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1¥. - MODUS DE DIRECCIONAMIENTO

ESQUEMAS DE DIRECCION AMIENTD,

La cmicad central e proszso ICPU) en lan congutsdin as Jebe
reallzar las figuienles funchoneE;

- Obieper v traer de memorla primariae al CM) Ya riguienie
ipstpucelon & g|ecutar,

- Entender los operandos, esto es, delinir 1o localizacidn de
Jox cperandos netesarios para ¢lecular la intruccidn y
traerios al CPU, ’ ; '

- Ejccwlar la insiruccidn,

Tars llevar 8 cabo las -I‘un!:ibnes anlerlores ) CPU debe conm-
tar con 1n sipuiente informeciim

- E) cidigo de operacion de 1a inslrucclén B ejecular,

- Lan dnecciones de los operandos ¥ llrdel rer-u]llado.

- 1a direccidn de la sigulente Instruceibn 8 #jecutar,

Ealaten diferenies toluciones que satlefacen lox rr:qut-;im:icnlns
enteriores, Jos cuales determinan la srquilecturs de 1os proce
fadores que las uiilizan,

Se wwpondrin opetaciones arfimélcas m Jas que §e llenen Kis
operandas y un resulisdo ya que son lag que proporcionan el
cas0 mbs gereral,

) Miguipas de 3417 direccionen

El furmaip de Insiraccion on cgre csipeins de dlireccinmd--

mlenie conllene odas Jos elomemor necenliados por el CFU

pa:a redlizay sus funciones.

Un posible formato o infinucodn ¢ mudelrd &0 T figura

v, !
COnied T IERECCION TR ECCION TE e luN T DTHECCION DE] Filal te
DE ERIMGER SEGUNDO | RESULTANO| LA SIGUIENTE] n de
OPERAC. | CPERANDO | OPERANDO |_IKSTRUCCION | inemcris

FIG. 1ul

En ekle cako ke [lenen cinco r.nmf-u; en #] lormato de Instruccidn: Unc
pars el cidigo de operacidn que sirve para indicar ¢l Lipo de opera--- .
cion 8 realizar {suma, Tes@, muliiplicacitn, efc,], 1res campds para
las dizecciomes de Jos operandos y resulisda o las operaciones, un

campue tara indicar 1a direcciin de la elpuiente Inslruccion & £pecucar,

o
La ingipucthmes para &std mégquina podrisn ter escrilin en lorma

pinbolica cn a siguieme forma: ADD A, R, C. D donde ALDD representa
el oidipn de operacifin suma y A, B C v D son nombres simbdlicos

eslghados n Intalidades de memorid.

Suponiende que exislen las instruccionss ll.;l‘hl (ADD), sobsiraccida---
15U°B) y muluplicazion (MUL), sntonces una porible tradugciin de Ja
expresion A={B"C)-{D*E} en FORTRAN 3 !tﬂp.ll]t simbblico en la md-
tuina de 3+l girecciones serfa: ’ .

Ll: MUL BCTLL3

L3 MUL D, ';E.TJ. LY

L7:  SUB T2, Ti,A L3

LE:  Sipulenie Insirucciln



donde T1 ¥ T2 representan locelidades cemporales usadas para guardar

resohados ariiméiicos intermedios.

4

Lar concluslones mbs IrpOTiEmes €0 CEE SEQuemd FUR:

Los pr-ogramlt RC necesitan cEAr almacenados en memoris en furma
secusncial y3 qQue £l campo de direccitn de 18 gigulenie insirucclin per

mite conocer donde fueron almacensdos.

1 .
Debido 31 que cada jnsirucciOon contiene en forma explicha 1res direc--

clones, no £s necagario tener en ¢} CPU hardware pars guardar los re

suliadas de lak Opsrscionex, o .

Bl Miagulnes de 3" {direccionen
Considerando que los programas ke escyiben secuencialmente v que
por coneiguienie ex muy 18gico almacenarlos en este misma ordon,
6o Jepn l uUn fuevo esguema de dirl:cCilﬂnlmicnlo £n el cual Fe fUB
riruyen wodos Jos campos de direcclén de In siguiente InRLrUCELON
por un Bola ngI siTg denlro del pricesador que Jleva en forne se-
cuencial vy automidticamente la direccion de Ja slgulente dnstrucclén

a ejecutar. Un posible formate de Instruccidn ee muestira &n b

fig. I%2 .
Lo Hepsire [Zhdiga  [Ihreccidn [INrecelén |Direccibn lalabyy
de 13 en ¢l de primer epunde | resdluadao n de
g, _Lnst.| procesador |opersc, |operapdo  operandc : MmEmiria

FIE.TV.7.

. Unilizando efe ekguemas de diveccicnamiento la expresiin A={B"C)-1D*E)

‘en FORTRAM, quedarfa expresads coing:

-

- ML R G T
KA DLE T2
SUR T2, T1, 4

- Siguience inslvucclan

. Donde ¢ ha suprimidc Ja direccién de Ja sigulente instruccidn ya gue

ésts o llevada en forma secvenclal y sutombrica por un registro del

p.rnceudnr conodlde como contador del programa {PC).

Con el epquems de 3 direcciones ke lopra aprovechar la memaric an

forma mis elicieme y reducir 1 Jongiod de palabra lo gue redunda

directamente en los coslos Je 1o misma.

€} Miqulnlls de "2" direccicnes.
En lag operaclones aritmeticas na siempre es necesario gusrdar
¢! resullado en un: Jocalidad de memorla y preservar Job operan-
dox, mor lo que se puede pens{r en utilizar uno de ellos para----
guardar el r;nuln;do unl ¥E2 que la opeEracion se ha =i=:ruadol. Las

consideraclones anterjores levan a presenar wn posible formato de

Ingiyuccion en exta miguing, mosirade &0 1a fipura I%3

'R. DELA | REG. ron, | IR, | DIR. SEG. Pajabra

1G. INST, A| EN EL P. CP. n de

1| ECUTAR | PROG. or. | or. : * memoria
FIG, 172 ‘



+

¢

4 Miaminas de

En erie Eubma se usard la direccitn del segunde operando como W
direccitn de! regultado una veg gue 1a operaciin se haya checwad,
pur 10 que &l srpundo operandy cLrd deslralds, Lsl paos 1 wspresidn

A=(B*C)-I0"E) en FORTRAN, quetlarfat

MUL B C

r MUL D.E

' sU8  EC
_ LY

ADD C.&

La eliminacion de} campo de direccldn del resuliade permile reducir la

Yenginud de 1o palabra de memoria ¥ 106 coklop de Ja migma, 1o que

permite usar £5ie esquema &n méquines medjaras y chicas,

"1" direccitn v

Esle esquema de direccionamienio permiug eliminar de wodas Jas ins
trucciones el campo de direcclkin de und de los Operando ¥ EUstifu--
irle por un registro dentro del procesador, eb cual conlendrd & unc
dr los optrandox. A epie repisico s¢ le conpce como acumulador, -
El Jormalo de instruccibn pars la méguna de I direccion gz mues-

tra en 13 Hpgura 1y d

v, Ac Ja) Reg. &n €l ‘ N IR,
;,. 1nn F procesador ) . P.
L OPERANDD
'['unE Rep. en 2]
e Fands | Procesador
FIG, 1v.d

Lo amerior implica la creatidn dg insirucriones que permilan Cazgar
o] acumulador cun e} segundo pperando (LACE Y defositar el comiemdo

d2] acomulador en memoria 1IDACH

Es imporiante bacey nodat Oue indas las operaciones e¢ levan & Cabo

implicilamente contra ¢l atumuladar v e Esle contendrd €] resuladd

de 1a operacitm £lecruads, La expresito As[B°CI-{D"E) en FORTRAN,

podria lraducirse a;

LAC D
) MUL
DA Tl
LA &
) MUL. c
SLIE T
DA A

Esle £eguema oe d.hectiurumicn.lu ha sido ampliamente [mplemoniads en

una pran mayorfa de las minicompuladerss, Coma fur cjomplo: POP-B, -

POP-135, 1804-1130, 1BM-7090 y CDC 3600,

) Miaquiran de “0" direcciones
Esie espueme de direccionamiento :olo uiilize el campo de cidifa
de opcracibn, por Jo qué ©F RECESATIO COALAT Con algin mrcaniung
que Implicitamenrie peymita CRACCEE los operandos,
E) mecanismo anierlar sc implemenia utando una pils & sack, el

cual s¢ putde penear como vp Conume de localidades contiguss de






- v

memoria accetadag psando una discipling UEPS (61t mas emradas, poi-
meras salidas), De lo anterior se concluye que en cada mMOmMENLD &g

L=ncird dieponible e) elemento qie se enmbimre en &) 1ops Jet sk,

El furraly de insiruccihn para esie esguema de direccitnatienio fE

encuentTa en la Tigura 1y.5

ir., de la Reg en el
Fig. inst. CPuU
Falabra de
IDE op memoria
afuntador al | Reg, en el o
ope del sach M

FIG. ¢%
i

Es necesdario omiar cop Insirucciones que permilan meler elomenios

I
de memoria 8] stack (PUSH) y eacar elementos del siack &' memoria-

(POP).

Las expresitn A={B*C)}-{D'E) en FORTRAN, e expresarse Come;

JlGo. v i
{Jl.puntldur ol tope
PU'SH D I:E_r del stack).
FUSH E =T
- E la - [A— —T
| D | ¥
MUL . = Wa
TUSH 8 : T
. D* E
FUSH C /T
MUL ) T "
ﬂu—‘ r 1B C-DE|
sua [D:H :
T
1OF A l:__'
> -— R,

+*

En In 0§, py- o 5¢ {lusiza el esiado del pack despuls de cada una de

lar inst, anleriores,
=

LN ,1-»::5& conchuir que &) conjunio St dsirasckenes de deomigoing RO

. epnd forimado solameme por Inslrefciones de coro dircocivnet 5: e

lamblén && requleren (nptruccionss de wna diretiitn para imeter ¥ sa-

car elemeniot al stAck,

Ee rtquleru un regisiro em el procesador que apunie al tope de] steck
x se elimine €] ACUMUlAGGT yA que =l resultada de las npencinn:r. -

fwmibiln quedard en £l atack,






2.- METODOS DE DIRECCION AMIENTD

En las miguines de und Fola direcchin el formaue de 12t Inslructio-
naf as hace rijarencia a mimpria comfa & dos campor: €] campd
d= codice de cperacitn v el campa de dlyeseiin del oprrando. 5!1 Fu
ponemos que &l camppo de diteccidn consra de n bits, emoikces 1a

misima capacldad de memoria direccionable serd 27 localigades. Lo
" amerlor puede sefultar bastanie dristico en el caso de lag minicom-

putadoras ya gue gz lo general tenen palabras de 12 0 )b Blvs ¥ i

se asipnan cuatro de ellos al campa de codigo de operacidn salo e

pueden direccionay 2% « 256 locslidades de memoria en el cigo de a2
Jabras de 12 bils O 2= 4098 localidaden d= memaria en el caso de
palabras de 16 bite, 1o cual Tesilla inmiiclep:te para la gran mave--

ria de las aplicaciones.

Lo znlerior ha ocasionade diferentes mouos de direcclonamitnio, En
log cusles & campe de direccitn 1irve para calcular la direccién
tlectiva del operanda, logrande uns mayor capacidad de memnaéria di-

rujclmahle.

a) Inmedlato
En este caso £l operando puede estar contenide directaments tu
¢! campo d¢ direccitn & en Ja locelidad de rnnrn::}rli ﬂﬁuiehlc a
la insirucclon. '
Sl:ri' nec:urla dedicar un bt de 1o patabra para saber como 62

debe interpreisr la insurucciln,

B Ditedto

Eviste divecoionamienio diecto cuanda ol campo de directida de

ta inflrurcin cmiene 2 lires st L) opriEtde O cezmt- Esle

rango vl fon wlfin Tapisno & jaalaned O oviemeria fETE

ran la direceidn del vporando,

b. 1]

I, 2)

Usando pagina cero
Unc de los esquemas mis comuaes de preanizacidn de me
maria, divide 613 on 0 pdpines de lengitad fipa, donde n

dependerd del tamane de 12 nemoris y del 1amand de lus

ripinak.

Las miquinas gue usan eXIUE eRpEMmds fensralmene vsan
Ja pigina ccro con prooltios cxprciales, Coun0 £OND MARE
ja de Inler ruliones, 1rape, nca hidades aupmincrementables,

#Ic, -

Ls forma de indicar sl el concnbdo del campo de diyeccidn
se refiere 5 Ja pdpina cero, ©f wsAndo un bl para ese pro
phsjlo, p. €. 5 esie bit €3 Cor0 el campo de ditercion

apunia a una Jocalitdad en 1o pagina cerd.

Usande pagina aciual
S cl bl de pAgina ¢R3 R uRO, 30 FFUIME QUC el campo &
direccitm 3punia a una Jocelidad +n Y& pipina on Ta gue s

choucnira Ja ineruccibn. A el papina se le conoce Coing

k



€)

H

* psgina sctoal.
Le Airecciin del operandn se deterning kumando Jus bitr
de vrden quperior el PC ol congee Wl Glirecehdn Ji laoas

1rucchanm,
b.Y) RAelsiivo ! P

En esir modo de dlieccionamlento el comenlda del campo
de direccltn de 1n inEtruccibn, interprerada como un ente-
re con algno, ae tums &l PC pars obtener Is direcclon del

operanda,
b.4) A erlutiva m uyn reglslro indice

I::I conlenida de] campa de diseccifn de e nsuruccltn, e

Lerprevnds como un ERIEFE £Cn tlpno, EE EUMA 8] conieni-
. do de un regicno Indice pars abiener s diveccitn Jel ape

randa, En fawo Ilﬁt eslatlr min de un veplniro Imhce e

preciio stignar Jos biln necerarios pars su idenmilficacion,

Indlrecio

En ¢1 dircecionamlenio Indirecio ] campo de direcclinm de 1a Ins-
trucehin conllene wn apuniador & 18 dirrcclin d2) operands & esie
campd combinsdo cin alfdn reglsiro O palabre de memozis REnE B
un sponiagar & I direcclbn del upurando,

Medlanie ua hit en 1p Inttorccbia e se pocde calwer kb o) diecciong -

mientu ueadd £ directo O Irdireco,

c.d)

c. B}

c.d)

[

Usandw pligina cero
El campe de direcchtn de Ia inshuccltn spunta & und Jnca-
lidid on Yo piping €erow A ru veg Esta looslidad contiens

[3 diteccibn de! operanda.

Usando pdglna aciunl
El cainpo de direccién de 1a Instrucclin Spunts & uni locs -

Iidad cn la pégina scruel, Esta locslidad contlene Js dires--

cite del apersndo,

Relativeo ol PC
El contenido del campa de direccldn de la Inmtrucclifn,  inter
prewnga como un entére con slgno, s sume &l PG pars oh-

N

tener la direccion del apuntador a1 operando,

Relutiva & un registro Indige
El conientda del campo de direccldn de lo ingiruccidn, iner~

pretado como un enters con sipna, &¢ kuma 8l conlenido de

un repisiro Sndice pars oblener Ia direccldn de] spuntador at

operendo,

1.a toinlinacion de todos log mélndos de direcclonsmienio snierlores

con repisiros de propéelto genersl, permiten lograr modos de Alrecclo-

-

ramicnio hasianie poderosos. Cuando $£ usan 1o eplstrow de propézito
feneral, &l campo de direccifm de Ja Instruccidn especifics que replelre

Lt WEA y Couno s inierprew In Intormacién que contlens,




n}

¥)

i3
DINECCIOKAY1ERTO ZN 2 - 80

1 eleroprocesador Z2-FD wvn una ndquine dn una dlreceidn

®h In que 1ow Aferinien andos e dlreccieraniento pon u-a.
Lox ;nr'EFUI:l ce Irgtrucclanwem ¥ pe 34 Brlicun de una
feros peneral u t0dp ¢l con’unto 2 inetrucedicres,

Ianifcyte

In gute Todo dr direccioraaiento ¢]1 operando no se 4Efi-
oh #n forza #apliciie ym gue 8l forzato d¢ instrucceldn
an fiJo ¥ en 10w cédlpod du operacidn we eEpecifica im-
Plicitaacnty sobre que repisiros del procerandor actdan
Ise ipatruecionen, por 1€ gue 91 wrasrie po ruesde alte-
rarlc de oinguns mansra,

Yov prupce dx ineiruecicoes, qui utillien cale mcdo de
ditwccicneafantio sonl ourpa A 8 bite) carge B2 16
bileg intercamblo, iranaferancin ée blogquen ¥ bdsgue-
ﬁ:| sritséticay da propdeito general ¥ control del CFU,

Flesplon 1.

Ipmadintn

El g;urando aw sncuenire sn Ia localidad de meooris si-
fienie & la Instruecido ¥y ae conelders qus forza [arts
de 1lm mjann, Low walores 4 les oprrandes inoediaion
"B ningun cawo pedrén taceder In capacidad de rejresen-
s¢idn du un byte, Fete modo de direcciopasiento ar uii-
11#e cunndo we dedenn reRlizar ocperaclopes con waloren
ceoylastan,

Los grupoa de instruccicnes que wtilizean webr modp de
direccicnamianto son1  cargs de B Bite| aritefticas »
1épican do B S1ta y entrada/ealiss,

Ejaaples 2.

c)

a)

s)

Ins=dintpo eatendide

El operandd me encuentra tn lom dow dytes (16 bits) wia
Frienies nl chdice de operacidin de 1s instruecién. "8
Friser byte contigus al cldigo &y erwzacidn vs ] oence
Ei;niftcative y ]l sizulenta o1 #] ods sipniflearive.

Este modo de direccicnaalents &8 vrudo Doy Algunas ine-
truteionca de carpa de 16 bite,

Ejemplan ).

Replatro

¥l foroato ds inatruccién contisne unm campe d4 dirvcelda
s orerande dopds as raprcifles cusl Je 1da Fegistrow
del TPU werd vtillizpdo crag nptr}ndﬁ.

Las rro}on d# inslrucclonds qué Utlllzen sate ®ode de
dircecionamianto monr Gartga de B bitm] carge 4& 16
bitm; mritmétjcar y 16rieas 4e Bubite] sritmdijcan y
l4elgan e 16 blia, rotecippes ¥ desplecasienton) encen-

d1de ¥ upagado de bSite| entreda/snlide,

« Eleaploe 4.

Bepisire indizrecto

Py Fale made dv Alrecclionapienio v par de registreon
{15 bite) contlece 1n direceibn de ceacris en la que se

ercusntira el pperenddg,

Es utilizade por los grupos de Instrucclones do carps
de¢ B bpite; intarecotbio, trapelerencia 44 bloques ¥ his-
autdp: rotwcicnea y desplazsajentas; prondido ¥ apape-
do de bita; eslics, 1lsti-das ¥ regresec e subrutinen)
tnirlﬂlfliliﬂl:

Elemplor 5.



1  Eruwandide

Le direceddp ded o;erande eptd contensde denire del
cacpo £o ojerands de I drplawceidn.  El cumpo de diraca
clén tirpe una enpitud de 16 bBltm pop le que la mini-
Fa eijeciénd de Zezgric dlpeccioniltle ex 2e £4 K i) cen,

Fptx modo de diveccicranients sn wiilirede o lce jlus
pew 2o irwtrucciercs de cerga de B bite; rarge de 16
Liwe; saltuw, Llansdas y regresc de subrutinee.

4

Elesplen K,

gy Modificado de pdgine coro

En euile ocdo de ddiaccicnamisnts 1 cumpo 4» dilieceidn
A1 cpersndo st refiere s uns loveslidad de mamoris dege
tro o le pégine cere, Este canpo d¢ Jirsccidn cocate
de ] bite ¥ TEre su correcia interpretncidn av multi-
flies pop COH, oblepjfndoae de ents fn;:l l& referens
tls & 1sn localidades depradan, . .

Egtle podo de divecojcnivients v wtilize exclumivasen—
te Far la leslruecidp RET,

Ejemplos 7,

B} Mlative

1s direccibn 2el operindeo ae, determine suceando ul con-
tador del jropruza i)l contenldo del byte sipulente sl
chdigo de operaciin é&¢ la instruccidn,

El desplozeniente enterior o& Interpretard cocso un nd-
gtro en complecenle o des, €00 1o Que e lopre un rap-
o de dirtccicnamiepto de 2176 & 4129 localidsdes rals-

tivan nl contador del rrograsi,

Fata rodo d¢ direccicnamients =n usade por el prupo da
inptrucclenes dn salte, 1lleawads ¥ Yofresc de aubruticus,

Eisaplon 8,

i)

1)

Inderada

Is direceidn del o arendo ae dniersing suosndd ol repise
tra de Indice eujacificnde vl coctenide 441 Tyte 4o dui-
[Tazemirnto,

1 degpletsalente 4B fnierprets £43¢ una cantided s0
ELID]{ﬂELLﬂ n dok, cop lo gue A 1&ETE un rrngh cte Gi=
rr¢¢1unugﬁentn de =12R a +1E7 localidadem relutilvas wl

replutro ¢e fndice,

Log grupcn de dnmtruccicnea gun wililzen ente wodd A0
dipeccicaemientn wont carph da & Blie; aphtedticew
18,1cam do 8 Bite[ rotecicnes ¥ desplazamisntee) #ofdlae

dide y spagude de Wliap ssltos, 1lsmdds y raérlin de’
prbrutinee,

Elenrlios 9,

Bit

Ivte eodo di divecclipnasients parnite prendar @ sjafar
un bit dentro de vA cpersndn aalsoclongdo, wannds low

rodos apbes-descriton,

Efeorlne lﬁ.

ING, LUIA Q. CORDERD BDOXKMOL
AGOSTO-TY




Se ssvniré que tedos los ¢lemplos siguienics utilizan el usiale-

EJENPLOS

o de¢ nuzersclidn hezadecinal,

Ejemplon 1.

bl ENIF

pangy oF

N

N

'r;-:_
ieaplen 2.

4

-

CET4

6od7 EE14@

;oS I DIFECE LM IENTO  DEL HICP RISl D=6
v PR fACnell ENl CRESETE {(4) EL WORLDFE 14 -
v *TEFT .
]
1
g DIFECT IORRAIENTID  IHFLICI TO.
' .
LD A-P
1
) (WFGA CHEL FEGISTFOD A EL  COWITERLI (L FEGISTED
y DE FEFFESLAHIENTO F,
; .
]
CPL
]
y FERLIZA EL  (ONPLEMENTO LOGICG PEL  COITENM TEL
| RCILADDR Y W0 CEJA EM EL HISHE) FEGISTRO
. '
]
11 1%
[}
i FL COMTEMIDO (€L FEGISTRO ME  IWDICE 1% SE  Bu--
1 CPEMENTA ENH g
]
i
1
i DIFECCIAHAMTENTD  IHNEDRIATD
/
ACD A. J4H
1
JOELMA AL COUTENIOD DEL  FEGISTFO  ACIRLARFE A [
1 T 34 Y [ElR EL FESULTID EM FL  MISHG ¢[--
1 GIS1FD
1
1
FMle } A4
]
pOPIRIZR LH o EEmC Il LOGIER fl ERIFE L SomiC=-
s M CEL FEGRIEIMD B Y EL w10 310H. DE Wk FL -
dORELIL T Th FL HISEE LGSR

1

Elenplon 3,

(uwa% FL-21209

QO 1 IFLD

Ejemplas A,

Lidn 4

r11 EBG

a2 e

P

LTI e

-

-_ o W an

DIFECCIONTIENTD ¥ DIATD  EXTEWDING ;

Lh Iy o0l i
CAFCA Er EY FEGISTRD (€ J1aC€E  1¥ EL DATO S0J0H
LD HL. 123FH {
CREGA EL FEGISIFD FAP M. CON EL DATO 123FW
;'.
J
v !
DIFECCLOUAHLENTO [ FEQISTRO -
-
Lh €A i
. b
CHFOA EL FEGISTFD € (OH EL COWTEWIOO DEL  PEGYS-
10 A . L
[
]
e b !
i
SUMA AL EONTENTOG DEL FEGISTRO R EL  COMTEHIPD
PEL FEGISTFO & ¥ DEJR EL FESILTADD EN EL PEGIS-
PO A 1
§
b2 L= HL .- i
T
SLESTRFNE  MEL (ftEnIME DEL FEGISTRO HL: EL COnTE-
HIGD BE 05 FEGISIRCS PE ¥ MCTEPED O DEJIeKD
rL FLSILTADD ENM EL FEGISTFD ML :
ii
1



Ijamplon 5, .

fivaa WA

B 74

beLE LT

Ejwaplas 6,

i el

BULA FDTE08

P e m = oA -

- om T T dm

- A dw m

- W mm e

CIEECCITUaHLIEHIG OE FEGISTRO JUGLRECTD

LD R TEL)

oy OF
{#DA EL FIQISIFE A Cowd EL {C0TEMI[D M LA 0=
ChLIlHD DE  BEivé 1A AFRiTAR MOF EL FIGISTFOD FAP

2

[ fH)

NEEERSHTA [ 1A EL COHEENIMD [€ LA LOCAL TDAD
0E MEMOKIA AFWITHA FOR EL FEGISTFD FRR HL
Lo (HEXA

LEFOSITA EL COIEMILD DEL  MOUSLAMR EM LA LIA-
LIphD Of MHORTA @PNTRDR POR EL FEGLSTFO FRF LE

L

01F

[ IFECCTONAMIENTD  EXTENDI0O

LD K 1 1BI0H)

by hof 4
CAFLA EL MO AR (O EL

LItk DE BOWPIR  1020H

CINTEMIG £ LA LKA~

L it T, Y
MEMOSITR EL (ONTENIDG  DEYL FEGISIFD € 1ICE £l

LAS LOCFLTIWES LE MEMEIN DODMH  CfvID 1ROV ¥
prTH  (EYTE  ALTON.

_E)azplon N

Eisnmpl DilJ a.

\ .
y FIEECCIOAIENID amIFICHD DL FRLIMA
"

(1M

1] Lot

1

L EFECTUR WM fHLTO DCOemig IOl A LA LOCALIPADN ™
) REGORIA QPR LESPUES DL WER QWFImD EH B -
y STeK EL COMIEWIDD (€L COMTADOR DEL  PPOGEAW

' .

I

1 DIFECCI1CtawdiLNTR  FELATIVO

-

iR F A

'
i 51 LA EALFA Z=1, AL COLYRCOR DBEL  MFOGEAA SE LLE
I SR EL WelDE 0HH P LG ™E SE EFECTURFR LM SML-
1 TDO R LA LA PE MRIEIA OSM

;%1 LA bwtbRA Z2=8 SE {(ilresdPR EJOQUITMNG LA B -
pOGHIERIE  IDSTMEE It (€L 1 HOSFROR .

