me wD

PAGE 18

'

1F NOT, FILL REMAINING ARGUMENTS WITH 8FFFFH.

GET THE 3 ARGUMENTS OUT

SEE IF FIRST >= SECOND
NO - BRANCH

YES - MAKE SECOND EQUAL TO THE FIRST

PUT FIRST ON STACK - GET RETURN ADDR
PUT SECOND ON STACK

PUT THIRD ON STACK

PUT RETURN ADDRESS ON STACK

DECREMENT RESI[DUAL COUNT

IF NEGATIVE, PROPER RESULTS ON STACK
ELSE, GET RETURN ADDR

REPLACE TCP RESULT WITH RETURN ADDR
TRY AGAIN

B EEERER SRS EEENEEEEEEEEREEESE LSRR ER NSRS ELEEEESEEREE SR RS RSN R IR &)

; FUNCTION: HILO
; INPUTS: DE - 16 BIT INTEGER
; HL - 16 BIT INTEGER
: OUTPUTS: CARRY - @ IF HL<DE
: - 1 1If HL>=DE
; CALLS: NOTHING
; DESTROYS: F/F’S
; DESCRIPTION: HILO COMPARES THE 2 16 BIT INTEGERS IN HL AND DE. TiE
; INTEGERS ARE TREATED AS UNSIGNED NUMBERS. THE CARRY
; BIT IS SET ACCORDING TO THE RESULT OF THE COMPARISOR.
HILO:
PUSH 8 : SAVE BC
MOV B,A s SAVE A IN B REGISTER
PUSH H : SAVE HL PAIR
MOV A,D : CHECK FOR DE = 9800H
ORA o
Jz HIL8S : WE'RE AUTOMATICALLY DONE IF IT 18
INX H ; INCREMENT HL BY 1
HOV A,H ; WANT TO TES'T FOF 8 RESULT AFTER
ORA L : /INCREMENTING
J2 HILAS :

iF SO, BL MUST HAVE CONTAINED @QFFFFH

46



6060 MACRO ASSEMBLER, VER 2.3

82AA
B2AB
@2AC
92AE
‘B2AF
a2B8
4282
0283
0284
8285
92136
8287
@248
4289
g2BA
0288
#28C
828D
B28D
@2BE
228k
02Co

92C3
82C3
A2C4
02Cs
82Cé
v2C7
02c8
22C9
a2CB
g2cCcC
82CF
8202
0203

€1
C343e3

ERRORS = @ PAGE 19

BOP H ; IF NOT, RESTORE ORIGINAL HL

PUSH D ; SAVE DE

MVI A,0FFH ; WANT TO TAKE 2°S COMPLEMENT OF DE CONTENTS

XRA D

MOV D,A

MVI A,0FFH

XRA E

MOV E,A

INX D : 2°S COMPLEMENT OF DE TO DE

MOV A,L ’

ACD E s ADD HL AND DE

MOV A,H

ADC D ¢ THIS OPERATION SETS CARRY PROPERLY

POP D i RESTORE ORIGINAL DE CONTENTS

Mov A,B : RESTORE ORIGINAL CONTENTS OF A

POP B ;i RESTORE ORIGINAL CONTENTS OF BC

RET ; RETURN WITH CARRY SET AS REQUIRED
HILOS:

POP H ; IF HL CONTAINS @FFFFH, THEN CARRY CAN

MOV A,B ; /ONLY BE SET TO 1

POP B : RESTORE ORIGINAL CONTENTS OF REGISTERS

JMP SRET ;7 SET CARRY AND RETURN

.ﬁ*iitt**i*iit*tiﬁﬁit*itttttlt*txt*tttﬁ*tt***t*t*ﬁtititi.tiittt*iIt.i.

FUNCTION: NMOUT
INPUTS: A -~ 8 BIT INTEGER
OUTPUTS: NONE

CALLS: ECHO,PRVAL
DESTROYS: A,B,C,F/F°’S

DESCRIPTION: NNMOUT CONVERTS THE 8 BIT, UNSIGNED INTEGER IN THE
A REGISTER INTO 2 ASCII CHARACTERS.
ARE THE ONES REPRESENTING THE 8 BITS.

THE ASCII CHARACTERS
THESE TWO

CHARACTERS ARE SENT TO THE CONSOLE AT THE CURRENT PRINT
POSITION OF THE CONSOLE.

MOUT:
PUSH H { SAVE HL -~ DESTROYED BY PRVAL
PUSH PSW : SAVE ARGUMENT
RRC
RRC
RRC
RRC i GET UPPER 4 BITS TO LOW 4 BIT POSITIONS
ANI HCHAR ! MASK OUT UPPER 4 BITS - WANT 1 HEX CHAR
MOV C,A
CALL PRVAL i CONVERT LOWER 4 BITS TO ASCII
CALL ECHO ; SEND TO TERMINAL
POP PSW : GET BACK ARGUMENT
ANI HCHAR i MASK OUT UPPER 4 BITS -~ WANT 1 HEX CHAR
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d2D5
g2D¢
8209
Z2ne
§20D

g2oE
B2DE
2281
g2E3
y2e4
B2ES

G2E6
B2EG6
22ES
¥Z2EY
¢2FA
a2e8
B2EC
g2EF
02F2
g2F3

4F
CDDE32
Cor4pl
El
c9

218¥B3
%600
s

48

CS

2iCFa3

4E
79
B7
C2rin2
CLhEEH L
c9

MOV
CALL
CALL
PO?
RET

~e we w3 we ac

INPUTS: C -~

CALLS: NOTHI
DESTROYS: B,
DESCRIPTION:

MO nt S0 %0 N3 e ua owy e e

RVAL:
LXy
My I
DAD
MOV
RET

RRORS = @ PAGE 240

C,A

PRVAL

ECHO

H .ESTORE SAVED VALUE OF HL

A AR R A L AT A R S A A A A A A AN AR AR AN AR AR A AR A A A AT A A A A ARk wA a e anu b ddedg

-

FUNCTION; PRVAL

INTEGER, RANGE @ TO F

QUTPUTS: C - ASCII CHARACTER

NG
C,8,L,F/F’'S

PRVAL CONVERTS A NUMBER IN THE RANGE @ TO F HEX TO
THE CORRZSPONDING ASCII CHARACTER, B-9,A~F. PRVAL
DOES NOT CHECK THE VALIDITY OF ITS INPUT ARGUMENT.
H,DIGTB ; ADDRESS OF TABLE
B,0 ; CLEAR HIGH ORDER RITS OF BC

B ; ADD DIGIT VALUE TO HL ADDRESS
C,M ; FETCH CHARACTER FROM MEMORY

CH AR AR XA AR R AT R RN R A A A L R A A A A AT AR A N A T A A Ak A A N A A A R AR A A AR DA R AN AT AT AR AR AR R

CALLS: ECHO,
DESTROYS: A,
DESCRIPTION:

N8 N0 =s wp ne e WO wp e

S e e wa we

EGDS:

REGO5:
KOV
MOV
QORA
JNZ
CALL
RET

REG18:

FUNCTION: REGDS
INPUTS: NONE
OUTPUTS: NONE

NMOUT , ERROR , CROUT
B,C,D,E,H,L,F/F’S

REGDS DISPLAYS THE CONTENTS OF THE REGISTER SAVE
LOCATIONS, 1N FORMATTED FORM, ON THE CONSCLE. THE
DISPLAY 1IS DRIVEN FROM A TABLE, RTAB, WHICH CONTAIRNS
THE REGISTER'S PRINT SYMBOL, SAVE LOCATION ADDRESS,
AND LENGTH (8 OR 16 BITS).

H,RTA8 ; LOAD HL WITH ARDDRESS OF START OF TARLE

C,M ; GET PRINT SYMBOL OF REGISTER
A,C
A ; TEST FOR 6 - END OF TABLE

REGL® ; IF NOT END, BRANCH
CROUT ; ELSE, CARRIAGE RETURN/LINE FEED TO END
; /DISPLAY

48
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02F3
B2F6
a2F8
02FB
B2FC
B2rD
Q2FF
0300
4301
2304
43405
6306
0349
d30A
238
030E
A30E
931v
8313
2314

0317
2317
831A
931D
931D
B31E
831F
0322
8323
8326
6327
832a

CDF401
2r3D
CDFagl
23

5E
1613
23

Cilpeél

REG16S:

SE NP NS S ne % %o me wr Se e ws we e we e we we -

RGADR:

RGAQS :

RGAlQ:

CALL
MVI
CALL
INX
MOV
MVI
INX
LDAX
CALL
MOV
ORA
Jz
DCX
LDAX
CALL

MVI
CALL
INX
JMP

FUNCTION:
INPUTS:
OUTPUTS:
CALLS:
DESTROYS: A,B,C,D,E,H,L,F/F’S
DESCRIPTION: RGADR TAKES A SINGLE CHARACTER AS INPUT. THIS CHARACTER

LXI
LXI

MOV
CRA

cmp
Jz

DAD
JMP

ERRORS = @ PAGE 21

ECHO ; ECHO CHARACTER

c,’="

ECHO + OUTPUT EQUALS SIGN, I.E. A=

H : POINT TO START OF SAVE LOCATION ADDRESS
E,M } GET LSP OF SAVE LOCATION ADDRESS TO E
D,DATA SHR 8 ; PUT MSP OF SAVE LOC ADDRESS INTO D
8 ; POINT TO LENGTH FLAG

D ; GET CONTENTS OF SAVE ADDRESS '

NMOUT ; DISPLAY ON CONSOLE

A,M ¢ GET LENGTH FLAG

A : SET SIGN F/F

REGI15 : IF @, REGISTER IS 8 BITS

D ; ELSE, 16 BIT REGISTER SO MORE TO DISPLAY
D ; GET LOWER 8 BITS

NMOUT ; DISPLAY THEM

c,” -

ECHO

H ; POINT TO START OF NEXT TABLE ENTRY

REG@S : DO NEXT REGISTER

RGADR
C - CHARACTER
BC - ADDRESS
ERROR

KhAdh bk kS hh kbbb hAhR

ti**t**tt*t*ﬁtttiiitittﬁﬂt*tittiﬁtti*ittt!t

DENOTING REGISTER
OF ENTRY IN RTAB CORRESPONDING TO REGISTER

DENOTES A REGISTER. RGADR SEARCHES THE TABLE RTAB
FOR A MATCH ON THE INPUT ARGUMENT. IF ONE OCCuURS,
RGADR RETURNS THE ADDRESS OF THE ADDRESS OF THE
SAVE LOCATION CORRESPONDING TO THE REGISTER. THIS
ADDRESS POINTS INTO RTAB. IF NO MATCH OCCURS, THEN
THE REGISTER IDENTIFIER IS ILLEGAL AND CONTROL IS
TO THE ERROR ROUTINE,

PASSED

H,RTAB
D, RTABS

A, M

A
ERROR
C
RGAl@Q
D
RGAOS

Se s e wy %o we ws

HL GETS ADDRESS OF TABLE START
DE GET SIZE OF A TABLE ENTRY

GET REGISTER IDENTIFIER
CHECK FOR TABLE END (IDENTIFIER IS @)

IF AT END OF TABLE, ARGUMENT IS ILLEGAL
ELSE, COMPARE TABLE ENTRY AND ARGUMENT

IF EQUAL, WE'VE FOUND WHAT WE’'RE LOOKING FOr
ELSE, INCREMENT TABLE POINTER TO NEXT ENTRY
TRY AGAIN

49
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A32A
wize
a32C
232D

A32E
238
g32F
#3232
0333
8324
2335
8336
8339
a33a
8230
933e
6341
#3342

4343
J343

23
44
4D
ce

2AF513
ES
2AF313
Fy
Cc9

37

N3 wE N1 w6 e me wg ne

B we me ma a4 wa wd we e my

A

INX ] ; IF A MATCH, INCREMENT TABLE POINTER TO
“OV B, H ; /SAVE LOCATICN ADDRESS

MOV C,5L ; RETURN THIS VALUE

RET

ERAT AR A AR X A AT A A A AN A AN A R A A AR AR AR NI I AN N A A AN TN A AN A AT b b s S d P e

FUNCTION: RSTTF

INPUTS: NONE

OUTPUTS: NORE

CALLS: NOTHING

DESTROYS: A,B,C,D,E,H,L,F/F’S

DLSCRIPTYON: RSTTF RKRESTORES ALL CPU REGISTER, FLIP/FLOPS, STACK
POINTER AND PROGRAM COUNTER FROM THEIR RESPECTIVE
SAVE LOCATIONS IN MEMORY. THE ROUTINE THEN TRARSFERS
CONTROL TO THE LOCATION SPECIFIELD BY THE PROCRAM
COUNTER {(I.E. THE RESTORED VALUE}. THE ROUTINE
EXITS WITH THE INTERRUPTS ENABLED.

STTF: s
DI ;: DISABLE INTERRUPTS WHILE RESTORING THINGS
LXI H,MSTAK ; SET MONIiTCR STACK POINTER TO START OF STACK
SPHL
poP D : START ALSO END OF REGISTER SAVE AREA
pPOP B '

POP PSW

LHLD SSAVE :+ RESTORE USER STACK POINTER

SPHL

LHLD PSAVE

PUSH H ; PUT USER RETURN ADDRESS ON USER STACK
LHLD LSAVE ; RESTORE HL REGISTERS

51 ; ENABLE INTERRUPTS NOW

RET ; JUMP TO RESTORED PC LGCATION

R R A EEEREEEEEEEEFREFEESEEEERLEELEEEEREEESEEE-ESEEEEEEEEE A EIE S RN A

PUNCTION: SRET
INPUTS: NONE
OUTPUTS: CARRY = 1
CALLS: NOTHING
DESTROYS: CARRY

DESCRIPTION: SRET IS JUMPED TO BY ROUTINES WISHING TC RETURK SUCCESS.

SRET SETS THE CARRY TRUE AND THEN RETURNS TO THE
CALLER OF THE ROUT1NE INVOKING SRET.

STC ; SET CARRY TRUE

50
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8344 Cc9 RET ; RETURN APPROPRIATELY

ltittﬁtttttitkttﬁttt*ﬁiii**iiiit*iiittikitti*iit.ititttiiiii#i.ii

6 e e %o %o we we

FUNCTION: STHF@

INPUTS: DE - 16 BIT ADDRESS OF BYTE TO BE STORED INTO

OUTPUTS: NONE

CALLS: STHLF

DESTROYS: A,B,C,H,L,F/F°S

DESCRIPTION: STHF@ CHECKS THE HALF BYTE FLAG IN TEMP TQO SEE IF
IT IS SET TO LOWER. IF SO, STHF® STORES A 0 TO
PAD OUT THE LOWER HALF OF THE ADDRESSED BYTE;
OTHERWISE, THE ROUTINE TAKES NO ACTION.

D Se %o we wo wo we me we

8345 THFO:

934s 3AF913 LDA TEMP ; GET HALF BYTE FLAG

0348 87 ORA A : SET F/P’S

349 .o RN2Z ; IF SET TC UPPER, DON'T DO ANYTHING

234 VE@D MVI c,o ; ELSE, WANT TO STORE THE VALUE @

034C CDS993 CALL STHLF ;: DO IT

834F Cc9 RET
;ittttittttttttt*ﬁtttttiﬁtkttikii*tit*tititttttitﬁt*.tttttlttt.t.t
H
: FUNCTION: STHLF

‘ ; INPUTS: C - 4 BIT VALUE 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 THE 4 BIT VALUE IN C AND 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).

8359 STHLF :

0359 DS PUSH D

0351 El pPOP H : MOVE ADDRESS OF BYTE INTO HL

8352 79 MOV A,C ; GET VALUE

8353 E60F ANI AFH ; FORCE TO 4 BIT LENGTH

8355 4F MOV C,a ; PUT VALUE BACK

2356 3AF913 LDA TEMP : GET HALF BYTE FLAG

8359 B7 ORA A ; CHECK FOR LOWER HALF

935A C261303 JINZ STHOS : BRANCH IF NOT

9350 7E MOV AM :+ ELSE, GET BYTE
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B1I5E  E6FQ ANI BFoH ; CLEAR LOWER 4 BITS
3366 Bl ORA c ¢ OR IN VALUE

5361 77 MOV M, A : PUT BYTE BACK

362 C RET

2363 STHBS -

2363  TE MOV A,M ; IF UPPER HALF, GET BYTE
B3cd E6GF ANI AFH ; CLEAR UPPER 4 BITS

366 47 MOV B,A ; SAVE BYTE IN B

367 719 , ) MOV A,C : GET VALUE

2363  @F RRC

369 AV RRC

@368 gr RRC

0368 OF ]RC : ALIGN TO UPPER 4 BITS .
236C  BE ORA 8 : OR IN ORIGINAL LOWER 4 BITS
gren 77 MOV M, A ; PUT NEW CONFIGURATION BACK
fLLE 09 RET

R RN E R TR R R R R R R R g R R g g e N L 222 2R R R AR R SRR AR LR

FUNCTION: VALDG
TNPUTS: C ~ ASCII CHARACTER ,
UUTPUTS: CARRY - )1 IF CHARACTER REPRESENTS VALID HEX DIGIT
- § 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), AND FAILURE OTHERWISE.

e ms ss wz omD we s wA we wg

‘

@36F VALDG:

836F 79 MoV A,C

5370 FE3@ CPI ‘a”° ; TEST CHARACTER AGAINST '§°

8372 FAlB02 JM FRET ;3 IF ASCITI CODE LESS, CANNOT BE VALID BiGIT
©®375 FE39 CPI "9’ : ELSE, SEE IF IN RANGE "9°'-"9°

2377 FAQ343 JM SRET ; CODE BETWEEN '8° AND "9°

B3I7A CA4303 Jz SRET ; CODE EQUAL “9°

637D Frdl CPY ‘A’ ; NOT A DIGIT - TRY FCR A LETTER

w3F FA1882 JM FRET : NO - CODE BETWEEN 97 AND ‘A’

4382 FE47 cer G’

0364 F21802 Jp FRET ; NO - CODE GREATER THAN "¢’

9387 €34303 JMp SRET : OKAY - CODE IS ‘A" TO “F’, INCLUSIVE

IEAEEREEE SRR ERSERERNEEESEENEEERLEEEEEEEEFEEEEEREEEEER SR KSR - BRI S 55 -5 UES]

e o me we g

; FUNCTION: VALDL
; INPUTS: C - CHARACTER .
; OUTPUTS: CARRY - 1 i+ INPUT ARGUMENT VALID DELIMTER

52
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938A
838A
2388
238D
2390
8392
8395
8397

039A

035u
339D
83Al
A3A5
¥3A9
gooe

93A8
@3A8
@3AaD
A3AF
938l
2383
8385
0387

e3B9
2389
23BA
2368
038C
23BD
B3BE
Bade6

79
FE2C
CA4383
PEQD
CA4383
FE290
CA4303
C3l1802

0DBAA4D43
532D3830
20484954
oD0A

0000
4101
1D021
FDoo
B30@
9500
SEDB

CALLS:
DESTROY

Qv ve Se w0 we e e

ALDL:

IS¢ So wo e wp ve %o we wo we ae

GNON:
DB

LSGNON

’
CADR:

?

CTAB:
DB
DB
DB
DB
DB
DB

NCMDS EQU

PAGE 25

- @ OTHERWISE

NOTHING
S: A,F/F’S

DESCRIPTION: VALDL RETURNS SUCCESS IF ITS INPUT ARGUMENT IS A VALID

DELIMITER CHARACTER (SPACE, COMMA, CARRIAGE RETURN) AND
FAILURE OTHERWISE. )

BiC
.S
SRET
CR
§R§T

SRET
FRET

CHECK FOR COMMA
CHECK FOR CARRIAGE.RETURN
CHECK FOR SPACE

ERROR IF NONE OF THE ABOVE

ARk AR h R AR R AR R A R R AR R AR S AR AR R R AR R A AR R AR D AR AR AN N AN A AR RS ARARS

MONITOR TABLES

LA ES SRR R R R RS R R R R R R R N F S R S 222223y

;7 SIGNON MESSAGE

CR,LF, "MCS-88 KIT ,CR,LF

EQU

XCMD
SCMD
MCMD
ICMD
GCMD
DCMD

L S T S

XM ITHOO

LI S N

$-CTAB

S-

-
13

SGNON ; LENGTH OF SIGNON MESSAGE

TABLE OF ADDRESSES OF COMMAND ROUTINES
DUMMY '

TABLE OF VALID COMMAND CHARACTERS

NUMBER OF VALID COMMANDS

S3
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@¢3BF
33BF
33CH
$3C1
#3C2
23C2
03C4
#43C5
a3Cs
23CT
33C8
43C%
25CA
23C8
33CC
BICD
¢3CE

" B3CF
93CF

¢3pe

93bl
g3
83D2
£3D3
03D4
a3D5
B3D6
8307
23D8
83D9
B3DA
a3Db
#3DC
23DD
930Dk
B3oF
d3E8
©¥3E1
W3EZ
YiIED
83E4
B3ES
BJIEG6
Q3E7
P3EB
B39
B3.A
pseB
93eC

DIGTB:

RTAB:

RTABS EQU

ERRORS

[N [N
RSN LYY

.

TOOOAODPORNONS WG

L S S O
LR S NS

.

P

A

ASAVE
g
S-RTAB
.
BSAVE
5]

o
CSAVE
2

b
DSAVE
%}

"B
ESAVE
]

o
FSAVE
a
‘H
HSAVE
)

L
LSAVE

("

.

M
HSAVE
1

P

.

= § PAGE 26

H
END

-
’

AND
AND
AND
AND
AND
AND
AND

AND

s PABLE OF PRINT VALUES OF HEX D1GITS

TABLE OF REGISTER INFORMATION
REGISTER IDENTIFIER

dFF4 ; BDDRESS OF REGISTER SAVE LOCATION
LENGTH FLAG - ©#=8 BITS, 1=16 BITS
SIZE OF AN ENTRY IN THIS TABLE
OFFH

OFFH

2FFH

OFFH

BFFH

OFFH

BFFH

BFFH

PSAVE+]1 AND 4FFH

1

54
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B83ED 53 DB -

B3EE F8 DB SSAVE+1 AND @FFH

G3EF vl DB 1

63F8 oa DB ] END OF TABLE MARKERS

83F1 20 DB 0

B3FA ORG BRTAB

B3FA C3E301 JMP co ; BRANCH TABLE FOR USER ACCESSIBLE ROUTINES
B83FD C3ingal JMP CI

tﬁitti*ittttttittit*itiii**.iii*ittﬂitti**ittiii*iittQﬁttnti.iﬁit’t.’tt

“e e ws %o we

1300 ORG DATA
13ED ORG REGS ; ORG TO REGISTER SAVE - STACK GOES IN HERE
13ED MSTAK EQU $ : START OF MONITOR STACK
13ED -1 ESAVE: DB 0 ; E REGISTER SAVE LOCATION
13EE (1%} DSAVE: DB @ : D REGISTER SAVE LOCATION
13EF 00 CSAVE: [3]:] [} ; C REGISTER SAVE LOCATION
13F0 09 BSAVE: DB a ; B.REGISTER SAVE LOCATION
13F1 20 FSAVE: DB 0 ; FLAGS SAVE LOCATION
13F2 ]"] ASAVE: - DB 0 ; A REGISTER SAVE LOCAT]ON
13F3 00 LSAVE: DB 0 : L REGISTER SAVE LOCATION
13F4 20 HSAVE: DB [} ; H REGISTER SAVE LOCATION
13F5 bede PSAVE: DwW e ; PGM COUNTER SAVE LOCATION
13F7 0yao SSAVE: DwW 7} ; USER STACK POINTER SAVE LOCATION
13r9 00 TEMP: DB 2 ; TEMPORARY MONITOR CELL
13FD ORG BRLOC ; ORG TO USER BRANCH LOCATION
8003 USRBR: Ds 3 ; BRANCH GOES IN HERE

H

END

NO PROGRAM ERRORS

§5
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A
BREAK
C
CNCTL
CG
CSAVYE
DCMGS
DCMD
ECH®S
ESAVE
FSAVE
CEEH
CiHxgs
GRMLS
GG

H
HSAVE
1ICM25
po
"
MSGL
NMOUT
PSW
REGLS
kGAl9
RTAB
SCHM15
SRET
STHLF
TRUE
VALDL
XCM15
XCM34

CP:
> 93
© 94
* g5
* 06
= 97
* 88
= 29
= 19
* 11
% 12
¥ 13

..L

0007
218D
Beo1l
48rB
O1E3
13EF
2BESD
@dsE
S1FD
J13ep
13ct
¥218
g228
9281
6ces
6ead4
13F4
Bers

Qﬂf‘."\r

gegc
22
B2C3
Bev6
03gE
232a
B3CFH
a13Dp
1343
8359
dFy ¥k
gi8A
2178
4184

VER 2.3
SYMBOL
ASAVE  13F2
BRLOC 13FD
CADR 63AB
CNIN geraA
CONST 0@FB
CTAB 23BS
DCM18 0870
DIGTB @3BF
ECH1g 6288B
ESC pole
GCHMBS BOAA
GETCM @02B
GHX19 @241
GNM2@ @286
GTCO3 @438
RCHAR d08F
iCMd5 BABRE
ICMD 80aB3
LOWER 00609
MCMBS 8105
MSTAK 13ED
PRTY® ©097F
RBR 0082
REGDS @2E6
RGADR 0317
RTABS 00663
SCMD 911D
SSAVE 13F7
TEMP 13F3
UPPER QH@FF
XKCMBS 08154
XCM20 9194
XCHD 2141

ERRORS =

B
BRTAB
CI
cNouT

_CR

D
DCM12
DSAVE
ECHO
FALSE
GCMLa
GETHZA
GNMBS
GNM25
GTCB5
HiL@S
ICH1 8
INVRT
LSAVE
MCMD
NCMDS
PRVAL
REG@5
REGS
RSTTF
SCMas5
SGNON
STHBS
TERM
USRBR
XCM13
XCM25

2

EAGE 28

56

BRCHR
BSAVE
CMD

CNVBN

CROUT-

DATA
DCM15
E
ERROR
FRET
GCMD
GETNM
GNM18@
GNM30
GTC16
HILO
ICcM20
L
LSGNO
MODE
NEWLN
PSAVE
REG10
RGABS
RSTU
SCM10
SP
STHF®
TRDY
VALDG
XCM15
XCM27

9918
13F¢2
0927
21DA
O1EE-
13060
268B
6093
028D
8218
2895
0257
8273
p295
2854
829C
BBEE
8ens
AOBE
BacCr
Go0F
13F5
02F3
931D
P38
812D
0o0Be6
2345
paal
836F
817@
B1AC
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The 8080 is a complete 8-bit parailel, central processor
unit {CPU) for use in genera! purpose digital computer sys-
tems, It is fabricated on a single LS chip (see Figure 3-1).
vsing Intel’s n-channel silicon gate MOS process. The 8080
transfers data and internal state information via an 8-bit,
bidirectional 3- state Data Bus (Dg-D7). Memory and peri-
pheral device addresses are transmitted over a separate i6-

bit 3-state Address Bus (Ag-A15). Six timing and contre!
outputs (SYNC, DBIN, WAIT,WR, HLDA and INTE) eman
ate from the 8080, while four control inputs (READY,
HOLD, INT and RESETY), four power inputs (+12v, +5v,
-By, and GND) and two clock inputs ($1 and ¢2) are ac-
cepted by the 8080,
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Figure 2-1. 8080 Photomicrograph With Pin Designations



ARCHITECTURE CF THE 8080 CPU

The 8080 CPU consists of ihe following functiona!
units: N

o Register array and address logic
¢ Arithmetic and logic unit {ALU}
o Instruction register and « ontro! secticn
o Bi-directional, 3 -state « «:ta bus buffar

Figure 2-2 illustrates the funcuional biocks within
the BOBO CPU,

Registers:
The regrster section consists of a static RAM array
organized into six 16-bit registers:

s Program counter (PC)

o Stack pointer {SP)

= Six & bit general purpose registers arranged in pairs,
referred to as B,C; D,E; and H, L. )

o A temporary register pair calléd \NZ

The program counter maintains the memary sddress
of the current program instruction and 1s incremented auto-

matically during gvery instruction fetch. The stack pointer
maintains the address of the next avaitable stack location in
memory, The stack pointer can be initialized to use any
portion of read-write memory as a stack. The stack pointer
is decremented when data is “‘pushed’’ onto the stack and
incremented when data is “‘popped’’ off the stack (i.e., the
stack grows ""downward’’).

