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Lo• pro¡tom .. n~ nec .. lt•n eotar almoccnodo• en rr.tmorl• en formo 

scc"cnclol y• q>e el campo de dJroccl~n de lo .,~lente lnO\J'\JCciOO 1"'.! 

mue conocer dOnde fueron olmacenodoa, 

1 D<blll<> o q~e cado lnstr>Jcclón conllenc en formo ex;>lfc"• treo dnec•• 

clonco, no u neceoulo <oncr en el CPU hud~·ore para [!U>rdu lo• re 

~) Ml~ulnoo de .. 3" dlrecclonco 

oc ll<¡o o ~n nuevo u<pemo de dlre<:<:lon>mlemo en el oool oe '"" 

!IIU)'en tOOos loo eompos de dJre<cl6n de )o oi¡;¡Jiente ln•trocel6n 

p<>r ~• o.olo r~slotro dentro del pr<oct .. dor que llo" en Iom• ••· 

C\lencl•l y outam~tlcom~nte Jo dlree<IOn de lo ol¡:ulente lnotnl<<l6n 

o e)•"''"· Un poolble fo•·moto d< lnotl"<cJOn se muuHo m 1• 

Jo¡, 11.2 . 

''"'"' He¡;> otro r.l'"" 
d< lo en el ... 
' In ... procuoo:l<>r mtm<TIO 

'" 

1 

" UtlliiJIQdo .. te u..,.,cmo de dlnoclornmlcnto 

m'L !I,C,TI 

Ml'L D, E, Tl 

SUB Tl,Tl,A 

SISJoll<nl< IMLI"CCIOn 

[U!de .. 111 "'prlmlllO lo dlr<'tcletl de lo OIS"I<n<e lnllrutciOI> yo quo 

tS<o e o 1\el·od.o <n formo ocw.,clol y ou<cml<lco por un n¡lolro del 

prO<~udcr conociOO co':"'o conudor del prc¡umo (PC). 

("- ti uquem• de 3 dlnccloo<O oc lo~ro op,..,.ecl'lar lo momcr1o 1011 

formo mil c!!clentc y rcWclr lo lon¡ln>d de polobro Jo quo r..&..ncla 

ditocllmcn« en loo <:<>«oo de lo mlomo, 

e) ~Uqulnoo de "2" dlrecclon ... 

En Ju operocloneo or11me11ooo no olempre ''" noceurlo su•rdar 

.. 

el reouhodo"" ~no loc.olldad de memorlo y preouvar loo operan· 

doo, por lo q.¡e '" p.Je_de P<"'"' en ~<lllur uno de ell~o pou-;•• 

¡;uord.r el reouludo uno ••• <pe lo operocl6n •• 111 elecouodo, Lu 
. ' 

conolderooloneo on!erlar .. 11.-·on o prcoenur un poolble lormo1o do 

lnO(notciOn en eou mleplno, mOilr>dc en lo lll:"TO I1S 

~IR, DE LA REG, r,' 1 

DI R. 1 DIR. SEC.I Polobro 
IG, INH. A EN EL '· •• 

i ECUTAR PROC, o•. "· mtmorlo 0?, 

FIG. 10 

• 

' '· 
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n.· "'OOOS DE D!RECCIOI'IAMIENTO f'l'• rc.ollur ""' "'ncionu. 1 

' .. 
.. ---

ESQt'EMAS DE DIREC:CI{HIAI-liENTO. 

OOoener y o roer de memono prlmulo o) Cf'l' lo ol¡¡ulente 
lnS<rucciOn o ejecour. 

En1<11d<r loo operandot, uto eo, ócllnlr Jo loealluciOn de 
los opcnndoo necuarloo pon eje<IJtor lo lnotn>CCIOn y 
troerloo o) CPU. 

Ejeo.otor lo ln"rue<ll», 

ron ll••or o cobo ¡., "'nc)onos onlerloroo el CI'\J debe con· 

ur con Jo ol¡;ulenL< JnloomO>I~n: 

El cl.dl¡o de opcnciOn d~ lo lniiN«IW> o ejecoiar, 

' 1-ao dlfeCOIOnU de loo operonOOo y 1> del rewludo. 

\...1 dlreCCII'>n de lo oii"Jien<e lnOtruceiOn o e)<Cotar, 

E>lol<n d!fuenou o.olucl""u '!'"• .. ,l,"locen Jos re.,..trlmlcn~eo 

•noorloru, lo1 <»oleo dclumlnon lo orq.oHecruro do loo pro<:~ 

ndorOo que 1 .. ollllun, 

Se oupoodran opencl<>t~u ullm~IICU en Ju qJC oe olenen deo 

"!"'••ndOo y ~n reS>Jlo•!'<> ya q.oe son lu q.oe ¡m>porclo..an el 

c.no mio ~enenl, 

•) M~q.ol~u de ,.3+1 .. dlr~<Cionu 

• 
El lormaoo de '""'"'col(>n ~n uoe ~•'l'•crna de dlre<<l"">:• 

mlcnoo ~ooolene i<>dOo loo ekrrocntoo nr~ultodOo por el CPU 

Un r<••i~le l~rmaoo de lnflf\1<~•'-' •• lll<l<>lfO en lo 

n.1 

F•lll'' " .. 
mem<rlo 

En elle c:..uo se llenen cinco c..ompoo en el lormaoo de ln01rUCCIC>n: Uno 

1"" el cbcliSO de opcraeiOn q.oe oln•e ¡>OU lndt<u el tipo de opera•·· 

0 ¡¡, a 1oall,.r (S>Jmo, reo,., muhlpllc.ocl~n, etc.), neo c..ompoo f'ITO 

1 .. direcciones de loo openndOo y reouhodo de In operoOionn, un 

<.>wl"• ['OTO lndr<:ar lo diuec:IOn de la ol!"'lenoc lnOin.rcc:IOn 1 e¡ecuiOr. 

• )_;o ""''"d"¡,.,u poro h<a mlq.olnl podrfon otr ucrllu en forma 

uml.:Ollc.o en lo ol¡;ulenoe forma: ADO A. B. C, O óonde ADD repre•enll 

el c!odltn de operación 0<1mo y A. B,C )" O son r><>mbreo olmbOlleoo 

.. l~nodoo o l<>eolldodeo de memoria. 

~upooiCPdO "'" exiOI"" In inou,.celoneo oumo (AOD). oub<IUCCIO<I··· 

(~liB) y mulolpllcociO<I \M.UL), enooncu uno posible onó.le<:lOn de lo 

C">l'rcoiO<I A•(S'C)-(O'E) en FORTRAN o len¡;uoJe olmtrOll.:o <n lo m.l• 

c¡.Jino de 3+1 dlreeclonu. oerla: 

Ll: 

L3: 

L7: 

La: 

MUL B, C, TI, Ll 

MUL D, E. n. L7 

SUB T2, TI, A, Ll 

• 
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En este u~tmo •• u,.rl lo ollreccl~n del '"¡;undo upcrando cumo lo 

direcciOn ~1 uouhodo uno •n ~· lo <>r<CO<II.oo oc ho¡•o ol~ctua<lo, 

por lo Q<>l el oe¡undo ~r>nd<J '"~ ~c•m.ldo . .'.sf f"N la ''7•«10n 

.V(B'CHD'E).., FORTIIA~.<po<larl•: 

MUL B,C 

MUL D. E 

SUB E.C 

AOD C,-A 

La cllmlnociOn del campo do d)recciOo del '"""l!odo permll< reducir lo 

'¡on,ll\ld de lo palabro d<o memoria ).leo co01~o de·¡, mlon,., lo <JJ< 

p<>rml<c uoH n<e U<Jl~m• ., m~<Jlln .. me<Uonu y ~hi<U, 

' 
E,<L< .,g.Jemo de dincelonomleniO permno eliminar de u>Ooo )11 In,! 

""<clones el campo de dlre<ciOO do une de loo operando y S<JI\IIU·· 

lrlo por un re~oLrO denlro del pr<'Ceudor, el ""') co•uendr' o ... a 

' 
de loo operondoo, A etiO re¡;l»ro oe le COI'OC'I c<mo ocumu)o<lor, • 

El formato de lns~rucciOn para )o mJQulno de 1 dlrecollln •• mueo· 

IU en lo II~:~Jro IV4 

f:'· ' • 
[~' In«. o 

lleg. en el 
pnxe .. dor, 

!le¡:. en. cl 
proceudor 

1"''· "· 
Dllt 1 
'· OPEIIANOO 

L<> on<crtor linpllca \a crcoclbn de lnslru«IW>U <JJ• permllon cor~ar 

.•• , .. , ' ~-- ,,, ,·' '"''"'00 d Humula4or con el ocp.r>dO !>pt'rJ•~· ....-. J. "'•~• r '" 

dol ac~mulador"" mcmM,. )['~CI . ' 
' •<< 00 ' '' ''' O"'"r><IWICO OC 1\CHn O Cil~ E o llnromntc ,.acor nc:.r , o.;_ , .• 

Jmplrci~>m<nte centro el ocumulotlor 1', qJC hlc coMcndr¡ el ruulto<ID 

de Jo operociOn cltci\IO~. 1-o C"!'T<SIOn A•(S'C)·(O'E) en FOIITIIAN, 

P">'rl• Luoluclr .. o: 

"' o 
MUL ·' 
"' T< 

wc • 
> """ e 

'"' n 

'" ' 
E»~ uq.¡emo de cUrcc<lonoml.n<o ha oldo ompUamen1e lmplem<11todo n 

• uno ''"n moy<~rlo de ]u mlni<GmPJ"douo, como l"'f e¡~mplo: PCf'.S, •• 

PDI'·I 5, lli\1 ·1 UO, 1 BM ·7090 y COC 3600. 

e) ~UqulnOI de ~O" direcciones 

¡¡.,., eoq.~emo de dlre<:<l"""mlentO oolo ullllu el campo de cl.c!l~o 

de "f"'TOCIO., por )o g.Je •• noceurlo contor con ol¡<ln mtconloono 

""" Jmplfcl!omenl;, f'Ormllo conocer loo opcundoo. 

El m<~nlomo ontorlor oc lmrlemcnoo u .. ndo uno p!lo O •••ü, el 

,. 



--·----

memorl• OCC~$ .. 101 uoando uno chclpllno UEPS (altlmao entndu, pri

mera• .. JJdu). De Jo ontorl"r •• ''"'clu¡·o rpo tn c.do !ToOfi•Onto >O 

.~,.,:,:_,.~,-~~·~1---

FJC. IV~ 

P•l•bra de 
memoria 

Eo ne«>HIO con•or con lnoLNCCIOO .. que peronlton meter cleontntoo 

" de mtm<•rl• o] ¡¡ock (I'USH)) .. car elemen101 del ""'' a· mcmMia· 

(1'01'). 

I'L'Stt D 

M.:SH E 

~IUL 

l'l:SH • 
Pl:SH ' 
J,JUL 

Sl1B 

'"' • 

en F0RTRIIN,podrfo 
J'_LG •• n-tl... 

l::¡¡f' 

t~r 
~ 

8' 

[S' 
§' 

(~p.m<•<lor ol wpe 
del mcl<), 

---- ~r 

B.- ... , .. 

.. 
ll<~s<ro el eoLOdO del '"'~ de•¡>Jh de coda uno de 

•• 
)a< )nsl. onltl'lores. 

~-: i'''~' c<>nclulr ~·el cm),nto ~· '""r":.:l<"'"·"' de lt mlq;lnl <><> 

,.,J l<•u,;odo o<>lamcn•c p<>r lnotN<CI<<\OO M <•1~ rli¡·co<>""<' ¡o q•• 

tombl~n oe Ttq<Jieren Jnotrue<lcnu de uno dlro<d1on poro "'"'"'Y U· 

se TOq<Jiere un "''IO<rO en el proce .. <lor qJO op.mte ol Lo¡>< del o1tck 

y , 0 elimino el oC>Jmulodor yo que el toouloado do lu C>peroclrno5 ;. 

••mN~n q.¡~dul en el otoü. 

. 

----·-

• 

.. 
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2.· •tETOOOS DE DllECCJONAMIENTú 

ponemoo quo el umpo de clirecciOO consoo <lo n bu o, en1oncu J• 

rnhJma t.~poch:lad 6e memoria dl<e<clonable •erl 2" Joulldodeo.L..c 

¡»t•dorll r• qJO. por Jo genero! tienen polahr .. de ll o ~~ bl!l )' •• 

oe ul¡non cuo<ro de elloo al c.ompo de el.<ligo de Opeuell>n "'lo oe 

¡>JOden dlre<:<i?"ar 23• 2!./l loc.o\!dadeo de memoi)o en el <-lOO de~ 

l>~ru de J2 blLI O 212 • •09b )oullóadeo de memoria en el c .. o de 

pala~ru·.~· 16 biU, lo o.ool r,,..,ho ln01J11Cient< poro la ~in mo~o·· 

rfa do ¡., opllcociooeo, 

Jo• cuoleo el c:.ompo de dlre«l~n olr.e puo colcular Jo dlrecciOn 

ch,cth·o del o¡oerando, lo,rtfldo una moyor Clf"'Cidod de memorlo di· 

rec<:h>tlo~Jc. 

o) Lnmedl010 

En e01e euo el ope,.ndO p.¡eM utor cC>:>oenldo dlrec<Omente en 

el umpo de dlrecciCo<l e en Lo l<>eo~lldod de mcmor!o oi¡;~Mnoe • 

b ln.,ruceJO<I. 

Sori nece .. rlo dodJcar un bll de lo polobro !"'•• ••~>«• ~o-mo oe 

<lobo Lnlerptctor lo lnllno<cli'Jn, 

h,l) u .. ndo P'&'"' c~ro 

U..o ele loo U<JJ<m., mio oomoou <k- or~onlu<:ICn de"'.! 

dopenderl del lomal\0 de la ~~rmDIII ¡-del !amolla de lu 

~~lnll. 

Uo ml<pJinu <pe u .. n ""'"' esquemu [<MUlmenle uun 

lo p3¡1no cerc con pr<'f'{•tllol ~•r«lol .. , como 00<1: mane• 

JO de lnt«tu¡><lonu, n·~r•. )oc~\icla<leo Ooilolncromcnlablu, 

L.o tormo de indicar ol el cootcnldo del compo de dlrocciM 

n reliore o lo p.I'Lno c~ro, u u .. nfl<> un~~~ !"''' eOle Pf,!' 

póollo, p. ej. ol eooe b]o u cero el cnmP<' de d!Jt<CIOn 

op.onoo o uno l<>Colitlod en lo p.l~lno coro. 

b,l] L' .. ndo pJ¡Inl o'tuol 

SI el bU de p.l'lno <·>•~ en uno, •• ""me que el untpo de 

dlrecclt.n ~~'-'"'" o ""' Joc.lldod ,_, lo p.IFin• en lo cp.oe H 

• 
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t1 oltroprorooohr 1-'0 " uM ~~1UI~, h uno Uroodb 
U lo 1"' loo Uhn-n\u oo;oo to dirH<\<n"l•nto oon un
tu !<r"¡ruru ~o lr.otrwoolonoo 1 ftO" t)lll""" dr uno 

~~""' ("•',..,;¡ o \oh ol orn:•JniO io ¡,.:rueo '"·''· 

h~l!el\o 

b 00\o ~oh h dlrooolor.utonlo el o¡-or.lndo no oo ~•11-

ot •n fono urlf<IIO )O q•>t. tl fol"''o\0 do lntlroed6o 

oo ltjo 1 U loo <66\coo h oporoc¡6n ot oopooltloo 1~

rll<tusonlo oo~ro qott nctotroo do! rroeuodor tol~oo 

loo \notrueetonoo, por \o ~uo ol uou>rl_o no ruodo o\\r. 

rarlo 4t olnf"•• •ontro, 
too ¡rup., do \nolruec\oooo, qu utlltun u\1 11ndo do 

• ,, ... lonnjn\o •••• torro do a ~!lo¡ cuco h ]6 

lito¡ ltolo...,o~bto, tronoforonota to bl"luoo 1 Woquo• 

1,~1 lrl\ohtuo ~· propót\10 (tnttol 1 conlrol do! CPU, 

ljt>ploo \, 

r. .. uoto 

n o¡onnh 10 oneuontu on lo loe,ll4>d h .. .,orto ot. 

("l<nto o lo lnnruee\6o 1 oo eonold.<ro ~oo 'roru rorlo 

h lo olou, too "\H<O 4o loo ororondoo \n~•~htoo 

oo nln!un <•oo polr'n n<<dfr lo o•poelhd do ro¡-ro .. o-

t .. lto h un ~7\o, Ioto oodo h dlr«<lonulonto H ~11-

lln o .. n4o oo doo•on rooltur op.roelonoo oon n\oroo 
coootootu, 

tOo rrupoo do tnot,.oolonoo qo.o otlllun oo\o oodo 4o 

1\rooo\onootonto oonL oor¡o lo 6 bl\o¡ orl\dhtooo 1 

ldtltoo ha~~ .. 1 on\rodo/••lldo," 

Ijupho ~ • 

,, 

,, 

,, 

• 
~' 

·-· -

'\I\OOdhU n\ ... d\h 

1:\ oporondo u onouon\ro on !Po doo b7IU {16 btU) ot. 
r•l•ntoo o\ o66\to do o;oroct~n dt lo lnoti'ILcoHn. · n 

¡·rl•or b7lo oon\lfu• ol' c6U,o 61 oro~.:uh u ol o•noo 
ot.:t•tll<>lho 1 o\ olfoltnU oo-0\ c.-lo ot,ntfluttu, 

Ioh oodo do dlt«d~nnlfnto u uoodo por o!~onn \no. 
lrooolnnoo h oocro do'16 b\to, 

IJ .. ploo J, 
' 

~octotro• 

n fH~o\0 4o laolcuec!h conHono IIB o .. po h ~lroeot .. 

jo •r•_ron~o ~oodo U upootrteo ~uol 4o loo nUoiUI 

dol CPU oer' utllludo oooo o¡oor~ndo, 

Loo [rU¡•OO do !nolru<olonoo quo uttllun ulo .. do h 

4h<oo\ono,.tonto oon> oorto do 8 biU¡ cu;:o-4t l6 
bllo¡ orlhh!ooo 1 Url<oo do 8o-b\to¡ uttdlluo 1 

16!1<., do 16 b\to", rotoolonn 1 dnplouotontoo¡ 

4\do 1 opoph do ~1t11- on•rodo/oo\ldo, 

·~· tjo2pl0o •· 

lothtco ldl~oolo 
' " 

·····-

¡;, .... ~··· h dlroo<\onutooh "" por 40 roclotroo 
(16 bl\o) oonti•n• lo d!Uo~t6o do ouorlo on h qu 11 

on•••ntro ·tt •r•rondo; 

r•r loo rn>r•o do tnn~ulonoo ~· ... ,. 
d• 6 b111\ lntoroub!O, lronoforonoU 4t Uo1uoo 't bolo. 

~u•do\ rotoolonoo 1 doorlouoto~loo¡ pro nUdo 1 opo~o-
lo do'bl\11 ooHoo, llon 1do¡ 

·' •n•rodo/oolldo. 
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l•tondth 

J.o ~lrt«Hn hl o¡ orando oot' con\tnlto ~on\ro rlol 

~·~~·too¡ orondo~. lo lru\ruoctln. Il •••-J•O, h dtuo

ct6n _\!;no ur.o l<ncUud do H ~lto ~orlo quo Jo d;;¡. . ,. 
n •~;.c!IH do ~'"""h"~lo"tctl~notlo tO ~· "r. \''"· 
hto oodo h ~l,.«l<r .• ~lonlo oo u::llr•d• ¡or l<o pu

Je<~· h.otru«ltt.ro de <Hr• h f b\to¡ nr¡o do 16 

M u; ••\loo, \l.,,u., 1 "!'''"do oubr.t:<•••· 

[Jo~r-loo t; 

VoO!fl<odo h rl1lno coco 

!:n ooto ndo h d!rooolw.ulon\o ol •••po h d!ucc16o 

~ti <por.r,do oo ufhu o uno Jocoltto4 h ~ourlo do~-

do l b!\o 1 roro ou corroe lo _lotorprou_o!ón oo ~ultl

rllco por ve~, o\>tonlln4ooe de .. u fouo la rofouo

"' o ho Joco\\Uod•o dea<od.,, 

hu ~••• h 4\><«IH.uhnto oo utll\n onluol•••••· 

u ¡oor lo \uLrucotb ~~t. 

[JooplOo 1. 

liolltl•o 

Lo 4\ncoth dol openn4o ot_Ooh,...lno '""'"'" ol con

tador do) ¡roe,.~• el oo~ottnlh dol ~~to ollulonl• •l 

o6Jito do oporoctln do lo lnotr•co16n. 

n J"i·lllulooto onul'lor •• ln\orp"hr' oooo un n~~ 

ouo •n ooo¡•luor.<o o Joo, ooo lo~"' o• lorro ""ron~ 
e• •• dhooeltndl<oto oo -Hó • •129 \ooolldodoo rolo~ 

"''' ol contoJor Jo\ J·••rr•:•. 

loto ~odo oo d)rocoton•~l•nto •• uooh JOr ol ~,.,.ro do 

lnotru«!<noo Oo oollo, Hnodo J «l<OOO h oubruth ... 

Ejooploo 8. "" 

' l 

" 

hh>oU 

to dl'<<•lh dolo; orondo u dotonlu owoondo ol rocll• 

!ro do l~odtoo H¡octtludo o1 <«lonldo dol \)'11 h du• 

¡·l••••:•,.lo • 

n dll¡l•;.~unto u tntorrro\o n~• ""' cu\lhd n 
•••rl""·'" o <loo, ooo la'"' oo lotT• un rU[O hU
<>«!On><•!•nto do .J?& o oli1 la<o!Uoho rOhtl,.o ol 

"!'""" ~. lnd!<O, 

~·· 1 ru¡•<o do !r.otru«l<noo '"' uu\lun ooto ooU h 

dluoc!<r.u10nto ••• , '"''' ha blto¡ orlt~itl<.•• r 
HO••• •• a b1to; rot0<10noo r doorhauton<<a¡ uu .. 

~lOo f •l'•é••• •• blto¡ oolloo, llo••h 1 '"'''""lo. 
'"''"'!'"'· 

'" ' hto ~••• do <1\roool<nul .. \o ~Ot10!1o frodor o o¡•opr 

uo bll hnlro do "" ororudo ooloeo¡ouh, ~u•d& loo 

..4oo utoo hO<r!too. 

lJ<Orloo 10 • 
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'¡ [l!HTC"IOI1AMIEUTO lllf'E:'.RC>Q 

• 

'" ' 1. EL r>ESPlf(0f1MIEtHO ·EH SE 51.~11'1 RL COIHEIHI•O l>EL PE
C•lPEfCIOII EFECTIVA A 
11H 

; 

; 

GISH'O IY PHP:f1 (•ETEFtHilHP. Lfl 
OOIU'>E. SE [IEPOSITRPR EL !•RTO 

,. EL· l>ESPLf"<ZRt11EtHO 21H SE SIJI1R AL COIHEI<H•O !•EL 
PEGJSTF:O IX PRPR PETEF'Mli1HF: LA f•IF"ECCIOU !•EL . 0-
PEPR!ll•O ('I.IE SEPfl S'JMR!>O RL PE(;l51!'") A .EL PES'.IL
TRC>O QUENI Ell EL F:EGISlPO H 

wc rn:+(<7H) 

EL r>ESPLRZRt1lEtHO 1'17H SE SIJt\R RL COIHEIII!•O {·EL 
PEDISTF:O IX F'f1F:H DE1EF:t1lt111P: Lfl !•1PECCIOI1 [·E Lfl 

·¡ LOCRLJr>Rl• f'E t·tEt·l~•Plfl CIJ','(I CütiTEI1lr>O SE IIICF'li1EU-
TR EU Ullü. 

; 

DlF:ECCWIIAMIEtnü (•E E'lT. 

SEl 

' EllCIEIIl•E " 81T ' "' F'EGJSTF•(I A 

; 

''" W;iH. (HL' 

APAGA " '" 
, 

"' " L OCALI fiA[l . ,,, 11EMCif'IA Dl-

' PECCIOURC•A "' "' PEGISH'O "'-

· ING, LUlS G. CORDERO BORBOA. 
AGOST0-79 
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zso--Pro 
Z80A-PIO 

Tht Zilog Z -80 produ~ llrle il o ownpltto .. , o! IIIlotG

ecmpurcr compontnt>. de...,Jcprnect 'Y"'"" ltld •"Pport 
..,¡,,...,,, The Z..80 mltf<>ecmputer tcmpcn<nt .. , indudes 
:ill of lht drcm!O ntce=<)' to build ltigh-performmee 
microcomputer •ymmo whh >irlu.J]y no o!h<r logic ond o 
mínimum numbu of ]ow '"'' Slondord mo:rnory ele,.,.nu. 

Th• Z-80 p,~d 1/0 IPIO) ln<erface Ccmtrollor is 1 
prc¡nmmoble, IWO pcnt devke wllich pmvid"' TTI.ccm
pouble i1l1e<fadng berwo<n pcripheral doviccs 011d lhe 
zso.cru. The Z80<PU confiru< .. tho Z!O.PIO ro;,,,,. 
f><< 'WÍth stand•rd poripher>l dt>ices w<h as tape pUDcheo. 
printc11. koybolfdl, tiC.. 

Slructure 
• N.Ch>.<tllel smoon c .. , O<pl.,ion lo•d ~tcltnoiOS)' 
• 40 P'in DIP · 
• SinaJe S •olr oupply 
• Sin !Jo phue S •oh clock 

·- • T wo indtp<ndtnl 8-bit bidir<<1ion11 periphenl inteñaoo 
l poru wHb. '1u.n<hhake" da ro trvuftr ccntn:>l •• 

Features 
• lnro'mlpL drivcn ~han<WW:c~ for f1" r.spon .. 
• An)' one of the fo!lowinl mod<1 of <>p<rotion'moy be 

ldtct•d for •ithe• pon: 
Bya ou!put 
By<e inpuo 

' 

J_ 

Product Specification 

Byt< bidiree<ional bu• ( .. ailabl< en Por! A en! y) 
BU Modo 

• Pregummable int<rrup" on peripher.r.l "aiU> condilie<U . 
• Dai•y chaU, pnority intemrp< logic induded lo pro vide 

fer au<omalic rnl<rlllpl vee<oring wi<heu1 •~«mallog>c. ' 
• Ei¡lu outpu" aro <:ap>blo of driving O.rling<on 

l111U!>IOB. 
• All inptus ilnd ou<puU flllly TTL compauble. 

PIO Architecture 

A bloá dia~nm of lh< ZBO.f'JD is >hown In figure l. 
The interna! ><rucluro of the Zso.PIO coruisu of 1 
ZBO.CPU bu> inlerface. irrl<mal conltolloJic, Pon A 1!0 
logic. Port B 1/0 logk. and interrupl cOnlfoll"'ic. A 
lypicalappli~:~.tion mighl U>e PortA a !he dolO Uuufer 
ch..nnol li!d Pon B fo1 lhe •taiUS lild control monilorizl¡. 

The Pon 110 lePe: is compooed of 6 ,.·¡;.,.,. ..;th 
""handshoke •• conLrollogio u !hown U, figure l. The 
J<gisl<n itldude: lil 8-bil lnpul to~st<f, al! 8-bil OUJpUI 
re¡isl<t,a "!-bil mode control re¡Ut<t, o:n 8-bil mak re¡i.stet, 
at~8-biJ inpul/ou<;nn xl«:t ~t¡:i>ter. md 1 ~-lrit II'IUir; 

control r<Ji""· Thelut th"e "IÍ>"" >re ut.ed 0<1ly "'h•n 
the potl hu been pro1rammed tu opetate In 1he bu modo. 

FIGURE 1 • 
PIO BlOCit DIAGRAhl 
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Register Description 

odo Control Re¡lllor-~ bn...looded by cru to ><1<01 tho 
open.ting modo: byro ourput. byt< input. b¡rtt "bl<lir<<· 
t.mnal bLU or bit mode. 

Dau Output Rep,ler--& bitS. p"erm'" dll& to be lransfened 
from 1he CPU 10 the penpher>.l. 

O.t> Input Re¡i>~er-8 btu.•capu 11>11 frcm tho peri· 
pheral for uu,.fer to tll< CPU., 

Mask Connol Repmr-~ biu.looded by the CPU <o•pectfy 
lhe O<:!tv< "•te (hiill or low) of •ny pmphu¡.J d<Vk< 

~oc . 
~' 
~ 

ll&ITSI 

' 
¡¡ 

e; -~~ 

. . 

;;o • . 
~ Á-
~" ~ 

~ U< 
noma !O &ITS) 

• 

inl<rf•ct P"" th01 "" lo be monnortd ond. tf on ., ,.,: 
rupt thould b< ~e"en.tod when •.11 unmuked pinure 
oclwt (ANO condttion) or. when ""Y unmukod ptn" 
••li•• (OR cond.Jtion). 

Muk Ro¡iller-8 bit>.l oacled by the CPU to d<t ermin. 
,.hic:h penphet.>.l de""' int<rf•ce pim>r< to b< moni· 
tored for tlle •peotfied ""'"' ~ondnion. 

lnpoi/Output Sel<<l Resater-8 bus.looded by the CPU to 
•IIow ony pin 10 be :o.n output or :m input duttng bil 
modo oper;~tion . 

• 
~~' 
~~ 

Fí 
=n 
u< 
(l&lnl 

~~ 
u-r.uu. 

7 

" OAU 
~ 
u< 

"V 11 flTS) 

~ IJIT voaus 

( . DATA -u< 
11 OIT$1 

( . 
~~ . ... } 

L. ~~UI'T ~•u ~-u~= CONTROL n•o•• UN 

~· 

. ............ _.._, ................... .. . \ ........ ~ ... ........,uo,._ .... , .. .,....,. ..... ... 

FIGURE2 
A TYPICAl PORT 110 BlOCI( OIAGRAM 
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Z80-PIO PinDescription 

(e 

E:j ' " ' ' ' ' ' " ' . "· 
' ' ' ' ¡-··· : ·-_ .. -- ~ -::.._ -=rn---1; ' ·- -- - " ' •• ' ' ' 

·-;;;¡-

.,~, UO-a'U Data 8us (bldi=tioa.al,trisltlc) 

B/A S.! Pon B ot A Soltct (Input, active hiP,) 

C/D Se! Conual ot Data Scloct (input,oclÍYe hiib) 

cr CWp Enablc (inpul,aOÍV< low) 

• Sr"""' Clock (input) 

r) ... 

Timing W-noeforms 

-· -

-· -

"' 
JORO 

"' 

M achine Cyde Ono Siptal from CPU (Input. 
active low) 

lnpui/Output Requu1 frcm Z80-CPU (input. 
octi,.. low) 

Re>d Cydc SIOIUI from lht Zgo..c¡>U (input. 
octi,.. low) 

lntcmlpt En:iblc In (input. •ct,.t hiibl 

lEO lntcrrupl En.O le Out (outpul. activo h•¡h). !El 
and lEO fonn a dai')' c:ilain <OIIllc<uon for 
pnonty tnt<mlp\ control. 

INT lntcnupt R<qu .. t (output. opcn d,.in, ..;ti.e ,_, 
"-Q·A-¡ Pon A Bus (bidirtctlonaJ. tnst>tc) 

ASJ'B Pon A Strobc Puiu frcm Poriphcr.tl O..;cc 
(input.ac\iYc low) -

A RDY Re¡:istcrARt>dy(output • ..:t"l,..higlt) 

B0·S, Pon B Bus (bidircctional, uUmc) 

B STB Pon B Strobe Pul1c ftom Pcnphcr.tl O.Yict 
(input,activc]ow) 

B RDY Re ¡U! u B Roatly (outp<J< • ..,,;,.. hi¡h) 

OliTPUT "'ODE 

An output cyclo;, alw•Y••w•td by !he cxccuticn of.., 
outputlrnuuction by !he CPU. TI.. W pulu fnnn lho 
O'U luc:h .. ihc 11>.10 f1010 tht O'U data bUJ ittto tht 
oclcc1cd pon's outpu\ n¡is\Cl. lbc ""ritc pullc ocu 1M 
.ady lb.l dter a [,... roinl tda• of -t. india.!lna 11>.10 u 
JqDablc. Rudy ltayo tctivo Uotilihql<lllhiYO od¡c of tht 
mobc Une ia recc;.cd i:ldlcaun1 thatli>.l& ""'' Ukcn by ll>C 
pc~ern. Thc potitin cd¡c o[ \he mobe puloe ¡.nctates 
a.niNT lf !he lntcrrupt cnabto rup nop hu beon .. , 
and lt tlú1 de"'"' htl thc hl¡hut priority. 

~:-5Yf7@ 
~ -·--

INPUT MODE 

lll!ttn STROiíE IG<:olow data is lo•d«< i:lto rh< 
><lrt:~od por\ i:lput '""''"· Tho- neit tuin¡rdar of nrobc 
actinltl IRT if interrupt enablr is Kl and lhir io lhr 
lu¡hnt priority ~<qUUlllll de...,.. TI.. f<>llowin¡ f>llin¡ 

, rd¡o of • rucu Ready 10 In ituotivo "'". inditllina !hu 
\ ]' inpur "11''" is full &~~d annot ><ccpt a.ny mDio dota 

. '-~n<U !he CPU """'PI< tu 1 rt>d. Whcn a "''d is tompltl< -
th< politin odg< ofRD....U xt R .. dy •• U.. l>tU low 
101111 r111111tion of 4. At lhis timo ncw <bu • .., be [,..dcd 
i:l1o ihc PlO. 
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•. 

' ' 

Timing \\!:n-eforms loo~""·'"'' 

BIDIRECTIONAL MOOE 

Th!S i11 ccmbin•<icn of mor,!" O ..,d 1 IL<in¡ >U four 
·..,d.>.~lle lineolnd th< 8 Pon A 110 line•. Pon a rmul be 
>t! te the 811 M <>do. Tho Pon A lwoct.h>ke lino• ''" uS«< 
[OI outpu1 control ond the Pon B lin<> tr< ustd for input 
controL Do u i> allowed out onto the Pon A bUJ only when 
ASfii" il low. Th< ridng edge of t!>a u robo C>n be u..:d to 
l.atch Lhe doll 'onro tho periph<n.l . 

• 

• 
n· 

·-· ... 
-· 

·-· 
BIT MODE 

Th< brt modo doe, oot uti!Ue thelandWU sipal:¡ 
>r~d a ncmu.l pon wri10 or pon r<>d un be <:«ou!<d at '-"Y 
time. When wnt.inK; 1M d•ta wiiJ be 4<chod i:uo lhe output 
regrn< rs ·...;¡h the um< tOn in¡ u tho output lllOd<. 

-• 
" 

1 -----' ---1\'hen no <fin¡ the PJO, th< dala ruumed lo th< CPU "'ill 
be compc>td of output rogilter d1,. frorn !he'"' pon dau 
lin" '""gned u ourpuu >nd iñput «giSl<r data ftcm tho>< 
pon do u r.n .. Ll:ligned .... inpuu. The lnput re¡:iltor ... ill 
conu.in d•<> wJ!!S!> wu 1'",."' !mmodi.,dy prior to ¡t.. 
filling edge of RD. M int<lNpt w!IJ b< genero"d il 
in!<rrup<s fr0111 the pon u< <nobled ond the d.to on thr 
pon d•u lineo ,.,Wy !he l<>cio.J eqwtioo defmed by the 

·r--.-----.~..,--

• : _8{>it mu~ &nd 2{>it rrwk control ~gislen. 
• 

I~TERRUPT ACKNOWlEO<lE 

.... .., ... 