] -
i

IP (L By |

i

JE1 LA bedEPA (=B AL (ENIACLE 0L MOOFreR 5E LK
| ORUEA EL YLl F4H CD0 L0 (E SE EFECTURFA W DAL=
;T R LA LICH N+ & RFE|A 1M
;8] LA kmmddRA Ol SE {O0lliAvdA EJECUAHE) LA -
3 SIGOIENIE  ISTPuCE 0 EEL RO FeR
1
1

L



Ejemplos 9.

na22 FDIE4313

A7 Dhvess

HIGZA ([ LAl

Fjemples 10,

oD CECT

ea2F CEAE

DIFECCTONAMTENTY  HDEZSRD
Lo FIY+aIHY. 12H

AL TrITENIDO DEL FE-
BIFECC IO EFECTINVA H

EL [ESFLAZAMIENTD  43ZH  %E =IMA
GIZTFD Iy FAAE DETERHINAR, LA

GOUDE  =E DEPOSITARPH EL CARTO 1XH

HOT R. ¢ TH+ZIHY
EL DESPLETAMIENTO  Z1H SE ZUDA Al COMNTENICD DEL
PEGISTFD  I¥  FRFA DETEFMINGF LA CIFECCION el O-

FEPFMOD  DUC SEFA  ZURADG AL FESISTR A EL SESUL-
TRbO OUEDR EN EL  PEGIETRD A
THC CTAAITHY
. EL  CESPLATAMIENTR OvH SE SR AL rOeFonien  [EL
PEGISTFDG  IW FAFA DETERMIBAR Li DIFECCICH

H

F

i
CORTEHIpD SE PNCRERR!

LOCRLIDAD ©E  MEMIRER CUYD -
TH EN LML
CIFECCTOHAMTENTD  ©E BIT
SET GBgH, A
ENCIENDE EL BIT & [DEL FEGQISTFL B
FES HSH. (HED
AERGA EL EBIT S DE LR LOCALIDAD 0E  HMEHORIA DI-

PECCIONA[®  FoF  EL FEQISTRO HL

ING. LUIS G. CCHDERO BOHICA
AGOSTC-79
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Lir AL

AT
.
1

"
¥
I

—_ .
.
.-
r

-
o Rma
.
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Prrgrama de Roloj Digital

Feloy cerl siacens = 1 3968 miz
L3565 Hix /256=T000 Bar contandn 200 cicles px naamgpcitn ¥y M9 -
inberupelores pOr seguchD puoa incIosentar Separcos.

Prograns Principal

2000

1010

201N

ED 5E
IE 20
47
I In
o B4
' 1)
Dl 65
IE 8
D2 £%
™
o6 17
]
Fa
o1 97 0d
2020

™Y
oA, MW

“ LD, A

LA, 1A
our I8kl A
LM AS
DUT{85) A
e W]

QT |B5), A
Bx

LB, 3%
B

El

JF HESTAR

Provrand o Mrvicls de Laterrece lorea

o
201D
F11 4

X0

3 E S

0 32
ik Ic M
H

FE &
Aax

[

B MLATH

DEC B
JR NE EET
1o, 27
to b, (20NT)
oM

CF &0
JAC
R A

Modo de fnrerrupcitn 2
Byto nds significativo
Fegistm I .
Byiw maacd @lqrd Ficat Do
conal 6 CTC

Pu:niltn' int, .reladsise
Caral 1 CTC

Coankaite de timmgen = 200

- v

Intarcacbiar rwgletme

" Hkeero de ILeyioros

Ea pu:uim intaroopcionss

Eng'l{'dnl - KD
Miruwtcd sn B0
Ikxas on N
I
Intarcavhiar Cegitoos -

Contar  Labarrupciones

-

C e ———y

2 W a
1D 20
x
7
"FE B0
3
AP
21D 2
W4 1 LE 20
x
7
FE 13
02
04 3E 01
32 18 30
18 o8
051 32 1D 20
16 a1
12 I 20
R i 20

m 2l re i)

80 oIS 1D
A 1D ID
m 16 1)
I 1R 20

o o

CD g6 20

37 il

H 05

X 10

nen
241 o

g "t

.

D 4D
oaé iy

m it

Lo (2015 A
LD, (204D
e i

LAM

. CF &b

JRC
A A

10 {loLo) A
DA, (2012}
IHC A

DAy

op 1)

JAC

LEw, 01

M (I0LE) A
:Il il

LD {78104 &

e |

1D (2018 A
104, (201C)
b Lx,IJEe
ML IMT
LDA, (201D )
LD I%, w9
CALL IMT
LIN, (201F |
io 1x, 237
CALL EMT
1on, (23€7)
I NZ 05
LOA, L0

Lo {14 ,A
B ONLA'E
B

EI

¥

Lo C, A

NO P

1) hores 7

Sacnarudog
LD buffar Mo,
Fixvat para LED buffer

-
- T

FED koul fuar Mo, 3

Howras
LED bauffur mo.

U baffear Mo, l=cerg 7

Megar LI No., 1
Intsrcarbiar Tagistres

Pemmitlr (nbarrupe lormy

Fo o

Bulxutlre parm format

4 bits pawy nignif Lostive



L —a ?
LIS . e . -
. . ' o . ‘.._ . -:l.-.

' L
m 77 61 e L Um buffer . _Programs para Qorirol  un Motor de Paso Superior 1G-25
a9 . AL C ' 1 bits mis slgnificative . . i =

¢

mmumumm nmuru-hhiml:ﬂ "o

. CB.2% 5 C o :
' 2000 B 39 ! . £RL A . L.'.- b ) 1*-{'14 H" iki::l.nn m mm:l‘udul . PI!J' PH)-PB! o qlﬂm d- Fﬂ'ﬂﬂ .
= 24 o 8R. ¢ SR (tranatators pertirgechls U _ ,
moe - o (xXe0) ¢ LD buffar ST _';'! A o 4_!11 . A
(= : EZT " Fetmno P mw ot «;-' R W Hale Solldos .
- ) + e R VL :": OUT (93}, A R
' ’ .t - , % :t_‘."' &, - ~:'m‘:%' LD H,D - L ;"'i
\ . i ) e SR L G IDLE .-_.":::-_--*-.“,u
- ‘ . ’ . Lo - L Thar T MRM . Borrer acwrwall .
J‘. B mﬂmhﬂiu?
' ’ Fositive
b v 1
- s . o Megat v -
. ; . ' « Jdn Byte mwrs aimificetbm
,,‘ . . " mow it
adt . | .
) 1 N . F
o : Qurdar cowta final
. - [ \ L
. " , Fotacion da bobinas
' ' ' Pewlcitn en la takls
. ' R 1D A, (1340) Codigo de bobinas
' T il A - FIO ludo B !
. ’ EX 18, HL Reponer cuents:anOE
v . 10 H,1 ° . Byte pfw wignificativo
P ' WiLe .  Syte mwos signifisativo
' e ' v =L . . De oETH
. JmmEr o
[ . ' . IECH LT T
S Com . . . X WP 1, '-'*.'_:' .
Yo s Soa " Lt ¥ Jh e ‘:‘___._:l:l;m pamn’ .'l '
. T K PR ¢ WRA L Solldw Ces
Pt - : . our muA- -
' - " . . .!!Iﬂgq.‘ﬂ . Retamo al monftor
- + . ". ' I



Prograna para Contay Internec lonss

W14

Interrupiones pulsce hacls aribs w1 ATIRS. Desplieque nmarc 1-3% ens

Lo LI .

i) D XE
b

oy n

. IEAr

ol 52

ey

0l g2

IE Q¥

1210 K 47

cl) 9r o0
om . b6 2

% cazo

Ja oF

BE 2

i ., amN
Ed (F

32 F8 23
woz '
12l
1 0o 80

2% m

M1

LCA £
CUr WA
LIk, AT
ouT (02) A
LLA, b7
T (82 A
oA, Q7
Lol A

K

JB RECTAR

JP 7220

EX ARA'E

BX

LIN, (DISHN ¢ %)
MND OF

I A

P A

JA C, OONT

MR &

LD{DISHEM + S) A
Lbw, (DTFEM + 4)

O F

oE A

LOIRTSHEM + 43, A
JA D3

LODISHM +31 A
LD HL, 8000

CEC L

JR KT ¥

Myte mence significative
el vector e lrter.
Mxic antrxias

Lado A control

Ga  pamlign Wlerupclon

Byte wis kignificativo
o rogistro I

MU acapta Interrupciones
Pt gl fond b

Vactor a1 KM

Intercanbior Tegistros
LED Ruffer Mo 6
Diez o wha?

Hi- boxrar A

Incremertar 10°s



74

Proqrame jars oontar frecoecl,  da e sl mxterma oon CTC

Contar orvive en Canal 1 CLE/THG o |/HG g, wando conal 3 con 4 inbrngpel onan,

cads una deo 19542561, 90685107 = 025 mem.
Parg prebado, uar cand 9 s 1da 26,

Pregramu FroLreripal

2060 JE 0
"D 1]
H 0
Tl 8
2068 2
IE M
m 47
]E_ B&
2070 L ed
IR ME
[
IEC)
Dl n?
3 5%
ol 0%
A
Dl 8%
bl | 1
#
GE QO
05 04
2}
e
1 P4 DO
nee 1 b

Liv, 0%
UTIALY A
Lom, B0
OUT 104] A
™2
LA, 30
DI, A

1o B8
ouUr (B4) A
LW, A5
ourT (A7) .A
LA, cl
YT INTEHA
Lis, 55
CUT [E54.A
A

our (8% .A
LD [OISHEH +5 A
e
L, g

LD p,od
=Vl

ED

JP DIEP

_Prograse de servicio oe intArTupe fones

0w o
(]
as
2 41
0%

EX AF, AP
et

DEC B

JE WZ RET
I B, 04

Relal FlB, mo interrup.
Canal @
128°16, ciclos =91% H

pyte mis significativ
Ry istio 1

Byie mence aignificatlvo
Sa escribe en canal 0

R loj /258, permitic  dnk.
Canal 1

Covgtante de Liepo = 195

Moo cotador, o Lk,
fanal 1

wrar A

Constants & Lioya
vers en LED No. &
Cargar reglatros altwn,
Cuenta Inlcial

Cuaatro Intoroge:lones

Permitic intercuja oy

Henl oy Acspleque
Vactor de int. camal

Contar ivberrugx lotes

1082

0m0
0B3

i )

Firi il

8 g%
5F
A7
A

.

JZFA 2}
12 a1l
18 In
3arh 2}
b lag

LI N

18 JE
Al
i2mil
Iarm 11
i

FE 8

18 o
AF

KRR 3
el
E i

12 F3 23
18 0B

N FAnl
18 o
irre 2
14

i

BY

0 0k

18

IN A, (B5]

LD E, A

D, A

NOR A

IO IDISHEM +3) A
LD IDISHEM +1% A
L {pIFEH I, A
JR CHPR

LD A, IDISMEM +4)
M A

CP A

JR

um p

LD (OTEMEM +4),&

1D b, {GIREM +1)
oI A

Lu 2

JA

S0 A

10 {DIZMEM +)) A
WA, (DISHEN 42)
JILT A

10 (DISMEM +2),A
Ju 08

LO[OI:M +1) LA
JR 01

ID (DISMEM ) A
ne o

I, D

o

JA MR AL

W C,E

X AF AP

o

El

iy

Cuanta MM
Quardar &0 E
Comtar Ton b
Bortur Ay OTSHEM

Diwz « ineyor
o, — caatimmr
81 —~borar &

Disa o apx?
Mo - ocntluar
51 - IxxTUr A

Tgusl 4 Cumnta previa?
eyt L

Guard sr MWVE Cusnts
Irtarcartlar registoow

Permitlr Lrtesroupe Lones

Hetoxmo

- —



e

Provresa fnrd Sisiesis de Helos o I-H Starter kit

SalLlt orely fuslzata on U14 pata 2 proveniendo del CTC camal 1.
L4 melodia me almacena en una tabla de frecuenciss {jorlados i toros -

. unidalan da 16 micro sequndew) y duraciones

. unidades 2a 1] ml—

llisaquaios, Ura frecuerncis de G0 a0 la tabla Ldics silemie.

Progresm Primcipal

izon 10412 oM Lh o in, TABLA
E RECOIM (L) A, (1D
u? OH A
oc 20 12 CML 2, SILEW
Ca4 20 12 CALL, NT. MTTR
21 I L
L] L G, (ML)
o 0 22 Call, IRP
1210 o 20 21 CALL S1LEN
16 01 o, o1
o o3 22 Call, EP
13 neot
18 &4 JE RICIH
Surut ine do & lencio
FFFiL) IE 0 SILEN T4 A, T
1 B5 T [8%) A
AP iR A
[m ] KT
Subyuting de Hota |
224 JE 05 WA LD A, 0%
oy 85 T [B5FA
pa LD, (HL)
ol 4% OUT [#5) A
s RET .

Dlreocién de la tabla
et a
Cheplbr para Dero

Duracifn
Bubrut ina. e espaca
Povsa antrw notas

Bluienba nota

Apogar CTC
Caral 1
RefrEBAl CON Cerg

pivid e e 16
Canal L
Sacar pericdn

Aetorma

L ratl

Bubrut L de Eapers

2230 o6 10 EF b, i
' 1E 00 Lh E, 00

o BCLE DECE
0 Fo IR 3 HCE
0 e ond BCLE
1% T O
0 JR MG ESP
c3 T

Tabla de la melcdia

2240 9 06 05 04 DS

10714

15 vecss por 4l hucls

hagiwtro B
Dpx:14n 38 la tabla

04CE 0803 10 AZ 08 T 10 00 00 <0 0




Frograma para Salida melic — FIO PAD

M He [ =la) = 1, 10836 mang. por 172 citlo

Relo) el Scarver Kit= 1.9%68 M
236%.1 ciclom = 1.53636 meeg.

2260 3E OF
o1 8
N
b3 B0
0s AC
05
Mo
E o
18 P

Cuenta ¢ 16%139 + 31 4+ 11 + 7 +4 +-12

Pregramd pars Salids Acdie —-CE Chinal 1

LLA OF
ouT (82 ,A
AR A

T (80} &
1d B, HC
ETC B

JR I

L A

JR HF

L st

Moxdo de aal fdaw
Canal A condrol
Mglstro A = 0°
Canal A datcy
140 vecas por al ucle

{ambiar biE @

=22E9 ciclos.

Starta: ki: ) = pata f del UTC = pulsce {1 micrasp. ) & g7a.o
H: con oygrante de tiawo de 142416 = 2277 ciclos dal reloj. bid pata
* ld ouadrata g 439,44

1370 JE 05
o} 15
iE BE
D1 s
Clrdop

W, 0%
ouT{a%l A
106, HE
QUTIES) A
JP U0E

Timur modo, =i~ 16, na ink.
Caral 1 ogntrol
Constanta de Limpo

Retamo Al monicor

Frogras pera contar dngulos wssrds corper s ik {ncremetal

Futira de servicic da intar mopoicoes

oo g
. L0 |
1% 0}
W05 ]
o aq
1]
Ef CO
B4
FA 1420
W 0%
011 13
18 0

© o 1H

47

M5 % 30
-]

m

L]

Hy 4

Mograms Principal

nx  EDEE
ic 99

EL AF, A'F'
™ R, IR}
JR 03

£ AF, A'F'
I &, (80
Ba

KD CO

Lol L}

Jt M 014
JR £

e e

JR O1

WE DE

D B,

b3{ 2090} DE
X AT AP
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Z80-PIO
~ Z80A-PIO

The Zilpg Z-80 product line is & complete ser of mucro.
computel components, development systems and support
softwzre. The Z-50 mictocomputer component set meludes
adl of the circuts necessary te build high-performance
ric roc oM puter sysiems with virtually no other logie and a
minimum number of lew cost sandard memory elements.

The Z-80 Paralle! 10 {P10) Interface Controller i3 3
programmable, rwo port device which provides TTL com-
patible interfacing between peripheral deviges and the
ZR0CPU. The ZBO-CPU configures the 280-P10D to inter-
fzee with standacd peripheral devices such as tape punches.,
printers. keyboards, eic,

+ L

Structure

W-Channel Silicon Gats Depletion Load technology
40 Fin DIP .
Single § voli supply

Single phase 5 volt clock -

Two independent 8-bic bidirectiona! peripheral interface
ports with "handshake” data transfer control .

Features . -

s |nterrupt drwven “handshake™ lor fast response ..
& Any ane of the (allowing modes of operation may be
seiected lor either port:
Byie culput ..
Byle input

£
Product Specification

fiyie bidirectional bus {avaizble an Porl A only)
Bit Mode
* Programmable interrupts on peripheral statos conditions.
* Daisy chan prionty interrupr logic included 10 pravide
for automanc interrupe vecroring without =xiernal Jogic.
# Eight oulputs are capable af driving Dadington
transiytiors. — .
= Al inputs ard cutputs fulty TTL compatible,

P1O Architecture

A block diagram of the ZEO-PIOD is shown in fgure [.
The internal structore of the ZB0-P10 consists of &
ZR0-CPU bus interface, imemal concrol loge, Pon A 11O
logic, Port B /O legic. and interrupt control logic. A
typical application might use Port A 25 the data transfer
channel and Fort B for the status and contral monitoning.

The Port IO logic is composed of & regisiers with
“handshake"” control logic at shown in ligure 2. The
registers ifgiedes an B-bit input register, an § it outpul
register, & 3-bit mode control register, an B-bin mask regater,
an B-bit input/output select register, and a X-bit maak
control regisier. The last three regoters are uted only when
the port has been progammed to operate in the bil mode,

+5V CND +

L

PO AL

i,
o DATLRUS|~ meu:m:.
INTERF ACE i INTERFACE
FID CONTROL
LINES

INTERRLTT CONTROL LINES

FIGURE 1
DCX DIAGAAM

b B P L Y P
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Register Description

Control Register—2 bins. loaded by CPU to select the
o optranng mode: byte ourput, byte input, byte bidirec-
tional bus or bit mode.

Data Qurput Register—8 bits, permits dark to be transferrad
from the CPU g the peripheral.

- Data [nput Register—8 bits, accep data from the peri-
pherad for crangfer tothe CPU.,

Maxk Control Regisier—2 bis, loaded by the CPU o wpecify
the active stare (high or low) of any perpheral device

interface pins that are to be monitored and, if 2n inter-
rupt should be generaied when all unmasked pins are
active (AND condition} ar, when any unmasked pin is
active [OR condition).

Mask Begisrer—3 birs, loaded by the CPU 1o deremine
which peripheral device interface pins are 1o be moni-
tared for the specified $iatuy condition.

input/Cuiput Select Regisier—% dits. loaded by the CPU to
dlow any pin 1o be an cutput @ an input during bit
mode operation,

" Uhad b bt Skt wwns Ssily b nliew Eemeratin of L8

o7 . ey i e prryshersd 1/0 puim g e che sproilod moie,

FIGURE 2

- A TYPICAL PORT. /O BLOCK DIAGRAM _ _
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Z80-PIO Pin Description . B

- . M1 Machine Cycle One Signal from CPU {input,
o] e g pctive low)
o s — |
o DT = ': IORD InputfCatput Request from ZB0-CPU {icput,
ma :-L- n - active low)
= . RD Rzad Cycle Status from the ZBO-CPU (input,
m.“_‘- - | T Rpes active low)
e, S o —— | e IE] intermupt Ensble In (input, sctove highd
gy ---L-—- '-H—-'H
™ s =T IEQ Interrupt Enable Out (outpuz, active highd. IEI
bt and IEC form a daxsy chain connection for
B ot -
P el s [ priority interrupt ¢ontrol.
B T INT [mierzupt Request {output, open drain, active
vl ot i Tow )
-r--nﬂ{ AL 1
R el Ag-Ay  Port A Bus (bidirectional, Imstate)
A STE Port A St{robe Pulse rom Perpheal Device
(input, active low)
D40y Z80-CPU Data Bus {bidirectional, tristate) " A RDY Register A Ready {output, active high)
BfASel  PortBos A Select (input. active high) | By By Port B Bus (bidirectional, tratate)
trol or Data Select (input, active hi
C/DSel  Control or Daa Select (input. active high) B STE  Port B Strobe Pulse from Peripheral Device
CE Chip Enable (input, active law) {input, active low)
3 Syst=m Clock {input) . -B RDY  Register B Ready {ourpyl, active high) *

Timing Waveforms

QUTPUT MODE

An putput cycle is lways started by the exsgution of an -
output inseruction by the CPU. The WK pulse from the -
CPLU! laiches the data from the CPU data bus inio the } AN
sclected port’s cutpun register, The write pulse sety the . e | S T
ready flag after 2 low going edge of . indicating data is "Laar _M
available. Ready stays acuive until the positive edge of the . . “_'n_ ll\
strobe line is received indicating that da ta was taken by the L"r\i
w%m‘m poiitive edge of the 3trobe pulse generates L L
w if the mierrupt enable fip Nop has been sex LA # SUFTRIT Temine
and if this device has the highest prcrity, - ' e B0 55D ' '
INFUT MODE
When STROBE goes low data i [oaded into the . )
selecied port input register. The next rising edge of sirobe . ~ ~ "
mmtupl'?'fifmcmpt enable iy set and this is the T ____“uT‘}\._\ /o
highest pronty requestiing device . The following falling T ----m H {
1z of @ rescts Ready to an inactive state. indicaning thal war ol :
¢ input register is full and cannoy accepl any more data - = —-L_ -7
wniil the CPU completes a read, When i read is complele _, : k
the positive edge of R will se1 Ready a1 the nexr low -
gowng tranution of ¢, AL this time new data can be lnaded RO A0 CL-ED-0AD  WODL b amAy T Taed
intg the PIC. T -
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Timing Waveforms (coqumued)

BIDIAECTIONAL MODE

1

This iy 2 combination of modes 0 and | using all four
lines and the B Port A [0 lines. Port B must be
se1 to the Bit Mode. The Port A handshake lines zre used
for output con trol and the Port B Linex are used for inper
control. Data is allowed out onto the Port A bus only when
A 5TB it low, The rising edge of this strobe can be used to
lateh the data into the peripheral.

L

T F

"
e

L]
-
feri
-
—

BIT MODE

The bit mode does not ucillze the handshaks signals
and & normal por e or port read can kBe execured ar any
time. When writing, the data will be Litched inro the satput
registers with the same fining 23 the curput mods.

When reading the P10, the dara retumed 1o the CPAJ weidl
be composed of output registes data from thoss port data
lines azsigned az outputs and input registar dara from those
port date lines assigned as inputs. The input register will
contain dats which was present immediarely prior 1o the
falling edge of RD. An interrupt will be generated if
mrerrupts from the port are enabled and the data on the
port data lnes matisfy the Jogsal equation defined by the
H-bit sk and 2-bit mask contml registers.

INTERRUPFT ACKNOWLEDGE

Duuring mljm,pc:iphcrﬂ controllers are inhjbited from
changing their interrupt ensble status, permitting the TNT
Enable gnal to ripple through the deixy chain. The peri-
phenal with 1E] high and IEC low during INTA will place 2
preprogrammed B-bit inzerrupl vector on the databur ar
thiz time, JEQ is held low entil & retum from interrup! -
{RETI} instruction is executed by the CPU while [EL is
high. The 2-byte RETT instroction Is decoded mtr.rullly by
the PIO for thiy purpose.

RETURN FROM INTERRUPT CYCLE

If 2 ZBO periphers| device has po interrupt pending and
it not under service, then ity [EQ=[E]L [Fit has an interrupt
under service (i.«., it has already fnterrupted and received
an inzerrupt acknowledge ) then its JEQ in 2lways low, in-" -
hibiting lewer priority chips from interrupting. [f it kes
an mterrupt pending which has not yet been acknowledged,
IED will be low unless an “ED" i5 decoded as the firet byte
of 2 two byte opcade. In this case, IEQ will go biph until
the oexl opeode byte is dacoded, whereupon it will again
go low. If the 3econd byt of the opcode was 2 “4D" theh
the opcode was an RET] instruction.

After an “ED" opeode iy decnded, only the peripheral
device which has interrupted and is currently under service
will have its IE] high and its [EO |ow, This device b the .
h:'ghr.u priorty device in the daivy chyin which hes receivs

" an inteupt acknowledge. All other peripherals have

m:t. Dot el T um@r—
- AR
e .
. .

& &gy I—\—
“““'ﬂ'aﬂ-lﬂlﬂ

Ty Ty T Ty
. urnnonnnruryuinn e
m“ W 1R gy ) ks wneel
- Ty T i

L A
[
=
[ (o i =}
l-.-u—uth.-ﬂlll

" Ty Do Futdery = oy Siwaly Ryl

L
=
:
-
-
-
e f 1, I " ||l__-|f_-| )
-
- -"_I-l e
L | i [ T i-'ll--urr-l—‘"llll L
- o
vn .
w

=EEQ. If the next opcode byte decoded is “4D7, this
peripheral device will f2set ity “interrupt under service”
condition.
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PIQ Programming

YAD INTERRUPT VECTOR

The Z80-CPU requires an 8-bit interrupl veein: be suppilied
by the intermupung device. The CFU farms the sddress fior
the interrupt strvice rouline of the por using this vector.
Druring an interrupt acknowledge cycle the vecior is placed
on the Z-80 dara bus by the highest priority device request-
ing service at that tme. The desirsd intermupt vectof i
lcaded ipto the PIO by writing a control word to the
desired port of the P10 with the following farmal.’

4

o D 03 D &1 [t o g

?5]\!‘4"‘!"]]"!’! ¥ a

w7 va

¥t thot canipul Seodd o g MRl 4
L L

] -

SELECTING AN OPERATING MODE

When sclecting an operating mode, the 2-bit mode con-
tresl registes iv ser 1o oae of four values, These twa bl are
the mosz signilicant bits of the register, bits 7 and 5; big &
and 4 are nor used while bits 3 through 0 ure al] wi to 1111
to indicare “wr mode.”

et oy D D5 Dt D1 0nx Dt Do

ol HO X X 1 1 1 1 :

e — -
s ol

X=ynuad bt

i

Mode
Output
Inpuc
Bidirectional
Bit )

- - o O3

MODE O active indicates that daia is to be wriiten from
the CPU to the peripheral,
MODE 1 acuive indicates that data is to be read from the
periphtral 1o the CPU, |
.. MODE ? allows data te be writien ta or zead from Lhe
peripheral device. S
MODE 3 is intended for status and conwrel applications.
< When selected, the next control word must se1 Lhe §/O
Regiatet to indicate which lines are [0 be input and
which lines zre 1o be output
140 = | sews bin to input,
IO = 0 sets bt (o oulput,

or [+ D3 [« ] o} [+ M D Do
0 mj .

-

[ 41}

s | 105 | WO,

1 Mo} - -
)
]
o
1

INTERRUPT CONTROL

Bit 7= interrupl enuble is st—allowing
wilermupt 1o be generated,

BitT=0 indicares the enable flag is rever and

. interrupts may not be generaied.

Bitz 8,54 are used in the kit mode interrzpt
optrationy, otherwise they are
disregarded,

Bits3210 signify that thit command word is &n

interrupt contral word.

L [ L L) L i1} o

o7
- Bt | awi | v | e
Lhﬂ!-l [+ Las ipligrmy | 1 1 1

- g, r)

. .
waad W blocks §umby  tagnul et ity coie ol

-

If the “mask lollows™ bit is high (D = | ). the rext
control word writlen 1o the port must be the mask.