The six general purpose registers can be used either as
single registers ({8-bit) or as register pairs (16-bit). The
temporary register pair, W,Z, is not program addressable
and is only used for the internal execution pf instructions,

Eight-bit data bytes can be transferred between the
internal bus and the register array via the register-select
multiplexer. Sixteen-bit transfers can proceed between the
register artay and the address latch or the incrementer/
decrementer circuit. The address latch receives data from
any of the three register pawrs and drives the 16 address
output buffers (Ag-A1s), as well as the incrementer/
decrementer circuit, The incrementer/decrementer circuit
receives data from the address latch and sends it to
the register array. The 16-bit data can be inctemented or
decremented or simply transferred between registers.
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Figure 2-2. 8080 CPU Functional Block Diagram



Arithmetic and Loaic Unit {ALY):

The ALU contains the following registers:
s An B8-bit accumulator
o Ar 8-bit temporary accumulator (ACT)

o A 5-bit flag register: zero, carry, sign, parity and
auxiliary carry

e An B-bit temporary register (TMP)

Arithmetic, logical and rotate operations are per-
formed in the ALU. The ALU is fed by the temsorary
reygister (TMP) and the temporary accumulator (ACT) and
carry flip-flop. The result of the operation can be trans-
ferred to the internal bus or to the accumulator; the ALU
also feeds the flag register.

The temporary register (TMP} receives information
from the internal bus and can send all or portions of it to
the ALU, the flag register and the internal bus.

The accumulator (ACC) can be loaded from the ALU
and the intermal bus and can transfer data to the temporary
accumulater {ACT) and the internal bus. The contents of
the accumulator (ACC) and the auxiliary carry flip-flop can
be tested for decimal correction during the execution of the
DAA instruction (see Chapter 4).

Instruction Register and Control:

During an instruction fetch, the first byte of an in-
struction (containing the OP code) is transferred from the
interna! bus to the 8-bit instruction register,

The contents of the instruction register are, in turn,
available to the instruction decoder. The output of the
decoder, combined with various timing signals, provides
the contro! signals for the register array, ALU and data
buffer blocks. In addition, the outputs from the instruction
decoder and external control signals feed the timing and
state contro! section which generates the state and cycle
tuning signals.

Data Bus Buffer:

This 8-bit bidirectional 3-state buffer 15 used to
isolate the CPU’s internal bus from the external data bus
{Dg through D7). In the output mode, the internal hus
content is loaded into an 8-bit latch that, in turn, drives the
data bus output buffers. The output buffers are switched
off during input or non-transfer cperations.

During the input mede, data from the external data bus
is transferred to the internal bus. The internal bus is pre-
charged at the beginning of each internal state, except for
the transfer state (Tg—~described later in this chapter),

THE PROCESSOR CYCLE

An instruction cycle is defined as the time required
to fetch anid execute an instruction. During the fetch, a
selected instruction (one, twe or three bytes) is extracted
from memory and deposited in the CPU's instruction regis-
ter. During the execution phase, the instruction is decoded
and translated into specific processing activities.

Every instruction cycle consists of one, two, three,
four or five machine cycles. A machine cycle is required
each tirne the CPU accesses memory or an 1/0O port, The
fetch portion of an instructicn cycle requires cne michine
cycle for each byte to be fetched. The duration of the execu-
tion portion of the instruction cycle depends on the kind
of instruction that has been fetched. Some instructions do
not require any machine cycles other than those necessary
to fetch the instruction; other instructions, however, re-
quire additional machine cycles to write or read data to/
from memory or /O devices. The DAD instruction is an
exception in that it requires two additional machine cycles
to complete an internal register-panr add (see Chapter 4},

Each machine cycle consists of three, four ar five
states. A state is the smallest unit of processing activity and
is defined as the interval between two successive positive.
going transitions of the ¢1 driven clock pulse. The 8080
isdriven by a two-phase claock oscillator, All processing activ-
ities are referred to the period of this clock, The two non-
overlapping clock pulses, labeled ¢1 and @9, are furnished
by external circuitry. It is the ¢1 clock putse which divides
each machine cycle into states. Timing logic within the
8080 uses the clock inputs to produce a SYNC pulse,
which identifies the beginning of every machine cycle. The
SYNC pulse is triggered by the low-to-high transition of ¢2,
as shown in Figure 2-3.

FIRST STATE OF
"EVERY MACHINE
CYCLE

/T
” _L_/__\F_F—\m
swe |/ | \_

*SYNC DOES NOT OCCUR IN THE SECOND AND THIRD MACHINE
CYCLES OF A DAD INSTRUCTION SINCE THESE MACHINE CYCLES
ARE USED FOR AN INTERNAL REG|STER-PAIR ADC.

Figure 2-3.¢1, 92 And SYNC Timing

There are three exceptions to tiie defined duration of
a state. They are the WAIT state, the hold (HLDA) state
and the halt (HLTA) state, described later in this chapter.
Becaiise the WAIT, the HLDA, and the HL VA states depend
upon external events, they are by their nature of indeter-
minate length. Even these exceptional states, however, must



se synchionized with the pulses of the driving clock. Thus,
[ . .

the duration of all states are integra! multiples of the clock

period.

'( To summarize i.ien, each ciock period rnarks a state;
three to five states constitute a machine cyclev,' and one to

. tive machine cycles comprise an instruction cycle. A full
instruction cycle requires anywhere from four to cight-
teen states for its completion, depending on the kind of in-
struction iqvolved.

Machine Cycle Identification:

With the exception of the DAD instruction, there is
just ene consideration that determines how many machine
cycles sre required 1n any given instruction cycle: the num-
ber of times that the processor must referénce a memory
address or an addressable peripheral device, in order to
fetch and execute the instruction. Like many procassors,
the BOBO is so constructed that it can transmit only one
adidress per machine cycle. Thus, if the fetch and execution
ot oninstruction requires two memory references, then the
instruction cycle associated with that instruction consists of
wi machine cycles. If five such references are called for,
then the instruction cycle contains five machine cycles,

Every instruction cycle has at least cne reference to
memory, during which the instruction is fetched. An in-
struction cycle must atways have a fetch, even if the execu-
1on of the nstruction requires no further references to
memory. The first machine cycle in every instruction cycle
is therefore a FETCH, Beyond that, there are no fast rules.
1t depends on the kind of instruction that is fetched.

Consider some examples. The add-register (ADD r)
instruction 15 an instruction that requires only a singie
machmne cycle (FETCH) for 1ts completion. in this one-byte
instruciion, the contents of one of the CPU’s six general
purpose registers 1s added to the existing contents of the
accumulator, Since all the information necessary to execute
the command 1s contained in the eight bits of the instruction
code, only one memory reference is necessary. Three states
are used to extract the instruction from memory, and one
additional state is used to accomplish the desired addition.
The entire nstruction cycle thus requires only one machine
cycle that consists of four states, or four periods of the ex-
ternal clock.

_— Suppose naw, however, that we wish to add the con-
tents of a specific memory location to the existing contents
of the accuniulator (ADD M). Although this is quite similar
in principle to the example just cited, several additional
steps will be used. An extra machine cycle will be used, in
order to address the desired memory location,

The actual sequence is as follows. First the processor
extracts from memory the one-byte instruction word ad-
dressed by its program counter. This takes three states
The eight-bit mstruction word obtained during the FETCH
machine cycle is deposited in the CPU’s instruction register
and used 1o direct activities during the remainder of the
instruction cycle. Next, the processor sendsout, as an address,

the contents of its H and L registers. The eight-bit data
word returned during this MEMORY READ machine cycle
is placed in a temporary register inside the 8080 CPU. B*
now three more clock periods {states) have elapsed. In the
seventh and final state, the contents of the temporary regis-
ter are added to those of the accumulator. Two machine
cycles, consisting of seven states in all, complete the
“ADD M’ instruction cycle.

At the opposite extreme is the save H and L registers
(SHLD) instruction, which requires five machine cycles.
During an “SHLD’’ instruction cycle, the contents of the
processor’s H and L registers are deposited in two sequen-
tially adjacent memory locations; the destination is indi-
cated by two address bytes which are stored in the two
memory locations immediately following the operation code
byte. The following sequence of events occurs:

(1) A FETCH machine cycle, consisting of four
states. During the first three states of this
machine cycle, the processor fetches the instruc-
ticn indicated by its program counter. The pro-
gram counter is then incremented. The fourth
state is used for internal instruction decoding.

{2) A MEMORY READ machine cycle, consisting
of three states. During this machine cycle, the
byte indicated by the program counter is read
from memory and placed in the processor's
Z register, The program counter is incremented
again.

(3} Another MEMORY READ machine cycle, con-
sisting of three states, in which the byte indica-
ted by the processor’s program counter is read
from memory and placed in the W register. The
program counter is incremented, in anticipation
of the next instruction fetch,

(4) A MEMORY WRITE machine cycle, of three
states, in which the contents of the L register
are transferred to the memory location paomnited
to by the presant contents of the W andd Z regis-
ters. The state following the transfer is used 1o
incremeni the W,Z register pair so that it indi-
cates the next memory location to receive tata.

{5) A MEMORY WRITE machine cycle, of thren
states, in which the contents of the H register
are transferred to the new memory location
pointed to by the W,Z register pair,

“In summary, the “SHLD” instruction cycle contains
five machine cycles and takes 16 states to execute,

Most instructions fall somewhere between the ex
tremes typified by the “ADD r” and the “"SHLD" instruc
tions. The input (INP} and the output (OUT) instructioris,
for example, require three machine cycles: a FETCH, to
obtain the instruction; a MEMORY READ, to obtain the
address of the ohject peripheral; and an INPUT or an QUT-
PUT machine cycie, to complete the transfer,



While o one instruction cycle will consist of more
then five machine cycles, the foilowing ten diiferent types
of machine cycles may occur within an instruction cycle:

(1) FETCH (M1)

(2) MEMORY REAC

(3} WCMORY WRITE
{4) S$TACK READ

(5) STACK WRITE

(6) INPUT

(7} QuUTPUT

(8) INTERRUPT

(9) HALT
(100  HALToiNTERRUPT

The machine cycles that aciually do wceur in a par-
ticular instruciion cycle depend upon the kind of instruc-
tien, with the overriding stinpulation that the first machine
cvcle in any nstruction cycle is always a FETCH.

The processor idendfies the machine cycle in prog-
ress by transmitting an eight-bit status werd during the first
state of every raachine cycle. Updated status information is
presented on the B08('s data lines (Dg-D 7)), during the
SYNC interval This data should be saved in latches, and
used to develop coritroi signals for external circuitry. Table
2-1 shows how the pesitive-true status information is dis-
tributed on the processor’s data bus.

Status signals are provided principally for the control
o external crrcuitry. Simplicity of interface, rather than
machine cycle identification, dictates the logical definition
of individuai status bits. You will therefore observe that
certain processor machine cycies are uniquely identified by
a single status bit, but that cthers ar2 not, The My status
bit (Dg), for example, unambiguously identifiesa FETCH
machine cycle. A STACK READ, on the other hand, is
indicated by the coincidence of STACK and MEMR sig-
nals. Machine cycle identification dsta is also valuable in
the test and de-bugging phases of system development,
Table 2-1 hLists the status bit outputs for zach type of
machine cycle.

State Transition Sequenco:

Every machine cycle within an instruction cycle con-
sists of three to five active states (referred toas T4, T, T3,
T4, Ty or Tw). The actual number of swatzs depends upon
the instruction being executed, and on the particular ma-
chine cycle within the greater instruction cycle. The state
transition diagram in Figure 2-4 shows how the H080 pro-
ceeds from state to state in the course ¢f a machme cycle,
The diagram also shows how the READY, HOLD, and
INTERRUPT lines are sampled during the machine cycle,
and how the conditions on these lines may modity tha

basic transiticn seguence, in the present discussion, we are
concerned only with the basic sequence and with the
READY function, The HOLD and INTERRUPT functions
will be discussed later,

The 8080 CPU does not directly indicate its internal
state by transmitting a “‘state conirol” output during
each state; instead, the 8020 supplies divect control autput
(INTE, HLDA, DBIN, WR and WAIT) for use by externa!
citcuitry,

- Recall that the 808D passes through at least threc
states in every Inaching cycle, with each state defined by
successive low-tc-high transitions of the ¢ clock. Figure
2-5 shows the timing relationships in a typical FETCH
machine cycle, Events that ccour in each state are referenced
to transitions of the ¢ and 32 clock pulses.

The SYNC signal identifies the first state (Tq} in
every machine cycle.” As shown in Figure 2.5, the SYNC
signai is related to the leading edye of the ¢ clock. There is
a delay {tpc) between the low-to-high transition of ¢7 and
the positive-going edge of the SYNC puise. There also is a
corresponding delay (also tp) between the next ¢2 pulse
and the falling ecge of the SYNC signal. Status information
is displayed on Dg-D7 during the same 97 to ¢2 interval,
Switching of the status signals is likewise controlled by ¢ 7.

The rising edge of ¢2 during Tq also loads the pro-
cessoi’s address lines (AQ-A15). These lines become stable
within a briet delay (tpa) of the ¢2 clocking pulse, and
they remain stable untii the first ¢ pulse after state T3.
This gives the processor ample time to read the data re-
turned from memory.,

Once the processcr has sent an address to memory,
there is an opportunity for the memory to jequest a WAIT,
This it does by pulling the processor’s READY line low,
prior to the ““Ready set-up” interval {trg) which occurs
during the ¢2 pulse within state T2 or Tyy. As leng as the
READY tline remains low, the processor wili idle, giving the
memory time to respond tc the addressed datz request.
Refer to Figure 2-5,

The processor responds to a wait request by entering
an alternative state (T\y) at the end of T, rather than pro-
ceeding directiy to the T3 state. Entry inta the Ty state is
indicated by a WAIT signal from the processor, acknowledg-
ing the memory’s raquest. A low-to-high transition on the
WAIT iine is triggered by the rising adge of the ¢y cleck and
occurs within a brief delay (tp) of the actual entry into
the Ty state.

A wait period may be of indefinite duration, The pro-
cessar remains in the waiting condition untilits READY line
again goes high, A READY indication must precede the fall-
ing edge of the ¢ clock by @ specified intgrval {(tpg). in
order to guarantee an exit from the Ty stats. The cycle
may then proceed, beginning with the rising edge of the
next ¢ ctock. A WAIT interval will theretore consist of an
integral number of Ty states and will always b a multiple
of the clock ‘period.



Instructions for the BOBO require fror) one 1o five machine
cycles for complete execution. The 3080 sends out 8 bit of
stats; information on the data bus at the beginning of each
mazhie cycle (during SYNC time). The following table defines
the status information.

STATUS INFORMATION DEFINITION

Data Bus

Symbols B Definition

INTA® Dy  Acknowledge signal for INTERRUPT re-
quest. Signal should be used to gate are-
start instruction onto the data bus when
DBIN is active.

W6 D, Indicates that the operation in the current

> machine cycle will be a WRITE memaory
or QUTPUT function (WO = 0).Otherwise,
a READ memory or INPUT operation will
be executed.

STACK D4 Indicates that the address bus holds the
pushdown stack address from the Stack
Pointer.

HLTA D4 Acknowledge signal for HALT instructicn.

CUT D4 indicates that the address bus contains the
aldress of an output device and the data
bus wili contain the output data when
WR 15 active,

Mty Dg Provides a signal to indicate that the CPU
is in the fetch cycle for the first byte of
an instruction.

th Dg Indicates that the address bi:s contains the

- zddress of an nput device and the mput
daia should be placed on the data bus
when DBIN is active.

MEMR® D, Designates that the data bus will be used

for memory read data.

* These three status bits can be used to control
the How of data onto the B0O8O data bus.

STATUS WORD CHART

3

8080 STATUS LATCH

alelalwlw|olo

STATUS
LATCH

~fon|w

CLOCK GEN ':_‘TT—‘I'
s priver [

o, 0,

8212

LR _
Ds, mp b5,

o 111

Tu ZYI
3

..
-

vl

P
2 S kN

SYNC

DATA

STATUS

TYPE OF MACHINE CYCLE

&
S & &
> > & Q A
s/ $8 Js/E//F
N I NSNS
N &8 /&8 /S/ &/ &
& S /&/S/ /X
S JE/¥/E)S
L O IO ECIOMCHICHIORICEIONKT)
Do | INTA olojolojlofojo|1tjol] 1
Dy | WO . IBEREEEEEEREEREEERE 1
| D2 | sTAck | 0 ol ol 1 i 1lolololo] o
o3| HTA o jojojoloflo]olo] 1 [ 1
Da | out o lololo'olol1 i o0lo0]o0
Ds | M trlololojejololi1 o1
D | w0 olojojol1r]lolo]lo}o
o0 memR T 1 1l ol 1 lolololols {o

Table 2-1. 8080 Status Bit Definitions

2-6



(1:,\ RESET
AL

/T:\ AEADY + HLTA
NS }

) vES
HLY A,
AEADY « RLTA
NO . o e
READY {b
N Tw —
: READY : . e
INT « INTE ﬁ\\ AOLG « iN
Wh ~a\
. ~<_/
SET INTERNAL
HOLD F/F HOLD

SET INTERNAL

HOLD F/¥
h !m
|
]
'm HOLD
[ MODE ‘) HOLD
1 ) 48
!
i
, .
: y
[}

HOLD

t400E ———
HOLD

RESET INTERNAL

¥
(1) -—— - = J HOLD F/F
15

INTERNAL YES

HOLD F/F

RESET HLTA

/’4;:\\
' NO EXECUTION HOLD

COMPLETEE o2 MODE )HOLD

HOLD
¢
NO //R\\> RESET INTERMAL
INT « INTE LD FiE
S

r
!

" SET INTERNAL
INT FIF

WHNTE F/F 1S RESET (F INTERNAL INT F/F 15 387
DINTEANAL INT F/F 13 RESET IF INTE F/F (8 RESLT.
NGEE PAGE 213

[ S

Figure 2-4. CPU State Transition Diagram



The events that take place during the T3 state are
determined by the kind of machine cycie i progress. In a
FE£71CH machine cycle, the processor interprets the data on
is data bus as aninstruction,'During a MEMORY READ or
a STACK READ, data on this bus is interpreted as a data
word, The processor outputls datla on this bus_during a
MERIORY WRITE machine cycie During 1/0O operations,
the processor may either transmit or receive data, de-
pending on whether an OUTPUT or an INPUT operation
is involved.

Figure 2-6 illustrates the timing that is characteristic
of a data input operation, As shown, the low-to-high transi-
tion of ¢2 during T clears status information from the pro-
cessor’s data tines, preparing these lines for the receipt of
incoming data. The data presented to the processor must
have stabilized prior to both the ¢y —data set-up’’ interval
{tpgil. that precedes the falling edge of the ¢4 pulse defin-
g state T3, and the “¢z—deta set-up” interval (tngo),
that precedes the rising edge of ¢2 in state T13. This same

data must remain stable during the “data hold” interval
{1DH) that occurs following the rising edge of the ¢2 puise.
Data placed on these lines by memory or by other external
devices will be sampled during T3.

During the input of data to the processor, the 8080
generates a DBIN signal which should be used externally to
enable the transfer, Machine cycles in which DBIN is avail-
able include: FETCH, MEMORY READ, STACK READ,
and INTERRUPT. DBIN is initiated by the rising edge of ¢2
during state T2 and terminated by the corresponding edge of
¢ during T3. Any Ty phases intervening between T2 and
T3 will therefore extend DBIN by one or more clock
periods,

Figure 2-7 shows the timing of a machine cycle in
which the processor outputs data, Output data may be des-
tined either for memory or for peripherals. The rising edge
of ¢2 within state T clears status information from the
CPU’s data lines, and foads in the data which is to be output
to external devices. This substitution takes place within the
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“data output delay” interval (1) following the ¢ clock’s
leuding edge Tlata on the bus remains stable throughout
the rematnder of the machine cycle, until replaced by up-
dated status information in the subsequent T § state. Cbserve
that a READY signal is necessary for completion of an
QUTPUT machine cycle. Unless such an indication is pres-
ani, the processor enters the Ty state, foliowing the T2
ctate. Data on the output lines rernains stable in the
interim, and the processing cycle will not proceed until
the READY hine again goes high.

The 8080 CPU generates a WR output for the syn-
chronization of external transfers, duiing those machine
cycles in which the processor outputs data, These include
MEMORY WRITE, STACK WRITE, and OUTPUT. The
negative-going leading edge of WR is referenced to the rising
edge of the lirst ¢ clock pulse following T, and occurs
within a briefl delay (IDC) of that event. WR remains low
untis re-triggered by the leading edge of ¢4 during the
statz ioliowing T3. Note that any Ty states intervening
berween To and T3 of the output machine cycle will neces-

sarily extend Wﬁ, in much the same way that DBIN is af-
fected during dala input operations.

Al processor machine cycles consist of at least three
states: T4, To, and T3 as just described. If the processor has
to wait for a response from the peripheral or memory with
which it is communicating, then the machine cycle may
also contain one or more Ty states. During the three basic
states, data is transferred to or from the processor.

After the T3 state, however, it becomes difficult 1o
generalize, T4 and Tg states are available, if the execution
of a particular instruction requires them, But not all machine
cycles make use of these states. It depends upon the kind of
instruction being executed, and on the particular machine
cycle within the instruction cycle, The processor will termi-
nate any machine cycle as soon as its processing activities
are completed, rather than proceeding through the T4 and
Tg states every time, Thus the 8080 may exit a machine
cycle following the T3, the T4, or the Tg state and pro-
ceed directly to the T4 state of the next machine cycie.

STATE ASSOCIATED ACTIVITIES

Tq A memory address or 1/O device number is : \
placed on the Address Bus {A5.0); status
information is placed on Data Bus (D7.g).

Ty The CPU samples the READY and HOLD in-
puts and checks for halt instruction.

W Processor enters wait state if READY is low

{optional} or if HALT instruction has been executed.

T3 An instruction byte (FETCH machine cycle},
data byte (MEMCRY READ, STACK READ)
or interrupt :nstruction (INTERRUPT machine
cycle) is input to the CPU from the Data Bus;
or a data byte (MEMORY WRITE, STACK
WRITE or OUTPUT machine cycie) is output
onto the data bus.

T4 States T4 and Tg are available if the execu-

75 tion of a particular instruction requires them;

{optional) if not, the CPU may skip one or both of
them. T4 and Tg are only used for internal
processor cpetations,

Table 2-2. State Definitions



INTERRUPT SEQUERNCES

The 8080 has the buit-in capacity to handie exiernal
interrupt reqguests, A penipheral device can initiate an inter-
rupt simply by driving the processor’s interrupt {INT} line
high.

The interrupt (INT) nput is asynchronous, and a
request may therefore originate at any time during any
instruction cycle. Interngl logic re-clocks the external re-
quest, so that a proper correspondence with the driving
clock is ««.sblished, As Figure 2-8 shows, an interrupt

requesi {iN1) -arriving during the time that the interrupt

enable line {INTE) is high, acts in coincidence with the ¢7
ciock to et tha internal interrupt latch, This event takes
place during the last state ot the instruction cycle in which
the request occus, thus ensuring that any instruction in
progress is corpleted before the interrupt can be processed.

The IMYERRUPT machine cycle which follows the
arrival of an enabled interrupt cequest resembies an ordinary
FETCH muachine cycle in most respects. The M1 status bit
is tiansmitted as usudal during the SYNC interval. it is
accompanied, however, by an INTA status bit {Dg) which
acknowledges the external request. The contents of the
program counter are latched onto the CPU’s address lines
during T4, but the counter itself is not incremented during
the INTERRUPT machine cycle, as it otherwise would be.

in this way, the pre-interrupt status of the grograr counter
is preserved, so that data in the counter may be restored by
the Enterru;ﬁed program after the interrupt requesi has been
processed.

The interrupt cycle is otherwise indistinguishatie from
an ordinary FETCH machine cycie. The processor iself
takes no further specisl action. {t is the responsibility of the
peripheral logic (o see that an eight-bit interrupt instruction
is “jammed’’ ontc the processor’s data bus during state T3.
In a typical sysrem, this means that the data-in bus from
memory must be temporarily disconiected nom the oro-
cessor’s main data bus, so that the interrupting device can
command the main bus without interference.

The 8030's instruction set provides a special one-byte
call which facilitates the processing ot interrupts (the ordi-
nary program Call takes three bytes). This is the RESTART
instruction (RST). A vezriable three-bit field embedded in
the eight-bit field of the RST enables the interrupting device
to direct a Call to one of eight fixed memory locations. The
decima! addresses of these dedicated lpcations are: 0, 8, 16,
24, 32, 40, 48, and 56. Any of these addresses may be used
to store the first instruction(s}) of a routine designed to
service the requirements of an interrupting davice. Since
the {RST) is a call, completion of the instruction alsc
stores the old program ccounter contents on the STACK,
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Figure 2-8. Interrupt Timing
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"HOLD SEQUENCES

The 8080 CPU contains provisicns for Direct Mermory
Access {DMA} operations. By applyinga HOLD ¢ the appro-
priate conwrol pin on the processor, an ex.ernai device can
cause the CPU to suspend its normal operations and relin-
quish control of the address and data busses. The processor
responds to a4 request of this kind by floating its address to
other devices sharing the bucses. At the same time, the pro-
cessor acknowledges the HOLD by placing a high on its
HLDA outsn pin. During an acknowledged HOLD, the
address and <deta busses are under control of the peripheral
which origuiated the request, enabling it to conduct mem-
ory transfe: s without processor intervention.

Unlike the interrupt, the HOLD input must be syn-
chronized with the driving clock. A HOLD signal must be
stable prior to the “Held set-up” interva! (tyg), that pre-
cedes the rising edge of ¢, consequently, external re-
clocking Ingic musc be provided to properly synchrenize an
asynchronous HOLD REQUEST.

Frgures 2.9 and 2-10 illustrate the timing involved in
HOLD ope: 2t1ons, Note the delay between the asynchronnus
HOLD REQUESYT and the re-clockac HOLD. As shown in
the diagram, a coincidence of the READY, the HOLD, and
the ¢y clocks sets the internal hold latch, Setting the latch
enables the subsequent rising edge of the ¢1 clock pulse to
trigger the HLDA output.

Acknowledgement of the HOLD REQUEST precedes
slightly the actual floating of the processor’s address and
data hines. The processor acknowledges a HOLD at the begin-
ning of T3, 1f a read or an input machine cycle is 1n progress
{sece Figure 2-9). Otherwise, acknowledgement is deferred
until the begmning of the state following Ty (see Figure
2-10}. In both cases, however, the HLDA goes high within
a specified delay {ih) of the rising edge of the selected ¢
clock puise. Addrzss and data lines are floatea within a
brief delay after the rising edge of the next ¢2 clock pulse.
This relationstip is also shown in the diagrams.

To all outward appearances, the processor has suspend-
ed itsoperations once 12 address and dat3 busses are floated.
Internally, however, cevtain functions may continue, If a
HOLD REQUEST s acknowledged at T3, and if the pro-
cessor is 1n the middle of a machine cycle which requires
four or more states to complete, the CPU proceeds through
T4 and Tg before coming to a rest, Not until the end of the

~machine cycle is reached will processing acuivities cease.
Internal processing is thus permitted to overlap the external
DMA rwansfer, improving both the efficiency and the speed
of the entire system.

The processor exits the holding state through a
sequence similar to that by which 1t entered. A HOLD
REQUEST is terminated asynchronsusly when the exteina:
device has completed its data transfer, External re-clocking

lagic rrust ensure thas HOLD remains stabie through a
reintmum “hold-tune’” intervel (i) foilowing the trailing
edgs of the subsequent ¢o clock pulse. The Hi.DA output
raturns o a jow leve! following the leading edge of the next
¢1 clock pulse. Norial processing resumes with the ma-
chine cycle following the iast cycle that was executed.

HALT SEQUENCES

When a halt instrection {HLT) is execwed, the CPU
enters the halt stete (Tyypyy) after sraze T) of the next ma-
chine cycle, as shown in Figure 2-11. Thery w s anly three
ways in which the 8080 can exit the hait state:

o A high on the RESET line will always reset the
8G30 to state Tq; RESET also clears the program
counter.

o A HOLD input wiil cause the BOBO to enter the
held sla:e,‘ as previously described. When the
HOLD line goes low, the 80¥( re-enters the ha't
state on the rising edge of the next ¢y clock
puisce,

s An interrupt {i.e.,, INT goes high whiie INTE is
enabled) will cause the B080 to exit the Hait state
and enter state Ty on the rising edge of the next
¢1 clock pulse. NOTE: The interrupt enable {INTE)
flag must be set when the hall state_is entered;
otherwise, the 8080 will only be able to exit via a
RESET signal.

£1

rigure 2-12 illustrates halt sequencing in flow chart

form,

START-UP OF THE 8080 CPU

When power is applied initially to the 8080, the pro-
cessor begins operating immediately. The contents of its
pragram counter, stack pointer, and the other working regis-
ters are naturally subject to random factors and carninct be
specified, For this reason, it will be necessary o begin the
power-up sequence wich RESET,

An external RESET signal of three clock period dura-
tion (minimum) restores the proceszor’s internal pregram
counter to zero. Program execution thus begins with mer-
ory locaticn eero, following a RESET. Systems which ra-
quire the processor to wait for an explicit start-up signa!
wiil store a halt instruction {HLT) in this location. A
manual or an autematic INTERRUPT will be used for
starting. In other systems, the processor may begin exscut-
ing its stored program immediately, Note, however, that
the RESET has no effect on status flags, or on any of the
processor’s working registers {accumulatyr, registar:, or
stack pointer}. The contents of these registers remain inds-
terminate, until initialized explicitly by the program,
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This chapier will iiustrate, in detail, how to interface
the 8230 CH:: with Memory and 1/O. It will aiso show the
benefits and tradeoffs encountered when using a variety of
system architectures tc achieve higher throughput, de-
treasecd component count o7 minimization of memory size.