.... .._. 

: .... ~ 
L.: .. _ •. .._.~ ... 

~ Durin¡ MT lime, pcripheral eonlroUer~- inhlbiÍed from 
chan¡in¡ lh<ir inl<rrupt enablo oUnu, pemultin¡ the 'ffiT 
En>blo >i¡;n.tl 10 rippl< thrcugb. tho da.i:ly clain. Tbe pcñ
pller.i.l ...,¡¡, IEJ lúgb. o..od lEO low du.m¡ mfA .,iiJ p!•oo • 
pT<pm¡nmrned 8{>;¡ in10rrupt .. aor on thr duo bus at 

~.: 1·· r •• r·-·1·-·r •• , 

• thi1lime. lEO;, hdd lo ... untU > T<\Urn from inlotrupl 
{R.ETI) inotru<tion i> eoeouled by the CPU ,.Jú], lE! is 
high. The 2.¿, Y" RET1 in.Uru<l'<on U deccded intom&lly by 
the PIO for !hu purpose. 

• -• -•• 

RE11JR~ FROM INTERRUPT CYCLE 

lf • ZBO pcriphoral devioo hu no lnterrirp< pcndin1 l.r1d 
i> oot under S<rvite, then fU LE D-IE!. lfll hu lfllnl<rrupt 
Wlde< S<rvict f!-'., h M< W<ody !tuorrupt<d ond ""'"'"'d 
.., lnrerrupr >cl:Dowl«<¡oo) lheo its lEO;, ol,..yo lo..,ln
hihiUo¡ !<>wcr priorlry cl>ipo from úol<rruptínr. lf Ir lw 

• 
"" in«rrupr pending .,.hiel> hu no\ y el been o.::ltnnwlod;ed, "' 
lEO w:ill b< ¡,... unlen Ill "EO" i> docod<d a tht fu-st byte 
of • IWO l>yl< opcodo.Jn thi1 <=,lEO will ¡o hi¡h un ti! 
lh< <><XI opcod< byte;. de«>ded, whero:upon il willapin 
10 ¡.,.,., lf the >«OI>d byte <lf the opct>de wu o "40" lheil 
the o¡x:odt wu ..,. REil lnnru<tion. 

• 

• 
1 

Afler..,. ~EO" opcode;. d<eodod, only !he peri¡:t.erol 
de>icc .,lii<ll b: ~~ .. rrupted and io cu=ntly under Jtrvioo 
w:ill hov< ;,. ll] !.i¡;h lll1d iU lEO lo ... ThJs devict b the 
blghest prioriry dovict in !he dWy chzin wliicl> lw n«i•· 
~d In inl<rrupt a.b0'4'ledg:t. A.!l cther p<riph<rob 1u. .. 

-------·~----•. -------...1 

•tEO.If lht ~<U cpc:ode byte decoded il "40", dúo 
¡...ri?h<<>l deYice .,ilf ,...., iu "inl<rrupt un<L:r Jtrvi<e" 
"""'di tioc.. 

.. ___ __;~ 
MSE B-6 

( 

l 



___ , 

1 
1 

' ! 

·' • • 

' 

j 

l 
1 
1 

1 
1 

PIO Programming 

OAD INTERRUPT VECTOR 

Tht Z81).{J'U r<qulr"tn 8·bit int<rrupl .. olor b< supplied 
by lile in1errupun¡¡ del'ice. Thc CPU fornu !he add<= for 
1M inleTTUpl S<rvi« n>utine of lile pott lllin1 llli:s ncror. 
Durinlan inl<m>pl atk,nowledse cycle lho neior i• placed 
oro lhe Z-80 <La u. b~n by lholtighest priority d<rice Rquttr· 
inS S<rvoce., !h.at time. The d<nrcd inl<mlp< vecror il 
lo.aded into lile PJO by .-ritin& a control word to lile 
de>U.d pon of !he PIO Wlth the follo"'inf: formoL-

., ~ 
., • . , •• •• 00 

~ •• ., .. ., 1 " 1 .. C· 1 
""'""''""'""" ....... ~ .... ~ ..... ' ·--

s.El.ECTINC AN OPERATINC MODE 

Whon ><lectin¡ an op<r1<ing modo, the 1-bit modc COl!· 
lrtll ,..¡Uitr is iet to ene offour vo.lun. Thn• '"'O btt> oro 
the mc•t liplilic:.nt btll cf lh• ro¡;ister, biu7 ond 6;biU S 
..,d 4 "" not u>ed wlúle biu 3 lhrough O ue oll S<l to 1111 
to ind.i<:ote M"'' mode. M 

., 00 • • ., " 
., 00 

" ~ 

1 ' • 1 
~ -- ---··-·l-.. 

. ... . ., ... 
O.uput ' ' lnput ' ' Bidlrecti0ll21 ' ' Bit 

. 
' ' 

MODE O..,; .. mdieot<l lllat dota is to bt ..,\leo from 
tho CPt) lO <ho perlph.,ol. 

MOOE locm. indiat.,tlnt d.a11 is to be r<ld from the 
¡><ripio oral to lile CPU. 

~UDE ~olio..., da u. ID be writton 10 or road from lhe 
p.-riphml -~.-.;ce. 

MODE l is ;,,.,. '•d r..- ""'" ond control applicniaos.. 
Whoo .. :<•'-'d. ti>< nut control word mini"' the 1}0 
R..¡istor te i.>Jia.« whieft lir>ts U< to bo input and • 
wbich linu are to be output. 

110 • l ..,,. bi< to input. 
J/0 • O .. u bit ID output. 

01 oo. os- 1"' el o!-- 01 "" 

1~1~1~1~1~1~1-·1~1 

S 

INTERRUPT CONTitOL 

Bit7•1 

Bit7"0 

Bits3_:_1_o 

in10rrupt enoble is ><t-aOowinl 
ÍDI<mlpl \O be ¡encrUed. 

indicatn th• ono.ble fla¡ il •=• 1nd 
in<<mlpt> m•y not bo¡ener•ad.. 

""' used u, th• bil mndo in """P' 
oper.ttion,; othofW"" "'•Y .,. 
disrqardod. 

•ignify t1t1t lhi• ccm.nwrd -...ord i1 an 
iDt<rrup< ccnuol "'Drd. 

t>l "" lH ... ll! ,. "' 

.,..,.W..,d<l_, _ ...... ,..,..__. .... 

lf th• ~ma>k foUoW1M bit is hlgh (04 • l ). •h• nu1 
conUOl wotd wrill<n ID lh< po" must be the muk. 

CJ 00 1>! "" I>J "~ "' "" 

,..,1···1···1···1···1·~1···1·•1 
Onl' ,._,..,U..,,...,.,...,""$< Owdl., m-"•~ loo ........ "."' "''""""· 

. . The i:t«mlpt rn.o.blo flip-ilop Df • port may bo oet or 
rnet...,lhout modifyiD¡ tho ron of th• iDI<frupl conuol 
....,rd by lhe foOowin¡ eommJJtd, 

D1 00 Ol "" Dl o• DI De> 

JI o o ¡--¡ 1 
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A.C Characteristlcs Z80-PIO 

' 
TA • o• e lo 70' e, V<:< • •5 V~ S 'JI., un) e,. otherwi .. not<d • 

~ - ·-- •••-<no .,. ~ -· -·~ 

' ·-~ - '" -• ..... , ,_.._~--"""'- •• - -.... .,_..._ __ ..... ._ ,. - -
" """' ·~- ''" T- • -
• ~-T- .. - .......... .- • -

~" ~= .___,_-uor- .. •~"' ,_,.,o-.., •- - 1 -- ~·noC-

., .. "" ""'"-""""- ........... ~~:~o - - '" 
~-· 

o.."""" r-" ,_, ,_"' oo.. .. "-,. 111 • -- ·- c,._.oo., .. , o~"-" o-.._,......,,.,."'~<>-.,...,., - - '" ~ 

·~ "-'"'"" ..... "'"-'•""'"'-T-> •• -. , """' ....................... --~.,_, .. ,.,_ •• -
~·- '"""""',.._._,....,_ .... , "' - '" ~ 'Oc""' "0._T __ , .... _ .... , 

'" - '" c,.-ooot 
~~ 

,..,o-,.._ • ....,_ ..... , ___ = - '" .._ .. ¡¡;, ........... - ...... , ~ ................ _, ....... ,_,, ___ - --., .... ~, "' ""'""' r- '""""'-"' """" '"""" ii1 '" -·- ~-· • ..... o, 113..,-u.r-•• .... ..,. ... o....,._ .. ll] - --
' ·~ 

,._.,_..,.,.r_,.,_,_ .. ~-01 - -. 
-~ 

...,,__-.,._ • ....., ...... mm - - '" ~·- -· ~· ·- """ .............. _ ... _. __ .. - - -<o.. •lOo! 
ST""Ii >-ZI . . ·-· -""·-·-·- ....... ~ ............. = - '" --· 

~- ·~ --~ •• -~ ,., -
~ ... ...,.....,,..__._ ...... ~ - -

"'""' ñif-T--O...W-0..-."-t-- - -.. ., .. 
''"""" •-•-r--•-.-"~ ,. - "' •• o. - C.,.•IO .. ..... , ,__r_._ .......... mm ,. - '" -

... .. .. ,. .. _, "'' "'" . -""' ... "'". "'- ................. ''',_.,__, . ._,.u·~·~ .. "'--~ .... - ... _____ _ ,,_.,.,.,.,,._..,_oo.,-.._,......., ... ,..,.,_ "' _.,,..,, .... _ ... _ .... ___ ..... .., .. _ 
,., ... _,_ .. ..,> ...... , '" ___ .,,_.___,.., ___ ..... , .... _ o.., ........ -..... --- , ..... -..... 

Capacitance 

~-
,_ TntC-4•-... ,, ................ 1'1 .. 

' .. .. .......... c.-...... 

" ,, 
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--~ A.C Timing Diagram 

' ' 
! 
1 

¡ . -- -' -'' 

1 

1 

i 
' 
1 

1 ~ 
1 
' 
' ' 1 

1 
1 

1 ' J 

--1 _... ... .-. .. ... ....._ ... --··--- -·-noá ....OUTI'IIT uv ._ .... 

• 

" 

~-

• 

'" 

'" 

. NPUT UV 0.1\1 

l--r---• "~' ·~ ON 

~~Q/4~J~ 
\ i l 1 ~~-~ re"' __ 

_____ ji'~- ' 1 ~ , ..... 
i\ 1 
'-+~--' 

1 r-~8 ... 1-- -1 f-""_'·_'" -
_____ _jj_j ... ,,.f- 1 -

~'""' 
1 

-· 

·-· ---!11---~'· 
1 ,_.,.,T_ 

! 
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-
~80-DMA -ZSOA-DMA· 

Zllofs Z80 miCJOcomputer ¡>roducl Line includts • thlrd 
aenerauon L.Sl ccmpcoont set, dt•olop<nent syntms and 
<Uppon ,.,r.~. The «>m¡>onent ><t ifldud .. aD thelcgic 
citcwu necouary lo• lho """' te build high perfomw:~r;o 
miO"ocom¡xner .,.,,..,.. "'hh mu.Uy oo uoom.oJ Jope znd 1 
nunimal number ofnandatd low<aSI mtmory ccmponenu. 
The Z8()..DMA (DirtCI Momory Aoc""') cin:ult is 1 pro¡ram
moble sin¡lo<hi,nel dt>i« wh.ich prnvides aD •ddr.,., tim- ~, 
itiJ •nd control !.i¡;nah 10 dTecl the u~nsfer of bi<>Cb of 
d.o<> b<t"'<<o '""' poru witlilil a ZI!O-CPV N,.d sy¡ttm. 
Th<>O poru may b< eilher oymm mUn m<mory or ""Y 

. S)'Sttm periphu;d 1/0 dori<o. The DMA c:on also ><:ttclt 1 
·block -of da u for a pvtiall:u by1e (bn nwbble), """' or 

""thou1 • simu!taneous 1r>n>fer. 

Structure 
·• N-Ch•nnol smcon Ga1e O.pletlon Load Technology 
• 40 p¡, DIP 
• Sin&l• 5 Yolt supply 
• Sin¡lo pll ... 5 •oh dock 
• Sin&l• chlnno!, t><'o pot1 

~eatures 
Thrte dasse• of operadon: 
-Tr&lUfer Only .• 
-Scar<h Only 
-S<:uth-Transfer 

• Addm:! I.Dd Block ltn(th IUP,:ttn fully, buffe,.4. 
Val""' for neit opcratlon may be lo..<kd withoul dis
turl>!n¡ tum:nl nlua.. . 

• Dual addrt=• 1<n<r11ed duñni 1 tnnofer (ooe fw read 
pon ll>d o.,. rw...ntt). 

'"'' u 

• • • 

" 
Product Specification 

· ·ocroaER 1977 

PRELIMINARY 
• í'ro~ahle d>;U tnnsfen llld seut:heo. IUtomati<· 

illy !ncn:mentin¡ or decrrmcntins tho pcrt add"'=> 
frnm pro¡nJnmed uan!n¡ addn:=> (thcy can liso rmú 
fixcd). 

• Four mod<o of oper;uHln: 
-Byto-u·Hirne: One byte Lr>.,ferrtd por roqu<ll 
-Bur11: Continu« •• lons u pc11s ore re>dy 
-Continuouo: !.ocles out CPU until upenuion complete 
- T=upucnt: Steah rrfrcth cydt~o 

• Tmún¡ m.oy be prOfPI!Imed to m>ttb !he speed of ortY 

"""· •·lntenupU on Mattb found. End of Blotk. or R<~dy, 
m>y be p..C¡nmrnod. 

• A:t entire prrl'lous opentlon moy be t<p<11ed automll• 
ic:úly or on cornmand. (Auto reo lar! or Lom) 

· • Th< DMA can s:i¡nal "'hen 1 rpecilled numbcr of byt<S 
· hu becn tnnsfur<d, without laltin¡ tnnRcr. 

• Multiple DMA 'o euily confllu«d for ro11ún1 plioritjo. 
• The thonnel lllO)" be •n"abl~. dj,..b]ed Ol m.ot under 

ooflv.-are connol. 
• Complete thumel S!Uuo upcn prog¡am (CPU) nquest. 
• Up lo 1.25 mepbyto Seuch or T fiilllfer Rau. 
• 0.\sy..:hli:t priority !nterrupt and buo ael<no .. Jed¡e ift. 

dudtd to ptoride outomauc !ntefTtlpt oecttmnlond bus 
..-quest c011nol. without n .. d for additional euemal 
lo¡ic. . · 

• TT1: compatible inputs ond ouqoua ~- -
• The CPU c011 rud cum:nt Pon tuunten, Byte cowtter, 

or Statw Rcgistor. A muk byte can be set ..,.hlth defrn., 
..-hith u¡bten un be :aa:e,..d durin¡ JUd openlioM. 

·-·~•<>•tn-

.. 

.. -.. -~·--
DMA lDter=J Bloclr. Di.agram 

Fi¡.l 
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DMA Archlteeture 

A block dia~ of ohe Z80 DMA is <ha,..,.;., Fiau~ 1. 
Tht i~lerm.l otructun tonilliS oC the foUo...,ng tircuilfy: 

'o Bln /nt~fa<:<_ providu drÍ\1:! and ri<OÍ\1:f circu.,ry to 
1 

iruerf•ct to thtl&l-CPU Bos. 

• · Co~trr>ll.o_rirand R..,U•<n' set the <hu. modo and otber 
buic conuol p>r>.meter1 Of !he DMA.. 

• Ad~u. /Jyt~ G>l.nr arul l'ubt Gn-uitry; ~·n..-•t<~ tltt 
proper po" •dd.-t""' for ¡he rud ond write ope<1tlons. 
wioh pro"U.ions fO< ltlcromentlrll or dtcrementina tite 
Odd!e!l. Wh<ll zrrobyres r<riwn te be lwldled. <111 byre 
count citcuitry S<l> a fb¡ m the '"'"" "'P""'· 1'\rlse 
ru.,..iuy ¡enerar<s 1 pulse .. eh time tite bya conno« 
lower 8-b i<> equaJ tht puise reg. 

• Timi~f Lu<:Wr;ry: ..uo .... tht '""'oc completely •pecúy 
the reoc!/write timin¡ for both of the thonntl.s" 1ddrt...,.¡ 
~ru. 

• Matdl Cu<:UÚ17: holch th< rrutch byoe and • muk 
byte whieh illo\0"$ (or thC compuison of only cen.U. 
bit> ,..¡thln tht byoc. lf 1 IIL1teh is encounterod durinK 1 
Surch or Tmu!er. Uwr ctn:uitry se u 1 lb¡ \n 1he outuo 
n:p.tor. 

• lllT tmd HimQ1 Cltruilry: lndudu 1 control ••P... 
ltr whieh opectfu" the conditions under ... hicl! the DMA 
<>.n gtnerate an Í!lte.,po: priority encod.i~to .. lect 
between tite genenotion of on 1FIT or BUSRQ outpUI 
llndtr tht>< conditions: andan intell"tlpt >ector r<gister 
for automatic ..,ctorin¡ to the in«":"P' servict routitle .. 

• St•rtu Rqisrtr: holcl.s cutnot .,.,,.. of DMA.. 

' .. tegister Descriptioo 
Tito foDowin¡ DMA-illton .. .l n:gisten.,. onibble lo l/to 

prr>CI"IIfUMr. • 

• Cmrtml Rr¡is""' Hald DMA cOntrol infonnotion: Nr:b 
.. U. "'heo lO inltioll ll> lnte.,pt ar pW... what mode or 

duo of operatl<ltl to perf01111.etc. {Write Only) (8 Bits) 

• nmmz R<"lli.Iten: Hold ru.c!/write llmi:t¡ pu=eten for" 
the two pom_ {Write Only) (8 bits) 

• l~tem•pt v .. ~"" Rcibt<"r: Holds !he 8-bit naor t1;!.LJbso 
DMA -m par cato !he da~>. buo ofttr rec.ivin¡"" lOR(l 
dutbt¡ .., intem>pt ocbtowlodge sequ.nc:e il it b tho hi¡tt. 
est priority devic:e ~questitt¡ llt interrupr.(This "'¡Uter b 
ttlllhbl• only dtlrÍl:ll lotorrupt .. ~cno~p cytlu.) 
(Rud/Write) (8 bi1>) 

• Blod Lrtttth R.,Urtr: .. C01r....U.. toW block !enfll> of 
daQ lo be ~d ltlc!/ot tnnsfened. {Write OnJy) · 
(16 bfts) . . 

• B~t~ c,,,~tu: Cot~>~U number of bytes tr3mfomd (or 
,.uclted). On 1 l..ood or Continuo the Byte Couzttn 
11 rtset ro uro..:n,.,..arter. ear::1t byte ~nnJfer •!" 
otioo locotmenU- tt 1mlil it matcltes ·!he. conunu of 
rho Block L.n¡th R.ep..cr; 11 whid:t lime End of B!oc.l: 
b ,., lo !be stUwr ot¡ister and openrtl<ltl is suspended 
lf pro~. Abo lf 10 p~d the DMA wlll 
p:n<nttt ID lntcmtp<. (Rdd Only) (16 biu) 

¡ca.m¡~ Rrlfsttr: Holcb the byte for wiUch 1 motch ¡, · 
-- bein¡ JOr.tlittln Sardl opentioru.. {Writt Only)(8 bill) ' 

• M<~.~t Rr¡istrr: Hnlch the 8 1m nw.t to detonnine wltlr:b 
biu m th• COitt!>U" ........ lrC 10 be o.umined-for 1 
m>tch. {Wr!ll Only) (8 blll) 

17-
• S•anit~l Aúdrt:JJ R.-,;.,,.,., ll'«n .1 ..,,.J p,,, 111 HoJd the 

uanin¡ oddse.1>01 (upper ...,d lower 8 biul fot the two 
poru lrtvoiY<d in Tnn•f<r opentions. In Seoreh Only op
<r>tioru. only one port oddrno would lu.v< 10 bt spec~ 
lled. Only mcmOI)' sUrtin8 •ddruses r<quu-. bolh up!'"< 
and lowet 84>its; 1{0 poru ore Jtl'l<nrlly oddn:,..d with 
only the lower 8-biU. ond in Útil ase the oddresl c<m-
Wncd lo the n:¡ister is 1 ¡enentlly llxtd oddrou. (Writt 
Only) (16 bits eaeh) 

• Adrlrt"JJ e,,,,,.,.. fp,,, .-! aud p,,¡ 01- These <oonten
.,. loaded ..-ith the conkniS of the corrupondina SUtt· 
in« Addr= Re¡iste1> -..he,_, Searcl>es "' T rortlion ..-. 
lnili.lte<l ..-ith 1 loador Contittuc. Thoy 11< incremented. 
d<cn:mented or rem>.in fu:.ed. :t1 progtilmmtd. (Reod 
Only) (16 biu elcl!) 

• Ptrlt<" Cmttml R~gbl("l"." Holds proyp.m--supplitd ltnglh 
(In byt.,) o[ block dter .. hid:t !h., DMA wtll provide 
1 llip>.¡ ~ "" the iN"f pin. (Siru:e rlW occun whiJe 
botb 'SUSlrn and BúSAK .,. &etiYe. the CPU will nor 
lniOtp"'t thú as 111 interrupt request. lnstoad, the .;pu.~ 
b tl!oOd te comm~~:ticare Wlth 1 peripheral 1{0 dovice.) 
(Write Only) (8 bíu) 

• StGttrs R~¡:Utu: M11eh. End of Block. Re•dy Act:ft.to.. 
tell"tlpl. Pend\nc, and Wñte Addresl Yali.d bits Í!ldicate 
tht>< functi<nu -..boa,.._ (Read Only)(8 btU) 

Mode.s of Operntion 
The DMA may bt pro¡t=med for ene of four m<>des ol 

opentlloo. (S.e Ccmmond By¡e 2B). 

• 8ylt •• a time: control;, reTumed to the CPU >fter neh 
DM-bYIO cyde. 

• &nr: cper>tion continuos as Ion¡ :ti ohe DMA"s RDY 
lnpur is ac-ti.,.., indlcaltnJ thu th< rel<n:ll port ilf<ady. 
Control 1ttuml to tht CPU whetl ROY i1 irw:tiY< or 11 
utd of block 01 • match if.., pt~ 

• Co"""""""" the entilt Se:ueh 111d/01 TrarHiú of 1 block 
o( da u is completed befare control 11 rerumed 10 CPU . 

• TrattspaTent: DMA op<r.nion occu,. during normal mom.. 
ory refrelh times '"ithour visible to,. of CPU Ilmo. 

Classes of Operntion 
"The DMA ha thn:e <:bsse:r of O!'".._tion: Tr.~n.~fet ollly. 

Sean:lt Only md 1 comb!ned Surm-TntiUfer. (See Com. 
mand Byte !A.) 

Dutin¡ 1 Tnmfer. dato 11 fint nad ftom one pon and 
tlteo ...,¡n.,. to the orher pon. byte by byte. (lb. DMA"s 

· two poru.,. tem>ed PortA lltd Pon 8.) Thc poru mzy be 
p~ lo be either rynem main memory or peripher·-
11 1/0 devio.,. n...., • block of dato ml¡ht be wrineo f101n 
1 perlpherol te 1110ther: or !t might be wrill•n from 0110 
aru In m>.in memory 10 onother; ot from a penpheral to 
ma.it> mtntory. 

Dutin11 Sarch. dao• is 1<>d only. lftd «rmp:rred bY'< by 
byoe opinst IWO DMA·inlc.,.¡ regillen. en< of whido .xrn
taino a =•eh by•• and rhe othet ., option.al nuok byro 
-wtúeh olla ... only con•in bios 10 be comp.rtd. !f :uty by10 
·of searehed d:tto match ... a DMA-in!lmal """' bitilseo: 
ifpto¡r.<mmedtodooo. the DMA ..-illth<n~ upet>tÍ<>n. 
ond{or ¡ener.rte aD in<emrpt. 

( 

The tl"rird du1 of r>p<<>lion is a combi.oed S.uc:h- (.: 
Transfer. In tur:b llt op<nuion • block of d:tta is Tr.>ns!err<d 
u deocribed abo.,.. until 1-m:.u<:b b found: oben. >S in • 
Sea id> Only opera1ion. tht lrllufer moY be SWiofttded -f--
or on in«rmPt ¡ener.r · . 
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Addressing 

The OMA'r addre..,lng of pottll.l .,ther ft~od or "quen· 
', lncromenung or demmenling from 1 rurun¡ •ddre..,. 
: len¡th of the ope"tion (number ofbyreo) i> >P<<ifi<d by 

the pro¡;rommed eont:nu of 1 blor:k lenEth re¡;iner. Th• 
D.'.\ A an odche.., blo.:i Jenglll.l of up to &o: K byte>. Dun.~¡; • 
L.._.,.rer two ><p><•te pcrt addru><> ore !'"""red. one du:r· 
in¡; the Read cycle ond ono dur.ll ¡; the Wnte cyclo. 

ZSO-DMA Pin Description 

• • • 
• • . . 
• • .. ,.,,. .. • .. ... • • - • • • • • • • • • " • • ·-· • -·· • -¡= • • • - - " • •• ~·- :::, " ·~ .... • . .. 

" .. 
" .. 
" ·-

1 "' • " .. ...... = • 
-·- = • • - ¡-- - " •L•~• -~00. 

" • • "' )--·-.. ""'""" • • -· .. " - " 
-'0-Au Syotem Addre» !1111. Ali.Ureenofthe>< pins >.re 

w.cd by rile DMA lo addreu synem ma10 mem
O')" or '" l/0 port (out¡mt) 

Do-O¡ Sy>lem D•u Buo. Common<U from tho CPU, 
DMA s<>ru> Hld du• from memory or r<npher
a!J - lr=.>fernd en the<c tr'..<'-'t< pino (inpul/ 
outpul) 

•5V ro .... er 

GND Gmund 

• Sy.,em dock (inpur} 

DMA Tuning Wa,·efonns 

D:t1A Command Wrile Cycle 

UIU>\ntod here io !he limlnl n><>ci>ted ..;(h 1 comm111d 
~Y" or ccnuc] byt< t><~n¡ wnll<n ro lho DMA wtli<h l.l te 
b< lood<4 inro inrem>.l re¡al<n. ZllCI Chrtpul inuruc~ctl.l 
ur,.fy th:> timin¡. 

D:t1A Re&istcr Rud Cycle 

t~.,-~"1 ,. =d .,..heo a re>d cporuicn ¡, p<rfotmcd "" 
< D'>IA te I=>S the conrenu of tho Sutu> Rol""'· 

Ad~u Ccunr<r or otll<t rudable r<p.>l<n. Z!CI lnpur in
>lnl<'lion>urlofy rhi> timlnJ. 

Operating Sequence /3 

Dnee ll1e DMA lw b«n pro¡r:unrnod il m•y be "'En-
abled" by10 2d or "•). In ll1< enoblod eondlt!on 

active tho DMA will J<queu the b111 by 
. Tho CPU v.'ll! ooknowled¡e rhi> ._,th 

will normally be >ruched ro liAl "'ñen 
tho DMA retoi•es "liAJ ir "ill Uur ''-' pro¡runmed Of"r>· 
tion rele>lirl¡; nusJm lo • "hi¡h" m te when tt 1> rt\rou'"~-

CE/WAIT 

M"h"'< cycle Dno "PJ>J lrom CPU (inpull 

lnput/Üilrpur RtqU<II ro :tnd /rom th< S_vuom 
BU! (input/ourpur) 

Memory REQueu ro lhe S~"m Bu¡ (lnpul/ 
wtp<tr) 

R<oO lo ond from lhe S y mm Bu1 (rrrpurlcurput) 

WR.I10 ro ond from rho Synem Bus (inpuUomput) 

~TI,-En•ble: moy •loo be pro;mnm<d ro be 
during limo whon líA! i> lo"-' lmpur) 

IIUS RoQue<!. R<quau conrro] of the CPU 
Addr<» Bl!:l, O.u BU> ond S<a<liliC"onrrol BU> 
(inpurfou<pul, open dni.~) 

BAI llu1 Acknowl<d¡< In. Sip¡ili thar th< 1ymm 
buon h•ve b«n r<lt1><d for DMA control 
(inpu1) 

'" "o 

''" 

!!.u Ackno...-l<cl¡o Out. BAl >lld BAÓ form o 
daisy-dl•in conmetion feo oy>tem·"ld< prionl~ 
b111 conrrcl (ourpul) 

ll'>'Tem~pr reque>1 (outpul, open dr>ln) 

lnrtrNpt Enoble In (input) 

lnrei'Tupl [r.>bio (NI.][! :u>d lfO iorm o doi,.·
Chlin ccnneouon foo oysrun-Wlde prionry inrer· 
"'P' conrrol (ourpul) 

Re>DY IS mon<!or<d by rho DMA re ~<r«mine 
whon 1 roriphe.-.1 devrc< "''":io10d wrrh > DMA 
pon 1> t<>dy for a re1d or wntr oromion 
(rnpu1, ptogr•mm1bl< :u ><!!•e hrgh 01 le"') 

MSEB-15 



DMA 1iming Wavefonns teo.~ .... n 

• SID Memory T.uning 

· This tlmin¡ls eU<tly the Jllnc .. uscd by the Uo.cPU 10 
•= synem rnain m=ory. eilher iD a Rud Ct Wrne 
opentioD. The. DMA wi1l defauh te thi< timina tftcr 1 

P'>"""'-<m reset, or """' • Riset ot Resetl1mirt¡ e~ 
ls writt"11 to it; and unlts~ otherwiso programmed. wi1l use 
thio tirnút¡ durin, Lll TnnDct .,.. S..rdr. <11""'-IÍOJU iD>Oiliq 
ry>unt .r=ia rnemory. Durirr¡ th< .,..._,. Rud portloa cf 
a mns{er cydc, data b b.tdted Ln the DMA on thc ncp.ti" 
edgt of4> durina T¡ •nd held into the followinc Writc oyclc. 
O.nng the memory Writc ponion al a uarul<r cycle. daL.l 
ls hddfrom thc pr,.ious Read cycle UJd releucd 11 the end 
al thc P'""'"' cycle. 

• 

,, 
• -
n 11 \ (¡ i 

;;.., ,¡, 
---- -.J ,____ - --NOTE: Thc DMA is DDntlally pratru"J''ecl for 1 J T <vele 

duration iD iii<mory ltansl<tions. Bol WAl'r ls 
$lmpled dwin¡ lbc nep.liYe tnnillion of T l, md 
if lt is low, T¡ "'~be u tended 11!Dth<r T-q¡cle, 
dwin¡ wltich WAJ ,.¡¡] lpin be sampled. lhe 
duntion of • m=tory tr~J~uclimt cyclc may thus 
be inddlnit<ly uteoded. 

a---t---~---~~~i----
' ........ - 11 

SfD Peripheiai Dming 

Th.is tlming U ldential to th< ZSG-O'IJ's Read/Writo tim;,g 
'" UO periphcra! de-ricos.. lhr< DMA will default <o this 
tlm..ins al~ • po.....,,_ '"""'· or "'""" 1 Rou1 or ~~ 
lbnin¡ COIIIII1Uid h writseu lo 11: and un!= oth<rwiso P"'" 

-..-.rnm•d. wi1l usc W. timlll& duri:r¡ .U Transfer or S..,dt 
; peratiom u.~olrinr; 110 periplterala. Durina: thc 1/0 Road 
of • tnnsfcr cycle, data h Lo.ldtcd oo the negati•• ed¡e of4> 
duriztg T¡ aod b th011 bdd irrto the Writc cycle. Ourln1 1.t1 
1/0 Write, data h hcld fmm !he ~ Rt.d cyclc WIUI 
!he md of the Wriu C)'cle. 

NOTE: !f. W AIT b low-durina thc negativo tnns!tion of 
Tw•. th<n Tw• wi1l be extended lnOther T-q¡cle 

·and WAlT wlll.ogain be :12111pled. Tite duratlon of• 
perlpheral tnD<Ietloo cyde~t~~y U... be ittdennisely -
Ul<nded. . . 

Variable Cycle 

The Vlri>b]c fcalun al !be DMA .no,... !.he ""'' 10 pr"'fUD 
tite DMA"s mcmacy O< pcriphei:JJ tnnsaction timittB 10 nlues 
diffcrent !hao ¡rven abo-oc in tite stanohcd def••h d!a¡l"liilS. 
Thb pcnniu thc ~tip:< lo Wlor his timin¡ lo !he poniou.lu 
~quimnenu of tu. JYtlim armpc>oenta, llnd <ñaxirnit<S thc 
da U traosfer n.u .mJie di:ninalln¡ ciiCntal ,;¡n,J CQitditJQD
inB tope_ Cytlc len¡th.,., be one to four T~ln {mOlo i! 
w:iJT is U><d}- Si¡¡na[6nilit1 can be nricd u """"'""· O.r1n1 _ 
• lnrufet, da t. .,.¡]]be btdtcd by !he DMA on th< dock edge 
~~ the <Uin¡ <d¡e o( 1ID llnd will be hold Dn thc dota 
.es Wltil the cnd of thc foUowin¡: Write cycle. · 

r:: >-<llminl Con<rol Bit.. P.r< 7.) 

MSE B-16 
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DMA 1iming Waveforms !Co";""od> S 
=c=o~==~~~~_c~~~~~~~~~~-C~~~~~~--"' 

DMA Bus Requut and Acceptance for 
_yte-at-a-rune, Burst, 

and Continuous Mode 

· Rtady is wnplod on evety rUin¡ tdge cf <1>. Whon it 
!s foUDd te ¡,., o.:tive, the follo"i"Js~(fg edgo of <1> 

. 1emr:ot<< BúSRQ. Afltr iéceiving tht CPU will 
~~ a li""Om which will be coru~<oted 10 r.:\leith<r 
dinc<ly OJ throuJb tht Bus Acknowltdl" Dmy Cha!.o.. 
When a lcrw is dottcud en IiiJ (wnpld on .very risiD1 
edge of <1>). lhe ntu risinc edge of <1> .,.ilJ•tut.., octivc 
DMA cycle. 

Dl\1A Bus Re!n.se al End of Block 
for Burst or Continuous Modt 

Timing for End of Block &nd DMA not p•ognmm.e<l 
for AUtt>«Sl&rt. 

DMA Bus Rdease with 'Ready' 

ror Burst and Cootinuous Mode 
-) 

•· 1ñe DMA ""iii Je!inqullh tht bll! dt<r RDY hn gont 
!nactiYt (Bunt modo) or dtor ln End of Block cr •· 
Matcl> il. found (CcntinuoU'I modo). With RDY !noctive, 
tht DMA in Conlhluouo modo is iructiYe hl mointlitu · 
conu·ol of thO b111 trono low) unlll U.. cyc:Jc b ... 
sumed .,],.n RDY l""" ..:<in. 

DMA Bus Rdease for Byte-at-a-Time Mode 

'" -In lh< Byte modo lho DMA .. Dl rolt&S< ~ 011 • 
• th~ rilil11 cds• of ~ prior to- tlic ond of uch Rnd "f• 

<lo il> S.li<l> Only or uch Writo qclt lzl a T11mfor, rr• 
rudJou of tht JUtt of RDY. n.. uut bll1 ""l.ueot wil1 
como afur both ~and liAI hl•• rrrumod high. 