41 [+ ¥4 pa D o} D1 1]

-, e Ton. oo [

MB

o ] MBg [ mBy,

Only thow ot liney whoks mask bl 0 8 0 wal] by maniteosd for
FEhi l."hl!l.!][ N ULLEMuP,

o

 The interrupt enabie flip-flop of a port may be set or
- reset without modifying the rest of the interrupt controt

- m

-+ = ward by the following command. . _

D? D D3 o4 D} Dl D DO

. Int . .
[E_.“ x| x|'x ] o o 1 )
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A.C, Characteristics | Z80-PIO
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A.C. Timing Diagram
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A.C. Characteristics

Z80A-P10
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¥30-DMA

T 'iui-...

780A-DMA

Zilog's ZB0 misrocomputer product line includes a third
generation LSI component set, development systems and
support 10ftware. The componrent st includes al] the logic
circuits necessary for the user to build high perfocmance
microcompuler systerms with virtually no exiemal logie 2nd a
minimal number of standard low-Codt memory COMponents.
The Z80-DM A (Direct Memory Accesy) circuit is 2 program-
mable tnglechannel device which provides 3l| 3ddrets, 1im-
ing and control signals to effect the tmansfer of blocks of
dara ketween two pors within 8 Z80-CMY based system.
These potis may be cither Sysiem main memory of any
system periphenal /0 device. The DMA can also search a
Block of data for & particular byte (bit maskable), with oe
without 3 Smultaneguy transfer.

"Structure )
W-channel Silicon Gawe Deplezion Load Technology
40 Pin DIF

Single 5 volt supply

Single phase § velt clock

Single channel, two por?

‘eatures .

+ Thiee classes of operation:
—Transler Only .. -
=Search Only e .
—Search-Trantfer .

* Addrest and Block Length Registen, fully bufferd.
Values for aext operation ml:f be loaded without dis-
turhing current values -

L e R

* Dual addresses generyted during 4 transfer (one for read”

port and ooe for writz)

- .

‘eW GND '

l _

Product Specification

OCTORER 1977

PRELIMINARY

& Programmable dita transfers and sesrches, sutomang-
ally incrementing or decrementing the port addreses
g:m proprammed starting sddressey (they can also remain

ed].

* Four modes of operation:

—Byie-al-a-time: Cne byre transferred per request

= Burzr: Continues as long a3 ports are ready -
—Cononuous: Locks aut CPU until vperation compiee
—Transpatent: Steals refresh eycles

# Timing may be programmed to match the speed of any
part.

#.Interrupts on Match Found, End of Block, or Ready,
may b programmmed.

& An entire previcut operation Mmay be repeated dutomat-
kally or on comumand. (Auto restart o Load)

® The DA can signal when & specifizd number of bytes
has been transferred, without halting trander,

= Multiple DM A"y easily conflgured for totating pricrity.

® The chxnnel may be ensbled, disabled or reset wnder
software contral,

® Compleie chanael status upon program (CPUY request.

& Up o } 25 megabyte Sexrch or Transfer Rate.

# [nisy-chain priorty nterrupt and but ackpowledge in-
cluded Lo provide automatic interrupt vectoring wnd but
request controf, mthnut need for additiona) externad
logic.

# TTL compatible inputs and outputs .-

® The CPU ex read current Port counters, Byte ¢ounter,
or Status Register, A mask byte can be set which defines

=~ which registers can be accesced during read operutions

__wE ] BYTEPULSE

-COUNTER ~ 1 | COMPARATCR

i [ _ 1.5%3:51':3 - PULSE INTERWAL
A

i

IMTERNAL BLS

m | PORT A STAAT PORT B ETARY -
ACDAESX ADDAELS
..... T _ _F{]_HT_.I_' - —'_ |—|F - _I'D_HT_I_ -
COUMTER CIMINTER

Kl il

Il

SHIACEDEST AGDRELS M X

. iwt g 0 BEES i BB moy T
NT FDRITY
_ LOGIC LS FRIOKITY
INT EONTROL . LOGIC
INT VECTON -
i I CONTROL -
] AND
TTATLES .
REGISTEAE -
COMPARE DATA ' - -
GOMPARE MALK s CONTROL - -
LDGHT
L EOPaRa TOR .

i _ [vov]

A&YS

Flamd

TR L e w fag iy

- A (red

1 Pl
nﬂ*u:iﬁﬂ'ﬁn‘ﬁ_ﬁ*&m T

DMA Internal Block Diagram
Fig.l
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DMA Architecture

& biock diagram of the 280 DM A it thown in Figure 1.
The incernal structure consists of the following circuitry:

Bus Interfzce. provides driver and receiver circuitry 1o )
interface to the Z80-CPU But.

«- Controf Logic and Rexiters. set 1he dass, mode and ot
batic control paramelers of the DM A.

& Address, SBvie Count and Pulte Circuftry. generales the

" proper port addresyes for the read and wnie cperationt,
with provinont for incrementing or decrementing the
address. When z¢ta byies remain 10 be hapdted. the byt
count circuitty stiy a flag in the status regster. Pulse ©
Sircuitry generites a pulse ezch fime the byre counter
lewer Bats equal the pulse reg.

» Timingy Circuriry: allows the wer to complerely specify
the read/write timing [or both of the channels addressed
poTLs.

& March {Trewitry: holds the march byte and & mak
byre which allows lor the comparison of only certain
bits within the byie. [f 2 match is encountered during 2
Search or Transfer, this cireuitry s£is 2 flag in the st
regiies. :

s INT ond BUSRY) Cimuitry: inciudes a conrrod regu-
ter which specifies the conditions under which the DMA
CAN FENEIATE A7 iNGeITUpl; prionity tncud.i:%]iicom select
berween the generation of an INT or output
under thess conditions; and an interrupt vecror register
Tor automartic vectaring 1o the intermupt service routine.

» Stamr Regisrer: holds comment status of DMA,

legister Dmnptmn

The following DMA-ntemal mwgisters are available to the
programimes:

o Comgrod Registers: Hold DMA control information: such
a1, when tp initiare an interrupt or pulse, what mode of
claty of operation 10 perform, ete. (Write Only) {8 Bis)

® Tinung Registers: Hold read/write tming parameters for
the two parts. (Write Ondy) (8 bis)

o furarrupe Veoror Register: Holds the 8-bit vector
DiiA will put onto the dax bus after receiving an JOR
during an intermzpt acknowledge sequence if it 15 the high-

- ¢3t priorify device requeting an nerupt. (This register is
readable conly during il:b:rn.lpt acknowledge cycles.)
(Read/Write) (8 bins)

& Block Length Register: Contains total block length of

data to be searched andfor transferred. [Write Only)} *

{16 bitx)

® Avie Couaper: Counts number of bytes teantferred [or
searched). On 2 Load or Continue the Bytz Counter
i3 reset to zero, Thereafter, each byte trapsfer oper-
aton incrementy it ung! it matches the comtents of
the Block Length Regitier; at which dme End of Block
i3 sef in the statws regialer and cgperation is suspended
if programmed. Alsa if to programmed the DMA will
generate an interrupt. (Read Only) (16 bits)

Cumpare Rrgireer: Holds the byte for which & match is
being sought in Search operations. (Write Oniy) (8 bits)
* Afard Regiyrer: Holds the 8§ bit mak o determine which

bits in the compare regisler are 0 be exammned for a
match, (Write Only) (8 bits)

- | MSE 314
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1x

& Srarting Address Registor $8ert o) e Poet B2 Hold Lhe
starting addresses (upper and Jower 8 bits) for the (wo
ports involved In Transfer operations. {n Sexrch Crly op-
ertions, only one port address would have (o be speci-
fled. Coly memory starting addresses require both upper
and lower 8-bits; 1#0 poris are generally addressed wath
only the lower B-bits, and in this caze tht address con-
tained In the register b a g:ncrﬂ.ly fixed address. (Wate
Only ) {16 bits each)

w Addresy Counters CPorr | and Port .'H These coucnlers
are loaded with the contenis of the corresponding Stari-
ing Address Registers whenever Searches or Transiers are
nitiated with & Load or Continue. They are incremented.
decremented or remain Oxed, s programmed. [Read
Only) (16 bits each)

® Poulye Cinttrod Regiseer:  Holds program-supplied length
{in byrez) of block after which the DMA will provide
1 gl on the INT pin, (Since this occurs while
bath and B are active, the CPU will not
interpret this a5 an interrupt request. [ngiead, the signat
i uted to commumicate with a penipheral [fO device.)
{Write Oniy) (8 bits)

* Srarns Regisrer: Match, End of Block, Ready Active, |-
terrupt Pending, and Wrte Address Valid bits indicate
these functions when set. (Read Cnly} {8 bits)

Modes of Operation

—. The DA may be programmed lor one of four modes of

operation. {See Commind Byte 2B).

» Byre at a rime: control & retumed 1o the I‘.'.'PU after each
one-byte cycle. -

# Jurir: operation continues as long as the DMA's ROY
input is active, indicaling that the televant pare is ready.
Control returms to the CPU when BDY 5 inactive or at
end of block or a match if 50 programmed,

« Contimious: the eanre Seareh andfor Transfer of a block
of data is completed before control i retuned o CPUL

« Troniperent: DMA operation occurt duriag rormal mem-
ory refmth (tmey without vigible lows of CPU tme.

Classes of Operation

The DMA has three climes of operation: Transfer only.
Search Only znd o combined Seamh-'l"mufer. {See Com-
mand Byte 1A.)

During a1 Transfer, data #x first read from one part and
then written 1o the other port, byte by byte. (The DMA'
two paris are termed Porl & and Port B.) The ports may be
programmed to be gither fystem cnain memory ot periphe:-
al 1/Q devices, Thuy, & block of data might be wrirten from
2 periphtral to angther; or it might be wrilten [tom one
wea in main memory to another; or Mom 3 penpheral 1o
main memary.

Drering 2 Search. data i eead onty. and compared byvie by
byte against twe DM A-internal registers. ont of which con-
lains a match byie and che other an opticnal mask byvre
which ailows only certain bits to be compared. If 2ny bvee
of searched data narches, 3 DM A-internal stawug bir 5 sei
if programmed 1@ do 1o, the DMA will then sutpend uperanion’
andfoe generzte An imerrupt.

The third clays of opemtion 1= a1 combined Search-
Tranales. tn such an operation a block of data is cransierred
as described zbove until 3. malch is found: then. 2% in 2
Search Only operation. the trantier may be tuspended andf
Ol A0 inCEr rated.




Addressing

The DMA's addressing of ports is either fixed or sequens
", intrementing or decrementing from a siarting address.

: length of the operation (number of bytes) is apecified by
the programmed content$ of a block length register. The
DMA can address block Jengths of up to 64K bytes. Dunng a
tzntfer two separate port addresses are generated, one dur-
ing the Read cycle and ane during the Write cycle.

Z80-DMA Pin Description :

Operating Sequence 13

Once tht DMA has been programmed it may be “En-
abled™ (comumand byie 24 or 2a). [n the enzbled copdition
when Read u:s active the DMA will request the bus by
bnn Yow. The CPU will acknowledge this with

Fl?SH‘B'CK which will normally be attached to BAL When
Lthe DMA receives Bal it will seart its programmed opera-
tion releasing BUSRCY ta 2 “high™ staie when it = through.

R N ] M1 _ Machwine cycle One signal from CPU tinput) .
: = ~ == : ORT InputfCurput Reques: to and from the Sysiem
bt B T p—— Bus (inpur/output )
- by o :‘—-: - - MREQ: Memory REQueut to the Sjmcm Bz {input
el = = B output)
= . o S - RD . ReaDipuand from the Sysiem Bus{input/foutput)
i L -
;;__{ = —efu - ol——. _ WR WRite 1o and from the Sysiem Bus finputiouiput}
) — T e L]
e :——-.L.. CE/WAIT Chip Enable: may also be progammed to be
o mmapy - WAIT during time when BAL is fow Linpury
P E —eim 3 e a J BUSRD  BUS Reuest, Requests control of the (PU
i -::: - :: . - Address Ao, Dara Beg and Seatus/Control Boa
- [jpa— wp— Ty e (nputfourput, open drxin}
- il :: PR ——— BATL. Bus Acknowledge In. Signzls that the svitem
.l nf—— oy Elw TR, - buves have been released for DMA congrol
v —ef it - {input)
= - BAD Bus Acknowledge Qut. BAT and BAD form a
sg=Ais  System Address Bus. Allsixteen of these pins ue * ° daisychain connection for system-wide pricnty
used by the DMA to address system main mem- " bus cantrel {(ouiput}
" oryoran [0 port (output) INT INTerrupt request (output, open drain}
Dgy—Dy Sptml Dara Bus. Commuands from the CPU IE] Interru . -
pt Epakble In {input)
- DMA starus and data .
 ale aie traferred on m'ﬁ:‘:ﬂ :,:,f';’mp::'u [EO Interrupt Ensble Out, 1E1 and $EQ lom 2 daiss-
output} _ chain copnection for system-wide priority inter-
o5y Power rupl cantrol {output) )
i RDY ReaDY is monilored by the DM A 1o determine
hl
GND Ground _ . when 2 periphenal device associaled with a DM A
L System clock {input) port is ready for a read or write operation
DI‘;"IA 'l'“l.ming Waveforms - {input, programmable n.:ctiw: fhigh or low)
DMA Command Write Cycle | i ’
™ d - & w___.:.___'__.._.
mmrmed here ix the timing axociated with = command - (147 o] ‘-._Ff . :
byie of contral byte being wrillen to the DMA which is to A
be.lcaded inte internal registers, Z80 Qutput instructions "N ! 1
wxbsfy this Lming, R Rt

DMA Register Read Cycle f -

b buming b usrd when & read operation ix performed on -
-2 DMA o agoess the contenis of the Swaus Regisier,
Addrex Counler or other readable repaten. 280 lnput in-
suruciions wacisfy this Liming. ;
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DMA Timing Waveforms (continuea)

.:'D Memory Timing
iy liming i exactly the mme s used by the ZBO-CPU to

accems sysiem main memory, cither in 3 Read or Write
operation, The, DMA will default to this tming afrer a
power-on reset, or when 4 Réset or Reset Timing command
is written 1o it; and unless otherwise programmed., will use
Lhis riming during all Trnsfer or Search operztions involving
sysiem mauf memory. During the memory Bead portion of
a transfer cycle, data is laeched in the DMA on the negative
edge of & during T3 and held into the following Write cycle.
Durning the memory Write portion of 2 transfer cycle, data
iz held from the previous Read cycle and relezsed at the end
of the present cydle.

MOTE: The DMA i normally programned for a 3 Tovele
duration in memory irnsactions. But WAL is’
fampled dunng the negative transitlen of T3, and
if it is low, Tz will be extended another Tcycle,
dunng which W will again be sampled. The
duration of 2 memory ransaction cycle may thus
be inde finitely extended.

STD Periphers] Timing

This timing is identical to the ZRBO-CPU's Read/Write timing
10 O peripheral devices. The DMA will default to thas
tming after a power-0a reet, or when a Reset or Reset
Timing command i written to it; and onlexs stherwise pro-
Tammed, will use thiz timing duering all Trassfer or Search
ptrations involving [fO periphenls. During the If0 Read
of a transfer eycle, dats i latched on the negative edge of P
dusing Ty and b then htld into the Write cycle. During an
1fO Write, data iy held From the previous Read cycle until
the end of the Write cycle.

NOTE: [f WAIT i3 fow during the negative transition of
Tw ", then Tw* will be extended another T-cyde
and WATT will agxin be sampled. The duration of 3
periphera] trapnaction cycie may thus be mdefinitety -
extended,

Variable Cycle

The Varigble feature of the DM A allows the user to program
the DM A" memary or peripheral transaction tming 1o vajuey
different than given tbove in the standsed defsult diagrams.
This permits the designer to tailor his timing to the particular
requirements of his system components, and Mazimizes the
data tranafer rate while eliminating extemnal signel condition-
‘ii-g;__};sic. Cycle length &an be one 1o four T-cycles {more if

ALT is used). Signal iming can be vasied as shown, During
" trangler, data will be latched by the DM A o the clock edge

wing the rixing edge of RD and will be hedd on the data
«nea urtil the end of the follewing Write cycle.

(Ste Timing Control Byte, page 7.)
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DMA Timing Waveforms iconunves

&)

TMA Bus Request and Acceptance for
fte-at-a-Time, Burst,
and Continuouns Maode
‘Rendy ia sampied on every rising edge of &, When it
in fournd to be active, the following rising edge of &
" penenates . Afier receiving the CFL will
grant a which will be connected to BAT either
directly or through the Bus Acknowledge Daisy Chain.
When a low is detzcted on BAT (sampled on every rising
edge of @), the next rising <dge of ¢ will start an active
DMA cycle.

f}MA. Bus Release at End of Eln-r:k
for Burst or Continuous Mode

Timing for End of Block and DMA not programmed
for Auto-restart.

E—d o o

DMA Bus Release with ‘Ready’
for Burst and Continuous Mode

" The DMA will relinquith the bus alter ROY has gone
inactve (Burst mode) or after an End of Block o a
Murch i3 found (Coalinuowy mode). With RDY inactive,

+ the DMA in Continoous mode is inactve but maintzing
»o.control of the bus (BUSRQ low) untd .the cycle is re- .,

sumed when RDY goes active.

DMA Bus Relrase for Qytbat-n-TME Muode

In the Bytz mode the DMA will release BUSRD on
the nsing edg= of % prior to the end of zach Kead cy-
cle in Search Only or eazh Wnte cycle in a Transfer, re-
gardlesst gf the ste of RDY, The next bus mequest will
come after both BUSRQ and BAT have retumed high.

DMA Bus Release with Match for
Burst or Continuous Modes

When a Maich is found and the DMA is programmed

= 1o stop on Compare, the DMA performs An operation on

the sext byte znd then releaws bus,

Do, M ASTIYE =t (LA ACTIVE

JE _— - ——r—
noY INACT ‘..h___ i{ o
L1047 " _)'I'
LasT BYTE '
B T = —

H .
DA ACTIVE =" """DML INACTIVE

-
roY m:'r:_-‘i'; k / / conTNUOUE
| armumTont |y wane
§UIRD P 7
Cwa acm-e—-!-- f’,;‘,m“ -L——m actrve -

wern—|
SupgipRuEgigigiptnEnl

rov L 4

e p—
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Cs AETIVE —t—a— CRA IACTIV
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¥ - H
L —— R s
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| T3 7.1 ; ' , /

T el "
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i T F Dol miy ' - I

bl LAl Dl SCTIWE =t Dl §N AL TV E
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Reading from the DMA Internal Registers ‘e

Seven registers are availabie on the DMA for reading. excluded by propomming a3 0 in the Read Byte. The

"u.'y are: B bity of-the sratus register, the upper and lower 8
s of the Block length regizter, 2nd ™wo port address regis-

ters.
These are anaable to be réad zequentially: status. BLEK
Lower, BLX Upper, Port A Address Towez, Port 4 Addreo
Upper, Ponn B Address lower, Port B Addreis upper. An
tnternal pointer poincs 1o each regiser in tum as cach READ
is acconplished. [f & register is.not o be read, 1t may be

Programming the DMA

internal pointer will skip any reginter nol programmed with
g 1 in the Rzad Byte. Aftey 2 Reset or & Load, Reset RD
rust be given to s the intemal pointtt pointing to the
first registet programmed to be mad by the Read Byte,
Alter RD Statug, the pointer will be pointing to the suatus
register regardless of the Read Byte and the pext read will
be from the starus register. The lollowing read will be from
the register pointed to before RD Status.

Previowd sections of this specification have indicated the

various [unctions and mod#s of the DMA. The diagrams and .

charts below will show how the DMA is programmed to
select among these functions and modes and o adapt itsel!
to the reguirements of the user system. More detailed pro-

gramming informaoen is available in the ZEG-DM.-{ Tech-
' nteal mattial

The Z80-DM A chip may be in an * enable™ nate, in which
it ap gin conirol of the system buses znd direct the tTans-
fer af datz between its poris, or o 2 “disable™ state, when
it canngt gain control of the bus. Program commands can

"be wrilten 1o it in either state, but writing 2 command to it
automsa Heally puts itin the disable state, which is maintained
until an emable command & mxued 10 the DMA. The CPU
must program it in advance of eny data search oz trapsfer by

ddressing it as an IfQ port and sending it a sequence of §
At command bytes via the sysem data bux ssing Qutput
imstructions. When the DMA i5 posered up or reset by any

Command Byte 1A

L] iy iy L] Ty L) L hy
. ;E".'#: E’E’,: nEi- oAt omce can | am
P IRT | PILPE] | gt b :“Té G S
| — “--_,v.._—r"
Specifies Group I . Byte [A
. : annot be 00

f.:l Cp  Functica

o9 Not allowed. {Command Byte | B)
‘0t Toaafer Only.

1 0  SearchOnly,

1. Search and Transfer,

Dy = Port A is read from, Port B is wnlt#n (o {unjess
the S¢arch Only Mode hay been sziected, in
which cxw Port B i3 never addresed).

Dy =0 Port B is read from, Port A is written 10 (unless
- the Search Only Mode has been selecied, in
which e Port A 5 gever addresced).

means, the DMA will automaticalty be placed into a disable
#aie, o which it an (nilate neither bus requests nor data
transfers nor inlerruply.

The command byter contain information to be loaded
inre the DMA" control and other registers and/or infenma-
tion 10 alter the sate of the chip. sech at 2n Enablie Interrupt
command. The command structure is dexigned 5o thar cer-
1ain bits in yome commands can be 21 1@ alert the DMA o
:xpcct the next byre written (o |t o be lor a particular

inrernal regiater.

The lollowing diagrams and ¢harts give the function of
each bit in the six different command bytes, Two of these
are defined a3 being from Group |, and are termed command
tytes 1A and 18, These Group | commands conrain the
most bagic DMA set-wp mformation, The other four are
ctegorized 13 Group 2, and are termed commands 24, 2B,
ZC and 2D. Grouvp I words fpecify mare derailed we1-up
information.

Command Byte 1B

L S SN NN B " o
Tean P
! u‘uﬂ.ﬂm "‘“B mraemer ll:‘lu':v Lann 1 ]
S — ot
Specifics Group 1 Specifies Byse 1B

Da=1 Address for this pon increments aftet each byte.
Da =D Address foc this port decrements after sach hyte.
D=1 This port addresses an [fO peripheral.

Dy =0  Thas port addrenes main memory.

=1 This word programs Port A.

Dy =0 This word progams Pprt B.

Command Byte 2A

By By By By it i, T By

HATEm | Mag

ikl | Fuamt FTO Bn
ril Tl L] 1

ek fmrranier) ST FiLLgwy | COWANE

1

LY

F—

.. R —
Specifies Group 2 ’ = .. Specifes Bvie 2A

MSE B-18



Programming the DMA (Cantnoed) ' 5
ammand Byte 2B Lead: Zeros Byte Counter and loads Starung
1y - o i . ., o . . Address for bodh Ports.
mrissoer| Fosts | ROATE _ Continue: Res¢ts byte counter only. Addressed
v [unorm, | mesemy | et were lavenes| ! ' continue from present loc3tion.
HILLOwel [ g by | PieLL R . A
Enable Interrupt:  Permits intermup to becur. .
| S— — —

Specifies Byie 2B

My Mg M=
0 i Byi=
0 i Continuous
! o Bruarst
l L Transparent
Command Byte 2C - P
[ LN
= & 5 8y » " " Wy
1 |t e w_ﬁ"_"':l';_ WTEdnl 1 4
e — bb—"
Specifies Group 2 . + Specifies Byte 2C

Dg=1 Automatically rmpeaty entlre operation when end
Ff block i1 reached.
D=0 Mo affect.
Dy E and WalT multiplexed on mme pin.
Ne=0  CEonly.
=l Ready active high. -
D=0 Ready zctive low.
Command Byte 2D .
" Ny by L ] L] M by
! 4 h h 4 L] - ! !
Specifies Group 2 Specifies Byte 2D
Hex fa I3 17 £ 1y
C}.1 0 0 0 0 Rem
cr 1 g 0 D0 i Reset Per & Timing
€8 1 a 0. 1 0 Reazt Pert B Timing
CF 1 o 0 I | Load . .
DI 1 o i D o Continue ]
ABD O 1 1] 1 ] Enable Int
AF D0 1 o -1 1 Disable [nt
A D 1 0 o 0 FesetInr
AT 00 o o Enable DMA
B3 0 0 Db o o Disable DM A
BB 0o i 1 1 1] Read Ayie Follows
AT © l o 0.1 Reiet RD
BF 0 l l 1 1 RD 5iatus
B} 0 1 | 0 o Fotcr Ready
B 0 1 | 0 | Erable Afier RETI
"B D 1] i l 0 Reset Siatus
.ommand Byte 2D Summary
Rt -RH-H-S all inzerrupt circuitry, disables
Reset Timing intesruprs and bui req. logic.
Aor B Reswts timing fer Port A or B 1o

sundard Z80-CPU timing.

- ot

Disable [nterrupt:  Inhibits intermupt from eccurring.

Resel Interrupt: Rezers and disables all interrupr cir-
cuits (simiar 10 RETI.

Enabic DMA,

Disable DMA: Crverall enabie or disable for all vpera-
tions excepl imerrupes: does not reser
any lunctions.

ftead Bytr

Follows: Mex1write to DMA will conain 2 mask

' . .- -lo program which readable regisiers
are to be read.

Reset RD: Mext read will be from L3t register set

s o readable by response mask,
RD Siarws: Mext read will be from status register,

Foree Ready: . Ready will be considered active regard-
iess of the stare of external RDY pin.
Used for Mem-Mem opperarions where

nc RDY sgnal is needed,
Enable
after RETT: DMA will not request bus uriil afier it
.. has received 3 RETI,
RST Stitus: Resets Match and End of Block stazus
hits,

Re_nd Bm“ -— i A gkl -——
5 - M o L B By

maty | *ORTE | Moata | ronra | arrr 7L .
ers yreen | Lowln | werem | Lowin | ueeke :m? fratyg
iggn | mEEN sgun | abem | foust

A 1" in any bit positien enables that repyier (o be read.
Interrupt Control Byte

h By b | by b | | iy Wy
ool AL ETEERLY TR 1L L)
":"“.r vt | wrenanie | AP | EGUNT | T | S e
9 ETEUTH Bl L1 TTT. dikay o

A ™1™ in 3 biL pontion slecis the opion.

~ Timing Contrul Byte

- " iy By " i1 ) | by
wa0e0 | 7wt wio | egn | Tl ﬁ f T

Ty Ty Cyele Leneth

L. - L]

0
1
o
I

Lo I E R

A4 70" in D». D3, Dg, or Dy will cause the corresponding
conuol signal to end % clock fme beiore the_end of the
cycle. Nale: the tpta) operation (Kead and Wnte in Trans-
fes or Read in Search) must be at least 2 cycles long.
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Programming the DMA (coativan

&

Mask Byte

A Tero in a given bit pesition will cause & compare to be
performed betwesn that kit position in the compare word
register znd the same bit positjon in the data being read.