2080 Microcomputer system design iends itse!f to a
simple, modular agproach. Such an approach will yvield the
designer a re!ia.!;le, high perfurmance system that contains a
minimum component count and is easy to manufacture and
maintain.

The overail system can be thought of as a simpie
block diagram. The three (3} blocks in the diagram repre-
sent the functions common to any computer system,

CPU Module® Contains the Central Processing Unit, system
timing and interface circuitry te Memory
and 1/0 devices.

Memory Contains Read Only Memory (ROM)} and
Read/Write Memory (RAM) for progranm: and
data storage.

1/0 Contains circuitry that allows the computer

system to communicate with devices or
structures existing outside of the CPU or
Meimmory array.

for example: KXeyhoards, Floppy Disks,
Paper Tape, etc.

There are three busses that interconnect these blocks:

Data Bus | A bi-directional path on which data can flow

between the CPU and Memory or |/0.
Address Bus A uni-directiona! group of lines that identify

a particular Memory location or 1/0O device.

B re . . ~'~- "
Module” refers to a functional block, it dces not ref-
erence a printed circuit board manufactured by INTEL,

P Bus” refers to a set of signals grouped together bacause
of the similarity of their functions.

.

Control Bus A uni-directicnal set of signals thar indicate

the type of activity 1n current process.

Tvpe of activities: 1. Mamory Read

2. Memory Wrige

. §/0 Reail

7O Write

. Interrupt Acknowledge

S S I

ADDRESS 8US

U
[ MEMORY o
woOULE ﬁ ﬁ 75
<
ﬁ DATA éUS 5 '
Y 1%

]
CONTROL BUS I

Figure 3-1. Typical Computer System Block Diagrain

Basic System Operation

1. The CPU Module issues an activity command on the
Contrai Bus,

2. The CPU Module issues 4 binary code o the Address
Bus to identify which particular Memory lecation or
1I/0 device will be invoived in the cutrer? process
activity.

3. The CPU Module recaives or transmitc data with the
sefected Mernory lacation or §/0 device,

4. The CPU Mcdule returns to
activity command,

§ )} and issues the next

[ . . e .
it is easy to see at this point that the 2 rodule is
the central element in any computer systam,



The {ollowing pages will cover the detailed design of
the CPU Muodule with the 8080, The three Busses {Data,
Address and Control) will be developed and the intercon-
nection to Memory and 1/0 will be showi,

Design philosophies and system architectures pre-
serited in this manual are consistent with ‘orodugs develop-
ment programs underway at INTEL for the MCS-8C. Thus,
the designer who uses this manuai as a guide for his total
sysiem engineering is assured tha: all new developments in
components and software for MCS-80 fromi INTEL will be

the design and to achieve operational characteristics that
are as close as possible to those of the 8224 and 8228.
Many auxiliary timing functions and features of the 8224
and 8228 are too complex to practically implement in
standard components, so only the basic functions of the
8224 and 8228 are generated. Since significant benefits in
system timing and component count reduction can be
realized by using the 8224 and 8228, this is the preferred
method of implementation.

compatible with his design approach. 1. 8080CPU
The operation of the 8080 CPU was covered in pre-
CPU Mcdule Design vious chapters of this manual, so little reference will
be made to it in the design of the Module.
oy -~ . . g
The CPU Module contains three major areas:
1. The 8080 Central Processing Unit 2. Clock Generator and High Level Driver
) Ciock Ge ; . . . . _
2. AClock Generator and High Level Driver The 8080 is. a dynamic device, meaning that its inter-
3. A bidirectional Data Bus Driver and System Controt nal storage elements and logic circuitry require a
Logic timing reference {Clock), supplied by external cir-
; . . . . cuitry, to refresh and provide timing control signals.
The following will discuss the design of the thiee .
major areas contained in the CPU Module. This design is The 8080 requires two (2) such Clocks. Their wave-
presented as an alternative to the Intel® 8224 Ciock Gener- forms must be non-overlapping, and comply with the
atar and Intel 8228 System Controller. By studying the timing and levels specified in the 8080 A.C. and D.C.
atternative approach, the designer can more clearly see the Characteristics, page 5-15.
considerations involved in the specification and engineering
- = 9 - H
of the 8224 and 8228. Standard TTL components and Intei Clock Generator Design
general purpose peripheral devices are used to implement The Clock Generator consists of a crystal controlied,
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Figure 3-3. 8080 Clock Generator
20 MHZ oscillator, a four bit counter, and gating positiva transition when biased from the 8080 Vpp
circuits, supply (12V) but to achieve the low volitage spectfi-

cation (Vi ¢) .B volts Max. the driver is biased (o the
8080 Vgg supply (-5V). This aliows the driver t¢
swing from GND to Vpp with the aid of a simple
resistor divider.

The osciliator provides a 20 MHZ signal to the input
of a four {4) bit, presettabie, synchronous, binary
counter By presetting the counter as shown in tigure
3-3 and clocking it with the 20 MHZ signal, a simple

decoding of the counters outputs using standard TTL A low resistance series network is added tetween the
gates, provides proper timing for the two {2) 3080 drive; and the 8030 to eliminate any overshoot of the
cleck inputs. pu!sed waveforms. Now a circuit 1s apparent that can

easily compiy with the 8080 specitications. In fact

Note that the uming must actually be measured at
rise and falitimes of this design are typically iess than

the cutput of the High Levet Driver tc take into &c-

count the added delays and waveform distortions 10 ns.
within such a device. _
+12V
High Level Driver Resign
The voltage level of the clocks for the 8080 is not saopc [ : &7
. . . ; Q "
TTL compatible like: the other signais that input w0 Ei“!r?u--—--ﬂ-—-i r—7—~‘~—-4~—-~\nr-| 21
. ; . : MH0026 18087 Pit 27)
the 8080. The voltage swing is from .6 voits {V;, i oR
to 11 volts (V) with risetimes and fallumes under . B800F1 cauv s w" o2
[ . . P2 (TTL) o *‘—“1 q e
50 ns. The Capacitive Drive is 20 pf {max.). Thus, ! r {8030 7N 151
High Level! Driver is required to interface the outputs 3
of the Clock Generator (TTL} to the 8080. B — 155 S Ziew
i 1N4002 3 .
3B uF < 2000 !
The two (2) outputs of the Clock Genzrator are ca- b !
i . . ~d
pacitivity coupled to a duai- High Leve!l clock dnver.
The driver must be capable of complying with the = ; =
' - B
8080 clock nput specifications, pags 5-15. A diwer
‘of this type usually has little problem supplying the Figure 3-4. High Lave! Griver



Auxiltary Taning Signals and Funecticens

The Clock Gel:mdlor can zlso be used to provide
other signals that the designer can use to simplify
large system timing or ihe interface to dynamic
memones,

Functions such as power-on reset, synchronization of
exiernal requesis (HOLD, READY, etc.} and singie
step, could easily be added to the Clock Generator to
further enhance its capabilities.

For nstance, the 20 MHZ signal from the oscillaior
can be buffered so that it could provide the basis for
carmmun:cation baud rate generatson.

The Clock Genvrator disgram also shows how to gen-
erale an advanced timing signal {¢1A) that is handy
to use in clocking D" wype flipflops to synchronize
exza;nal_rgques!s. It can alsc be used to generate a
strobe (STSTBY that is the fatching signal for the sta-
tus wiormagon which is available an the Data Bus at
¢ beginnming of each nsachine cycle, A stmple gating
ot ihe SYNC siygnat from the 8080 and the advanced
LATAY will do the job. See Figure 3-3.

Bi-Directional Bus Driver and System Contro! Logic

The systen Memory and 1/O devices communicate
with the CPU over the bi-directional Data Bus. The
system Control Bus is used to gate data on and off
the Data Bus within the proper timing sequences as
dictated by the operation of the 8080 CPU. The data
lines of the 8080 CPU, Memory and 1/0 devices are
3-state in nature, that is, their output drivers have
the ability to be forced into a high-impedance mode
and are, effectively, removed from the circuit. This 3~
state bus technique allows the designer to construct a
system around a single, eight (B) bit parallel, bi-direc-
tional Data Bus and simply gate the information on
or off this bus by selecting or deselecting {3-stating)
Memory and 1/O devices with signals from the Con-
trol Bus.

Bi-Directional Data Bus Driver Design

The 8080 Data Bus (D7-D0) has two (2} major areas
of concern for the designer:

1. Input Voltage level (V) 3.3 volts minimum.

2. Output Drive Capability {ig, )} 1.7 mA maximum.
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Figure 3-5. 8080 System Control
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The input level specification impiies that any semi-
conductor memory or /G device connected 1o the
BO8GC Data Bus must be able to provide a minimum of
3.3 volts in its high state. Most semiconductor mem-
ories and standard TTL {/0 devices have an output
capability of between 2.0 and 2.8 volts, obviously a
direct conrertion onto the 8080 Data Bus would ra-
auire pullur- iasistors, whose value shouid not aifect
the bus sp-1 or stress the disive capability of the
memcry o D) coinponents,

The 8080A vutput drive capability (o) 1.9mA max.
s sufficiert cor small systems where Memory size and
H/C requirernants are minimal and the entire system is
coniained o= a single prinied circuit board. Most sys-
tems however, take advantage of the high-perfor-
mance computing power of the 8080 CPU and thus a
more typical system would require some torm of bui-
furing on th. BOB0 Data Bus to suppost a iarger array
of Memory and 1/0 devices which are tikely to be on
<eparate boa: s,

A davice specificaily desiagnzd to do this buffering
function is the iNTEL‘_D8216, a4 {4} tcur bit bi-direc-
nonal Lus diiver whose input voltage leve! is compat-
ible with standard TTL devices and semiconductor
mernory componeats, and has output drive capability
of 50 mA. At the 8080 side, the 8218 has a ""high”’
output of 3.865 volts that not only meets the 8080
input spec but provides the designer with a worse case
350 mV noise margin,

A pair of 8216’5 sre connecied directiy to the 8080
Data Bus (D7-D0) as shown in figure 3-5. Note that
the DBIN siygnal from the 8080 is connected to the
direction control input {DIEN) so the correct flow of
data on the bus is maintained. The chip select {Eé) of
the 8216 is connected to the Hoid Acknowiedge
(HLDA) of the 8080 to ailow for DMA activities by
deselecting the Data Bus Buifer and forcing the out-
puts of the 8216's into their high impedance {3-
state} mode. This allows other devices to gain access
to the data bus (DMA},

System Control Logic Design

The Contro! Bus maintains discipline of the bi-diren-
uonal Data Bus, that is, it determines wizat type of
device will have access to the bus (Memory or {/0}
and generates signals to assure that thase devices
transfer Data with the 8080 CPU within the proper
timing “windows’” as dictated by the CPU operztionai
characteristics,

As described previously, the BOBO issues Status infor-
mation at the beginning of each Machine Cycle on its
Data Bus to indicate what operation will take piace
during that cycle. A simple {3} bit laich, fike zn
INTEL® 8212, connecied directly 1o the BO8(0 [Cata
Bus (D7-D0) as shown in tigure 3.5 will store the

Status information. The signal that fcads the data
into the Status Latch eomes from the Clock Gener-
ater, it is Status Strobe (5TS1B) 2né occurs at the
start of each Machine Cycle.

Note that the Status iatch is connected onto the
8080 Data Bus {D7-D0) betore the Bius Buffer. Thisis
to maintain the integrity of the Data Bus and st nplify
Contro! Bus timing inDMA dependent environ:unts.

As shown in ihe disgram, a simiple gating of ¢ out-
puts of the Status Latch with ths DBIM sod WR -
signals fiom the BOBO generate the {4} four Conirol
signals that make up the kasic Control Bus,

These four signais: 1. Memoiy Read (MEM R}
2. Memory Write (MEM W)
3. 1/0 Read (70 R}
4.1/0 Write (170 W)

connect directly to the MCS-80 componant “farnily’’
ot RHUMs, RAMs and 1/0 devices.

A fifth signal, Interrupt Acknowledge (T[-\.??X} is
added to the Contro!l Bus by gating data oif theo
Status lL.atch with the DBIN signal from the B080
CPU. This signal is used to enable the Interrupt
Instruction Port which holds- the 8ST instruction
onto the Data Bus.

Other signals that aie-part of the Control Bus such as
W—(S, Stack and M1 are present to aid in the testing of
the System and alse to simplify interfacing the CPU
to dynamic raemories or very targe systems that re-
quire several leve!s of bus buffering.

Address Buffer Design

The Address Bus (A15-A0) of the 8380, like the Data
Bus, is sufficient to support a small system that has a
moderate size Memory and /0 structure, continad 1o
a single card. To expand the size of the system tha
th Address Bus can suppert s simple buffer can he
added, as shwws in figure 3-8, The INTEL 8212 or )
8216 is an excellent device for this function, Yhay
provide fow input loading {.25 mA)}, high output
drive and insert a8 minimal delay in the Sy:ctam
Timing,

MNote that the Hold Acknowiedge {HLDAY i3 con-
nected ic the buffers so that they are forced into
their high-impedance (3 -state} mode during DMA ac-
tivities sc that other devices ¢an gain access to the
Address Bus. ¢



INTERFACING THE 8080 CPU TO ME:“\AORY
AND 1/O DEVICES

The BOBO interfaces with standard semiconductor
Memoiy components and 1/0 devices. In the previous text
the proper control signals and buffering were developed
which will produce a simpie bus system similar to the basic
system example shown at the beginning of this chapter.

In Figure 3-6 a simple, but exact 8080 typical system
is shown that can be used as a guide for any 8080 system,
regardless of size or complexity. it is a “three bus™ archi-
tecture, using the signals developed in the CPU module.

Note that Memory and }/O devices interface in the
same manner and that their isofation is only a function of
the definitinn of the Read-Write signals on the Control Bus.
This allows the 8080 system to ke configured so that Mem-
ory and 1/O are treated as a single array (memory mapped
1/ {or small systems that require high thruput and have
lzss than 32K memory size. This approach will be brought
out iater in the-chapter,

ROM INTERFACE

A ROM is a device that stores data in the form of
Program or other information such as “look-up tables” and
15 only read from, thus the term Read Only Memory. This
type of memory is generally non-volaiile, meaning that
when the power is removed the inforrmation is retained.

This feature eliminates the need for extra equipment like
tape readers and disks to load programs initially, an im-
portant aspect in small system design.

Interfacing standard ROMs, such as the devices shown
in the diagram is simple and direct. The output Data lines
are connected to the bi-directional Data Bus, the Address
inputs tie to the Address bus with possible decoding of the
most significant bits as “chip selects” and the MEMR signal
from the Control Bus connected to a ‘‘chip select’” or data
buffer. Basically, the CPU issues an address during the first

- portion of an instruction or data fetch (T1 & T2}, This

value on the Address Bus selects a specific location within
the ROM, then depending on the ROM’s delay (access time)
the data stored at the addressed location is present at the
Data output lines. At this time (T3} the CPU Data Bus is
in the “input Mode’’ and the control logic issues a Memory
Read command {MEMRY) that gates the addressed data on
to the Data Bus..

RAM INTERFACE

A RAM is a device that stores data. This data can be
program, active “‘look-up tables,” temporary values or ex-
ternal stacks. The difference between RAM and ROM is
that data can be written into such devices and are in
essence, Read/Write storage elements. RAMs do not hold
their data when power is removed so in the case where Pro-
gram or “lock-up tables”” data is stored a method to load
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Figure 3-6. Microcomputer Syster
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RAM memory must de grovided, such &St
Paper Tape, eic.

Fioppy sl

The CPU treats RAM in exactly the same manner as
ROM tor addiessing data to be read. Writing datc is very
sumilar; the RAM is issued an address during the first por-
non of the Memaory Write cycie (T1 & T?2) in T3when the
data that is 10 be written is output by the CPU and is stable
on the bus an MEMW command is generated. The MEMW
sianal is connected to the R/W input of the RAM and
sirobus the ¢ ia Into the addressed location.

u

in Foare 3-7 a typical Memory systern is illustrated
to show how standard serniconductor components interface
to the BO8C bus. The memory array shown has 8K bytes
{8 bits/byte} of ROM storaye, using four Intel”8216As
and 512 bytes of RAM siorage, using Intel 8111 static
RAMs. The basic interface to the bus structure detailed
here is coimimon to almost any size memory. The only ad-
dit:on thatr mught hfive to be made for larger systems is
more buffers (8216/8212) and decodears {8205) for gener-
ating “"'chip seincts.”

The memosies chosen for this exarple have an access
tiine of 850 aS {max) to illustrate that clower, econcimical
devices can be easily interfaced 1o the 8080 with little ef.
fect on performance. When the 8080 is operated from a
clock generator with a tCY of 500 nS the required memory
access time is Approx. 450-550 nS. 5ee detaded timing
specification Pg. 5-16. Using memory devices ot this spaed
such as Intei’8308, 8102A, 8107A, etc. the READY input
to the BOBO CPU can remain "high” because no “‘wait”
states are required. Mote that the tus interface o mamory
shown in Figure 3-7 remains tha same. Howey -, if sfower
memories are to be used, such as the devices illustrated
{8316A, 8111) that have access times slower shap the min-
imum requirement a simple logic control of the READY
input to the 8080 CPU will insert an extra “waic state’” that
is equal to one or more clock periods as an access time
“‘adjustment” delay to compensate. The effect of the extra
“wait'’ state is naturaily a slower execution tume for the
instruction. A single “wait"” changes the basic instruction
cycle to 2.5 microSeconds.

o

8K + 512 8K 0
RAM ROM
MEMORY MAP
ROM
4
RAM 3 J1
! 1 ] a2 i
w1
811i 28111 8316A Cs3
cs2
R/W 0D 1014 AD-A7 RAN CO iI014  AO0-AT csi G1-G8  AG-A10
FANIIPAN 3 S I .
MEMA MEMF {/L AO-AT FERTW MEMA AD-A7 MEVR ADAT0] j:'?';
4 i A
J

DATA BUS (B)

_l

CON!ROL BUS (G]

_ADDHESS BUS {16]

Figure 3-7. Typical Memory Interface
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1/C INTERFACE
General Theory

As in any computer based system, the 8080 CPU must
be able to communicate with devices or structures that exist
cuiside its normal memory array. Devices iike keyboards,
paper tape, floppy disks, printers, displays and other control
structures are used to input information into the BOBG CPU
and display or store the results of the computational activity.

Probably the most important and sirongest feature of
the 8080 Microcomputer System is the flexibility and power
of 1ts 1/G structure and the components that support it. There
are many wavys to structure the 1/O array so that it will **fit"
the total system environment to maximize efficiency and
minimize component count,

The basic operation of the 1/O structure can best be
viewed as an array of single byte memory locations that can
be flead from or Written into. The 8080 CPU has spectal in-
structions devoted to manuging such transfers (IN, OUT).
Tiase instructions generally isoiate memory and 1/O arrays
50 ihat memory address space is not effected by the /O
siruciure and the genera! concept is that of a simple transfer
e or from the Accumivlator with an addressed “PORT"”, An-
othier method of 1/0 architecture is to treat the 1/O structure
as part of the Memory array. This is generally referred to as
“Memory Mapped /O and provides the designer with a
powerful new “insiruction set” devoted to 1/O manipulation.

ISOLATED /O
e e - o -
[} e 65K |
I —r !
: MEMORY :
: 44— !
i 0 256 !
i ]
| |

1o f
t
| !
( I
e i s d
{0 32K 85K :
|
i i
' MEMORY 0 |
| |
| I

MEMORY MAPPED /0

Figure 3-8. Memory/i/O Mapping.

Isolated §/O

In Figure 3-9 the system control signals, previously de-
tailed in this chapter, are shown. This type of 1/O architecture
separates the memory address space from the !/O address
space and uses a conceptually simple transfer to or from Ac-
cumulator technique. Such an architecture is easy to under-
stand because [/0 communicates only with the Accumulator
using the IN or OUT instructions. Also because of the isola-
tion of memory and 1/0, the full address space {65K) is un-
effected by 1/O addressing.

38

O~ MEMR
- TO MEMORY
DEVICES

I

O MEMW

SYSTEM
CONTROL o————————— I/OR
{8228) TO 1/0 DEVICES
o————— |/OW

Figure 3-9. Isolated 1/O.

Memory Mapped 1/O

By assigning an area of memory address space as 1/0 a
powerful architecture can be developed that can manipulata
1/0 using the same instructions that are used to manipulate
memory locations. Thus, a ‘new’ instruction set is created
that is devated to 1/0 handiing.

As shown in Figure 3-10, new control signals are gene-
rated by gating the MEMR and MEMW signals with A1s, the
most significant address bit. The new /O control signals con-
nect in exactly the same manner as Isolated 1/0, thus the
system bus characteristics are unchanged.

By assigning A1g as the !/O “flag”

, a simple method of
i/0 discipline is maintained: '

If Atg isa “zero” then Memary is active.
If Aqg is a “one’’ then 1/0 is active.

Other address bits can also be used for this function. A1g5 was
chosen because it is the most significant address bit so it is
easier to contrcl with software and because it still alfows
memory addressing of 32K. ’

1/0Q devices are still considered addressed ‘‘ports’’ but
instead of the Accumulator as the only transfeir medium any
of the internal registers can be used. All instructions that
could be used to operate on memory locations can be used
in 1/0.

Examples:

MOVr, M {input Port to any Register)
MOV M, r {Output any Register to Port)
MVI M {Output immediate data to Port)
LDA {Input to ACC)

STA (Output from ACC to Port)
LHLD (16 Bit Input)

SHLD (16 Bit Output}

ADD M {Add Port to ACC)

ANA M {"“AND' Port with ACC})

It is easy to see that from the list of possible “new"
instructions that this type of 1/0 architecture could have a
drastic effect on increased system throughput. It is concep-
tually more difficult to understand than Isolated 1/0 and it
does limit memory address space, but Memory Mapped /0
can mean a significant increase in overall speed and at the
same time reducing required program memory area.
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Figure 3-10. Memory Mapped 1/0.

1/0 Addressing

Wirki both systems of 1/0 structure the addressing of
each device can be configured 1o optimize efficiency and re-
duce component count. One method, the most commaon, is
to decode the address bus into exclusive “’chip selects” that
enuble the addressed 1/0 device, similar to generating chip-
selects in memory arrays. ‘

Another method is cailed “lincar select”. In this method,
instead of decoding the Address Bus, a singular bit from the
bus is assigned as the exclusive enable for a specific 1/O de-
vice, This method, of course, limits the number of 1/O de-
vices that can be addressed but eliminates the need for extra
decoders, an important consideration in small system design.

A simple example iltustrates the power of such a flexi-
ble 1/O structure. The first example illustrates the format of
the second byte of the IN or OUT instruction using the so-
lated 1/0 techmique. The devices used are 1ntel®8255 Pro-
grammable Peripheral Interface units and are linear selected.
Each device has three ports and from the format it can be

seen that six devices con be addressed without additional de-
coders.

EXAMPLE #1

A,

sfn o] ]s]n]a]

_______:}- PORY SELECTS

SO,

DELVICE SELECTS

ADDRESSES ~ @ ~ 82560
{18 PORTS - 144 HITS)

Figure 3-11. is0lated 1/0 — (Linear Select) (8255)

The socond example uses Memory Mapped 1/0 and
tinzar select to show how thirteen devices (8255) can be ad-
dressed without the use of extra decoders. The format shown
could be the second and third bytes of the LDA or STA in-
structions or any other instructions used ic manipulate 1/0
using the Memory Mapped technique.

It is easy to see that such a flexible {/O structure, that
can be ““tailored” to the overall system environment, provides
the designer with a powerful too! to optimize efficiency and
minimize component count.

EXAMPLE #2

Lorlaf ol m o[ ]]

_____]-— PORT SELECTS

DEV((E SELECTS

L2022 2 A [ ] 20 [ ]

DEVICE SELECTS

I1=1/0

WOFLAG 4. MEMCRY

ADDRESSES — 13 - 82554
{33 PORTS ~ 312 BITS)

Figure 3-12. Memory Mapped /O - (Linear Select (8255)

1/0O Interface Example

tn Figure 3-16 a typical 1/0 system is shown that uses a
variety of devices (8212, 8251 and 8255). It could be used
to interface the peripherais around an intelligent CRT termi-
nals; keyboards, display, and communication intertace. An-
other application could be in a process controller to interface
sensors, relays, and motor controls. The limitation of the ap-
plicatior area for such a circuit is solely that of the desioners
imagination.

The 1/O structure shown interfaces to the 8080 CPU
using the bus architecture developed previously in this chap-
ter. Either {solated or Memory Mapped techniques can be
used, depending on the system: 1/Q environment,

The 8251 provides a serial data communication iniei-
face so that the system can transmit and receive dasa ovar
comrnunication links such as telephone lines.
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LT
L

L C/D CONTROL

8251 SELECT

(ACTIVE LOW)

The three B212s can be used to drive fong lines or LED

indicators due to their high drive capability. (15mA)

0 - DATA
1 - COMMARND

Frgure 3-13,

8251 Format.

The two (2) 82555 provide twenty four bits each of

programmable 1/0 data and control so that keyboards, sen-

sors, papes tape, etc., can be interfaced to the system,

[ Ia a0 ] DXIX
i

8212 #1 SELECY
{ACTIVE HIGH]

8212 #2 SELECY
{ACTIVE HIGH)

8212 3 SELECT
{ACTIVE HIGH}

BRD

T
T

} PORT SELECT

8265 #1 SELECT

00 —PORT A
0y - PORY B
10 - PORT C
11 - COMMAND

Figure 3-15. 8212 Format.

Addressing the structure is described in the formats il-
lustrated in Figures 3-13, 3-14, 3-15. Linear Select is used so
that no decoders are required thus, each device has an ex-
clusive ““enable bit”.

(ACTIVE LOW) The example shows how a powerful yet flexible 1/0
8255 #2 SELECT . . ..
(ACTIVE 10W} structure can be created using a minimum component count
with devices that are ail members of the 8080 Microcomputer
_— - System.
Figuse X-14. 8255 Format.
SERIAL DATA
COMMUNICATION
#2 n
8251 8255 8255
RD WR D;'0p ¢E cip AD WR DDy ¢cs5 A Ay RD WR D;:0y F§ Ao Ay
T g T 4] o]
Vo R HO W TA, Ay 1o R Vow Ay |4y |4, 0 R iow Ay lag 1A,
- T DATA BUS ]

CONTROL BUS

ADDRESS 8US

0S1 DS2
8212
#3
MD
Vee

L - l N

DS1 DS2 DS1 DSs2
8212 8212
72 #

~ MD ~MD

Vee Vee

Figure 3-16. Typical /O Interface.
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A cemputer, no matter now sophisticated, can only
do what it ts “rold”’ to do. One “"teills” the computer whot
16 do via o series of coded instructions referred 1o as a Pro-
gram, The realm of the programmer is referred to as Soft-
ware, inn contrast to the Hardware that comprises the actual
computer equipment. A cornputer’s software refers to all of
the programs lbal have been written for that computer.

When a computer is designed, the engineers provide
the Central Processing Unit {CPU) with the ability to per-
form a particular set of operations. The CPU is designed
such that a specific operaticn is performed when the CPU
contro! logic decodes a particular instruction. Consequently,
the operations that can be performed by a CPU define the
computer’s Instruction Set,

Each caomputer instruction allows the programmer to
initiate the performance of a specific operation. All com-
puters implement certain arithmetic operations in their in-
struction set, such as an instruction to add the contents of
two registers. Often logical operations (e.g., OR the con-
tents of two registers) and reyister operate instructions fe.g.,
iIncrement a register) ure included in the instruction set. A
camputer’s instruction set will also have instructions that
move data between registers, between aregister and memery,
and between a register and an {/Q device. Most instruction
sets also provide Conditional Instructions. A conditionat
instiuction specifies an operation to be performed only if
certain conditions have been met; for example, jump to a
particular instruction if the result of the last operation was
zero, Condittonal instructions provide 2 progrem with a
decision-making capability,

By logically organizing a sequence of instructions into
a coherent program, the programmer can '‘tell” the com-
Puter to perform a very specific and useful function,

The ‘computer, however, can only gxecute programs
whose instructions are in a binary coded form (i.e., a series
of 1's and 0's), that is called Machine Code, Because it
would be extremely cumbersome to program in machine
€ode, prograrmming languages have been deveicped. Yhere

4.1

are programs availabie which convert the prograrnming lan-
guage instructions into machine code that can be intei-
preted by the processor.

One type of programming language is Assembly Laa-
guage. A unique assembly ianguage mnemonic is assigned to
each of the comnputer’s instrustions, The programmer can
write a progiam ({called the Source Program) using these
mnemonics and certain operands; the source program is
then converted into machine instructions {ca!led the Object
Code). Each assembly language instruction is converted into
one machine code instruction (1 or more bvtes) by an
Assembler program. Assembly languages are usually ma-
chine dependent {i.g., they are usually able to run on only
one type of computer).