DMA B~n Relr:ue with Match for 
~urst or Continuous Modes 

) Whto a M.,<b i> found and lht DMA is progrunrmd 
lo llop on Cornpue, tht DMA pc,-!omu an opcntion 011 
tht oou byu and thtn rtl<=< b ... 

• 

""' 

-. 

-. ~v• --·· 

•o•. -'"""----------_,,_ ______________ _ 
-~;;.'-------

; . ~ __ ,,,¡ --',--_ ~--:-::-
-..ACT>vi--:--.. ... ACI'JYI • 

• ·-- ._ _______ _ 
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Reading from the DMA Interna] Re.ñdérs 
----~~------------~·~-·~----------~-------------"4 

s .. .,. Rgiston ue nailahlc; Drl tho DMA for n:>din¡. 
"ñoy ""'' 8 bitl of·tho nuus rePte<, tht uppc:r lllld krwtr 8 
.Ju of tht bloclr. l<oJllt rer;PU:r, .,d r--o pon ad,U, .. n:¡is
•~ . 

n,.,.. art n•U•blt 10 be rt:ld sequentWiy: st>.IUO, BL.JC 
low.r. BlK Upper, Pon A. Addreu lo.,..r, Pori A Addrttl 
Upp<t. Po_n B Addrou lower, Pon B Addms upper. ArJ 
intemal pcinrer poinu ro .. rn <~ter in """ u tadlltEAD 
is ocaxnplishod. lf a ~ter is.not to be , .. d. it m~y b< 

Programmlng the DMA 

Pre>ious .. ttlons o( !hU •p«i{ícation tu_,.. U.dieattd tht 
nrious functions and mcd .. of tho DM,.;:: Tho d.Íl.JI'llll> &nd . 
dwu bdow will lhoot how da DMA !S progr:orrunod to 
~loct uneng thoo< functicns ilnd nH>dot~nd to •dapt its<lf 
te th< requiremenu of the user !)'SI< m. Mere d<loiled pro
¡:nm¡nin¡ in!cmution IS znihb!e U. lho ZBQ-DMA Tt<:h
~,_,., 

Jh< ZS0.0MA ddp m>ybo in 111 H <nobl<H SUI<, in aftich 
it.can p.in conuol o( lhe !)'otem boua ~nd din:~ lh• <nns· 
fer ef du¡ between iu pcru, or in • "disabloH state, wh<n 
n Qnnot pin control of lho bus. Prognm ccmnw~oh Qn 
be wntten t<l it in <ith<I ru.te, but writi:Jga ccmm.a.nd te it 
IUtl>ltU;ticaiJy pull it in lho dis;oblo ru.t<, which is rnWttai:led 
until In enable COIMWid ;, issued te tho DMA. lh• CPU 

. must pro¡nm it in ad ... na of ~ny r:bu =rdl or 1nn:rfc1 by 
1droulns it u an 1/0 pon and .. ndin¡ ita .. quena ofl 

eh ccrrunand byt"" .U thc !)'st<m r:bll bus usÚII Output 
lnstrucdons. Whon the DMA is po"'<T<d up er •=t by ony 

Command Bfb: lA 

• • • • " • • • ·- .. _ ..... ..... ··- ...... ·- ··- - = -~ ' -· ,. ... ~ ••• -·· - -· --~ ·- ·-· ' ' ........ ... ,_ .... ,_ -· 
5pt<;it"oa Group 1 Byte lA 

QOJ\01 be 00 

,, 0:, 

' ' ' 
., 
' .. 

, . ' 

) 

Funcdon 

Not..U-.d. {Comm~nd Byte lB) 

Ttll»!n Otlly. 
_, 

Soarct, Clnly. 

X.rdt >nd Tqnsfn . 

Pon A lo re•d fr<>m, Pon B is ...,;nen te {un!= 
the S01rch Only MO<k hu b<tn ><lected, in 
whicn caso Pon Bis n<Y<t addn ... d). 

· Pon Bis relld fr<>m, Pon A lo wriuon te {un!= 
lho Search Only Medo hu been ><l«ted, m 
which a.. Pon A is ne•er •ddroucd). 

--

ucludtd by prosr=min¡ 1 O "' the Rtad Byte. lb< 
interna! pointtr will okip ar,y ~"'' not p~m.d witlt 
a -t In !he Rud Byte. Aft<r a Rn.ot or o load, ~set RD 
m~nt be ¡:ivea to set the in«mal point<r pointing to th< 
fint registe< prngramm<d to be read by th• Reod By1e. 
After RD Status, tho pointer wil] be poinlinJ lo lh< Stati>S 
n:¡¡U:ltr repnilou of lile Read Byte lnd d10 IIUI rud wil] 
be f<Otn tht su. rus roJist<r. fu fo!low\n¡ rud will be from 
the rt¡intr poi:ntd to bdor< RO Sr.,..._ 

m<Uill, tbe DMA willautomatic>lly b< plac.ed into ¡ cfuoble 
out<, in which il <::an initi.ote noithcr bus re que su ncr r:bt> 
tnnsfcn nor inl<nupu. 

The ccntm1nd byt"' mntain illfonnaticn ID b< loaded 
intD the DMA'i COnlfDI ond Othef ro¡iSlor' 1ILd/Or informa· 
tion too! ter the ru.te of tho chip, such u on En1blo lnterrupt 
command. The tom:ti1IId 1\rUotu~ is dniped "' llu.r u.· 
t&in biu in sorne command¡ can b< ><1 to o.lert the DMA to 
upeot th< noxt byte IVrimn te it te be for a p>nkul.u 
intomll I<gister. 

Tho foUowing diagnm• ond cluru ¡ivo th< function ol 
.. eh bit in the <ix dilTorcnt ccmrnond byl<S. Two of th..., 
u e d<fUied u bein! from Gmup l, utd uc torrn<d cornmond 
by1Q 1 A ond l B. Thne Group 1 ecmmonds a>niilrr th< 
m~ bo:tio DMA .. t-up inforrn•tion. Th oth., foLll ~ 
cat<BOriz<d u Group l. ond are tormed cornmands !A. !B. 
lC ond lD. Group 2 ....,,ds ~ more d<!Oiled .. ,-up 
infonnot!on. 

Command Byte lB 

• • • • • • • • -·· .. ,.,a ~ ••• . .. • •m • • ....... ""' ·-- -·- .... -. . 

o.- l 

o.- o 

"' . ' , ., 
Addross for thi1 port il>crcmcnu alter c>ch byte. 

Addru:t for thio pon dcacm<nU oftcl uch byte, 

This pon •ddr<ues ut 110 periph<ral. 

, . ' 
0:!•0' 

This pon addrnses rnWt mcm<><y. 

This wOTd prop1JRS Pon A. 

This "'crd ptep1.ml Pon a. 

Coramand Byte lA 

• • • ...... ... ~. .., ... - ~-' - -- ... - -·· .... ,_, 
·~-

. , Specif!CI Group. -

" • 
• • 

• 

( 

.1 



:P_'"~'~'~'::"':"'::;:"c'c1:h:•::[):c'c1c"::''~·c·c""_"_''c' _________________________________________________ ,,,. 

romm:md Byte 2B 

" " ' " " " •• ' _,.,,,.., ... ,.1 .. "'' ....... -· ...... • ' ' ....... ...... 
·~ 

............... ....... ........ ....... 
~ 

o 
o 

Cnntilmcus 

O•m 
T=»p>r<nl 

Command B~1e 2C 

1 1 ... :.1:.::...1 : 1 .. :. 1~:·1 . . -- __ -............ _ . 

•• 

Spodft" Group 2 S?<oifi<> Byt< ~C 
Ds • l .O.utom>tk>IIY n:puu ontirr optration .,..¡,, <nd 

ofbloci;, ~tocl!od. 

No ill<a. 

cr iUld WAIT multiplo>Od on Dm< pin. 

a only. 

.'J • l Rndy "ti" hi¡:h. 
~ • G Rudy ><ij., !o.,. 

Command B~1e 2D 

•• " " " " " " 
1 ' ' ' 1 ' ' 

" 
1 

Sp<cili<1 Group 2 Sp<cifi"' 1ty1~ 20 

"" 
,, '• ,, ,, 

'• 
" ' o o o o ,_, 
"' ' o o o ' R<"'l P,rt A Tum11g 

'" ' o o ' o R<>el Pon B T unin¡ 

" ' o o ' ' ~-o• ' o ' o o Continuo 
AO o ' o ' o Erubl< !ni 

"' o ' o ' . ' D=blo l:u 

"' o ' o o o Rr><!ln• 

" o o o o t :· Enoblo DMA 

"' o o o o O" Oi>.blo DMA .. o ' ' ' o Ro•d By!O FoD"""'' 

" o ' o o <. «-oRD 

"' o ' ' RDSutw .. o ' o o Fora Rudy 

"' o ' ' o ' Erublo Alttr RI:Tl .. o o o o "' .. ¡ S!IIU> 

ommand Bytt 20 Sumrnary 

'"" R«.<u ..O i:ntm~pt <:U<WifJ, .W..blu 
' inwnopu ond bw rrq.lope. Rn<t T>mi:l¡ 
Aor Bo ~"" '"""'1 ••• . ... ' cr 8 oo 

r .. nd>.rd lSO-CPU tirrun¡.. rsE B-19 

Lood. 

Conlitluc: 

Z<rm By« C:ounlOr Olld lood> St>rting 
Addrm for bolh Pom . 

Ro><U b)·t< coun1<r onl~- Addttuc:s 
contmu• from pt«<nl loc>Uon. 

Enabl< !ntmupl: P"r.uts int<m>pl 10 O<:cur. 

O,,bl< lntmupt: lnbhns in~<nupl f ro m occuuin~. 

R<><t lnt<rrupt: 

Eruble D.\-tA. 
DU.bl< D.I-IA: 

R<>d By~< 
Fotlows: 

R<><l RD: 

RD Staru.: 

Force Read~: 

RST Statu::r: 

Reo.eu and dLl.:lblt! all rnl<rrupt cir· 
cuiu {wn~:t.r 10 RET!I. 

Q-.-erul or.>ble or dn.abl< for >ll op<nt

uons ex«pt int<nupu: deos nor '"" 
:tn)" funcuons. 

N"r ~Tito te D~\A "ill contO>n >m" k 
ro pro..-= whi<h t<>d•ble r<Sill<n 
.,, '" ... r<>d. 
Next read wiD b< from ht r<!ill<r -"'1 
., reod.lblo by tupen>< muk. 

Next t<>d ,.,¡¡ b< ftom "'""' rogl!tor. 

R<>d)' wiJI b< <On!idt!Od >OUVO t001td· 
lc:u of lh< ,,.,. of extem>l RDY pin. 
U>.td for Mom-M<m ope,Uon! ~-horo 
no RDY si¡..'\.11 i1 m<d<d-

DMA o.ill not roqu"' bu::r unttl alter 11 
lw te<<i"d a RETl. 

Rc><t< Mll<:h &r>d End of Block"""' 
btt>. 

Ro:ad Byte .. .. 
" " " " " " .. " ..... ""' .. .,. ...,. "" 

1 
"" - -· ·-· -· ..... -· ·-· ··-~· .... . ... ... ... .. ... "'" 

- -A l rn ony bn po<thon <tubi<S th>l "P'"' ro be rud. 

' lnterrupt Control Byto: 

" " " " " " • -·- ~--~ -·- -~ •.. ., ...... ·- "'" -· """ ---~- ···-- -·- ""- ~--~· - --- -A 1 "', bn po~uon ,_.¡'"'' '~' opuon. 

Tuning Control Byte 

" " " " " " 
•• ••• ..... ... ~ ;;;-, ... 

~· ~· 
... ... 

,, '• C~<l< Ltnsoh 

o o • 
o ' ' o • 

' 

" " ......... .... _ 
-~'~ o•OR .. - ••• 

" " 
•• • • 

• 

A '11• in ~- DJ. 06. or D-¡ ~ e>uJ< th< <orm¡>otulit1J 
conuol livul to ond !oi clod u.-n< b<io" ,_._._rnd of lh.c 
cyclt. tlot<!: "'-< onul op<::O~OCI (F(<>d ,_,d Wnt< in Tnru-
ltt or IU>d;., S.uth) mu::rt b< 01 l<llt ~ cycln ID'Il¡. 



Programming the DMA (Co.u .. ...., 

--,Mask Byte 
A lelO U. 1 pven bit position ...;u au .. 1 comp..-. to be 

performtd bnween tlut blt pasitlon ln !he oompue wonl 
rrgister oad the samo bit po1ltjon il1 lhc doto bcil1¡ reod. 

Match Byte 

Up to 111 S-bit wonl to be compued toO¡¡-[).¡ durin¡ 
o reod. See MASK BYTE. l 

Status Byte (Stalll.'l Bits Active-L.ow) 

" . 
.. 

Pu1st Count 
1ñb S.blt word U lo1ded into 1 ,.¡U ter. Al tho compl<• 

don of eoch opÓntion. the ,.gister iJ com~ Wlth the 
lower S-bits of W byto eounter. When it C<m)¡>am, lhc 
M 1111< ls pubed. {bol no ilttetn&pt iJ ¡eaerat.d).. 

lnle!Ttlpl \b::tor 
1ñJJ S-bit byte is 1upp~ed to !he CPU duriag lnt<rrupt 

lti:nowlod.¡e ii the DMA iJ !he high<>l priority lnterrupt• 
;,1 d<ri<C. 

ll bit 5 o( W-lnterru pt Control Byto ¡..<, p. 7) h.os beea 
· .. 1 llld the DMA lw boen progranuned to interrupt oa 1 
pven ounu. conditioa theo D¡ o.od D1 of the ••ctor wiiJ be 
modilied u fcllows: · 

VectorBitJ -0:7 D¡--
0 O INToa RDY 

• • • • • • 
.... 
End ofBlk 
Match, End ofBik 

DMA Programn:ting Example 

ThO foUowin¡ e.umple will show how the DMA may bo 
pro¡;runmd •o ,...,r., du . .o. from • pcriphera' (Pon A)to 
memary (Pon B). The uble ofbyt" m.oy be rtored In mern• 
ory and tran•fe=d to the DMA with an output irutrnctioa 
mcltu1110TIR.. 

' ~. 
' 
' • • -' 

To ~<load th< .....,, :tdd.-e,.., ond block length for • 
opcntioa, 0111y rwo byuo: an= a .. dt4.. 

t. Cotnznand byte 2d 1 1 o o 1 1 1 1 CF 
R<loads pon odd.-OUQ Load 

. blod: 1en¡th 

"'"A 
Periphen.l 
Addre>a WX"5H 

• 

• 
E!<AIU: OHA 

MSE ij-20 -.. ' 

• 

Dau Row -Block Length 
IOOOH Bytes 

' 

' 

~ 
Memo!}' . 
Starting Addrea 
lOSOH 

" 

cr 
u 

- " " 

-!OOO!Oil " Em.6le DMA 

e 

1 
' 



Absolute Maximwn Ratings 
Temperotute Undor Biu 
~,~'"1' Tempera<""' 

'lu.1e Oo M y !'In ..ith 
Rt>P<CI to Ground 

Spetllitd openllnJI '"'1'· 
-6s"C to +150 e 
-o.JV to +7V 

PD,w<r Diniplti<>fl • ,. 
¡.;0,.: All AC aod OC chn><~iñstia ~mam tho same for 

Lhe miliacy ¡rad< p•ru uceptlcc-

la: •lOO mA. 

Z80-D;\1A D.C. Characteristics 
' •• 1'< ~ ,..,_"" • "',,, _.,. ~- _.. .. - - - '" --... ...... _.__ - ••• • 

·- ,....._...,. . ...,. 
-~ -~ • 

•• _ ..... ·~- - u • 
•• _ .......... ~ ~ • ·- ,. ............. . •• • 
~ --·- •• • 
~ --·- •• -
" _ ....... ~·--- " " ,_ ............... .._.., ___ ..... 

" " 
~ 

....... _ ........ , ____ ... " 
u ............ ~,-·-- •• " 
' 

. 
,,,_ .. Z.SOA-DMA D.C. Characteristics 

'· ............ "« • "' ••• _....._-- - - '" --
~ o..• ................ ~ . .. • 

·- ...... ____ 
·~ ~ • 

•• --- - .. • 
~ --·- ~ ~ • 
·- ,. ............ .. • 
~- ,. ...... .._ " • 
-~ --·- • ~ -
" 

_,.._, __ 
" " 

~ "' ..... ,.,.......,..,_, ..... , " " . 
~ 

, ....... ""'_._...,, ____ ... " 
~ 

........ ..._, _____ 
•• " ... 

Capadtance . -

. 

1 1 • ~-- ~- UoOt 

H; -" 
_.._ -" 

-

"Comment -- ,. 

Str<U<I abo .. Lhos.e listed und<r •• Absolu<t 
Mnimum Rating~ may ,eause permanent 
dam>¡e to <he devico. This lo • '"'"ruin& 
only and functiorm! opc<1doo of the d<vicc 
11 "'"" or any oth01 conditi<>fl abovo tb05< 
indiated in Lhe openllollll ..,.úoru of tlW 
'l''cifiatlon lo not implied. E;;posure tD 

absoluto muimum ntin& conditions for 
ex\Ondod p<riod< maY lffect do vice roli.lbility. 
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.7.80-CTC 
'~80A-CTC 

Th• Zilos Z80 prO>du<:~ Une is • ~mp!cto ,., af mitr<>
computcr componenU, d..,.lcpmtnt symm> .. d suppon 
•oflwan:. Thc Z80 miorocompu!er ccmponrnt sct includes 
.n of Lhe dn:ulu nec=ary to build high-perforrn..,a 

~ micro<Omput<r .ymms IVl.th rinually no alhor lo¡¡ic llld 
• minirnum numb<r oflcw c01t "andlfd memO')' derncau, 

1bc Z80..COUIItcr T=crOr<:uil (tiC}is a pmgnmm.tblc, 
fow clwuld dnico lhat previdos C0<1:1tin1and timi.ol 
functions for !he Z80.CPlJ. Thc Z80-CPU ccofigure:s tbc 
ZBIJ..CTC'• four indep<ndcnt chafl!lel! to cp<r>l< undcr 
vorioos mod<> llld conditio"" ."'; nquired, 

Structure 
• N-Ommel Silicon C.tc O.plctia.i Load Technolt>D' 
• 28 Pin DrP 
• Singlc ~vol! supply 
• Single phue 5 vol! cl!x:k 
• Fow independent pro¡:r>mm>blc 8-tlft countcr/l6.blt 

· "•liml:rchannc!J · • • 
• .• 

Features . .. . . -
,-~ .. "'-'"' 

• Eoch chonnel may be. selcclcd Lo opera lO in cilhcr l 
countcr m !>de or ,liml:r m <>de. ' 

• Pro~able 11'1tcrropu on co~~nter ot tlmor mo.a. 

··~ """ . 
111 

1 . i ... - . . . . .. --

Prodtict Specification 
APRIL 1978 

• A time coru;u.nt rc¡uter >utomatic.Uy ttloa~o tht 
dowo <:OUnter u uro ond the cycle il repulO d. 

• Rudablt down count<! indicat« numbet of counlHOoJO 
until ztro. 

• S.lootlble 16 or 256 dock poe>ciler fot nch llmer 
channcl. 

• Selett>ble po.itivc or negativo triggor m• Y initi>to umor 
opeflllioo. 

• Threc channel< h1•e ><m c:ount/timeout outputs upoblt 
of driving O.rlinpon truciston. · 

• Daily chain priority inl<mlptlog:ic indudtd te provide 
fcr automotic intem~pt vectcring without ex~enullo~c-

• • All Jnputs and outpuu fully Trl ccmpotiblc. 
• Outputs directiy ccmpotiblt with ZBO-SlO. 

CfC Arcbitecture 

A blo<:k diog'""' of thc z.a.G.(."TC is shown!n rtgurt l. 
Tht interno! lt<UCtUrc cf tht ZBO-CTC corni>ts cf a ZBG.CPU 
bus interface. inteml.l control logtc, four count<r th;rnneb, 
and interrupt controllogic. Each dunnel ha •n interrupt 
vector for outomatic intem~pt Y<ctorint, >nd inlOmlpl 

- pricrity ¡,· dc1emúntd by th>nn<l numb., with clu.Mel • 
h.avi:t1 thc !U&host priority . 

• 
Th< thonncl\or;ic is eompoud of 2 togi.ltcn. 2 counten 

_>nd conttollopc u sho""' in fípre 2. Th• ,.p.,cn includt 
., 8-bit time coruunt rcP,ter and"" 8--bit clannel contmf 
ttP,ter. The counten lncludc m 8--bit tUdable down 
countet ond an 8--bit Prosaltt. The pre!.Clltt may be
prcvammed te divide th• syuem dock by e<thtr 16 or2S6. 

FIGURE 1 

MS(B-29 
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Ch:mnel Counter and Register Description 

l. Constan! Rogi>t<r- 8 bi11, ]coded by th< CPU to 
L,~.tiu: ond r<-lo•d Down Countor 11 • oount of l<ro. 

ChWd Con u-o! Rogi>tu- 8 biu,]oodod by the CPU lo 
"'''' tho modo &nd condllloN o{ chll'ltltl Of"""'""'· 

Do,.-, Coun~- 8 biu.loaded by the Time Co"lWll 
R<~"or W>det protnm conuol and outomot>cally " o 

-
~--CO..-nr.DL 
no= 
""O LOCIC 

" lrt1l . . y . L 

( l"()'I"-"•L OIIS 

• rRESOLU 
"otn> 

-un:o~oL <ti>< "T!~(O HoGG(O 

. 

count of ,.,o. At any t>rne. tl10 CPU t>n to>d tho numbe"r 
of count1·1o-go unul a loro count. Th.i• co~nter ;, do-_ 
c«ment<d by tilo presoaler ln tlm« mode and CLK/TRJG 
ln coun"t modo. 

Pl--oo<:;l..- - 8 bot ccunl<r, dlYid<> '~"'"' ele<: k by 16 cr 
:56 fot doetom<n~mg Down Counl<r. lt ¡, "''d in""'" 
modo only. 

••• 
~-~ 
UClSTU 

" '"'" 
p 

7 
00"' "" c-ou..-n• 
""m' 

7 
. . . . 

FIGURE 2 
CH4NNEl BLOCK OIAGRA.M 

Z80-CTC Pin Description 

' - • ClKJTRCo Oanno! 1 E.1<mal Oocl or Ttmot Tnuor --• • • - {lr.put) • • - " • -· ... 
•• • - -· CLK/TRC¡ Ou.~m<ll Eote mll Clock or TI mor T "!f'' 

" -• • .. ...... (lnput) 
• -• -- • CLK!TRC! 0\~mol ~ E. te mal Clock or Timot Trigr.r 

1" 
··-... :: • = (lnputJ 

---"'::. .=: • . ~ • ClXITRCJ Oannd J E.rrmll Cloc\ cir Timer Tn!r<' 
• • • 
-¡- • • (Input) 

• ·- • ~ ... _,.., .. -~-- _, - 2CfTD0 Oannol e :Z.,rc e o._.; orTim<out 

rsE-B-30 
(OUlJ>I'l •• Otiv-r luP,) 

¡ 
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Z80-CTC Pin Description (continued) 

ZCITOJ 0\onnd 1 Zero Count cr Tuneo~t 
{output, •r:ú•• hlgh) 

ZC/'TO:!. Owmd 2 Z.iv Cowu or Tuneout 
{cutpur, ac;ti..., hi¡b) 

CS¡ - ~ . Ounnd S.lect (input, 1ctin hlgb). Thue 
form • 2-bit binary addr.ss cf the clnnnel 
tob<o=d. 

07-0¡, z.BO.CPU Dat.o Bw (bidircctiOJI:d, tnstat<) 

" • 
¡¡¡ 

lORO 

Chip Erutble (input, acti•elow) 

SyS!em Oock (inp<~<) 

Mochine Cyde One Signa! from ZI!O-CPU 
(input,octivc]ow) 

lnpu!/Output Rcqutn from Z80-CPU(input, 

''"'"l.,..) 
Tuning Wal·eforms 

RD 

"" 

CTC WRITE CYCLE 

mus,n~<d he:o is !he limin1 for loo.din~ • <:hanntl control 
~ word,llmc tonslm< >lUl in<enup< •ecror. No Wlllt s1.11es on 

1o ... d fo1 "'ritl.o¡to rh•CTC orh.et tlun rh< ntom.atitally 
Ii...n.d (T01 "). Sim:e t1u: eTc docs nct =eiY< • spodBc 
wr:ite .llpto.l, !t inlemally ¡encratesll.l C"'ll from thelaok cf 
""Rñ.;gn.oJ. 

• 

• 
·• 

,,._,. ere READ CYCLE 

' 
• Dhutnted he,. is tbe lilninl fcr roodin¡o clunntl"o 

o,.;., Cownet w!u:n m Coun~er Mode. Th< nlue rood 
oouo the do1.1 bus roflecu 11M: nwnl>rr of externa! cloclr.'s 
risin¡ed¡n prior <Dthc risiq cdp: ofcydc (T 2). No otalt 
.... ,., on lll~d fO< reodiD¡ the ere oth<r !hui the ouro
matlcllly lns.tned (7

01 
•). 

••• 

• 

-
• 
• ... 

Rad Cycl< Stotus from the Z80-CPU (input, 
acti,.low) 

lnttnupt Enablc ID (in¡nn,ootiv< high) 

lntem>pt En>ble Out (output, octive high). 
JEI and lEO form • dO!<)' choin connection 
for priori !y in~<nupt cont<ol 

)nterrupt Rcqu<>l (output, ~n dnln, 
active ]ow) 

RESET SIOps o11 channeh from countin1 and 
r=u clunnellnturupt onable biu in all 
control rcgi.sten. During r<><t lime ZCfTO¡l.2 
an.d lNT go te the inacti.,.. "''"'·lEO rcflects 
the sutt o fiEl, ond the dara bus ourpur driven 

so ro !h.< hi¡h ltnp<ob=e '"'' (inpur.ocnve 
[ow) 

-

-
INTERRI.IPr ACKNOWLEDGE CYCLE 

Sorne ti:n, -;l'ttr m l<n<r<up! ÍJ .. questod by !he ere. the 
CPU ~ IZSI•~ ~ul >11 in<tm<pt ocl:ncwl<dgt (Ml and lQRQ). 
Ourinc !his •irn• the im.<rTUpt lo¡ic or thc ere will d"<tmino 
lh< hiP,esl :·· (orny channel "'hiclt U o<quening an inl<rmpo. 
"7 iruwe ''·•• tho daisy cltain <n.able lineo stabifue, chlnnds 

~ ...rt inhib;;od from dw!P.,¡ oheio inmrupt reque" .,.,,. 
wh<n Mi is oeti .. _l(the én; lntenupi Erubl< Input (!El) 
il ••"""· then lh< high<ll priority inr ,ri-uprinJ dunnef 
pbon tho coo¡enu of iU ionerrupt .. eoor ·,.p.,., onto !he 
llna Bus whon IORQ Jod «<ÍY<. Add.itional w>il cycles 
•re >Uo..-«1. · 

MSF R-~1 

• 

• 

-
• -
••• --

• 
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liming \'\\neforms (continued) 

RITURN FRO~ INTERRlJf'T C'YCLE 

! ' • Jf • ZSO p<riph<n.l d.-ice hu no intcrrupt p<ndi.nE ond il 
not und<r >Or>ioe. tllm it> lEO • !El. lfit h•• an in"rrupt • 
uml<r ><fVI"" (i..o. it hu ilie•dy int<rrupt<d and r<<<h<d = 
wm~pt >e':tlo"' l<d!<) thon iu lEO il .¡~·•y• low, rr~~ibn
i::g Jo,." prionty thtp> from int<rru?t>n!- lf it hu an int<r· 
rupt p<ndi.~g wluch.h .. not ~u been oó:.no~ l<ds<d. fEO 
,.;n b< Jo,. uru,..,., ~ro·· il d<<t>d<d u tbo firn byte of • 
rwo by" opco<k In tlli> catc. lEO wlil go his)l until tlle n<-'1 
opcod< b~< il dcc<>d<d. wh<<tupon it will ap.ur EO fow. lf 
,¡,, ><:ond byu of tll< opcod< wu • ~40"" thcn th< opcode 

'"""'' RETI .nmuction. 
Afl<r an ""ED"" opcod< i> d<codod. only th< pcripheral 

dcvt<< ..t~ó hu ir.t<rntpt<d and"' cunenlly lllld'l strvi<:e 
willlu.V< iu lE! hit)> and tu lEO fow. Thi1 d'"'' ;, th< hit)>· 
nt prionty dcvre< m th< daisy ch.o.in which hu rtccivr:d on 
ir.tcrrupt odrnowl<dl< • .W othor p<:ri¡>hu~l.s ~-"•< !El ~ lEO . 

• lf tll< ncxt o pe<><!< byt< d<eoded U "'40~. thi> p<riph<ral 
dcvi<:e will r=t iu ~~~l<mrpt undcr ,..,..¡ .. - condition. 

W>.Jt <}-eles.,... allo .. ,d in the Ml <ycl<>. 

• 

• 
• 

m~--

'" 
---------,--------
--------' 

"" 

DAISY CHAIN INTERRUPT SERVlDNG 

• U!LBm.«d lt ntJ>t i> O typie.aJ n"tcd lnt<rrUpt S<GU<OC< 
"dl m.oy occou in thc CTC.. In thi> ><qu<ne< chann<l 2 

'uot<frupu llld "Jnl11<d >ervko. While tlus dtrnn<l i> b-<in¡ 
><ni"' d. hioh<r priority dlann<l ¡ intemrpt> .,d is E'lll"d 
!.<Me<. Thc ••::YÍe< rouún< for the higlrcr pnOnty ch>1>nel 
il tompf•"·"- ond • Rrn in>truc"tion is uccul<d to indico!< 
10th< .:.~··"•llhu iu rouúno is compl<ti. At this tim< the 
><rviO< •~!-"""< cf Jo,.., prionty <hannel 2 i> eompl<t<d .. 

~'""'""''" ~-· , .............. . ...... . ..... 
• • .. "' • .. ~ '" •• "' .. 

' ~ .... """"~ -~- ··- '""' y' "" ..... '"..... "'"'" • • "' "' • "' .. .. " "' •• ................. u.,. .. ..., .............. .. ..... ~..... . ............ .. 
• • .. " .. •• •• .. •. 

. . ....... .......... ........... .. ~ .. ~ ,_,. ....... ._.,., ~ . .., ...... • • • 

• .. •• .. .. ., .... 

" 
" .. 

.. " 

.. .. . ,_ .. ., ...... ,..,_, .._.,. ,,.... _, ·---............. .. 
.. .. .. ... ....,,_,,~ 

• •• • • • .. .. . .. . -....... .,. ...................... -. ........................ .. 
CTC COUNfiNG AND TIMING 

In th< counter mod< th< ri<ing ot filling <dgt cf th< CLK 
i~!"·' '-'""'tilo countet 10 b< decr<m<ntod. Th< <t!g< is 
dt t. '·"d tou.Ify uynchroncu>ly and m.,.! hl'< • mimrnum 
CLX pui>c width. Ho"'''". Lh< countcr ;, ") nchronow ..;eh 
<!> tll<I<for< a ><tup ttm< m.,.t b-< met ,..h<n it i> d<<i«d to 
lu., thc counm d<ercmrnl<d by ,¡,, Mot ruin¡ <dg< cf 4>. 

hr th< """' mod< tll< pruc.~ mor be rnobl<d by o ruinl 
01 fall:n¡ d1• en tilo TRG mput. A.! in th< COWlt<t <r.odt, 
tl1< od1• is d<l<ct<d touDy uynehtcnowly '"~ rmLlt h>V< · 
a r.~~i:num TRG pul>< •idth. How"" • ..-hrn tim;,g is to 
r- · .~<h '"?<"' 10 tho <><>t ruin¡ <d¡< of 4>' sttup timo 
L , b-< m <t. Thc 1"''""'1" oounts rllLt>¡<d~u of <1> • 
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A.C. Characteristics ZSO-CTC 

TA • O' C <o ;o• c. Veo • •5 V :t 5% unl<$1 o<h<rw"' nct<d 

' 

• 

cs. u."'· 

Do-O¡ 

"' 
10110 

-"' 
-
p .. ; -

-

•s~IOI 

t 0 ,.UOI 
•ot.IIO> 
•o.,UOI 

•s...ltAI 

··~'"'" 
IS<>IIIOI 

·oc~<m 

" 
tc<C~I ... ,, 
tsiC~I 

tstTIII 

twiCn<t 

~·= 

........... 
CJ""' p,,..,., 
Ctoeo ""'" W"''"· 0<><• "~' 
Ct<><O Put" ""'"'· et<o<O \."" 
~; "'" ood foU r,.,., 

' ' ' ,,, 
;,~ .... 

''" c .... ' ' ••• 
p,,. Sorno T""'"" 11;,,,.. E .. o ol • t>um>O Wn" o• M1 e,.,. 

lEO O•toT r...., """'"'''""loo: o ol IEI 
lEO 0.">' T.,. lmm ~'"'"" E<'>O or IEI 
I_EO ~'"' hum foHo"" E~;o o! Mi linto<nt<>t <>=,"'"" 
'"""'"'''""''' 

••••••• 
r .... '"""""'""E""' ot eu::JTIIG
r-• 

Ch><' •~""' 

ehxo '"" T·~" "'" ""' ''" r..,., 

"' 

el<>< O S.tvo Timo t<t "'""' Eo .. ol oo'lo• ,.,,.,..,;.,, Counl 

r.,., .. s."'" r ..... •• "'""' Eoo• ot,. '•• E"'~''"",, ................. _,, ......... ,.. .. . . 
eo..:o '"" Tnoo., ""'" '""' "'"''" 

e><><• '"" r,.,.,., ¡__. '"''" ,..,.., 

ZCfTO o~.,. r,..,. '""""'''"'E- ol •. ZCfTt) "'"" 

ZCf1'0 O"" r ..... ''""' ''"'"" E o .. ol ... ZCITO ¡__. 

•• • • 
: ,:;:, 
no ~ - ~ 

ow 

-

2tcl•l. 71>0 
.~, .. ,.m 

2tc'*' 
ro 

'" "' 
= 
= 

'" 
'" 

-. 
lt 1 'e . 

'" !>O of ~,.,,. ;, '""'""'· 200 oF ,.,,.,,.m '"' ,..,. ''""' '"" lOO P• 
'"""''* .,..., ~ 2 """ '"' '""" to of .....,..,,. ·• '"""'""· 100 oF ...,,..,..., 

-::rnrT ""m bo ""'' .. '"' • "''~"""" ol J <>o< o ~-

OUTPUT LOAt" CJACUIT 

'""'" ""'"" ........... , 
1 
1' 

...... "" """ .. ' "" .... ..,,,.,..._,._ 

.,_ 
-

""" C~mmonto 

• 
• 
• 
• 

• 

• "' 
• 

• '" 
-
• '" • '" • ,,, 
"' 

"' 
• ( 

-

' .• 
- ' .. 
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A.C. Characteristics ZSOA-CTC 

.. ~ :- •• ' 
< Cloci< ........ 

~ -• ~--· 
Cloci< ,.,,_ w ...... Oo<• ..... - . 

1~ 
O.:.. o ,.,,,. w...,. ao.o ~ 

·~ "':: : . . 
Clo<o Fl.,.- hll nn. 