Match Byte

Up ta an B-bit word to be compared to Dy — Dy during
a read, See MASK BYTE.

Status Byte (Status Bits Active—Low)

" “ ty By ) * By M
v T Iy . st | musev [asonen
nsrl (=] | BTN ey | muy | acTive | sraar

H

Pylse Count

This B-hit word it loaded into & register. AL the comple-
tion of #ach operation, the register is compartd with the
lower B-birs of the byts counter. When it compares, the
INT line it pulsed (but no taterrupt is generated).

Interrupt Vector

This B-bit byte is supplied to the CPU dunng Interrapt
acknowledge if the DMA 13 the highest prionty intermupt-
ing derice. )

If bit 5 of the Intzrrupt Control Byte (soe p- 7) has beea
sel and the DMA hay been programmed to int=rrupt oo a

given sutus condition then Dy and D+ of the vecior will be
modified as follows:

VesorBis -Dn Dy L e
) 0 INT on EDY
d l Match
-1 1] End of Blk . - —_
i 1 Match, End of Blk

DMA Programming Example

The following example will thow how the DMA may be
programmed to transfer data from a peripheral (Port A) to
memory {Fert B). The table of bytes may be stored i mwem--
ory :nd tapsfared to the DMA with an gutput lstraction
pich az an OTIR.

1

Port A DI'I.I. Flow ) Fort E
Peri —_— Mm?ﬂ'
Pephery ~siy Block Lengih Starting Addsess
LOOOH Bytes 1950H

READY from the peripheral is gctive high
Memary address increments on cach write

- i Dy N Dy De Dy D, b, Do | HEX|
1] Coemmasd By 13 L] 1 ] 1] 1 1 13 |
Setz thee Dbl & B3 recares Groug i Lemgriy Ak Langth Mo Poxs A Poit A A=f e 4D
Bhock kength asd Porl & ] Uppar Lowey Uppix Adar Lowey addt In
addtey aad spty dereciyta Fulloary F oliyary Fotiywn Fslicmry Transler
of rramder - No Search
2| Fom A Addren Lowsr B 1] [+ 1] i} 1] 1 i} I LHES
1) Ekovk Lengon Lower E-bi [} 0 G [+ 1] [ T '] Do
& [ Basck Lengeh Upper 3otz ] [} '] ] ] a '] ] 10
5| Compand Byce | ¥ b a | X ] 1 v o
DOty Fort A 22 peraph- Croup Mo Ty Flaeg * Poet o MO Thu o e
wrat Wit fina] sddreme 1 Folicrer A Pory “A” - e
& ] Cowmssand By 1% 0 o o - 1 - ] 4 o 0
Docfiters Fowt & e memOry ey Mo Tonoy Addrasg Addresy Pan1 TG e 1)
with Hcremen Ui sddrnen I Foliows Changes Incremeniy Mernory Fon "B ]
1| Command byl Ik I 1 [} G 1 L- [ |
Setn mode 10 bunt, b Groyp R Ha Lp1 Fort B Port B e o
DNl At xxpa Fort B 1 Burs Mode Cont Brir Upper Adar Lowey Addr b1
sarfing v ddrey F ooy Folirery Fuiloruy
1| Fon B Addrre Lowsy Bbina o 1 ] L [} ] ] ] 1m
PFart B Addrer Uppar B-bwts o L] 4] 1 b 1] 1] 0 10
10 ] Commund Brtr 3¢ 1 X [1] Q 1 . X L o
Sen Ruagy Avtier High Croup No Aulg No warl Rdy Actrve ——
H Reilar: Staun Hih Ly
11% Commard Byiw 1d loads " 1 o n 1 t 1 1
- Itartng addrenut and Group - e — T CF
ety block cOuRa 1 Load el
17 | Commusd Byix 1d H a o a a 1 1 I
Eucybie DalA 19 sari Group o = il i 57
\peAtos 3 ENABLE DMa ] - b3
To ctload the mame addresses and block length for a
subsequent operafion, only two bytes are needed.
1. Command byte 24 L1ool11t CF 2. Command hyte 1d + 19040101 87
Reloads port addresses Load Enables DMA Enatle DMA
2nd block [=ngth
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Absolute Maximum Ratings

Temperature Under Bias -, - Specified wperating range.

rape Temperature 45" Cto +150°C
tage Un Any Pin with 03V o +TV
~ Respect 1o Ground
Power Ditipatien ° 15W
Note:  All AC and DC charactenistics remain the same for

the militagy grade parts except lor.
oo = 200 mA.

Z80-DMA D.C. Characteristics

Fo =00 o T W & F¥ 25T unbrm i it sl ord

*Comment

Streszes shove those listed under * Abtoluce
Maximum Ratiog™ may cause perminent
damage 10 the device, This is 2 stress rating
only and functiom operation of the device

it these or any other condition above those
indicated in the operational sezuond of this
specfication 3 not implied. Expoture 1o
absolute maximum rating conditions for
extended perinds may affect device reliahility.

;ZT.“..
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A.C. Timing Diagrams

* and Z80A a3 3 Peripheral Device {inactive State)

T ey Ik VTRA TI il sl &1 That 04 braniosg volchgent, uniss oy wrine soecifind: -1" gy

CLOCK i o
DUTFJT 2o LY
INFUT o .
FLOAT AV = OBV

T2 T3/ Tw T4/T2 T

i |-I- t'

) 5]

- -l-—tM,IFtD|

-..\1.5,,,|n| TRE— f—-—t;[m,t“

Ty {M 1 Jmtmy Fa—tp, (D} .-

|

ﬂ /

to M0} —- o

- te{lE | }———iny

tEl _ \
|~tn.,nm

o \ ) Vo

—=| 1 (10} [=—

1 I T} —ra]
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A.C. Characteristics

Z80-DVA

21

DMA a5 a Pezipheral Device (Inactive State).
_+0°C te 70°C, Vo = +5V5%, Unless Dtherwise Noted

'
{]

[ EGmAL ! 1vieniL F FARLLMITER T COMMENTT
y Ciouk; Fyvuwd L] 1] e
| ISR Canck Ry Welth, Tl Mg 1] o .
* I Cinek Muiu Wealth Ll Lire 1m 000 St
[ Crack N vl Pl Tomey . ) —
L™ Sy ban Twet et Town sk Tarwum T o ——
5!“ ) e Tgruw Srman Toms 44 My B o % Doatey P —
e o SFORGL TR LT - [
LY. Mmhh—l-ﬁ.h.ﬂ“ A0 —-— [t
ety Dy v Tomt o Morwrey iy % Diprriep Wi e = -
Og.r 7 Cvma £, »5icF
ipl D Ciurrast Gy bewen Bavierng e ot BTAL Charang Jad roey 131
WTA o
rim Toriny vn Py Woos MOwimr lutar Chiiin Tara w -
" I {1 Srium Thma mm Fashig Lige of [ORS Durng iNTA 1k e
- Tl
LT VED Copary Tamet irewm Rirgerny Bnige ol JEI m ~—
oLLON PO Coptary Tomat brome. Fipiing Raine 24 18] 1 f—
"a L -t 1EQ) Dhariry P Eabiurny g # ST {ietemrroamt: Dhurirruny xn - ;= SwF
St Proge wm WD Sut P i,
N aand 13 T Lruan Tvms oy Farey iy o & Dogrumy 17 & e BT i —ar
Coom. T Waam §
L S | T St T i Aoy taigm w1 8 G T Crom o s
nT YTy AT Duna Toms brom Cwopoiets Eouupwing 1R 7. THT g —
prrerynd iy et (A o sy,
W ey | A Ol e Ay By o il W L T —rc
| DL NAQ Do rarm Fuiber brigs 34 R4 ™ m =

[ Y

141y O P21 10y e " tomacann * "HIN] * TTL Burtar Dy, o iy

MSE B-23

LI b = b i 1

[3) Wl pa oy M maar N wach Rl -
Wik by oty o i PO Mo

[1] brewrvian vy ey B 10 e e s BF -
A AN ety e T F gn



A.C. Characteristics

Z80A-DIVIA

‘DA-DHA as g Peripheral Device {Inactive S'm:}.

= 0°C 1o TO°C, Voo m +5V+ 5%, Unless Dtherwise Noted -
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A.C. Characteristics .

Z80-DMA

Z3

T80-D¥A as a Bus Controiler (Active State)
A =0°C 10 70°C, Vico = +5V+5%, Unleu Otherwise Noted.
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A.C. Characteristics

ZB0A-DMA

24

TA-DMA as 2 But Contmoller [Aclive Siate)
= 0°C m TOOC, Voo ® +5V45%, Unlews Otherwise Noted. .
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A.C. Timing Diagrams

ZB0 and ZB0A as & Bus Controller { Active State)
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80-CTC
80A-CTC

The Zilog 280 product line is a complete set of nyicro-
compuier components, development systems and suppont
soitware. The Z50 microcompurer component 30 includes
zll of the circwits necessary 10 budld high-performance
microcemputer Tystems with virtually no other logic and

a minimum number of Iow cost standard memory elements,

The ZE0-Counter Timer Circunt {CTC) s 1 programrable
four channel device that provides counting and timing
functions for the ZB0LPU. The ZBU-CPU configures the
Z80LCTC's four inde pepdent channels to openate under
various modes and conditions as required.

Structure . - — -

NChanpel Silicen Gate Depletion Load Technology
28 Pin DIP

Single 5 volt wpply

Singie phase 5 volt clock

Four independent proprammable 8-bit counter!|é-bit
timer channels )

Features CoL

& Each channe]l may be selacted 10 operate in either a
counter mode ar gmer mode,
* Programmable Interrupls on eounier Of timer states.

27

Product Specification

APRIL 1978

A lime consiant repster automatically reloads the
down counter at zern and the cycle © repeated.
Readable dovwn eounter indicates number of counts-ip-go

unui zero-

Selectable 16 or 256 clock prescaler for each umer

channel.

Selecrabte positive or negadive tnigger may initiate mer

cperation.
Three channeis have

zero countftimeout outputs capabls

of driving Dardlicgton trangs:ors.

Daisy chain priority

interrupt lops included o provide

for autpmatic interrupt vectoring without external logic.

All inpurs and outpy

s fully TTL compatible.

Onrpurs dirsctly compatible with Z80-510.
CTC Architecture

A block ditggram of the ZEO-CTC is shown tn figure 1.
The innemal structure of the Z80-CTC consisu of a ZRO-CPU
bus interface, intemmal ¢control logie, four counler channels,

and int=rrupt contrel Jogic. Each channel has an intemupt

vecior for gutomatic Intermupt vectenng, and imemupm
priotity js determined by chanpe) puember wath charnel #
having the highest prionty. :

The channel logic s composed of 2 registers. 2 counters
wrd control logie as shown in figure 2. The regsien include
an 8-bit ime constant register and an 3-bit channel coarcol

- Jegister. The countery include o B-bit readable down
counter and an 8-bit prescaler. The prescaler may be
progprammed to divide the sysiem dock by zither 6 o 256,

L]

INTERNAL . LD CDAUNTTISEOUT §
5% CND # mml'c?( 1 CHAMMEL #
l I e 1 LW K TREGGER
L 3
DATA A - M e 2RO CDUNTITIMEGUT 1
{11} INTERMAL BUS THAMMEL |
ORI, v— . o — e — CLOC T TRIGGER |
Rt [ £ W3 COUNTTT EOUT I
CoTRGL CHAMNEL 2
[Fs r o »
— bl L OCE TRAMGLER &
" E 3
=
b
4
" . INTERRUFT CONTROL
) Lnes LTRMGGEN ]
FIGURE 1
CTC ELOGCK DIAGRAM =

MSE. B-29



Channel Counter 2and Register Description

-’

f Constant Register — 8 bita, tgaded by the CPU to
initialize and re-load Down Counter ar a count of zero,

Channe! Control Register — 8 bits, loaded by the CPU 1o
yrelect the mode and conditions of channel operation.

Down Cotiniter — 8 bits, loaded by the Time Comzant

-

ecunt of zero,

Al any time, the CPY can read the number

of counts-to-go until 3 zero count, This counter is de-,

cremented by the prescaier in timer mode and CLE/TRIG

in councer mode.

Prescaber = 8 bit counter, divides sysiem clock by 16 or
256 lor decrementng Down Counter. It is nsed in bmer

Repsier under program contal und sutomagcally ata maxle only.
TIME -
CONSTAMNT
REGISTER
iW EITSI .
- - Y e
- EI INTERNaL LS -
* DOwh LE RO COUNTTIMIOUT
"‘l'f":“ﬁf‘ COUNTER A
- eyt
. ;
. EXTERMAL CLOCKTIMER TAICCER .
. e . L . — - -
FIGURE 2
. CHANNEL BLOCK DIAGRAM

Z80-CTC Pin Description -

N L AN
"ﬁ -1'-+Il- - SRS - N, T
[ [ e o —--J—..m Catall
ﬁ-—{—- Ly
L e - ——Lml
ot S Ny e
T
- 0 —— ] ' -—-—-:u_rn;.
P N
;‘ ﬂl+." .-'—‘.l'[m
™ SRt
LT .. .
- [ P . .
"ﬂ"{ - — --l-—----":|I -
R, st D " — .
[N T I N R bt

CLX/TRGy

CLESTRG,
CLE/TRG
CLK/TRG

ZCTOg

MSE-B-30

Channel @ External Clock or Timer Tngger
(Input). ;

Channzl | External Clock or Timer Trigget
{lnput)

Channz! 2 External Clock or Tuner Trigger
{Input)

Channei 3 Exrernal Clock or Timer Trgger
{Inpul}

Channel @ Zeso Count or Timeout ~
{oulput, active hogh)

g ¥



2.80-CTC Pin Description (continued) 2%

ZCITOy Channe! ! Zero Count of Timeout RD Read Cyele Slatus from the Z80-CPU (input.
{output, acrive high) _ active Jow)
ZCITOR Channed 2 Zeio Count or Timeout 1EI Interrupt Enable 1 {input, active high)
oultput, active g .
(oute ) iEQ Interrupt Enable Our {output, active high).
5] -CS5¢  Thanne! Select {inpur, active high}. These 1E1 and 1EQ lorm 2 daisy chiin conat<tion
form 3 2-hit binary address of the channel for priotity intermugm contzid
to be accemed. —_ _
INT JIntetrupt Request {outputl. vpen drain,
D7 -Dg Z30-CP) Data Bus (hidirecHonal . tristate) active low)
CE Chip Enabie {input, active low) RESET RESET ttops ail channels from counting and
. reses channe| lntermupe enable bio o all
System Clock {input} . contral registers. Dunng reset ime ZC/TOg. 3
Mi Machine Cyde One Signal from ZEO-CPU and INT go 1o the inactive states, JEQ reflects
{input, active low) the swate of [E], and the data bus ourput drivers
—_ g0 to the high impedance state {input, dctive
IORQ [nput/Cuiput Request from ZBO-CPU {input, Tow)
active law)
Timing Waveforms
CTC WRITE CYCLE T i Tw i) o

Muxirated here is the tming for loading 3 channel cootral
word, rinve constant and imermupt vectar. No wait states are ST X o @ - X
bﬂorlmi for writing ta the CTC other than the suriomatically

insertzd (Tw") Since the CTC does not receive a specfic : ‘o \, /

write signad, it internally generates its own from the lack of

an RD rignal. =
n
- X=X
. CTC READ CYCLE T Y Yo T L.
N I DU B (S Y R N A
Mustrated here iy the timing for rading 3 chanmel's - a3 b4 i —— b il
Down Counter when in Counter Mode. The value read

cato the data bust reflects the number of extemal clock’s on LY /

fizing e dges prior to the rising edge of cycle (T5). No wait

states ar aliowed for ading the CTC other than the suto- - ~m kY /!

matically inserted (T,,").

INTERRUPT ACKNOWLEDGE CYCLE

Some time after an intermupt is requesied by the £TC, the . m N
CPU will send gur an inierrupt a:kn:witdg: (M1 and ICRQ). L L l_j-—l_
During this time the interrupt logic of the CTC will determine ' T\ Yol
the highest priority channel which is requesting an interrupi. . |
@ insure chat the daisy chain enable lines stabilize. channels - N /S

are inhibited from changing their interrupt request status -
when M1 is active. If the CTC [atermupt Enabie [nput (IEL .

is actyve, then the highest pnonity inte mupiing channel
places the cantents of its intermup: vtctnr'rcé'is[n onto the " ____._____._,___7 oo \_-——-.-
Data Bus when IQR(Q goes active. ddditional wait cycles

areall d. _ _ "'IISE B‘Sl path CE_'—_




Timing Waveforms (continued)

SD

RETURN FROM INTERRLUPT CYCLE

if a Z80 peripheral device has no interrupt pending and is A 7 T T T

not under serdce, then fs EO = IEL Withasanimermpt - -+ [ (1ML LALLM

vnder service {ie. ir has already interrupred and received an

interrupt acknowledge) then its [EQ i always kow, Inhibin- ;o % '8 ™, 4

ing lower priority chips from interrupting. If it has 2n inter-

rupt pending which-has not yet been acknowledged, JEQ wo T N___ /S N/

:Jlbelnwunlmm l::D’ ndtcnd::_lu:hc_ ﬁn:b_yltol'l op-0, - —
o byte opoode. [n this case. [EQ will go high uneit the pext - (: p ey
opcode byte is decoded, whereupon it wall again go Iow, If o =
the second byte of the opcode was 2 “4D7 then the opeode —_—————
was an RETI instructicn. - \£0 —_ Y S
After an “ED™ opcode is decoded, only the periphenal
device which has interrupied and & camendy under sernice
wilt hawe jtx FE? high acd its [EQ) low. This derics is the high-
¢5t priomity dewice in the danty chain which has received an
interrupt acknowiedge. All other peeipherals have [E] = IEQ.
- I the aext opeode byte decoded is 407, this perspheral ) - -
deviee will react its “interrupt under service” condition.
Wait cycles are zllowed in the M1 cycles. .
DALSY CHAIN INTERRUPT SERVICING
. . . . - ‘:ﬁl-["-ﬂ'r:-h%-t" -y o]
Mustraced a1 right is 2 typical nested interrupt sequrence . .__:_{.u “}.._{m =l st o=
ﬂ‘- m.ly ocruy m tht C-I‘C.. Iﬂ mi; quﬂnﬂ &lm:l -2 N N T i LA T LT T L F i BT WY T gy

-rrupts and it granted service. While this channe! is being . - - “
serviced, higher priority channel ? intermupts and is granted - i LT s T, e YT o T
service. The service routine for the hogher priorty channs|
is complelzd and a RET] instruction is executed 1o indicate .
to the channe] that its routine it complete] At this time the e e Ll L IO
service routine of lower prionty chaneel 2 is completed. .

[ -t T LT T e L 1T
- il & H L E g e i

¥ Crameq] TAEAweCL MRFIY CRamTTe ~NETT sl § CRiBakl [0 STE 1 31 bemt b
- W Ciew M

. i~ f .‘ ‘L{:I-_I‘:E--—lﬁl --}—"—I_Iu u}-—"——l-n ﬂ}q"—

I B PO LT vt TR T ML b A e, [Tl B Ennmm g § W Teel] Ry vy

- - CTC COUNTING AND TIMING

In the counter mode the rising or falling edge of the CLK ) . ‘
inpot Causes the counler 10 be decremented, The edge &5 ) S R WS R ]_r—L"J__I—
detecred totally asynchronously and must have 3 mimmem . e
CLK pulse widih, Hewever, the counter i xynchronous with M

& therefore a sctop e tnust be met when it is dexired to e

e TL iy,
have the counter decremented by the next rising edge of ®. Cet e — T W
« In she timer mode the preseaier miy be enabled by 2 rising -
of falling edge on the TRG input. Ay in the counter mode, .’ m
the edge is detecied totally atynchronously and must have == b '
« aminimum TRG pulse width, However, when tirung 1% {0 o ____/——\

with respect to the next rising edge of @ a seiup time -,
. bt meL. The prescaler counts rsing edges of &, - bkt LT ——
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CTC Programming

3

SLECTING AN OPERATING MODE

When selecting 1 channel's operating mode, bit @ is set to
I rerindicate this ward is to be stored in the channel control
register.

- y - [ L - - ™
Tl e § o
Lwaihd iy Ll O TERL LR u:;:l ERET L3
! ———t
ol r T W 1Py
Bit7 =9 Channel interrupts disabled,
Bir7=1 Cranne| intermupts enabled 1o occur svery

time Down Counter reaches a count of zeto,
Serting Bit 7 does not et a preceding count
of zero causs an interrupt,

Binb=g Timer Mode — Down counter s clocked by
the prescaler. The period of the counter iy
tc « P » TC
tg = system clock period
P = prescaie of 16 or 256
TC = 3 bit iy programmable time
consiant {256 max) )

Bir6=| Counter Mode — Down Counter is docked

by exiernal clock. The prescalet B not used.

Bir5=9 Timer Mode Onty-Syxiem dock 9 is divided

by 1é in prezcaler.

-

Bit 5= Timer Mode G:uy-ﬁystm clock & 15 divided
by 256 in prescaler.

Riid=9 Timer Mode — n:guive edge (rigger sTasty

timer operation.
) Counter Mode — negative edge decrements

the dewn counter.

Bit 4 =] Timer Mode — positive edgc Trgger starts
timer operation.
Counter Mode — positive edge decrements
the down counrer.

Bit 19~ Timer Mode Only — Timer beginy operation

on the rising edge of Tz of the machine
cytle following the one that loads the time
CONIANI.

Bit 1= Timer Mode Only — Extermal trigger is valid
lor starting timer operation after rising edge
of T3 of the machine cy<e following the
one that loads the time constznt. The Pre.
wealer it decremented T clock cyveles bater if
the setup time is mer, atherwise 1 clock
cyeles.

Bit =0 Mo titne constant will follow the channel
contral word. One tme congiant must be

written to the channel 1o inirare operation.

Bir2=1 The time constan: for the Down Counter
will be the next word wniten io the selecied
channel. If a time constant is foaded while a
channel iy counting, the preienl count will
be compieted before the new nme constant
it loaded into the Down Counler.

Bitl =@ Channel continues couning.

Biti=l Stap operatan. If Bit 2 = | channel will
resune operation after loading 3 time
constant, otherwise @ new contrcl word
must be lcaded.

LOADING A TIME CONSTANT

An B-bir time constant is loaded into the Time Conatant
register following a channel control word with it 2 set. All
reros indicale a time constant of 2556,

LOADING AN INTERRUPT VECTOR

The ZBO-CPU cequires that an §-bit intermupt vecror be
supplied by the interrupting charinel. The CPU forms the
address for the pterrupt service routine of the channel
using this vector. During an interrupt acknowledge cycle
the vecror i placed on the Z20 Data Bus by the highest
pricrity channel requesting tervice at thai time. The desired
interrupt vector is leaded into the CTC by writing into
ehannel § with & zero in D@, Dy-03 contain the stored in-
terrupt vector, Do and D are not used In loading the veclor,
When the CTC responds ta an interrupt acknowledge. these
two bitt contain the binary code of the highent pricrcy
channel which requested the interrupt and Dy contains 3
zerp rince the address of the interrupt service routine starry
at an cven byte, Channel B is the highest prionty channel,

[T} LT g LT LYY » [ [}
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A.C. Characteristics

'Z80-CTC

_32

Ts =" C1p 70" C, Voo £ +5 ¥V £ 5%, uniess olherwise noted

signal Symbot Parematsr Mim Man Unit Comments
1 Clock Period " AD0 11] m
il Clock Pulag Width, Clock High 170 2000 ™
* tw@u Clogk Pulyu Widoh, Clock Low 170 2000 P
[ Clock R and Fall Timae b m
ty - amy Hold Tim lor Spacified Setun Time 0 n
cs. EF wec g 1051 Control Sigral Sexyp Time to Rinng Egge af ¢ During Flesd 1) ns
1 r - or Wirime Cycie
tpr!D? Crate Outout Delay Trom Rinmg Edga of AL During Resd B0 m 121
Cwrie
g iDY Dame Serup Time ta Aitng Edge of ¢ Curing Wrrie or M1 50 m -
Cyele
By—D7 o) Dat Outpat Dainy from Failing Egge of IQAD Curing 30 "y 121
INTA Cycie
- rp IO} Dy o Ficateg Bua ICumout Butier Cissdle Tomel = -+ T30 nx ’
- tglIED IE| Satwp Twne m Falling Eage of 1GRAY Durirg INTA 00 m
Cyela
tow O IEC Dwiay Tirm from Aiurg Eoge of 1EI rm ~ i3l
€c o {10} IEC Dalyy Turw fromn Falling Ecioe of IE| 180 m {31
! o (6000 1EQ Daigy from Fatling Edge af W1 {imernaot Ccoumng 300 "~ =]
urt Praor to M1 ]
T 5 IRY IORQ Setup Twra ta Aizing Edga of & During Resd or 59 n
Write Cycla
Tl t5qlM1) M1 Serup Tome to Riseg Edge of & DQurng INTA or M1 210 e
Cyela
- 159IA0! | AD Setup Time o Ainng Ecge of 4 Ouring Masd or M1 740 "
Cycia
T tgpek Tt | TRT Dalay Timw Pfrom Alisting Eoge of CLK/TRG bl + 200 Counter Maos
pallT! INT Dalay Tims brom Sining Eogs of & ) il + 200 Tirter Mods
. piCK} Clock Pariad . .. il - T Counmr Mods
. [T Ciock and Trigger Al and Fall Timm ' 80 _
rgICK) , Clock Satup Time 12 Rising Ecgu ol & for Immediat Count ralr) - ) Countar Moga
g (TR} Trigaer Setup Tuna to Alvirg Ecge af @ lor Enabiing of 0 Lo Tirmar Mods
CLKI/TRGp Frascaier gn Fniiowi_nq Rining Ece of & -
. tglCTHI Clock ard Trigger High Pulee Wadth 200 Counter snd
Tumar Mod e
wICTLY Clock and Trigger Lowe Pulie Width 200 Counmr mnd
Tirmer Modes
oM IZC) ZC/T0 Culxy Tomw trom Rinng Ecige nf @, Z0/TO Hign 190 Countar pngd
Tirmar Mot
ZC/TOg
1 oL (ZC) ZCITO Dwiay Tuna dram Failing Egoa of %, Z2C/TO Low 13 Counter prd
Tumar Moaei

Motm: 1] 1o = ldml e gLl w1, 41y
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A.C. Characteristics
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Absolute Maximum Ratings
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Product Specification

AUGUST 1978

The ZE0-5TC {Serial Inpur/Cuipun s a duzlctanne]
multi-Funesion penpheral component desizned 10 satisfy
4 wide vartery of tonal dita commuemcanons rogoire-
ments 10 Microcomputer sysiems, Ity pasic TuRcting i3 a
serial-io-parallel, pa:aii:]-tuu-s:ral convernerseantroiier,
bot—within that roie—it 15 confizurable by sysiems
tofrware s 145 p:rsnnaln'f” can be optimized for a
given serial data communicitons applicaton.