THE 8080 INSTRUCTION SET

The 8080 instruction set includes five different types
of instructions:

e Data Transfer Group—move data between registers
or betwean memory and registers

o Arithmetic Group — add, subtract, increment of
decrement data in registers or in memory

o Logical Group — AND, OR, EXCLUSIVE-OR,
coimpare, rotate or complement data in registers
or in memory

e Branch Group - conditional and unconditioral
jump instructions, subroutias cali instructions and
return instructions :

o Stack, 1/0 2nd fachine Conwrol Group — includes
1/O instrustions, as weil as instructions for mein-
taining the stack and internal contro flags.

Instruction and Data Formatis:

Memory for the 8080 is crganized into 8-bit guanvi-
ties, called Bytes. Each byte has a unique 16-hit hinary
address corresponding to its sequential position in memory.



The 8080 can directly address up to 65,536 bytes of mem-
ory, which imay consist of both read-only memory (ROM)
elements and random-access memory {RAM) elements (read/
write maemory}.
Data in the 8080 is stored in the form of B-bit binary
integers:
DATA WORD

’DsiDqlD3lDle1]Do

LS8

D7 ! Ds
MSB

When a reyister or data word contains a binary num-
Lar, it is necessary to establish the order in which the bits
of the number are written, In the intel 8080, BIT O is re-
ferred 10 as the Least Significant Bit (LSB), and BIT 7 (of
an 8 bit number) is 1eferred to as the Most Significant Bit
MSB).

Trne 8080 program instructions may be one, two or
three Lytas in length, Multiple byte instructions must be
stoned 13 successive memory locations; the address of the
st byie is always used as ihe address of the instructions.
Th2 exact instruction format will depend on the particular
operation to be executed.

Single Byte Instructions

o, T T T T T 10300 code
Two-Byte Instructions
8yie One | Dy r I [ ! I Do | Op Code
Byte Two D»,7 o o ' I Do [ Data or
Address
Three-Byte Instructions
Byte One | Dy I ! ! ! —' I i Dg { Op Code
Byte Two | Dy T ! I ! Dg |} Date
or
Byte Three D7] i l l I ! | Do Address

Addressing Modes:

Often the data that is to be operated on is stored in
memory. When multi-byte numeric data is used, the data,
like instructions, is stored in successive memory locations,
with the least signiticant byte first, followed by increasingly
significant bytes. The 8080 has four different modes for
addressing data stored in memory or in registers:

@ Direct — Bytes 2 and 3 of the instruction contain
the exact memory address of the data
item (the low-order bits of the address are
in byte 2, the high-order bits in byte 3).

@ Register — The instruction specifies the register or
register-pair in which the data is located.

O Register Indirect — The instruction specifies a reg-
ister-pair which contains the memory

4.2

address where the data is located (the
high-order bits of the address are in the
first register of the pair, the low-order
bits in the second}).

o |mmediate — The instruction contains the data it-
self. This is either an 8-bit quantity or a
16-bit quantity {least significant byte first,
most significant byte second).

Unless directed by an interrupt or branch instruction,
the execution of instructions proceeds through consecu-
tively increasing memory locations. A branch instruction
can specify the address of the next instruction to be exe-
cuted in one of two ways:

© Direct — The branch instruction contains the ad-

dress of the next instruction to be exe-
cuted. {Except for the ‘RST’ instructionr,
byte 2 contains the low-order address and
byte 3 the high-order address.)

® Register indirect — The branch instruction indi-
cates a register-pair which contains the
address of the next instruction to be exe-
cuted. {The high-order bits of the address
are in the first register of the pair, the
low-order bits in the second.)

The RST instruction is a special one-byte call instruc-
tion {usually used during interrupt sequences}. RST in-
cludes a three-bit field; program control is transferred to
the instruction whose address is eight times the contents
of this three-bit field.

Condition Flags: "

There are five condition flags associated with the exe-
cution of instructions on the B080. They are Zero, Sign,
Parity, Carry, and Auxiliary Carry, and are each represented
by a 1-bit register in the CPU. A flag is ““set’’ by forcing the
bitto 1; “‘reset’’ by forcing the bit to 0.

Unless indicated otherwise, when an instruction af-
fects a flag, it affects it in the following manner:

Zero: If the resuit of an instruction has the
value 0, this flag is set; otherwise it is
reset,

Sign: If the most significant bit of the result of
the operation has the value 1, this flag is
set; otherwise it is reset.

Parity: if the modulo 2 sum of the bits of the re-
sult of the operation is 0, (i.e., if the
result has even parity), this flag is set;
otherwise it is reset (i.e., if the result has
odd parity)}.

Carry: If the instruction resulted in a carry

(from addition), or a borrow (from sub-
traction or a comparison) out of the high-
order bit, this flag is set; otherwise it is
reset.



Auxthiary Carry: If ihe

HISLUClinn o2

- 3 W s . “
IR0 QLAY st

of bit 3 snd wto hit 4 nr tho resssiieg
value, the auxiliary carvy is5 <ot othenwiss
i1 is reset. This flag is atfected by single
pecision additions, subtractions, incre-
ments, decrements, comparisons, and log-
ical operations, but is principally used
with additions and increments preceding
a DAA (Decimal Adjust Accumulator)
instruction,

Symbols and Abbreviations:
The fcitawing symbols and abbreviations are used in
the subszquent description of the 8080 instructions:

SYMBOLS
sccunadlator
Jiddr

aota

data 16
byie 2

byie 3

Hlvies

rrir2
DDD,SSS

RP

MEANING

Register A

15-bit address quantity
F-bit da‘w quantity
16-bit data quantity

The second byte of the inswuction

The third byte sf the instruction

8-bit address of an 1/O device
Onre of the registers ABCD.EM,L

The bit pattern designating one of the regis-
ters AB,C,D,EH L {DGD=destination, S§S=
source):

DDD or SSS REGISTER NAME

111
000
001
010
on
100
101

One of the register pairs:

FITITMOOGT>

B represents the B,C pair with B as the high-
order register and C as the low-order register;

D represents the D,E pair with D as the high-
order register and E as the low-order regiseer;

H represents the H,L pair with H as the high-
order register and L as the low-order register;
SP  represents 16-bit
register,

the stack  pointer

The bit pattern designating one of the regis-
ter pairs B,D,H,SP:

RP REGISTEHR PAIR
00 8-c

o1 D-E

10 H-L

11 SP

4.3

4] fiiz fivst {high-order} register of a designated
register pair,

] The second (low-order) register of a desig-
naled register pair,

PC 16-bit prograin counter register {PCH and
PCL are used to refer 1o the high-order and
low-order 8 bits respectively).

3P 16-bit stack pointer register (SPiH and SPL
are used to refer to the high-oriler 2nd low-
order 8 bits respectively).

f'm Bit m of the register r {bits are number 7
thiough O fron: left to right).

ZS8,P,CY,AC The conditicn flags:

Zero,
Sign,
" Parity, R
Carry,
and Auxiliary Carry, respectively,

() The contents of the memory location or reg-
isters enclosed in the parentheses,

e “Is transferred to"

A Logical AND

¥ Exclusive OR

\4 inclusive OR

4 Addition

- Two’s complement subtraction

* Mu!tiplipation

<5 ““Is exchanged with*

— The one’s complement (e.q., (£))

n Tha restart number 0 through 7

NNN The binary representation 000 threugh 117

for restart number 0 through 7 respectively.

Description Format:

Th

¢ following pages provide a detaijled description of

the instruction set of the 8080. Each instruction is de-
scribed in the following manner:

1.

The MAC 80 assembler format, consisting of
the instruction mnemonic and operand fietds, iy
printed in BOLDFACE on the left side of the firsg
line,

. The name of the instruciion is enclosed in paren-

thesis on the right side of the first line,

. The next line(s) contain a symbolic description

of the operation cf the instruction.

. This is followed by a narative description of the

operation of the instruction,

The following linels) contain the binary fields ard
patterns that comprise the machine instruction.



6. The last four lines contain incidental information
about the execution of the instruction. The num-
ber of machine cycles and states required to exe-
cute the instruction are listed first, if the instruc-
tion has two possible execution times, as in a

" Conditional Jump, both times will be listed, sep-
arated by a slash. Next, any significant data ad-
dressing modes {see Page 4-2) are listed. The last
line lists any of the five Fiags that are affected by
the execution of the instruction,

Uata Transfer Group:

This group of instructions transfers data to and from
registers and memory. Condition flags are not affected by
any instruction in this group.

POV et 12 {Move Register)

{ri} =— (+2)
Tha content of reyister r2 is moved to register r1.
E’ a ! 1 D l D I D S I S r S
Cycles: 1
States: 5
Addressing:  register
Flags: none

MOV r, M (Move from inemory)
[!) B {(H) {L))
The content of the memory location, whose address
1s tn registers H and L, is moved to reqister r.

ol 1ol oo 11Ty
Cycles: 2
Swates: 7
Addressing:  reg. indirect
Flags: none
MOV M, ¢ {Move ta memory)

((H) (LY} <— {r}
The cuntent of register r is moved to the memory lo-
cation whose address is in registers H and L.

0 ! 1 J 1 ' 1 ! 0 S l S I S
Cycles: 2
States: 7
Addressing:  reg. indirect
Flags: none

44

MV1 5, data

{r} < Ibyte 2)
The content of byte 2 of
register r.

{Move Immediate)

the instruction is moved to

LX0 rp, data 16

ol o]lo'"'p o] 1" 1" 0
data
Cycles: 2
States: 7
Addressing: immediate
Flags: none
MV{ M, data (Move to memory immediate)

({H) {L})) =— (byte 2}
The content of byte 2 of the instruction is moved to
the memory location whose address is in registers H

and L.
T
el ol 1 T s ol 1T 11y
data
Cycles: 3
States: 10
Addressing:  immed./reg. indirect
Flags: none

(Load register pair immediate)

(rh) <=— (byte 3},

(rl) = (byte 2)

Byte 3 of the instruction is moved into the high-order
register (rh) of the register pair rp. Byte 2 of the in-
struction is moved into the low-cider register (rl) ot
the register pair rp.

ol ol R Pl 0" 0l o' 3
iow-order data
high-order data
Cycles: 3
States: 10
Addressing: immediate
Flags: none



LDA addr {Load Accumulator divesi) SHLD addr {Store H and L direct)

(A) ~— {(byte 3)(byte 2)} {(byte 3){byte 2}) —=— (i}
The zontent of the memory location, whose address {{byte 3} {byte 2} + 1} =— (H)
is specificd i byte 2 and byte 3 of the instruction, is The content of register L is moved to the memory lo-
moved to register A, cation whose address is specified in byte 2 and byte
L 3. The conternit of register H is rnoved to the succeed-
o o T4 Ty T T Ty Ty ! in tocati
g memory location,
low-order addr o
) 0'0'1'070Tos1|0
high-order addr
fcw-arder addr
Cycles: 4 o high-order addr
States: 13 ' .
Addressllngf direct B Cycles: &
Flags:  none ‘ States: 16
Addressing:  direct
Flags: none
. LOAX rp (Load accumulator indirect)
(A) =— ({rp}) ' ‘
STA addr {Store Accumulator direct) . The content of the memory location, whose adciress
({bvte 3)(byte 2)} =— (A) ’ is in the register pair rp, is movad to register A. Note:

The content of the accumulator is moved to the only register pairs rp=B (registers B and C) or rp=D

memory location whose address is specified in byte {iegisters D and E) may be specificd.

2 and byte 3 of the instruction. 1 [ i | 7
- 0] 0 R P 1 0 i G
0 | 0] | 1 l 1 ! 0 | W] ! 1 ! 0
Cycles: 2
tow-order addr . States: 7
l___ high order addr Addressing:  reg. mdurect
Flags: none
Cyctes: 4 STAX (g o 1 indi )
States. 13 TAX rp tore accumulator indirect
Addressing:  direct {{rp)) =— (A) . .

Flugs: none The content of register A is moved to the memory lo-
cation whose address is in the register pair rp. Note:
only register pairs rp=8 (registers B and C) or r1p=D
(registers D and E} may be specified.
clo[rTerlololy g

i
LHLD addr {Load H and L direct) ' Cycles: 2
{L} <— ((byte 3)(byte 2)) States: 7
(H) =— ((byte 3j{byte 2} + 1) Addressing:  reg. indirect
The content of the memory location, whose address Flags: nocne
is specified in byte 2 and byte 3 of the instruction, is
moved to register L. The content of the memury loca- ACHG {Exchange H and L with D and E)
tion at the succeadling address is moved to register H, {H} < (DO}
T o T T T T, T, L) - E)
0 0 1 0 1 0 i Y The contents of registers H and |. are exchanged with
tow-order addr the contents of registers D and E.
1
high-order addr v g by b Ty b Ty by ;
Cycles: b Cycles: 1
States. 16 States: 4
Addressing:  direct ! Addressing:  vegister
Flags: ncne Flags: none

&
e



Arithmetic Group:

This group of instructions performs arithmetic oper-
ations on data 10 registers and memory,

Unless indicated otherwise, ail instrusctions in this
group affect the Zero, Sign, Parity, Carry, and Auxiiiary
Carry flags according o the standard ruies,

Al subtraction operations are performed via two’s

complement arithmetic and set the carry flag to one to in-
dicate a horrow and clear it to indicate no borrow,

ADD v {Add Register)
{A} =— {A)+{r)
The content of register r is added to the content of the

accumulator. The result is placed in the accumulator.

i b ofol o Ty st sls
Cycles: 3
States: 4
Addressing:  register
Flags: Z,S,P.CY.AC
ADD M {Add memory)

{A) =— (A) + {(H) (L}

The content of the memory location whose address
ts contained in the H and L registers is added to the
content of the accumulator. The result is placed in
the accumulator.

0
Cycles: 2
States: 7
Addressing:  reg. indirect
Flags: 2Z,S,P,CY.AC

ADI data

{Add immediate)

(A) = [A) + (byte 2)

The content of the second byte of the instruction is
added to the content of the accumulator. The resu!t
is placed in the accumulator.

1‘1I0i0'0l1,1’0
data
Cycles: 2
States: 7
Addressing: immediate
Flags: Z,S,PCY,AC

46

ADC v {Add Register with carry)
{A) == (&) + {r}) + (CY]) '
The content of register r and the content of the carry
bit are added to the content of the accumulator. The
result is placed in the accumulator,

1T ol eloli[s!sts
Cycles: 1
States: 4 o
Addressing:  register
Flags: Z,SP,CY,AC

ADC M
{A) =— (A} +{(H) (L) +

{Add memory with carry)

(CY)

The content of the memory iocation whose address is
contained in the H and L registers and the content of
the CY flag are added to the accumulator. The resuit
is placed in the accumulator.

‘IrOiOIOI‘llll'llO

Cycles: 2
States: 7
Addressing:  reg. indirect
Flags: Z.,S,P,CY,AC

AC! data’ (Add immediate with carry)
(A) = (A) + (byte 2) + (CY)
The content of the second byte of the instruction and
the content of the CY flag are added to the contents
of the "accumulator. The result is placed in the
accumulator,

1'1'0'0'1'1'110
data
Cycles: 2
States: 7
Addressing:  immediate
Flags: 2,5,P.CY,AC
SuBr (Subtract Register)

(A) < {A) = (1)

The content of register r is subtracted frem the con-
tent of the accumulator. The resuit is piaced in tha
accumulator. :

1T oTo T Te s 's'ts
Cycles: 1
Stafes: 4
Addressing:  register
Fiags: Z.SPCY.AC



suUB M (Subtract mermory)
(A) - {A) - ({H) {L.))
The content of the memury location witose address is
contained ui the H and L registers is subtracted from
the content of the accumulator. The result is placed
in the accumulator,

?]()'OrITOiillic
Cycles: 2
States: 7
Addressing:  reg. indirect
Flags: 2Z,5,P,CY.,AC
SU1 data (Subtract immediate)

{A} w— (A) — {byte 2)

The content of the second hyte of the instruction is
subtracied froem the content of the zccumulator. The
r2ult is placed in the accumulater,

ITIIO!‘I[O!iTIlO
data
Cycles: 2
States. 7
Addressing. immediate
Flags: ZS.P.CY,AC
SBB ¢ (Subtract Register with borrow)

(A) ~e— (A} ~{r} — (CY)

The content of register r and the content of the CY
flag are bouth subtracted from the accumulator. The
result 1s placed in the accumulator.

] r ¢ I 0 rl I 1 S I S ! S
Cycles: 1
States: 4
Addressing:  register
Flags: 2,5,PCY,AC
sBB m {Subtract memory with borrow)

(A) ~— (A) = {{H} (L)} - (CY)

The content of the memaory location whose address is
contained in the H and L registers and the content of
the CY flay are both subtracted fror the accumula-
tor. The result s placed in the accumulator,

u]0l0]1'1l1r110]

Cvcles: 2
States: 7
Addressing:  reg. indirect

Flags: 2Z,S8,P,CY,AC

S$BY data {Subtract immediate with borrow)
(A} =— (A) — {byte 2} — (CY)
The contents ot the second byte of the instiuction
and the contents of the CY flag are both subtracted
fromn the accumulator. The result is placed in the
accumuiator.

A T
data
Cycles: 2
States: 7
Addressing:  immediate
Flags: ZSP.CY,AC
INR ¥ {Increment Reyister)

{r} <— (r}+1
The content of register r is incremented by one.
Note: All condition flags except CY are affecied.

0 ' 0 C l D l D 1 f 4] 1 0 g
Cycles: 1
States: 5
Addressing:  register
Flags: 2,S,PAC
INR M {increment memory)

({H) (L)} ~— ((H} (L)) +1

The content of the memory location whose address
is contained in the H and L registers is incremented
by one. Note: All condition flags except CY are

affected.
O'O[‘irI'OlI’O‘O
Cycles: 3
_ States: 10
i‘;ddressmg: reg. indirect
Flags: 2.SPAC
DCR ¢ {Decrement Reuaister)

{r} =— (rj -1
The content of register r is decremented by cone.
Note: All condition flags except CY are afiected,

010 DTD

Cycles: 1
States: b
Addressing:  renister
Flags: 2,8.PAC0



DCR M (Decrement memory)
({H) (L)) =— {(H) {L)) -1
The content of the mermory location whose address is
contained 1n the H and L registers is decremented by
one. Note: All condition flags except CY are affected.

0'0'1!1

Fo T4 To Ty

Cycles: 3
States: 10
Addressing:  req. indirect
Ftags: 2Z,S,P,AC

INX rp
e {el} ——

{Increment register pair)
{rh) (rl} + 1

The conient of the register pair rp is incrementad by
one. Note No condition flags are affected.

7T 1
E s tolrtelole ey
Cycles: 1
States: S
Addressing:  register
< Fiags: none
DCX 1p (Decrement register pair)

(rh) {r)) <— (ih) {rl} — 1
The content of the register pair rp is decremented by
one Note' No condition flags are affected.

0 { 0 0 i p 1 l 0 ! 1 ! 1
Cycles: 1
States:  §
Addressing:  register
Flags: none

DAD rp (Add register pair to H and L)
{H) {L) —=— (H} (L) + (rh) (rD)
The content of the register pair rp 1s added to the
content of the register pair H and L. The result 1s
placed in the register pair H and L. Note: Only the
CY flay is affected. It is set if there is a carry out of
the double precision add; otherwise it is reset.

010 R{P 1!010].1
Cycies: 3
States: 10
Addressing:  register
Flags: CY

48

{(Decimal Adjust Accumulator)
The eight-bi1 rumber in the accumulator is adjusted
to form twe four-bit Binary-Coded-Decimal digits by
the following process:

DAA

1. If the vaiue of the least significant 4 bits of the
accumulator is greater than 9 or if the AC flag
is set, 6 is added to the accumulator.

2. If the value of the most significant 4 bits of the
accumulator is now greater than 9, or if the CY
flag is set, 6 is added to the most significant 4
bits of the accumulator.

NOTE: All flags are affected.

0]0'11010!11111

Cycles: 1
States: 4
Flags: Z,S,P,CY.AC

Logical Group:

‘This group of instructions performs logical (Boolean)
operations on data in registers and memory and on condi-
tion flags.

Unless indicated otherwise, all instructions in this
group affect the Zero, Sign, Parity, Auxiliary Carry, and
Carry flags according to the standard rules.

ANA v {AND Register)
(A) =— (AYALN)
The conteni of register r is logically anded with the
content of the accumulator. The resuit is placed in
the accumuiator. The CY and AC flags are cledred.

1 ! 0 l 1 I C I0 S l S iS
Cycles: 1
States: 4
Addressing:  register
Flags: 2,S,P.CYAC
ANA M (AND memory)

{A) <— (A)A((H) (L))

The contents of the memory location whose address
is contained in the H and L rvegisters is logically anded
with the content of the accumulater. The result ic
placed in the accumulator. The CY and AC fiags are

cleared.
1'0'1'050’1'110
Cycles: 2
States: 7
Addressing:  reg. indirect
Flags: Z,SFPCY,AC



ANI data {AMDY immediawe}

{A) =— (A) Albyte 2)

The content of the second byte of the instruction is
logically anded with the contents of the accumulator,
The result is placed in the accumulator. The CY and
AC flags are cleared.

y Py Ty by T T T Ty
data
Cycles: 2
States: 7
Addressing: immediate

Flags: Z,S5P.CY,AC

XRA T {Exclusive OR Register)

{A) »~— {A) ¥ ()

The sontent of register r is exciusive-or’d with the
con<erg of thé accumulator. The result is placed in
the accumutator. The CY and AC fiags ave cleared.

1 | 0] ! 1 L 0 l 1 S l S ! S
Cycles: 1
- Siates: 4
Addressing:  register
Flags: 2Z,S,P,CY.,AC
XRA M {Exclusive OR Memory)

(A) =— (A} ¥ ({H) (L)

The content of the merncry location whose address
is contained in the H and L registers is exclusive-OR'd
with the content of the accumuiator. The result is
placed m the accumulator. The CY and AC flags are
cleared. 7

1]0'!T0l111r110

Cycles: 2
States: 7
Addressing:  reg. indirect
Flags: Z,S,P,CY,AC

XRt data (Exclusive OR immediate)

(A} =— (A) ¥ (byte 2)

The content of the second byte of the instruction is
exclusive-OR’d with the content of the accumulator,
The result is placed in the accumulator. The CY and
AC flags are cleared.

III(IrO‘III{IIO

data
Cvcles: 2
States: 7

Addressing:  immediate
Flags. 2SP.CYAC

ORAr {OR Register)

{A) ~— (A) V)

The content of regisier r is inclusive-OR’d with the
content of the accumulavor. The result is piaced in
the accumulator. The CY and AC flags are ciearad.

i to by T T ]s Ty s

Cycles: 1
States: 4
Addressing:  register
Flags: Z,8P,CY,AC

ORA M {OCR memory)

(A} ~— (A} V {{H) (L})

The content of the memory location whose address is
contained in-the H and L registers is inciusive-ORK'd
with the content of the accumulator. The result is
placed in the accumulator, The CY and AC flags are

. cleared.

Fo Ty T4 To

J

1 Lo 4y Ty

Cycles: 2
States. 7
Addressing:  req. indirect
Flags: Z,5,P,CYAC

ORI data (OR Immediate)

{A) ~— (A) V lbyte 2)

The content of the second byte of the instruction is
inclusive-OR‘d with the content of the accumulator,
The result is placed in the accumulator. The CY and
AC flags are clearad.

Ly Ty Ty Ty Ty

. data
Cycles: 2
States: 7

Addressing: immediate
Flags: 2Z,SPCY,AC

CMP r (Compare Register)

(A} = (n}

The content of register r is subtracted from she zc-
cumulator. The accumuiator remains unchanged. The
condition flags are set as a resuit of the subtracticn,
The £ tlagis set to 1 if {A) = {r). The CY flag is sat to
1if (A) < Ar).

'erl?r.];I

Cycles: i
States: 4
Addressing:  register
Flags: Z,8.2,CY,AC



CMP 34

{Compare memaory}

(A) - {{H) (L]}

The content of the memory location whose address
15 contained in the H and L registers is subtracted
from the accumulator. The accumulator remains un-
changed. The condition flags are set as a result of the

“subtiaction. The Z fiag is set te 1 if {A) = ({H) (L)).

The CY flag is set to 1 if {A} < {(H) (L}).

P data

1101111]111!1r0
Cycies: 2
States: 7
Addressing:  reg. indirect
Flays: 2Z2.,5,P.CY,AC

{Compare immediate)

(A} — (byie 2}

The content of the second byte of the instruction is
subtialted from the accumulator. The condition flags
ate set by the result of the subtraction. The Z flag s
set to 1 if (A) = (byte 2). The CY flag is set to 1 if
(A) < {byte 2}.

RLC

] 0
data
Cycles: 2
States: 7
Addressing: immediate
Flags: Z,S,P,CY,AC

{Rotate left)
(Ani1) = (AL [ (Ag) =— (A9)
(CY) =—— (A7)

. The content of the accumulator is rotated left one

position. The low order bit and the CY flag are both
set to the value shifted out of the high order bit posi-
tion Only the CY flag is affected.

OIOTOIOiOFII‘l}I
Cycles: 1
States: 1
Flags: CY

RRC

4-10

{Rotate rigiit) .
(Ay) =— (An.1): (A7) =— (Ag)
(CY) =— {Ag)
The content of the accumulator is rotated right one
position. The high order bit and the CY flag are both
set to the value shifted out of the low order bit posi-
tion, Only the CY flag is affected.

ToToTo Pty Tyt

0

RAL

Cycles: 1
States: 4
Flags: CY

(Rotate left through carry)

(Ap+1)  =— (AL) (CY) =— (A7)

(Ag) = (CY)

The content of the accumulator is rotated left one
position 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 high order bit. Only the CY
flag is affected.

0'0!0]1|0|1l1'1
Cycles: 1
States: 4
Flags: CY
RAR (Rotate right through carry)

(Ap) =— (Ap+1) ; (CY) <— (Ag)

(Ag) <— (CY)

The content of the accumulator is rotated right one
position through the CY flag. The high order bit is sat
to the CY flag and the CY flag is set to the vaiue
shifted out of the low order bit. Only the CY flag is
affected.

CMA

0’0'0]‘!|1I‘i}1li
Cycles: 1
States: 4
Flags: CY

{Complement accumulator)
(A) =— (A)
The contents of the accumulator are compiemenied
{zero bits become 1, one bits become 0). Mo fiags are -
affected.

ool To Ty Ty Tyl
Cycles: 1
States: 4
Flags: none



cMe {Complenienc carryl
(CY) ~— (CV)
The CY flay :s complemented. Mo other flags are
affected.

ool s Ty T T 14Ty

Cycles: 1
States: 4
Flags: CY
SYC (Set carry)

{CY) =— 1
The C% flag is set to 1. No othar flags are affected.

ol oV o T o T o T T4 1
Lycles: 1
States: 4
Flags: CY

Branch Group:

This group of instructions alter normal sequential
program flow.

Condition flaygs zre not affected by any instruction
in this group.

The two types of branch instructions are uncondi-
tional and conditional. Unconditional transfers simply per-
torm the specitied operation on register PC (the program
counter}, Conditional transfers examine the status of one of
the four processor tlags to determine if the specified branch
is to be exucuted. The conditians that may be specified are
as follows:

CONDITION ccce
NZ — notzero(Z=0) Qo0
Z - zero(2=1) 001
NC - nocarry (CY = 0) 010
C - carry (CY =1} 01i
PO — parity odd (P = C}) 100
PE  — parity even (P = 1) 101
P — plus(S=0) 110
M — minus(S=1) 111
MP adgr {Jump)

{PC) =—— (byte 3) (byte 2)
Control is transferred to the instruction whose agd-

T

+ grass s spuciried In Lyte 3 and byte 2 of the current
inswaction,

1‘1101GT0!0[111

low-order addr

high-order addr

Cycles: 3
States: 10 ‘
Addressing:  immediate
Flags: none

Jeondition addr {Conditional jump)
if (CCC),
(PC) <=— {byte 3) {byte 2}
i¥ the specified condition is true, control is trans-
ferred to the instruction whose address is specified in
byte 3 and byte 2 of the current instructios; other-
wise, control continues sequent_s'allv.

| |

CO!‘IIO

'Ill c " C

low-order addr

high-order adcr

Cycles: 3
States: 10
Addressing:  immediate
Flags: none

CALL addr (Call}
({(SP) — 1} <=— (PCH)
((SP) — 2} ~«— (PCL)
{SP) =— (5P} ~2
(PC) =— (byte 3) (byte 2)
The high-order eight bits of the next instruction ad-
dress are moved to the memory location whose
address is one less than the content of register SP.
The low-order eight bits of the next instruction ad-
dress are moved to the memory location whose
address is two less than the content of register SP.
The content of register SP is decremented by 2. Con-
trol is transferred to the instruction whose address is
specified in byte 3 and byte 2 of the current
instruction. -

1 by g b g Ty Ty T T

low-order addr

high-order addr

Cycles: 5
States:. 17
Addressing:  immediate/reg. indirect
Flags: none



Ccondition adde
5 (CCCY,
{1SP) — 1) <— (PCH)
({SP) — 2) =— (PCL)
(SP) <— (SP) -2
(PC) =— (Lyte 3) (byie 2)
If the specified condition s true, the actions specified
in the CALL instruction (see abovsj are performed;
otherwise, control continues sequentially.