' ,, 
C$. fl!.oa: ' ' ' ol• Ourin; Fl- 00 -

-;;;;¡¡;- 1•• 
! ~.:: " o.,.-;ngFI- - - "' 

<s.IOJ ~-.., r..,. IOFIH; ... E ... ool. o..,,.,. W"'oor .,, ~ • .,..., 
'oriOl l Doto 0....., Dor.,. ,_, Foll;n; Ecloo ol IOFIG Ouring ·~ • '" 
-"" B"' IOu10ur autt ... Ooublo Timol . 

"0 -
"' 

':¡IIEII ' ' ·~ ' ' ·~ • 
'D>IUOI lEO O...,. Tono,_,"''""" E .... 01 IEI •oo • "' "' 
ro~IIOI ' F ~~ .... E""' ol IEI ·~ - "' .. . - tcM1101 

' ~"' 
01 MI """"'•Qt Oe<, ... , ... •oo • "' 

ts.IIRI 
. ,,, Ounn; A-"' '" . ;o;;a • 

' ' INTA Dr ... 00 . -•• -.. ' "' 
. • . 

~~~n ot CLIUTI'IG 1~:::::: 
. Coun<O< . 

iÑf' 
r ...... ......,, 

. ,., •. eo. ...... , . .. ~- T- 00 
. 

. . 
- osiCJr:l . Clo<o S...,.~ oo ~~~ ... e.,.. o•• 1 . no Coun"' "'-

•s!TFir ..-.,, ... E6g. ol • fo• onoOIIn; 01 no 

' ' .... <wiC'Tld ~ . 
- '--""'"""""' 

. _,., 
~ 

'Ot!IZCI ~"' •· :zcrro """' •oo 

"""""' tco..IZ::J .--· nno ,.....,,.,.,. r=."' •. zcn:o e- - •oo . 
-· 

- 111 'e"""i4>HJ• .... I""-lo.,_,.,. 
[2t ,....,._ .......... ID._ ro. OO<It !:>0 pF w.e.-- ¡,., '-"""· :IOD pF m"""-'"' ........... - ICC oF !<><--rO-. 

) 

lll ·--... 2-IOrOO<ItiOPF......_;n-ICCp,,..o""'-n. 
1•1 ruff......,too..,;.,¡,..,m-...,otldocO<ydoo.. 

OUTPUT LOAD CIRCU!T 

OOOMOUT>ufo-.---,-'---1r----;<lr-----~ -·-

.. . -.. 
'·- .. 

·.,.,,.,. 
...... "" ....... ,e,._- .... .,....._._ 
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A.C. Timing Diagram 
''f .. , .. ·v· 

CLOC~ "ce- .fill "' OUTl'VT '"' " '""uT 2.0\1 " FLOAT '" •0.5\1 

- . - ¡-.... l~HI TI n ~ 

~· !' ~-" ·-; 
¡-- ~ 1-- ' 

~ L-J 

'wiHI~ 

"''""' ¡--
..._,- .... ~ ......... 

l \ 1 

'- -,.. .. 

" 
1 - ' ¡-'ooiROI 

. f.--"'~·"·~ 
. 
./ 1 

- 1- ... 101 ~ - . 1-"'"'· "'"'"' ' 
1 1 . 1 -

f-'0,1~1-
'>~IIR~ 

1 . 

1'"1"' ...... 1 ( 

1 
. 

..,,.101- r 
·~· . \ . -- . . . . . . -- .... ~. 1"'•''"' 

"' J .... ,: f- 1 ' . . 
. 

1\ \ 

'ou lln 

- tc1C~ 

1-... ·~ 'oiCKI 

ICOt.lNTER .. 00~1 ' 

- ..,u:n.! ~ 
--j"ITR •1-- r-..,ocn!>-j 

-
fl"l"[RwQOEI j . 
' - 'o«IZCI¡-- 1-'w\CTL~ 

' ' 

1 \ - - . . 
. 

-

J 
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() 
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Absolute i\laximum Ratings 

, ......... ~ ~ ......... 
S."''f' T•~f""'"w 
, ...... 0, Ao> p,, ~ .. ...,...,,.c ..... 
"-''"'"''''~ 

··~ •• lC'{" .... , .•.. wc 

D.C. Char:acteristics 

'"-..,.~ ....... '"""' loud , .. ., ' • .,.,,,. ~"'m''" 
O..•~o·m,. ''"""'=~••• .. ,...,. <o,,.. "'~•. "'" ... """' .............. '"""""'" ...... _ .. 
"" .,,._, " "'"" '" ••1 ''"" ''"''"~ ,..., onow _ .. , .. • ... """"'~"'¡ M•'"'"' .. '''' <P«"~> 
•-~-""P'"'"·!·-~ ,., ..... ,. m••~-..... ·"""'·- ....................... "''" 
"''"' wi..O .. ,.. 

TA • 0' ( <o '0' {',V._ • < V ' '" '"~" """~'" ,,._,,..., 

~ 1 " 
1 ' ' " 1 1 

1 ~" " 1 "T. 1 
1 1 

1 '~ 1 1 
1 • 1 1 1 •el·•~"\ 

~ ' 'O>< • -lS<l ~A 

' re • <oo ""'' ' 

' ' ' "<N'"'""cc 
" ' ' ' ' 1 voln • l > •o "ce 

' o:;,,,,~ ' ' ' 1 
'oooo ' _, ' 1• "oxr . '·'" 

' 

Z80A-CTC 

S.m..,< ""''"""' 
,.;., "" u ••• ,,., .:.. ........ 

"<LC C<<><< loouo Lo~ VOio .. o 1 ., 1 " 1 " 
"•><e 1 ooe• '"""' ""'" """- 1 1 1 1 "cc-.61 "ce·.:. 1 " 
"• 1 '"""' Lo~ v ...... '. <' 1 .. 1 " 
"'" 1 '"""' ""'' ......... •• 1 "" 1 " 
" 1 o.,.,,, Lo .. Vol! .. , 1 •• 1 " 1 IOL'l"'A 

" " o'"'"'""'",.., ... ,, 1 1 " 1 •oH • -•so •" 

'" 1 """'" SuooiV e""''"' 1 '" 1 •• re • 1'10 "''"' 

' ' '"""'L .. ...,, e""'"' 1 .. 1 •• v,,..o.ovec 
ILOH y,;_,;.,,. Ou<OUI L ..... , e"""'""""' 1 1 .. •• Vour•2<oovcc 
'LOL 1 T"''"" Ou<OUI L'""' e"""' •n Flo.o< 1 1 ... 1 •• "our·o•v 

'""" ""''"''""o.~. e""'"' -'-5 •• "Exr•1.5V 

~EXT •390n 

Capacitance 

TA•:U'C,f•JMHz 

-.2: ' 

" 
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Package Ourlinc 
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zso':sJO 
Z80A-SIO 

Th~ Z!O-SJO (Scrial·!npuVOutput) i< • duaJ-channo! 
multi-fun<tion periphcral CCr.lpone:.t CcSig.ncd te u.tisíy 
a Widc vo.ricty of •erial data communiC<ttions rtquirc· 
mcnu in microc:cmput<r >Y"'""· h.< b:uic funC'.JCD is a 
..,,.;a).to-pan.IJ<l. panJiel-tc-"rial con~encr /controUcr, 
but-whhin that role-it ¡, configurable by ;yste:n.s 
<cftwalc se ir.s "~cr>cnality" C3II be Opllmi;:cl for 1 
pvcn serial data communicauon!S application. 

Th< ZSO-SIO i> c:!pablc of handling awnchronous 
forma u, •ynchrcnous · byte-<>ricnte<! ~rotocol> such . "-" 
tBM Bisync. and <ynchrcnom bn-oriemd protocols 
such a.s flDLC and SDLC. Tht< vc,.a<ile deVlc< can also be 
us<d lo suppon vinually any oth<r ,on.J protocol lor 
applicaucru Oth<r than data communications (<:a.,cuc 
or noppy di>k in«riaccs, for ox:unpi:J. 

Th< Z80-SIO C3II ¡encnM and c~cd; C~C cO<I=:s in 

1 -,o.ny ,ynchronous modc and can be prograrnmed ro 
t :h..:k <bu. integrity in vanou> mod.,. Thc d<>ice Wo 
'-'ha.s facilir.i"' for modcm ccntrols in both ohanncls. lo 

app!icaricn> whero rhc>e control> are not ne-..ded, thc 
modem control> an be wed for gencral·purpo>c UO. 
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Product Specification 
AUGUST J97B 

N<hannd si!icon·garc dcple!ion-load rc:hnoiogy 

.10-pin DIP 

Single 5 V pcwcr >upply 

Single·Ph"-'C 5 Y ¡¡lcck 

All input.s and cutpuu m_ ccmpaubl< 

Two iudc~enécnt fuU-duplu c~anne]s 

Data ratcs in >) nchrcncus or iJO>ynchrcnow moceo: 
• O-ó~OK biuh..::ond with ~-~ .\IH< l)'>:<:n c!o<:~ 

ratc 
• 0-880K bmll«Ond wirh 4.0 M Hz >Y>t<m dod; 

rate 

Reccivcr dara rcgmcn quadruply bulfcrrd; t:"<UU

mincr doubly buffcred. 

A.synchronous !catur"': 
• S, 6, 7 or 8 bit>/characrcr 

"'"""' . 
"""'"' ""'""' . ""''' "" " 

"~"m ""'". """' "" " 

"' ... " 1 

............. ..._ ......... _ 
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' \ 
• 1, 1\1': or 2ltcp bil'l 
• EYea, odd ar na pancy 
• xl, xl6. x3:a:~d x64c!cckmodeo 
• Brak ¡eneratoon and det«1ian 
• Paricy, ave:-Ttm and f;:unin¡ '"'"' det«1t0n 

BinU)I oynchrcncus fc~tureo: 
• 1ntomal or nte:-naJ character oynchroniz.otion 
• Otte cr two srnc characten tn oeparote register. 
• Autcmatic l)llC ci".aracter iruef1lo<Vdoleüon 
• CJ;C ¡eoeraticn and cheáins 

HOlC and SDLC fe>tur<OS: 
• Ahon •cque~c: ¡;"nc:-:>tion a:~d deto:tico 
• Automatic zo:o ~.,crtion and deletion 
• Automatic na¡ iruerjon buw.-en mes .. seo 
• Addr<>! /ield r.Oog..,ition 
• Suppon for one 10 etghl bil'l/characte( 
• Valid ro::ive m~sa~eo protected from overruo 
• CJ;C ¡eneration and eho:king 

lnl<rrupt !cature>: 
• Daisy-c:ha.in in":TUPI lo~ic provid« automatic 

iDl<rrupt vo::onng Wlth no extemaliopc 
• P'ro¡r.uru:~abie tn«:-r~pt •;c<or 
• Statul Alle<:<S bte:-r~pt Vo-:tor mode for fa.n 

ioterrupt ;>toc,.,;•in;¡ 

CJC·IO or CRC.CCrTT block trame che<: k 

Scp:onte modem coottol input!! and outpul'l for bcth 
cbanncb 

Modem U><llll c:tn be monitcred · 
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Dr-01. Syst~m Data BLU (bidir=ional, ).uate). ir.e 
oyotetn data bus :r:uafe'"' data and comm:mw be: .. <-<n 
tlle Cl'U a:~d the ZW-510. Do L. tlle le:ut si¡:mfk:mt bl1. 

8/A. Channtl A Or B 5tiN:t (input. Ht'h "1<-::l'l Chan· 
nel B). Thi' input dofines ••hich <hannel ;, ac:o.,<d 
during a d•<a trarufer betweon the cp¡; and the 
ZB[I..SIO. AddreH bll ~ from the CPW io oitC~ u><d for 
thc •deotion function, 

ciñ. Con u o/ Or Data &ier:t (input, Hio~ ><ie<ts Con· 
trol). This input de!ineo the type o( informou~n :ar.s· 
frr pcrformod bct .. .-.n t~o CPU and thc ZS[I..SIO ..... 
Hi¡h at thi> input cunn~ a l:PU v.nt< :o me Z![I..SJO 
<::m-'e"S the infonnanon en t.'l< ~.,. bw to be inl<'l'f::e-0 
U a command for thc chann<l se:..::ed by 81A. A Lo"' zt 
CID mearu that thc infor.natlon en the oata bu• ;, :lata. 
Addreu bit A 1 ¡, oft<n use:i for this funcuon. 

CE. Chrp Enablt (input. active Low). A Lo" leve] a: 
this input enabl., t~c ZS[I..SIO to accopt :omm:md t>r 
dat;I input from thc CPU dming a >'Tilt cyo!e, or to 
tn~smll data 10 the CPU d~nng a read C)'Cie, 

9. 5ysum Clock (input).•The Z8[1..Sl0 uloo :r.e Ola.od· 
ud Z80 Sy,em ClccK to syncnronize intemal ot¡;r.al•. 
This is a !in¡:Jc·phue docl. 

.'l·tl . .\fachrn< Cyclt On< (iopu< from ZS[I..CPU, active 
Low). When ,;;;; is acuve a.nd Rñ is aiso ae'.J>c, thc 
Z80-CPU is lctching an in:strucuon from memory: when 
Mi L. active while IORQ is acti'O, th< Z80.SIO acccp!.l ,:;;-, 
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--------------------------------------------~----", 
fiCD'A. DCDB, Dota Carrou Dn~-:1 (input•. acti~c 
low). Th<..~e p1no function u r«:ci>cr cnabb if thc 

, ~w-sro ;, pro¡:rammcd for Auto Enabln; othuw,.c 
1 .y may be used u ~enera(-purpo<c input pi.u. Both 
~'"'are Schmm-<ngg" buffcrcd 10 ac<ommoda<e slo"-
riscümc •igna.l.s. Thc :Z:SO..SJO de<e-::U puhc< en th<:<c 
piru u.d in..,Tupu thc c~u en both lcgic lc•cl transi
tion<. Schmm-tn~¡cr buffcring do"' not gu;onntc.o a 
Spttific noi•c i<>d musin. 

RxDA, R>:DB. Rucrvc Data (inpuu, active H1g.h). 

T..OA, T.PB. Traruml/ Dara (outpuu. aruvc Higl!). 

--- ---RxCA, IUCB. RtCCIVU C/o<ks (input>). Ree:¡vc data 
is nmpled en 1hc rising cdgc of R>C. Thc Rocciv<Ciods 
may be !. 16, J2 or 64 time• the data rate in A>yu
ohronous modc<.' Th.,c dock! may be drivcn by thc 
ZSO-CTC Ccun"r Timcr Cirruir for pro~rammabk 
'·~od ra<e ¡:n<ration. Both inputS o.re SchmiO-tnggc-r 
~uffer.d (no no"e lod manin ;, >pe<:ified). See l.be 
following >e<:tion for bond1ng oplions. 

T~CA, T•CB. Tra~smmtr C/acl<s (input..<). T•D 
ehange< en the follin¡ ed~e of hl. In As)nchronous 
mod<:<, rhe Transmm<r Clocks may be l. 1~. 32 or 6-.: 
times the data rate; ho.,e•er, theelock multi~lier for the 
trarumittcr and the reteiver mun he rhe >3..":1<. The 
Tran>mit Clod inpÜt.s :ore Sc!lmm-trig¡;er buffered for 

_ . rel:u«! me- and fall-rime .teQuin7.>ent.s (no noi<e le• el 
margin i< >pecified). Trammiuer Clocb may be drive~ 

- Lv the Z80--CTC Countcr T1mer Circwl for prcgram
·ble baud rare gcner:uion. See the following •=Joo 

tor bondin¡ optioru. 

RTSA. RTSii. R~Qu.:sr To S~nd (outpuu;, active Low). 
When the RTS bir is set, the iiTs output g<><::> Low. Whe~ 
the RTS bit io re>et in the A>)'Tlchronous mode, l.be out-. 
pul ¡ces High aftor the muumiuer Í< cmpty. In Syn
chrcnous mod<>, the m pin >lrictly follow, the '"'-'• of 
the RTS bit. Both piru C:ln be U!ed :U general-pull>">• 
outpuu. 

DTR:A, DTRii. DaTa Tumonal Read_v (cutput:<, aC"Jve 
Lo,.). Se-:: note en bonding optioru. The<e cutpuu fol
lo..- the s<a« prog~med into l.be DTR bit. They can 
abo be pro¡rammed.., generai-purpo;e OUipU!S. 

SY~C A, SY,.,-C B. Synchron~arion (inpuu/outpuu • 
.o.oti•e low), Th<>e pin> nn .o.ct cither 'U inpuU cr out
puu;. In 1he As)'nehronouo R«<1'< medo. l.bey are in
pu" ,¡.,ibf 10 ffi .o.:nd OCfi. Jn 1his mode, 1he u-arui
tioru on th~c lincs .o.Ifc<t the >131< of tl-.c S:-nc/Hnnt 
SL>tu< ~;, i~ ·~o. Jn th< E.< lema! S~c mode, th<>e lineo 
olso •<t :u :~puU. When e."emai s:-nc~onization is 
.o.dtieved, s•~c "'"'"be dn•cn Lo..- on the =nnd ri>inK 
ed¡e cf '--'-C .o.f1er th:u ri<onf «<¡e cf k>.C on "hic.~ rhe 
Last bit of !he S)'T\C <har>Ciet "'"-' rc<eived. In ctha 
-ords, .o.fter rhe srn• p.o.ttcrn is dct=ed. thc extcma.J 

,Pe must ~ai< for two full Ret<ÍH Cloc'- cycla ro acti
•.o.te the IDC' input. Once s;:;:;c is f o:eed Low, ir is wisc 
ro keep it Lo .. unul th< O'U infonns the extema.J sync 
lo¡ie lh.o.t tynehroní.z;;stion h._, be-::n le" or a new m<>-

••se" abcuttc uan. Ch>rO<ter ..,sembly be~in• en tt.e 
ming edoe cf ;r;{' lhat imm<dLat<ly precede> the fa.Jiin¡; 
edge el Hf<C in !he E><cmai S)'nc mode.-

In rhe !ntcma.J S:-nchrcnlzauon modo (~lonos)'OC 
«nd Bi,ync). thcse pln> ac: u out¡mu IC.at are ac:i>< 
dunng the put of the r«">< clod ,-.;e; <ycle in ,.nicn 
sync charael<rs are retognioed. Th: S\'nc condition ;, 
ncr l.o.rched. so the<e outpuu are active <><h lime • "·nc 
pauem is retogni:ed .. re~ar~less of characte' houn'd.a
oo 

Th~ con;uaint.s of a 40-pLn paokooe make it Lmpa;.,ble 
10 bring out the Reteive Clock, Trdn<mLl Clo-ck. Data 
Tcrmmal Rcady and Sync >i!nah for noth cnannds. 
Thcrdorc, Channel a mu.u <OC:ofi« 3 "'"al Of havo 
rwo >ignaJ< bonded tO!ether. Since u>er requirement> 
vary. thr~ bonCmg opt1oru :tre offcred; 

• ZBO-SI0/0 h:u a.JI four >i¡nals, but T"iai and ~.CB 
:ore bonded tOgcther lFig. 2). 

• ZSO-Sl0/1 ¡arrificos DHB and O<:~s ~- ;t,CB 
;rnd SYNCB (fig. l). 

• ZSO-S!Ot: ,.<rifle .. SYNCB and k"'P' T.Cii, ~CB 
.o.nd OTRa {Fío. 4). 

The de•ice intemal struelure include< a ZSO-CPL' int<•· 
face, interna! ccnllcl and intem.~pr !cric, and rwo fuU
duple• channcls. Eoch ehanncl contains rcad ;rnd wrne 
re-¡¡iuen, .o.:nd ~tocrete eontrol and 11a:us logic that ?'o
•idc! thc int<rfa« lO modcms or other c>!ema.J devto<>. 

The rud and ~nte regi•ter ¡roup includes ¡¡, .• 8-b•t 
control rcgister<, two sync-chuaeter rc¡iuers and two 
statu< rcgi>tcrs. The intem.Jpt >ettor " wnttOjl into an 
additional S-bit regi5ler (Wme Regmer :!) 1n Channel B 
that may b< rea~ throu~h Read Re¡;mer:! in Channel B. 
Th< regi<tci"S for bcth channe!s aTe d<>i~nated tn rhe texr 
"-' follow<: 

WRD-WR1 - Wntc RegUt.,--, 0 !hrou¡h 7 

RRD-RR1 - Re:t.d Re¡;iuen O through l 

The bit ._,,¡tnment and fune:iona.J grouping of cae~ 
regi>tcr is confi¡ured ro simolify .o.nd organoze the prc
¡r.amming proee:;s. Table 1 lisu the func::icru "'"i'"d 
to uch rc:od or wri« reg.i1t<1'. 

"" 
""' 

T,.o.,n•tiRo-co"o ~"""' ""'"'· ontom-ot Sl>tu> ana ..... ~., ...... 
Soe<o., ~•<•·•• Ccnoot•on "atu> 

.__. • ..., ... r • ....-... 
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"'"''"' frorn rhe channchnw!a<e. The modcm ccnnol in~~<> 

Qear to Scad iCTS"¡ and Data Carn:: D««l ;oc¡¡; ue 
monitor«! by the di>crete control lo~ic under pro~ram 
ccntJoL Alllhc modem control ,;goal$ uc scncral ~ur-

.,. O .. MIOIOI> 

medo o 

Wl1~ Sync '""'"''"' o• SOlC ""'"" t•eiO 

WR1 Srnc ''"'"''"'O< SOl.C !<>Q 

W~t< R .. ul<r foo<tlo"' 

Tal>lol. Fuo<1ioool A.ui(Om<oll of R .. d •nd Wnt< 
R<lht.,., 
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pose in o.aturc ~nd can be .Ued for funcüoru Othe• than 
modcm control. 

For automatic in<crrupt ve-::mring, the >nt<•ruptcon· 
trol logic dctmninc> wh<eh chann<l and "h1ch dc,ic: 
within the channd hu thc hi~he:;t priority. Procrity " 
fucd with Ch:rnnel A a<>i~n«< a hig.'lor pnoruy tn:u~ 
Channcl B: Retci•c. Trammu and b!e,-,¡ai/Statu> tn· 
rerrupu aro pncnuud m rhat crder wimin ea'h o~an· 
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r.c tran>mit and '"'"'"dO! a ~ath t!lus<ralt<l for Chan-
~ _.¡A in F1gure 5 "ide~<lo:>.l for booh c~anno!>. The 

r«:ci~cr has 1hr0< !-bit buffer '"~"'"" in • flfO ar
r:angcmcnt in adóiion to the 8-bit r«:<Í>e 5n1h rcgi><cr. 
This >Ü.eme c:eate> aocilional l!mc for lh< (PU to >ef· 
vice an inte.rupt at the oqinning oi a block of high
>pee<l data. lncomi~~ ~ata u routcd throu~h en< of 
>e<>eral path5 (data or CRc:) d=;lcnoÍn% on the sd«1d 
modc and-io A.nnóronou.< mode>-the eharaner 
length. 

The trarumiucr tlas an 8-b!! tran>mn dat> re~i11<f 

thal i> loadcd from '"" internal data bU5. and a :O-bl\ 
<ran•mit >1-.Íft n:;ci"" ,~.at ~3.., be lo..Ot<! {rom thc >)'Il< 
chanct<r Cuff:" 1"- •• a.,d I'•R:;J or from the ~:an.mit 
data rcgi>ter. De~e~ding on thc opcration>J me>ck, out· 
~ning data i> route~ through eme of four m<lin patlu 
(!::ore it i> ~ran<mi!l«< from the Tr:ansmtt Data OutpU\ 
..-.:a. 

Th< functional c>.p>.hiliti<> of the ZW.·SlO can be 
d<>cribd ftom :"'o diffcrem points of view: "-' a d>.ta 
commumc>.lÍOr.> do"""· 11 :nn>mlt> and re:eÍ•C$ >mal 
data. >.nd "'"" the r.quiremcn!5 of •ariou> data com-

; · municoition> prote<:Oi>; .., a zgo family pcnpheral. it 
int<racts '-'Uh the ZBO-CPU and oth<r ZSO pe,pheral 

~ ·cm\5. and •har<> the dOfa. adar<>S •nd control 
uu»e> . .., IVCII a> heing a pan: of the ZSO intort"\lpl !!ru<· 
rure. As a periph<r>l lo other mtcroproc:;>or>, the 
ZSO.SlO offen valuable fe>.tmcs >u<il "-' non·•<~torcd 
in!<ml~t>. polling and >Ímple hand,hak< capabtlity. 

Th fiT>t pan of thc followin~ functional deocription 
describo,; the intcraction botween lh< CPU and ZSO.S!O; 
the >e:ond pan introducos '" data communications 
capahilllios. 

Th< ZSO-SIO offeT> lhe choice of Polling, lntcrrupl 
(voctorcd or non-ve-::torcd) and Block Tran1fcr modo lo 
transfer data. stallt:l and <ontrol tnforma<ion to.and 
f.-om !he CPU. Th< Block Tran>fer modc can be im

-... ~lcmcnted under CPU or DMA control.. 

¡~ollln&. Ther< are no intcrn~piO in thc Poli«! modc. 
~;•tus regi•«n RRO:>nd KRI are updatcd at appropriate 

·,;;n<S for each funotion betng perfonn<d (for e.omple. 
r~C Error statu> valid 31 thc end of thc me,agcl. All 
the int<rrupt mod<> of th< ZW·S!O must be dLS~bled ro 
Op<~Atc \he d<>ice in a pollcd cn>tronmm\. 

Whi!c in it> Polling ><qucnce. 1h< CPU e<am1n'"' 1h< 
~·••us containcd in ~RO for eoch <~~nnd: lhe u o 1t3tll.i 
bit> >etvc a.> an acknowlcdge 10 rhc Poli inquu)'. The 
¡..,o Uo '"''.._. bit> Do :rnd o-. indü::ue thOI a dat:l 
1rarufcr U noeded. Thc >l.>lu.s .i.J,o indJo:~tes Enor or 

Olhcr spe<ill U•tus condiuons h« ""Z!:l-510 Pro~r>m· 
min¡'"). Thc Spcc~>l íl.c<:.-e Cond1110~ :;.,u> coni>.Jncd . 
In AA 1 do<> not ha-. \o b< rcad m • ?:>llin~ ><Quonce 
b<"Cau•c 1hc ""'"' bns on ••• "'"" b< ~=mronicd by a 
R«ci>e C~aracou Availablc "••u• 1n <>.~. 

lnocrnop"'. Thc ZSO.SIO offcr1 an c:....:-orate intcmJ~! 
~heme \O providc !;a.,t in«"U~I to,;;-:::.e in reai·Um< 
applicauons. Ch>nnel B re¡sueu "0.:. z..--:~ U' conra1n 
the in«r:uPt >e::1or th., poonll ro ar. :..:::o.,upt '"'"''" 
routinc on thc m::nory. To ''""": c;-=-:otions 10 bot~ 
channcb and oo climina~< thc ""''"'l'~· ol "mino a 
>t.atou analy>i> routinc. the Z!O·S!O = ;:,oéify thc tn• 
ocrnopt v<"Ctor in ~•: >O i1 po1na di•=-:· :<><>n< of <J~ht 
•nlern~po >eni« rouunes. T~is " dor.: :.:~dor ~ro~r:•rn 
control by ;curn! a program bu'""'· %• on Channcl B 
nll«< ""Status Aff=• \"e-<:or."" Whe~ =• btt ;, sc:.t~.c 
1n!<rn~pr ><etor in WllJ is rn!X!iflcd :...::::arotng ro the 
usigncd prionty of thc va,ous inl<rt"";:O~g condiuons. 
Thc tablc in ohc Wnte Re!!>1Ct 1 éeo::-:;o:ton !ZS0-510 
Programmin¡ s<"Ctionl sno"'' one mOC:":::uson dc:aols . 

Tnnsmu interrupos. R«:ive tnl<:"r"~:::. 'llld bt<ma!t 
Staous int<rrup11 ar< 1he main >Our= ~~ ont<'"'"'-1p\S. 
Eac~ ¡ntcrrupt •ourcc" e~ablcd und:: ;~"~:arn ~ont:ol 
"1\h Channel A ha>tn¡ a higher pno::::· :han Channei 
B. and w1th Re«Í><r. Tr:onsm11 an: ::"ernal!Statuo 
intcrruots pnonti<d in th>l order ,.,~-..;.:: <3Ch <:nanno!. 
When thc Tran•mn inte:r"P'" •~'-=·""· \he CPU'' 
interrupo«< by thc transmll buffcr ....,-~mmg emp11·. 
(This implieo lhat thc oran>mnter mu~": ::.a-e nad a data 
chuactcr "'"""" lnto 1t son can bttc=• ::npty.) When 
enabled. the re<:eO>er can intcrrupt t.:: cru 1n ene of 
thre<o way>: 

• fnoemJpt en ohc nm r<"Ceivcd C~-l."""ll:tcr 

• lnlcmJpt on all r<:<:ci•ed ehat:ICI:::"S 
• lntcrn~pt on a Spe-::ial R<"Ce.>e c~::::ition 

lnterruPt On fim Chanc:1er ;, typi=..::;y u sed ,..;,n the 
Block T raruf <r mode. lntern! pt On A:: '.cc<tv< Charac
'"' ha.> thc op\lon of modifymg thc :::::-rupJ vector in 
the evcm of a panty error. TheSpC"C".1t ;!.e:er•e Condi· 
tion interrupl c:on occur on • charoctt:" =-:- messagc b'-'" 
(End 01 Framc 1nt<rrupt on ~~LC. ¡, :.amplol. The 
S~ial Re<eive condition can <OU>< a.: :.:c:torrupt onl~· 1f 
the lnt<:rupt On Fim Re«i'< Cha:-..:-..:: or lnterrupt 
On All Re<:<lVC Chatoc\crs mooe i> >el=:-..::l. In 1 ntert"\lpl 
On F1m Re<:ei" Chauc1er. an m<ern::: ::an occm úom 
Spctial Rctei>e cond"11ioru (<>e<;>t Pl."":":)" Errorl aitcr 
the.flm re10eivc <hara«<r intern~po ·=pie: R<:<:oi" 
Overnon internop\1. 

Thc maJn function of th< bl<rnal. ~:atus inocrrupt is 
ro momtor thc signal ttall.lnioru ol :..~: en. 5CD and 
~ ptn<: howevcr. ;on blernal!S\31::..! :.nt<rrupt Í> >be 
cause<! by a Transmit Undcrrun co:::..c:ion or by lh< 
de1e10tion of a Break (A>~nchronou• =·odel or Abon 
(SDtC mode) ><quen<e in th< d31> str=. The in1<rru~t 
c:l.u>«< by lhe Btelk/ Abon '«<U<ne< ~= a >P«Ill lea· 
ture thlt ano .. , rhe ZSO·SIO to ic:~P' "'h<n :he 
Breik/Abon sequen« is d<I<"Cied or :..-:-mm•ted. Thu 
fcaourc ractlitaoeo the prope-r l<rmina:::-~ of thc cur.ent 
m"u.asc. co~t«l initialiuuon of tr.e :::"':! mcu>g-e. and 
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the acruratc timin¡ cf thc Break/Abort ccnditicn in ex
ttma! logic . 
. ' 

CPU/DMA Block Tnuuf...-. Thc ZSO.SIO pro~idts a 
Block Tr=fa mode te accommod>.te CPU block traru
fer funC'Iiono and n"" conuo!le!'l (Z80-DMA or cthcr 
doigru). The Block Tr=fcr modc ,,., thc ;r;;:m 
iiAiiV output in oonjuncüon Wlth thc W;ut/Ready biu 
of Wriic Regiotcr l. Thc "'-'ITIRE..'IDY output can be 
dcfincd.undor oohw:ue controlas a ;;¡;;;;j"'i' Une in thc CPU 
Block Tr:uufor modo or as a ~ line in thc DMA 
Block Trarafer modc. 

Toa DMA contrOil<r, thc Z8(}.S!0 READY output in
dicates that thc Z80-SIO i> reaoy t<> t~fcr data te or 
fn>rn mcmory. To the CPU, the W"fT oUtput indic:atts • 
<h.o.t the Z80-S!O i> not ready te uarufcr data. th<l"eby 
rn¡u«ting thc CPU te e:<t<nd thc J/0 cyde. The pro
Famrning of biiS !i, 6 and 7 of Writc Rc¡iot<r 1 and the 
logic nat« of thc WAIVREADY line aro dcr.nod in the 
Writo Rogt>ler 1 d"cnpticn IZ80-SIO Pro¡ramming 
soction). 

!o addition to the l/0 capab1~<Í<> prcviousl~ d.iscu.,ed. 
lhe ZSO-S!O prO•Íd<> two in~ependent full-duplex 
channelo that can be progr:un:r.ed for u•• 10 A.<ynchro
nom. Synchronous and SDlC 11-!0lCl mod ... The$< d.if

---,.ent mod .. aro provided te facilitate the impi<menta-
.On of commonly u1C'd data communicatioru pro<ocols. 

The following Í< a <hon d"'criplÍOn of the data ccm· 
munlcatioru protocols >upponc<l by the ZSO-SIO. A 
more de!aÍled e~planotion of th"'e modt:S can be found 

~ in the Z80-S/O Tn:hf!lcal Manual. 

A>ynchronous Mod..,. The ZlKI-SlO offers transmission 
and rc<:cption el fi•e to ei~hl b•u per chauctcr. pl~n op
tional oven or odd parity. The <ran<miucr oan >upply 

· one. one and a hall cr ¡wo >lOp b111 pcr character and 
con prevido a bruk Oulput at any lime. The recciver 
brnk detoction logic interrupu the CPU en! y atthe >tar'l 
and end of a re;;;dved break. Rceep!Íon i> prot«tod 
from spik"' by a traraicnt spikc ro¡ection mcehani1m 
lhat che<:h !he Jigna.l one-ho.lf a bll 1ime alter. a Low 
leve] is dcte<:!ed en the Roocive Dat;o.input. [f the Low 
doe:l not pef1i"-"' in the = of a lransi<Dl-lhe ch.u
acter a<>cmbly prO<eu is not >tarted. 

Framing error1 and overrun error< are de1ec1ed =d 
bulfer<"<l. togcth« wah thc p~rtio.l char~c\er on which 
they ocourrod. Vcctorc<l Ínl<rrup" atlow f:ul <<f'1dns 
of error ccndi!ÍOn> u>ing dedicJ<<"d. routtn<>. Funher
morc. a buil1-in che;;;~ing pfOC<>< a•oid; intcrp"ting a 
fnuning enor as a new "an bit: a framin¡ enor r .. uiU 
in lh< addi1icn of onc-half a bit time to 1he p<>Ínt at 

_which the '"'"" for the ne•t >tan bit i• bcgun. 

_} The ZlKI-StO docs not require wmmetnc Trarumil 
and Rceei•e C\or;:k •ignal<-a featurc tha! allow< 1t to b<:, 
~ned with a Z80-CTC or any other ctoc< >ource. The. 
tr.m>mil!er and 1<<civer can hand[e data ., a rateo{ l. 

l/16, 1132 or 1/64 of the clor;:k ra« <Uppli«< te the 
Recci•e o.nd Trarurnit Cloc:k inpuu. 

ln A.synchrcnous mod..,, !he s¡:¡;¡c pin may be pro
gramm«< fcr an input that no be u•«< fcr function• 
>uch"' mcnilonng a ring ind•cator. 

Syccbronou1 Mod ... The ZSO-S!O >upporu bo!h by!<· 
orien1C'd o.nd btl-<lrienl<d oynchronou> communio.:Iuon. 
Synchronouo by~e-orientod prctor;:ol> can ~e hand[ed in 
s.-er;¡J mode> thal o.Jiow chanc10r wnchfoniutt~n .,..,h 
an 8-bot >ync chara<1er ().lonosync). any 16-btt .-nc pat
lern (Bi<ync), or with an e<t<rnal >ynC so~naJ Lo;,oing 
sync ~;har>cters can be rcmo•cd W\lhoul in<errupung 1ho 
au. c~c ch<"Cking for syn:hronou• b>tc·Ofl<nlod 
mod<> ;, delayod by one cnarac1er time >O the cru may 