The ZBO-S10 is capable of handline asynchrongus
formats. svronronous Syle-arented nrolQeois szch as
IBM Bisyne, and synchronous bir-ocsated protocols
such a5 HOLC ang E0LC. This versasile device 2ao also be
wsed to supporr wvirmatly anv niner semal protocal for
applicisions ociher iman 2313 sommuniCTUCRS (Casscite
or floppy disk intcrfacss, for exacrpie),

The Z30-81C can generats and check CRC codes i
any synchronous moce and car be programmsd o
check data inegrity in varous modes, The csvics also
has facilities for mocdem contrals n both channels, In
applications where these conirois are not perded, the
modem conwrols can be wsed for general-purpose (/0.

M.channel silican-gate depletion-load techneloey
A-pin DIP
Single 5 V power suppiy .

Single-phase 2 ¥ clock
All inputs and outputs Tt SmMpatible

Twa indepeacest fullduplex channels
Data ratey iG SvaanIoucns cr OIS naus TECss:
 D-f50K Disssecons win 205 MHE: evsiem Sleox
e
= D-ZROK bitsssezond with 4.0 %{Hz svstem lock
rate
Receiver data remaiers guacruply buriizred: trans- -
muiter doubiv builered,

- Asynohronous fcatures:

= 5. &, 7or 8 bits/character

Figure 1. Z30-510 Block Disgram
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1, 1% or 2 stop birs

Even, odd or no parity

x|, x 16, »32 and =& clock modes

* freak generation and detection

s Parity, overrun and framing error detection

Binary synchronous features:
» lmernal or swernal characier synchronizaton
s Ome ar rwo sync characters in separate regiseers
* Xutomatic s¥nc character insertion/deiesion
* {RC geperadon and checking

HDLC and SOLE features:

s Abor! sequence generation and detsstion

&« Auromatic 2era insertion and delerian
Automatic flag insertion berween messages
Address field rocognition
Suppon for one ta cight bits/character
* Valid recrive messages protected fram gverTun
* CAC gencranion 2od checking

InterTupt features:
= Dany-chzin imemupt logic provides auromatic
interrupl vecioring with no exlcmal logic
* Programmabic interrupt vector

* Starus Affects Interrupt Vector mode for fast
interTupt processing

CRC-{8 or CRCCCITT block frame check

Separate modem control inputs and autputs for both
channely

odem starus can b= monitored

Dy}, Sysiem Data Sus (bidirectional, 3-state). The
system data bus transfers data and commands betwesn
the cPU and the Z30-510. Dg is the least significant bir.

B/A. Channel A Or 8 Select linpur, High selects Chan.
nzl B). Thiz input defines which channel s accssseg
during a data tansfer berween the ©PU and the
LEO-S5I0. Address ™t Ap from the CPY {8 often wsed for
the selection function.

C/D. Conirol Or Dara Sefect finput, High selecrs Con-
trol). This input defines the 1ype of information trans-
fer performed betwesn tite Py ang the ZE0-510. A
High art 1his input duning a Cry wnle to the Z30-51C
causes the information on the Juta bus o be interpreted
as 3 command fof the channe| scigeted by B4, A Low zt
C+D means that the infarmation on the dara bus 15 data,
Address bic A, is aften used for this function.

CE. Chip Enghfe (input, active Low), A Low lewel ar
this input enabies the Z30-510 w0 acerpt command or
data input from the CPU duning a write cycle, or o
tr-msmi! dara o the CPU during a read cvcle.

#. Spstem Clock finput), The ZE0-510 uses the stand-
ard 230 System Clock to synehromize internadl signais.
This is a single-phase clock.

M1, Machine Crefe One (input from Z30-CPU, active
Low)., When 91 is active and RD is also active, she
Z30-CPU is ferching an insuucion (rom memery; wien
M1 i3 active whilc FORG is active, the ZI0-51C accepts M
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znd (DR as an interrupt acknowledge if the ZE0-510 s
the highest pnonty device thal has inierrupted the

iD-CPU‘ .
TR0 Inpur/Quipyt Request (input from CPU, active

Low). iOrRgG i5 used in canjunction with asx, CsB, TE
and &5 10 ransfer commands and data betwesn the P
and the Z80.510. When CE. R and fORO are all active,
the channe seletied by Bra transfers dats to the CFU (2
read aperatiany. When CE and {OR0 are acgive, but &5 is
inmcrive, the channel selssted by B/A is wren (o by the
CPU with cither data or sonieol infermarion as specified
by c/D. As mentioned previousty, if (GG and Wi are ac-
tive simultancously, the CP1 s acknowledzing an iner-
rupt and che Z80-510 automatically piazes (s misrmum
vector on the CPyU dara buosaf i is the hiznest prioney
devics requestillg an inlerupt.

RD. Read Cycie Starus. finput fram CPU, active Law),
If RD i5 active, 2 memary or 1+0 rcad operation i3 in
progress, D is used with Bsa, CF and 10/ o transier
data from the ZE0-510 to the CPU.

RESET. Rete! (input, attive Low). A Low RESET dis-
ables boch receivers and transmitters, forgss TxDa,and
T=00 marking, (orees the modemn contrals High and drs-
ables all interrupts. The ortrol regisless must be re-
whilen aficr the Z30-5IC it reset and befors daza is
transmitied ar fegcives,

TEL. farerrupe Enatde f7 (input, active High), This sie-
“Lis wsed with 1EQ to form a prniority daisy chain when
Te is more than one interruni-dnven device. A High

an this line indicaies that no other device af higﬁcr pri-
Oy is being serviced by 3 CPU intermupt service routine,

TEQ. {nrerrupr Enchie Out (outpyy, active High) 1£0
is Hizh only if i£0 s High and the CPU 15 noL servicing an
imerrupt from this Z30-51C. Thus, tnis signal biocks
lower prioniy devices from [nterTupninz whils a higher
anenty devics 15 being servieed by s CPY Interfupt sers
vice routine.

INT. fnterrupr Reques: (outpui. open drain. active
Low). When the Z80-310 b reguesung an ingermupt, it
Fulls 19T Law, '

W/ RDY A, W.RDYB. Hau/Reedy A, Woin/Ready B
fouepuls, apsa drasn wihen procramensd for Walt func.
tipa, deiven High and Low when sragromooed for
Ready function). These cual-surpgss outpus may be
programmed as Ready lines for a paa conergiler ar as
Wait lines thar svnchronize (e CPY L0 the Z30-510 dats
rate, The reset state is gpen codio. )

CTSA, CISB. Clear To Send tinputs. active Low),
Wheo programmsd a5 Auto Enables, 3 Low an these
inputs enables the respestive ransmacter, [F 0% pro-
gramped a8 Auro Enapiss, thess nputs mavy be pro-
grammed as zensral-pumooss waputs. Soth inouns are
Schmitt-tnzz-r surferes 10 30Zammodare slow-fisoime
sigpils. The Z230-300 detoms Tulses an these ;ruts and
intemupis the CPU on both logic igvel transitons. The
Schmi-trigzer ouffering 4o no guaranies g speciriag
noise-levei margin.
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DCDA, DCDB. Deia Carrier Detecr (inputs, aclive
Low). These pins fupction as receiver enables if the
500 is programmed for Auto Enabies; otherwise
£ may be used 33 general-purpose inpul mins. Both

pins gre Schmift-trigier buffered to accommaoaate siow.,

risetime signals. The ZE80-S10 derezts pulses on theae
pins and intetrupts the CPU on both loge level transi-
tions. Schmtiit-ingger buffering does not guarantes a
sperific noisg level margin.

RzDA. RxiDB. Recerve Darg {inpurs, active Hight.
TaiDA, TsDB. Tromsmr Date (ourpurs, active Highl.

RxCA, RaCB. Receiver Clocks (inputs), Recsive data
is sampied on the rung edge of RxC. The Recsive Clocks
may be 1, 16, 32 or & umes the data rote 1o Asyn-
chranous mudes. These clocks may be dnven &y Lhe
280-CTC Counter Timer Circuit far programmable
bzud rare generapon. Both fnputs are Schmitt-IrigRer
buffered (no noise level margin is spesifiad). Ses the
following sestion for bending options.

TaCA, TxCHB. Transmiier Clocks (inouis). TxD
changes on the falling coze of T-C. In Asyncaronoas
modss, the Transmitter Clocks may be 1, 16, 3o or &4
times the data rate; however, the cioccx, multislier for the
transmiller and the receiver mmust g the same. The
Transmit Clock inputs are Scamitt-rricgsr buifered for
relaxed nse- and fall-iime requirements (no noise level
margin is specified). Transmitter Clocks may be driven
the ZE0-CTC Counter Timer Circult tor program-
uble baud rute generation. Ses :he {oliowing fecioo
for bonding optiona.

RTS5A, RTSH. Reguest To Send {outputs, active Low),
. When the rvS but is s¢t, the £T5 outpul goes Low. Whea
the RTS bit is reset in the Asvachronoys made, the gut-
put goes High after the rransmitter is empty. (2 5vo-
chronous modes. (he £TS pin sinctly foilows the stane of
the RTS bit. Both pins can be used as general-purposc
QULpuLs. :

DTRA, DTRY, Datg Termina! Recgv (outputs, acTive
Low}, Se= noce on bonding opuons, These ourpuis fol-
low the state programmed into the DTR bit, They can
Ao be programmed 4y general-purposc ouipmyty.

S5¥YNC A, sYNC B. Svachromsarion ([izputs/outpues,
active Low), These pins can acy either as jpputs Of out-
puts. in the Asynchronous Recxmve mode, thev are in-
puts simijar to 78 and DCO. In this mode, (he Lans-
tions on these lines affest the state of the Svnc/Huar
status bits tn ARD, [0 the Extcrnal Syne mode, these bines
4o act as inputs. When external svochronization js
Achieved, 5¥REC must be driven Low on wne second rising
#dge of B¢ afler thar nsing edze of RaC on which the
last bit of the svnc characrer was recoived, [n ooher

rds, afisr the sync patiern s detected, the external

£ Mmust war lar two full Rezove Clock cveles 1o acu-
.abe the 3T5C input. Oncs 5Y~C is farced Low, I 11 wine
e keep it Low unol the CPU iniorms the external svne
logic that synchrontzauon has besn lgsi of a new Dics-

sage is apout 1o s1art. Character assembly begins on the
rAsing ede= of ReC that immediately precedes the falling
edge of SYNC in the External Sync mode,

[n the [nternal Synchronization mede (Monosvee
and Bisyng), (hese piny 1<t as outputs that ife Active
during the part of the receive dock Rz evcle 10 which
S¥VIIC characlers are recognited. The svne conditon is
oot latched, so tRese QUTPLLS dare active cach Timne 4 $ynac
pattemn is recogrized, regardless of characier bounda.
nes.

The consuraints of a 4J-pin package make it impossible
to bring out the Receive Clock, Transmi Clock, Dara
Termunal Ready and Svoc signais for both channels.
Therefore, Channe! B must sacrifice a signal or have
o signals bonded (gEeiher. Since user reculremients
vary, three bonding options 2re offereg:

* Z30-510/0 has all four signals. Sut 38 and 03
are bonded together 1Fig, ).

s Z30-5010/| sacnifices OTRA and kesns ToCB, AACH
and sy~ce [Fig. 3}

» Z80-310/2 sacrifices SYNCB and Kesps TT0B, RaCh
and OFRE (Fig. 4%

The devics internal scrucure incndes 3 ZE80-CPLU inter-
facs, inrernal control ana intesrum logic, and two full-
gupiex shanneis. Each cnannel contains read and wne
registers, and discrete conirgd and siaiyus legic that pro-
vides the interfacs to modems ar other external devieces.

The read ang write tegister group includes five 3-bit
control recisters, two sync-=characier regisiers and two
status regisiers., The interrupe vector is written inio an
addigonal 8-hir register (Write Rewister 23 in Channel B
that mav be raad through Read Regmster 2 in Channel B.
The registers for both channels are designated in the text
as fallows:

wWRO-WRT — Wrre Registers O through 7
REO-RR* — Read Regisiers O theousn 2

The bir assignment and funcoonal grouping of sach
regster s configured to simplify and organize the pro-
gTamming process. Table 1 lists the functions assigned
to sach read or write register, '

AR TransmuYAecivk Buliter statys, intarugt 3atus ang

matarnal 1ldlus

AP Srecia Hecevs Comraiuan aialny

RAZ  saogihed temyot vacior iChanned 5 ankv:

+ Rod Regpiey Fuonctbms -

-

-
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Begisiat pounters, CAC milighze, smitighizatsn -

Wia manda for 1he varous moded. #C,
AT TraJ_'lwul.rFchuwu eyt and data traniafer maga

dafimtizn,

-WRAZ  Imterrust vector (Ch2Anel B oniy)

WRY Resmwve Jiramelers ang cantrad

Wwhd TranamuGecows  Miscallinegus saramelars  ang
modes

WRSE Tranamit caremelers and conirala

WRE Sync craracier or SCLE adgreas fisig

WA Sync characier or SOLT Yag

Wrte Repuicy Fapctions

Tuble 1. Foactinnal Auigements of Resd 1nd Write

Regisiers

The logic for Both channels provides formats, syn-
chromzation and validation for datg transferred to and
from thet channel inter{ace. The modem contral inputs
Clear 10 Send (TS and Data Cammier Detezr ioC D are
monitored by the discrete contrgd lagic under program
cantral. All the modem conwral signals are gemeral pur-
pose in mature and can be uscd for functions ather than
madem conrral.

For autemnadc interrupt vectoning, the int=rrupt con-
srof logic detertnines which channel and wkich cevice
within the channel nas the highess prioniy. Pricrty is
fixed with Channel A asugned a higher sngmy than
Channel B; Recoive, Transmit and Exiernal/Scatus in-
termupts are phontized o that order within each chan-
nel. :
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& transmit and receive data pach illustrated for Chan-

A in Figure § is identical for both channels. The
receiver has three 3-pir bulfer registers 12 a FiFO ar-
rangement in addition 1o [he $-bit receive shilt register,
This scheme creates additional time for the CPU [0 ser-
vice an interrupl at the peginning of a slock of high-
speed data. Incoming cata is roused tarough one of
several paths (data or CRC) depending on the selected
mode and—in Asynchronous modes—ibe character
length.

The ransmitter has an 8-bir ransmu dam remster
thar is loaded [rom the internal dara s, and 2 20-bir
transmit shift regster that can be loadea from the sync
character buffers (wre and WRT or from the ransmi
data register. Depending on the operatioral mode, out-
going data is routed through ome gf four main paihs
before it is transmitted from the Transmit Data Churput
{TzD.

The functional capabilities of the ZFO-310 can be
described from two diffcrzat paints of view: as a cata
COMmmuMICcAtons devicr, it ransmits and roostves semal

dara, ang meeis the requirzments of vanous datd com-

munications protacols; as a 230 fam:iyv penpherad, it
interacts with the Z80-CPU and oiner Z80 penpheral
cuits, and shares the data, address and conicdd
Jd5ses, 2t well 35 being 3 part of the Z80 interrupr scruc-
ture. As i peripherzl [0 OLRer microprocsssars, the
ZRO-510 offers valuzbie reatures sucn z2s non-vesiored
interrupes, pofling and simpic handshake capability.

The first part of the following functional description
describes the interaction between the CPU and 230-310:;
the secand part introducss 4§ dala coMMULUCAtions
capabilitics.

The Z80.510 offers the choice of Polling, [nmermupt”

{vectored or non-veotared) and Block Transier modes Lo
rransfer data, stams znd cenrol infarmatian o nd
fraom the CPU. The Block Transfrr mode zan be im-
plemented under CPU or DA control,’

Polling. There are no interrupes in the Polled maode,
Status registers RRO and RR1 are upgated at appropnate
timss for each funcrion being performed (for 2xample,
CRS Ermor status valid at the end of the mzssace). All
the intetrupl modes of the Z30-S1C must pe disadled to
aperzte the device in 3 polled environment.

While in s Polling sequence, the cPY examines the
atus contained in RRO [or cach channel: the RRD sTaUS
bits serve as an acknowledee to the Pol inguiry. The
IwQ RRO siatus bits Dy and D+ indicatr Lhat a data
transfer 15 needed. The status also mdrcates Emor or

other special sratus condicions (see 280510 Program-
ming'"). The Special Receive Condition siaius contained
in RA does not have to be read in a Polling sequence
Because the status bits in RR1 must be arcompanied by a
Receive Character Available status in 2 &3,

Interrupes. The Z30-510 offers an elasoraie inferrupt
scheme 1o provide fasy interrupt respozse in rezl-time
applications, Channel B fegustars WL 2nd RRI cOnlan
the interrupt vecior that points 10 an ‘mierrupt service
rounine in the memory. To service op=ations in bath
channels and tw eiminae the nc:r::s*:jr af writine a
status analysis routine, the Z30-510 == modify the ia-
teITUpL vecior in ARD 3G i poines dirsc_ 10 one of clzat
inresrupl service routines. This is dons 2nder program
concrol by setng a program bit 1w 3= in Channel B
called “'Starus Affecis Vector. " When 1zug bie s s<!. the
interrupt vector in WR2 13 modified 2Torcing (o the
assigned prionty of the vartous inessTusSng conaitiens,

The table in the “Write Regitler | :.'-5..“-.1nn {Z30-510
Programming scetion) shows the moc-Nzation details.

Transmit interrupts, Receive intesmor and Exterral’
Stamys ineerTupes are the main sources of rpoerTRDIs.
Each interrupt source is enasked under program contrsl
with Channel & having a higher pnomzy (han Chanoe!
B, and with Ressiver, Transmut acc SxiemaldSiazus
interTups prontzcd in Lhat oreos asii= #3ch ohnanno
When the Tramscul inteerupl s =nes. =2, the CPU 8
interrupted by [he transmiz huffer serpmeng MOy,
tThis implies that ihe rransmitter mus; nave had 2 333
character wriien into it 50 it ¢an becom= empty,§ When
enabled, the receiver can ini2sTupt t-z CPU in 9ne af
thrae wavs!

» |nrerrupe on the first ressived characier
¢ [nterrupt on all received characi=x
" |nterrupt on 2 Special Recrive cooZinan

loterrupt On First Character is typicaly used with the
Blaock Transfer made. Interrupt On AZ Sacsive Charae-
ters has the oprion of modilying the Sizsrupr vésioria
the event of 2 parity ervor, The Specizi Receive Condi-
Lon im{erTupt €30 occur &n A charagrs: o7 messzge baEsis
(End Of Frame interrupt in 50LS, {27 =xample). The
Special Receive conditton can cause as aterrupt only if
the Interrept Qo First Recsive Charzoer or [RE2rmupe
On All Recctve Characters modc is sele—=d, [n [mozrmeot
On First Regeive Characier, an (MIermes: 220 0C0Ur s10m
Special Reveive tonditions (cxctrt Py Error! ater
the first receive characier interrupr c=xzmple; Reftive
Overrun inrerrupt).

The main function of the External- Sizius interTups is
to monior the signal ransiiens of == C7s, Doo atd
SY~C pins; however, an Externals Statze tnrerrupt is also
caused by a Trarsmit Undermun coc=:uen ar by the
detection ef a Brzak [(Asvnchronow _.,cdnl at Abor
(50LE mode) sequence in the dara stree==, The inwesrupt
caused by the Break/Abort sequence o8 a speciai {ea.
ture that atlows the Z50-510 10 ic:=rupt when the

. Break/Abort scouence is desected or temminaed. This

leature fzalitales che proper termmnacoo of the carrent
message, coreeet mnializanon of e oo meysage, and
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he aceyrate timing of the Break/Abort num:lmon inex-
rnal logic.

PU/DMA Block Transler, The Z30-510 provides 2
3lock Transfer mods (o accommodale CPU block trans-
et functions and pMa controllers (ZE0-DMA or ather
Jesigns). The Block Transfer mode uses the Warm/
LEADY outpul in conjuncrion with the Wait/Ready bils
of Write Register 1. The waIT/READY outpul can be
fefined under software cantrol s a WAIT line in the cPU
Alock Transfer mode or as a READY line in the pMA
Jlack Transfer mode.

To a pMaA controller, the Z80-510 READY output io-
ficares that the ZB0-5[0 is rexdy 1o transfer dara o or
from memory. To the CPU, the WalT outpul indicales
that the Z80-5{0 i oot ready 10 transfer dara, thereby
requesting the €PY 19 extend the 19 cycle. The pro-
gramming of bits 5, 6 and 7 of Writz Register | and the
logic states Of the WaAIT/READT line are defined in the
Write Register | dewenption (ZB0-SIO Programming
section). ) )

[a addition to the 1/0 capabilities previously dizcusyed,
the ZBO-S5I0 provides two independemt full-dupiex
channels that can be programmed for use in Asynchio-
aoks, Synchranous and soLC (HDLS modes. These Jif-

ferent modes are provided Lo facilitate the implementa-

tion of commonly used data commumications protocols.
The following is a short descripuiion of the data com-
munications protocols supponed by the Z30.510. A

mure dewaled explanation of these modes can be found

iri the ZE30.510 Technical Monual.

Asynchronous Mopdes. The Z30-510 offers transmision
and receprion of five 10 eight bits per character, plus op-
tonal even or odd parity. The transmitter can supply
one, one and a half or two stop biws per character and
o provide a break oucput at any time. The receiver
break derectian logic interrupts the £PU only at the start
and end of a received break, Reception is protected
from spikes by a transient spike rejection mechanism
that checks the signal cne-half a bit time after a Low
level is detected oa the Receive Data input. [f the Low
does not persist—as in the case of a transient-—the char-
acter assembly process is not started.

Framing errors and averrun errors are detected and
buffered together with the panial character on which
they occurred. Yectored interrupts allow fast servicing
of error conditions using dedicaled routines. Further-
more, a built-in checking process avoids interpreting a
framing erTof as 4 aew siare bit: 2 framing error resuhts
in the addinon of one-hallf a bit time to the point ac
which the search for the next stare big s begun.”

The ZR0-510) does not require symmetsic Transmit
and Recove Clock tignals—a leature that allows Lo be
nyed with a ZB0-CTC or any odher clock source, The
Hansmiwer 2nd receiver can handle data a1t a e of 1,

1715, 1732 or 1/64 uf‘th: clock rate supplied 1o the
Receive and Transmit Clock inputs.

o Asynchronaus modes, the SYNC pin may be pro-
grammed (or an lnput that can be wsed for t’un—::non.:
such 4% monitoring a ring indicator.

.Syn:hm'nnu: Modes. The ZED-S]D supports bath byie-

orented and bit-onenied synchronous communicarion,
Synchronous byte-oriented protocols can be handled in
several modes that dlow character synchronization wich
an 8-bit sync character (Monosyng), any 16-bit s¥nc pat-
tern (Bisynch, ar with #n extzrnal sync signal. Leading
sync characters can be removed without imermzpting the
CPU. cCRC checking for syachronous bytz-onemed
modes is delayed by one characier ume so the CFU may
disable cr¢ checking on specific characiers. This per-
mits implementation of protocols such as tem Bisyne.

Both CxC-14 {xlhmux—n'.u and <CITT

(X164 X124 X3+ 1) error checking polynomials are sup-
‘poerted. [n all non-SOLE modes, the CRC generator is in-

itialized to 9's; in 3DLC modes, it is initialized w 1°s,
{This means that the Z80.51C cannot generate or theck
R [or IBM-compatible sofr-sectared  disks.) The
ZEQ-SIO also provides a feature that automatically

T transmits ¢RC dara when no ather data is avaiiabis for

transmission. This allows very high-specd transmissions

- under oMa, conlrgl with no need for CPU iptervention at

the end of a message. When there is no data of CRC 0

. send in Synchronous modes, the transmitier insens - ar

16-bit $yme characters regardless of the programmed
character tength. Since the CPU can read seatus informa-
tion from the ZEQ-SIO, it can deiermine the rype of
wransmission (data, CRC or sync characiers) that is tak-
ing place at any time.

= The Z80-510 supparts synchronous bit-criented pro-

tocols such 45 $DLC and HOLC by performing autemaric -
flag sending, zero insertion and CRC gencration. A spe-
cial command can be vsed to abon a frame in wansmis-
sicn. The Z80-510 avtomarically transmmts the CRE 2nd .
trailing flag when the wransmic buffer becomes empiy.
An interrupt wamns the Cpu of this status change 30 an
abert may be issued if & wransmitter uaderTun has oc-
furred, One to cight biis per characier can be senl,
which allows transmission of 2 message exactly as
received with no prior informaiion abour the characer
structure in the information feld of a frame.

The receiver automatically synchranizes on the lgad-

_ ing Mag of a [rame and provides 3 synchronizanen sig-

nal thar can be programmed to interrupt. in addition,

" an interrupt on Lhe Nirst received characier or on every

characier can be selected. The receiver auromaticably
deleics all zerocs insened by the transmitier dunng char-
actzr astembly. It also calculates and auromasically
checks the CRE (o validate frame lransmission. AL the
end of 1ransmission, 1the status of 2 received frame s
avaitable in the status regatens, The receiver can be oros
grammed 10 seasch for frames addressed (o oaly a speg-
fed user-selectable address or 1o a global broadeast ad- -
dress. 1n this mode, frames that do not maich the uscr-
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selected or broadeast xddress are ignaced, The Address

Search mode provides for a singie-byte address recog-

"able by the hardware. The number of address bvies
be expended pnder software control.

“The FEO-510 ¢can be convemiently used under DMA
coniral o provide high-spesd reveptian. The ZE0-510
Lan interrnpl the CPU when the fiest character of & mes-
SALe i3 received, The CPU then enables (he DMA [0 frans-
fer the rreesage 1o memary. The Z50-S§C then issues anx
Eng OF Frame irterTupt ana the P checks the starus
of the rereived messages. Thus, the CPL s fre=d for other
wrney while [ne mettage is bong recfived. A simular
scheme pilows messags transmission $nder DA Con-
ol

To program the ZI0-SIO, the sysiem program Nt
i3sues A senes of commands zha: initialize the basic
mede of areration and then OLRcr comimands thar qoal-

the Agynehronous moce, snaracier f=non, clock mate,
number of stop nits. sven ar odd panty are first ser,
then the iniermuept mode ang, Taoally, eceiver or
rENsmitier enakle. TP WRa poramelers mitst oe issued
before any ciner carameters Are issusg 10 Lhe initializa-
Lon rourine.

Both channels contain zommand repisiers that muost
rOgrammes wig 0T S¥Siel prografl P o opera-
g. The Channel Seiect input 1844y and the Concrold
ald Input 1S/ are the command siructure agdressing
eonatrols, and are rormally controiled by the ¢PU agd-
dress bus. Fipure § tHustrates the Smunog relagonships
for programming the write registers, and wransferring
data andg status.

The ZS0-5I0 contains aight registerts (WRO-WRT) iD
exch chatmel that are programimed separately by
the swvsetn proeram o configure the functipnal
personality of e channels. With Lthe exeoption of
WED, programming the wriie regisiers regquifcs [wa
byies, The first bvie congains thres biss \Dp-D+) that
point to the selecicd regisier; the serond bvie is
the acual control word that is written ioto the
regitter (o configure the Z50-510.