{Condition ceali)

i I 1 Cc i C t Cc 1 ' 0 l 4]
low-order addr
high-order aadr
Cycles: 3/5
States:  11/17
Addressing:  immediate/reg. indirect
Flags: none
HET {Return)

{PCL) —=— {{SP});
(PCH} =— {(SP} + 1);
{SP} =— ISP} + 2,

The content of the mmeinory location whose address
1s specitied in registes SP s moved to the low-arder
eight bits of reyister PC. The content of the memory
location whaose address 1s one more than the content
of 1egister SP s moved 1o the high-order eight bits of
register PC. The content of register SP is incremented
by 2.

1‘1'010111010T1

Cycles: 3
States:” 10
.AdLIIESsmg reg. indirect
Fisgs: none

Rcondition {Conditional return)
1f {CCC),.

(FCL) —— ((SP))

{PCH) =— ((SP) + 1)

{SP) =— (SP) +2
It the specified condition is true, the actions specified
in the RET instruction (see above) are performed;
otherwise, control continues sequentially.

1 ! 1 C ' C ' C 0,i 0 l 0
Cycles: 1/3
States:  5/11
Addressing: reg. indirect
Flags: none

4-12

RST n (Restart)
({SP} — 3} =— (PCH])
{(sp) — 2y =— (PCL)
(SP) =— (SP) —2
(PC) =— B+« (NNN)
The high-order gight bits of the next instruction ad-
dress are moved to the memory location whose
address is one less than the content of register SP.
The low-order eight bits of the next instruction ad-
dress are moved to the memory location whose
address is two less than the content of registef SP,
The content of register SP is decremented by two.
Contro! is transterred to the instruction whose ad-
dress is eight times the content of NNN,

1 ! 1 N ! N ! N 1 l 1 l 1
Cycles: 3
States: 11
Addressing:  reg. indirect
Flags: none
1514 i312 1110 9 8 7 6 5 4 3 2 1

(e[oTo oToTo eTo o] o[x[wIn] olaTo]

Program Counter After Restart

{Jump H and L indirect — move H and L tc PC)
(PCH} =— (H)
{PCL) =— (L)
The content of register H is moved to the high-order
eight bits of register PC. The content of register L is
moved to the low-crder eight bits of register PC.

PCHL

T .
1'1'1‘0'1’0"0’?5
Cycles: 1
States: 5
Addressing:  register
Flags: nong



Stack, 1/0, and Machine Cantrol $poun:

This group of instructions performs §/0, manipulates
the Stack, and alters internal control flags.

Unless otherwise specified, condition flags are not
affected by any instructions in this group.

PUSH rp {Push)

({SP} —~ 1p = (rh)

{(SP) — 2} =— (rl)

(5P} ~—- (SP) — 2

The content of the high-order register of register pair
rp is moved to the memory location whose address is
one less than the content of register SP. The content
of the low-order register of register pair rp is moved
1o the ynemory location whose address is two less
than ihe content-of register SP. The content of reg-
ister SP is decremented by 2. Note: Register pair
rp = SP may not be specified.

l1 i R ! P 0I 1 FO r‘I
.. Cycles: 3
States: 11

Addressing:  reg. indirect
Flags: none

PUSH PSW {Push processor status word)
((SP) — 1} -— (A}
{{SP} - 2)g ~«— (CY},{{SP) ~ 2}y =— 1
{(SP) — 29 =— (P}, {(SP}) —-2}3 =— O
((SP} — 24 =— (AC) ,{(SP) -2l =— O
({SP) ~2)g +— (2}, {(SP) - 2)7 =— (S)
(SP) =— (SP) — 2
The content of register A is moved to the memory
location whose address is one less than register SP,
The contents of the condition flags are assembled
into a processor status word and the word is moved
to the memory location whose address is two less
than the content of register SP, The content of reg-
ister SP 15 decremented by iwo.

IIIjIIIIOI‘IIOII

Cycles: 3
States: 11
Addressing:  reg. indirect
Flags: none

FLAG WORD

(&
N
o

AC 0 P 1 Ccy

POP p {Pop)

{rl) = ((SP))

(rh) ~=— {(SP) + 1}

(SP} -— {SP)+2

The content of the memory location, whose address
is specified by the content of register SP, is moved:to
the low-order register of register pair rp. The content
of the memory location, whose address is one more
than the content of register SP, is moved to the high-
order register of register pair rp. The content of rey-
ister SP is incremented by 2. Note: Regisier pair
rp = SP may not be specified.

s Ty TrTeplolole Ty

Cycles: 3
States: 10
Addressing:  reg. indirect
Flags: none

POP PSW {Pop processor status word)

(CY) ~— ((SP))g,
{P} ~— ((SP})9

(AC) <— ((SP))4

iZ) <— ((SP))g

(S) ~— ((SP))7

(A) ~— ((SP) + 1)

(SP) «+— (SP)+2

The content of the memory location whose address
is specified by the content of register SP is used 10
restore the condition flags. The content of the mem-
ory location whose address is one more than the
content of register SP is moved to register A, The
content of register SP is incremented by 2.

‘i[IIII‘ilQrOI'Ol

1

Cycles: 3
States: 10
Addressing: ¢eq. indirect
Filags: 2.5,P.CY.AC



{Exchange stack top with H ang L}
(L} = {(SP})
{H} = {(SF} + 1)
The content of the L register is exchanged with the
content of the memory iocation whose address is
-specified by the content of register SP. The content
of the H register is exchanged with the content of the
memory location whose address is one more than the
content of register SP,

XYHL

H I 1 l 1 r0 l0 IO r‘i Tl
Cycles: 5
States: 18

Addressing:  reg. indirect
Flags: none

SPHL (Move HL to SP})
{SP} —-— (Hj (L)
The conténts of registers H and i {16 bits) are moved
1o register SP.

Cycies: 1
- States: 5
Addressing:  register

Flags: none

N pc;r! {Input)
{A} =— (data)

The data placed on the etght bit bi-directional data

bus by the speaified port 1s moved to register A.

T T, T T, T,

1'0

port

Cycles: 3
States: 10
Addressing:  direct
Flags: none

QUT port {Output)
{data}) —=— (A)
The content of register A is placed on the eight bit
bi-directional data bus for transmission to the spec-

ified port.
Lo To by T T T T
port
Cycles: 3
States: 10
Addressing:  direct

Flags: none

El {Enable interrupts)
The inte:rupt system is enabled following the execu-
tion of the next instruction.

Cycles: 1
States: 4
Flags: none

DI (Disable interrupts)
The interrupt system is disabled immediately fol-
lowing the execution of the DI instruction.

1I1j1'1|0I0]1T1
Cycles: 1
States: 4
Flags: none
HLT (Halt)
The processor is stopped. The registers and flags are
unaffected.

0[111]150r1]?!()

Cycles: 1
States: 7
Flags: none

NOP (No op)
No operation is performed. The registers and flags
are unaffected.

ol ol oT oT ol g to by

Cycles: i
States: 4
Flags: none



INSTRUCTION SEY

summary of Processor Instructions

A Ys

tastrucuon Codslif Clocki2l Insteuction Code!*! Clock (2]

Maemonic  Gouciplion 0, Og D5 84 0y D; Oy 0y Cyclee Mnersonie  Description 0, 0 Os 0y Oy 0 0, 0 Cyclas
MOV, .,z Muve ragister to register o 1 b O O S & 8§ § A2 Aeturn on zero ty 90 0 v O A SN
MOV M, 1 Mo s segister to memeory g 1 T 0 S'§ s 7 wNZ Ret:rn on ng zere +i 3 0 ¢ ¢ - C 0 9N
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uet Hant 0 ! [ LU B N 1 | 7 aM Raters un minys | | tY 18 0 8 8/
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N Subliract regeter troin A t' 0 0 ¥ t 3 §8 3 4 LXi H Load immediate register o0 0o ¢t 0 0 ¢C 0 1 10
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XRa; Do ca Ot reguiter valh A t'9 1 ¢ 1§ § § 4 PUSH B Push reqister Pair 8 & C on t 1 0o ¢ 0 1 0 |H
JRA T L7 s ter with Al | N T N I I A 4 stack
CRiP ¢ Tompare zguier wath A 5] ¢ v v 1§ S S 4 PUSK O Puth regater Par 0 & E en T+ 6 v 0 % 0 1 (3]
AGD M A mymory 0 A 10 8 0 ¢ v o1 oug 7 stack
ADC M AdJ memary (0 A wath carey o 8 ¢ v 1 v o 1 PUSH H Push register Parr B & L on [ | t 0 0 v ¢ 1 1
SUB R Sulsiiazt namory from A T 00 1 8 o1V ? stack
S88 f Submact me nury feem A Tt 0 0 N SR B B ] ? PUSH PSW  Push A and Flags 1 ! 1 o 1+ 2 1 it

wiih berrgw 00 stack
ANA M And maniciy with A t ¢ v o ¢ v v 0 ! PoP S Pep reqister pa:r B & C oft Tt v 2 0 8 0 B i ig
ARA M Euctusive Or memury with & [N T R B T R R ] ? sack
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CMP M Cempare wemury wah A T ¢ r 171 19 7 stack .
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RAL Rotate & nyghy ¢ ¢ 2 0 1 v 1t 1 4 DADO Add DL EwGHEL e 0 0 1 1t 0 0 19
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HAR Aoiate A riynt thi sugh ¢ 60 9 1t oo 4 DAD SP Add stack posntgr to H & L 0 0 1 T 1 0 ¢ 10

carry - STAX 8 Stare A indirect 02 0 0 0 0 t O 7
imf Jump unconditional 11 o ¢ 0 0 1 1 10 STAX D Sture A indirect [} 0 1 ¢ 0 t 0 H
a Jump on carty | I TR T S T R 16 LDAXD Load A indurect 2 0 0 0 Vv 0 ) 9 1
INC Jumnp un o cany 1 0 1 0 0 1V @ 19 L0AX U Load A ndirect [} ] i1 0 v 0 )
i Jumy on zevo T v 0 06 1Y 0 VoD 10 INX 8 Increment B & C registers 00 0 0 0 0 v §
N2 Jump on no tero Pt e 0 0 0 § 0 13 INX D Increment D & F registers G 0 0 Y 0 0 v 1 5
g Jump o5 ponitive L R L A 10 INAH Increment H & L registers 2 9 ¥ 9 8 2 11 4
M Jump o0 miuy | 2 R T O N B B 19 INX SP Increnient stack pointer 9 4 1t 1 9 e ]
Pt Jump on panity eves 11 i 6 v 0 1 0 10 DCX @ Bocssment 8 & C 9 0 0 o ¥ 0 Vv 3 3
Y] Jump o penty uda 11 3+ 6 0 0 1 @ 10 0cxo Decrement D & E o 0 0 t v 0 t 1 3
CALL Calt unconditivnal 1+ 0 0 t 1t 01 W7 GCX KW Decrement HE L a ¢ v 0 v G i ]
tt Call o carry Y1 0 v 11 00 il DLX S§P Qezcrement stack pointer [ J R T T S R S | 5
Che Call 0n no carry tt 0 ¥ & 7 00 nn? CMA Con plament A 8 0 v 0 ©t 1t v i 4
£ Call un tera t ¢+ 0 6 ' t 0 0 nni STC Sat carry g 2 t vt 0 ¥ 1 4
(474 Cali an 0y 2e10 i1 6 0 0 i 6 9 LATRN) CHC Complement carry [ 2 T T TR S R [
tp Cali on positive [ | 1 [ I T B ] Nt UAA Decimal adjust A e 0 1 e 0 1 | ] 4
(W] Calt on minus 11 ] T+ v 0 90 [ RTE%4 S4LD Store H & L direct 0 0 T 6 0 ¢ v g LA
PE Call on perity even | I | t 06 v 1 0 0 $1/12 LeLD Losd N B L direct 0o & §F 8 1 0 1 ¢ 15
CPO Call un paisty 0dd 1 1,8 0 0 )V 0 wn £1 Enabie Interrupts I T T A B 4
ALY Rewurn 1t 8 0 1 0 ¢ 1 10 1] Digabie interrupt 1 1 1 1 6 0 v 4
RC Return un carty Tt ¢ 6 1 1 0 0 B am KRQP Mo eperanon 0 ¢ O 0 0 0 o0 ¢ 3
RNC Return on no canry 11 0 1 0 0 0 ¢ Sy
NOTES. 1. DDDorSSS ~0008 ~ 001 C- Q10D ~ 011 E -~ §COH ~ 10! L ~ 110 Memory - 111 A,

2. Two possible cycle umes, {5/11) :ndicate instruction cyclas dependent on condition ilags.
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1 Ll Schottky Bipolar 8214
h 4
PRICRITY INTERRUPT CONTROL UNIT
® Eight Priority Levels ., ¥ Fully Expandabile
® Current Status Register @ High Performance (50ns)
8 Priority Comparator B 24-Pin Dual in-Line Package

The8:214 is an eight level priority interrupt control unit designed to simplify interrupt driven microcomputer
SMELENnS.

Tie2 P’ ICU can accept eight requesting levels; determine the highest priority, compare this priority to a soft-
ware wontralied current status register and issue an interrupt to the system along with vector information o
identiify the service routine

Tiz 8214 is fully expandable by the use of open collector interrupt output and vector information. Control
sigialis are also provided to simplify this function.

ihe PICU is designed to support s wide variety of vectored interrupt structures and reduce package count
ii: inteerrupt driven microcomputer systems.
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INTERRUPTS IN MICROCOMPUTER SYSTEMS

Microcomputer system design requires that 1/O devices such
as keyboards, displays, sensors and other components re-
ceive servicing in an efficient method so that large amounts
of the toial systems tasks can be assumed by the micro-
computer with litile or no effect on throughput.

The most ~ymmon method of servicing such devices is the
Polled app.oach. This is where the processor must test each
device in sequence and in effect “ask’” each one if it needs
servicing. 1t is easy 1o see that a large portion of the main
orogram is !leoping through this continuence polling cycle
~and that such a method wouid have a serious, detrimental
efiect on system throughput thus limiting the tasks that
could be assumed by the microcomputer and reducing the
cost effectiveness of using such devices.

A more dzoireable method would be one that would allow
the microprocessor to be executing its main program and
only stop 1o service peripheral devices when it is told to do
50 by the device itself. In effect, the method would provide
an external asynchronous input that would inform the
processor that it should complete whatever instruction that
is currently being executed and fetch a new routine that
will service the sequesting device. Once this servicing is com-
plete however the processer wouid resume exactly where it
lett off,

This method is called Interrupt. It is easy to see that system
throughput would drastically increase, and thus more tasks
could be assumed by the microcomputer to further enhance
its cost effectiveness.

The Priority Interrupt Control Unit (PICU) functions as an
overall manager in an Interrupt-Driven system environment.
It accepts requests from the peripheral equipment, determ-
ines which ot the incoming requests is of the highest im-
portance {priority}, ascertains whethe! the incoming request
has a higher priority value than the level currently being
serviced and issues an interrupt to the CPU based on this
determination.

Each peripheral device or structure usually has a special
program or 'routine’” that is associated with its specific
functional or operational requirements; this is referred to
as a “service routine’’. The PICU, after issuing an Interrupt
to the CPU, must somehow input information into the CPU
that can “point” the Program Counter to the service rou-
tine associated with the requesiing device. The FPICU en-
codes the requesting level into such infarmation for use as
a "‘vector’’ to the correct Interrupt Service Routine.

5-138

cru

CPU DRIVEN
SAULTIPLEXDR

.RAM

ROM

=
[

| |
| I |

\

|
DK u

<¢::> mmlL—~_;

o e - - e — e

s
l

Polled Method

[+ V] INT

RAM

] -

ROM

K] o

F p: 0 12)

8

¥
¥, ‘ )l’ HO (it}

)
§
g_..._._._.A

Jb b e

Interrupt Method



RV TAN ‘4/ »)!S‘JQJ'JL S % ./’I‘f

TN

P JMCTIONAL OESCRIPTICN

+be U274 is a device specifically designed for use in real
Jove, interrupt driven, microcomputer systems. Basically it

.3 eight (8) level priority control unit that can accept
cignt different interrupt requests, determine which has the
sighost prioiity, compare that level to a software maintained
current status register and issue an interrupt to the system
.~52d on this comparison along with vector information to
:ndicave the location of the service routine.

Trior.. sncoder

i-h+ feaussts cnputs, which are active low, come into
“riority Encoder. This circuit deiermines which request
2w i the most imonstant {highest priority) as preassigned
n, n desioner. (R7) is the highest priority input to the
" and {RO) is the lowest. The logic of the Priority En-
feous such et if two or more input levels arrive at the
- r tine then the input having the highest priority will take
2 «slanee 349 a three bit output, corresponding to the act-
v lavel {modulo 8) will be serit cut. The Priority Encoder
“i=0 contains a latch 1o store the request input. This latch is
:znrolied by the Interrupt Disable Flip-flop so that once
a0 interrupt has been issued by the 8214 the request latch
» 1o longer open. {Note that the latch does not store inact-
e requests. In order for a request to be monitored by the
2714 it muscremain present until it has been serviced.)

[

-

Larrent Status Register

- ar in.erreptdriven microcomputer system it is important

G a0t erly prioritize incoming requests but to ascertain
weciner such arequest is a higher priority than the interrupt
cucently being serviced.

Tn2 Current Status Register is a simple 4-bit latch that is
trected as an addressable outport port by the microcom-
auter system. 1t s loaded when the ECS input goes low.

wrtatrnance of the Current Siatus Register is performed as
e wortion of the service routine. Basically, when an interrupt
Is issued to the system the programmer outputs a binary
code (modulo 8} that 1s the compliment of the interrupt
lavel. This vatue is stored in the Current Status Register and
1s compared to all further prioritized incoming requests by
the Pricaty Comparastor, In essence, a copy of the current
interrupt level 1s written into the 8214 to be used as a ref-
zrence for comparison. There is no restriction to this main-
ienance, other level values can be written into this register
a5 references so that groups of interrupt requests may be
dvsa“c‘)wed under complete control of the programmer.

5-139

Note that the fourih bit in the register is SGS. This input iz
part of the value written out by the programmer and per-
forms a special function. The Priority Comparator will only
issue an output that indicates the request level is greater the
the Current Status Register. |f both comparatorﬂuts are
equal to zero no output will be present. The SGS input
altows the programmer to, in effect, disable this comparison
and allow the 8214 to issue an interrupt to the system that
is based only on the logic of the priority encoder.
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Control Signals

The 8214 also has several inputs that enable ihe designer to
synchronize the interrupt issued to the microprocesscr and
to allow or disallow such an issuance. Also, signals are pro-
vided that permit simple expansion to other 8214s so that
more than eight levels can be controlled.

INTE, CL.~

The INTE {tnterrupt Enable) input allows the designer 10
“shutofi”’ the interrupt system under controi of external
logic or possibly under software maintenance. A “zero’ on
this line wiil not allow interrupts to be issued to the micro-
computer system.

Tie CLK {Clock) input is actually the trigger that strobes
the interrupt Flip-Flup. It can be connected o one of the
clocks of .2 microprocessor so that the interrupt issued
meets the CPU set-up time specification. Note that due to
the gating of the input w the imerrupt Flip-Flop the INT
output wiil only be active for the tiine of a single clock pe-
riod, so externatl latching may be required to hold this sig-
nat

ELR, ETLG, ENGL
These three signals allow 82143 to be cascaded so that more
than eight levels of interrupt requests can ba controlled.

Basicaily, the ENLG output of one 8214 is connected to
the ETLG input of the next and so on, with the first 8214
having its ETLG input pulied “high’’ and assigned the high-
est priority. When the ENLG output is “high” it indicates
that there is no interrupt pending on that device and that
interrupts can be monitored on the next lower priority
8214, '

This ““cascading” can be expanded almost indefinitely to
accomodote even the largest of interrupt driven system
architectures.

AQ, A1, A2

in oider to identify which device has interrupted the pro-
cessor so that the service routine associated with it can be
addressed, a pointer or "vector’’ must scccompany the inter-
rupt issued 1o the microcomputer system.

The AD, A1 and A2 outputs represent the complement of
the active intertupt level {modulo 8}, By using these signals
to encode the special instruction, RST, the prograrn counter
of the microprocessor, can point 1o the location of the
service routine. Note that these three outputs are gated by
the ELR input and are open collector so that expansion is
simplified.

<

INT

The INT output of the 8214 is the signal that is issued 10
the microprocessor to initiate the interrupt sequence. As
soon a INT is active the INT DIS FF is set, inhibiting further
requests from entering the Request Latch. On!l« the writing
out of the current status information by suoling the ECS
input will clear the INT D!S FF and allow rec,-:ests to entar
the latch. .

Note that INT is also open collector so that wnan casceded
to other 8214s un interrupt in any of the active devices will
set all INT DIS FFs in the entire array.
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SCHOTTKY BIFOLAR 8214

APPLICATIONS OF THE 8214
2 Level Controller (8080) -

The most common of applications of the 8214 is that of an
eight level priority structure for 8080 or 8008 microcom-
puter systems.

Shown in the figure below is a detailed logic schematic of a
stinple circuit that will accept eight input requests, rnaintain
current status, issue the interrupt signal to the 8080 and en-
code the proper RST instruction to gate onto the data bus.

The eight requesis dare connected to the 8214 by the de-
signer in whavever order of priority is to be preassigned. For
example, eight keyboards could bz monitored and each as-
signed a deagree of importance {level of priority) so that
faster processor attention or access can be assigned to the
eritcel Qr thine gependent tasks.

The inputs 1o the burr_ent Status Register are connected to
the Data Bus so that data can be written out into this “’port”.

£ 8212 is used to encode the RST instruction and also to
act as a 3-state gate to place the proper RST instruciicn
when the 8080 Data Bus is in the input mode. Note that the
INT signal fiom the 8214 is latched in the SR flip-flop of
the 8212 so that proper timing is maintained. The 8212 is
selected {enabled) when the INTA signal from the B08O
status latch and the DBIN from the 8080 are active, this as-
sures that the RST instruction wili be placed on the Data
Bus at the proper 'ime. Note that the INT output from the
8212 is wwverted and putied up hefore it is connected to the
8080. This is to generate an INT signal to the 8080 that has
the correct polarity and meets the input voltage require-
ment {3.3V).

Basic Operation

When the initial interrupt request is presented to the 8214
it will issue an interrupt to the 8080 if the structure is en-
abled. The 8214 will encode the request into 3 bits {moduio
8) and output them to the 8212. After the acknowledge-
ment of the interrupt has been issued by the 8080 the en-
coded RST instruction is gated onto the Data Bus by the _
8212. The processor executes the instruction and points the
program counter to the desired serviced routine. In this
routine the programmer will probably save the status of the
register array and flags within a series of PUSH instructions
{4). Then a copy of the current interrupt level (modutlo 8)
can be “built” in the Accumulator and output to the Cur-
rent Status Register of the 8214 for use as a comparisan
reference for all further incoming requests to the system.

This Vectored Eight Level Priority Interrupt Structure for
8080 microcomputer systems is a powerful yet flexibie cir-
cuit that is high performance and hias a minimal component
count.
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SCHOTTKY BIPOLAR 8214

APPLICA'!'EONS OF THE 8214
Cascading the 8214

When greater than eight levels of interrupts must be priori-
tized and serviced, the 8214 can be cascaded with other
8214s to support such an architectura.

On the previous page a simple circuit is shown that can con-
trol 16 levels of interrupt and s easily expandable to sup-
port up 1o 40 levels of interrupt by just cascading more
8214s.

As described previously, there are signals provided in the
8214 for cascading (ELR, ETLG, ENLG) and in effect the
ENLG output of the first 8214 "ripples’’ down to the next
and su on. The entire airay of 8214s regardless of size, can
be thouaht of as a single priority control unit, with the first
naving the highest priority and the next B214 having a lower
prionty and so on.”

in this application, the manner in which software handles
ine seivicing of the interrupt will change. Since more than
2ight vestors must be generdted a method other than the
common RST instruction must be implemented. Basically,
the paority control array must somehow modify the con-
tents of the 8080 Program Counter so that it can point
("wector”) to one of 16 (or how many levels are to be
serviced) and fetch the proper service routine. A simple ap-
progch is Lo treat the priority control array as a single input
port that can nput a value into the Accumuiator and use
this value as an offset to modify the Program Counter (In-
direct Jump).

An initial CALL is needed to invoke this lndirect Jump
routine so the circuitry is configured to insert an RST 7
{(FFh; for all intertupts, thus the Indirect Jump Routine
starts ot Jocation (56d).

The Assembly Code for the flow chart is as follows:

PUSH PSW

PUSH B (save processor status)

PUSH D (22 microseconds)

PUSIH H

IN (n} (input Priority Array Value)

MOV LA {transfer Accumulator to L register)
MVi H,(n) {load Base Address into H register)
PCHL {transfer H&L to Program Counter)

{The execution time for the total routine is 35.5 micro-
seconds based on an 8080 clock period of 500ns.)

Following is a basic flowchart of the priority array indirect
Jump routine. Note that the last step in the routine will
vector the processor to fetch the proper service routine as
dictated by the interrupting level,
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Shown in the figure above is a chart of the 16 different ariay
values that are used to offset the Program Counter and vec-
tor to the proper service routine. These values are the ones
that are loaded into the ““L" register; the value loaded intc
the “H" register with an “immediate instructicn’’ is used to
identify the major area of memory where the service rou-
tines are stored, similar to a “course setting” and the value
in the “L" register is used to identify a specific location,
similar to a “fine setting”’.

Note that DO, D1, and D2 are always set to ““zero”’, this pro-
vides the programmer eight (B) memory locations between
the start of each service routine so that maintenance of the
associated Current Status Register and a JUMP or CALL in-
struction can be implemented.

This method of interrupt control can be almost indefiniteiy
expanded and provides the system designer with a powerful
tool to enhance total system throughput.
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8080 SOFTWARE PACKAGE - SIMULATOR

'A. INTRODUCTION

This Manual describes the use of a FORTRAN IV program called
INTERP/80. This program provides -a software simulation of
the INTEL 8080 CPU, along with execution monitoring commands
to aid program development for the MCS-80.

INTERP/80 accepts machine code produced by the INTEL 8080
Assembler or PL/M 8080 compiler, along with execution com-
mands from a time-sharing terminal, card reader, or disk
file. The execution commands allow manipulation of the
simulated MCS-80 memory and the 8080 CPU registers., In
addition, operand and instruction breakpoints may be set
to stop execution at crucial points in the program.. Tracing
features are also available which allow the CPU operation
to be monitored. INTERP/80 provides symbolic reference to
storage locations as well as numeric reference in various
number bases. The command language is described in the
paragraphs which follow.

‘B. BASIC ELEMENTS

All input to INTERP/80 is "free form". Numbers, symbolic
names, and special characters may be placed anywhere within
the input line (see margin commands in Section D). Comments
may be interspersed in the input, but must be enclosed within
the bracketing symbols /* and */.

1. Numbers. Numeric input to INTERP/80 can be expressed in
binary, octal, decimal or hexadecimal. The letters B,0,Q,D,
and H following the integer number indicates the base, as
shown below:

Number Value
110118 11011,
28D 2810
330 33g
33Q . 338
lcH lclﬁ
28 2810

¢
A decimal number is assumed if the base is omitted. Note that
although 0‘'is allowed to indicate octal integers, Q is also
permitted to avoid confusion with the integer 0. Note that
the leading digit of a hexadecimal number must be one of the
digits 0,1,...,9. Thus, EF2;, must be expressed as OEF2H.

On output, INTERP/80 indicates octal integers with Q and omits
the D on decimal values. The base used on output defaults

to decimal, but may be changed by the user, (See the BASE
command in Section C.)
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2. Symbolic Names., Symbolic names are strings of contiguous
alphabetic and numeric characters not exceeding 32 characters
in length. The first character must be alphabetic. Valid
symbolic names are: :

SYMBOLICNAME

X3

GlG2G3
LONGSTRINGOFCHARACTERS

3. Special Characters. The special characters recognized bj
INTERP/80 are: $=./()+-"%*,<>:;. All other special characters
ar¢ replaced by a blank.

C. INTERP/80 Commands

The commands available in INTERP/80 are summarized briefly

below. Full details of each command are given in following
paragraphs.

Command Purpose -

LOAD Causes symbol tables and code to be loaded
: into the simulated MCS-80 memory.

GO Starts execution of the loaded 8080 code.

INTER Simulates an 8080 interrupt.

TIME Sets and displays the simulated 8080 cycle
counter,.

CYCLE Allows the simulated CPU to be stopped after
a given number of cycles.

TRACE Enables tracing feature when particular portions

- of the program are executed.

RETER Causes the CPU simulation to stop when a part-
icular storage location is referenced.

ALTER Causes the CPU simulation to stop when the con-
tents of a particular memory location is altered.

