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donde Tl ¥ T2 represeman localidades tempoarales ugadap pare guardar . Utll{zando esle esguemn de direccionamlento la =xpresidn A=(B'C)-{D*E}

recultades aritmeticas Intermedios. - - . tn FORTRAN quedarit expresada como! .
. sy RCTI
La¢ conclusiones mide imporizoies &0 TEle eRQuUETa Fon: . .
_ ) mMLIL D, E Ti
Los propramas no Recesllan estar almaconados en memaria en farma
) SUB TLTLA

sccuencial ya que € campo de direccibn de 1a sipuicnie Inflrucciin per
Slguienie nglyucclin

mirte conocer conde fueron almacenados, . . . )
Donde se ha suprimlda Ja direcclén de !a alguiente Instruecitn ya Que .

Cebldc 8 que cada Instrucchkin cortlene en forma explicita tres direc.- tsis en llevada en Jorma weouencis! y sutomibtica por un regisira del

4

procesador <onocise como gontador del programa {PC).

Lo

cipnes, no €& necesatio tener ¢n el CPU hardwere para puarday los rc

suliades de lak operaciones. LT
) ' Con ¢] epquemn de 3 direcclones s¢ logrn aprovechar la memoris en

b Miguinag de "3" direcclaonen forms més eflcienie ¥ reducir 1n lonpiud de palabra Jo que redunda

Contlderandn que los programas se escriben secuenclalmente v e directamente on Jos costos de la misma,

.

por coneigaiente €8 muy lbgico almecenarloe en sme mismo wrden, .
- 2] Miguinag de "I" direcciones,

se llepa & un mevo esquema de dirgeclonamlento en el cusl se sus
En las operaclones ayitmétlicas no slempre €& nececdrlo guardar

fimyen (odos Jos campas de direccién de Ja siguiznie {nsirecciin .
¢! resuluado &n una localidad de memoria ¥y préstrvar los operan-

por un kola regletro deniro del procerador que llcve en form se- .
' dog, por o gue se puede pensar en utlizar uno de ellok para-:--

cuenclal ¥ sulomdticaments la direceitn de la slgulente ineliuceidn ) .
’ guardar el recultado una ¥ez que 1a operaclon se ha eleciuada, Lai

s g)ecatar, Un poalble lormato de inslrucclon s& muesirs en 2 ] L
con§lderaciones anterlares lleven & presentdr un padible [Ormato o

hg. I*2 .
. oo Instruccidn en ests miguing, monrado en 10 figura IUd
' ] JR, DELA | REG, .| OIW [DIR.TSEC, Palabra
N3] Hemstiro Codige |Direccion [Circecibn |Hreccion | Folabra G, INST. Al EN EL P OP. n o
de 1s cn el de primer  |segundo | resvliado noe ZJECUTAR PROC, op, or, memoris
g, Ingt.| procesador |operac. |operando TAN S - memria o
FIG, 1%}

Fia. I, 1

LIW]



R L & %_m._i DE DIRECCIONAMIERTD C p21a resllzar sus nciones.
. Ur posible formaie de Inriruccibn se mutstra en lo figura .

1,- ESQUEMAS RE DIRECCION AMIENTO,

I¥.1 .
1
La vnidad central Jde prozeso MUY en s cooupoladioar cibe
Gl | TRRECCEN R ECCS [DHRRCCI ﬁ[nmm Falatza
realizar las gipuientes funciones: DE PRIMER SECUNDY | RESULTAMD) LA SIGUIENTE] n de
! JPERAC, | OFERANDO QOPERANDDO INSTRUCCION | memcrla
Fid, 1wl

- Cener y irter de memoria primaria ab CPU la siguiente
Insrrucclén & ejecurar, _ . .

- Eniender Jos operandcs, esto &5, Oefinir Ja localizacitn de Ep esle caso 5€ licnen clnco campos en €] formato ge instyucclon: Uno

ios opersndos neceririos para ejecutar la Instruceldn y ;
traerios al CPU, ; para ¢l ctdigo de operacion que sirve para Inditsr el Lipo de operds=-

+ Ejecutar la Instruccite,  ribn & jealjzar (suma, resta, muliiplicaclon, eic, ), 1Tes CAMpOE pdTE

las direcclones d= 108 operandcs y resullads de lss opezationet, un

Fara {levar » cabo lag hegiones anleriores ] CPY debe con- .
canpos pars Indicar Ja direcclda de |2 slguicnie instrucclon & ¢]CcuisT.

Iar con la siguienie nformacidn:
-]
laf tnEtructiones pars &g miquing podrian ser escritng en forma

- E! cidige ¢ operaclén de la instruccion a E,IEL'HI.II..
1
eimiolica en Ja siguienle forma: ADD AL B C, D donde ADD represenia

» Laz direcciones de los eperandos y 1# del rérhads,

= L& direcejdn de la sifulenie inetruccidn 8 ejecular, el cidipn de cperaclén sume y A B,C v D son nambres simbélicor

’ 1
' asiprados s lecalkdades de memorin,
Exlrten diferenies soluciones que salisfacen Jos reéquerimicnucs : .

enterleres, los cwalew detesminan la arquitecrura de Jas proce Suponicpoe que exisien las instrufciones sums (ADD), subslraccibn---

radores que Jax utilizan, (SUB) y muliiplicacion {MUL), . entonces uns posthle traducciin de Ta

Se sapondrin operaclones aribmECEE en Jag quie 3¢ 1lenen don CXpreEién ArB'C]-(D"E) .,-,.i FORTRAN » ]_:n;u.Jg simboilco e Ja mi-

oporandos ¥y un resgllago ya que con InE que proporcionsn &} qaina de 3+h direcciones eerfd; ' *

caso mis peneral, Ll: MUL B,CTLLY

) Miguinss de "2+1" direcclones L3: MUL D,ET2 LTL

R .
E) formale & instruccldn on osie capuemns de direcciuna-» L7 SUB TLTLALY

-
mlenio contiene lodas Jos eluncnios receshiados por el CAJ . LA: Siguiente insiruccion






En esle £6Quima Er usard ) direcclin del segundo uperando cumo o
direccion dzl resultado una vez gue la opericifn se hayn cleciuadg,
por 1o gue &l segundo opersndo tord derorclda, gl pooe la cxpreslin

A={BE*'C)-ID*E] en FORTRAN, quedarla;

MUL B.C
MUL DvE
) SUB E.C

ADD C.A

La eliminacitn del campo de direcclén del regmludo permile reducir 1a
‘]mgimd de s palabra de memorie ¥ 1oB cOMDy de la misma, Jo que

pormite usir eRte eequeme en midquinas medianas y chicas,

ot

d)  Maguinas de "1" direccitn
E~m: ESCUEMA &: direccionamlenio permily tlinl'llnnr ::Ie1 lixlag Jun ing
1rucciones ¢ campo de direccion de uno de los operando y sdElitu--
trlo por un regisiro dentro del procesador, ¢} cusl comendrd m wno

i
de lon operandax, A eme regisiro st le conoce como acumulador, -

El formate de instruccion pars la maquina de | direccitn sz mues-

tre en Ja figurs 3v4

Y. O¢ I Reg. en el . . DIK.
i, ISt B procesedor : \ F.
. oP. CPERANDD
WU ) Reg. ém el
peTando . procesador
FI1G, 174

R I !
L smerior finpllca la creacin de jasirucciones que permiten CATCarT
o) scumulador con el megundo operande (LACK v veposhtar el eonitnida
ds] scamulador en memona IDACY %

Es Importanie hacer noiar gque I1d1s 1ay cperacionss &g levan & ¢abd

impifcilamente contre el acumuladar ¥ gue Esie contendrd el rewlade

de la operaciin efecruada. La expresion A=(B*C)-(D"E} ¢n FORTRAN,

podris LraduciTee o

LAC D .
' MLUL ‘
DAC  T1
) LAC B
- ML c
. SLIB T
DAC A '

Exc expemna de dln.a:csumminmu ha sido ampllamenie implementade en

i una gran mayarfa de Jas minlcomnuiadoras, Coma pur cjcmplo: PDP-§, =+

POP-15, 1BM-1130, 1BM-7090 y CDC 3600,

v

¢) Migqulnas dc. *g" direcclones
Esle esquema de dlrecclonamiento sola uiilizs el campo de cidipo
de operacidn, por lo gue €5 necesario Contar ¢on alpdn mecanbhing
que implicitamentz permits conocer Jos Gpefindos.
El mucan!emo anterlor $¢ implemcma vkando una pile & siack, el

cual se Tucde ponsay €Omo un comunio d localidades contiguas de



memorls acckgadas veando una disciplina UEPS (ltimas entradas, pri-

meras salldag), De lo anterhor g cincluye fue en cadd momono s

1zadrd disponible & elemenio gue 5¢ cnZainlre en =1 s el siack.

£1 furmato de instruecidn mapa eole caguema de direcoivnanuemo fe

encuentra en 1a Hpura 19.5

ir. e la
sip. nsm, |t

ypunlador al
ame del stach

Reg. en ef
Py

Reg, &n el
Lo N

COLID

DE QP

FIG. ]vi’l

Falabyra de
mermarla

El nocesarle contar €on inslrucc|on&s gue perinilan meler c]clprnlus

o
de memorla ol stack (PUSH} y sacar elemenios del stack ¥ memorla-

{POP).

La expresibn As{f"C}-(D*E) en FORTRAN, nodrin EXpresdrie come:

PLSH D

MSHE

UL

MUSH B
.PUSH C

UL
sUB
TP A

T

f2 ™

g

iz

FLG.. 1v.ho

I:E]Ijn-T

ﬂll

{.ﬁpuntad;.!r al wope
del stmck}.

[+ 8

f—H
1B'C-D7E

. .--_._._T

&

L puide conglulr gue £ conjoso
cHd formado solaments por indlracLiceies de dera

iomblén se requleren Instruccions s

i} -

r L]
i e

En la fig. 7y b s& lustra £] efado del nach derputs de cada une de
(3

lag Imsi. ERlériores,

fe Innruiclener de 1o migeine nd

firccowner y0 QJE

car elementes ni r.tgr.!:.

Se requlere un Tepisro en ¢l procesador QuUE mpunie ol lope de] atack

v sg elimine ¢l scumulsdor ya que ¢l resuliado de Ins operaciones -

fambitn quedarh en €] klack,

de und dlrecchin pATe IMeler ¥ M-



2 - WMETODODS DE DIRECCION AMIENTO

En Jas mimuinas de una sola direcclfn e furmam de las Infimiecio-
ner (ot hace relerencia 3 ntiauria Codfia dd ddup campos: &l campd
g« cdlipo de cpersciin y ¢l campo de dizécciin o) nr::r_anm. Si; EU
ponemos que el campo de direccifn consla de n bus, emonces Ja

mixima capacicdad de memoria dizeccionable serd ol ]Oﬂ!idld:li.Lpﬂ
" apterlor puede resliar Lastarie dristico ¢n el casg dr: las minjcom-

putadoran ya que por Jo genergl tlenen palabras de 37 & 16 Blis v sl

se atignan custre de cllog a) campe d2 cidiga de operaclon salo se

paeden d.lrm:ipnlr-!‘!’- 254 Jocalidades de memoris en ¢ casgo de pa
labrag de 12 bilts & 2% 4056 lecalidades de memorta en el caso de
palabras de 1& bits, lo cual rzeulla Ingudiclente para la gran mavo--

rfa do lag aplicaciones,

v

Lo amerior b ocaslonado diferenies modos de direccionamiento, en
los cusles ¢} campa de direcdibn sirve pars caleular la direccion

clectivs de) cperando, logrande und maysr capacidad de memorin di-

recclonable. i . r
4

a) lnmedlizio

En cite caizo ¢l operanded puede sty conlenldo directaments en
) campo de direccion & en ia locslidad de memorla sigulenie a

1a Insirucciim. '

Ceri necesaric dedlicar wn bil de Ju palabra para gaber como Ee

debe Inlerpreiar la insirucclin,

m o Direcio

TEsisle ditecclonamlenio direcit cuambn ¢l Camgxo de divection de

la Insireccitn conene 12 Wreofit . operande o selade Esie

campo rombinadi Jop RIEIG depisne O plabra “1EMraa REnt

van la direceitn del upwrande,

b1}

b, 2}

Usapdo paglna cero
Uno de los esquemas mip comuaes de organliscion de mg
moria, divide 512 en 0 pdginas de Jungitud tigs, donde M

dependers O¢] tamaho de la memoris y del tamafa de sy

TaLIna K,

Las mAquinas ¢ue Usan exiof esquemak penérdlmenie uian
la pigina cere con propiriios vepeclales, COMD 50N Mang:

jo de interrupclones, traps, jocalidades mlcinéremeniables,

L2 1=

Ls jorms de indicar si el contenido del campo de direccidn
& relfiere & 1o piglnd cero, es usanto un bll pars este pro
posito, p. oel. ki Esle DIl es Cern el chnmpn de direcclén

.lpllnln a2 una Jocalicled en 1o pagine cero.
Usando piging Ectum)

r
Si ¢! bl do pégina ¢%1d cp uno, & sfume que ¢l campo de
direccitn apunie 3 wnd jncedided on 1s pipina on I que e

crcucnipa 1o dnelrucciln, A crl nuging ¢ e cpnoce cumo

4



- I_l-

I
¢ rpine scoual, -
La dlrecelln del oparnrds e deterinine surnande Jus hilg
de orden fuperior Je} PC st cape o Mrecciln Je ta g

truccién,
5.3 Aelsilvo 5] PC

F%n epte mode de direcclonamlenio el contenldo de) camp
de direccién de Jn Inutruccién, Imerprelade coma un ente-

ro con signo, e gkume 8l FC pars obiener 1s direccltn del

oprrandd,

b.4) Relative a un reginlivo indice

nt

El contenido del campo de diveccldn de ba Insiruccion, In->
Lerpreiade COma ut Enlerd <on 4ipno, se suma al conionle

. oo de un teplesn Indice pars obicner Ja diveccitn et ape
rando. En casa de exitllr mis de un replsiza [ndice e3

precise ncipnar Ioa bite necerayios pars s Ideniilicacion,
*

Indirecto

En el direcclonamienio Indirecio el campo de dirceclon de 1a fng-
trvceibn conilene un spumador & Is direccibn dal operanda & eglp
Campo combinado con alpdn regplsira & palabra de memo:la Eeneia
un muniedor 8 1 dirccelfin del opL) andg. ‘

Sledianie un blL en o Inetiuccifn- pe parde <aler sb el dircecions

micnle urado ¢80 direcis & lrdirecio,

c. 1}

c. 1}

c.3)

[

Usapda plgpine C2ro

El campo de direccibn de Yo Instruccion apunts & uns Jnca=

ldvd en Ta pdgine Ccero. A ryower Enin fncelldad conclene

la direcclon el operando. -

Usendo pdgine ncluanl
El eampo de direcclon de 1e sasiruccibn apunts o une locs--
lidad en !s pigine szrual, Esia localldsd contiene 1n direc--

cibn del aperande,

Relativo &l PC
El conlenlde del campo de direccida de Is Instruccide, inter
preindo como un erierd con tigno, se sums a1l PC para ob-

wt

tener Ja direcclon del apuniadar a) operandg,

Felativo o un tegincre Tndicy .
El conicnida del campo de direcclon de 1s insiruccibn, Inier=

pltlldu éﬂmu un enrierd CoNn iipnu, e suma 1l contenldo de
un repisire (ndice pars obeney Ja direcclidn del wpuntador sl

operanda,

La combineciin de 1odos Jop méindor de direccionamienio anterlores

con repisiros de propbslio generel, permilen lograr modas de direccio-

Ll 0
remienia tusinnle podesoses. Cusnds ge ugan los regisiros de propsio

k
general. el campo de direcelon de Ja Inmtruccitn expecifics que repiasim

$£ use y como ae Inierprets Is inlormscion que contlene,
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TL eleroprocesndor 1-20 ey uns ndquint 49 wna diroceifn

. #h s que 1ew dferepien mcdon &4 dipsecitraniente pon utg-

€8F TEr JrufEs Za lreiruccionwd ¥ pp ne 21 leun dr una
ferme punersl a todo ¢l cenunte 3a Soeiruerbenew,

Insliciin

In eain qodp d¢ dlraccicramlanio ¢1 operando no ga Zefi-

e+ tn (orsa sxplicitn ys que sl foresio de inatruccide
an fite ¥ on loa cédlgon ¢-1np-rl:16n "t raprelfice 1m-
rifeitsaente 20%r# que rrpfatrom del rrocesnder antden
ve imatcucelonen, por 1o que o1 wruarie no rurde mlteo
rario de Blpfuna wanera, o
Les prupos de Sneirucciones, que utilizen estn medo de
direceiopaaianio #gn1  cnfpa de & iitl| cargi dg 16

S M) butercembie, tranefersncla de blojuss 7 misques
481 eritadtizan dn propldedte genwrel ¥ control dul CFU,

.IJr:plnn 1.

L

Ipnsdlnio ' -

" EFl opurundo ey snfusntre on 1s loealidad de meoorie ei.

gulents & 1n fnnirucridn ¥ »e. tonsiders qus forzs [arte
43 1n wieas, Loa vulores do low gperandos inmediaton
"8 nlafun Caap podrdn exceder Ie capacided de rapressn-
1salin 44 un byiwe,
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Lbn [rﬁpnl de Instrucclénss gun uitlizan sats mcdn da
airspclionamiapto sonl  eEargs de B bitmy urltniticll r
litltll da 8 Bive y entreda/eslids,’

4

Ejuuplion 2,

Exte modo de direceicanaients s¢ utia

2

¢] ‘Inaedizte extandide

4] Regintrer -

" Lox pruyes da inslruccioney que utilisen asis modo 49

" 4190 y apagado 60 Bitey
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v} I};lslrn indirecte . ’ .

"
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prigsr Wyts contifuo a1l eddigpe &0 urtriulﬁn &3 41 oanoe
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IJI‘II'lpl LTI
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Rl formato de instirucctdn contiens ue caups du direccidn
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Biimg writmdtican y 1drican de Bnbitag saritsdiicae 3
1&5!::! de 16 hitl;.rutltinnll ¥ denploamienibyg] tOC¥R-
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Ejraples 4. . . N P
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4

Es utlli:ldn por los rrupas de lnltrutciunll II AT

" dn-B Bitwy intercantio, irapad irensis de tlnquiu y blna
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' ﬂn.ﬂe'hitlt el low, 1lensdas ¥ Tagrund da sobrutines]

eptredu/enl fds,
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Lo direcedifn del vperando ecid centenida Jonira ie)
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Sa luﬁniri qua todos los alemplon miguientes utiliz?n ¢t} sieire-
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o0l 2F . CPL _ . .
- . .

i FEALIZA EL  COOPLEMENTO LOGICG 0EL  CONTENIIM TEL
¢ RCLILAGR ¥ L0 DEJA EN EL HIE¥ FEGISTFO
[ . .
¥

1 - ? .
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i DIFECCIONAMIENTD  INDEHADD

LI CIY+4ZHY: 17H

) EL DESPLAZAMIENTA 43H SE SWMA AL CONTENIDO BEL PE-
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FEGIETRD  IX FRFEA DETERWINAR LA DIFECCIOH DE LA
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; ENCIENDE EL ©IT @ OEL FEGISTFO A

PES A5H. ¢HLY '
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)
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. Z80°PIO
- Z80A-PIO

The Zilog Z7-B0 product line is v complete set of micro-
compuics compenhents, development Sysie s and suppornt
sofiware, The Z-80 microcomputer component st tneludes
all of the circuits necessary to build high-performance
microcomputer systems with virtually no other logic and a
minimum number of low cost standard memory elements.

The Z-50 Paralle! /O {FI0} Interface Comtroller &5 5
pregrammable, hwo port device which provides TTL com-
patible interfacing berween peripheral devices and Lhe
ZB80-CPU. The ZEOLCPU confiputes the ZR0-P10 to inter-
face with standard peripheral devices such as tape punches,
printen, kevboards, eic.

Structure

o NLhanne! §ilicen Gatz Depletion Load rechnology

» 43 Pia DIP °

= Single 5 vol: supply .

® Single phate 5 volt clock ) - )
'5 Two independem 8bit bidirettional peripheral interface

ports with “handshake™ dara transfer contml
Features -

+ Interrupt driven “handshake™ for fast response
« Any one of the following modes of operation may be -
sefected lor either port:
- . Byie cutput
Bytz input

k4
Product Specification

Byte bidirectional bus {available on Porl A only)

Rit Modr
» Programonabie inferrupts on peripheral satus condilions. .
Daisy chain priority interrupt logic included to provide
for sutomaric inferrupt vecioring withour exiernal logic,
Eight outpurs are capable of driving Darlingron
{rAnusIOrs.
All inpurs and ourputs fully TTL compatibie,

PIO Architecture

A block diagram of the ZBB-PIO is shown in figure L.
The inlemal strugture of the ZROPIO consists af 2
ZBO-CPU bos interlace, imtemal conral logc, Porr A 170
logic, Port B [0 logic, and interrupt control logic. A
typical application might us= Port A as the dats transfer
channel &nd Pon B for the status and contrel monitoring.

The Port [fO logs is composed of & =gisters with
“handshake™ conleol logic ay shown in figure 2. The
registers ifelude; an B-Dit input register, an 3-5it oviput
registez. a 2-bit mode controf register, an B-bit mask repivier,
an 8-bit inputfoutpur select negpister, and a 2-bit mask
conirpd register, The lagt three regisiers are used only when
the port has been programmed W operate in the bit mode,

K

? M & IPHERALE

ENTEAALTT CONTACL LiNES

FIGURE 3}
PIC BLOCK DIAGRAM

INTERFACE

= D il Py ey v gy o LSy, Sy

MSE R-%



Register Description

Data Cutput Regisler—8 bits, permits data to be transferred
* Data Input Regisier—8 bits, accepts data [rem the pen-

Mask Control Regisier—2 biws, loaded by che CPU (o specify
the active state (high ar low) ol any pripherd device

ode Control Register-2 bits, loaded by CPU 10 select the interface pina that are to be monitored and, if an inter-
wperating mode: byre ourput, byte inpur, byte bldires. rupt should be generated when afl unmasked pins are
tional bus or bit mode, aciive {AND condition) ar, when any unmaaked pin «

active (OR condition).

fram the CPU 1o the peripheral, Mask Register=8 bits.loaded by the CPU to delenmine

which peripheral device wierface ping are 1o be moni-

oheral for transfer to the CPU rered Tor the specified staces condicien.

InputfQutpus Select Regiver—B birs. loaded by the CPU) to
allow any pin 10 be an cutput ©r an inpul duning bit
modde Operation.

-

MODE

2 T30

1T O M

T

RAMDSHARE
LINES

* Lol it bl v sy W aloew precraton of an N ! \
el ¥ the peepieral 10 pom pe 65 1 ol moc

FIGUAE 2
A TYPICAL PORT 14D BLOCEK DIAGAAM

MSE B-§



Z30-PIO Pin Description

3
. . oy I Machine Cycle One Signal from CPU {inpul.
I.--_._ I-—;- ]
"t — ety active low)
.t-'-—-L—l-u 1 +-:-: — .
e ¢ . ___,""f"' ICRQ InpulfCutput Request fram Z8D-CPU (input,
g =4 e active law)
Yl T b _ .
: * et . RD Read Cycle States from the ZEQ-CPU (input,
rra, 4 mmn—‘ﬁ-‘ Y IE] [niermupt Enzbie Ia (input, aciive high)
- —— [ PRS-
- . n::_:__ x : [EQ Interrupt Enable Out {output, active hgh). |EL
' i 2 — and 1EQ form 1 daisy chain connection for
o B, [ prionity interrupt contred.
*——-I" ’ | e ENT Inietrupt Reguest {outpur, open drain, active )
— -2 et T low )
AT iz ]

Dy-Dy ZEO-LCFU) Data Aoy (hidirectionsl, 1ristate}
BfA 5¢1  Port B or A Select {input, actve high)
CfD Sel Contral er Data Select (input, active high)

CE Chip Enable (input, active low)
3 System Clock {input)
Timing Waveforms

An-Aa Pon & Bus (bidirectionad, (tistate)

A STB  Port A Sirobe Pulse {ipm Peripheral Device
(inpul, active low)
A RDY  Repister A Ready {ourput, sctive highl

BI}'BT Port B Bus [bidirectional, tristace)

B STB Port B Strobe Pulse from Peripheral Device
{input, active Jow)

B RDY  Reginer B Ready (outpur, active high)

OUTPUT MODE

An ouiput cycle is always started by the exgcution of an
oulput Instruction by the CPU. The WE pulse from the
CPU lasches the data from the CPU data bus into the
selected port’s output eegister. The write pulse sets the ™~
rexdy Mg after 2 low going edye of ¢, indicating dan iy
avzillable. Ready s1ays active until the-positive edge of the
stizobe Une ix received indicating that dara was taken by che
perpheral, The positive edge of the strobe pulse generates
an if the interrupe enable fip Nop has been set
and If this device has the highen prioriry.

INPUT MGDE

When STROEE gots low data is Joaded into the
seleCied port inpul eepisier. The next raing edge of strobe
activatey INT if interrupt erable i1 ser and this iy the
higheyt priority requesiing dewice. The following fslling

-edge of & reseix Ready 0 an inactive s1ate. indicating thar
le mput eegisier is full £nd £annol sccept any more dawa
-untll the CPU compleies 3 read, When a read s complete —

the pozilive edge of RID will 32| Ready a1 the nexe low
going trinsition of €. At thia ime new data can be loaded
into the PIO. .

MSF R.S
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T-Imi l’lg “fh"r'Efﬂm“lS {onglinued)

BIDIRECTIONAL MODE

This is a combination of modes 0 and ) wusing all four
‘andshake liney and the 8 Port A IO lines. Port 8 rmugt be
set 1o the Bit Mode, The Port A handshake bines 2oz used
for outpur eonergl and the Fort B lines &rr used lor input
contrel. Data is allowed out onta the Port A bug oaly when
A STB is low. The rising edge of this strobe ¢an be used to
latch the d3a inia the peripherl.

E

ARTH
PORET &
ALTa

=T

§ ey

LLERY-1. X BV« BP0 1T

BIT MODE

The bit mode does ool utidize the handthake ugnals
and 3 normal part wTite or port read czn be exscuted at any
- time, When writing; the data will be Luched into the oytput
regicce 13 with the same timing ay the qutput mode,

When reading the FIO, the data rerumned to the CPU will
be composed of output reginer data from thoie port dara
lines szxgned a3 ourptls and inpul register daw from those
pon data fines axigned ax inpuots. The inpur eegister will
contain data which was present immediately priot to the

- faliing edge of RD. An interrupt will ke generated if
intetrupts from the poart are ¢nabled znd the dary on the
port dxta liney xatisfy the logica) equation defined b].r ih:
- Bbit mask and 2-bit mask conizol registers,

'l

I I_pum;_]_

[ TRl Y F |

- b

-]

a SN et
BBy — —""_'-‘—.Wr

"—b.:'l’l-mnlm'll"
= Vi Dt Sepibry oy Bt iy Pl

INTERRUPT ACKNOWLEDGE ’ -

During MI time, peripherad controllers are inhibited from
changing their inlerrupt enable starus, permitting the INT
Enabie signal 10 fpple throgeh the daisy chain, Thae peri- )
pheral with [El high and IFQ low during TNTA will placs a
preprogranuned B-bit interrupr vecior on the dasn big at
. this time, {EQ is held low unti] » return from interrupt
{RETI}instruclion is ¢xcouted by the CPU while IE] is
high, The 2-byte RET] instruction 4 decoded iniemally by
the FIO for thiy purpose.

-

- AETUAN FROM INTERRUPT CYCLE

If 2 Z80 peripheral device has no Intermupt pending and
is oot under service, then i3 [EQ=]E], If it has an igtermupt
under zervice (2., it hes already Intemupted and received
an inferrupt acknowledge) then jts [EQ & ajwuys low, in-
hibiting lewer priority chips from interrupting, If It has
an interrypl pending which has not yet been acknowledged, g
[EQ »1l be low unles an “ED" is decodad a8 the first byte
of a rwo byie opcode. In this caw, IFC will go high undl
the next opende byte is decoded, whercupon it will again
po iow. If the sccond byte of the opeods wis 2 ~407 theg
the opends wes 2n RETT instroction,

After an "ED" gpeode is decoded, only the peripheral
device which bar Siermupted and b currently under service
will have {t5 IT] Lizh and jts [EQ low. This device b the -
highest prionty device in the daisy chxin which has recejr-

o

ed an interrupt acknowledgs. All plher periphenih have

HED. I the aeat opcods byle decoded i “AD", this
bernpheral devics wil resel in mt.:rrupt upder srvice™
condition.

. MSE B-6



PIO Programming

QAD INTERRUPT YECTOR
©" The ZBOCPU requires an B-bit intemupt vecior be supplied
by the imierrupting device. The CPU farms the sddesa for
the intermupt service routine of the port using this vector.
During an intermupt acknowisdge cycle the vector is placed
on the Z-80 data bin by the highest priority device rquest-
ing service a1 thar time, The degired intermupr vector is
loaded into the PIC by writing a control word 1o the
desired port of the PID with the following formaL’

D} O MM D DY D M [
¥ ¥E 'h'!|'h'l ¥l L 'ﬂ|:ﬂ'

wpLies v cuniral word woan kgl
T wechor

SEILECTING AN OPERATING MODE

When s=leciing an openating mode, the 2-bit mode con-
trol register s se: to one of four values, These two bits are
the most significant bits of the register, bits 7 and 6 hits 5
and 4 are not used while bits 3 t.hrnughﬂm afl set 1o 1011

to indiczte “wr mode.™
or D4 1, D pl° Bl [+ ]] 1]
Mr | mo X x (I 1 r
ﬁ} —_— —_— — r
— s wimld i el way
Lo b wel -
* At el *
. Hbdt _ - Hl Mo - .
Ouipot 0 |0
Input 0 It
Bidirectiona) 1 {© .
Hit ) | i

MODE { sctive mdicares thal data is 10 be wrilten from
the CPU) 1o the peripheral. _

MODE | actrve indicaiey that dara is eo be pead from the
peripheral to the CPU.

MULE 7 allows dila 10 be written ta of nead from the
prripheral éovce.

MODE 3 is irtew 'ed {ow stamus and control applications.
Whea welcuizd, the next control word must sex the /O
Repisier to indicate which lines are to be mput and
which Lint s are 10 be ouiput.

. 170 = 1 ses bit 10 input.
{\_) I/0 = 0 520 bit t9 cuipus, '

~

Dw D5- Da =3 ] [+l

LY

bl Lx3

o, | v, | W, | vo,

INTERRUFT CONTROL '

Bit 7 =1 fnrermrupt cnable is set—allowing

intermupl 1o be gencrated,

Bit 7=0 indicates the enable flag i reset and
INtermipts May nof be peperzted,
Bitz 6 54 are used in the bil mode interrupt
opcrationy; otherwise they are
disregarded.
Bis 1310 signify that tys command word is an
interrupt control word,
B! De D5 D+ Uy LD 1 by
gl Ikl Bl Pl L I [
— — S

wid g Mods 3 oumby  agupl ot s Tap Ctrd e

IF the “mask foilows™ bit is high (D4 = 1). the next
control word wrilten to the pont must be the mask.

oT Da D}

s Tona o T

Onty those pory Unet whoss mak b gog 0 will ba moniored e
FErer3iing W MEETUPE,

o D) " Dg

by

[+ [+ ]]

L] 2

Il}

.

The interrupt enable flp-flop of a port may be et of
reset without modifying the res af the intefrupt eontrot
word by the following command,

DT e O D« B

el x| s px oo ]

oDy o
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"A.C. Characteristics Z80-PIO o
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A.C. Timing Diagram
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780-DMA
780 A-DMA - Pmduct Speci giggg

. - PRELIMINARY

»  Zilog's T80 microcompiter product ling includes a third = Proprammable dita transfers and searches, sutomate-
“generxtion LSI component s£1, development sysiemy and aly nerementing or decrementing the port addresse;
suppor wHiware, The component st includes afl the Jogic from programmed starting addresses (they can Also remain
circuits necessary lor the wier to buidd high performance * hxed).
microcomputer sySt¢ms with virtually oo excernal logic znd a * Four model of gperation:
minimal rumber of Randard low-cost memory componenis. —Byte-ara-time: One byte ransferred per requen
" The Z30-DM A (Direct Memory Acces) circufl is a program- —Bursz: Continues as long ax poris are ready
.. mable ginglechannel device which provides al} address, tim- -, —LContnuous: Locks out CPU until vpenation compicte
ing znd contrgl ugnals 1p eMect the transfer of blocks of —=Transparent: Steals refresh cyeley
dara between (wo ports within a ZE0-CPU based system. ® Timing may be programmed to match the speed of any
These ports may be either Sysitm main memery of any porL, - ;
. T¥siem peripheral O device. The DMA can al1o search a ¢ -Interrupts on Match Found, End of Block, or Ready,
"block of data for a particular byie (bit maskable), with or may be programmed.
without & simultanegus 1ransfer. * An eatire previow opernton may be mpeated automats
. - N ically or en command. (Auto restart or Load)
' Slructure =Y i _
@ N-channel Silicon Guie Depletion Load chhnn{ugy ¢ The DMA an gl u:h:n 1 m?lﬁ'd number of bytes
"« 40 Pin DIP -bas been tansferred, without halting tranger.
s Single 5 volt supply * Multiple DM Ay easily configured for rotaling priority.
© - » Single phase § volt dock T sl * E{:w:ahz:n:'::uﬁ} be enabled, disabled oz reset under .
. " Single channel, two pon . T : » Compleie channel status ypon pmg;xm {CPUY reques:.
eatures . L » Up to 125 megabyts Search or Transfer Rate.
< Three classes of operadon: . PR * Dilsy-chuin priority interrupt and bus acknowledge in-
—Tremaler Cmby cfuded 10 provide automatic intetrupt vecioring xnd bus
—5earch Only -- : request control, withput reed for additional external
—Seyrch-Transfer . logic.
.. *®_ Addren and Block Length Registers fully, buff=red, s TIL ::nmputbl: inputs and outputy
Valuzs for next operation may be Iﬂldtd without dis- * The CPU can read cumrent Port counters, Byte counter,
+ . turbing cumrent valuer, | or Status Register, & rmask byte cap be ser which defines
* Dual addresses generated during ¢ transfer (oe for read - which tegisters ran be accessed during read operitions
port tnd ong for write), v GND o 1] I!nl ‘Em KL movy
L L LYTE EYTE/FULSE INT FRIORITY .
. EDUNTER = .~ comeamraTor | . ... LOGIE . 'mrmr:l:-alw- - -
ALOCK CONTAGL LoG -
[ = Sifwgrn ~ ] FULSE INTERVAL | . I:u:'rwmn :
l i l I CONTRCOL
__tNTERMNAL BLS > x'r‘:r?.u
_MEGISTERS
| PORT A START '-; : | POAT ESTART COMEARE DATA - - i
ADORELE ~ T ADOREET | COMPARE Wl | | - EVICONTROL
Lo o T T NP ARATUR LoGie
EiwmTen ~ |- [ ™ Colwren ~
LOURCEMEST ABDRELS MI.L‘-
[
Poleea] fere] i i 111+
- - AN an o oo ) MEMRD XD WD WA LA
DMA Interna) Block Diagram C L - .
‘i By e i foy, Fi-l,.l - )

- MSE B-13



DMA Architecture

A block dizgram of the X80 DMA is thown in Figure ).
The interma] structure consires of the following circuitry:

I‘- Bus Interface: pravides driver and receiver circuitry 1o
mierface 1o the Z30LPU Bus,

- Controf Logic and Regrarery: st the dan, mode and other
basic control paramerers of the DM A,

* Address, Byre Connt and Pulse Circuitry; reneratey the
proper port addresses for the read and write operatipns,
with provisions for acrementing or decrementing the
gddrest. When zero bytes remain to be handled, the byte
counl circmtry s¢0 3 flag @ the saws register. Pube
circuitry generztes a pulse ezch time the byte counte:
lower 84 equal the pulse reg.

# Timing Cocuimy: allows the user 1o completely specily
the read/write uming for both of the chapnely” addrexsed
ports.

® March Cicudmy: holds the maich byre and a mask
byte which allows for the comparison of only cerain
bity within the byte. If a match i encountered during a
Search or Transfer, this cireuitry sews a Mag in the satus
register. :

o INT ot BIGRD Crcuitry: Includes & conirof regis-
1er which 1pecifies the canditiont under which the DM A
can g:ncralemmlm‘upl priority enceding logic 1o select
between Lhe generation of an INT or BE]ISRE? ouipu
under these conditions: and an milsMupt vectof register
for sutomatic vectoring Lo the mtermupt service routine, |

» Siaruy Regisrer: holds current satus of DAL -
. Ny . . '
_ Register Description

The following DMA-nt=mal registers are available {o the
PIDErummer: )

= Cunersd Regiseers: Hold DMA coatred information: such
.15, when to initizte a1 interrupt or pulse, what mode or
tlayy of operation to perfomm, etc. (Write Only) (8 Bits)

" ® Timfng Registers: Hold readfwrite tming parsmeters for
the two porrs_ {Write Only) (8 bits) )

® Interrupt Vecror Rettazer: Holds the A-bit vector
DA will put onto the dats bus after receiving an [OF,
during an intermept asknowledge sequence i it 12 the high.
eat priority device requesting an inlerrupt {Thia re gister iy
readshle only duning Interrupt acknowledge cycles)
{Read/Write) (8 birx)

& Block Lengily Repisrer?,, &Z'onum tota] block l:n;rh of

ditx to be searched md:'ncr transfered. (Write Only)

(16 bit)

® Bwpe Cineiiier: Counts oumber of bytes transferred {or
searched). Oo 2 Load o1 Ceotnue the Byte Counter
B rewt to zero. -Thereafter, each byte 1amfer oper-
tHoa incrementt- fr until it martehes - the contepts of
the Block Lepgth Register,” ar which dme End of Blnck
B 3! in the stann eegiyier and operstion i suspended
if progrunmed. Alio if 30 programmed the DMA will
EEnerate an interrupe. (Read Onfy) (16 bits) :
}Cﬂm{m Regivrer: Holds the byte for which 2 match is -
- bring 1ought in Search operations. (Write Only) (8 bia)

® Mask Regizter: Holds the 8 bh maat to determine which

bitt in the compwe register are to be examined-for
- match, (Write Only) (3 kits)

12

- .S'mrrm; Address Registers iPoet | wad Prrr 5 4 Hold Lhe
starting addresxes {upper and lower B biusd for the 1wo
ports invclved in Transfer operations, [n Search Only op-
eritiona, only one port addresy would have to be speci-
fied. Only memory starting addresses require both upper
and lower &biv; IfO ports ar generally addrested with
valy the lower B-bits, and in this case the address con-
taived in the mginer is a gtn:n!‘.ly Mxed addreny. (Weite
Only) (16 bits each)

& Address Centertters FPort A and Ford 1} These countens
are loaded with the contents of the comesponding Start.
ing Addreax Reqistery whenever Scarches ar Trantfen are
initusted with » Load or Continue, They are incremented,
decremented or remain fixed, 21 programmed, {Read
Only} (16 bits each)

& Pudse Consriof Register:  Holds progszmsupplied lengih
(o bytes) of block after which the DMA will provide
a mgnal on the INT pin. (Since this octun while
both BUSRD and BUSAX mmdmCFUml]nm
tntczpret thiy & an intzrmupt request. Instead, the sienal
Iy used to communicate with a peripheral 10 device.}
{writs DOnly) (8 bits)

* Srarus Register: Match, End of Black, Ready Active, [o-
terrupt Pending, and Write Address Valid bits indicate
thewe fupctiony whea set. (Read Only) {8 bits)

Modes of Operation

The DM A may be programmed for one of four modes af
openstion. {S5er Comrnxnd Byie 2B),

o Byte of g time: contrel b retumed 1o the CPU after 23ch
o byile cycle,

o Bupgr: operation continues as long as the DMA's RDY
Input is active, indicating that the relevant port it ready.
Control returma to the CPU when RDY & inactive or at
end of bloeck or a match if 50 programmed.

s Conrimupus: the entire Search andfor Transfer of 3 block
of data is completed before contral is rerumed to CPU.

» Tronsparent: DMA optration occurs during nermal mem-
ory refresh times withour visible boxy of CPU dme,

Classes of Operation

The DMA has three classes of cperation: Transfer only,
Search Omly and 1 combined Sumh-Truufe: {See Com-
mand Byte 1A.)}

Durng a Transfer, data is fimt read from ane pon and
then written to the other port, byte by byte. (The DMA"s

~ two ports are termed Port A and Pon B} The ports may be

programmed to be either rysiem miin memocy or peripher-
ai 1/O devices. Thu, a block of data might be written from
a peripheral to another; or it might be writian from ooe
irea in main memory to another; or from # perpheral o
min memory-

Duering a Search. dara is sead only, and compared byt by

. byte againmt two DM A-tnternal regitier:. one of which von-

tainy & march byte and the other an optional mask byee
which allows enly cerrain bits o be compared. If any byie
of searched data maiches, 3 DM A-internzl status bit B ser:
if progrmammed 10 €0 30, the DM A will then susperd opefation
andfor generate an interrupte.

The third chix of operation 3 a combuned Sewch-
Transfer. In such an opention a block of data is tansrerred
as described abowe unil a-maich is found: chen. 2 in 3
Search Only operation, the transfer may be tuspended  f— -
OF an inlermIpl genery ’
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Addressing

The DMA's addressing of ports is either fixed of zequen-

', incrementing of decrementing from a starting address.

.+ length of the optration {number of byies} is specifi=d by
th: propammed contens of 1 block length jegister. The
DMA can addsess block lengths of up to 64K bytes. Bunng 3
transfer bwo szparate port addresses are gznerared, ons dur-
ing the Read cycle 2nd one during the Write cycle.

Z80-DMA Pin Description

Operating Sequence 13

Onge the DMA has been programmed it may be “En-
abled” {command byte 24 or 2a). In the enabled condition
when Rrady poer active the DMA will request the bus by
bnngny low. The CPU will acknowledge this wath
3 BUSACT which will normally be artached 10 BAL. When
the DMA receives BAID it will slant its progremmed open-
tion releating BUSRO) to a “high™ state when it i through.
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Ag—Ays  System Addreas Bus. All sixieen of thess pins are
useq by the DMA to addeess syslem main mem-
= oy oran IfQ port {ouput)

Dg—Dq  Syaemn Dot Bus. Commands from the CFL),
DM status and data from memory ar prapher-
aly aye trensfenred on thete trstate ping {inpur)

oulput)
5V Power
oND Ground
& Syyiem cleck (inpun}

ML Machine cycle One signal from CPU {inpun)

IOR InputfCutpur Request to and from the Sviem
Bus {inputfourput)

MREQ Memory REQuest 1o the Svstsm Bus (inpudf
oulput)

RD fe2D 10 and from the Sysiem Bus (input/output)

Vi WRite o and from the Svsiem Bus Ginputiourputh

CEM

AlT Chip Enable: may also be prorrammed 10 be
‘i’ﬂ?during time when HAT is low tinput)

BUSRQ BUS ReQucil. Requats control of the CPU
Addrezs His, Data Bus and Soatns/Concol Bus
{inputfoutput, open drain)

Bal Bus Acknowledge In. Signals that the system
buses have bren released Tor DMA control
(inpu1}

BAD Bus Acknowledgr Our. BAT and BAD form a
daity-chain connection loy syStem-wide prionty
bus conteol {output)

INT NTerrupt request {output, open drkin)

IE1 Inierrupt Enable o {inpu)

IEQ [nterrupt Enable Qut. JE1 and [EQ form a daisv-

chain conncclion for svsiem-wide prionty inter-
rupt contrel (output)

RDY ReaDY 5 monitored by the DMA 10 de1ccmine
when a peripheral device awociaied wiorh a DMA
port p ready for 8 read of write gperation
{input, programmable a3 acteet high or low)

4

DMA Timing Waveforms

DMA Command Wrile Cycle

Uusirzred here js the timing ausociated with » fommand .
byrie or conirel byte being watlen to the DMA whitch is to
be leaded into inaemmal zepiters. ZBO Output intiruclions
ursfy this Uming,

DX¥IA Register Read Cycle

toring o wwed when a read operation o perfarmed om

= DMA e acesys the ¢onienu of the Surcs Regisier,

Adzress Cauner or other readable repisten. 280 Inpul in-
structions aasfy Lhis dming,

L I I T I e O

T i i
oG ' :&_-;__;_._:

il | UL__%_-____+
oAt G
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DMA Timing Waveforms (coatinud)

'y

. 5TD Memory Timing

+ This tming it exactly the seme a8 used by the Z80-CPU 10
atcest sysiem main memory, either in o Read or Write
cperation, The, DMA will defaull 1o this timing after a
power-tm reset, of when a Reset or Rese1 Timing command
s wiitten to it; and unless otherwise prograrmmed, will use
this Hming dusing il Transfer or S¢aech operations involving
- syslzm mzin memory. During tht memory Read portion of
a wansfer cycle, data is tarched bn the DMA o the negarive
edge of ¢ during Ty 2nd keld into the Tollowing Write cycle.
During the memary Write partion of a wansier cycle, data
is held Irom the previcus Read cycle and released at the end
of the present eyde,

NOTE: The DMA is pormally pragrammed for a J T<vels
duration i memory rranmctions. But WAIT &
ampled during the negative mansition of T3, and
if it is low, Ty will be =xtended another T-cycle,

during which WATT wil sain be sampled The

duration of a memory tratsaction cycls may thuy

be indefinitely extended

STD Peripheral Timing

This timing is identical to the Z80-CPU's Read/Write timing
o O peripheral devices. The DMA will default o this
tmicg after a poweron reser, of when a Reet or Reset
. Timing comymand i3 written ta it and wniess otherwise pro-
= srvnmed, will vy this Bming during all Transfer or Search
,penations involving [f0 periphesaly, During the 10 Read
of a transfer cycle, darg ix latched on the negative edge of &
during Ty and It then held into the Write cycle. During an

/O Write, buhh:ufmmmgmmﬂndqdeuntﬂ ’

the end of the Wmt cycle.

NOTE: If. ﬁMT b low dunn; the negative transition of
Tw", then Tw* will be extended another T-cycle

F
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-and will agatn be sampled. The duration of &
pesiphesal trammaction cycle may thus be indefnitely
exiended, .

) Ty DaTar
- -+

LA TEMrD WY AL Dy WUN D Sl A THAag s

Al R bt - PO YL
Wikl L TH
L I

I I Ta ' T

Variable Cycle I S

_ The Yaciable feature of the DM A aflows the wer to program
the DMA"s memary or peripheral trangaction timing o values
different than given above in the standzrd default diagrams.
Thia permius the designer to tailor his tming to the particylar
_requirements of his fytiemn components, od maximizes the
data transfer rate while elimina ting external sgnal condition-
in . Cytle length can be one to Tour T-cycles imore if

i wsed). Signal Gming can be varied as shown, During .
3 trangdez, datz will be litched by the DMA on the elock edge
wing the rising edge of RD and will be held on the dats
ves until the end of the following Wrile cyde.

£75¢ Timing Control Byte, page 7.) - : ' ]
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DMA Timing Waveforms (coninued ‘ _ 5

DMA Bus Request and Acceptance for R
_yte-at-a-Time, Burst, .
and Continuons Mode

*Ready is sampled on every rinng edge of . When it

s lound to be witive, the Tollowing rising edge of &
* generates BUSHT. Afier receiving the CPU will
grant 2 BUSAR which will be connected to BAl either
directly or through the Bus Acknowledge Daisy Chain.
When a low is detected oo BAJ (sampled on every rising
¢dpe of ®), the nex1 rising edge of ¢ will start an active
DMA cycle. DA A AN ACTIVE ~we— fas ACTIVE

- 1 ~ .
DMA Bus Release at End of Block ' W—Iﬂm

for Burst or Continuous Mode AOY waet \.---.C.___.---,-_._-_-_._
Timing for End of Block and DMA not programmed A . 2
for Auto<estart, ; l‘"::ﬂ:;x"_";
- -~ DA SCTIVE " DME INACTIV E
DMA Bus Release with ‘Ready’ -
_for Burst and Continuous Mode “ e - 1

" ACT

" The DMA w1l relinquish the pusafter ROY hargone o, AN / / -

Inactive (Burst mode) or afier an End of Block ora. -~ -~ weacY - COMTINLOUS
Mazch is found (Continuous mode). With RDY Inactive, g ™" T IO | o

the DMA tn Condnuous mode s inactive but maintaing - . £ '

conmrol of the bz (BUSKQ low) und) the cycle s ee. . ... Mm!—"l"'r l—"!"—"“""‘““ PR .

sumed when RDY joes active,

o |
L MUPLAUULINLL

DMA Bus Release for Byte-at-a-Time Mode - ooy : .

- K0, ﬂ_

-1n the Byte mode the DMA will release BUSRQ on -

| .
» the rising edge of ¢ prior 1o the end of each Read ¢y W53 Vi 7 -

ele in Search Ondy ot each Write cycle in a Trans{er, re- . s =
gardless of the rate of RDY. The next but request will * - g I/
eome afier both BUSR(} and BAT have rerurned high. - * }

DMA Bus Release with Match for . acy - yo o e

A

— L T
Burst or Continuous Modes ‘ DT art S —
__.:' When 3 Match it found and the DMA b progimmed oo - - ri
* 1@ slop on Compure, the M A performs an apention oo .- — : : . T -7
the pext byle and then releases bus. 1‘*—_;',::':‘“1,7'—*"“ -
Tl hrH Tt ACTIVE = EALL 1AL TV E
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Reading from the DMA Internal Registers

L

Seven megisters wre avalable on the DMA for reading.
© They are: B bity of-ths matus register, the upper and lower 8
-lts of the block length regisiee, and two port addmss regis-
tery

These are available to be read sequenually: statug, BLK
Lower, BLK Upper, Port A Addresy lower, Pori A Address
Upper, Port B Address lower, Port B Address upper. An
iniernil pointer points 1o ¢ach register i turn a3 each READ
is atzonplished. f & register is.not 10 be read, it may be

Programming the DMA

excluded by progremming n 0 m the Read Byte. The
internal pointer will 1kip any register not programmed with
&l in the Bead Byte. After 2 Resst or 2 Load, Restt RD
must be given to et the intemal peinter pointng to the
first register programmed to be read by the Fead Byte.
After RD Starus, the pointer will be pointing to the st
register regardless of the Read Byte and the nexe read will
be from the starus register, The following read w1 be from
the segister pointed to before BD Status,

Previouws s=crions of this specification have indicgied the

various Functions and modes of the DMA_ The diagramy and .

charis below will show how the DMA B programmed to
select ameng these functions ind modes and ro adapt itse]f
to the requirements of the user system. More detailed pro-

gramming information 3 zvaileble in the ZE)-DMA Tech-
macad marmual

. The Z8O-DM A chip may be in an ™ enable™ state, in which
il can gain control of the system buses and direct the Fans-
fer of datz berween its ports, or in a “disable™ state, when
It cannot pain control of the bus, Program commands can
be writien 1d it in either state, but writing 3 command 1o ji
automztically putsin in the disable state , which & maintained
urtl]l an enable command is fsued o the DMA. The CP1)
.Mt program it iy kdvance of any day search or transfer by

idressing it a3 an /0 port and =nding it 2 sequenee of 8
cit command bytes via the system dapa bus using Orutput
insiractions. When the DM A is powered up or reset by any

Command Byte 1A

[ » 5 N n . n o
. 2] AT A MAry
. t’tlm l.lil.'ﬂ"l!l Pammeg | Dot | pragey | Gz | oany

FaLewd | Fwiioms] doiocy | T, G- A
":l—-...,..—-* . ) e e —
Speatlia Group 1 Byte 14

cannot be 00

(:.:| Ca Functlon

oo Not allowed. {Command Byte | B)

o Transfer Only. ST -
1 o0 Seareh Only.

I 1. Search and Tranafer.

Dy =1 Pon A is read from, Port B is written to (unless
the Search Only Mode hay betn selected, in
which cass Port B is never addressed).

Dy =0 " Port B it read Irom, Port A is writien 1o (unless

the Search Only Mode has been selected, in
,J which case Pon A & never :ddr:ucd]

- y .

means, the DMA will avtomavically B¢ placed into 2 divable
state, in which it can initiate nejther bus requests nor dawa
transfers nar internepm,

The command hytes contain nformaticn to be loaded
inte the DMA's tomrol and othet registers andfor informa-
tion to atter the state of the thip, such as 3a Enable lnrerrup
wommand. The tommand suucture is designed so that cer-
tain bits in some commands cin be set to alert the DMA 1o
expect the next byie written to n to be for 2 panicular
intemal register,

The following diagrzms and chants give the function of
each bit in the dx differear command byies, Two of thew
arg defined as being from Group 1, 2nd 3¢ termed covnmand
byies 1A and 1B, Thexe Group 1 commands contain the
most baxic DMA seiup information. The other four am
categorized as Group 2, and are wermed commands 24 2B,

. 2C wnd 2D, Group 1 wurd: spm,fy more detxiled ser-up

tereia [ iewnp | ootara | asamim T [ooaraod | commam |

mfonmtlun
cnmmﬂﬂd Hﬁt iB
TR R T R S
S Kl i e K B I B
-'ll___
Specifies Group | e B

Dy =1 - Address lor this port ikrements after exch byte,
Dy=0 Addres for this pon decrements after £ach byte,
Dy=1 This port addreses an YO peripheral.

D=0 This port saddrettes main memorny.

Dy=1 ° This word programs Port A

D=0 Thu word programs Pon B.

Command Byte ZA

" LI .

b | » By y
prapir § anamp | UAVEN | WA Lo
' [ -ﬂl:-! | '.::l"l'l '“.I":-’ l,-p..:q » .
[ " . - . e ———_ ——
Specifiei Group 2 . - o Speocifies Bvie ZA
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ngramming the DMA {(Conrinurd)

“ommand Byte 2B

) b | By e bt by s e}
mTreaprt| FONT Y L] 2:
1 R | HEE Ny e -::':t-n vt £ * ¥
sl A iow) | FELLPwT
S — e

Specifies Growp 27 Specifits Byie 2B

My Mn Mode .

a 0 Bye

0 1 Continpoug
| v} Burst

| | Transparent

Command Byte 2C .

"~ M M y " k L] By
0 feor el |_T Lt el [
e ] e e
Specifies Group 2 *  Specifis Byte 3C
Dg=]) Aulgmratieally repeait entire Operation when end
of biock is reached,
Dz =0 Mo affzer.
D=1 CF and WAIT multiplexrd on =me pin.
=0 CE oaly.
5=l Frady acuive high. =
D=0 Ready active low.
Command Byte 2D -
. » W M H . . 5
TTTTTLT
Specilizy Group 2 Specifics Bvie 2D
Hex i 3 0 6 Ty
L I 0O ¢ o 0 Resey
c? o 0 o 0 1 feset Port A Timing
€E 1 0 0 1 ] Reset Port B Tuning
CF o1 L ] 1 ] Load
o3 0 1 0 0 Continue
AR O ! o l & Ernable Int
AF 0 l G 1 -1 - Dizable lax
Al D l 6 0 O _  PFReetlm
&0 o o 0 1 _  Enable DMA
B} 0O 0 0 07" Disable DMA
ER O 1 | I ] Read Byte Follpws
AT 0 ) 0 0 1, RoeaRD .
EF 0 l 1 1 1 RD Statia
B3 0 | | ] 0 Force Ready
E? 0O 1 i 1] ) Eruble After RETI
8B 0 0 0 L o Fesel Suln

~ommand Byte 2D Summary

Rewrr Rewu ol interrupt cutuiry, dugbles
. { Taming intermupts and bus req. bopic,
Aor B Rexty timing for Pont A or B 10

sundard 2B0-CFL! timing,

. 1 -}_
Load: Zeros Byte Counier and loads Starting
. Address for bath Pors.
ConLinpe: Resets byte counter only- Addresses

contnus from present location.
Enable Interrupt;  Pooomils inlemupt oo deour.
Disable Interrupe:

Hesel [miemupt:

Inhitnts imerrugt lrom occutting,

Resets and disables all iniermupt cir-
cuits (similar o RETIL

Enakle DMA.

Diggbls OMA: Overabl erable or disable for 2l opera-
Lions =xCEPL interrupts; does ROt resel
any funetiens,

Fead Byte

Follows: Mextwrite 1o DMA will contain 3 mask
1 propram which seadable regisien
are 10 be read,

Fez=t RD: Mext read widl e [rom 150 meister aet
as readable by iesponse mask.

RD Starus: Next tead will be from seatue reghster.

Fores Ready: * Ready will be considered aciive iegard-
{ess of the state of exiemal RDY pin.
Uaed for Mem-Mem operations where
no RDY signal is needed.

Enahis

aler RETL: DMA will not request bus until afier it

. «. has peceived 2 RETL,
RST Starus: Rrscts Match and End of Block starus
. bits.
Read Byte v e
v om " iy o N [N . oy
- ik | wete | epura [ ronra | arm i .
Wit b m: I:.l.‘:-'l.l :::.l tml-l :::1.: EN" Fatuk

A 1" in any bl pesition enables thal reguster 10 be read,
of

- Interrupt Control Byte

[ By Ty By H e By L]

L) S uat by el B T :: ﬁ o TR :.':::":'
i ETh W -

1riTT fmairand wnieen | SRS | SO i mna| M, iy

A “17 in a bit position welecs the epuon.
Timing Control Byte

) By by Ny ¥y ot 1 bt by
= T A = ;._:I,E' E LT vy
Ty Tg Cyck Lennih
o 0 L)
0 ! k) .
] o z
B S 1 .

A 0" in D, Dy, Dg. or Dy will cause the conesponding
conired upnal 10 cod % clock ume befoce the tnd of thy
eycle, How: the towxl ppelatce {Rrad and Wnic 11 Trans
fer or Read in Search) must be at lexst 2 eycles Jong.
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Programming the DMA (continuen

(P 4
.- Mask Byte d : Pulse Count
i A& tere in a given bil position will cause a compire to be This B-bit word is loaded into & register. At the comple.
performed between that bit position in the eompare word tion of each operation, the register is compired with the
register and 1he sime bit position in the dats being yead, lower 8-bits of the byte counter. When it compares, the
. . - INT Line &5 pulsed {bat no interrupt is generated).

Match Byte ] Interrupt Vector
: ; _ . This 8-bit byte iy supplied to the CPU durpg Interrupt
up o, :{igf e be compared to Dy — Dy during acknowledge if the DMA is the highest priority interrupt.

a read, . ing device.

If hit 5 of the. Ipterrupt l'.'nnimt Byte {m p. 7) bas been

. . : "set and the DMA has been programmed e inerrupt on a

Statns Byte (Status Bits Active—Law) given statua condition then Dy and D of the vector will be
modified &5 foliows:

L. N, B S . B Vector Bin -Dy Dy - Caeee - -
- Wi g 0 INT on RDY
U - BRC R LS PO I el i 6 1 Mach
-1- 0 End of Hlk -
- 1 | Match, End of Bik
DMA Programming Exampie -

The following example will show haw the DMA may be Port A Dats Flow " PontH
progrimmed to tranafer dacs from 1 periphera! (Port A} to - nl . —— Memory |
memory {Port B). The table of bytes may be stored in merm- Peripherd . Block Length Starting Address
ory and transferred to the DMA with an output imtmction Address X5 1000H Bytes 10504

. smuchasan OTIR. - -
—_ ' : READY from the peripheral is active high
» T - Memory addres inczements on exch write
© Dy I Ds LI D; by Dy HEX
1| Command Byt L3 Q | 1] ] ] ] | '
Sain Lt OALA B3 recaive Gmmp Bk Leogth Bik Lengin Molmia . Pona A™E e [0
Jock kengih snd Fon A ] s Uppor Lowgy Upser Addy Lower Addr I -
wddreys aad = direloe” T Fellows Folare Folicwy , Folige Tramla
of uymfer . - . .- No Sevrch
19 P A Adkdrens Lawes Bni & ] » ] ] 1 ] 1 al
1| Mok Lengih Eower Snin L) 0 o -] 0 [ [ L] o
4| Nk Langth Upper dbic [ ] [} 1 [+ 0 0 [ 10
5| Command Bree Lb . [ [ L X [ 1 e o
Drflruy Fort A z1 Peoiph- Group Mo Timuy Flud ¢ Moo p KD Tho = el
wrul with flamd sddreme 1 Fallowy Addrrims Pop~A™ - *+ Ik
4 | Compmuid Bysr Ib b [ -] I - [ [ 1] a L
Dorfters. Pour B as & ssrwory Group Mo Tmey Ak s Addrem Pori it Thin by M i*
writh Mecreaenrmg sddrreee 1 F odbowy Chaigys IETEm R Moy o BT 173
7{ Command pra Ib - 1 1 ) 0 i 1. o 1
Sors mody 40 burs, Wy Group r—— — Mo lag Py B Mo B vt o
. DMA s gnpeci Pon B 1 Bt Mo Cont Bver Uppir addr Lorwey Addr .Y
Ruring widren Folow) Fnlicrars [Fealinrers
3| Pert B Addryy B gy lHat '] 1 ] 1 ] Q ] o 5D
¥{ Puwt @ Addirn Uppey s 0 o ] P~ o [ ¢ ¢ 1o
10| Comumasd Bylr 2o 1 x [ ] 1 A x I 0
Sary Renady Active Hoph Croap Mo Auln Mo wur Riy Actry e
2 R Stakis High x
11| Command Byt 1d boady "1 1 b ] ] 1 b 1
Harting addrosses and Group b r— - ™ cF
reats Bl Conctyiey ? Load r
12| Commund Byee 24 t ] ] o o 1 I !
Eaabiey OMA W aan . Group -~ mr—— — —1
LT ? ENABLE Bma 4
)Tn reload the same zddrerses ‘and block length Tor x
nibsequent operation, only two bytes are needed. ; -
I.Cuu?n:ndhyuld 11001111 CF 2. Command byte 24 L 10001011 87
Reloads port addreties | - . Enybles DMA p -7
" block length . Load __Emﬁll: D‘Mﬁ.
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Absolute Maximum Ratings

Temperature Under Biss

Trarage Temperature —E5'Cto+150°C

sage On Any Pin with H3Vio+TV
Rexpect o Ground
Fower Dinipation * 15W

Note:
the militagy grade parta except loe.

=0 mA.

Z830-DMA D.C. Chaﬂcterisﬁr:s

To a0 w 0% = T¥ 177 mnbrm miarwey woren il

Specified operaiing range.

All AC and DX characteristics remmain the same Tor

Commenl Sy

Stresscs above thoae listed under “Absolute
Maximum Rating™ may rause permanent
darmage 1o the device, This is a stress ratiag
only and funcliona! operation of the derice

at these or any ather candition above those
imdicated in the operational seciiens of this
specification is not implied. Esposure 10
sbrolute maximum rating conditions lor
exiended periods may affect device reliability.

P Fiormrionr M Trp. | Max | Linke Yot Cortutliniuiny i ..
Var | Chmd st Lo Vaage - pal | ¥ ___: ’
Vg | Vi h Tmml Mg Wedngr Ter—ad Vet R Y
Vg T L Wialiage -13 o ¥ -
¥ e Hegh ¥iddiagm e Yoy ¥ ) -
Yen D L Wi - [ 1) v | or~lma
Moy Doy Hoght Vonliingn 14 Vo] e -0 . _:.. T . * T
Ve | P Surply Carm 13 ] ma | )
gt Laaia pr [oremt 0| wa | Ve e " I
pw | TA-Simir Owpyn Ll agr ot e Floaie | e | Yoo e uﬂu,-_d
om, | TSt Detps Lok Cwrvrn sa P 8 | ak | Veory =0 a¥ 7
wa [y R R T S L R LR TR ] h
s . =
Z80A-DMA D.C, Characteristics . ' ot
T o0 m N0 W = IV 2 1% o bt et ..,.. B
] Pt ol Tre | Max | Uek | Tow Cosuinki . -
Var | Chnk bt L vlup Ey w4y | v . ] e vma e .
L n.._u.;...a,v.._ Yep—id w2 ¥ ‘ ] }
vy e Ltew- Vst 43 ay ¥
P T 28 welw .
L™ Coraped Lo Wiy X ] Vol =lma
Vg | G P Yok - Za ¥ | o meBas
My | e Sy [t — 0| T ] e | TN B
' el Lzt Cmrem 19 % ma | V= Bw g - PR
g | T Eania Dot Lnhngr Crvnni m Pl 10 | ad | Yoy = 14wy ’
by | TS D b G P e | ma | Vemy = nav ”
by ) Cem e Ly O o s Bt I a0 [ o l'-'v..,nq_-:'_-. ._-._'- '-::_'T;_
Capacitance " o
Ta~5C.0=1 Mis
. ] Spmbod .| ., | Prruneie- - Max- |, Usit  Twsr Condition
- Co Clack Capaalines 35 pF * Usnmewsnocd Mog 1
Cn iapwi Capactamey 5 3 Rr s rraed 10 Grou B
Court Dwutpar Capeciance 10 pF
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A.C. Timing Diagrams

TR and Z80A a3 3 Peripheral Devics (Inaclive Stats)

T e s ey, by ormch 5T T ey voltgin wrery 8 Do Lol aed

- j" w4

TITW

- -
CLCesx i oy
[+ Fapaly) m oLy
INFUT lov ary
FLOAT a¥ = 05y

— :

tye(10]

1
J— | IT
lo—x -tg 4 (T —et -
CE /
oG |
vA 1
- — - - -
AD /
.0} — r—l;{[}j_ T
>
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1E) . "lql
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IEQ \
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" A.C. Characteyrsfics - Z80-DMA

21

! " 30-DMA as 2 PeriphentDevice (nactive State),
14 ® 0*C to 70°C, Vg =e5V4 5%, Unless Otherwise Noted

HEmal ITumiL FARAMETEN Ll lay uniT Crwmal NTY
3 i Pl AN} fnl Palsint
- [ Dol s aith Cliniic Mot m W0 =
L Ttk Lomelon W2t Qo Law m E L
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[ - Ty b ittty S Toma i [] —
1) TR dCE Earmniipn Lrtyss Tery my Mrmey Fuge gt % Toarwny ey ——
%I‘E — -,
LT 1T DByt Doty browm Fpuiomg Emge ¢ KB R am e m
- Ty Tt e Moy Bt of 8 [aprong Wrm ar . L) e =
bg.r’ = Lo ' €y - B
. [ Dy Dy b B g Exipm ot WTNE] Gy b — 1
IO Ko
ey - | Ty Ry (Curmr Bt Doy Toterd L] ~r
11] Waign T gyl W Fiting G et AR Doirny T al f—
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A.C. Characteristics

——

ZB0A-DMA

22

Z20A-DMA at 1 Peripheral Device {Inactive State).
A =0°C 1o 70°C, Ve = +5V 5%, Unisas Dtherwisz Noted

Elinin ) EY i, FARAMETER Win AN T Crdan] TR
ty Cioes, Farsnd =0 (L1 —
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A.C. Characteristics

Z80-DMA

=2

*7ZR0.DMA 13 & Bus Controlier (Active Stare)

' -

24 =0°C 10 70°C, Yoo = +5V1 5%, Unless Otherwine Noted.
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A.C. Characteristics

ZBOA-DMA

74

TE0A-DMA a1 2 Bus Contmller (AzUve Stare}
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A.C. Timing Diagrams
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ZBO and ZBOA a3 2 Bus Controller {Active State)

Tivrng rapbursrranth sy Fude ot Ul Lol Keving sl g, unha Otharms 1owaled:

== -
CLOCK ary oy
TArT™uTY FE g -1 4]
1T Tow ory
' FLOAT av 0 5y
—y ]
e v -
" __ﬁ
—1
"™ Lt
4y 418
' o talr
S|
~ 4
Ap s )?J,l
T N
)
L QUT
3
y

: i
o LI T
- ser *-—'—T_I_EI !

8

3

:

a .

MSE B-27




<L

Package Configuration .

Sy et
)
ey g
ey —]
LR e

[ S

1 ——
Mo
L 0 JEE S
iy —
AT ety
[ p——
g =
XX e
CT
Ay -

—

s —
ey —
ey ——]

gapsfJrgocsam="rann~

)
o
§

fr—— g

et ey

e, ||

1]

T |

Package Qutline’
= = IR L E] d

Ialainlalgirlninlababsl als s vl lnl el

L ]
ey b ke

[SMEEF U [ S i | R Y S ) PN BRI WLV A S -

u-u-:.u-l-:n

fﬁ*‘mwmwmmz ,F:’%

F ol l..l-'“
ml-“

'
g, P S—— pyr— 2 — E——r—

IR L'-1|

-'" il
* H

EASTERN

Hallmyrk Electreney Z
4T1% Comnme reaal Dby
Huplirde al 33004
TEI I3 11T 41

™X 1% TH 2107

Hafmars Ehreungiact

130T W uxt Mgyt Romdt
_Fort Leuderttale, FL 31309
L TEL 305 Y71 926D

TWX 510936 9710

gk Fle tromagy

3 Laky [Biraor Drive
Cwrismda FL 12000
TEL J03 &5 g0
TwX 10 130011)

Hallmyrk Fla irpnis
1113 Ambwriees D
Rultenoey WD 21117
TEL 101 194 7300
TwX TI0 MT 1M1

Halimars Flprgonict
1208 Froat Sireat
Buidug K
Palmgh NC TTOP
TEL *17 137 aadd
Twx L vy 111

HabDmurk Dt tromey
Fakco Indopzral Pork
Hon pCog vpn. YDy, FA
TEL T13133 Thmd
TwEk 2108471750

© o it

P16 bask Sirwy)
Balfulo. NY 14201
TEL Thi Bha JaiD

Wikihare Pl oary
154 S Samn

Hamdta CT 06317
TEL 103 231 |16
Ty M0 ¥l: 1T

[ L

Slchire P
1115 bewm Hiphway
Fumiepdade LI NY 11735
TEL 56 I%) 3173
TWX ILIN%LaTe7

W lahire El irpeary
Drm eilyhivy Rl
Hyrlingtom MaA 21K}
TEL &IT 172 X100
TwX-710 31T 613%

Wilshire Flar ironey
F11) Fuulison A eersa
Clifion, W1 G70135
TEL 201 M0 w0
TWX TI0 %1% Ts7

MICWESTE RN

HaBmars B tremse
THD v, A vy
Y Greey ViTgs IL D076
TEL 112 437 by
TWX #10 121 34’

Hallmark Eheimnma

11510 Wit ¥n Siwel
Corgleton Inbymral Fark
Shawtee Miasou K5 668104
TEL ¥13 Mg atal

TwX %10 Tav i 20

Hallmark Flctramies
TI0) Frms A vivmm Semch
Sury 10

Boomuaten, MM 35431
TEL 17 B4 vy
TwE YLD 574 1187
Halimyrs Elncvreadiey
12709 Rl r T rad

Exrun Civy, WD £)043
TEL 314 %] 1340
TWE %10 TiD i)

Hallmurk B ponics
EHE% Warthingion Gakena Ked
Worpunrica, OH 43013

" TEL 614 ki 1yE2

Hallmark Bt )
A5 5 A3l £ Avevany .-
Tuby OK 74143

TEL %18 131 Bazk

TwWX 710 M3 1279

Hallmpark Elere irnnss
3100 A Induitrisd Terraoe
Ausia TX I073B

TEL 512417 Jmal

TWX 310 574 2031

HaTlmeark b becircmeca
- 9313 Foweat Larm

Dl TR 217217
TEL I14 I)aT400
Twx *I10 &Y a1l

Haftmark Flrg uromect
OO0 W, Chrng

Hemain T TN}
TEL MI M0
TwX %01 2711

Hallmurk Eh-cironmics
A1tk Cone

g Alle Wi 33214
TEL 414474 1710
TWX ¥IDMI 11

KM ey ny

43S Scmy v Dovw mmarn
Ergrwpetad, o #9300
TEL #1511 9300
TwX k10 I7) ETTY

MOUNTAIN

Ceniury Ul tromicy

12] Elgabein WE
Altagrue et Ml WL 7
TEL 04 I} 2700

Twx P10 %Ed el

WESTERN

Cantury EhLiney
2130 South 300 Y e
Sall Lady Oy UT BX|12
TEL BD] 44T k53L

TwX %10 91t 4645

Ceontury Elctonica
B35 % w4k Avena
Whealnd e €T 3003]
TEL 300 224 1985
TWX 910 #38 {39)

R Y. Weitherford Ca
3905 South Marpom
Enghwnad €O 20110
TELIDT 74 34132
TwX 11091111

Ik Ecuronss
1302 E Carregps: A viomt
Tabts Amg CA ¥I7G5
TEL ¥4 J401123
TwX %10 3%3 1583

Lnurmark Fleytronies
4040 Zorremie Valey Bird
Sam Diwpn, £A 92)11
TEL Ti4 IT9 3700

TI4 a31 *01
TwX %1815 L4513

InLarmai k[ lar oroacy
1020 5 virwwis Dree
Seton ynda T8 SO0
TEL «0d T3k 1111
TwK %1013¥ %11}

LY. Yaadwrioni Ca
921 Sun Fermando Koad
Chomdala Ca ¥1100
TEL 1) day ML
TwX 90490 310

Y. ¥ralwnond Ca
L1350 Bubitntl Aréfiwr
Ansbcum C4 ¥IE0S
TEL TH {34 MO0
T ¥I0 59 L2

Y. Deacherfond Ca
1095 Faxt Third Lorme)
Franca 4 ¥1TRY
TEL 714411 1261
TwKk 91041} ML

EY. ¥oriherdor Co
1240 HiBrw w & v oot

S umkiord Industnal Fark
Fajo Alve, Ca %4304
TEL 413 4%) 1171

LY., Wastwrford Ca
1) ¥, Larfl Breem
Phrecigia AT J3OLT
TEL #02 171} Tlda

_TWX 104 06 M

Lwrimg Elwc troncy
5600 1y Avemid Somch
Lealim, wa 3104
TEL I ThITID0
TLX 1257

v

Caky ADA

Fu e F e gy
%d ] Famum 0wl
gl On bac,
CAMADA Har 21

C —
-
LR

- k-

Plastie

Ordering Information
Ceramic -
Standard 5V 25% . 0° 1o 76°C

Extended 5Vt 5% 50" to B5°C
M = Miitary SV 210%-55" 10 125°C

-’

Ezample:

ZBO-DMA TS (Ceramis—Slandasd range)

[

V0460 Bubb Road, Cupening, California 95014

M-001 302

Telephone: (408) 4464666 . TWX 910.338-762]
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7.80-CTC
'.80A-CTC

The ZDog Z8O product line is & complete set of micro-
compuier components, development systerm and suppart
software. The 280 microcomputer component set includes
all of the citenits pecessary t0 boild high-performance
¢ mictocomputer systems with virually ng other logic and
.3 Tirtiznumn oumber of low cost standard memory elements,

The ZE0-Counter Timer Cirouit (CTC) i3 a programemable,
four channel device that provides counting and dmiog
functions for the Z80-UPU. The ZRO-CPU confgures the
Z80LTCs four independent channgls to aperate under
vafjous modes and conditions a3 required,

Structure -

-

N-Channel Silicon Gate Depledon Load Technology
28 Pin DIP

Single 5 walt supply .. -

Single phase 5 volt cock

Four independent programmable B-bit munterflﬁ-bit
hm:r channels

J‘

Features -

4."..

- =

L BRI L3 £ PR

® Each chinnel may be sc!::lnd lu upeﬂu: in :uh:r t W
- counter mode ar Bmer mode.
® Programmable interrupts on counter of timer stale, ;

23

Product Specification

APRIL 1978

# A rime congiant regisier automatically reloady the
down counter 1 rero and the cyvcle i reprated.
® Readgble down counter indicztes number of counls-o-g0°
unti ztro.
# Sczlectable 16 or 256 ¢lock prescaler for each timer
channel.
+ Selecuable positive or negative Lrgger may initate bmer
operation,
& Three channels have zero count/Umeout outpuls capable -
of driving Durlnplon 1anyistont. . - .
# Daisy chain priorty interrupt logic induded to provids
for automatic interrupt vecroning withoul exwemal loge.
® Al jnputs and outpus luily TTL compatible.
* Outputs directly compatibie with Z80-510.

CTC Architecture

A block diagram of the Z80-CTC is thown In figure 1.
The interna structure of the Z80-CTC consists of 2 Z80-CFU
bus interface, intemal control jogic, four counier channels,
and interrupt contrel logic. Each channe] has an interrupt | ”
vectar for aulomatic intermupt vectoring, and inlemmupt ’

~ pricrity is derermined by channe] number with channel #

having the highest prionty.

The channel logic is enmposed of 2 rogisiers, 2 counten

and contred logic 2y thawn in figure 2. The registens include

an B-bit time constant regisies and an B-bit channel control’
register. The counters include am 8-bit readable down
counter and an B-bit prescaler. The prescaler may be
Propramemed to divide the system clock by either 16 or 256,

TERD COUNTITEMEOUT §
L IV GHD ® q CHARREL S
o l l | U LOC KA TR IGGEN
. ) ¥ N - -
. y. ) )
i . ZE80 COUNT/TIMEUAIT 1
TWTERMAL BUY CHAMMEL ¢ - -
. . e CLOCEFTRICSER F -+
pe—- ¥ ER OO T TIMI DT T
. gy e -
- . - o - et L EXCTS TR KGCER 2
- .
C .
. I3
E J o
\] - INTEIRUFT COMTROL -
- ; LUnES
R - o — - - .
T FIGURE 1 . "
CTC BLOCK DIAGRAM " .
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Channel Counter and Recister Description

+

i Constant Register — 8 bin, loaded by the LPU o count of 7er0. At any time, the CPU can read the number
imigalize and re-load Down Counter at a couni of 2era. of couniy-1o-go unti 2 2erg count. This counter is de.

. cremenied by th & in 1 d d CLE
Chanpel Controd Register ~ 8 biw, Joaded by the CPU 10 in mz_:;r mnd: prescaler in Umet mode an KSTRIC

seiect the moede and conditions of channe] eperatien, -

’ Prescsiler — B Bt counter, divides svitemn clock by 16 or
Down Countar — § bits, Joadsd by Lhe Time Constant 226 lot decrementng Down Counter, 1t is used in timey
Regpster under program contro! and actomatically ot a - mode only,

TimE
COETANT
RICIETER
1 TS

ﬂ PNTERMAL AUS

TERD COUMNT MIMEDUT

EXTERM L L0 EITIMER TRRGCER

FIGLAE 2
CHANNEL BLOCK DIAGRAM

. .

Z80-CTC Pin Description S

- : -_".t:_m‘".h CI—KJ'TRG'H D‘-‘-ﬂ-ﬂtl B El.llmll Olock or Tumer Tn!,:r
b e — === | (lhpo) . oo
T “"_.':"'H-' ——?—m: .
" :.._l_.-.- SRttty vy CLESTRG Channel | External Clock or Timer Trigget
O =t e AL T (lnput) =
- —— ] | ey
- annii R S N CLEX/TRCs  Channel 2 Extemnal Clock or Timer Trigger
L :.__1__._ - {[nput) . :
~2{ = . - -
PR -Tmeraet I * * CLK/TRG)  Channd 3 Extemal Clock or Timer Tneger
[ L n v - - . (Input} o
.‘l':‘:{ L1 — T . S ' i
e = - ZCTOy Cranne] @ Zere Cousl or Timcout

(ourput, actrvr hugh)

© MSE.B-30



Z80-CTC Pin Description (continued)

25

ZCT0y

icﬁn-;

Csy -5

1ORQ

Timing Waveforms

an ﬁﬁ:ignlll.

~ Dlustrated here iy the timing for readiog » channel’s
Down Couner whez in Counter Mode. The vafue read
oato the dats bus reflecty the nember of extemal clock's
rmxing edges priof to the rising edge of cycle (T2} No waje
slates are allowed for reading the CTC gther than the zyio- -
maticalty inserted {T,,*).

Sorne tims ~fier 2o interrupt is requested by the CTC, the
CPU will =n.’ 3ut an miermropt acknowlsdge (Mi and IORG).
During this time the imermupt logic of the CTC will derermine

Ihe highes!