WKy is 2 spesal case in o that all the basic com-
martds (CMDp-CwDo) can be aecessed with a single
byie. Reer (internal or externall  inidalizes the
powtter bits Ow-D- kO point (0 WRD.

. Z20.510 contains thras togisters, RAO-RAZ [Figure
6}, that <2 be read to obain the status information foo
mch charnel 1exceps for RR2 — Channel B onlyd. The

vy

status information includes ¢mor conditions, intesrupt
vector and standard communications-inlerface signals.

To read the contenus of a selttted czad remscer
ather than RRO, (he s¥slem  program  must first
write the pointer byte to WRe in exactly the same
way a5 a wnle regiseer operation. Thed. oy ex-
SCULInE A nput  instruction, the contenos af the
addressed read regiscer <An be read by the cPU,

The starus bits of RE0 and BRI xre carefully
grouped 1o simplify staius monitonng, For exam-
ple., when the interrupt vesipr ingicates thar 3
Special Receive Condition (nuefTupt has ocoums=d.
all the appropnate 2rr@r bis can be rrad frem a
single regisier (RR{}.
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Ye

d Crcle., The tming signals generated by a
~-CPU input instruction to read a Data or Stacus byt
from the Z80-S10 are ilustrated in Figure fa,

Write Cycle. Figure 8b illusirates the timing and data
signals generated by a Z30-CPU output instruction to
write a Data or Control byie into the ZAG-S10.

Ty T 13 Ty
|

L i

C A
& . {1

CHANNEL A0DAESS

Ty

»4\—|§‘|f—ir‘1l‘1

£t S~ X | CHAWNEL ADORESS X
i .

|

R .

U] /W

- mi

DATA out OATA X_ ™ X
Figure 35. Read Crole Figure b, Write Crcle

lntermapt Acknowiedge Cycle. After receiving  an Returm From [merrupt  Cycie.  Normally,  he

Interrupt  Reguest signal {IvT  pulled  Low),  the Z30-CPU issyss a RET! (RETurn from Intgfmumpel in-

D-CPU sends an interrupt Acknowledge signal

i and 1Ok both Low)l The dasy~chained inter-
rupr circuits determine the kighest prionoy  inter-
mupt requestar, The IED of ithe highest prionry
periphezal is 1crminated High, For any pentpheral
that has no inferTupt pending ar upder  Servics,
LEG=IEl. Any peripheral thar does have an inwerrupe
pending or under service forces ios 1EQ Low.-

To insure siable conditions in the dajsy chain,
all imterrupe sratues signals  are  prevepied  from
changing whife 1 i3 Low. When [OmG js Low, the
bighext prierity interrupt requesior (the one with
Er High) places its interrupt vecior on the data bus
and wgts its internal intermupt-ander-seevice Jatch.

struction al che +nd af an ntermupt servics [outing,
RET! 15 a 2-bvie opcode (ED—m that resers the
interrupt-under-service  larch 1o terminate the in-
terrupt thar has just been proecssed. This is ac-
complished by manipulating che daisy chain in the
following way.

The normal dajsy chain operation can be used (o
detect a pending interrupt; howeyer, ic cannat distin-
guish betwesn an interrupt under secvice and o pending
‘unacknowledged interrupe of a hicher priority. When-
ever “ED' i3 devoded, the daisy chain is modified by
forcing High the (E0 of anv intsrmupe :hac has oot wet
becn acknowledzed. Thus the daisv -nain dentifies the
device presentiy znder service ax the gnly gne with an iEI

A=
— - -
p Y e

%“ézlg!i{-

Figure 8c. [8terrupt Acknowiedpe Cycle

|

5

Ag L N/
0g-0yp FE » @_-—.—-.—-—-—_
- - =y

R e T

Tl

Figure 3<d. Return from [nedrupt Cycle  ~
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e TEREE T RETTRE T R T e g e

oo TRmEesE s o

Zz

High and an 1E0 Low. !f the next opcode byte is 4D,
the interTupt-under-service latch is reset.

The ripple time of the interrypt daisy chain {hoth the
High-1o-Low and the Low-ta-High transitions) limizs
the pumber of devices that can be placed in the daisy
chain. Rippie time can be improved with carry-logk-
ahead, or by extending the interrupt acknowiedge cycle.
For further information about (echnigues far increasing
the number of dalsy-chamed devicss, reier 1o Zilog
Application Note 03002101 (The 250 Famuly Program
interrupt Strucrure).

Figure 9 iljustrates the daisy chain configuration of
interrupt circuits and their behavior with nested imer-

repts (an interrupt that is incermupted by another with a

‘higher pnority).

Each box in the dlustration could be 2 separale exrer-
nal ZBO peripheral circuie with g user-defined order of
interrupt priarities. However, a simitar daisy chain
structure also exists inside the Z30-5[0, which has six
interTupt levels with a fized arder of prionties,

The case iilustrated occurs when the transmitier of
Channel B interruprs and is granted service. While ths
interrupe is boing serviced, it is interrupted by a hicher
priority interrupt from Channel A The second interrupt
is terviced and—upon comnpletion—a RETE insLruetion is
executed or a RETT ¢command i5 wIIeA k0 ine
ZRO-510, resething the interrupr-under-service lach of
the Channel A interrupl. Ac shis time, the semvice ronne
for Channel B i5 resumed, When it is completed,
another RETI instruction is executed 10 complete the in-
TErrupt Service,

CHAMMEL &

CrarMNEL 1
CHANNEL & CmdtMEL & EATE=MAL CHAanMEL B CHANNEL 3 ExTERMIAL
RECEIVER *RANSMITTER EYATUS RECEIVER TRANSMITTER STATYS
-
| NG HHGH G G e 4Gm — G
11 [ T 1€ €c 1E1 o 1] EC 1 EZ 15y ED e
1. PRICRITY INTERRAUFT RAISY CHAIN BEFJORE ANY INTERAURT QCCURS.
* LNOER SERVICE
| HKGH HIGH heCad HIGH G
IEK iED 1E] | a] 1E] ED 1E1 1EQ === IE| 1EQ 1| B ettt
—_ . L 1o

i CrANNEL B TRANSMITTER INTERRUPTS AND IS ACKNOWLEDGED.

*

L0 SERVICE

SEPVICE SUmFENDED

| G G L e ]

E2

IE2 1= 1 [ 3] IE

I—I:n EQ
| ow

IEI 24 ]

IEN

EQ I—
(A=

Lo Loy

3 EXTERMALSTATUS OF CHANNEL a INTERAUPTS SUSPEMDING SERVICE OF CHANMEL B

TRAMSMITTER.

+

SERVICE COMPLETED

Hi G

SERWICE AESUMWED

[ HHZH riIGH MIGH I
1El IEC 1E1 IEC 121 EQ IEI - [13a) 1l IED 1l IEQ) e
Lo LQw
4, CHAMNEL A EXTEA%ALSTATUS ROUTME COMPLETE. RET! ISSLIED. CHANMEL B
TRANSMITTER SERVICE RESUMED,
* . SEAVICE COMPLETED
| HIGH HHGH i HIGH Ll e L FeiCi
1E IEQ I 4l “EQ IE1 EC 1E4 1EQ p—— EI 1£EQ IEI gD

§. CHANNEL B TRAMSMITTER SERVICE ROUTIHE COMPLETE. SECOMND RETI ISSUED.
: 1

Fln;-z 9. Typtod loierrupr Sequence
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Type 0 Bonding
Type | Bonding
Type 2 Bonding

Examgpies:

Z80-510/1 C5 (Type | bonding, ceramic package,
standard range)

C — Ceramic Packase . .
P — Plastic Package Z80-510/2 PS5 (Tvpe O bonding, plastic package,
standard range)
8 — Standard Range {3V, =3, 0°¢ w 707
E = Extended Rance i3V, = 5%, —30°C o 32°0)
M — Military Range 15V, =!10%, -55"C tp 125"
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80-CPU
’S0A-CPU

The Ziog Z80 product [ine is a complete sef of mucro-
compuler compontnls, development svitems and support
sofrware. The Z80 mucrgcomputer companent 32t includes
all of the curcints necesary 10 duild fugn-ps;formance
TRicTOC oM prdier sysiems wath vriually oo owier logic and a
minomwn Aumber of low cost standara memory elements.

The 280 and ZBOA CPLPs are third zeneration singe chip
micraprotessons with unnvaled computansnal power. Thi
merrased tompuratonal cower remice mx suERer systom
through-pul angd mers effizeat memony uilifaton wisn
compared [0 wecond prnerguon TUCOrtecestors. in
addition, the Z20 2nd 2504 CPUs are vorv ey 40 mmpie-
ment ineo a yysiern oecause of their unge voltage toquire-
mept plus all ourput ngmas 2ee fuliv decoded and umed to
eontrel slandars memory o prnphen! ciroulis. The cirgulr
1s implemenied uning an N-zhznnel, ioa soplanted, slicon
@tr MOE process.

Figure | is 2 tlock diagram of the CPU, Fizure 2 deraiis
ntemnal reister contigueanon wheh contans 208 purs
dad/Wnie memory that are accessiode (o e pragram-

mer. The registess include two s2t8 0f six geoenal purposs
regraters that may 3¢ weed ingavidually as 5-DiC repaters or

L6t reguster pass. There 3¢ alta swg sets 0l 3CSimy-

. lator and flag repsters. The programmer fas 6625 {9 &tfler
set of main or 2ermale regigie I throusn 3 eroup of ex- -
change matructions. Tius alternate sot allows roreground/
background mode of operarton OF may e reserved for very
fast lnterrupt respense, Each CPU alsa conturs 2 1 6-bat
stack pointer whuch permucs smple implementation of

53

Product Specification

MARCH 1578

mubtple lavel intcrrupts, unkomued subroutine nesting angd
sumplification &f many types of data handlwg,

The twa 16-bit mdex ceguiers alow taoular data mamizu-
tation ang easy unplementauon of rriociiapie code, The
Refragh repsier growndss for automate, wially transparen:
refresh of external dynamc memores. The | reguster ts used
in a powerful LEfrUpt response mods [Q (oM the upper &
bie of 3 pointes (0 4 inceTuat servics 1a3ress table, whale
the puercupnng devce supoues the lower 5 Sits of the
pointer. An indirect call is ceen made (p this sErnge adares,

FEATURES

* Singzle chip. N-chanret Silicon Gare CPLL

& |55 gstruetigns—mnctudes 38 75 af tne 50904 ingires-
uens with tool sofTwars combelibEity. Mew ipglelc-
tions include 4=, 3- ard |5-011 upemuons with more
nsery addieising mooes such as indesed, bit and relative.

# |7 intemal registess.

& Three modes of Fasp mismupt sespanse plis a non-
askable intsrrupt.

® Darectly interfaces srandard spead s:3%ic or dvpamuc
memones with wirteally 2o externa) loge,

s |0 s instraciion exesuhon speed ;

® Singte § DO tuppiy and singpe-phase 5 voit Clock.

» (uiperforms any ocher single chip micTocom puter m
4=, &, or 16-but applications,

% Al gyns TTL Companible

* Bugrin dvnarmue ALAM refresh arcnitry.
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Z80, Z80A-CPU Pin Description
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IX0, ZA0A CPU PN CONFIGURATION

Al
{Addrmn Bui)

Do -D7
(Ea Busy

-

L
(Mazhune
Cycle ane)

MEREQ
(Meztory
Request)

IORGQ
Inputf
Ohrtprut
Requeat)

Memory
Read}

{Memory
Wnte)

Trn-atate outpus, actve high. Ap-Aj ¢
canstitute ¥ | 6-tnt 3ddrets bus. The

dddrezs bus provides the 2ddrew for

memary [up 1o 54k byies) data

exchanges and for [0 dewniee data exchanges.

Trstate wrputioutpel. acuve hwah,

Dy - Dy eonstitute an 3-ba bidirecoonal
data bus, The dats ousis used ror daga
exchanges with memory and LC devices.

Outpyt, active low, M indicates that the
current macheme cye'le 5 the OPF code
fetch cycle of an instmucuon execution,

Tr-mate quipyt, active bow, The memory
request signal indicates 1hat the address -
bus halds 2 vatid address for 2 memary
read pr Memery wote operalon.

Tro-state autput, actve low, The IORD
wgnal indicates that the lower half of the
addres buy holds 3 vatid /O xddress for
a /O read or wnre cperauan. An [ORG
signal © also penerared when anncemupt
i being acknowiedpsd to indigate that an
fuerzupt responss vector ¢an be placed
on the daza hus.

Tr-stzte quipul, acuve low, RD indicates
that the TP wanis 10 tead data from
memary or an O device, The addressed
[fQ device or memaory shouid use ths
signal to gate data onto the CPU daca bas,

Trieuaze cutput, acnve low, WH indiczies
that the CPU data bus kulds valid dara 1w

fe stored i the addressed memory or 0
de viex

RF5H
(Befresh)

"HALT

(Halt state)

WAILT
{Wait)

INT
(Interrupt
Request)

M
{Mon
Maskable
Interrupr)

BUSRG
{Bus
Requeyt)

BUSAK
(Bus

Acknowledge}
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Cutput, active low, RFSH indicates that

the [ower 7 bitt of the addreds bua con-
tain 1 reltezh address for dvnamac
memories and the oyerent MBEQ wgnad
showld be used to do 2 refresh rexd 1o )
dynamic memores.

Cutput, active low, HALT indicates thas
the CFU has executed 3 HALT soirwars
matruenon and s awalting Siiner a fon-
maskable or a masicabie emupt fwit
the mask enabled) baTore operanon can
miumne. While halted, the CPL execotes
NGE's 1o mantan memory refresh
dcriviry .

Input, active low. WAIT adicales to the
Z-50 CPU tha the addressed memory or
3 dewvices are not ready for 2 data
transfer. The CPU continues to enter wat
atates {or as long as thus signai iy active.

Ingur, scuve low. The [ntersupr Reauest
fignal i generaied by UMD deviczs, A
request widl be fonored ar the end af the
current instruction F the ince:nai soie-
ware controlled interripc enaole thipslon
{IFF} is enabled,

[rpur, active low, The non-maskable
arerrupt requett bone has 3 higner pnaoeny
than THT and is tlways recogruted at the
end of the current wmstruznon, wdepen-
dent of the starus of the intertipt enzole
Rip-flap. NI automateiity forees the
Z-80 CPU 10 restart o location 0066y,

Inpur, acteve low, RESET imnakizes the
CPL as follows: resat mieTrupt enahle
lip-flop, clear PC and re@sioes | and B
and et interrupt to 30204 mode. Dusing
Teset time, \he address and data bus @9 to
a high vmpedance state and all consrol
Outpul signals go to the mactive s1are,

Inpur. acuve bow, The bus request signai fas
1 higher pronty than B0 and i alwayvsy res-
ogmzed at the end of the carrenl macsne
eycle and 13 psed 1o resuest the CPU 1ddiess
bus, data Yus and [n-siate QUIpUL JoREro]
vignals to go to 3 high tmpedance state 5o
that gther devices can control these busses.

Quepuir, acuive low, Bus acknowledge ty

used tondicate to the requesing devics

that the CPU address bus, dara bus and
Ln-atate control bus signzls have been s&t

Lo their high impedance stawe and the
exlemal device can now conteel thess sienais.
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The program counter content {PCYis placed on the

ress bus ommtediatsly an the seart of the cyele. One half
clogk time later MBEQ goes aceve. The falling edgr of
MREQ) can be used direztly as 2 chup engble to dyaamie
memones. KD when aciive mdicates tat the memory
data showld be znabled onto the CPU data bus. The CPU
aarples daa wicth the nsing edge of the cloek wate Ty.
Clock sares T3 and T3 of 2 retch ovcle are wsed ta relreth
dymaonc memnnes wile ine CPU is intemnally desoding
and executing the mstricusn, The refresh control signal
RFSH indicates that a2 refresn read of all dvnamic memories
chould be accomplished.

INSTRUCTION OP CODE FETCH

PR | H LT ) T

LA SO :

s TTIIIT e\ TIITTIIIITITIIITITT
= S——
- — =

o Ii ) R |

MEMORY READ OR WRITE CYCLES

Musrrated ke 13 the Loung of memory read ar write
cyeley ather than an QF cods feieh (Mg evcleh The MREQ
g BUy sirmals are used sxacily 150 the feich cvcie in
e calxe oF 2 merory wniz oydie, the MEEQ also becomes
Fehee when che address bBuz g d2aole sooohat o ¢an be used

dresly 45 2 Sup ¢130lz for dvnamic menones. The WA =
Lzze o acTyee wno ¢103 o7 the Card bus 15 stabie 3o that il -
caa be usedd diremtly aza RrW opulses to virually any type of -
MNCanduCTar TEMary. -
L)

Dugerared bere i3 the Zoung for an 170 read or [fO wmie
cEaranon. Natics that tunng 1O agerations 2 anale wat
sTa0d ig autormarically inserted (Tw ) The reason for this s
thit during I/Q operations this exiia state alows sulficrent
fime for an 1/Q port to d=gode 163 address and activare the
WAIT lie il a wait it feuired,

INPUT OR QUTPUT CYCLES

] = : '
1 | | | LS
Sy . ey —
[] 1 1 - 1
L I o I I T I T T I
i | | i r
I i I PR [ i ‘s 1 "
" i L._J_'I__._.! T
kot T T eCIET dpeEd LI T
S . ] L
L] 7 I t "
1 1 . ! Yom
o — i ; = .
= :".I::: - _T NS R T ::'_l'_____
T T

INTERRUPT RECUEST/ACKNOWLEDGE CYCLE

The inteitupl signal is :2mpled by the CPU with the
risifig ¢dge of the lasi clock af the end of any instrucoon,
When an Hitarfupt W aszepted, a soecal My cvele s

geadrigd, Dunag ihie My cvete, the I0RY nenal becomes =
#ctivd {iftidad of HEEL) tondizate that the inlezrupting
dévict can plade an 3-8 vecier on the data bus. Twa wait e
RAIE(T»* dw autamancally added ta thus cycle so thala &
Oppld BBV InlATupt s2heme, such as the one used in the i3
220 pdnpheid ¢ontralles. can be tauly implemented, =3

[ R L
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Z80, ZBDA Instruction Set

¥

The follownng is a summary of the Z80, Z50A imstruction
set shoeang the asseraoly lanrulge Mnemontc and the svm.
peranon periormed by the instrucuon. A more de- &
listyng appears in the ZE0-CFL rechneal manual, and

any B-bit destnation regnter or memory locanen
any 16t destimation regsier of memory jocanon
Bhr signed I's compiement displacement used in
eetative jumps and sndaxed addreszng -
8 special call lecations ip page zeto. 1o decymal

; naiatjion these are 0 &, 14, 25, 32, 30, 45 3nd 36

assembly languags programming suaneal. The instrctons’ L E ]
are dinded into the following caresones:
Bbit Loads Miszellaneans Group n =
16-bit loads Rolates and Shufis nn B
Exchanges Bit Set, Res=t ang Tex T n
Memory Block Moves input and Quzpitt
Memory Block Searches Jumps H n
Abic anehrmetc and 1ogie Caliy 5 N
160zt arithomnelic Reslaris = u
General purpose Azzumulaier Retumns subscnpr L7
& Flag Opsrzions : subscripe “H"
In the table the following termunology is used, i)
B = 3 kit owmber in m'y E-DAT re iRy Gr memory
location
o B {3 conditon code
NZI = nonIeo
Z E rero
NC = nop cany
C = ocarry ;
PC = Panuy odd ar no avet flow
PE = FParity even or ovzr {low
P = Posinve
M & MNegative iminusi

any B-bit ipary numos;

any 181 batary number
any &-bit genery purposs regster (A B.C, D, E,
Hoor L)

any 3-bil source regsier of memery locativn
a bt i3 2 speaafic S-ant reqsier or memony WCaLon

any t6-4nt source regisier or memory lacanion

= the low order § bitt of 3 1890 remster
E the hugh ceder 8 bats of 2 L&D reputer

B the cantents within the | b are to be vsed 352
paintet 10 @ memory tocation or 1'0 por number

Bbir registers vt A B C DLE H. L. [and R
L&-bit reguszer pursare AF, BC, DE and HL

L&-but regusiecs are 5P, PC, IX ard 1Y

Addressing Modes implemsnied inciuds cambinauons ar

the followetg:

lonediare
[rmmedigie sxaanded
Modified Pags Zeo
Relative

Extend=d

Indexed
Regmsier
[mplisg
Regisier Indues:

But

Mnemonic ] Svmbuelic Jperation I Commenis l I Mnemonic | Symiaiic Qpezuion | Comments
i s s®r a.{HL), LEt {DE) =~ L), DE = DE~I
. (1X+eh, (TY+ey z HL «~ HL+! . BC =~ BC-1
tDd, r de=¢ dE(HL), ¢ Z [ LDIR (DE} =~ {HL), DE ~ DE+|
(IX+) (Iv+ey | 3 HL — HL+1, BC =~ BC-|
LD d,n d=n d = (HL), = Repoatunul BC = O
{1X+e), {T¥Y+} | =| LDD { DE) ~ {HL). BE — DE-1
LD A,s A-y sm(BC)L{DE). | = HL ~ HL-(. BC = BC-I
(nn), L. R 2| LDDR (DE) (KL}, DE « DE-1
LDd. A de=a dm{BC} (DE}.| = HL = HL-1. B + BC-I
innl. I B Receatunid B =9
. N 3
LD dd. on da —ap ad E BC, DE, - | CP A-HLLHL ~ HL~I
HL.SPIX.1Y | = EC ~ BC-1
LD dad. (nn} | dd —inn; dd=BC.DE. | Z|CPIR “A=HL) HL = HL A=iHLj sery
HL. 5P, [X, IY b} BC = BC-1., Reprat the Hags only
LD {nni. s las+~ o usBC. DE. “ untd BC =0 or 3 ={HL} A lsnoL alTesied
HL.SPIX.IY ) ) epp A~HL). HL = HL-1
LD 5P = B3P -3 g=HL X Y - BC « BC-|
PUSH ss (SP-1} = ssyyi (SP-2) =5y | s = BC. DE, Z [ cror A-HL), HL = HL -0
HL, AF.IX. IY = BC — BC -1, Repeat
POP 44 dd; ~ [SPhddyy —(SP+1) | ¢d = BC. DE, = wntil BC= 0 er 4 =(HLI
HI.AF X IY — e e
A80 s L —Ary
EX OE.HL DE - HL ADC s A=—Aws Y CY js the
EX AF.AF' | AF - aF S| srms A-As cxrry 13g
[. ac BC ; S5BC Aw=deiaQY SErp HLD)
DE)"(DE‘ 21 ANDs ArAf;s X red, 1Y ey
£ HL HL: QR s A=AV ) _
XASPYas | 15P) ~ s, (SPr D) ~asy, | wEHLX.IY XOR 1 Ay 1 .
o
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Mnenanic Symbolic Operation Commenta Mnemonic Symbolic Operation Comments
Py A-s . £ 5.0 (HLY A EEY Z-5 Ziszern lla
. |3
4 d=d+l Brred. (e} | Z1SEThs | g - 5% ¢ (HL}
d=r, (HL) ...l-R.ESh.s » =0 {IX+ebalY e}
1X [ = —
DEC ¢ d=d-1 {(1X+e), ([Yre} T T
. 1N 1, (C) =) Set Rap
ADDHL.ss | HL=HL~ ~ INI (HL) ~(CVHL = HL+1 | |
ADC HL. s | HL—HL +ss + CY “HL=53§-DE o[ BB
SBC HL.ss | HL~HL -3 -CY - INIR {BH:T:IB'*{FLHL-HL*I
ADDIX.5s | IX—1X~ss s = BC. DE, Repeat untd B = 0
1X_ SP ,
ADD Y35 | [Y = 1Y + s s=B8C0E | |10 o | (O-HL oL
1Y, SP =4
INC dd dd ~dd + | . dd = BC. DE, = | INDR LHE_'}B"‘F" AL —HL -1
HL, SP, 1X, IY > ’ -
DEC dd dd —dd - 1 44 = BC. DE. 2 ‘ Repeatunnl B w g
HL SP 1N 1Y = CUTin). A | ind—A
— - - 2| OUTIC e | ()=
QRverts centents 1AkQ 'p-:‘.':_‘:l;j,s b+ HLA £ OU-T Ic}‘- ‘HL HL - - .
facked BCD following add | Bt in sacksed I B—B.| RHL=HL -1
of sudtr3cL 8CD format OTIR (€CY—(HL), HL —HL - |
- |B-p-1
51:_6 A—A . Repeat unul B =qQ
‘ A—00-A OUTD (€)= (HL), HL = HL - !
CCF oY ~CY B~8-1
LE»CF oY — | OTODR (Cy={(HL), HL ~ HL - |
P w0 operaton ) B—B-1
AT Halt CPUI I Lo il
DI Disabie [aterrupts IP nn PC - an [ [~z po
El Enzble Intermu aes TP oz, nn If condizion ¢ W truc Z FPE
MR Set nrerrupt mode O 0804 mode PC = nn, else continue BNNC P
M| Set interrupt mode | Callto 003k ” IRe PC~PC +¢ € M
M2 Selinterrup: mede 2 Indirezt C2li 5[ IRkk.e  condition Xk 15 trus e NENC
" 3 ..+ 1 PC=PC + ¢ else continue Z
RLC s mE— IP (13) PC =53 &= HL. [X. iY
R DINZ ¢ B—8-1.ifB=D '
Ri LEL--_JT:TL-J continue, glye PO —PC ~ 2
_5 —
CALL nn {5P-1) ~ P‘L'H .
RRC s = T " (SP-21+~PC, , PC —~on ;Z :%
3 ' ; CALL ez, nn | If conditzon cc s false w8y p
RR s ) i-_-;:,‘.__._E._ e contnue, #lae same 15 Coou
5 CALL nn
SLas (5 P gy, PO s=r. |HL) = RSTL (SP-1) = Py
s UXve) (ysey [ 2 {SP-2) = PCp L PCy —0
SHA s T—h-a.p_....-E ! ;_ . PCL—L
5 RET PCL — 15,
SELl s Hm T oy i 7 ] PCH"'[SF"”
1 — " | RET«<e IF condinon oo 13 talse “Z PO
: i_, I g conmnue, else same 35 RET rz FE
T T x o .
A L__l + E RET! Retymn Mmom intecrupr. 1\" P
— - same 2 RET Coon
RRO TAH: L " | RETN Retur from non-_
— ) _j ' maskable interrupr h
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A.C. Characteristics Z80-CPU

Ta=0'Cre THC. Voo = +5Y = 5%, Unless Otherwise Noted,
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A.C. Timing Diagzam

Timing measurements are Taade at the following
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mamory oftresses, sIoTUS worg SoiT, s, T proe
viced for in the insruchon e,

DEXIMTIONS

£A = EFACTg Aooreyd
Ap oo ArEEs Fecigimr
Cx » Cara Fagsie

SR = Sty Lily
PCom PrEgram Cogmies
- Eqghe-Bur L
w ow Soaiwen-B e

¥

[#)

{ b= Comiensy or

e TABLE I: MC58000 [UTA ACDRESSING uans -

namsrm CIRECT ADORESTING AR e

. Dam Regeter Creer . EBA= I:L' e

1 Agoress Aequier Bimet EA m A,
Shitus Asgusier D EA = SH

: ABSCGLUTE CATA AD:HEENG
o A Abssngte ShesT T = (Mt n-‘-brclh :

A Absokis Long e = [MEal fwo "-'ﬂﬂsj
FRAOGRAM COLNTER RELATIVE mDFi-;E.SING
Ralative wi Srmet e IR
Aialive weh [ndas & Offset E.F- = (PCk+ (Ra) + Cu

- w HEptacey

Py = AJCimss or Tty Fmo-siar Cass LE INDEx RenSier

N ow 1 I Bale 7 'or Wworn ang L fer LONG WS

e FIEGJE'-EF-‘ |r1D|F='"T AA_.ERE-;.EL'HG
Tt Pegmrar Iroemct

Fogr-nsremenl Hagoier incneet

 Pregegement Regeier indirect

)

. " Regoter Inorecs w.ih Oftses
~ Ingayec Fieq g Incue-c:r Wil D‘Tse{

‘MMEMTE mm AU«!‘.‘IPE“‘ING
Immeaans

Ok imrreciale -

B (ARE

Ed m{Ax), A% —da = N
Ax —An— " TA = [Ax)
A = [Ax) + Die

EA = (Au) + (R = O

CATA = Me Word(s)

. INHEREMT DalA
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The |4 fextble cddresnng modes. shown in Table],
include fve bomng ryrpes:
, 63&;':::“ Durea - Immediate
* Reqnsier [ndirect
= Abscivte + Program Counter Relotve

Inctuded 1t the oddresung modes 8 the copoolny to
do Post-incrementng, Fre-dectemenang, Clisamnug
and Indexng. o -

THE INSTRUCTION SET

The MCEBEUND insmuctcn sat 15 non cnd hull o e
denced by the 61 discner bvpea shown un Tohie IL
Speca emphcns dunng tne :::e:m:n nss bﬂ&"l given
10 the \InSICooR 581s suzpen ol ssuctured fugh level
languages thot loslitcte ecse ol progromming. Loch
msgucacn, with few exgepnons, aperotes cn Dytes,
words, ond long words and most Lsrusnens gom une
‘any of the 14 cddrettng medas. Combinng mesmue-
ticn types, dotc types, ond addressing modes, ovar
1000 usafyl insTusucns are proviced, These (nsus-
nons lnclude signed and unsigned muluply eng di-

nde, "quick” cnthmete oparanens, 30D enthmets

and axtenced operchons tm.:uq-:, et The zro-

cezaar cers the most comprenarsve cnd deakie

USTUCTCn S8l ol SnY NUCTDRIGOEssor of any oloss,

avadahle oy, Addiconally. s lughiyenhogonal,

“TORMBNTY MICTOSoCEed sTUsTUre mronides o sound
ible basa for tne futre.