<fuab!e cae checking on •P=tic charaC!e". Tnis per
ml1> imp!eme:>tation of pfotoc:ol• •uch as lB" Bi>ync. 

Both CKC-LI (Xl6+Xl!.,.Xl-1) and CCITT 
{X t6-+- X tl ... Xl + l) error o~eoking potynom•ah ~'" sup
pon«<. In o.Jt non-sote modes. the nc gener.:nor i• in
ilia.liz«< to 0'<: in sote mod.,, ll" Lnitializcd 10 ¡·,. 
(Thi< mean< lhat the ZSO-SIO Clnno1 goner>to cr 'neck 
CRC fer t~M-<Ompatiblc <OÍHe<!Ord :Jisks.) The 
ZS0-510 o.l<e pro•iC« a Í<l!Ure tha! autot:~atica!l,
transmil> CRC data when no other data Í> a•·.,jió!e for 
tran>minion. Thi< al!o-., very hi~h-<pecd "arumi.,iono 
under o M A. control with no r.m:! for CPU m,e:--.•oc.uon at 
thc end cf a m"'>age. V.'hcn there " no data or CllC '0 
oend in Synchronou< m ocies. the <ran>mmcr in""' S· cr 
16-bit <ync character< re~ardleu of the programm«< 
chara<ler len~lh. Since the CPU can read <lllU> m forma
lÍen from thc ZS0-510, il can detenntne the cype of 
tran>mi»ion (data. cae or ¡ync charactc,.¡ that ;, ta~
in¡ place al any lime. 

The ZSO-SIO supp<>iu >rnchrenouo bit-orientod pro
tor;:ots •uch as SOLC and HDLC by performin~ automatic 
nag <ending. zero iruenton and CRC generalion. A >o<· 
eia.l command can be u> e<! 10 abort a fiame 10 trarumi;. · 
<ion. Th• ZSO-SIO amomal\catty tran<mm the c~c in o 
tra¡lm¡ flag when the transmot buffer be<:om"' <ffiPI\". 
An interrupt wam> the CPU of thi> >talus changc >O an 
abort may be iS>ued if a transmmcr underrun has<><· 

--=rr<"<i .. One.!o ct~hl bou per character can be""'· 
which a.llow• tun>mi>Sion of a mena~e e.'actly :u 
rc;;;ei•cd ... ith nó prior infonnaucn about the charac:<' 
l\ruClure in the informa!ion fidd of a frame. 

The re;;;ei•er alllomatically <)'nchronaes on the lcad
ins na~ of a frame and provide> a >ynchronll..auon ><~
nal that can be programm«<to inl<rTUP'- In addinon. 
an intcrrupr on the fil<l rocei•ed charac!<r or on <'et;
charocter can be.selet:!ed. The recci•er automaticall)
dclete> att zero"' msened by !he tran>mtller dunn' oh~r · 
acter :U\Cmbty. lt al>o calculate> and autom>ticalh 
oh<"Ck$ the CRC 10 valida« frame tranomi,.ion. A< !he 
end of <r>nlmU<ion. the \13tU> of a reccived l!~r.>e ;, 
o-ailable in the <!alln rc~Í!l<r<. Th< tCCeÍ>er can b< "'<'· 
gr.~mm«< 10 oc:uch for fr:urt<:l addre,.ed tO ont~ ~ >PC>:I· 
ficd user-,.[celable 3dt::re" Of 10 a global broadc:ul ad
dr=. In this mode. fram" th31 do no! mal<h d1e u•<.r· 



. ' 
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ocl=~ or broadc:l1! >ddre., >re i~norod_ The Addr~• 
Su,-cll. mode ~rovid<> for a <Ín~le-b~tc addr<·" ret:og
"'uble by tll.< .'l:ud.,are. Thc numbcr of adóe" b)I'IO$ 

be extc~ded under •ohwa,e control. 

· Th< ZSO.SIO C:ln be convenicntly mod undcr O"' A 
control te provide high·>pc=d fO'CO';lliOn. The ZSO-SIO 
an intcrrupl thc CPU when the fim charac:~ of a "'"'" 
<a¡ e"' reeeJ'«<. Thc CPU then cr.able> the DMA to traru• 
for the mO>sagc 10 memory. Thc ZSQ.-SIO then i;;u., an 
End Of fram< in<errUpl and the CPU ehed;s the <tatus 
o{ th< rrccivod-tnt<<agc. Thu>. the CPU;, freed for other 
serviec "'htle thc m.,sage ;, being t«:~<ved. A similar 
<<hcmc allo~<< m=ase <ransmis"on under DM" con
trol. 

Te ptograrn the ZSO-SIO, the S'(Stem prcgram fmt 
;.,u., a .cn"' cf comman<h th>t initiaJize the b..,tc 
mode of opeca<1on and then o<h<r ccmtnands ¡ha¡ quaJ. 
ify con~itions within thc •ci..ct~ modc. For cxlmplc, 
thc Asynchronou• modc, ch:u-ac!cr lcngth, clod: ra<e, 
number of ,top bm, even or odd panty aro fir51 sct, 
lioen !he interrupt mode and, linally, rco<tver or 
tran>miuer ena'ole. Thc "'"• paramo.cr> must be iuu~ 
before any othec paramcter> ate iuued in the inilializ.a. 
tion rou11ne. 

Both ctanncb contain commltld rcgi"•~• that mom 
' · ,rogr.unmed ,¡.._ thc 'Y"<"' prognm prior to OP<r.l· . 

• 1• The Chltlnd Se!cct input lB'-'! and the Conuol/ 
Data input ¡C/DI uc the command structurc addro:ssing 
contrOl<, and ue norma!Jy ccntrolled by the CPU ad
dress bus. Figure 8 iUumares lhe ~miog rdarior.>hips 
fot programmin¡: the write regi..oters, aod tra.o.sfcrnn¡¡ 
d>.ta and •tatus, 

The Z80-Sl0 cont:oins cisht rqtSI<f1 (W~Il-"''"71 in 
e;ach channd that are programmctl ••~ara<dy by 
the systcm progratn te confiture the funcuonal 
penonaliry el thc <hnncls. With the e>ce~tion ol 
WRQ, programminj t~e '<nl< rcgisten rc<1uiro ¡,..o 
b)'!CS. The fim bvt< <ontaons three bn.s !llc-P.J tha< 
point tO th< •det:t<d rc~i.,er; the se<:ond bvte is 
!he >e\ual ~ontroj "'Drd lhat '" wrmen onto th< 
n~i>'<r '~ :~nfisure the zgo.sro. 

w;:o ;, ' •p..cial c:ue io that all thc b.,;ie com· 
m~.~,;_, t<::'·'~"D::I nn be ae<:.,.,ed with a "ngle 
b,•- ::~'" (intcmal or ntema.l) initiali:"" U,e 
poin!o,· '''"' Oo--0:: to POÍnl to WRO. 

"tr.e Z80-SJO contairu three rqi>!ers. ~xo.o~ (FíJUr< 
6), that on be toad 10 obtain thc >ratus infcrm:tnon for 
ueh chnnol (nccpt lor •~!- Channcl 8 only). The 

St;tus inlorma1icn includoo enor condlt!On>. in<orruot 
~o:tor and «•ndard communicllions·interf'C: sipals. 

To r<..>d thc oonocnu ol a •cl«ted to>d rc;::>tc: 
cthc !han RRO, <he sySicm · prcgram "'"" [:,..,; 
write thc pointer by<e te v.·•o in e.a.,ly 1~c sa:ne 
way a:s a "'rile regi>rer opcr>tion. Thcn. b~ cX· 
ot'Uli!IQ ., ;nput LOSINCUO!I, the COntcMS Of tOe 
¡ddre<><d read reg,.tcr can be 1~ by thc CPU. 

The status bil> of UD and RRI ve o:ueiuJI• 
grouped tO simplify status monitonng_ For e.,a_;n
plc, ,..h-en the interrupt >«tOr indicatcs that a 
$peciaJ Reccive CondiliOO LOI<mJPI hOJ OC:tlrrc-:1. 

o.IJ lioc appropriatc error bm can be «ad ;;o,., a 
oin¡¡le rogister ruu. 
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1 o"'ld Cycle. The timing signah genor.Ued by 1 
,O-CPU inpu< irutruo:ion te rcad a Data or St.atm by¡ e 

frcm the Z80-Sl0 are ilh:.nrared Í.tl Figure 8:1.. 

DATA 

= Jntel'T'!Ip! ... <kno,.Jedge Cyele. Alter reeoivir.s an 
• !nterropt Requost "gnal (INT puUed Low), the 

· •. 7~0-CPU semh an ln1errupt Aünowle<Jge .,gnal 
. i and tORO both Low). The d:o.i•y-chained irucr-
• rup1 circ-~il> d<tennine the hi~hol prion1y in«r· 

rup1 requ<>tor. The lE! of !he highest priority 
periphcr>.l i> tennina<e<l High, For any pc:nphernl 
1hat has no interrupt pending or undor <crvice, 
IEOaiEI. Any pmphera.l 1hat do<S have an intcrrupt 
pendin¡ or under >erviee fore<> il> lEO Lo~o~. 

Te iruure "able eondidon• tn the dai>y chain, 
a1l interrupt ><<I!Ul <ign;oJS are proventO<! . from 
cbangin1 "hile ;;:¡¡ i< Low. Whcn IORQ is Low, the 
high<11 prion<y intem..pt ,.,_uestcr !lile onc ....;th
IEI Hi¡hl places iu ir.t~=pt •=cr en the d~ta bus 
and ><U iu interna! int<:TUpl-Undcr->croice larch. 

••• 

., 

• • 
OUA 

'• 

Wrtte C)de. Fi~urc Sb iUustrw:> the timins and data 
>ignal.s gco<rated by a ZSO--CPU outpul tn>t.ruc,on tO 
_write • Dauo or Control byle tntc the ZSO.SIO . 

• 

. , 

" 9 1 t••••tt ,oo~us 
1 

.. 
•• 

" 

Rtturn from lnlemJpl Clclo. :>lcnnally, ·,M 
Z80-CPU Í»u.-. a ~ETI (RETum (rom lnterroptl tn-
1lruc-tion at the end cf an interropt ''"''" rc~twe. 
~ETI i.s a 2-b)"le cpc<>de t[D-'Dt that "''" the 
int<rntpl·under-Krolce l3tC~ 10 <<rminate the in
terrupt thal has just bccn prO<e»ed. This t> ac
compH:ohe<l by m:lllipul3ting <he dai•y chain in 1h< 
followinB way. · 

The normal dai:oy chain cper.Uicn C:lll be used 10 
detec! a pending in<errupt; hc-..ever, h cannot di<tin
gui:oh betw«n an inlenupl under >eroicc anda pending 
unadnowled~..;l in<errupt of a hi~he< prionty. When
e•er "ED" i> deccdc-d, <he dai.sy chain " modlfieo b'' 
forcin1 High the 1[0 oi ..ny interropt that has not ~'' 
becn adnc•led,"<l_ Thm the d:USY chain idenufi:-s lh< 
d....-ice presently undec ""'''"as ¡he cnly ene ~o-irh an t[l 

'• '• ,, '• '• ., ., '• '• ., 
., 

' ' .. 
o~-o 1 @) ® --------~--~::t== ,,, ________ _, 

"' 
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----------------------~--------~----------~~' 
Hi&h ~d an lEO lo'"'. lf thc nc•t cpcodc ~)'leÍ< ··•o,:• 
thc interrup<-under-scl"o'ÍCc l~tch Í< 1<:><:1. 

The ripplc lime cf 1h< intcrrupt daisy chain (both thc 
Hi¡h-to-low and thc Low-to.High traruitionsl limit> 
!he numbcr cf dcvices that <::In be placo<! in th< daisy 
chain, Ripplc ti:nc can be impro><d with carry-loo\:.
abc:ui, or bY <-<l<m:!1r.g 1hc in!<rrupt adnowiC'dgc cyclc. 
for funhcr information ab<>utlrchniques for increuin~ 
tbc nu~ber or dai;y .. óain«< dcvices, rd.,- te Zilog 
Appliation No« OJ-{K).Il-01 (Tite :UO Family Prorram 
lnluropt StnJcturc). 

Fi¡urc 9 illunrar<:> thc daisy <ha1n ccnfisur:otion of 
interrup! cirruu.s ..,d_ their bcha>ior with nes1cd ínter-

i:: -~ 

'" '" 1- '" 
-~ 

•o 

c.,...N~c• 

E.>:T[RN•~ 

"•rus 

"' " 

rupu (an intcrrupt!hal is intcmJ¡ll<d by anclh<r w'ilh a 
h.i&h<:r priorily). 

E.ach be• in thc illu;trat.ion could bc 3 scparalc <•<<r
nal zgo pcriphcral cirouil wtth a uscr-dcfln<d ordcr of 
interrupl pnoriü«. Howover, a ;im•l>r da.J<Y cham 
stru<t\lre aJ;o <>i>l> in>ide the ZSO-SIO, "hich h¡u "' 
int<rrupt le•<ls with a ft>.ed ordor of pncnti<>. 

The =• il!umate<l ocrurs when the tnrumitter cf 
Channd B interrup~ and is granted ><rvice. Wh!lo Hm 
inte:r~pt ¡, being serviced. it i; int<rrupted hy a h•;ner 
priority int<rrupt f ro m Channel A. The >'<OIId int<mJpl 
i> serviee<l and-upon complo11on-a RE'TT in5lnmion i> 
""ectHe<l or a RHI command " wnlten into !he 
ZSO-SIO, rescllins the imerrup1-under-serv1ee lateh of 
!he Chann<l A interrupl. Allh" 1ime, the ;erviee rmine 
For Channd B i; ro>umed. When il is mmplc<e<i. 
anorher RE7t iru~ruc1ion is '-'O:::! te<! 10 "complc:e !he in
l<rru¡n ••mee. 

-~ ••• 

'" '" 1-

·~·NNEl B 

'"'"'"''""" 

-·~ 

'" ,(-; --

C>o•NN[[! 

"'""''"'
''""' 

'" '" 
"'"" 
~ 

l. PRIOAITY tNTERRUt>T 011-ISY CH .. JN IIEFOf!E ANY INT'ERRUPT OCCUf!S. 

) 

¡-~ 
UNCE~ SERVOCE 

-~ "'"" .. ~ -~ 

• •o - "' •o - "' •o - '" •o 1- •• <O 1- .. •<O ;-
". ·~ 

Z. CHANNEl O TRANSMITTER tHTEi'IRUPTS ANO 1S AC><NOWlEOGEO. 

¡. UP<'II'~ SE~VIC[ •••vte[ suS,..NC<O 

-~ ··~ ··~ 
'" '" - '" .. o "' "o 1- '" '" '" '" '" '" 1-

~ ·~ ·~ ·~ 
l. UTERNJ.!.:STAT\15 OF CHAN"El A INTERRUPTS SUSPE"O•NG SERVlCE QF CHANNEL 11 

Tl'IANSMliTER. 

i::. 
S~""IC! CO""'cE1'!C S!~VIC! ~ • ..__,.,,~ 

··~ "'~ "'e" "'~ 
"o r- "' •o "' "o '" oro r- "' •o r-

'"" 
•. CHA"Nfl A EXTER"J.l,;STAT\15 ROUT"'E COMPlETE_ RETI JSSUEO. CHANNI'.l B 

Tl'IANSMtiTER SERYICE RESUMEO. 

' 
i·~ 

SE""IC! Cti>'''H.,-E~ 

-~ -~ -~ -~ -~ 

'" .o 1- "' <O 1- "' "o 1- '" "o - '" <0 
. 

"' 

' ' 

'" 
~ CNANNEL B TRANSMIITER SERYICE ROUTINE COMPlETE. SECONO RETI ISSUEO .• " -

fll•~ t: T7p;.,¡ loltm.pt S<q~••r.o · 
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u-¡ ·uom>D:Ó~:oo.:.: uo'lt:.OU;¡ Pt:e>>< o: po:td·.:.Joo 
"'""-uor.r.:r.;r. ¡.;ow>-" ;u:::;_::• """' pu< :n~-t::in>n,, 
''"'"·' '"'''"i u-:<:.;,;::;;, :""-OÓ !"UO:ltlo~::JO> p>tl:>:om 

"'"~.l ·:;,.od [l'UO~t¡c,;:.::.oo p>rtA<!~r. Ull• !..IO<l>>oldonrw 

oc.;' '::'m'~"'"''"'¡ ~""' ,, :.1dJ vo;z ~""ora ><u 
"«U>W>1> ÁJOt:J>W p!tp0<1' 1'00 M01.!G J>qu;nU Uln\1!!\IIW 

t p~t ><lio; J>t;H> oc ~i!m'-'" ~""' mJ>llhl mndwo:>:JJ>fW 
OJill:t'-'JO '".;."'"' p:• tJq o; .-:.m-:;o:.u ;¡ "·"" >ql JO 11" 

••pnpu• :>< l U>uo<boo o;:nC;,;,JOOO"'"' G·tz •'U ·.,"""JOS 
uodon< P<IT <'-"""·' :uo::.:oOj>>Op '<tuouoCwe> mndwe:> 
--<>:orw ¡o"' "'!"'-"O>," •~"1 ,c.~o•d ooz liorz >'U 

Qd::>-VOS 
Qd:)~OSZ 



1 

. ' 

1 

1 

1 

1 

1 

1 

.-1 
1 

1 

1 

1 

1 

1 

1 



. , 

Z80, Z80A-CPU Pin Dcscriptinn 

' • • • ¡o· .. 
• 
' 1 • 

ZSO. ZSOA CPU PIN CON~IGURATION 

Ao-A¡s 
(Add!H> Bu.¡ 

••• 1 

(M>ehmc 
Cyclc On<) 

).tftEQ 
(Mcmory 
R<quc>t) 

lORQ 
(lnpu1l 
Oulput 
R<quc") 

"' (Mcmory 
Rud) 

(~umory 

Wnt<) 

T n.;10 tc outpu<. >CII". e h:;h. A~· A ! S 
cor.!IUul< > l~·bll >dd"os bu1. T"nc 
•ddro» 0"-> proVJd" '·" >OJrc,;:; ior 
m<mory (up 10 e>~ K o"<l!>l C..:.t> 
uch>rtg" md t"or ]¡Q Jcv¡c; ~"' "'"·lfl1"· 

r, . .,,,. "'?""""'""'· """' "'"""· 
0.:,· 0¡ COn>IIIUte >n 0·011 O!~tn!::>co'l 

t1.111 bU>. Thc ~:tu ~"' " "'"'' tor "'""3 
<~Ciung" "''~~ .... cmorv l!l<:! !;Q ~CVKC> . 

Output.>ett>< low.\11 iodk>IO: ~~" tllc 
curtcnt m:tc~"··• e ve~<" :he OP cO<ic 
Í<tch cydt oí >n <n"ruc;,on U«~tlon. 

Tn.;t¡« out pul .•«"' low. Tho mcmorv 

"G"'" "~'1 <n<lic.tc• •~•~ th< '"""" 
bU> hold> :t >oJ td >dd"'> 101 ;¡ :tlCIIlO rv 
rud or m<mory wrm upcr>twn. 

Tr-..<1110 Oulput. """ low. Thc lORO 
>J~n>l tndk:tl<> \h>1 1h< In"'" ";¡Jf o( :he 
>rld"''"' bu. hol<!<, ,.¡,u 110 >ddtm :"or 
> l/0 rc¡d or "'"" op"><ton. An 10R\J 
01¡¡n1l u >h~ !'"""'e ~n<n '" mtcmmt 
u bern~ acbo,.icd;od :o tnWo.l< ~~" "' · 
ltll<rNpt "'P"'""' ><ClOr '"'oc ~I>O<:I 
on the dlu bu>. 

T n"''"" <>utput. ><~>< l~w. RD tmi:c:ucs 
lll.lt lhe CPU "'"'" t~ :<>d dll, ""'m 
m<mory cr '"!¡O d'""· n.c '""''"'d 
!JO Q.,,cc or mcmof"\' .n~uld "" "~" 
so¡n>.l to jltt d• 1> on 10 th< CPU dlt> bw. 

Tn-<Ut< output. ><ll><low WR tndi<.>tc> 
lh>1 lh• CPL: d:tt> bu> hold> nbd d.><> 10 
b< >tor<d •~ th< >ddr<u<d m<mury '" 110 
de>\a. 

"'" (R<fruh.) 

"""' (}Wt lUte) 

WAIT 
(W;ul) 

~~
ilnl<rli.lp! 
~<qu<>tJ 

.<;Mt 
{~on 

MJ.li<..:rble 
lnttm.~pt) 

Bl'SRQ 
(Bu• 
R<quut) 

BUSAii: 
(Bu• 
!lcknowltd¡<l 

MSE··B-56 

5 '1 

Output. """ low. Rf5H '""'','"' 1."..11 
th< lo"'<r 7 btt< oi rOe >ddrcO> O u> con· 

wn a rei"'h >d~r;u '"' d>""'"'"·" 
,.,<mOn<> ,Q '"·' """'"'"' ~ m;coi 
Utou.ld be u><d :o do > """" "'" •~ o'l 

c!yn>m>C "''"'"'""·· 

Output. '""' low. HAL T '"~'""' ~"" 
tr.• crt: n:u "'"~"~, ~-'~-'L 7 ,~,·~:" 
lti>1NC!t0n lnd ;> -•"1'"' <:lO<: l COC• 
ma>lubl< ct 1 ,,,,,,~·" .n:<:-;·:~·. < ~''=· 

lho mult '"'"""' :c:c:o "'"""'·"'" :::-. 
ruum<. \1,"1¡,¡, ~I.Jt<c. :.-.<(?'~"'o"''" 
NOP"< tc m•"~'=· ::-.,::-.orv ;c:"m 
KUVIty. 

lr.put. >c::<e :ow ·~AIT .-.e~'"' ·e:;:; 
z.ao CPU lh>t :.·., '""'""~ "'""""' o: 
l/0 do"«' m oor rc>O"J Óú< 'u.;¡•..1 

tr1micr. lee CP'~ 'cnt:nue~ :o'"·"-:.:: 
""" lor u long"'~" "'co: ,, o::··.e. 

Input."'"' lo..-. Th< loto:cco: ."-.:oc,:; 

lt~.al "··~·:l:CQ :y 1."0 """"· ~ 
J<quc>t ·~el~' c.v.-.o"c" '"''"o~:"::.; 
romnt tr.>t~.C:Jon ::ceo .-.:,:.c.: :e:;. 
warc ccn~:d:o1.n;<:~co< ;c.oo:c . _ 

{lff)" •:-.ooi'~ 

Input.""'"' low. Th< 'cn·c:-.ohooi< 
n«rrJt>t "~~'" ~~~' b> J ce::.-,: oc:o •: c.

t.lt.an "ffii" :tr.d " o.i·~," :::~;:-.:..:• e ,.. · 
''d oi <.!<< our:•~t "~"'~"'""· ;~o•;•c· 
dtM of thc m la> ot :he ''"·"'"""?"·<c.,::. 
n;p.nop. :-.~lllotomoac:t:l\" :"o:o" =~• 
z.ao CPU lo """" 10 loe>rton OOooH. 

Input. ><lt>< lo"" RESET :ctr:>J"'' "·' 
CPU» lollow~: '""'' tote:¡CJ:O: '"'"" 
fltp-nop. e~., P'~ ond """"'" 1 oc.j ~ 
Uld ,., tnlcrru~< '0 ,;csOA .-:-.o~'· D•":c; 

""' ttme. 1 he o.l~ '"' '"" :o:. o u• " ·: 
• h<&h tmp<J>r.e< ""' ooct >;l '~"""' 
output "1.-'>h ;o 10 t~< ·"""" '""'· 

Input."'"''' lo". Th< Ou• :e:uo>t 51;::-:t .oo• 
> ht~<r ¡:no ni\ t111n .">.\\! >r.o " JJ ~" 1 :o'· 
C~lltd >! 1!1< '~~ ~~ ''" '~"'"·' .""00:" • .""' 

cyd• "'d u u><~ :o"~~'" =~• e?~· '"~"" 
bw. d>t> bu> >nj :n·<'"' ;>":ou: c~c.:::l 
li¡n•h to oo ,., > h•\"o" ,;o;~c:>e.o' ""' >J 

lll>t o\hor d<•tce> '"' -:cnt:ul ~~'" '""'" 

Output. ''"" ~~~.Bu.""""""''""" 
U«d !O tnd>C>r< 10 ~~· fC~"OMtt~; """' 
th>t <h< CPU '"~"" be• . .il\J ~"' '"" 

tn·ot>tc control bm "="''" h" < """· "' 
10 llteir htVl <rr.p<dll•<• ""' >nd_<h< 
uttm>l dcv.co con nllw control th<>< "'>-~li>. 
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Timin):! WJ1t>forms 

INSTRIJCTION OP COOE FETCH 

P,o progta:n oounr" oon!<nl IPC\ "pl>cod on !he 
.dm< bw r:nt:1ed"""" !~< ""' or :~e cvcle. One Julf 

el<>< k rtrr.< '"" 1\kl:.(.¡ •co• """· Tl-.e f>ll.r.~ o~;< o( 

MREQ ''"o.~":! drr<::ly :u' c.'.J~ en•~l< to dvna.""" 
mor.:tom'" ?.D ~ocr. '""' '"dtc>to< :.~at me me:nOf'! 
rbto<hould be ec.loied onto tt>O (PI..; dl!> bu<. The (?U 

·wnpl<> ~'" :..,n ,~; nnr.; e e"~~ tt.e <:<><> "'" T 3· 

Coc~ """ T¡ <.".d T; ot 1 """ cy<'< "' u"d to """" 
dyn=•<.t:l<:ncnes ~ n•le '"' CPL' 11 ""'"""'lv deccd.lno 
L'd ue:·.:ar.¡ :~e !r.<:r.:C:~<>n. Th< "'"'"' c~nr:ol «<.'al 
RfSH rno:o.:" :.'>JI 1 re:re<n ruo oi J.ll dyo3mrc m;c.~on.-. 
Ytould bo a::om?i•'-'"· 

' 

1---··---
''1'•1'•.··. 

~,_,-...,___¡--""'~ 

~-·~ ······--~· 

• 
= __ :::--::r-.:-::.::::: ::.:.:.:.:: ::::.-:: 
• -.. 

MEMORY AEAD OR WRITE CYC~ES 

!Umtut<d he ro '' '·"' tlmrnj of :":".e:norv read or ~ 
cyd" orh" '"'·' >n OP co<le """1'·1¡ <:·<~er. The ~IR.EO 
>nd RO 11¡¡:1>!< '" ".J"d '""'' >: rn '"'("eh :ym.lo 
tho C.l1< or' rr.er:lOC' ~"" eyc!:. :r.e •.¡ R!oQ l!lO becc"'" 
•WV< when :he >dd:<·.o bu<" •:>bl< ;o th:~t 11 ;oon oo u"c 

d.rocrly"' '·"P '"'~" (,>r ~::n•rr.Jc "'"""0"''· The •;, K 
11<1< .,,c:JV< """·'" d.lro "":he c!J!l ""' •1 ">Oi< 10 '"·" '' 
c>n b< u"d ~11e<:ly l<l R;W pullo lO ·.-.n•JOIIV >nv <Y?< o[ 
"m•conduc:cr :ne'"u e--. • ..... 

------·--., ., ., 
_.....-,~~~ -._--_--_-

---··--· 

~~--. ------- ·- - - --
~-----------· 

. ... · 

INPUT OR OUT?UT CYCLES 

ru ... u.ted ~.ere" the u:runo ior >n 110 r<>d or 110 ~r.re 
opcruron. :>o u :e th>t ~unn• !10 ooe;,t;on<, •m <le~'" 
U>t< i> >utor:l>W::r.lly rr.1<r:e~ ITw'). The ""'~" ior thr>" 
th>t dunng 110 oor::rtlon< :h« '~'"' '"" >!lo'"' •ui!"to:eot 
""'' [ot >n 110 p-on 10 de:ode m Jddr<>.> ;urd '"",." ~~· 
W,>.,IT tinr ¡[ l "''"''" reqt:n<~. 

1 ., ., ., ! '• 

-··· ·~~~~t-~·~-~--~"~·-~~-~~-~~~~~~~ ~. 

• ..... - -~: 
=-===::=====:,-.:.:=.:===.:: .. -_-: 
1 1 

• ..... 

INTERRUPT RECUEST:.>.CKNOWLEDGE CYCLE 

The tnt<rr.Jp! "91'1 u "mpl:d bv r~e CPU ~.rh ti" 
rnrng eds•~i rhe lllt '!u<'" tt.< eod o: .Jnv li1S:l"\lc:"'·"· 
\lo"hen lH '"'"'"?' r> l<O:ft<U. J ""'"'1 \Ir <vde rs 
s<n<ra«J. Dum¡ rh" '1¡ ''""· rh< 10Rt:i <t;.o>l 'o<:c""·" 
""" \tnll<lJ m ~IRh)l t<> '""'"" thot :he mterc1:~'"·' 
d<•"< """pi"' an O-oot ""'"' "" t!le ::,., bu• r~o "ll' 
""" (T ~ ') :.¡, >utorr.Jtr<>tlv 'd.!' J 10 tlm '''" •o thl! , 
nppl< puon:v •nt<<r.Jpt 1.:l"""· '"'~" th< ""' t>.1ed '" :.'\< 
ZSO penphm.J 'ontrllllm;. C.ln be e:~lol!y unpkn<n«d. 

,, 

-" = 
• 

MSE B-57 

..... , ___ _ 
--•• -- 1 

1 1-'-! i '• 
...]"'""'""""\~.............._ -._-_-_ 
:.:.:.::L....:::.:.-:-::.:.:.::.:::_-_-::.:.:.:.:.:.:.:.::.:.: 

_.! ____ .:_ ____ :_ __________ -- ------- -~--. 
-...,--- --------



85-8 '3SW 
H \'-t '<lU\: 

-. ' ~ ., -,-'>O 

' 
... _,¡,-¡:>.¡.:¡1 'V\-1' '0.>.;'\' 
11HI"U"!'"I AJ·•·I"-\ 

'"' ;t\1 ÁJJT> ,_,-_., • s.1s 

>4'" AJ .\J•••"<'-'1' 
'"'" 1 ' . \ -\ IQCJt 

• 1lH•-t'0(\•J81''"0 

' '""'<! . 1-J\1 -Jll ' • 
1"11-i-lH'IlH'""\ <JOdJ 

I·JQ-Jff 
1-lH-1!1 'nH~"<' e., o. 

!,.,.,,.:o~<"t 11Hl • ~ JO O• JS ltr~n 

1 

i 

' 

1 
1 

""' .;.,, ·~: '"~'<! "1·:}8-:}8 
""'1H~t 1-~h-lH-IlH'""~' '<lid) 

I·JS-JB 
1-li'-1H 'llH~' 

'" C -JB ¡nu~ rto~>'tl 
i·JB-JB"I-1H-1H 

l-3a-Ja '11Hl-nal <!GOl 
¡-J~-JQ-1-lH-lH 

1-3a-30 '!lH'-l:~al 000 
' 1 ¿.-)6 1""" ,.,¿,l! 

1 

:·J8-JS'I•lH-lH • 
; -;o -~o "11HI-(JGJ l!IOl 

1 
J-Jt;-JB"I•lK-1H 

l-30-3C ''1H'-'JO! •e; 
• ""'"'"'") ~ ~~-:'-O>GQ Ot¡oa"''' oouou;ou¡.. 

,., 
'"·'~"' "'"t;-¿ 

""·oc;; 
""-f'C 

P'?"''~J 

""'l'l:l o;;z oitd P>!)rpoJ•i 

:n;~": 

~'"""" ;rtlp>UJUJ] 

""f•=l =""'"'0110) >\jl 

.:< <'-''""'"·:·.:;:: 'P'· :o:~;.·.:;;.r<Ot..: o.;:o1, b""'PP"<' 

,; : "~' :0.:1 . J¿ '¿; ''" ""'"" llq•91 . 
1!-l PUc JC y¿·~\-''" ,;~o,.,,¡, 11't"91 

·e'"''·--:-,, ::·e·:¡·~.,,_-:"'"';" "'<-S 
::oo::c.c: oo 0 1 "" uDo::o:; ·~e::;;;;;< o: :>ru•cd 

; 1: :;;e,"' 01 ;;r' 1 ;~; '""""" 'lC>!UOO 0'!' • () 

;;:¡:;';;:"<'-o;' 1~ ll•q' .>:>:o de"·~~ :;;: .. H .. rdOJ,..qrn 

"""'" ••<:·<: '=~ wo '"'"" "'"' ,.,, ., .. 1 .. rdu,.,qrn 
cc·:c:q •.JCI:;>:.: Jo;;::·;:;: "'n"' llq--91 ,;,_,. a 

""""~--~'''""' :: """" :<>-; ''l"''"' • "' uq' • 
co::;oo.>; "-'<>"''--":e,.,,;:;.,"''"-<>' :oq--~ .;,. • 

(1 lO"H 
o"{; ·~·-H -,., ·'""" >OOO:nd f<J"-''' ll<l--F ,(LJ1: ., 

:>oc::~" -.JtUlO ll'l-91 '"" E 
:::"-'nU .;.,,~,, ,,..,, '"" • 

e;"''' •e ·o~ ·:r o. -e: ·o "0"' "'''' uo•mou 
¡;o,;:·:,c ~~ ~;;: ,;,e:~' '"~'l<>OIJJD i"OOd• g a 

'CJ'<Wrpr f"'OCl PUl: <~u:r.l >AIIr¡>J 

"' r•" ·"''"'"'"''~ rc;.;..;rOCJ.Jo> •.: pulin !IQ-S E 
"0"""· .-.JUL::Oc; JO"""" "01lfUll<>p UQ-91 Alllr a 
U~l)TOOj ,;0"';;:¡ 1~ 10:1'!:: UOti<Ull'>? ]IQ-S Á"" 1! 

' 

• 
' ' 
"" 
" 

' • 
" ' 

' 

• • 
• o 

. 
' ' 
' ' " 
' ' 
' . ' 
. 
' " . 
' 
• • ' 
' 

' ' 
1 

AI"XJ'lfll!" fl, .:_ ¡ l•dSI"ln-IJSI "''idS) X3 

C") C"l 
- . JO -JO 

• 
5 

.Ja JS • ~ 
-~"-~\' di''~I'XJ 

• lH-~a lH ·30 XJ 

.\1 ·xr·~~-·lu 
·3a 'Jll. rP ll•dSI-Hpp:IJS>-1p~ PPJOd 

.,1-xl-~1' '1H 
"jO "Jff." 1.,-<:-¿;) :Hn-( r-¿;r "HS,ld 

' _,_¡ '>-:! "lH •" "-d> n·¿;a1 • 
Al "XI-dS 'lH - "JO ')S •" "-!Ct:l n·ruulol • , AI"Xi'dS"lH • 
'JO 'JS ;¡ PP ¡uur-rr (UU)'P?Ql 

AI"Xi'dS"lfl 
"JO'Js,.pr uu-ro UU"PP01 

-¡¡ "1 ·¡ uu¡ 

"(JO) "(Jij) • ~ 
' -' 

., ·p 0"1 

l:I'I"(LIU) 
"(301 "()S) •' ,_' 1 '1' 01 

• (>•AJ) "I,.Xll • 
'(lH) • ~ ·-' U"POl :: 

• I>•Aii"I--.XI) 
J'(lH)-'IP ,_' ,,-~~ t••Ail"i,.Xll 

"(lH)'U"Ia• '-, 1 
<lll>wWO) 1 um¡<I>~Q~~~O"-''S 1 ~NOW>UJ'; ! 

!5r.UIWI >Ail<.'i>,>; .. 

" OhlllSDd • 

' "'Ol' J>AO JO U>A> Atll<d !! 

" ~oc: >:.·.G o u 10 ppo '""" • 
·"" i.:.n:o a 
' ;..,,, uou .. 

" G:O> • 

' oJO: uou ., 

" >P<'' UOll<PUC> itU "' 
" UC11t>01 

A>cw>w JO '"""" nc-f Atr< m :oo:.:.•rw uq • • q 

· P"" " .~OJO"''''"' ¡,,.,cr.o¡ '"' >¡en '~' u¡ 

!UOl]<J:.dQÓ'l:f'f 
JOJtlnlliC.OO\ >!O.:Lod Jf1>U>') 

:r:;::.-_;lllt ll'l-91 
,¡,_1 O"t '"'"-""'-11Ut llQ-~ 
<o~o:t>S VOiij .ÁJOU:>W 

1"-!c.;oc¡; 

""'"<! <ilf) 
•dw;-n¡ 

roérno p111: ¡ndu¡ 
'"l pU< ¡><>lj"l>$ llij 

""~5 put<>ltlO"l! 
dM>!) "'o'""n•=!'. 

<>AO)\ VOIB ÁJOW>)'i 
"¡"~'"3 

!?<01 11'1-91 
<P•<>I llQ-i 

" :<>~0;_,., !UL~O]IO.l ;~; Q)Ul p>pUr;> 011 

<uo~or .. .,<-41 "il. ·;tnut-.:.: '""""''-"'"'"_,.,..;c-.¡ !¡e~ 
p,-. '¡<nu<u: r<><~""' .ldJilSZ >~r ur 1-'t>O:it ""'"1. ->O OJOW \-' 'UOr¡n:;tut >~l ,q poOó.to¡:><! uofltn<l< q 

-w." '"' pu• """''"""-' "'"'"'1 h¡oc:m<t >41 ÓU""Oll' 101. 
uo"'"'""' vosz ·osz '"'¡o'''"'"'"' •" !u,.,..onoJ •11.1 

1;¡5 uopJn.liSUJ \'08Z 'OSZ 
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Mnomonic 1 Symboloc Op<r>toon 

"' 
!~C d 

"' DEC d 

ADDHL.Il HL-HL·u 

ADCHL.u HL-HL·u·CY 

Í: SBCHL.u HL-HL-11-n· 

::r .->..DDIX.u IX-IX•a 

" • • 

' • 

' 

ADDIY_,_, 

I!'C dd 

DEC cd 

. ' 
:,; CPL 
-; :-.'EG • 
-.;; CCF 

"' ···ce "' o 
' D' 
j El 

!M:! 

"-'' 

"' RRs • 
' ;;; SL\ s 

' • ., SRA< 
o • 
::;: SRls 
• 

RRD 

~d-dd•! 

Con"'" A'"""""'"'" 
~"k<d BCD iollo·~o.-.¡ >~:! 

01 <obaacc 

,., 
.-\-00-A 

CY -CV 
(Y - 1 

:>uop<r>LLon 

Hall CPU 

Dl»bl< ln"'"'P" 
Enable lnwru~u 

S.:1 '""""P' mOdo O 
Sol ~nlwupt moCe 1 

Soo '"""""'e¡"'": 
.-_J ;;---:-------- ' 
...:.~-

' 

' e:;, ____ . ...! 
' 

DO l' . ., ,, .... 
-A-L........J ¡ ' 

(ommonu 

s•r,n(HL) 
(IX..._),(IY•<l 

d•r,(HL) 
(IX..._).(IY•<) 

}"""" HL.SP 

'-' • BC. DE. 
IX.SP 

u • BC. DE. 
IY,SP 

dd • BC. DE. 
Hl. SP. \;"';. IY 

e~ • BC. DE. 
HL.SP.IX.IV 

Opo:>n"-1 "'"" . 1 
bo :n p>elel 
B( 0 1 or.-,l< 

50!!0.0. "'0d< 
C.JI <o oo:;oH 
lndLr.o: (>;1 

•••.1HL1 
IIX..._J.IIY•<l 

• 
• 

-. 
• • 
. 
' 

' -

' -• -
' -• --• 
• • • 
• 
' 

1-tnomon•c 

BIT b.' 

SET~.• 

R.ES >. ' 

~~ .... '"' 
l!'r.(Cl 
1!'1 

1:--llR 

1:--10 

1:-.'0R 

0\;TIOI . ' GL'TiC\ . ' 
OL"TI 

OTIR 

D"TI> 

""' 

""" 1P oc. "" 

"' JR ·~-' 

Jp¡,_,, 

DJNZ e 

CALLr.n 

CALL '"· on 

"'" 

'"' 
R.ET « 

"'" 
RETN 

MSB B-59 
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THE MC68000 CPU 

Adv=ced c:r::-:,:~.o:r~ ~.-cce..,cr.: <>:.us: c:c: c:-Jy 
offor eii:o.enl <ciu::c~..o :e ic:~a e: ::-.¡>i~x ;.~;,¡.,,._, :;:.e: 

must be c":'.o ·.o ~.:r..C:.:.e ·.::-.e :::~. s~-::::::!e =:ce,~::-..:; 

ont.'l ¡:rc¡>or:::;.::.! &e'::::~~.:-¡. ::-.e C::U :0.:::: """" ¿,._ 
~,¿ :o ociar :r.e :::=-~:.::::>. "' ~e:oc=::.:o:" c..~.o. 
ve,.~..!:rt :o scive ==:e :::.:::e :::a::¡>iex ;:x!:ieo::-.l 
el:c::!er.~y. 

The MC6SCCO cEa"'''-"''*" 22-":" r...-;-.s:er.: 1...-. cé:il
. to the 24-b!l ~"'"'"=e::~""" cnci 15-b" ST<== 

~,;ter (figure 2). Tr.e ::..-,: a11:;.~t f<>g!S:ers ID0-07) 
a:re used e:; d::c: ,.,...:::e:-o :=:_":yte 10-btl. wc::: 1 :s-:.,:J 