CONV Displays the values of numbers converted to the
various number bases.

DISPLAY Displays memory locations, CPU registers,
symbolic locations, and I/0 ports,

SET Allows the values of memory locations, CPU
registers, and I/0 ports to be altered.

BASE Allows the default number base used for output . .
to be changed.

INPUT Controls simulated 8080 input ports.

ouTPUT Controls simulated 8080 output ports.

PUNCH Causes output of machine code in BPNF or hexa-

" decimal format.
END Terminates execution of an 8080 program.

The commands NOINTER, NOTRACE, NOREFER, NOALTER, NOINPUT, and
NOQOUTPUT are also defined. These commands negate the effects
of INTER, TRACE, REFER, ALTER, INPUT and OUTPUT, respectively.
In all cases, the commands may be abbreviated. These abbrevia-
tions are indicated with the command description.



Commands are typed anywhere on the input line, with as many !
commands on a line as desired. The symbol "." must follow ‘

each command.

‘The treatment of syntax errors in commands is dependent on
‘the mode of operation. If the command input and output files
‘both correspond to a terminal (interactive mode}, and a
‘syntax error occurs in a command which is embedded in a com-
mand line containing several commands, the next command is
taken from the next command line. If INTERP/80 was initiated
in interactive mode, and through a command file chain (see
$INPUT and $OUTPUT control switches) is currently accepting
commands from a non-interactive (batch) device, then the next
command will be accepted from the initial interactive device.
Otherwise a ‘command syntax error results in exiting INTERP/80.
The end of data for the execution of INTERP/80 is indicated
by a "$EOF" starting in column 1 of the last card.

l.‘ Range~-Lists. Many of the INTERP/80 commands accept a = °
"range~list" as an operand. Tracing, for example, can be

enabled for a specific range of addresses in the program. The
range-list specifies a sequence of contiguous addresses in mem-
ory, or a range of numeric values to which the command is
applied.
In its simplest form, a range-list is a number (binary, octal,
decimal, or hexadecimal), or it may be a pair of numbers sep;
arated by the symbol "TO". Thus, valid range-lists are:

10 _

63Q

50 TO 63Q

OFH TO 11001111B

A range-list, however, can also reference a symbolic location,
with or without a numeric displacement from the location. Sup-
pose, for example, the symbols START and INCR appear at locations
10 and 32 in the source program. Valid range-lists involving
these symbols are: )

START . (Same as 10)
START+6 {Same as 16}
~ START-101B (Same as 5)
10 TO INCR (Same as 10 T0 32)
START+3 TOQ
INCR-2 (Same as 13 TO 30)

The PL/M language allows duplicate names within the same pro-
gram which define different storage locations (e.g., the variable
I could be defined within both a procedure Pl and a procedure
P2). Thus, a symbolic location can be specified as a sequence
of symbolic names, .separated by the "/" symbol The symbolic
location

P1L/IX
references the symbol I which follows the symbol P1l, while

p2/1
causes INTERP/80 to first locate Pl, and the find the symbol I.



In general the reference '
51/52/-°=/Sntd

causes a sequential search of the symbol table for Sj, then
S», and so forth, until S_ is found. The displacement *d is
then applied to this base location.

The range-list may also contain a reference to the current -

.value of the program counter of the simulated 8080 CPU. The

symbol "*" represents this value. If the value of the program

counter is 16, for example, the following is a valid range-list:
START TO * (Same as 10 TO 16)

The cexact use of the range~list is illustrated with the in-

dividual commands.

2. Notation. The following notation is used to describe the
INTERP/80 command structure. Elements enclosed within braces
{and} are optional, while elements enclosed within the brackets
[and} are alternatives, where at least one alternative must be
present,

A range-list, for example, can be specified as:
.,  range-element {TO range-element}
where a range-element is defined as:
‘number {F number} ]
Symbolic-name L= number
*

As mentioned previously, command names can always be abbreviated.
The required portion of the command is underlined in the com-
mand description. The symbol "TO" in the range list can be
abbreviated as "T". Thus, the range list above can be rede-
fined as:

range-element {TO range-element}.
Finally, the ellipses "..." indicate a list of indefinite length,

The commands are given alphabetically in the following para-
graphs starting with a prototype statement using the above
notation. A brief description is then given, followed by
examples. /

-

3. |ALTER range list{,range-list, range-list,..., range-list]).
NOALTER ‘ *
The ALTER command is an operand breakpoint command which causes
the execution of the 8080 CPU to stop whenever an attempt is o
made by the CPU to store values into a memory location specified
in the range-list. When the breakpoint is encountered, INTERP/80
prints ALTER x, where x:.is the value of the program counter. If
a symbol table has been loaded, INTERP/80 will also print the
symbolic location closest to location x (plus or minus a dis-

placement value). Execution can be started again with the GO
or RUN commands. Examples of the command are:
ALTER 0,

ALTER 0 TO 10.

ALTER 10 T INCR.

ALTER START + 2 TO INCR - OAH.

AL 5, START, X2, 7 T 10, INCR - 3.
4



ALT Pl/I TO P2/I+3.

BIN )
oCT

4, BASE Y DEC
' k.EEX

This command causes the INTERP,//80 system to use the number

hase specified by the second argument when printing results.
This cominand has no effect on the number bases which are accept-
able in the input,

5. CONV range list {, range-list, range-list,..., range-list}.
The conversion command prints the values of the numbers specified
in the range-list in binary, octal, decimal and hexadecimal forms
Examples are: ‘

CONV 23,

CONV *,

CON 10 TO START +3.

CO 10,30,28Q, 1101B T 33H.

6. CYCLE number. 0
Phe Ccycle command causes an automatic break point when the number
of machine instructions specified in the command have been ex-
ecuted in the SLmulatlon (see the GO command and the $MAXCYCLE
parameter, also).

7. DISPLAY display-element {, display-element,..., display-
element}.

The display command causes the values of memory locations,
symbolic names, CPU registers, and I/0 ports to be printed. The
output form of these values is determined by the current de-
fault base (see the BASE command). The width of the output line
determines the output formatting (see the $SWIDTH command of.
Section E).

In its simplest form, a display-element can be one of the 8080
CPU registers: '

CcY - (carry) D

Z (zero) E

S (sign) H

P (parity) L

A HL (H&L)

B SP (program stack pointer)
C PC (program counter)

In this case, valid DISPLAY commands -are:
DISPLAY CY.
DISP CY, Z, R, HL.
D pP, A, PC.

A display-element can also be the symbol CPU, in which case all
registers are displayed.

The values latched into the I/0 ports can be displayed by using

5



a display element of the form:
PORT range-list

The ports Specified in the range-list (between 0 and 255) are
printed. Examples are:

DISPLAY PORT O,
DI PO 3, PO 5, PORT 5 TO 8, PO 1001B.

The contents of the symbol table can be examined by using a
--display-element of the  form: . - o

" :

SYMBOLS Symbolic-name

' number N

The form

DISPLAY SYMBOLS.
prints the entire symbol table, while the form

DISPLAY SYMBOLS number,
‘responds with the symbolic name (+ a numeric displacement)
which is closest to the address specified by the number.
Examples are:

DISP SY.

DI SY OFFH, SY 32.
If the symbol " is used in the command, the symbolic location
closest to the current program counter is printed. The values

contained in memory locations can also be displayed. 1In this
case, the display-element takes the form

BIN
'oCT
. DEC
HEX

l‘CODE'

MEMORY range-~list

- L)

The range of elements printed is specified in the range-list,
while the form of the elements in the display is controlled
by the command CODE (decoded instructions) or one of the number
bases. If the form is omitted, the default number base is used
in the dlsplay (see the BASE command) Valid DISPLAY commands
are:

DISPLAY MEMORY 20,

DISP MEM 20 TO 30 CODE.

DMOT 30 D, M 40 TO INCR + 10 OCT.

The various display-elements may be mixed in a single DISPLAY
command.

Decoded memory dumps give instructions in mnemonic form. These
mnemonics differ slightly from those used in the 8080 assembler,
for the sake of brevity. The INTERP/80 mnemonics which appear
when the code format is specified are listed in Section D.

8. END, h

The END command reinitializes the INTERP/80 system. If another




program is subsequently loaded into memory, all break and trace
points are reset. Otherwise, the currently loaded program may
be rerun with all break and trace points remaining.

— {Eumber;l}

The GO command causes the execution of the loaded program to be-
gin. In the case that a breakpoint was previously encountered,
the execution continues through the breakpoint. If the GO is
followed by an *, the breakpoint addresses are printed as they
sre encountered, but the 8080 CPU does not halt until completion.
If the GO is followed by a number, the effect is exactly the
same as .

CYCLE -number. GO.

10. | INPUT range-list {,range-list,...,range-list}.

NOINPUT :
The INPUT command specifies a list of input port numbers. When-
ever the simulated CPU executes an input instruction (IN) which
references a port listed in the range list, the input value is
read from the current input file (see the SINPUT parameter in
Section E). When operating in interactive mode, INTERP/80 will
"prompt" the user by typing

PORT n...
at the console, where n is an integer between 0 and 255. The
user then types the port input value, and execution continues.
Any invalid input, such as the character '*' causes INTERP/80
to return to command mode. In batch mode, INTERP/80 reads data
directly from the 1nput file without the prompt, and prints

PORT n...k
where n is the port number, and k is the data read from the
input. Examples of the INPUT command are

INPUT 5.

INPUT 0 TO 255.

INPUT 5, 10, 13 T 18, 66H.

NOINPUT 10, 70 TO 240,

(ggATE
11. |INTER ENABLE
NOINTER DISABLE

opcode
The INTER command simulates the 8080 interrupt system. When
INTERP/80 is started, the simulated 8080 CPU is initialized with
interrupts disabled, and a NOP in the interrupt register. The:s
form '

INTER. J
causes INTERP/80 to set a pending interrupt (initially a NOP).
The interrupt takes place following the next GO or RUN command,
one instruction after the interrupts are enabled by the CPU.
Interrupts can be enabled manually with the command

) INT ENABLE,
or dlsabled manually with the command

INT DISABLE,

The current state of the interrupts is printed by INTERP/20 when
the command

INT STATE.
is issued.

The form INT opcode.

-
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can be used to vlace a new instruction into the interrupt
register, The opcode in this case is either a number between
0 and 255, or one of the symbolic operation codes listed in
Section D, The interrupt is set to pending.
The command

NCINTER.,
is used to nullify any pending interrupts.

Examples are
INTER.
NOINTER.
INTER ENA.
INT DIS,.
INTER STATE,
INT 52.

INT RST 3.

12. LOAD number {number}.
The LGAD command reads the symbol table and 8080 machine code
into the simulated memory. The form

LOAD number.
reads only the machine code from the file specified by number
(see file numbering in Section E). The form

LOAD number number,
reads the symbol table from the £ile specified by the first
number aind the machine code from the second file. The symbol
table is in the form produced by the INTEL 8080 Assembler or
8080 PL/M compiler. The machine code can be either in "BNPF"
format (see PROM programming specifications in the INTEL Data
Catalog), or in the more compact "Hex" format (see the $FASTLOAD
parameter in Section D). The end of machine code is indicated
by a "$" occurring in the input. INTERP/80 responds to this
command by printing the number of locations used by the program.
Examplces are:

LOAD 1.

LOAD 6 7. ' .
Note thiat if no machine code is to be loaded, the command

LOAD 1. $
is sufficient to initialize INTERP/80.

13. {OUTPUT range-list {,range-list,...,range-list}.

NOOUTPUT
The OUTPUT command is similar to the INPUT command except that it
causes INTERP/80 to print output port values whenever ports refgr-
enced in the range-lists are altered with an output instruction
(OUT). The output form is

PORT n = k
where n is the port number and k is the output value,
Examples are:

OUTPUT 5. .

ouTr 5,6,8 TO 20H.

OU 7 TO 10Q, 13 T 255,

NOOUT 8,9,10 TO 30.
14. |REFER range-list {,range-list,...,range-list}.
NOREFER

| SIS |



This ccmmand is similar to the ALTER command except that a
breakpoint occurs whenever any reference to the memory location
takes place. Thus, an instruction fetch, an operand fetch,
or an operand store all cause a breakpoint when this command is
used. Examples are:

REFER 10.

RE 10 TO 30Q.

REF 5,7, START TO START +5, 71Q.

NOREF 0 10 10.
13, RUN.
The RUN command has exactly the same effect as the command GO *,

1. SET. set-element {,set--element,...,set-element}.

The SET command allows memory locations, CPU registers, and I/0
ports to be set to specific values. The register names describ-
ed under the DISPLAY command can be used in the set-clement:

A numbeq
register =| & _
The value of the specified register is set to the number follow-
ing the "=" or to the value of program counter if "*" is specified,
Thus, valid commands are:

' SET 2 = 0.
_SE A= 3, B = 77Q, PC = OEEH.
S HL = 28,
INTERP/80 allows symbolic references when either the program
counter (PC) or the H and L register (HL) are set. Thus, the
commands '

SET PC = START,
SET HL = P1,. :
SET PC = START +5, HL = P1/I, ,

are all valid SET commands.

A set-element can also be symbol "CPU" in which case all re-
gisters are set to zero, including the simulated 8080 cycle
count, and any pending interrupt is disabled. Examples are:
SET CPU,
S CP,PC = 25,

The values of I/O ports can also be set by using a set-element
of the form

PORT range-list = number {numbér number ... number}
In this case, the I/0 ports specified in the range-list are set
to the list of numbers following the "=". If more ports are
specified than there are numbers in the list, the numbers are
reused starting at the beginning. Examples are:

SET PORT 5 = 10.

SET PO 6 TC 8 =1 2 3.

S PO 10 TO 13 -77Q 2.

S PO 8 = 10B, PO 12 = 13H, PO 30Q = 16,
The values contained in memory locations can be altered directly
using a set-element of the form

MEMORY range list = mem-element {mem-element ... mem-clement}
A mem-element can be a number (between 0 and 255) or a symbclic
opcode (see Section D).



As in the case oF Y/0 ports, the memory locations are filled
from the list to the right of the equal sign, with numbers and
opceration codes bheing reused if the list is exhausted. Examples
of this command are:

SET MEMORY 0 = 0.

S MEM 0 70 50 = 0.
It is sometimes inconvenient to specify both the beginning and
final addresses when using the SET MEMORY command. Thus,
INTERP/80 allows a special case of the command where only the
starting address is specified, and the final address is deter-
.mined by the number of items following the equal sign. This
form is '

MEMORY range-element = mem-element {mem-element...mem-element}
Examples of this form are given below

SET MEMORY 0 = 01 2 3 45 6 7.

SET MEM 5 = OFH 77Q 44H 33, 15H = 5 10 15.

S M 100 = 5 10 15 20,
Whenever a mem-element is a symbolic operation code, the re-
quired operands may be either numeric or symbolic. The follow-
ing SET commands provide examples of the use of these operation
codes.

SET MEM 0 TO 100 = NOP.

SET MEM 50 = MOV AB MOV CI OFFH

JPO 32FEH JNZ Pl+3
CALL P1/P2+5 LXI H Pl/I.

The SET command does not chande break or trace points which are
in effect,

S M START TO START +5=11111000B 22Q 33H. '
As in the DISPLAY command, set elements of each type may be
intermixed: .

SET CpP, CY=0, M 5=10, PO 6=12, PC=30.

17, TIME {number}. ,
The TIME command allows display and alteration of the simulated
8080 CPU cycle count. The form

TIME,
causes the simulated cycle count and time used by the 8080 CPU
to be printed.
The form

TIME number.
sets the cycle count to the number given in the command.

18. TRACE . . -

I IOTRACE range-list {,range-list,...,range-listl}.
The TRACE command causes the INTERP/80 system to print the CPU
register contents and the decoded instruction whenever an in-
struction is fetched from the memory region specified in the
range-list. The form of the elements in the trace is defined
by the current default base (see BASE command). The trace shows
the register contents and operation code hefore the instruction
1s executed. The result of the operation iIs found in the next
line of the trace, or through the DISPLAY CPU command. A heading
showing the vaious cclumns in the trace may be printed at various
intervals (sce the SHEADING control switch).

10



Examples of the TRACE command are:
TRACE 0 TO 100.
TR START TO START +111B.
NOTRACE START, INCR, FOUND TO FCUND +3, 7Q.

19. PUNCH range list {number}.
The PUNCH command causes the specified region of the simulated
memory to be output either in BPNF or hexadecimal code format
depending on the setting of the S$FASTLOAD control switch. IE
“he number is present, the code is written into the corresponding
cutput f£ile; otherwise the cnrrently defined file is used. (sece
the $SOUTPUT and $FASTLOAD 'parameters in Section E). Examples are:
PUNCII 0 TO OFFH.
PU START TO FINISH,

D. INTERP/80 SYMBOLIC OPERATION CODES

The following symbolic operations codes are defined in INTERP/80
for ease of reference to 8080 CPU instructions. These operatfons
codes are used in the DISPLAY MEMORY command when the CODE opticn
is specified, and are acceptable as input when setting memory
locations with the SET MEMORY command. In addition, the INTER
command allows symbolic operation codes as input when the inter-
rupt instruction register is set. The user should refer to the
8080 CPU specification fer the individual instruction definitions.

1. ~Data Transfer, Arithmetic, and Logical Operations :

The first category of 8080 instructions includes the "move"
instructions, along with arithmetic and logical operations. 1In
the description which follows, the symbols i and j can take one
.0of the valuves A, B, C, D, E, H, L, or M, representing the basic
CPU registers and memory. For the immediate instructions, the
symbol k may take on any value between 0 and 255, and represents
a single byte of immediate data.

Instruction Examples
MOV 13 MOV AB MOV MR
MVI i k "MVI M 10 MVI A 67Q
INR i INR A INR H INR M
DCR i DCR A DCR E DCR M
ADD i ADD A ADD C
ADI k ADI 10 ADI OFBH
ADC i ADEC B ADC D
ACI k ACI 330 ACI 176
SUB i SUB A SUB L
SUI k SUI 12 SUI 09xH
SBC i $3C C SBC M
SBT k SBI 5 SBI 016H
ANA i ANA A ANA H
ANI k ANI 170 ANI 65
XRA i XRA B XRA M XRA L
XRI k XRI 1011B XRI 340
ORA i ORA A OPA D
ORI Xk ORI 10103111B ORI 12
CMP i CMP C CMP M
CPI k CPI 13 CPI 23Q
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2. Jump, Call, and Return Instructions.

In the description of the Jump, Call, and Return operators, the
symbol k represents a 16-bit address (on input, k can take the
form of a range-element). The unconditional instructions are
listed first

Instruction Examples
JMP k JMP 2048 JMP OES8H JMP Pl
CALL k CALL 3333 CALL 4FFH CALL Pl+5
RET RET

The conditional Jump, Call, and Return instructions all are of
the form

tc k
where t is one of the symbols J, C, or R, representing a Jump,
Call, or Return, respectively. The symbol ¢ is one of the
following conditions

C (carry set) NC (no carry)

Z (zero flag set) NZ (no zero set)
P (positive) M (minus)
.PO(parity odd) PE (parity even)

The symbol k is a l16-bit address, as above. Following are a
numnber of examples of conditional transfers,

Jc 3333

JpPO 044FH

CNC 555Q
TCcM 1010108

RZ 260

RPE Pl/P2+7

Note that the above conditions are set only after arithmetic and
logical operations have been performed (again, see the 8080 CPU
specification),

3. Double Register Instructions

In the description of the double register instructions which
follows, the symbol Pj can take the value B or D representing

the register pairs B-~C and D-E, respectively. Similarly, the
symbol P> can take the values B, D, H, or PSW denoting the

pairs B-C, D~E, H-L, and the condition flags with the A register,
respectively. The symbol P3 can be ene of B, D, H, or SP,
representing the pairs B-C, D-E, H-L, and the 16-bit stack
pointer. The symbol k is a l6-bit value, as above.

* Instruction Examples
LXI p3 k LXI B OFFFFH LXI SP 2048
PUSH pj PUSH PSW PUSH H
POP p, POP PSW POP D
DAD P3 DaD B DAD H DAD SP
STAX pjy STAX B ©STAX D
LDAX py - ILDAX B LDAX D
INX p3 INX B INX H 1INX SP
DCX pj3 . DCX D DCX H DCX SP
SHLD k SHLD 0 SHLD 3333H SHLD LAB+5
LHLD k LHLD 260 LHLD OEEEH LHLD LAB-3
XCHG XCHG
XTHL XTHL
SPHL SPIL
PCHL PCHL
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4, Miscellaneocus Instructions

In the instruction descriptions which follow, the symbol k
represents a 16-bit quantity, as abcove, and the symbol k°
denotes an 8-bit value.

Instruction Meaning and Examples
STA k STA 255 STA OEFFH STA GAMMA
LDA k LDA 44 ©LDA 3434Q LDA Pl/I+5
IN k' IN 33 IN OFFH 1IN 101018
ouUT k* OUT 0 OUT 333Q OUT 25
) RST n RST 0 RST 5 RST 7
. CMA CMA . - \
STC STC
CMC - CMC
DAA DAA
RLC _ RILC
RRC RRC
RAL RAL
RAR RAR
EI ’ EX
DI DI
NOP NOP
HLT * HLT

E. I/0 Formatting Commands '

INTERP/80 has a generalized 1/0 formatting interface which is
-somé&what dependent upon the installation. In general, a number
of files are defined by file numbers (not necessarily correspond-
ing externally to FORTRAN unit numbers). These file numbers
correspond to devices as follows:

INPUT
INTERP/80 No. Device PDP-10 Device File Name
1 User's Console TTY 5
2 Card Reader CDR 2
3 Paper Tape PAP 6
4 ‘Magnetic Tape MAG 16
5 Magnetic Tape DEC 9
6 Disk ' - DISK 20 - FOR20.DAT
7 Disk DISK 21 FOR21.DAT
OUTRUT
INTERP/80 No. Device PDP-10 Device File Name
1 User's Console TTY 5
2 Printer PTR 3 _
3 Paper Tape PAP 7 ‘
4 Magretic Tape MAG 17
5 Magnetic Tape DEC 10
6 Disk . DISK 22 FOR22.DAT
7 Disk DISK 23 FOR2 3. DAT
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I/70 functions

sre controlied thrcough "$® commands which may

be intersperscd throughout the input.

Any input line with a "$" in column one, followed by a non-

blank character is considered an I/0O command.

The card is

then scanned for an "=" followed by a decimal integer. The
character following the "$" and the integer value affect the

I/0 formatting functions as follows:

Control

$BRIEF

SCOUNT=n
SDELETE=n
SEQOF >

SFASTLOAD

SGENLABELS

SHEADING=n

-~

SINPUT=n
SLEFT=n
SOUTPUT=n

SPRINT

SRIGHT=n

STERMINAL
SUSE

SWIDTH=n

Initial
Meaning Value
Enable brief mode of the instruction 0
trace; only the altered reglsters are
displavyed.
Start the output line count at the 1
value n,
Delete all characters after column n :
of the onutput, 120 .

End-of-file on this device. 0
Load and punch hexadecimal machine ‘
code format if 1, otherwise assume

BNPF format, 0
Print the symbolic label clossast to

the program counter whenever a break-

point occurs, 1
Print a trace heading every n lines

of the instruction trace. No headings

are printed if n=0, 10
Read subscquent input from file number

n. 1
Ignore character positions 1 through

n-1 of the input. 1
Write subsequent output to file number

n. 1
Controls listing of the output. If

‘n=0, input lines are not printed; other-
wise input is echoed. 0
Ignore all character positions beyond
column n of the input, 72

INTERP/80 assumes conversational usage

if n=1; otherwise batch processing is
assumed. 1
Use numbers on a BPNF code tape as the
origin to the words of code to which

they are prefixed. 0
This command sets the width of the
output line., 72

Note that this affects the format of
the DISPLAY MEMORY command.

The default values shown above assume conversational use with

a teletype or similar device.

The defaults can easily be

changed by recompiling the INTERP/80 program.

In the case of controls which take on only 0 to 1 values (e.qg.

SPRINT,

$TERMINAL,

SFASTLOAD, $GENLABELS, SUSE, and S$EOF),
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the equal sign and decimal number may be omitted. The value
of the control is complemented in this case.

The value of a control switch may be displayed by prefixing the
name of the control with $; for example, $$I will display the
value of SINPUT. All control values may be displayed by the
use of $$ followed by a space or end-of-line.

Several controls may be referenced in a single command line:

$B SF S$P ‘
w1ll complement the $BRIEF, S$FASTLOAD, and S$PRINT contrcls,

F. INTERP/80 Error Messages

Lxecution Errors

Program counter stack overflow

Program counter stack underflow

Program counter outside simulated MCS-80 memory
Memory reference

Invalid machine code operator

End of file while reading port input

Invalid port input data (not between 0 and 255)

SO LW

Command Mode Errors
1. Reference outside simulated MCS-80 memory
2. Insufficient space remaining in simulated MCS-80 memory
3. “End~of-file encountered before expected
4, Input file number stack overflow (maximum of 7 indirect
references)
5. Symbol not found in symbol table
6. Unused
10. I/O0 format command error {toggle has value other than
0 OR 1)
11. Unused o
12. 1Invalid cascaded labels. Must be of form X/Y/2.
13. Invalid search parameter in display symbol command (must be
symbolic name, address, or *)
14, Display symbols command invalid since no symbol table exists
15. Unused
16. - Unrecognized command or invalid format in command mode
17. Missing or extra characters following command
18. Lower bound exceeds upper bound or is less than zero in
range list V
19. The format of the symbol table is invalid (must be a °
sequence of the form N SY AD, where N is a integer, SY is
the symbolic name, and AD is the address
20. Invalid BNPF tape format (character other than N or P was
encountered within the B....F field)
21. Invalid hexadecimal code format (bad hex digit or missing :)
22. Unrecognized display clement or invalid display format.
23. Symbolic name not found in symbol table
24, 1Invalid address or no symbol table present in display
symbol command
25. Output device width too narrow for display memory conmand
(USE/SWIDTH - I/0 format command to increase width)
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26'

27.
28,
29.
30.
31.
32.

Invalid radix in memory display command (must be CODE,
BIN, OCT or DEC) ‘ '
Unrecognized set element in set command

Missing set list in set command

Invalid set list or set value in set command

Missing or misplaced = in set command

Missing program stack element number in set PS N command
Invalid interrupt code specification (either more than one
byte, or element exceeds 255, or not a valid 8080 machine
instruction).
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COFY EJEM.FLO TO :CO:

EL SIGUIENTE TEXTO FUE ESCRITO BAJC GORIERNO DE UN MICROFROCESADOR
8080 DE INTEL. EL TEXTO FUE DEFURADO Y EDRDITARO STGUIERDO LOS COMAN-
nos LeL SISTEMA OFERATIVO RESIDENTE EN MEMORIA.

‘LA SEGUNDA FARTE LEL TEXTO (EL FROGRAMA FL/M) FUE GENERALDD FOR
EL. COMPILADOR RESIDENTE EN LA MAQUINA HUESFED (TERMINO QUE MAL AlELAN-
TE SE CLA&;FICA).

ESTE TEXTO TIENE FOR ORJETO [LUSTRAR LA VERSATILIDAD QUIE FOEDE LLE -

GAR A TENER UN MICROFROCESADOR.



EN CUGLQUUER S7E,ENA GE M/CROCT . 68 REQUIERE —-==w——
DE UN SISTEMA @UR MIDIL DEL CJal SE PUEDA FROGRAMAR ADECUALA-
HENTE UN MICKO3LSTEMAS E5T0 IMPFLICA EL DESARKOLLO DE PROGRANMAS
ESCIITOS EN ENUSAMBLADORs COMPILADOR O UNA COMEINACION Db AMROSS
La FRUEBA DE LOS PROGRAMAS AST ESCRITOSS LA GRABACION LE PROMS
Y EFROMS A PARTIR DE DUCHOS FROGRAMAS.

EL SISTEMY FRODUCIDO FOR INTELs Y QUE UA A SER DEMOSTRADO

CONSTA DE LOS SIGUTENTES ELEMENTOS:
1) UN S18TEMA PROCESADOR CENTRAL .
2) MEMORLIA ROM ¢ 32 K RYTES ),
3) UN SISTENA DE ‘ROOT-STRAFS EN ROM ( 2 K BYTES ).
4) UN SISTEM& DE NISKETTES DUAL», CON CAFACIDAD DE
ALMACENAMIENTO I 500y000 KYTES.
5) UNA | ECTORA LE CINTA FERFORADA,
&) UN ESCRITORA/FERFORANORA LE CINTA FERFORADA.
7) UN SLSTEMA FROGRAMADOR ULE FROMS,
8) UN HISTEMA OFERATIVO FARA MENEJO DE DISCOS.
?) UN NACRO-ENSAMBLATOR EN LINEA,
10) UN EMULABOR (‘HARDWARE/’ SOFTWARE’ )

ADICTONALMENTE» SE CUENTA CON UN SISTEMA DE COMPILADOR-—-
CRUZADO. FOR olENI0 DE ESTE COMPILADOK (FL/H) ES POSIBLE ESCRI-
BIR FROGRAMAS ARG FL MICROFROCESAIOR EN UN LENGUAJE DE ALTO -
NIVEL > COMFILARLO EN UNA MARUINA HUESSED ¢ EN ESTE CAS0O LA ~—=—--
BE&700 ) Y FRODUCIR EL CONTGO DEL MICROFROCESADOR FARA SER USADO
N L MICROSTSTEMA,

FORA EJEMPLIFICAR LA UTILIZAUION DE UN SISTEMA COMO EL ANTE-
RIORMENTE MENCLONADOy SEGUIREMOS EL SIGUTENTE FROCESO ILUSTRATIVOS

A) LOCRIBIREMOS UN FROGRAMA EN FL/My EN UNA TERMINAL E&6700.