REDUCED SOFTWARE COST AND RISK

Advances in V15[ semicondusior lecanalogy heve
resulted 1o o ngruboont reduczon 1n the coa: of eom-
puter hardware tn recen: poors, The MCEEND mcoco-
proceszor, or excale, provides o o osingle e

groted crow: pocioge compulng power thet just g

decada cgm would hove been three or four orcers oi
mogrulide Tore expenuve, Soitwore cosm dunng
this scme parod of tme hove, s c percenicoe o ars!
SYSiEn ool incoecsec sigruacaniy. Thtt oy Deen
due prnmeniy o mferan oo the lobhor iensive na.
ture of progremming. Withour sgreiom ooutec
wral odvencaes o camputers, this irend oo 6o neth-
ing but exnnnue. Cne of Motoroic's moor goaiy 1n
developing 1his naw mucTepoeEteer hes bean DM
cuce the costy of scitwoze. Mony mnoveove lscnuzes
have bean incoroorsied o more progrommuing
wasler, icsier atd more relcte,

An Orntkogenal 18-8I7 MPU — Tre nughly erthogonct
or reguler ttuch:re of te MOSE microprocessor
grecly nimplbes the efon required © wnh'a pro-
erams n Assemkly Longucge o3 wetl o5 1 Hign
vel Lenguoges. Cperstons on tnieger oo i reg-

= ond memery ooe e pensen: o (e doe el
waporote speqal insiruchans that orarcle on Dyte
(@-hut). word (16-bu) g long-word [32.but) integers
e Not necesioTy, The progremoar mecaly hos o

L

remembar ong mnemonic ior eoch e of operenen.
and then speciy doim sze. scume l:z':i:ess::::; mooe
end dexonemen cSdreming mode. This hor neiceg
ksnp the 1012l Aumber or merocoen mremenss or
the MSEQCD 1o on ecsily rememnered. vot comries,
Bl typas, ejeven lewer thom o Matorio's MOEE00,

Tne C:L.l::l r::peru::nr: noTLre m memy £f the ST

cf this new Metomic micoprocessor x..n:r.s.s:er.r:f
Somn 1% ::c:mc:u:ec’. smze = S orequstans =nd
M@mory loconons oy Se aither T soLrce or desane-
ton kor most operstons on nteger S,

P ———

TABLE H: Hcmnu IHETRU!,‘.'!"[UH SET SUMMARY )

R . iutte.; .- DESCRIFTION. 1
LABCOD o LT Md.‘Der:':nm wnlth Sutend i
CAGDL.T el ST Aae ’
L ADDR = Agtet wory Exdenc
o AR _Lngn:'.m And
- ASL - ; _Anrmanc Sl Lalr i
TOASH: L - - Amhmen = Enit 6. At i
Pl = |y el ' Branch Conarmaraus :
BOHG =@ " - - Bur Test ard Crarge |
BCIR (5= e Bit Test anc Claay
oo BRA . ' BT Alwaes,
+ BSEYT - | OBt Tesz anc St
T B3R -, F Brancm S ties
7 BTST- | * EtTess -
h =21, Y " le Chimes Paamier Somngt doures |
= CLF-- . ear Coprare - -
1 EMP- - Armesns oo
o O - Decmemens ang Smaren Nn::n—-.:—.'-"u-
$5 VI Sgrmeet Lhace: . .
A Ll d g JUnmegiag Sage T T
E'E'I:R- ) z .o
Y ENG P
SEXT o
Ll - - - LS e
- B dums im Sabeunme - T LG
LA iceCMuTne dpn s - -0
L0 Lo Pecoer Cuie -- ° 5o 5
« LEAC. - oo Sfesve Acress
ALK =T L Soark s o
fZLSL e o Lngx:ﬂg::mﬁe" ) ’
= . '[:;ﬂl ol |3
»= MOVE M . F L
o MULS Sired Mzone L . (o ]
MY T Lnsigren Moty .
o NBCT - Nega.-euem.&amm 1
o HEG™".’ " a, T Ciomowee=t *
e "= Twy & o Cuarreny wf.rl ._::En: o
o =
- 1

- Boate FgrT wai Sazanct
- et ang Fesienge A
Pt o Sutmunre -
| Sum@AcT Decrma was Ealena
Sor ConQingngl

i~ Stove Mhabore FRoSiEs -

. S-utum:: Wit Exlerud

. Swan Jata Rec.ser Falves
Test anc Ser Dperarm
“Trag ..
Trao on Overtiow
iy Test

. Undhnky Stace
. errnacx. ECD o ASC'L

L -
ST - - - —

A ame w S

et it e b T
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The cddrasmng —odes have been kept simple

m‘;hnul sacnihicing eitcency. Allfourteen eddressing
*iay wpermie consisiendy cnd are inderendent of
2 Vigtructon operaton itsall A::dmcnc:..y =1 .
dress re:siers moy be used icr the Dhrect, Fequsrer
Imi:rec’ln:*c'. [rdexed cocresamg moces. Immed:ole,
Progrem: Counter Selocowa and Abseivte sdicressing
by debruron g5 not use m:'.c:.m reqsiers), ©oroom-
crecsed fexkiliny, ooy oo requster —os wellos ooy
address regisier — =Ty Se usec cs On InCex Hegster,
Address recister conmmiency 15 SEnicened e sieck-

g aperctons since oy of the elght cddress regis.

ters may be culizec o3 User Progrom Stast poiniess
with the Eegister indirec: Posl-incrament/Fre-
decrement cddressing medes, Reguster A7 howevar,

it a specc! recister izt n addingn o oits asonal
gddresmng copemilisy. funchons ©3 the Systes Stesk
Pownier when stococrmg the r-:ng.m-Ccr_:::e' ==
Sterus Baoisier for sutsounng ooils, Soos ooo mter-

rupts: wiile i the supernsory oods.

'

Structursd "-*'udu lor Bregrempunty — The ot ol 5o
STCOUTUNG TuCTCoIocessars nos evoived romidly n
the past law yeors. Humerous advonged lecnmoues
have hesn ceveicped w cilaw eciier. meore consis-
tent anc relchie cenercton of sonware., in genercl,
these techrugues requure tho: the programmer te
more diaciplined o abserving o caiines sro-
Tmomming structure such o5 moduler pregTemoning.
aler programens gilows @ requered finchon o
«caxx 1o ba brokan Sown i shont mocules or sub-
routres thot ore concsely cehned ang ecsiy I
rmed and esed. Such g lechmucle i grecty
simplhed by the ovelobitity of advanced memc a5
samblers cne block sirecrured High Leve] Lenmusges
such as PASCAL. Suck concepts are nrmeily uss-
less, howaver, unless porameters are ecwuly wans-
ferred hetween ond within sofware moddes thm
QpenIte onl O reantront cng reculSive basis, (o '::a
reentTont @ routine moigt be usoble l:w' te Tt o
pon-unieTupt cnven progrmmmis wathoul tha loss of
dewz, A recursive routne 1w one the moy o=l o use
isell). The MCEELHN ——crrocessor nrowvides the
necessary arohutectirs! fecrures o cliow e::e-r:t
reentent modulot progromoeng. The TLINE ond
"UNLINK" msoucsons reduce suSroutne o=il over-
head 1n rwo complemerntiary NsTUCIONS DY QUiCwWing
tha monipulaton of linked sty of d2'c greas o the
stack., The "STM" ‘Siore Muingle Segisiers) ond
"TOM” (Lead Mulizie Regisiers! mstectens -::.so re
duce aubrounne o=V progrommung overneos, Thess
ailyw the booding or sioong, nag on efecive cddress,
muluple requsiers tho cre speckec oy the progrom-
et Suneen soitwore top veciofs e provided Wi
{3 TRAPT instucian cng cre usendd 1n cpercung

Jdannes.” Cther msmirichons the! suppen madern
sTucturad progromming techruques cre FEA (Push
Eliective Address). LZA (Load Efectve Address).

wortem call roviines or user generated “maziz’

; rki
RTR (Retum to Restorel wail o= the normed 57,
ESR end HTE.

Of courze, the poweriul vectored Dnonty istermes
structure of the pucrapracestar gilows s::z.;nt
larweorc Generctcon ol resntrens modulor Impud
Ourput rguemes. Dight mosictle levels o crnonn
with 192 vacor ’.nc:::*-:s :‘_.:':‘-I"‘l.'il moemus Semoiiy
far VO r::-'vr:' A mizioof 258 vecer Teoonoms mma
avcilable ior interrupls, nerswere trozs, anz
soitmaore tons}

moroved Soirwere Tesichuiy — Cne cf the moor
'asks the SySiel CTOCTOOMINET SICDUNIErS TFhen wi-
\ng satwoTe or Tuos SmPputers is e detechon ond
coITecuon of ertars. or fenugging.” The iime toran
0 "cebug’ soitwore neariy Sivoys axteecs me mma 1
el 1o wWTie A sc:.":w:e in ,.....,..;:u tme sig

sule chen oophes: The lost 20% of the job regras

Al% of inw ezt The TCTSRTCCesSCr NI
sevarcl lecnires not reduse the chomoe loroertorE
These fecteres. sosh s Crinogancliny and ke Siroc.
rured Moguler Proegrommemg copomblty nove zih
recdy been distuszed,

! meer impensnce o che syseTs TregrImmer

arae fegrires (hehave :en::.::'::m*—me-,. szest .
to dates: the ocourmencs o SrOGTEINOUNT SITOIS IT
"bugs.” Seversl horoTwors mITE, DIoGSac s IniiIIe

gknarmaoimemel eondiesnz ol tna BU0EAR0S noooes
1or, catect the ollowing emror gandiTons:

Ward groess w0 ofd ooid-ess

Jlego! tmmimecTions

LTn;m;:"an nted instionoTs

Dlegeoi oocresung moce

llegel Mamery cozess {bus amerd

Crvarlow on divide (drade by zerc)

Cverlow conditicn code (separme 1nsiTvcnon

TRAPY
Adginonally, the sioveon seivwore TOAP insTusoors
ey De uiilzed by the crogrommer i proce o
zoions grented arror detecilon or £Sor
rouknes,

An cddinencl emror detecnion oc] 3 the CTHE
{Checx '-'luq-:er Jtc.':u.s'.nr:_ TES] OETTATION USeT 1T
oy bound checong by verdnng im0 K tRIGH =

i
LIVIT A= :poc'-..rs""'a‘m;m'af:*nter':s_.a ag

‘twe or greciel o ne Lo

Finelly, the MCEE000 inoiudes o iosbryther 2icws
MSELCLen-Ry-INSTUCTON TSCnNG Ol S PIagTEM Bein g
debugged. Ths TRACE MODE resulisin < oo Z_e,_-,;
mode e g roulne c.. r ecch
execulicn, Toe TRALD MODE 5 ovoiletle ke
progrommer W'::E.r: the microprocesssr s m tho
EL:-E:'\'\." CRY sime o well s the USER sioma, Do
moy orly Se entered whule w the sUDeIVIsCry izia.
The SUFESVISORY/EZE uixtes provide = ooo.
uenc! degree of errcr orotecucs ior the migres
pIocessar DY DIovicing memory protecicn =i
selocted arecs of memary wnen en exiarnel memery
managemen! cevice 15 wead, .

[ Bttt

L] -
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FUTURE FLEXIBILITY

Microprocessor VLIS curowt :a-chn:ulnqv 1§ dwrane-
g ot an ever ncteciing rIie. For ex—mpie, he
Maotorelz MCoead —c:";.rr-_.? ineduoes 1975
kos evalved nis = number 2 more covansed ,.n:c'

_uety, This svclusen hos Seen Ciong ree poins:
crecsad SinomonTiry, wuk e MCOREGZ ang ) p..c.ﬂl
+ Tomputers, Gns noRCSed Densimonoe wnith
. IZBEAS], MCEEEX) omo ! Cbc"'Q mLCIoRroces-
sors. (Figure 4), The sound, weil planned, archiec-
tusz! bose provaed oy the ongingl MBI maode 1t
pozsible o Sevelen these improved preducts wiale
taking ful' cdveatzge of the omar speed cnid denmity
enhancements o NMOS VLEL This wos oe-
complished whie momoiung an unprecedentad
degree ol compo1olity ond coansistency =ith the ong-
wnal MOBI00 MPLU.

Slevbarly, o maior consicercuen i the devalsp-
ment of the MCBI0Q0 mucrcorocessor has heen 1@
provide ¢ good, sciid, Sut fenbis, bese br fumwes

axtensibiity. Severzl ooohytectural ogncepts hove -

been incopormed ot well claw thas ssvenced
pmc'.uc: o beonzonced o8 serm ucsncuostiechnolog-
ral aovonces e oo or excople. tne oo
onhogone! srumire cithe C:'U clawycperozonson
B-bat, 16-E ond 32-Ii cmegers without the need ol
concoencon of reqneters o mulbpiexng of inwmsd
dera buses. Thes regulor spuciure i the C“U ‘ends
ihelltc o —gre conmisten, relchle Samgnthotean ke
aasily # niec.

The MCBON] mmcorporgres o propnelcry mulu-

levei micTo- pm-g'"m::eu stucTirs the! allows mg- -

ruhcans versoality e rmplemenionon of nsrus-

[n laz. mete then one—eigih of the Lnsiruction
o e map hos Deen set owude specthectly for tm-
plementaticn of fulure mstuctions. [ the term.

dsar mplemenisuon of msiectons oot comeniy
the insmusuon se! s possitie througn e use o0 ke
TAAP insuououan, o5 ®ell g5 the nordwoos
by g - . ;

MEMORY MANAGEMENT CF
LARGE ADDHESEI{NG SFACT

The ever-cacTecIITg o238 oF $5TLITmoUIiaT

e mr e ona

memones 1 combinoosn Wil inae use of ohl

cngueges cnd sephistomed dizg cperE T syTIeES
glew Motorola's new generctcn of high peris:-
SoOTICe TucTORroCesscrs to ke used 1ncom plex marn-
olY Itensive apphecnons. [ order 1o mest the needs

- of sueh gpplicoaens. the MCEINCE 15 cooohie of -

rectly cddressing miore then 16 mego-Syvies of mem-
orY. Thua lorge acdrpss spooa 18 o recily 2ooesses =nd
managed very ethmandy an o -warc ar oyre Toss
since operenc noe s species by the mestusen. The
usa of Uoper Dote Stake (UTS) o2 "_..wer Term
Strebe (LDG) signals eilows acey cozess 1 hooh orsar
Zytes. low crder Syles. of ‘Tarcs,

Severgl picinonal usen:! jectures cre smviced
inmt allow the progrommer o emoienty monoge
Termery usoge. Fowerrul memery sfgressing mrces
such cs Register indirect, indexed. 3hom und
Atsalute, gna Progrom TounteT Helcuve ziics
wellcrdared coress o spembc memery lossnans
These cddressing medes ciiow eesy cecress oxic
hons (Reqguster Indires ond [ndexed). corec: cotess i
memory loccton (Shor atd Long Abssivtel and sos:.
bon independent or relacgtzbie coding if’-*gr-:r,
Countar Felanvel. Qf courne, the Fredecremen:y
Post-increment Reguistar indirec Addressing meces
cizo cllow eibcent monogement ol ot 10 memany

~ MSE C-8
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by permuiing the Prograramsat 1o genardis O many
o= aighiesncurrent stocks or queues. Another fecture
llows the progrommer to oroge the use of
aory 1s the CHEK {Checr, Beqster Agmrnst Bouncs)
Ingrucuen. This insTuczon pafTuls the scIwors
impleamenioton of o basic memory protection’
memogeeent STuctrs,

Stll anether sigruteam leqture provided 1n the
MCBB000 mucroprocessor 5 the distnchon berwean g
USER and o SUFETVISOR mode. The SUFEAVISCR
mode permity carain proteced opercicns wtun tha
processor system, Of porhculor nterest :s that an
external Memory Menogement Conmzllar mey e
used whan the processor 1=t the UUSER mode o
manicge the large cddreas spoce for the program-
mer. The contralier's - annr;.' momeseman! coard-
tions cre Ttouperent (6 the progremmer whan it the
USER mode o con be Changed or UDo e orlY
the SUFERVIECH mede, The Memory Mon }agemen:
Contoller provides bath monogement of o vanctls
number of venaiie sze segments (Mexmcry Ten
iatton) end dynomic moacgement ol mr..i::-tcsr.
memeory celocznan cnd protecuon. The Memon
Moregement Conooiler regulztes oooess 1o stoncge
tegmanty tho! ame dedizrred @ teas anly Sz
reci/wnite coic. progiom code Onid proteciec oot
code. - ’

REDUCED CODE DENSITY
AND IMPROVED SPEED

With the cdvent ol low gust, very kgn cansity V0IE]
RAMS and ROMS, 1t mught incomrecly be cssumed
thet the number of bytes of code neeced 1o axecute g
gven progres 8 no longer tmporiant. Code densiry,
howevar, 15 vary crines!, since mucrcprocessor speed
1= hucthly depencent upon the number of exscited
nstrugaon words, Dunng the eccly developmen! of
Motorola’'s MCESCO0 mucroprocessor. exiensive
stud:es ware mode of the usa of nsTucons and
secuences of isirucncna N memy mICIOprocesscr
appliczuons. Thess studies «denubed not only siza-
cally eguent instrucnons but alsg dynemcsliy fre-
quent mnstruchore. (The dynomuec Sequency cf -
SUCTang 1S G measuie of how oiten on nsrecnern o
sxecuied wille sioho fequency 15 © mecsure af how
oiten I coturs 1y g pregrorm listng or i encountered
by o cssembler). The mapor conmbuter o the -

creasaed afimancy, as o result ol the shidhes, s the

rugnly reqular or erthogoned sourcture of the crchyvec:
rire, The consisioncy cf \ne orCiutecTire, (nETucnon
set, ot godressing moces signilcently redures tne
cumber of instiactons needaed 19 ooeomelsn o oven
tose. Additgnaolly. mony instuctions have Heern -
cluded to speciically unprove code density =nc
spead, Fer extmmple, single word Add and Scehimsn
insTuctons wsing Gruck lmmedicte cddtesning ohlsw
font, small value chthmets cperchons on Aois regs-
ters ond memary A Logd Quick [mmedice (LSS
provces fie abiny o lecd o smell (B-bil signec warz
o oY fecaStEl LT G UNGIe AorS opercoon. I sroer
n imperove the speed O .0OR CRErTUOnS, & Sing.e
word insrucnad ©r Cecrement Count oy Cre ::I:'.
Zronchal mon- znrci"C:wT] i it -"|-c C"r:-"“ r3e. ine
THAR Siore Mulao
Heqisters [LOMY, Lini "tc..:. (if "{} Ushak Sizo
UNLC and Check Limut (CHE) mamrurmons sigme.
conthy redurse code recuremanis far subroulmaes.,
creroung sysiem oolls ons s::- img SoerTTons,

(Other insTucuens ngl heip recuce coding e
SuUIemments OO0 GREIDVe penormansyg of ootmens
soerTEons o Sig
o MU Bigmes ond Ursigneae Sivoe (E0VT zns
IV, 2CD Aninmenc {ASCI. §SCT, PACK ===
UNFE} s well 25 1ne sionaors :J'.:::-.' imimsar os
Gons. norder o improve (e eifcancy of :*:::v--:; =
ramzlemng eona. © sowemd MOVE dos insoemnen
bas besn meocroormac e clows the momsiar o
bytes. words oo long werSs oo coarcias oo
doto codresmng modes. TRUS [SGISIOI-IS-LEGISter,
rTegisiar-ig-Memory, mMemGIy-16-7egister Ing
Dermagry-1o-nemory Tonsierss ore FerTun Tod.

[n cdditon to the powerhul instrasions thet 2rovice
I substennel iMmprovemont iy procasior Nraugh-sul,
numercus eovhiteciusel fachires monihoontly radess
the sxecuncn tures lor <ll insTucnons, The taporme
(nen-mujtiplered}! cddress and deig buses, insmoz-
ton pre-ferch pipebne ond 32-but intemeal regisies
CTA Mmaor colimbulcs (o the processor 5 unaguoies
periormanece. As an exomipie al e perismmonse
copainloy cf the MOS2000 Teble B ond he szzzm-
canying graphs ot Aures § ond § summarse he
execaticn tmes ior ¢ number ol ComImon STy,
Tor componson purposes, sonlar imrmsnon s oo
nced ior Zlog's T-800T mucrssrocesscr, s ioisress.
ing to aote that the MOBE000 hes sigritconuy wster
EXECUNCT hMeSs.

med mne B *"e-:: Mulnsin s

[T
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TABLE 1 — EXECUTION TTMES FOR MOVE R, .
EAC INSTRUCTION FOR vARIOUS ADDAESSING MODES

Senarow Sortorowy Ihewy
Akl ek sty WEADG T-ROC0 -
Reqmier Q.5us Q756
o gt Recater g 1.7%
AELoiTe ACZIRIRNG
{Diree) 15 -
Indeema AQSredtang 15 250

10

*
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Pta
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Figure 7: Exampie ol MCGEBO00 Interface Cannachions for MOSEIT Penpheral inlertace Adapter

SOFTWARE SUPPOHT AND
MCs300 COMPATIBILITY

The sy=em desgners o progrommerns wsing the
MCEEDD 1n o wepbochon heve Trmiodie o com-
plate, coxmpanbie system of hard# zre and software.
The mucroprocessor 8 supperted bv o Rull rovge of .
apirwrcre develop—an: Jools incduding diso sapercung
Tystams, debuy —ds. cszemblers. and ugh level
lengueges. In cdditon, o ransloter vl alow the
prasart MSED] Femby user to oanven ewstng gro-
gems o un en the MCEE0O) wi o munimum of
progrommer ntarsanton.

The c—eful plemmuing of thus new mucroprocessar
provides c superset of the MCEI0D irsucion sat an-
hemeed by the odditon ¢t more and lorger registers.,
poweriul crthogons! siruchire cnd meny dexitle od-
dresnng medes. Thus clisws eifoen: sonsicoen of
exsiing MOBE0D progroms, wnich czn then be
Rurther aptrmized by iglome Rl edventioge of the var-
soole cmd powert:) imcrires gf the AMC53000.

Thus carehy! plamsung of simulentes berween ine

MCBBICC cnd the MTEE00 does not siop ar selwzre
compatbility (by tronslooen! Bur olse extencds to
renpherail conreller erizm=ng, Mewemrelss snen.
sive Lne of ireelbgent ME2E00 lomuly senphersia
finduding the MTEQS4 Advonced Doz Link Con.
woller and the MUEH4B8 Genaral Purmose (nenizce
Adaper) oo be Grrecly end ecsily Cteriored 1o tne
MCER0CE. Throe signal Unes: Encbis (£), Yalid Mem-
ory Address (VMAL ond Vel Penphercl Acdsess
(VPA)] cra provices to si=ctlify ine imterizse o
Momrola's sionders MOGE00 penphercis as showniin
Figure 7. Intergce 1o the new MCESDIE (Singls Chin
Progremmable Connoiler) s clso posaikcle, otowing
userimplemenienon clfpecmclizad inoutfoumET in e
tions. [n odd:iner. the MCES000 18 supponed by
uniiuee penpnersd sontollers exoeces of o 2gs
vomioed GITRUBCUIE TICTCSIDCRETOT. -.'*....u..'..., o
DMA Conreier enc o Mamory Manogemen: Unt,
Tha MC58000 1a ot just ¢ componant, 3y & uoue
Meng af V1S design, soitware sngineening ons core-
ful plannng, tne MOSE000 1005 Motorela's Acvonces
Computer System on Sidicon.
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Zileg

Fectores Reqular. easy-to-use archirectipe,

Instruction sat more pawerlul than many
miniccmpulers.