and Lor.<; .,..,rd (32-b:J ==t=c•..s- T"r.e '"'=""" set ci 
e¡qht '""'"''""' IAO-Ail :::::.q ~ ~;;;ec = :::=c:e 
St=l< ~~.,,e.., cnci 3=e Ac::<:-eso R"""''""'· i:: c:é<:!:

. tton. lh<> o<>eor.d Se! e: e u;~-' '"'ii'"''G"' :ncy :e u.s..6 !:r 
word cmd lor.9 wcrc: c:c::c: o;:>ec,-,cr..::. Ail '" L':o~ •u:· 
t-n req-.:;t~r.; mcy Oe c:sec e: [n¿,,x P.e,-:s:e,.,_ 

The 2.;.-btt i':-~g:c:::::: C~"-"'"'" ~:"CVl::!"• c: :::::e:':l.Cry 
Cl::!d.-..:ss~-,!0 rC:.."l(;e e¡ :::::c.-e :~.C:'1 !S tt:eqc:-lo;~<>< (=

ally 16.7;-;, ZIS o,~esl. T.-..:s ;=., r=;e c:i ==~"""'='-<; 
c::paC¡!!~¡. c::u~lec =:.~ o: !.le""C:ry M::;::::;e:::e::: 
Urut ci!ows lc::r-;e. ::::c:ó-'l.::" ~rc:u:c:"': to o.e ¿,._ 
velo,.,d en¿ Operar<--:i ->nL~ou: ;es.on::; :e <:"~:::c..:Oe:· 
""'"'" =d t:r:-.u co,sc:=c; ::.:>i"'"cr~ Oooocieec:~"l<; 
and pa;;-~"1<; '"":-.r.:c:[1•<>•-

:-:-.e St::-~s ~.eg::.:e: ':=:~ "'" :;; e::::::;,.-,. :~.e ~-_,.,,..~;: 
:_..ve! Me:< !8 ;,..,.,_, :-.-:::::::.e' e:¡.,..,.~"'" ::Oe C:~::.:
~=~· Coce: c-.-e,.-2:.,.- t::. :e.-: '::. :le-;= ·:e ;;-;;, c.~::-: 
:::;. e:_...,¿ ::..-.e::c ,~.:: .. -'..0:::.:~:~:1 '""'~"" ::ts -~=::::·~ 
:.-.::: ,_-.,., ~.-c::essc'"' ,___~ e -:::_;.,e,-:-; ::::e" :: ._.,_ : 
s;. "o:..=::V";.SC:'<.'f tS: s::::e . ,:_..,-,: ... .::e:::" .-~::::=---= =~- :.:~ 

SI<="-'-' Re;----==~r :<:: ~~c...:e ~x-er.s:c::cs :: :.-.e ~1.~0::: 
!=.J.iy . 

Su: Oco:c d:;;-:c: ~·"""' o::-e s:.:~po:·.ec. -:1"-"'" C:::-.c: 
~;~es =e: 

:¡¡._, ~'f'es ;e.::,,¡ 
=.e:; ó;:ts '.'.'c:C3. ~~~-'=''-'' 
A.."'-'": c::c=e:-:; :....:~.:; .,..c:;;c; ::;:-:::sJ 

L--; c::O±~on ":?":-=~~__. c.: o~-... , :::::::::: ~.-?"• s:.:c~ . 

"'""'0'1' cO::i:es.ses. "=""' "'"'"' ::::::::: e:~-"'"';:::· 
v::ieci !or ~., "'" U".st:'"~C"~c~. oet. 

u. • , • ..,,.... ""'""' •• "•~:-m o,_,,-.-
0•·~""""''~ "· • •o~'""' ,. :;._,-, •-: ,.,, ,,.., "'••o•• "•>"..
!-" • $""' """ ,,.. f"C ",,,.,,~ C.>..e ,. 

o. • ¡"'"""''e·~·· o. "~ .. ..,. •·· ·;·,-· 
~ " ' ~a,., '., '''" ..,, '.,, """" -·· 1 ¡"e,.,....,,"' -- .. ,... .. 

• • , 1_;--. VlllLEI: wC6800CI un =cRESSING. .. amos .. _ .. . . --., 
·,.:.' .. 

-.. 
• 

': -

AB;lSTfi'¡ t::<Ms::" •;;t::RES$' .. ~G 
Oae> Aogt<"-"' O"""'" 
"'"""" ~·--::·~•,... e'"""' 
SUius ""'-l"''"' """"" 
ABSOUJTE 0->.T-1 •CC~ES.':;N:::i. 
A. """""'"'o S"""' 

E-1;-D;.-
E:-:.- ~
Eol • SR 

EA- -1""'-' ...,.,) 

,' (.: :·_- RfGiS'E.'> ;NC!PSL."'T At::CPES"~.G 
··•·_-~eclnc<?C 

f>c,;r .oc...,.,.,.,, , ...,,,.. ,. '" """'"" 
l'r"""""""'''"' ~ . ..., ~ ,., 1 ""''""' 

~-""'""""~ .. "' ~"" 
. !n:;~'-""' Roo.;¡"-''-"' '""''"" """' ~se! 

a Anoo.,,. ">n<;: 
[A. - 1'''"' - -.:<1 

PRQG;:;,.u, C::I..N T'E'l ~2__;. OlV E. ~C{)f;U$l NG. 
.¡¡ ... .,.... "'"' ""'"' EA- t"'Cl .. o~ ¡:¡.,_.,., '"""-' 4 C':"!" . EA -IF'<? .-¡R.o¡ • C. 

:...._,filArE ['.>-!A A00ROOSS."G.. .,...,.,.,..,., 
C..:>o ..,...<0.01~ 
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~-'""'' EA•t.:...t~•-""·" 
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E~·IA••-D•• 
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Th• addresstn<; mo¿.,, have been h!)t sunple 
..,tho1:1 .a:::-.!1=;¡ g=em:y_ AH !our:ee" cddrosotn;¡ 

J•• o,..rrn., co:-.:o:.s:e"~Y =d ere '"""?"""""' 01 
tnStnJc::o" or:N::::o" 1ts<>il. ACd:t:cnc!ly. 4ll cd· 

c.au r..,..:o:e:-s "'-'<:"/ ,... =..C. ior ~.,., Dore-:::. Rec-.ster 
~ =::: ~.,dex...-i c:!c:es:-_-:t; :::oc.,s. 1!:::~~::-:e. 
P:~ Cm:...-::et ~-~!=v<> =.:! Ai:SCiU1u ="--,.3--.m; 
by C.!:..-.,~="- :!e ~.c: """ =c:e-.s re-<;".s·e:-st for :...-:
~ ~e~:!:~t- -::::::.yC::-:: :.-.:;-.s:er-c:s .,...,¡¡ =c:..-:y 

aci6u_, '""'""'" r - ::::.c:r "" =..C. c:s en i:::e ~ ? . .-.; :.s:e:. 
A.cidress re-;:.s:.or co:-.=:e::c-{:.:; :::::::.nt:::::.."'-I!Kl !::: O:c:~· 
1111) cp&r=ons s:....,ce =-; <l< t::e e1<;:-.: coc:..._. re-:;-.s
t•rs .:cy :..., u::l:.::e-ci es ¡;,.,, ?:-c<:;rr::":l. S1c::.l: ~=~"'-'"'"' 
..-11h the Reg!St<>r O=:o:rect ?ool·!"c:eme:Í:I?:e
dec:-e.:a"t cG±e.s:...-.t; :::oCas_ ?.e7.:o1er AJ. i:owev<>r. · 
,. a ~cl :e-:;-.ste: :...'-.c:. t~. :c:C..:ncn :o t:s :l.C=.cl 
cddress--"1()" c=::C.::y. ,_,_,,c::o:-.s e::: ~'--e .S y:;:em St::c~
Po~nte: w:.an s::::0"'-"'-9 :_.,., ?:-oq:= Coc:...,:e:·c::<O > 

St= l'.e-;:.s:er 'or "-'--"'"'-'"-"'" c=S. :.-:;os =¿ ::::er
N¡>t:S: wl-.!!e ,_., :."-e Sl:~r-r=:-y mode. 

Struaure-d Mod~:!":: .0 :;:.-;:::::::,-..!nq -T.-: .. = o:¡::~=,.,.. ;:-.;,:;::::=essc:-:; :-.: evc¡.,.,¿ :c;:::..!y :;:: 
th• pasl ~ .. .,.. "f"=· ;.;:;.=:erCI:S c:ivc:-.c::,.¿ •ac:::-.:::¡-~es 
hcve :...,, Ce,·•ú:~e-:: :o <::le.,.- ecs:e:. =:e c:::-.s;s
tent cru:! re~c;,¡., -;e::e:--:::oo:::. '" ;o;,-,..c;e. ;_., '¡"e:-.en:.!. 
theoe 1ec!u-.1<:;1:<'S •ec=e :r.c1 ~~e pr:<;:=:::.e: :,., 
"''"" d:sc:pl::-.ec ::: o:Oso,.·nn<; " Cai1::eG prc· 
~=::<; •r:-uc:-~'" s::.c:: e t:'.odulc: ¡::rc;-::.--:-.=.-.g. 

!u loe progre::-:-.::-.:..-::;; dlo·..,-s e: ,~,,.¿ ~-:caen Dt 

~·oc""' to b<> bro<en cown ~., :i-.o:-t ::~ocWes cr •=
rouunes thot =<> CC:l.C"-"eiy cie~ntK! =ci oc.::aly '""'. 
gromm..C crnci ,.,.,ea. s~ci-. e :ec::....:c;~:e ;s q:e-:Jy 
slclpl!.bed by,¡._., c-n:::lc::::.!lr¡ "' cci•rc;::cecr ''"'"'"" =· 
let::bler:; c:1<: 'oloci: =~c:-~rec ;-.:~¡:;:: Level !.c:..,;;uc:;;es 
suc.':t as ?ASCAL Suc"- =r:cec::; "'"" "'-=:..!iy t:.S<>· 
less. r.owev .. r. ,;:.:,..., ;>c=e,e:-:; c:e ecs~y ::=.s

ferred be,.,.-.,.,.n =ci w::_-__,__..,_ """"'"""" r::OC:"-Íes '-"-"' 
operate cn e :e-e:-.::--..:.: e:..,_¿ recurs:ve be=. r.c ':te 
re-ent::c:": c rout:.-.e ==t !:o<> usc!ole ;;,y ;nl@r,.;:1 c::C 
no,·~nte:-t"".;pt C..-:·.-e:: ¡:::oo;;,-:-.s m:..-.c~:: ,_.,,. !css -.,; 
data. A"'"'-'""'''" r~u:l.:".e"' '""':."-e::::<='{ c:::.!.l cr '-"'" 
1t...tf1. T.~e MCoo:ca c:.:"'c~:oce=: ptcV".ces '"" 
nacessa:y c::c~~:=c! t~:es 10 cJ.!cw e:::=::er.t 
!fl<lrtl¡c:nt :::oC·.!!= ::;r::x;-:-c:::~=.,<;. T.-.e "":.!?,-~- =d 
'"UNUNK" ~-:.sc-~c::o:-..s :e<iu::e s~:::routt.."'-& c:::.:.J cver
head m """"' CtJr..;o!ec:: .. n:::ry 1.n..s1n.l<;ttOr..s :,y C.:: o,..-..::<; 
!he mc:n.:.,u.Jc:on ct !.cr.);...:i ::.Sts ol ¿,,= ::e-es on t::e 
IIOÜ. Tr.a ""STI[ iStcca M~h:p;., ;;~<;:ste:-sl c:-.0: 
"1DM" !Locd ~l~:!:;,_,;,. ;;eg-..s:er.;l u-.s~.,=-~c:-.s c:!..:o re
duce suhout."le c::!l ;:rc-:;=::::::-..>r.g cver:O....,::. -¡;,.,,., 
allo..- the locC:.:;::<; or s:cnn<;. ·r.c = e:.....,:ve ce¿,.,.,_ 
culcple '""--''""' :..·.:=: c::a s;>~>C".ll.,.¿ :y :.~e ¡:::Pg:-om
lner. Su:..,n sct:wc:-a :..~ •·ec:o.-s c:" P"'"'"""' ...-::."
·~e IRA?- :..-.s~~::::on =:: ere u.sen.t.ll-"1 e;-erc-.:..."'-<; 

.tem c:!l '"""'·"' or us<>r <;e.,erc:ed mc::o 
, ... utlneo.- Cth"r ~-..s::-~Ctlon.:: ~"'"" suppo:-t 7-lodem 

IINc!ur..C. ?to<;r<r::::=:::; '""~""" c:e ?EA 1?-..>sh 
Elfe<;t.,. Aci¿,essl. LEA !Locd Eil<tct1"" Acidressl. 

.71 
fiTR CRerurn 10 Reotorel a. w&U ru; tl-... nor.nd ISR. 
SSR and RTS . 

01 =ursa. 1he poweriui """"'oree! ::;r-:o:-::-' :::;e,-:-"''" 
s:n:ctu:e ol :.~.a m1crc;:roceo•or c~cws s::o::g":
!o,-.,.cm:i <;&.,erc::c" ci ,.,..,n,.c:::.: "'"C"-'-'"' !:-.::;:.::• 
Ot.:t;>l:l rounr.es. 0::<;"-t :::::::;<~-'e !<'ve!s c; ::;.:o:-.c' 
.,...,_., ¡~¡ vec:o: !oc::or.s ¡:::o-,-,¿,. :::=u= :::eX:..:::!::y 

: !::r [10 c::-.'""1. lA :c:c.2 e: ¡~;; '"""'"'"'' !.c==:-..s c:e 
cvc;!c<:ie !or "''""'-';::S. "-c:ciwc:" :r::;:s. '""'' 
="""'c:-e -c,.s.l 

/:r:;::roved Sc!::=::re <e<:o.:aLt:-¡- C:-.e -' ,;,_,. ::-.:;:,e: 

:= :.-.e "'·"''""'· ;::t:<;t"C.7-"""' e:-.=:.::::e:-:: ., ,..e:-. "7.:
~-:<; scitw<:::"'e ior :::.:"'oc:r::p:.::er:< ts :~.e o:e·...-::::o:: :;::-.:: 
:on:E-<:-~cr. et e:-:-ors. o: · Geó.:t;;---:::;. · -:-:.e ::.-:;e :::.ur. 

~ '" ""ciei::u;; · """"'"""" ne--::-:-r "'"'""!" e~:e...-..::; ,_~_,. '-"'"·" :: 
:cioes te w:-::e t!'.~ '-'=""'"="· !.-: ::;:::::::.:~ :~~o]¿ :·J.-OC 

-:ule oi:en c¡:¡::iles: T.-.e :es: 2G% e::;-_.,-~"' CE<:;'-'-""' 

a~• d tl-.e ~!!::;-,.""!."te ,..~~=~:oroceoo:r ~"'-=o:-;:o:::-:es 

..,..,.,:c.J !"""'="" :i:ot :ec~:ce :.-.e :.~:.-.:~ ::e ~;-,:,-,_ 
The.., !e=~:es. s'-!:.:"t e• C:--~::x;: :-.=~¡ :::::::: ~-.e :0::-~:::-

:..CC"{ :-e-e;:: "-"'<;"-"-'""'· 
C-! :::cter •===n"'-"'-"" '~ :.::e s-rs=~::----" :r::;::::r::::".e: 

:o ce<ec: :.~e oc-::=e~.:e 01 ~:e::;-;:::,;=:-~~-; ~'"'~"' o: 
-·::u¡;;¡. · Sever::::.l ~.<::o w=e ::=<. ~,=---.::.-.:: :: 0~.:.::::::~ 
=nc=a: :r.t~:7.:..! c::-.o..:::r..:s c1 :~.g '.'COO::: ~r::::ss
so:. cetec< :!'.e ;o~c.,.:..-.q ,.,--,:, c::::-.o.::::oc.s· 

Worci c=:ess ....,~.., c:: occ c:c::ess 
ll.!e-;;d ~"151r'..>C"t1Cr.s 

U n.:m~:er..n,te-ci "'"'~"'-'='~O"-" 
Qlaq:::_l cc:;:":re,;:;:..."1<; :oooo!e 
ll~::.l Merncr¡ e~:~;; b~:s e=:J 
c-.. .. r.low on ¿,._.._¿., ld:·r.c .. by :ero) 
c~erJow c:mt±l::on c:-ce (sep:::-c-.e ,_-_.:..-~c::c:: 
7?.A?Vl 

ACo..::.c:-.dly. 1!-.e s.r.~n sc:nvc::" 7?_~ ::-.s::-~c::=~--' 
:::cy;,., c:::l:.::ed by :he ~roo;;,-:::::::-.e: :::: ;::co·-~::e :::;:::;::. 
o:11c~.s ,.,.,,,,.¿ """'' cetec::c~. '" c:o:rec:::;:: 
tCtl!t.."l<>~-

Á:I c¿t±l::.<mcl er:c: de:<>et)c:-. '""' :s ,;,., e:-:":( 
(C!:ed: ?.e(;-.s1et Ac-=-.s: ""=·~;:es) :..-.i::-~:-~::::1 c;:e-o: ::: 
'='<='~ 6ou.-:G c~.e<:i:::..."'-:; ~r .,.,,---_-.,-,__-.,.- =~-"' J ""' ,;;..=::;; < 
~ll!: A ::c:p eco-~:-:~ 1.".e :e<;:.s:gr c:::·e:-.:.s =•i ::e-;::· 
:ve cr ;;ce:::tter :.-.e:" ::-.e !J...---.::. 

f::-.clly. me ~\CE8COO t:tcO:.:cies e ::::::-.:::y ""-"' eJ.! o ·.,-s 
::-_ser ~c:,cn. oy-~-:.s1n.lc:::;:: ::--:::-_.,_¡; o: :: P:o;;-:::."'-' ce:.~;; 
ceb·~o;;o;;,; .. T:= "i"RAC::: ~:C:E ,.,, . .;_;,_, ~.,_:: == =~---; 
:::::ccie te o t:c:c:::q rc~:::....,_a ct:e: """""" ::-..:s::-~:'<:c. 

exec-~'"""· T.~e TRAC::: ~:OS·E :s ""'"'''"'"'" "' ,,._, 
;orc<;:::::::::er w~.en '"" :::::::rc:::::r~~~os:::- ts ::: :.-:e 
SU?E::Vr.SO?.Y su::e cs """il es :.-:e 0s::::=. s::=: ... "'"'" 
mcy orJy !,., er.•ereG "'""" ,_., '-"-" s:.:,.,:-r.scrv s:::e. 
The SU?E:=:','!SQRYil.iS::.."i ""'"" ¡:::o,.,_:ie :::: o:::::;:;
:toncl ¿e<;ree oi er:cr ;::•ctect:c:-_ '"' :::a ::-.:c:o
oo:o<:Bs•or by prov•G•r:.:: "'""'c:y ¡::ro:ec::c:: e: 
... !ected c:recs el m<>rr.ory """""" = ex:e:-:-.d r::a:::~:-¡ 
tn<:r'.ao;;eme<;1 deVlce ,. ,_.ed. 
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3t.~ ~1~1 ~ • 

MCSSOOO 
MICR.OPRGCES30R 

VPA 

""" E 

"" 

SOFT\VARE SUPPORT AND 
MC6800 COMPATii:llUTf -

'li'.e ~'"" C::e.:;ne:-s =C:: ;::==:::e,; ClSI:lQ L~e 
MC6800Q "' = =;:;oh~~~" i-c:e ='=J~: .. e <:'::.::>· 

pie••- cc:r.;x:::ob~e ,..,.,,.,_ ci "="""""'"' =C:: sot'w="'· 
Th• =::c;:roce=r :,; s:.:¡;¡>cn&e o::.y e ~ :=,.-<> ~= 
II'Jhwcre ¿.,,·e:.::;o::::en: :oe:.S ::-.<:!<.:~".<; 6:;.::: cper:=-.o:-.:; 
~1ern.s, cie:><.:;; c:is. =<>,.,...=ie:'S. =:: :-.;;-n ~evel 
~c;;es. :.-, ==:..:::en. = ::-c:::-..:;!::::r .,...!J e:.!~"" =~-" 
pre,..nt ).!60G(J C::c=:ly ·~ser <O c::'.'<'~:-t "=~n; ¡;:~

qn=¡:n:o :o "'-' en :!:e ).lC~aCC{l ..-.~-. e :r.:..·=.= el 
..,....,=me: :..."'lter'<ec:ccr. 

The =eó.ll ;:1=--·'-'';" e: ~"us """" ,.,.~<::c;:rocessor 
prow;!es e s·~¡:..,,.,et ,-;·,~.e MCEOCO ''"""""~::;:en S<lt '"'" 
hc:nced by ti". a c::ié.J~cr: e: ;c.ore =:i icrc~r ro-q:sre:-s. 
p>10"1!riu.l cr:;::x;"~-0:: s:::-~c:-~ra =e ::>=v ~~=ie cd· 
dresslr\<; r::<:Ces. !.-..;.:¡ :::l!~ws @ci:=:enc ::c:--"'c<:'"' ce 
ellsttnq MCi'2Q:J "'"<;:::::=:•. w.~LC!:. ocn '""" ~e 
lurther cpc..=::..C ::y :c:C::<; :-.lile: :O·.-= te;<> 01 :!:. .. ver· 
saule ·=d ¡oc"""e:-:-..:.! :e=..::es 01 ~~e MCCSOCO. 

nu. =e:-.J.l ;:1=--..:...-.g 01 •~~=~es :..O""''"'on the 

' 

~ ~ 
' " o' 

MC5a2.1 

'" 
' 

' 

MC58000 c:;;c :!:.e ~.'.COCCO ¿ces -:e: o·o; e:'"""·"'"''~ 
cornpc:ci:"llty (;:y :rc~.:lC.:o:cnl :o·c: ·~..oc E'>.:ec.c: 
penphe!"C.i c:::r.::ci:~r t:-.:er:;::::,.:; :.~c::rd::: ~:c:~r.· 

S:""' !.:::e ci Lntel!.:qen: ~-~Oé:C ::::;c .. ;y ::e:-:~c.~.-::J 
':.:::!ué.Jnq :~ ... ~J.CCa~~ .:.::·:=.ce.:: :c::c '-'=--~ .::~:.·. 
=l:er :::::e c:e Y.C~:;~:;:; :3-.>ne:C.: ?-.. :-;oc•<> ""'""":::& 
Aci:;.:erJ =•· :Oe C.:o-c:!"l ::~.::: ..-=~·¡ ::..-.:e:C:::~: :: :::~ 
MC5CC«!. ~.:- stt;:-.0:: ~-:e~: ::,.:::e 1::1. ·:c..:,,:\:~,. 
:ry Acic:&ss r/MAJ. ene ·;c..:,,:: ~~"''"'"'::: .:.::=.:ess 
('/i'A) "''" ¡:roV!c"ci :o st:::¡:!::r ::-.e ::-.:e::::::s ::: 
:J.ctcrolc·• sccn¿.;:::,::: ~.lC220G :::~~. ~~-~r:::s ~ .~.:-::-:-. :~. 
ft<;\mo 7. L-:t~r'..:::ce :~~":e~-~""" l..1CEi":!.=: IS:::q:e .:~.:~ 
Prog=..,rnc.!:Oe C.:~.::-:il"" :s =:: ~_,,,.,;::.,. ::..:~.,..._-:; 

us&r L:rtpiernan,=cr. :::: :::="'-::<><:: :~.::'"e~:;:::: :~:-.:· 
t::::::s. Ir. c::;=.::cn. :.-.e l..\Cóoc:: :s ~t.:p;ora::: ·:·.-· 
c:nto;1.!a p<!r-?!:.er:::.l c:::n:::::: .. ,., ~.,;:e<::<>c o: :::: ::::· 
vc::ce¿ cr:::L"""""'-'"' r:-.:~::~r~ccssor. :~.==~==~; :: 
8/.<..A Co:n~Ller =¿a M~r..=l"f }.1:::::ge;c.~r.: ~·r.::. 

Tha )..IC5SCOO L> r:cc ¡us: ~ c=>=<'=:::er:t 3·¡:: ... ,~=·"e 

b!e:>C "' VLS: ::eS!<;:.. "'""""""'" .,.-.:;::-.e.e:--"1c,; e:::: ~ ~'~ · 
~ p!c..---.1..~:;. :.-.e MC5CC~G tt :s ;.l::::rcia s Ac: ·:cnce: 
C:cpu:er Sys:e"' e:¡ SWc:::n. 
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O...cr!plic<> 
(Conllnued) 

lhe ZSOOO CPU " c!l~red •n !'«o oe:->Lcm; 
the ZBOOI -!8-pLn >e<¡mer.tO<i CPU ond 1:-.e 
ZB002 40-pLn r.or .. ...,...:::~n•,¿ C?U. The r..om 
d.illerenc~ :..,, ... .,..,n t.~~'"'"" Ln ec.::res.,:><;: 
rLOJ'.Qe. Tb.e :EGO! con ""~tly oc.<:r~u EM 
bytes of rne::>ory; ~".~;:;ca;: ciLTec:!y oc:=e••e• 
64K bytes. T~e ''"'"O~<' el::'-<; :-:-.tx:e>->~<=~::1 
411d nor:-:-.ol-or:e "'" ,:.,::~c::cn """''"'""""" c~ce. 
d4to or.d st~ü s;::4ces '"'"·"''·-..eh :-:-.:>ee oilow• 
m•mory """~""",_,.,:o .;a:.¡ ::vt~• !cr :~e 
ZSOO! or:e ::E~;: cy:e• 1cr te.e ~c-e:. 

Te lt'.H". :r.e r~u.,~::-.er.IS e: =:or:-.::;ex. 
memcry· tr:ter.stve oc~::c->Hcr.s. • c:::-.::.<.r.:::-. 

memcry·r.:~r.o<;:e:::er.: :evLC~ ""''"'"" :::- '·"" 
ZBOOI. The Z.OQlG ~~"""·"'"' ~-:e.~oce"'e~: ';::;o 
mono<;e• :~e icr;-e .oci<::re" ::cce :·' "'"'"';-'"" 
!e.otures •~c!1 •• 'e<l"'~~: '"'""4"LC:> er . .:: 
memory ¡;:c:eC:Lcn. Tc.e ::.ó·~Ol "'":e~'"" 
w¡\h cr wLI".ou: t.~e :CO!G. :1 ""'""~y Ltse!l. ::-.e" 
ZSOOJ S:LJI ~fC"ILC~' Or. ;:~ ~y:e C:J:eCt oc:ireSS· 
Lnq ,..n~e. u:o.".::o::.e :~.;Sr~ :yres. 

Regi.ster Org=i:mioo. ::-.e .::3CCQ C?'..: " ~ 
reqL>:er·orce~Ie:: :::oc:-.:e.e :c.;, ·"""' ><X"'"~ 
l6·bLt ~""·erol·~~r::c:~ 'e<l'"""· ::~e e..;co 
CPU hos or.e S<•ci. ;:<:Ln:er req:.:ec. ''·" ''·" 
zaoot r .... ''"'"· 
Stac.b. TC.e :ac-ct ,,._¿ Zi!C~2 ~•:: ""se s:•cis 
loe~ t..,! ""1"Nr·"'" on :::~c::cy. 7 ..-e ::::::1:~:: 
st<td ;>etr.:e" lf~ :v~:i•:i .. : :.ce sys:e::: s:on 
pcnn:er •r:c: tne "'"'""-'' o:~c• :o:n:e,. 
Refr~b. T~~ ZE<MJ Ci'U e=,..,,,...., ~ Go:.:::::er 
th<tt c"n 1:-e useci :o'"""'" cyno..""t".JC ::-.e:::~'Y - · 
4Utor.:•tLcdl·¡. 

Progro:c Status Reg:st•"'· ¡:,,. <;'Cuo el 
S141U> re~LS:ers con<•,._, :.oe ~rcq'•"' C<>unte:-. 
ll4QS. ond centre! ::LIO. ihe<e "'" •utc"lo:Lcol:y 
toved wher. "" Lr.terrupt or ''"P ccc~"· onC: 4 
"""" stotu< <;•cup "!coc.-d. 

lDterrupt and Trap Structun. 7~e C?U •uo· 
port. lhree 'Yf"!O 01 Lnrer,.~~:J: vec::::od 4nd 
nenvec.or,¿ :r:~•i:acle. on<:: nonr..•><aoie. 
There "'" :c~r :roco: 'Y"""' ooll. 
ururropler..en'<.-d Ln>'"""''""'·· ~,,;e;:¡,.c ;,..st.-uc· 
llon. ond s~rr.enw:c:1 =•~· 

Data Typ .... :SOOO '""""'"''""' c~:o ~=""' '0:: 
b1t•. SCJ C:c;:n (~ :::ttl. !=vtes t3 c1:.i. '"'"':. 
06 btt•L !cnq '"'CrCS 11: :1151. :vte .:~:::es •~.e ...,,¿ <t:"tn<;• u? to ¿4¡,: ~~·es :cnq. 

~ • .,,.,,¡.,., a.nd M•cory Ma.naq,.... 
m•<>t. The :SCCI c•n c:rec:iy 4CC-." ~:..~ O:~:es 
el address sp.oce. ~Stn<; o s.,..rr.en:ec e.:::•e55-

" tnQ scheme. rtl".ple:r.ented vto :r.~ ZSGlG ~(~IV 
Memory Mor.oQemenl UnLL ibe 0.'~ '""'~' ~~ 
:flGQJ dcidr~u 1:0dce :S C:LVLC..C ""~ 1:3 
:eloc:o1otle >e~""·""·"::·.;: 10 €-;!. :v:es ~oc~ 
The ~ccoe.,~s e::te.-.-.:: :.-.t~ ::utr """""·' •. -.: 
cul;:ut by ·:.e C?L" :r. ••ec~::r.q ::-. .-c-. "~ 
loqrc~/ oc:<:~resses. i::e ~.~!-.\U "'·-"""'e' t.c~,~ 
lc<;LCd •"..:'"'"es ::>:o •c=:~"e' t:: :c.,·s::•: 
.-,er:-.ory. . c.:< ~·xess-•~ '"""""" -,5 

=~•r.s:to>re::: IC :.ce '"''"' '""""'e 

er~ provtce<: '" ::-.~ :r.s:.:.:c::c:: se:. ~.e~,-~, 
::!l. !:-:-.:::ec::o:e e:.::. ::-.:::r~ ? . .,:.:e- :~.; 

0)::-ec: .;a:::~e" ::-.:.~. ::-.:e•~" ¡;.:: .".e.,:·.-~ 
A.::<::-e» !P • .;~. :!ooe .:.c::~u 15.:.). ''·= :eo~ 
i::ce•e<= lEX:. 
ln;>ut/Output. r. :e:-· :. O ::-.s::·.::::c.s ce:· 
IC'""-' a-ce: :r :C·::t :;~"-""":~:·..-e~.". -·-·• 
~r.d ~·O Ce••ces. 

Multi<:o¡ctoproc~""' Su e port •. -. ~~" ot 

;:c.s "~se:=~=~~·'"""·""~'· ..-::;. '""'·'· 
•.~s:c:..::::c:-.s :o ::e:::"·"'~ . ..,..~.: -·• 
:."t::~:::c::eu:rs. 

l=t:-">C"":iOll 5•t. :.".~ :=::: .~~· :;: ::5 ."~<;~;· 

'""~ '~" .~:r.e c•:e;cc:eo :: ·'"""" _::::'-' ::_::~. 

l.oo<o 
i'rcq:-am cor.::-d 

B!t mar.tpulo!:o~ 

;.ot~re ond shL!t 

etoc:x t:anoier ond """" ::::0:-.::-=!c<::r. 

[r.~ut.'cu:pul 

CPU control 

Stmu:. u, .... s~'"""· ~·~• oí :he :se-ce ... ~ 
Ced•c~:ec :o,;..~ ""'~~=e oi '"'"' '"·'='::-~:::-. 
Thre<> ere ::-.e '~"e::::~ •ele:: 1::-.•• .e~"'-·.·:,.·~ 
Normot/Sys:e,-.. ;nC: 3•·:e•".Vco:. 7:-.e :;; . ., ::-: 
!me• tSIJ"S<lJ ""'" :oces c:onc::;-,;- c;::e :: 
operollo:l (~:o<;""'::- ~O,,.;.,,.,.:~. :•:. :e 
<t.oá r.-"""·0"" :~~el'. e: :::re:~;i :=ec.:::.".o 
•=~""'"'¡.-_q,r.<; Hte,,.: '"""''"'""' :se-:;::::e;.: :C!: 

cr :r::er.~;:). or.e '"'"""'"" :-::ec:::-:1 :eL:~S.". 
cyc!es . 

.MSE C-14 



~ 
Zilog 

Duc-iplion 

' 

( 

Dy::.~"''" S'"<;"'"~' :~!oc~:>o~ o-.úes '";""M~ 
ac!dresses :~ce~enceM ci ;::ny"c~i :T.er:-.or; 
addre .. es. 

Sc;;h!s-t!C~:e<: !cce.s ·:~Lco!::n ;::~:.-.::! 
oe:nor; Me.s :::,., ~o.eu:~.c,oe<: or un:~.
lenuor.el ~==eu. 

MMU orcbtec<c.re su~;>or:s ::::·"it!pro<;t~r.:· 
m<nq •r>~~=-

Dec~:,:nc; "'""'~'!ces!> coupied '"'"~- :b.e 
•ncreoSI . .,... """'~' :i :n:c:oc:cceosoco .o~• 
acce!ero:...::i :C.e ·coe e: .o:c~.-¡~,·eL ler.c;~oc;~•

sophaac~!eC c~:e:;~.q ,.,.,.,,._,_ oo::::;;iex ;:::o

<l''"""' ec.ci !e::;e c.>!! 04s.:.s :=: "'-'"'""'·"u:~r 
tystenu. tr.e ~~01 "''"'='""~""' C?U S<!;>· 
pom ti:ese trer.~ "'""-en"'"'·' :::~oorte 
olirect eddr~•• suee ~• w~Ji es e ele.~ or.c 
powerful '"'''""""·'""- •~•- !he L.iiU!O ~-iemcry 
MonoQement Un" ().'.MUl prov:ces iiex:ble onc! 

••• --· --. --. -••• -- -- •• •• -•• - -- •• - ..... •• - ••• •. - -- • - • 
= ~ - -

\ 
-• . .. 

• •• •• • • •• 

1.1 1 1 1 ...... .,. ... .., .. <,..., 

Z30!0 ~IMU 
Memory 
Managernent Uníl 

Product 
Brief 

Prelimincry 

Auqust !979 

ic 6~¡: :oyte• con:;., ::".•~-~~~-= N'~c:.-. 
phy•":•l •c:<i.-~ss o:ec~ -·:o:.:~.,.,~., 
>eG"'en:s o:e :•:.c:,_·r •c:e,..:.•. 

. . -- . 

~:.:l::ple M.'4.1Js e•:: so;:::o: •~-~~"' 
:mn :~Cies icr e~cc. :: :c. e "z ~::: 
'P<I""'· 

·---A, ---· ---

eihc:en: 1U:>:cr: Oc: ''·" !~.-:~ :·~::•u 1:o:e 
:;y c::er:,..:: c·r::~"''" •~'<"'~'-' :e:::~::::. " --• 
~·"'"""·@·=~·"'~"'"'-'·::::E<::::;:,~.,-, .... 

·"" ~,;::-:dr'[ ."t.~::':C"'".' ::~::.-:-.:·.:e: .S :c.• 
:i :t> """''"' res.ot.:::e<. -~-" st.:c.· .. :.•.e ,.,:::•;•· 
"''"" 01 :hlS :esoc:rce :;~:::-c~l' ::-.:.e::::.
""'"e, eem•n"'-' "":: .;:<::@~=•- ----~,., 

"'""'·•""' ~'"" i:::-:: '"~::::le~'~" •,cr :::~.::: • 
:oús ~ ~·-•~- • ¿ec:c~:= ''":!:c~::o:-.J, :.-.e:.<== 
te tnc:eose ''~""m om«:;:ny Cy ¡,,._::::-.<; •==~" 

e. d. :§:: ~o· .. § . -r ~ . - . 
=C• ~ "• 

l r -. q "• -. .. "• -. . ., 
•O• ~o ... 
·•. e, .. , . • ... 
...q .. • •• •• . •.. 
._8" • •• 
~ .. • . .. ...o .. • -. 
'§" • ... -.. • .... 

l 
.. ... - .. • .. 

' . • .. 
' " • -•O• " ... -e· • ... 
~ • • •• 
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O...crlptla11 
(Ccn,nuecl 

:o vartous pon:otu el tl'.e meoory. and from 
the n~ to orru=re lar<;e. complu proqrarns 
lnd 1yoterru. 

M\lhtple L<>LS (or userol o! ~ oystem :hat 
CGI\ re><C:e o~p•Mr~ tn r.'.emory "'e coli.-d 
,.loco:oble. Gen~co!ly. sv>teCT".> tn >áuch oll 
t.uU are reicco!o;:oie c!!er :ar or~oter !le<tb!IHy 
tn .-.spor.c:ar.<; 10 c:-.o~<;,~<; s-;sce::> enVlfM· 
ments. AnotMr ..,;:-e--:: C! ::'.\:lt::::.e·!au envt· 

tonrnen'-' " •~"-"'""' '"""'"'" :oú.s con 
e%.C~!e :~.e s.=:e or~::::ro<:: en C::!l;.,~r.t o..ra. cr 
Mveral :.os<.. :::;ay"'"'"""'" <::o!;erent ~ro:;:or..s 
uotnq the '""''~ Co:o. 

Un/crruno:ety.! ~r:oi~m :Mt • .,,.., :n 

mu!t!ple·u•< """"''" oo :=:cot e• '~"~"'· .e.:,...r::·'· 
TaoU "'~" :::e :::r<:::e::;,-:::. ;:om :.:n·"'•":e:: :n:er· 
ac:ton• ><tlh ~:r.er :ooLS: ""'e' :aoi:• r..~" 6o 
proh:l:Ht..C irce= o~''"'"''~~ e:-er.::r.q sy.,em 
f\lnCIIOn>; or.o "'"' :as<.:l "'"" d!OO i:o ~ro· 
tee":ed l:c . .,., '~·""''~'·•es so :.oey ~•n.~ot ~vertiow 
ti'.e dreas •Ec~""" :o=~~:::. 

In 4dd1t:o." :o :~~•e c:r.su:er"'""'· •~;:~"" 
lor l¡,e éeo:~~ te.~ ::co~:~ . .,ec.::::~c. e: :ore;~. 

ccm~lu ~re<;'~""-' 'r.::: 'y""""""' " ::o~il •n 
'"'I'C>r\4r.: e~r.>::::e .. ::~a. ~cc::er:> ;:e~OJ •:• 
:ow4rd t~.e ;:.o:-:c:~c.:::; ci • =~:::;:;.,, 'd'i. '""' 
1.""1"..,.11. ''"'=·~. "":·c:c.:~L~ec '~""''-' =~~= ::on• 
wel!-ée!1r.e<o ::::er=~~e•. ~"""'~"'"" :c .... e •~::os:.S 
1nteuc: """ e~c:: ~=::~:. ::::::::":::c•t:cr. 
between '~""' :::~s: :e c~re:"ily c:r.rrcileé. 
Memory·r.-.or:•c:e't".e::: ,,.,.~,..., :•n oúr etleC· 
ltve ocl~t!ec..s ;e: '""·"'"'·""""""·" lor;e oys:er...s 
modularly Cestc;::ec. 

The ZSGIO ~-ie::::;-y .'-"lor.o~eme~t UnH me· 
poMs multtple-p:::-ce., dr.C l•r<;~ .c::oo~i•r •dt· 
w•rot sy<lerr..s "-"'"-~ "Y"4m1e •~cment :~icco,on. 
Futhermme. H "c.r.onceo <y,.em Jr.tl!<¡rlly wtth 

1 ....... 
L, ........ 
' \ ..... --- ' 

"~"· 
\ 

= rt 

~ ' 
' 

" 
" 

1 w-, ~ 

• poweduf <el al :r.~r."ICfY ¡>rot~C:tcn •• iu'"'"'· 
P.•locatlo<1. ::h~.~r.ttC >e<;,-.ent :~iOC31l~n 
m.ake> ~ser scl:· ... are ~~"'"""' <r.c•::o~c.c•c:t 
the phy'le3i memcrv '"'""'""· tMrecv :ree· 
¡nq the ~'"' lrom •?P.e::y:~q .. ~ .. '" :c.:cc:-:-.~::oc. 
"o.=o.lly !oc~tee .~:~e ~nys:cai ·"'"·""'"'"f ,-.::: 
pccvt<:::><¡ a HexliJO~. ~;i:et•n: :::et~:::c :cr ;c:o· 

pe:--::~.<; mdiL·~r~<;r~:"C::-.:r.<; '"''"""·'· 
Tne Z·M!-1U ""'"'o :r~~.>io::on '~'"" •o 

m:.r...:c= 'n" :3·c¡t :o.;tc,¡ '":::-""~':ro::-. 
::200! CPU"''~ =~·ot: '""'"'""':::::.e 
~"-Y"e~i <::er:-.o,.r. !·!e<::c:-v '""'""·""" """ 
van..Cie tn s::e ;,.,, :~¿ :::y:os :::: ~~;:_ :r. 

:":::-•mer.t< ci ¡:,o =:=••· ~''":: :.:.(:.~:.:, '-~· 
;:cr: :r.e _t_:_s '"""::::'" .~·"·-=--=~=-• ~·'•··~c. ~ ::r :c.• 
·.-~"~'" .:.c·.ill e~·- '"'"'"" s:<>:es. ·' ··-·- ,.-
oc:¿,.,,. •~•ce. or.t :-.~:r.:::er e::.:.::.~~·, :~c.=~ 

""'"' '" .ocoor.--"!tcc;:o:e "'"":::::e ::~r.s.~:.:::c. 
:ac:e, icr s~>'e:n ''"' '·"'""·" ;:.:!l·c.: "'":"' 
cr :o •~ppor: o-.:re <:;:r.:o:::o ..-::: .-,. .• ,.,:,.:· 

tr.~""'-<;e::-.ent '"'""''· 
S'f"t&"l lnteqray. :.:.::-:<..: ,.,...=_.·,·::: ~-·· 
:¿''"'"' •~=~~·""'~ ::-.e,-.e:y ,.~., ""·"' 
~""~'"""'""" o: ~".:.-.:~:::e<: •e=~,. ::· 
•t>=:a!l~~ s:::.,-c:~: '~'"'" ,~.,::~·=~---' ~· 

~·=~. <<><;:-c~r.:. ;.. '"e'"""' " "'·"'·"" ' 
'"'"""'"f ::::c..:::s::r.: :::: '"'""~"· ~::::::":0. ·,.-~-. 
:: ",,,,,;;1 ""·'"'~= .r.:::: '"-~ ,. """ ... -~e 

=:o<-r::crr r~t~rene~ :s ·""'"·"'""'"· =~·~'" " 
c::.,c<ec ''"'~·" :r.e "~'"" "·'=r::-.~t:::. --
~""""Y'"·" zcc-c~ -=~::. :: ~ ·""·'""·•::.-. ==~~" 
~trap" c;e~.er••..-::: !r.c :."1e C~~: ·' .-.:~,.. 

:-•;::ed. T"r.e C?L' ""~ :~~r. cC.~:< :~.e •:o:.s 
'~"'""e: :b.e .'-~.'-~U :e :::e:•,.:-:::.-.e ·C.e :,._,~ 
•r.¿ take •ppcpo:::~ ~e:::.,:::: ~=co~c: :.e¿:·: 

" -1em. 

..... 
••• 

.. 
' ...... ' ' ' ~-·· 

' \ ...... ( ...... 
~ 

.. .... 
"' " -

'1--

nr-- '- Tloa MMII m a Zt!OCO s,,,., 

··-- - ·-



~ 
Zilog 

Cc:::plete slave ,.,.~c:~;::pu:e:. fcr 
d..l<tnbu:~·FX<>'-'•~-~ Z-b~.:> ~se. 

Uru-...ote~e<: ;:-cw~.- ct :::3 4re:-~tO<::~ce, 
=truct'<>" set. 

Three proqr~:':'.:c.~~¡~ liO por,, '"" "'"~ 
2-,..<re ho.::C...~úe, cr o.~y e::n:w::~:.c~ et 
dft1<1 4nc:! ec:-.::ol ~=~"'· 

s.~ levelo ci ;:"'c::c¡ ;:::e::-~;::. :o :-éi?C. 

O:Oe Z-ti?C <.;::;;e,d! ?<>r:;:r.eroi Ccc.:cdle: 
''.; é:strLb~,;:&é .-c:e:oee:':".::mte: :!1~: :ec:er"'' 
the three "~"" ·.:-;e"•e•:-.q ¡~,..::·.:>"-' '-"--€<¡"" ·.e 
¡nterface 4 C?Li 'N"" :er>;:he:.;i.: cev>e~ o:cn· 
~<el by RO/.i·."~>LGe::: :n:er.:ol ""'""""-'"· 6o:.; 
""'-'..J~t.:l4:oon. oc:c:: "-' :eter;::.;¡"'·<i e: 