Channe] 1 Zero Count ar Timeouy RD Read Cycle Searus from the 2800 (inpur,
{outpue, active high) attive lpw})
Channe! 2 Zero Count or Timeout 1ET [nterrupt Enable In {input, active high)
{outpur, active high) o
IEQ Interrept Enable Qur {outpul, active high).
« Channe] Select (inpu1, active high), These IET and 1EQ form a daicy chain conneclion
form a 2-bit binary address af the channel for prionty inlerrupt control
1o be actzased, —_— )
INT Interrupt Request (outpul. open drain,
ZR0-CPU Daca Bus (bidircctional, tristate)} active [ow)
Chip Enzble (input, active low) REEET RESET swops all channels from counting and
S Clock fin resets channel interrupt tnably big in all
ystem Clack (inpat) ; control registen. During resee time ZC/TOp.2
Machine Cycle One Signal from Z80-CPU and INT go 1o the inactive statex, [EQ reflects
{input, active low) the statz af IE1, and the dara bus output drivers
. go to the high inpedance state (input, active
lnpufOutput Request from ZRO-CPU (input, low)
actve Jow) ’
CTC WRITE CYCLE L t id T i
u B A B A T S R B
Dluseraied here is the iming for loading a channel ronteed e :
._word, time constan? and intermupt vecior, No wait stares are i ath X iansey A
Towed for writing to the CTC other than the automatjcally —_—— e
e ried {Tw*). Since the CTC docs not receive a specifis o
write signal, §t intermadly generates its cwn from the lack of —
o
. m
e X = C
CTC READ CYCLE " v y ' v,

ol W A
-] Y —

Bk TA

INTERRUPT ACKNOWLEDGE CYCLE

ority channel which i requesting an interrape.

1 insure thay the daisy chain enakle lines stabilize, channels
w1t inhibiicd from changing their intzrropt reques: sanzs
when M\ s active_ [f the CTT Inttmlpl Ernable input {[EH
B active, then the highst priority in EFTUpINg chunnel’
places the coatents of its intermupt vector register onto the
Darz Bus whm‘lOR{} goes active, Additional wai cycles

zre allowed

MSF B-31
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Timing Waveforms (continued}

RETURN FROM INTERRUPT CYCLE

. 112280 peripheral device has no interupl pending and it
not under service, then its JECG = [EL I it has an interrupt
under servies iz, it has dlready intermupird and recejved an
tnesTeps acinow [eder) then ity JEQ is always low, inhibit-
ing lower prionity chips [rom interropting. 1€ it kas an inler-
rupt pending which-has not yel been acknowiedged, [EDQ
will be low unfsss an “ED™ i decoded as the fint byie of a
rwo byis opeode, In chis case. [EQ will go high vatd the next
opeede byie is decoded, whereupon it will 3gin go low, If
the second byte of the opeode was a *4D" then the opeade
was an RETH insyruciion. .-

Afrer an “ED" opeode iy decoded, only the peripheral
gevice which has interrepied and s curtentdy unde; servies
will lave its LE] high and its LEQ) low, This device is the high-
cst prionty device in the daisy chain whith has reccived an
interrupt arknowledge. All other peripherals have IE] = 1ED.

-IF the next apeode byte deceded iy 40", this pedpheral

o devier will rmeet its Vinterrupt under sepvice ™ condition.

Wit cycles arr allowed in the MT cycles. .

MR B U I I 0 o By Ty O

ety ———(E) C————
wo T T
11 b iy

DAISY CHAIN INTERRUPT SERVICING

_ Dbustraced at righr s a rypical neated lntermmopt sequence
"th may occur in the CTC. In this sequence channel 2
*mtermupts and is granted service. While this thannel is being
serviced, higher priority channel | inerrupts and is panted
sepvice. The sesvice routine for the higher priodity channel
i :umpl— -4 and » RETT instruciion is exccured to indicale
1o the .- sael Lhat iy Foutine i complele, A1 this time the
servic? atime af lower prionty thannel 2 is compleied. .

W b1 FT H R arby Oeasary
. TniamlL i [Hamm$] 1 fusmar 7 Fmuwnnl ¥
- - - - -
i m L llll—-——llll o |I-—{||| dl]——-—-;

N PR DR A Cmsn g AP GAE Rl WETE bR BCEpg
MABEW I Bwif

Sp e

1 Emdan]) ) SENyFETF bl raTLonrt an0 K ACkncemi i BLEN
wupl b mp LRI o 1]

S M o S e P e C

L Cmsmnl), THVIFSPTR Jodmi npd 30 0r MO0 B (nnaay) |
D] ey TTH PR a0 ot §

- .J-'—!_ wi " ]--'-5—{-1 “}L

-‘l dnsmnf T Ee] Bhrimy (g | TE NITT Ell fusapny | kel dilpmid
LYY Comm i 7Y

-

- L) hd
[ 1] ne [

[ 1) Ll r

F Mipay T e L iy CE ] Tabs L apna ) g Rl AT i

. CIC COUNTING AND TIMING - '

in the counter mode the fising ot Talling edge of the CLK
ir1ed “auses the coumes 10 be decremenied. The edgr is
de1s g totally paynchronously and must have 3 minimum
CLK pulse width. However, Lhe counier is © nchronous with
% therefore 2 serup rime Mt be met when it s desired 1o
have the counter decremented by the next rising edge of .

In the vimer mode the presesler may be enabled by a dsing
of Talting ¢dpe on the TR input. Ay in Lthe counter mode,
cthe edge b derecied 1otaly asynchrenously and must have
a minimum TRG pulse width, However, when timing is1e
¥ " ithrespert 1o the next rising edpe of @ 2 se1up time
L . bomel The presaler counis rising edges of &

D D ] *

iy [ L] 3 -
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CTC Programming

3l

SELECTING AN OPERATING MODE

When selecting a channel’s operating mode, bit @ is set to
1 toindicate this word istobestoredin the channel control
register.

o o e o " ” - o
} LOAD
'"z::::’:r wout § masce | siom [rmwaam| T RRSET '
] CONSTANT
1N TR

VMR VM LY HLE WOKR T

Bit7=90 Channel interrupts disabled.

Bit7=1 Channcl interrupts enabled to occur every
time Down Counter reaches a count of zero.
Setting Bit 7 does not let a preceding count

of zero cause an interrupt.

Timer Mode — Down counter is clocked by
the prescaler. The period of the counter is:
tc o P o ]:C
t¢ = system clock period
P = prescale of 16 or 256
TC = 8 bit binary programmable time
constant (256 max) ’

Bit6=9

_Bit6=1 Counter Mode — Down Counter is clocked
" by external clock. The prescaler i§ not used.
BitS=9 Timer Mode Only-System clock &is dmdcd
: by 16 in prescz]er.
BitS=1- - Timer Mode Only-System cock & is divided
- .- by 156\11 prescaler, & .

Timer Mode — ncgmve edge trigger starts
timer operation.

* Counter Mode — negative edge decrements
the down counter.

Bit4=0

* Timer Mode — positive edge m‘gger starts
timer operation.
Counter Mode — positive edge decrements.--
the down counter.

Timer Mode Only — Timer begins operation

_ on the rising edge of Ty of the machine
cycle following the one that loads the time
constant. ’

.Bit4=1

-Bit3=9

Bit3=1
for starting timer operation after rising edge
of T of the machine cycle following the
one that loads the time constant. The Pre-
scaler is decremented 2 clock cycles later if
the setup time is met, otherwise 3 clock
cycles. . )

L 4

Timer Mode Only — External trigger is valid -

Bit2=9 No time constant will follow the channel
control word. One time constant must be

written to the channel to initiate operation.

Bit2=1 The time constant for the Down Counter
will be the next word written to the selected

> channel. If 2 time constant is loaded while 2
channel is counting, the present count will
be completed before the new time constant
is loaded into the Down Counter.

Bitl1=9 Channel continues counting.

Stop operation. If Bit2=1 channel will

resume operation after loading a time

constant, otherwise a new control word

must be loaded.

Bitl=1

LOADING A TIME CONSTANT

An 8-bit time constant is loaded into the Time Constant

. register following 2 channel control word with bit 2 set. All

zeros indicate a time constant of 256.

oy L ™ B ]

I,
¥
¥

} I ) T, w3 e Ky s L1 e

LOADING AN !NTERRUPT VECTOR

“The ZSO-CPU requires that an 8-bit interrupt vector be
supplied by the interrupting channel. The CPU forms the
address for the interrupt service routine of the channel -
using this vector. During an interrupt acknowledge cycle
the vector is placed on the Z80 Data Bus by the highest

_priority channel requesting service at that time. The desired
interrupt vector is loaded into the CTC by writing into
channel § with 2 zero in DP. D7-D3 contain the stored in-
terrupt vector, D2 and D are not used in loading the vector.

_When the CTC responds to an interrupt acknowledge. these
two bits contain the binary code of the highest priority
channel which requested the interrupt and Dg contains 2 '
zero since the address of the interrupt service routine starts

"at an even byte. Channel @ is the highest priority channel.
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Product Specification

ALGUST 1578

The Z20-510 (Scrial-Input/Ourput) s & dual-channel

multi-function peripheral companent designed to satisfy

a widc variety of senal data commuaications rogquire-
menls N MEcIDCompuies systems, lis Hasic funcyon is a
serigl-to-parallel, parallel-to-s=mal convener/controller,
bur—within that rele—it is configurable by svsiems
software so irs *"personality’ can be optimized {or a
piven serial data communicauons application.

The ZEQ-510 is capable of bandling asynchrenous
formats, synchronous:' byre-orenied protocels such.as
tBu Bisyne, and synchronous bitonene=d protocols
such as HBLC and SDLC, This versaiile device can also be
used 1o support vimually any other senal prowcol for
applications other than data communications {cassee
or floppy disk inerfaces, for examplz).

The ZBO-5{0 can gencmats and check Cre codss in
- any synchronous mode and can he programmed lo
zheek data iptegrity in various modess. The devic: also
“has facilitics for modem conirois in both channels. 1o
applications where these controls are not pesded, the
modem controls can be used for ganeral-purpase L/Q,

N-channe] silicon-gaie depletion-load lechnoiogy
0-pin DIP

Single 5 V power supply

Single-phase § V clock

All inputs and outputs ™ compatible

Two independent full-duplex channels

Dizta rates insynchroncus ¢r tsasynchronons mades:
s (-%50K bits/second with 2.5 MHz sysiem clock
fale
¢ 0-8B0F bits/sezond with 4.0 MH2 sysiem zlock
rate
Recciver dawa registers quadruply bulfered; trans-
mutter doubly baflered.

- Asynchronous features: -

« 5 & 7 or§ bits/characier

it
TEMAL Datfa

DHanmEL & (o owaaxl CLOCT2

el LLT
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pa— Y]]
v iy COW AN
|

—y ]

Figurr 1. I30-510 Block Diagram
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1, 1% or 2 stop bits

Even, odd or no pancy

x1, x18, x32 and x &4 clock modes

s Break generation and detecuion

* Pariry, overrun and framing error delection

.L
]

Binary synchronous featores:
4 lmernal or extenal character synchfonization

* One or two syne characters i separaie fogsters

* Xutomatic sync character insertionsdeletion
* CRE jencration and checking

HOLC and SOLC leatures:

= Abon scqueses prncsztion and detesdon

= Auromatic zeso infertion and deletion

= Auramatic flag insermion berwezn messages

» Address field recognition

s Suppart for one 10 eight bits/charaerer
Walid reczive me=cages protecied from overrun
* CRC generation and checking

Imerrupt features;
» Draisy-chain in::m.ipt logic provides autamatic
iblermupt vecioring with no external logie
* Programmabie intzrrupt vectar
* Silatus Aflects lnterrapt Yeztor mode for fast
IMTEITUpt procsssing

CRC-18 af CRCCCT hlock frame check

Separate modem cantrol inputs and ourpus for both
= channels

Modem status can be manitored” . -

Dy-Dy. Sysrem Dara Bus (bidirectiona), 3-siate). The
system datg bus rransfers data and commands berween
the CPU and the Z30-510. Dy is Lhe least sizmificant oit.

B/A. Channel A Or B Sefect (inpul, High selects Chan-
nel BY. This input defines which channel is accosseg
during a data wransfer between the CPU and the
ZAC-810, Address bit Ay from the cPU is oficn used for
the scievtion funcuan,

C/D. Conrrol Or Dare Sefect linput, Hign sciccts Con-
tral). This input defines the (vpe of infommalon 7ans-
fer performed belwesn the CPU and the Z50-510. &
High at this input during a CPU wnie 10 the ZE0E10
cuses the informanon on the dara bus 1o be interpressd
a3 a command for the channet selecied by Bra. & Low at
C/D means that the informacion an the data bus is data.

Address bit A 15 often vsed for this Function.

E. Chip Enable (inpu1, active Low), A Low leve] ag
this input snabies the Z50-5310 to accent command or
data input from the cPU during a write cvele, or 10
trapsmit dara o the CPU during a read cvele,

é‘. S¥seern Clock (input). - The Z20-510 uwies the stand-
argd Z80 Svstem Clock o synchromize intermal signals.
This is a singic-phase clock.

M1, Machine Cpele One {ioput from ZI-CPU, acove
Low), When M1 is active and &D is also active, Lhe
ZBO-CPLU s ferching an instuction from memory; when
M1 13 active while [ORD is active, the 280510 accepu M
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and 10817 as an interrupt acknowledge if the ZB0-5I0 i3
the highryi prionty device whar has interrupied the
TRCPU. -

WSRQ, fapur/Ourput Request {inpu! fTom CPU, zctive
Low). iORQ i used in conjunciion with a/a, €0, CE
and B i0 transfer commands and dala berwern the P
and 1the Z0-510. When T, D and 10RO are all active,
the charne! selecicd by aea transfers dara ro the cPu (a
read aperation). When €€ and JORQ are aciive, but D is
inactive, the channel selected by B/A is written to by the
CPU with either data or contral information as specified
by /0. As mentioned previously, if IGRQ and M7 are ac-
tive simultancously, the CPY 15 acknowledging an inier-
rupt and the ZB0-510 avtomanieally places its interTupt
vector on the cru data bus iF it iy the highest poorty
device reguesting an intetrupt.

RD. Read Cycle Siarus. finput from CPU, active Low).
If XD is aciive, a memory or i#& read opelatian is in
Progress, RD is used with B/a, CF and [GRg to transfer
data from the ZBO-510 1o the cry,

RESET. Reser (input, active Low}, A Low RESET dis-
ables both reccivers and transmitters, foroes TaDa and
T:D8 marking, forces the modem controls High and dis-
ables al) intcrrupts. The contrel registers must e re-
writien after the Z30-510 i5 reset 2nd before datz 1S
transmitted ar received,

LEL. farerrupr Engble frtinput, active High). This sig-
;== .15 used with IEC to {arm 2 priority daisy chain when
e is more than one intermupt-driven device. A High

2

on t_hii lint indicates that no other davice of higher pri-
onty is being serviced by a CPU inferTupl service routine.

YEO. /[nrerrupt Enable Ouf (output, active High). 1EQ
is High only if 1£1 = High and the CPY s not 5ervicing an
mlemupt from this 280-510. Thus,. this signal biocks
lower priority devices from intermupnting while 3 higher
prionty device is being serviced by (s CPU intetrupe ser-

w1 TOULIne.

INT. fnterrups Regquesr {ourput, open drain, aclive
Low). When the 280-510 is requesting an interrupt, it
pulls INT Low,

W/ RDY A, WARDYR, Wair/Ready A, Wan/Readv B
{outpurs, open drain when programmed fof Wail func-
won, driven High and Low when aprogrammed for
Ready funciion). These cual.purpose purputs mav be
programmed as Ready lines for a DM a conialler or as
Wair lines that svochromze the Cpy g the Z30-510 daia
rate. The reset stats is apen drain.

LT5A, CTSB. Clear To Send (inputs, acive Lowl,
When proerammed as Aute Enables, a Low on these
inputs enabies the respestive transminer, IF not pro-
grammed as Auio Snables. these npuis may be pro-
gramimed s zeoeral-purpose fapuis, Both inpoty are
Schmitt-1ngegesr hviiered (@ accommeodate slaw-nsetime
signals, The 235510 derects pulses on these tnputs and
interrupts the €PU on bath logic level ransitions. The
Schmiut-trigger buffering doss not guaranies a specified

-neise-level margin. -
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DCDA. BCDB, Doty Carrier Defect [inputs, active
Low). These pins fupction a3 recciver enables if the
TO-510 is programmed for Auwie Enables: otherwise

.¥ may be used a1 general-purpose input pins. Both
pifs are Schmitt-idigger buffefed 10 accommodaie slow-
risetime signals. The F90-51C detects pubses on thesc
pirs and interrupts the CPU on both lopic leve! transi-
tions. Schmitt-ineger buffering does not guaranter a
specific noise level margin,

RxDA, RxDB. Receive Dare {inpuis, active Highb.
TxDA, TaDB. Tronsmir Dotz (outpuls, active High),

RxCaA, RxCR, Recetver Clocks (inputsh, Reczive dara
is sampled on the rising edge of RaC. The Receive Clocks
may be 1, 16, 32 or &4 times the daa rate in Asyvo-
chronous mods. These cipcks may be drnven by the
Z80-CTC Counter Timer Circuit for programmable
Leud rate generation. Both inputs are Schmitt-trigger
buffered (no noise level marzin is specified), Ses the

following section for bunding aptions.

TaCA, TxiCB. Tronsmirrer Clocks (inputs). TaD
thanges on the {alling edge of Tat. In Asynchronous
modes, the Transminer Clocks may be L, 16, 32 or &4
times the data rate; however, the ¢lock multipber for the
transmitter and rthe receiver must ke the same. The
Transmit Clock inputs are Schruti-trigger buffered for

. relaxed rise- and (ail-time rcquirements (no npise leve]

margin is specificd). Yransmitier Clocks may be driven
v the ZB0-CTC Counter Timer Circwil for program-

able baud rate geoeration, See the foltowing sccuion
lor bonding aptions,

RTSA. RT5B. Reguai To Send (outputs, active Low).

. When the RTS8 bit 15 set, the RTS culpul gocs Low, Whez

the ATS bir ia reset ip the Asynchronous mode, the out-

put goes High after the transmiuver is empty. [n Syn-
chronous modes, the ETS pin strictly fallows the stare of

the RTS hit. Both pins can be used as general- purpase

DUIpULS.

DTEA, DTRB. Dar2 Terminal Regdy [ouipuls, acuve
Low), Set note an bonding options. These outputs foi-
low the siate programmed inte the OTR bit. They can
alwo be programmed a1 generad- purpose oul puts.

SYNC A, SYNC B, Spachronizaiion [inputs/outputs,
active Low}, These pins can act cither as ioputs or out-
puts. In 1he Asynchronous Reccive made, they are in-
puts similar 10 €T3 and ©CD. In this mode, the wansi-
tions on these ling affect the szare of the Syne/Hung
stxtux bty jn #up, In the External 5y reode, these Hnes
afsy act a1 izputs, When exiermal synchronization is
achiewed, 5¥%C muit be driven Low on the second rising
edge of Mg afier that fising edge of RaC on which the
last bit of the syne character was recaved, In other
words, alter the sync patiern s detecied, the exicrnal

oic musl wait for twe full Reeeive Clock cycla to acti-
vate the SYNE input. Once $¥~C iy (proed Low, it is wise
i3 keep it Low yniil the ¢ry informs the exiemal syne
logic that synchronizauion has been lost or a new mes-

sage is about to sfan. C_h:r:lct:r assembly begins on the
nising edge of Kl that immediately precedes the falling
sdge of 5YNC in the Ealernal Sync mode..

In the Imemal Synchronization mede (Monosyne
and Bisync). Lhese pins 3cT it outpuis ihat are acgive
during the part of the rezeive cloek (RO cvele in which
£¥nc characiers are recopnized. The svne condition is
oot larched, 50 theye Outpus are acitve cach time a svIC
pattctn i re<ognued, regardiess of characier bounda-
ries.,

The constraints ol 4 30-pin packave make it impassible
I bring oul the Receive Clock, Transmit Clock, Data
Terminal Ready and Svne signails for both channeis.
Therefore, Channel B must sacnifiec a signal or have
two signalt bonded together. Since user reguirements
vary, three bonding oprions are offered: -

= FRO.SI0/0 has al) four signals, but ToCE apd A<CE
are bonded 1ogether {Fig. 2).

» Z80-510/1 sacrifices DTRB and kezps TeCA,
and sr~Ch (Fig. 3).

» ZEO-SI0O/2 sacrifices SYNCH and kesps TACH, malB
and DTAB {Fig. 4).

Ari B

The device tnternal structure includes a Z50-CPU inter-
face, internal conurel and interrupe logic, and two full-
duplex channels. Each channel conraing read and write
registers, and discrele control and status lagic thar pro-

vides Lhe interface (0 modems or other external devices.

The read and wonte register proup includes five 8-bit
contral regisiers, two svno-character regisiers and two
status registers. The intermupt vector is writtgn into an
addivipnal 8-bit register {Wnite Register X1 in Channel B
Lhal may be read through Read Regisier X in Channel B,
The registers for both channels are designared in :h: -1
as follows!

WRO-wA? — Wric Registers O through 7
aro-RR: — Read Registers O Lthrough 2

The bit assignment and funcianal grouping of cach
regisier is configured to simplify and organize Lthe pro-
gramming prodess. Taole 1 lss the funcions assigned
10 exch read Or write regisier,

Tranam/Racwirw Buller 31atul, murrunt atalud ans

R
RO ariwinal rtatuy
AR1 Specudl Rederrn Conaibion a1aius
RRZ wodifed wilenupl secior IChanna B anly)

Ermd Repriier Fuserciass -
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Repiziar poantery, CRC imtlalize, irutlalizaton ¢om-

w
Ao mancs for tha vangus modes, =lC.

TransmuAecere interrupt 2ng data trangier maow

AR
1 gelfinilin,

-WR2
WRJ

Inrermupt vector IChannel B aniv)

Feceive parameiecy ang conlrod

Tranzm/Agcarvd Mol ANeoul
modas

WHR4 Fardmelars  ang

WRS
WHE
WHT

Tranimil parameiery gnd conirels

Syne characier or 50LC addieqs heig

Sync craraciar o 3OLG frag

Wt Repurer Fopcong

Tahle 1. Functions) Auwignments of Read and Write

The logic for both channels provides formals, syn-
chronization and validation for data transferred 1o and
from the channel imerface. The modem control insuts
Clear to Scnd (€75 amd Data Cammier Deteet (DT are
monitored by the dis¢rete control logic under pragram
control. All the modem control signals are geherad pur-
post in naturc and can be used for functions other than
modem control,

For automatie lnertupt vecionne, the intermpt con-
wol legic determines which channel and which devigs
within Lthe channel has the bighest prniomwy, Poority s
fixed with Channei A assigned a higher pnonty than
Channel B; Receive, Transmit and External/Statys in-
IeITUSES are pnnnuzcd in thay grder wirnin eack chan-
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“he transmil and recove €ata path tlusirated for Chan-

4 A in Figure 5 is ideatical for both channeis, The
recoiver has threr B-bit pulfer cegisiess in a FIFO ar-
rangement in addinon to the §-bir reccive snifi register.
This scheme creates addiuonal tme for the CPU 1o seT-
vice an imermupt at ihe otezinning of a biock of high-
speed dara. Incorming data iy rowcd through one of
several paths {dara or CRCY d=pending on the sclecicd
mode and—in Asyvncironous modes—the chararcter
length.

The transmitter bas ap 8-bit transmin data regiscer
that 15 loaded Irom the imiernal data bus, and a 20-bit
(ransmil shift tegisier shat ¢an be loaded fram the syoc
characier buffers (was and Wi or from the ransmit
data register, Derending on the operational mode, out-
zoing data is routed through one of four main paths
ir=fare it is iransmirted from the Transmiz Dara Ouiput

TSk

The functional capabilities of the ZID-S10 czn be
described lrom 1wo differen: poings of view: as a data
communications device, 1 transmits and receives senizl
datz, and meeis the requitements of varous data com-
' municatipns protocols; at a ZEQ family peripheral, it
_imeracts with the Z30-CPU and other Z50 peripheral
rcuits, and sharcs the dara, address and conirol
wusses, as well as being a part of the ZE0 intermupt srrac-
tyre. As a peripheral to other microprocsisors, the
ZEO-510 affers valuable features such 25 non-veciored
interrupts, polling and simple handshake capability,

Thz first part of the following functional description
describics the inreraction boiweszn the CPU and Z80-510:
the second part introducss its data commuenications
capahilities,

The ZE0-SI0 offers the choice of Peolling, Tncrmupt
(vectored er non-vectored) and Block Transfer modes lo
transfer data, states and control informatien w and
trom the CPU, The Block Transfer mode cap be im-
..ulemented under CPU or Dma control. . |
solltng. There are 0o interrupts in the Palled mode,
* Birtus registers RRG and RR) are updated at appropriale
times for cach function being petformed {foc example,
eRC Error status valid at the end of the message). All
tht interrupt modss of the ZEQ-510 must br disabled o
GPI:I‘AI: the device in a polled environment,

While in its Folling sequence, the €PU examines the
~dtis contained in RR0 for cach channel: the Rxp s1arus
hils scrve as an acknowledge 10 the Poll inguiry, The
we RAC status Bits Dy and 0~ indicate that 2 data
transfer is needed. The status also indicates Froor or

other speeial stalus conditions {see *ZF%510 Program-

ming"). The Special Rezzive Condingn viaits conlamed
in RE1 dnes not have to be fead in a Palline sequence

because 1he s1arus bits in &R musl be 2—ampanied by a

Receive Characier Availabe stalus in 355,

Interrupis. The Z250-5710 offers an ciiporate interrupt
scheme 10 provide fast inferrupt fcspoose 10 real-nme
applications. Channe! B repisiers waz zmg RR2 conain
the interrupt vecior that POINL {0 an t=:iefTupl Service
routine in the mamory. 19 icovice oo—20008 0 bot)
channely #nd 10 eliminate the necessine of writing &
statys analysis routine, the Z20.510 == modifv the in.
LerTypl WECIOr in KRS 8¢ 11 pOints direze . 1o one of eighe
tnterrupl Servies rqulines, This u dar: wnder proeram
contral by 121008 a program bt ow ks, S-ain Channel B
called “*Sratus Affecis Yertor,' Wher =5 bit is sel. the
interrupr vector in w2 13 modified 1=rarding 1o the
assipned prignty of Lhe vanous interry o= ag conditions.
The table in Lthe Write Register | des—puon (250-510
Programming ssction) snows Lhe moc Soatian deails,

Transmit intecrupls, Recsive interre- o and External/s
Stawus interrupts are the main sours= ol intesupts.
Each inierTupt source ts ¢nabled ynder sragram conrol
with Channel A having a higher pnon shan Channed
B, and with Reesiver, Transmii ans Suiernals/Sczus
interrunts prnontized in that order wityz «ach channel.
When the Transmit interrapn @8 £az2s.=a, the CFU 13
interrupied by the transmie buflfer jecaming empiy.
{This implies that the ransmiter mus ~ave hag a dan
character wnilten into it 30 1L €an becez= smpty.) When
cnabled, the receiver can interrupt Lz CPY i one of
thres ways:

* Imerrupt an the first received characeer
* Interrupt on all received characi=s
* [ntefTupt on a Special Receive co=sjnon

interrupt On First Characier 15 ivpimm—y used with the
Block Transfer mode. Interrupt On AZ Secerve Charag-
ters has the option of modilving (he =t2-TupI vecior in
the event of 3 parity ermor; The Speciet Receive Condis
tion jpterTupt can occur on @ characie: o Meisage bags
(End Of Frame intcrrupt in 50LE, for cxamplel. The
Special Receive condition tan gause = wrecfupt onlv il
the InterTupt On First Reteive Charzmer or Int:'rupt
Oin Alt Reczive Characiers moae |y sel=—=d4. [n I0termum
On Firsr Receive Characier, an intermes: zan occur from
Spectal Recoive conditigns {except Py Erord after
the.first reccive charagier interrum oampe; Regeive
Orverrun intermupt].

The main function of the External, T:zqus interrupt is
o manitor the signal rramitions aof == 75, OCD and
SYNC pins: however, an Externals/Statzs cneeerupt (s also
cauvsed by 2 Transmit Underrun cozc-uon or by Lhe
detecion of a Break {Asvnchronou:r —odet or Abon
(5DLC mode) sequence in the data strea=, The imerrunt
caused by the Break/Abon sequence ==x a special fea-
ture thar allows che Z50-51C o icizmupt when (he
Break/Abar sequence i deietied or —mmnated. This
feature faciitales the praper termina==>3 of the current
Mmestage, correct initialization of the Tovt message, and
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the acturate timing of the Break/Abort condition in ex-

ternal leogic.
"

)

CPU/DMA Block Transfer. The Z80-510 provides a
Block Transfer mode 1o accommodale crU block 1tans-
fer functiony and Oua conteollers (Z30-0MA o1 other

designs). The Bloek Tramsfer mode waes the wWalTys

READY cutput in conjunciion with the Wait/Ready bics
of Write Regisier |. The WalT/READY ouiput can be
defined under software conerol as a waAIT line in Lthe cPU
Block Translfer mode or as a READY line in the Oma
Block Tranafer mode.

To a Daa controller, the Z80.510 READY ouiput in-
dicates that the 280-51C 15 ready to transicr data o ot
frem memery. To the €PU, the WAIT oulpul indicates
that the ZAD-510 15 not ready to wansfcr data, thereby
requesting the CPU 1o exiend the 170 cvels, The pro-
gramming of bits 5, 6 and 7 of Wnte Register | and the
logic states of the WaIT/READY line are defined in the
Write Register | descripucon IZED-S]D Programming

section).

L

In additian o the O capatbilities previously discussed,
the ZEQ-S5!10 provides two independent Tull-duplex
channels that can be programmed for use in Asynchro-
nous, Synchronous and SDLC (HOLS modes. These dif-
“erent modes are praovided to facilitate the implementa-
.on of commanly used data communications protocols.
The following it a short description of the data com-
munications protocols supported by the ZED.S510. A
more detailed explanatian of these modes can be found
in the Z80-8IC Technical Manual.

Asynchronous Modes. The ZBO-510 offers transmission
and zecemion of five to eight bis per character, plus op-

 tonal even or odd parity. The ransmitter can supply °

one, ane and a half or two siop bt per character and
can provide 2 break output at any time. The receiver
break detection logic interrupts the CPU only at the stan

and end of a received break, Reception is pratected.
from spikes by a ransient spike rejection mechanism

that checks the signal one-half a kit ime aller.a Low
level is detected on the Receive Dara.input. [ the Low
does not periisi—as ip the case of a iransient—the char-
acter asscmbly process is not started.

Framing errors and overmun ertors are detected and
buffered together with the partial character on which
they ocourred. Veciored interrupts allow fast sepvicing
of error conditions using dedicaied rourines. Further-
more, a built-in checking process avoids interpreeing a
[raming errdr as a Acw s1art it a (raming error resuits

. in the additien of enc-half a bit time 10 the point at

_which the scazch lor the next st2rt bit is begun.

% The ZB0-SI0 deoes not require symmetric Transmiz
and Receive Clock signals—a feature thar allows it ta be .
used with a ZE0-CTC or any ather clock source. The -

transmitter and receiver can handle dawa at a race of 1.

. character can be.selfected.

v

1716, 1732 or 1/64 of the clock rate supplied to che

- Recrive and Transmit Clock inputs,

In Asynchronous modss, the SYNC pin may be pro-
grammed far an inpuc thac can be used {or funciions
such as monitoring a rng indicator. '

Syochronous Mode. The Z50-510 supparts bath byvie-
oriented and bit-onenzd synecnronoey communizatian,
Synchronous bvie.onented pretecols can ke handled in
several modes tha allow characier synchronizanon with

_ an B-bit sync characier (Monosynch, any 14-bit s¥nc pat-

tern (Bisynz), or with an exiernal syne signal. Leading
syne characiers can be removed without Interrupune the
CPU. CRC checking for synchronous byie-oriented
modes is delaved by one characier ime s0 the CPU may

disable €A checking on Spefitic characters. This per-

mits implementation of protocols tuch as 1B Bisync.

Bath CRC.1e (X104 X1 X2+1) and coiTy
{216 12 X1 & 1} errar checking polynomials 2re sup-
pored. In all non-s50LC modes, the CRC generator is in-
itfalized to 0's; in SDLC modes, it s initalized o 17,
(This means that the 250-510 canno g2nerats or 2hcck
Cre for M-compatible solt-gcctored disks.y The
ZRO-85I0 alse provides a feature thal aulomadealty
transmuts CRC data when noe other dala 13 avaiizble for
transmussion. This allows very high-specd transmissions
undecr DMA coRtrol with no ficed for CPY intervention al
the end of a message. When there is no dala or CRC 0
1end in Synchroncus medes, the transmitier insens - or
l6-bit syne characters regardless of the programmed
charaeter length. Since the CPU can read status informa-
uon from the ZBD-500, it can deerming the vpe of
iransmission {data, CRC Or syne characiers} that s 1ak-
ing place at any time. . - .

The Z80-510 supports synchropous bit-orienied pro-
tocols such as SDLC and HOLC by performing avtomatic
flag sending, zero inscriion and CRC gtncrauun. A spe-
cial command can be used 10 abort a ffame in Iransmiy-
sion, The ZB0O-S1) antomatically transmits the CRC ang
trailing flag when Lthe transmit bhuffer becomes empry.
An imerrupt wamms the CPY of this slatus change 50 an
abott may be issued if a transmitler undarTun has oc-

—curred.. One.te eight bits per character can be seng,

which allows transmission of a message exactly as
received with no prior informatien aboul the characie:
structure in the information fickd of a frame,

The receiver automaltically synchrenizes on the tead-
ing Nag of a frame and provides a synchronization sig.
nal thal can be programmed 1o interrup. In addilion,
an interrupt an the frst received character or on every
The recoiver autamarticaily
deletes afl zeroes inseried by the iransmitter during char-
acter assembly. Lt also calculares and awrematically
cheeks the CRC 10 validate frame ransmussion. AL the
end of transmission. ihe s1ams of a recoved frame 35
available in the states regisiees. The reteiver can e ©ro-
grammed 1¢ search for frames addressed 1o only a speci-
ficd wser-selectable address of 10 a global broadeast ad-
dress. 1o this mode, frames thal do not match the wscr.
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selecred or broadoase address are ignored. The Address
Search mode provides lor a single-byle addr=s recog-

stalus information includes error conditons, interryot
wveclor and slandard communicaijons-interfags sizaals.

~izzble bv 14c hardware. The number of address byies

W . .
! be extended wnder software control To read the contenws of a selecied cead rezister

other than RRg, the sysicm -program mos G
write the pointer byle (D WRO in exacily the same
way 23 a write regisier oOperatign. Thel. by ex-
eculing an taput instruciion, the contents of i
addressed read register can be read by the CPU.

- The ZEQ.510 can br conveniently nsed wader DA
control to provide high-specd recepuon. The Z80-510
can nterrupt the CPU when the first charactsr of 2 mes-
tage is regeived. The CPU Lhen enables the Dva 10 trans.
fer the message to memory, The Z30-510 then issues an
End Of Frame interrupt and the CPu checks the statug
of the recoived message. Thas, the cpuis fre=d for other The sratus kits of ®e0 and REL are carefuily
service while (he message is bcmg rectived, A similar erauped o stmphly starus momtonng. For exam-
scheme allows message ransmission under OMA con- ple, when the interrupt vector indicares that 2
rof. _ Special Receive Condition imerrupt has  ocfurred,
all the appropriate crror bits can br read from a
single register (RR1). )

To program the Z30-518, the system program fiest
issues 4 scries of commands that inltalize the basic
meode of operation and then other commands that quaj-
ify conditians within the seiected mode. For example,

REAQ RECISTER O

07 [ oo | g% 1 ga 1030 32Tootl oo

I 1 ;

the Asynchronous mode, characrer Iength, clock rare, |' I ] 1 — EH-:’:)#I._E“- nuEJ....
. .

number of stap birs, even or odd parity are Mirst see, A e s A N Sl

then the interrupt mode and, fnally, receiver or ; =

. . . STML ANt
trantmitter enable, The Wra paramerers must be ssued j

before any pther parameters are jssued ic the ninaliza-
tion routine,

(33
Ti UNDEIALH EDM 1
LREAR, LEQRT "

= - - * USED WITH = DITFT AL, STATES

* Both channels contain command regisicos that mest WHTARYPT” W22t

' - arggrammed via the syttem program prior 1O opcta-,
! The Channel Select inpul (874} and the Conwoi/

Dara inpet /00 are Lthe command structure addrezsing

controls, and are normally contrplled by the CPU ad-

READ REGISTER 11t -

[GF [ ox jbs Jos 1 B3 | @z v 01 4 o8]

dress bus. Flgure 8 illustraced the wmiog relatonships r i
for programming the write regsters, aod transfemng | MELY RT3 N mrm.n "'?..1 ar:::
rnnnu 5 NG s

data and starus, " u g re
1 I ]
& 1 r ] *
[ [} [ s -
I T » '
L T | ] T
SR

] 1 1

The ZEQLSIO contains cighl regisieis WRE-WRT) o [ T | : [

cach channel that are programmed ssnafately by

the sysiccn program 1o configure the functional ——— PLTY ERADA 'Hkmt::h F?H ’iql?::u -

perscnality of the channels, With the caception of Rz BYERACN LANCA R ATLTHIACTER u

CAC G EAROR

WRQ. Programming the wrhle [egisters foquirey 1wo i END DF FRAME {300

byies. The firsm bvie coniains three bis (gD that
poinl to the sclected repjsier; the second byie 1%
the aciwal <onmrel werd [hat is written mie Lhe
tegister ro zanfigure the Z80-510, .

fUSED wiTe LPRETAL AELCLYE CONDMON Mgpe

MEAD REGISTER 2

-

wEL 17 - special case in that all the basic com- O TR BTN AN AN

manids (C2Dg-CMDy) Can be accessed with 3 single ‘| ! J

bri-  Deser {internal or cxternal) inftabis  the | r——:

pointer Biis Dp-0- to peint to WRE, :1; N
L] YELTOR
" ‘
L) ]
wn

veadoa Ly IF “STafus LFFICTE

Tre ZB0-510 conizins three registers, RRo-RRE2 {Figure YECTOR ™ OF FPLOC A M MED

6}, chat can be read 10 obtain the s130us informznon for

cach channel (except for ar* — Channe! B only). The Figure 6. Rend Reguirr Bic FuncUams -
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vad Cycle. The uming signalc generated by a
JO0-CPU input instruction 10 read a Data or Statos byie
from the ZB0-510 are ilestrarcd in Figure 8a,

Wriie Cycle. Figurc Bh illustrates the timing and data
signals geocrated by a Z80-CPU outpul instruction o
write & Data o1 Control byte into the Z50-510.

CHAMNEL ARDRESS

. . 1 2 r__l'l I—"—I:I 1
=X/ X

s 3 Vo
A5 /S
&

oarh m

ﬁgrurl . Hexd Cycle

z Interrapt Acknowiedge Cycle. After reccoivirg an

L]

ra

o~

“rupt circuits determine the highest prionry inter-

Interrupt Reguest signal (6T pulled  Low}, the
7%0-CPY _sends an Imierrupt Acknowledge signal
1 and 1ORG bolh Low). The dajsv-chained inter-

rupt rcquestor. The IEt of the highest priooty
peripheral is terminawed High. For any penphez!
that has no interTupt pending or under  sernce,
IEO« [Ef. AnY pernipheral that doss have an intcrmept
pending or under serace forees 33 [EQ Low.

Te insure stable conditions in the daisy chain,
all inwerrupt starus  signals  are  prevented . from
changing while M1 it Low. When iGAQ is Low, the
highest priority intemrupt requestor (the pne  with -
IEt High? places its inicorupl vector ¢n the data bus
and sets its internal interTypr-under-service larch.

YL

£ e T A0DAESS _X_
g 'i\ an
RO

1
DATA, X ™ X

Figure 85, Wrile Cycle

Return  Fram  [nierrupt Cyele.  Narmally, ihe
Z80-CPY) issues 3 RETI (RETurn from interrupl) in-
struction at the end of an intermupl servicr row:iine.
RETt i5 a 2-bvie opcode (ED-4Dn thal resers the
interrupi-under-service laich 0 terminate cthe in-
terrupt that has Just been processed. This s ac-
complished by manipuizting the daisy chain in the
following way. -
1

The normal daisy chain gpsration can be used 10
delect a pending interrupt; however, i1 cannot disun-
guish beiween an interTupt under service and a peading
unacknowicdged interrupt of 2 higher pponty. When-
ever »Ep i5 decoded, the daisvy chain is modifiea by
forcing High the (Eo of any interrupn 1hat has not wel
bern acknowledecd. Thus the daisy chain idenufizs the
device presently under service as the only one wirh an IEt

s |
i
-
s
-
%
-
X
—
[
-

|
|

Wi S
) NS
T
N Y N
oA ;‘l {viooRr 3—————

1
T] w 1!
1
RD N N/ !
o . — t
UU-—DI \,[uj' \—J‘D 1
t
w i i
1£4Q 1/

Figurx M. Relumn from Inikrrupl Crele =




High and an 1ED Low, [T Lhe next opcode byte it ~ap, "
the imermupt-under-service latch is roset.

"

The Apple time of the tnlermupt daisy chain (botk the
High-to-Low and the Low-1o«High transitions) limits
the number of devices that can be placed in the dasy
chain, Ripple time cap be improved with carry-lock-
ahcad, or by extending the interrupt acknowicdgr cycle.
Fot funher information ébout techniques for increasing
the number of daity-chained devices, refer 10 Zilog
Application Mote 03-0041-01 (The 280 Family Program
Interrupt Structure),

Figure 9 illustrates the daisy chauin configuration of
interrupt aircuits and their behavior with nested inter-

rupts {an nferTupl that is nierrupied by another wilth a
higher prioniy).

Each box in the illustrauion could be 3 separate exter-
nal Z80 peripheral circuit with a user-defined order of
inerTupt poioritics. However, a Similar daisy chain
structure also exists ipside the Z80-810, which has six
interrupt levels with a fined order of prioiies.

The caee illusirated octurs when the transmitter of
Channe! B interrupis and s granted service, While this
tnrerrupt is being serviced. it is interrupted by a higher
priority incerrupt from Channel A, The sezond interrune
i3 seTviced and —upon completion—a RETT tnstTUCiion is
execured Or a RETI command is wrntten intg the
Z30-510), resctting the interrupt-under-service latch of
the Channel A interrupl. At this rime, the service rotine
for Channel B is rcsumed. When il s completed,
another AETI Insiruction 15 executed (0 complete the in.
terrupt service,

¥

CHANMEL A GHANNEL B
CHAMKMEL A CHANMEL & EXTERMAL CHanNEL. B CHanMEL B ExTER AL
HRECENVER TRAANEMTTEA STATUS AECEIVER TAANSMITTER - BTATYS
PO
| FGH HGH e PG riin G G
1er [1ds} 1 7] | e 1] T2 1Ed £ 3] fl L gl EC
1. PRIORITY INTERAUPT DAISY CHAIN BEFORE ANY INTERAUFT OCCLIAS.
- LUNDER SERVICE
1 HIGH FSH | 1 HIGH HIGM “-GH
Tl Eo iEl o iEl E;l——- 1E1 [ Ze] HEl EQ e 10—
. i oW Lo
i CHMANNEL 0 TRANSMITTER INTERALIPTS aND 15 ACKNOWLEDGED,
-
+* UNDER SERVICE SERVICE SUSFENDED
Imm HIGH B [
1€ iEQ 13 EC IE} muHLE! IEQ IEI IED IE! IEC) fmr
] Lo Low | } Lo ] 10w

TRAKSMITTER.

1 EXTERNAL'STATUS OF CHANMEL A INTERAUFTS SUSPENDING SERAVICE OF CHANNEL B

+ SERVICE COMPLETED SEAWMCE AESUMED
| L] HIGH HHIGH [ HIGH HiGiH
fEl [ 3a] 1El 1§00 IEE ED IEI IED IEI EQ 1€l 1ED p—
Lo Cw
4. CHAMNEL A EXTERNAL'STATUS ROUTINE COMPLETE RETIISSUED. CHANMNEL B
TRANSMITIER SEAYICE RESUNMED,
[ LY
- - SERVICE COMPLETED A
. 1mc.n Lal o G [ Ll HHGH o G
i ) IEI EC VEl [ 3a) 1Ei IED 1El IED gl EL B EQb——

3. CHAKKEL ;] TRANSMITTER SEAVICE RQUTINE COMPLETE, SECOND AET ISSUEDR.” ™" 7

Figurx #. Typical lolerrupl Sequence
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) — Type 0 Bonding
1 — Type | Bonding
/1 =~ Type 1 Bonding
— Plastic Packacgs

— Standard Rang=

LM w0

— Extended Rapzc 05V,
— Military Rangs (5, =

— Ceramic Package

12V, -

Exampies:

Iy, 0% 10 10"
Ry, =30 10 2200
D&, =55°C 10 125™C)

ZBO-510/1 C3 (Type | bonding, czramic
standard range)

Z30-51042 PS (Tyvre 0 Sanging, slastc
sandard rangs)

package,

cackacge.
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7Z80-CPU
30A-CPU

The Zdog 290 praduct lire 13 2 comniete sex of queio-
compuier comaanents, devalporent syems ang sLUopor
sofrware. The 2370 musrocompuier cormpnnent set ncludes
all of the oiezuits Rzzawary to buiid fzn-pearormanes
microccaomauter sviters with vinwally no ather fogic and 2
munumEm number of low cost standard memory slements.

The ZEQ and Z580A CPL7s 210 therd geasranen singis chis
MUCTORIECEiSars L910 unsval+d comounasonad power, Tixs
incrzased cormpuritional powess reniing i Rognes viiem

trcuzh-put and mors #font memory Stilianen when
campated 10 45040 graeTalon TeTtoprneeart. [n
addiuon, the Z80 and 2304 CPL™: drc very easy 10 umpie.
MEnT tnto 4 $¥$t2m because of Their angs vololos reouise-
ment plus il ourpyr sieeals are Silv decoded and umed o
contzal standard memory o1 zenpreral crewrts, The st
B mplemenfod Usthe an N-ciqannel, on emplanted, wicon
fAte MOS procses,

Frgure 1152 biock dizzram of the CPU, Ficurs 2 deraly
ntermal frabsier conligueation whwh contund 202 b
. 22d/Wntie memery thar 1re accssuple 1o the program-
mer. The refsrent include twa 5215 OF 5ix general purposs
registess that May be wsed 1ndradially as 8- remstess or
ax [ Gbst regusber pars. There are 5o twn sels of acsvmu-
latar and flag reqsters, The programmer has aceo2ss 1o cither
set of mawn or alternans segisters thiouh a grouD of ex-
change instructions, Thas dte:nate sl ai)ows (grezround!
background moc: of cpesanian Or may ge prervad Jor very
fast [nrerrupt 123pocde. Eacn CPU asa contuns a 1 6-mt
stack pointer which permuts nmpic implemestacon of

L3

Product Specification

MARCH 1575

muluple level intzrruprs, uniirmred subraunne testing s
umphfication 99 many types of Jat1 azndling.

The two 16-b11 index regusray zilow abelar d303 mamzu.
latien and sasy wnoiementaucn of relpcaaols soge, The
Refresh ;emster provides for aujpmatce. toraliy tranfpatent
tefresh of externzl dynirmae memonss. The [ regusier s used
W & pOwerin] NIINLDY 1IN LIs ROl 10 (0N LNe VIR
hits of 3 OIS 10 1 INLeTIUS! e 20048 120ke, WL
e INFETTUPIINT CEVICE RIS TR 0w f oot gE ihe
painter. An ndirert call 15 then T33e oonoosemvier 2G 3,

FEATURES

Single chip, N~aznned Sihween Dae 20

w153 mstructions—incivges al 7% of tma 30R0A nnrus-
Lions with Wl softw e sompaiibiy, New poirds-
tens wncluds 4 E-and 1o=on UBETAlions ~ 7 more
wsefitl sctdresiing mades suek s ndexas, puw and f42%e

* |7 mtemal fepsten,

* Threo modes of [ast intermupt 55205 pius 1 non-
maskable intermipt,

# Dircctly interrazes standard speed er5ide ar dyname
memaries with virtually no exiernal logic.

* |0 g3 instnuiiion execyuen spesd

* Single 5 ¥ supply and angie-pnase 5 val Clock,

* Oul-perIonns any OINer Sinas Cip MICIOSImpUie? i
4., 8-, or 16-hit ypplicavyons,

* Al pint TTL Compauble

® Buit4n dyvnamic RAM refresh Sircwitry,
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Z80, Z80A-CPU Pin Description
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Z80, ZB0A CHMJ PIN CONFIGURATION

Ag-Ag

fAddress Busy

Dy -
{Lrea Buy)

o 1

{Machune
Cyele one)

HMREQ
(Memory
Baguesi)

I0RQ
(Inpui/
Cutput
Request)

{Memory
Read)

[m:iﬂur}r
Write]

Tr-ttate ourpus, actr:= high, An-As
constitute 3 [Ao-bir addssss bus. Tos

address b provides (e sddres for

memory (up (o telé pvies] drta

exchanges and tor 1,0 Jdewnies darg exciangs:.

Tr-stare wputfouIpuc. aLlive Jien.

Dy - Dy comatitute an +&it Gidirronienal
data bus. The g a1a 2us s used lor 2113
txchangss with memory and 10 donices.

Output, 3ctive low. M| indicares that the
curtent machoie cycle 1t the OF cods
fetch cycle of an inserucian £xccuiion.

Tri-stare output,acrve low . The memory
reguest signal sndicares thar the address
bus holds 3 valid addeess for 2 memory
rezd or memary weile opsration,

Tr-ttaie autput, acnve low, The [ORD
sgnal indicares that the fower Balf of the
address bus holds 2 valid 110 address for

a 1O eead or woue ppetanon, An BIRY
ugnal 13 2l ¢rneratec when an interrunt
15 bewng acknawisd ed 10 indicaie tha: an -
LEMEPL respanse veolioy can e placz2d

on the dats buy,

Tr-atate sutout, sciune low, RD ndicanes
vt the {PU wants o te3d datasmm
memary of an {10 davies, The adercsed
/O dewice or memory should use thas
signal to gate dara onto the CFU data bus.

Tri-ttaze qutput, 2cnve iow. WR indicaes
that the CPLF dara bus holds vabid dars o

be stored in Lthe addressed memory or 10
device,

MSE~B-56

RF3H
(Beflzech}

HALT
{Halr state}

WALT
{Wair)

INT
ilnterrupr
Rzquest)

NM1
{Non
Maskahle
[nterrupt)

RESET

BUSRQ
{Bus
Requear)

BUSAK
{Bus
Acknowledge)

LY

Quepur, active low, RFSH inditates tha:
the lopwer 7 birs af the address sus can-
tain 3 refresh addres fordvoams
memones and the currenn MEZD nenat
should be used to do 2 14iresn rsad 1o 2
dynimic memones. -

Duiput, 1c3mve low. HALT indizzrer tnas
the CPU has exzooren 3 HALT sorra s
WAIMELION 100 4 S 1052 slner 3 S0
maskabie or 4 massazie woiemastiwe,
the matk enabiegt pet0re Soerilan f1n
resume, Whie Qalied. ine 70 sxecuies
NOF's 10 mauitan memary ;efm=n
actinty.

Input, aenve low, WAIT moizyies re e
L-A0 CPY that the aderessed momary 30
IfQ devices 1re noc peacy Tot 1 data
transfer, The CP' conbinues Lo onies -2
states [r 34 '0ng 43 (005 51g0an s antive.

wite cantrglled inesmoot on

{IFF) 13 enabizd.

Input, active law. Th= acn.mas<abis
Rerruot recuss: bns Ras o ooner g
than TH T and i diwgvs rizomit=

end gf the sumsnt msiUcien, jio2aes-
dend of the s1arus of the atsrmean snaas
Mlip-flop. NMI 1ceomanesly Jorcss ins
280 CPU to resiant 1o locanen Glooy,

Input, active low. RESET :minalizes tne
CPLU as follows: gesar imierspt enazis
flip-Nop, clear P2 and remstersland B
and set jatermupe 1o s8S0A mods, Duning
resel fime, che 3dQreIs a0a Z203 bus 202
ahigh umpedanes state and 23l ramii
guipul signals 40 (o 1he naclive siats.

Input, acove Jow, The Yus sozuest sicmz nas
2 higher nanty than NMI 1mass Lwans cece
ogmzed 3t the =nd of the umenr mzomne

cycle and 15 used to reques: e CPL 12
bus, data bus and p-fiare auIiTer Zoniool
ggnals 1o g0 o 3 heEh copeoanss e s
thal other devices san Sanbood hese 2ussn

Ourpur, achive law . Bus arinoowledos s

used to indicace (o the requesting 22vi2e

that the CFU 1ddress bus, data bus ang
tn-state conmirol bus signals have peen el

o their high umpedance sfate ind the
extemmnal device can now condoyl these signaly,






Timing Waveforms

5
INSTALCTION OP CODE FETCH
The program countes content (BCY iz placed an rhe | e !
Mress bus immediatsiv ad the warl of the ovcle, One half . . . , !
glock teme lat=s ."-1.I-'Lt{..' goes active, The falling edge of N I r—‘|‘ '
MEED _iu . v I
MEBEQ can ne uaed direzily a3 3 chup enable to dvpamie = — —
memones. B0 wnen aciive 1ndicatss that tne memory e 1O RMIEICR
data should br cnabicd an1o the CPU dara bus. The CPU N T F P
“sumples 23l2 «iin the nnng 423 91 thr 2i00x a1 T3. - '—1—‘,_
Qlock mares Ty and Ty of 2 reren ovels ar= ysed 10 roiren o m e et e e e
dynaruc memenes wmule tne CPU s amnaly decodine = —o ottt e
and exczuiing he wsiruetion, The reiren caatrol ugnal N N -
RFSH inzicaes thag 1 r451esn reaa of all ¥ RUTIC MESIOnes - =
should be aczomplunca, o 1 —
r +
MEMOCAY AEAD OF WHITE CYLLES
[luserated here i3 the hmung af m2maey read or wrts . i — e —
cycies orher tnan an OP code faten (M) evele) The MRED A T . .
and RD signals are used exacily 3210 the fefch oyole. in . /] . - —_— — -
the ciie af 3 memary wnte evele, wne MREY 150 become: - r s —
achive when the 3ddress bus of $1able so that it gan pe wsec I — E——
directly as 1 Zhip enabie fur dvnamue memores, The WK _'In —_— e
fine s active ~hen 4403 0n the dI03 Jus g stagie 1o that 1! e T
can be used dirsatly 350 BOW puise to vinually anv tvpe of = -
'S.Emll:ﬂﬂ.d.LI.C:GI TIEURY, ' - ™
N - - i, .= - —
 Itinhshabuint bt Sy
i !
. INPUT OR CUTPUT CYCLES
Mustrated keiz 15 the bmine for zn UG repd or 1O wmie I 1 = 1 = & = |~
pperztion. Sotizz thal dunne [0 eceranont 1 ainee wan : [ i WY s IS S
state is autormaucally insersed ( Tw*Y The seasan far b s -t T =T
that dunng 10 gresabions ifs sxira staiz ailows sufficent N ——] —_—
; - . . ! '
time fnlr zn 11D port 1o dooode 113 address and acivaie e a _ . —_—
WAIT tine of 3 wait 8 required. H i — *oL
--e - (el
e T
| : 't :
- | IL L : : .
- Aar — - - —— e
A . 1
INTERRUPT RECUEST/ACKMNOWLEDGE CYCLE
The inteceape nignal s sampled by the CPU wuh the S— : -
nsang edge i the last cloek at the end of 4oy nsiruenhon, | e T T B - a
When an interrupt s zepted, Jsoe sl My oveleas . . —_
generated. Dunrg this M cvete, the TORG stgnal 2ezomes e
setive {instoad of MREQ) to ndizats that the EerrLrting cYTTTT T T R T T T T e e mmm e
device can piacs an 3=t vegior on the 350l bus. Two wut -t - - - LT
stales (Toe " 3r= amomaiically 3dd=d 1o this cveir so that 2 = : ! %
npple pronty imdmapl theme, sudh as the aoe wied s the ==
ZBO penpheral comroliers, can be cauly ynplemenied, = l : ! J—
|| | i : —
- N p—
o e e e ———
g
* = [ L 1 i
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Z80, Z80A Instruction Set

-~ -
The follawing i1 a sumemary of the 250, ZE0A instruction d d any B4t detlinalion c2315200 OF mEmary fozituin
et howing the assemoly lanquads Mnsmonie and ne sv¥m- dd B any 16Dt destinauen remster of memnne DI3NoR
b aperation periormed by the INSULCUOR, A& rore de- e B Fbongned D't compisment witnazement ued oy
9 lssting apsears i the ZS0-CPLU r2znmicdl manuai, angd relabive Jumes ang cstad sddrsiurns
mhly lanfdais premamment manadl. The inpruczons L E §ypezual call locauwons in paee 2£: 1n 2:xmal
are dinded 010 s foilowtng catesones:, pofaten these ar= ), 2, s 25 12,20, 20 1= Fa
dbit loads Wiscellznepus Group A B any 340 ey agmes:
16-bit laads Rotates and Shiils om 3 anv L& bnary aumoer
Exchangss Bit Set, Reset and Tex: £ A any 84nt general purpose celister1 A 8.0, 3K
Memory Block Moves fnput and Cuipul HoorL)
Memary Black Searzaes Tirmms 3 B any Bt sourcs remsner 9¢ mrmOy ipsation
A-tur anthmsns and loas Calls % ® abitin 3 sprnfiz 34T ramsior Ir mrmen SSINER
1.2 TH T [t o Hf= fesmarts =" B anv (&0 sQurce sepsiar ar memary bocanan
General purpose Sccumulatds Returns subsenpt "L7 = the low orzor A bas otz D adnrcanmer
& Flag Op=ratons subseopt “H™ = tne rogn areer 3 bis af 2 lps sazsie
{n the tadle the [wilowing leminoloDy 15 used, {) B theconunts withinined b 1020 Te ez s s
b = 5 bl fiumoc: W any 3 DL e TEz? ar memory powntes iC 2 memory Lzoztien o 1D e oo
lecanon B prpgies e a4 0, D 5 ML Dz F
gc T fagconditcn zode Vo-brit reqister arz ace AF, BC. DF 2nd EL
NZ & non ltio *16-bit regesiers at2 8P PC. [N 1n3 iy
z E oo
NC ¥ noncarov Addressing Moder mpemantied cntade 1xmninangng K
C E rary the foilgwing:  Imo=ediace
PO E Py add or aoower Dlgw Immediacs syisnzed
PE & Paruv sven or over {low Modified Page Z2:0
P ¥ Posinye Relatve
5] E Nezative |minusi Extended
{Mn:munic | Symbaic Gperalion | Comments _|| 1 Mnemomic | $vembaiie Qoemnan | Commentt
| : res s®r.a (HL, LOI iDE) —\HL,, DE — DE- |
(IX ), (1Y r2) z HL =~ HL+|, BC = 3¢-1
LDd,r d=r de(HL).r Z| LDIR (DEy— HL), DE — DE~!
(IXre), (1Yver | 3 . HL —HL+1,BC — BC-i
LD <. n d—n d & [HL]. % Regeat unnd 8C = 2 |
fIX ), {IYre) = | LOD (DEY —1HLL DE — DE-L
LD A, Avs 1m(BC).(DE). | = HL =~ HL-1. B0 —3C-I
() LR z| LODR {DEY~{HL), DE = DE-|
1Dd. A d-a ¢#(BC).(DE).| F HE —HL-1. BC — BC -1 ;
inni. 1L R Repearvatd BC =2 i
LD dd. an ad = an 4d 1 BC, DE. n | CFL a=HLLHL = HL-I
HL. SFP IXOIY = BC ~— BC -1
LG dd.{nn) | 4d ~tam dd = BC, DE, 2| crIR A-HLLHL = Hi-1 A-HL e
HL, 5P IX 1Y s BC —BC-1. Rezex the tlags aniy
LD an)ss | 1zar—w 1w BC.DE, - until BC =0 ar 4 = 1HLI Ao reltag
HLSPAXIY | 21 ¢op " A HLY, HL =ML
LD SP.1s $P w53 weHL XY | 2 BC = BC -1
PLSH s ISF-”"‘“H:{SP-:}—H us BC OF, ] E CEDR A= HL1L HL = HL-1
HL.AFP(,"I E EC-BC".RG'_:L'JI :'
POP 4d ddy =~ {5M:ddpy 15PN | a2« BC, DE. gzl BCrJor & =LY !
: HL. AF Xty
e AD0y | 4= A"y ! |
EXDE.HL | DE —HL ADC s A=A rss(Y CY 15 ihe
EX AF. AF' | AF ~aF =| sums A—A s carry (g
-
b 8C B[ ~| SBC s A=—A-5-CY 1 Zr n.1HL
DE |~¢ DE’ 21 ANDs A-dAy X+ 1Y e
. HL HL OR 5 A-AvVy . -
X (5P s I.SF‘J"ssL.isF*HT!.sH ud HL IX 1Y | XOR 4 by - ey

HSEB -58






Mnemonic Symbokic Qperation Comment1 Mnemanig Svmbolic Operatun Camments
= CPs A-1 s=rn{HL} : BIT b.1 Z"dt; FAL I tlay
ARV de=d+! (AXe). (I Y we) . i SET %.» 5 =l sEr (HL)
d=r [HL) -, RES b s n =1 MX+erqlY-q
- (IXre) (1Y~e) = -
DECd d=d-1 IN Ay A =pn)
It 1) r={CY Set Nags
ADC HL.st | HL =HU =ss-CY % & BC. OE B-3-
S| ADD s | X=X e s % BC, DE, 8-
= IX. 5P Fepeatunil 3w
|l DDy n [ 1Y -1y u % BC, DE. IND i TIOHL - HL - ‘
= 1Y, SP = B
: [ dd ad ~dg = 1 d4 ® BC. DE. = INDR 1ELy = Cr HL =~ HL -2
: HL.SPIX. 1Y | 3 R 13 e
DET 2d dd —dd - | ¢d = BC, DE. 2 QUTiaL A h}":;“'“'
HL.SP 1X, [ = o I
lDAA - L3 S GUTION iCh=r
. GAsErLs & Conteats intn (‘}Fgmnm st i . e TR -
2 packed BCD {ollowing add | be:npacksd LTI :B':- B”:E]l_r' AL = HL -
- . BCD 1orm
. or subtrac e OTIR (Che (HL1 HL = HL - 4
. — B—8-1
w | CPL A A
2| wec 00— Hepsar zngd S ()
5 CCF ' - OUTD (0= (HLL ML = HL - ¢
CY =Y R-5-1
F CY = | QTDR {C) = [HLY HL = HL . ;
._’UP M aperalon B—B-| .
o ALT Halt CPU Repearunisi Bany v .
= o Craable Iaterrupos IP nn PC —an l’,\:z LR
-E El Enable Interrup JPcc.nn I oznaien &2 s frue i 7E
Sl Me Scuinterrupr mode 0 SO80A mpds PC < nn. e152 sonuaue == 12\'(? ?
T|IM I Sevinterrupt piods | Call to Q05&y " IR ¢ PC—PC -2 ™
Tz Sctnterropt cipeie Indiree: Cxi S| IRk e If canzinon " s tiue e {}-’Z o
= PC ~PC o+ e, eine conuinue z |
- .
RLCs e XY P 1s) PC — 1 s=HLIL v |
: DINZ ¢ B—B-1.iiB=0 '
R » E..._f_...'_'_'_.‘ Ionunue pige P =B g | !
5
CALL tin {5F-1 ‘_P":L{ .
[ — . : NI OO
RRC s =T a (§P-1) = P, . PC — ZZ,,
: E CALL cc.nn | 1M concition 2z i 1adse R ?-
- BER 3 Lﬂ H —-1-—-..‘-._“—- - 'cuntmuf. ed ST 3 c LT
e 3 - CALL =n
E SLAs v [ . LB (HL) E RST L aF-l =y
% $ 1X+z) 1Y z ' \SP-2h = U POy =0
of SRas == ] z P L
: X RET H:L = {50,
5 SRL s —— o POy — (5P« 1)
1 | RET ce If condution oo 15 false 2! P
RI D> + oA "_u-::_l_li-uu g conunue. cric same 23 RIT ri L
A T E RETI] Return from interrupr, “ 1“ P
= tame 21 RET L M
RRD L LR LT RETN Return trom non-

« — ‘..j

maskable intesruot
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A C. Characteristics

Z80-CPU

P

T, = 0°C 1o 70°C. Voo » +3V 2 5%, Unless Otherwise Noted.
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A.C, Timing Diacam
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SOFTWARE SUPPQAT AND
MC8800 COMPATIRILITY

The system cengners ond progionmnels uwsiag the
MCe2] 1n =1 =rrheotzn pove —helasie ¢ oom-
plete. compotble sysiem of bz wore ond soirw&-n
The mucroprocessor = suppered oy @ il ronge o
suftwore develonment ioels ndiusing dist cperDuny
$y3iems, ce:«t.; ::::s. c-.-:.serr.z,e"s r::‘... mugn lovei

preasant M...:uﬂ :::*::.E? user o CANYAT eéxILng Soo-
groms o run on the MOSECH) =ih o s of
Progrommer Lervenbon

The carerdd plenming of thus new muccprocessar
provides o saupemet o ihe MIOERKD insTusien set en-
hanced by the cddiccn o more and izrger registerns,
powerful crhogonat sucre and mony Jewsje od-
dressing moces. Ths =ilows ecoent Conxichon of
enating MUOEED] progreme, whuch oon then ba
turther cpurmizec 2y izimng nll ::...-n.—:.._ a ol the var-
sanle ond powern:! fecnires or e MCESICH.

This corerdl plemmuing oi semilonntes Serween the

MCESD00 enc the MCIE00 does not 3708 o safTwzr
componimbty (2w rensnemen D5 2iSe exe:
penpherai contrsiier 1o
sive Lne gf wntailican:
moiyding the MCEIES I
roler oo '“e MCR3as2 Sar
AcTmer) can Te Siecly anz
MCs GC{! Thres sions hroee
ory Adcress (YMA) cne Vobd Fomohaero
(YFA} cre proviced !g simzis

Yowzpales

A

Sy pAncnerTis

Motorola's stend og BCIE00 rans
Figure 7. [mterzce 12 the new MICTLIE

Programmesie Canoziler s cisx ':'C‘E.;ll"‘_.:.e
usenmpiamﬂn*mc..::ﬁ:ml SC MUl oL
hons Im oSoin ime MOEECID s a..,.;::cr.e: o
wnimLg ;u-.-r'.,.rl.er_l czntoilers exTesiac of oo ozo-
venced arThllMmiUure Susroorocessor, cnouding =
ShA Conumoier end & Mamarr Monzremen: Un

Tha MCEE000 13 not jus: acomponent. Iy 24
blead of VLS. design, sorwore ensines s
qal planning. tne MOBEC0T s Mioiorola s Advences
Computer Sysiem en Slicon.
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Fectivres Heqular easy-lo-usa drr:"ule:'urﬂ Sophusticated intermunt stracture,
[nstructicn set mare powariul than many Hesource-sharing comeciiines ior
mincompuiers, multiprocessing sysiems.

. Directly :cr:l:l:esses 8 syes, Mulb-pregramming ane comoier goooom,

Eight user-selamazle accresning moces, Memory managemean: ano zroiecucn ores
Sevan dats ryces thal range frop sig s vided by L2310 Memory Manzgemarn
32-bit long weores ang werd sinincy 3Z-bit cperations, mciucing woneT o
System and rormal cperzung meces: and dinde. '
SEpATaLE OO, DA ANC SIATE SSECAS. Z-Bus compantiae,

Description The £3000 15 iz zdvanced higheanc 1501

MICICREIOCessar Nal $0I08 a wite varetv of
applications ranging from simoie stand-alcne
Compulers o comoiex Darablel-progessing
Tystems. Casennafly 3 monohmc mimizzmouter
central processino umt, ke S3000 TFEL i
characianzed Sy an msrreomon e mare
powerful than many municemouiers; resources
abundarnt in registers, G413 Types. addressing
modes ard add-essing range: ang o regular
architecture that enhances thegugnput ov
avoiding crittcal banlenecks such a5 :mpled or
dedicated roqisiers,

CPU resources include sixtman L5y
general-purpcee registers, seven Cats rves
that range from =ym i 32-001 lons wersSs anc
word strings, anc ershd Lser-gejecacie
addressing moces. Tae 1190 fisiing in michen
bYpes Con Se comtined wilh the varigus Saie
types ang AacSressing moced 1o orm 1 coweriud
sot cf Al4 imsrernigns, ‘-*c'emrer the nsioe-
Hon set exhibus 2 ugh Cegres ¢ recuisniTy: .
Dot Instrosmiens SAn usé ANy of the nve =an
nd:d:emﬂq mOCEs ARG AN OPerile ¢ ovie,
word and long-werzs dara rypes, -

The CPU can cperate i eilker system or
normal medss, The distnemien between tRese
twip modes permils SHVISged aperalians,
thereby 1=proving cpersting svsier eroanta-
tdon and implementatien, Mulliprogramming 13
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D'I'!CI.'!.F.IHI'.‘II'.‘I.
(Conunued)

The 28000 CPU i1 cllered 0 twa versians:
the 2800)1 48.pin seqmented CFU and the
ZB002 4t-pun non-segmented CPLUL The man
difference Satwasn e 1wo s Inosnsresang
rarge. The L2001 c2n directly acoress 8M
bytes of memary: wne L2000 directly anzregses
BAK bytes. The !wo CLelziig mbCes—svsiem
and pormal—arg the SUSLAC0EN Delwesn cooe,
data ard slack spaces wiimin =ach moae ailows
memary exiessian 17 0 i svies ior the
ZBO0) anc I34F cyres tor tne ZE0C2.

To mee: 're reguireTents o Comoiex,
Memary-tniengvye ADEULINONS, 1 Comsanion
MAMOry - ranagement Jevics (3 Stieren |
28000, The 23010 Memary Managemen: “imu
manages he iarge JCCIHS IZaCe v Sroviming
tedtures suCi ad Segment rmIZCalen ans
memaory proiesion, 1he Aot can ce csec
with cr withou: the 22010, if used oy useil, me’
28001 sull arevides on 34 Syte direct acZress.
Mg range, wxlanzatie o 2BM Byres,

Register Orgonizatien. ne 253000 CPU s ¢
reqm:er-ur'.emﬂ:i :'::..'LCL'.'.'.'".E ShaAt A slxtees
l6-bit gerneral - purgese regisiars. The 22000
CPU has ore slack poinier ragisier, ang the
ZB00Y has twa.

Stocks. The CECC) ane 23002 cam e sischs
locaresd anpwrers \n mamery. Twe 1mphed
slack poIniers jre SVElilie! the sYsies stack
POTEr and the nErTRt MACL SOinter.

that can Be used o reiresn Synamis memsry -

automancslly,

Program Status Registess. This group ci
status regisiars conlains the Sregran counter,
Nags. and contra? outs, Thete are automancally
saved when an |nierrupr or trap coours, anc a
new status group i fcaded,

Interrupt and Trap Structure. The CFU syp-
porta three ypes of INEETLRN: veciored and
nonvectared maskanle, ang nonmaszapie.
There are icur srapa: aysiem call,
uumplemered (nITL 0N, 2t leged instruc-
tion, and seqmentsiicn Tap.

Date Types. I5000 instmimicns can zoerate on
bits. BCD Sigits (4 2uts). 2vies 13 D), weorss
{16 bats), long weorss (32 Sis), ovie stmngs ang
word strings up ip 4R Dytes long.
Segmentation and Mamory Manage

creat. The Z50C] can cireciy gcomss S0 bvres
of address space, uting 4 segmeniss acsress-

ing acheme, 1mplerenied via the JE0I0 MZ‘-{T.} d
Memary Management Unit. The 28M Svies o
180Q] acdress 1oace 3 civiced iin 123
relocatable sezments 3 o 1o €47 Swvies Axn,
The sooresses enleres (510 1SIPSCiens ano
autpyt by ne CFPU n wxecunng mem are
logreal acoresyer, The YMU ramciaes tmme
legical acisresses i acSiestes an Tovsioal

-

Temory. L8 :.';‘C:El!-:"!‘iﬂ':é‘:::.“.-—-—d

ITERSDArEN. 0 INe lier IgitwArE,

X -0 o
Dhrea: Aczress Doe, cnoexes (00
. -

Acaress (AL Sare ~ooreds (BA7
imdexymg {2X),

i

AERTIENE SR

Inpul/Qutput, A ze: 30l
torms 3.0t ar JEeD ramslary Dalyesn Lo
ard L0 deviges,

Multimicoprocnssar Suppart, =~ o o0 220
SR L US8S DN SAmUnChTn Wi
ingirusnans 1a JSCr

TLECTToIZDERYICTS,

LT

lestracion Set. Thne ZZI00 -

tore the Sine categClies D0

-
P

Load amg axghence
Arnoets

Logic

b} .
Frogram canired
Bit manipulatian
Sotare and shilt

Slocy transier ang siming ma

[npolicutput
CPU contrel

Siertus Lines. ZSeven pins of the JEC0C are

cedicarBa o the (S3UsARDE Qf S1ATIE mioTmmaTion,

Three are ;e jsncnsn teiest Lines Seac W=
Narmal/Sysiem, anc SvieWers, The ather
lines |S75-377) 155ue Tooes cengsnng vTe o

operanch (program ar L O reference, 2o s

. Orinrersel smesan

cyclas.
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Foatures

Dascipuon

Dymarmic segmenr relocancn mares soivwars
addrasses ;noecencent of ToyscAl memary
addrescas,

Sophisticales sreees valicaton oratecy

tenhonal acoess,

MMU architecnre suppocs maitprogrem.
ming svstems,

ceclining memary cosis coupied with the
INETEASING PEwAS 2f TUCIGTICoUS55DTE Nas
accelsrzied tha e gl mco-igvel languacges.
SOpOsncaled CRaralngG §Y$I8ma, TompleX moi-
geams and lerge Sas bases n oo

romouler

ports these rencd w1t an sichl SesioYte
direct address sCace a5 wei a5 & rich andg
powsrfu] insiracuen sec. The 23010 Memery
Management Tnit (MMU) provices fexible and
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Descriptian
{Centinued)

'o various porticna of the memory, and from
the nesg g struchyre large, complex programs
and yyytema.

Multiple tazxs (or users) nt a systam that
can reade anywhere tn memory are calied
refocaiable, (Ges=raily, svstems in wruch all
tasky are reiccatasie citer lar srester Hexdmlity
UL TWSPONGInG [0 CLANGING SYSIem envuon.
Ments. ﬁmume:‘ Ag—aTt o7 mullioie- TASL envI-
FORMmMeRLs (5 SNATINGD SemArate [25ey Can
SIRCUte The same Srooram on Gitierent cata, of
savaral tasis may eyeculs Cillerent programs
uting the same Zara,

Urdarmuneseiy. 2 orocism snar arjses o
multiple.tase svarams (5 tnap ot tvsiem nIeoT,
Tasks must oe orotacea iram unwanies nier.,
ACIioMY with Siner lasks; user tasks musc De
protubited irem meslomming coeratng svitem
lurctions; and user tases must ajso £ aro-
tacted [rem themeaives so they Tannor averfiow
the areas ajlenes 13 inem.

In addibian ‘o mese consideratians, ugpert
lor the desigz 222 immlemeniznzn i larse,

comalex arograms anT svilerss i% seil an
INpOoriAnT Consioeratian, Mecern WENTI Are
pward the =AOTVELINT C: -] ""‘""'-J.E‘! ﬂ..';.l'.. Hopbetd
wmall, sumoie, zeooomian mET 3US1ASAS (nal have
well.delines rmjerfaces. Sacatge jmese sLozesks
WELACE witn =ach F*"*n-_ =
il Ze caretuily c-r.u-v::[e-:;
‘v‘!emurr SmAnCLCETER] tVSiems Tan oifer wifec-
hiwe aglunons o Impiemennyng laroe sysiems
modularly €esigmeo.

The 28010 Memcoy Manzgement Unut sup.
parts multiole-process ang large modular scit-
ware systems wiin SYnamuc segmanl reiocalo.

Ko

a powerful 1at of memory protechion featyses,

Ewlocation. Dvnamig assment reigcatzn
makes user scitware agoressas |ncegencent o

the physicai memory 1zoresss, (nerecy irea.
g ﬂ"e user from "',:u“c wmq .u'i'Le'FP- P

r:.r:vu:.':q a llexm e, B0 :u.-n melnze for 11.,_.
sernng moli-pragramming yvstems.

Trne Z.-MMU gmg 8 transiatian ame '
trengicrm the 23 ::a. HeYetl1 7] ‘C""Eiie‘i irom ima
22001 CPL amez 24.E1r aperestes o2 R
poysical memory, Memeory secments ate
vartapie 1 size frem D55 Syres 3
increments of 238 ovien. Fars i Z-MN
;c:r* ine [25 sesmen: numsers 2

cartous cedol Trl sooress soares, -
ACgresy AnACw, ANy numoer 2l o-Mos zan o
Lr-re i 1:::"":}“.1"'1:{:-:'! by R
‘E.ﬂ es5 IE" SFE\E""I. "'"'-' by it
CF 10 SUSEOLT more RO Iees mem
mandcemant sviiens,

AR Ao
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Complete slave micrzcoemputar, fer
cistrtbyted-oroceenng 2-bus use.
Unmatehed sewer of 235 archuteciuss,
ralruchgn e,

Three programmanie VO porss, twe wiin
Z-wire Rancafage, or ANY Samonascs 2f
data ang centrol Lnes.

Six lavels of zricnty inmermapts 1o I-UFC,

The LUFG Universal Perisherai Conircller
8 & cimtribuies miorocomouter thar sericrms

the three Dasic rretacng UnIlons reedad o
interface a TP with cerpherals: cevice con-
ol by ACQM - resicdent internal apitware, caza
marepilanan, sicn as relormating 50
anithmetic, anc caa Sullermg i onternal
raglsters,

The Z-UPC 15 similar o the 23 microcom-
puter and uses the 23 jnstruction set. Uncar
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August 1975

Twa programmazie Z.o coonilenimens Wiy

§-bit gressaars,

56 oyie regisnar i
master CAL amd - UFC
2-UPC program.

ZX¥ bytes ef pR.cti Srogrers AN e e
Clency, verssihoy.

srooram osniral, wrm tnsee Soime LD corme san

e ia

creq i the neacs opory uger,

wity ZE Dytes of jntermal ECML
execur®s (ARtruciiens in 2.0 us
3-M=z clock seurte. ! _
56 Tyres, S which 54 zre gemensl
registars, !5 sre glatus ano ganirel reoisrers,
anc three are port segliters.
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Description
{Caontinued)

The 2-UPC Universal Fenpharal Controllar
15 an iatelloent cevice that generates ail the
coniroi ignals penpreral devices neea.
Bacause 1t coes cii-uine arithmene, transiates
daty beiore trars—itiing, ana buffers cata, the
Z-UPC unburcens 1me mavter COPUF . thereby
IRCTRasing oo cverail soeec ang einmiency cof
the system 1o which it resices.

Based yupen ine &8 mucrgcemputer arcnitec:
mure, the Z.UFC giiers fasr mxecunen nme, -
Cien! uie of memory, anC SCEASTiCArad jnar-
rupt, VO and zu manpuiaton, [is sowerial
and exiensive Insiruciion types, comoined witn
its alficens interal regater sdoresnng
sCheme, Not =nly STEECS STOGTAM *1ecouen,
but also eificienjy Ddces program Lo (ne on-
crup ROM.

A tnigque charsceristic of the Z-UFC 5 s

LUPC program OF 18 esaccielen master
CPYU. This reszits on oyvie affjciency,
ming efliciency, ano acgrees szace ;
because 2. U5 T nsiraclions can coerae glrecs
ly on Q) dara wiihoul moving i o anc t-em
an acsumuiarcr, It aizo allows e Z-UFT aser
10 aulocare a5 cara Sulier Zarwesn 1ne CF10 2ng

§2

the paripheral all requster scace not 0 use as
accurmulatars, ﬂcﬂ.rﬂll oounters, 1= 11 BT
ters, or Stack. HAedisters mot used as'oesier are
protected against CFU access, The réoister ie
1a diviged mto 14 grouss of L& warking reqise
[&fs macl. A TEGISiEr DOINIer LS5es losl thoeTe
formar ISITUCTIANS 0 ACZPSL ANV Cno £7 Thece
groups Cickly, resuining Inorast ang essv tasc
SWIlERInG. §~0-waY IImmUbICalon sateesn
the master OFE ans ime reesier le s

imterface fRGISIETS Anvwrers wiimin 'ne regis
flla: Thase ragisiars are 2ofesspn Siresliy
hath the master TP ang e shave 070,
Tour more regisiers, ATllanv scoess
vyey cantrol ancd siatua impzrmansn.