Dirsctly 2ddresses 88 yies,
Eight user.selectarle aictessing modes,

Ceven dara types that range from Dits o
32.bit leng words and werd stninza,

System and ror—al cperaung modes;
separate code, <ala end siack spaces,

28001/23002 CPU °7
Central Processing

Unit

Product
Brief

Auguae 1973

Sephisticared intermupt wructurs,
Ramsgurce-sharing capabilites far
culiprocessing syyems,
Mulli-programmuing ang complier tupTart,
tdpmeory manasemant 20 pricectsn oo

e

vided Dy 2010 Memory Managemeant U

32-hit eperations. ncivding nioned mulliply
and divide,

Z-Bus companale,

Deseriptlon The ZB006 18 4n acvanced hign-end 1501
MUCTOProcessar el spans a wide vanety i
applicatiens ranging from sumple stand.alsne
computers o compiex perallel-processing
rystermy. Esseatially a monolithic mimicomguter
central processing umt, the 28000 CFU 15
characiertzed by an \ngmicuon set mors
powarful than many muncompiiers; resources
abundant in regusters, daza types, aggressing
modes and addressing range; and a regular
architectire that enhances throughput by
avatding critical bottlenecks such aa 1mplisd or
dedicated regiziers.

CPU resources include sixtman 15-aut
generel-purpeose recisters, seven cata ryras
that range from bus o 32-bit leng werds and
word strings, and a:ght vser-cejeciable -
addrassing modes. The 110 dianine imatruston
types can be comined with the vanous cata
types and addreasing moces o lorm o powertud
sat of 414 instructicne. Moreaver, e nsisuce
ton set exhilits & high degres of requlany:
moat (nstfuct:ona ca2n us2 any of the [ive oain
addrexmng modes and can operate on hyte,
word and lorg-weorc gate tvees,

The CFPU can aperate 11 estiae system of
normal medes, The dispinonan bepween theye
two modes cermits privileged gperations,
thersby umproving operating sysiem organizd-
Hon and implementanon, Mulnprogramenng i

MSE C-13
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suzcores Ty he Casmic” Teg and Ter
tnstruction; muiliprocessing by a cambinangn
gl imstruction 4nc hardware features; =
pifers by mellizie stacks, special nsirusions
and addressing modes.
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Descripticn
(Conunued)

The ZBOO0 CPU is oHerad in two versiona:
the Z5001] <8-puin seqmented CPU and the
ZBOC2 £0-pin ngn-segmented CPU. The main
difference setween the lwe 15 10 addressing
range. The Z8001 can cirecily acarsss oh
bytes of memory; the Z8002 cirectly accresses
64K bytes. The two operaung medes—sysiem
and narmal—and the Cisincion Selwesn coce,
data and stack spaces witnuin sach mode allows
memaory extension ug o SobM bytes lar the
ZRO0! and 334K opyes lor the Z80G2,

To mes: the requiremen's of complex,
meamory-ntens e 3SSaCalions. 3 Cambanian
memcry-maragemen! device 13 oifpred Ior ine
28001, The ZB010 Mamory Management ot
mansges the large ad-ress space by providing
features such as segment relocaticn and
mamory protection. The Z80{1 can be used
with cr withau! the ZE010. [} usad Dy riseli, the
28001 sull provides an BM oyte ciract address-
ng range. axiendable to 48M byies.

Bwgister Crganization. The 25000 CPL is
reqister-orienied machine that nas sixieen
16-bit general-purcoae regussers. The ZE002
CPU Las cne stace mointer register, anc thae

ZBCO1 has twa.

Stacks. The ZBOG! 2nd Z9007 can use siachs
locared anywhers 13 memery. Two implied
stack pointers are availaole: the svstem stack
poirter and the normal 41ack pointer,
Rwireak. The ZB000 CPU cantains a countar

that can be used o reiresh dyramic memary
automattcally.

Progrom Stotua Registers. This group af
status regisiers CoON&nS Ihe proGram gounter,
llags. and control pits, These are automatically
saved when an interrupt ar trap occurs, and a
new stalul Sroup is icaced.,

Interrupt and Trop Siructure, The CPU sup-
ports three types af intermepts: vectared and
nonveciored masiiazie, anc nonmaskabie.
Thera are four traps: syates call,
unimplemented rsiruction, privilegsd suuc-
tion. and segmentaucn trap,

Data Types. 8000 instructions can cperate on
bits. BCD ciguts £4 Tiish. Syies L@ =its), wordy
{16 bita), long words (32 Eus), byte strings and
word strings ua o 84k byies lang.,

Segmeniation cad Memory Monage-
ment. The ZB00] can durectly access BM bytes
of address apace, usng 4 segmented :coiress-

F
ing tcheme, implemented via the ZHC(0 MML:;
Memory Managemert Unit. The 8M bvies of
IB0O address space 18 oyvided oo 128
relocatable segments ot up to 4K Dvies sach.
The addresses smerad N1 insiruchiens and
putput by tha CFL in execupng them are
logical addresses. The MMU translstes these
logical acSresses 1o acdresses (o phvaical
Memory. -his process—relocatian—s
rranssarens o the yier saitware.

Addresxing Modes. T:ght addressing moces
are provided 1n the iastruction set: fegisier
{R1, Immediate {{4M), Indirec: Jegurer (IR,
Dhirec: Accress (DA} Indexec (X], Helanve
Address {FAY, Base Adcress {BA), amd Base
[ndmxeg (2X].
Input/Qutput. A ser of YO nsirucnans per-
torms B-Bat or LE-ou irarsters pepween CFU
and O cevices,
Multimicroprocessar Suppart. A g2 of CFL
=105 18 RO 1N COnIUNnCICO wiln CEflIn
Instruchions (o coorginate mnuiliple
MIETIprocesaars.
[zstruction Se1. The Z5000 nas 1o ity reper.
toira the =:ne carsgories of snsirucions jaiiow-
g

Load and exchange

Anthmeus

Locic

Program consral

Bit mamipulanon

Hotate and shilt

EBloek ransier and string rman:sulat:on

Input/output

<PV conrral

Siatus Lines. Seven puns of the £3000 are
gecicated 1o the [ssuances Of $IaTus HUSrTANCE.
Three are the lunction select lines ReadsWoite,
Normal/Svstem, 2od ByierWerd, The other lous
Imes [STg-3T7) 1ssue coces cenoUng TvDe of
operalen (program of YO reierence, data or
irack memcory requesl, or internat eperaucnl,
acknowieccing exernal reguests (segmen: rac
ar nterrupt), and millAling memory reiresn
cycles,

.MSE C-14
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Faatures

Deseription

Dyramic segmant relocanon makes soirware
addragges \ncependant of phyncal memory
addresses. :

Sophusticated sccess validation Zrotecis
mMeMOry dreas irom unautherizee oF Lnin-
tanthional access,

MMU architecrure supparts multiprogram-
mung systems,

Cecliming memory costs coupled with the
increasing power of mucrcorooeIEcrs has
accelerated tne vie coif Rign-luevel larguages,
soph:st:r:ated OperannG SYstems, Somales Ero.
grams and large data bases v micrompuzer
systems. The £3001 microprooesser ©FU sup-
ports thesa trends with an sight megabyte
direct address space as weil ag & ri2h and
powerful instr2ciien set. The 23010 Memery
Management Unut (MM provides [exbis and
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28010 MMU - ”

Memory
Management Unit

Product
Brief

Preliminary

August 1978

Sixry-four vartetle-gizes yegments from 255
ro 4K Dyies can be managed wtmin & rotal
physical address space of [EM Sytes: ail 52
secments are rancomly soocessicie,

Multiple MMUs zan supoar: several tranala-
tion :ables far eacn of ‘Re six 25500 accress
spaces.

miliciant suppor: for thus lapge adcress space
by ciimnng dyndmus sesment reicfanan 45 well
af mUTerIs TETCTY - EIsieTIinn faatures,

The primary memory of a ¢omouter 13 sne
cf its maler resources. As such, :he minage-
men: of this resQurce Decomes A AT Ion-
cern as Semands cn it Increase. Tnase
demands arise from multtzle cesss {or muinpie
tazks within a decicaed apphicanenl, me neec
to IncTedse System wnteqnly by Lumling access
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Dascription
(Contincad)

13 verous portions of the memory, and lram
the nead to siructure large, comolex programs
and systems.

Multiple tasks {cr users} of a system that
can reside anywhars (0 cemary are calied
refocoicbie, Gensraily, systems in which all
tanks are relccarasle ctier far greater faxiblity
N rESPONSInG 10 CRhanRGING SYSIeImM &AVirgn-
mants. Ancinsr aspect of mulnple.tas anv-
TOTUDEDn!S '8 SOSLInT: IBDATAMS [asks can
axgcute the same =rogras on Ciileran: daga, or
severai tasks may exscute diflersnt program
unng the sa—e data,

Uniorunateiy, a srebiem nat arses 1o
multiple-task systems ja that of svstam 2
Tashs mual ce protecias Irom unwanted er-
actions with other rasks: user tasks mus: be
prahibited ircm reric TLnG Gperating syster
funenons; and user alu must 2lso e oroe
tected {rom themseives 310 they cannot overtiow
the areas a E:::e-v: g therm,

In agdibion o these consideranons, support
fur the cesign ang unplementausn of l2rge,

cemzlex programs and systems i Lseli an
unporiant consicaratan. HModern frercs are
towars the sarnuaning of 4 comzlar sk s
small, simple, seli-cornizmined suoiases that nave
wall.delined ;nueriaces, Decalse these subimsks
interac: with eacn cther, communicanen
between them must oe careiully conmreileg,
Memory-managemant systems can ailer eifec-
tve soiunons ior Lmpiemsning large sysem
modularly cesigred.

The 28010 Mameomy Managemaent Unat sup-
ports mulliple-procesy anc large mocular soét-
waAre sysiems with Synamic segiment retocalion.
Futhermore, 1t #nhances system nlegrity with

tagrizy.

]

a powarful fot ol memery orotection |i|ea|t:.:ne=‘.:?r
Bwilocation, Ovnamic secment refocatizcn
makes user soiiwars scoressas ndesendent o
the physical memary incoresyes, thersnoy free-
ing the yier irom speciiving where nisrmaticn
is actually located 1 the physizal memeory ans

greviding & Hexible, eificient meshod for sup-
,eur:'nc; mult.programming svaars,

-The £-MMU uses a translat;on -agie o
tranarorm ne 2.0 lomical adsrestes iDom ne
ZE0A1 CPU o 2451t ancresses {or the -~
physicai memory.
variabi= 1o size irc:: pot o} :w a4 1 :--d.
inprements of 236 oytes. Fars af 2 wI-"v‘IJs o
cert the 128 secmen: numzers avaisnie ipr o
varnous 28001 CPU 25cress sTaces, "Within ar
address apace, any numeer gf 2 0TS can ze
vamd 1D AgCoImImoca e mliuoe rransianen
teoles ior svstem anc normal cperanns moces,
or Lo supEart more Sonisicated memary-
TANAGETIEN! LYSIETS.

Syztem lntegrity. ZAME memery-mromecnen
featires sarecuars memory areag ‘ram
LOSUINSTIIEC Or UNinIences arroes o
ﬁﬁixldtlﬁc 5 E"C'I.v.f.l *ZDESS CREITITIISOY Wl
Saln SEGITANT, M RSN 15 AEEIInas 3 gar-
sonai: “f CansIsinG o) several atimidules whnen
iz is rmenally ergmres sog cRe TOMMIUL Whaen s
...Encra" "H‘I‘:'TE"‘:E t5 "dﬂE‘ T:‘E‘SE‘ 2 "'""' ey 2t
snecres Agains: the St21us niss
ched oy the Z2000 CFUL ¥ a meemaich ooseme,
a trap 13 gereratad and the TP 15 :nter-
rupted. the CPU canothen checr the siatus
reciters of the MM ;o cerermine the cause
and take dporopriate acticn o cocrest the pro-
Tlem.
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Z8034 UPC &
~ Universal
Peripheral Controller

Zd ‘Product
Zilog - Brief

Preliminery

August 1973

Fectures Cemelete dave mutrooomputer, far Two pragrasmatle 3-oi counterrumers with

distributed -procesaing Z-bus use, G-kt prescalers.

Unmatched pawer of 23 archutectre, 256 hyte register Lla, aczess:itie oy Dotk
HEITUCTION set mas:er CPU and 2.UPZ. s allocaies by
Threa p. c-qr-.“:nable O parts. mwa with Z.-UPC pragram.

2-wirk nancshexe. OF 4oy comTimation of 2¥ oytes of on-chiz procram ICM oo ein
data and conirol hines. glency, versanlity.

3ix levels of pnoniy interrupts to 2-UPC.
T

Cescripticn The Z-UPC Friversai Peripheral Contrcllar procram :ar*-c] 118 throe 3-lina 12 corg gam
15 & disimbuted sneroccrputer that pericrms be taulcTed 10 the needs af ity cses. Faccza.
the three Desic inieriacing funstsns needed 1 nently coniigured as & single-—ni2 canimallar
interface a CPL with pennherals: cevice can- with 2K Dytes of internal AOM, e 2.0RC
trel by ROM.resicent internal scitwara, daga exscutes inairuchans in 2.2 us sverage csing 3
marupulation, such as relcrmarung or 4-MHz clock scurce. I's register itje coniains
arithmetic, and Sata bufierning 1 internal 255 bytes. of whieh 233 are gereral-purmose
- - rEngistars, requsters, 19 are status ang canmgl ragisters,
The 7-UPC s nmfar to the 78 microeom- and three are par: regisiers.

puter and uses e 28 imsTuction ser. Under
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Dascripiion
(Cennnued)

The Z.URZ Unyvarsal Peripharal Controller
15 an wntelligent device that generates afl the
controi signals pe“*“erai cevices ceed.
Bacause it does oti-line anthmetic, ranslates
cata beiore fransmit:ng, and buliers a=ta, the
Z-UPC unburdens the master CPU. thereby
increasing the overall speed ang ethoiency of
the system in which 1! resiges.

Based upon the Z3 cucrocamputer architec:
tre, the £-UPD cifers iast execulion ima, sl
crent use of memery. and sophisticATed jniar-
rept, 'O, anag bt mempulancn. (13 paweriul
arrd AxiEnSIve (Asiru oo tYpes., cembined with
s eificien: ‘nrernal recusier accremnng
scheme, Aot cnly sDeeqs program execuuon.
but a!so efficianity packs program ino she an-
crup AQM.

& umique characisrang of the 2.UPC i
reqister hle, wnign contains 90 port ano con-
trol registars that can De accessed botn by the
2-UPC program and by (18 asscoiated —masier
CPU. This result in byte etliciency, progrem-
rmung efliciency, anc address space elf:iclency
because 2270 jnyuctions can operate direet-
ly en VO 2ara without monng 3t o ang irom
an acourmuiziar, it aiso allows the Z.UFC user -
‘o allocate as dats buiier betwean the CPU and

2
the peripheral all reqister space not 1n use .:si
accurmulators, adgreas oointars, (ndex regis.
ters, or stack. Requsters not used as bulier are
protected against TPU access. Tne regisier {ile
15 crvged e 16 groups of 18 worcing reo:s-
ters each. A regiser pointer wses [ast, snor:-
format INSITUCtSns 10 Access any cne of thess
groups qutckly result-rq in fast 4rd magy Lask
switc=ing.
the masger TF b -:“n:.‘ . :'eqme.r :'ue 1%
tacilitated by another conter *nar sositions L9
Interface regiSlers AnYwheEre within the registar
hle: Theds regisiery Are ACCesies o 'ec'lv =y
ooth the master CFU ang the stave 2.URC.
l'ULn.."' more Te‘glﬁlerl. ﬂm]lﬂrl:ﬂ' HC:ESEE‘C‘., [ girdei
vey zontral and s 21US Riormation,

Al of the 2-bus's Saisv-chaimes srigmuy
wnterrup! Aystem can e Laplemenes o the
Z-UPT under sgitware contral, or the Z-UPT
can be o 'qud....meﬂ o fenoTien 1t a polle"‘
envnire=mient. Inoall, ine Z-UPC has 34 mins
that car be dedicated o YO tuponiansg,
Gmu:)ed logizally 1n:o three 8-line ports, they
can Se Tany commnancns ol
impts, ﬂutDL-._E. anc :!1:1':31::1'::.;.3! liney, wiih or
without handsnake ano with push-pull cr cpen-
drain qubouts.
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Features

Deacription

Cals) a0IC

Two independent 8-t daukie.buifared
bidirectignaf 'O ports plus a specal-
‘puspose 4.kt VO por.

four hancshake modes lncluding IEEE.488,

WeaiReguest ine ior ugh speed dams
ttansier.

The 73036 CIC Counter/timer and Sarallel
O glamenr 15 & general purpese pericneral
cireut thet sansi|@s most countersbumer ang
parallel O} o.2< 55 ancounteres 1n svsiem
ﬂ“lql"s._ |....I EIHL[Q GE“I‘"I.ﬂE‘ Coniains ";:'EE

WO ports anc three countersimeran Many pre-

grammable cpucns taior 118 conbiguranon 1
specihc applicancns. The use of the cevics 13
simplified by making all im-rzat regizsters
{command, atasus, and data} redable and
{except far status buls) writatle. Aiso. eech
requater iy qiven it own unique agdi-ess so il
can be accessed directly—no speciai E-ﬂmen-
tial operations are required. The Z.C1
directly Z-bus campatible.

Either B-bil O part can be 2 I'mu:'tr:ul.hﬂluuP
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Counter/Timer and
Parallel I/Q Unit

Product.
Brief=

Preliminary

Auguat 1979

Threse independent 16-B12 counters.

All registers rescwrlle ang cirectly
acdrassable,

Flegible pattern recscrnuucn legic, srogmame
manlie a1 16.angur interre o contrciler.

gireciion s pr:}q:c:.‘.mdme =it zy =i in e
handsnaxe moce, the 2orts can ':.~e moul, Su
pur, or bidirsciional, sng ey cmav te imkez
1o form a L6-Int ger. The izzr nancshage
modes nciude u:.... 488, intariackes (izr :nier.
facing to a Z-UPC., Z.FICQ or ancrner Z2-2100.
sircoed anc pulsed, The suised mecs sonresg
one counter:umer with the hancshake logic or
terfacing & mechenical devics sucs ag 4

inrer. The 4-bit por provides handsnaxe
conoels, special conrmats WAy Reguest) or
general-purposs 1O,

The counterrimer section contalns three
l6-bil tountars, wo of which can De soitware-
configured as a 32-hut counresumer. Up o

Al.dl ) ] an,
w, O r laﬁn.
aa, 3 mp] o,
acr O - 3 [ sty
TR= w]
wa [ nJen
ane{] s ui] i
[ n] 1
o, ¥ n:-.
JI,D!I raaze M :lll .
ﬂluu < -:]n‘
]2 EIm
lq..Dl:l o] ray
l].luu i m L
L a mi] *a
I':Ll.nll zj::i
w e ] iFagn
wo [] =[]
] u =[] =,
-:.I!u H[] =ur
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Deae=iptlon
(Cantinued)

taur L'Q lines for each counter are avatlable
tor direcr external controf and status informa-
wor. Afl counters have a programmacie output
dyty cycle, sontnuous or single-cycle oper-
ation, eng the couritng process can be pro-
qrnmmec': -l T LT :Etrn;qernd or DoRreirig-
Qered, . _

Fugure 3 shows how the 2-CI0 15 camd. The-
twa gernsral purpcse S-but ports are simitlar.
They can Se programmes ag handshake
driven, cousieouifered ports (input, culput,
or bidirecicnat) er as comrel parts 10 wiich
the direcen of each bt 3 nesvidually pro-
grammatle, Por: B zan also De speciies 10
provice external access for (wo of the counters
timary, Each port inziudes pantem recogmunhen
logic allew:ng nterrupt geoeration when a
specified gattern 1s detecied, The sdttern
recoqrution logic can e programmed so that
the port Eunc‘mqs Like & prigrity interrupt con-
traller.”’

To control these capabilittes, sach port con-
taing 13 registers. Thres of these, the input,
output. and butler reqisters, are cata path
requrens. Two ciners, the moce specificapnon
and hargdshare speciiicanan | vqls'ﬂ:l del:ne

the mode i the sort and speciiy what hana-
shake tc cse, ¥ a=y. The reierence cater lor
the parern reccooinen logic 15 Geilcea (o

three reguimers, (he sanern ~clasity: parern
ranupcn, and setern mask FesisTers. 1he
datailed characerisncs of each Sut patn (lor
exampis, :he Qirechicn of daia tlow, or whather
a path is invermng o somnvering) are gro-
grammed using e darta pata polanty, cata,
direcuon, ang spacial PO conirsl regisiers,
The primary control and s:atus Dits are
grouped in & single requster o that aiter the
ports are contiqured nitiably, only thus register

£
need be accessed olien. Une reguster contains
the interrupt vec*or assnt:mred with each par:.

devngned xo that :! a c-pa:uhlv b the oar:
net feauires the MEGISIErs SESoN: ATdcd ;
ca;:nmh*y are u;-:nrm:: arsd neec nol De ful =B

wlth 'mai

- grammed,

The function cf pot C cepencs <pan (me
roles of ports A and B Port C orowides Ranas
shape lines ipr the DINer 'wo when reguises,
Any bits of pert © 20! 50 used can De uzec 23
'O lines or as axiernal access io the tnerd
counter nmer.

Besides the cata :npuz and sutpul requsters,
\htes reqiatars are neeced. [oece soeciv he
detarls of sach o :Adm sdata cath ceolarny,
data direction, and soecat J"'" central,

The thrae counierimers are af! cenncal.
Each s compeosec of 3 16.2t7 down-csunter. a
16-but time constant regisier {which noicy tme
value loaded 1nto the cown-czunter), 2 gz
current count ragtster {used o reac .,.e o
tents of the cown-counter), and two 5.0:f
regiaiers for coniral ang stans E =
select ang contral regisiers). All
COmUTon veciar regiser,

q..ﬂcl'l. caymer/tLTer T2IN .‘E' _'_HC aAolLTen 2%
ather counter or ames. Uootolour e DD
lines can ce ceogniies a5 sxiernal aoceas
hnes for it, Tng Lnes = -
inpul Trigoes inpul, ar
fut. Thres c:flerent coun

ale

OV

e QuiDul Ton
cycles are avajlabie: ulse, cne.snoz, gr -
WUArA waye. 1he COerajon ol ine oounter’
timer can be specified 10 oe anner single ovgis
Or Soninuous, e COLRLASD S8Cusnce mavy e
[Eirgoersd ar NOTUeINGCeTes, SnCer SIaGram
conirel.
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Zilog -

Features

Two incepencent, 010 1 Magaoit-per-
second, full-dipiex channels, sach with s
- own quartz osc:llatar, baud.ram generaser,
and cigtal phase-lockes loep for clock
CECOVEDY,

Muln-protocsl cperaner ender program
conol.

Asyrchronous moge with S ol Bais and .
l¥2, or 2 stcn bats per character; program.
marie clock facior; Dreak cetecsion and
GAMETELICD; DAY, OVerrun, and framinc
BITCT CRIarTion.,

Local locpback and aute-echo moces.

Z8030-SCC Serial '~

Communications
Controlier

Product
Brief

Preliminary

August 1979

Dirvnchronous mods with svernal or exter-
nal characie! SYynCIronITAUGN ON ShE 3T LwD
sync characters ang CRC generatcn and
checking with CHC 15 or CREC.OTITT
preset to etther 1s or Ts.

SOLC/HDLC mede wiin comprenensive
[rame-level comirsl. auimmane pern nserien
and celaticn, [.lielc ~asidue nanching, sogr
seneranon and derecucn, TR0 generanon
.and check:ng, and icop mode cperatizn.

Programmabie for NEZ, NRLD, ar ™
coding.

wescTiption

CRIY 00 CBOSE -G

The 2.5CC Sernal Ceommunicaticn Controiler
1% a dual-charnel. muit-protocol Sata com-
municaricn peripnere]l for Z-ous use. it s
software-confiqured to satisty A wide vanety of
serial commumcation applicaticns. [t basne
hunction 15 seral-to-paraile) and parallel-to-
sarial conversion, However, the Z.500 also
contains & repertoire of new, sophisticated
internal funclions thar munimize the neadt fer
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external rancom logic on the cirout card,

The 7-5CC nandles ssynchrenous [ormats,
synchronous byte-criented protsccis such as
iBM Bisyne, and synchronous tit-orented oro-
tecols suck as HDLC and IBM S0DLC. This ver-
satile device alse supparns virtually any cther
sertal data transier agplication [cassatte ar
caskeite interface, ior examplel.

Tha cawnice can genarate and check CEC

u.d! -]
amy 1 2 il ety
aty [ 1] &a,
ape [] 4 [ ety
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Demcription
(Continued}

Typleal
Applcations

coces 1 any rynchronouy mode and can ba
programmed [0 check dara integrity 10 various
modes. It alzo has facilities for modem controls
in both channels. In applications where thase
controls are net aeedead, the modemn controls
car be used [or qeneral-purposs VO,

As is standard amecy Lilog peripneral com-
ponerty, the £-bus daigy.-chain interrupt
heirarchy 15 supporied.

The 2-53CC contains the nece_'.sﬂr'f multi-
plexed sddresvdats bus interface with sirobe
and chip selec: hnes to function as a Z-bus -
periphetal. {t incluges internal contrel ang
interrupt logig, two jull-duplex channeis sand
two baud-rate generators. Associated with
each cnhannel are several reea and write - - -
requatecs lor mode conirol as weil as the logic
necessary lo aertace 1o modems or ather
external devices.

£o

The read and write regiyter group icr escn
channal includes mignt control registers. t~g
sync-characier requsters, and lour status
registers. Exch baud rate genesstor has two
readfwrite reqistars o nolaing the wme con-

.stant that deisrmuney baud rate. Associames

with the interrupt logic s & wrie regrater o
SNISrTUpl vaoTor and three resd regiSiers: vec.
tor with status, wector withou! status, anc ner-
rupt pending siatus,

The lﬂ_'l:;ll: tar noth chranneis provides for—as.
Hng, synehrorizatnon sxs valifanco for cata
Tansiarreg to and ircm ihe channel 1nterizce;
ihe modem c=ntral Inouts Jre monltores oy
the conurol logic unger srogram cantred. AN o
lhe medary contral fignals are general purscoe
i natyre and souonally can oe used er funn-
bons athar than medem cznral.

dsla hink, or 2ven 5 hich-tpeed Link. transfer.

" ring data via a DMA controller,

“MSE C-22
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Figors 1 Fuscricos Biock Diagrom ’ /
Figurs 4 shows how a Z-5CC can be can- f
necied with channel A programmec for the ;
Synchrongus Cata Link Consral (SPLC) Loop —
mode, lunectamng as a secondary station. 11 I rees |\’\
NBRZI or M coding 15 uied, no clock Lines arm onam -'II L/
required because the clock can be recaversd <E> r “aga /
from the receivec cats, umng ne 2.5C7y on- \
chip digital ghase locked loocp (DPLLY. zge b
Ancther Z-5CC {not shown), programmed lor I _—
the SDLC meode, would be the contrailing ata- , Iln‘ e
tion, pelling the loop for watiic, The bigurs P Cr i N l
thows a lypical, asynchroncus seral pert . ' peow J
being serviced by channel B of the 2.5CC. it — e
could st as wel! suppcs! 2nother synchronous "!" —

Flgurs 4. lc:p Secondary Siglien ond Sanal Port
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