art!l-.rne!lc, .;r.c e~:.; :::,.:ier<::q "' ¡:::e=41 
n>qlSter.l. 

The Z·UPC " """l~r :a the za r.ucccc~rr:
puter ond u•e• ~Oe:.:! t"-"1!"1.1<:1ton se'- Uncier 

~ "• 
~ ••• 
~ -· ~ "· 
~ "• - •• 
•• "• 
~ "• 

1 • • •••• - ' • "" 
1 -

1 
~ -• -= -· 

1 ¡ ,., .. ""' -=""" -., ..... -~ ....... .. 
1 ---

MSE C-17 

Z8034 UPC " 
Universal 
Peripheral Controller 

·Product 
Brief 

Prelimincrry 

Auqust 19"79 

Twc prcq:~::::-:-.~:o:e """·' <::-~.:er::o;-:-~cs ~:::-. 
5-b~ ;>res:<.~"-

156 "::!yte r~o;:.:~r ;.-:e_ '::eu.:.e :·e :a::-. 
,..._.,,., C?L" ''-~:-."?C. ~• •. :=="~" :'· 
2-UPC proqr~:-:-.. 

:;:: =yte> e: Qn·c.c e =•=~""' ~e:~·:: •:::
Clency. vero~:J~t:Y-

"'""''"' c:o:::o!. '":.e:~~ ~-:::.e ~e=~=·=='·"· 
~ :~:!=r~ :~:::e.-~....-___,::"' ·-••:. ?"::-_,. 
:-:e.~t·,., ::nb:;'-'"'" ~• ~ ,;~::;,..o.-.:c ::c:c::".~r 
.,.,_, ::::: :ytes el ,,,:er::~l ~c:.L =~~ ¿.·;:::: 
e~ec-~tOS 1.-.S::-~<:'!C:OS ¡.~ :.: 1'-S !'"•r~o:e -":::::' 
~-M..:.C,:: :!ocO: s:u:~e- ::. :•<:o•'•' :::. ::. . .-,;::: 
256 ::.-r-es. e: .. .-.• e:: :c.;"" q•~~":·:oo:;:>~ 
r~lSterS. !9 ::-• ..-~.--, ::-::: c~r.:::! =~o:os:~:s. 
a:1ci ~hree 4re pon :.-.;ts:ec<. 

·•· e , - •• .. .. a, • ••• 
........ §' • -~...... ' " -... .,. ... ~' • ... 

~•><•oo., O' T • o' ~ ... 
"""0• . --.o>Q• • o.,_ 
so·• ..... "D ·~ 

"" 

l l ¡; ,, .• ·~ - " .. '" - " 
, ... - " " ... - " • ... 

-8' " .. , - " • .., - " • ... - • " ... 



DMalptlon 
(Cor\ltnuedl 

:-he Z·UPC Un"·er>41 f'e"pheral Ccn.,oller 
" 4n tntell:<;enr cevtce that qenerote• oll the 
conlroi '":;nols ¡:.o,npr.eral """'""' r.eea. 
S.C4u>e tt cces 011-im~ onrhrr.ettc. tconsiotes 
d.oro betore tca~.s::::o:;nq, •na builen c:ot>. IM 
Z-UPC un::,~r::e:u :c.e O".Citer C?U. theceioy 
~n<:ruSln<; :.·.~ co·.-~coil o:>O"ea onci etw:ter.cy ci 
the ..,-11em ::: .. t.:c~ " re>~C:e•· 
S..~ u;te~ =~-~ Z.3 ::-:rcr~e::-.::urer orcc.n.-c

tur•. the ;:.;;?e c'ie" =~" uec-~ttcn ":::e . .,,,.. 
ctenr u•e ci ::-:~:::~ry. <nC: oc~n:st:coteci ,,_,.,,_ 
rupl, 1/0 .• ,.,,; "" t.'.~r.t~uiol:or .. ¡,_, ;xtwer=·~l 
4nd u:er.>tve rr.st:-u<:::on ry¡:.o,s, ccr:-..:ot~.eci ·..-tt.~ 

t~ •lhc·..,r.-. ,,,.,.,,.,...,¡ :e-:;·-':-"• •""'""''·" · 
ocheme, .~e: ~r.iy '""""'' ;:r<:>~'·"'· "'""~"""· 
but elso ei;:o:on:11 cocu ~roqarr. :r.:o ::-:e on· 
c;up ROM. 

A untque c~_ • .,,-,erc:ac cí :.~e z-e;:c "' "' 
,..,....,,.,, Jt[e. «~:e:-: CC:'.,t~s j¡Q ;:cr: d:'.C CC:\
trOI r..-:¡rs:er> ~-.o: O!"- "" •c:en'"" :::::::~. :y :r.e 
Z·UPC ~rcc;"::: :::e :::y ::s ~"""""'" "'~"~C 
CPU. Thu '~''"'" ·r. :y:,. •l"c:er.cy. ;:cc:;c~e:".· 
mLr.<¡ elb~:ec.q, '-"·" •~"'"" •=•ce e:;:c:e:-.cy 
beeau•e Z-:.:?C :c.s:c"C:tc::• c~n cc;e:~te c:rec:
Jy Or. 1/0 C~t! ~H.".CUL :ncv:::c .: :e dr.<:i """' 
sn ac=c::::~io:~'- ::oÍ'<> oi:ow• ::-.e Z.-VFC ""' 
:e 4Í!oc4te '' co:• ""'""' :er· ...... n :~e c~u :r:a 

:he pert~her•l •ll '""'"'"' soace r.ot "' "'~ •• 
accurr.ui•Lou. aceren P<t•ntero. '"ci"' '"""' 
:ero. or "ad:. R~:tSLe" ::or u•~ci ••·=~::@r -''~ 
prciiOC'te-d 4qa:o,<: C?U de:•"· ''·"''"""'"~':;,e 
"Cmce-d Lnto !B c;'cu:::• ct 1~ "'o'""" :eop
ten eoc.~- A'""""'"' pc:r.:er ·••e• :os:. ,r.cr:
lor.n4t ,,-,.,:ruc:.:r.s :e oc:eu •"~ ""'e: -.~e,e 
<¡rou~• ~~L:_i:!t. ,,.,~::::.<; tn :o.: o:.c ~"! •as< 
owttc:::::<;. ' "'"'"'"Y :::::e:".Lót:tco::c:: =~= ~"""· 
oi:e ,...,_,,,., C?'.: ::-.e :.ce '""''""' :::e :s 
l•c:h:.,..C by'"""-"' ;;c::::er :::!! ccs:::::-.s :: 
::::er!oce ''""'""" .,.,.,.., .• ,~ 'Mt:C:!~. "'e'~"'""' 
itle: LO.e>" te<;:s:er> or~ '"=~"ea :::::c~~::Y =~ 
~th the ::-.oste' C?1J 4.~c :r.e •to·.e ~-:.:?'::. 
Fcu: ::-.ero. re<;:"ero. <1.-:".Li~r:·, <C=~"~=- c:::::-
>ey cc:-.t:=l ~~-¿ "~'~' :c.::•::::::::::-.. 

AH ot me Z-:~Ss ::...:S!·C.~::::~c: ::::::::::' 
tnle•,-4::: 'Y"""' =:~. :::.. ,,_.,::;,e:::e:-.:e-:: :~. :"-~ 

Z-t:rc c:=oc:er s:::· .. .,~ ~=~-"=' ,, :c.e: ·_·:.
c:n :.e ~::::c::,.,._-:-.ec :: :~:-.e:::~ :~. : ::::~: 

e"·Jt:<:::::::e:::t. :~,E, :r.e ~-W?C .·.:s :~ :::::! 
:.•.at e•":.. ceo:Lc:•~¿ :Q ~C :·".-.::::e_,_ 
Gr:~=~c !Qc;:c:':-.' =r.:c ::-.:~e;::.-.~ ::.·:s '·"-•:' 
::~~e ~rcc;n!::::-.e: ;:, ,.,..O~Y c:r.".::c.4:.:c.s :: 
;r.~~"- :utp'4:S, 4::::: :t::::ec:::r.d :::-es. wr::-. __ 
"'"'·"'" r.u.:::.o'<e ::-.e ~'"· =~••··=~=- :r c:e:-.· 

F 
....... ~ '""""" """'"' 

....... .,.., .. ... ' ~"' -
'G 

1 
' 1--1 

,, '[::·;-~-:::-;·-i:"j:;;--;::::::::::::: v-' ,, ... ,. ... """"' 

~ 
~-·= =~ 

, .... "' "" "'" -

·" f~ """'' ' ... ~ 

""""'-[...--

L__j 

--
.. ,, .... .. ... 
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O..<:rlptlcn 
(Ccnu:'>u«:!) 

-

bu~ ~O );:-.eo for .,.,e;, c~unt~r are ~,.,,¡.,e;~ 
lcr ci.rooct ule""'l C~-~:rel ~nd S!Gtm ~r~!or:na· 
non. Al! c:ui::ers loove " proo:;ror::::".a:Ol<! out¡:ut 
d1,1ty c-¡d<!. cc~·"'·"cus or s;;,:;le-cyc!e op<>r· 
auon. Gnci "·" c:ur.:::::<; ~rece,. c~n b<: ;:ro· 
qra=ec :o oe e::.~e: """"""'~ '" nor.retnq· 

~""'· Fu;ure 3 si'.o..-s ilo· .. '~" Z-CO " ~•=- i'ne 
I:WC <oe~e:al ;:ur-,..cse ~-e" ;><:r:l ~re s:::::!~r. 

They e""::., """''"'"·"'"" 05 ~..,_,=;-..,~., 
cin-.en. cic,_,;;,.,_:,,.;;e:,-:: ;x:r:s (:::::~t. cu:;: .. t. 
or b.C..r=:c:-.dl e:"-' e::::::.i :.or:s "'""'e" 
the 6r=:::-. ct ~~e::: :11 " '""'"'""~~,~~ ~ro· 
<;r=....::!e ~"" 5 ~"' ~¡"' ;,., s:ec:i:e-:: :o 
¡:.ro-.tcie e"""'~i ~e:es• ic: ,.,..o oj ~oe co~.:::::erl 
tu:lero. ~c.-: x:-: :::::'-'ces =~"~'""- :...:::;:-::"ce. 
Jcq¡c ~!le""·" "·'"';-";' ~"""'::Jo:: wr.~n " 
spe;:::¡.h..-::! ;oatter.. :s :e:=te<:. Tr.e ;¡.or:e::> 
reccc;m::ec. iCG:C C!:l =-e :r=r:m..--:-.e-:: m :h:t 
the pe:-: !c:.-_,,c,., i:<e ~ ~:::my <r.<err-.J;:: c~n
tro!ler. 

ro c~r.t~:l :ile•e <::po.O,d:t:e5, eocC. ;x::-: con· 
t~lflS !3 t!!<;:S!e"., ~~'""' or :i1e•e, !~.e :c.ou:. 
output. •~= cu::~· :..-;!St~rs. «~ =~~~ ;o:t~ 
,,...,., .. ,., : "" ctc_e,., :~.e :::ce~ '~''"":.~~::::> 

ar.d hu.~.-.úe •ce::"c~t:o:> '"""'""· cel:c.~ 
the mece e: :h~ ::or: onc '"e::!y .-.r.<t ;..~no

•h~~e te us~. d ~r.y. 7i-.e :e:erer.ce =~"~''·!e: 
the ;>.:"ter:: :eccc;"-"'c:: ioc::: :s Cei:r.= .r. 
three reo;:s:~rs. :.-.e ::<:er:l cdo:::·.'· .,.,_,.,,~ 

traflSr"O"-. ~r.C ;><>::e''· ;710'< rec:S:er5. :c. e 
ciet~¡)ec c.~•r•c:ec:s::c: o' ~~e~ Ott ;:.o:r. (!or 
Ull-ltlpie. :.-.e C.::ec::cr. de~« l!ow. •oc .-.;,~,,~,. 

a ¡><>th ts .,.-,er:::-.~ ce c.ec.:r.-,e~!:::~l e.re pm· 
qra<nmeci us.::c; tc.e C!!~ =~:~ poidc:ty. cat4 
direc:1on .• ,.,: s~:d UO con!:c! rec:s:•>r•. 
Tl-.e ~ru::or¡ e:::::~:-: a:::C s:atus "'"are 
o;roupe¿ _,._ : "'·~ie :<><;:stec 50 :.ca1 "-''e' ,;,., 
pcr:::s are ccd!c;t.:teci t:Ut:,_ily. only :.-us reqt>te: 

< ' •• ' -
" 
" -..... 
" ... 
"· .. ...... 
" .. 

. 

. 

. 

~<{ 
11....:! be acce .. ..d ohen. One ""'"'"' c:r.:~.r.> 
the tnterrupt vector ""oc'"'""""~· eocn ~"
ro lec!hlll-f@ tnti:~h:~t:cn. !i".e ~" !<><;:~ ,. 
dest<;~eci oo :~""' tf • c~:.>cli:t~ ~~ :~..e ;::.c:r: :s 
n<ll rr<:utre<: tr.<> ,...,.,.,~,. ~•==~•= ~:::-. ::-.~: 

CI:¡:.4Ct!.<v ere t<;-~.ore-:: or.c r."""' ::el :... ~t:· 
qrc::-& . ..c. 

The lu:'>C::cn e! ~o:-: e ""~"es c.:~oe. ::"-~ 
roleo oi oom;.. er.c :;, ?:::-: C "'"'"'""'~-~c.:· 
>h4'-e hnes ie: ~~-"e:.·.~: :-..o ~.-... ~. '"""'"'"~ 
Any """ oi ;>er: e ""' 00 ~•ec ,.,_,._ ""' ""'«= ~· 
l/0 l.e.e• or ,, "''"'~-•i ,,,., .. :e '"·" :~.::e 
C~.l,:e::!1::-.e:. 

Be11ces th c::a '"·"'·" ,,e=~==~: '"""'~''
"''"" ,...,,.,.,,. are e.~e-::. ·-"~'e o::ec::v ·:-.~ 

Ceio:ll e: e~c" ""~e'·"' :.::::o:"::::.!:-::·;. 
dote c::ooc::or .. enC: '"""'"' ~ C:· ::r.:~~= 

~el-. :s c::r..;X:>ec ci o :5-:::: :e·~:.-::~."=~- ~ 
16-C" ::::-.e::::-~:~.~= :.-.;;o·er. ~"::.-. .-.: :: -_._, 
v~l~e !o.o¿e-:: ::::e :~• ::C-""·C:~:-.:~t!. ! ::

C"Jr:ent cou".: :-c:;,.:e: <~••-=:: '~''" :;.~ :::-
·-~---o . -- ---- --

cor.;:r.or. ve-:tcr :e:;.::~:. 
E~c" co,:-.:er•:::::~: ""·" """ ::::;-C<:-.::-.~::" 

-- . 
e::.-:et co~r.:e::: """-~'- ~-= :: '''-'' :::· 
l:nes e:" :e"'""<;"·"'""" ~• e.:or:-.~: ''"~" 
l!ne• !e:"· :-c.e ::.-:~• o:~:.:~·":-.:~.-::-.::" 
Input, <m;:;e.- !"~"'·,-.e C:c~:-.:~·:~ _ _.,._~, 
pul. ~~ree <::i:e:e~.t ccur.•e•,-:_-,._e:- =~:::~: 

cyc:eo ~:e ~·~~•!áie. ~c:i5e, cc.~-•:-.c:. ~; 

'"'"~'" "'"""· <:oe o~"""c" ::: ::::~ ~::·_,_-~, 
::rr:er c~n :.e >;o~c::<~: :o,.,~-'"-~'''"·"-~:
or ccr.H"uc~•. <~e"'"~'"'"·"''""'~"'·"~_..,._,._. 
rem<;c;ere<: e; ne.~r•::,:;:;ere<:. ~::;:~: :::~"""
cont00!. 

• 
•• ' • -~--· •• • • .. 

~ ----· .. 
•• .. .\--•• ..• 
•• '1 ...... --.. ' - ' IJ. :'lll ' ' w, .. ,_ 

' ... ''"' 
' .... -.... 

• 
""-....... 

;•¡ -·· ''"' .. ., ...... .· 
n_. l. r ... .uo....J 1\..U. Otc....., 
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~ .. -. """ ••••-··- ----- v.~-· ---·•-- O• ~-- ·-·-- -••-•• • - -·--·--• ·-·--·-··-

c:>éeo •n ~nr s:mc~rono~s ,__.,¿., .,~¿ ccn l5e 
pr~t~rnr::~ to cho-ei: C..:c tn!<-<:rrttY tn vcnmu 
!:lOcieo. l! cbo 1-.cs tcctltttes br rnoo:em contrcis 
1::: bcth cC.ar.Mis. in cppltcctcoru "'""'" theoe 
cc:-tt..,.lo ere r.ct c.eeeea. :loe .-,:oo:e"' corMe'< 
can be u.ed !cr cee.er~l-¡:u= '-0. 

AlU <1-:nC..rC: =cr.c¡ L.:~~ ¡:;en.or.ercl c:o:=
P"'"""· ~e Z-buo ¿_,.,y-cr..e:n 1:-.:em:pt 
hetr.:rc:hy 11 •~o~~'"'""· 

Th• Z-SCC ccr.:::ru ~•e r.eceo,_,_ry mul:t· 
plu.d cdé:-ess/C.Otc Cus tr.tericce ,.,.,~, S:r:>::>e 
ll<tá c.'-to;> se!ec: ltr.eo 10 h--'""''"" os e Z·cuo 
¡;ertpher.:l. !t •::c!uceo :r.:e,.-;-.cl """~-el ~~¿ 
11\le:-n:;:t b:;:c. ,..., ,,.[[-c~c:ex "'"·"'""¡'ene 
l'o<Q boud-rote ge:-.er.:!Oc>. ,l_sscc:ct~ ,.,,_., 
uch cher.r.ei e:~ ,.,,.,,.,; ,~•-= cno "''"" 
..-qi•ters !cr c;;oc~ cor.trol os ·...-etl es :M lo><¡tc 
n~teeuary :e tntencce to r.::oo:e,-.l cr other 
•r.•,..,..e[ tievtces. 

The re.od anc! "''"" '~'""' <;rcup lcr eoc~ 
Ch4n""J oncl~c.., ~t<;.~: ca:otral ,.,.,.,~,.. '"'" 
•rnc-cMr~cer rrq.,t•r>. cno :cur ""'""' 
req:<tei"'S. E.och b4ud '""• o~~er!!or h4.> '"'~ 
ruo/wnte '""'l"'"" :~r c.otc:~c :M:::-::~~~~
IUlr.l ,_.,, ceter:::~r.es ~"" ro:e. _.:,,.cc:!:o<: 
wtdt t.':.e •~·"""'"'' ice;:" " ~ _.,,., r••<::s:er :~: 
tnterru;>t ~==• ~"" ~-.:-~ :e~c '~"''"""' -,~o
lclr wHh "o:.:s. ~oc:c ~t:.-:cu: 1t::~s. !.".O·-··-

ru;>t oe=="-c ""'"'· 

,. G 

rne i~tC !cr boot~ o.-.4=-:ce.s :r:~;ce• ::r::-.o:
t:n<;. syncnr:n:::t:cn :.-,e: :·oit:o"""- ::e ::4" 
::-:r.lle,..,-= r:: onc: :::o:: ::-:e ~=-::r.c.ei :r.:eo:~:' 
il-.e r:::>cie:=: c:r.:r:i :.-:::c.:s ~"' :-::en:1::..:: "' 

the "'""""' c:c.<r~l ":c.::s '·'" -:;~~""' =~:::;~ 
Ln na:•":e or.c: cc::Jcr.o:i·¡ :or. ·=~ ·••e:: ::: '"":
Uor.s otr.er •h•~ ,-.CC:e::-. :::::""'· 

..... .... ......... r--. • _: ..... ,.,. _, 
._._..,_, t:=· 

EJ 
•'""'"" 

' ~ 
~ ~'''"'""' 

' -
' ............ r--

""' 

,., ..... 
""'""'..... 

•• 

Tnlcal F•«~re ~ •~cws he..- 4 Z-SCC c~n be ccn
Appllcati~= ~ec:o-:: -~¡t.'-. c:-.~.~c:el A pcooc~r:::::.ec !cr !M 

Sync~rono~s :::~'·' ~m< Ccr.:col (SDLC: ~~"" 
"'oóc. fur.C"':c,:nc .,. , oec:nd"-ry <t:tlor.. ¡¡ 
NR.ZI or ¡:-;.: com"q " usec. c.o doá I:Mo ~:e 
ro-qul<~ b.-c~uoc ::-.e ~:cci. e,~ ~ ce::overeci 
fr-om the '"~~•vo-c c.,.:~.'--'"'-" '-"e Z-SC;:"s ""
ch•p CJ<;t:~i ;:"-4se ioc<eci ice;:: {8i'L!..~
Anothcr Z-SC;: lnct s~c"'·nl. orocr~r.:r:::eé ter 
thc SDLC r:::oóe. wo~ld ~" t:oe ccntrollonq sto
bon. po!l1n:¡- :!:e loop !er :c::::c. The 11cure 
ohC>Ws ._ tr,o:c~l. "->rncMe"o"' '~"'' '-"'" 
bom::; tervtc~ bv c~~nnel;; oi :ne ~-se::. ¡, 
could '"'1 ~• weil suppoc: o::c1::er •rr.cn:-enous 
c!•to. lln~. o:- cven e hoqn·so=e.-d lmi:c. !t4nsi~r
nno;¡ oct~ voc 4'DMA controlier. 
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1.0 INTRODUCTION ' "· ,..:-
. . ,. 
,' ._' ' 

TI o< 1crm ·-.,,,,"""'P"' « ·· h" hr<n '"''d '" d...,, >h< ,.,, ually <><ry IYP< o/ "nall com ¡x:uin¡ dcl'\ct 
d<>ip•<d ";1¡,¡, olor '•" In~·!""· Thh own "'" h<cn •rrh<d "' <>rrythint from simpl< "mic•oprusram
m<d'' conlto>ll<" <<>n<llu<l<d nuo ,.¡ TTL ~151 up M'"" <lld minicompult•> wilh 1 porlion of lh< CPU 
"""""'''d nul ni TTL LSI ·'hu ,¡.,.,:·!J.,. <101. lh< ""i"' ionpoct of th< l.SI ttrhnolo¡¡y within lh< ¡.,¡ 
¡,,. 1 "'"hu h<<n """'' \JOS I.SI. 1\'nh lhl\ trch"'>logy, i1 i> p0"1hle 111 f>hr><alt compl<l< >nd '<try po~<<r· 
fui ,-:•m¡>ul<r 'Y"'"'' "j-'1< cnly • le~ MO_S LSI • '""P""'""· 

TI o< Ziln1 Z-SO /.1mily ni componen!> ;, a 1Í!Dir,_,: • .,, od••n<<.nonl m th< Olatt-.;f.th< '" o/ micro
<•"''1'" oc"- Th<" comr<>n<m> ''" b< '"" nPJ "d ,.. ilh '")' t; p< of >l>nd.,d ><'rniconductO! rn<rn ory 1 o 
f<M>•" """pul<r sp><rm "'i> h on o >1 "mol¡ wid< "-"f' nf ''P'h ihl i<>. F01 <""'PI<. >> f ,,.. •> '"o lSI 
,·jrcum ond >lu<< ,,.ndo1d TT L .\ISI P"~>1''< con b< cuonb>n<d 1<> funn • >i.npl< <t>OI r<>H.r. With oddnion>l 
m< m o,- •nd 1!0 do•·ic" > <r>mpu 1<' con b< ""'" ru<>cd ">Th r>p•hih ""' 1 hol onlv • min><nmpu te> w>rld 
p><• in.;>l}" doln<r. Th i> "-id< ''"8' of comput31 """' puw<r all<•w> "audard modu-le> lo b< <OO>l ruC1<d by • 
""'' 1h>t c•n ""'fy >h< r<quir<m<nts of '" •~tr<mrl},"-m' <>n&< o! apphco>ion> . 

Tit< major rro.on for MOS LSI dum>03I>on nflh< micro.:r»npul<r tnO>~<I i> >h<lo"' ,-oTo of 
1 h<>< f cw LSI com poMO"- For n><nple, MOS L.SI min<><ompul<n h>>< olr<>dy rtpbced TTllogic in 
•ro eh oppllCotion> u l«min>l con >roll<r;, ptr>pliiial d<"<:iC< conl rollen, Ir alfo< >i8n•l con >rollo n. point of 
,_.¡, lemHmh, inl<lligeJlt l<rrnhtah ond 1<11 ~}'~~m>. l n he< >h< M OS LSI m"><u>eomput<r " finding il< woy 
mto •lnto<> <\Oiy produ<> lha> now "'" elect ronic1 ond it i1 non r<pla<ifll man} m<ehanical ')'>><mi <U<h 
•<"<>PI' ,.,.¡., and oulomobil< Conlroll.- : · ' ;_; 

Th< ~1 OS 151 m>cror:ornpul<r mo ,¡el i< ,¡,c',d,-- woll <>l>bh>hed ond "'"" prodU<ll ushog th<m a!t 
!>dn~ dt'tl~ped » ln <>traordinary ,¡,. Th<Z>!Og z:so <ompomnl ><1 hu b«n d<>ÍE»<d >o O> into 
,¡,;; "'""" lhoout]> lh< fro!Towing f><lor>:" · 

1 . Th< Z-SO Í> fully .Ofl ,. .• r< cunt p.mbl< "'">lhlh r popul11 S080A O'U offtr<d frnm se•<ul '""'"''· 
JO•i>lint d<~igns con br <aslly con .. r><d lo in el u ,.de lh< Z-!1-..1» 1 >Upt>IOJ al><>n>li...,. 

' Th< Z-.80 componen> ><1 io >up<riot in both ocfi" >r< and h.-tdw>r< cop;~bilili« tO ony ooh<t micro
compu>er l)'otem on th< m• rk<l. ni<>< <o¡>1bil¡ji<> prnvid< thr Us<r wilh signHicantly Iow<r hotdworr 
ond sof1w1ro dr..,lopm<nl cmu "'hilr •loo 3llo"-ing him to off o r addi ¡ion>l f<~l ""' in hio <yst<m. 

-. . . ' . 
3. For incru><d throuppul 1)>< Z80A Op<lll int •• a -<1 MHZ dock "" off<rs 1hr u>tr oignir.conl sp<<d 

_ad•oni>~>O><t cumpelili>< produc!l. ' -

4. A compkl< producl line in<ludin8 fu U oofl""" supf>Otl with ouongr¡nph><i> on Mgh le•rl hngu•~• 
ando d,.l-huod dr..,lopm<n> sy»om w1th odv;inced t<ll-limo dthu~ c.pabil»r<> i> off~r<d lo <noble 
lh< ~·er to • .,;¡y do-.lop"now pwdu<!l • 

.,_,icror:OlllpU><r OJ'SI<m> '" exl oem<ly >implr to con>l ru<> "''"' Z-80 compon<~!S. Any ,uch syll<m 
e<>nsi", of lhr« p.r!>= 

1. CPU (Con>r•l Pror:euln' Unil) 

2. M<mory ' 
J. ln><<f•« Cirrui1> >o p<riphu•l d<vi<<> 

Thc CPU n lh< hnn of lh< >y<><m. 11> funwon "to obl•in in>lmctinm foum >he m< mor~ •nd p<rform 
t~e d<>,<d op<>a>ions. Thr memo <y ;, u"d lo conl•m ins>ructiom ••d in "'"" co><> do u thal » 10 bt 
p>OC<>><d. F or n•mpl<. • t¡-pie.l '"""'" iun «'quencr m>y b< lo , .. d do1> ftorn • >ptcifiÓ peripberal 
d<•ice, >lO>< >1 in • h•<»ion in mconory.ch<cllil< p41il} •nd wri>< il nu1 oo >n>Jih<> periphcnl dcvicr. Noto 
th>1 lht 7.Hog c~mponent "'' includ<> >h< CPU 4nd ,.,,;,u, ~cner•l purpo!r< 1/0 de•ict c<mltoll<n . ..,¡,;¡, • 
" idr r<Ot< of memory dtvi<<> mo¡· b< u,.d fwm '"!" "'""'· Th uo. all ~<quir<d cumpon<n 11 <an bt 
connoc><d >og<>h<r on • '"y >impl< onmn<> ...,¡,¡, 1it1 u•ll)· nn nlh<> < ~l< rn•llopc. Tht u><t" > cff ort 1h<n 
~'"'"'" rrirn>rily en< of >oft>••" d<vclnpm<nl _ Th>l i>. ll.o "'"' "" «mc<nlrll< 011 dt,.ribint hi> ptob
lcm •nd l ,.n,lalinl it mio • ,...,;., ofin>tru<lion> th" e>n b< l<,.d<d in1o >h< mict~xnn>pUl<r m<mory. Zilog 
;, dedic>l<d lo m•Hn& thi> >l<p ofsofo~·•" ~<n<11tion » >i>lopl< •• pmoihlo. A !Ood '"mpl< of thi> i> our 
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2_0 Z-80 CPU ARCHITECTURE 

A O_lock di•&••m of lh< inl<ln•l "dd!<CIO"< .,¡!loo Z-~0 CPU¡, >ho"'n in r.gu" 1 0-l. Th< diagam 
diO""' •11 of lh< major do mona In lht Cl'll •nd il >I«>Uld h< orfo"'d lO lhrou"'ou1 tht follow\n¡ 
do><:riplion. ' 

., 
<>uuo 

-<Y'"" 
""~'""' $>GNALO 

2.1 CPU REGISTEAS 

. 
• 

IOIT 
OAUOIJ> 

o>l• ""' 
oo~••oL 

"'"- ,~,do••••<» 
"" •~" •v<"D" 

010001 

• ~ 
co••ooL "" __...__, ..... "'e"""' 

CONTROL 

r rr AOOOUJ 
C<>"UOL 

"'VCNO• IHIT -
ADOOHO OUS 

Z-80 CPU BlOCK; DIAGRAM 
fiGURE Z.0-1 

... 

Th< Z-80 CPU conuino 208 bi" of R/W meme»y th>l 11< occusible lO lh< progromm<T. Figuoo 2.0-2 
illumol<' ho"' lhn m< mor y is conr.gurtd mio <1gh1<en 8-hil ~<gislon ond fom 16 bil ~'si'"''- AU Z.SO 
regisl<n .,, impl<m<nted \J 1ing smi< RAM. Th< r<f~>l<n indude 1 wo S< U of ,;. ¡muo) purpoo< ,,,,.,.,... 
lhOI ffiiJ \>< U«d indiliduolJ¡· ._. 8-bil l<ti"<tl 01 ÍO p1Ín lll 16-bil r<tÍ"<"- Tiotr< .,, 1h0 IWD "" Df 
o<cumuloror and 0.•& r<gi"'"· -

Sprci.ol Purpo"' Rr¡i>le<S 

1 . Pru~<>m C<>u n!Cr (PC). Thr P' o¡:~> m count<r ~o Ido lh< 16-bl r •dd "" of lh< CUII<nl in,¡ruction t .. inl 
feochrd from mrmory. The PC i• •urom"k•lly inc.cmrn"d 1frot iu ccnr<nh ho" b«n \tl1>1femd 
to th< oddrr" lin<>. Whon a P'<>l'>m jump occu" rht ,,.,.,,]u< "IUiomaric.ll}" plot<d in lho PC, 
c•tnidm& th< mcrtmt~l<l. 

6 

2- Su<~ Pointer ISP¡_ The >toe\; point<J hDid> lh< 16·bol ,Jd"" cf th< cur;ent rop of a 1t1d loutrd 
•n) "hrr< in < >l<rnol I]IOI<m R .UI rmmor). Thr <> rcrnol "1cl. momo~ ;, OJ~>nil!d ., a ¡.,r.rn f.,,¡. 
out (llFO) Wr. Do u con br pu.b<il unto lht ""k f,om >p<cif" CPU rr¡;ÍII<II 01 J>(lpp<d off cf tho 
"':J. inro •r«rfrc CPU ~<gÍSI<" throuV> th< nocution of PUSH ond J'OP inurucrron> Th< dora 
popp< d from lh< "o<l ;, •l"'•Y> lh< IO>t d¡¡, pu>h<d onto ''- Th< olo<l. ,¡;,.,-. ""'PI< rmplrmtnUIÍOJI 
of muhipl< lt • ti "'" '"'P". unhmnrd rubnJI inr "'"'"< ... d oimplrfoc" i~n of mony IYf""' nf dolO 
m•nípull!ion. 

' 
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3. T"'o lndu R<gi<f<" (IX¿_ IY)- n,. '"'O indrptndrnf indO> o<ti''"' hold • 16-bit ba" oddrr"' tlul 
is Ul<d in indrHd ,•dd~t.,inE modn. In Ümmodr.on indn ''i'"" i1 u,.d "'o bu< In poinl 10 o 

"~ion iJ¡ m<mory' Ioom "hi.:h dolO" 10 br llo!Od 01 o<Ui<>ed. An odd>lionoJ bYl<;, indudod in 
lndned in111U<tiOnl <O >pt<ify • di1pl>«rrirn1 !mm thil bo". Tru• dioploO<mtnl is opedr,.d u o 1wo"1 
oompl<m<nl •i[n<d inl<ger. Thil modr ol odd O<'ling E~<>lly oimplifits moñy lypeo of protnmo. 
"P<<ially wh<l< t•ble1 of do10 "" o" d. · 

4_ ln1<r.-up1 r.g< Addro" Ro~i<l<r (11 Tho Z.SO CPtl t•n b< optoo1<d in o modr wh<" on indiort~ ull 
In >1>)' """""l' lo.:lli<>n an b< "hir><d in '"P'""' lo on inl<UUP'- Thr l R<,iOI<> i> u><d for ohio 
purpo'< tu "'" < lb< biEh <>ld<l ~-bia nf thr indu<rl •d~ ''" "hilr lhr ¡,,., rupl ing de•i" P""'d" lh< 
'''"., ~-hilO nf ,¡,, .. ddt<><- n.;, fnl "'' 'lluwo ¡,,,.,u pi '""' "'" 1 o b< d¡·n•micoll)' lllLol<d '"> "hrr< 
in me mor¡·" llh ,¡,,.,tul< minmul •«<>! lim< In th< t<>Uitn<. ~ 

• 
S_ M'"'"'Y Rtft<>h Ro¡i!l<r {R). Thr Z·80 CI'U '""'""' 1 mrmoty r<hto ~ counl <r to e noblo dyna mic 

n>rmori<> to h< u«d ... -ilh th< umr <>>< ,.,,.¡;, mem<>tiu. S.vrn bno of thh! bit""'"" U<outo
mlticall)· in<"'"' ntrd ,¡,., .u do in!l r u<tiun f<l<h. Th< oi¡;hth bot ,..;n >< moin •• p!O~" tnn"d u th< 
o<1ol1 <>f>n l.D R. A inl\ru<lion. The d>lO in lh< rrfoul> rount<1 i> "''' oul on llo< luw<1 pulloon of 
thr odJ''" hu• olunt ..-ilh • ,.r,.,h runuol •itn>l while lh< CPU l• drcod.nr •nd '"'"""' thr f<1ch<d 
inollu<liun. Thi> modo of ~tfo•>h i• tololl¡· ll•n>P•><nl to lh< poopomm<l ond doro not ''"''' do"'n th< 
CPU Op<,.tion. Th< plOJ10mmrr o:on lo.d !he R "1'""' fo1 trllin¡ purpu><>, but thlo ltSÍII<I lo M•m•lly 
not u><d by !he pt<>t••mm<t. During r<ft<>h. th< cun\ento of lhel r<¡i!lrr '" plo«d on th< Upp<r 8 blh of 
th< odd1<» buo. · 

A<cumul>lot •nd Flo¡ R I]:ÍO<r> 

The CPU indudu '"u in de p< n~<nl ~-b" .ccumolo "" > ond ''""'" t<d & bil n,r "¡i '"" Tho '" umu
I>IOI huid> 11>< "'"'' • <>1 ~-hit •' ''""'" ¡, ot l•·ricol '-'P"'' '""' "hilo th< flo1 "'""' ;~d"''" >p<<tftc 
con~o1inn1 fot ~ <>r 1 fo-bil ";"'•"'"''· ••el• n >nd'"""f "h<lh<t or no1 sho orsult of .. ~ <>p<>.tion" <q,..l 
'",.,o. n, r•vE••m"''' •<Ir"" 1h< ., .-uml.l.lot ond n4 rm th•• Jo<,. iJ-.u to "otl "u lo ,.;,h • 1in¡l< 
r "k,nr< "'",""ion w '''"'' ¡,. m•) < ,¡¡} " ,.,1. ,. ¡, h .,,¡,., p•ir . 

• 

ce 

( 
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n,,,, .,, ¡wo ma!Chtd ,.u of t•~•nl 1'"'1"'" ~t¡;i<lt.,, ••rh "' <Oilllining i.ix 8-bit re¡i•t"' thii 

m•yb< ""~ indi>rdually •• 8-bit rig'""' Df a¡ 16-bit ocgi>l<r pain by tho pro¡ .. mmOr: One "t b e>ll<d 
11(, DE and HL "·hilt-tho mmpl<menlary 1(1 b c•lltd ll("", DE• and H V. A t any on< \Ímt lh< piu¡nm...,1 
<>n >tl«t <ither ICI of r<g.iott" lo work wilh thr<no¡h • •ingle <>ch•n&< rnmm•nd fot lho enlir< 1<1. In 
IYIItm• "ht r< f.,¡ intorrupt t ospon't is otquir<d. une ,.¡ of f"'" •1 putpou r<gisttr< ond an accumulllor/ n., ~<tiot<r moy bc ''"""d fur h.,dling thio ><ry f;aol rou!Ín<. Ortl~ a oimplc •~chan~< comm•ndo notd be 
t:ltcuted ro ¡o bet"'ttn tht routin01. Thi• gT<>lly 1educe• in1<nupt service 1imt b~ dimin•ting the •<quiot· 
ment for '·"'"& •nd r<lri.,ing r<Ei"'' con!<nls in !he externo] mck during inttnupl or subrnulint P"''"'" 
ÍnJ. Tht" ¡onor•l purp<>IC r<_¡islt" '" UICd for • wide rango of opplic•liono by !he pru~rommtr. Thty abo 
sin>plif} pro,umming,c<ptci>lly in ROM bo<td sy11ems whore lhtlt tXIcmal r<•d{'<'rilc rncmory" 
~>ailoble. 

2.2 ARITHMETIC & LOGIC UNIT (ALU) 

Tho B·bil .rilhm<tic ond ]ogical inmu<loOnJ of lhc CPU ort ntcUl<d in lh< ALU. ln~<rn•lly thc ALU 
communoc.ol" wilh 1h< regio!<" and lh< ut~rn•l data bus on lht inltm.al dala buo. Tht typ< of functions 
pcrform<d by 1ho ALU inc:lude: • 

Add L<ft or ri¡hl ohif':' or rohle< (orithmetic •nd )ogical) 

Snbtro<l 

Lo¡ic•l ANO 

Logic•l OR 

logi.,l Exdusivc 01\ • 

Con>paf< 

. . 
.. 

D<cr<m<nl 

Sct bit 

1\uct bit 

Tut bit 

2.3 INSTRUCTION REGISTE A ANO CPU CONTROL .. 

' 

V 

-'Al <•eh lnslrul:tiO~ is fetdled from. n>omory, 11 is pb«d in !loe inll rnclion r<g.ioter and dtcod.-d: The 
control "'ctiOns pcrfonns thiS runction lnd 1h<n ¡en<rllU •nd sujopllu aU of the conllo] si¡nals I"><C<>11JY 
lo J<ld OJ wril< da! o fJOm OJ to lht re¡i<lero,controlthc ALU 1nd ¡irovide all roquited <Xt<Jnal control 
si¡nols. · · ,,-· · •: •_- -

' , .. _.... ., ' . 
._ ... -·. -.: ' "" -, -. . - ' 

. "' ... •.' . -... : 
·' '~-

-·; ·-' .. . _, . •, .. . ... 
••• :, ' 

-.. 
-· ... -.. " 

•. -.. ·-· :,¡ ·' ' 
-' ..... _ 

.-.. . - --------f! . '.' 
. . . -• ... 

' } 

• -
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3_0 Z-80 CPU PIN DESCRIPTION 

Th< Z-110 CPU "pacloged in •o iodu"'l ''"'J"d 40 pin Dual /r>-Üne Padogt. Th< 1/0 pin> •rr ,)10.,..0 
in fjf"" 3 0-1 •'-'d thr functi<>n nf urh ;, d"coibrd brJ .. .,.-. 

V 

'' •• c.·.•. 

•\r"1s 
(Addrul Bus) 

., 
().!achine C~cle one) 

MREQ 
(M<mory R<~uerl) 

"• .... ~ 
;¡;¡¡¡; 

" .. 

¡¡¡¡ 
~. 

• 
•• ... 

" 
" • 
" _ ... ...!!.... 

" 
c'!'--l --

,, . -
" ... 
• 

• 
" 
" 

Z-BO CPLt 

-

" 

- .,_ L..___~-~ 

'· '" "" co'"""'"'o' 
FIGURE 3.0-1 

" " • • 
• • -" • 
" -' 
' ' . 
• 
• 

• 
" 
" • 
' • 
" " ·-

., 

' ' ... ... . ., ... . .. ... 

•• 

_, 

~ .. 
·~ 

~----- ·-.... . 
"·' ,_ ' •• ' : 

" , .. '' 
Tri·<l•l< outpul,active high _ A0-A 15 etnmil uL< 1 1 f..bio •ddrn< bu>. Tht ¡ 
oddre" bu1 prevido> th< oddrt$1 fm mtmory (up ro 64]( by les) do\1 
exoh..anJ<IOO>d fm 1/0 de vi~ dolo udi1Jl!<S l/0 oddrusing Ust<lht 8 l""'er 

• oddrt" bii<IO ollow tht uorr lo dir<ttly otl«t up lo 256 inpul or 256 ourpul 
p<>rll. Ao io rhe lrut signlfk•nt oddr<So bit. Dudn¡ rofruh llme, rhe lower 
1 bi" con u in 1 .. lid tefrnh oddteu. 

T ti·s!ote input/out pul, octi>< higl>. Do-D¡ con01 ÍIUI< on 8-bil bidi•«li,.,a) 
~~~·bus. The ~>11 bus is uocd fot dato uchon¡.<l wilh memo')" &tld 1/0 
d<•ÍU1. 