All oi the Z-ouos's 2av.chans
Inlmrrygt SYSIeS TAR D e

D-UFT cocar sz

sanrenmenl
that can De Secisared
rrgupes fogically inioinree §-hine
fan De pLCSTAmTes (D many eom
iRpuls, ouizuls, ans oiirecuonsl o
WiTHoU: RARSEZRARKE ARG with SusneT

draim Suipkis.
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Featuies

Duscri p-'lin:l.

-

Twio I-"'.""l"""'ET"'E"l* B.hit dopsie-outieres
biditecuore: VD pors olus 2 spetials
purpose 4-bit O oort.

Four hancsnare moces neiuding IZT2.535,

WaitAegues: Line lor Dign speed Sats
transier.

The 28036 CI0 Counterstimer ans Fazallel
VO element 1s 1 genvrai purnote Seriznecs
circwt the: seshies most counterntimer ang
parzllel O mwezs encoenreres 10 svstes .
deEigns, Tris wersatiie cevice 2IRt0s thiee
WO ports anc :nree countenrnmers. SMany sros
qrammabia cpuens faloer its conhigurangn o
specific applicatizns. The cse of the cevige i
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1.0 INTRODUCTION LA

The term “micrewnisipites ™ Tas heen used 1 deacribe virlually every 1ype of small compating device
designed within the last few yvesss, This tenn has been applied 10 everything from simple “microprogram-
med ™ conienllers contincted our of TTL MSI vp taliw end minicompulers with g portion of the CPU
constructed oyt of TTL LS1hil shwes ™ Hon evet. the myjur impact of the 15 technology within the Tast
Few s eyrs has heen with MOS 151, With this techralogy, il is posible 10 fahricale compleis and very power-
ful computer sysicnn with only a fow MDE L5} mm[mnrnls

The Zilog Z2-80 [umily of componentsis a n!.mﬁunt advancement in thie state-of-the art of micro-
comtpringns. These compunenis can be conNaued with any 1 ope of stzndard semiconduciar memory 1o
genctate vompuder systeins with an extremely wide ange of capabilitics. For example, as few a5 1w 0 L5l
circuins and three siandaid TTL MSI1 packages can be conbined 16 Torm a simple contrafler. With additional
merory and B devices a compuier can he consitucied with capahilities thai only a minicamputel conld
previously deliver. This wide range of computalioial power allows standard modules to be consirucizd by a
waef that can salisly the 1equirements of an tuum;l} wHIE fange ni’ applicalions,

The major reason for MOS LE] domination nflhf nhr:ro-.umpult: matkel is the low vost nf B
these few LEl eampanenis. For example, MOS LS| microcampuless have already replaced TTL logicin
snch applications as terminal conirollers, ptriph'frlll device controllers, 17alfic signal conmrollers, point of
sale 1ermiinzls, inlelligent 1emminals and 1est sydems, In fact the MOS LS microcomputer i3 finding ity way
into almost exery praducl that now uses elecironics and it is even replacing many mechanical sysiems such

48 wright scales and :ulomnbllt conlirols. Do

The MOS LS microcompuier markel is alr::ld} well exiablished and new products using them are
heing dereloped al an extraordinary rate, The Zijog 2-80 componenl w1 hay been drsugu:d 1o il into
this mazrh el theovgh the [eltowing facions:”

I. The Z-80 is fully sofiware compatible w I'lh the popula) BOS0A [_'P'U olltred from several mu";-“
Existing designs can be easily converled lo mrludc the Z-%3 33 a superior aliernalive.

1. The Z-80 compaonent set is superior in both :al’tu are and hardware capabilities to anv other micre-
campuler sysiern on the markes. Thew c:;nhal:hu provide 1the user with significantly lower hardware
:nd Inﬁwll‘t development costs while-also J]lnwmg himto ulTr,l zddilmnal featuses ip his w stem.

3. Fur increased 1hrnu;11pul the Z80A np:r:nngu a4 MHZ clock rate o!'Ters the ULEr :.:gml‘cxnl :.p-ccd
Id\'lnligﬂ ovei compelitive producls, " .
4. A :omplclt product line in:!uding full soltware suppon with strong eonphasis on high level languages
and a disk-hased developmenl sysiem with advanced real-time debug cupabilities is affred (o enable
the user {c casily dcvclup new products.

Microcomputer syslems are ¢xlremely snmplr to construcl using Z-80 components, Any such :}‘lltm
consists of three parts:

. CPU {Ctmul Processing Linil)
2. Msmory

LY

3. Interlace Circuits to peripheral devices -

The CPL is 1he heart of the sysiem. lis funciion s to ablaip instructions from the memory and perform

the desired opetations. The memory it used 10 conlain instruclions and in Mol czses daia that is 10 be
pracessed, For example. a 1ypical instruciion wquence may be 10 read daia tom a specific peripherd
device, store it im a Jocation in memory, check 1he parily and wrile 1 aut (1o another peripheral device. Note
that the Zilug component set includes the CPL ynd various general purpose O device contrellers, while a
wide rznge of memary devices may be rsed fiom any source. Thus_ 3l required componeni can be
connccied 1ogether in @ very simple manno with vintually no other eaternal logic. The uset’s efTort then
hecomes primarily one of software development. That is, (lie vser can cuncenlraie on describing his prob-
iem und transdaling it inlo a series ol instruclions thal ¢2n be loaded inlo 1he miciovomputer memory. Zilog
it Bedicated 10 making this slep of sofiware geperatiun as simple as possible. A good ¢ xample of thisis our -

.

-
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asseinbly language in hhu‘.h 2 su’np‘k mng t'Usrd 1o represent every intiruction that the CPL can {
petform, This Janguage is ul.l'dmim'ﬂlln : ﬂh_ 1 way that from the mnemonic the user can understand
exaclly what the m:mh:hnn is dnr.n; wﬂhﬂ.‘l! eﬁ\ﬁun:ly checking back 1o complex cioss listing.
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2.0 2.80CPU ARCHITECTURE

v

A hlock diagram of the imerna] arclibtecime ul the Z-50 CPU is shown in ligure 2.0-1. The diagram

shows all of the major elements in the CPU and i1 shanld be referred 10 throughout the following

gdescripion.
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FIGURE 2.0-%

The Z-50 CPU conains 208 bits of RfW memory that are accessible to the programmer. Figuwe 2.0.2
illustrates how this memory is configured into cighteen B-bit 1egisters and foer | 6-bit registers. Al Z-80
registers are implemenied using statje RAM. The regislers include vwo 5218 of six general purposs registers

that may be wied individually as B-bit regisiers or in pains a1 1 6-bit registers. Theee are 0 1wo sets of
sccumulator and fag registers, ;

Sprcial Purpose Registers

1. Program Counter (PC). The proglam counter kolds the 16-bir address of the l:uurm instructicn being
ferched iom memory. The PC s automatizally inciemented 37ier 118 contents basve been 1ranslerred
1o 1the address lines, When a program jump occurs the now value is automatically placed in the PC,
owetriding the incremenier,

tud

. Btach Poinmter (5P ). The stack pointes holds the 1651 address of the curient Lop u]': stack located

anpywherz in external sysiem RAM memory. The eatcanal yazh memory is organized as a lasl-in first-
ol (LIFO) fide. Data can be pushed onto the stack Trom specific CPU regsters or popped of 1 of the

s1atk inlo specific CPU segisters through the execution of PUSH and POP instructions. The daia
popped from the stack is alaays the last data pushed anro sl The slack alinws simple implementation
of muttiple Tevel tuterrupis, unlimited subrnotine necting and simphfication of many 1ypes of dars

rmanipufation,

it
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. Two Index Registers (IX & 1Y), The twoindependent index mg_isi:u hold a 16bir base addrews that
is used in indexed pddressing modes. In this mode. an index regisier is used as 2 base 10 poini 10 s
regian in memory fram which data it 16 be stored o7 1etrieved. An additional byie is included in
indexed inniructians to specify a duplaumtni from this base, Thus dl:p'llr::mmt is specified a5 0 rwo's
complement signed integer, This mode of addiessing greatly simplifies many types of programs,
especially where tables of data wre vied,

. Imterrupi Page Address Regivier {1]. The Z.5Q CPL can be operated in 2 moade where an indireci call
1o any menuwy focation can be achieved in 1esponse 10 an interenpi. The 1 Registes is used for shis
purpose tu s1vwe the hiph erder 8-bits of (he indirect addiess whilt the imeorupting device provades the
livwer Rbins nfl e addiess. This featuie dlows intenupt ioutines (o be dynamically Towated any where

in memosy winh ahsatule minimal access time 1n the touline,
-

'L

. Memory Releosh Register {R). The Z-80CPU cuntaing a memany refrech counler 1o enable dynamic
memories tp he used with the same case as s1alic menmwniey, Seven bity of 1hiy B bit reginie: nze auio— .
matically incremonted afier sach inshiugtion fetch, The righth bit will semnain oy programmied as the
resull of an LD R, A jnstruetion. The data ip the relresh coumier s sent oul on the Jower partion of
the address bae atenp with a selresh cantrol signal while the CPU js decoding and executing the leiched
instruclion. This mode of iclicvh is tolally vamparenl 16 the programemer and decy not slow down the
CPU opcration, The programmer can load the R register for tosting purposes, bt this register is normally
not used by the programmer. During refiesh, the contents of the I register are placed on the upper & bita of

the address bus.”

Accumulator and Flag Regiven

The CPU jncludes 1wo ndependent b accomulatms and asyociared & bil Nag regiviers. The accumu-
lator holds the results of E-bit arsthaaenic o Tegical vperatinns while the fag repister indicates speafic
eonditiony for B or 1650 eprraioms, such 3y indicating whethe) er noi the sesult af a2 vpriation s egqual
Lo zeto, The prupremmet selecn (he wocumntaton and Rup pair that be w ishes 10 work with with a single
exchiange mnsirucdion su thad he may rasily worl with enbier pain,

*
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Greneral Purpose Registers

. i W ra" i N -I-‘n.:.

Thcir ae two malchtd sels of;:nnll Ppurpose ugmtrs each sel tnnlammg slx 8. blt registens thal
muay he used individually u5 8-bit registers or a5 1 6-biL 1egister pairs by the programmes Dne sel is called
BC, DE and HL while-the complementary iet is called BC', DE” and HL". Al any one time the programmer
can select either sel of reginiers 10 work with through a single eachange command lor the entire set. In
systemns where fasl interrupt sesponse isequired, one set of proagial purpose registers and an accemulaiarf
Mag register may be sewrved for handling this very fast ravtine, Only 2 simple exchange commands need be
executed 10 go between the routines. This greatly 1educes interrupt service time by eliminating the require.
meni (01 saving and relrieving regisler contenls in the external stack during inlerrupt or subrouting progras.
ing. These general purpase repistens are used lor 3 wide range of applications by the programmer. They also

simpfify programming, especially in ROM bated systems where Tittle :xl:mll rt:dfwnlc MEmory s
available.

2.2 ARITHMETIC & LLOGIC UNIT (ALL) T

The B-bii arithmetic and logical instructions of the CPU 2re execuled in the ALY Internally Lhe ALL
communicates with 1he registers and the exiemal data bus on the |n|cma] data bus. The 1ype of Tunctions
performed by 1the ALU include: -

Add Lefi or right .'.hrfu or ratates {inthmﬂlc and ]Dgt:ll]
Subiract © Inoement - . 7 - g

Logical AND ) Decrement - .

Logical OR Set bil oL

Logical Exclusive DR, - Reset bit -

Compare r "_: . It T Test bit T r -

msrnucnom HEGISTEH AND CPU CONT ROL N :

] L
" As cach insiructmn js ferchied from m:r_nur}f, i'. is plazed in the instruction regisier and decoded. The

23°

+ control sections performs this function and then generates and supplics all of the control signats necesznry

1o yead or wiile datn i'mrn or 10 lhc rtgm:rs.anntml ihe ALD lnd p;nvnd: all requited external contrel
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3.0 Z.80 CPU PIN DESCRIPTION ] ‘ .

The 2.80 CPU i3 paclaged i in an industry standard 40 pin Dual In-Line Package. The IfO pim are :men
in figure 30-1 and the function ol each is described below,
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FIGURE 3.0-1 - ’ "t

Tri-dale oulpul AClive hlgj‘l Ay-Ap g constilule & 16bit sddrest bus. The;
address bus pravides the addres I'nr memory {up fo 64K byies) deta

" exchapges and lor 1JO device dats exchanges. 170 addressing vies the 8 lower

+ address bits 1o allow the user 1o directly seleet vp Lo 256 input or 256 cuipul
porix. Ag is the feast significant address ki, During refresh time the Jower
7 bils contain » valid relresh address, .

1

Tri-state inputfoul put, active high. Dp-Dy constilute an 8-bil bidirectiona
data bus, The data bus i1 vsed for data t::hmgﬂ with memory and 1O
devices.

Ouiput, sctive bow, My indicates that the current machine cvele is the OP
code (eich cycle ef an instruction exeeution Note that dusing execution
of 2byle op-codes, M1 is generated as esch op code byte is feiched Thew
1w byte opcodes always begin with CBH, DDH, EDH or FDH 51 :ha
occurs with m 1o andicate an intemupt scknowledge cycic,

Tri-state ovipur, active low. The memory request sipna) indicates that the
eddress bus helds o valid address for s memory 163d o memory write '
operation, ) -

L - Fl-_
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10RQ

Unpur ulpug Reynest)

RD
(vemory Read)

WR
{Memory Write)

RF5H
(Relresh)

HALT
{Halu stare)

WAIT
{Wal)

INT
(Interrupt Reguest)

KM
{Non Maskable
Interrapt)

—— = =

e — e ———

Tri-state outpet, actlve low, The IORG signal indicates that the lower half of
Ahe address bus holds a valid 10 3ddiess for & 1/O read or wrile vperation. An
10RG signal is also generated with an M1 signal when an interrupt is being
achnowledped Lo indicale that an interzupt sesponye veclor can be pliced on

the dala bus. Tnterrupt Acknowledge operations occur during My time while

"1{0 operations never occur during M, time.

Tri-stale output, aclive low. RD ind:cates thal the CPU wants Lo read dats
from memory or ap /O device, The addjessed 1/ device or memery showld
use 1his signal (o gale dais onto the CPU data bus.

Tii-wate oulput, agtive low. WR indicates that the CPU data bus holds valid
dats 1o be siared in the addressed memory o7 1O device,

Ouoipnt, xctive low. RESH indjcates thal the lower 7 bits of the address
bus centain 4 refresh address Tor dyrmamic memories and the curremt MREQ
signal should be used 10 do a refliesh read to all dynamic memories.

Outpur, active low. HALT indicates that the CPU has executed 3 HALT sofi-
ware instiuction and is awailing either 2 non maskable o1 & maskabie inter-~
rupl {with the mask enabled) before operation can resume. While halied, the
CPU executes NOP's (o maintain memory relresh activiny.

Inpul, active Jaw, WAFT indicates 1o the T-80 CPU that the addressed .
memory of {}0 devices are not ready for 8 data transfes? The CPU conlinues
1o enler wail states (or as long as this signel is active, This signal allows
memory o1 L/ devices of any speed 10 be synchionized Lo the CPU.

Input, sctive low. The Lnlerrupt Request signal is generated by 1O devices. A
request will be honoied at the end of the current instrietion §if the internal
softw ure controfled interpup enable Mip-Mlop {IFF) is tnabled and il the
BUSRQ xigna) is nol sctive. When the CPU sccepts the interrupt, an ackhnowl
edpe signal (JORQ during M| time) is sent out st the beginning of the next
tnsliuclion cycle, The CPU can respond to an interropt in three differen
modes that are deseribed in derzil in section 5.4 {CPU Control Intlruclons).

Input, negative edge Iriggered. The nun maskable interrupt request line has a
higher priovity than INT and is zlways recognized 11 the end of the current
instruction, independent of the siatus of the interrupt enable Nip-Nop, MNMI
autermastically Torces the Z-80 CPU 10 restarl 1o location 0066y, The program
counter is aviomatically saved in the external stack 3o tiat the user can setum
10 lhe program that was interrupted, Note that continuout WAIT cycles ean
prevent the curtent instruction hom ending. and that 2 AUSRQ will ovenide
a NM).






RLSET

BUSRG
{Bus Regques)

BUSAK
{Bus Acknowledge)

. . Vo 110

1

tnput, active luw, RESET forces the pregram counter 1o zero and initializes
the CPU. The CPU initialization includes:

13 Disable the intcrrapt enable Mip-Ngp
2) Se1 Register | = 0Dy

3) Bet Register R =00y

4) Sel lnterrupt Mode B

Dwring rewel time, the addiess bus and data bus po 10 2 high impedance state
and all canttol oulput signaly go Lo the inaclive state,

Input, 3clive low, The bus requesi signal is used 1o request the CPU uddiews
bus, data bus snd 1ri-st3te ouvipul comirol signals 10 go 10 2 high impedance

stale 1o 1hal other devices can control these buses, When BUSREQ) 35 activated,

the CPU will sei these buses 102 high impedance s1ale as spon 2y the current
CPU machine eycle is 1eminated. .

Qutpul, active low. Bus acknowledgr i3 used 1o indicate 10 the requesling
device that the CPU address bus, data bus and uri-state conirel bus signals
have been set 10 their high impedance 11ate and the exlernal device can now

control these sipnaks.

Single phase TTL level cluch which requires only 2 330 ohm pull-up resistor
1o +5 volls 1o meel all cloch requirernents







4.0 CPU TIMING _ ' . .

The Z-E0 CPLUS executes instructions by stepping through & very precise szt of a few basic operations.
These include: . o p . . .

' Memory 1ead or write
LO device read or wrile

. - . Interzupt acknowledge

All instructions are meiely 1 series of these basic operilions. Each of these basic operations can take from
three 10 six clock prrinds 1o complete oz they can be Tenghiened to synchionize the CPU 10 the spred of
external devices. The basic clock periods are reftrred to as T cyeles and Vhe basic operations are referred ta
25 M {Tor machine) cycles. Figure 4 00 dllusirates how a typical instruction wll be merely 2 senes of
specific M and T cyeles. Notice that this instruction consists of three machine cycles (M1, M2 and M3}, The
first machine cyele of any insiruction is a felch cycle which is four, five o7 six T cycles long (undess jength-
. cned by the wail signa} which will be fully described in the next section). The feich cycle (M1) is used 10
feich the OP code of the next instruction 10 be execuled. Subsequent maching cycies move daia berween
the CPU and memory ar JfO devices and they may have anywheit from thiee 10 five T cycles (again Lhey
_may be lengthened by wait stales 10 synchronize the exicmal devices 1o the CPU). The following pan-
graphs describe the Liming which oecurs walhin iy of the basic machine cycles. In section 7, the exact
liming for each inslruction iy specified. PR O
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Tt FIGURE 4.00 . -
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AN CPU timing can be broken down inlo 3 few very simple (iming diagrams 25 shown in figure 4.0-]
through 4.0-7. These diagrams show the following basic operations with and withoul wail staies {wait sia1es
are added 1o synchronize the CPU 10 stow memery or 1O devices).

40-1.  Instruction QP code leich (M1 cycle)
40-2, Memory data read or write cyeles
40-3. - O 1ead o2 write cycles
404, Bus chuntfﬁfknnwkdgt Cycle
. 405 1n|:r:u;.-.! thues:fﬁcknwltdgﬂf}rd: L T T T LRt I T LT B
4.(]6 Nun m::.luble Imrrrupl R:quui,"ﬁc'imuwl:dgc (‘ycI: f R :
. 4.{}? Exll l'ml'n a I"MLT msimclmn I e

T =l
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INSTRUCTION FETCH . sl L

o a L . , A - -

. Figure 4.0-1 shows ke timing duting an M1 ¢ycle (OP code feich). Notice that the PC is placed on the
address bus at the beginning of the M1 cycle. One hall clock 1ime Yater the MREQ signal goes aclive. Al this
time Lthe address 1a the memory has bad time 1o stabilize sq that the Talling edge of M can be wed
directly as a chip enable clock 1o dy namic memories. The RD Jine also goes active to indicate thal the
memary icad data showld be ¢natled onto the CPU data bus, The CPU samples the data from the memody on
the diata bus wilh Lhe rising ¢dge of the clock of stare T3 and this same ¢dge is used by the CPU 1o tuen ofT
the RD and MRQ signals. Thus the data has already been sampled by the CPU belore the RD signal becomes
inactive. Clock s1ate T3 and T4 of a fetch cycle are vsed to refresh dynamic memories. (The CPU uses this
time Lo decode and exzeuie the Ceiched instruction 1o thal no other operstion could be perfarmed a1 Uy
hrnt} During T3 and T4 1he lowes 7 bits of the addreas bus contain & memory refizsh address and the B RFSH

~ signal becomes active 10 indicate that a refresh read of all dy nsmic memories should be accomplished. Nolice

" that » RD :lgﬂ:l it pot generated during refresh time 16 prevent data from diferent MEmory egments from
being ga1cd onto the data bus. The MREEE signal during refresh time should be used 1o perform a sefieth read
of all mcmory elements. The cefresh sipns] can not be used by us-:lfsm:: ithe refresh address & un]y guaran-
teed 1o be stable during MREQ time. - _ - - - - -
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Figuze 4.0-1 & jllesizaies haw the feich cycle is delayed if the memory activales l'.he WALT line. ne. Dur-
ing T2 and every subsequent Tw, the CPU samples the WAIT line with the lalling edge of ¢ 1T the WAIT
line is'active at this time, another wail state will be entered during the Follawing cycle. Usmg lhlntchmqu:
the read cycle can be Ttnllhm:d 10 malch the acgess time of I.:I'I}" type of memory device. - "
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" MEMORY READ OR WRITE

Figure 4,0.2 i]luin:lc: e timing of memary sead or wrile cycles other than an OP code felch {M)
cycle). These cycles are penerally three clack perieds long unless wait states dre requesied by the memory
via the WAIT signal The MRE& siendt and the RGAignal are used 1he same as in the feich cycle In the cuse
of a memory wrile cycle, the HRE% alsa becomes active when the addrexs bus iz sizble o thas it canbe
used directly as 2 chip enable for dynamic memories, The WH Jine i sctive when data on 1he data b is
stable 50 that in can be used directly as 8 R/W pulse 1o virtually any 1ype of semiconduciof memory.
-Furthermote the WR signal goes 1mcuu one half T slaie before Ihe address and dnta bus ¢contenttare .
ch:nged 50 rhal lh: overlap requirements f61 virtually any Lype of semiconduetor | mcmury typr. 'I-'ﬂll e mel.
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Figure 4.0-24 ﬂluslnlrs how » WAIT. request signal will lengthen ary memory sead or wrile opera.
tian, This vperation is identical 1o that previously described for a (etch cyele. Notice in this Figure that &
scpataie 1ead and 3 separale wnl: I:yclc 14 shuwn inthe ume ﬁgurt ﬂlhﬂu;h nad and write cycies can
never oecur simuliancously,’ . .
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F;;uu 4,0-3 ustrates an 1fQ read or IO wrhr. np-cminn Notice that during 1fO operations a single.
"wait state is luim:tiully inseried. The reason For this is that hat during IO operations, the time from when >
the JORQ signal goes sclive until the CPU must sample the WAIT line it very short and without this eatrs
stare sufficient time does not exist for an 1O port 10 decode its address and activate the WALT Line If 2 walt
is 1equired. Alsa, without this wait state it is difficull to design MOS 10 devices that can operate a1 full
CPU ed. During this wait state ime the WAIT requett signal j5 sampled. During a read 1/0 operation,
line is used 1o enable the addiessed port onto the data bus jusl mx in the case of s memory read, For
) I."O wrile operations, the WR ine is used as 2 dock 10 the YO port, again with sufficient overlap timing
sutomatically prm'pdtd 10 llul the rmn;:dgc may be used a5 3 dals clock, .t | .

saa om g l--|| CERCR Y Y L '

Fniur: 4034 ]lluﬂnlﬂ how additional wait I.'IIIE:I may be added with lh: WAIT line. The npcrluon'
11 nitnt:c:l tn thzl p:t\doudy d:sr,nbtd T O ot o

- - - e - m oame - om o

BUS REQUEST/ACKNOWLEDGE CYCLE : - - .

Figure 4 D4 Tlostrates th: timing for a Bus RequestfAcknowledge cycle. The BUSRQ signal is
sampled by the CPU with the rising edge of the last dlock period of any machine cycie. If 1he BUSREQ}
signal is setive, the CPU will setits address, data and 1ristate coptrol signals to the high impedance state
with the rising edge of the nexs clock pulse. At thal time any extermal device can contsol Ihe buses i
“ransfer dala between memuory and HO devices. (This s generally kaown as Direct Memory Access [DMA)
ziag cycle sicaling). The maximum time for the CPU to reapond 1o 2 bus request is the length of 2 machine
cycle and the exiernal contraller can maintain control of the bus for as many clock cycles as is desired,
Neir, howewes, that il very long DMA cyeles are used, and dynamic memorios are being wied, the extermal
countroller must 210 perform the refresh function. This sitation only occurs if very large blocks of dats are
translened undor DMA control Ato note that durm;i l‘rsu uqutﬂ tycle, the (TU cannol be inlermupied
by either a \\!II or 2n lhT upnal .t -y
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INTERRUPT REQUEST/ACKNOWLEDGE CYCLE

Figure 4 0.5 illustrates the timing wsvociaied with an mt:rrup[ cycle, The inierrupt signal {IN‘T} is
tampled by the CPL with the esiug edge of the 1ast elock at the end of anv insituction. T'"L' signal will po1 ke
accepled if the inertal CPLU soliw are conralled interrupt enable fhip-Nopisnot tet oraf the HUSRQ swnal
s active. When the signal is scepred a speoal M1 evcle 15 generaied. Dusing this spzeial 311 evcle the {URG
signal becomes azuve {instead of the nomual MREQ) 10 indicare that 1he intersupring dewice can place an
E.bit vector on the dafa bus, Notice that fwo wait slates are aulamatically added 1o this cycle. These slales o
are 3dded 5o thal a rippls privity inlerrugl schere can be casily implemented. The 1wo wait s121es allow
sulficient time for the tipple signals 10 stabilize and identily which YO device must insent the TEApONsE
veclor, Reler 1o section 3.0 for devails on how the interrupt response vecior is utilized by the CPU.
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Figuses 4.0-5A and 4.0-58 ilustraic how a programmable counler can be vwed to exlend int:rrupt
acknowledge time. {Configured as shown 1o add one waii slale) '
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) Figute 4 O-6 illustrates the nqucslf;:.knmlrdg: excle lor Ihc nan muk:bl: mlcrrupl This signal is

~smpled a1 the same lime as the interrupt line, but this Bine has prinrily over the narmal intetrupt #nd it can
non be disabled vnder sofiw e control. Tis usual function is 1o provide immediste sesponse 1o imporniani
wigvals such 35 up impending power failure. The CPU response 10 2 non maskable interrupd is similsr 1o p
nurmnsl memury read operation. The oaly dilference being that ihe countent of the daia bus is ignored whike
the piotessos sutamatically stores the PC in the extemal stack and jumps 16 lecation 00663 The service
reutine foar the non maskable interrupt must begin al 1his location if 1his inlerrupt is vied, :

HALT EXTT

Whenever 3 safiware hall insiruction is extcuted the CPL beging executing NOP's uniil an inlerrupl

received [¢ither 3 non mashable or 2 maskable inlermupt while the int crrups flip MNop i3 enabled). The two
) inlerrupt lines are sampled with the rising cleck edge during each T4 stale as shown in figure 4.0-7. 1f 3 non
maskable inlerrupl has been received or B maskable interrupt has been received 2nd the interrupl enable
Nip-Nop is set, then the hall state will be exited on the next rising clock edge. The following cycle will then
be an inlerrupt acknowledge cycle corresponding to the type of inferrupt thal was received. |l both are
. seceived at this time, then 1the non mashable one will be scknowledped since it has highest priority. The

purpost of executing NOP instructions while in th hall staie is 10 keep the memory refresh signals active. -

" Each cycle in the halt stale iz a normal M1 (leich) cycle except that the data received from the memaory is
igroied and 2 NOP instructian is forced inlernally 10 the CPU, The halt :cknuwltdg: signal is m:'uv: dl-lrml

this 1ime 10 indicste that the processor is in t}u halt state. WO el R
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50 2-80 CPUINSTRUCTION SET o :

The Z-80 CPU can execute 158 differem insiruction 1ypes including all 78 of 1he E080A CPU,
The instruetions can be broken down into the following majer groups:

& Joad and Bxchange

® Biof Transler and Scarch

* Arithmetic and Logical

= Ratate and Shill

s Bit Manipulation {se1, rescl, lest)
® Jump, Call and Rewurn

* [nputfQutpul

& Basi¢ CPU Contrel

5.1 INTRODUCTION TO INSTRUCTION TYPES .

The load instructions move dala internally beiween CPU regisiers or briween CPU registers and exter-
na2l memory. Al of these instructions must specify a source location fram which the datz is to be moved
and a desiinanion focation. The source Incalion is pot 2liered by a load instruction. Examples of
load group instructions include moves belween any of the peneral puipote regisiers such as move the dala
1o Repister B from Register €. This group also includes load immediate 1o any CPLY regisier or L2 any
external memery location Thher 1ypes of load instructions allow 1ransfer between CPU registers and
memery lacations. The exchange instructions can trade the contents of two regisien.

A unique s¢1 of biock ransfer instruclions is provided in the Z-80. Wilk a single instruction a
block of memary of any size can be moved to any other location in memory. This se1 of block moves
is extremely valuable when large strings of data must be processed, The Z-80 block search insiructions
are 21so valuahle for this type of processing. With a tingle instruction, 8 block of exiemal memory
of any desired length can be searched for any 8-bit characier, Once the characier js found or the end of the
biock is reached, the instruction automatically terminales. Both the block 1ransfer and the block search

instructions can be interrupied during theit eaccution so a3 10 not occupy the CPU forlong periods of 1ime,

The arithmetic and logical instruclions operaie on data stored in 1he accumulato: and other
general purpose CPU registers or exlernal ;nemory Jocations. The results of the aperations are placed
in the accumulator and the appropriaie flags are s2t according 1o the resull of the operation. An
example of an arithmetic operation is adding the sccumulatoer 10 the conients of an external memory
Incation. The results of the addition are placed in the accumylaigr, This group alse includes 16-bh
addition and subttaction between 16-bit CPU registers. '

The rotale and shifl group allows any register or any memory locslion 10 be sotaicd right or lei
with or wilhoul carry either adthmetic or Jogical. AMo,a digit in the l:{.‘umuhl‘nr can bz 1olated fighl
o7 1t with two digits in any memary location.

The Bil manipulation instruclians allow any bi1 in the accumutator, amy genetal purpose register
or any external memory localion to bie set, ress) or tested with a single instruction, For example,
the most significant bil of 1egisier H can he resel, This group is especidlly useful in control applications
and for conlrolling soltware Nags in pencral purpose propramming.

The jump, call and rerurn indructions ere us2d o traneder Belwres s nious lowations in the veers
program. This group wses several different 1echniques fur oblaning the new program counter address
from specific extesnal memory Jucatians A unigue type of call i the restant instruction: This intitecton
actvally conlaing the new address 252 part of the B-bir QP code. This i peapble since unly 8 separaie
»ddresces Jozared sn pape 2610 of 1he exlernal memory may be specified. Proyram jumps may also
be ackicved by Feading register 1L, 1X o Y dircd )y inte the PC, 1l olld wing the juinp address 1o
be 2 comples fuaction of the rouling bring eaecuted,
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The inpurfoulpul groug af imtruehons in the 250 allow for 2 wide fange of tanslers between
externa memory locations ar the gernral purpase CI'U sepisicrs, and the external 1/ 0 devices 1n,
each cage, 1lie port pumber is piovided an the lowes B bits of the address bus duting any /D .
tramsafljun, Gne instrucnion dlowy this porl numbes to be spreificd by the second byiz of the jnsttucticn
while orher Z.80 instructions allow it 1o be specified a3 the conienmt el the € tegisier, QOne major ad-
vanlage of wsing the O repister 35 apainter 10 the /O device is that it alows diffzsent 1D ponisia
share counmon safiware diiver tonlines. This is not passible when thie addiess is pant of the OP code
il 1he routines are stored 1n ROM. Apather featme of 1hese input instructions is that they st the
Mag 1epister 3utomanically so tha additional operations are uot required Lo determine 1he suate of
the ingat data (For example its parily), The Z-50 CPU includes single instructions That can move
hlacks af darg {up 1o 236 byies} aulomatically 1o oz ltoin any [fO part directly to any memory localion
In conjunclion with the dual 21 al genera] purpnse registers, theee instructions provide for (a1
1O block translze yates The value of thiy 10 manvelion =21 is demanstraied by the Tact thal the
Z-BOCPL can provide all required floppy disk formatting {i.e., Ve CPU provides the preamble, address,
datz and endhles the CRE codes) on double density Noppy disk drives on an interrupt driven basis.

c Finally, 1he basic CPU conrol instinctions allow various oplions and medes This gioup includes
insiructions such as seuting or reseiting the interrupt enable Mip ﬂnp at qlung the mede of lnl.:lrupl
TESTONSE, .

52 ADDRESSING MODES _ L . . ' .
Mo of Lhe Z-iiﬂ instructions operate on data stored in iniernal CPU 1egisiers, external memary

o inthe WO ports. Addressing refers 1o how Lhe addsess of this data is generated in each instrucion

Thas section pives @ brief summary of the Lypes nf addicsing wsed in ithe Z.80 w}iilt subieyuent sections

detail the 1y pe of addressing available Tor each instruetion grloup. -

Imimedipte. In this made of :ddu:;sing ihe byie follgwing the OF code in memery containg the
aclual apetand. :

TS

ar Cndc_- } ane of 2 bytes

4 . .

Qperand . s ) K

dp

dy

Exanles of this Lype of instruciion would be 1o Joad the sccumuolatar with a conslant, whete the consant
is10ie bl inuuediately foliowing the OF code. . .

fl

hamediate Extended.  This mode is mt:tly an extension of inmediale addressing i in r that (he two
byies folluwing the OF codes are the gperand. -

O .ode cne o 2 hvley

T

Operangd T hiw widey

Opetand | highvider

|'..._'|;|.i'|1;5 il s 14 e nl TS AP TEC SN TR TS I Yoowd 19 HL Jf;-l'\h:l Jar [] 5 b lcui\li.‘fj wilh
16 Bine (2 byresyof Jala,







Modified Page Zero Addressimg. The Z-£0 hay # special single byte CALL instruction 1o any of B locations
in page zeon of memary, This insiruction {which is referred 10 35 a 1en1art} seis 1he PC 1o ap effective
addiess in page 2ero. The value ol this instruction is 1hat 11 allows & single by 1210 specify 3 complete -
lo-bil address whtr: commonly taIIed sublaulines are located, |‘IU$ m‘lng mcmur)r spm:

- - AT LI .

., OP Code [ one i:yl: _ - : -
N ) - . . h':_t hﬂ - T PR - . Coe . . .
L Effeclive address is (b by by 000), .

Relal've Addressing.  Relative addresding uses one byie of data following the OF code 10 specify a
displacemeni [rom the existing program o which a program jump fan oceur. This displacement s . e
2 igned two's coomplement Ruamber Lhat is ar!dcd 1o the addiess of the OF code of the following mﬂmcum . -

"a o = T r 4 -
LY F

EAR . - | OPCode .Jump relaive {one byle DF-cndc]- o . T \
Operznd | [ &-bil two’s complement displacement added to Address (A+2} " 1.
. F _ :

- o
The value of relative ﬂﬂdlﬂs.lﬂg, is thal it allows | Jumpsio nurhy locations while enly r:ql.ﬁrmg two ’ '
byles of memory space. Fol most programs, relative jumps are by Tar 1he most prcvaI:m typeof
jump due 1o the proximity of selated program segments. Thus, these instruclions can signlficantly -
redvce memory space requirements. The signed displacement can range berween +127 and -128 iy
from A + 2. This allows for 7 103l displacement ol +12% 10 -126 from the jump relative QF cnde addrm. g
Another major ad vaniage is lhal:l aliows lor rrlucalablc code. ey . .

o .- f .
. L T L
PR s baa T [ -

Exltndcd »\ddrﬂilng. Extended Add:cmng provides lor two byl t:{]ﬁ hlls} of addus: 1o be mcluded
in iht instrustion. This data can be an aﬂdr:ssln which 3 program ﬂn;ump ofil canbeapaddress . - -

where an operand is located. . - ' ol : -

) re o= * ~ - N * L
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T A Lﬂwﬂrdcr'ﬁddrtnm Low order ﬂpﬁlﬂd O TR DT PP
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diafrenely Toastecs et [ High Ovder Addressor high order nperllﬁ 1 _. P RN i

2o hepate ey Cho T -,- e F T T ., S _,1,,,,1.. IR

A LT LR T i,. 1“1”'.1-:--‘ e
E;:znded add)easing u,uqmrcd fora pmgram lu]ump fmrn any loc:tmn in m:rnury 10 any uthcr Inutmn. :
of lcad and dore dal: in any memory Incation. - | i1 o S

4

| When extended eddrcssing is used 1o specify the source ot destinalnn addiess of an operand, -
1he notalion {nn) will be used 10 indicate thecontent of memory al nn, where TR is the 16.bi address .

~» specified in the instinction. This means thal the 1wo bytes of address nn are used 35 a puinter 16 3 memory
location. The use of the parentheses always means that the value enclosed within them is used asy 1
pointer 10 a memory location. For example, (1200} refers 10 the contenis of memory at Jocation 1200

. lndtxeti Addressing. . . .in 1his type nf zdd-r’:ssmg,, lh;‘: l;ylz of daia folow mg',-ihe Dl.? code tontains "
.2 displacement which is added 10 one of the 1wo index segisiets {the OP code specifics which index ™
1egisier i used) 10 form’a poinier to memory. The conients of 1he indes u-p;ur ar nnt :llcud bjr thu

..ni

up.:mmn.
OFCm!': : C. . rpe e s e : '
' - two byle OF code e I LTS ¥ F""Z';"“'"""-- '
. .. AP Code - ;
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An evample off an indewed instrugtion would be 1o Sesd The enpents of lh:.rﬂ:mnry lncaion ™
{Index Regasier + Displarement } into the accumulatr, The Jisplacement is s sipned 1w o's complement
number. Indexed .'Iddlcmn; preatty simplilies programt wsing tables of datva since the indea segisier
an point to the stan of any 1able. Two index regisieis a1¢ proviged since very ofien operations require
tweror more Lables. Indesed addiessing also aHnws for relocmable code,

. ]
an . - -

The 1wo index registers in the 2-R0 3 afe r:l'cncd 1o as 1X and IY Toindicate indesed addlﬂsm; the
nolalion: L . - .
- {IX+d} or (1¥+4d)

-

is used, Hered is the displacement spccﬂ'rd afier the OP code.” The p:lrnlh:us indicate that this
valoe s uzed as a pnln!:[ 10 txltrml rn:mur}' . -

+ =

Register Addressing. - Many of 1he Z-80 OF codes rontain bits of information that specify which v
CPU zegittes B 10 be used for an operation. An example of register add:cmng would be 10 I-md the
daa in register B into r:glsler C. e T

. 1 .

+

linphi=d Addressing ]mph:d addicssing relers vo operations where the OF code lulom:uc:u:r
implics one or more CPU Tegisters at containing the operands. An example is the st of arithmetic  -°
pperations where the sccumulator 3s abways implied 10 be l.hc destination of 1hc restlis

Register Indircet Addressing.  This' type of addiessing specifies a 1&bit CPU register pair (such as HL)
1o be used as 2 painter 10 any location in memory, This 1ype of mslructmn is very powerful and
il iy used in & wide 1ange urnpp]1:|l|un1 . ) . o

LN - L I, mr - 3 H =
W T Tra . . TETren b e B = pat N

1--.;‘:‘ -f - - .' - ‘1-".. e r - S .
R - 1OF Code }ﬂncu:twobwu " T T el e s,

An example of this l.ypé of insizuction would be 10 Joad the sccumulator with 1he data in The memory
Jacalion pointed to by the HL repisier contents Indexed addressing is nctunlly a form of regisier indirect
addressing eacept Lhal a displacement is added wilh indexed addressing Regisier indirect addressing
allows lor very powerful bul simple 10 implement memory acgrascy . The block mave and search commands
in the Z-B0 are exlensions of this type of addressing where automatic register incrementing, deciementing
ani comparing has been added. The noiation for indicaling register indurect sddressing ks 10 put .

. parenthesss around the nasse of the rcgnsl:r that i B 1o be uud 13 the pointes. For example, the symbgl

q
*"-"1,«' .--J:_.tr:
'y

{HL] T T IO SCE RE SYRy ST
spenﬁts l.hl'l the conlents u!'lht KL r:gl:.h:r e 10 bl wncdasa p-umiﬂ lo Y 'ml:rrlor}l' bocation, Often ¢
regisles indirect 3ddiessing is wsed 1o specify }&Dbil operands, 1n this case, the register conpients’ ' -
point bo 1lie lawer order portion of the operand while the register mnlent; e aumrrn:!mllr lncicmmﬁd
io oblain the upper portion of the vperand, . et .

, 'I . - - g B "
T I LT S -J:.l..i-'?'.'l..

Bit Addressing .. The Z-B0 conluing a Jarge number of bit sel, reset and 123l instructiony Thew
inttructions sllow any memory location or CPU register Lo be specified For a bit operation 1heough |
‘ﬂht afl three previous addressing modes {tegister, register tndu:cl :nd mdurd} while three btz in Iht_ OF
cende specify which of 1he eighl bils is 1o be manipulated. . L LN
RN

Poorom mte ko

ADDRESSING MODE COMBINATIONS |, _ i  *" “-5

- R —1 ema m
i ) : . .

Mamy instructiony jnclude more than one aperand {such as lrhh::mlic iniu wclions o1 loads). In
these s, 1w 0 13 Py of sddicing inay be emplosed, For esample, load Son use iminediale Lddsesong
1w apesily the wovtee and register inditect o indesed lddlcislng 1o specily thre destination.
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5.3 INSTRUCTION OP CODES )
This section describes cach of the 740 instruciions and prevides 1ables Nisting the OF codes far every
indruction, In each of these tables the QP codes in shaded asegs qie Mentical 10 thowe affered in 1 EORDA
CPU. Also shown Js the asembly language moemanic that is used for =ach instruction. Al instruction OP
codes are lisled in hexadecingl notetion. Single byte OF codes require 1wo Hea characiers while dauble
byie OP.codes require four hex characiers, The conversion ltom hex 10 binary is repeated here o
CIMSEnIEnEE. .

Hex Binary Drecimal Hex  Binary Decimal

0 = 0000 = O g = 000 = B
o= 0001 =) 9 = 001 = 9
2 = o = 2 A = 1000 = 20
3 = on o= 3. B = 101t = I3
4 = 0100 = 4 SE om0 =12
§ = "olo1 = S D = 1o = I3
& = 010 = 6 E = 1130 = 14
7 = 0 = 7 F o= 11 = IS

Z-80 instruction mnemonics contist of an OP cede and zera, one ar {wo operands, Instructions in
which the vperand is implied have ne operand. Instructions which bave only one logizal vperand or those in
which one operand is invarian (such as the Logical OR instruction) are represented by a2 vne operand
mnemoenic, Instructions which may have 1w o varying operands are repiesenied by 1w o aperand mnrmonics.

LOAD AND EXCHANGE

Tahle 5.3-1 defines the OP code for all of the 8.bit load instruciians impiemented in the Z-80 CPU,
Also shown in this table is the type of addressing used for each instruction. The scurce of 1he data is found
on the 1op horizantal row while the destinnion is specified by the el hand calwnn, For example, load
repisier C from regisier B uses the OP code 46H. In all of 1he 1ables the OP code is specified in hexadecimal
notation and the 48H {(=0100 1000 binary) code is ferched by 1he CPU {1om the external memory during
M1 time, decoded and then the register transler is awomatically performed byithe CPU,.

The stsembly language maemonic for this entire group is 1D, followed by 1he destinulion followed
by the sowce (LD DEST., SOURCE). Note that scvera) combinations of uddicssing moedes me pouible. Far
example, the source may use regisler addressing and the destination may be register indirect; such as load
the memory Jocation pointed to by regisier HL with the contents of regisier D, The OP code for this
operation would be 72, The muemonic for this Jaad indruction would ke zs follpws:

LG (HML).D

The parentheses atound the HL means that the contents of HL are used as 2 painter 10 2 tnemory Incalion,
in 3}l Z-50 load instruclion mnemunics the destination is always histed Tirs1, with the sonve follow ing, The
Z-80 asstinbly language hai been defined for eae of programming. Every insiruction is self ducementing
and programs writlen in Z-80 languagr are easy 10 maintain,

Nole in tahle §.3-1 (hat some Inad OF coder thar a1¢ =vailable in the Z.80 use 1wo byles, Thisis an
eiTicient method of memory wiilication since B, 16, 24 or 32 bil inslyuctiuns are impkemented in the Z-R0,
Thus ghen utilized instructions such as arithmetic o legicd speations e only Sty which rerulis in
herter memory utilization than s achieved with Oved iostrudtion cres such as Jo-bits.

All Joad instructions vaing indexed addiessing for eathey the souize or destination Yocation
aclually use thiee byies of memory with the third byte being the dnplecemeni d. Foo example 3 bivad
trp:eter E with the opezand painted 12 by I with wp aff<er of +8 wowld be wnitien:

e IX v By
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Tiwe instouctiun wyuence fon this in menswry would be:

P
Addiess A
Atl
AT

cD

5B

(1]

OF Code

Displaccment operand

Py By

[ O -

The 1w o eviended addressing instructions aie also three by se insiructiond, Fur example the msizuction 1o
Laad thre accumulaior with the operand in memony lewation §F32H would br wrillen;

and 15 instruction sequence would be:

Address A

A

Atl]

At2

GF

OF Code
low order address

high order address -

LD A, (6F 32H) .-

Notice 1hat the low oader poatien of the address is alwavs the first pperand.

The Inad harwdiate indruclions for the grntml puipuse 8hil rr;mtrurr two-by 1e instructinns. The

iracrustion load cegisier Hownds the value 16H would be writlen: - -
LD H, 36H ) .
and ns wgquence w ould be: - '
- Addiess A | 26| OP Code T LR @
- e A+l 38 Operand . T .

Louding a memory lacation using ind.urd addresing for the destinalion and immtdi:;c sddtessing Jor the

source 1equires four bytes. Far example:

_would appear as:

Adderas A

oD

At

&

A+

Fi

A+3

py |

OF Code

displaccinent {-15 in
signed {wo's complement)

operand 10 load

LD {IX -15),21H

b -

' T
o, LI

] .

"oy

Nuice that with uny indened uddressing the displacement abway s follws directty afier the QP code,

Tahle 5.3.2

specifies 1he bt Joad operations, This table is very sinilan to the presious one. Nolice

that 1he earended addresing capabiling covers all register paiis. Also noticr that register indirect up:mi{:n.t
-.p-.,rfs ing the sta. k pointer are 1the FLSH and POP insurnctions. The moemonic fon these insiructions is
SIUSHT and PO Thru: diffes fiom cither 16:-bit Tugds in 1hat the stack poincer iv automatically Jecre-

Meonted o0 i .
the sirs. -m

raatrrnied avcach Bor s gkl apte og popped Neen the siach to-poctn s, Far ovaephe






i 1 siagle byie instruction with the OF code of FSH, When this inslruction i u:culed lh: following

sequence is gcncnltﬂ

‘FUSH AF

rlf.‘vsﬂ:n:rr'lrnl 5P

. LD{SP). A

E
e

Decrement 5P

D8P F

st

R -

Thus the exlernal slack nuw apprars as follows: :
. (SP) F e—Topolitack '
* R [SF"'I} A =
. : - -
. Tt T A Y
v . - 1 . Vi - Lo F
I [ ] 5
- I . [, EnT, -
e B [ T1T 8, 1.} : Arg wyCrAEE] e AL 1 -
1 ] i ] £ - [ - & K T, T - *
. o | e ] o
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The POP instruction is the exact reverse of 3 PUSH, Netice that all PUSH and POP instenctions utilize a
I6-bit operand «nd the high order byte is abwayy pushied firsl and popped lasi, That is a:

PUSH BC i PL'SH B thern €
PUSHDE wlUSHDthenE ° .
PUSIH HL i+ PUSH 1 then-L

+ POP HL sFGP. LihenH

The instructian using extended immediate addresuing for the sowrce abviously requires 2 byies ol dais
following ithe OP code. Far enample:

LD DE. 06594
will be:

Addres A 11§ OP Codz
A+l | 59 ngurﬁﬁ-.:pcmndid:rr-nsltrE

A12| 06 { High order vperand 1o rcgsier D

In all exterded immediate of ulcndtd addeessing mudes, the low order byle always appears First a"u-r ihe
OF ende.

Table 5.3.3 s the 16-bin exchange nistnusticss weploented in the 22%00 O sogde BT ot s the
progiatnee ioosw bch between the twe paone of aceinntator Mag reciseeowbiiz DAl b she prie
grammed W switch betw'ven the dupheate set of sis general purpuose repsters Thease OF oo ate nily one
byie in lergth 10 2bsciutely niimage the Nime nedessary 1 porform the oxchenge 3o thal the duplicate
banks can be used 1o effect very Tast inlerupt respunse simes,

BLOCK TRANSFER AND SEARCH

! Tib!t 5.5 -1 lists the extremely powerful bloack Lancde) |n1lruv.'1|r_1ns All of these instructions opeaie

with three icgisters,

j'h--l
HL puints 1o the sance hocation,
DE paints 1o thie destisation wvation, t-—*" ;
BC i a byte coumer. \,

After e p rnl.'..r'lmrr hay initisdised these three rr:i.i-.r-- anv ol shese four dnstructiong may ke used The
LD (L. l:'ud a1 rement ) W uelion Toses o byie Den the ocatios peasted 1o by L e the lacanion
paanted ta by DR, Register pairs BL and DE wie then asivanaiically secnonaemied and e ready b paunt 19
the Tullowing Becotions The bByvie conmier {repnier oo BUY s atedvociemed =0t time, Thes isele-

tion is *3luable wlien blocks of data must be moved hus viner 13 pee of prowossitig aie 1eguired Beiwerr rach
rmove, The L DIR {Load, icrenient and iepeatY yrarustoon is g evlensein ol the LDT jngtiucoesn The same
ipad und indicment operativn fs repeated wntid e by te connier reaches the cout of toro, Thus, this singit
s rpciion van mave apy black of data flum one focaten n any other,

Nete thar siece Taebil sepsters ate wd thy sive of the Bhxh van be up e 63K Byies (2K = 1024)
bong wned 3t a b inened Dnom any badtisnse mcntey o ey anher oevanen, Furthesmuae the dlacks can
be enetlapping since there are absadulely Reconsuaints on the Jala thai bs used ia the thice register pairs,

The LG cod 1 DUR stoucioms g wen sinilur ioihe (D and [ DIR, The only Juffurerice i that
tegivea pers HIE asld D e e, I Filcrasers over s that @ Bheck teesder stasis Tooan the ughest
addiess of thedevgated Bloch ralivr than the b e,

i
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t - 1+ LMY = L pad \OE b— IHL] ‘
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ED "LDIR," = [ cad {OE b==—(HLI
" [ T4] Imc HL & DE Dus BEC, FAapest vawd B = B
DESTINATION l:'-l::.l. 1DE] .
A ED "LOD = Losd IOF |- —1HL}.
o ~ - P Cwc HL & DE_ Dut BC
N ) ED LOOA ~ | tag |DE | == IHL)
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. BLOCK THANSFER GROUP : L.
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"Table 53.5 sp:cul’us the OF codes fﬂr 1he fowur black :urch instructions. The {irst, CFl (compare and
imcrement) compares the data in the accumulator, with (he canlents of the memory location peinted to by
regisier HL. The resull of the compare it $tored in one of the Nag bits {se¢ section .0 for a detailed expla-
nation of the flag opcrnlmns} and 'L'l'u: HL rtglsm pair jsahenincremented and the hyle counter {regyler
pay1 BC) | Iidtcrtmtmﬁd A : ! 1 ; T R T

e v s ff o o 5 - - 1 4 -
- m—— A e v P -

The instruction CPIR is mercly an extengen of the CPling ruction in which the compare is repeated . -
-until either 2 maich it found ar the byu counter {regitier pair BC}bc:nrnxt zero. Thus, this single instruc-
1500 can um:h the cnm: memory rur sny B-bit character. e IR ’

L

The CFD {E‘am;mt and Dccrtmmt] and (' PDR I,{" om.pau Decrement and Repeat]) are nmihr
instruciiont their only difference being tha Ihr.y decrement HL afier every compare so thal they search
the memory in the oppaosite direction. (The ll:ITl.'.l'l_ls siarted 3l the highest qulicrn in Lhe memary hlu:k)

w -
Sen F U IhAT

. I shoutd be rrnphamcd again that these block Hmﬂtr :mT mmpnre h:lru:uum are exiremely
pawerful in shiing manipulation spplications. .

—
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v
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ARITHMETIC AND wmcu. '-“-.'--'- :'.‘."" e

- . b
. " . '.-_ na |

Table 5 3.6 lists :II n[.lht E-hn lmhmrix np:mum: lhll can be performed with the accomulaier,
alsc Tisted nre the increment (INC) and decrement {DEC) instructions. In all of these instrnctions, eacepl
INC and DEC, the specified 8.5 operation is perfonned heiween the data in the accumulsior and the
source data specified in 1he table. The result of 1he operation is placed in the sccomulator with the excep-
tion of compare {CP) that leaves the sccumulsior unalfecied. All of these operations affect 1he flag
register axn resull of the specified operation. (Section 6.0 provides all of the delails on huw the MNagrare -
affecied by any instruction type). INC and DEC instructlions specify & regisier or 2 memory location s
both source and destination of the result. When the sowce operand is addreased using the index reginen
the displacement must follow directly. With immedinte - addrening the sctusl operand w i} fullt:rw dlrr:ﬂy.

For :nmpl: the instruction: 3, - i ; ! i - o
- ' '; ;,":l :r:- E . : A.Hd ﬂ"?H- i " ) E--:?_ﬂ: . -
. would appesr as: !_._;:,:L.f?!_ ---.E-- ._'_ .'E.L!--_..;. R : - :
S 1(,__-' AddrtnA r'- E6 | OF Code -
. . ;
- . . L ' . - r..-h*l _.{_]?_ Of‘t""d - - I - |
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£ 'CPD‘I Dwe ML B BL
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- ED
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CPOA'Le HL & RC
RMaporit unid BE = O aw Tond manch - !
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L HY poevty le Metalion i memory . T - ) -
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el
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BLOCK SEARCH GHDUP . ' S
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. YABLES53-5 . L

. . P B = =1
¥ . H ] al

,Assurnlng that The accumulamr cnnlamcd the valu: F-3H the r:sult ofﬂJH wnuld b: pl::cd in the

—_ - F Fwra s am P e -

sccumulator; - - - o-E - - N
- . ; ~Acc belore UF{'IITIGD 1110011 = F3H '_ T =
‘ -t s, Dperend - 3t ‘0000 D111 = Q7H " Tt T
L - e Restio ke un;-nmum:l-usﬂ S -

. P T

Thc lu.dd muucnm {ADD} pc:fomu hmn_y »dd btlw::n the data in 1h= sourCe luuhon end the

duta in the sccumulitor, The subtract (SUB) does a binary subtraction. When the sdd wilh casry is sperified
{ADC) o1 the sublrsct with carry (SBC), Then the carry flag i also added or subtzacied sespectively. The. .
Mags and decimal -djuﬂ Enstruction {DAA} in {h: Z-30 {fully described in section IS.II]] alJoy arit hmmc
np:ranons lor:

mulliprecision packed BCD numbers
) multiprecision s}grltd or unsigned biniry numbers® - . -,

mu]llprecmnn lwn H comp]:mtn: signed numbers

Othe: instructiens in this gr-::-up are ]i::g,lf.:l] and (AHI)} Inglul or {DR] exclusive or {X{}R} :nd com ]'m't {CF).
There e five general purpose arithmetic instructions tha hperalr 'un the accumulator or carry flag
These five are listed in Lable 5 3.7, The decimal adjust instmuclion can adjusi for sublraction as well 21 3dd-
ition, 1thus making BCLY arithmelic operations simple. Noie that to allew for this operation the Nag N iy used.
This flag s set il the lust arithmetic operation was a subtracl, The negate accumulator (NEG) instruction .
Forins the 1w 0's complement of 1he nymber in 1l aceomulzier. Finallv notice thal o reset cary imstruction
it nat included in tiw Z-80 since this operalion can bc :]sll}' a:_-h.u:vcd Ihmuu; uthcr |nslruc1|uns such s a
hglcal AND ol the accumulator with itsell. T

q...._._-_..._ a A —

Tibl: 5.3-8 lists all of lhe 16-bi1 arithmetic upculmrn between 16 bit repslr:é There ase l" e gmupi

of instructions including add with carry and subtract with cuiry. ADC and SBC affect all uf 1he ﬂ:;; Thnrw
WO pmpuunpllh #ddr s talr:llhtmn operations or olher bt aritlmietic uperJH-lnL
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ADDWITH CaRHY AND | HE EQ ED EQ EQ
SET FLAGS  “ADC” LTy A e A |
B SUB WITHCARKY AND | HL ED ED ED ED
- L - . SET FLAGLE EBC b 42 K2 &) n
. - a'm:nfutur anc* o1 n n Do FD
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. DeCAEMENT  THLC op 1K In I (v u] FD .
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16 BIT ARITHMETIC | -~
' TABLE 53-8

ROTATE AND SHIFT - .

A major capabﬂujr of the Z-80 % il5 ability 10 rolate or shift data in 1hbe accumulalor, any genclal pa-
pose register, of any memory 1gsation All of the rotate and shift QP codes are shown in (sble 53-9, Also
included in the Z-80 are anthmetic and logiza] shifl operations. These operatjons are useful in an extremely
wide range of applications including in1eger multiplication and division. Two BCD digit rotate instructions
(RRD znd RLDY) aliow 2 digit in the sccumulator (o be rotated with the two digits in a memory location

pomlcd Lo by r:pste: pair HL {Su i" igure 539) Thexe, ms:ructmns allow for efMicient BCD nnlhrm:h:.

I""l'

. BIT MANIPULATION | A R B *
’ LR ..'.1.1'...-'. ni., "F"'l*lx“'r
The ability 10 ser, seset and Jestindividua! bits in 2 regisier or meniary Iuczlmn 5 needed in almost &
every program, These bits may be flags in a genesal purpese sultware rortine, indications of external con- . =
“trol _mnd.mnm or, d:u pachd :niu m:mur}* Ioc:lmns $0 m.illit mcmurj,r uhhuimn more efficjent.,

T e .,.....,-.*,'.

he *The LBD h:s th: zh:hty ™ el Teset or u:t any bit in 1hr.- l:mmulzm: my g:m:rl'l ]:mrp-uu register

of any mematy bocation with a single inst7uction. Table 5.3-10 lists 1he 240 Instructions that are available
for this purpose. Regisler addressing can specily the accumulatur of any general puipose register on which |
~'the pperation s 1o be performed. Register indirecl and indoxed addressing are available to operale on
external memary locations. Bit tesi opeiations set the Zera {lag {Z} il the ested bit i3 a zea0:{Reler to

section 6.0 for furlhcr :Jr.phmhnn of flag operation). -~ i< ote il LRI wle el ERRNN Rt e
JUMP CALL A.ND RHURN T - . LI - LI W 'l---"'--r- ¢ a0 5:1" I
. 'lt.!..-"'.-'*1 .‘r‘-l'l‘-'. o, . = L

: Figure 5, 3—1 1 l:su.zll ol the j ]ump. call ind ttluln mslruchuns :mplcm:nicd in the Z-80 CPLL A ]ump
sa bunch in 3 piogam where the program counier js loaded with the 16-bit value as apecified by one of the
1h.m: auﬂzblc addrewing modes {Immediate Extended, Relative ur Register, ]ndut:l]. Notice that e j ]ump

oy ;mup has several different conditions (hat can be specilied 1o be met before the jump will bc made. If
e 3.,1i‘u:n: mndnmn: are nol th ;hc pregam mesely continues wilh Lhe next sequenlial mslrummm Thc i
e conditions are al} ﬂeptl'ldtnl on the dala in the flag regisier. (Refer 1o section 6.0 for details on 1he flag -
r-segister). The immediale ex1ended addressing is used 1o jump 10 any Jocation in the memory, Thian- -
struction fequires ithice bytes (1we 10 specify the 16 bit address) with the juw order address byte first
fﬂ’lnwcd by 1l hlgh order wddies b_ﬂL N, “ YT e R
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- Thyee 1ypes of roginsier indirert § ]ump: arc alsg included, These intiruclions see unplumn[nd by loading
- the register pair HL o1 one of the index registers 1X or 1Y directly into the PC. This capability sllows for.
pIﬁ;umJump:. 10 be » funclion of Plt‘hmitl]l:ulllm oo il e o by 1N a2 nlinn

. = - T oA ] -'r_....- ' -

" +h -
Aalliss ;pc.::u] form ‘of a jump wheze the addsess of the byte fnllnmn; RV Sl Brsuicrion ta? H ]
pushed omo the suack before the jump is made A return insirection is the reverse of a uﬂ becauze the © .
S dala'on the 1op of the stack & i pupped direcily into the PC to form & jump ldd;rm The'call and. r:lum
mnrucllms allow for simple Subj ouline and inurmpl hagdling, Two special n:tum \hisirbetion have 'I:-un
'neladed in the Z-BD hmﬂy dtumpﬂnmu Tl-c Jefurn fiom imrrrupt insreciion {RETI} 2pd Thé ﬂ:rurn
t from non maskable interropt {RETN) are’ uult& in' the CPU 33 &n ‘unzamdilional uh:rn Wedtkcaltothe OP * -
" *: code COH The difference & 1that (RETL) can be' wed x1 the'end of an Tnterrapl rouning and all 280 feripheral’
- chips wil secognize the execulion of this brstruetion fior Froper contyol of posted prioity inferrupt handling.
, 'Thisi nstriclion toupled wilh the Z-80 peripheral devices implemeniation simplifies the mrm:l relurn from
- G st =d interrupr: Withtn this Teature the ‘Iul.lmur;’ witware sequence would be nruu.ny 1o mJ orm lht « P4
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Disabie Intcmmupt ~ prevent inlerrupt before
ToULILE 35 exted
(DA n — wolily periphersl that sepvice
OUT n, A routine js complete
. Enable Inlerrupl
Return

This seven byte sequence can be 1eplaced with the one byle El instruction and the 1wo byle RET] instroction
in the 280 This is imporiant since interrupt service time often musi be minimized.

To fagiitate program Joop contrel the instrection DINZ e can be vied advartapromdy. This two byie,
1elative jump instruction decremems the B regiuter and the jump occurs if the B repisier has not been decre-
mented 10 zero. The relative displacement s Expl':ss.td Bs @ slg,nl:d 'lwn 3 mmp]rm:nl. number. A simple ex-
ample of ity use might bl:. - N . : L. . --

. L]
. . a4 " '
4 . ' f

Addsess Insuruction - CoL i T, Comments” .
NN+] ‘.I.DB? ) Tt T sl B register 10 count of 7
K+4210N+9 {(Petform a2 sequence - A S
of instructions) :1oop to bt peformed 7 times
"N410, N4 11 DINZ - itejumpfrom N+ 12 to N+
N+ |2 (Next [nstructicn) ) ’ .
CoNDITION
- WON wou |ramire lraminy| sew | tiow | mew
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Table 5.3-12 [ists the eight OP codes for the restart instruction This inslruction is n :mglc byte call to any
af 1he eighl addresses listed. The dmple mnemonic fov these eight calls i3 also shown. The value of thic in-
Hruclion i thatl I'qu.ltl'll]f used 1outines can be called with this instrction (o minimize memory unge.
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“he uu hls an exi:nﬂve ul nf Input md Qutput in:irucunm x thuwn in ubl: 5,393 and table
-53 H The sdd ressing of the input 'or oulput deviee can be either absolule or register indirect, using the €
. -Eegisier. Nolice that in the registee indirect sddrestlng mode dala can be lransferred between the 1/0 devices
..and any of the intemal registers. In addition eight hlock trarger instruetions have been impiemented. These

Tlen irtst.ructmm are simbar 10 the memory hlock transfers except that they ute register pais, HL for a pointer 1o

the ; mmnry savzce {output commands) of destination (inpul commands) while registes B is used 52 byle
countet. Regater C holds the sddress of the port for which Lhe input or vutput command & desired, Since
ltpﬂ:ri B cight biis in l:n;ﬂ:, the [0 block 'Ir:nsl'tr wrnrnand handﬂcs up to 156 bytes. -~

-~ |,_.,___ .
v Inthe Instructions IN A, n and DUT n_ A the 1}O dmct lddrtn n uppnn in the lowes h:lf of the Idd-

- regt bu: (Aﬂ-j.;-) while the sccumulaior content is t:ransl':rui! in the upper half of the address bus, In el reg-

ixter indirect inpul outpul instrsetions, ineluding block 1/ 17ansfers the cantent of register C b transferred

to the Jower kalf of the-sddress buy {drnu :ddr::.;} u‘h1: the comtent of register B ix 1ramf¢utd to the
uppet lull'urlhe :ddr-:ssbu:. .
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) The final table 1able $ 3-15 Hlustrates the six general pfrpose CPU eontrol insizuctions. The NOFisu do-
nothing instruction. The HALT instruction suspends CPU operstion until a subsequent interrupt it received,
while the D) and EJ ate used 10 lock out and enable intesrupis The taee interrupt mode commands set the
CPUin1o any of the {hree available interrupl response modes 23 follows If mode £2ro ju set the interrupling |
© device can insert any inttruction oo the data bus and allew the JEPU N0 eaccute Jt, Mode 1 35 »  simplified -, -

*‘mode where the CPU sutomatically executes & testart (RST) 10 kicitian masu to that no nt:mtl hardware -

:' -8 requited, (The old PC conlent is pushed onto the stack). Mode 2 it the most pow:rful bn thatif allows for -

~an indirect call to'any Jocation in memory, With this mode the =) Tormi'a’16-ii memory 18dress Where it
1347 l'.hl: upper B-bits wre the content of register | and the Jower B-bits art :uppred by ihe inttrrupﬂnl‘&j!‘itl .

5 '"l'hit address points to the first of two sequential by in & table wheie 1he addreii of the Service riutine b 7+
*-Tocmed. The CPU avtomatically obtains the :lamn; address and performs » CALL to this addrest. *F
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6.0 FLAGS . ‘ (

Each of the 1wo Z-80 CPU Flag registers cuntains sia bits of informalion shich are seL or jesel by
various CPU operstions Four of these bils we Lestable; thal is, Lthey are used as conditions for jump, call or
peturp imstroclions. For example 2 jump may be desbed only if a specific bit in the Mag segister s sel. The

four 1estable flag b:ls are;

+ 4
-

l] f.‘:rr}f Flag {E] This Nag is the carry Nom the highest ordes bit of the sccumaulator. For example, the
carry Nag will be s21 during an add instruction where a carry from the highest bit of the aicumualaror
is gereraled This flag is nlso se13f & bomrow 13 generated during 3 subiraction instruction The shifl

and ratate inslructions a'so affect this bit.

3

2) Zera Flag {Z] Thls fag is set :f the usuh of the up:ratlnn loaded 3 zero inlo the :ccumuhlm Othey.
e owinedbisreset. . ;._- . o . . . - .

Ll . .

3) Sign Flag {8) — This ﬂ:; is ml:nded m be used with s:gned numbers :nd il is 321 n{ th: result
-of the op-:mmn wis negalive. Since bit 7 (MSB) represeats the sign of the numbﬂ {A negative
number hasa 1 in bit 7), this flag :mus 1h= siale ufl:ul 7 in the lccumulltur‘ et -

- 4} P‘lnl} JOu etflow Flag (F/V) - This dual purpmc ﬂlg indicates the parity of the result in the accumulator

y when logical operations are performed (such as AND A,'B) and J1 represents overflow when signed
1wn's complement arithmetic cperations are performed, The Z-80 overliow Nag indicates that 1he
1wo's camplement numbez in the accumulster is in erro since it has excerded the maximom poy
sible (+127) or s less than the minimum possibte (=128} number than can be represenied in 1wo’s
complement notatior] For example comider 2dding: -

e e m s e "-'

+M0 = 011§ 1000
+105 = 01101001 {

C= 0 1)100001 = -95 (wrong) Yverflow has occured .

Here the result is incomet. Overlaw has occurred and yet there is no exrry to indigale an enor.

' _For this case the overflow flag would be te1. Also tonsider 1he addilion of 1wo negalive numhers:
5= HI11101 -

~1o= . LE1] 0000 - -

C=1 11101011 = -1 conect’ .

Nutice 1that the answes is correcl but the cu"}' #t 121 50 Lhat l:Iuis Nap, can nul be used as an pyer-
fiow indiestor. In this cast the ovetflow would not be set, ';

For logical operations (AND, R, XOR) this ﬂ:g is se1 if lhr putity of the resull is even and ll it
reset if s odd, :

Thete are 310 1wo non-testable bils in the Mag 1egisier. Both of these ure wsed for RCD arithmelic. They are:

1} Hall casry (H) — This is the BCD carry or berrow result from the beast sipailicant four bits of operation
- When using the DAA [Decimal Adjust Instruciion) lhu Nag is vsed 16 coreen the sesult ol 0
previous packed decimal add or subiracy, : .

2) Subtract Rag (N) = Since the aTgorithm for correcting BCD i-p:rninm s dilTerent Tor addinion or
sihractinn, this Map nomeed 10 specify wlhal iype of instruction was esecuied last so thai the
DAA upviatian will be voniect i gither addition o1 subnastion,

4

The Flap iegister con be accessed by the piop: ommer and iy Flormal is a3 Tollows:

. L_lflxlllj_ll',\ ~[e] . '-.

H H H i) ——— . Wmom. — ... -. il e—. - .-' -
csmoee X omeans flag i indereaninate, 5= == == v e S R

L] -t
-
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Tuble 6,0-1 lisis how each Nag bil is affecizd by various CPU instruclions In this table 3 "o indicates
_that Lhe instruction dots nol change the I'Iag, an " X" means that the Nug goes 1o an indeterminate stale, a 0=
mzans 1hat 71 §s Teset, a *1* means that i is se1 and the syrnbul 1" indicales that i1 i xe1 or resct sccording 1o
the previous d:s.r:uu.run. Nnit thal any inslruclion oS appearing in thiy 1able does not afTect any of the flags.

- 1

Table £.0-1 im.‘ludts afew rptci:l cases that must be ﬂts:ﬁbtd for clarity. Notice that the block search
instruction se1x the L Nag if ihe Jan COMpare Opetation indicated & maich between the source and the
accumulator data. Also, the parity flag is set if the byle counter {regisler pair BC) is not equal 10 zero. Thiy
same use of the parity flag is made with the block move instructions. Another special case is during block
input or culput instructions, here the Z NMag is used to indicate the state of register B which is used ae o byte
counter, Notice that when the 1/0 block transfer is complete, the zero flag will be reset to w zero {ie. B=0)
while in the case af a Mock move command the parity flag is reset when the operation’is cnmpltlt. A final
case it when the 1eftesh or I zegister s Joaded into the accumulator, the intetrupt enable Mip Nop is IUidtﬁ
into 1he parity flag so that thé complete state uf the CPU can ht saved 3l any time, - !

) B n e CIoor e Smeoue
_ LT ;- - - ) o
Tt s . A B B .
R ot
o -
.
- ¥ - -
r .r LI - - - 1
1 - "
- [ 1 " 4 ! -
m, e a7 B ot
’ 2 - PR 'l LN
" +
- (I . Frwi- L .
- Fan o, n - LICRA - -
a Al H et . ]
FEIT] P . - . '
AR L L PR A | =T e
) ' ; . [
. Foa . e -
: - r. [ + . amag [RL I e )
LI T LR LI - . L r . ' -
ML B - - ) o !
LK . Y- " ' . o | .
AL T i . ) ' ' ' *
o B L A - . | -
CO] B ARES PR Y Tkt .t o - - -
e - [ VI . ! IR T TN L -
- et urn LI =
= - .- . . ! i . " -
" (LR T A S e N N - -
P [k - T e Ve s o] LR I LA .
: ‘. , daiy ;
- _ .. P Y . . [
EACE LRV TR N | fawr A r
) . ., . -
- - -
LA T . B - ] - ' P - - '
- ' = . S .- - [
. - .- e A e - L) " '
A -t .- G LTS L SRR £ PR I T
e s - L, I,. r ' —- . - - . -
- . Wt . AAILnes . - N N -
. . . d Tt - e . .uuT' -rr s - zr
- FEE T T L s T LIS ! ' ! )
", - ! R T T R P A T PR P P S NP - -
- - . R T RU AT TR LT ATl e - R N
-t 5 -~ - e - . T .
. - R L AL FTR I Pi e ra ‘ L
S f - : ) T ) - -
T P - -y . 4 4 L e B RS T b
. N . . om T Ta e T T e T .
LT T PSR, . -t . b - -
R e L Y N o O TR et Nt e e RV A
T b . . I L 4
-._.rl R N e A T R N R I f . ~ '
DA e L B L SR I ¢ Sk en ity
ah TP A =Y T - ) L
S T I LT Y ST B - 4 -
e T ) ) : ’
- - T d FFTC Rt i g g PR TR T S . Ll . or ks .
= L T L Lant LI R TR AT e ad N
a L -
R Lt oyl YL
L At R e L S - - Do N "
. i . “ et I R DI - . oo .
e g Lt pan - l’_ am tra 7l 1-" .
Tl - (F'H ._'.lq_q,-ha_..l--\,‘ﬂ- el . L]
, . . TP ooy ol H . .
. L i L X IR R R ALY - I -
i L N L L AL - ik -,
. T
i - . P e i *. ' -
- = * L I o =
N Tt r tore . i “ rf
* i R - - ol '
- T -
- T+ n
- N e -t PR LR = .
.- . .
, - - R R . -
' i i. .
na . . . * Lo D
PR - i - wem
" L] N = . F] - H--
ah - - ' .
e 3 - w4 L , - ’ oo
., . . - e " LRI L LT F-F REPRLRTE ) . T .
' - —rat By ca w" 4 ' !
i - At e e, [ i P oo . y F
" - i A B TMla ow 4m LT A R I TS| e . -l
. B ) B N - . - El
r = " = ) :
Aty - "
F - B ’ - . .
. b - - M J-TT L S
] . . . |l — e vy e e——
. . —t mmp—— e
e, Mk ow e w em = - ol . P e
= miciumgrs - "
wan - .
- > * -
1 =
- . o

L |






| Jula

L

s . .
A lm.lrunmm
G

ar SIS

S Boe o e

Lt am
- = " ma

[

Cumm rl'l'l:l )

o

T

- - Tar
- RS T L

1 ".AND:I
OR 1. %WORK 352

INCy - -
W BLCm

L . _ADD A ADC Az, -,
t RSB A Oy, '\.tc’ b

1

L.
- .
< <%
ER-IF

P B

ST R

rpd =y

AT

F -

Edit decrement

B-bL ndd o #dd with carry

" BB webloact, sublract with carry, compate and r
T accumutator .

|]' Logical operslions | |
~And sels different ﬂ:p
& kit increment

L

B ':ﬁunm-ﬂ';-:':_w¢i' _
- tac a':..ﬁ.l:fl‘"..ﬂ -t e

- a - W F SIHLH 1. L |

S RLALRLCA F.RA RRCJA

- s

L

AL m RLCm: AR m:RRCm 7

LA i, SRA m-SRLm
RLD, RRD
DAA
CPL T
5CF
CCF
IN 1, {C} .
1M1 IND; QUTL DUTD
INIR; INDR; OTIR; OTDR
- 1Dl LD -
1LDIR, LDDR
CFPI, CPIR,CPD, CFDR

. . LDALLDAR

o BITh, 5
aa HEG - LR

"5 - -

ﬂ#unui.bg

[ I N BN B B R TR TR |
e G e e B W w owm

a1 B b oy & Ay s = oaa
R R
"ok o sl R R b s

TR EEEEEE]
" TR

-

1

AT

-
|
!
HH“

O Da-—-90R8
20 e e e A D e

~— OO = OO0
F - =N - - IR -

_15bit »dd |
lﬁblt add with ewrry |

16-bit sublzacy with cury
_Rolat¢ -:cumul;.lw

Rotste digit bl and nght

Decimal adjust sctumualator
Complement scoumulaice .
Set canry ; -
Comiplemen] carry

Inpwt pegister indirect

Block gnput and outpn
Z=01/BwGotherwin T=]

Elock tramafer insiruction

PR = 1 i BC » 0, ptherwise PPV = ﬂ-
Block starch inpirurtions

L= ]if A= (HL), ctherwise I = l‘.'.lI
Pﬁ-llfﬂf#ﬂ olherwiw FY =0

a
it copird into the BY Nag

't B

Wepsle sttumulaiar

b C-m."hnh Py, Ov1 i the nwullnn ym!urtd & curry from IL‘MHSI -l"l.h: up:rulun-m_
' Zereflag I- iﬂﬂ--llhﬂmmnmnnm . .
Sign flag. 5=1 41 ine M5N of The renslt b one. : v ’

P

. ' i W remaly of L operylion prodused an ot fiew,

ant lnd thift lacation m ’_" e

! .-1-:' - M -\.....—:'L.|,-..-

al

The comtenl ¢f the interrupt enable flip-Nlap {IFF}
The viate of bit bol locsticn s b mprtﬁ into I'hr Z ﬂq

*

Farity or evniflow Naz Fatity {F) aned moerflow {V) Do tht e nq. Logioa! wprintigi alfeeq tym fng
with the parity of Dot mtull sl wriibpmrior oper s lions TRt th Tligg 5 1B Ot 0 nflem o the rrimh. B P‘,i{‘
T ol pariy, BRIV ) AT Do resill of v opemioon i wver, FAV DS el b b OF PPV b n-nm l'nl'-] -

- "H amd N flug are used In conlund lits witl D declmad sd st warruriok (DAA) L properrly eoret the v
i . o b imle pacbed DO farmat Follerwing sidiim of wuliru thi vang operands w408 pachvll D inmrl.

- Tt flng v "

LT3 Rabimd cosdern

-

] li!.."‘ L FYTL N

am,”

. lulﬂh-rn‘r{hns}
1t vy g D, 833755
-l.-,l-hl H-I'Ilﬂ Eor 2l 1her h“lﬂl-‘“‘ll‘*l‘fﬂ'lh p-nnhmr-nu,

SUNLILANY OF ruu; 0L E.‘-‘mTIBH ;" to. .
-TA:ILE 6.0. 1~—- Ty T e ""—""'-‘"

TV Mg oflacied aceordmg 1o the o rlow ‘vesmlt af the upintu T,
FY flag ol frond ot ordang 1o The parnily el of Uk opstsatam e

- Amy one of v CPU arphien 4. 9.0, D WL, .
Apy Bt b steon for 68 The s8decwiny medey sPosed Tor By paric ale orc e, -
Any [L-Bat bnsahorn fom o 1y pddie Gn popden shioned For Shat Fobrer von,

Any ohe of e teo e n irgtien 1K o 1Y,

Thar flag b lTr cied serotdung 14 Ot vewalt of U Dpretion.
Tret fiag px unchanped by the open s,

. Toor Mg b pivrd by U opcrabon
Tha ﬂllhﬂl by Ow q;nrll.ll‘.-.

-+

LI b

a [ .

-+ . . N -
- .- a
T

—- - ]

-
e ™

-
AL

Halfcarry Tag. Hel B Lha vl wr sshinact qmllnn prodvosd b ouTy mky of barrow D by o 4 of O Kr_uh'l-
AddSubuact Ting W= I 1he provion oprrslon o 8 sub sl :






7.0 SUMMARY OF OP CODES AND EXECUTION TIMES
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8.0 ;INTERRUPT RESPONSE .

The puipeace of an inlezrupl is Lo allow peripheral devices 10 suspend CPLU eperstion in an wdetly
snantier and force the CPU 10 start a peripheral service routine, Usually this service rouling is involved with
the exchange of data, or g atus and contral information, between the CPLY and the periplieral. Once the
service royline is compleled, the CPU returns 1o the operation from which it was interfupted.