E) COMFILAREMOS ESTE FROGRAMA EN LA MAGUINA HUESPED,

C) ORTENDREMOS EL CODIGO DE MAQUINA EN FORMATO HEXALECIMAL.

I FRODUCIREMOS UNA CINTA DE FAFEL, DE MUDO QUE EL FROGRAMA FUE-
nA SER LEIDO FOR EL MDS. .

Ey LECREMOS EL CODIGD ASI OBTENIDO PARA FROGRAMARLO EN UN EFROM.

F) FRUGRAMAREMOS UN EFROM» DE MODO QUE NUESTRO FROGRAMA SE EN-
CUENTRE iZSIDENTE EN UN SIGTEMA $DK/80.

6) CORREKCMOS ESTE FROGRAMA EN FL SDK,

IE E'STA MANERA, TOUO EL FROCESO DE DESARROLLD QUEDARA EJEMFLI-
FICALL.

BEBE NOTARSE QUE ADEMAS DE LOS 10 ELEMENTOS LE DESARKOLLO ARRI-
2A MENCICNALUS, SE CUENTA ADICIONALMENTE CON L.O SIGUIENTE!

L1) UN STOIEAA EDTTOR FARA ESCRIBIR LOS PROGRAMAS EN ENSAM-
BLALOR ,

12) UN SISTEMA STMULADOR, RESIDENTE EN LA MAQUINA HUESFEL. .

13) UN ENSAMELALUR CRUZADO RESIDENTE EN LA R&6700.

14) UN SIGTEMA LAULADOR HE.,

El. COSTO AFROXIMADO DE TODO FSTE EQUIFD (HARDWARE’ Y “SOFTWARES

EXCEDF A 14000 NOLARES, FS8TOy FOR SUFUESTOs NO INCLUYE TERMINALESr'
TIEME) LE LA MAQUINA HUESPED, STSTEmas TALES COMO EL SDK/80 Y/70 LAS
MEMORIAS DE SOLO LECTURA INVOLUCKADAS,

A CONTINUACION SE INCLUYE FL FROOKAMA EN FPL/M QUE TIFIFICARA EL. $16-
TEMA DL DESARROILLLLOy CON CONENTARIOS QUE FERMITAN SU FACIL COMPREN-

SION., BEEE NOTARSE QUE [ESTE FROGRAMA HACE EXTENSO US0 DE UNAS RUTI-

NAS QUE FOSIRILITAN LAS OFERACIONES CON oSCIMALES.

LAS DECLARACIONES QUF SE THCLUYEN sl PRINCIFLIO FERMITEN LA IMNTER-
FAZ CON EL LENGUAJE ENSAMHRLADOR,



CL FROGRAMA USA Lab ol UTENTES RUTINAS!

1) SUMA (SM). SUMA ALGERRATICAMENTE DUS NUMEROS EN FUNTO FLOTANTE,

2) DIVICION (LYY, DIVIDE DOS MNUMERDS EN PUNTO FLOTANTE,

I MULTIRLICACION (M7, MULTIFPLICA RIS NUMEROS N PUNTO FLOTANTE,

4) ASCII A BCD (AR). EFECTUA LA CONVERSION DE UN NUMEIRO REFREOSEN-
TADOD COMO DATOS (ATAY EN ASCII & UNA REFRESENTACION EN FUNTO FLOTAN-
TE. DE ESTA MANERAy ES FACIL ALIMENTAR UN DATO DESDE CONSOLA Y CON-
VERTIRILO A FUNTO FLOTANTE, .

) RCO A ASCII (BAY, EFECTUA LA CONVERSTION INVERSA A (aR). ESUE-
CIRy CONVIERTE UN NUMERD FLOVANTE A SU REFRESENTACION EN AGCIIs Fala
FACLLIDAD DE SALIDA FOR CONSOLA.

FORMATOS EN LA 8080.
EN LA INTEL/78080 EXISTEN LOS SIGUIENTES MODOS DE ALMACEMAMLENTO
INTERNO? :

1) RYTE, ALMACENAMIENTO EN 8 EITS. CORRESFPONDE A UNA FALALRA
EN MEMORIAs O A UN REGISTRO EN Ei. CPU. .

2) ANDRESS., ALMACENAMIENTO EN 146 BITS. CORRESFONDL A DOG FALa-
BRAS EN MEMOR1A, O & UNA PAREJA LIE REGISTROS EN EL CPRU.

3) AGCIIL. EN ESTE CAS0y EL ALMACENAMIENTO OCUFA UN& FALAERA N
MEMORIA, FERD CADA PALARRA ASI UTILIZALA CORRESFONDE & UN ‘CARACTERY.

ASTy LA LETRA ‘A’ CORRESFONDE A LA CADENA 0100000135 EL MUMERD

737 CORRESPONIE A LA CADENA 00110011% ETC. ESTA REFRESENTACION ES
LA QUE GENERALMENTE INTERPMRETAN LOS DISPOSITIVOS DE ENTRAUAZSALIDN.

4) DNECIMAL . ALMACENAMIENTO DE & RITSy AGRUFALOS EMN 2 CIFRAS
‘BCIY » TALES QUE S0LO 1.AS COMBINACIONES RINARIAS DEL O AL 9 SON U-
TILIZADAS, .

—=-==3) A ESTE TIPO DE REFRESENTACIONES °*NATURALES® IE LA 8080y HEMOS
CAGREGADI0O UN TIFO QUE DENOMINAMOS ‘FUNTO FLOTANTE’. EN ESTE TIFO DE
REFRESENTACIONy CADA PALLABRA OCUFA S LOCALIDADES DE MEMORIAy DE LA
SLIGUIENTE FORMA?
LEXFONENTEY <RYTEX <RYTE» <BYTEX <RYTE>
END DONDESs
CEXFONENTE:=<SIGNO EXFONENTE:> <é RITS DE EXFPONENTEX <SIGNO MANTISAX

LOS <& RBITS DIE EXFONENTE: ESTaN EN COMPLEMENTO A LOS.

ASTMISMO
CHY TR -=<RCO: <HCD-

Y CADA <RCD> REFRESENTA UN DIGITO DEL 6 AL 9.

EN ESTA REFRESENTACIONy EL NUMERO 3.478 ESTA REFRESENTAICG FOR:

20 000001 0x -~0011 0100% <0111 LO0QO0X <0000 C000> <0000 0000*

Y EL NUMERDO ~0.00746543299y FOR? H
<L1113410 1% -0111 0110 <6101 0100 <0011 0010x <1001 1001
ANTES DE ENTRAR AL FROGRAMAy 4% CONVENIENTE HACER NOTAR [LAS 6T1-

GUIENTES CARNACTERSITICAS DE FL/M3

1) ES UN LONGUAJE ESTRUCTURADD ES DECIRy FERMITE TRARAJAR EN RLO-
QUESyYy TALES COMD FROCENURES.

2) NO IS UN PROGRAMA RECURSIVO. NO SE FERMITE QUE UNA RUTINA SE
LLAME A SI MISMA» O URE VARIAS KUTINAS SE LLAMEN ENTRE ELLAS IRCU-
LARMENTE., EN EL EJEMFLD UE DIVISLION RECURSIVA QUE SE LES FROFORCIONG
SE TLUSTRA LA FORMA UE LOGRAR KRECURSIVIDAD DESHE ELL ENSAMsLADOR.

4) FERMITIL LA INTERFAZ CON COUIGO GENERALRD CON ENSAMRLALROR. ESTO
SE ILUSTRA EXTENSAAMENTE EN EL FROGRAMA SIGUIENTE,

EN EL FROGRAMA HAY QUE NOTAR LLOS SIGUIENTES FUNTOS!
AY HOCIEY LGS0 DEL MICROPROCESANUR COMO COMPUTADORA LE FROFOSTITO



OCENCRALy EN LA CUAL S MOSTELE LLEUAR A CAHD CALCULOS ARITMETICOS
COMFLEJOS QUE GLENERALMENTLE S ASOCTIAN A MATUINAYS DE MUCHD mMAYOR COM-—-
FLEJIDAD,

R) UTILIZA CODIGO OFTIMIZADNO (ESCRITO EN ENSAMELADOR) FARA MINI-
MIZAR EIL TIEMFO DE PRUOCKSO.

C) UTILIZA RUTINAS IE ENTRAUA/SALTUA RESIDENTES EN EL MONITOR DEL
SIK/80 FARNA REDUCIR LA GENERACION LE CORIGO Y FACILITAR LA FROGRA-
MACTION.,

') FERMITE LA FACIL COMUNICACION MAQUIMA-HOMRRE. ~—-- EN ESTE SEN-
TIDD CREEMOS NECESARIO HACER ENFASIS, FUES A NIVEL MICROFROCESADORESS
ESTE ASFECTO COERRA SINGUL.AR IMFORTANCIA., —=--

~-£5 TIE MOTARSE QUE EN ESTE FROGRAMA HA HARIINO ERRORES DE EDICIONSs
AUE AHORA FROCELEREMOS A CORKREGIR.
ENTT EJEM.FLO

IS1S-I1 JEXT EDITORs V1.6
RASABALATATABATABATABAEABABASATALS
XZ$-2L$27T5%.

XE$F UQESS

X-1L$SUCESQUESS
XSEXTENSAMMENTESEXTENSAMENTE ¢ ¢
XB$FFORMATOS EN LA 8080.4%
X-1L865T%%



FORMATOS EN LA glw0.
EN LA INTEL/8080 EXISTEN LOS SIGUIENTES MONDOS LE ALMACENAMIENTO
INTEIKNO?

1) RYTE. ALMACENAMIENTO EN 8 RBITS. CORRESFONDE A UNA FALAERRA
EN MEMORIAYy O A UN REGISTRD TN EL CFU.

2) ANDRESS. ALMACENAMIENTO EN 16 BITS., CORRESFONDIE A I'OW ~ALA-
BRAS N MEMORIAY O A UNA FAREJA DE REGISTROS EN EL CRU.

3) ASCITI. EN ESTE CAS0s EL ALMACENAMIENTO GCUFA UNA Fei.ABRA EN
MEMOR Ay FERO CADA FPALAEBRA AST UTILIZADA CORRESFONDE A UM “CARAUCTER?,

AGLy LA LETRA ‘A CORRESFONDE A LA CALENA 010000015 {fL. NUMERY

37 CORRESFONDE A LA CADENA 00110021% ETC. ESTA REFRESENTACION K&
LA QUE GENERALMENTE INTERFRETAN LOS DISFOSITIVOS DX ENTRADA/GALLDA.

4) DECIMAL . ALMACENAMIENTO LE 8 RITSy AGRUFADOS EN 2 CIFEAY
CEHCDRy TALES QUE SOLO LAS COMBINACIONES RINARIAS DEL O AL 9 G0N U-
TILIZADAS,

~===0) A ESTE TIFO DE REPRESENTACIONES °NATURALES® DE L& 8080y HEMOS
AGREGADIO UN TIFO QUE DENOMINAMOS FUNTO FLOTANTE . EN ESTE TIPOD Lt
REFFESENTACIONy CADA PALAERA QCURA § LOCALIDADES DE MEMORIAy DE LA
BIGULENTE FORMAY
SEXFONENTE: <RYTE: <RYTE> <BYTE> <RYTE:
END EONDE
CEXFONENTE==<SIGND EXFONENTEX <6 BITS DE EXFONENTE “SIGNO MANTISAX>

LOS <6 BITS DE EXPONENTE: ESTAN EN COMPLEMENTO A -DOS.
ASTMIGMO,
SRYTRE F=IRB00x <BCI:

Y CADA. RO REFRESENTA UN DIGITO LEL O AL 9. °
EN ESTA REFRESENTACIONs ELL NUMERO 3.478 ESTA RLPRquNTﬁDO FOR?
<0 0000601 0 <0011 0100k <0111l 1000Gx <0000 0000 <0000 0000%=

Y EL NUMERO -0.0076543299s FOR?

1111110 1 <0111 01103 <0101 0100> <0011 Q010> <1001 1001k

ANTES DE ENTRAR AL FROGRAMAy ES CONVENIENTE HACER NOTAR LAS SI-
GUIENTES CARACTERSITICAS DE PL/M3

1) ES UN LENGUAJE ESTRUCTURADOs ES DECIRy FERMITE TRARAJAR EN ELO-
QUES, TALES COMO FPROCEDURES.,

2) NO ES UN FROGRAMA RECURSIVO. NO SE FERMITE QUE UNA RUTINA SE
LLLAME A ST MISMAy O QUE VARIAS RUTINAS SE LLAMEN ENTRE ELLAS CIRCU-
LARMENTE . EN EL EJEMPLO DE DIVISION RECURSIVA QUE SE LES FRUPORTIONO.
SE TLUSTRA LA FORMA DE LOGRAR RECURSIVIDAD DESDE EL ENSAMELADOK.

4) FERMITE LA INTERFAZ CON CODIGO GENERADO CON ENSAMRLADOR. ESTO
SE TLUSTRA EXTENSAMENTE EN EL FROGRAMA SIGUIENTE.

EN EL FROGRAMA& HAY QUE NOTAR 1L.OS SIGUIENTES FUNTDS?
A) HACEN US0 DEL MICROPROCESANOR COMO COMFUTALRORA LE FROFOSITO

GENERAL» EN LA CUAL ES FOSIELE LLEVAR A CARO CALCULDOS ARITMETICOS.
COMPLEJOS QUE GENERALMENTE SE ASDCIAN A MAQUINAS IIE MUCHO MAYOR COM-
FLEJIDAD,

B) UTILIZA CODIGO OFTIMIZALO (ESCRITO EN ENSAMBLADOR) PARA MINI-
MIZAR EL TIEMFO LE PROCESQ.

C) UTILIZA RUTINAS DE ENTRADA/SALIDA RESIDNENTES EN EL MONLITGR DEL
SIOK/80 FARA REDUCIR LA GENERACION OFE CODIGO Y FACILITAR LA FROGRA-
MACTION. .

) FERMITE LA FACIL COMUNICACTOGN MAQUINA~HOMBRE, =-- EN ESTE SEN-
TINO CREEMOS NECESARTD HACER ENFASISy FUES A NIVEL MICROFMUQLMhDURESP
ESTE ASFECTO COERA SINGULAR IMFORTANCIA, ——-



Gt
QG ¢
GO0 X
D000
0000
OO0
0000
HOBAH
BRIV IVE
VIRt

DOG I

- 000

200

GO A,

STOTO I I
R ISTON N

Mg i

RIS TONEAY]
SRRIeH
ITTONEE
SO
SRR
000
00026
GO0
00054
00029
00030
oob%i

DOO32

OCOOH? iu

DECLARE LTV LTTERSLLY LITERALLY
O L IT CUECLARE

UL (T8 TR TUTUY {5 RYTES

MTS PROCED RECAyBCY 5
DO Gt Be O ALTIRESS
RES GaBTN A AnDREssS,
MULT LI 2400H
BF S0
Gor 1o MULT s

FNT T

UV FROCENURE (o Bty 3
HOL (R Re2) ANDIRESS
RIS HAYNEL & ADDRESS,

R R S LR R

OO Ty

FNIE Vs

SME R RLILL T (ATl )

UL CAYES T ANIIRESS
RES BASEU A ANLRESS
BUM LIT CARDH G

RSy e

ABRL FROCEDURKE (A B) §




OO
IR
IR
OO A
STV
DR ETH
000 (9
00040
00041
0004R
VOOA T
D00 4
004,
00046
D004,
DOH 48
00047
00050
OO0
DGO
[STSTULEIY
QOO
00O
GO0
00057
HOOHR
OO
OOCED
OO0&]
00067
00043

000464

QUL (A V) ADDRESS
AGERET LIT <8COH7 3§
G TO ASCRCDS

BN eafis

Bal MROCEDURE (AyRyFF)Y 3§
OCL 2hy i) ATTIRESYS
o RBYTE s
FaRked RasSE0 A BYTE
ROOASC 1T 70A41H 5
Fara=Ri
G0 T0 BOUASES

FMID RAG

R PROCETURE (AT §
DOL CAsX) ADDRESS
FQUAL LIY ZOGRADE 4
O T FRUAL S

T R

SEO T FROCETURE CSENOPTR y ARGF TRy ND §
GEL CSENOPTRYARGP TR ANDRESS »
CNE BABETE SENDFTR AUNRESS,
(RGO BASED ARGFTR AUDRESS s
(TodsiNd RYTE
UNO DATAL 1,007 e
CHUVUNDF s NF s S0 8Ly 82, FACYFOTY (5 BYTES
it AL UNOF y o (R 5
Cal . bl Ny  UNDE ) §
AP B el @ty JUNDE Y S /% FAD=1 &/

Cal R LMYy JAREY Sk POT=AREG K/



O IETEFoTa
SO0/
QUD&H
SO0 A
Q0G0
0007
VLN TN
JOG773
GO A

0075

D007

G057

D007

Do0 Py

GOOR0O

QU8R

Goag?

CHIGER

Gl

SIS IR TR

OHHRY

H0090)

VIV

OHGWI

0093

VISTOR !

A AN A

O

i

I~

-4

R
A

ol MTO80y eafby 0Ty s /% SLREARERNZ2 %/
G OF M
no o t=3 T (2EN-LD Y 35
J-ROTCDY
Al SM(.S{v.NFv.UNOF)G R BL=NF+L %/
GOkl SMOLE2 L G1y UNOF Y S /% S2=NF+2 X/
id L EG(.NF@.HP)ﬁff* NF=NF+D K/
BALE MTCeB0y 5Ly G225 /% SO=(NFHIIKRINF+2) %/
Al L. MT(&S[Y@FQCN:HO;; A
CAatd FQOFaCe 8105 f*FﬁCﬁFﬁC*(NF+1)*(NF+2)>#/
DAL a0 By 0TS
Cot b MUVCPOTy 509 B8QY3 /7K FOT=RFOTRCARGXXZ) */—
Caldl. TS50, P07 JFOCY S
TF O Ja0 THITN S2=(N0T (S0 aND 1) UR‘(SO AND OFEMH) 5
. Eﬁ(f31~=$TNﬁ)§
Ul SMOBTNEy 50046109 )k STNE=SINE+FOT/FAC %/
FMng

EMTE SN0

COSENOS DROCETLGRECCOSFTRy ARGFTR) 5
DL CONSE LR AGROMTIO AUDIRESS »
LB wabol COSMTR BYTE
Al AHET ARGPTIC BY TE Y
PR ml e aTal s L 5707948307 )
FEMPCSY YTy
PART N l ARCGTUSy JFITBMINY 3 /% COS=PI/2 &/
hh’[‘l:'ifl\JD{—(|'5§|F;.'ri YOAND 1) OR (ARG AND OFEH) s /% ARG=-ARG &/

CALL BHOCTEME . CUbe R G)s. /% TEMP=FI/2-ARG X/

CALL BENOC, 05 TERF e 5 78 . COS (ARG =BENO(FI/2-ARG) %/

FPIe OOk pig



DOOY Y
QOOvR
DO
NSRRI
DO
QULOD
00 L%
00104
NG1LO%
GCT06
DO Loy
D010k
GO LOG
00410
OGO LT
00112
Oat LA
VR I
OOk
60116
GOLLY
RUGRER:
OOl LY
00120
Ol 2l
G022
00123
D01 24
SToRRely
00126

S04

)
o

TaN:

PROCEDURE QAP TR  aRGPFTRY

DEL CTANPTRy ARGFTRY AUDRESS,

T

fal

N BASEFD TANFTR BY T

G HASED ARGFTR RYCTE

TEZMF

RYTE. ¥

CALL EQU TENMPy s ARG) §

Cod L SENOCLTANy ARGy &Y 5 7% TAN-SEND(ARG) x/

(I

LTI

Lot i

Pt 1

COBENOC ARGy cTEHAF Y 5 /% AaRGs COBENOSTEMPF) = COBENG ARG

DUCTEMPy s TANy « ARG Y 5 AR TE WP TAON/ ARG GEND GOSN

EQCTENy o TEMM) 3

AN

READGRYTE R

act, ©

HAR

By

FROCEDWRE BYTE S

TES

GETOCH: PROCEDHSGE B8y TES

N

E

ne

M

GO

s

IR

T0

FR

L. CH&R

GO

e

Tl

Foal -GETOHS

Al

21RKH§

DCETUIRE COHAR D §

BYTE »

LF 4 s

FOHOCCHAR Y §

FETURN CHAR S

FNU READSEY T S

WIRT TS CHAR S

e

("

Ny

AR

PO

{1

HY

.

T

PRACEDURF CCHAR ) 3

Ti

iF 37y

Cily

0

b

I

s

’,



GOt i

o LEO Tit

TSR Y i

WIN N BRI | VD MUFFLEROLA)) BYTE Yy (ARGREBY{S) BYTE,
goras 2 UMM T Ry T

QUras 2 PTOLTT ronit .

O TR I ST CRLTT 203

Q01 T ?I

TN B IJ(I Tl TO 143

ST B TS B CHede AT ERY TE §

OO B TFCHAR « CROTHEN GO TO EXECS

O §oad ({n

GUFFER{T ) =CHAlR

i

GV A Loy

Og&#t o B

0143 J Cral 1L WRITESCHMR L) §

G fpaa 2 ot L ARCOARGe JRUIFITRY 5
DOl T PR a sy (83

O01as S WRT TR SCHAIRCO R,
N4z o G i Wiey Vb OHAR L 2y
Oootag 2 T IR0k

OO G2 D L 2 THEN GO TD FING

D OV Case T

cr

O N Cald, SEFNOOCRE e ARGy &)

,.
~
o~

~

i

Cabt COUSRNOTRES JARD) $
DOINS 3 Chl . TANCORES e ARG S

001" 3 LN

OOty 2 -

DOLEA CALT A GLE D TR R O AT RY TE ) §
Goins ¢ LY R T Y NS

GOl 2 CHARGRBUFFFROE ) 3

00159 3 el L WREYFBCHAR CCHAR )Y 5

001460 3 NI

L



RGPS
DOl D
00164 1
GOLES

W PROGRAM

=

H1w? BU-L A

STACK GTZE
MEMORY v 0 s s
TRe oo osess
Teeeerons
[ PN
‘(..{:'0 r.‘l- 4+ b ¢ &

o
Nloooo0'+t

l |:‘ P s & & o+ ok &
Fl,.jf, L I S ST S
L
H L A A
'\"{N“ CE )
SN T, e ¢
TR AT I SN
Moo oo [ 1
'. L N R,
..I¢ L A I Y
UNDQ [ R
125”0 L A A )
HNlHa L2 I
Nl LI B AR N A
';':n'\\l [ Y

o
-.“l;-\\oo'oo

ENTG /7% N0 X6

kO F

A ORE

o
q
v b

STt 0 T0=1,9 o
ik FHESSEHARRERFeEEDE  BEABRE T EF

. H SIMAXRECSTIZE=22y RLOCKS I ZE=22)
HFREMWOND EZBEC TET. GUANNING,

10 BYTES

oy
(S5

L2 N I I R A B RN I B I I

LR SR 2 I B B A A L R A

L B A K 2N 22 20 B 2 N I B I

[N B R 2 2 B BN I

*

-

<

<

-

<

-

-

-

-

<

+

-

<«

<

°

<

-

©

-

<

-

-

E

«

e

<

-

-

*

-

[1LOO0H
LQOHTH
LOZ1TH
TP &
TO7BH
DLOGH
LOBOH
TOG2H
1 O84H
OCLHIFH
1O8EH
FOBRH
LOEMH
Ol 3aH
1080H
1O BEH
1Y N
O L

LT
1O96H
AREEI|
AN
O 750
LOSUH
SRS
DA
LadGH

OG0
T ORGH
106 |'f..l il
FOnZH
OOBFH
1O EH
LOADH
P OUTH
JOTSH
TOROH
FOLLH
LR




FidT e e v oo e
COSBF N0,
DAY R U
AT . 0y
Pl are o v e
THEME o0 0 oo
TAOMe e veon
TENF T s s
PG T . v oy
]FP'H" LI N
CEADRYT, .
DHAK s o0 0
sl
£ CHU& LR |
'\H{\H'*“e LA
WL TR MO,
e’ L
FUFFE R e o oo
FR G s e v oo

ol
P e 060082

l‘”o LI Y

{fHI:!H‘ "R I
| PPN
,"—\’\,!f'l:-o o> e t

i“}Nobo¢01o

N RO e TR

BTl

4

+

®

+

4

+

o

*

+

+

©

+

>

4+

&

-

T

L]

I

]
o

LI

LR |

bl
L

+

-

-

@

*

-

<

LS

*

%

L2

®

¢

*

L]

*

*

L]

+

+

+

+

N

+

*

Ll

+

+

L

+

Tt
[N

GO 4H
1TOLOH
1OTEH
OFOLH
1OUEH
O 4CH
ronad
LONCH
1onEH
OF AT H
LOF3H
QFEA4H
OF A8H
1O 4H
QECGOH
LOESH
1OF&H
TOF4H
LOF9H
IOFEH
TOFFH




‘Nexi-generation develonment systems
are costing tess and doing more

To match the expanding range of microprocessor applications,
a new family of development tools offers
' flexible capabilities with a $3,250 bottom price tag

by Paul Rosenield, intes Corg., Santa Ciara, Calit,

O Capitalizing on the latest advances in semiconductor
technology, a new generation of development systems
helps accomplish the widely varying, detailed design
tasks that arisc as microprocessors appear in more and
more applications. The design process for such products
calls for developmental tools that let the designer choose
from z variety of solutions, including the appropriate
software. As well as filling this necd, the new generation
of development systems is the next step in the design of
basic hardware that can be upgraded quickly to support
new, more powerful microprocessors.

During the early years of the microprocessor, develop-
ment systems were almost unknown. Most users strug-
gled to develop their own special hardware and software,
or else they turned to a timesharing service for simula-
tion of their application. The primitive development
systems available were useful only for the simplest, least
complicated tasks.

However, the technology of the development systems
has advanced as rapidly as that of the microprocessor, so

that ioday they provide the tools to solve: a wide range cf
intricate design problems. This advance is due in part io
the increased power of microprocessors that are incorpg-
rated into the system hardware. It also is duv to Intel's
development of ICE, the in-circuit emulator [Elecironics,
Aprilt 15, 1976, p. 116].

The 1CE modules give designers full control over devel-
opment of a microprocessor-based product, because it
permits complete hardware and software debugpiug in a
prototype at real-time speed. Thus it is no longer neces-
sary to build special instruments or use timesharing
simulators. Moreover, hardware and software cun be
debugged together rather than separately.