INTERRUPT EXABLE — DISABLE . v

The ZBD CPU has two intartupt inputs, 2 solivare maskable imerrupl and o non maskable inierrupi,
The nan miaskable interrupt (NMI) can nnf be disabled by the programmer and it will be accepied when-
ever 8 peripheral devioe requests i Thas interrupt is generally yewerved for very impertant functions Lhat
ryst be serviced whenaver they occur, such as zn impending power failure, The maskable interrupt (INT)
can be selectively enabled or disabled by the prograramet. This allows the proprammer 1o disable the inler-
rupl during perieds where bis program has timing constraints that do not allow it 10 b interrupied. In the
Z80 CPU there is an £nable flip flop {called 1FF) thal is set or rese1 by the programmer using the Enabie
Intersupt {E1) and Disable Inierrupt (D) instructions. When the IFF is beset, an inmerrupl can not be -
accepred by the CPL.

. LI
R

Actually, for purpns.es lhnl will be swhsequently txpldlntd‘ there 21e iwo enable flip Nlops, called tFF 1
and |FF

IFF, IFF, .
Aclually disables intesrupls . Temposary ﬂﬂ;lsf location L. '
* {rom being accepied. o foriFFL ‘-

a0 L
S v a

, R . L e -

The state of IFF; isused to sctually inhibit interrupts while IFF5 is used 35 3 temporary siorage localion
fur }FF . The purpose of siuring the 1FF] will be subsequently explained. -

A tesel 10 1he CPU will force both IFFy and IFF2 10 the reset state so thal interrupts are disabled,
They can then be enabled by wn El instruction at 2ny time by the programmer. When an El instruction is
executed any pending interrupt reques: will nol be sccepied until sfter the instructjon following ET hag -
been executed. This single insiruction delay §s necessary for cases when the fellowing insiruction s a retem
insiruction ard imertuptis must not be aflowsed until the retum has been compleied. The El instroction se1s
baoth IFF) and IFFy 1o the caable stale, When an interrupl is zoeepled by the CPU, both 1FF) o IFFz
are antenatieully roeset, :nhfhuu'-g Turther interrupts until the progrymmer wishes ro fesue a new E) instrue-
tion. Wote that for all of the previous cases, [FFy and 1FF > are :h-.w; equal. ) :

The purpose nrlFFz is to save the $1ntug l::f IFF; when a non mashable imerrept pocurs, When anon
maskable interrupt Is accepted  )FF | is seret to present further interrupts umil reenabled by the pro- -
Rrusnmer. Thus, 8fiér & non maskable interzupt has been accepied, mashable interropts aie divabied but the
pievious state of §FFy has been saved so that the complele slate of the CPU just juiot 10 the non maskuble
intenupt canbe restored a1 any 1hine, When 1 Losd Regsier A with Regintes | {L.D A, 1) instrnction or s
Loaad Register A with Register B (LD A, R) instruction i5 ex ecitied, the sm: af IFFJ s :opa:d into the
panl} flag wheie it cap be tesied or slnrcd

1
1

. .

A yecond methed nl resioring 1he stalus of LFF i thry the enevution of = Retnin From Non
Musboble Inteirupt (RETN) instructiom . Since thic Snsimation Sodicet = Baat 102 tan 2o st able rcenepl
scitice quathee iy sranplere, the cotdms of JEF~ i aes copied baskimte IFFy so than thes stas of HF
juur prior 1o the acveplance of tht nup ashable incerrepl will be rerponed autamatically,

. :
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Figure 8.0} iz a2 summary of the efiect of different instructiens on the Live enable ﬂiptf_lnp;_ i
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- A nonmaskable i;lltrrﬂ;;t will br accepred at all tirnes l'-:-.-f the CPU.When Ihis veeun, the CPU ignores
- the next instruction that it fetches gnd instead does a resiart (o Jocstion 0066H. Thus. it behaves exacily o
il 31 had secejved & restant instruction but, it is 10 2 Jocation that is ot ong nf the 8 software restart loca-

ticims, Arﬁl:numulylull lr.u:p-ccd‘nddrmmpapﬂufm:mury P
. <A e L T voetE b -"'_.:'1‘- . E.

'\'Inkahle - : ’ -

] ] -
" . -
. H " [
ealt H -

N Tht CPU nnbt pmgumm:d 10 rrspmﬂ to the muhbl: murrupi in II‘I} one r..'rf 'lhlﬂ pﬂm’hlt o
mnl:lu e vt o R SR T T S A :
Dt r . 1 T

!
.. S -, e l“ IR LR L . : ot r o=
Hnde - - - - ' . " - - A N X "
- . L] . r I- . . - ' e T - b 4+ B 1. i . 2
<. . Thismede itidentical 1o 1he BOSIA interrupt response mode, With this imode, 1he mlﬂn.lptm;, for e

w = «an place any instruction on the dala bus and the TPU will eaecute it, Thus, the interropting device pro-
“vides the nextinstruction 10 be executed instesd of 1he memory. Oflen 1his will be a restart insiroetion .-

+  since the interrupting dzvice anly nesd supply a tingle byte inn m:lion Mr:rngii\ﬂy. any othes insiruclion
such up a3 byte aall loany Incaunn in memary could be extruted. N T

4 M -
- . . 2

i, *" The number of clock l:yrlcs negessary (o execute this instructian 5 2 mute 'Iun 11: r'mm:l numbet Tos the
imruerion. This occuss singe the CPL sutomatically adds 2 wait states 10 an ierrupt te;poase cvele 10
allow sufficient 1ime 1o implement en exiemal daisy chain for priority control. Seciion 5.0 illustrates the

"« detailed Liming for an interrupt response, After the lpplmatn:m of RESET the CPU will swiomatically enter

== intlerrupl Mode 0, -

M Tt -

I

o Mudel TN L C ' , s wae .
When 1his mode hay been aelecicd by .[hr pn.-gr.nr;umll:r_"lhc CPU will :rij‘hﬁid 10 3m imlerrupl by
execaling a restan 10 Tecation D236H. Thus the raponse b dentical 10 that Ton s non makable interrupt
excepl that the all lecation js DOABH irucad of 0065H, Ancther difference &5 that 1he number of cycles
requiied 1o complele the restant imstruetion is 2 male 1hean notmal due 10 the 1wo added wait s1ales,
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This mode is the most pewerlul interrup response mode, With a surETt 8 bil h}rir from 1he user an
o indirest eal! can ht made 10 any memory location, ' ¥

With th:s mode the programmer maintains a 1::&]: of 16 'I:ul starting addresses Tor ﬂn}r intesrupt

AR R

wEEE TP

e "Il"f +i

service Tayline. This 1able may be loeated anywhere ) in memory. When aninterrupl is accepied, 3 16 bit
.. pointer must be formed 10 vbtain the desized Interrupt service routine starting address lrom the 1able.

The upper 8 bils of 1his pointer is formed from the coments of the [ register. The | regisier mutt have been
pievioudy Joaded with the desired value by the programmer, j.e. LD 1, A. Noie thaca CcrU resel cears the |

tegisier sa thai jl is Inilialized to zero_The lower eight bits of the pointer must be supplied by the inlerrupt- |

ing device, Actually, only 7 bits are required (rom the interrupling device a3 the Jeast significant bit must be
@ zern, Thas is required since the poinler is used 10 get two zdjaum by1es ta form a complete 16Dit s:mce

routine staring addrext and the addresses must always start in even locations.

desired slarting xddress 3
Inierrup ] - pointed 1o by:
Service . o :
Rouiine low arder |1 | REG 7 BITS FROM |of -~
Blarting high orde: CONTENTS PERIPHERAL
Address ¢ :: ) R
Table - roem e TIITITI O
U T e '
L e - 1
|- - —imanm mmm - — 1
1 - 7 i

Tam

i
il'-
i

dwr - mmoamrr

LR I'I"

LR

B b
[ -,

. v

The first byte in the labicluh: teast ﬂg,mﬁ:lnt (tow un:ltr] poruan of the address. The programmer must.. .« ¢

obviously fill this table in with the desired addrcms btfure any :nttrrupts are fo be acceplad. =

. Nate 1hat th:: l:lblt can be chznged al any lrrn: by the programmer (if it is siutrd in Rud_m'me i

_...1.."

- owt

4

'!-Icmnr}rjin alfow d:H:unl pcnphtuh 1o be umr:ed h}- d:ﬂ'crcni _service rnu:m:i

.L

b —

-

s Dnce the m::rrup:mg dtwcu :uPpl::s the Inu.n pun.un of th: pumlrr 'lh: CPU lummluc::l]y pu&hu

" the prugram eounier anto the sack, obrains the sterting address from the 1a%le and does 2 jump to this .-
address. This mnd: of response requires 1% clock periods to complere (7 1o fetch the lower 8 bits from the
. imterrupling device, E- 1o ave 1ht prng.r:m couner, and § 1o nhta:n 1be jump address.)

Kaie that the 280 pcrlphcla] dcm‘u alf :ntludr a duisy chain priorily interrupl glruciure that aute-
matically supplies the programmed vector ta the CPL during interrupt aanuulcdgt Refer 1o the ZEEI-PID

ZBH-SID md IEU-C'I’C manuals for details.’

LI YRT
(L - Tee ld
f
LV L I FTRTIEE R
e L
TR .
- b - :l'." 1.
el ke A ol
L LR LT
TR ]
.
. e, aroa
.
-
\
¢ . -
ioar -
-~ - -
- L
. b
" S

. W o
mtten dtiinw Tam it -

tom

Toond

1

-
PR F - - R
- .
Lo v = oo
T TR L
ozt +
. it .
T [ LI
- = - - - .
- a
— . A
Lo
E 1

e ER T L PR P
L IR SN F I

A=
o

el

[

Bmg 5oy 2= e,
agmay e 4
wpoald
. z
[ T !
PP =3
L 5 e
St i
. L] [ .
- “u L TN T1Y
=t WU TR .
. ] LR I
P .2 -
m

Tk
PR

it L

R

:;_-gqiu'. vy

- all®

—T e w7 i rft

AP LT B PR

=t

ret

. -



TN L ."-1.:- ak 1)'1: " _'il:- = -.a- M

. . - r R . onaw - "t 3
—
’ - - . 1 LI - - = . 5b
— b T R . J
G s e .
. L] -
. . . - -, a - " - I . '.|.“.l . . -
. 4 ; R
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.y © %t ce. o MINIMUM ZBQ COMPUTER SYSTEM - L
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: - . Sincethe 2B0-CPU unly rcqulm N iin;lc ‘ vnli supp?y most lm:H l}"!ilﬂ'rl.i can be :m;alcmtnl:d' usin: J'-
only this »single supply, . . . . . )
The oxcillator can be very simpie since the only requirement ks thalitbe & 5 voll square wave_ Foy '
" systems not running at full speed, a simple RC oscillator can be used. When the CPU is operated nearthe -
¢ highest ponible frequency, s erystal oscillator s generally required because the sy<em timing will not it
_ v+ Aolerate the drift or jister that an RC neiwork will gencrate. A crystial (acdlalor can be mede frem inseniens
. ..nd a few discrete l:umpnncnts o munulilhic n:mm arg widely :H-:thlh . . Y . sy
? N i Theexteenal memur} can h: Il‘.l} mixlure of :hnd-'rd RAM, RDM o1 FROM. In rhu s:mple rumplc
we hwt thown'a single 8X bit ROM (1K byles) being utilized a3 the cnzire nwemary sislem. For this | . .
" . . example we have assumed that the Z-80 internal repister com fifoalion comains s Mvien) Resd, Write '
_ * sHiage m:'h:l nrcm: Rur mrnm} B ot required, Y — R
L L.:": v '.. ::_;.. r- . = "3' . l._:_ : - ] '}: L . ._-_:_
',- ) ) . . - - - 'j M .:
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Every computer sysiem requires }O efreuits 1o allow it 10 inlerface Lo the “real world.” In this simple

example it s assumed that the ouipul isan B bit cuntrol veclor and (he ipput s an § bit tatus word, The
inpul data could be pated cnio the data bus vsing sy stundard frisstate griver while the culpul data could
. be 1a1ched with any 1ype of standard [TL latch, For this cxumple we have vsed 3 ZEO-FIO fur the O
circuit. This single circuil attaches to the data bus as shown and provides the required 16 bits of TTL
compatible 1JO. {Reler 16 the ZE0.PIQ manual fur details on the openatton of this cirewit.) Nolice in this
example that with only three LS cucoits, a sim
powerful computer has been implemented.

ADDING RAM

Mnst compuies Systems Il:;:il.liﬂ.' some amount of external ReadWrite memnory for data s'lorlx.: and to
impl ment a “stack.” Figure 9.0-2 illustrales how 256 bytes of static memory can be added 10 Lhe previous

4

v

4

F e,

example. In this example the memory space is assumed 10 b2 organized as follows:

ERERREE

aaq

_—
et

Addreu
.| OODOH
LK bytes
ROM
03FFH
256 byles _0-4100!*_1 -

ple escillalor and 2 single 5 voll power supply, 2

ADDAESS BUS .

U"‘n“":

MALG - RO RO E T 13
--—Oﬂ‘ “'_D_ cg‘ E'. [#]1+] CI.1 RQ
’ A 1K= B v T Iabred 56 w4

.. ALM A . AAM Jag AAM

- -m—oc:: L N LR !"ILHM R :[2 o 1:"’“ AW - Ciy 10
dg- by - do-y * : %
BATA BUS .
FIGLIRE 9.0-2

" ]

In this elagram the sddress space is deseribed in hesidecimal wotation, For thit'ex.
scpatates the ROM space fiom the RAM space 5o that it can be used for the ciip select function, For
latger amounts of exiernal ROM or RAM, 8 simple TTL decoder will be requited te furnm the chip selects.

MEMORY SPEED CONTROL

Fur 1rl-2ﬁ_'||' applications, it may be desita®le to use o s mcmonies Lo e iee costy, The WALT Yine on
the CPU allews the 2-80 10 uperate with any speed wmony. By se niing back 1o sccivm 4 you will covice
that the memory access 1ime requizemenis ace mosl sevese during the M3 cx e iindroction fewch. All other

AOM 8 RAM IMPLEMENTATION EXAMPLE

v

-
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- 1

memury aczesses have sn addifionad one hall’ of & clich €3 ¢3¢ 10 ke couplered. For this reasen it may be
desireble in some applications 1o 3d8d vne wail staie 10 the M1 ev2le su that dowen memonies can be wned.,

F:rnz 803 js an ovanpls of 3 ceple ebeniv thar will sezonplish this seek, This caenil cen e cha ged 0
Lol 21uke fery vy et 2ot in e 3 Dk,
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. This section is inlended only to serve as g briel introduciion 10 interfazing dynamic memories. Each

individual dynamit RAM has varying tp:ciﬁ::iium that will require minor moedifications Lo the description .

given here and no'attempt will be made in this document 10 give derails fuz any parlicular RAM, Separue
application noles showing how the IHD{FU can be H'Ihlf-\.l‘d 10 must por: wlar gy mtmc RAM's are -
avatlable fiom Zﬂn], - . ‘J ot I"" o -

: Figurt 9 ﬂ~5 illustrates the Togic necessary 10 imtesface BK bytes of dynamic RAM using 18 pin 4I(
:lymrmc memaries, This [ifure asaumes that the RAM®s are the only memory in 1he IYHem 30 thal A
used to select between the two pages af memory. During refiesh time, al} memuries in 1he syitem most bt
read, The CPU provides the proper sefteth addsess on lines A lhmru:h Ag- To 24d additiunal memory 1o
the tvstem Itk necessary to orly replace the two eates that operate on Ay with 5 dacnder that operates
an all sequircd sddress bits. Far larper svviang, tu.rl'l'ﬂ‘lngr far the addicis and dats Sus ir 2l £ n*:.lly =
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10.0 SOFTWARE IMPLEMENTATION EXAMPLES ® -

apm

10.1 METHODS OF SOFTWARE IMPLEMENTATION

Several different approaches are possible indeselaping software for the 2-80 (Figure 10.1). First of
al), Assembiy Lanpvage or PL{Z may be used 28 the source lanpuage. Thew languaprs may then he trans
lated into machine lanpusge on 3 commiercial time shating Tacility using a cre<s-azec1vbler of C1ass-compiler
or, in the case of assembly lancoage, the translation can be aceomplished on a Z-50 Develapment System
wung a resident assembler. Finally, the resulting machine code can be debugged either on a time-shanng
faciliry using a Z-EQ simulator or on a Z-80 Development System which uses 3 ZSO-CPU direcy.

ounCE
LANSUAGE B TRAMLLATHIN L _ _ D DG G IWG
RESIGENT ASEEmBLER .
ALSEMBL Y - CEVELOFMENT
LANGUAGE - EYSTEM
MACHINE
CACSS ARIEMALER LAMGUAGE
PL/Z DR DTHER
HICH LEVEL i SIMLULL TOR
- LANGUAGE j——-[ CROSS COMPILER ST

FIGURE 10.1

Inselecting a souree banguage | the primary factors to be considered are clarity and ease of program-
ming 3. codr elficiency . A high level language such as PLYZ with its machine independea consiructs s
1y pically better for fonnulzling 2nd maintaining algozidims, bul the resulling mathine ande is vivally
soefrew hat Tess efficient than whal can be writien directly in assembly language. These tradeaffs can often
. be balzneed by combining PLZ and assembly larpuage rounines, identifying those portions of a 13tk which
must be optimized and wriling them as assembly langiage subroutines,

Deciding whether to use 3 resident or cross assembler s a m:ltﬂ:ofava't]abiht} and short.term vi,
long-1erm eapense, While the initia! expenduure for o develapment system is higher than 1hat for a time:
shating terminal, the cost of an individual asiembly using a resident assernbler is neglicible while the seme
uperalion un a tunie-sha ing sysiem is relatively expensive and in a short time Lhis cost an eguad the fotal
cosl of 2 Jevelopment sy stem.

Debugging on @ development syslem vs.a simulator is also a matter of avalfability and ¢xpense com-
bined with operational fidelity and fexibility. As with the aseembly process, debugging is less expensine on
a development syslem than on a simulator available through time-thering. in 2dditian, the Gidelity of the
upcieling envirgnment it preserved through teal-tune execution on o Z50CPU and by connecting the ;G
ang menary ewnponents which will actually be wsed in the froduction sysiem, The ¢nly advantage (o
the wre of a simulator is the range of criteria which may br selscted for such Ceb zing provedures o 1rac-
ing und sciting bueaw points, This fleschility exisls because 3 sofiwaie simulg lion can echieve any degree of
conplexily in it inlerpretation of machine instruchons while developrient sysiern procedures have hard-
wate limitations such as the capacity of the real-tune storage module, the number of break point registess
and the pin canfiguration of the CPU, Despie such hardware limitations, dthugging vn a2 deselopment
gyslem is Uypically more productive than on 2 simulator hegsuse of the ditect interaciion thal is posaible
balween the progiantiner and the authentic exttution of his program,



10.2 SOFTWAREFEAIURLS OFFERED BY THE Z50 CPU

The Z-80 instructien sel prosade’ the oser witk 1 Lirgs and flenible cepervire of operations with whizh
to fonmulate ¢oanrol of the £30-CPU,

The prinary, ausliary and index registerss in be veed in oid the arguments of suthmete and logieal
uperationg, of to fonn nemery addresses, o 15 fast-aucess tlarage for fieguertls oyl Juts

Infarnaiion can be mosed direstly Teom sessier 10 repister: fom msinony to Memory; ltom Rrmory
10 registers: ot from regutens o memars. In addiior: TEgiRe; zonlents and repnTer Memen Canisnts LIn
be evchangsd without asing tinperay stesage. Inparticular. she contents of pranaty ity Joaanilin tezisters
fan be :ompltlr voeaclarged By enecuiing oudy wa insitugd mm S oand Exy The r.;:ﬂcf r\.hhﬂ._h
pruceduie can be used T st parate the w1 of worlang roodters Beswern S ferant il Pracedures or o
eapand the wzt of avaiiable regreiess in a singls procedu:e.

Starage and retqieva of da1a between pors of epstest and miemney can be contredted oma lastan
first-aut basis througl PUST and PUP Snsirectons which undice a speaal s0agh poneser ogister, 8P This
stack register is avaifakle both 1o mar irnlale daka zad 1o utt amali iy shere and petne abdrasees for
subrauiine linkage, When o sibeeanne ceddled, oy evaple the address followi i e Callonsr, o
s placed an the tep af the pooshdown stack pointed (o oy 5P, Whan a suboouine .: Lrmg L the 2

Jroutne, the addrsss on the top of the stuock s used 1842t Zhe ;:rr pie eounter for the addeass af the ext
bastruzuign, The ttazh poriter 15 adjnsted smomanzaiin to refiect Ui ..urr:r.: ,._.p alh pUilion 2unng
PUSEH, POP. CALL and BE D instruzners, Thas s1a0h merhanish aliows pushdzwen daa sian ~; and sk
roerlinge calls 1o be newicd 1o any pricuca! depih becausr vhe stach area can patentrany beoes lirge 3%
ety Sl

instructions. .ﬁl-!n 1|1¢ 'E'\fcl.l”l!ﬂ D:I. an 195-”1--1'-!3“ ﬁnﬂ'h wiILa .-I--!k -:‘l‘ll 4I:|! Can b" werdsesenirgta
conditional juitp or return instiudliun. Thest insirusiiens fanede Taeeal somieol foilwing the merpels-
tien of savghe Bin, e by te (urg sixteen il dota goannities,

A full ser af logical operancas, iadliedisg AND, OR, MOR {evclueine - QR UPLINOR 1,3 NEG
{twa's complementy are aviiiabe for Boolz2an opeiangns boiween the accwnulate: and 1) ol other ez bu
registers, 2} memarny losations or 3) immediate Dp[‘.d.n_,s.

fnoaddinen, a Sl st of aeithonetic and Logizal shifts o7 both diredtieas arg avenible whick cpeqare
on the comtents of wl gt proiary r-.*ust"s or Livegtly wor g sy focatn, The ey g Lenbe
ificbustad ar cinply set by these sDdfs ineractions ra ""uHJ" Sath rha tearing of shifl resuits and Lo lirk
PEgisle t/ TEEinIes b 12 gt/ IRy 5h1"1 up:'znors '

103 EXAMPLES OF LSE OF SPECIAL IS0 [NSTRLCTIONS

&, Lrvus e dhan a sirng of dotain memary sasting 2t locateen CDATAT Lot Boreeed sito
afeGIer A ida ©F Bleiaery starting af wedation TBUFFERT and that the stneg feestit i 3T Byres Ths
opeeation cun be scconphehed as follows:

LD HL ,DATA (START AlBDRESS OF DATA STRING . .
LD DE ,RUFFER (START ADLERESS QOF [ARMGET BUFFER

LD BC 717 (LENGLIN ¥ DATA <1RING

LDMR MOVE STRING {Ra0Sdad MLMCRY (5INTID 1O

GBY HL INTQAMEMORY T A HION PUINTeD 1D 2y DE
(ISCREMENT HL AND DE, GECRUEMENT ol
,I‘RD(LSS LNTIL BC = 0. -

1Y by s arce veguined o ‘Lin.-ih‘nlmn and eweli Ryme of g ds emened in 20 bl b oveles



Lety avsume (hat a siring i imenumey wtarhiny of lozcapon "DATA™ v 1o be moved inte angiher area
of memory statting 21 locaziun “RUFFER™ watil sn ASCI S churacrer [used 35 stnng del.mter) g
found. Let's alva avome thal the mavimum sinng lengih s 137 charadien. The eperation can be
performed o4 Tollows;

LD HL ,DATA 1STARTING ADDRESSOF DATA STRING
1D DE ,BUFFER STARTING ADDRESS OF TARGET WLFFER
LD BC 132 IMAXINMLUM STRING [ RSWUTH
1D ALY CSTRING DELIMITER C GLIE
LOQP.CP {HL) (COMPARE SMiZMOURY LONTENTS WiTH DELIMITER
IR L END -3 VOO TOENDIF CHARAMUTERS U AL
LDl MOVE CHARACTER CH Ly o r UE)
INCREMENT HL anD DR, DECREMENT 3t
ip PE , LOOP :GOTO LOOF” IF MURE CHAHACTERS
END: tQTHERWISE. FALL | HROLGH

VWOTE PV FLAGIS LSLD
(TOINLHCATE THAT REGISTER BC WAS
TDECREMENTLD TO ZERO.

19 byies e reuired Tur thisy eperation, i
Let us sssuene that 3 {éadiot dessinal nunber reprasesied in packsd BCD fomnir emwn BUD2ins

briephas i kb uled v shosanin the Fipure 102 mnorder to mMechemds BUD mctiphizanien oo
division, [he opeaation cin he oo mmpinhed 5 Dollowes

L.D HIL DAy SADNEYsS OF VIgsT vy TR
LD B,COUNT SSHIFT COUNT
i XOR A WCLEAK ACCLAMULATOR
ROTAT:RLD ) sROTATE LLFT LOW ORDER M 1N ACC
SWITH DUCITS 1IN {100}
INC HL CADVANCE MEVMORY POINELR
DINZ ROTAT -§ ‘DECRCMENT B ANDGO TQOROTATIF

(B IS MNOT 2ERO, OTHLRWISE FALL THROUGH

Il byles are required fur this operation,
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D.  Let us assume that ane nurmber is ta be sabtracisd from arahes and a) that thes are both n p'i.;L.,-d
BCD fornar, b)Y thar they are af equal but vayiag lenesh arad @3 that the sesaltis 1o be slursd inothe
location of the minuend. The aperation can be ace aplished as follows:

LD HL , ARGI (ADDR! 5% OF VINLEXD
LD DE , ARG :ADDRESS OF UK R AHEND
LD B8 ,LEXGTH LENCIHHOF TWO ARCUMENTS
AND A CLEAR CARRY FLAG
SUBDEC:LD A (DE) SSUBTRAMEND 7O ALC
SBC A L {HL) cSUBTRACT ML FROM ALC
DAA ADIUST FESUL ! TO DOy L CONEDVALLE
LD iHL) A <STORE RLSLLT
isgC HL CADVASCE LT ORY I'MDiN T RS
INC UE
Ging SUBDEC = 5§ CDECREVEATEB ANDOATO »S)-LEC |F B

wT ZERO, OTHERWISE FALL v 14RAUCH

17 bytes ure requires far thits opziatien,

104 EXAMEPLES OF PROGR WMING TASKS

A, The folluwiey pocgramsentsan arrny nl vtz ok e Re range 00798 oo end
darandatd esaloan e sening o'ecsnhm, ’
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ulf2376 11:14:37 ' RLENLE 1 ISTING PAGE }
LOC ORICODE  3TMT SOURCE STATEMENT

[ ot STANDARD EXCIHANGE (BUBBLE) SOR T ROUTINE =**
b
3, ATENTRY: HL CONTAINS ADDRESS OF 113y
4 CUONTAING NUMBER OF FLIMLATS TO BE SORTED
5 {1<C<258)
6
T i ATEXIT:DATASGRIED IN ASCENINNG ODRDFR
A )
9 ; USEQFRECISTIRS
Mmoo
It ; REGISTER CONTENTS
17
13 ., A TEMPORARY STOP ANE FORCALOULATIONS
la . B COUNTER FOR DATA wiiRAY
15 : C TLENGTH GE DAT A ARRAY
s . D FIRST FLESENT IN COMEAHEINON
17 . E SECOND ELEMENT IN COMP A RISON
M 0H FLAG TOINBICATE caCILA S CE
19 : L tNUSED
o Ix PUINTLRINTO DAt A ARy
Moy UNUSLED
2 /
neag  222w00 23 SORT: LD (DATA) HL CSAVE DATA ANDRENS
0:  CHRIY X LOOM: HES FLAG H DINTTISLIAL AU SR FLoan
DOoOs 4l 25 LD B.C CINIIIAT ZE LESG T L O N ER
uode  0f 26 DEC © AT ST FOR TS TING
W07 DLD2AZEDD 27 LD [N, (DATAY AITEALIAE ARKAY MONNTLR
ouOB  DDTEDD 28 NEXT: LD A LIX) CFIRST FLEWEN TIN ComIb aibis0N -
OODE 57 % LD 0. A CTEMPORARY STORACE Ful TLEMENT
O0F  [DISEQ! ki) LD E_{IX+1) CSEE DSDVELIVES TN GO ARE0Y
o) I N 31 SI'B E LCONTARINS N IINT TOSFUSND
I3 )y 37 IR NC, NDEN=5 B RIRST o SToons NO J P
W01s DD 33 LD {1X1 E CEACHANCE AREAY ELEMLNITS
v0ld DD 34 LD fIx+14D
BGIB CHCY 23 SET  Fl.aG . H CRELURD FATHANGE OCCURRED
D i 16 NDEX: O INC Ix SPOINT 1O S ENT DATS EFFUENT
WIF  I0EA I T B DINZ  NENT-S COUNT T SBLR UF 08 20NN g
38 CREPLAT I SOINE Do g st
izl LHid i HIr FLAG. H DR PRERAISE T A s b ta U REED
N23 TUDE a0 1] N2 _LOUP-§ CUNTINUE IF DAT3 L ASURIED
005 9 41 RET COTHERWIAL. KN
4
K126 43 F1 oA Foar COESICNA TGN OF VUG RIS
A 43 DATA:  pEps 2 ) SSTORAGE 7P [T ALGKL S5
4% END

~}



B. The fallnwing program multiplies tvo unsigned 16 bat integers and foaves the resull in the HL regiaer &
pair.

01121476 11:32:36 MULTIPLY LISTING PAGE 9
LOC CHICODE STWMT  SOUHCE STATEMEST

0000 1 MULT:; LUNSIGNEDSINTEEN BITINTECFR MULTIPLY.

2 ON ENTRANCE. MULTIPLIER IN DE.

3 SMULTIPLICASND IN HL

a

5 ON EXIT: RESULT IN HL.

E ]

7 REGISTER LISES:

8

g .

10 H HIGH ORLER PARTIAL KESETLT

11 L LOW ODRDOLEKE PAATIAL BEESULT

12 D HIGH Dl o eI e

13 E LOW QRDEK VULTIPLICAND

14 B COUNILR FOR L SBER OF 3188

15 C HIGH OFDLR LIS OF 2y DLIER

16 A LOA ORI BILA T SULTHY LR

17
LK 0610 ) Lo B.Ib, BUMHBER GV EYLS <107 AL LA,
O} 44 19 LD C. I .‘-'lﬂ"n.fE MULTHEU LR
O3 1B 0 LD A E,
w4 EH 1 EX DE. 1L MOVE SIULTIPLICAND
POUE 210000 2 . LD HL, O CLEARTARTIV REsULT
Ok CRIG 230 MLOOP,  SRL C; SHIFT sl LT e Bt r
00da  IF 24 RRA LEAST SHGSEIT a™ T BIL IS

25 : N CARRY.
i gal: ] 2001 - 1R RO NOADDSS: WA AR SSIP TEE A7
twD 19 My ADD L. DF. LS wiee b Bl AN 1O

5 PARTIAL 2610 T,
wuE  EB 29 NOADD: EX DE. HL. SHICT 0 LR ICASD VLT
O F . 30 ADD HML.HL: HYy WICLTIPLR (NG IT BY 7™ 0.
0 ER 31 EX DE, HL: -
M1l 10FS 32 DINZ  MLOOP-S: " KEPLAT UNTIL NO MORE BITS.
sl C9 T3 RET:

33 END;
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¢4 1

£30-CPU
Zilog (NSTRUCTION SET .
ADCHL, = EcH vi'h Rarey Reg. i o3 HL
ADC A 1 B.dd vith cafry oparand 3 10 A0,
ADD A, n Add value n 1o Ace. '
ADD A, r A<id Rrg. 710 Arc,

ADD A, [HL]
ADD A, (1% +d)
AN ALY 2l
ADD HL, =
ADD ¥, pp
ADO 1Y
AND 4
BIT b, {HL}
BiT b, i1%-d)
BIT S, iy -d)
BT b, r

CA%l ¢g, nn

CALL nn

CCF
CF«

cvD

CrDR

oy |

CrR

Add location [HLY to Acc.
add Incation (1% -di 10 Ace,
apd lacatipn HY+d! 10 Ace.
fidd Reg, pair ssto HL

Ldd Rag pair ppto IX

fdd Feg. pairrrio 1Y

Logizal "AND ol eperand 3 ond Sec.

Test BIT b ol focation LHL)
Test BIT b af lazaticn [1X+d!
Tewt AT bof lostien (1Y d)
Test 41T Lol Fug, r

Call sptenutine a1 lucation nn if
cancition g il true

Ur-oditianal call spkrouting at
lecation ot

Complement cary [Tag -
Cnmpare cpecand 5 ith Are.

i AT DL (ML}, 1 fcn
draromzat HL ane BC

Compare iozahon [HL) and £oe.
dac:oment HL ind BCon et

~uptil FC-=0

C:oovare boesatiae IR o Sy
incr=mant HL and decrennent o

Counpare 1ocation (HL} ond Ace,
incsemmeat HL, dege2poonr BG
o rnanl G0

antfae 'Y )

Pe-joaat ol t Age,

- .

S TUTRNNC R 1 B

DECIY

DEC 1w

- Dl

DINZ e

El
EX {5F], HL

EX {5P}, IX

EX ISP 1Y .

EX AF, AF'

EXDE, HL

EXX

HALT

IV O

[ |
I 2

IN A, In]
iRy {CI

VNG {HL}
NG X
I (7 - )

INC 1Y

INE (Y~ d)
INCr
LM Y

|G
128

NI

Decrement BY ;
o (Al
Cecreinenl Reg @ ir s

Dratle intermipts

Cwrtrrent B ond Juinp
relstive ol B0

Enibfe i 1gnupts
Suthan go the Incation (ST} .- 7
Erchan, e the losation (5P - -

Exchang: the lagaton {57 L ="

. Eachange {he cuniints of AF

and &F*

Cachenge thecantens ol GF
angd HL

Evchamgp the ponivaivnf 20, . F
HL with ggatanit ol EC°, De7, -
Frapig li-ely

HALT {iai for wisrrumt we 2ent
Set inteerupt mo2s 0
Bt dotarrmter 1 1
Setinty, Lptoacded

Lead the Sce, with irput B
device 1y

wrld the Rej s .-l.:lh TR
device 1G]

Incro.~ent lpcztion [HL)
Incresrant 1%
:.rﬂ*.“-_- ., !'..:.'.:;I"I “)i' 4

Iezpl e 1Y

Lot ome=t logatica (1Y -d)

1 ]

R X I T
T T S A

Losd Vg etian (4L wath tey ot
bram rurt i1, A an el ML
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;IR

JP{HL}
JF {1 %)
JP Y

JPce, nn
AP nn

WC e

JAw

JPNC &

AANZ, .

JAZ ¢
LD A {HC)
L A, (DE)
L
. LD A, fnn}
LD A H
LD (BC), A
LD (DE), &
LD [HL). n
134, en
LD HL, [nn
LD [HL], r
LD A
LFIX, rn
LG X, (nnl
LD (iX+dl, n
LS W HAEY
"IV, nn
¥, [not
TRTAIE

R I

P | I A

lerg lncation (HLI -with input
hiom priet 1) ar <re Aot HL
awddicreaent B, rejcat untid

a-0

Uasandition.d Jamp 10 (HL)
tinzanditional Jurp 10 (1X]
Unconditrial dump to [.IY}

Juep ta lecstign onaf
canditien cc is true

Uneanditi mil jump to lacation
nn

dump refative 1o PCe if carey =1

Uneondisignal damp relative
ta FCee

Jump relative ta PCe if carry=0

Jump relative 19 PCre il non
sero (201

Jump relative to PCre i zera (2+1)
Load Arc, with locatiun (BCH
Laad Acc. wils Incation {DE)
Laad Acc. vith |

Lnad Ace. wath Tocaiion nn

l oed Acc. vaith Beg. R

Load lacatic n (58S vath A,
Load lozatian {DE) with Aer,
Lead location {HLY with welue n
trug Reg poirdd withoilce nn
Load HL with l.cation Innl

Load lozation tHL] with Reg. r
Le.d ) with Ace.

Pead 1 wath oo an

Laad {X wilh lozation {nn}

Poud fozalion (02X e} ottt vilue n

Pord it 23" 1707 -2 0 Rengo r
Lecd 1Y wii vl nin

Load 1Y with %ot fiaal

[ . T AL ' .,
AR A th R
1 L4 L. 11 - -
. . w ' o r

L0 {anl, A
LO fnnl, do
LD {nnd, HL
LD l'nnl'r_llx
LD [nnl, 1Y
LD R, A
LD, {HL)
LDy, (1X+d)
LD s, (17 +d)
LDr. n
LOr, ¢

LD 5P, HL
LD SP, IX
LD SE 1Y
LDOD

LDDR

LLH

LDIR

KEG
rQP

CH s
QTCR

ot

tuUT{Ch r

STl A
LUID

el

Load location {nnl with Acc.

Ll

Load location {nnl wﬂh.Hrg. gt ad
Load loeation lank weith HL
Luad lacation Inn) with 1X
Laad tocation {nnl with 1Y

Liad ® with Ace,

Loud Rug. ¢ wihh lucation {HL} ,
Lozd Reg r with locstion {13+ d)
fLoad Reg, rwith location (1Y -di
Load Reg r with «2lue n

Load Reg. r vatk Reg ¢°

Load 5P vath HL

Load 5P with ¢ X

Leaod SP with 1Y

Load bocation [DEY w-th fazann
(ML) derement DE, YL an2 30

Locd lecat o IDEE with e (2tion
THL), decrement BE, YL une 70,
repcat unnl BCrQ

Load locarian ADE! with irzanon
{HL), inmesyment OE, HL,
decre;cen BO

Locd 2acion (DE) » 201 ian
(HL], inzi=rent DE_ HL,
drerement BC and ré.031 wolil

BC=0 )
S T
T SRNEILIT. |

Logizal "OR" ur operiond @ oind Ace,
Leoad eutput port (G0 20th b 7 tian
fHIE S ey HE ondd 80, ot
ERSTR |

o Lload e cipat poab G VT hn

(HLE inerzmnt HL clzrgaom B,
fepeat ualil -0

Luad et poert 320000 T

LesTostp iy wilnl vt e
Load ouri et gt A0 407208 e 2020
LY, oo et HL 2 B

LI VTR | ol AL
JULT L e, '
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P
CIPIY
POP gq
PUSH X
PUSH 1Y
PUSH g
RESH m

RET
RET cc

" RETI

RETN

RL m

RLA

RLC [HLI]
AL hX+d)
RLC (1Y +d)
ALCr
RLCA

RLD

. - I1X-with topuf itack

Foad Y ooth top of stak

Load Reg. piir qq w.ith tnp gf steck
Load 1X onto <lack

Loed 1Y ciito stach

Lead Reg. pair gg anto stack

RArct Bt b ol operand m

Fleiurn fraf sbrautine

Fetyrn fram wwhrautine if condition
cc iy true

Seturn from interrupt

Return Ho0 man mashable interrupt
Rotate left throush carry operand m
Rotate |=11 Lee throush earpy
Ratare lecatima sHL) left cirgular
Rotate lezation (X +d) lefy circular
Fotate Incatian (1Y +d) 10y cirgutar
Fursieg - g0 r lett cireular

Rotate It carzuler Apc,

Raotare Sigit lefi and rizhd betwten
Arc, g Tocation (HL)

"RA m

ARRA
AAC m
RRCA

RRD

R5T p

SBC A, s
SaC HL 55

5CF

SET b, LHL)

SET b f1x:2]

SET b, (1Y =2

S$ET b, r
LA m
E';Fl-"\ m
SAL m
EUT«

XOH 3

Z8OPEO
£ 804 PIO

Technical Manual

Rotale right theongh Lo '
Aotate right Acc. tlrr M.y
Rotste operand ip i " git wlor
Rotate right e aular Acr,

Ratate gt ng"t mod 120t bes e
Ace, gnd fncation (HL]

Restart to locatinn p

Subtroct apsrand & frem Ave. - th
carry

SLEhir.n;t Reg per oy froin HL «th
Carry

Se1carmy flag(Ca1])

Ser Bit bof lezation [HL)

Set Eit bol locatian [Tk -g)

Set Hit baf lugation (0~ di

Set Eit boaf Aeg, r

Studt gpeiand mylelt aroses =0m2
Shity aprednd ekt Dot T
S itp anrgnd At b L
Subtruct opeland s Jrom Az,
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1.0 INTRODULTIQN

The Z-50 Paaticl KO PMO) Cirount b 2 programanble, two port devive which proswdes s TTL
wnipanhile fneris e betweon penpherg) devicey and the 29 TP The CEU Conwonties the 750 PIO
fooamterfece with g wide rungs of periplieral deviczt with novngher exdernal loww regiir=d Ty preal pes ||:.'ruurJI
desives thar 2ee tully cuenpatirlfe woih rne Zai PIC enclinde mnt sy huards, papes tape readers amd
punches printens, PROUM prograniners, etd The TR0 PIO unlzes & chanpel silicon gate Jeplenen lugd
technubowy 1nd opackaeed noa 30 pin DIFL Sggeer teainres or the Zg0-PLO incfude:

o Twuindependent 8 bit hdirectinial perphieral inferiace purts with “harrdshak e’ data transie:
conrral

& lnterrupt driven “hapdaliaie” fur f1gl tespunse
& Any une of four dishiact peodes of vperation nuay sealesed for 3 portingluding:
Byte uurput
By e input
Byte hiditecnianal hos fAvalzble on Porr A only)
Bit wunoral gaenle

Al wth nterropr LlJ:H"".'E:-:.‘Ij Bgrsdabioab 2

# Do cham prigiiy o :t:r'nlm fsgerangclud 2 e prosad s For antainets (nLereupl vectunng sl ol
extermd lagn

a Lignzactprs i oupaie uf Srrang Darthington ranasiors
a Adipprady arnd wutrgts Bl TTL o fime

o Singe 3 .ot iup,"h 2rd angle phawe Gk are rogres !

Oe of the waique: tregtyres of the Z50-PI0 ol soparres it from wber pierdaee controiles is ol o0
daty tramslee belaedn the peopresat devge and the CPL s accomplished cndee tota) indeirupt contad The
interrapr loww of the PIG permuts full usage af the eilicient tnesotupt Sapanilidtes o) the S30-CPU dagne 10
tranafens, All loce, aecesy iy [y unpiement 3 fully nesied inr-:r._.,.l seructure s anehodad i the PHDY o tha
additiung] circuita are aag eequaced. Another unigue featnre of 52 PHD s that o can 9¢ grogzammied @0
interrupt the CPU on the ocvutience of spedtied 2aius contdiions in e penpheral deae Fus crzmpie,
the PIO can be programenied to wierrnpd i any speaified penpherid alzem conditives s d oognr. Th
interrupt capabihity reduces the amoune of tine that the procsior must apend in palling peripheral status,



20 PIO ARCHITECTURE

A blixk diagrain ufl the Z50-PID s shown in Figre 2.0 1. The inteenal sirvcture of the 230 PLH)
comyinti 3l a Fal CPU bus gnterface, intema condrol legie  Part A B0 toge, Pt B U3 naee, and inrerrant
con{ral Logis, The OFU bus interface logie allows the PIO e interlace dieectly to thie Z90.CPU with rin
ather exteinal lngry o over addressdecuders andor e Burfers may be required for lasge shitems The
internal cunteod legiy synzhranizzs the CPL darg bus ro the peniphenl desvice intecfaces (Poer & and Parr By,

+ The twa [0 ponts {4 and B) are victually identical and are vsed 1o ineerface directly ta penplieral d2z
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PIO BLOCH DIAGHAM )
The Part 17O fugwe 15 comipuned of & reginters with “handsasve™ conoal legse gy shown i Figure 2 0.2,
The regrstersinclude, an & boe data wnpat register, 303 b 220 Qutpat eegvter, d 2 &t mode contral
register, an 3 bit mask regosier, an 8 bt wnput/ontput select register, and 12 bt mase control registar,
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The Z-bar inede contrud regraer i loaded By the CPU 1o elecn e desired operating mode by *e
vopil, Baae st by re Badoe twonal bus, or it contret peded A g vantfer - - Len il penphlzat
device and the UPL noachiered tirough the data mpnt and @ara encpul ieaisters [emmay be soraien et
the vaatput resisier by the TP o pead Dack e the OPU Sooum the sapit rewster al any tepe T Facdabuse
e pesecated with eucly port are dsed toocentrel the davs transfer beswoeen the PIO and the perpieral
derive.

The S-but mash regates and the Bt anput cwtpun seledt dogmsie: s1¢ osed only i ihe bt coman
ede, In Ui mode sy of the 8§ perpheral dela o condrol bag pains 2an be mgviorumed fo 5 an e pal o
30 culpu: as spesiflied by the ~sicar sommien, The mask segeizras used an o stede g corsinztes wah 2
speoidtinteznpt feainre This Jearuee 2lions aniSterrpt 16 by cencraied sohan sy or ali of the unimaeied
pins reach 3 spelilied sate festher high ordow s The 2-ba mask conanol reziaer spoqifres e 2oiee arane
desired [hizh or low baad ol che rezropn shaold be gencrated wlern of unmasked pansare a2tz 028
conditivad or when 0 wnneshed pre i actns 1OR comditane, Tis foatnre sednees the rrguiement for
CPLU status chzonarg ol the penpherad v albewing Sniniermupt o be sutomnaiizatis geperneiod oo agedilng
penapheral sroias condanens or cxeample oo sestem wath 5 alarm cendide oy, a0 gniessLp: mas e
venergted o gy one oo Graf ol e aocur,

The mterapt wanmined bogie seciun bandles ol CPL intlepropn gewtign] for fesied roaog
dpustarey, The proessty oF onn devizeas dotenmned b s phyacal breatizn mn a daser Ziomr Cenf;
Twadine- are proanded i cech IO re o the Qast thane Thie devies Sieest ta ine U7 5 2y
prooay . Witkan a PIO Pt A\ aerraprshove begher prinny tloan tharse wf Pt B e ilic
cipud or Brizedte nan e des, s sterrapt Caoc ke soheraied wlenadraonwes B
the peripheral Inothe bfvontrd! mede anomterremt San be oenerated when tho pes
pragtanitd s, The FIO piescedes Tor ounplen coniret ol aceed nuessapes, Thavs Tone:
dosices ey nwd it rupl boghier precnos devacs thaal B s et Rod o el e ot
picted by the CPLY Theher posnty devices mon sirerrupt she serviame of fraer painis Joesics

Z a9
-

-

When 30 mocrmipt s sottpied by the OPU i mode 7, e noerrupting devize mmust provide 2n Sba
mterug sedten fon the TP Tl veston s wsed o fonn o paeates (oo 3ecates e the Qoo s e i
where the 2ddrows of the mierrapn weoace onte ps tecated, The 2-beo seltoe Lo the mezrapiong Javee
G 1Be beast sizmdizant & birs of che sedoest purnier while the I Regster in il CPL pros Jes 5 muast
siziliflicant & Buts of the poudes, Eachopott (A and By bas an ndegendeni miertapt segior, Toe f2aa
sigmificant hit of the secior is sutematizally set to a U wittun the PIO wince she poates
adjecent memery focanons [or @ counpiete To-bi address,

P A AR ER RN

The FIO decidey the RET (Resurn foomn inderrupt ) wstruction diredsiy from e UPL duta s sw
that cach PIQ in che systcim hnows at abl tunes wheldier o being sesced Uy the L FU Dieniupt wnvoce
rwtine without any other connmurzaiun with 1he CPU,
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30 PIN DESCRIPTION

A disgr un of the 220 MO pio Siafigucagion s shownia Figure 3010 This sectiom Jonbes the
funciion of ca b pin

U—;-I)u

BIA Sel

Ci0 Sel

ZR0CPL Uara Haw (badirzctigual | tristare)

This hius s wied to tranafer 2l dars and cominands between the 250 CPU and the 740 PO
DG is the |cas sigutficant 51t of the bus.

Pars B ur A Seiet lingist, 2sive high * )

This pui detiney whick poiz arll be aooeised Juring 3 daea feansier S2tween the 250.CPL 102
the ZAD-PIO, A lgw fewsb o this pos e ots Purt A whide o Righ Teved selecrs Barr B Oten
Address bt Ay ot the CPL sl me csed Jur this aelzon, o Tund e,

Contral ar Dy Seleor figpue, acting Righi

This pto detines the Lepe ol Ju1a tngender 13 2 perfurnied Bepueen the CPL and the P10 A
high Tevel un s pin dunzg 2 CPL owtie taahe PIO i the 7250 dada by fo be it s-
preted 3s 1 commrmnd Lo tive port wizoted 53 the BT Seleat line. A low level on they o
migans that bz 250 iy s s kg used to s rJ.n,fu duta between the CPL ang she 700
Oteen Addrzas i & trnn e CPL woll be wied for thiy it

Chip Engble Tipig a0 vy

A Lo levelon thi ponesliterhe PIO toacez2i commagned ar dais oputaanan e (20
duning 1w cvele o Do teansrmnt Jaty fo the CPU dunr g roreat oozl Tho s el s
generally o decede ol fear L PO et e It cdicuen e porg A gend Hodur e pnd oo

-Sf}h'l]! Claglod i.'|'r'|..[ ]
The Zut- P10 uae e spandard 2-38 yyalem \,tu..«- Lo SynuhfEnge cerlai signals anter sy,
Thes s 4 singie phow clack,

Machire Ol One Sizaal Trum CPU girput, acive low )

Thus sigeal teans the TP s taed 4y 3500 poliz to contnd several et PIQ oper_tan
When MT i aofie gned the 2D WD gignal s actne e Z3QCPU 1 Fetchag an amstrucflon o
memory. Comersely when S actind amd TURG o acteve, the CPL noacipawiedgs 2 00
incerrupt. o addition, the b F srgnal has tw g other functions wislun the 250 FIO

1. MUl svuchromzes the PIOVingerrupe lug: 2.

2. When MT vccurs waiioul g getse RD ur 1ORQ wignzf the PO fogw canars £ o2t
ilare,

Input:Gu:put Request feom 750-CPU linput _3cnne Jow) . -
The IORQ sigiial is used i soisunsin with the BUA Selecs, C, D Selevt. Chobnd Rivio 2h

"0 rpansfer commundy and ot Betwezn the £30 CPU and the 250 PO When CI: FLU' il

DRQ are aonive, the porr addeassed by BUA wall andder Jany rothe CPL paecad ey o

Comwersely. when U and 100 a1 22iue bur RU 15 nat actin 2, then the port ad Moyct =
B A will be wutien inte fremn e CPU with eather dara gr comarol infunziatien g oo !
by the CfIY Seleoy agagl Abs f DB 313 T 3ox 10hive st Praneazan . the CFL i

achagwledaing snoarterrcpe pnd thasotzrrnptng purt waill 1teriatie iy ploce ww inizroml

wewtor wi the 1L Jany bas ot s the Doghest prooeity deslie requeaiing Jieneesrupt,

Read Crele Status leoin the Zx10 CPU [impur. active Low )
IFRDY b zcinve o MEMORY READ Wi 'O READ vperation i in progoeis The B sigratas

" used with B; A Sehest, T30 Select. CE. and IO RQ signals tu transfer Jata from ihe 230210

o the Z500PL, .



1Ei

IEQ

A RDY

B 5TB

B REDY

Interrupt Enable fn {irput, sitive high) .

This signal is used 10 form a pronty atertapt dabsy chain when more than one interrupl
driven device is being used. A hich fevel on this pin indigates that ae other devices of lagher
prichly aiz heing serviced by a CPL anterrupl semace routine,

Interruptl Enahle O foutpul, aclive highd

The 1EQ siznal is the other sigaal requured te form 2 daisy chaae prgrny scheme, B tagh
anly if 1EF s dugh and the CPU s not ~enviang an imierrops Teoem Lo PICO. Thus this siznal
blacks lowe: priority devices lroon iniesropting while 4 higher pronrn L"'xis.': 15 heing
serviced by it CPU infetrupt sorvile rounine,

Tnzerrepd Request (ouiput, opon drain, uctine Jow)
When INT is auipne 1he ZR0PEG is requesting an iaegrupt from the Z¥0-CPL

Port A Bus [Siditeetional, instated
This 8 byr bus it veed o rransfer date padior staius or Sontel e rrmziion belweern Porl A
of the Z30-MO md & perohera] deuize, Ag s the leavy sigrificant Fool the P addza b

Port A Surehe Poabse freen Propheral Devce fispur, active Low
The meaninz of this sl derends on the mode of eperattop selectid for Pors A gz 1olas

13 Oostpuisoede. The positine ed g of (ks sirebe i iwed By ihe peniphieral o
achnawledee the recept oV Al mvde avalable o ke FID

21 lppot moede! The atrube 3o swzed By the penpheral 1o L-ad Jata S tee penpnoca-
into the Parl & opus sepete: Duta sloadec inro the PIO alen oy segnad s 30000

3] Brdeccuwnal mode. When thes wpmal moacrese, data Dok Port A autpur sepla
i pated onio Port A nidiresiora? daty bus, The poscoe edee of the strobe
achnowledess the receipt ull the data.

4] Lomreol mode The strabe 1y whibied interally |

REEISIE'-.-\ Ready {oulput, s.tive high)
The meanig of this sigaat depends un the mode of up2tation selesied for Port A a5 fellows:

I} Ouipurmnde: Ths signal goes gotne te usbicaie that the Port A aurpad regsiee Doas
been lugded and the peripheral 3t dus i seabie and ready Fur transfer Lo the
peeipheral devce,

2% Input mode: Thiswuigral s acine when He Past A inpul regster s empiy slgoLs
ready to aecept data from the penploeral Jevice,

33y Bidirecnanal mods, This signal is setine when duta is ;vailable s othe Pan A surput
register Tor transfer tao the prripheral dessee, [n thus made data s not placed on the
Poro A& dota bus unless & 3TH 2 agtive, !

4).  Contre! made. Thissignal is disabled and foreed 10 a Tow state,

Forr B Bus (Bidirec ezl Lnstated

This & b1 bass 15 ueed 1o teansfer data andfor status or contred infnimatian between Tert B
of the PiC 3rd a peripheral device, The Port B dava bus is capable of supphving i 5
1.5V todive Darlinzion tzansistors, BC’I s the feast sgmficant b of the bus

Furt B Sunbe Pulse Trem Penphenad Device (gl actine low) .
The meaning of this siznal i osemdar 1 that of 4 518 =ith the 1eliswinsg exvcoplon:
L the Port A bidirectiorad inode this sigia] stiubes data froen The peipheral devie
into the Park A inpul register.
Register B Ready Joutput, sitive lughl
The micaning of this senat is wmlse 1o that of A Ready wah the rl"]tl“lﬂb eacyplumn
in the Port A bubiectonyd inede this sizral e bigh shon the Pan Aanpui segreters.
eruply dnd ready 10 sccept daia T the peripheral device,
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&40 PROGRAMMNMIMG THE PIO

4.1 RFSEL

The ZA0PIG quramiatic sty enleds 3 resct 1031e when puwes is appled, The reset state performn the
follow:ng Mot
L} Balh puet nwash reenders are cesel ta inhobit all poat dna giss.

»

2)  Port Jatu bu lines are 3¢t to 1 high impedance stae =nd the Ready “handshake™ ugrals are
inactive (lowd. Mende s autonubically selecied.

3y The vectar addreas egisters are mpr reset.
4)  Both pacnanteerupt enable fap flups 1re reser

5F  Buth port vutpat registers 3ee et

L additiom b bhe dutornatie puses o rgyet_the PIO cua o2 reaet by 1051992 i VUL aren sl warhe
the presence uf 2 RL o mbill signdl LEma By IR g G2t rad duning L che T wilb @noer the rovat
sare jeriee tialely afred e MU sognab gude s b, The oz sued Gl this rea2bas B oailioe 3 amgie 2ai2nal
Bale Lip armraie &g el Wt cwl o powof dowt seueree Thes 1pioa w35 220 ared due 1o 1 20 pin

Cpachdgn et b,

, Ongethe PUO hos cntered the witernal resat srars ip o leid thees uaud the Blfy sriemes a mtood woord
Crom e OFL,

4.2 LOADING THE INTERRUPT VECTOR

" The PIO bus bees Jesigied 1o operats with the Z50-CPU waiag the mode 2inerrapt e pome TR
mede requires that g mtermapt vegtor be supplied by the intersapimg Jevice Thn vegtor b uged by 1o
CPL to Vuarm, 1le 30 ress Toe the nieertipt service eoutihe of tis: 2ore, This seldar s pizoed an the Zul da
bris Jurng snnberrept a0h mawledge s be the hghest privosn devies sequestiong servidr 30 thal nesy,
(Beter to the 280 CPU Tueohimea] Manual for details an how a7 inistrupt 15 serviced oy the TPL) The
desited interrupt vactore i bvaded into the PIO by writing 3 conirsl word to the d=ared pait of the PIO <k
the fallowing tumsat;

o7 De D3 (3 D3 D: [2] bo -

V7 Vi Vi Vi l V3 w2 L | a ]
24

signifies 1 vontrol word is an g
YECLar

D0 is wied in this case a5 3 Mag et which when Tow causes V7 t5ea Ve be Jozda2 ima the wactar regisie,
Avinterrupt wWhomledys toee, the secar of the viterupiing sorl will appear an e Z-50 data bus 2valthy
o e in the funnal sbase.

§1



431 SELECTING AN OIFERATING MODE

Purt A of the MO may be operered in any of fous distinct modes Muode O foutput node), Mode |
(nput maoder, Sivle 2 (badaectional mode ) ond Made 3 {contral modet. Nole that the mude noirSers have
been selecred fur micemone sicmificance e, 0=0ur, 1=In, 2aflidiecnonal. Part B can opetate i any of
these inudey except Maode 2,

The mode of operazen riusl be eslablished by wnling a cuntrol word 10 the PIO 1A the follea:ng
format:

D7 D& D3 0 oA [ DI 18]

Do L [

\_W____‘r AN o r
made word sigrafies made word
Lo be et

Bus D7 ynd D& from ihe binany code Mo the desited miode ascarding ta the following 1:bTe:

Made
mlpuu

b tinput)

i Mdirectivnaly
3

{cantiol)

7
0
0
|
|

—n-—c'g

By D3 309 D3 are ignored, Bis D3-DO must br se1io 1111 10 ingcate Set Aode™,

Selxfting Mude O erables any d1td wnitten 10 1he pont oulput semsten by the CPL ta by enzble] anto
the porl daty bus. The contents ol the sutpul registe: may be changsd 21 sy tane by she CPU sumpi By
WHLNE @ new datd word 1o the port, Also the cunent contents of the oulput tepister may be regd back Lo
the ZEO-CPL a1 any tine throauch the execation of 4n inpat imafruciion.

With Mode O acine_ 3 data wonte lrem the CPU causes the Ready hazdshane line of that pontie go
high to aonfsy the peripheral thar dara is avanlable. Thas segnal semanns bigh ward o soube nreszencd frem
the peripheral, The nving cdee of the strobe generates anorterupn GF 1t hos hean enrgrizd) and Saoses the
Ready hine 1o goinactive. Thes wory yimple handshahe s similar W that wsed inomams ponphesal desices,

Selecting Mode [ puts the portinto the input mode, T crarl hund shahs aperation, the CPU meacly
pecfanns an mpul read ope taton fTem the pert, This actinates e Rexdy line 1o the penhesdn Do vgats
that daty should be lpaded imothe empty input refister. The penpheral device then stiobes dais aip the
Purtinpul tegistdr using dhe wiedbe hnr Agon, the nsing ey of thie stoebe Satises anttterropen reguest {if
it has been enabled} and deacinates the Reagy sign2l. Duta mas be strohed Tnto the mpat regmsas: rezandless
of the stare of 1he Reudy sigrual of Care v luhen 1o prevent o dala vvertst condihon,

Mode 20y 3 directioergl dats transfos goode wokich oves o fowr handshobhe haes Therefure only Pant
A may be used for Mode 2 operarion Sode 2 aperataon uses the Posl A handshobe signads Qo oupur
control and the Pon B handshake stenals Tormpan conend, T, ek A KDY and B KDY mav br aciee
simullaneoushe, The anky eperanonal dilference detween Yod 0 and the outpul pustton uf Mode s shat
d3ta froan the Porl A vutpul regnier i Mlowed on 1o the pon data bus only when X §1B 15 uctonr 1 cade)
i achicve 4 bidwectionzl capabilily,

Mode 3 operation s tntended o stalms and conure! opplication® and Jdovs not siilize the hardshake
stgnals. When Mode 3 is selected. the nead vonttrol word sent 1o'the PIO muoust detine which of the pon data
bus lings are 1o be mputs and which aie ourpyts, The furmat of the contiol word s shown bebow:

D7 Da Lz D4 123 L2 Dl Do

10



~. 83

£ 3y bit i sct tu a one, then iz cortespunding dura Bus line wilt be used a3 aninput, Conversely, if the bit
it resel, the hine will be used 4w an wutput.

During Muds 3 operatinn the struhe sigmal sognored amd the Ready line is held [ow Davg may be
written tog purt ot read tram 3 post by the Z50 CPL a0 any nime duning Mode 3 operaien, When readig
aport, the daty returned to the CPU il Be componed of input dana from poet data bus lines pvagied as
inputs plus port outpud regiater data Nrom those lones assigned as oulputs,

44 SETTING THE INTERHUPT CONTROL WORD
Fhe interrupt control wurd fur ¢ach purt has the following format.
07 Dé& 03 D4 (R D2 Dt 00

ST

L o r
g T

ured in Mode Jonly  senfies incgeruar contrel word

Enatite | A=%D | Hihy | Mawia
Intetrupl| OR Lo fullow s

7 7= 1 the intereostenabie Mo thop af ke poit e det and the o mias gesrn e ancinterroen 1F o
G7F=0 the emailr Dz eeset and ttercupts mas not be enedated, Wan otereupt o3 poinding wham thy
enghle B e i will den he enc™ied ottt the TPU inrereigr regzest line. Bisy Do, U5, and D0+ ane ossd
only wizh Mo fe S arviatam However, s2ioeeg bl TR oor the daerenat vontrol wor 3 dunnmy any iz 2t
gperdtivn will s arly pending emiesrupt (o Be set. Thew: three bits are uned tor allas Tor intesup:
opezatton in Mede 3 oahenr any grgup or the KO ines go to Sorian deriesd states. Bu Dm0 anD O 20y,
the bogical operiton 2o be perforqwet in part manitarn; 10D D&, 30 AND ranctione mospecifet 20207
Do an OR funciunas sp2aified. For eamgple, iF the AND Functon o apecifie], all Zus mast grto 2
specified stat:olors aninterrupt wall be geaerated wlile the OR fungtion will generaze an intescugt if 1o
specificd bar v tq the tespee 31122

-
But D7 defines the sonve polarity of the poet diea bus tine o be momitared. 9o D533l the port 31
lines are mwnitarced for g high stor: while if D320 they will be inonitored for 3 o siate.

IF tig D=1 the ne <t conteol word sent to the PIO mas define 2 mats 35 follyws:
D? Do Dz D o) D: o Do - !

MB; | M [ MBy | MB, | MB, | MB,

i

MB; | MB,

Only thase purt lines whooe mash bitis z¢50 will be monitared for gencranng anantesraps,



5.0 TINING
S QUTPUT MODE (MODg O

Fignre 3 0L llustrates the thininy assodizted with Mode 0 operation. An ourput cyole i always siirizd
by the evecttinn af an outpor isiructing hy the CPLL A WK pulse is grieerated by the P[l.’] rJ_urir‘g 1CPL
MG write vperation and is ucsd o latch tbe da 4 f| an the CFL dats s g the sddresse  port™s4 A o B

oulpat registee. The rish 5!-L1"=‘ uf the WE* pulss then raises the Reads Dlg after the av Callie g ediz ufd
fe indicate that Jarais o nbihle far the pxrlnl‘cra'l devive, Imgnestoaystems the assg edee ot the R:"L.\ fign
can b oused as g larching sizial in the perniphenl devce iT deaired. The Ready signal will semiain 2200 untsl

F1Y a pusities edyr i teceivsd from the stzobs Yine in licating that the peripheral b taven the dera o 12
if already active . Ready will pe forced Jow 1% @ v les afies the lealding edoe of I0RG i the port s ourpee
register i3 waiitzaantr  Ready will r2iuen kigh on the st falliag e der of & afie: ]-a roading ed g g IORLD
Thit EUJNI'I.I'EC& that Rezdy s low when port dany s changiag, The Realdy signai will not zo imalrse ontd 3
{alliny 2dge olours un the cloct (Y has. The purpuse ui deisvieg the fsoaine amsisiuon of the Rosl, Bgtal
watil after 3 negating clock transiion is that et allows for 3 very mmrple goresiines soh=ne for the ain b
pulse. By merely connecting the Rzadv tine wo the Sirube Lne, 3 strobe w0 00 rtion af are Seas peri o)
will by geperated with ao wther fogic re pared, The ponita g edgz of the sirnss pule 3uicoutenly goners
an N7 reqquest iF the serarupt enabie fip ilug Ras bren st and this device 1 the highest proants Jeice
reEquesting on interrape.

If the P15 notan 2 reset stare, the antpug segister T be loaded befure siode Mg seiected. This alinws
the purb giatpat gy s P ez 2olive 100 L Weet JeiTew ] atage,

g AL L
. / A
WA JI f{ \
PORT UuTPUT
TTTREY | z . .

; i
MEAQ T L

STROAE - 1 £
wa - 88 e EB-gag
FIGUARE S0 1
MODE 0 (DUTPUT) TIMUNG

5.2 [NPUT MODE (MODE 1)

Figure 5.0-2 illusiraces the timing of 30 input ovele, The peripheral initiuizs this oyole using the itrabe
line after the CPU has pesiaomed 2 daty resds Allow level un this line luads Jatainto the oart inzaz gt
and the rising edge of the strobe line sotivates the mtereupt request Lne 81N T 17 tne intaree ot caddls s e
and this is the highest groany ceguesiing devie, The nest fdhmg ades of the Gock o 4P wdl thern readt
the Ready lite tooan inaviive siace sizadfving that the mput registes i da'l and Jusieee loading must e
inkibited uniil the CPL reads the data. The CPU will o the cuurse of sts inlerrsol serqice rouiine, read the
data Neain the interrupting port. Whea ths oveurs, the pasdise edge from the CFL HiED signal wll rape the
Reads hine with the sest low geing toansition a7 3, fndiganing thal new deiacan e losled inzo the PLO
IF alre sy aetive, Ready wall me furced low cne and one Ml penods tailowin s the leading edge ol lﬂ A}
during 4 resd af 2 PIO pors. 11 1he wser sitobes data into the P1Q only whern Seulo s high, te foried vuure
of Reddy will present inzuit rester d1 frum changn g whils the CPU woreading the PIQL Resdy will
high ygain afier the trading ol of the {ORD 15 pn.\ ol Froibe

» J_LJ_’LJ_LJ_‘ _I_LI_Lﬂ_I'Lﬂ_I—LJ_ LJ_I_FL

TR \ \‘ / !
1aters E
PORT bl ———— T
ey ———— o A
[ T¥%-R] t ""-E'i— . ) .

o — = .
[ -3 - L L _ T/
hOT M3 £E D0 raxg FIGUHE 5.0 2

MODE 1 UAPUT] TIMING
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53 BIDIRECTIONAL MORE (MGDE )

This mode is merely 3 combination of Made 0 und Mode T using all four Randshake lines, Since it
requires 2fl four lines, tt 1* avatable only on Paet A, When this mode 28 uted on Port A, Port B mast be et
10 the Bu Cuntrol Mode, The sume inteerupt sectar will he cetmed for 3 Mode 3 inlerrupt on #o0 B und
an input braesfer interrupt dunng Mede 2 uperation of Part A Ambigany o zvonded i Port B operated
in 2 polled made 2nd the Port B gtk regsler is set 2o inhabat all bns,

Figure 5 0 7 illustrates the tewing For this made, 1113 aTrpost identical ro that provieusly deeorbed fon
Mode O and Mode 1 with the Port A handshake lines weed for puipot contral and she Port B lines ived lar
input comirnl. The difference berween the 1wo mades s 1hat in Mode T, data s aVosed v vty (he Sus
only when the A staobe s b, The nsing edoe of s sirabe can &2 uied 1o baich the 2ot inte the merinhang]
since the Jata will reimzin siuble uniid aftes thes edge, The input portun of 8 1e 2 o,;u. abes tdentrzallv g
Moeds 1. Nuels that both Punt A end Part B mast kave their imiersapts encbled 10 acRiene an imivnupi 2ooen
bidnesuional nansfer.

v mc_ummm SEERENE

RO b "
1 |
AaTH ____J_'_ II|
-1 Y — y e 1
Bala bl | oaTa LT P ke
Er T LT ’

e 1_"_{‘.:
EADT L___ _——r = — rww —

wh' = af T B OORO

FIGURE S+
PORT A, MODE 2 (BIDIRECTIONAL) TiLHNG

The peripligral must nod gate data onta 2 port Jata bus while ASTH 15 cotive, Bt omrertion v anonfed
il the peripheral uses B STB 10 rate mput duiz onto the bus. The PIO uses tee B STE fow fevel 1o Les 28 s
data, The PIO hat been designed with a rero buld tume requisemient for the Jate whon ladohing inthis medz <
that this simiple pating structure can be used by the pcrlphml Tha is, 1he dald can H decubiod From the bus
immediately afler the strobe nsing edge.

54 CONTROL MODE (MUDE 3)

The contral mode does not wailize the Basd-Dase siprols und a noraral port write or port fead can e
gxccuted 4t any tme. When wntirg, the data sali De ltched into varput segimers with the sume Lminae 25
Mode 00 A HDY will be fueved Taw whenever Pore A s aperated in Moede 30 B RDY will be held low whenewe:
Part Bis operated in Mada F unless Port A 15 in Mode 20 I the fanter case, the seare of B ROY will nut 2e afizoied,

When readizg the PIO, whe data retuoned o the CPU will be compesrd af putpet reenter data Stom hoss
port data lines sxsivnsd 25 owpuly wnd inpn recvier 2aia from theer por una vres raigned guinvais, Tar

FEl
e

input register will cuntain Jatd wloch wis present inumediasiy priar to the Slling edse ot KD SerFigerz 533

* Ui uur
::.llrlluq | T lf‘"'*-‘"ull

L]
= prevpver WRNGER Y
O Cy vl i &L

e f
io 3 f

Dy {L,_‘” Py
* Ty B g e Bt v Bk it B LR AR T-L1-REIRTRY. DRV

FIGURE 5.0-4
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Anintertapt will Be generated 1P inteesupts frum the purt are enabled and the dva on the pondas s ling,
satisli - the dogical e quotaon detined by the S-bot riasn and 20t mask contrel tedistora, Anather interrapr will
aut be genvrated untd (ohe pe vorurs a the statug ol the legical equation. A Mode 3inreroupt will be gone:
ated . 1rl} if the resull of 1 \Mde 3 logicab wperatwn chunges from false to oz, For evample, seme that ghe
Mode 3 luzicd! equativn 530 "OR” lwnction. An Lnnu-...-:d surt i Tine Becwmies autive and 30 inteirapl s
cequaiie LI g sedond nnminied pact Jata bae belomes ntive concuniently wiik the Sl 4 new ifierrupt walt
ok be reguested sunce o choainge wn the reselt uf The Mode 3 logical uperation 535 nat occurred.

IF the result of a lagis 1! uperation becones trus immediatety prior to or dunay MT, aninterrups will be
reyueste I alter the trnling edje af M1

6.0 INTERRUPT SERWVICING

Sume timme afle e anterrupt iy eeguesicd by the PIQ, the CPL will e d w30 interrup) Jcinr.)'n‘.-
edy s (ST and DR During this Ums the wierrupt loge of e PUO wil] G2rmmne e highest 2roe
part which s rzgteatizg 19 uneiiapio TR s wirtipis (he devies wish s inzezrast Endhle 1o s ke :

s Tnversipnt Enuple Ouppit low ) Tonsure thiat i deny Shan ensbls lises '5-....1.[!2.., daviney are m.....‘:ed
fromni ;.hm; b their mierrdpd regudal olatas when N0 s actne The® wghes! Presiiy dovics Biaes the L
tenls o iy IRl gL el tOr begiaier onio the 230 duta e, NORIT T L2 HUT R R DAL LN

Hg'” C LR hergat s the Dting s escaied aoth et oy feyuesis. Dhucing ‘Tl_ titne ., NG Aew
INEEErp: s 2an e genersted, Thiy o D toe the Inr Erabiz signa's tu |p..|-* thranth ap tu Do
SRR N |.r, I..e PIEs wirh LET Augie and 150 duw dirig TNTA will placs the Tohat ctereupl vediar of th
appropriats poidan the dita Bus gt ths iims

LAST T oo
STATE ‘ 'IITZIT*I *JTll

-]
INT
10R0 TOAC A%D Wi hDCaTE _
INTEARUFT ACKNOWLERGE [INTAI
7 ,'
o
1EQ -
1E?
FIGURE 6 G-

INTERRUFT ACKNOWLEDGE TIMING

If an 'int-_';'ruf:t r-:Hue.mt:'J by the PIO b setkinewledged, the reguesting port 15 "under servive’, TEQ of
thas port wiil soizin fow unnl g et fromanrermipimstiuction (RETI s evesied while TET b tive port
is Wigh. I aninteerupt reguest s nal oknowtedg s d, IEQ will e Jorced hich Tor one ST cavle alies 'h-. PiC
decudes the wpoende "ETY. Tus activn guacantess that the two byte RETDinstruction w decwded By the prone
PIO prort. Sce Figuee 6.0

Figure 6.0-0 altustrares a 4y pical nestsd miirupl sequence that eonld ovsur with fout porls curnzoied
in the daisy vk, In thososequence Port 24 pegqueats and iy groanted gooiniecrspt, While thi port o Beang
sarviced, 3 higher prionty port [EB) regussty apd % gearie? an interenpt. The servide routine o the Tughet
privtity port i3 completed and 3 RETE tratrection s exvacuied 1o indivate (o the porg tha iy roubineg 1s
complete, Al this me the servive routine of the lower prioray poncis svimpleted,

L1



By-By -‘1 I3 I'r _‘j - Fll

o T

up _Jf
FIGURE 6 8-2

AETURN FROM INTERAUPT CYLLE

"HIGHEST PRICRITY PORT
PORT 14 PORT 1B FORT 2A PORT 2B

* — .
HI 21! Ht i Hi
— TEL 1EG 1E| 1EQ LEd 1ED £ 1EC

N lel

1. PRIORITY INTERBUFT DAISY CHAIN BEFOHE ANY INTERRUPT OCCURS

. UMDOER SERWVILE
HI M| il LG Lo
1IE} 1£0 1E1 tED R 1EC IE} EQ ——

. 2. FORT ZA REQUESTS AN INTERRUPT AND 1S ACKRNOWLEDGED.

UNDER SERWVICE SERAVICE SUSPENDED
*
H¥* HI Lo L0 LO
L= 1E1 tEQ - 1€l 1ED 1E+ 1EC 1El 1EQ —n

3. PORT 1B INTERAUPTS SUSFENDS SERVICING OF PORT 2a,

SERVICE COVPLETE SERVICE RESUNMED

Y PR

HI HI Ml Lo | Lo
L= 1El 1IEQ 1EI IEQ 1EI 1EQ IE} IEQ b

4 PORT 1B SERVICE ROUTINE COMPLETE, “RETI™ ISSUED, PORT 24 SERVICE RESUMED,

SERVICE CUMFLETE

*

H1 HI HI Ml 1
A Y- 1EQ |——— 1£1 €0 f—— — (£ €O b1 1£7 Tv] S

S, SECOMD “RETI" INSTAUCTION ISSUED ON COMPLETION OF PORT XA SERVICE ROUTIRE,

FIGURE 6.0-3
DAISY CHAIN INTERRLUAT SERVICING
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7.0 APPLICATIONS
7.0 ENTENDING THE INTERRUPT DAISY CHAILN

Without sy extermel Loy s matimom of four Z30-PI0 devices may be daisy chained inta 2 prionity
infertupt sty tuee. This Deeatioe s teguized so that the mrzrrupt enzhie satas (IEQ) npples thotugh the
entire chain between the hewinmmg vl S, amd the beginaang of TURD dunng anintacmipt achnowledye
eycle, Sive Wi imierrapt enasle status cannot change dunng M1 the veetor address ieturned Lo the CPU

i3 apsured 0 be Trom the highear prionty device which cequested 10 interrupe,
L}

It mare than four PIO devices mmst be accommoadated, 1 “look2head™ strugture may Se used a5
shgsn in Figuee 7 0-1. Witk this techrgue mare than thurdy PLO's may be chained wgether using st3sidard
T10 lugic,

L]

N

o] HO i L1

l BIILL| --—'lu'j- £ JE O

JC S

FIGURE 7.0+ 1
A METHOD QF EXTENDING THE INTERAUPT PRIOAITY DalsY CHaIN

7.2 1jO BEVICE INTERCACE
In this exunls, the Z30.P10 5 connesled toan O remuinal device whih commuiicates overan

8 bit parallel bidireorionel davs bus as blustrated in Figure 7 0-2. Mode 2 gperation {bilireugnal}is selested
by serading the following conteol word taFoer A

o o6 D3 O ) ‘D! DI Do

-

0 x X i t H |

v
Mude Conirol

1?



f 1 1 T |t
F Doo o
o nu_r_.n_ﬁua i Y F A p oA
[ 1G80 | k10 Tocw
SETLL . |- . [ W w
[*T] - FOHT QaTi Bus - a
T i
| iNT i
EEXT XA TERMINGL

i}
|

DL::&F I#I’JDFE!EF_'
PRODALT B F¥ps L—

IDI: CLGER

FIGURE 7.0.2

EXAMPLE YO INTERFACE

Newd, the proper inleupt vedtor i losded {refer 10 CPL Manual Top Jetals on the o perauen of he
wieErrupt },

D7 D& D3 m D3 n? 8] 0

. —

V7 VYo 3 L] w3 W2 V1 o

L r

||'.l-:r_r£p|.:- ate then enabled by the reng edze of the fiest MT alter the micrrapt runle word s 5ot nfons
that M1 defoes anointestupl achnowlede oy ote, [ anask Taflaows the mleirpt mosle ward, nreirapts are
enabled by the nsing edge of the Tust M1 ioiiowing the setling of the trnash,

Data cart nuow be vransferred between the periphesal and the CPUL Thie 1emang lor this tiansfer os as
described in Section S O



7.3 CONTROL INTERTACE

A tepical eantrol Ruwle apphi tiom s allustrated in Figure 7.0.0, Suppuose gn tndustzial process is to be
monirored, The accurrence af any abuemal operating condilios s 10 be toparted 19 ) Za0EPL bued
cotlrul $ystem, The peocess control and statos word bzs the fablowing fomna

D4 b3 2 ] o0

'[u:n Pawee |Hait " Twa Fresviur- i .
%Fhul Futute | Biocess} LS5 7 | Heareps Jure :‘““'" . U e
£ Pu*ﬂ Alerm | g AL o oy Saslem L
- FMOAT &
hut
Ay [>n—‘"r: TEST |
ey b LT Ay Dr HY R r.*.-.]
- - i —
& N
5 FaR EAIL AL
. y _[>c HALT - |*.:\._-5.-.=:_--_]
[ = BAGCELY 2
- piug p *1 TEwk a,u SYLIEw
ot
"y L|>. wPah T%
. 1 D AREgE 1w :I
| *a FREST ALW

|ora coo &
A0 a1S Innnr T I I
—"-n‘ — Lt SUCER

—
. !
FIGURE 7.03
—- _ . L CONTROL MOODE APPLICATION o

The PIO may be used as follows. First Porr A s set for Made 3 operation by wiling the fullosing conitei
ward to Part A,

D7 (M) D: (b o3 B2 D Do -

l ) X X l l l i

Whenever Mode Jis selacied, the next contral word sen: do the part must be an 3O selest word. 1a thy
exaniple we wish o select purt data bines A5, A3 and A0 a3 inpuia and 30 the Fallewing concedd ward is
written! -

D? Da. D3 D4 Di: D2 Dl Bod

0 0 | ] i 0 0 1

Nent the desired interrupt vecror must be loaded (reber 1o the CPU manual for Jetnls),
P

(3} Db D* D3 D2 D2 D1 Da

v? Yo | . Vs Vi V3 ¥ L a 1

19



An interrupl cuntrol word is test sent 1o the port
D3 D2 42} 0o

D7 D6 13 D4
i 4] i l ] ‘ 1 l i
Magh o —

Enabic Qp Adhive
fricrupts Lame Hagh Fallwe tmetiupl  garolk

The niath word foltowing 1he intarrupt mode word is

D7 D& D D4 D3 D> 3]} )]

1 U ! 1 I_l] a

Selecis A3, AT and AD tohe soonitored

Ly

s 2 osenste puts a Ligh 12vel on Lne A5 A3 or AQan interrupl reguest il be pencrated, The inask
word may seledt any combination ef inpats or gutputs to cause an inwerrupt, For esasspie, o the mask

wierd .j'h(‘;w: [1add been:
D7 Do D5 04 Dy~ 2 01 Do
I {JJ

T LT T

ot . - .
then an interrupt teguest would alss oocur if bin A7 {Special Test) of the purpat jogister was set

Assume that the follawing pory assiznments are 10 be wwed
EUH= Port A Data

EIH-‘- Purt B Bata
EIH= Fort A Contrel
E3H= Port B Cuaniral

singe Ap of the addeess Pus can be used a5 the Part B'A Select and A af the addeess by can be waed as
thro 3~ 41110 00)

the Control/Data Select. The Chup Ensple would be the decode of CPU sddtess bins A

Al port pumbers are in hesadezimal netation, This panticular sssignment of pan aumbers 15 Lgmeniant
Mate thap if only 1 few peripherat devices are being sed | o Clup Enable dmud: s nal be reguied aince

g higher order address Bl could be used directy.

T






80 PROGCRAMMING SUMMARY

8.1 LOAD INTEHRUFT YECTOR

¥ Yo V5 Vd Vi L Vi 0

8.2 SETMOUE

My MQ o X ! | | |
il :':JE Mode ]
¢ 0 Ouipz
) l Input
! 0 Budire . tiunal
! | Bit Contedd

When seleiting Mode 3, thie nead wurd inust set the 1,0 Reguter

HO * [ Senn it tw lnput
(/O = 0 Sets mt 10 Ourput

™

Kl

B} SET INTERRLUPT CONTRUOL

Iat AND | Hip o [ Maak .
Enahie Ok Lo Fallows o L L |
[ . # -
—

Lised tn Mude 5 only

[ the “mask follows™ bitis high, the a¢ st contral ward writien 10 the port must be the mash:

| vB; | se [ mBy [ w8, | M8, [ B, ve, | uB

4] 3 |

MB = O, Mot bt
MB = |, Mask b Frarn Bentg miona boze

Alsu, the inienrapt enable lip Mop of L port mias Be el gr 1ewe b wthoat guedifseeg the rest of the nnenu ot
goniral ward by using the lallowing commpand.

Int
Enakle X X X a d 1 l
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. ohe AR50 (Serial InpudQuipul) s a dual-shannd
multi-function periipheral compenent designed 1o satisfy
a wide vanieny aof <erial doiz communizaiions reguire-
meals in microcosiputer syslems. His R2sic Tunction 1 a

-
w

HALC and 18y SONC, This senagile dice can 2To he
uced 10 support sirtvally any other werial prouncat for
applications ather than dana communicaligns (23swels
or floppy diss interfases, ler evample),

_strial-ro-parallel, paratlelaa-serial conserterfonntraller,
bui—within thar role—it s confieurable by svaems
soffware o iy "personaloy’ can be apnimized lor a
given ferial dala communicalions aaplicatian.

The Z0-S10 can penerars and chesh crg cosy in
iany ssnchtonous mede and can he programised o
theck dara imsecsitv in vanous modes, The dew, o= als
kas fagilitisy for mrdem conrols in both chanrsls. ]
applications where thess sonmrals are ol neciod, b
modem contrels can be weed for genesal-parpa:e 1O,

The ZE0.S10 is Tarable of hardling acynchinnogs
and svnchronoes oie-oniented oraiocels such as 1B
Bisyne, and synchronous bit-orivaicd protozdis such as

T ]

a

STRUCIUKE ¢ 0-55QK Bis sdcond with 2.8 MHz svsiem clook
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B Pinarn aanchronous Teaturey:

" One ur two sine charagiors NS sarate registens
® Aulumalic $ync ¢laragier instinn
& (W generation and cheching

. HDIC and iy SR ¢ ealnres:
* Abor wiueowe peneration and ceicction

C/I). Cantrol Or Date Sefret finpar,
g uel); This input defines she tope of iniformatien =
fer performed beiween the CFL and the Zyrili
Tigh at kit inpur during 3 CPU write [a e /70 <10
causcs the mfunrhmr on The data bus lo'rc irigspreled

durtng a data transler beiween the (e ane!

o ZR0-510. Addrev b Ay [rem the cry Balien uaed
* Intvinal ar estzenal characier -snchronizalion the selection functions ™

* Automialic soro insertion ard deletion
. A i Aay i Can et een Alcisae asacommand for tocchannel seleetes By a0 v, A I
. ] ! s T N b [
wiamalic Hayg interiian b £cs CsL meant that the in! D[I‘:d.ID AR L 23t by s
- -

Address Nield recopmiion

I-field residur handling

Valid receine messapes protedied from overrun
= CrC eencration and checking

#d Senarate moden contcol inpuets and Qutpus far both < .data inputs {rein the Cku dutine a witle oidile, 7

Address bit Ay s ofizn_used 7o IRy Tuiniion,

channels ransmil datx ta the CPU duning a read agle,

B CRCr ar CRECOITT block check

STomehic inlerzupt sectaring withoul esiernzal loer ¥

W Modom siadus can trc moniiored

ZB0-CPU ks ferching an instruchion fiom memany,
T, isactive whle Rl it asztive, the A58 .o

Pin Desciiption
- the highest pricriiy
ZROCPL,

D=0 Sebem ety s (Bidirectional, 3-aatel. The
i data bas transfers data and o Mands betweon
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the chuiticl 2lelted By o € Lise fuggafala i ihe oL (a
read opcritinnd, When lf and Tt are actise, but Aty
inactive, the choanpel sefeciea e B v mvwrittcnio by the
Cre with oother daty or contral safurmation as qoeafied
by C¢D. As mentioned previously, if 107 and 3T are ac-
pve simultanconcdy, the 01U v acknawledgine an ines.
cupt and the Z30.510 auteunatically placss its interrum
veclor on the Cru cara bus if i is the hichest priosity
device requuesting an inlerupt

RD. Reard Cacle Stotus. {input from criy, active Low).

It ko .n:w-c 4 Memory of 10 read aperzhon s in ro-
Bress . D is veed wilh B4, CE and IGRD (o'iransfer dara
Frgim atie 252-510 10 the LPL.

RESET. Ruter {inoul, aclive Low), A Low RESET dis-

ables bath receivess and Transimitiers, forcey T-Ba and

Tl marking, forces the modem contrals High and dis-

ables all interrupts. The cunirol regisiers must be res

written-aflicr.the 220 SID is o L, ::nd beiore ga: 301
Iranamilvs or received -

AEL Jaterrupt Exable In tinpat, aciive Hichk This sig.

palil ured with 180 to form a prionity daisy chain when
there 13 more than one Inierrupm-driven device A H:M_.,
on this dine indicares that no osher device of higher pri.

'I.'.lrl'[}' s hul..g Sviged by a U’L‘ 17 clrl.,.'!l ServIcE 'mr.j..c

WK, fricesase Enahie Ot st acthe Higkl, o
is High only i5 ik nes Migh and the o p4 e ot seesicine an
At upt fraony fhis ZA0SI0r Do, this srznal blocks
lower prioit: desices fromoaniersapiing » ikt a hieher

TTETRY D\.-R:I-;H Povane D610 4 Ly

cTaha, TaDA,

i REF

| pw), Whrnitke 4o
pelis i Low.,

2N ‘ilt‘} is r-.qur\rm:: .m CITHI

*a

WRUVA, WIRDYR. stuit/Resdy S, Woitr e
£ diputs, open droin bl 2o afditonod for W §
Nen, drn:n High and Low when proglemasd caer
Ready fundtion). These cdonsi-purpose agiputs oas be
rrogrammed a3 Keady lines 700 3 Baia conteslier or 3t
Wi linesdhal sencnronize the CPU 1o the 290510 s,

widje. The fo-el slate is upen draen,
CI3n. CUsB. Clear Te Serd (nowts, adti-z ToaY,

VWhen oropramimied 2% Auln Ernacles, a Low o5 thees

inpuls crables (he rewpeslive trapsmintes, 1Y aor ore.

grammed 4% Aule Eratles, these inpuis mas s 2ic-
stammed 25 peueral-puracae Ul SO IR IS are

Schmitr-1rizeer bolfersd 10 scoommiedata <lowaoisoipne

mputs. The ZAC-510 Jelells Puises oo theie ir7 2 and

HH Y _mnc L on zoth logic les s rransdiinns, Th‘

dntzer inruls do NOY guaranier a =

neive-len e margin,

.

DCDA, DCLIS. Dute Cusrier Defecs Ninegts, =obee
Do), These sivrals are simuiar iz the OTS fnpuls. @
they fan be wsed as rescier cnahies,
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L TR |"1III|:!iE‘IE1 r‘]'l-lirllr\.. b Jr "0 TR R L - r - t"b“. thal WA F, Yroopratien oy Boer Jiess o0 oaaw L0 ek
L R TR T A RESREE I F S e 1T s e d LT b APt e st Ot ler assen B! r1_'ir1:. voo e
rate Tl wwlnplier Toe e transaiife ans e s ring edes af €. that inrtud atels pre oiles the f2ine
sy Do otbe snone, Both the T3¢ and &0 inpulr afg edze of SYAC in the Exlernal Sane medy,
tilbiriceer buffored for cclaved e wod falk-time
Lo -Jiigomesits [ no nevisc isaryin is spegificd), TDohanges -
vn the falling odye af 1eC.
RTSX, RI<R. Reguvst To Send wpuzs, adiine] owle !n the Infernal Synchronizaiion mode Mo omac
When the k7% bit is sel, the A7% cutput goes Low. Wien; :‘l”*-_ Bisyne), sheve ping act as cuinets that are wine
the e bI3g peat in the Asvnchreneas mode, the oul. during the part of the receive clock crCraaelen ahinh
Tt wese M ich afier the paAnsmnazr s oepty. in Syne? sinc charaslers are iccocnised. Tr-_: sanC condy o
chronous ciodes, 1he &1 pin stricths 1oliows ihe nate of 20! fatched, $0 these onirals are aciive o b hm- i
the k15 Bit. Boih piny can be oerd Ay peneral purpose Fatern gs recognired, fegardiess af charasier "0 oncae
uipuls, Mes. .

DTRA. DIKRB., Dutg Termingd Ready (ourpuls, Sotives
f.ow), Sec mave on bond.ng options. These oulpues fol-
W 1the state programmed into the DR bit, They can

alvo b -~ rarymed as yenerzl-purpose autputs, SONDING OPTIONS

I NEB. Sinckronizciion finputs/eutputsy 1‘I'u§j c_anslra.n: of .1 J.{"'P"T :‘-.1::L-¢:g¢. ake |rlqlln:-.*h R :
Actis These pins can act either as iupsts or out- rro n_n_nlnw;l Idt R"Lf':" L‘lm:-f‘j_  runsmit _;ln_"_.h,'_' o
Cpwiss Assachronous Hezeive miode, they are DG T:.:rrnma FACY ARL SHAC SIETAlS 197 POIG RIS o
~te lo (T3 2nd DCD. In shis' mode. ihe transi- herefore, Channel B s sacoifice a signal & noee

two sonals boanded ousther, Since wser regiiiroo oatc

s on - cse fipes alfiecy the stae of the Syac’Hunt : _ E IR
vary, 1hoee Dondings ontivns dre oficred;

tiatis bl in ®Re D the External Suonc mode, 1hese lines

als a0l as innns, When caternal svnchromizaiion s co* 2051040 Fas al! foar siprats, B Toga L0

avhies rd:_;-?._ﬁ_:x? mvast be drinen Do I."n_'!_.'lt veened rising arg bondzd (oesiher (Fig, 1),

edye of Ruc® alier than rising edge of N+C on which the

kit oof the sane characier was redeised. Lo other
Yo, afier the swne patiera is devecied, the evdernal

= JEOWSICAY selrifioey OTWR 2o heeps To0A, v K
and §Y~U2 (Fig. 2.

tegte must wait for two full Receive Clogh oueleco acti- s ZI0S1002 sacnfices SYNOH and boepe To0 B, A B
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Architecture

- 104

he device internal siructure inglndes a Z90.CPU inter-
LAce, intgrnal corirol and interrupt logic, and 1wo full.
dupley chanacks, Assoiated with cach channel are eead
and write regiviers, and diserete contral zod siajus lggic
that provides 1he interface 1o mindems or arher esternal
devices.

The-read and write regisier proup invludes five E-br
.,onunl Y RHH -.rs 'I'.\cr syno-chatacler eyt 5t-ri and n\.n"
E'Jll..i tesiviers: The inlerrune secior is WwIIIEN Mg an
f{!dmul‘.:'."s bt register (Write Regisier 2 in Channel B
thar may be read throoeh Read Regivier 2in Channel B,
The registers far both channels are desipriated in the jex
as follows:

r WHU-WRT
1, MuC-RHD

"— Wi Regrsters 4 throwgh 7
— Rec2 Regiyiert O through 2

The bit assicament znd funsional grocping of cach
revist2r 15 confipured 10 simplily wnd organize the pra-
gramming process. Table 1 gilusirates the furctions
asiyped to cach read of wrile regisier.

L — ——— ey — o ——— —— =

WAg :
mangs Igr \Re watigys moces. i "

— gt e o mmma— L T T o T NY R —
A VignsmiliResetee iteirypt ang £ala transler moge
cetimbion ~ ;.

w2 Mltrru,,.q u;:1|;|r ICramnael E anly] .,

fim e mmE e e o m R EeE b e cw———— s w1

-'»‘HJ Receu-r:- cdardmeiers and conirals s

Q
T‘Il"lh.l"'lll.lneﬁﬁwe muséellanedud paramelers &ﬂ-d.i

b w—mm u A e rwTm Cmmw —_—

YR :
modes T
- == E A e R en e T —— —  m—m aam
WFH Traﬂimlt ::-aral"l"l:-'ers and contrpis : '
wnﬁ -;r'.c tharncltf or SOLC acSress hahg f

T )

wWA7? S]-m: :hzracler or SOLC uag -

(#) Write Regrster Funglions

HAD Trin:.mu"ﬂe e bDutler alalud, antertupt 5laius and
u-1:rnll BLATUS

AR Srecul Recewe Concibion $ra1us

i EE w TR T Em o - — ——

AR !-'um wed anlerelt veC1Gr ICRANnEE B andy)

L e

(b} Read Rrgisler Funclions

Table 1. Funclignal Assignmenis ol Arad ang Weile Registers

The logic lTor hoth channels prosides formals, san.
cheemization and vulidation for Jata rransferred 10 and
from the oh, el interface. The mindem contral inpins
Ciear 10 Send w150 wnd Data Carrier Detegt (0D are
moniiored by the discrale contrel lugic under program

" -
ql.'-cn-.lel peariers CRT innialte enihgdizabian com: , §

~

conuol. All the modem <ontral <ignals are censers! ?{u-
pose in nalure and can be uied Tor funglions other ihan
mudem conlrol.

Far autometic indertan seciaring, the inlerrosl con-
irol logic deterpnines which chanpel and which Jevics
within the channe! by the Richest atiant . Proriy
fed with Charnel A assiened a hither priciiy han
Channel By Receive, Traiunit and External? Soiius -
Ierrupts are prigrirized i thal otder =ithin o5 chs
nel,

: Data Path

The transmit and receive data parh for e3ch chenne! e
shown in Figare d. The receiver has three B.bis nuifer
registers 0 A FIFL werangement (o proside 3 3 Sair
delay) in addition vy the 2-Bir receive shiltpegisier, This
arrapgement ceeates aodinenal gime for the ¢oL g0 oo
vice an iplerrupt al the beginning ol a blagh of !
speed dara. The sevvive errur FIFG S1oTes rasiiy afia
frarming errors and ather Dipds of s infureeanaen oy
cach of the ihree bares in the reveive dola FIFO. .

_h -

Incoming dara v rouvied throunh one of severai paias
depending on the mode ood charanier lenetn dnoiSe
Agvachronoas mede, serral dora e eatered 5 the 200
buffer a7 it has a ¢haracter benach af seven or gighy Piis,
ar 15 entered in the §-bil recepve shirt regisier i1 o Ras 3
lengih of MNive o siv bats.

In 1the Sy bchronoes mode, hawever, the d21z path s
determined by ihe plhusy of the recepne provess canemth
in operation. A Sunchrunpus Reocive ereration bogins
with the recobver in the Hum phase, dureng which the
recciver scarches the incomine darg uream for a bit fai-
tern thar miatehes the preprogramimed ssoe characlers
for Mays in the spicomode ), 1T the desive is programsied
for AMonasyne Hunt, o maich s made with a single =¥nc
characier stared in wir? In Bisang Hunt, 3 manh o
made with dual syne characiees ttoned 10 W e N WK™,

In either cave the incoming Jdaig passes throogh ihe
receive svny regisivr, and s counpared againet the pre-

grammed ssnc characier inowka o wrT IR the Mo,

syne maode, 2 walch between the syne charayier pro-
grammed into w1 " and the character ussgmblee i the
receive synd repwler establnhes sapchromezanon.

In the Bisxng mode. howewer, ingrming. . Taa’”
shificd Lo the #ovetve shiift register while the- I-U-I Virn
i1y af the message are awembled 0 e hnnc AL% | e
reeister, The madch benween the wssembled thstacter n
The foeveive 15711y |r|.:|1_.]|:r5 u||h 1he [ALERLY ranernved Mng
charderer in wHe and w87 establishies sorchruorire b,
Once synchivnizaiion is exlablisled, meoming iz b
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Figure 4. Transmil and Receive Dala Palh

paswses the regelve svne repisier and directly enters the
3-bit hulfer,

In th= so1 € mode, incoming data firsl passes through
the reccive syng register, which ¢omlintousiy monilars
the receive data siream and perferms 2ero defetion when
indicated. Upon receiving five contiguous 17s, the sixth
bit s inspected. 10 the sivth it iy 2 0, i bs deleted from
the data siream, If the ~inth bitis a |, the seventh biis
inspecied, 10 that Bii is a 0, 3 Flag sequence hay been
received: il 3t 15 3 1, an Aborl sequence has been re-
ceived.

The reformaned data cmiers the Bhit buffer and is

nslerred to the receive shif renister. Naole that the
- L€ recgive oporation alvo bedins in the Hon phase,
during which the ARG-510 ey to manch the assembled
characier in 1he receive shifl repivier with the flag pat-
tern in Wit Onee the fira (ae characict s reeognized,
"all subseguent dara 3 rouled through the wame path,
regardiess of haracier length.

Although the same CRC checker is vwed for bathiapt ©
and svnchropous daa, the 2a1a path e for c-:h
mode is differeni. In Bisyne protecel. a baic.orizaied
aperalion reguires thad the cpy decide 1o ineluoz he
dava charscrer in k. T2 allow the CPU ample time o
make 1his decision, the ZE0SI0 prosides an &b
delas Tarssnchroneus data. Inthe S0 made, mo delay
is provided since the Z50.510 canains Togic thar detgr.
mines the byies on which CRC s calewlared.

The wransminter has an $.bit transmit data regheer
Lhat is Jooded fronn the iniespal dara bus 2nd 3 2005
transmit shifi regisier thal can be loaded oom %o ke, wae
end the transmil data register. wRe and w - coatain
sync characiers in the Moanosyne ar Bianc maaes, o
address Micld (one chazacier loned and flac respoctivel
in the sBLC node. Durine Syacheoneus modes, mfor-
mation comyined in wAe and weT iy baded o he
Uramarnil shafy recistes @i othe beeinning of the messae
and, as a vime filler, 0 (e piddle of 1he newage 0 a
Tramwmit Underren conditien ovewrs, In the s c
mude, the Nays are Toaded e the transmit shift reeis.
1er a1 the beginning and ¢nd of mesage.



Acynchronnoy da1d in the tranwmit shif; repister is
forninatied with ®iar and <top bits and 1= skiflied o Lo
the traneni multisloser 3t the wlecied ¢lock rate. Sya-
chrenous (Monossne or Nivengd dara s «Rifred out 1o
the trensmil multiphoser and alvo 10 the CRC gencrator
at the x| cloghk rate.

SOLC - HOLC data is shilted eutthrough the zero inters
tion logic, which 14 dixahled while she flsgs are being
senl. For all ather fields [address, ¢conirol and frame
cheek)a Qs inwried fullowing Tve voiticuous 1°5in the
daia siream. The CWe guneraror resuh for SDLC data s
also rouied thicugh the zero inveron logic,

Functicnal Description

The functional capahilities al the Z30-510 can be
described from 1wo different points of view: 35 a data
communicaglions device, i1 Transmids and receives serial
data, and mcefs the requirernents of «27100% datg com-
municalivns protaculs: as a ZR0 famity perioberal, it
inleracis with the Z%0.CPU and enher Z80 perinheral
circuils, and tharey their dara, ad-2ress and control
busses, s well 4y beine 2 part af the 250 inierre ot stroe-
mire. AS a poripheral 1o other mucrogracessors, the
ZE-510 offers valuable leatures spch a8 non-vectored
nrerrupts, polbng and sinple handshakc capabilitics,

The first cart of the folowinz functional deseription
describies the interaction bedween the ¢/ and Z50-510
the second part iniroduces iy dala communications
capabilities,

170 CAPARILITIES

The Z830-510 offers the choice of Polling, Inierrupt
(vectored or non-vectered) and Block Trinsfer modes 1o
transfer data, stawss and coniro! information o and
from the cpty. The Blosk Transfer mode can be
implemenied under CPU of DMaA conirod,

FPelling. The Polled mode avoids snterrepis. Status
regisiers RRO and Rk are updated ot anpooptiae imes
for each function heing performed (Tor esample, CRC
Error staes salid ar the end of the mossag2). All the in-
terrupt modes of the ZEQ-510 must be disabled 1o
operate the device in a poiled environinent.

While in its Palling wequenee, the CPU examinegs the
s1atus comiained in Rke Tor cach channei; the RRo starus
bilg scrve a5 an achpowledes to the Poll inguiry. The
WD BR0 stajus bils Dy and Dy indicate thal a tecenve ar
Tananil Jalg transfer is omecded. The wams also in-

ey Error 0 other opeidl ~1a1us wonefldions e

LEQ-SI0 Programiming ™). The Speciad Redeive Condi-
Hon slalus continey i k& dees not hase To be reasd 10 a
Folling sequrenee becaose the ataigs bils in kky are ag-
companizd by a Receive Characier Available statuas in
R RD.

b

T

Inlerrupts. The 250 510 offery an elaborate intoreng:
scheme o provide [ass inlgfrupl Teapeane in I1.Jr 1ime
applications, As mentioned carlier. < hansel Bz
Jomtound S22 contam N2 nierrum Vedlor thai noint
an mtt'ru"“‘ SEOvive OGS the nremor . Ta e
upcra:mni in Both chansels and to r.'hrmnal:: the meae,
sity of writing a statug analsis routine, the Z80-510 ran
modify the interrupt veonor in ®Wr2 20 it poines dizestl o
ang of eiRnt migrrupt -¢Tvice roulincs This 15 done
upder prozram_conicol by sertine 2 prozram B {wag]
Oxhin Channsl B called “"Sratus Alfects Veotor.™ When
this bir g s2f, the nicioupt vecint in W hI is S.oadifed
according 10 the asspgned priur'm of the variocs iarsr-
rupting cenliitons, The :able jn the Wiae Regis
deseripticn (£30-5i0 Pregramming tecticn) thiw

modificatics desails. | -

5t}

Trapsn.aswntersumts, Recene interrupts and Exvisrnalr
S1atus inretrupms are rh-: map sources of niersunig
{Figure %3 Zach imorrnys sourde 5 enablied unee: -z
gram canrzl wigh O lr--:,l Y havive @ higher rrosos

than Charnzl B, and wath Regeiver, Trapemic 220 f-
ternal/Sialos inferrupit soerifited in that prder witsin
vach chamnzi, When the Transmi! interrepe :5 SeTizd

Lhe CFL 13 '".l:f.r'L.,,..ed Sy the srane il Duiier Bosoenreg
emply. (757 nplios shdi the spansmitler mass B2 ro 2
. |

a dara c*a'J:.: writieNinig it tn it can besamr o
When erasied, the receier Coninlerrupithe L AL L0 a0
of three wiss:

« Interrupt on Drstorelene charadier -
* |merruat an all rooeive chasagters

* Inlerruol oa 2 Spedial Receive canaition

Inierrup! On First Charagier is rapigalls vard wih e

Bloch Transfer tods, Intezrupt On All Rezeive U2
lers has 1he ootion of moediiving the inlerrapl =22ior in
the gvent of 3 poriy errer, The Special Recenve Conds
Uon intersUo! Cam OOk Of @ cRaracker or Inetsass Taes
lEnd OF Fraing ineerrnot in soiC, for evampler The
Spesial Rarstve condition cun cause an jnierrups onls i
the Interruzs On First Receive ChRaracier or Inicrmeo
Om All Receise Characiers mode 18 selected. In Inier-
fupt On First Receine Characicr, aninigire s 2an oo
fram Sprceia! Receinve conditians Lescenl Panty Sirerd
alier the fitst receive caracter wterrupt (fa2sple
Receive Overrun interrupt),

L P

The maix funcian af the Cuernals Sraras inieirzpois
10 Moniior he signal amsitons of 1he C150 Do and
S1~C ping: aewewer, an EvernaleSiatas interstipt i< b0
caured by 2 Tramsmit Underrun condiben o0 0y the
deteciion of a1 Break {Asenchronous maded 95 Abomn
(8Dt ¢ mpd ) secucne 11t the dalg sirgam, The necirenl
caused by 1he ProaksAborn tequense hay d st

feature 1HAY alfows (he SRS to doregepa oo the

Broak AAborl seguenee is dorgy (pd or tepiaated. Thas
feature Taslinares the proper enmmation of 1he Leitenl
Messde, cofiedl inidplization of the nest messaps, and

“ihe geedraiz timing of the BreakZAbor condition 1n

exlerpal bog e,

L



CIU vy ek Translee, The ZRD-S103 provdes a2
Block Trancfer mode 1o accommodale cite blink irans-
Fer Tunchions and Dyia conteallers £4680 DV A or arher
desipns). The Block Transfer mode vies the waits
2LADY outpuel in v:nrt;unctmn with 1the Waits Ready hits

Writc Repister ). [he WalT7REALGY oulpul can be
ofined nnder sofltware contral 24 a w AtT line in the CPL
Block Tranwfer mode ar as 2 READY line in the Duaa
Block Transler mode,

To a Dyvs conirolivr, the ZR0.510 wbaDy oulpur
indicates that the ZA80-%10 s ready 1o ransfer datato or
from memory, To the ¢PL, the v T owinul indicares
that rhe Z50-510 iy not ready 1o iransTer data, thereby
requesting the ¢ P 1o oviend the 10 ovele. The pro-
gramminy of Bie 5 6 and 7 of Write Reeister P ung 1he
lagic stafes of the wail <CaDy line are defined in 1the

107

Write Regisler | description {£80-510 Previeneag
tecLion.)

L)

DATA COMMUNICATIONS CAPARILITIES
- ¥
tn addivion 1o the 1o capahilities previows!y disceoed,
the Z20-510 precvides two indepondent fulladunio
channels as well as Asinzhronous, Saipchionoos sl
DL R G operational modes, These moades Taabge
the implemenatan af commonly used dars comenini-
calwans prolocols, .
r

e spectlie Teatures alothese mocle: are deseri=ed 1t
the Tollowing ~eqnons. To presense Lhe independonese
and compleieness of cach section, some infarmanon
comman to all modes s repeated.

L]

RECEIVE CHARALTER

PaqITYERAOR -
RECEWE DVEHRUY LAHDR =~ — —— = SPEDIEY RECEIVE
FRLY. 43 ERASOR - ———=""= CLNGITIGH tNTERRQPT
Esd OF FARME {SOLET

FIRST DATA CHRAALTEA = =
FIRST ®OK-SYHT CHSRECTER 1518 ————————
WALID AJDRESS BYTE (Z0LC)

\

\"‘][HHU?[ Gy oALL

RECEIVE CHAHACTIHS

RECEIVE
ff,, INTERRUPT

IHTEF".':!LIPT OH
FIRST EH»"FLZTEH

QLD TAAS SITIDY
s mennum‘_\*——-_.________‘_h_‘\
STNC TRENSION ——
To UNDERRUS £CM —

WREAX ASORT OETECTION ——

AT o A Rl

EXTEA%AL STRTUS 051
INTEASWPT T T ———— - InTEqRLPT k
T o m el 'CEE‘."""""-iI:T

BUFFER BECOMING EMPTY

Figurn

TRARS AT INTEERYPT

- !
PRl et il

e
P

5. Inberrupl Struclme

T T = T —————

s m— = —



Table 2 shows wrd, was and wres winh bats «e 1o indi!

. <hronous modes,

Asynchronous Operation

Freceive of tracs it o the Aavachronons mipde»
¢ A0S0 must e rilioed with the tellewing pa.
famerers; cloracier hngth, clock rai
bits, eren ur odd pariny, inlerenpt tnede, an d recener or™
iran-ntitter ¢nasle, The pacimesers sre koaded imao the
Appeoniate wrile regtsiers by the svuaem proeram. wed
prginciery s be issued Befoiz wli, Wiy and whs

P3rAaicra 01 COonimands,

[f the daia 15
interfave, *i1

ransmmitied ¢aer 2 modem or RSO

Trantmu Ln..bh: il

Tr.mtmuumn ¢annol Eeein annl
lhz Transmil Ena"'lh. kit is '~ﬂ

The .-'-.|.1|r:'- Frab'esfcature allows the provrammer joes
tend (e lirsr Jdota character of the mressage 1g-the
ZROCKICY withoul warting Tur OT5. 11 the Suto Enables
hil is sel, the Z250.510 wilb wail for the OTS pin 10 g0
Low befoie it begins dala fransminsion, ¢15, DOD and
SV are ceneral-purpose Loy lings thal may be used for
funcrions oher than their babyled purposes, U T i,
nied for another purpose, the Suio Enabley Bit il"LS.[ be .
programciyd 100,

Figure & dlusirates asynchronous message formais;

¢ the applicable modes, parametees and commmands o

snchronous moudes. w e (Choane: B oonly) slures the!
:hl-:rrupl vectars wi defines the nterropt modies and
data iransfer modes, % ks and W kT are nol used 0 25y n-
Table 3 shows the rvpical program
seps thal implement 2 full-dupley receisedtransmat
aperation in cither channel,

r’
1.
|
¥
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Asynclhironcus Transmit

£ RunSer ol wop 2

The Tramamit Dama outpst (Tab) B Lty ra kimg (!
when the transmitter has na Jaia jo wnd, L'nder pro.
gram controd, the Send Break (wrs, pud command van
he issued 40 hold 1D spacing (Lew) sanil the cesmingd

it cleared,

Hodsh]

Iﬁ"ﬂt ﬁTTﬁ“;‘Jﬁ 1:'?_5'. and On f]-._'rr-n- .

The Z30-510 sutomanically adde the ssan b, -
programmed parity b fodd, even or no faritv and !
programmed number of stop bils i the 2ata Jha
to be transmined. When the characier u_:nuh
seven Bits, the anuscd bits are awivinalicatly iz
AL ZE0-S1CH AT the character lenotn s Mive lnn AT Tone,
refer 1o the 1able in the YWrite Bevisier B odewr, Sl
(BG5S Programmung section} for the data forma:,

% =pa

'.J

~Surial data is chif'od from ™o al a raic cqual o 1.
TN reth, 10320d 02 0L Gsth of the cliock rale wonnies
the Transmit Cioch inpul 7 T.83 Ferlal dana b so

ool on the falling vdue of ().

iy
(R
t

-

Lt If s=t. 1he E\lcr:‘:aI‘rFm:-;ﬁ Interiups mode oo
‘rhe sratng of 003, 7% and 5Y~L ibrocchous the o

< mititen ol Iht nieysaye E these anpus charee foroa
period of time Ln utef 1han the mitimum spestied
width, the intgrrupt 1y venerared. Tnoa rransmin ogw -
iron, this Teature s used (o moniter the modem coni-.y
signal CT8.

y

)

AETNEM MO LS FORMAT
'12 —_
i i
L YT TE L 1TaET My -4 Oy 11" 170 MALAGWEL L]
2¢
4 _/4 4 .
E-f5 LT BAR
L TAANIALTIQwl DCCUA . w, Tyl WL
[ L LR AL-N 1= »
or il
MAT BT Fu! SCnT OR
»QF, Inim GA QOO
MELSALL LOw r
¢ i 2+ e ;
-
LY

Figure 8. Axynchronouy Pessage Funmal

v




Asynchronous Receive,

}_’-Jdmv iv.coabled, st Parlty Error I
el wheneo g Lhe-panty tn of the characigr
foS not mach™ith the programmed panty, Chge

01 = Ta 7115 CHAR
1T = Tr 8 175 CHAR

< Table 2. Conlenis ol Wiy Raghaters ], 4 and 5 in Alynchronous Mo des .

12

An Asynchronous Relehve operalian besids when the 7 this Bit is et it romaing pel il the Freor Rutl
" meccive Enalde bitis st 11 the Auto Enabley uplion is Command-1 ko; i¢ given, .
coied, ::--.ﬂ must be | Im'- .'15 w rH A Low {spacing)
wdilion on the Receire Dala input (kaOy indicales a * The Framing Ercor Eit (agl, By js set 1f the char-
mart e I this Low persists for gt feast one-hall af 3 bid acler is assrnolad “’”“JU' any dop hits (1ha1 14, a
Lime, the siarm Bit i5 assumed 1o be sahd and the data in- Low fevel detectou for 3 ap bty Chive Lhe Puariin
put is then sampled at mid-bit tims wail the emire Crror bir, this bit i3 sl {_.'!nd rot laiched) onty for
chatacter is astembled. This methed of Jeiecling a start the r_hamc:cr on which o1 occurred, Detecnon ol
bit iMpPeoses BIIOr rejeclion when acise spikes exist an f_rammg cirar adids an addjiional ong-tall aof o kit
an otherwise marking line. time (o the character lime 50 the framing crrar is
o oL amerpreted av a new warl hit,
[fthe w1 deck modzis «electad, bit synchrdnization: ™
must b2 acomalishad cuernally. Receive data is sam- * 1fiheCrb faily 1o read a data <haracier whilz niore
'pled on the rising cdye of B¢, The recener inseris |'s Aban three characiers huve been received, ane Re-
when a characrer lenc:h of other than eighn bits is used, \seive Overiun bit {31, Dg) Iy vet. When Lthis o
If marity j< enabled, ;he nagity bil is no1 aripped {70m curs, 1he fourth vhazacier assembled replaces he
the 2stembled characier for character bergihs other than 'h"d character in the receine buffers. With rhic ar
eight hits. For lergths other than eighi Birs, the receiver rangemnent, orly the characrer 1hat kas been write
a-seimbles a character feneth of the required number of 1en aser tf Mageed with the Receive Oversun Feror
dana hits, plus a parity bit ang 1's for any unused hits. " it Like Parny Erros, this Bitvan anly be reser by
Fur ¢xample, the receiser assembles a 2-bit character the Error Reser command fram the cbU. 8ath ihy -
with the fallowing formal: 11 F Dy &3 B2 D, Dg. pFrammg Error ang Reveive Oreirun Error casise..
un interrupd with the nterrupt '-:r:mr Iﬂ'..n..:'lr"-. &L *
Since (he recciver is buffered by ihree x-bit registerd -:Sp“""’ Recaive conditlap (il Status Aifedte Vesior
in,eJditiza 10 the reccive shift regisier, the ceL has 13 selected). )
enoush [ime 1o servive an inlerrupt @nd 10 accept the Siner 1the Parny Ereor angd Recvive Onerrgn Frmor
Jata characier aswembled by the 233,510, The receiver Nags are larched, the error statygs 1R31 1s resd reflets wlb
alsa kas threy bulfers vhat stare errar flags for cach daia error in the current word 13 the regelve hutTer oo an
¢ vvacier n the receive bufler, Thew error ﬂags alrt F“EI"LI}' ur Overrun Eqrors recenved viper (he L. Erros
‘d al the ~same 1hine as Lhe dats characers, Resel cammand. To b eep coprespandencs belaroy it
. stafe of the error DUITETs and the CONLenTs O [he formg
ANer a character 15 received, it is checked {or the cdata’ buffers, thes Serriif stipus_iegisier miast b reld
folluwing crror conditions: Thefore 1he data. This 1s easily sccomplished t vestored
-
BIFT aIT 4 BIT § BIT 4 2T 3 TR LILA BT o
B0 = A § BITE Chas s
WAl o iy ?3.’12 SaR ENABLES ° 0 0 e ENABLE
11 = Px B BITS CHAR
0a = 1 CLOGK MIDE 00 = NOT USED —
WRé D1 = 16 CLOCR W O0E o g C1 = 1STOFBITCHAR EvEN UDD F‘-ﬂ:nr_f‘f
10 = 32 CLOCH WO0E W= 1510PATE Cral PARITY ENalLE
11 = =4 CLOCK MIDE 1 - 25TOPAINS CHAR
O « To 4 BHTS 1OR
AR SEM Ta
WRS Cta 10 = e 6 BITS Choas ot A ENAGLE ° RTS a
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FUNCTION TYPICAL PAOCRAM STEPS COMMENTS * _)
i Graalin e CrraFihy  CADEDY
WwRg CHEMWNEL RESET Reset SO
WRQ POUNTER 2
WR2  INTERAUPT WECTOR Chanaei B only
- W FOMTER & AESET EXTEAMAL STATUS INTERSUPT
viRa ASYNCHADQNOLS WODE, paRi M imeGSMATION STOP BITS [$508 pararre'as
INFOIRH A TIOH, CLOCK RATE LA DRMAATION
IMITIALIZE wWAZ ROINTER )
L Lb] HECT;IJE EYESF AaUTO EwABLES AECEIVE CHARACTER
LENGTH
& WAp  PONTER S
WHS  PEQUEST TO SEnD, TRANEMT ERABLE, TRANSMIT Receryt and T7z7uwms 700w 'L =0
CHASACTER LENGTH DATA TEARLWAL READY ved, Aia Creses ol c=aze Tt
miTer f $7% 15 cate omc FaIf .y
OC0 15 actve,
AL POMIER 1, RESET EATER~AL STATUS NTESIIPT
JWAE TRANSIIT tnTCAALPT ERABLE. BTATUS RcFSCTE WELTOR
IMNTERALFY SN il RECEIVE CmARalITEIRE TR & T
ATADY FUNCTEON, EATERYA, NHIERRUPT ENSELE
aAng ge'ed’s e
AMpcty Vesrare Cnanss 2 oana
- h
TRANSFER FIA5T SaTa 8¥TE TO 50 This ¢2ia %8 ™ug: o= = xmrans
v FAAm TrerrLstE el SraT
1IDLE MOOE "EXECLHTE HALT WSTAULTION OA SOME OTHER PROGRAN Progrem 15 walng 'or a= "Rl Lt

{he S0,

DATA TRANCSFER AND
ERROS MONITORING

20 INTERRUPT AZKNOWLEDSE SyCLE TAZNSFERS PRZ TO CAU

WFACRARACTER IS RECEIVED
& TRASSFER DATA CnaRACTER TO CBr
« POATE PO%TEDSS or D FaRaETERS
& BETURN FROM INTERAYRT

¥ TRANSAMITTER SUESTA 1S LAY
e TRAMIFER 2a74 THARACTER T 510
& LOTATE PONTERS AND PARLAETERS
« AETURN FACWM taTCRHUFT

fEERTERNAL STaT S CraNGER
» THANSFEAR 530 TQ CPLS
* PEAFORM £RI0R SOUTINES nNCLUGE BREAK DETECTICN)
* BETUAN FRIM NTEAHQRT

I XRECIAL RECI,WE CONDITION CLAS
& TALANSFER AL 1A LAY
« DOSPFECMLERGDTAE G FRAMKG ERRC A AOUTINE
* BETUAN FRIM INTEARLAT

Wcler Eegitab e, 2 Tracet T Ve

Wen e TR LS S JTE et
vaglor 15 Too, e By 1, Saip.ae Do

Ty

ty: 3 Eatgrma Brarus Coemge 75 -
Soepa Fesee congton

Progra™ Conlrg: 5 Hans’sn e 1o o4
e wight crerr fl son 2R 12 el

[P yseg will prOcEELIg I =t = T A .
the madl et Ll »esids S5 0t
b petyrred 1o irf AT E Tter oDl =)
hirvled e sog0En08
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inIciapls are ived. because 2 special inlesrapt sector i3 crer temaing valid, An everplion occuss when the i
gencoaied for (hese condiions. rupl Cn Flrsl Characier Onby inpde iv wclected, A spe, .12
interrupt in thic modc haids the errarafata and the ot -
While the FacrpabsSaarps interenpr iy enalled, break acter inself {even if read from the Dol Ferd annl b e
detection canses an inlereap and the Breal Derecied Rewel command 15 ivsued. This prosents Tuelher o0y
starps bt [wdn, D=)is <ei The Break Detedled inlerrypt Mrom becaming available in the receiver unti] the & oo
should be hasdled by Issuing the Ruset Exiernal Status command iy iswued, and allows cPuinunnennon un o5
IMerrupt comimond 00 the Z50.513 in rexpomse 10 1he characier with the =rror exen il Dia of Block 1rape -
first Breat Dowcdted iniereant tha has a Break s1atus of _ fechniques are being used.
1{rrn, 0-). The 250510 raunitors lhe Recetse Data in-
put and waits Mor jhe Break scgience 10 Terminate, a If Imterrupt On Every Characier is selecied, 1he s
which point the ZM0-510 interrupis the CPU with the rupt sector s dilferent if these s an eredr starus e v
Breal soz2tusset o0, The CPL mus azain issue the Redet Ifa Receiver Owerrun securs, the mo-1 recent chara, -
Evrernal “Starus lnierrupt command 1n i< inlesfupl sef- received s Joaded into the bPuffer: ther Jharacier ros
vive rouliac ta reinitfalize ke break derectien logre, ceding it is 1ost, When the characte: "kat has hega wei-
ten over the other characicry i read. ke R eive O
Jhe Eviernal’Siatus inierrupn alse moriiors the run bir is se and ithe Special Recenne Condition sedio;
vlatus of Gop, [ the DCo pin becumes tnactive lor a returned 1F Sratus Aflecrs Vecror is enabied,
period grearer than the minimum specified pulse widih, - -
an inferrupl 35 rencrated with the ON sratus bil (Reo, ﬁﬂ A poiled L "'Dnmm! the  Recive Chiars
By ~e1 10 !, Note thal the DCD input 3s inverted in the L Avalzble bit (Ris. Dy) mus B montaced -
REQ stalus regisies, LBUCPU can haww whealoicad acharazzr, This =
aulomatically re-2r whén the recoine b:.::'i.:.':- A5 bt
if the <1a00% IV read 2fier the 2203, the oflor 2212 fnu. To prevent overwriting ¢ata in polled areration
the next word 1 olao incleded if 1 Las been = siached In. vansmi: buffer statur must be chesked "‘L'c €t -
lh: boffer, If operandns ars parfooyed rapidly enongh? i dhe trasmitier. The Transmut Bubfsr Emph b
uu the jeat characier s nod et received, the ilan.swms-' set g | whenever ihe transmil pulfer s cmpiy.
t
it
L] PR . *



Synchronous Operation

. 112

Before deceribing synchronous tranwmision and recep-

on, the three 1ypes of character synchronization—
sMonosyne, Bisyne and Exlcrnal Ssnc—~require some ex-
planation. These modes use the x 1 leck for both
Transmil and Ruceine operasions. Data is sampled on
the risiny cdve of the Receive Clock input (83Cr lrans-
tnitrer €3ta Iransitions occur on the {athng cdee af the
Transmit Clock inpul 1 T3 )

The dilferences between Monosyng, Bisync and Ex-
sernal Svow are in the manner in wnic b oiniial character
svachronization 15 achieved. The mode of operanon
must be sclecied beforg svec characiers are loaded,
pecause the recisrers are used differents in the vanious
modes, Fisure 7 shows the Tormats Tor all three of these
synchionous modes.

Monusanc, [n a Recenne operation, mmuiching 2 <ingle
svac character (3.bo syoc moae] with the programmed
sync charucier siored in WR? implies characier Synchro-
nizalion and enabics daia transfer.

Biwanc, Matching 1o contituous sync characters

HA-bil avng modet with the programmed sync charae.

tery slored in wae and wes iaphes charagior ssnchron-

sation. In bodh rhe Monosyng and Bisyng modes, Sy sC

iy wved av an guiput, and i3 agtive for the part of the
reive clock ihar deteces the syno characrer.

~

Fxicrnal Synce. In this mode, characier synchronizatan
is esablished eviernatly: §YSC &5 a0 inoul thal imdwarss
external characier ssochronization has been achiered,
After she syne pauern i derecied, the eviernal ingic
must wan for o Tyl Resetve Clock oveles oo animale
the Sy ¢ input, The sy inpul must be held Lo unril
character sxnchronizaion v lost, Charadier gewe -2y
begins on the rising edez of K 1hay provedes the f2ting
cdge of sy NC.

In alt c2ses after a reser, the recxiver s in the ilunt
phase, during which the Z80.510 looks for Jaapsoer
svnchronization, The hunt 2an hepin only when the
receiver is enabled, and dara rarnsfer can br2in oz
when character syachronicziion Ray been achiowed. If
characier synchronizarion is lost, the Hunr nhgss can Fe
re-enieied By wgiting a control word with the Dhic
Huni Phase bit sgn {w k), 03). I the Transnn meds. ine

Jdransmirter alwavs sends the prosrammed avmoer of

ing birs (8 or 18} in the Monouwnd mode, the 1rans.
mitter transmits from Wke, the receier omparey
apainst wR?.

In the Monosine, Bisine and Evernal Sync mades,
aviembly of recenned Jata coattnuoes enal the A5 ~140-
teaet, or BRI The rovekser 14 ditabied (hy corrneaTd o
by BCO in the Awa Enables mode), or watil the ool -
the Enter Hunt Phuwe bit, -
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Alter initial ssrdirnnization hat heen achiesed, the
operation of the Mennsang, Bisyne and Fuernal Svac
metes s guite similar, Any difforonces are specified in
_the ollewing texl.

Table 4 <hawy how wh), was and w s are vied in
synchionous ieceise and 1ransmit Opgrations, wWRD
roints 10 other regislers and issusy various commands,
wki delines the svterrupt modes, wr? siares the inler-
ript veclor, and wie and WRT slore sane characiers.
Tabie 5 illusiraies the 1y pical program <ieps thad imple-
ment a hall-Jduplex Bisvne ransmit operanon.

Synchronouws Transmit

IMITIALIZATION

The svelem program must inicialize the 1ransmitter with
the lollowing parameters: odd or even parity, » 1 clock
mode, §. or 14-bit svnr characier{s), CHC pelvnomaal,
Transmiiter Enables, Request To Send, Tata Terminal
Ready, interrupl modes and transmit characier length.
whd paramelers must be ivsued belpre Wi, wWii, wis,
whke and “WHY AaramMelers o7 commands,

Onc of two palynomials—CaC-1e (X0 + X1+ X7+ 1)
of SDLC (X' + X' XP 4 1)—may be used with syn-
chronous mvales, in. eoher, case (St ¢ mode not
" lected), ihe CRC penerator and checker aie ressd 1o all

In the tranymil inltialization process, 1he CRE
b.oocrator nomiiakied by osweniing the Reset Transmit
CrC Geoneratar command bits (w 2oy, Both ihe trans-

mitter and the receiver use the same polynomial.

Transmit {nterrupt Enable or Wail/Ready Enable

113

can be selected tatransfer the dara, The Evternals S1atus
interrupt mode is used to monilor the s1atus of the
CLEAk TO %F~0 inpul as well as the Tranemie Lnder-
run/EOM laich, Qpianally, the Auto Frab!les feature
£an he vied 10 epable the transmitier when @ 1534 active,
The first data trunsfer 10 1he 280.510Q c2n hegin when
the External/Status intercupt oocurs (CTS ttatus bit st)
or immediately folowing the Transmit Enable com-
mand {il the Aulo Enables modes is set),

Transmit dala is held marking alier resel or of 1he
transmitter is nol ¢nabled. Break mayv be Frogrammed
10 genecale a spacias line thal begins as »oon as the Send
Breah bit 15 set. Wieh the transinitrer fullt iniialized 2nd
enabled, the defaull condition is coniinuous ansmis-
sion of the 8- or 16-bit syme characier,

DATA TRANSFER AND STATUS MOMIIDRING

In this phare, there are several combinzions of nler-
rupts and Wail/ Ready.

[ara Transfer Using Enterrepts, 1 the Transmil Fnters
rupl Enable bit (wR1, 00 is ser, an imerrup! is enerated
each jime 1he transmil buifer bapomes ermniv, Thainger-
rupl can be catisficd enher by wrning xoother characies
into the lransmitier o7 by reectting the Drznomstier dn-

command {who, CuDse [T 1the inferrupt s sansfied wih
this command and nothine mote §s witen e b
ltarsmiiler, there cen be no further Transmit Buafie:
Empiy inlertups, because s 1he process of the 2aller
becomine empty thal Lauses the imerupnts and the bl
fer cannot become smpty when i is alreads smpir, Thes
situation dogs cause a Iransmit Underron vonaduiion,
which is explained ir the "Bisvne Transmn Laderren™
section,

T ) AT e BIT 5 BT 4 aIT 3 BT 7 BT * BIT 4
00 = R 5 BiTS CHaAR ENTER SYNE
WR e A2 & BITS CHAR ALTD, WUNT Ra CRC ¢ CHAR HY
81 a Fia 7 BTG CHaAR ENATLES WOOE EMABLE LOaD E*:a3LE
1 = Fu 8BS SHAR NHIET
OF = 8817 SYNT CHER
WHE o 8 01 = 16-BIT SYNC CraAR +} i} EVEN OOD PARITY
. W= S0LC MODE SELELTS BYME PLIHTY EnABLE
M o= EXT SYNE WODE MODE S
00 = Te SBITS ICR
LESS) CHaR t T
wR3 OTR 10« Tu & BITS CHER :;éﬂ EH:LLE SELECTS RIS ;;Eﬂ
Q1 =« Te FRITS'CHAR . GRE 16

1M = T2 ATSECHAR

" x P

Pt . g

, Table &, Contents of Wiite Regivlers 3, 4 and S in Synchronous Modes



Paja Tronofer Using warf w1 alny, To the CPU, the
activation of WAIT andicates thar the £20.510 is nat
ready 1o accepl data and 1thal the Cre musd extend 1he
outpit oxdle. Toa osta controlier, KEauy indicaies that
the traavm buffer 15 emipty and (b the Z80-510 s

ady Lo accept The newt d2la vharaler. I the datg
Lharacier is oo looded inmo the £30.510 by 1 he ime the
transmit shifl register 15 empty, the Z80-510 enters the
Tran-mi Underrun conditian.

Bisyne Tranwmit Undercun. [0 Bissne proracel, filley
charaaers are incerted ta malimain synchronization
when the tracemitter has no data 10 sead {Transmin
Underrun condinian). The Z80-%510 has (o pragram-
matle optiens for tolving this situation: it can insert
syne characiers, or it can send the CRC Charagiers gener-
ated vo far, foliowed by sync characiers.

Fhe<r options are under the contiol of the Reset
Trapcmit UnderrunfEQw command in w20, Following a

chip ar chinnel ceset, the Transmit Undertun/EOs

siatus bit kA0, Dg) 15 In 2 se1 condution and allows the
insertien of svne characiers when there 5 po datz o
send, CRC 15 Aol calcubated on the auiomatically inserted
" swne characiers. When the ©PU detects the end of mes-
sage, a Rescl Trazsmil U'nderrun/eov comenand can be
issued. This allows RS 1o be sen! when the 1ransmitier
has no dala. In this case, the ZR0-S10 wends CRC,
followed by syne characiers, 1o 1erminate the message,

There is no restriction as o when in the message the
Trapsmil UinderrunsECs il can be resel [T Reser s
issued alier the firar daty Lharacier has been Ioaded the
Lé-hit CrC 1% sent and [ollewed by s»nc characters the
first time the ransmitier has no dara 1o send. Becanse of
the Tran<smu Upderren condiven, an External/Siaius
interrunt is generated whenever the Transmin Under-
run/EOW bit becomes set.

In the case of wync insertion, aninterrupl is generated
only afier the first awtomatically inserted sync characier
has been Toaded, The startus indicates the Transmiyl
Underrun/EDY bt and the Transmit Buffer Empty bt
are set.

4

In the case of CaC insertion, the Transmit Underrun/
EOM bitis sel and the Transmin Builer Empiy binis resen
while CRC s being sent. When CRC has been completely
sent, the Tranymit Bulffer Empts status bif is ser and an
interpupl is generated 10 jndicale 10 the CPU that another
message can begin this inkerrupt wecurs becavse CRC
has heoen «ent apd sync has been toaded). i no more
messages are 10 be senl, the program €an lerminate
transmission by resetting WIS, amd disabling  the
transmitter (W RS, D).

-

Pad characters may be sem by setting the Z80.510 to
B bits/ieansmit chasacter and wriling FF 10 the transmat-
ber while CRC s bring sent. Allcrnatively, the ssng char-
#Cters van be redefined a3 pad clharaciers dening this
" tieng. The foflawing example is included & Jarily this
point.

- A X .
The J80 510 imiwrrupis wuln the Transmat Bofes Emply B
aat.

The CRr tpcogaes that 1he last ehasaster g7 of ihe
message Ras al*cady Geen senttoine Jhe S0 by #raTifing
the iTeIMal Crasram SLatus.
To lorce Ine JBD SI0 (0 serd CAC_the Co b1, 49 tH 8 Argm
Tranamut Ungerrun e Se LACh COmmang - god 2 ahishies
Ihe sAlErfusl with 1-g Feset Trgmamm iterryst sending
command, (Tresy Comerand Crerenly Ihe JEJ SIQ *ram re
Aueshing more Caidl Tocacie al the LTl LRCeTTLT
gauded By theg Cammynd, 0w JESRID Atarly gerdoag Qa
The FEC S0 aisp casses anm Exdermar S a'u? arjginal mln
Ihe Transm) Uroerforse0w lATER set,

[

The cPs sanisties (RS vmterrupl Dy 19a¢dinG Sal Jrdrasiers e
toIhg Vansmit Dlles g ssung g Aesel Evter=a Slaley
Inlerfpdl G=m.manc.

Wilh 1Mis s encl C=2 5 (OIS wed By 3 283 Cratatiarar.
slead ol 3 syrp enarasier, Mole 1hat 1 e JEREID A0 e
pl wath g Tramemal Soter gorply amlatt L aten [R5
camplelely senl an7 na 1Fe T4 Cha'ali80 4 WCaleD M2
Ihe Irg=se shull ragesier)

Figm this pownt Onh tRe CA0 Zan 3end MO Ze 3l ST aClen e =
ayng Characiers.

Risyac CRC enerztivn, Setting the Tramemt o=

oot

the nrogram sencs the First Jota o3y
ZEQ-n10. Although sne X050 awemaniy s
Ml bt FO feg 33 nC charaoters LIl s2ndh, i,y a0 0
stnd a few mare sync sharaciers ahead of the messo g
{before enabling Transmut CRCH Lo entute sy plhronie.
fion af the receiving end, j

The transmit CRE Erable b cap be chapeed ono -
i

ticular dala characier Mrom CRO accsinulisia
Transmit €rRC Enatle Si chould bein the Qo
when the &ata charasier is ioaded from th
data bulfer imo the ransmit shilt registes,
this bit is in the proper siade, the Transmip -0 Enac
bi1 must be issued hefore sending the data characicr @0
the ZEG-510, :

[
!

Transmit Transpareny Mode. Transparem mode (20
sync proiocol) apeidiion 1 made possible by the abi’o
10 change Transmit Cwe Enable on the Ty amd 2v 2=
additional copakbilizny of interting 16-ba syre charaltzss,,
Exclusion of DLE tRaraciers from CRE cales’ziion oan
be achieved by disabling CRC cajculaiion ieunediair.
preceding \he DLE cheracier lrans_fcr 10 the S:3-510,

+
L]

In the case of a Transmu Underryn conduion in 5
Transparent mode, a pair of pLL %15 Shatadiers oo
sent. The A30.510 <an be programmed 190 wrd the D0
SYM sequence by Innding 2 DLE characier 1010 W Rh aNe 4
syne characier inla Wa7,

Transmit Terminatina, The 230 810 15 equirped + .\
spoecial tenmination featire thal maintaing Cutd imlvsine
and salidiny, IT the traavanilter iy disabled whale & Jota
or 3ync character 15.h¢ing sent, thal ¢haragier 1s ~wont as
uswal, but is fallpwed By a marking ling raiher 1han Ve
Or $30¢ chareciers, When the transmiticr s Jivabled, a
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TYPICAL PROGRLKY STEPS

4 &+

COMMENTS

INMTIALIZE

REGISIER

SRR AN DAL

WR{ POINTER 2
waRz INTLRAYPT VECTOR
wWh)  POINIER ]

W3l  AUTO ERADLES

WRO  PLINTER 4

WH PariTY INFOAMATIIN. SYNG WODES INFORMATION. 1

CLOCK MOJE
WRa FOWNTEA &

WhRE SYNC CHLSACTER t

T owRn  CMENNEL RESET. RESET TRANSMIT CAC GESERATOR

WAS  POINTER T AESET EXTERYAL STATUS INTERRUPTS

WHF  SYNC CAARACTER 2

WHE  POWNTEA 1, HESET EXTERMNAL STATUS INTERAWPTS

wWR1 STATUS AFFECTS YECTOR ExTEAMAL INTERAURT ENABLE,
TAANMSMITIMTERAUPT ENABLE C2 0 AT READY WOOE ENaBLE

WHO PQINTER S

WAHS  REOUEST 10 SEMD, TAANSMIT E4ABLE. BaSyNEG CAC

TRAMSMT CHAHACTER LENGTH

FIRST SYMNC BYTE TO 510

Feart B0, wull.ie 62 e
Channel B ony

Transmason begas anly aFer £75 05
detedied.

laxug Iransmit Datampiery

Ewernal Inlerrypt made mas g Fa
s of TS ang GO0 ovop 228 25 ady
a% e 31as af Ts Linde Ty 20Y 3007
Transrmul  Ircerropl Frazw <'5.0%8
whern ke Trargm) T,%5r 2810704
empty theWat Foan, maze 13- T8 L58
1o transled ca1 LS g LA g T30 B i
Transier,

Stalus Al'azs Vectst (Sna=ce T 700

Transm:t CAC Enab'e shouls w80 n 3
tirs non-sync garg 15 L0l 13 Sz %0

MNesd several syrs c=1artes . TR I
gining of masyage, Fransael 4t
irilhahyeg.

IO0LE MODE

EXECUTE MHALT INSTRUCTION QF S0ME OTHER PROGRAK

Warling lgriniergpl ar W gl B agy 0wl
12 Irgnsier dala,

DATA TRANSFER AND
ETATUS MOMITORING

WHEN INTERRUAT (wiiT AEADY) OCCUAS

o INCLUDE EXECLUCE DATA BYTE FREHA SRS

ACCLUMULATION |18 S0,

& TRANSFER DATA BYTE FROW CPL DR WEMORT|

O Sl

a DETELT ARD SET ARFESFAIATE FLAGS FOR CONTAROL

CHARALTERS [N CFPLY

s AESET T LSDERAUNECY LATCH |WHAG IF LAST CHAFRALZTER

OF MESSAGE 15 DETECTED

» LPDATE POINTERS AND FARAME MRS (CPLU)

» RETUAN FRCWOINTERAURT,

' ERRDA CONDITION CR STATUS CHANGE DCCURS.

e TRAMSFEA AARG TG CPY
& EXECUTE EAACA ADUTINE.
» RETURM FROM 14 TERAUPT,

Intarrupt occury NA'a1/Ready Secames
ACLve] whan sl C2ta 7 te o Tahe 38T
Wait mode allaws 0P SoIn VAT
fromm memony 10 St SAgis moTR L g
LM Block 1:g=glg® frgm =e=g= 0 50
The DM AChD TN B SA0g 0 ™ e= T =ie:
(wig SpRcal Comrl Lhyolie s me TV
AMining ooty the D8 gl a2 10ty 48D O

EBCOH conliol Ehdracte-s), G3g MerTLIl
cry.

Ta Urnigenur  ECs g ales di-er 375
et undomun (Syne Charazipr Lo "R AN
o end o mossege (CAC 16 L27g
sant),

“MINATION

RAEDEFHE INTERAUAT MDDIE 5

LPOATE MOCEM CONTROL OUTPUTE (E & . TUAN OFF RTS

GamE TAANSMIT MCDE

Piogram  shoudd  grace'vlly lprmoace
meiiage.

Tabls 5 Bisync Transmil Mode



characier in the bulffer fomuins i the buffer, 1F 1he
tearsamitier iy disablod while € €€ s Reing sent, the La-bil
tramemiission §s vempleled, bul sync is senl insterd of
VR,

A prepranned bivak b offectivg as ogn of il is writ- |

S inda the vontsol repister? characiers in the lramimig
bufler und shift revivers are Inst.

{pall modes, chiaradd s are went with the Ieast signifi-
can?® bits Tirst. This regquires right-hand jusiification af
transmninred data if the word leacth s less than cight
bits. 17 the word fength iy five hits or bess, the special
technique described in the Write Regisier 5 diseustion

{250-510 Programming section) must bz used for the .

data formai, The stales of any vncsed hirs in 2 dara
characier arc irrefevant, except whenin the Five Bils Or
Less made. .

If the External/Status Interrupt Enable bit s set,
transminier conditions such as "'<wrarting (o send CRC
charagiers,”' ““starting ra ~end senc characiery,'” and
15 changing stzie causc interrupts that have a unigue
veclor i Status Alfesrs Veclar is tel. This imerrupt
mode may be ured during block ransiers,

AN inlerrupls may te diczbled for oreration i oa
Polled mode, or 1o avoid imerrupts al inappropriate
times during 1he execution of a program.

Synchronous Receive

ANITIALIZATION

The sysiem poera ninales the Sunchronous Recejve
opetation wilh 1he follewing parameters, odd or even
parily, §- or 16.hit ssnc characiers, %1 clock mode,
CRC pobvnomial, receive character lengih, eie, Syne
characiers must be loaded into repisiers wre and wWRY,
The receivers can be enabled only after gil receise pa-
. ramdters wie seb, WRA paramelers musl be issued before
WRI, R, WRA, WReand WRT paramai<rs or commands.

Afrer thisis done, the rezeiver is in the Hung phase. 11
remains in this phase uniil character sy nchronization is

achieved. Noig that, under proeram conprel, all the -

leading 5ync characiers of the micssage can be inhibied
- from loading the recetve buffers by seuing the Sync
Charagier Load Inhibic bivin w R3S,

DATA TRANSFER AND STATLUS MONMITORING

charagier swachronization is achieved, the as.
whled characiors dre transfericd 10 the receive data
FIr Q. The lallowing Four imicerupl modes are asailable
lo transfer the data and iy associabed atus 10 the CPLU,

- Wo Inlereupts Erabied. This mode is used for a purely
polled opcration or for off-line conditions.

v

_ Special

116 )

taterrupt On Fiest Character Oaly. This mode is nonin-
ally used 102 start a pnfling lpop or a Blozk Traesfer in.
siruction using wWarm KEwDy 1o ssnchronice the cpU or
the DM device 10 the ircoming data rare. Ia i med ™,
the Z80 S10 wcrrupts on the fust vharacier ar @ the, )
afier sieirupis only of Special Receive conditiony are
deregled. The mede iscininalired wult 15e Frasis In.
terrupt On Newr Receive Charmeter conasand 1o allow
the next characier received 10 gencrate an irsesrupt,
Parny errors Jo nod cause tntermeps i tds mode, Bl
End Of Frame (5D1C mode} and Receise Overrun 20,

If Esternal/Sratus inteorupis are enablsd, they may
ielerrupl any lime DT 0 changes sisie.

laterrupt Or Exenn Churacrer, Whenever 3 chzradier
saters I1he receisve Duffer, an inferrupt i cencrared,

Error and Special Receive condinions cenerate a soecl 3l

veclar if Sratus Affects Vestor is selecied. Opiimezilv, 3

Parity Error may be girecred not 1@ genuriie the s7200al

inlerrupr seciar,

Recrise Condition [nterrupis. The S-e#ciaf
Receive Canditian imicirupt can ociyr anly if stihar ine
Rezeive Interrupt On Fira Character Qnly ar {nerag
On Every Receive Character modes, is also se0 Tae,
Spraal Receive Condiios intesripr s aweed o3 -e
Receive Qeerren ercor conditian, Since the oo
Overrun and Parity error slarus bos dre jaiches, the
error status—when read—redledty an crrerintie coren!
word in the receive binlier i adMin 10 2oy Paroe oo
Oserrun errors receives siace ihe law Error R oom-
mand. These status bits can only be reser by the Srior
resel command,

CRC Errur Cheehing and Tertainafion, & CRC 27rar
chech on the receive inessaec can be perfarmed o5 z Per
character basis under proefam conirol. The Reizae
cne Enable bit w3, 03) musr be selsreset £y the o
gram belore the nevt characier is tran<derred from the
receive shafl regisier into the receive builer recisicr, TRy
ensutes praper inclusion or exclusion of data chargoiers
in the CRC cheek.

T allaw the CPL ample time to enable or Jisak the
Cre check oa 2 parnivalar charager, rhe 230500 c:00u-
[ares CRe gigh bit timzs allee the charaoe: has =oen
trapslerred o 1the receive bulfer. 1T CRE i enathed
before the nest character i35 transferred, URC 35 J2ica-
laied on the ransferred character. I CRC 15 2ivzrled
befute the time of the nesd wansfer, calculation pra-
ceeds on the word in progress, but (he word Jus inans.
ferred 1o ahe bulfer is notincluded. Whon those reguire.
ments are satisfied, the Y.byte reveine dana buffer i in
effect, unusables in Bissne operation, CaC may be cnail-
ed and dizabled as many 1imes as negessary (o a gnven
caiculalion.

- i - ' .

In the Monowyne, Bisvac and Exlerna Sync mose,
the CRCSFrumang Eeoror by {RRT, Og) vontuins the coun-
parison eesull of (he o k< checher Ta bin tiaes (eight Bris
delay and cicht shifis for cRe) after the chatacier hus
been tramsfeiied frpen’ the reccive shaft cooister 1o the
buffer. The result should be zero, indicdting an error-



free tramemission, (Sole thal the result is valid only at
the vnd af « ko calevlangn. T the resalt v esamined
belore thiv e, 1t vseally indicates anerror. ) The com-
parison i+ made with each tramsler and 15 valid only as
vlang as Lthe charagive remains in Llhe receive HIFD,

Follewing is an ovample of the CeC cheching opera-

.0 when four characiers (A, B, C and [} are reccived
in 1hal order,

Characier & lzaded in1a bullier
Chatacier B lgaded inip bubier

If c®< i5 disahled Bcfare C 14 in the buffer, CRC 15 Rol
calculated on B. . )

Chraracier Clgaded into buflet

After Cis loaded, the Crc/Framing Error it shows the
result of 1the comparison through charzcier A,
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After D s in the huffer, the ¢ Error hit shows the
resull of the comparinon through churacicr B whether or
nal B was included in the CRC calenlations,

Characiar G lpaoed wnto buller

Due to the serial namure of <wc calczlanon, the
Receive Clock (R must cyels th times {B-bit Jelay plus
B.biz CAC shifyy afier the second £®C chazacier Ras been
loaded into the receive buflee, or 20 timies [(he presioys
1& plus 3-bit buffer delay and J-bit innur deiavjafree the
Yast it is 21 the R input, hefore CHE caloulanon is
camplele, A [aster evternal rlock can be caed mmo the
Receive Clock inpar 10 supply the reguited 16 cvglies,
The Transmit and Receive Dala Parh diagram (Figure 3)
illusirates the various points of delay in the CRC rath,

The 1vpical proeram steps thal impicmeni a half-
duplex Bissnc Receive mode are llusiiaied in Table &
The complete 21 of command and status Sit dehmaene
are explained under Z30-51C Programming.™

FUNMCTION TYPICAL PROGAAM STEPS COMMENTS
REGISTER HEQAMATION LOADED
Y0  CHAMMEL AESET, AELSET RECEIVE CRC CHECKERA Aese! 5D oWl aeze Bpspop T2 L5t ar
WwHI  POUMLER . .
WRZ (NTERAURT VECTOR  ° Channet 8 onty -
WRAD  POINTER 4 :
wm- PARITY INFCAMATION. YN MODES INFORWATION, x1 Is$uE rece we paramerers.
CLOCH MODE -
WRI POINTER S AESET EXTEAN L STATUS INTERRUET
WR3 BiSvNC CACE_ DATA TERM N, READY
WRO PONTER ] )
INITiALIZE WAS  SynC CHARACTER LOAR INHIEIT. RECEIVE CRC EXABLE: B, ne charaCler lcaz nhbel tinps a0 e
EMTER HUNT MCDE, AUtO FraB ES AECENVE CHARALTER Kadng syne Chardsers 3t it e Legrtg
LEMGTH of the megsage A3 E-3005 enaz 24
. (1 T S TUE Ll [ QT el o MY - B R b
. OCD wiput o8 active
wi;:l POIRTER 4 v
WAB  SYNG CRARACTER 1
WRo PQlNiTEH 7
WRT  SYNC CHARACTER 2
WRE  AOINTER 1, RESET EXTERNAL 5TaTUS INTE RALURT
wHI STATUS AFFECTIS wECTCA ExtEQMAL MNMTERRUPT EADLE, In thud AlertUfH Mode, o0ty TE LHe] Ao

RECENVE INTEARAUPT O FIAST CHARMACTER CHLY

SYNC Cata charatler s (rarmsie ey 1o
Emy) A syte=guent © '3 S HaTEienga
On 3 Dk Bagis, Boac.er Specal Ree
Ctnvg Concd 100w oS will e e
the CPU Stalus S%ec's Yerior used o
Crannal 8 only,

Tabin & Biaync Rucoive Modse

4



~ F1d

FUNCTION TYrCAL PROGRAM STEPS COMMENTS
WRD  POMTCAY ENEBLE INTERAURTONNCXTRECEVE GHARACTER  Aesefling 1wy ametrLy mace pro.. s r
‘UTIALIZE , mfl:af;c;gc;am Inplank wotrg '
N TINUED) s LS AT
" WRY RECENE ENABLE. SYNC CHARSCIER LOAD inmBIT ENTER VAT 15 MStued 10 #nan ¢ TR0 AR
‘. HLNT WI0E AUTD ERARLE, RECEIVE 'WORD LE~GTH cervl CAC Enah'e iTost Ha el aher 0
Cernng 53 or STo Charamer,
Aeceivr moce o5 "Wl 0 7 500 ang 1
IDLE *AQDE ERECUTE HALT ISTAUCTION QR SCME DTHER PADCALM EYSIET B wE LG Mo mtginual L0 1
’ character, *
WHEN WTERRUPT QN BiRST CHARACTEA OQCEURS, TeE CPUDOES T Dunmy [he Hunl moce, the S0 J¢ e
FOLLEWiNG tw CANNGuOLS 25araliary [J @5 Al
o TAAMNSFERAS DATA 8YTE TO CPL Eyﬂc."lfc!"l FETE LY of TR S LT LE S
® DETECTS &0 SETS APPROFHIATE FLAGS FOR CONTROL CrAR- Oese MOoe and 3l s s 3R 7] 2mat
ACTERS ("M CPLY ACErS P [FaTgTerrEd By TE D InT
® IWCLUDES EXCLUCES DaTa B¥TE w4 CRC CHECKER rolfer. The cortrdie it a gl ra= s
® UPDATES PCIATERS ANO OTRz A Par e/ g TEQS 18 Capfurs soomad Crz agis’'s D, g
o ERARES AT RELDY FOA DA CAERLTION ining OAly ihe b Inat epeaty 2zl 3
& EMABRLES DA CoNTROLLER EBCOHC cunirgl Charatisg and " i
* BETURNS FROMNTERAURT tha CPy Laon c2tcoion IR oin;mue
the CPU E1amres 178 S130L8 &0 JIn'0
cha:alers anc bawes gro/i[r o an o
{eg. CRC Eraze Upcate;
CATATRANKSFER AND WHEN wai ] AELDY BECTMES ACTIRE, Vg Ohdd GOATADLLES OQES THE

STATUS MGHITORING

FOLLOW NG
s TRAALSFEAS TATA BYTE TO WEMOAY
_a G NTEAIUPTS CAQIF A SPECIAL CHARACTER IS CaPTURED BY THE
DHA CONTROLLER
® WWTERAURTS THE CPUoF THE LAST CHARALCTER OF THE MESSAGE
15 DETECTED

FOR MESS2GE TESwRATION [THE CPU ODES Tk FOLLO AW

The SHI UEHLS'S N8 SF0 "0 g4t

ut » TALMSFERS AAL 1) THE CPY chilmoet. and e eupr 2ULTER ALl
® SIS ACK nar AZPLY FLAG BaSED QN CHE PESLT orESEnl Message. Codry tnd 0 1272
& DPDATES ADINTEAS AND PARSMETFAS b, and rroeas e Operilon
& RETQERS FADM RTEARJFT . - -
REDEFINE INTERRUPT MODES aND SYHE MODES
TERMINATION UPDATE M{I0E M CONTROLS

DISABLES AECEIVE MOOE

Table E. Bisync Receive Mode [Conlinued)



SDIL.C (JIDLC) Operation -
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The Z250U.51Q iv vapable of kandling hath Fligh-desel
Synchronouy Dava Link Conirel tHDI ¢ and [BM Sy n-
chropous Data Link Conrral +21C) protocols. In the
following 1281, only spLC is referred (o because of the
high degree of similarity berween SDLC and HOLE,

The suI ¢ munde is eonsiderably differenr than Syn-
chionous Bisvne protocol hecoauwe 10 75 bit orienied
rather than characier oricnied and. thercfore, ¢an naju-
rally kandle Iran:parent operatign. RBil ofientation
inzhes S C a fesible protocol in teems of messare
tlengih aud bil racterns, The Z30-510 hasveneral buili-in
fealures (o handle sariable messaye lenerh, Desailed in-
formation concerning sGL4 primocol can be found in
tilerarure peblished on this subject, tuch as 1BM dacu-
ment GA 273093,

The spLC messape, called the frame (Figure 81, i3

apcned and Slosed by Mazy than are simitar 19 the svnc
charactsrs in Bivvne protocol, The 280500 handles the
transmition and recueninon of the Mag characiers thal
mark the beginnng and end of the frame, Noie thar the
ZROS10 can recene shared pero Dags, bul Cannot (rans-
mil thetn, The E.bit azdiess Nicid of ansoI C ftame con-
1ains the seconcary siation address, The Z50-510 has an
Address Search mode thal rewoyniers the secondary ua-
tan addreys w0 1 Can agcEpl OF 1efecl the frame.

Singe the wonirol heid of the sp1 C frame is [ranspar-
ent 1o the 2eU-510, o i simpiv rzanslerred 10 the CPU.
The 230510 Landles the-Frame Chech sequendce i 2
mannef that simplifies 1he program by incorporaning
features such as iminuahizine the CAT gencrator 1 all 1%,
resetling the Cke Checker when the oheming flag is
derecicd in the Recgive mode, and sendine the Frame
Chech  Flay seqaence in the Transmil mode. Conroller
hardware is «in,phifjed by auiomatic zero insertion and
Jdelasiion logic conrained in the Z50-510.

Tabie 7 shovws the contents of wWRrY, wksand wR:dur-
WE SOLC Reveise and Transmil modes, ™ RO pyims 1O
olther regisiers and ivfues sarious commands, w R
defings the 1merrupt modes: Wi sfares 1he imerrupl
veglor. wR? vores ine flag characier and % Re the sec.
ondary eddresy.

SDI.C Tra nsmil_

INITEALIZATION

Lite Synchranous operation, the sDIE Truzos s mooe
must be initialired with the following ~ateingisse, <&
mecaz, SoLe pohvnomial, Request To Seng, Tas Ta-.
mindl Ready, irznamit charaster lengin, frane =i ingae-
repl modes (or Wzt Ready fencnien), Tran.mi F=-
abls, Auig Enabies ang ExternalsSiatos inierr Lo,

! a

Scigcting the s made azd dhe <210 o' noami
eaarizg the ZA0-5)0 o ymilialize the Cud Conrarar -
all 1's. This s accomplished by isscipz == Rewss

Transmil CRC Gunoraior command rma oo, Rates oo e
Ssvnenronous Opecation wedlion for mose deiz . on iz

infetrupl modes.

the Transmut Data ouwrput is held martiss Z-200 =i,
be proerammed 1¢ sencrate 3 spacing hpel V.onoo-d
transemilier Tully anaialtized ang snab’=3, oro-inv_:

flazs are transmiticd on the Transom Do 0o

An aborl wquence mar be senp By ieging 102 Srar
Abor! command o A, Cun-f TR castes 20 oail o
bui Tzis rhan fourtesn, 178 1o he semi Before 1n2 Vor
reseniz oo conlinuogs Nags. 1t is possible tnas mns vzo-t
secusnge (gight ey epuld Moflow wpta Flee oons o iee
hits 2llowed by the 7oro imseriion logic) and "nwes Zause
upg Fathirigen I's 1o be senl, Any caia being iras-mins
and azy dara ipthe iranemiz bulfer is bos; when 27 2hor
15 issuod.

Whes required. an cxtza § s aurorsatically eentes
when there are Nive conniguons 175 in the 23ta sz,
This does nat «pply 1o Naes or aborts. -

DATA TRAMSFER AND STATUS MONITODRING

There are sescral combinaiions of inlerrupts av4 he
Wail/Srady funziion in the 5LDC mode.

u | i e? 1w
ane= 1L WA td 13 FIe e
[ rall - - (L [t
J] _._H L1 1L n
L4

iR f e

- ——— e —

Figuip A, TransmiyAeceivn SDLCJ'HIDL'-: Magsage Format




Mua Traasf ¢ Vddmp Taterropis. M ke Teancmit bnrer. - o
< anpr oo bigis sl aninicrreat s fenzeared each time ~ 5
i*e Ruffer beer ooy enpud, The interrupd may be sais-
fied vither by writing another charactes inlo the trans.
midter ar by resotine the Trensail Interrupt Pending
Jatch with a Resel Transmiller Pending coominand (v ey,

. If the imierrupt i< catinfied with this command
a‘.mh]ng more i% antien intg 1he Iransmecer, there
are no further transminer interrpls, The result s 2
Tran'mitL Underrun condition. When another characier
is wrillen and «=nt oul. 1he IrENAmalier can again
hecgme cmpry and interrept the CPUL Following the
flags in an 3DI C opctation, Lhe §-bit address Tield, con-
1rel ficld and information Neld may be sent 19 the
A>0.810 using the Transmit Inierrupt mode. The
290510 iransmits the Frame Cheek sequence using the
Transmit Underrun {earure.

When the tranuminer 15 first enabled, u i1 already
_empty and abviously carnof then became empty. There- .
fore, na Tranwmit Buffer Empty inlerrupls can ocgur
until afrer the firs1 data characler is writlen.

When the rransminer 1% Tirst enabled, iz is already
cempty and cznnot then become cmpiy. Therefore, no
Transmit Buffer Emnply interrupis ¢an nocur until after
the First data charagier is wrirten,

Drars Transfer Using Wail/Ready, I the Wan/Ready
function hay heen selecied, % a1T indicates 10 the CPU
thal the 250.5{0 i1 not reddy to accept the data and the
cere musl eviend the 100 owele. To a2 DM controller,
«Famy indicares thal theyransmittey buflfer is empey and

¢ ZR0-510 by ready to accept the nest characler. If

12 charasier is not loaded into the Z80.570 by the
ttme the ransmit shift cegister is emply, the Z80-510
enters the Transmit Underrun condinion. Address, con-
trof and informacion ficlds may be trapsferred 1o the
2H0.5T0 with 1this mode vdne 1he Wait/Ready fune-
lipn, The ZEO. 510 transmils the Frame Check sequence
using the Transmit Underrun fvature,

APLC Teammit Underrun/Eand OF Mesuape, spry e
protogals do oot have provisrans {or Fill charscreey with.
in a mevsage, The ZRU-510 therelare autianatically ser.
minaies an s01<C frame when 1he ransnt data baffee
and cutput shill regisrer hase no mare bt ta ~end,

““does this by furst ~ending the w0 buies of Cug ane -

fallowing these with pne or more flags. This technique
allows very high-xpeed transmissions under Daia o ¢ PU
block 140 conured without requiring the CpL to respond
quickly 10 the end ol message sivalion.