While the 1ICE module added significant debugging
capability to development systems, new software tools
were also needed. Even though most microcomputers are
programmed in a2ssembly language, more engineers are
turning to high-level languages. The advance of resident
compilers in development systems including both PL/M
and now Fortran have further increased the need to use a
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1. Flexible devaloper. The Series il microprocessor developrent system makes extensive use of new perpheral control chips icr a compact
unit with burt-in CRT and floppy-disk drive on two models. There are three models in ail, designed 1o cover a wide range of applications.
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3 u.mmupmm n; 2 xw-mm-r.. . R
3 o REE % CRNG : micrecomputer development system as a design tool.
st s - — Now a new scries of development systems, designed
Price v from the ground up to provide the capabilities needed by
Senes Il | MDS-800 the designer, allows all this flexibility in a compact
Sertes 11, Mudel 210 $ 3,250 §Standard |integrated | CPU package (Fig. l)..ThlS Intellec Senes.l.l'fannly consists
MDS 800, plus 16 boards | processor front-panel | of three models with a range of capabilities that make it
kilobytes :’::L‘:/wpm Ve possible to match the development system to the
sddiional RAM $ 5.325 controller | and/or particular developmental requirement, eliminating the
, ég;;ﬁ;gek;jlg’ MOs-032 need for a separate keyboard and display, a scparate
'S:gfse&mc:de'ézo $ 7.450 other boards) floppy-disk drive, and a controller. What’s more, there
Kitobytes of RAM, optional |32 Kilobyees |37 kiobyres | AT€ Significant price reductions over roughly comparable
a CRT display, and boards for | of RAM of RAM models in the original Intellec series (see table).
a singie disk drive $10,415 §220/230 |disk disk
controfler | controler Three models for many uses
Seres 11, Model 230 $12,900 2 boards) | (2 boards} . . .\ '
MD3 800, plus 48 The simplest Series II unit is the model 210, for the
Ki'ubyies of RAM, veeg SOt | 2102200 designer who wants tc get a small job done fast. lts
C @ é - - . .
:;Ju?i:{‘ zlll‘-::(‘d?:?:' $13.800 assembler and test editor, based in read-only memory,
- Slots 3(210/220) and 32,000 bytes of random-access memory provide
Seties 11, Model 230 $12,000 Do 2able |2 (230) assembly of source code directly from RAM for small and
#10S 888 $15,000 §expansion ;:V'a'r:':p'gg;‘; medium-sized programs. Its $3,250 price tag is a break-
through in cost.
INTEGRATED PROCESSOR BOARD | HOST-PROCESSOR EXTENSIONS
L
HOST ROM: 1PB RAM I
! PROCESSOR -MONITOR -32K1L0~ 'I giﬁnRATIDNAL
voouLE “BOOTSTRAP BYTES -32KILO~
-8080A-2 .
- ! DIAGNGSTICS BYTES
ST -OPTIONAL
u ASSEMBLER |
*SYSTEM EDITOR
CONTHOLLER | |
q4r 1 \ | X
;if BUS DATA ; ;
BUS ADDRESS B )
& g
BUS CODE | .
MULTIBUS |
MULTIBUS CONTROLLER |
CUNTRAL
FIMORITY 4
HUSOLVER I
BUS REQUEST )
- i
BUS INTERRUPT |
4 ﬂ -
MULTIBUS
EDGE
CONNECTOR
y v ¢/ V Y 4 l \ B
STANDARD SERIAL I = ¢
SCONTROLLER SYSTEM INPUT/ CHANNEL | OPTIONAL GPTIONAL
B-LEVEL INTERVAL QU PUT INPUT/ DISK- IN-CIRCUIT-
PRIDAITY TIMER CoMmUNI- coureut ! CONTROLLER EMULATOR
INTLRRUPT PORT MODULE |
] " |
FRONT LOCAL TIMER i
PANEL b |
P P INTERRUPT | INTERRUPT |13
SYSTEM LOCAL E |
FRONT INTERRUPT i y v
PANEL MODULE |
TOINPUT/ T0
QuUTPYT PRINTER CHANNEL | |
CONTROLLER § } RS-232-C CHANNEL |

2. Host with the most. The Integrated processor board in the Senes I has a host processor modute designed around the 8080A-2. It features
a Multibus controller, which routes communications traffic between the master and slave modules throughout the system.

114 Elactronics/March 16, 1978




The second new entry, mode! 220, is geared toward
those designers working on microprocessor-based
systems that require more powerful development support
capabilities. To the basic series design, it adds a full-
sized floppy-disk drive, a cathode-ray-tube display, and a
full asci keyboard, al! in one chassis, It costs $7,450,
almost $3,000 less than an earlier Intellec in the same
configuration.

The third in the series, model 230, adds 32 kilobytes of
RAM and has a million bytes of on-line disk storage with
ISIS-H! diskeite-operating-system software. The price
for all this <upability is $12,900. To get an earlier
Intellec to thic level would cost over $13,000.

All three Series [l models contain a card cage with an
optional expansion module ard can support a complete
line of peripherals such as printers, paper-tape readers
and punches, and programmable-ROM programmers. In
addition, the 220 and 230 models can host in-circuit
emulators for a variety of microprocessors.

Incorporated into the series are up-to-date micropro-
cessor and memory chips, plus recently developed, highly
integrated peripheral controiler chips that perform logic
functions as well as processing functions. Besides the
8080A-2 central processing unit used in all three models,
the 220 and 230 take advantage of the new 8271 floppy-
disk controller chip, the 8275 CRT controller chip, and
other 8200-family multifunction input/output compo-
nents. All three modcls use the UPI-41, a new universal
peripheral-interface chip to perform general-purpose
paraliel peripheral-interface control functions, as well as

to control the keyboard on the 220 and 230.

" Like the original Intellec, each Series II model has a
system monitor resident in ROM. In addition, a2 ROM-
based 8080/8085 assembler and text editor is offered
with the model 210. Combined with the capabilities of
the monitor, it enables users to edit and assemble their
assembly-language programs directly from RAM without
the use of paper tape. A ROM editor/assembler from the
MCS48 family is optional.

The other two models use the ISIS-II diskette oper-
ating system to supplement the system monitor. Through
the file-manipulation capabilities of ISIS-II, designers
have access to comprehensive disk-based program-devel-
opment software such as assemblers for a variety of Intel
microprocessors, compilers for both PL/M and Fortran,
and a sophisticated relocation and linkage system.

Finally, to keep downtime to a minimum, all Series 11
models provide a ROM-iesident diagnostic package. 1t

enables designers to determine whether their Series I -

systems are working fully and then to locate trouble
spots within easily replaced functional blocks.

Architecture promotes expansion

The various components that make up the Series 11
hardware are in two independent microcomputer subsys-
tems. Each on its own printed-circuit board, these
subsystems communicate with each other and maintain a
master-slave relationship.

The master is called the integrated processor board
(Fig. 2), and essentially it is a complete microcomputer
systenm, Inaddition to the usual management and control
functions of a muster subsystem, it serves as the inter-

Electronics /March 16, 1978

face with the in-circuit emulator and other optional
microcomputer-development modules that may reside in
the card cage. The modules that make up the master
system are interconnected through Intel’'s Multibus®

concept, which allows expansion in modular fashion.

(See “A ride on the bus™ p. 117.)

The host cpu is designed with the MCS-80 inicrocom-
nputer family. The 8080A-2 microprocessor has the
power for fast and efficient support of the operating
system, several high-level languages, and other micro-
computer-related software tasks, as weli as interfucing
with the bus. The interface between the central processor
module and the Multibus is the 8218 Multibus master
control chip.

The main memory module accommodates both RoOM
and RAM chips. The read-only memaory is used for fixed
system programs such as the system monitor, bootstrap,
diagnostics, and in the case of model 210, the editor and
assembler. The RAM is used for programs that need not
remain in memory: system and user programs, including
the 1SIS-11, assemblers, and compilers.

The rRaM and ROM address spaces partially overlap,
which in effect extends the available main memory
beyond the 64,000 bytes allowed by the 8C80 micropro-
cessor. This partial overlap is .possible because the
program in the overlapped section of ROM, the system
bootstrap and diagnostics, is never executed concurrently
with RAM programs in the same address space.

All on one board

Using the connecting Multibus configuration, the inte-
grated processor board brings the 8080A-2 cpu and the
memory module together with two serial channels with
both RS-232-C and current-loop provisions, the timer
and interrupt modules, and the communication port to
the slave 1/0 contro! processor. In addition, it has provi-
sions for plugging in a small piggyback pc board that
houses 20,000 more kilobytes of rROM. The original
Intellec required five boards for the same configuration.

The resident RAM is implemented with 16,384-bit
chips, and the resident ROM also uses 16-k chips. The two
serial channels are provided via two 8251 universal
synchronous/asynchronous receiver/transmitters. An
8253 interval timer generates the serial-channel baud-
rate signal, as well as the logical rea!-time clock inter-
rupt. System and front-panel interrupts are controlled
via an 8259 interrupt processor. Interface to the slave 170
is with an 8255 programmable 1/0 controller.

To facilitaie communications with various options that
extend the host processor, the integrated processor board
initiates and controls the bus by means of ar edge
connector. This arrangement extends the bus to the pc
motherboard and to the rest of the system.

The slave processor is on the 170 controller board and
comes in two versions. The one used with the 220 and
230 contains controllers both for the integrated CRT and
the floppy-disk drive and for the interface to paralle!
peripherals, For the 210, a pared-down versisn contains
only the interface controller for parallel peripherals.
Both are shown in Fig. 3, where the pared-down version
is within the color tint.

Appearing in both versions is the new UPI-41, the
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3. Yo the outside world. The input/output controller board is the link between the integrated processor board and various 1/0 units. In the
modet 210, a UP1-41 170 processor controls external units (shaded area). The 220 and 230 have control chips for the CRT and disk drive.

single-chip peripheral controller containing an on-chip
1,024-bit oM, 64 bytes of RaM, and the necessary 170
ports to perform all control and data-transfer functions
thai are required between the peripherals and the host
coinputer. The 2207230 version, on the other hand, adds
its own 8080A-2 processor to set up and direct the
concurrent operation of the floppy disk and the C\rT
display,

The keyboard has its own independent single-chip
computer, another UPI-41. It performs all necessary
keyboard tasks including creating key codes, controlling
key rollover and multiple-key depression, and transmit-
ting key codes to this board’s 8080A-2 via an 8255 1,0
port. The /0 controller board contains 8,000 bytes of
built-in RAM, which functions both as the data-transfer
buffer between the host processor and the peripherals
that are part of the package and as temporary storage
for the slave processor.

Data transfer between the CRT and the disk drive and
the host processor takes place in two steps. First, there is

transfer of data between the host memory and the slave.

RaM. This transfer takes place on a byte-at-a-time basis
under the direct program control of the processors in
both the host and the slave. Next comes data transfer
between the slave memory and the target peripheral.
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This transfer takes place under direct-memory-access
control, using an 8257 bMa controller.

The data-transfer operation to the external parallel
peripherals, such as a printer or PROM programrmer,
takes place through the UP1-41 single-chip peripheral
controller. For the packaged peripherals—the CRT, the
fleppy-disk controlier, and the DMaA controller—the
programs reside in 8 kilobytes of ROM on the 10
controller board. They are responsible for setup, direc-
tion, and allocation of slave-processor resources, includ-
ing the various controliers and the memory space. Alsc,
they are responsible for controlling data transfer to and
from the host processor. The host-slave transfers are
initiated upon request from the host and take place over
an 8-bit bidirectional data link between the host and the
slave, using a standard protocol that was developed for
communication between the 8080 and the UPI-41,

Packaging together the most commonly used elements
in a microprocessor development system (the two boards,
the floppy disk, and the CRT console) has saved the cost
of separate power supplies and separate enclosures, thus
reducing overall system cost. In addition, the unit takes
up less space on the user’s work bench.

Based on studies of the usual configurations of
systems under development, six card slots are included in
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The Multibus configuration is a clocked asynchronous bus
allowing multiple independent and concurrently operating
processor moduies to communicate with each other and
to share access to common system resources efficiently
and econornically. Modules connected with the Multibus
scheme are distinguished as either masters or slaves, with
the tormer being able to gain control of tie bus and
initiate data-transfer operations by requesting a bus cycle
from the bus control logic, when one is required.

Bus requeslts are assigned priorities so thai access is
granted to the module with the highest priority when two
or mors simultaneously request access to the bus. The
moeduie granted the bus access will maintain control until
its transfer cycle is complete.

For example, when the central-processor module
obtains a bus access to fetch an instruction byte from

A ride on the bus

The bus is accessible to tha varicus modules within the

memary, it maintains control of the bus through the
iransfer of address to the memory and receipt of the
instructions back from the memcry. Therefore, the bus-
transfer cycle time and the bus throughput are a iunction
of the type of transfer and the response time of the
addressed mcdule to the requested operation. In this
case, the memory access time determines the length of
the transfer cycle.

A significant gain in performance comes trem the
Multibus setup’s ability to transter control trorm one mastar
to the next in parallel with the on-going data transter
cperation, This feature eliminates costly overhead time.

Series Il system via a printed-circult motherhoard tnat has
provisions for plugging in various standard as well as
optional modules.

alt models. The 210 and 220 use only one slot while the
230 uses {our slots. The extra slots should satisfy the
needs for most development systems; however, four extra
card slots can be added to all models by attaching an
expansion chassis. The 170 controller board does not take
up a slot. It is mounted flush against the back panel to
climinate extra wiring in the chassis.

Matching software to needs

Microcomputer applications, span the range from
simpie controller designs to large multiprocessor designs
with hundreds of thousands of bytes of program code.
Clearly, microprocessor development software must also
span-a range of capabilities to match these varied appli-
cations. In the case of the Intellec Series 11, software is
available on several levels consistent with the hardware
cupabilities of each model.

Two distinct, yet compatible, operating systems are
available, as mentioned: a ROM-based system monitor
and the ISIS-1! diskette operating system. The system
monitor provides basic supervisory functions for all
Series I systems. These functions include the user inter-
face for systems based on the 210, a rudimentary
program debug and checkout facility for 8080 programs,
and a generalized 170 system accessible (o the designer’s
program. The 210 uses the monitor as its sole operating
system. ISIS-11, which provides a set of file management
services to augment the supervisory functions of the
monitor, is on a floppy disk with the 220 and 230.

The ISIS-It command language is easy to use and
does not force upon the design engineer the types of
artificial abstractions present all too often in other
command languages. Nonetheless, a simple-to-use
command lunguage does not tmply a limited operating
system. ISIS-1l supports a wide selection of system
conﬁgurations from the simplest 220 to a 230 system
with six floppy-disk drives for a total of 2.5 million bytes
of on-line storage, plus a high-speed Ilm, printer and
various kinds of input devices.

An important feature of the Series Il is the avail-
ability of higher-level lanpuages and macro-assemblers
for coding program reliably. On the high end of the
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spectrum are both PL/M, invented by Intel in 1973, and
a new resident Fortran compiler. The PL/M compiler,
available for the 230, generates code for both the 8080
and the 8C85 microprocessors.

Since many engineers have some familiarity with
Fortran, a new compiler for the latellec systems supports
a language compatible with the 1977 anst Fortran speci-
fication. Therefore, it offers desigrers the ability o
connect software from one hardware system to other
computer systems. The introduction of Fortran 77 in a
development system opens new avenues for creativity in
product development. This compiler is designed to run
on model 230 under the IS1S-11 operating system.

The advantages of sophisticated programming lan-
guages become apparent when developing software by
building up modules. It may be advantageous both for
speed of the development process and for reliability and
ease of maintenance of the final product to produce
modular software. Yet, for many applications, it is not
feasible or wise o use a single programming language
when developing the software. A powerful feature of
ISIS-1} is the ability to link programs written in PL/M,
Fortran, and assembly language easily without any
direct user knowledge of the interface.

A sophisticated relocation and linkage package
included with the ISIS-II operating systcm allows the
software developer to write 8080 or 8085 programs in
small modules, each module being in any Intel program-
ming language, and then automatically link the medules
together, The hinal module may then. be located any
place in system memory, taking into account the lecation
of rOM and RAM. Also, a library management program
in ISIS-II allows the user to store frequently used
routines where they may be casily linked to any refer-
cncing program.

In short, the user can choose fromm a variety of
software development tools to build the systen that best
suits specific nceds, yet be assured that in the end
software requirements will be met, Moreover, the
elements are in place for cantinuvally upgrading of devel-
opment system hardware and software to keep pace wuh
advances in inicroprocessors.
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NOMBRE 'Y DI.RECCION

ING. RAMON ACEVEDO §S.
Varsovia No. 36-30. Piso
Col. Judrez

México 6, D.F.

Ted. 533-11-80

FRANC!SCO ALMADA VALENZUELA
P. E. Calles 1362 - 402
Col. Prado

Mixico 13, D.F.

Te!. 539-05-65

ARTURO ARIAS AGUIRRE

Av. de los Reyes No. 126
Lote 3 Mza. 79-8
Coi.fracc. J. de los Reyes

ixtacala Tlanepantla, Edo.. Méx.

SERGIO G. BANUET MORALES
Batalla de Celaya Edif. 1

Cuol. Residencial Militar
México, D.F.
TEL .

ING. EFREN BANUELOS DE SANTIAGO

Alnendro No. 112 F
Col. Las Arboledas
lacatecas, Zac.

ING., FERNANDO BUSSEY S.
Orientelsh No, LO

Caol, Mocrtezuma

México 9, D.F.

Tel. 522-33-99

ING., ERWIN CAMACHO LOPEZ V.
Hda. San Nicolds el Grande No.
Col. Hda. del Rosario

Miéxico 16, D.F,

fel, 561-41-17

EMPRESA Y DIRECCION

ELECTRONICA, S.A.
Varsovia No. 36~30. Piso
Col. Judrez

México 6, D.F.

Tel. 532-11-80

S.A.R.H.

Reforma No. 35-110, Pisc
Col. Centro '
México 1, D.F.

Tel. 591-03-83

INST. MEXICANO DEL PETROLEQ
Av. de los 100 Mts., No. 152
Col. San Bartolo

México, D.F,

Tel. 567-66-00 Ext. 2177

o

CENTRO DE SERVICIOS DE COMPUTO
Ciudad Universitaria

UNIVERSIDAD AUTONOMA DE
Av. Ramdén Lépez Velarde S/
lZacatecas, Zac.

Y )
i NDUSTRIA Y POTENCIA, S.A.
RTo Nazas No. 136-30. Piso
Col., Cuauhtémoc
México 5, D.F.
Tel. 533-54.25

INST.-MEXICANO DEL PETROLE(Q
Av. de 'os 100 Mts. No. 152
Col. Industrial Vallejo
México 14, O.F.

Tel. 567-54-76



DIRECT 0 DE ASISTENTES AL CURSO: M!CROPROCESADORES TEORIA Y APLICACIONES

]OI

1t.

14,

DEL 3 AL 1h DE ABRIL DE

1973

NOMBRE Y DIRECCION

ING, JOSE LU'S CAMPOS MEDINA
Cailejon b de julio No. 105
latatecas, Zac.

Tel.

MAURO CARDENAS HERNANDEZ
Vallarta No., 25

Cot, Coyoscan -
Miéxico 21, D.F,

fel., 554-865-62

ING, CARLOS G, CARRILLO RQOJAS
Calle Freonos No. 117

Fracc. Law Arboledas
lZacatecas, Zlac.
Tel., .

GERARDO FrMILt0O FERNANDEZ PINA
Sur 1285 A" NaOm 40

Col. Los Cinreses

Adéxico 12, DI,

Tel., GH:-06-97

CLAUD!OC GONZAYEZ HERMCSILLO
Retoron Z0H No. 2

CO!. Vo Mode to

Mosxico 13, 0.0,

fel. 532-95-39

FRACISCO JAVIER GONZALEZ GONZALEZ

Nucwo Ledn 223-1
Cot. Condesa
México 11, D.F,
Te . 515-87-18

ING., JORGE GONZALEZ Y GONZALEZ
Sullivan No. 117-4

Co:. San Rafael

M3xico 4, D_F,

Tel. 546-46-43

B
R

EMPRESA Y DIRECCION

UNIVERSIDAD AUTONOMA DE
ZACATECAS

Av. Ramdn Lépez Velarde S/N
Zacatecas, Zac.

EPSIZON, S.A,.

Sevilla No. 415
Col. Portales
México 13, D.F.

Tel,

UNIVERSI DAD AUTONOMA DE-
ZACATECAS

Av. Ramén Lépez Velarde S/N
Lacatecas, Zac.

Tel. 2-08-27

INST., MEXICANO DEL PETROLEO
Av. de los 100 Mts. No. 152
Col. Sn. Bartolo

México 14, D.F.

Tel. 567-66-00 Ext. 2345

HONEYWELL, S.A. °

Av. Constituyentes No. 900
Col. Lomas Altas

México 10, D.F.

Tel. 570-20-33

CENTRO OE SERVIC!{OS DE COMPUTO

Ciudad Universitaria
Tel. 550-52-15 Ext. ‘4536

COMISION FEDERAL DE ELECTRIC!IDAD

Rodano No. 14-90. Piso
Col. Cuauhtémoc

México 5, D.F,.

Tel. 553-65-86



15.

16.

17.

9.

21.

DIRECTORIO DE AS!STENTES AL CURSO: MICROPROCESADORES TZORIA Y APLICACIONES

DEL 3 AL 14 DE ABRIL DE 1973

NOMBRE Y DIRECCION

VICENTE GUERRERO ROJO
Lago Gascasonica No. 255
Col. Hichapan

México 17, D.F.

Tel. 299-3L4-70

ING, IGNACIO DE JESUS GUTIERREZ HIDALGO
Paseo de la Soledad No. 11

Co'. Lomas Verdes

Edo. de México

Tel., 562-46-37

ING., MIGUEL ANGEL LOMEL! ARAGON
José A. Torres No. 681-4

Col. Asturias

México 8, D.F.

Tel. 519-66-25

ING., FAUSTO MANCEBO DEL CASTILLO P,
José Vaconselns No. 2

Circuito Pensadores

Satélite, Edo. de Méx,

Tel. 576-90-55

ING. ROBERTO MACIAS PEREZ
Calle 71 No. 19-4

Co!. Puebia

Mixico 9, D.F,

Tel. 5658-53-40

ING, JAIME RENE MARTINEZ MARTINEZ
Dr. Coss No. 542 Norte
Monterrey, N.'._,

Tel., 75-06-75

NG, JORGE S. MARTINEZ SARACHO
Deportes No. 76

Col. lLas Arboledas

Atizanan, Edo. de Méx.

Tel. 379-23-65

EMPRESA Y DIRECCION

CENTRO DE SERVICICS DE COMPULTYD
Ciudad Universitaria

| NDUSTRIA Y POTENCIA, S.A.
Rifo Nazas No. 136-3er. Piso
Col., Cuauhtémoc .
México 5, D.F.
Tel. 533-54-25

LABORATOR!IO EN ELECTRICIDAD Y
ELECTRONICA INDUSTRIAL, S.A.
Pto. La Paz No. 111 Esq. Mazatla:
Col. Casas Aleman

Tel. 781-77-92

SEDAS REAL, S.A.

San Esteban No. 46

Sn. Esteban

Naucalpan Edo. de Méx.
Tel. 576-20-~55

S. T. C.
Calz. lgnacio Zaragoza No. 239
Col. J. Balbuena o

México 9, D.F.
Tel. 521-86-20 Ext. 568

INTELEX MTY, S.A. '
Padre Mier y Serafin Peda>
Monterrey, N.L.

Tel. LL4-66-16

S. C. T,

Lerdo de Tejada No. 6
Col. Sn. Juan Ixhuatepec
Edo. de México

Tel. 5€9-37-69



2h,

e
26,

27.

28.

DIRECICRIO DL ASISTENTES AL CURSO:

MICROPROCESADORES TEORIA Y APLICACIONES

DEL 3 AL 14 DE ABRIL DE 1978

NOMBRE Y DIRECCION

HECTOR MEDEL
Bramms No. !
Col. Vallejo
México 15, D,F.
Tel. 537-41-79

N VARGAS

ING. EUSEBIO MEJIA MALDONADO

Siracusa -No: 81
Col. Lomas Estrella
México 13, D.F.
Tel, 581-86-023

FCO., DAVID MEJIA RODRIGUEZ
Vicente Suarez No. 132-201

Col., Condesa
México 11, D.F,
Tel. 553-73-84

ING., JOSE LU!'S NAREDO V.
Victor Hugo Ho. 56-8
Col. Anzires

México &5, O.1.
lel, §28-65-0N0

ING. SERGIO OLIVERA O,

ING. HOMERO HUGQO ORTEGON
Cond. Constitucidn Edif.
Monterrey, N.L.

Tel. L4h4-02-14

JUAN ORT!Z ANGUIANO
Manchuria No. 11
Col. Romero Rubio
México ¢, D.F.

Tel. 760-3L4-54

EMPRESA Y DIRECCION

[NST. MEXICANO DEL PETROLEO
Av. de los 100 Mts. No. 152
Col. Sn. Bartolo T.

México 14, D.F.

Tel. 567-66-00

RADIO UNIVERSIDAD

"Adolfo Prieto No. 133 °

Col. Del Valle
México 12, D.F.
Tel, 543-96-17

CENTRO DE SERVIC! OGS DE COMPUTO
Ciudad Universitaria

México 20, D.F.

Tel. 550-52-15 Ext. L5S42

INSTITUTO DE INVESTIGACIONES
ELECTRICAS

Shakespeare No. 6

Col. Anzures

Tel. 525-64-62

CENTRO DE SERV!CIOQOS DE COMPUTO

UNION CARIBE MEX!ICANA, 'S.A. .
Carretera Migue! Alemdn Km. 16
Apodaca, N.L.

Tel. 54-45-40

SISTEMAS ELECTRONICOS DE
CONTROL INDUSTRIAL
Manchuria No. 11

Col. Romero Rubio

México 9, D.F.

Tel, 760-34-54



DIRECTORIQO DE ASISTENTES AL CURSO: MICROPROCESADORES TEORIA Y APLICACIGNES

29,

30.

33.

34,

DEL 3 AL

DE ABRIL DE

1978

NOMBRE Y DIRECCION

GUI LLERMO OVIEDO VARGAS
Lago Chalco No. 60-10
Col., Andhuac

México 17, D.F.

Tel., 521-73-92

JUAN ANTONIO PEREZ CHOWELL
Pasadena No. 3

Col. Lomas Canistrano
Atirzapan de Zaragoza

Edo. de México

Tel., 398-26-2¢

ING. JOSE LUIS PEREZ GARCIA
Guanabana No. 262

Col. Nva. Sta. Maria

Mé&xico 16, D.F.

Tel. 556-15-69

ING,. JUL!O CESAR QUINONES
M. Azuela No. &i

Col. Sta. Ma. La Rivera
México 4, D.F,

Tel, 547-87-38

ING.. EDUARDC RAMIREZ SANCHEZ
Cruz Azul No. 161

Cuol. Industrial

México 14, D.F.

lel. 759-05-50

ING. ANDRES N, REYNOSO GOMEZ
Nonoalco No.-29-15-5-304
Col. Tlate'lolco

México 2, D.F.

Tel. 597-52-20

VICTOR GERMAN SANCHEZ
Tawnico No. 11-6

Col. Roma

México 7, D.F.

Tel.

EMPRESA Y DIRECC!ION

CENTRO DE SERV!C!OS DE COMPUTO

Ciudad Universitaria

México 20, D.F,
Tel. 550-52-15 Ext. L536

SPERRY RAND =~ DIVISION UNI VAL
Presidente Masarik No. 29-io.P.
Col. Anzlres ‘
México 5, D.F,
Tel. 250-10-66

HONEYWELL, S.A.
Constituyentes No. 900
México 10, D.F.

Tel,

®

INDUSTRIA Y POTENCHA, S.A.
R¥fo Nazas No. 136-3er. nivel
Col Cuauhtémoc

México 5, D.F.

Tel. 533-54-25

FACULTAD DE [INGENIERITA UNAM,
Ctudad Universitaria

México 20, D.F.

Tel. 550-52-15 Ext, 3755

’

E.S.t.A. | P _N.

Unidad Profesional Zacatenco
Col. Lindavista

México, D.F.

Tel.

CENTRO DE SERVIC!OS DE COMPUTO
Liudad Universitaria

México 20, D.F,

Tel.



DIRECTORIO DE ASISTENTES AL CURSO: MICROPROCESADORES TEORIA Y APLICACIONES

e
D
.

L.

L2.

DEL 3 AL 1L DE ABRIL DE 1978

NOMBRE Y DIRECCION

FRANr SCO JAVIER SANTOYO
Av. Ru JU'UL on No. 23-602

Co. i cubaya
México 18, D.F.
Tel. 10-39-Th

SERGIO ALFREDO SANTIAGO RIVERA

Hidaioo No. 214-201
Col. ixtapa lapa
México 13, D.

Tel.

ARMANDO TELLEZ VELASCO
Castilla No. 279

Coi. Alamos

México 13, D.F.

Tel. 590-86-~73

ING. JOSE A, TOVAR MARTINEZ
M. A, de Quevedo No. 218
Col. Coyoacdn

México 21, O.F,

Tel. 554-17-29

LUIS FERNANDO TURCOTT RI0S
José Ma. Correa No. 199
Col. Asturias

Mixico 8, DI,

Tel. £19-79-65

HECTOR JULTAN VAZQUEZ RAMIREZ
Reloriro 13 No. 41

Coi. %1 Centinela

Mexico 21, D.F.

Tel, 54 -61-55

RICARDO ENRIQUE VITE SAN PEDRO
Dur..ngo No. 268

Col. Roma

México 7, D.F,

Tel, 514-52-73

EMPRESA Y DIRECCION

CENTRO DE SERVICIOS DE COMPUTO
Ciudad Universitaria

México 20, D.F,

Tel, 550-52-15 Ext. L54L4

POL)COLOR ~_MANTENIMIENTO ELECT.
Marsella No. 89

Col. Juérez

México 6, D.F,

Tel. 533-23-85

CENTRO DE INVESTIAGACION Y
DESARROLLO, TELEFONOS DE MEXICO
Ernesto Pugibet / 12 Torre Ake 30
México 1, D.F.

Tel. 585-34-44 Ext. 9884

INSTITUTO DE INVESTIGACIONES
ELECTRICAS

Shakespeare No. 6

Col. Anzires

México 5, D.F.

Tel. 525-64-52

CENTRO DE SERVICIOS DE COMPUTD
Ciudad Universitaria

México 20, D.F.

Tel,

| NST., MEXI CANQO DEL PETROLEOQ
Av. de los 100 Mts. No. 152
Col. San. Bartolo A.

México 14, D.FR.

Tel. 567-66-00 Ext. 2157

CENTRO DE SERVICIOQOS DE COMPUTO
Ciudad Universitaria

. México 20, D.F.

Tel,