: 'I"he action thal the ZBG-510 takes in the underrun sit-
uanen depends on the staie af the Transmil Underrund
EQM command. Following a reset, the Transmi Under-
run/EQM staius bilisin the el s1ale and prevenys the in-
sertion of CRC characiers during the 1ims there iy o
dara 10 wend. Conseguently, flag characters are oot
The ZB0-RL10 beging 1o send the frame ac da is wrpen
into the ransmit buffer, Between the time the firsr Jyla
byie is written and the end of 1he mesaage, 1the Reest
Traramit Underren/toM command raust be jougd,
Thus the Traasmi Lnderrun/e0s status Bic s in e
revel stale an the end of 1he message {w»hon undeorryn ne-
curs), which awtomancaliy sends the crC charasisss,
The sending of CRC again sets the Transmit/Undeiruns
EoM slatus bit,

Although there s no resiniciidn as lo when (ke Trans
mif Underrun/Fone bir can be rese! within a mes-age., .
15 usually resel afier the first data characier isecordarn
address) it sent (o the Z30-510, Rereinine this b uliows
CRC and Nags 1o be wenf when there 1s no cala 1g «2nd
whith gives addirienal time 10 the CPU for recorarsing
the faull and responding with an abort covmmand. By e
setling it ezrly in the messaee, 1the eniire mescage has rhe
mastmum amounl of CFLU response (UMe 10 an amnign.
tional transmit underrun situation.

Br? 29 e arrs BT 4 BT ) BT 2 BIT 1 BIT 0
[}
00 - A 5 BITS CHAR oo T
whs 10 = Ra § BITS Cran AUTO oG BRCRC  ADDRESS g - R
€1 » Ra T BITS CHAR ENRBLES ooy ENABLE SEARCH . ENAGLE
1 = Fa 8 BITS CHAR NE EDED; #ODE
T o
why o 0 SELECTS SDILC 0 ? o 0
MODE
OO = Ta % BITS (A .}
LESS) CHAR | .
wWR3 DTR 10 = Tu &8T5 CHAR 0 £ N::HE 5?;,_%?5 Az s gr:fﬂ?i
01 = Ta 7 BITS CHAR Pl

1o+ Ta 3 BITS ChAR

Yabia 7. Cantenls of Write Regislers 3.4 and 5 In SDLC Mpden
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When the Fuaernal-Srany inforrupt i et and while
v W™ i3 being sent, the Tranam Underrun/e 0w bit is sel
and the Tranenur Buffer Emmiy Biois rese] 1o indicate
Ml the lowsinn seeister is full of CaC dara, When c&C

v beent coanpletely wont, ahe Transmit Bulfer Empry
i.lmn Bitas st and an intecrupt is gencrated foindicae
to the ¢ P2 rhal another rmessaec csn begin., This inter-
rupt oy urs because CRC has becp sent and the Nag has
been loaded. If no more messages are 1o be senl, 1he
pragratn can rerminare Irassmissian by reseiting K75,
and disabling the transmitier. -

Im the sor ¢ mode, it 15 rood pracrice ro resel the
Tranzmit U'nderrund1 oM statos bil imunediately after
the first character 13 »cob o ihe £30-510. When the
Traramit Underrun 1% deiected, thiy cnsures thal The
transinission nme 18 Glicd by C8C craraciers, giving the
CPU enouegh 1ime 1o litue the Send Aborl command.
Thit 2Tvo steps the Nags from coing on the line prema.
turely and eliminates the posabibuy of the receiver ag-
ecpling the Mrame as valid data. The siluation can hap.-
pen because it is possible that —at the receiving end —the
data patiern immediaicly meceding the automatic Nag
insertion could maich ibe CRC checker, giving a false
CRC chech resuit. The Exlernal/Sratus interrupl 1% gen-
crated whenewer the Transrut Underrun/eos bit s set
because of the Transmil Undereun condition,

The iransmit underrun inric provides 2dditional pro-
leclian Againsl promalure flag insertion of the proper
response it given 1o the Z30-510 by the CPU inlerrupt

wige rouline. The {ollawing example 15 gisen 10 clar-

Jhis point: .

Tha JAC 510 rarses an terrupt wnif the Tranamil Bofler
Empiy $141us il se1.

Trna cru does ndl respond in bame and Causes a Transamn
Ungerrun cormdilion,

The CH0-510 siarts sending cec characlers [lwg byled),

The cry eveniually salisties ihe Transmid Bullar Empby -
terrypl with 3 Cala character thal follows Ine CRC CRArACI&r
being transmuiled, :

The ZEQSIQ s#&14 1he Exigrnal.Sialus interrep! wilh [he
Transmi Ungerrum/iom sizius il sel.

The C®u recognizes the Trancmd Undeffun’sou slalus and
deleimings romoals anieiral program $1dius 17 at e nler-
fupl »i nol for “end of message”.

The Cruimmed.al&ly 1530es 3 Sead ABD CoIRm aang [wes 10
tha 250 510

The 2B SIQ sends the ADor sesuence DY CeslIoying what-
wrgr dala (Cog, dala or ag) s Denng sent,

This sequence iflusirates that the CPU has 2 prolec-
".m! of 22 minimum and 3 maximum ransmit ¢lock
b+

SDLC CRC Generation, The CRC eeneralor musl he
resel 1o A1l 1%s ar the heginninge of each lrame belure CRE
gocumulatian van beein.“Actual accumulation beeing
when Lhe pragram sends the address Geld (eight bis) 10
the ZBD-S510. Although the Z30-510 aulomatically
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tranymits ane Nag character following the Tram-nn
Enable, it may be sivc 10 send a few mare flag charac-
1ers ahcad ol the mesvage to easure Charasier svackhmoni-
zalion af the receiving end. This can be done By cuer-
nally liming ol after’ enabliar the transnier and
before loading the first character.

The Transmn cr¢ Erable (% r:, Dy} should be en-
abled prior to wnding the addiess held, In the soi g
wode all the characters belween the apening and ¢leing
Mags are included in CAC accumulation, and ke ved
generared in the ZE80-510 transmitter is imversed efoce
il is <enl on the line.

[ranemit Fermination. 1T the transmitter s it i=d
while a character is Bring sent, thai ¢haracier {ara or
flag) is sent inoibhe normal fashion, but is follpwed 54 a
maching tire rather than CRE or flag characters.

A character in the buffer when the transmiires 1= dis-
abled remains an the buffer: however, 2 pragrammad
mra

iof

Abort sequeace 18 eflfectivg 3% sown a3 It iy wnidien in
the conirol regisier. Churtacters being rransminied,
any, are tost. In the case oF CRC, the to-bit transmiseian
15 completed 3l the transminier s giselbicd;, hooe.or,

Mags are sen: wn place of CxC.

E ]

In all mode=s, characiers are cont with the leass-sienii-
cant bits first. This requires right-hand jusnfication of
data 10 be transmitted of the word length 15 levs than
eight bits. [ the word length 38 five fits or foss, 1he
special 1echnigque desgribed inorhe Wrile Recisier § <ec-
tign {"*Z80-510 Prowramming'’ chaper; ~"Wriie Regis-
lers™ section) musl be used.

Since the number of bits/characier can be ¢haneed
on the 1y, the dmta ficld can pe Tilled with any number
of bits, Whent u~ed in conjundtion with the Baecher
Reddue vodes, the Z80-510 can teceive a mssage thay
has a sariable 1-ficld and reransinin i evactly s res
ceived with no previous infonimation aboel the character
structure of the Tield {if anv). A change in the number
of bits docs min alfect the characler in the proces of
bong shifted owur. Charaglers are went with the number
ef bils programmed at the time that the character 1
icaded from the runsmin bulfer 10 the wan-mikter.

I the External ‘Statos neerrupy Enable is set, trang-
mitrer conditiont sugch as “starting 10 send URC charac-
1ers,”" “starting to send Nae characters,” and (75
changing state cause imerrupes 1hat hase a viigue vee-
tor o Status AlTeors Yeotar 1% ser, Al interrupes can be
disatiled Mot operation in a polfvd mode.

* Tahlc & shows the 1ypical prag;am «leps that imple-
menl the hall-duplea sDLC Transmit mode,
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1.0 INTROOUCTION ‘ - 124

The ZB2 Countzr Timer Cireuit (CTCY is 3 progammiasle camponeal with Tour independent charnels

that provide countin? and timing fusactions for microcomputer syst=ins based wn the 750 EPLF The TP 3
i eonfie e e s.lC channels to perdre o unrjr: virious odes and e diuen: ¢ ceguived rein e acs it S
PERL ae tange of Jevico. 0 most :I'p"lq,. itions, Witle ur no external logig 15 peyprired, The 280 CTC unhizsy

Nchannel wlican gate depletion load technalagy and is packezed in 3 24.pin DIP, The Zﬂlmc ey

oy 3ingle 5 volt supply and 2 anz-phate § voie clucky Majos features of the Z30-CTC nclude

+

All inguts and culputs Tully TTL compatible,

Eaih channel may be sc.c-:tcd 1o operate un either Covnrer Mods or Timer Mod=_ =3

Cm i il pulerd [ ——

Used in zither mode, 2 CPU-re3dable Down Counter indicates number of counts-to-go untd zero,

A Time Canitant Registe: can automaiicglly reford the' Down Caunter 3t Count’dern in Countzs aad
Tumer Mode,

Selectable porintive or neyeiine trigess initizres time opecation in Times Made. The same irput is
mamtored for event counts o Coante: Made.

Thees channe!s hase Zeen Count Timeout wutputs t3p+h'e of drwving Darlington transisgurs.,
ﬁ:ierrupu mav be praziamis 22 to ocsur un the £erd counl m"uiumn in il shznmal.

Dhisy chawn pnonty interript lygic inglulz ! o proside o :lutl:lm.hn. mltlrupl VBTG Wil
externd lagic.

™



20 CTC ARCHITECTURE
2.1 OVERVIEW
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[

1

A bluck disgram of the Z83-CTC it shown in figere 2.0-1. The internal structuze of the Z80-CTC zan-
wsts ol 2 250.CPU bus interface, Internal Coniral Logic, four sets of Countee! Timer Clannel Logic. and
Irazupt Conieel Loric, The fown independent counies timer chanmeds are idontfizd by sequential nurmsers
fram @10 3. T £7C ks the capailuy of generating & wnigue interrugg seziut for wack separaie dhusnel
{for Jutumagic wectoning 1o an interrupl senvice tozting ). The 4 chat nels con e conn=cied 1o four cun-
tiguirias slods in the seandard 250 prionity chain with channe! o g -5er @ hzsang the Richest prionty. The CPU
Bus interface logic alfows the CTC device winterface direct]y 10 the CPU with ro oiker exierna! ivgic,
However, port address vesoders endfor fine buffers inay be reaurred for large o4 stems.
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L H eSS EL

RNl

3
e e LLEL N L E N

e L LI TN BTN T ) O

a e R U T IR

el i LLE L R T LT 4 1]

N T I

e TR TN A TR TR

——L——..ﬂuun’r‘x] T T

vHevsFL 1!
1

R—




- 126

2.2 STRUCTURE OF CHAMMNEL LOGIC

The structure uf wae of the Tuor wis of Counter Toner Chinned Logic s shown in g 2022 This b
s vompusid of 2registerns, 2 counters amad vormteol lugic The eegisiers 1re an % oot Tune Comnatannt Bl wter ol
In.ﬂahit Channel Conrpal Begier. The countecs sre an b CPU-readable Lhown Counter amd an 8250 &
Pretcater.

CHY SN

Tiwk

fO~TRL
AECISTLR COMST ™
ASD L1 RELI5Ted

(L9 EY) 1 RiTS

[EFL ZEHANEOL ] TIMFan T
.-yn.a.-.u.fu---.#.ul oL tER

T

IERATRT)

EATER WAL ALDA b Tt THPLI b

FIGURE 2.0-2
CHANMNEL BLOCHK DIAGR AN

2.2.1 THE CHANNKEL CONTROUL BEGISTER AND LOGIC

The Chan=el Contiol Register {2.0bit)and Lo tvwrliioi o bl CUPL o gelowe the ot 2nl
! - : = - . : )
paranmieters af the chan-2! Widin the entite CTC Jeviae Ueis 22 ot aleh segislera dtmespe 05 o5 b i
four Countz: Tiua Cherrels Wi of the four s beie g wnthen o dapesds o thie ctiender g ol twe 50
selectimpitt piny ORI and Load duscostle gunached ro A2 ond A0 p e a0 aezrey Bund Tiag i ieomat e
Pt p b
the truth [ihe Belaw,
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2.21 CONTINUED

bea th comrtaet e i or b program each Clomnel Conteal Register, Bt 04 Jtuavs ser, and ibe atler
T husare prowienmad besc s e natives on the channe)s upraiing madd2s and Faranerzns, o shewnor the
diogr o behra I For g e vonnplete diusaon see section 4.0, "CT0 Qperaiing Modes™ and sectinn 5 0
“f 1C Mogeaanrming.™}

' CHANNEL CONTROL REGISTER
07 ] Dg Da O3 c2 0 Cp
iNTERRUPT - Lasn o
: A0DE | RANGE | SLOPE [TRIGGER] five | RESET 1
ERABLE CONSTEAT
USED IN
TIMER MODE QNLY

222 THE FRESCALER

Used 10 the Funer Mude orly il @ SrE300or o wn dett fizvite worhouen B P TR vl B the (P
the Clhanoe! Cnrﬂrui Hormsier 1o divide oz wgnil, Lhe 5y stern Ll ,..-. g e T Jrne T outpul ol fe e
Seaer s dieen fed as an inpat toochock the Down f"u».nllu which afiit, al 'L.'.'f A -.-'j- rimae 10 cluzhs o L
sor, s teleated vzt dby ol fhe comtens ) e Trene © Lshinl "f._,_ e wHect s acan Siv ;',"C
e Svsrem Clogh by an addalitnnnad factoe of ihie e conrslam, T,'n-::_-,r fime 1he "J,_. W Conmlar cons e duan 10
L 01D, 118 Gt Zerr fuurui I'-.‘."um LLC;TD} 15 pulsed lugh,

LTI

2.7.3 THE TIME CONSTANT REGISTER

The Time Constant Register is an S-hit regier, bt i1 both Counter Mot oot Taoer Mode, foeomenmed
by the CPLI just after the Chunnel Control Word wath an nlo,er fme cemstant s e =5 shiemsah 256, T'L..s
regiier hoads the programmed vilue e tite Down Coumign wlhogm the ©707 10 et nutiatised and reliads Lhe
sone salue e thie Dawn Cotnmrer autemutezally wlenever i ominey oo ticroasiee v pere, 10 3 fow Lrne
venstant is loaded imdo the T Constan Regster while o chaanel s countine o teming, the pegwct Jown
contd will he compleeed beline the new time canstant s Ladod g the Do n Cownter, (Fer Jetails ot Low
3t genstant 15 wiilen to g CFC cBaniwel. see seltion 3 00 0O TC Progr arminng.™)

2.2.4 THE DOWN CCUNTER -

The Duvwen Cear ter 15 g0 Sobin regrter, ased o el Comnter 3Mod= anad Teoer Mode Teadad antrafly,
and Yater wlen i vounes duwn o cera, by the l'm'u Constant Regraier, Ts Deen Cownia w doaera? A5
+ by each exrenial ok edpe mohe Coznler Mode, OFin the Tiner Moo, T othe chok curset gy e
waazader, Atany iime, By perfonning a sinpie 10 Read at the part address asozied 1o 1he whlea & 16 e,
the CIU van socess the comtents of thibs iogisted somd obigin thie pue®er of G0 univbee oy, Ay UEC b gl
nay by pregeanaed do gendia e an intgirupt reguest segeeieg vech tinee te 2ene vennt s vachied,

Inclianzels B 1, and 2, wlnn o sobe comnd condition it reached, 3 siznal polee oppene gt the ciares-

pardine 20, 10 pin. Due 1e packaze pan linntatens, hew ever, channel 3 dhecs ot Luse Ilm Pt atid s inay
be vaed vdy in applizations where this wiiipul pulse is pot eguited,

4.
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2.3 INTERRUFT CONTROL LOGIC

The Intesgapt Comne b Towis fnsury that e CTC seis i soeendamae willt 250 s atent innes gt ooty
P pested peiesies mitecaptieg ! retien Pron igeorupl, The privgly oF a0 segtein desice ivJote e d
its plin izl lowarioo i 2 daine chusia conligaramen, Twer gl Hives (1T and GO 2e prosided e CT0 o
o taszu tus svlem Joiar Chain, Thie device chisest to e CPL s the Ingltest praonty s wotlan the 10, e
fupt privnss 15 predetvinned By chunnel mmbe: witl hoanoel B boving lighes? prooy down 1o claneel
wltich Ly the Tosw ot priveiny, The purpuse of 3 CTC -2 wisted widsniupe. 2 witds ams ol pewgelicnal gevin s,
s b furse the CRPU to owccate 2o nterrupt sess e coutinie Acomnding G 250 2 sicet seicnugs praloeanl, s

privrily dedicss o chununels may oot nteerapt Bghee prostity desives we st than hase sleesdy il

and hase not hud tharanterrupl service fgutiives Somipieled, Howeser Dight poeny deviees or ety s
intgreupl the aervicing of iower pronty devices wi chanimed,.

o & CTE€ channel may be progrmimed o re. {1zl 4 ukietrupl coey tale it Powir Cuunten ioadies 7w
ngonnf of zena. (To Utdige this festyed reguivzs taal e CPH O Re sonzrine § Fo fnierranr nnnls I Wi e

sited the intestapi raquesd, the CPU sall sond aut gn anertapt sebnawlidge, and e C'if'i B et ot
Logts will Jetenazme e i st prionty channed whicl s regoesting 1 aterropt within e CIC Jevany Then
F the S0 T oepat s svrvee ndicaling that 6 has proones welum the sestes dass chaing it wall ,*'..,. de
4. b"- lng. ridol Weotor om ke sy it daty bus, Ter "IE,..... N I' 3 b o et Il e velp terd buaii e diRIN e, )
Lo f"ﬁ: earhlzoan oo o e D moal g grateping pee N e ek by Dety il De Pf”'--..l.J e “h.
CIWs [nerres ot C. II.[rul Iowgre oy 1 Bliees v caerepondiag G the highest-armnds Janngi ganesto- g e
Uit I-|I|4i’_:. the low-nsder e o the sector w1l 2laas, Be svru ducardiing oo a cunseithnn o hhu |
b-r.’lu'-\.

——
INTERRUPT VECTOR
D7 g s D4 D3 D2 okl Do
V7 Vg Vg Wy V3 x x ] I
. | e T
0 0 CHaYNELD
1] 1 EHMANMNEL ]
1 0 CHAMNMNEL ?
1 1 CHAMNMEL S J
. Thisinterrepu e fur I wied Lu'ﬁrn:l sOitier 0 dlod i mentery s here (h LIdrdeg o I i ale
Wiy pouline 5 sivilin g aele. TBEecion represonss the feand signitiosnn 3 bt e the CPU reads s
...uments al the Lre2ils: 0 Trdside the mpat s *n't._.:.nt S.pily gl the 165 posiizr iz u-luru- Wl

pmr-l..-d’ th will Erassin the tom-nrles Seor g e pead Fu;.hct.t addiene wiiis: I e nran. .rml.: A0 T
addgress whivh in tuer cunsaies the it opvode of the UHLEIUPL ITvlie flTLns. Thes i meds 2, 3 single S50
weltor slored tn dnintesreping CTC van re-n..L 0 an ndirgct yull ta uny memueey Bacstion.,

280 16-BIT POINTER (INTERRUPT STAETING ADURESS) |

| REG 7 BITS FACM o
CONTENTS | PERIPHERAL
VECTOR
Thefz 33 230 s g “'Ivcnll-m that all 2d2:2ewn '~| the Tnterrupt serviee toutine tabfe shald haes |

dl. tuw arder bute inan e T PN ey, 1 Thed f,t..v-'r UG RERTT Lit: ne sl Iln:'mt Bt
mcmoq Sl il -l['-l-:l\-‘ e 40 0L the least 52 |1TL-.. ant DIl HF 3y ke rrapt v e tar Tl ELETE 5 W Sn
Hence the lea<t signilicant 3 of any intermept vestor will lw 1vi Be soro.

Tbg RLTI amml,_'u:n h weed ab ihe cd of e aniooupn servive routios loomtliadiee s Juy Wi
ensSic viae [ED i prope: TIPS Ir TR LI B ziags Bdidind Thet Tt ok b T v sdaiaiala
bus Jnd Jecades this mtzrue g wivcn i weetts Thus tie CTC channed conod Ingn will Steew s g £
has completed seeviamg anintersupt, witliout any furthet Jounsunicabion will the LIy bemy aeeevns.
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10 CIC ril OCSCRIPHION ’ -

L

& hpagrant ol s AYOCTC pin configuiatwn 8 show o in Boure 300 This wainn dev. ey the !'-_.:;1,-|.~;1
ul woudi pin,

b7 Lo
LE0-CPU Dura B tha-dircotweral, i aiane)

»  This b iy ced 1o toarsfe: ali Jota and comctand werdy beivesn the T 0P 408 thie 250070, Tiees
o B Wty o this bass ol whnzit DG o the beast sigrafieam,

C581-- 050
Cliamniel Select (input, adtive lugh)

These pins furm z 2bic birary oddiess code fur selecing one of the four indeyernlent CTC channely Tu
an | Q Write or Fead (S inath 1280 belgw)

. ) | 1 | cso [
" eho o | g _j
Ch1 0 |__}
o: | 1| o
Chl _1"'_1 _'__,J
CE

Clip Enokle finpul active luw)

Ao lesel vn 1his pan cpables the CTC toaccept combol words, Irngrunt Me2torg, or timie covslnnt 1
wetds S the 50 Mata By dunsg an 1,0 Write eyele, ve Vo dransmut 52 conten » of the Down Coantes 12
the TPU durniag an PO Read ovele, 1nmost appbeations tlur sipnal de desmie ! Trom the & lezss v aificunt 7

of e address bos for ens al the four 110 port addrenes that arg napred othe Lo G aones Taner (i —2le

Cluck [}
Svoem Clock (gt

This single-plase ook is weed by 1he CTC to synboenive cestain somais iy salls

M
Macene Cvile Qe Sizead faan CPL [epaet_aling Low)

Whea M1 s aciee aed the KD sigaal 1 acnve, the U s foighing 2o merensines Sonmignoen Wi
M s active 3 the WO senalis active, the CFPU s schnowded g anointeupn, clenting the T we phae an
Prrerrnpt ¥egtwr v the £50 Daig Bosif i has daisy chan prye LIlll} and v ot s Loeely has HSA L
interrupt

ORG

Tpant: Cunput Regueest Toeens CPLY eprat, active low y '

L ]

The 1TORD sl s v d wycnjubetnen with the t Foard B wionals g praeafor Jata aed Clapee: Comind
Words betwnen tlee S0P Soelshe n TC Dunng a1 Wore Coaie 1L HG and UF st be 1: s ar 3 i xh
t-.ill\i.', The £ 00 wlvery Bod dvowng g ' VBRI 5'¢I al et Yaimd 1“|| T4 g "‘In..'l'l"'.l:t:l\. ETTIS N PR LAY 5
i g salid 13 sigsal Ina CIC Read Cr e, TORR AL F L 4\“ st B i Lo pnae e contetas ol 0w Down
Contgr vnc the 258 Duta Bus. 16 10K and MT are bah frie e U i"L is _-\km.w-.‘u!-__-pnl; T LTI UPE "y g sl
and thie Lighest-paierits imderoupriong chatinel w3l plave oy Dderrupt Vecioron the 230 Daa Bus,

&



3.0 CTC PIN DESCRISTION (CONT'DI - 13

RD

Read Cycle Siatuy traom the TP finpat, 2ctive low )

The RD sigal 15 wie ] i Cuniunction with the TORD and CF signaly to e data and Channe! Contrl
Wordi buetwern the £ UL wnd e CTU Duney o 040 Woie Cyole, [ORE) 1n T most Be True emd BT 3ise
The CTC dows par recaree 2ospadic wezte sigtol e o] geazeating (s aw i terially Yrown e ivose of 3

. wilia RD Sighal [a 2 O Head Caile, TORD, CF and WD must be 2otne place the contents of the Dhywn
Counter on e Z=47 Dty B

IEl
Interrupt Biable o fingur, 1 tive Lighd

Thiy sigral is wsed bl Snm asvsttinwide intenupt daive i which @03hlishve privnitizs ~ien

mure tliai oz penpheni] Doaoie it b aleny Misintes .-uplmb vaipltndi, & high feval on thae min ndiiotes H
t‘ that no wins ey iy ol highe: pu.m:*, s the d _.u!. Jq;...—- are ;_.m"_. swsvnged b- ke f‘JJ UpL
*
(ED
Interrupd Erabie Qur fautpit, agnive highd
The 1E 00 szt an gonjutaetion with TED 18 used to form 2 sySic wale mierrape prianty dane i

A4 RPRH m.t} ThDis high 24 the CPU o aun seriaisz anontzrzagt Sonany CTC duanned, Thus il o
nal Bloadd o bivenp guionty denc o trem wnterruptantyg whole 1 higlier gy ,“m”u;m'ﬂg dovie b B amg e
by the CPL.
T .
Intetoupt Reguea (ouipul, wpren drain, active low)

i This i;!"u! gees bl whetany CTC channel wingin bhas be2n Soagrameme! 10 enable intesrupts hag s ezim |
CoURT LR Liclon inoins Dhewes Coauntar -

' »
]

RESET
Reset {input. 3 tive faa)

“This sizn st stz il chinnsty frem counning ond renrts ch el inierruat wrabis B il contrd

registers, therehy disaoling OV genessted inteirupts, The ZOTO tn2 TNT vutpues fo e thar macine 5.
IEO refieans [EL and the T8 dand bus outpul deivers go tr the Righ wngedin : stite

CLKARGS CLRE TRGD
External Clows Tirser Tagzar Gnput, utericleciihle acin e fugh o fuw)
These are Tour CLK TRE pins. correspundie ; to tve four mderendens CTO chaimiels o ihe Countes

e . Lil (M L R CR TR B et 1Y ) R N - Bl 1y LN L - | [h | = LD AT RN § Yty L - L

hpt Ll W | 1Y 4 e i .l‘. - '1f U1 ||,(_ Jufle? [Ilthh l [14 Lald LY LI L a 't:‘" LI
i.I.'1 ll'l.i Ak ¢ |mi ... b . £ Lse'l Ml [LN L ey Iy I.'-. o I-:- g 1M F] 'ir. '

F [lakt th 1 Is [H 1 ]I, - ]1 ll-[" [l 22T B : Lurct FIT g ri | a

ICITO:X AC 104
Zery Count{Tune-wt foutpnt, e high)
Theee are thee TN piva, aoree s ponding e CTC el ] theomigh @ (Ulue b tionae |iu.r" AT

channet } han au ZOTO pauid In cither Coaner Made ar Timer Mot when the Down Correr daciaenii te
rerw En active Nigh guing pulse appears at this 2in, §



3.0 CTC PIN QESCRIPTION

cPu
CATA BUS

cic
COMNTRHOL

4

2
-y

0, <2

DZ -12?:-

)
170 R

.= 10
IR - -

6

. 17
HEGET == =

S—E

GND — 2]

15
—

TT)

INTERRUPT | INT EnvaBLE 13|

CONTROL

INT EMNARIE 11

I

ouT

ZBO-CTC
Z80A-CTC

¥
22
B
= 204704

- '?""— ZC-‘TU:

-

FIGURE 3.0
CTC PIN CONFIGURAIION

73
S~ CLT/TRG,

= CL=/TRG

21
< —- CLX/TRG3

20
= — CLK/TRGS
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Z80-VICB | >
Microcomputer Product Specification
BOard ; APRIL 1578

The ZRO-MCB Microcomputer Board is a complete single board computer with its own-se!f-conrzined mem-
ory plus serial apnd paraflel 170 ports, It features the use of the ZEQ-CPU, ZEOCTC, ZEQ-PIO, and Z-6116 de-
vices that have become standard components in the microcomputer industry.
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Description

_ The Z80-Microcomputer Board {MCB) is a modular,
“single board compuler. It 5 dosigned around the Zilog
ZB0-CPU and employs an on-board DT converter 1o allow
operation from a single +5 volt power supply. This board
o highly fexible, and can be customizead by the uses for
specific applications.

The basic confiperation conssts of the ZEO-CPU, 16K,
bytes of dynamic FAM, provnsion for up 1o 4K bytes of
PROM. ROM, or EPROM, both parallel znd serial 1O
ports, 110 port decodess, and a crystal controfied dock.
The paralle] port is implemented with the ZEO-PIO wath

area rexerved for user-npplied dover andfor recewver logic.
One of the fout Umers in the ZE0-CTC s wed asa aud
rate generator for the 1znal interface mmpiementsg wizh In
3251 USART. Strappuiz opuons ire avalabie for scicctig
severad memaery and /O port conficurtion:. termmnz! e
face schemes, and gpericng modes. Exsanston of tos c2rd
s made potible by feeding al! buflered address. daa. and
control lints toa 122210 edve connecior, Two vermons oF
monitor software (1K ane 3K bvizs) are avalable & zipoiar
FROMs for insertion wnto the four 24-mn PROM socxets.
dlowing seftware ebugnng and temmina? 1terfaes (TTY.
CRT, ar dizk). :

Features

» ZBO-CPU gngle<chip nchanne] processor wilh 158 in-
wraczions {icluding all of the BOBDA's T8 inttruetiony
with 10tal software compazibility ). New instrucuons
include memory-lo-memary block transfers, 110 block
wvarsflers, 16-bit anthmetic, 9 types af rolates and shifls,
bit mznipulaton znd many aew ddiestng modes.

(Sce ZROCPY Prodhuce Specificanion for specific druaily }

o 16K or 4K byles of high-speed, low-power dynamic RAM.

» MOS EPROM, fuseahfe pipoiar FROM or masked ROM
for weer'y program starzge_ Filog monitor sofrware it
avadabie 1in 1K, znd JK byie vermons.,

® Two memory page decoders which select 16K dynamic
RAM gr 4K bytes of ROM. Stapping opuons cin rclo-
tate these memones o 2ny egnent of the 84K addrexs
Ipace.

® Programmable full duplex senal 1O port eith 5132
of curtentdocop inlzsrfage, Can be programmed to oper-
ate 31 14 sepamate baud races (rom 30 baud 1o 354K

baud. Can wpsrate wing any asynchronows ar synchio-
Ao protocol.

» Modem contrel signals induding Request To Send and
Clear To Send are provided with the R5- 232 interfaze,

" A sprrate reader conizol Line is avatlable for teletype
terminals net equipped with automatg reader eontral,

8 Univerza paralle] 170 can be programmed to define any
direction and data-transfer characteruues for Lwo Bbat
porx. Full dexibaity ia buffenng and Lerminating the
parale! ports is prewided by uncommuted driver/Ler
mimnation device locationy, Dala tramafer con be accom-
plahed undet full intermupt control. (See Z80-FI(
Product Specification for specafic detaily.)

o ZROCTC includes four programmable counterirmer
drceit channels. It i wied 25 the procrammable faud 0
rate generator: additional channels can be wsed 33 -23-
uie cleeks, (Ses ZEGCTC Produce Specification fot
fpecific detadls)

» Switches on the board can be r+ad by the CPU for var-
jowa pptions. The sofiware providec in the stancazm 1K
byte monitor can read these swatches ang se1 the com-
munization freguensy w zay of 14 commion rates by
prograrmurung the C5C. Switches czn also e usec for
other tmilar fupct;ons,

® Board contains |/ port addreys decoden which ==n
decode 32 unique contiguows part adgprases. Sevzral
of these are used to select the channels of the USART.
PIO and CT, Adcinonal decoded pon select sigesaly
are available for various penpherzly attached 1o we
fyslem.

|9 6608 Hr crystad osedlator divided 1o 24553 Hz
for ZB0-CPU pperation and dmdable by 280-C50 10
preade the senzl IO baud rtes or any other desired
tytiem frequencies.

& Bus drvers are provded for memaory and /O excan-
non 1@ othes boards that are 2 part of the senes;

s 1K byle monitor saftware has terminal handler, load
iod punch rouuncy 11 el an et and doplay memory
comunends. A Go command bemns execubion of ot
programs. There are debug 2ids such as sct and &aclay
eepisters and brezkpownnua. The 3K byle vermon moluces
s Noppy disk controller and even more debug gapaiify.

& Tnstate bulfen on all data, addrey and conizol linet.

L] -

® One nonmashable and theee maskable intermapes

MSE D-4



L

Z80-MCB Block Diagram
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Summary of ZE0-CPU Instruction Set

ADD REGISTER/MEMORY/VALUE TO AfWITH CARRY

ADD REGISTER PAIR TO HLJIX/TY

ADD RECISTER PAIR TO HLWITH CARRY

SUBTRACT RECISTER/MEMORY/VALUE FROM A/
WITH BORROW .

SUBTRACT REGISTER PAIR FROM HL WITH BORROW

DECIMAL ADIUST

ANT REGISTER/MEMORY/VALUE WITH A

OR REGISTER/MEMORY/VALUE W{TH A

EXCLUSTVE OR REGISTER/MEMORY/VALUE WITH A

COMPARE REGISTER/MEMORY/VALUE WITH A

COMPARE/INCREMENT/DECREMENT/HL, DECRE-
MENT BC/REPEAT

INCREMENT/DECREMENT RECISTER/REGISTER PAIR
MEMORY

COMPLEMENT Af2'S/1°S{

LOAD RECISTER/REGISTER PAIR/MEMORY WITH
'REGISTER/REGISTER PAIR/MEMORYfVALUE

LOAD (DE) WTTH (HL), INC/DEC/ML AND DE, DEC
BC/REPEAT '

ROTATE RIGHT/LEFT, CIRCULAR/THRU CARRY/{
REGISTER/MEMORY

ROTATE, RIGHT/LEFT DIGIT

SHIFT REGISTER/MEMORY, LEFT ARITHMETIC

SHIFT REGISTER/MEMORY, RIGHT LOGICAL

SETfRESET/TEST BIT IN REGISTER/MEMORY

CAlL SUBROUTINE IF CONDITION TRUE/UNCON-
DITIGHAL CALL

JUMP [S CONDITION TRUE/UNCONDITION AL TUMP

TUMP RELATTVE IF CONDITION TRUE/UNCONDITION-
AL RELATIVE TUMP :

JUMP TO (HL), (X}, OR{[Y}

BESTART CALL

EXCHANGE REGISTERS

EXCHANGE REGISTER PAIR AND STACK

RETURN FROM SUFBROUTINE LF CONDHTICN TRUE/
UNCONDITIONAL RETURN

POFPUSH REGISTER PAIR FROM/TO STACK

SET INTERRUPT MODE 0/1£3

EMABLE/DISABLE INTERRUPTS )

RETURN FROM INTERRUPTSNMI INTERRUPT

DECREMENT R, JUMPIE B=

INPUT/QUTPUT RECISTER .
INPUT/OUTPUT, (HL), INC (DEC) HL, DEC B/REPEAT

SET/COMPLEMENT CARRY FLAG -
NQ OPERATION
HALT ) v

- ¥SE *D-5



" MCB Applications

Specifications

The ZEO-MCE can be ysed in many applications 1ra-
ditionally not avadable 1o ungle mucnxomputer boardy
Many ¢of the lunctiont previowsly periommed by extemnal
. hardware are now impiemented in e ZE0-CPU and pen-
pherals, The performance per unit board area hat been
peatly optimized, Gus elimnaung it peed lor extia
cards, card cages, back planes. and connectory ior many
rpplicstions» The Za0-MCE can be vsed {or machine con-
wrollers, customized small business compuiers, automated
tesy stands, Custommitad data acquisition $y3ieml, procens
concrol Fystems, commurucalions of titplay conlroilers,
mulnprocessor svsiems, and word processing HRtems, just
19 name a few. The diapmam below shows the ZEOMCE
used with the Zilog Video Display Board 16 configure an
intclligent Lerminal.

e

- et Termind Contigured frum
Yiden Dupley Bood angd Microoom-
purer Board,

POWER SUPPLY:

SI1ZE:

. CONNECTOR:

ENVIRONMENTAL:

+5% OC =25%, Currant: T amcs
max [wath 3 PROMs

122-pin eage 1100 mil spacing}
Augat PH 14005 19M

Length, 7.7

Cepth, 7.57

Spacing, 0.5 centers

0° = 50°C temoe-ature ramge. Lo
to 3% humathty watnout can-

* deration.

MEMORY CAPACITY:

WO CHANNELS:

4K or 16K bytet dyname RAN
plus wp 1o 4K byes PRCH, ADY
or EPROM, Expandable by use
of 280 RLAB VER RAM boaro o
B4 K bytes of main memary.
Serial /O pon with RS-23 2 or
20 mA cureent tloop inteeface;
Two {21 software contfigurasie
directional Bbi parallei 170
port.

Pin Assignments

MCB — PIN OUT {COMPONENT SIDE)

1 +5 34 1O 5suUB GROUPD-
i 5 Jd5 AFSH-
3 +5 6 ADDRESS BUS 13
4 IQAQ-~ I} ADPRESS BUS 11
5 DATABUSS 38 QOPENI(Z 27} [PULL UP)
& MW mA DATA 39 QPENI{Z IO
7 RECEIVE DATA ag  OPENIZ19)
B oATA BUS3 41 OPEM (Z 18] -
9 MASTER RESET 42 OPENI{Z17)
10 MASTEAR RESET— 431 QpENIZ 15}
17 CLEAR TO SEND 44  OPENIZ15)
127 DATABUSE 4%  DPEN IZ 14
13 DATABUSY 45  OPEMN (213}
14 REQ TO SEND 47 QFEN(Z 12
1% XMITED DATA 43 QFENIZ11)
16 MEM SELIM a3  OpEM (2101
17 DISK /T 50  QPFEN LZ 9]
1 T2 81 OPENIZ A
13 20mA DATA RET 52 OPEN 27
20 TIY TAPECNTL RET 53 QCFEN{Z6)
i MEMOQRY SELOUT M OPENIZ 5]
P OINTEINLTC g5 DOPENILZ &)
A WR- 5% OQPENI(Z A
M USERSTRB 3 57 OPEN(Z I}
25 DISKSTRS 56 CPEN(Z 1)
26 ADDRESS BUS 7 €9 5
.47 ADDRESEBUSE B +5§
I8 1I0wWRA- 81 5
M ADORESS BUS S
3 ARDRESS BUSE NOTE: Ooen pins are definable
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MCB Performs Supervisory Control in Z80-Based Systems
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iSBC 86/12" 9

+0B6 18 bit H-MOS microprocessar
central processor unit

32K bytes of dual-port read/write memory
with on-board refresh

* Sockets for up to 16K-bytes of read only
memaory

System memory expandable to
1 megabyte

24 programmable parailel 110 [ines with
sockets lar interchangeable line drivers
and leqninators

Programmakle synchronous{
asynchronous R5232C compatible serial
interface with solitware selectabie baud
rates )

'SINGLE BOARD COMPUTER :

Two programmable 16-kit BCD or binary
countars

9 levels of vectored interrupt control,
expandable to 65 levels

Auxiliary power bus, memory protect and
power fail interrupt controt logic for
read/write memory battery backup

MULTIBUS interface for multimaster
contigurations and system expansion

Compatibie with iSBC 80 family single
board computers, memory, digital and
analog |/C, and peripheral controller -
boards

Tha ISBC BE/12 Single Board Comoutar b4 a mamber of Intel's complete lina of QEM microcomputer systems which
take full advantage of [niel’s [S! technology to provide econormical self-contained comatter baseq soloiiond tor
“£M applications, The iSEC B6/12 is 2 complers comouter sydiem on a single 6,73 x 1200-inch pnnted Sircunl cared

a CPU, syatem clock, read/write mamory, nonvolatiie read only memory, O ports and drvers, seral communi-
dtions tnlerface, priprity intormupt logic and programmable limers, all reside s tha board, Full MULTIBUS interfacs
logle 13 incluced to efler compalibility with 1he CEM Microcompurer Sysiems famuly of Single Ecarg Computers,
sxpanzion mamory optiona, digital and analeg 110 expansion boards and peripheral controliers.
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FUNCTIONAL DESCRIPTION

‘entral Processing Unil

ae central processor lor the (SBC 86712 is Intel's BOSS,
a powerful 1600 H-MOS cevice The 225 s3. mil chup
contdina 29,000 ranmsiora ang has a clock rare of
EMHL The architectura includes four (4) 16811 byie
addressabia data regislers, iwo (& 16-bit memory base
poinier registers and two {2) 16-b1t index registers, all
accessgd by a total gf 24 operand acdressing modes
lor complex data handling and very Nexible memory
addreasing. ’

Instruction Sat — The BOBE instruction repertoure in-
Cluges vamnaple length instryctien iormat (nciuding
daogbie aperand nstructions), 8-Bif and 16-bit signeg
andg unsigned arithmetc operators for binary, BCD ana
unpacked ASCTI gata, and ileratrve word and byte
siring manipuwlation fynctions. The nsiruction set af
the BOBG is a suparsal gf the GOB0A/BGESA lamily and
wilh availabls software |00l%, programs writlen for the
20B0A/B0E5A can be easily converted and run on the
3084 proceasor.

Architeciural Features — A G.bylg instruction queun
provides pre-fetching ol sequential instructions and
Can reguce the .25 3ec Mmoo insiruciion ¢yche 1o
00 nz e by having the instruction already in the queus,

The atack orignted archilectura facilitales nasted fub-
mulines ang co-routlines, reentrant code and powertyl
interrupt hangling. The memory exoansmon capabilities
otter 2~ 1 megabyle agdreasing range, The dynarmic re
tocatign schama allaws easa in segmentalion of purs
procedura and data ter eflicientt memory utlhlahon,
Four argment regqisters (Coda, Stack, gald, extra) con-
tain program Igaded offset values which are ysed 1o
map 16-bit addreaseas |g 20-nl acdresses. Each reqister
mags G4K.-bytes at a ime ang activation of a specitic
reciater i3 canwrabied explicily bfprbg_ram santrol and
i5 also selected implloitly by soecihic lunctighs and
instructions,

Bus Structure
The iSBC 86112 has an internal bus for communigating

Cwith gn-bgard meamary anc 170 oplions, < system bus

{the MULTIALS) tor referencing adoitional memary ang
O gptions, and the dyal-pon Bus winch allows access
to AAM from the qn-board CPU and the MULTIEUS,
Local lon-boarg) accesses do not require MULTIBLS
cemmunication, making lhe system bus avalabie lor
use by other MULTIBUS masrers i.e. DMA cevices ang
cther single board gomputers transfernng to additional
system memaryl. This feature allows true para'’el
procazsing in 2 Multiprocessor enwirgnment, in acg-
ticn, the MULTIBUS interface can be gsea for system

L e e
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ISBC 86/12™

axpan3ion through 1he use of other & and 16-bil iSBC
computery, mamary &nd /03 expanswen boards.

RAM Capabilities

The iSBC B&/12 contdins I2K-byies ol dypamic read!
write Mmamsry uaing Inle!® 2117 RAMS, Power for the
on-board RaM and relresn gircuilry may be opticnally
provided on an auatliary power Dus, and memory pro-
tegt 19QIE it indlgted for RAM baltery Gackup require-
ments. The iSEC BGM1E containd A dual port contraller
which allaws accBEs 1o the gn-board RAM from the
iSBC BEM1Zs CPU and from any other MULTIEUS
masier via the syslem bus. The dual por conirolfer
aligws & ang 16-bH atcesses from the MU TIBEUS and
Ihe on-baargd CPU transters cata 1o AAM gver 4 16-bit
data path, Prioritia3 have been established such that
muemory refresh is guarantesd by tha an-board ratresh
fogic and ihay the on-boand CPU has pnonty over
MULTIBUS requests lor acceas o RAM,. The dual-parn
controller includes indepengent adcresaing logic for
AAM access fram the on-bgard CPU and from tha
MULTIBUS. The gnboard CPU will always access HAM
starting at location 00000, Addtess jumpears allow on-
boaret PAM to bé localed starting on any SK-Dytas
boundary wilhin a 1 megatyte address range for ac-
cexaes from the MULTIBUS. In conjunctipn with Ihis
teature, the iSBC BE)12 nhas the ability o protecl on-
board memgory from MULTIEUS azcess to any con-
ligucus 8K-byle segments, Thesa leatures ailow multlk
procEssnr aystems Iz esiablizh local memary lor sach

roceasor and shared systemnm {MULTIBUS) memory

contiguraliona whera Lha lglal SyStem memory alze
(ingluding (Goal gn-Doard memoryl can cxcend 1 mega
Byle wilhout addres3ing conflicis.

EFROMIROM Capabilitins

Four aockets are provided for up o A6K.bytas of nom
volatlle read only memory on 1he iSBC 86112 ROM
may e agdded in 2K-Dyte increments Up 1O 3 Maximum
ol 4AK-Bytes by using Intel 2753 electnically program-
mabkle ROMa [EFAQMEY in 4K-byla incrementd ufp to
4K-bytes by uxing Intel 2716 EPAOMS pr Intel 211BE
mazked ROMa; or in BK-byte increments up o 16K-

byles by using Intal 2132 ROMa, On-board ROM s
accessed via 1b it dala paths. System memory size s
eayily expanged by the aggition of MULTIBUS compat-

Ible memory boarns avaslable in the 1SBC BOYAE
tamily.

Parallel O Interiace

The (SBC B6/12 contains 24 programmagie parailel 110
lings implemented usmg the Inlel B2E5A Prograrmanle
Feripneral Interlace. The sysiem soltware 15 .sed to
cartfigure Llha W hres in any comowmauan g!f undi
recrignal input/outout and idirectional ports RAdKCaled
in Tabie 1. Tagrelore, 1ne 140 intertace may be cusipm-
ired to meest soecific penpherdl recurements. In groms
1o 1ake tull agvantage of the targe aumber of posatie
IfO conhgurations. socketd are prowded o inter-
changeabls 1/Q line drivers and terminators. Hence,
the Rexiility &f the YO nierface 15 furner echanced
by the capatlity 9f selecting the appropriate comoin-
atipn of optianal ine doyers and Terminators (o orovde
Ihe required sink current, polanty, ang drrvelteemin.
atlon charagienstics for each applicalion. The 24 pro-
grammable /O lines ang 3ignal groend hnes are
brought aut to a Z0-pin edge Connesion that mates wiln
that, woven, or round cakle,

Serial 1Q

A programmable communicalicns nterface using the
Inted 82514 Universal Synchronpus!Asynéironous Re-

ceiver! Transmitier {USART) i3 contained on the (SRC

8512, A softwara splectable Gaud ratle genetator
provides 1he USAAT with all common commuaication
Irequencies. The USART can be orogrammed by tha
System soltware 1o seiect the desired asyNERICRdLs or
synchronoua Senal data lransmissicn €Chricue (i
cluding IEM Bi-Synch The mode ot aperattan {i.e., syn.
chronous of asynghronous), data tormal, control char
Agier lommar, parity, and baod rate are all ynger orogram
ontrol. The B2S 1A provides Tl dusley, ¢audle Sulteres
Iransmit ang recewe capabilily., Parity, overrun, andg
framing efror deleclion arg all incorporaied in the
USAHRT. Tha RS2Z3IC compallble intertacs on each
board, In conjunclion wirtn 1he USART, provides 2

i

Mode of Operation
Unidtrectionai .
Pon !'E‘::;: Input ] Output Bidirecilanal Cantral
s | et | enes | e
1 g - X | X X | X
8 X X X X |
a3 | e I X x | X'
'_ I % ‘ X X x!
Marn

1. hﬂﬂ"mlmuﬂhl.lu-dlll:n'\lmlDuﬂ-hoﬂluihﬁpuﬂ'lﬁ'mlmumu:llT:HNﬁmﬂdmwlw-ulmmtlwwum

I_ ot 6 Doty 1 0 wwad B R Bed s o DL

i
|
|

Tabla 1 InputfOutput Port Mpdes of Operation
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direct intertace to AS232C compailble terminais, cas-
serles, and asynchronould angd syachfongus modems.
Tha RSZ12C command lines, senal data lines, and
signal ground line are brought Qut 1o & 26 pin adpa
connectar ihat males with RSZ232C campatible flat or
rpung cable. Tha iSAC 530 Telsrypewriter Adapier
piovides an optically isolated interface lor those
Aystems requinng a 20 mA current lgap. The ISBC 530
may be used tg interlaca |he iISAC 85/12'to 1eletype-
writers or other 2) mA current loon equigment,

Prograrmmmable Timers

Tha  iSBC 86112 provides thres ingdependent, lilly
programfalle 1501t inlerval timers/avent countars
wtillzing the Intel 8253 Programmable fntecval Timer.
Eacn gounter i3 caocable of operating in either 8CD gr
minary modes. Two of (hesa Limers/coutiers are avall-
abla to the systems designer 1o genarate accurale nme
intervals under saoltwara control. Routing for the out-
puts and gatefingger inputd of iwn of these counters
iz jumper selectatle. The OUtpuls may be ndependently
routed to the 82534 Pragrammabla Inrermept Cantroller

Function |

Intermugt an
tarminal coynt

Cperalton

When larmanal eount is reached,
an interrupt request 12 gensrated,
Thia functlon is exiremaly useful
for genaration of reai-time clocxs.

Programmable | Output Qoea low upon recaipt of
one-snod an extarnal trigner sdge or aoff.
ware command and reiums high
when termipal count Iz reached.
This {uncyon is retnggerabia.

Divige by N counter. Tha output
will go low for ons input clagk
cycia, and the periog from one low
going Puise tg the naxt ia N Himea
ther inpUt Clock penod.

Cutput will remain high until one-
hall the ¢ouni has begn compieted
and go low lor Lha cther halt of
the caunt.

Rate .
genarator

Square-wave
rala ganerator

Sottware Cutput remains high unill sof-
triggered warg loads count {N]. N countx at-
trobe ter count 13 lgaded, Qutpul goas
low fof ona input clock pencd.
Hardware Output goea low far one clock
iriggered perigd N counts alier rising edge
atroba counter rigger input. The Sounter

is retriggarable,

On a jumper selectable basis, the
clock lnpu! becomas an input
from the external ay=tem. CPU
may read Lhe number of events
occurhing after Lhe counting “win-
dow™ has been enabled of an
intarmupt may be generated alter N

Evenl counter

L events OCCUr in the sysiem.

Table L Programmatile Timer Fynctlona

1.

and 1o the 11O line drivers aaaociated with the B2554
Programmable Penipheral Interface, or may be routed
43 wnputs b the B255A cmip, The gateftniggaet nputs
may ba routed to 1JO tarminators assoclated wilh the
B255A or aa culpul conneclion: lrom tha §255A. The
third Intarval timer in tha 8253 grovides the Programe
makbie baud rAte generatar for the {SBC B6/12 RS212
USART serial port. In utillzing the iSBQ 86712, the sys
lems designer simply configures, via soltware, each
limer indepandantly 1o meet SYStam requifBments,
Whenever 2 given time delay ©F count 15 needed, ao!-
wire commands ta 1he grogrammable [mers/evsnt
counters select tha desired function. Seven funclions
are available, a3 shown in Table 2, The contents ol
#ACHh coumer may e read at any lime duning System
gperation with simple read gperatigns lor avent count-
ing apphcanons, and $pecial commands ara inctuces
50 that tha cgntents ¢an be read “on the fly'".

MULTIBUS and Multimaster Capahilities

The MULTIBUS teatures asynchrongus cala ransiars
tor the accommodalion of gevices with various transfer
RA1a2 while mainlaining maximum throughpur, Twenty
*ddress lines and sixiesn sepgarate dala lines elimunale
the need lor acddressidata mullioleang/demutliolcanng
logie used in other Systems, and athowr lor data transfar
rates up 1o 5 megawordsises. A 'ansate timer is in-
cluded in Iha 1585 B6/12 which can ba used o ganer.
ate an interup! il an goddressed device does noi
feapored within & msee,

Muitimaster Capabilltius — The (SBC A85/12 I3 2 full
compuler on & single bBoard wilth resgurtes capable ol
supporting a great vanety of OEM system recure
menta For 1) of%e apphcations reQuinng adoitienal
processing capacity and the benelild of multipfocessing
ilLe., several CPU2 and/or gontrollers logicaily sharing
sysiem tasks through communicatian over tha System
bus), the iSBC B5/12 provides full MULTIRUS aroitration
conired logie. This contral 1ogic allows ug e Lhrea .
I5BC 25/12'a or other Jus masters, Including IS8T 80
tamily MULTIBUS compalible 8bit single board cam-
Pulers. to anare thea system bus in senal {dasy chaun)
pricnty fashion, and up {o 16 Masters to share the
MULTIBUS with INe adaition of an extemal arignty net.
work. The MULTIBUS artiration loqic gperafas syn-
chronously with a MULTIBUS clock (provided by the
ISBC B5/12 or optionally providedo directly from the
MULTIBUS) while data ia transiered via a3 hanashasa
between tha masier and siave mogulzs. This allows
dliferent speed controitars 10 share resourced on the
sama bus, and transtery via the bus proceed asyn-
chronously. Thus, transier speed s dependent on
transmatling ang receiving devices anly, Thi? design
praventx alow masier modules oM Being handicaoped
in their atlempts lo gain centrol of the bus, tul does
no! restrict 1he speed al which Kasler modules can
transfer daia vea the same hus. The moast obwous acpli-
catigns for the master-slave capalliles of the busd are
mutiiprocesaor canfigurations, high spesad airéct mem-
ory access (DMA) operationa, and ligh Speed peEnpheny
control, bl are by no means imited o thase thrse, |
- -
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intarrupil Capability

The ISEC BG/12 prowides 3 veclored interrugt levels,
Tra nlghest level i3 the NMI (Non-Maskable Interropt)
Hne ARIEn 1y Sieesity bed o e 885 CPU. This inter-
fupt gannot e nmibited by saltware and i3 typically
used for sigralling catastraphic avents (i.e,, pawer fail.
urej. On senacing thia interrupt, program control will
be impligitly transfemed thiough kocation DOO0A., The
intel 82594 Frogrammable Interrupt Cantroller (PIC)
proviges vectoring lor tha next eight interrunt leveds,
A= shawn in Table 3, 2 seleclign of four prionty prog.
£55ing modes is avalable to the systema designer lor
usa N Gesignng regquest Jrocesting Contiguralions
1o match systern requirements, Qperating mode and
prnorty assignments may 48 recontigured dynamically
via spfiware at any lime during system ooeration, Tha
PIC accepts intermuf! requests irom (he programmabin
parallel and senal 1/Q inierlaces, 1he programmapia
thmars, tha System Bbug, of direcily {fom penpheral
eguipment, The PIC then datermines which of the
incaming reguests is ¢l the tughest prignty, cetar-
minea whather 1his request 13 of higher pngnly than
the level currently being servced, and. il Approonate,
issued an interrupt to the CPU. Any combination of
intermpt bevels may be Maskad, via soltware, By stonng
4 3ingls byte in Iha inlefrur! mask register of the PIC.
The PIC generates a unicue memory adgrass lor each
interrupt level, These ad-=resies are equally spaced at
4 byte intervals, This 32-0yte block may begin al any
32-byte boundary In Ine lowest 1K-byies ol memaory,”
and ¢éntaing unique instructlon pointera and coda
segmenl ofiset valwed (for expanced memory ofer-
ation) for each interrupt level, Ater acknowledging an
imlerrupt and obtaining a dewicn idenfitier byte trom
the 82994 PIC. the CPU will store ita sfatus lags on
the atach and execol® an infoect CALL instruciian
ihrmouth tha vector lgcation |[Genwed Trom 1ha gevice
CJenifian to the imermupt service routine, In systems
regifdng adelthonat intermupt levels, alave BIS94 PIC'y
‘nay be inferlaced wia the MULTIEUS, to genarate
~«idltionsl vector addreases, yielding # total of 65
Caigue Intemupt levela.

In_ilm.mt Regues! Ganeratlon Intermupi.. requesty .

Mmay gnginale rom 16 sources, Two jumper seieciable
intarmypl requesis can be automatically generated by
the programmable paripheral interiace whan 3 byte aof
infarmatlon ia ready 1o ba tansferred 1 the CPU (i,
bnpul oulter ia lulll or a byle af information has bean
transtered 1o a paripheral device (e, cutput bufler is
emptyl. Two jumper selectabla inlermepl reguests can
be aptomatically generated by Ihe USART when a char-
acter i3 ready to be transferred to the CPU {Le., recaive
channel buffer Is lytl). or 2 character {3 ready 1o ba
tranamitted {l.e,, transmi channel data butler is emory).
A Jumper selectable reguest can alao bo gentrlen by
wazh of tha programmacle iimers. £icht accdinonal

"Hate:  The first 32 vector locationa ars rezerved by
tniel 1or dedicates yectors, Users who wiah 10 main-
tain compatibility with present and future Intel prog.-

- WE13 Ahowid not wse Llhess Wocahions T user-defineg
ecior Adcrenaes, . -

Mode T
Fuily nested

Cparxtion ]

Interrenr requeat ling  prnofitiea
HNzpd at O as nighest, 7 a3 lowesl,

Egual pnonty. Each lave|, afler
recaiving aervice, becomel lha
lowest priocily level until nexl in-
terruplt accury.

‘Auto-rotating

Specific System soliware assigna 1owest

prarity prigrity level, Praosity ot all omner
lavais bzsad in SegueEnce NuMmer:-
cally on this assignment,

Fzoileg Sysrem software sxzmines Onzn-

Fy-encoted SYSIeMm nlemuil 55atls

1 | wida nlerrept Slatus regiater, i

Tattls 1 Programmable lntemupl Modes

interrupt request lings ara avarlaple 1o lhe user for
direct interface to user designaled penpheral Ceyices
¥ia the szystem bus, and two inlermupet request lines
may be jumpet rpuled Hrectly fram senpherals #1a the
garatial Q) griveriterminalor s&cign.

L]

Power-Fail Controi

Cantrgl logic is also inclyded 1o accenl a power-iail
interrypt in conjunction with the AC-icw Signal 'som tra
i280C 635 Powar Supply ar eguivalent.

Expansion Capabililies

Memary and O capacity may DO expanded and 3ddi-.
Hanal functions added using Inte! MULTIBUS compatl-

bie expansion boarda. High zfeed integar and toaling

point arithmetic capatulitles may be aoded By oSing

the iISBC 310 High Spess? Mathematics Umgi, Memon:
may be expanded 13 1 Meganylie by accing usel TDeci-
Fied combinations ¢f RAK boamgs, EFROM boards, of
combinatuign boards, Inpulioutput canacity may e in-

creased by adging olgital O and anaiog WO expan.

sion bodards, Maas storage capatillty may De achaeveg

by adding single or double densily diskells conirollers,

Modular expandable hackplanes and cargcages are
available to suppart multiaocard ayatems,

Note: Certain system resinclions may be mmgumed by
the inclusion of some af e MSEC BD lamiy sptions in
an i5BC B5¢12 syalem. Caonsult Ihe Intel GEM Micre-
comﬁu'tl:r System Contiguralion Guida for scecilic
dala.

Sjrstern Development Capabilitles

The deveigpmani cycle of ISBC 85712 producls can be
signilicantly reduced by uaing the floppy disk tased
Inteliac?® aaries MICrOCOMpDUtEr devefopmenl SysiEma,
Tha Assembier, Locating Linrer, Library Manager, Text
Editor ang system monor are all quzpored by the 1515
11 disw pased gperating ayalem. A minimum of BLK.
bylea ol RAM it needed in ihe Inlellac sysjem 10 fup-
pan progpram develapment lor the (SBC BE1Z To
laciitale convermon of BOBOAJBOBESA assemily lan-
guaAge orograma to run on ine ISBC BEM12, CONV-36 18
availadle under ihe 151511 aperaling aystem.

MSE D-13.



- -ISBC agj12™

Intqriace snd Execution Package = The iSBC 957
Interface ard Eaecution Package dllows tha Intefieg
uaes 1o interface an iSBEC 86712 2ysiam (o (he develop-
THert SyStem. Included with the packags are ine neces
.Hn fabiea and sottware 10 dllow transier of hies
beiwesn the lmellec systemn and the (SEC BNl
Additionally, the Intellec user can actess a syatam
monitor program Suoplied on ROMS) resident in tha
iSBC BE/12 which allaws access to programs loaded
intg 1he (SEC B5712 The System manilor inciudes com-
mands io examing angd modify o memary, reGisiers
and {70 parta, Additianally, breakpeints, saarches, and
othar usafyl gperatians are included to simpolity satt.
wars Otbug. Used in comunchtioh with the (SBC 957
Package, (5AC 86/12 execution packages are oifared

.- - - — f— - - - o mm - -

S & |

which Includa additional hardware Such ad the ISBC
E60 aystemn chasmy 1o mount and pawer the iSBC
86112 tor program davelopment,

PLIM-ES — Inlel’'s high level programming language,
PLI/M-BE, i3 ala% available as an Intellec microcomputer
davelopment sysiem Gption. PLAM-5S grovides the capa
bility ta program in a natural, Slgznhmic language ang
aslimunates the Need 10 manage reqisier usage of allo
cate mermgry. PL/IM-B6 programs can be written i 2
mych ahorter iime 1han assembty languace pgrograms
lor a given application. PLIMAEE inctudez byie ang
word, nteger, pointer ang flcating goint (A2-bib catg
lypes and also includes congitional compilanpn ang
macro fealures,

-

SPECIFICATIONS

Ward Size

InstrvcHon — 8, 16, 24, or 32 hila
Data — 8, 15 bila

Cycle Time
Brale Inttruction Cyela — 1.2435ec
- 400 niec [A53umes
instruction in the quaue)

m AlrucHon Cycle 13 Hafined 54 the fasiegt ainacthorn liete L.,
ey Sock Cyclad)

Memory Addressing

Un Board ROMIEPROM — FFOOO-FFFFF), {using 2758
EPROM's); FEODO-FFFFFL (using Z316E ROM's or 2716
EPROM's; and FCOO0-FFRFFFy (using 2332 ROM ).
On-bonrd AAM™ — 30k bytes of dual port RAKM, CPU Ac-
cr3y: 00000-O07FFFy. MULTIBUS Acceaa i3 jumper
sa/ectable lor any BK-by1e boundary, but not crossing a
128K Dyta boundary. Access for BK, 1BK, 24¥ or 12K
trytad may be aelected tor CPU use oniy.

Memeory Capacity

On-Board Read Only Memary — 16K bytes {sockets anly)
On-Board RAM — 32K bytes

Ofl-Board Expansion — Up to ' megabyte in user
apecified cominations ot RAM, ROM, and ERPROM.
:::mmm mary be sadied b 2K, 4K, o AR-Derle dChymeaia,

10 Addresczing
On-Board Programmabie 110

ot FeeT i UsaRT
BEREN™ Daze |  Cowrod
Adriryna A loa |G CE D8 or DA or
| DG OE
Capacity

Parallet — .24 programmable linea using one B255A.
Serisl — 1 programmable line using ona 82514

Serial Communications Characteristics
Synchronous — 5—8 bit characters; internzl or extgr-
ral characier synchmniZauon; auicmalic sYnc insernion.
Asynchronocus — 5—8 bit characters: break characiar

gensration; 1, ¥z, or Z stcp bits, false siart £
detection, -

Bzud Aatex
Fraquancy g Baud Fyte MD —.E
[Sartwery Seincisbia) Sretyrewmn | A g Y TeCiror 1 H
-~ 1§ - R
1114 - P00 Ta00
Ta4a — 4R 1200
Jna mang 24800 800G
w3 1500 1200 0}
L XS BEO0 BOG 153
at Ao 00 TS
L4 24003 150 -
L 1.7 ' T80 114 - J

Froquency sglpciid ty /0 wite of Lopmpnate 18-bt requency bactor
1O Bad rEle reg i [A25) Timar 2,

Interrupts:
Addreasas for 8259A Regisiers (Hex notation WQ ao-
dreas space)
COor G4 Write: Indlalzation Command Word T [ICAN
and Operalicn Control Worgs 2 ang 3
(OCW2 ana QCWI
Read: Siatus and Polt Registers

C2or O Wintle: 10W2 10W3, 10Wa, 0CWIT (Mask
Regiaten
Read: 0CW1 [Mask Registern

Nate:
Savaral fegrainry ey Ihe daume pirncal SO0rey s arquence of 30Cead
4] rus ata et OF CONIMGE wrod ORLEFOnE W ACh §EgHEF wall respaend.

Interrupt Levels — BOBE CPU includes a nogn-maskabie
Interrupt (NMI and a maskable interrupt (INTRY. NMI
interrupt is prowiged lor catastrophic events such as
powar laliure. NM| vector addresa rs OD00R. INTR-intar-

MSE D-14



ISBC 86/12™

wpt 13 tniven by on-board 82594 PIC, which providey
Lt icentiiler af interrupling device 1o CFY, CPU mul-
iplies identifier Oy lour to deénve vecior address.
‘umpers =select Interrupla from 18 sourcea without
yecessity of external hardware, PIC Mmay be programmed
o accommaogdate elge-senstlive Of lgvel-sgnstive i

uts.

Timers .
Ragister Addresses (Hex notatian, /O addrezy space)

L5
00

Canirol register
Timer J
oz Timer
DL Timer 2

M Griic .
Tirrgs COoUNT loaded &3 b aeqQuantpl SUtpul goetaiond G zame
pldratl 41 QIlwEn

Input Fregquencias

Raference: 246 MH2 =0.1% (0.041 g3 penod, nominaly;
1.23 MH: =0.1% .81 u3s penod, npmunaly, o 15160
k2 = 0.1% (6,51 3 penod nominal,

) . 3
Connectors
[LTFT, T Flnz Canlers Maiing Comnacion
15y} LY

fus B i | DG vPBIEaAmAr |
ik T 1 50 o

Farallgl 1] ] |- I RTRL L f

M 3447000 of T

Benal 113 F.) 0.t T ra13111 |

Memory Protect

An active low TTL compatible memary protect signal is
brought aut on the auaibary connector which, «hen
dssaned, disables reaciwnte access tg AAM memory
on the board. This input is pravvided for the pretection
ol RAM conlenls Qunng SysieM power Cown Sequences,

Line Drivers and Terminators
O Drivers — The !follawing ling orvers are all com-
patibla with the WO driver spokets on 1he iISEC BR12.

Mot
Al rpQuencies sre WEBET LR ECIADIE. T Ortvas l| Charmciwnigtse l Link Currwan (ed) I
Event Aats: 245 MMz max Talk 1.0G ]
kLN 1 l
Ouipu! FreguanciesiTiming luiervals Tiaz LT 1"
744 100 1]
. Dual Timege s Cannter Tang MNILOC 18
— Singie Timaei Caunter (¥ o Timara Cascosed 7408 1 1
ragl 1.OC 18
| Mwm | W } nin I Wa I T ramn I T
Rgpltirma & 47\ me i1 1 AbE %0 mum
WD Mote:
1 v - PN - . etor.
Frog rmmaie 182 4IT.1 my 13 a M58 S0 run - . N I OC = oo coliscior
o Lhat Por 1 af the B255A has 20 mA 1otem-pole Bidirectional
Faiw gargrator 23l HE 8132 emi | DOOGAS My | 306 8 Kby dnvers and 1 K 1emmnatons.
Sy -y 232 My | 8115 wnt | 000D Wy | 04 8 iz
rata QanarIioe
:;:::, 183 ) AITAML | 338y [ 40850 mn O Terminatora — 2200/3300 divider or 1 kooullup
P
Hu'Taars 1ES i 4271 mt im |85 min Een
g red " . s
ATFODY nog *
Evrem — 4R WML - - e ey o eC M OFaN
Coumin -_!—
1ald
Interfaces 1Kaedy e A SRS WG DFTION
MULTIBUS — Al signalts TTL gcompatible
Paralie] JQ — Al signata TTL companbie
Interrupt Requesis — All TTL compatible Bus Drivers
Timer — Al signals TTL compatibta
Saral D — RS cumpahhup. dala set con“nuﬂtlan vt oy | Crarpsy I i Tlmk Cunmurt imAd |
Dz Tre gt 30
’ Agcrana TAsate b +]
System Clock {3086 CFU} Commands Tr-nuate x

500 WMHz = 0.1%

Auxiliary Power

:: duxiliary power Sus Is provided 12 allow 3eparaia
wer 12 HAM for dystema requining Batrery Bachup of

readiwnle memary. Telection @ this auxiliary RAM

power Hus i3 mage va jumpers on tha board.

Physical Characteristics

Widih — 12.00 in. (M).£8 cm)

Haight = 675in. (1715 ecm| .

Depth — 0.70in. [1.78 e .

Weight — 19 oL (525 gm) - - -

L MSE D15



ISBC 86412

——— ——w m—— mm. {

Fe
Electrical Characteristics - Environmental Characteristics
DG Fowsr Asquiremments Operating Temperatura — 0L 1p 5270
T Carrerm A eguriemerts } Addallve Humdity — (& *7% (withpu! contensation
Conilgu- "l'ccl*i'l'!‘l'l;u- —11"!5':5:_]- =4 Wy = =17V
il =4, oviangy Z3' imas)] b 24 e 2 l-ﬂ"ll.‘l
el ez | wema | - | wma | Aeferenge Manual
EFagu' ! ! : 80Q6LEA — (SEC 56717 Sinnle Bearg Sompyter -aro-
Aama onied | 150 =4 wma | r3ma - I warE Referance Manua (HCT SURPLIED
I~ 1
::g 3y st | sama ] - F 140 mA Reference manuais are s1roa2d &ith #ach orefuct crly
Witn 4n- - il aesgnates SUFOLIED rs=2 2ogvd. Matuas mav ta
Eﬁl':tlﬂul ‘ 354 E 240 maA - 1Al mu orogres rom any infal sales ASresenrateed, SIS Soor
fuzng 2750 : office ar from fmiel Literaiure Desarrmens, 2065 Scwars
[P | Avenye, Sanra Tiara. Canfermia 588515
PO | LR L R - 140 A
Iwaing TTIBE) |
wirn g% M
EPRO MY sta | wsama - i ma
gy 27U [ i
wWitm 14K ] .
RO ok J Ln] P, - 140 ma
iiutmq; 2=h a N
LT

1, Scar AP inClule JQ«er Mr sopsnar ADMIERRCKM, G anvers, ang
'S ramhing Gy,

L Cosd A8 (NCIYCs TQwer ‘moured for 20bandl HOMIERRCM,

crvard dng O er—naien

A1 RAL cfly Powe™] dud gusilrgard SO - Bys

-

=4 Ll = -1

8 InCiuCRT poam adured o feur

Coal Ot nSyae B mer lor

AGMIERSCD WM cMgy. ang

o

grrcad WEMEARDM 1 gneers, gnd
1Y (wrmenaion Fowesr MG AB0 510 03 guccosd v tona)

et

(11 4)

herrnin oy o) aa s e TS IAQ) inea; K EeAmunanod Wity Ioe,

_ORDERING INFORMATION
Part Number

SBC 8512

Description

Singla Boara Camputer

with A2k bytes BAM

Jia) © orpaemtion
XS Bowar Avend

Santa Clara Cairtartia 95051

Tak (0| =g vyraoe

T 910-330-1C0K
TELEN: 6172

REGIONAL SALES OFFICES

WESTERN

WS, OVEREEAS

MARKETING QFFICES

CALIFORNIA

Impi Carg, ”

1851 Eaa dih Strear
Sunie 150

S4nia Ang 327
Tel- IT14) 835-554 1
Twx: $10-5957114

EASTERAN

Wt Com -

B2 Hora Man Siivel
Dayion 43415

Tai, (313) 350.5350

' TELEX: 298004

MID-VWESTERM CRAIENT
ILLIm % JAPAN
il D arp Intml Jagan Sprecranen”
300 Jarw Bouevird Flowwr Ml nmecny Eas 9o3
Suire 220 =239, SMunm s Sed@ziyaau

Cahgrgge £21201
Ted a2l A05-35T0
TWE 4 )0-557-5301

ATLAMNTIC

WASSACHUSETTS

Imis Carm ™

1BF Burasea Road, Syia 144
Cheimaard Otg2d

Tal” 161 7) JIE-BEGT

WA, Tt0-J43-5332

"TNoM New Talahong Number

Touro 154
Tl [DA) 403250
TELEX: FHI1-J3428

EURCPE

BELSIUM
{retel P mapgnat”
Aig Ju Maunn 4 Fatat

- 31-Blouig 1
< B=TIED Brvste-a

Tal: ro2Y 532 1219
TELEX; 4814

-Fisid Appliicanon Lpgalion
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ot 1§
MODEL 240
INTELLEC® SERIES Il
MICROCOMPUTER DEVELOPMENT SYSTEM
Complete micracomputer development Integral 250K-byte tloppy disk plus
center for Intet }ACS-80°™, MCS-85™, 7.3 million bytes {expandatle to 15.6M1
MCS-86™, and MCS-48™ microprocessor bytes) of hard disk storage
families
64K bytes RAM memory _ Powertul 1515-1! Diskette Operating
-Bystemn scltware with relocating
Sell-test diagnostic capability macroassemoler, linker. anc locater
Built-in interfaces for hich speed paper
tape reader/gunch, printer, and universal Supports PUM. FORTRAN, BASIC and
PROM programmer COBOL high level ianguages
Integral CAT with detachable upper! .
lower case typewriter-style full ASCI Seltware compatible with previous
keyboard Intellec sysiems

The Mocel 240 Intellac Series || Micracomogter Develgoment System is 4 complete Zeller hor Jhe covecament 34
mueracampulerbased progusis. It incluces a SPU, 54K bytes of BAM. 2K Jvies af 30M mernory, 3 2000cnarzzar
CRT, a devagnasie tull ASGIH revDoarg, ang 2S0K-oyvie Nooos Cisnetla Srive, A Rarg Zisk SUSSYSIEM Se0wges Suas
million Sytes af an-line cata sicrage, Powerlul IS15-0 Diseeite Qoeraling Syslem saiivarg Allaws tne Mage 220z 24
yaed quickly ang etliciently lor assembhng ancior eomoiling ang cecegong arggrams *ar Inter's MACE-2L. W 22-E3,
MC5-85, or MCS-+ micropracessor families withgur the neec 1or hanahing pace! tace VSIS zerizems 31l fue Ranzing
unerlatiﬂns. legwving (N8 user {res 'a cgRcentrate on [he Zetals af Mis gwn AacRngation. When usag in cgnunciion wilh
an optional incrrcuit emulator (ICE°Y) macuie, ne Mocel 240 provides Al INe Sarcaale I0C oIl aare Cpvaicoman:

toals necessary Of he ramd develapment ol & fucroccmouter-Dalec Sroguel.

The Tougming aie rgde ey oF Tnins wOrDCr Al grad iy Be w360 onee IG CRICrOR WA ZFOQuCIy IE] IAwie, Iniedec, Liiaiy sandsgi
MagICha1n . MicromaD Wulious, PROWAT A nag UPL miglieninion, SC80e Promaesrd. WCE ICE (SEC, B3P, 405, ang the Comowanan gi
WMCS WE, WEBC ar «O5 wrih & Aymgocal syt HSE E 3

© Iniel Carporsnion, 1979 Auraowt 12TY



MODEL 220

FUNCTIONAL DESCRIPTION

Hardware Camponents

The Inialled Senes |1 Madel 240 i5 3 cachaged, highly
Integrated Migrooomoulst ceyaigSMant systam cInsis.
ting of a CAT crassis with a &30t carcsage. aower
Jupply, fans, caolex, single Yopdy CiskelTe Grva, ang
five pgrinted oot cargs. A Segarate, fwll ASCH
heyboard 13 cannecied win oa cadle, A lree-s5rancing
pedestal Nouzes the harg sk Orive alang with 4
2eDarate ROwer sucoty. fany, a2nd Cagles tgr connectugn
10 the mamn chasss, ~ bigcx Sragram of the Mogel 249
i3 thown 10 Figure T,

CPU Cargs — The rnaster SPU carg contans s own
MuUCroprciessar. Temary, WG, interruct ang Dus inter-
lice circuntry fastucred frgm Intel’s fugn (ecnndicegy
LSt comaonents, wndwn a5 ha iniegraied ArOCEssSOr
board [IPSY, it ocoup e5 the lies! SI0t i (Re garctage, A
second stave CRL zart 18 resconsicle or all remasmng
0 ggntrcl incluging the CFT and «eyocoarg Nreriace.
Thia card, Mgunted of 1Ne r23r 5ane1, aise £IniAins L5
own miciRErocessor. AN ang FCM memary, and KO
incerlace loges, inus netiacl credling a Sual SIGTeSsar
envitgnment. kngan a5 the WG ¢ontraller NCOY tne
slave CPU card cammuecaies wilk [ne {PB guer an d.00
bidwectionat data Sus. |

Memory and Contral Cards — in addinon, 22K Svies ot
AAM (brnging the 10lal 19 R2K Byies) 1§ lagdied an a
separale Card in 'he Main cargcage. Facncateo fram
Intel’s 167 RANMS, re DoGrg also CHNLAINS 3Nl NEC2S5ArY
dddress cecacing angd retresh lagie, Two accitranal
Loards i the cordeage are used 10 COOTC! the Hard disk
drives,

Expansion — Two remaiming 31als 0 the carCcage are
availape for system expansion. ACdihonal @xpansion

of 4 5lots £an be achieved through the addiiris of an
inlellec Senes || excansian chasss,’

System Camponents

2,
—-

o, the B0EJALY roaniny at 20 Mg, wles b SaR

memory are 2awiZes O lhe Sgarg wning 1me e
AAMs3, 48 ol BCW S Zrgwices, HresrTramITes ailn
System ECQistran EelestT  dil@dgnostgn 27T Ne
Icrellee Sarea 11 Sestem Manitor, The eigniigee
ECIORC SCHGELYY IRIRITUT] Systaem Al ws mer-Lois ip
be indivisaally maseed, Using ime- | Lergdtt's IIIF
ATEfrUaL contraller, e Aterry Dl Sysfam MmMa, T3 58t
SIOGrAMMENn 6 ress0nc I s vELal fesns, & 42-arsia
Toard arovictes an aoSiNgnal I2Y Syies 37 AN

InpuuQutoul

IPB Senal Channeis — VNe S sussysiem n ime Yo te
24) 2anmuIsls oF twg Z37s ne O 2352 ang At iatae

chaneers Cihe ISS sl Tasn far:al ongoaner s *=000

‘e

“ampantie ang s cazaslie of ."_;I'I!"III'I; asyPLTrI g
ram 10 TERL nat B RISt u sl rom (8D
b= 1 H = -+ Hh! Tdy o _Bboduind Lodd Dadiball- WVEY-Lbad Ji[ ol Teliaieiic Bb 3 1
ot tirmunal, Coe channel s2ntains cursess TIo
adapiers. SI[N TRARTRIT 3T4 CTTIAMESTED JECC TiE

B251 US~AFT, They 253% T8 Srogralmmalizilly g =ital
serfprmm d vanely of PO tunesas, Baus rars §es
accomaitshed grasrdmmaticatly Argugn an Inis
imtereal umer, The 3080 aiso serves as 4 real-ltma iooe
'or the enliee Sysrefn, KO acnaly tRrougs 22T fetd
channeds 15 Signaled 13 Tne sysiem ifriugh 3 IFTIfs
8250 jntereual controver, oseraling 1noa nelles mege
nesied 0 he onmary T058

IS Interface — The remaincer 3l svstern IV zzmivily
takeg prace in (he Q0 The IDC Cidvuges iaterszce Mot

fhel
AgInamr 1 L I
vy T gy LRt |
B ian
ChwTey r'—_' e,
L e
; O |
I I—....._.,_,—.
PR
! * i . ' i
1 I pLlwE | A mT t Tayd karg ] T 1
[ T T AL “'""‘L_ . I HETETIE N I LT I
Lahenll NN Rt I-.n:_:-_:-.--f s, ERmaALA | | AL E yrE e S :l.‘n-uc-uJ_ll_ -
T | - - e — .
.E L -~
1
L]
U T
b S Tmg),
o
™ S
-+
a 0 Ea ™
i I 11 1
—
[ -11Y [Tha + g "mrt
m:'-m'l' !EUH::-;LII. [.!‘M“D] [ - - i LLEY 1] ] I
Frgure 1. Intellec Series || Made! 240 Microcempules Qavslepment Systam Slock Diagram = '
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MODEL 240

iha CRAT, keyboard. angd standard inteilec peupherals
inCluding Drentee, Fi90 Loeed Da0er 1ans feddenipunch,
&nd pnwversal PROM sroqcammer, Tre Q0 cantams s
Ows indepencent mEToTrocéssor, also an BOEJA.2, The
CPU canlraly an 4O coerabions at watl 33 surerasing
cammuprucatmans ~th the 178, 8K Syies af 908 contain
all U canrrgl hrmwars, BK oyies of AAM are ysed lor
CRT screen relresh S0 age. These do not OCCuDy sCAace
tn tntellec Seres (| man memary siece INe 1CT % a
wially indegencent MICT3Somauter suosyaiem.

Integral CAT

Display — The CAT i3 a 124rngh raster s2an tyoe manitor

“with a 5QMEHZ2 vertical scan rate ang 15.5kHz2 naecrzan.

tal scam rale, Corgrals ares ceowidls dar SrIgRITess and
conirysi adjusimenis. The AlErace 0 Ihe CAV IS
Drawided througgr an lntet 3278 simgrechip Zrograms
mable CRT controiler. The masler Srocessar an the P8
translers a charaziar tor s lav to e 100, where 1f 15
slpreg in FAM, The ©RT contrgller reags a hne 3; a vme
into its line pUifer inrgugh an (ntel B257 DMA contrgller
and lhen lesds are Characier 21 3 hme 1o INe characier
gensralar 10 Srogute (e viteg SigRal. viming lor ibe
CAT contred 15 arsCes Sy an nlel ZZS interz) Limer.
The screen display 3 lormatted 35 25 rows Al 80 chgrac.
ters, The Ul ser ol ASCI enaraciars 15 disTlayedq,
including lower case JIZnas.

Keayboard — The keybodrd interiades cirectly fathe 106
processor via an 3-oif cata gya. Yhe weyooard contains
an Intel UPK41 Ungversal Pancheral Interface, wamcs
icans the heybgard. encgges [he chdragiers, ang
buffer= Lhe characiers (0 pravide He.segy rollovar. The
heyboard dselt 43 a Mg cualily Iypewriler sivia kay-
ooarg contatming ine Tal ASCH character Sel, An posed!
lower case awiicnh dllQws (he 3ysiem (0 De used lor
documen! preparaton, Cursgr conlrgl keys are alsa
srowvided.

Faripharal Intartace

A UPl-41 Univarsal Parigheral interface on the JOC
board proviges ntetfacs lor other standarg Inteilec
peripnerals mclucing 4 conter, Migh saeed Dacer taga
feader, fugh 3pesg Fater tap® punch, and aniveral
PADM programmer. CImmumnicatgn patween ne IFQ
and 10C ia mamaimes gver 3 separate 5l
bidirectional data tus, Caanec!ors for the four devices
named above, as well as fhe twg seral ¢hannels, ara
maunted drecily 2n ne 100 I3,

Gontrel

Lhaar control 15 maintameg rough a ironl panel, con-
Iilting al & power 3wiich and indicalar, ressetrbogt
Ewitch, ryninatl flight. and eight Jntertunt Swilches ang
indicaiors. The Ironl Zanel circuil hoard 13 altacned

glrectly to the IFE aflawng 1he Bight interrupt switcnes”

1o connect to the prmary 8229, 35 well 3310 Ihe Inteiles
Series 11 bus.

Disk System

Tna Inteilec Senes 1) Hard Disk Svslem grgwces cires!
acgean L‘.‘U|K .“Dfa.’;&. |I"|1EHIl.jEI!1I controllac, ard a .5k

“gtive cantalming cne hzed maller and an® *emovaie

cartricge, £ach zrovices 35 mihion Dvres G sicrane
~ilh 2 cata transter rate gf 2.5 MblsiseEcong. The
cantreiler i% implemented wiin INTel's Sowertn Seras
000 Zipcfar Microcamouiar Se;. The Controuer
provides an nferface 7o ne Imefes Senes (1 57556
Bus. 35 well A3 SuCAgrting Lo in 2 25k Sriv&s, The JIEY
syatemn recards all cata in Joupie Frecuency PR en d
gurfaces cuf Slatier. SAcn Slatler C3N & arte orojas;
'_'l',l' 4 frant odnel Sasnn, ThE Crae L4S5[EM % Zalacie 2
aeflormicg S didfereft grerariQnsl recantrale. age<.
iprrmal Gack, write 2atd. reac cata. and werity TR

-

QOish Controlier Boaras — The @15k santraller cons:s;s

Gr iwg Zezalfs, the 2bgnnal bard and she nlertgle
=odard. Thest lwe 0 pdaras sesicein the inpetbes Zaces
N systern sndassis and consTiuta jhe disy gantzonar, Tne
anner Spard recpives, CecopBRs 3AC EISCAIS NS
channsl zammancs fram dre 203352 CFU 0 tne Nooa
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validates 2ald cuning 8355 UsinGg & vopg renLmtancy
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~hle goergbians. YWhen the disk <onirgller s22u.res
accEss 10 Inieiles sysiem s1emory, Che chnannes Zoas
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LTUSPOMInG 4 SeCINT grve, the Qs Sonrguder may o3t
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Floppy Disk Cnva

The Mepoy disk onwe i3 controlled By an Infen 8277
siGle chep, frogrammatle fhoesoy Cise controiler, I
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an I0C RAM bulfer and the cizaette. Tha 8271 nancles
iwdding and wnhng al cata, lormainng Jissetes, anc
rmadmiy SLAIWS, &l uoOn Appeoprrata commancs frem
the 100 microarmcessor.

MULTIBUS™ Capabilily

All Intellec Series 11 moce's imAlement the ndusiry
standard MULTIEUS. MULTIBUS enabies severdl Sus
madters, such as CPU ang OMA cdewnces, 19 share ine
bus and memary by operalicg al ditterent arngnty leve s,
AesSiubion gf bus exchanges (4 svpohrgnized Dy O Sus
glock fsgnal cenved wncecengenlly frem Drocessof
clochs. Aeagfwrite fransiers May Take clagce 30 rates uo

1o SMHZ, The Dus struciure s :uutame tar use wolhany

In miciacomputer lamutly,

HSEES



MODEL 240
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SPECIFICATIONS

Hest Pracessor (IPB)

AAM — 64K (system momigr occcumies B2K througn Sar)
ROM — 4K (2K in momtor, 24 0 qagrighagnostic)

Disk QOrive

Typa — 53440 oo 1Dacing cartncge and gne fueed Siatler
Teacks par Ineh — 200

Megehanicai Secicrs per Trach - 12

Recorging Tacsrigue — =oulte !recyency [FM)
Tracks per Surtace — 400

Dansity — 2,200 sHsnnch

Bits par Tracm — =2.500

Aecordinng Surfaces per Plarter — 2

Bisk System Capgacity

Par Surface — 15M uls

Pat Plattor — 234 bits

Par Qrive — 53nd Du's

Far Drve — 728 Cytes (formatied)

Disk Perrdarmance

Qink Trarnsler Rata — 2,55t Mitsiser
Disk System Agcess Time —

Tracw to Tracs: 13 ms man

Full Stroke: 00 mMsS

Ratatianal Sgeed; 2,400 rpm

Dizskatin

Dlaketts Sysiam Capacity — TS0K bytes (lormanted)
Diskette Syatam Transier Rata — 160K D aises
Olskette System Access Dime —

Track ta Track: 10 ms max

Average Fandsm Posihiomng: 260 ma

Fotarional Sceec: 360 rpm

Avarage Rotatanal Latercy: 83 ms

Recording Mgge: FM

Physical Characteristics

Widlth — 1737 in {4312 crm)
Height — 15 81 10,140,156 cml
Decth — 19,13 in, {48,559 cml
Waight — 7110, (33 =g!
Kayboard

Wigth — 1T 37 in. {£4.12 cml
Height — 10n_ {782 cm)
Depth — 900, [22.96 cr)
Weight — 61, 3 wg)

Dish Drive on Pedssial
Width — 185 in. (47.0 ¢m)

" HMeight — Ja0un. B84 crm
Dapih — 29.75in. (756 cmy
Walght — 202 1b. 122 kg

Electrical Characteristics

DC Pawasr Supply

Tymcal {

Waity Ampy Syatem 1

Supplied Supplisd Aaguiremeniy |

« Bzt 3 170 I

12 4% 24 11 I
12z 8% 9] 01

-1 =5% 10 o 08 |

152 5% 1.5 LR L

sz 5% 1.7 17 !

1 | !

"Mt avduagie gn Dus,

AL Reguirementa for Mawframa ang 2 Drives —
M0V, E0HZ — B A "Mantrarae — %3, €.
220V, S0Hz —dEA Mantrame — 30,33

azn znee

agn In-

=

]
o

Environmental Charactienstics

CQperallng Temparature — 1575 13 12°C (309
Humidity — 20% 13 20%%

Equipment Supaliad

Model 240 Chasts

Integrateg Pricessor Soara 11es;

WO Contraller 2oarg HZ2C)

JIX AAM Bgarg

CAT and Kevccaro

One Harg Cise Crnive, Jacpsi g VMountas

Hard Dok Comirollee baeo boarss) witn Cacies

ROM-Resi2ent Sysiem Manilss

VSIS Sysiem Zigaelte wiln MCSAC0IACSE-ES
Macroassembler

Cisk Cartrigge wrank 3440 wypay

Referance Yanuats

9B0Q558 — A Guige 1o .‘--'!IC..':JCUI'I"I-ELITEF Jevelgomen:
Syatems |SURSLIED)
9800559 — Intedleg Teries Il Insiallalion anc Sanize

Guide (SUPPLIED)
9800306 — I1Si5-11 By=iem Usar's Guige ISUFPLIED)

PADOSEE — Inteiles Seniog || =aroware HAaferencs »'an.
val (SUPPLIZZ
9800301 — Z{EUUSS Assembly Language SeooraTe

ming Manual ISUFELIED)

800297 — 15351 3LSVECEE Assennier Ooeratar s Lian-
ual [SURPPLIZC .
PBO0EQS — Intelec Senes |1 Systems saacnnor Soorze
Lsting (SUPPLIED) .
$800554 — Intelec Senes Il Sghemang Crawings (SUR
PLIED)

98005941 — pmarg Oisk Subsaysiem Dperalion ang
Checkout (SUPPLIED

. Additlanal manuals may 5e grgered fram any Intel sales

fegresentitive of cisttoulor athice, of Irom  Intel
Literature Department, 3065 Bowers Avenud, Santa
Clara, Cablornia 95051.
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MODEL 240 -

ORDERING INFORMATION
Par
Humber Dascrpilan
MODS240" Inteitec Senes Il Madal 240 Microcamputar
Deveicpment Syslem ¢110WED Rz
MOS-Z41"  Inteilac Senes Il Macel 240 Microcampuier
Develggment System (220WI0HY

» CTHOST ey an CrZenng cope DNy, 10205 ROt WSS 4% 2 Sraaudt
A3vg ar fase~arn, WMDT

15 & TRoia[RTel racemare af
Wghgws Catd Sciences Lo

.]ﬂ:i: |

INTEL comPoAa T1AN, J08% B0wart Avanus JanTa Claan 3 95051 =

R R T Fl b L EFL-E 1

MSE E-8
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The zs000 family is a new set of microprocessor
compenents (CPU, CPU support chips, peripherals,

and memories] which supports the Z5000 architec-

ture. The sccount of how archilecturs) gasla were
selected nnd achieved for two key members of thia
[amily--the Z80O0 CPUF and the memory menage
ment unit—llustrales how moch of o challenge
miczoprocessor architecture represents to the semi-
conductor industry, MOS Lechnology showa enor-

- mous potential, but it is sLill difficuly 1o pee because
of limilations on pm count, power dissipstion, speed,
ond coimplexity.?

-Since this distussion is restricted to technical
istues, we will not allude Lo the many additionsl fac-
Lora Imnﬂmtl.ing cansiderations, human considera-
tions, sell-imposed restrictions, ete) which make ar-
chitecture such o fascinating and diffjcalt discipline.
Furthermore, no sitempt has been made to ex-
haustive[y describo the Z2ON0 architecture and com-
ponenls. Inlerested readers should cansult the
apecific manuals for & more coruplete description,’4

The goals of the ZBODD architeciure;
-increased eapabilities, archijectusal |
cnmpallblmr, increased clarlly
The primary reason for mtmdut:ng a new ayslem
wrchilecture is Lo signilicantly i improve the contral
and processing capabilities of microprocessors while
mainlaining their pricefperformance sdvantapes.
Technical advances have permililed the implements-
tion of substanLislly incressed processor power, but
the most significant motivation for & pew component
fumnily is penerality. Only through such o famlly
could we provide for wrchiuctorslly compstible
growth over & wide range of precessing ;pnw:: Te-
quizemcnts, .

SUCER BIRD Y DOde LT o0 Th L e ICEE

Increased capabilities,
architectural compatibility, and

.clearly defined interfaces were

the chief architectural goals of
Zilog's new Z8000 microprocessor
family. Here is an account

of how those goals were met

for two members of that femily—

the Z8000 CPU and the MMU.

Our approach was & slaged system archilecture
which attempts to provide new components, enhatic-
ed features, and new functions, while protecting the
user's investment in hardware and software. The
Z8000 family supparls & single unified architecture
for all small, mediom, and high-end vser spplicztions
whith are implemented using & miz of :nmpnnents
wilhin the same family. .

The goals of ithe ZEOOD architecture can be grouped
intothree calegeriex: increased cepabilities, srchilec-
tural compalibility cver m wide range of processing
powers, and increased clarity. In all these cases the
resulting wrchilectural features apply rither to the
basic archilecture (that seen by an applicalions pro-
grammer) or 1o system archilacture fLhat seen by =
syslem designer or an operating EyStem program-
mEer).

. "

-’

Incressed capabilities. AL existing 8-bit micre
processors and many 16-bit minicomputers suller
from having a small addsess space. So, one af pur
poals wes to provide sccess Lo & Jarge nddriss ;o nee
{5M byley). A second poal waa Lo provide roone 1o
sourcey in terma of registers (16 gonera) purpuse
16'bi tegislers], in terms of data types {lrem Lils Lo
32 bits), and in lerms of addilionsl Instructives con,
pared 1o existing microprocesszors [aulli)'y and
divide, multiple register aaving izsiructicns,
spocialized instrucliona for compiler Lupport vted
" Tofiscilitale complex applications it wesing urinnt
10 support multiprogramming wilh good hardvoue
support of task switching, inLerrupts, treps, pnd iwd
excrulion modes. Operating aystems also required 2
good hard ware protection system.

Finelly, we wanled Lo incrosse oy crull sy Lu.m pue
formance. This reswlied inthe choice of snimplermec:
tslion vsing a 16-bit-wide data path to memory.

. cOPUTER
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Archilectura! compstibilivy, One of the imporlont  quire a different dusig;'i approsch, elthough they cer-
lessons learncd fram previous computer syslem  tainly influcnce the detrils of design compromises.
designsisihat thedesign of a newfamily architecture  The lust section of Lhis paper denls with implementa-
is# rare occurrence. Oneway toapply Lhislessonisto  tion tradvoffs and illustrates some particular com--
design e unificd srchilecture compatible over a wide  promises. (In a few places we mix implementation
range of proccssing powers, If we anlicipete user consideralions with descriptivns of archilectura)
growth from small Lo large syslems within & family  Lradeoffs. Despite the importence of separatinganar- .
erchitecture, then such dnapproach can sipnificantly chitecture from its implementation, we found that
incroaseils life. . this separstion is ofLen absent during the aclos) exea-

The two versions of the ZS500D (a 48-pin  1iocn of a new architecture) .
unsegrented and & 48:pin segmented versiont are Two differences between conventions] comiputer
designed Lo schieve this goel, but mzny other systems sod microprocessor sysiema have the
foatures conttibule indirectly to the family com- grestest impact: price structure and component
reuibility. For small eplicelions an unsegmenled boundary differences. For high-end L8] syalema, it
ZE000 wilk one of more G4 H-byte sddress epacescan makes sense 1o have one unilied architecture, but
be used. For medium spplications, a segmented unlike their computer family countarparta (IHM
Z3060 and one memory mandgement unit allows; 3600370, PDF-11] different implementations cannot
diruet Bccess to AM bytes of nddress space. Forlnrge - be justified on a price/performance basis, Speed and
applications a segmented 23000 and multiple pairsof  performance are mainly depeodent on the slate of
AUs allow the use of several EN-byte address  technology, and therefore, for o given application, a
tpaces. T : : .+ user will waste tha speed willingly since ancther -

Eince the segmented ZEQOD can run in kn unseg- -slower implementation would cost the same. This
tmented mode, both systeme are compatitle, Finally, does not exciode different versions of ane implemen-
to achieve even larger processing power through  tation, which reflect only different test and produc-

hardware replicetion, Lhe architeelure provides basie  tion criteris such 23 packeage type, functicnal tem- .
minecheniems for Loth muliliprocessing and dis-
tribyuted processing. .

Clarity, Clarity in an archilecture is a mezsure of
how wel! key interfaces ere deflined and specified
This iz or elutive but imporient gedl in a family
wherp ntw and unforeseen components will be added
desirg (ke life of iLs archilectore, .07 % o0 7

. a . CF e
e < v ' L] * " .

We felt bus prui‘.ucnlstwert so importent
that we developed an independent

‘specification for the Z-bus along with the

individual device manusals.

Clurity in.terins of the Lesic archilecture menns
recclanty and extendability of Lthe insiruction sel, a3
well s ihe gereral snd-simple handling of the
o] eTating system interfoces. Clerity In terms of Lhe
w3 stem architecture mesns @ wyl difined method of
veemnaunication briween the valious components,
Thebey Grl between these components is Lhe Z-hus,
wlith is s shand systeo by, In the section on com-
menicatinn with obher devices, we deszribe pome of
ite vsAous topes of bua prolocols. AtZilop we felt
iLivy gs spimportant ket w e developed an indepen-
dent specification for the Z-bus along with ihe in-
dividual device minuds !

- [
4
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" Comparison with other cystem architeclures

We are coavinced that the diffcrences betuten
microprocessor 3ystem architecture £0.d larpe com-
pier systemn wrchiir~ture are hot sufficien) to re

Toetraty 1579

. designs,

perature range, angd even specd range,
Mgzt computer systems have both ex lernal &nd in-
icernal interfaces. External interfaces which defina
53 stem boundaries are often standerdized {o.g., the
1BM channel interface or the DEC unibus), The inter
nalinterfaces of most mind of Jarge computer systems
ere essentially hidden. In tontrast, the component
koundaries of a microprocessor-based syatetn repre-

- sent nctual interfaces, and most users must be famil
. iar with them ap well ax with externa| jnterfaces,

" * Becsuse the component interfates are more visible

and often must be more general, the microproceasor-
criented system bus emerges na v key standardiza-
tion Lnk to allow & wider mixr of components and

oL

The basic archlieciure
Address spuce considerativeos. JLin advantegeous
Lo Lave more than one addeess space, with ebch ad-
dress speceé &3 large ax possible. In the ZBOOQ,
memoery references and 170 references are viewed ap
references lodifierent address spaces. The WO sprace
is discusaed in Lthe aection below on communication
with other devices. Memory ntferences may be lo-
slructiory or dals and stack secenses, witheazh type
of acrery porsible in efther system or norme! modes.
" The ZE00D distinguishea between zach of these
reference poatibilitics by wiing different combina-
tiony ¢f o statun lines. Scpurating the vanous ad-
dress pp sces cenbe used tolnarense the total nuember
of add-ezseble bytes and to achieve protection, The
sir# of each addreas space depends on the versicne of
tle 28000 used. The 40 T.io packege version aligms
tach address ppais Lo be sl most £4K bytes, the
4E-pin peckept virsion allows each address space to
L et mes RCIIK bylen,
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The £0-pin version is intended for systems, oflen  1he slructure ia so important thel it is worthwhile ta
vsed a3 dedicated systems, where the propram and  sacrifice any possible encoding improvements in o
dola spreea are amall, In this case, relocation is aot  struction furmats which could result [rom dedicating
usually imporlant. Using the different address  reyisters 1o special functions. Enending improve
spaces, one has e simple wn;rt.undd:e.ss inpructiceup  ments based on instruction [requency, 3o thet fre-
to 4 x B4} byles |with n maximum of 6 x 4K byles).  guentinstructions use one word, are more effectivein
Some simple protection is achieved by scprrating  saving space without having a negative effect on the
these spaces in hardwere, archileclurs. .

The 48-pin veraion with one or mare MMUs is in-
tended for the medium to large applications whete :
relocaiion and betler memory protection are impor- L o
tant? In these casen, status informalion can elso be Why neot have specialized Hglﬁiﬂﬁ? The
used Lo separate between nddresa spaces by using difficulty lies in the fact that Lthe
multiple MMUs. But it is also exsential toachieve Lhe restrictions caused by dedication are
detailed memory protection required. ([t is possible inconsisient with one anather,
touselhe 48-pin version withoot an MMU | For theae
high-end applicaliony, the address spaces are solarge
that oneis unlikely toexhanst them. Exprerience with - .
large computers shows that 8M bytes is probably Most applications dedicate the svailable remﬁms
ndequete. The current implementation of the Z800)  to specific functions. For example, most high-leve)
vses 8M-byte nddiess spaces, but the aschitecture  languages require n stack pointer end a stack frame
provides for 31-bit eddreas (2147M bytea). pointer, Then why not, ane might argue, have

1n both versions, the 28000 allows direct sccess  specialized regislers? The difficulty les in the fact
Lo each address space. Direct access means that Lhe  ihat the restrictions caused by dedicalion are incan-
pddresses used in instructions or registers heve aa  sistent with one another. If the architeclure supplies
many bits asiheaddress space sizerequires. Inother  only general-purpose registers, ithe user is free to
scliemes the effective address is a combination of 2 dedicate them Lo specific usages far his application
shorter field in the instruction and other extension  withoul restrictions. This isimportant in the context
bits often found in an implied register. Despite the  of microprocessors where user spplications wre not
" shorter address Tields, we believe this ""indirect ac-  ‘well known and where high-level languages are sLill
cexs” does pot save bytes, because extra instructions  vsed infrequently.
musl be used toload and save the implied registers, For example, the Z2000 allows soflwere stacks 1o
which are typically in shart supply. . be implemented with any register. There sre alsotwe
hardware supported stacks, bul the registers used

Reglsttrs The ?ﬁﬂﬂﬂ is primarily & memory-to-  are still genera!- purpose and can participate in any
regisier architecture. This characieristic does not en- optratmn‘ There is no allocaled sLack frame pointer,
tirely exclode cther organizations, and mechanisms  since any register can be used by meansof the proper
exist in the ZR00Q to suppart them. For example, combination of addressing modes. The savingsrealiz. -
memory-lo-memory operations are supported for  ed by register specialization are vnatiractive when
sirings, whereds stack operations ere supported for  the given function can still be performed simply. The

. procedure and procesa changes. This choice provides  loss that would result from restricting the applica-
upwerd compaiibillly ‘with the Z80. A register a1 Lions would be Loa grest. In contrast, significant say-
chitecture also results in good performance, since  ingsresult Fromexcluding RO fromuse ps anindex or
Tegister acceazes arh made st & greater speed than “memory pointer. This exclusion allows one to distin-
memory accesses in the current implementation. ~ guish between the indexed and direct sddressing

Experience with register-ariented roachines seerms  modes. which use 1he s2me combinalion of the in-

to confirmihat four general-purpose registers are not — struction address mode field. The price is small, since
enough and that & 'proper” number is between eight RO still can be an acumulator or source regisier and
and 32.* The ZB000 supports bivtes, words (16-hit), 15 others accumulatar, index, wndlor memory
and long words (32-bit}, and a few inslructions even " pointers are available. In this case the restmiction
vse quadruple-word |B4-bit) data elements. Il we made sense. ]
thoose 1§, 16-bit registers sllow eight 32-bil registers Anolher decision tobe made sbioul registe;sistheir
as well as four 84-bil reyisters (Figore 1). Since ad-  size. Since the erchilecture handles ::nu'tl.ip!e deta
dresses are 32 bits, the necessity of at least cipht  (ypes we muost have muolliple dats register sizes,
32-bit registers was obvicus. The impact of Lthe £-bit  which can hold each data Lype The solotien of the
register Tield on Lhe instruction format depends wlso prnbl:m is implemented in the architecture by pair-
on the romber of address modes nnd operands. Six-  ing registers, two 1-byte regisiers muke 2 word
Leen regisless allowed s reasonable fradeofl, whereas register, twa word regislers make a long word
32 registers would have rtsulted intoo few oneword  register, ete,
insLctions, fem ot

. With one minor restriclion any reg'lstr.r canbeused Dats types. Users would like Lo have as meny

- by any instruclion as ap accumulalor, source - directly implementsed data types us possible. A data

operand, index, or memory pointer. This regularity of  typeis supported when it has s hardware representa-
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tiun and Instructions which directly spply to it. New  tosuppart them. The Z-SEIOD even provides quadrupla
dats types can slways be simulated in terms of basic | jegisier—another utensiun-used in lnng -word
data types, but herdwaré support provides fasterend - manipulation. -

‘- mare convenient operations. At the semetime, 2 proe Other data types are supported by using oneof the
Lferetion of fully supportied dela types cumphcaua preceding dals types: for txninple, pddresses are
_ Lthe archjtectore and the implementations. T 7 manipulsied zs Jong words, and esch element [seg-

The Z5000 supports severe] prlrr-:ctn etypesinthe  ment number or offset) c2n be mnmpuhlﬁl 258 byie
architecture snd provides expansion miechanisma. - or & word. Instructions ere one to five word strings,
Thenasic data Ly pes mre obviosusly the ones vxpected  (he program statusis four words, ete. |
iv oo used most [requently. The extended duts types - -As the lamily grows, support for new dals types

= are beilt using existing dals types ond m:mpulatrd will be added. The architecture will need to support
1Li=g cxu-hng instruciions.” - . " theminits registers o ln memory :ftheydonut ﬂti-l:ll

ue besic data Lype is Lhe byte, which iz alsa the  registers tas stnings ere Implemented todayjg But
1 iz addressable element. All other deta types are  most important, the architectore willkave Lo support
sviciinced wsing their first byle sddress and thelr  the addition nfnew mslruct.iuns l‘..mt_s upcrlmrn.

- tengih im Lyips. The architiclore elso sepports the : et A
following data {ypes: bytes 18 Bits), words (16 Lits), * Tostructioos, In d:ssg‘ning a5 instriction Tormat
long words (32 bits], byles, zné word strings. Insddi-  the architeet must decide how 1o allocale a Emiled
tion, bils are fully supported and eddressed by  pumhber of bitatotheopcode field, address mode field,
nummber within s byle or word. BCD digits are sup- . and other operand subBelds. Tnstruction’ usage

— poried and represented ns Lwo 4 -bit digits in  byte. statistics mre the best source of datz toinftuence deci-

One consequence of this dala type organization i Sions abeut instruction set format! & " Dehind 1heir
that byte, word. and tong-word regisiers &re ninod  wsage lies # strong techrical posibon: we do not
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Figure 2. Eramples of instiuction Tormats (nonsegmenied version).

Lelicve thal any ane of 1he varipus insLruction set

" slruclures—repister oriented, memory oricnled,

sinck orienied, symmetrical, or asymmelticel,
etc.—are always belter when used exclusively. Thus
the Lask of Lhe architeclis todecide what his most im-
portsni gonls are, and for each of Lhem adapt the best
features of the varicus structures 5o that on the
average, and Tor his set of goals, anoplimum selulion
can befound. We donot believe that the optimem will
be very sharp: it will be more like a range of applica-
tions for which the resulling composite sirurture

~works wall, Wedecided 1o vse o register structure for

compatibility, muttiple word instruciions fur speed,
memolry-lo-meinory instructions fer slrings, stack
slructure fur process tontrol and procedure support,
“short” instruclion for bhyle densily improvenent,
ele. .

over 110 dislingt instruction types: several instruc-
tion fewmnale are illustraled in Figure 2. The vpende
field specifies Lhe type of instruction for example,

ADD ond LDL. The mode field indicstes the addresss
ing modes (for example, Register {R], Direel Address”

-|IDAL The dala clement type [WYB) and register

14

desigrator fields complele the besic instruction
ficlds. Long word instructions use 8 different opeode
value from their byte or wordcounterpart,  Freguent
instructions kreencodedin g single word, and less fre-
guenl-instructions-which. use .more Lthan twe
opcrunds use Lwa words, There are often additional
ficlds lor special elements such a5 immediate values
or condition vode deseriplors {CC) Tnslructivns can
drsigrale one, Lwo, of three operands explicilly. The
inslraclivn THANSLATE ARD TEST is Lhe unly ane with
four operands and is also Lhe only one with an unp!n.d
register operend, !

Scveral restrainls can gmde the preper choice of £n
instruction formsl. A large number of upcu...u. {used
or reservedt s very imporlant: having a jgven in-
struction implemented in hardware saves bytes and
improves speed. But one uzuelly necds 1o vconcen-
irate more on the complelencss of Lhe ppeiaticns
available on e parliculsr dais Lype rattor than om ad-
ding more and more esoloric im.nmt:lil::.tnI wlick,if us-
ed fnguently, will not :.anlflfq‘-'.l'll]} ulfegt purfur
mance. Gicat care must be piventotbrprebitomod e
pending the instroclion set so for crang v, pow Cata

typescan be ndded.

'3

Adidreasing rmwdes. The 25000 has eighl address-
ing modos: rogisier (R, indireet register (VR), direct
wddress (DAY, indexed 1X], immiediaze (| M), base ad-
dress IBALL bose indeaed IBX), end relative address
{RA) Several olher sddressing modes are implicd by
stwcilic instructions such as suleingrement or anlo-
decrement.

Althowgh avery lar ge nu mber of nddressing modnﬁ
is Leneficiel, vsage statistics dommensirate Lhat not all
combinations of cperands, address mndes, rnd
operaicrs are meaninygiul © The five basie s udiesting
modesof R, TR, DA X and M zrelhe ypnsl freaquo -
Iy uzed and epply Lo mest inslructions with mere
ithan one eddress rode. For twouperand instrac-
licns, statistics show Lhat mest of the time tha
degtination is & register. Other tasze= of addrezsiszs
mode combination: ard less basic sdd-essing ne-
mre associated with special instructians, Thus, the
frequent combination of sutedecrement for Lhz
destination operand ‘with the five basic add:es:
mpdes Tor the source operand is provided by the F g2y
instruction. The combination of euteincrement o2
dressing modes Jor beth source aagd do-tingtivre
operands is cne of the black move insirtciions In
esgence, the address ripde feld spacehasbeen traced
for opeode field space, This £1lows mere Instractions
and combinations while sieying within » gne.:nd
format.

The price for this tradeofl is Lhe Ikfrequont ooom-
rence of pairs or Lriples ol instruetiuns simulzting- -
missing addressing mede. This tluptien eecur o

. mpst instruction sels in any caze.
fnstruction forrmat consideraiion The ZHOOO has -

Codve density Because current microprocessors oy
restricted to primdtive pipeline structores, tw:
spred islergely dependent on the number ol execet. -
instruciion words. Therelore, code dinsity fs nel 200
iimportant because of pragram size reductionbat oo
because of speed improvement. One would like Loen
codein the smallest number of bits the most frequin:
instructions. The basic instruclion size increncnt
was thasen to be & word for ressens dealing with
elignment, speed penalties, and Lurdware reanpli 1-
ty. Thus the most frequent one and two cperid i
slruclions Lake one word in thair ieLisler o reprisie:-
tooregister forms. Less frequent instruction: or r-
struclions which vse maore Lhan Cvo mperands ugy
least Lwoowords. ’

The Z45000 gocs even [urther bj’ soherlingg vz ol
specia) instruclions es “shorl™ etractive: whar s
tuke oody une word, wlen pormallz by v usllwte
two words, These instruclions, sut= or LOA0 50
RFGISTER IMMEDIATE and L-UAU.‘I-'-'{'HLI [A CETEN Rt B
sMUBtATE (lor emall immediale vaaes), €0
TIVE, whd JUMP BLLATIVE are 5o fteguent (Lot s 1
Iy that they drserve sech special freatment.

A ene word JUMP RELATIVE and DECH Lo ERT 200
U DN RON ZERD also have avery Sinni L. n.l 4 SR
on rpeed. The thart olfsel me ".‘-:-.:'-E.l.m wreld
druzaes fand forcribied Leluw) is abro deniproad oo
rMew eneword eddreseos. Congitied to presinos
snroprtcer sots, M farpeso redutticn fn sz mind in-
Cicaze in tpoed results frum the 22000 conzsient

= kbt
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and reguler structure of the archileclure and [rom fta 15 [+

more powerful instruction set—which allows fewer ) [ e :I

insLruclions 1o accomplish 8 ;Hiven Lask, . (;
, : Lo & o7 0

High-level lanpuape support. For micreprocessor [T  SEGMENT XD, | .

vsers theiransilion romassemblylanpuage Lohigh B E— JREGIS‘IER FAIR

level langueges will allow gresier frecdom from ar- o [ . CFFSET :I OR LONG WORD

chitecture] dependency and willimprove ease of pro- e e .

gammizg.t 1L is casy and tempting to adept u com- 5 ' 01 ) 0

puler architecture to execule & particalar high-level I—l I SEGHENT RO, | — 3

. lenguage efficiently. ! MosL programming lengrusges T e P ]

swct 2y & filter nnd can be supported by a2 subset of l OFFSET 3

svailable hardware with greater efficiency.'’ But effis fe) NPT i el SNSRI N

cicncy furunepmlculn.r high-level langusgeislikely . - o

to Jead Lo inefficiency for unrelated languages. The 6 R 37 _ 0 L

ZE030 will be used in n wide variety of spplications, [ {o] SIGMENTND. [  SHORT DFFSET 3

and we hnow Lhet alargs number of usecs will s1ill by -

*ousing assembly IIHEUIKH- Since:the ZEODD [a a ‘Flgurs 3. Hardware represenialion of segmepled addnesses, Anr RO
gencral purpose mitroprocessor, lanpuage support  segmented xddress Is one word, whather it is In @ regisler, memaory,
kxs been provided only through the :nclusmn of  or an instruction {Figure 22). Segmented addresses sex always Iwo

Jeztures designed te_minimize typical COmpllltmn words in 8 l't'gﬂh‘; or mir}'nnry (Flgura 35} hgwever, Insirucllons can
. .and rodeponeration L1 have poe of two Jorms. The utual caze {long oflsel] requiras twa
nes B¢ Fm ems. Among these is the words (Figure 3c); however, Ihere is also & shor! l;rHsr'l tarm thal uses

regularity of the Z800D eddressing mades end data
types. The sddressing structure prfwded by segmen- oaly one word {F'gw' e LT
tation should support procedures ther result from :
stroctured programming, Access to paratmelers and  memory systems elficisntly, The two versions of the
iocal verizblesonthe procedure stackissupparted by 25000 jmp]cnentltmn the €0-pin unsegmented and
indea with shen offsct sddress mode ax well 25 base  the 4B -pin segmealed, allow the mpintenance of the
- tiddress end base indexed address modes. In eddi-  erchileclura! compatibility and ease the growth be
Lion, rddress arithmetic is aided by the IKCKEMENT  Lween these two application groups. The segmented -
RY 1 TO3C and BECKEMERTBY 1T 16 instructiona. - . address space gusraniees that each 64M-byie ed- (
Tesiiog of data, logical evaluation, inilintization, dress space of the 40-pin version beeomes one of the
and comparistn of data wre made possible by thejn-  segments of the 48-pin version. Each 40-pin version's )
siructions TEST, TEST CONDITION CODES, LOAD IM-  16-bil address becomes an olfset within the segment,
. MEDIATE IKTO MEMORY, and COMPARE IMMEDIATE and a mode exists in the 468-pin package version In
WITH MEMORY. Compilers and assemblers which 40-pin version code can be execuled. Further
" maniptlute character strings frequently, and the in-, mare, compstibility with any current 8 bit micro-
.slructions TRANSLATE, TRAKSLATE AND TEST, BLOCK processor such a3 the Z80 is easy, and & new micro-
. COMPAFRC. and COMPARE STKING ell result in dramatic - computer suchasthe 28 can address external dnt.p in
specd improvements over soflware simulationa of - & shared segrnent with the Z8000.
these ir.portant tasks, especinlly for certain iypes of The herdware performance of the ZROGO Is alse im-
languagos. Ineddilion, eny register canbe used nga  proved by address segmentation. Since e segmehit
sleck peinter by the PUSIL and POP instruttions. rumber does not parbicipate in arithmetic, il can be
.- put on the bus before the result of xn sddress come
. Scgmentation. In order to provide for convenient  putation is availsble. This fexture sllows the wse of
code pencretion end dele secess, addresses must elan MMUs with ecsentially no impatt on memory AcCesn
Le eary to manipulale, Archilectures with direct ac-  time by allowing it to funclion in parsile! with the
crs [p memoty 1y pically use 2 lincar nddress apece, CPU. Indexing operetions wre slso [axLer beceuse on-
satlat eddiers aTithmtic may be used on Lhe entire )y # 36 bit nddition moat be performed. Broause of
o 'dreas, In this crse, sddrrsses are manipulaied ay . the dislinction betwven the segment cumber and L
riug of L dolo typos of Lhe smme size, This removes  ©ffsel, one can use thorler addreyses without soft-
the need todiztnguithancddressas s uw detatlype,  wareconstrainta. Shorl sddresses convse a shorl off
fnerazzaad (e 22000 has o non-Linear nddress space,  wet {fewer than 256 byies) and thtreby rtdhtl‘: pro-
Adlriae= are made of two parls: a 7-Lil segment  gram size{Figure 3).
pumler nd p IC LA ofisel. Ocly the olfsel par. Finuliy,itis very easy tonmspcinte witheschofthe
ticipales inadidices arilhimetic, Thescgpent number 126 se Lroent: vilhe addressspare the prateciion and
is eszentivlly & poinler to s furtl of the iclal sddiess  dynemic relucation features desirable for larper sy o \
space, whichtanvery insiscfrom0 10 64K bytes. The  tems. Relocetionallows s userto write hizspplication
hesdwese represcatation of e seymented addressis e uting logical addresses independent of zny phytical (
Iong word or w register pair [Fipure 3), which sllows  sddres:es. Relocation §y essentinl, for czemple. In a
the easy maripulation of each prrt cf tle address, disk Lssed pencral dats processing sysiem with
Tre sugmented wddresses are wone of the hey  several users. Rolocelion iy not exrcetindl for
Twehanis: 5 vsed to seplort Lotk larze end smad'  dedicer. Jepplicationy witheedetypic Iy eesiding in
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ROM. Isers whose toba! memory needs gre small ara
also unlikely Lo naed relocation

In summary, the choice of 8 segmented address
space has provided—at low cost and with few prae-

" tical limitations—n powerful solution ta the problem

/s

asocialed siacks. A special clpss ol “privileged™ in
stroctiens iz delined, which deals with 150, inter-

“rupls, Lraps, 2nd mode changes. Programs in normal

mode which altempt Lo execule a privileged instrue-
tion will cause 8 Lrap and & change Lo syslem mode.
The swiltch from user Lo system mode cen also ba
cuosed by the sysiem call instroction, These
mechanisms enforce proteclion and helpin designing
reliable and efficient operating systeme with ¢lean
user interfaces. Several olher trapr are reogirad Lo
achieve a 'consistent system: Bepmenteliorn f-ap,
privileged instruction trap, ;nd ut.defined m:u-,a-
tign trap.

A desirable memory pretection scheme is one for
whith protection informelion (read anly, read wrile,
execule nnly, system only, size of data preode, ewc lis
casily szsociated wilh the data and code structures cf
a piven application. It is alse one {or whick 8 larze
number of dilferent Lypes of protection informatian
can Le verified.

The relocztion and memory proleclica
mechanisms described sbove are provided Gy an 2x-
ternal device: the inemary managementenit * Tapr
vide relocation and protection fealures directly oo
the Z5000 would have demunded Loo muck simplifiza
tian. The external MM U has the further sdvaniegs ol
providing for easier growth hy Lhe addition of coi--
ponents, The ZEQO0 40-pin packepe does nol have 1o
carry ithe burden of the unused advanced relocalion,
and protection features, although sume form of pre-
tection can beachieved by hardware separztion of the
different sddress spaces. With multiple MMUs, tha
48.pin package vser tan contro! Lhe relocation and
prolection camplexity desired in his application.

The m:.mqry management unil. The MMU p.trv

.forma three functions: (1) pddress transistion ot

logical address to physical addresa vsing dynamic
relocation, (2} memory protection, and |13} segment

.. management. The addresses mendpulated by the pro-

grammer, used by the instructions, and output by the
Z5000 are called logical addresses, The MAU uses
these logical addresses, coinposed of a 7-bit segment
number and 16-bit offeel, end transformathemintor
24-bit physical addresa (Figure 4). A 24-bit oripin ot
base ia logically assoclated with each segment. To

of user growth, relocation, and protection as well as - -forin n 24-bit physical address, the 16-Lit oflset. is ad-

virtual memary implementation. We believe that a
linear address space could have achieved thess
results but st & considerably higher price.

The syslem ﬁrchiteclure

Protection Facilities. The ZE0DO protection
Iacilities can be divided inte system proleclion
features and memory protection features. Ex-
perience with Jarge computers bas demonstrated the

" advantages of having a1 least two execution modes

with different access rights Lo hardware facilitiea.
The ZEOCO provides Lhe systemand normsl modes lor
this purpese. A simple protection sysiem resulls
fror the presence of these two mades and their

ded Lo the base for the given segment. In effect, with
the help of ocne memory managemani device, the
ZBODD can addrean BM bytes directly within »
165Y-hyte physical memory space. Vhe reaszpns for
thechoice of alarpe physical address r.aceinziudeen
expectation that large systema wil mant toscexizy
Lits for complex resource rpanugrment puspuses.
Each segmentis givenahumber of sitnbules wihii
itisinilially entered into the MMU, When & merposy
reference is made, the protection mechanism checka
these atizjbutes spajnst the stalusinfarmalinn Rom
the CPU. If 8 mismetch occurs, o trap ie geniraled
which inLerropts the CPU. The CPU can then chezk
the MMU statos registers to determine the caose of
the trap. Segment attribuies include sepment =ize
and type {read only, system only, esecute onhy; in-

- ] _ COMEUTEL



volid DMA, imvalid CPL, ele j Other suyment prolee-
tion fralures include 8 wrile warning sone uselul for
sluch opcrations.

When & memory protection vielation (s detecled, n
wrila inhibit Ene puuraniees thet memory wili nat be
incozrectly changed. The invalid DM A and CPU bits
indicate that the entry cannot be used by the DMA or
CPU respectwe!y, because either the scgment
number ia ilegal or Lthe segment entry i9 not Joaded.
This fast featore, in conjunction with the sepment
history information (segment “chenged" and seg.
ment *'referenced” bils} and the segmentation trap
mechanism, sllows Lhe jmplementation of a virtua)
segmented memory syslerm

The MM comes in & 48-pin package (Figure §).
The chip inputs are the segtnent number, the upper 8
" bits of the offset, and sintus inflermation from the
- P, The outputs [rom the segmnent chip are the up- «
per 16 bita of the 24-bit physical sddress and the
segmeniation trap line, Sinte the memory manage-
ment device processes only the upper 8 bits of the off.
scl, the lower B bits o directly to memory. Thisia
equivelant to having zeros in the 8 lower bits of Lhe
24-bit arigin. Thus, the memory menagement device
only needs tp store the ypper 16 bits of each base ad.
dress. Segment limit protection is done in the
- memory menagement devite, and thus segments can
be protected ininerements of 256 Uytes. -

Erch MAL stores 64 segment entries that consist
of the scpment bese addr ess, its attributes, size, and
status, A pair of MMUs support the 128 segments
aveilablain an eddress apece. Additional MMUs can
be used Lo urcommodeie muliiple translalion tables.
Using the status information provided with each ref.
ercnce, poirs of MMUs can be ensbled dynamically.

The memory management deviee functions coo-
stantly while memory references are made, bot its
translation and protection tables are Joaded and un.
* loaded as an KD peripheral. To achieva this, the
memory management device has chipselect, address
strobe, date strobe, and reedfwrite lines. The Z80G0
sprcinl byle 1/0 instructiona thet cse the upper byte
cf the data bus can load or unloed l.hu memary
manegement device, |,

Mode switching: ioterrupt and Lrap handling.
Fromn small userx in dedicated process control op-

plicalicns ta large users in general purpose data pro-

L. zringapplications, asynchronoes evestssuchasin.
verupstd and synchoonous eveals like traps must be-
bowidiod, When these evenlas eccur, the stete of any
suntert v eaxecuting program must Le saved during
~hot is generally called a task swilch or process
twitch, The usgra benefit from the availability of
Azt o fierrops end traps. They gdso benelit from a
fast, exsy, and uniform bandling of process switch-
g, -
Penph:rnls u:mg inLerrupls have widely varying
constraints on interrupt processing time. To solve |,
Yis problem, peripherals with the aame charnc
#risticy areoften associated with oneof severs]inter-
rupts. A priority enforced aroong the severa) inter-
rupts slfows the required proceaning time to be
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Figure 5. Memory management device wilth 2000 CPLU,

gun:ini,eed Enabling or disabling the various inte.r:
rupts iz the mechnnlsm I.Jsl:d toc enfgree Lhis process-
ing priorily.

In the 28000, we feIr. Lhnt th.ree tevels of interupts

were sufficient, A non-maskable interrupl representa
a catnstrophic evenl which requires speciat handling
to preserve system integrity. In sddition there are
two maskabls [nlerrupts: nen-vectored cnterrupls
and vectored ingerrupts, which correspond tow fixed
mapping of inu:rrupt processing routines and te &

varisble ruapping of interrupt processing routines

depending on i.he vector presented by the peﬂph:ral
to the ZE00G, |

Both interrupts and traps result In similar prn-l:eu
swilches, Information relaled to the old process fits
program atatus) is saved on & ipecial system slack
with 8 code describing the renson for Lhe switch., This
allgws recursive Lask swilches to occur whilt leaving ?
the normal stack undisturbed by system Informa-
Uon. The state of the new process {iLs new program
alatus) iz loaded from a special azea in memory-~the
progTem status I.l‘el—dEs:lgnlLEd by & pointer reaj-
dent in the CPU [see Figure §).

The uae of Lhe stack and of s peinier Lo the prog'rl.m
alatus ares are specific choicea made to allow ar-
chitectural compatibility i new interruptls or trapa
sre ndded to the archilecture. The chaice of the two
modes of execuljon has a strong impect on the design
ofclesnuserinterfaces. Experience how shown that in
large sysiems the cormal mode instruction set and
the user interfaces together constilute the most im-
portant element in ldm:wng :rch.]m:l.mﬂ com-
patibility,

+ -
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Communicailon wilh olber devices: the Z-bus, The
Z-bos i the ahared bos whach links all the com-
ponents of the Z800D famDy 4 The variety and perfor-
mance Tequirements of the tompanents are so dil-

“ferenlthat infsct the Zbusiscomposed of ive buses

e
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[ memnry bus, an I/0 bus, an mu::rupt bus, and Iwo
resource request buses (Figure 7).

The Zrbus is ealled & *shared' Lus because reveral
componenls can use it. A bas useris 2 CPU or'a pe-
ripheral which can vsually generate’'one or more bus
trensactions such &5 memory dals request or an [0

request. 1dentical bus iransactions rannol Lake place .

at Lhe same time, bul serializalion mechanisms allow
sequenlial use.of the 2-hos, Archilecturslly, Lhe
buses can be _grouped inlo iwo struclures. The NG
structure uses the [/0 bus and the interrupt bus. The

+ memory sLructure vses the memory bus wilh or with-

out address exlensions. Both structures can use the
respurce requesl bus and the mastership request bus.

Each bus consists of a set of signels and the pro-
tecols which preside over the various types of Lran-
gactions, Past of vech protocol is the tindny relation-
ship between relevant signals. The 25000 CPY pro-
vides most of these Liming relations. The sdvantape
of such » choice ia the significant reduciion in the
number of components reguited to Luild uch &

system. One cunsequence i thel bus transaclions’

cannot be aborted or delayed frecty since some
devices, cxpecially memory, have specific timing con-
slzaints. The most imporisnt consideration for Lhe
Z-bus is the need Lo inlerfoce Lo multiplea vd pddress
and data lines of Lhe ZEGOD CP1I which imusl fil in 40-
and 48-pin packages. The Z-bus meinteine these
multiplexed address and data lines. Very littl sperd
zould be guined by demu]llph.unh these bnet for
memoery refescnces since memorics sre Lhomselves
multiplexed. The moat imperwear ¢4
multiplraed 2 bus 5« 1l ditee, .
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peripheral internst IELI&LEFB "'I'hls feature tlows 1 e
construction of complex geripherals which nuintain-
a simple program inlerface,

The Zbus is known a3 a Lraaspa.nt ot #1506
chronous bus. 75000 components do not require that
their elocks Le sy nechronized with the £3'U clock. The
5igna!§ used by each transaction provide aii Lthe
NECEESUTY 'L:ll:mng This concepl is irpaslint; it
alldws. for cvanple, HO references to be frdepende:
of the spried and clock frequencics rt-quiu-d Ly r.:!;-.‘
Z-bus Lransaclions,

F0 bus versus memory bus. Tt l U CEEMHR TR o KL
busis kre the most imporisnt, The o' bt ‘i"' . :'_' s
vhits clure distinguishes between TR IR
spuces pnd thus requites specilic L ietinciiomr,
TlLis archileclural separation eliows Lotter [oolice
tign and has a nicer potential for catonsion. 1h-1.0
pnd marmory Lares pre & 16t nurln.:s. duta 1er
whicth elows 1600 17D eddriincs vod Y- o 1AL
data cTeinunty, Monory addresses o1 16 !.ns furthe
4U Fin pactapge or e temded to 23 Lits wang ! perpe
“1nenied versica Thus, the memany bus is Tin it g
logical sddrias by, Tre intrezscd sped nenuine-
naria gl fulure inderen oo ssers 15 likaely Lo be Bciay-
ed Ly Wlliiing sty eod 1D puferctce st trcis
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rospreelive tharnoberistic reforence petierns and by
using sitniltaneous 1O and memnory referencing.
These fulvre possililities require an archilectiyral
repaiation 1oday, Memaory-mupped 10 s sLill possj-
ble, Liut we feel Lho Joss of protoeclion snd potentind ex-
pandebilily uretoo severe Lo justily memory-mapped
10 by itsell, .

Buoththe 1iQ and memory buses need nddress, data,
end control signeta. One important imp]cml:nlntlon
dicision wus Lo overlap the signals msed by the
N.EMOoTY ard 10O buses on the saine ZEDOD CPU pms
with the chviuus exeeplion of the status sipnals used
todistinguish between the two types af bus requests.
Fur the current ZB00O implementation the resclting
reduglion innumber of pins {s significenL. In ¢contrast
the |rn]:n'l:llssﬂ:rll.ll.:,r of doing concurrent memory and
DO referencing ia not very s:gml"r.nnt since their
speeds pri essentially the seme, |

Inzddition, memeries and pﬂlphc"n]:lbuthbenr_ﬁt

“from the availability of early siates information

defining the bus trensaction type (/D versus
memery, read versus write) ehead of the aclual tran-
seriicm =0 that bidirectional drivars and other hard- .
were elements can be ensbled hicfore 1he reference.
The status lines of the 28000 CPU prov ide this type
of extly siatus,

Tie 10 .h rectire. Since many periphersls sre con-
roried with une CPL), the 1O bus iz shared and
scricileation must be provided. Qne sclution invulves
afing anasterislave protocal. The CFU is & master
wlhick cat initivte an O transation at eny time. The
potipherls are slaves which participete in e transas-
tion caly when requested Ly Lhe master. In order to
findcut il cperiphieratneeds (o be serviced Lhe mmaster
can poll esch inturn. The Z-bus slso prmides afaster
woy of pelling the attention of & masier; aninferrupt
bus, In contrast, with Lhe /0 transuciion dats bus, |

'
of caglusion und kerialization mechenisinsneeded for
multiple distributed sysiems with critical resource
sharing.

Rlultiproccssing. In the conlext of today’s lurge
mainlraine ByEtems charscterized by multiple pre-
cesapa shuring one processor, one is lempled to
design disttibuled processing systems with many
low-cost microprocessors running dedicaled pro-
coessra, Such an approach Bistribules inucllipence
towards the peripherals, resvlts in modolarication,
and permil easier development and growth. Unlor
tunetely, in the past, the problem with such sn ap-
proach has been software and not hardware, Thusone
cannot be expected to provide detaited solotions io
hordwere 10 & soflware problem that bea not been
solved vet. ifowever, spome hasic mechanisms have
been provided Lo allow the shariog of sddress spaces;
large segmented address spaces and the externad
M MU make this possible, and a resource request bos
is provided which o conjunction with software pro-
vides theexclusion and setialization control of shared
criticel rescutces. These mechanisms and hew
prripheraly like the Z-F10 beve been designed to
sllow essy asynchronous commenication bﬂ'n-een
different CFUs.

Implemanlation tradecils

The hey family decirion: producibility. Confronted
with the problem of designing e new 1.5]-lLesed
system architecture, we could heve jpnored package
size considerstions by accepting peckajeo with 64 or
ngre pins, o we could have ignered mass production
technalopy constraints by using die sizes larger than
260 mils square. Such solulions ere often justifiedin

each periphere) sharing the interropl bus may “iry"  the implementation of an existing computer sy stes
tousritsimultenepusty. The intecrupLbus uses anin- . The comporent boundaries, packepe limitations, and

ferragt line, interropt acknowledge line, and two
o elines used 1o form a daisy chain. The deisy chain
ig &n implrmentiation of a disiributed srbicration
iy between the requests, I‘nnn::, of processing is
rmined by the position in the duivy chein, and -
periphirals con be preempled. Intorrupl voclors are
us ".1 to dolermine Lhe identity of the peripherels re
guneiing service vie an inlerrupt,

t3ther biosws. The two respurce reguesl buses'sre
s Crinpcguwestthecontrol of the Z-Lus fromahie CPL

T turenm-Leentrol of any ponceshized resouree. -

Prs DalER Ol er sy Zbus compatible CPU does ©
noat moeed Lo request the bus (o cecess IL a5 & masler,

L ttncfore, the defaull meder. Other devices .
oo oreegest Lus moslership, but they rnust go
.ot nanekpreemptive distnbuied arbitraticn us-
ing .other dalsy crain. The CPU always relin-
guisles the Los aL Lhe tnd of ils current bos Lransac-
ticn,

The rustnirce request :h.un is & pencralization of
the! concepl in which vach re: ource Hequesior hes
vipeal importance and ¢en use the sesuurce inaon-
Froonptive mannet. TLis rurhionism in she TE 20D
LPL el ene o i ploua st in seftware the kg

STt ot

ity 1578

lechnological Umitations are secondery Lo echieving
the goal of exact membershipinilie computer family .,
But if one were Lo design a new system erchiteztore
withthe rametack of constraints, (e ind vidualtom-
ponent would not-be pricexompetitive—pnly the
total gystem would be. A new system architscture
based on Lhds approach could only e wscd Lo doaipn:
yel gnother Iraditional computer.

The Z500D femily provides basic, generul
purpuze blocks out of which a system
solutien 1o mast probleins can be
inplemented,

The Zu000 family market is intend 2 to b rruch
Lruader, and each componont of the fandly gt be
wownnri sy viable, The stap 2 5 reducliva ol come
panents which are tconamically viebdo by theiislves
allces ps to serve the merket fromn s eny sl cene
ficurnliony ke very Do conliporations b waieg
mwte componenty, v any combination, el only de
we luliove thal thds appreach diees 100 rostrict

fy
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ALU. These implemcalation decisions, which were

None of these implementaiion decisions shouid

-—¥] 510F o Al . . . .
510 1 limit Lhe srchitecture. Instrucktione bre fram aoe Lo

- uus{ q—] A5 , AD M N guided by the technolngical and praciical considera-
«—{05 AD, H~> ] i i :
TIMING bs h J Liony Jiove & strong impact on perlormance, .
A~ URiG ) :gu [:——: To achieve good performance with the instruetion
~ Al formul and data Lype envitioned for Lhr Z8000, only a
- A—] READ/WRITE . AL, e ) 16-bil bus seens :ﬁecquulﬁ a 32.bit hus would hl{re
oy HDRMMLS_!STEH Al Mt - netessitaled using 2n unecceplable 56.pin or larger
A —| wWORD/EYTE o :Dr A= packbge, Oplimal performace is chlsined with Lhia
sawsd e - - lg. :‘—; EEERESSJDATIL chusen bus wi::-]r.h ¥ the s'l.:*.e of the frequenlly u:u_d
+— 5‘-‘ . ' ADJ m[;lsl.er:t.u-remsler copcrabions hftl:fmes‘alne'hr:lm.
— E]I s AD: s The choice of ALU and inlernal regizter widtiz oo
<, nme A, [b raduoll between speed of the most frequent op -
oy AD; — Lions and the chip area needed Lo implement a w{dar
. Er AD, l4—» ALU or duta path inside the CPU.
o~
L¢->

A w
bus - —¥| BUSAC I |—‘---1-E- e -~ Jivewords long, and deta types and u!jdj'esﬁgs Bre ot
coMsAL L —| EUSAK 1 N, b—» ~ SEEHENIEDII limited to 15 bits, For unmple,a?-hjt words ere ooy |

S N VERSIDN;  ofthemaindata typesof themachines, and addrests

' —— WA ool SN, f—+- | - j GCCUPY. . L WO -wmdl...']"hl.qdd:es: mechanisn: &
JHTERHUPTS{ -—b{ L7 R = SNy f—a 55&:'":"7 i .. lustrates t:he strong distﬂ#Fuun bet wiect a0 archiiez-
e I T SNy F—» KUMBER : ture and ity fmoplementalion, The arclitectural =2

. DOEEER s, |—» | dress representation uses 8 32:bit word of which o

MULTI-MICRD 7~ —#§ ), im0 7 # Shy L .- i - bitsore reserved and 1 ju 8 short formatlong fu.;ne
CONTROLY. &4— ;5 ,J_'I_E".‘,',i,' 1 : descriptor. Thus, the ZB00D archilecture provides up

: " ".'r“ SV | SERT la— %E:*EHT ¢ to 3]1-bit eddresses, but only 23 are currently im

T e fe e T e 4 plemented and 23 pins of the current pachage A

. T T f ¥ allocated Lo addresses.

+5v CHB 1 sgﬂ_ﬂfsﬂ S MMU wradeoffs. The MMU and its relation Lo the

STRATE. - 2000 CPU illustrate iradeoils Lhatanucrop:mnw.

. DECOURLE - architect and desipner team must moke to ensuie

’ companent manofocturability.
Flgura 8. ZA000 pin funciions. - . . .. To achieve the gosls ol good n.r:hxt.euurnl o™

- - 7. patilility for high-end sygtems, it was necessry ton-
. . ' . . ' clude the protection and relocation mechapicmy
. aystem architect ural poasibilities, but wealsobeliove  Jescribed above. But if al) destred features were Im- -~
’ that the family will be more effeclive because it will plemenied aa a onechip CPLYM MU combinaliun, it
- grow with iLa customer, - would have been too large aud, cheselote,
* . The ZB000 family does not always stiempl 1o pro- uneconomical. And il u redoced sel of fen'..ures were
vide specific wrchitectural sclutions, often im- * iinplemented, it would have been srchitecturally tos
plemenled in hardware, to all system architecture  primitive, Thus, the cholce was made ig ma.ru;n all
' problema. Inslesd, it providesbasic, general-purpose  fealures and vse two chips. Thls newdorganizetion
blocks out of which a system solution to most pro-  haa severa! signilicent advantages, such asx »
blems can be implemented. The multd- microproces-  cupabilily for mulliple MMUs, and aliows thr ac.«: s

' sor and distributed system capabilities of the Z8000  of a DM A device Lo the MMU.
family illustrate the use of cpen-ended mechanisms Given the choice of an external MMU, the neal et
iasolve s varisty of archilectural probleme, while the  of decisions concerns package size and circuit sp ed.
memory mansgernent of address space iDustrates »  Having each relocaled segment start on s weod boan:
specific problem wupperted by & specific solu-  dary wonldhaverequired a 64-pinpachapenrd s vory
tion—the MMU. However, other solutions more ap- - fast 24-bil sdder (in fact, # 16-bit #dder and f buiv of
propriate Lo 8 particular problem canbe used andan  carry propagalion). In contrast, the decicion 1y 1
advancein the staleof the art might be mappadintoa- sepments on 256-byte boundaries alli s Lhevse of »
new device for ihe family, ) 48-pinpackage, a fasz B-bit sdder, and B hitsof a-
This vision of the family ofien results in com-: propagation. The-latier sclulion is Lechnicaliy
ponents rore powerful and complex (han an applics-  superior and places praclically no restriction on the
tion may require, The eser should not Lake thiaas s archilestore, Sepment pranolazity can be vicwed es
* cayse for slurm, but tather 2 the rﬂmn hiaapplica- animplementation restrclion and not gsenardiile.-
' tions grawlh will be easier. - Stural resinction .- -

' ' Making the & low-crder bite of I.'Ilenfl's,a.l.gndnud'-'
Baric CPU inplementation decisivea, The ZBOGD  to memory alse significanUy 1edutes n:emory scress
currently uses a J6-bit data bus(Figure 8}, aninternal  time. Since dynamic memories use these bita firn,
regislor arcay of Ho-bilregisters, and 8 16-bit paralledl  most of the MM U relocation time is hidden durirga

™
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normal memory accens. The Pvmlnblhly of svganl
rumbera eaclier then the ssspciuled offsel bits rein-
furces this advantaye ond allows the MMU Lo result
in essentially ho meinory seess speed reductions
Fach MMU cniry also requires B bits less for base
and sepinent size velue. ‘This ia impertant: it is
desirable to pack aa many entries 23 possible per
MMU. With 64 tnlriea 8 2ZK-bit memory is needed,
which is technelogically difficult in view of the
sreunt of logic surrounding this memory and the
coriplexity of its orpanization.

The facLthan an MMU is anly connected to the up-
perbyte of the data bus roguires the use of special 110
inst ructinne for its loading, und dliges us Lo replace
the possible use of en autematic demarnd loading of
entries by cxplicit instruction leading. To compen-
sate far the time penalty nstneizled with thelgading
of paentially unused entrics, multiple MMUa are
used. They not only zllaw Lhe impletneriation of 128
enlries, it pairs of MAIUs can be automatically
eaabled Ly the system and norme! mode ping olfee-
tireg m full envirenment switth at efecironic speud,

Wy feel Lthis exsmple ilustrates uvne important
design spproach: Lo compromise g5 ltlle as possille
st andvaneed gzehitectura]l Neatoees hueo to sccepl
caimpromises which resait io imploinentation ea2se in
vl to achie ve economical compunents.

Cornslusioan

The crchitectural sophicLention of the new 16-hit
rer ryocasors is rapidly wpprosching the level of
thye sunicomputer and barge computer. Froblems
suzh B9 commponent fumilies, laqpe address spaces,
Liie standards, IO structutes, softwarsinvesients,
and archivectural mmpatlhlhty ere being directdy ad-
dressed. Some of the solutions o these problems are
krewn, snd therefore the Lransition from B-bit micre
piinessors was relatively casy, Put the challenges
alwod = neiworks, distribuled processing, new ap-
plicetions—are much harder, Tle bmipact of nadere-
piuwcassors is already enormows, but we feel they will
Li Lievethioften-predicted computerrevolation enly
alier Lthose new probleins ate solved. W
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who has made Uberal e of
microcomputers in his giin
end whosestudentshavio (et
5045 processors, reticn
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The Intel MZS-48 family of singhechip microocn
putcrscontains atleast ninediffvient micriwamputer
chips having & common instmtction sel byt dilferent
amounts ol on-chip read-only memory, 1eed!
wrile rmemory, and Inputfoulpul (see Table 1) Ac-

Table 1.

MC5-48 mlcrocompulers.,
OH-CHIP DH-LIP
[=,rAGE  PROGRAM Qala
FART #  5ilE MEMORY WELCRY 170
{pns) [oyles} (Lylesd [hae]
a048 40 1K ROM* 2L R F
LT48 40 1K EFAOM* [ a7
a0as 10 none " b i
Bp4d a0 8 HOM*® w2ar i
[ R 40 none " 128°" 2
RO | 1 AGM E4 4
2022 0 2K ROMW 2] s Mps Bt AMD
LLiL}] 0 1K ROWE ] 18 o rauie ayz, il
LD ag 1% R0 ) i el raltier fny N

. e — —

* Fupangable 19 4% wilh galtong! s
Pt M6 By ar mae of erlenal gele fncmaly mallh Bolefd CReRY

v
Takle 2. i
MC5 28 expander chips,

oM CAIP an CHIF

PACYAGE  PROGRAM BaTa .
FeR1 § SRE MELORY KL DRY b

[n3) {by1est [LyTes} [LLTRY
8154 ah n ROM nooe 1% .
AT4% 4D TE EFADM  none 15 1
BAL5eug 4 rIne et R S WL ROF LU
LFLh " none EETY 16 \

n

L ! ]

cording ta lanel, the MCE 32 f mily Wit T
nimmed primmoeily of the b rrarketM—uE a0
tel’s 4840 and wrhur Jow . cnet m:"'n.r'"fr"h"dl!.!:-. ke
cunherlrjlr.vinmtl [arily [1he 8071, F"‘f!!,ii'll,.." :
741 o ingreatingly 1 ""':1.'! R R R

mntraller applications. rhc LN | REN
thismarkct very well.

The MUS-AE fendly wesulso caed el sinnis o
ket—ery Yoativns that require envapendails ~ig
chip, pencrcd purpose mictocomputer. As she ot
Table 2, several expancion chips nre sy gilall o=
vide 60 M T8 4E computer with up Pudl Lyt~ et e
pram BOM, 286 e moeg hytes of eato el Ii‘-‘ i
asmany O Lits sspdrsipner wonldeverne
dition, the extornal 140 bus of Lhe .‘-117.‘:'-4'?*' (oot
elinws casy interfacing of standard =020 "7 r
patille pooipherad ehips, Nevortndl-ss, tio an s
ture of tht MOS a8 family mubes if duffiech toes o
meny geeeral-parpese applications, whoos # 10
capabl: p-hit architecture is 1eguind.

B4 faovi

Basic archilecture

Fimcre Uaboat tro bzt i
iicre e puter ellp thal
avaldatee ot eazh of tre

deh oy e

P ol 3

SRS family that bt bamen e Tee o B LS
PP N WIS Y A PR S B T oo
Lt iuii—the 08 Iwith LR} yle' el ._:.;I..::I.- -
Edbmtes o JOWAT L r poesr o ™ 0 e
dutwiled . s shplinaofilerate s pbee T o0 2
inther o mmane] pat s Dl

" 4

MUSGE i a single ool arcitte -
cwinmr Y and ditd u."}""'{]‘ oo el
Yy srparmtod W e D dE g

T
Ih.- B
phasicd!

HEER LN
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Cecsnemngy e Bioc!) The Ak ieaim progrem ad- *h _

S ran e St g eatvrnal BOM) sepported by _ '

tharehiloea buecos A0 Lyles. Thore are s maximern of _l
TG bytesof e diip linternal) dets noemery, of which o T i

LR byt i l'rrap:rrr‘l.t :_.er i_n the tvurrent furmuly - A ) =L

I e BOGY L ddition teitlcrmal duta memory,

e MOS8 direddy suppuris 256 byes of eaternal L .

dain murnury, . L:__":_:. Fre.37
Mast a0y a0 family rmemiburs hoave 2T L pins, & W1 ; -

srrpeda Mo 3 Git ports, Lo testinputs, cnd sRins ——
oL, b Sdditionasl pies re pres i2ed Jor such
Toreioong o5 foavroit reset, siagle sbinping, and
ooanay biad LO eapansion sirobos, One Bbit port
Tooatwf e s ,;r.nd ete umed v fornn g mu]ljplcud e wii)
ot lrera binbdata bus fur DO ened moethery exponsitn.
Tr. LGS 36 ras a :-1r*bl'—lu cl interrcpl system T
fenly ok fndgitunt i v ige Lt a L) araf sccentsin
Lerroptg flern (oo Sarries—ils intorral timerd T —ai]
{p =¥

enanior end e watenia inferrupe tnpal pin Inter-
et My andd iutorns AUl ..'1I'.Jr_a' ) pl.‘ hoend pop -
ruanwvabter wod eerialn ternad s1eius Dogs g f:;;.’;: ”‘.‘:.'..r_' I =
2hD S slei kb the Ldernd date poeineny. 03 efes Pt b ] —
i . |

saren, slerc and pragran zenliol
M T et burk vyt B msaimeny of
fytza ol pouriatn siore, confioired ws 2! awn in
vieope d Floacier, o gluse [tah b propisnesteee
cniiziind sheas thel the MCS 48 wo s aripdnally
i ia o SRebvie mEchine, with 1he fotond

|j:1—h

Flguia 1, Basle Ertml:h..rﬂ,L of a lyplealmet e ot I=ralr = 28 L7 —
of mizipagmpoic-

ot empewy bdied ks s eleray wfler louphl, ADDRE S5 MELm R
Lootestts e d problerns with the addirssing mesh- the} --::
SIFER ] ko T

Firzt, thrjangronepanler iy reeliy unlye 1! .15 unl F
11ois 2dd Lanes Insbructions caly within « DR byie
‘.:.a.l». af prvren stoce. Jump and solaeatice call o :EE -
netiens Hhpnost specily an 11-bie atddress, Tl
potienu, Lho, iy how topiuvide B J2:0 poddiess 1t - ‘
o telbr chise 1 us fulluns. Frovide an intornal S
e Mo lpt can be sel and cleared by Lwainstiue. I J uiF .
cronn e nnn end SEL WA, Fespecttv oo Whenovor [ :
e s clnedine ealbis v cuted totho L2 1 o, _—— —_
Tk CLastreny the il ruz o, o focee e Kgh- b
et Vo fein W8 O sublrvuting- o i dd setarng, 2
b awd oy Lheentire T2 adiles - ?E'i —_— e s
There areeare probteps wirls cbas v tution, Firsl, l\h_“___“ .
coemterat s cpnpee of jurnps b cells ol K vae ey H .
ol b ehieis o whabe vl cibe Doy, anal L [h —
-* cen 't e cerent v L of K10 Lo r ! ) A
Pet wed e insloucilon fapsl [ecede goiry o L 2
s R ranally the Juogietnd g wll Len- s i - o
oo L st L elion on o case b se Batis, L i 2 i
b e a than Lhinp la wory bt ; a7 1 ! .
s WD al e Frst preliein, el we v o b 1 it
Ters b bhee eddieoting meechabiinm unbil %u write o . IHF
o of Baest wslerdugrl e atine, Then we wane wpoan the ‘ - k !
Sl ol ple vl thaehing, "V et Mt tanL g w e
poad wt oot ol Lhe processor siele TSV, Bul ML & oif
bt Loreb dua pew villue inue Jor l;;duj.;:u.;.s within 3
lerpuyt ruuting. Heoow cen the u'd velud b e I_ 0%
- | P — e .

5 'urutu:n" "Welirdwabhia i o ,_.,h;ll't.:.l:..lng
BRI I Y AL VIV LR P R RN (e Junssinine tizoe 2RCS 5 presrarimemaly,
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How 1o choose a microcompuler

Thiie aie at leasl iz 1aclcis to ponsider In chogs-
ng a feEIocompuler [0 rucrocamputer family) lor
A product dpphealon.

Capability. The C must have gnough ROM, RN,
YO capablliy, and speed 1o salisly Ihe ieguiierenls
ol the apphcation, plus a gosgn margin, RO
MW, and 13 capabilidy can Le delermined iom 1he
manufatturer's liteiature, while speed iz Cest dalzn
tnined oM benchmark programs 13ilored 167 tre
given applicalion.

With some 25 the amaum gl ROM, AWK, 253
D can be increased By using extra chips, This ea-
pandaghity helos Ll the 5D is imlially cneereslinal-
ed or I Ihe markeling ceparlmenl changes the re-
guitemenis. Il Ihe application pushey the atealile
memorny hmils o 1he g2, I Lecomes moie cillicul!
{and expensive] 1o develog the programa,

Extensibilily, The designer mus| consgider «holher
improved versionsolthe yC willbe cllered. AuC-based
product desigred in 1979, for exampte, mMight be fece-

“signed in 1981 1o recuce cost of to add leztures 1L
would [hen be gesabletoelimlnale pxtra AO&_ PR,
and WO chips{or avoid having (o add 1em of picra dil.
terenl wC by using a new versicn ol the $rigmal . with
Ihe exlra capabitily buill in. Ol course, Many prodacls
danol uhde go Ihis eeatulicn; byl | procult evatulicn

is expecied, 1he architoctural Lmsls ol e seiogled o0

shouid begswmunocd inlight of pol sl dpghication re.
qubremenis. One can expec lpwer hatc ware ang 5011
wzre development costs and, probably, lower manu-
tacluring cosls 1l 1he enbianced produtl Lies an vp-
graded version ol Ihe criginal pf talher lhan a
completely new one,

Cosl. In mosi Jaieas ol the privale 22100, minimiz.
ing cost i3 a goal, angd mimmizing pG cost usaally
means MiiMmizisag 1he number of 1S packages. Cost
Is whal prevents the designer Irom plehing a Cray-d
inresponae 1o the fusl factor above, o an [BM 370G in
fesponse 1o the second lactor,

Haha job i3 well delined ang no product enhance-
menl {8 anticlpated, U is refatively casy 10 fing a
minimum-cost @2 that will oo 1he Job. Olherwise,
there dre many morg tragedtis lo L& considerag,
A simpler w0 architeciore usuakly iImphies & smaller
G che and lower chip cost, bul ol may aisc requira
mare chips o Supporl i laled, {For ceample, a nC
withoul 8 WAIT/READY hine may be mord dilligudn 1o
Interface 10 sorneé lypes of peripheréls or memory.)
An papandatle oG owill tacilitale aler DrOQUL] gudlu-
tion [if 1the product iz successiol), byl may increase
initizl product cosl because of instruci n elticizncy,
rmemofy Size, FD pins, or speed sachliced by the chin
designers 10 make expansion of LRhancement
pussibie, -

Availabtulity, BHany rnanufactuling glganiralions 1o
quire a second source loer alt comporeenl s, Both 10 en.
raure thal parts will be 2vailanle, gven i s0ma disasler
belalls one saurce, and 10 énjoy 1he npfmal banelins o
comgelitian In a liee marnet,

The designer ol a new prodoct Is ofien tempied Lo
aplect betwern & LC wilh One of 1w sOUCEL and ane
willl no Apuries (yet=—"\V¢Il have saMmples in 1hree
menlhs "} I s tishy 1o commil i any patl unless your

purchesing Depgarlment can migder [ang faleiee] 100
Erocbn lrem o Soairibgigr's o el Bar oty _urers Rave
Leun bAgwr L0 2hp schedules and ever, o .- D&l parts.

Or ihee glREr hand, mathalig ang cas: F:207 75 £an
malivale 1he selesnan &l & nol-yeiavai, 27 LF vElY
otw ol The rew pCoang.we IR Lrocuch a cumz chilive
edoran lgalwres o perlommances, ANtougrite e~ AL
may Le i s5O suZply a9 epily mstially, L mep L
cheaperin he long run Secause 1 Bloss = mare el
Tienl design vt lev 0r 1D paghages,

Eaj tcled Sraduct Llelimesmouin alss op &4 voared
Annihe mygeited elime of 1he O Evel o it s 00
erneEnsive currently, 2 .5 \hat has Leen atasnd Mo+ a
lewyoa's miy bea badchoice progasiion Cuar it
may favanc stlzes rise In a few more ;L2 S 25 Deag”
chine are phased info news ges'ors. CF COurSF [has
coEany acply ! yeor cemrany al=ne s =roering
160,000 pieces per year,

Suppiwriipals morCeare and A0 aal, 5SS LT IR 3
ary wssenidl I8 tnely Gesedrmrant £l 2 L DR
pradugl, The scpsarl 16318 of a dewly inirsTecod W
cannol be eafelicd IQ O as caiknsize orrattzile g
those clan&siablished ol family, Thisenc niriges |t~
usec!anestazlished L5 gaigr devploLmERD 1t ReBdd
#d, 31 an exlenzizie 2 lamuby wiIh jes=ehiz 10cks il
froduet peelution is Expesied, :

e srnglechip oCs are prisgiamn <2 iV 214
langyage and A o0t MatradssLmbisris L mosL Mo
Matiulaclurers suzply soflwad @ 10305 1Rad rem on hius
n-.-,nue-.-ﬂnnm&ntsyﬁlems.Hm.ever,|.!'|r.=r~'.- Lid s
thanone ar LaC Crogramenérs gnthe 220 oSl P F Neca
for good (&al edilars, simulalars, 2= aitallnn
laltilies maves Ldesrzhie taren &l 500 a8 L JR50
10 Gn a farge cenla” Colaouling el iy, S5 8 az-
propoale cross ascemlers™ angd srmol2107 Ay o0
may pot ke Cllered By the chip manulaciulel

During product develni.ment it is aleiously
recessdry [0 esland chapge programerurning onire
praduct hardwaie. Slace mos! singiectip JC8
uhimilelyuse mask crogiammalic RO tD SL2re el
prugfams, andther seans 18 neeged 1o floie gnd
change programs dunng 2ew2lapment withou! Taking
new Masks. 22 LG5 Faee pupcarpaiitle versions
wilflon-chip SAAEIAInslcad of ACK thal ZUS LS 1euse
oline LG cnip wiln d.Herep! programs Many he.e pre-
wisions (o UsinD cxlernal EPAQM chopy ingtead ol the
enLhip RO I production gQuanhibies are icw, or if
oM sAe et areenpedled aller profu s teicEL g
o, EFAQL veisions may be Cssentlal

Eesices EPAOY tazilifes, 1he main s2ooon 1eed
cravded by [he chip manclaciorer is the 5 2irdun
er-ubalef, which sicres Ihe s&llvue = progis = i
Foisd of 2 o dlapment system oo empiay 7 Whe 0
thioagh A cdiie and plug tnsertedin plage i me ur
the product. Anemylaton: avseful lopifor actuggeny
bothhardware and sofiwale However, wilhrex o o
may nol be 2vai'able as soon as 1he o€ ch ps ale, anc
ewenil 11 ia, il fnay still have bugs,

nn_n

Specliic lechmical lactiars, Many specilic legnnlzal
laglors €an be cramined 0 getérminng «hethar 2 O
will o 1he j20 A hand —pCwel CONSUMLLICA, ALLEO,
TTL compatioiily, pazkage s, Insiruction sed, How-
€vuf, ONCe it 1% Celermined {hal the O can 22 1he jab,
the other [actors above lend |0 ecual aroul e ghlhe
technical "ReCeness” of Lhe oC ehid asgh ot It o

r e mE m e e g e E AR — s e e m——w me1




terrupt Toulingsy, determine the value of MO rapen-
menially by doing 8 jump o a fisced Iocation end see
ing whether it windsupin M B0 er MBI kieep s solt-
ware copy of M. updating it {with inlerrupls dis
abled, of course] every time we don SELMP mmake al)
the code fit in 2K, as we expecied to doat the starL of
the project; and so on. The next morning we read Lhe
fine print todiscaver that the MC5-48 forees Lhe most
significant biL of Lhe program counter Lo O during al)
interrupt routines. We should put all of our interrupt
eodein the bortewn 2K of mémory and not touch MA;
in fact, we should forget thet M) exists!

The requirement Lo put interrupt code in the bot-
Lom 2K makes the MCS-48 very dillicult to use as n
4K rmaching in & real-lime spplication. Not anly must

" the bagic inlerrupt service rouline be in the botiom
2K butalsoanyutility zoutine thet might Lbe called by
it—thatis, eny cwde executed before an inlerrupt re
turn instruclion is executed. This could be well over
half the code in an interropt-driven envirezment,

But the main preblum we find with M C5-43 pro-
gram slore, alter wriling half of aur applic.tions pro-
grams, is that the address spare i5 just Lloo small.
WiLh only two chips (and spon with just one, 'msure)
we can fill the entire 4K-byte nddress space of the
MC5-48 with code for our oriping] application, now
lzatures, diagnosiics. and—aof course—patehes.

Conditiona! jumps specifly an §-bit 1arget
address in the current pape; it would be
far more useful to have a signed oifset

" from the current address,

The annua! halving of the cost of 1C memory im-
plies that every year wewill need another address bit
for the maximumesize application program {zince
most evelving products tend Lo use the decriised
memory cost. Lo (ncrease features, hot Lo reduee proe
duct cost), Clearly, then, a 4K limivis too low {or any
new erchitecture, even a single-chip micrecomputer.

Besides the 2H memory banks, program slore iy
also divided inLo 256-byte papes, Conditional jumps
spucify an 8-bit target address in the current page, Iy
wiauld be far mare uscful ta have w sipgned offsot fruom
the current address: this would incicase the hke
lihowd af being able to use the short juinp oddress,
since mosl branch tarpets are within 1 2B byviesof the
branch insiruction.® More imporlantly, it would
eliininate the partitioning problem crested when
many procedures must be pached into the memory
space and split across page boundaries,

The only indirect jump instruction elso uses pn
8-biL terget sddress in the current page. Very
sirangely, this instruction uses an B-bit valee in the
accumulalor not asthe larpet addiess, but as a point-
er to a program-store byte in Lhe current pape that
conlains the argel address. So Lthe pege conlaining

"theindirest jumpinstruction must alse cantain allof
the routines to be jumped Lo, as weli as a silly lale
table that contains Ltheir starting addresses in Lhe
page. This not wnly wasles space and time, bul,
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worte, mabes il inpe s sl oy dnsically cuinpule s
largel sddress after azoembly bime, since the jump
taliic is e [LOML In my recent experience, three ox-
perirnced programmers have emied MUES 4% indireet
jumps improperly, believing “The marzatinost have
a typo-~the contents of the accumulator must b tee
Larpget address iLsell,” Inany case, instructipns sup-
porting indirect jumps end calis anywhere in the pro-
gram store (] 2-bit 2ddress} would be tar raore peeru!

Arithmetie and logical gperalions

The MCS5-48 rontains & single accemulag: in
which arithmetic and logical operalicns tehe nlzre
Lszry operations on the accumulator are a: felics. o

ncrement,

decrement,

Ciear,

one’s compléement,

decimal sdjust,

swap nibbies,

rotaie 1kl

rotate left with carry,

rotate right, and

rotate ripht with carry,

Binary uperations combine the accunclator snd .,
operand specilied by one of Lhe sddressing mindes e
scribed in the next section. The binary ¢ eraticnsars;

add,

add wiLth carry, -
AND,

DR and

exclusive OR.

There arealsc "data-move” gperalions tha lned ¢
store the ageunulatpr,

The main difficulty with MC5-18 operatinn: s not
the eperations thumselves T the tack of candiriae
codus for testing Cheir resulta, Only Chea cumulato
van betesied far 2ero or negatis ¢, and an over fow it
is not pravided. meking comparisonsof sipned twa's
conmsplement numbers very fruslraling.

Cperands

AMest data mover and binary operalions use an on-
chip readwrite internal data memary Isce Fipmee 2
accrasible by two addressing ingdes: HEGIsT w an i
INVEHNAL KEGISTER INERECT. The three othes al
dressing modes are EATERNAL HLUGISTEH I8pDIHRCT,
IMMENATE, and ACCUNMULATGH ENTNEECT,

In kbousTH R mode an operand s Contained in a
repister specified by a 3-bit figld in theinatruciwn. A

. flug it B8, set by a SEL RBsinstruction, specifivs one

of 1wu & byte repaster banks. :drrcsnunding toinl -
nal data mermury locations 0-7if BSis 0 and 24-31 01
BSis 1. The specified register may be louded with as
unmiediale yaloe, moved Lo or Bomn the accomubator,
cembined with the accurmulalor Ly arithmelic or
logical operalivns, incremenied, decremented,
used us 3 beop towr wer,
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Figure 3. MC5-48 inle/nal dala memaory.

INTENMAL KEGHSTER INLIRECT pllgws either D or
R1iin the current register bank Lo be used o5 an Bt
poinler teinternal dete mmemery, ‘The sddres=rd byte
may be loathed with animmediate vatue, mos ed Lo or
from Lhe avcumulator, combined with Lhe afoamu-
lator, or incremented dbut for seme abisiudre eason
not decremented, even thouph the necessary “hale”
exisls in Lhe instrucLion =et).

lacativns 6-23 of Lhe internal dala memory are re
served for 8 return sddress stock (B entries, 2 byles
per enlryl. These locations are written by interrupls
and subroutine calls and read Ly interruopl 2nd sub-
routing return instructicns. The stach ts g simall,
making it hard Lo write procedurel code, whichisim:
portant in darger programs | 2K-4K bytes) The pro-
grammer musi constantly worey vhouot cuiling s
guenees and geoerally enabibe inlerrepts enly ot Lhe
top level of the program to sveid averlowing Lhe
stack.

Thire ase no inslructiens Lo directly push or pup s
. byte. Howueser, the stack can be rather incon-
venivally writlen or rvad by ealtacting the suche
pointer fild froom Lthe P'SW, buiting Lhe apprrpriate
sddress, ard usiigr N TERNAL b GEs] Lh Sheba AT
|1l"l1t

a5

Fhe wrchiteelure glse suppurts up to b6 bvlos of
ealurnal dala roenors fwlich reci2i e oo 8 sepmiate
chipl, suocsierd by EATRNSAL HEGISTIE 1MDIRECT
meude. Fither 0 or R1 in (ke current eepisier Lank
may be used as an 8 bil peinter Lo externel data
mtnory; the addressed byle may be vapind inte the
pecumulalor or wrilten from the aceumulator,

Since pointers are centained in § bit registess, the
maaimum ameunt of directly acoessilile data i
uy supported by the MCS545 architerrwe i TR0
Lytes interral plus 256 Lyles ealernst 170
bank switching via 'O tita can be used o pion-zs
any desired ameount of additional cateseat A-e
R Mry,

The mides fur reading apiracds fiom pre-en,
store are rather Nimited, oo™ 7w TF o medt &

4 Sorha Ta

opcrand is contuined in the Loid - s

" struction; irnmediate cperands can cither t_ P

rerer R landad
RoorT INDE

into or cambined with the socese
ile inlermal dada @ y with RECIETER
Nl REGISTER !NLIBECT muzZos .

In ACCUMULATOR IKDIRCT mr Fenne peoendaler
isused asen A-LiL puintes toan oporid in eiti . 1re
current pupcor pege 2ol Proram stare, wiyone e o
ol gperation uses this made, gndl it leacs the focus
lalor with the spiecificd eernna. .

A nuwicber of instructions spestly soile el
operands Dmplicitly, such as thy propram sfae s

word, LOH porls, tiserfcounter, Carry bit. ant twe
Lbin flags, FOand FL.
TheMCS-$Baddressing modem - v il borrbes

provide most uf the fasilizics 2 panromonee 1 SY,
there ure some deficivncies. The sngfL strics: T
bermis the way in which cpronds in pregrant iore
sre sddressed, Sinve program siure enly o il on
ronl page and inpage 3 can beread thiguph e plint:
vither lanvup tables must all be lovaled iz foge 3 ar
the code thet reads cach table nust bein ihe .is
page as the toble, This is inconvenivat ¥ anare '} o
gne ¥5C-Dyle Cranslation table 38 pecded. 1t il
niakes it dillicult to do » HOM chedhson, -0 iin
toutine—z circheem subroutine wonhd wove to i
Plastd inesery o 0 prigiiainston e sineg that
Feo i dine ol ot uting WL T nathociemim s T D
PR LA TR0 W e Lo
Lien £0 cach (a7 s chocksum routineh

Fur mesl gnagrams, the method of indieectly o b
dre=3iRg data memory Lheouph 1O .m.] ki imnsaapt-
aliie, Ly Tor somme dutueslmeasee me ndpuliriog
vishies fur bhe or bwa uure o tir s Lhat e s
yred as piiniers.

The 256G Lyt lindt on diece e 2 llos L0t
:1..'d MLy 15 koo bow, The o9l alie in o .'...5 .
124 Lytes of WAL, and Tnid! :'l aold swan kel
preside the JUll 256 bytes uf WAL eh g cidye e
rrclitocluere canpol make stoaightlaiaad vae ol
technelupy impron e nby for naoeg JEWM wnte Lin
Lt s reached,

i a separate vall et oy

., 1T

Inputfoutpsl and inlerrupls

Al MUS IS rdcroniet s Shata hot e Lhres E Bt 10
ports,gschomnin Figare Do Taodthe poris D o A

LRATTLT R



are “guasi bidirectional,” s interfocing arrenge
swenl shown in Figure 4. This type of IO purt wea
first intreduced in the Fairelild FB? Inthis grrio e
menl, esch 1/0 pin is Luth an open-drein oui ot wad
sninput pin with e high impuedance pullap e U logic
1 level. When 2 pinis used for gutput, Lhe correr pond-
ing input buller is unuscd except. possibly, for check-
ing the onlput valee, When s pinisused forinput, Uz
corresponding output Lil must be set to logic 1 »2
thLat the [0 device drives enty the ldgldimpodance
pullup, This ¢an be contrested with a tristste 1O
part, which prevides Luth sctive pullup and sctive
pulldown in output mode and high impedance in in-
put mode. Electrically, tristate 1'0 is more desiratle,
bul it reguires extra control bits to sel the 110 direc-

_tian lor cach port or bit. Tntel has in‘p:rl.‘.wﬂ-d the guesi-
bidirections! desipn by brifly prosiding 11|-.E
ruther thanpas i pullu o mbiieneralie h Sl
the port, whith spevds up O Lerl transjtiuns.

What quasi-bidircclional LQ means to Lhe pro-
grammer is that inpul data an the port is loprically
aNDed with the current culput. Poris 1 2nd 2ire set
toall 1's ot £y stem resct, wnd Lhe prograinmer must
leave bits inlnded for inputs sel atoulput s alug 1 st
all times. The Lhird port {bus} hes consenticnal
tristzle outputs and can be used for sight stiched in-
puts, lor eight steobed vutputs, or forsgding eaternal
program or data memory.

Four operations on the ports sre available:

read input value into accumulateor [N,

Joad szt pul latch from accumulator (DUTL),

logical AKD oulpul lalch with immediate mess
[a%L], and _ .

lpysieal OR putpot lateh with immediate mass (ORL),

The logical operations sllow ¥ program (g sel of
tlear uny bit or group of hits in one instruction.
However, since Lhe ruask is an immediote value in
pregrem ttore, Lhe bils to b set or cleared must be
known &l assembly tioe, Otherwise, & copy of the
cutput v aloe riust bekeptindats imemory, Combined
with the mask by lopical operatives on the accema-
lator, and loaded into Lthe porL, {In peaaral, the quesi-
Ladircetional intcrface provents simply rewding the
port 1o get the old vulue of e output lateh )

A novel Vexpander-port” arrangement sllows four
external 4-bit 1! ports to be added Lo an MCE4R
using 8 five wire inlocloce, Apain, four operulions on
the ports are available:

read input value into sccurmalator,

load output latch from secumaulator,

logical aND output latch with sccumulator, ond
logical OR output lateh with sccumelator.

Only the low-order four Lits of the accunulator we
wied in there opecations. For these porte, dy nunnit
seleetion of mask bits is possible becoiese the nurk s

anthe sceurmulator. Oniheother hand, dy nbmicstis

tion takés more ovirhesd Lecouse the seouinulaiue
must ke feaded with the mask {und then possibly re
slared Loits old valuel,

Both the onchip and cxpander 1O ]mrl. imutro
1igns contain Lhe pertnves b r s animmu Laleanlee
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Figare 4 "Quas bidireelizeal™ 1'0 2o

inthewnsirpetlizniz{s gt pu*:i.&!um tpeeady tlepart

rumbet dyn? nicey in 8 register. Tous mzkes i im-
pasaible 10 write recsalle 11O handivrs for ideziisal
fevices on different parts of We MO5 45 or of the
suie capander ehip The same proldem cxdets in the
MCE-15's older brother, the £30. Hewever, iy boan
seripus in the M{S 4% for two renscns Fiser ihe
MCS 4 is intended foo stmnller appluationr ' o
b twemplay many copiss of the same 1O device Seo
ond, the available 10 capansion modes oy
dvramic device selection when esch dovier ez @
separale 1O chip,

Tie processe: eechitecture dirsttly supra-te ooty
256 byvies of eaternal date memory and four e4; 00 gl
4-biL I'Q poris, However, the gmount ol uxternali g5
nwtacry and L0 can be increated to ary pro-ns!
gLt using errhin HO-pest bila to img
progromoantrallod bas b switching.

In addition tothe L0 ports, e WCS-38 et Ty,
auditianal inpael pine Lhat con be b Sl bt
tional jump insiructicns. Al wre 1‘-’:'.'::'-'."'.';.-"'
pins=TO, which ean b set upes o elus® :h.h.aul Lt
POLTam r.-n..ml. Tl wrich van bews-d e e ber ul
Lo the on chin U rvoctder end the oalornd e
gt . .

'I"u.'.("?u"mu;ui AT ru;r.'-lrumlu--r:-r:n -
2 levelromaitive juput pm Biad BA G L
cousntnr, When un Bterrupt s stgvited, the 32 L I
o feur s1ulus bits [earry, hall carry, fie LR
bish seferth e puchad onlo the ke sl slonn
Th ze nditgs wn Wk sorce, 8 jumprtecither e e &
¢ L alinn 798 tahen, The inauesy phayrtitnie soache
Tooch Iderrapt remice Lo

T

~11 r
L)

Aol

;r!l

teelizad gt Wy
apzed Aniutorrent relurn iestytion rodraes
PCLod states s and allow s furtherinto s Lole
firvivad,

Attleting ol thiswriting, e Tlintrrruptig b is
ponctally oelesy for cruenting or thining
atadumgr e teTRaY events, Loegasse the cuinepnn 2o

ety L

ai
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Figure 5 Type | bus cenhial signals,

featutes » pely dosicn ' synchrunizer Lhat
soewtines mi-sea inpul wdies pnd hence rkips
counls  Chis it L fecond Lime o5 moanths thet |
have seen an LE1 clip whose Jeslzners were ape
pracs lly wnavwareof problemsin sy e hrup:.u_r tlesipn
b wther was he 230-5100 w bigh 2l kas sirce Qe
vl | would =ugzpest that chip desieners read sonwe of
the papersun Lhe subjert*® ond thet svademics w arp
their stadinls of the increaring liselihond of ove-
Whronisution problems in mudiin sy sioe desien

Ease of progra mming'

Comparedosoncol theolder 4 bit and b n. ree
provesyors, Lhe M54 84 5 vie rnachine o, -,
but it leaves much e Lo desired compared w02 5o
MGh01 aTE orevenan 054 The sin sl acou; e pr
architeoiure, tre lack of indes registess, wns 18-
absente ¢! .von a direct datz mepworns agdivssn
mode means thol Lhe Propreflimer mas chasi=o i,
be moving tlungs bovs ond lorth baelwesn 1the -
cumulator, the bee "pinler” regisiers 449 o0 i
@#nd Lhe resuof Lhe davs inemary Tand weeping trad L
Lhein!l. Ope 1nay wTite macrus to vese the bard-n
somewhzL at Lhe expenap of more inefficlen: el o
the eratooed address spece. For examiple, wnn o2
wrile a jusirg Lo simaelate 2 direct dataomien
addressing mode:

LDA  MACHO MEM.0OR
MOV RO, et ERL AT
MOV & L HD
(S ILY

A lale of lwo huses
for, ditferent sirohes {or dilterent '‘phobes)

A MiCioprocesans I'I!'IE:I'II‘Im,' ang i hus hay many
idenlilying characlenslics—data 3nd adairgs word
lengih, mutliplteed or nonmulliplesrd address and
slatus, separale o memory mappurdL O, and oihe .0
is interesting 1o look al 1wg populdr n,acu'wnl.[- cleghe
|ng arrangemenls,

Leluscallthedirstteghnigue a Ty ped[ar 1Y Inteitace,
vsed by the Imlel BORE, BOBG, aka MCS B 1amlles Ax
shown in Figuie & there arg 1wg Mylually faclusive
control pulses, RD ana VR, 1hat indicale aread or while
operéatilon.

WeNcallthe secon dtechnigue Ty ped o 2) used by

I 1he 2ilog 29, 760, ca000, and alsu Oy 1he [AOIGT G GBI
Harnily, {Perhaps il shauld Le Type M because [he
MEBO0 came Hirsh, bul Z 10oks il [ne 27 10 is al'so
wsedin pungaple by A0S 4B capander pors. A5 phown
InFigure B, there i a sangle conlrpd pulse, ALD, and &
level signal R 1 hal indicales which ype Gl Géperabion
istalake place. The timing wl RAY s Similar 1othal ol an
address signal, .

Figure T vhows how IDusea Type 2 processarwih a
Type | peripheral chip, The decoding shomn in the
ligure can be easiiy Implemenied wilhgnahall gl a TTL
TAL5139 dual 2 1o 4 decodter This evenigarcs an exlia

conlral wpul 1or dis inguishing b#te egn meteon abd

O Qesigd; Assuming thal proCesssr a0 | ol
eral sppsds are compdtatle, therg showld be ol pro D
lemnan sal siying the Lvting rpagitamend Slaomer oo

procetsar or lha penahe tal chop
Fuguue Eshiow g anatlemgl 1o use 3 Tyvpe I.;;m roTEly
arhatopedpetiphersl chyp, Tee base a0 el
WA llom Lhe processor ricaty produces hEl'l T e
Type £ perrteral, BD has 1he cotrec! 1oque valas 'no
serve iy 209, Bul s Umiag is 8 mobler Tha Trov? |}
peripheral expects B nmung lo be simect e
1

: : A

L

chatasler to an aiirpss signal, that is, It showa b
valrd [ang belore the RED pulse apreats, The anly o=
wECOuId BnEJIE this would ke WO alilicially delay REL S
lgng ehcughlof Aglosatistythe segp timeaf Bav
lerfuratly, tufh a delov ualess rghw 25y m ' 70 ]
-.-.t.-ulua_.llsn aelay 1he T.aleg odae ol PES unrl oo ;
after R v 5 Hed QanE av.ayp .= opsis :
Tre Cleasesl way 1D use & Tyoe | pooumbirr v !
Type Z perigheral chips is [2 058 an aSv'eas Wi -
R, Foo peainple, the igkgl sigailicanl Bit o1 sne @070
pLtl adnss Could be cseved as v, merdware |
decodmng ol oflual por numbers wiold use g ngier.
miter Dulg; Then seiteate wield bave o ensare 20
voiiley aledys vsel G porl adldrenses, and (2R |
utcd Cven. .
The ContusiCaiy thal itis simaly o ooners! Ty 1|
periph2rals 10 Type £ processors, ol iRa1InE res2rte
cat BE gt licult 15 i just Ihe sy il lurned oul & w23 )
1he & IhelnDd 10 this Madness? |

s elore,

—_——————— . o
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Figuwe 7, Aczeakbe 216 Linterlaze.

Figuie & Type I Bus control Lgnals. =_..:-+ \F/_ -

Touse such macros, however, the rrogranmg! inust .
Eive up some regisiers far wee by the tnacros, In the Eri e e
_above example, macros would wse RO, leaving only
R] available to 1he program es & painler variabils,
(Buffer cepying wnd ather eoutines requiring Lo or
more peinters pot tabr 8 probleml
The Inck of symmisy in the in=iracticon ol slre

i -

Fqg'_nt E.

LETE

crcales programming headackes For aacmple, why &0 .
are there Ing Ay 1 Ok and in0 s s3insimurtione, bur : - :

poL DEC 2 B2 Oz why can we conditionally jonton

CZ2. T ard Tt eguditiens truea: flae Yot pa P B

TF, aad accumularor bits enlv trze? Evcopr for we T R N T L Y E R UM LI R P ]
curnulator bits false, the proper “hoies™ ot it Lhe O TR (I P TR T T S S PR S S R
instruction sct;in Foel, it probabls tea homare b ia e B O N I T LI L
turnthoinstractions el thonte ot thomswaeh, Thove cmir b b s pll e Iootie o0 he sl g v

bocn 4ald that these “vapnpertant” ieslraciions  wapeativelina bineg,
brave rodun for Soture enbange mctl s bt any woorihe
while stvhitiitural enhancements woeald o quire .
ingues Inate rwes Ping than o fow et poipere Tome cleclical chats Sienistics
sruli-3 .
While nie prgremts can be o writlea fur e, Ta NOE truens Bty adhit e s vt sl el

:‘ilcﬁ “a.“ﬂ.} Tokr 110, t“ul‘ltl‘.qnl-'-- Cwmgialn S b Tt AL S b PELLE F""qll’.ﬂ? !.....n.l-.! L | ', .
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fainily have lnen nanunced— ALMD, TEC, Fi;
Licy, Sicrnens, [oterstl, RCA, Doth Irterzil und 1074
bawe whnounced pluns fur DSOS voersione of MUS 4=
chipa,

The MCS-45 chips ust a single +5 vell sapnly and
have lugic input and gutpat lovels (hat ol 'TEL
sompnbible, As with ol 1035 microprwc senrs, ing
gutput £rive is limited -1y pavetly feur or Do Lo
prower Sehett iy LLSTTL unin losds.

MOS8 chips Cuntain dn osCillator 1o Joengzats Tie
prenessuf dluch nwndnally 6 MUz freman swtnz
cryseal of HO cirewit, Ioie zlso poesiblo tocaanecr an
external Chuck dirveily 1o the t..-::_-'l';.-l.or gt e
ouiput ui Lhe I.J~|..i“...£|r L...ds a c'.n

de=boy I!.:..:

inlernal stotee nl !." : ".'he:'_-cr. = f 1“

throocesnter Cantin: Losyackreni-ed -_.'.:n:::.":_- Lo
cessor M0 cannot be soferenced ey m."q' Lo ong
&M11z2 clock for trice Finterfzces, oor corn pEeiestii

be run in loce stip fruom 5 comzzen chaw in s
plicated rucrocomsputer faeshoar’s st prejecth

LI

The MCS-15 family satis{iori the wanal
Intel strategy of beiny the tirss o tho
marketplice with an imperfeet ot g T

, product

« The MLES.45 {'hfi::. boavw alt acig
pin cennccled (e an iniernal |
resistur snd Schmitt iy e,

canbeaceorplizhaibs &
is o little mord ditiicelt o g boprc-co st iod i n -t
Ifor voample, by a wrlchdu,s Hmorh Sinte s o0l
lector or discrele vransistor doive 1 teegiecd, And
urdess the doiver circwil 15 senbicbizatol, & lioer
commanded reset will disable the promvsow Tae wings
time, due Lo the thime cunstant ol tha joaair ooipess
circyuit— aliyel 200 nisec. Inmany care, Ly

LTI Y

ekl 3

TETRE LELY

“the state of Lhe processor. T2 woul! betiac ta bavc

ponmarhable interrupt Las in Lhe SosE0 1t PR R [
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The first implementation of a new microprocessor architccture
promises to harrow the pap between the potver
of very small and very lurge computers.

A Microprocessar Architechure
for a Changing World:

am e e

The Moicrcla 65000

hn oy . p— 1

Edward Siritier
Tem Gunter

Moturelo Svrnianductor
1

h'llitrnprntl'h'dlt techanlopy is enlericg a new wod
esperiafly vhalleaging era. While tochnoiogy wen
strainty hase nat corgdowdy disappoand, s are
ararly tothe puasl whesethe imning facte i o
processos doe-apinis ot Low mach funetioe coa Le s
cluded, bul huw imrgindine z2nd Croetive the
designer can be! As aresult, sevesal cempanics have
introduccd new-peneralian micreprocessos, We
deseribe how nne al them, the Rntosola G070, 1y
sponds Lo those unigue conditivas,

Malivalions lor a new microprocossar
archileclure

Previnus pencrations af microproceesurs were
timiled by the available technelogy. Broobs, inoen
averview arlicle” discusses how the tuchnoliny cune
straints and Lhe perceinad mcroprocessor marhet
motivaled carly pocreprocessor architeglure,
Microprocessory ware ewterd in number of regisiers,
data-path width, and instruelien-set pow oo prismarily
botause Lrchinelogy comld pul =u it more feciuzes
on & single chipr Mher linitations of micro-
processurs, such a3 having ioo small an oddoozs’
epace? and auhwardness of oddress comgctation?
may be attribuled as mech Lo pres welizg: oree pLiens
uwlthe potential narkel gste bechnelopgy constrants @
Whalever the honmr sources of restraint, hrowever,
we are now in a pwiied of lechnieal innas ation ;Lnd
wpirited coungclition,

“Technolugical ads anaes. The basie MUCEUpPTIK L% ar
technolugy, MOS, hat been strahly sdvanundinhe -
st few svars The mosy nglicealldeimnroyvemcn bas
boeen circuit donsaty 1Fiure 30 w!' 0 b traeslaies
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Adviners in lechneluyy kive heon mare oveia
Lionery 1han revolullonary. The major aduanes 1
creaved circuit denvity, is she resele of pendunt e
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snialler circeit dirnenxions, Density improve o
are u|'n dld W opniinie, since they depure: o1
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GA0D0Y inlernal archiieciure

apaceof 2Ly testlinnled Lo 24" kytesinthenitial jm:
plementationl. Memory is byte addressable, with
individual-bit addressing provided for bit manip-
ulation instructions, Metnary may be accessed in
pnitaol }, 8,16, or 32 lits. CI*U resources include six-
teen 32.LiL registers. a 32 bit program coanter (24
hilsintheininal iplementation), and a 16 bit stalus
regisler,
The regisicrs [Figure 2) are divided inlo Lwa
“classes. The cight data repisters are used primarily
For date manipulation: they may ke operand sourres
ur destinations for all operations bul are used in ad-
dressinponly asindex regisiers. The dght remaizning
fuddrosstregistors are used primarily for addeessing,
The s1a¢k pointer is ong af the addressregisters. The
program roaunter and Siatus word are ieparsle
Prgisters,

Addressing- Wlemoryislogically addressed in 8 bit
bytes 16 Lit wards, or 32 -hitlunyr words. Thecarrent
implementation requires that ward and Jong word
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Pigure 2. MCBBUDD pr. yramiming madel [a] and inteinal

“Arupiwir ol slus togisier (b)
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+¢hrgary 15979

Mewourers, The CRUOQ disign provides an addross

. *3
Table 2.
MCEADDN addiensing modes,

REGISTIR TG L1 AfoApSSing

datd ivisier Gresy EA = DOn

FLEIEH S PR LT LA = An

S1M0S regisiel Enecl EA = SR
R{GISTER CipEAAED ADQRESSNG: !

Pegele! tatpred EA - |Am)

reeEtel Jelen 20 ot ARl EA w (A7) ap = An - %

ten tEl Cglvded fre oRSieTery, AR L — AG -k, 1 a [A-,

T rEadling EA = (A} ¢ o'

gt am tA = [An} + (2R) ¢ QF )
FrROo=a DAUNTER SELATIVE,

retdioab wlh £U15E Ex = P + 015

Jrgbeg ndgaed fA & [PC) - (an) + B

ciarl P oreghee Brgnzh Eh = (FC] = £&

Foe oy FOOIEIL2E STgnih N L -
ABILUTE Zo0RL530MG

- MYy Eh s E&d = [Real imalluitizs w33y

ﬂ“._ﬂ, u-- EA = [Azal raCansds it werg?

IHM[D‘H: |:H' ALITIBENG

ETUTR .
Guild 1Tmesdle

CEF mITiC NS

DATL = rewl peirclign o2,

EA = pllisioee 222 et

AR m JATIEST (EISIRE

Dn = gd%; reg:ster

T o= Z92i458 o S0 TR PR WLeD 2% uhIEa T
LT I {FLR W R

FL = opgréT Coure!

€f = 3 ndasteterral

arh = 1B Lz aoiare~aat

L] = ] def Iyke, 05 omd JRd A N3 [DAG woiG I LIATSY
[} = Cominls ol

L m IEOIGIES -

CATA = stheiz 2P nslrgli.. L4

dula be uwerd nlin'—md. Eits are individually ad-
dressable inihe bis-manipulaton tnstrectiuns.

The zrchitecture specifies an optinig! memory
managemert scheme that implements and enfurces
veriablelengih segmentation of the addtess cpave
with access rights specifiahle for individyal
sepments. The processgr can be ysed with or without
momoOry inanNagement.

Addepsscalentytiens{Tuble 2iare specified by 6. b1y
fields of theiesireetion. The addressing spetifitativn
is nrthoyronal 2o the gperation specification af the in
struction:chatis any addressing mudevan beused in
any msiruciion that uses sddressing. .

Addrrsses are 22.bit guantities 124 hits ik bhe our-
rent implementazion). The architecture cilicientfs
suppirbs siall syereme lwase with fevesthanZitug
dressulle bytest by allowing 16-bit address guan:
Litivs Lo be specified, moved, ar caivulated inulmost
erery adudrossing situation, For cvample, anshselule
adidrrss carricd inan enstruclivn conuse JHur 30 Lils,
oranindes Culeulationcanuse V6 Lits (s vatended
toZdlits)ur 32 bitsolaregisterasinput, This fatuey
alhuws the architecture (o sapparl sery large ol
dresseswithout pansliziap the officiency of programs
that riquire waly sl addresses. The addiess ize
N8 ur A2 Bislisindi idoally spueciled Tor cachuse, 32
Lhat large orul simall addeesses can be intermiacd ar-
Litrarily in 2 program.



A variety of addressing modes are availakle:

Reyister direct. The dals or vddress register con-
tains the apirand,

Address rogiater deferred The opetand address is
inthe specifivd address coprister,

Addrest register deferred post-increment. The
operand address is in the specifivd address register.
After the vperand is accessed, Lhe address in the
register isincremented by the operand size(d, 2, or 41,

Address regisier dofeeevd gre-decrement. The
apernnd address is in the specified address regisiern
Beforetheoperandisaceessed, theaddreas registeris
decremenied by the operand size.

Baserclative The operand sgd-ves is the contents
of the speeificd address reprister plus a 16 bit sipned
dizplacoinenl in Lhe instruetion,

Program caunter relatine, The eperand address s

Ahecurrent program counier velue plus a 16-bit EEAES

ed displaceinentin the fnsruction.

Indexed Theoperard addressisthecontontsolooe
specificd adidress regisier plus the cuntents of an o
ditional [data or addrisy) ropgister specified nlus an
B-bit signed displacemunt in the instraction,

ADDREGISTEP DLFCERED

i 3 3 4 3
UFERAYD | Crfmalt | &LLwing | 2Lnsrcs
R0 Sigstia | e Lt ’ RiGIEI J
L DIRECTIGY A0
QPERAND SIZE
~D0 INDEXED .
i 2 2 k! i
ALO OFLALSD | SFERANCH | ADSRESS BAGE
REGISIER anE DLoE REGISTES
q{ 1 [
] [T
REIEII::.SEIIFH | W BISFLACEMENT
LD INOEX SI2E
MOVE
4 l k| k! |
ADDALLS ~20REDS ACIAESS ACDALSS
MOVE MOTE FECISIER [ L1I2E AEGISTER
 INDHIDNAL BRANCH '
4 d B '
By JRENDITION BISPLECEMENT
Ll
B, coNDinoN JEAD
CISPLACEMENT

Fig o X Typical Mod008 inslruciion lormals,

45

I¥

Prugram counter indexed The oprand sdrose
Lhe currenl valae of the program ennnter, plus tx-
cenbents of the spedified data or address reintyr,
Mus an B-hivsipnee displacoment ie Lheinstrustir,

Albsllure The operand sddrers i€ 51 the instree.
Lian,

Dinwediate The operand is in the instruction.

Autadgressing. Arrmaiele ret o Lig marirulation
InfRrachinms fanT Ol ar O W DR And TS Tl provis.
vil, For fhese instroctions, on ardiviigel o g
word is Liiderssod using ¢ iz uf the 2hov o eraevsn s
modes. The individual it ta e manmy lated i o0
dressed Ly its bit numbe s te 1Rat werg, The b
speriflication is coalained in (he insirieiner or
pireviovzly calcylated in a tata T T
mechantsm allows hits to be widressed - one
without requiring the tae of lugn i io-troe e
matas. Far ropgestores, il 52 bits aremdividaliis o
cregsabie,

Inaltcases theaddrestes specshiad b the s ru oo
Canipan the entire address spiae, Nnashiiran &0
Mt SiZes are imposed, and bo soparalo sounoen:
numbers oed e manizuluted,

Address, line integer, s a by sopnaesey o
Lype A comnlete set ol fdifress sian ;
(U EH VIS E PI D PR DU RTINS R
TG LT Al Fann s in plomied g
Fegieters D oddilion, the beal DEFEr s
meirnetion ecdesins g Lrbitrary eaiol s
putsthe rosultinto s specifud addne s, oot
provides the peigiratamer, | TE
with Lhe alatiy o prcouloalate o 24 coses wsing 21
of the prociaser's addressing 7 dot,

Reebuse Lhyre are ol

PR

node L Taamad wm
B R -

1n 2 v

r-

nboendnors rogisiers, Nl er
Memary aceesses are fonuiced for los g an brroeing
temnpaeary addressvaloes, and eddrer ses rancdy
Lo te reczleubated in different pasts of the pragn. .
These fcatures minimize the [lagras tme smen;
manipelating cddresses. a comimen boitlenech invy-
ISLnY wmicroprosessors, They alsa retblish o digree
af address.size independence:? the adurvss-
specification flelds in instructivns ere mosl uflen
only 6 bits repardless of the fact thata larpe (32 biz;
addruss is aciually being specificd

[ T

Data snunipulotion. The 65000 supports & noinler
of data types and seppelivs a cenpabte el al o) e
tions for voch by pus Fuble 3 ard Figurs S dnpmone sl
the addiessing inede is iadependent ol the data
Alro incaseswhereit mnhos senev st cein by oo
and addresaes), the size of the cporanes _
sproificd ndependently of the gposuas vpoias
BOUICEy Moy beeither registersoradoresed ooy
locations. The resele miay be siored eithe: onothe
sepister ar in the apesibed mumory focalica, Moo
classof “register to memory ™ opurstiuns riguc sathe
nutnber of register stares regeired 10 seve e obog,
Musteperations con Lo =pegifived Lo worh merme v oL
Fegisker,-repisterlo foginler, et Ler o My,
imnediate e rgister, of imnediabe G incing v, The
mos ¢ instruction 16 more Moadble, Lo 2 8l b
address instruction. it can specily menmgy -l
AR Y o bt alions enwellay the opin 4y B0 d

alove,

. ConvbeullR
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The B3000 data L) ez and Lhe operatians Lhal sup
purt them sre:

Integer. The aporations are aTiD, SUHIRACT,
MULTIPFLY, MYIOE, SECQATE, LOMPaAaHE, and
ARITHMETIC 541+ T lalvgers may be 1, 2, or 4 hytes,
Shifls are muliiple bit shilis, eitker left ar right. wilk
ghiff count specilid in the instnzction of previnesly
talculated ina dela register, and indicate averflnw as
sppropriale, '

Multipreeisian intcger ADD wWiTH EXTEND 508
TRAACT WITH EXTEND M GATEWITH EXTESND ARG
ED MULTIPLY, and USNSIGNED OIVIDE ere Lhe
primitives supplied far #asily implementing
multiprecision intcger arithmetic, Operands mas Le
1.2 or 4 byles, evcept for multiply and divide, which
eperate anly on 2-Lvile guantities,

Logical The uptrations ure AND, 0K EXCLUSINVE R,
COMPLEMENT, COMPaRE, 500FT, and ROTAYE iw hith
sllow multiple position shifts and rotates, left or
right, with ar without extend bit). Logicals may be 1
2, 0r4 hyLes,

Boolean. AND.OR EACLUSIVE OR, CONPLEMERT. .
PLICATION, and SET ACCORMISNG 30 CONIETILN CORES
are providod SE T ACCORDIAG TOCGSDITIUN CONES iy
used to retricve Lhe lopical value of any of thewurndi

*Lional tests that are availlakle to LRe CONUITINN 4L

HRANCH instruction] PBoglean daLa ale onobyie
quantitivs,

Rit The opiraliung are SeT, C[ RAK, CliaNgE, and
TeST. Bits are individually addressable,

Decimal AND SUBTAACT, KEGATE, a0t COMPARE
are Jecimal operasions. The' decime! (WCLY instrge-
tions wark on operands in nwemory {Memadyio-
memary] Lwo digits fone byiel at @ Lime. Combined
with & locping instruction, the decimal instructions
implement yariable-lenglh memory-to-memary
decimal operations,

Churacter, Characler b.structions, MOvE and
COMPARE, wc}rk an c:-p:-r.‘md:. in rm,m:r'y (memory Lo
momoryl

Addrrsy Address oprerations inclitde INCREVESNT
fby 1,2 or 4}, DECREMENTIhY 1, 2, 0r 4), ADDINTEGER.
SUBTRACT INTEGER, COMPARE. and L0AD EFFECTIVE
ADDRERS.

Real Floating point AUD SIRTAACT. MULTIPLY, 2and
DIVIDE are specified but nat implemented in the first
VErSsion.

String. STRIKG MUOVE, STRING SEARCH, nnd
TRAKSLATE are specified bul ol implemented in Lhe
Birst version.

Pragram control. Programecontrol instructions in-
clude CONDITION AL BRANCH (proptam founter
ft:lf.i'r'fi. JUAP, JUMP TO SUNRROUTINE, GETURN FRLM
SUAROUTINE, and RETURN b KOw INTERRUPT, all of
which are traditional instructions. Sixteen seqarate
operating-system calls are specifible with LJ"{» THar
instruction. Conditional traps. looping, and
subroutine control are disgussed {ielow. The sTOP in-
slruction halts the processor, the AYSET insirutiipn
reinitializes the svsiem environment, and the MOvE
inslruction can manipulite the processor slutus
wirid,
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Privilege wiales, The 84000 procusse! €a8 o)arate
in user of SUPcFVIser Stale. Tn supeesisuer stale, the
enbire instructinon setis avalable. Teihication of the
corrent slaleispiven oty external wosld sothae, for
instance, addroas translation can be ishiluted when
the roce®s0r is in supel visor wlate. Inuser g2ake coe-
Loy instructions, such as 51T, kESET, and Lhase thal
meddify the slatus word, are nog allowed, Lhey caase a

Tatle 1.
MCBAGE inaticcticn sel.

INTIY L TAT,

MSERIFTICY

P
-

AL Penima pa ERILRS

2D Adz -
LlOx Add wuth eneng

RMD Logica 4h0

ASL Arghmrahc smep el

TR Atilher BhE S35 1.0

a Eranch fanc:g*aly

ESha Bit lesy anZ zxange

LR Bal besl ant D.eet

L Blanch dfaz, s

=] Erles) ans ot

=57 Qtanzh I c_wiz Loe

5157 B 1est

it Cragh regaigr 23q 0l L1020
Clh Cear erecars

L AnlEmelld {o™oeE

CoHy Cotib.renl sad Lranor nLs ey
ol¥5 -3 [] = S e =

A ] Lng. wRED Greils

(0R E::‘-,.i.-..t cr

£rG Fuhynse redigizis

eIl Sgred paleng

o Jump

BLT] Jump fa suzeostre

tEM Load mulT:Cle re] zimts -
L Load re3:81m Cain

LEA Loar erecti, e c22ess

LiwE Link s1ach

[ Logical smily let

L5R Logical shull eaght

mOyE . Maee

MLULS . gned mullisy

sl Unsgned muliiph

K323 WeLite delTas aii prlen]d
s“EG - Twa's cargEemea(

KECE Twa's (0T oFoED: midlt muiEng
s0F . Wo pperalign

0T One's eomnetcc)

113 Logucal of

PEA Push glteClive 221258

RESET Reset evieenal Qeviges

AdTL Fatale 1610 mahoot geiend
ROTR Ratdee reghi winaol EuiEld
ROTEL Apiate ILfE wih fateng

ROTEA Fotitg gl el Balg s

H Relurn and fesiz:e

Ri5 - Relyrf frem s %0 ine
£ECD Seniract cevima frem eetng
Lo Ll condrhonally

STM Sime mubhzie e =s!:rs
bthal Slop

503 Subraci

Loy Subiiract wilh prieng
SYiAP Seal 0413 seisler haved
TRE Tear and sef c-rang
TRLP Tiap ]

ThrPy Tiap en overiow

15T Tesl

LNLK Unkak slagh *

o — g4 r




SALPLE FROLALM.

PRUCRAM EXRAPLE,

WAR PRAANY Frrand IMIEGER,

PROCECAL PRIC (X (%TEGER, YAR v, INTEGER):
VAR & 8 INIEGER;

«  BEGIH
) Chaptedure Lady>
EwD,
REGCIM
PROC (FARAMI Feaatdl]
EnD.
PROGRAM EQOY:
MOvE FARAMT TD -5SPg “‘puth hral parameter””
PEL FaisMi “push aocress 61 2nd saramelee
J5R PFRAOC ““tall the prozecare””
ADD 670 5P Upop patameiers bom ire stack”

.PHIJCE LURE BODY.

|

| LMK FP, 4

1 -

i MOYEM

: CHoceduie boo =
MOVE b

' umLx FF

: RETUHH

<regifesnst> 10 - SPed

CrECisigelsls FROM -.IPn'ﬂ' +

““hnk ang zllocale
viliahnlgs”

TESIGIE EGIELES
reslore Stk

inree lpcal

TBUSH SOTE PegIsler cankentst

“refarn ta caling procedere’’

o ovn ok arm—— R —

Figuie 4 SJH‘IPIL" Pascal program and squivalent GECHIO coce,

FP

L's

BEFORE CALL

N

Sp—b

SRVED
AEGISTERS

LOCAL
VARIABLES

FP

L 4

PREVIOUS
Fp *

RETURN
ADDRESS

PARRMETERS

I-q.\
AFTER PUSHLSG
“PARERMETIRS CALL,

LINX, A%D
SavING RECISTERS

LOW MENDAY

HIGH MERDAY

|

Flgua 5. Slack aciivily on pracedure cail,

- 48

A

FL

Lrep o *uprrviinr =tate lby stocking the current pro
Eramunil status word and louding s new contesd from
o prearsigeed brap vettor), IHegal instructiuns,
unimaplemenled inslruclions, interrupls, amd traps
loperating 85 sy steim callsh all cause the provessur 1o
Lrap #nd swileh Lo superyisor stale, TO ORIy Briper
opcration when relurning Lo Superrvisur Stale,
regardluss of user stale activity, Lhere arelmosiazh:
puinter regislers—one aciive inm user Slaty, a%e in
suprvisar stale, The veer Slack-puinter tulnents o
evailable, by speuiel instructions, 1o the aupu-. :'.J.‘
slale prograin, '

The E3000's usorfsyciern state dislinction <0
allow a small operating systern kernel to prowviiz iyl
lv pratecled virtual address spaces tuany o
irtependent tasks or uners.

Tiapping on itlegal #ad caimplemented insiy
tions allows the operating 2v=tem LG provids 2 oo --
functipnal virtval imachine touser-state lasne, rosin.
stance, the operating sy=stem can bransganc iy o
vide saftware inplementation of any currently Coim
plemented insiructions (such &% feilling point L
string ranipulution) escouted By 3 Usirslote tath,

Highlevellanguese suppurt, A Fegemd o iTInou
Allisun® sugpeats ways in which microprorasser ar
chitccture should be designed to suppert Lign
languages. This methor lallored by Jhe <2000
desipaers, is Lo "eanmming  thejontime e
Lion required for the clase of longmiages e 22
plemented’™ and o “provide adequat: insiroc
tions. . 1o support the reguied runtime 1oy isents
tion” and transfurmuations on that ropresesiean
“without vatensive inline computation.”

The 65000 desizn supnoris high-levellanguar: = at
both compilation Lime and eaecution time with =

clean, consistent instructien set; with kardwzze i

plementation of commoenty vsed funetigns (inuitopir,
divide, and address czloulation); and with a st oi
special-purjiose instructions desigred 1o manipzizie
the runtime environment of a high-bevellanmags
program. The lanpuage constructs aided by "“E“'
spemal purpuuc instructions include arry Eoy sRinmg,
limited-precision arithmetie, leuping, lieehan
expression evalustiva, and provedure calls.

Array occessing. The ROUNDS CHECK in-trution
compares & previeusiy caluaieted acray indes lin 2
dats register) against zero snd & lisnit value 23.0rez 5
ed by theinstruclion. A trapaccurs il Lheinder iseet
of bounds for thal arrey. This rplaces p eginmicr e
guence of instructions {ay feast fucrbwith & s e s
siruclon,

Limited.-precision arithmetic, The Tz o
OVERFLOW instruclion causcs e trapif the proes 2ie
operation resulted in overflow, This allgws cif s
overfiow fesling Lo encourzge proper checainy o
arithinmetic resulls,

loaping. A rustncted forin of Lthe FORJoon coun-

i
H

Tstruct is anplorented inoa sinple instrudtion thel

dicrements a count and branches backward o ins
resullis nenzero,

Buolvaen r.':prusfnn evctiation The COMDITION AL
SET ihslruclions assipn & frue of f!lw alue toon
Boolcan variable an the same conditions that urv us:

COPUTER



ed by The COMITIONAL HHANCH instructions. These
jnstructians help inplement Boslean expreszion
evaluation by ssoiding eatra conditional branches,
especially in Lhe cose tas with Pascal) where "thort-
circuited ' evaluation inay be undesirable begause of
possible side effecta. .

Procedure caffs The Gﬂﬂﬂﬂ' uses & slack —pointed
Lo by one of Lhe uddress registers, called the stack
pointer—to build Lhe nusted cnviranments of colled
proced ures, Three tnstructions (plus sn additioasl
one lor cach parameter) implement a highk levels
language procvedure vall {Fyure 4). The entire c2ll
mechanism uses only Lthe stack snd is rompleccly
reentrantl (Fiyrure 5). Theseinstruchions aredesribed
in more delail below.

Push perametervalurs eraddressesento the stack,

The MOVE instruction pushies & valivontothesiach,
and the #UsH L1 ECTIVE ANDHESS Mew LOAT BFFhG
TIVE ADDHESS eaplained carlier) pushes the rescll of
anarlitrary uddrsscaleulution ontothe stack fur catl
by reference,

Colf procedure The JUNF TO SUNRQUTINE instrug-
tion pushes the return atddress on the stack and

. jumps to Lhe provedure enlry Roint,

Esteblish arwducalenvironment. TheLinginslrie-
tion does all ol the fallnwing: saves theold cortentacl
the frame puinler fan arbilrary wodiess rosisier) un
the slack, puints the Tiaime prainter bebhg pew 16 of
stack, and subtrects the nombar of bytes of Mooal
storage roquired by the procedore from e sials
painler, This ¢stablisles local sterape for the valicd
procedure and 2 franie pointer (zdcress ropastert for
index addressing of local varivbles and p.u.ran'.ru s,

Save an arbitrary subsel of the reisiers an the
atack. The MOYE “UILTIFLE RECISTERS Inslruction
savesanarhitzary subset af therepistersonthesieck
[or anywhere in inemarylin a single instruction, The
registess to be soved areindicated by selting the ror-
respanding Lits ina 16131 field of the instruction.

A setof 81 most four instructicns reverses Lhe pro
cexs for procedure return;

Reload saved rregisecrs, The MOYE MULTIFLE
REGISTERS instructinn is used here alse.

Reestoblish provivus vavirgnment. The UNLINA In-
struction Unduwes Lhe work of the 1LINK insirurtion.

Retura from proredure. The RETUNN jnsiruiiien
pops therelurnaddress from the stack and retutnsio
the calling progedure,

Pop paramrives frum the smck The abp s
MELATE insiruction used on the stuck poinler pops
any numler uf valoes alf the stack,

Thie 65000 syslem archilecture

A computer archilecture speeifies interaclions be
tween Lhe processof and ils cavironment by delinding
vuch things as inlermupl sbruclure, Memory segmen-
tation, bus inlorfaces, ard inpetdeotput struciure.
The E5000 sy stern architveture 15 Jesipned Lo he sx
flexible as puvsible. Fur instante | 10 device regislers
are addressed as memory Neontions fowrnury-mapped

Februaiy 1919

Fr

IR asunother Motorela microprocessors, Memary-

mzpped 1M pives the propramnes - the estbality 2nd
poaer of The colire nstruction 5:2 for manirelating
v cnnvend andalata registers Since anad ditioral
tnstructions ore nquired for 10, the piecessar is
shnpler, and the InsliucUion sel s edsicr [ reIRom b
The V0 spave s provecied Ly the same momerys
marogement laalities that are wsed to prodect
criical greas of memory,

The 8000 Lus structare is alsp ayip=ed !
simplicity, spevd, and fleajhilly. The wddress .2
datz lines are svparaie: no mubtipiexing (8 persed,
This avaids the nred for any soperate oy lr.r :
e |uIL15..1|:'tm[: tasuring mzaimois perlurnoance !
svstems inwhich sperd s mxpwlam The burisat -
chronnns; sransfers oo ke bus gre gontralled Ly e
comnanving hamfohabe soomrly sp that ny ousiinye
tigns need be made ahn._.. tiiming or o syslom Sih-
elreny. The use of Fardshake ,Eig.".::',s allaws hvicr g
and memorics with large variatiors in fespliier tine
Lo be used on 1he sare processoer bus L he prooetsos
waits an arbitracy amadal of tieme unbl the erecrse!
Bevice or meniery signals that thae tranefor i oo
ring.

A sipple bus reguestiprant pe r.-[.c.u:u' iy o
plaented: ba chip 80 Lhol Friwtannss and
Lt divices can cLonerets by sbate
Sorean b with a1 fa arbiraties Jogie, Alee, S
i hes s bes-faultisput pinthasgaunusingn
baLcbitiod o he terminabod at any prdel aed vioas
betaken il anillepalar focl s ragedr s azces s o
This faciiisiles memnory proleciinn,

The BELON (nlerrupt strieture is Blee shat eb mone g
minicompaters. Eight priosity fevels are ime-
phorented LLi-rerupts £re vestored spibal selivmare
has [l cerl: " aver the placerment ard eseciijon af
intorrept-handlng soutines The curfent posricy
lenelof the processoris keptinits status worg inter-
rupls at or Lelow the current pricrity nre inhimnea
Inierrupts at higher levels may ooger, so istorrupt
handling may bie nested, When an enabled wtrans
occurs, the processor sends an acknow ledge signal,
The interrupiing device responds with & yedleor
rumber, The vector nuniber 13 used by Lhe provcssor

ra ,.JUId
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GENERAL TERMS and DEFINTIONS

[PV . The 1ime interval belween the instant data 1y inserted intp or requesied from memory and the instam
IRead andfer Write} That daia 1ransfer is compleled {may be the longest path,)
- - L]
Accumulator - A temporary stovage register{s) that {stores} sums and guher arithmetic and Ingical cperations ol an |

arithimetic logic wnit {ALLL|

4

Address A characier or group ol bity that identifies a ﬁaﬂicu!ar location o memary, pr other lpcatiors of da1a
) saurces ang destinations, .
Addresiing Modes The methods of specifying the |pcationfs] 'of data OF program segments 1 memory of ather locations.

Arilhmetic and Logic That part ot g CPU that perderms arithmetic, logical and related operations. Along with memery and
Unit ALY} - control, an exyential microprocessor element,

v

Architettuore | .. The organiz ational stroclure ol a computing system. Relers mainly to physical maheup of the micra-
a caompuier [Section 2] or mitroprocessar (Section VO paris in this veluome,

Ryiembler A compuler prograrm vsed Lo Lranslate a symmbolic-language statemenl to 8 machine language statemens
on 2 pne-for-one basis.

Atsembly Language A programming language ulilizing symbolic representation. The symbolic representalion, somelimes
' called mnemonics, suggests the inttruction function and is translatabie by the assembler into macnne.
language. )

Awynchiongus Operalam A swilching e bwork operation with no common Liming 1ource, Circuil operalion is such thal the cam
pletion of one event initistes the next,

Baud A measure of serial data remmission tlow in communicstions applicationt, Baud rale genesally detine,
sigral bits per second Wansmitied, bul may also include characier framing bits,

v

Benchmark Problem A f!‘!qutnlly wied {sample] problem employed 1o compare and evaluate computers {mrscamosles.)
Permits comparizon of the number of wnstructions, memor y waords, and o peration eyces fequred to
salve the same probiem, ] .-

Binary Caded Oetimd A number coding sysiem in which each decimal digit is represented by a &-bat Binary woid, The depie !
(L) number 13 becomes the coded-nember 0001 0231 in BLD wsing an B.£.2-1 binary eode,

Bit . The abbreviaion of hingry digit” and the single charactersin g binaty number [1or 01,

r



GENERAL TERMS and DEFINITIONS

A decision-making capability 1that permits 8 processor 10 select one from & nember aof allernative
ko1 of insructions depending on the data being processed. '

A circuit employed 1o minimize the elfects b1 a Tollowing circoil on the preceding ircuic.

Cne or more canduciors used lor ransmitting signals or power 110M one of MOME soufces 10 One of

male deslinations.

A pre-determined binary element string {number of tur‘lﬁecuhvc bils) nperated nn A an entm,r ¥ b-,-n:
15 usually but not necessarily B bin,

it The unlt of a computing wslem that includes Girowits contralling the | lnl:rpr:tltmn and rxezution of

Jnllrul:'l:lnns P

A generator of periodic nignals used 1o synchranize Circuit operations.

A computer program used to tramlate 3 high-lpvel language program (e JFORTAAN] im0 atumpulet
orienied lassembly of machinel ldnguage program.

Lk

A group of pragram Conditians such as Cafry, bnnnw thrﬂnw eLC. that are particulatly televanl 10

Ini lruclicn EIECUIIDH

A bus carrying the signals that regulate sysiem operalion within snd withoul the comauler,

Asequence ol indtruCiions thal directs 1he cenural processing unit (CPUY in the varipus operatidng if
pericrms,

v
- v

A compuler program used 1o Translaie swymbolic-language programs asembled on one compuler into
mathine -language progs ams that operate on ancihcl « Gmputer,

A method of interrupl priprity it whith 1he inttrrupt bus is searched serially,

A but vied 10 communizae dats internally angd esietnslly 1o and from the CPU, memary, and poipheso)

devices. .

A regiiter holding the memory address of the operand used by an intucetion. The gala poinler "poiaty”
10 the memony ocaton of 1he {dalal opetand. .

- ] -



" GENERAL TERMS and DEFINITIONS

Durs Regnln Any sreqisier that holds data.

Crebug [P;nwm] A compuler program designed 1o &id in delecting, Iracing and eliminating erfors in microcompuler [or oih
compuler] programs while they sre cunning. Allows replating, adding. of revising instruciions inlo the
main gperating program.

Decremem A program insiruclion that decreaies 1he contents of a storage localion,

Dedicated Microprocesipr A mi_r:rcrprucessnr that has been programmed Tor a specibic, single application.

Diagnoslic Program A& camputer program designed 1o check the operation of various hardwars and sotiware pacts of i-¢
microcomputer sytem. Typically written for esch funcrions| area: eg., CPU dizgaostics for CPL thaces
Memory diagnosties for Memary checks_eig. ..

DirecL Addressing +  An addressing mode in which the addreys of 1he instruction or operand iscompletely specitizd in the in-
Sruclion withoul reference 1o a Base register or index cegister,

Darecy Mtr;mm-f Arcess A method of inserting input/ovtpul daia into storage or obtaining inputfout put data [rom steraye deechy,

famal . without involving the usual flow &f datd through the processor regisiers, _
Editar [Frogram) - Accamputer program designed 1o allaw maniputation of Lource program text material.
. Lo
Emulste To imilate ane system with.znother, the |311er being microprogrammahble and equipsed with a speciab micn

program, se that the imitating $ystem executes the $ame programs and achieves the same resulls as the
imitated sysiem. {See Slmufate |

Executitn Tims . The time, norrmally expressed in clock cycles, required 1o carry out an nstroction. ’
Freich The reading out of an instretion from main memgry and the insermion of the instruction inle working
- memory. - . . '
-
Firmwan Programming instructions slored in a read-only-memary [ROM.) ’
Flag Bil An inlormalion bit that indicates 1he cooutrence of special conditions such as — overlTow, tarcy, MBI "
4 . ' - N T
Flow Chart . .. Agraphical represeatation of a problem and the operations 10 be accomplished 10 salve the probles.
. {RTRAN ! A high-level programming language us.ed to facilindle the expression of computer progtima. i anthmelic
lermy and iurmufae Short for “Formula Translator.” . . .
- - . . " - L i -
Handshaking - A colloguial 1erm that describes 1he method vsed by a modem {or other asynr.hronuu; devices | 1o

eslablish a communication fink {or eventval data 1ransmission, .
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LENERAL JERVIOD dIIU DCTINEITUND

A problem-orienied progtamming language where & ingle lunctionat slatement may translate into
& 1eries ol instructions in machine language [a low-level longuage. :l FGRTRAN, COBOL, and BASIC

sre common high-level languages,

A program.instruclion 1hat increased The conlenis of a slorage locatian,

An addressing mods in which the operand is located in the instroction l'li!" or the rntmr.m, location
wnmedintely iul]nwmg the instruction,

A register thal provides 8 programming 1lexibility in that 1he information it coniaing can be used (o

. modify memory address by addizion ar subtraction,

An addreniing mode in which the addiess partion of an insiruction i modified by an index-register
during instruttion execution, A meany of r_hangung an instroction addiess gn 1he batis of exciernal

+

commands.

4

An ld':irusing mode 1tha specifies a memary location cuhtaining the address of data and not 1he dala

¢

itsell, | .
- - .

In 2 programming langurage, an expression 1thal delines # compuler operation and identifies 115 opeiands,
L B

The time required in tetching an instruclion irom memory and execuling it,

The messure of 1the memory space required 10 31018 an inyiruchion,
o

The ta1al lis1 of insiructions thal can be execuled by & givers microprocessor,

(R

A program that feiches and immedistely execules instiructions writlen in a higher leve! language,
[See Compiler and Assembler.) ’

An gateenal signal that temporasily sutipends the noomat program gperation in order 10 permit pro-
ceasing of 8 high-pricrity cperation. Mulllple INErrupt capabdity rlqulru es1ablishmeMy of an interrupt
priorily iyktem,

General Yerm applied 10 equipment andfor data involved in connecling the cenical processing unit
(CPU) with the outside world. The control electronics necessary 10 i 1the compuler 1o variows ga
1ernal application areas,

A conneciion 10 2 ceniral processing wnil {CPUS wired or programmed 10 Connect dala betwren 1he
CPU snd enternal devices, i e k!rbmrl:l display, card reader, ¢lc. May be aninput, tutpul, o

bidirectionat port,



Jump

Loader |Frogram)

Lock Ahead

Loap

Michine Larguige

Machine Cycle

Maceg Instruciton

Mg e foldiens
Argitie

Phcrocompuler

Micrornstructian

Microprocessar

Micioprogram

Mitrgprogram mable
Compulre

LENEHAL {ERMS and DEFINTIONS =

An unconditional departuie leom the normial intirection sequence 1o a differen) place in the

progeam,

A compulet pragram designed Io cead (enter) a preg am bHom aninpu! device iNLo woiking Storage.
{Aandom Access or Read ite Memory — AARLD

A ceatral processing unit [CPLY feeture 1Ry atlows the computer to mash Jgriove) sninner: o,
request unlil the following insiruetion his peen execuled,

Accequeneg of tnstruchiuns in vwhich e disg RS UacTion Causes teRELition ul the equointe & RHT T~
of times until a termifation condition &s detegied by 4 Uraith insnuihen i veathed.

The numeric form of 1pecifying every bit 87 eupcy instroction inoa program, The Snat binar, ¢ £,. -
cads thal a compuler uses directly.

The batic central processing unit [CPUY cycle in whizh, an addigts may be send o memary atd
word [Jata or imyUrucuion] may be redd or varitten: 0r i which 2 tescned IRSTrLCHON May ke Freos -
Cioe machine cycle is made un aof several cloos eveles.

A syrmbolic sousce 3ssembly language statement that cambinrs any grows o Treneeaaly daeg CO vl
{insiructions], The matig insiroction will be sxnznded by 1he 2ssemSlin 1nun - w200 mach,re it ge

instruclions,

The register in the central processing wnit (CRLY that cuntans the address of the storégs bine 712000
locatipn being acoessed,

A ocomputet System whase Cerire’ pradessing unt ICPU) v d micrppracossod. & oesic miceasd ™ o
includes @ MiCIQprocessnd, Mw gy and inhatdauipe facdity,

An element in 3 miCrootograrm.

A single integrated ciutuil thip, of stt of chugs, czesble of porlerming the fanetines o0 vee
central processo:.

The computer inalreclions slofed i d recd snly memaey (RO} that imp ement the Bag an-n,
st of the compuier,

A compute! in whith the macrg ey a1 ARRSICIim L0 10 the read andy mien.cty [HOL va

be changed, Lhe) Charyglo g the €ompaler’s untrutticn st

xL



GENERAL TERMS and DEFINFIUNS

Symbolic names or abbieviations for instrutlions, tegisters, memery (ofationy, «rlc., sugguiling 1%,
detinition or function thereod, '

Devices or eguipment employed 1o interlace 213 protessing cquipment wilh cammunicatian s,

-

Smultanepus execution {ty use of myltiple TP CPLEETING wilh z commmonmemary] el matng
programs by one compuer,

Calling @ subrguline fram, or encloving a pragrarm loon witked, s laiger rewtine of leon, For s
subroutine the nesung level 5 the number ol times the s-S a0t 15 nested,

‘The ouiput from a compiler or 2ssembler which it iisel] pretulatle moazhine code of iy suiizslo {2
processing 10 produce exetuiable Machine (ode, '

The field i the iNstruction that represents the specidic Oneratinn 1o e perigr—ee.
The ddata with which 3 mathematical pr ather operazion i poricrmed.

A compuier piagram that controls 1he overall gperanien ol B comouier yystem, ingluging och Sroats

a5 memary allocalion, inpulfoutoul disirioution, iaterTupt Ziofesnng, Jab schessling, oic.
L]

& bil in the condiion code iegister thal ingicates U the plevious Cperalicn in The pogGram CRUIRI In
atithmetic pveillow, i, Caused 3 QUanTy 10 be gencraled thel eaccened the capatity o the il
regisier,

A naturel grguping of memory locations_ e g 782286 constouiine b',f'lﬂ‘ln Fn B B rac o mipuTe s
may 1ypically consnitylr @ “page” ol memory.

The precessing of all the hils of a word (byte) simultaneaasly By tranimitling on $epaaie chinne
o bass bings,

Auxtliary pguipment Jin 1he putside vorld] wied 1a Lot GO 10 Zrad rpppive dets e 2 haarrs!

COMmpulEs,

Temporary 1apension of 3 MICIDCOMPUTEr prog am TG iorral errculien of o rogee o g Lii1
& prageam ol highes pofity.

C_tﬂ“i-l Processor unit [CPUS trguten thal cuntuir momity wddres;es LLirgmes © e FEAY
Poimets or Przgram Counlers,

A method uted (o identily the sourfe ot o iuep! renuctl. 1o palbng, the ideere ™ o
saaich ik done sessally,

-ew

X



BCINEHAL TERNMS and BERINITIUNS

Port (1/0 Por) Terminals that peovide elecinics accest belween the [Microlcompuler ang the ourside world,

Program Counter A regitrer in the central procesung unit [CPLI} whose job is 10 11ep the {microfcomputer throug:.
the [micrglprogram. This register holds isaves] the address of the instroction undger executian in
the event of program imierropt of branching aciivity,

Piogrammable An zrray of logic elements whose mierconnectiony can be programmed lusually mavk prosrs ..
Logie Array (PLAL some field programimatle} 1o perionm z specilie logical funcrion,

IPrngr]mmiblp Arad- A memaory aftdy manyiaciured with 3 conslant logical pattern (all cnes ar Zerag) and thai can ¢ -
Qnly Memory (PADM)  wrillen inwo (programmed) o, e user. EAROM's jelecirically alterable ROM ) can b sieets-

cally erated and reprogrammed, EPRCAS can be erased and reprogramme wsing ulirduodf b
and elecirical signals,

Push Down Stach " Ses "Stack.” )

Hl:uin.m A:l:_zsi A memory device that has read and wrile capability and thal prosides direct zocess 1m g=oeg?
Memory (RAM] information, regardless gf lacation, Aead or write Lime is independent of data locatior

Aead To acquire and/for u:: imerpret data from a memiry device,

Aegistes Small scale memory capable of holding 3 lxed a.'l*.munt of data, such a3 3 ward., Wsed mpinly &,

temporary siorage, and accessible 1o 1ne cenural pragessing unit [CPULY The number of egicte g
in 3 microprocessor s direcly selated 10 the predram elficiency.

Ralative Addretsing An addressing mode in which the address is delermined by adding an affsel address (1 4 base
addresc siogred Jn sOme segister, Permifs the compular Lo relocare blocks of data by cnanging i
one number,

Read Galy-Memary A memory device generally Used {0 slore 3 computer's contred pragrams {firmwarel, ang a9
{ROM) alterable hy normal operating methods. Exceptiony are PROM's, EPRCAs 2nd EARONK s
whith are ROM's whose contenis may be altered in the figld by special means.

Sceatch Pad Memary ReadfYWrite (HAM] memory devices or togisleds that are'used Lo SIOrE W20 ahly Widrpme 2o
reswils [dasa), ar memary addresies [pointers.

Smulalr To imitate one system wilh angther 'wiing a program written in assembly o Bigh level langy o
50 that the imitating wyslem accepts the sarme data, executes the same peagraemy, snd ol ke
the same resulty as the system being imitared, {See Emulate )

Fies A partition af a microprocetion 1hat enabley severa, ideatical units to be paralicled o casc.0e
- and augrmenied by gontral logic 10 calite the CPU. P

¢

Soliware A collection of compyier programs, procedwre s, rulet and dolomenlation used of aiocikle:-
. wath the operation ol the campuaier,



GENERAL TERMS and BEFINS{IUNS

A compuaiet program in a high-level or assembly language,
A seguence ol regisiers of Memoty $10rage |OCX 100y accessibile w a lastan firs-out [LIFCH basis.

Trie counter or regisier 1hat addresses The curfend pack lecalian,

4 computer sysierm 1Tha 5 complele within isell and dms Al requife coNRECTon 1o anglher comipuls:
wItem 1o pperale,

Agroup of imirucugns webprogram} that may be reached ligm more than one plaZe ina main
program with @ branch bacl: o the 1.:.‘.'run:e- point when ihe subpmgram 1“1- is I:Dﬂ'!plcttd

Circuit operation wiing 3 Commen timing source lelock | 10 1ime circuil gr dana \ransfer opetarions.,

Seg “"Branch Instrucuon™

A devige oyed In commupications apeheations to wterface (Connect) 3 word parallel data terminat
{controlter] 10 2 bit senal commumcation netwark,

[

Aninterropt $ystem in which each inlerropt can be immedialely seiviceg wuhnut having 10
derermine which interiupt has gocurred by polling,

in a given [microlcomputer, the most common slorale entity for ndtrucnars and daa,

Torecod data_

XV
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J=! ATATEMENTE ArD KDPTLTION B

* We develop & mecheniam by which we can construct in pur object language other

- declarative peotences having poe of the 1wo posaible truth values. Note thal wo
do not edmit any other types of lcntencr pach a2 exclsmatory, interrogative,
#tc,, in the object language,

Declarative senlences in the ohject lenguage aye nf two types. The firei
type includes those sentences which are cocmidered 1o be prmitive in the objeet
Junguage. These will be denoled by distinet aymbels selecled from the capital
letters A, B, C, ..., P Q, ..., while declarative sentencea of the second type are
obtained from the primitive oncs by using certaln symbols, called connectives,
and certain punctuation marks, suth as parentheses, to join primitive sentences.
In any case, sll the declurative sentences to which it is possible to nasign one

" and only one of the two possible truth values are called statementy, Thess state-
ments which do not contain any of the connectives are ulled nt.amm {primary,
primilive} slalemmis, .
" We dhall now givewxsamples of ventences and uhow why some of them are -
not ad.m:niblu in the obect Inngusge and, huwe. will aot be oymbolized.

{~Canadaisn ‘country, ,
- Moscow is the capital nIEp.l.iu..

Thia staternant is fadse.
‘14 101 = 110, ) .

Close the door, 7 743 24 f-_'".'a/:ra.‘. ATV E

Taronio is an old eity, ? ) L
Mmmﬂm:h}hrsbjrlﬂﬂﬂ ) P el .

o T A Ch oy

Obvioualy Btalements (1} and (2)-bave truth values truz and folse respes-
tively. Statement {3) is not & seiemeat scoording to our definitlon; bacause we
cannol properly sasipn to it & dafinjie truth valos, If w» seggn the value frus,
then Bentence (3) ssya that Statement (3) la false. On the cther bhand, if we' -*
somign it the value folse, then Bentenes {8). implies that Biatement (3} 4o true,
This expmple ijlunirates s sernantic parador, In (4) we have s statement whose
truih valua depends ypon the context) vis., If we ara talking about pumbers in
tha decimal aystem, then it is & false statement. Oa the other hand, for numbers
in binary, It is & true atatement. The trth value of & statement often dependa
upon ite context, which [y genersliy unstated but nonctheless understood. We
shall soon sea that we are not golug to be preoccupied with the setual truth valus
of & statement. We shall be interested only in tbe fact that it hor & truth valum:
In this senes {4}, {8), and {7} nro all wiatomenta. Note that Birtement {8) ix’
considered true in some parta of the world and Ialsa o certaio other parts, The
truth value of {7) could be determingd enly in the yesr 1980, ot esrlier If & man
reaches Mars before that date, But this aapect is not of intercst to va. Nl:rta that -
(&) ls not » etatement; it is & command.

Qnee we know thme stomic atatements which are rdmisaible in !,he object -
language, we can use aymbols to denota them. Methods ¢f constructing and
analysing siatementa eonatructed from one o7 mors atomic statementa are dis-
cussed in Beg, 1-2, while tha method of symbalislog atomic statements will be
dessribed here ll"h‘.r we discuss some conventions rt.gud.l.n; the use and mention
of oarnes in ttnlcmemh
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s statemnent, This staternent has s truth value which depends upon tha truth
vlues of the statements used In replscing the varinbles.

" ln the construction of lormulas, the perentheses will be used in tha same
ecuss in which they are used in elementary arithmetio ot algebrs or sometimes
in & computer progyamming langusge. This usage meanu thet the eXpresrions
in the insermont parentheses are oimplified Srot. With 1his convention in mind,
TP A Q) mensns the negation of P A Q. Bimilarly (P A @) V (@ A R) means
the disjJunction of PAQ end QA R {(PA QY E} A {T1P) menps the
conjunstlon of TP and (P A Q) v R, whils (P A Q) V R meane the disjune-
tlon of P A Q and E, .

. Inorder to reduce the number of parentheses, we will asauma that the nega-
tion affecta wa litile sy poasible of what: follows. Thus TP Vv Q In written for
(") vV Q, and the negation means the negation of the statement immed!staly
following the symbal ™ On the other hand, sccording to our tooventlon,

“UE A Q) V Ratands for the disjunction of (P A Q) wnd R. ‘Tha negation '

affecta P A Q but not R.

Truth tables have already hesn Introduced In the definitiona of the connec.
tives, Qur taalo coveern in to determine the truth value of & statement formuls
for each possible combination of the truth values ¢f the component siatamenta,
A table showing all such truth values ia callod the truih lable of the Jormuls. In
Table 1-2,1 we comatructad the truth table for TP, There ia only one compongnt
or atomic statement, namaly P, aod §0 thers ure only two possibis truth values
to be conuidered. Thua Table 1-2.1 has only two rows. In Tables 1-2.2 and 1-2.3
we conatructed truth tables for P A Q and P V  reapsctively, These statement
formulas have two eomponent statemeats, namely P and @, ang thers wre 2 pos-
aible combinations of truth values that must be conaldered, Thus each of the twe
tables hea 2* rows. In genersl, if there are n distingt componenta in & stalemnent
formuls, we need to consider 2= poasible combinations of truth yalues in order
to obtaln tha truth tabls,

Two methods of construeting truth tables are shown In the following
examples. \

EXAMPLE 1 Construet tha truth table for the statement formuls P v T4,

sOLUTION 1% is necessary to conalder all posaibls truth values of P and Q.
These values are entared in the first two columna of Table 1-2.4 for both methoda.
In the tabls which ia srrived at by metbod }, the truth values of T1Q are entered

Table 1.2 44 _ Tabls 1.2.4p
PO - 2vT0 [ N I LY R T
T T 7 T r T £ r r.r
r r T r T r r T T °F
rF-T Fr " . r r r r r T.
r r r T r r r T T F
Mathod 1 Btep ‘
Nyzbe "1 % 3}

- Wwthod 4

L]
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) :inthzthi:dmlumn,u:dt.hei.mthvn.iuuulPV_I'Ql.reenumdinthﬂiuurth

colurnn. In method 2, a8 given In Table 1-2.4b, & colurnn iv drawn Tor each slabe-
ment ea well as for the conpectives that appear. The truth valusa are entered
step by slep. The step numbers at the bottom of Lhe table show the sequence
followed in avriving st the final step. . . Hﬂ

EXAMPLE 2 Construct the truth table for P A TP

sO0LUTIoN Bee Table 3-2.5. Nolo that the truth value is P for every pos
sibles truth value of P. In this special cass, the truth velye of P A TIFP iy inde-
peodent of the truth value of P, i

EXAMPLE 8 Conatruct the truth table for (P V Q) v ™P.

soLrrioNn Hes Table 1.2.8. In this case 1bs truth value of the formuls
(F v @) v TiPisindependent of the truth values of P and Q. Thuindrpmdcnu
is due to the special conelruction of the furmula.. »1 we thall see in Bee. 1-2,B,

Hil
TIHI 1.2 K
Fr ' o r » A i | r
r "F - F° - F r r F T
r T ¥ ror r T r
Meithad 1 Blep
- Nume
brer 1 ] 1
Motbod 2
Tebis 1-10
» 1] rvg 'y (FRTE 3 I
r T r r T
T r r 4 r
r r T r, T
F r r T
Method 1
» o 4 v Q) v | »
r r T T r r r r
T r r T r r r r
r r r r r r r ¥
r r r r Fr r T r
Hep
Hunher 1 2 1 | 1 1
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Obasrve thet if the truth veluea of the component statements are known, .

then the truth valoe of the resulting statement can ba readily determined from
tha truth table by reading along the row which correeponds to the correct truth
values of the component statements,

EXERCISES 1-24

I Usiogihe elatementa
At Mark in tch.
#: Mark is bappy.

writs the following statements in symboli fﬁrm
{a) Murk s paor but bappy,
{b) Mark i rich or unhappy.
{¢) Muark is peither rich nor bappy,
(2] Mark is poor or be js both rich sod unbappy,
# Corutruet the truth tables for 1he following Imnulu.
(o) HIPVTIQ) .
() (TP AT
{e) PA(PVQ)
{d} PAQAR)
() (IPA{TRARDV (A R}V {PA R)
{(NPARVIPAQRVIPATIIV{TIPATIR)

% For what truth valuse will the follawing atatement be treet "It is not the case tlut .

Louses azg cold or baunted and It jo falee that cotteges are waim or houses ugly”
{Hint: Theee sre four stomie statementy.)

4 . Given the truth rlluunf.Pl.nd Q@ as Tand those of B and S e F, Bod the Huth 'H'I.l'l.lﬂ
{a} PV QA R} . ’
(5) (A {QA R)) V"]{(PV QA LRV 8N
(&) CAPAQVTIRIVITIPAQNVTIR A S)

1:2,5 Logical Capabilities of Programming Lan puages

In thin section we discuss the logical connettives nvailable in certain programming
.fanguagea nnd how these connectives can be used o generate s trulh table for
s statement formula. The Jogical tonnectives discusaed thus far are nvailable in
tnost programming lenguages. In PL/T, the connectivea A, V, and 7| are written
s &, [, and 7] respectively, Tha truth values T and F are wnittea as '1'B and
'V'B respectively. In ALGOL the connectives are representad as we have written
them, whils T' and F sre written na trus and false rupecuw.ly FORTHAN also
permits the uss of logieal variables and ulpruuuml, and it ig thesn facllities wh.mh
-are to be discussed in this section.

In FORTRAN, the truth valuesa T and F are denoted by the logiea! con-
stents TRUE. and .FALSE, respectively. Logical varisbles and expremions in
the Iangusge sssume only one of the logics! values st any piven time, Al logical
variables must be explicitly declared o in the statement -

: LDGICAL QR
_ which declares the th.'rtu vmlbll:a P, Q and ‘FL .-

-7 . ro

£
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142 Minimizaciin de lag funciones de Boole

Ejrmpla 6.9
Simplificar £(A, 8/C, D) = ¥ m(0,1,2,3, 11, 1%).

Salugidn

S= AR NABD

Figura 6.29.=

El ¢jemplo 6.9 no presencsd ninguna dificidtad, ya que séla fue posible ur
conjunto de adyacencias.

Efamplo 6. 12
Simplificar f(A, B, C. Dy = T (0,2, 10, 11, i, 1),

Solucidn:

AR
L) oo a1 10
0

l l

ol

It ’ ! f=A8D + ABD + 4BC
iy

Flgura 5.34. N

En eite caso, se tienen may posibilidades, Tambitn se podrla haber com-
binado m, ¥ ;1,0 my ¥ myy. No gbstanie, no hay ningum razén para
utilizar eatas combinaciones, dado que m,, Mg, ¥ iy, va estdn cubicrtas {o
contenidas) por la formacidn necesaria de pares con my, m,,, m,,, respec-
tivamente, para las cuales no exisie otra pesibilidad. For 5 tanro, una regla
pera uwidlizar lor mapas de Horngugh es principar con fo rombirasign de {or
térmmos para los cuales exists una sola poribitidad.

Ejmﬁrh &1 N ar
Simplificar ({4, 8.C. D) = T m(0, 2, 1,12, 11},






Simplificacidn de las fur ol en loo moapar de Karnawgh ¢

-ngum_}n.'
co B I | Awmi chn
EFSC G QL It 10T 63 4l 10 dp %ﬁ‘
i
w0 [ ! JW
01 | |m
A=sD "' oo e N B PNt
\ 1 1 ; 1§ we 11 HEE IR
HEIRS 1\“?1__[ 1 i
wl 1'”[“ 1“] VU 10
.
o0 II \ 00
a1 I ot ] ¢i
A=1 - i -
" | ] / T
FET ali =
0 Sl I I g
J [ J --_1 I3
EF/ 00 oL M1 00 01 1L 0 NEF
ch ChN
f- jjﬂ-E-F "_Mlg, + P‘J‘T”
+ ABEEF -—myy v =y,
+ ABCDE —myy + m,,
+ BCEF g4 my, + Mgy + i
+ ACE += ¥ m(2,1.6.7,18,19.22,23)
Figura & 34,
Ejemplo 6.15
S4B, C, D) = TT M(7.9.13)
Solucidn:
A
p—t—,
uu ui .
— Bl f=D+AC+ 4C+ AB
0
c s |
L1 s
[ ——
.

Figura 5.55.
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I8 Minimizacidn de las funciones de Boolr
Ejrmpila 6.1 4

f(4.8,C, D= m0,1,2,45 3,10

Solugidn-

f=BD+ AC

-
T
= -

Figurs §.36.

Ejempio 6.17

fABC,DE)~ Zm{ﬁ. 1,5,4,5, 7,8,9,10, 12,1}, 11, 24, 25, 26,28, 1%)
L]

-Salugidn

BC - A=0 Amiat  AC
DEN. 00 01 I lﬁ.”_}LI_E 1o ﬁz
ol 1° l'“t”|[1 |f___4,__.._ I'E‘

or [ oMl ”]f"l O 1 iy

1 7
] 1 L

i Iw
10 1 ! L4

f = CDE — ¥ m{511.21,29)
o+ ABE T m{1,3,57) . .
+ AD — T mi0,1,4.535,12.13)
+ BCE — ¥ mif,10.24,28)
o+ B0~ T m(8,9,12,11,24,25,26,29)

Figury 5.37.
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