Out pul, o<ti .. '""'· if1 indi<al<l thotthe cuucnt mxhinc c~<l< il the Of' 
co<l< f"<h cycl< of on >mlmcLion nerution. l'ote thll du"n~ uecution 
of 2-byl< op-codn, M l io ¡<n<nt<d., e o eh op «.<1< b'"" i> fr1chrd. n,,,. 
swo byte op-codu ,.¡,..,yo b<gin -..ith CBH. DDH, f.DH"' FDtt ffi r.l"' 
oauro wilh ~\O indi<ll< on intenupl ocl.no.,lcdg< cydc.. 

T ri..tol< oulput, acti>e ¡.,..,. Thr memo!}" 10queu oi¡;nol indieot., thll shr 
oddre" bu• hold•• vo!od odd''" fot • memory tud ot memo')" ... me 
openlion. .. 

' 

8 

, \ • 
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, ... 

IOHQ 
(lnpuojOuiJ'UI R<'4"''') 

"' (M<mory R<>d) 

WR 
(Memory 1\'rite) 

RFSH 
(Ref,esh) 

HALT 
(Hoh 11>1<) 

WAIT 
(Wah) 

'" (lntrrr~pl RoqueS\) 

NMI 

/Non M»bbl< 
lnterr~pt) 

Tri o111r uutpul, a¡th·t lnw. Tho IORQ signo] indicllts thot lhtlower half of 
~..!!..!!.dr<" bu> lwld, • V>iltll/O>ddl~for al/O r<od or wrilt up<ration. All 
IORQ 11~nol Í< obo E<n<UI<d wolh •n Mlsigrnl "'h<n an inte¡rupl i> boing 
>d.llowlrd~rd te indi<:>.l< lhlf :m !ni mupt lt<pOJI\.t V<CIOJ Clll be plJe<d 011 
!he d>l> bu~ 1 ntrrrupt A d. nM led¡< oporation1 occU! dufing M 1 tirne whíle 

'l/0 cptralÍO!" n<HI orrur durm¡ M1 time. 

Tri·.,ol< oulput, orti•e lo,., RO ind;cal<o lh>l tht CPU ,.·anu to !<Od dato 
f1nm memOr)' or on 1/0 devir e. Th< addJ<"'d 1/0 d.-ico or m< mory sh01•Id 
ust 1hio oignalto ¡>1< d•l• onlo th< CPU dala bus. 

Tri-11>1< omput, octi'f ].,.., 1\'R i...:hccatnthil thr CPU dala bu o holds >tbd 
dl!O 10 h< 1lO!Od in th< >dd!UI<d n1<mory m L/0 devke. 

Ouoput, oc ti"' low. RFSH indi<11<> 1h>1 oh< ]ower 7 bno cf thr odd'"' 
bus cont•in o rrf•uh add1ns fe¡ dynomic m<mor~ts snd th< curreno MREQ 
signo] should be Ul<d lo do o refrun r<>d tooll dyn•mk momoriu. 

Ou!puo, octi>'t !""' . HAi::J itldico!Oo th.o oho CPU hu < '"'""d o HALT ooft
''''" inotruction and i1 '"'illn~ oither o non m .. hblo 01 o moskoblt int<J· · 
rupl {w1th the m.,l, tnabled) hofo<e operllinn can '"'""''· \\'l1ilt halttd, tbt 
CPU ueculn NOP'1 te m.ointain m<mory r<f r<oh octi,·it)'. 

-- -
lnput,uti>< )o.,·. II'AIT indkol<s 10 !he Z-80 CPU lhat lh< addr.,l<d 
mtmory or l/0 dtviC<sU< no! rudy foro do!• l11mf"~Tht CPU mnlinun 
to <nl<r W3it """' for "long •• thi< signa] io 3tli ... Thio oignolall""'' 
memory 01 l/0 dt>ic« of oj,y sp«d te be ')'nchooni.ud to tbe CPU. 

Input, ocli" Lo"·· The lnturupt Requ"t slrnal io ~<nemed b¡· l/0 dt>'icu. A 
1 cf the curr<nt in>t rucl ion if th< interna! 

l ond iftht 

Input, mgaiÍ'« <d'< 1 IÍU<I<d. Tio< nun 
h1ghtr prrolity !han I.'>:T and ;, 11th 
instNction. independ<nl of 1 
outom>li[OII)' forc<O lh< Z·80 CPU lo J<SUrl lo 1 
counl<r i••ulomaticoU)' .,,ed"' tht <>Wn•l 
10 lh< pro~r•m thot "'" inwoupt<d. Not< lhot 11 
ptt~<nl th< cu.,cn\ in<lr.,ction fr<>m thll 
• :--.•.u. 

' 1 

hn• hn a 
th< cur,.nt 

• NMJ 

------ ---· --1 ' ... 
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RI:SET 

BUS RO 
(Buo Requ"') 

·-BUSAK 
(Buo Ackno"lod¡e) 

• 

' 
Input. oc ti" luw. RE5ET r """ the progr om counter to uro an d initialiuo 
the CPU. n .. CPU inttoahutinn indudu, 

1) Daable t~< interrupt<n>ble nop-Ocp 

2) Set Regi1101 l ~ OOH 

3) S.t Regi>tor R ~ OOH 

4) S<:tlnterrupt ~lodo O 

Durrng ""'ltim<. tht addO<» bu< ond data bm go t<> 1 high imredwe< ''"' 
:and a\lecnt1ol cutput oignah ¡o lo th< m>rli>< 1101<. 

'10 

Input, aeli>< !ow, The but "q""' oigpal ;, u!'d to ~<que" th< CPU odJtou 
buo, do a bu> and 1rhtoto Out pul eont tul "E">l' 10 tO te 1 htfh ¿nrptd•n« 
""' 10 that othu d""" con conlfolth.,, bonu. When BU.SR ;, o<1i•01•d. 
th< CPU "'111 oot th"e buo" to • hifh impodan« >tale l> onon '' tbe eumnt 
CPU m><hine cycle io "rmin.,ed. · 

Output, activ. low. Buoocl:.no,.·kdge io U>td to indicateto th< r<qm>Hn~ 
d<>ico that the CPU odd"" bu!, da!> bu, and tri-nal< control bu• si~n•ls 
ha>< bttn •ello 1lmr hr~ impedrnt< ll>le and lh< u1emal de>~« <>nnow 
<onlrollhe" oi¡~~ols. 

Sin ¡.lo pho« nL bol clud. ~<·h•ch roq<Jir<o onl) , 330 ohm pull-up "'i"or 
10 • 5 •olio tO me ti o~ dod. rcqullem• nt~ 

----~ -----:--·-
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4.0 CPU TIMJNG 

The Z.SO CPlJ oucute< in•tructions by sl<pping through • ~•ry prcd" oel ofa few buic opentions. 
Thesc includo: 

M<rnol)' rud or write 

1{0 de..;ce read or wdt< 

lntouupt acho\dedge 

All in;truction> ar< mettly 1 ><ri<S of thc!< b><ic opt~Oiinn•- fa e~ of th<"' b>'ic o pe ,.,iom oon tlk< J rom 
thr« t o six clork r" i<>ds 1 n complete or thoy c.n be T<n ~th•n•d to >ynchruni" !he CPU lo th< sp:.d of 
n1<mal deYie<>. lñe b><ic dock periods ,,. !<fOrr<d tu •s T cyd" and iho bas.ic op<ralions ''' 10forred lo 
as M (for m>chinc) cydu. figur< 4_0.0 il!U>I!iiU how • lypi""l in<tructioo will be mcr<ly • serie> of 
•p<cific M ;rnd T cydn. Notic< th>1 lhio in<lr~>etion consi>LS of lht<< mochine cyde> (M l. M2 and M3). The 
flrst m achine cycle of any in.,ructinn ;, o fetch cyclo whkh i> four, (j.,.. or .U T cyclc> Ion¡ ( unlus ]cn¡th

. ened by the wait >ipuj -..hi<h wi!l be fuUy d .. cn"b<d in !he nixt ,..cUon). The fetch cycle (M l) i• u,ed ID 
felch !he OP eode of the next instruction ID be execul<d. Subl.<-quenl mochine cycle. m ove do11 botw<tn 
!he CPU and memory or 1/0 de vices and rhey m•Y ho•c anywher< from three to fi>< T cyd" (aglln lhey 
m ay b<1engthened hy w>ir stal<> ID <ynchronize lhe <XIema1 devices lo !he CPU). The following P•nl· 

. graphs describe \~e lirníng whicb occu" wilhin lit y of lhe basic machín• cyclcs. In ..:Ction 1, lhe exact 
hming for c.ch in>lrucHon ;1 •r•dfi<d. • · 

• 
'• ,, 

.... ' 

., ,, 
V '• '• .. 

~ "'·-· ...... , ... _... ........ ---- -- . 
-------- ' 

. " . 
I!ASIC CPU TrMING EXAMhE 

fiGURE 4.0.0 

,. ···--· .. 

All CPU Hming con be brohn down into 1 f<w •<ry simple timin¡ di•ll'•m•.., showtl in fi¡ure 4.0.1 
Ulfou&h 4.1)..7. The'"" diagr•m• sho"'" !he foUowing buic operations wi!h l:ld wi!houl w•il s\atu (wait llllt$ 
'" oddcd lo ']lnchrunite the CPU to slow memory Of 1/0 devic.,). 

4.0-1. ln5lruotion OP code fuch {M 1 cycle) 

4 0-2. 

4 0-3. 

4.0-4. 

-4.0-5. . . -, 
4 .0-6, .. N¡,n ~.,hble 1ntrrrupl R<qu<lt/Ac k.nuwled~ ('y de 

• .• • J • • • • ' • • ; • -· 

4.0-7. LX"II fromoiiALTinstrucl.iOil, "'•;. 
'"-- -··---

" 

. . ' . -.. _ ._. - . 
•. :· . 

. . ' .. ,. .. -· '· . , .. 

11 



• 

1 



' . 

L"HRUCTION FETCH 
... : .. '-. 

•'--

· . fiFUI< 4.0.1 .r,.,,... !he timin& dutin& •n MI cycle (01' code ftlch). Notiu th.ollhe PC io plocod on tb< 
addrn< buo., the be¡innin¡ of the MI cyclt. One h.Jf dock lime !oler the MREQ •F!!.loe• oclin. AtthÍI 
time the oddr<><IO the memory h11 hod timt lo ¡tobili": oo :hotlhe folling edge of MREQ con be U<ed 
d.iro<tl~ u 1 chip enable cloc~ to dynamic mtmoriu. The R!'i Jim >.ho 1"" I<IÍ'I< lO ind:c.to :hu !he 
memory •••d dou "'<»>>d bt en.obled onlo !he CPU d11> bu<. The CPU nrnpl<> the dot> from the m<mO<y on 
the doto bm ...;¡h !he m in! <d!< of the dock of Jl>l< T3 ond thit "'n" td&< io u<<d by the CPU lo turn oiT 
the m ond ~ oignah. Thuolhe dota h"'l"ady been umpled b)· :he CPU before the Rl') li¡O>I b<c~mn 
inoclive. Clod ,.,¡, Tl ond T4 of 1 fttch cyde ort U•<d lo r<fr<s.h dyn•mic memoriu. (The CPU""" lhio 
lime lo :l.cod< and n«ut~ thc f<IChtd in"ruction"' thal no nthcr np<r>lion eould be p<rforrn<d al lhit 
limo). Durinl TJ and T4 lh<]o,.cr 1 bi11 ofth< odd10u buo con,.in o momory rdtuh oddrcu ond 1he RJ"SH 

:-oi¡nal bocom" acti..- lo indoc>l< 1ho1 o rofr<1h '"d cf all dynomi< mcmori., •hould b< occcmpli!hcd No loe< 
- lh>l • 'lüi signo! ;, not g<nerOI<d duringEQfr<>h limc 10 prcvtnl do u from diiTcJ<nl mcmory lt¡monu from 

h<in¡ J•t<d ontG ''"doto b ... _ Th• MR <i¡llll durin¡ r<fre!h time sbould be u«d to p<rform o 1<frelh rud 
of all mcmory tlómcnll_ Tho 1<fr<>h li¡nol can nol be u"d by ir><lflii>C.< thc «f«lh 1ddreos io only guaro,..· 
re;d to bc ouble durin& M"it!Q time. 

' ... 
'·, 

1-------"''"''•"'----'-'--'---1 
., '• '• ' '• '• 

• 
""""~•oo• 

••• 1 ·-.. 
;;¡;¡ -----

:.-o ... -j~====t·:·:·:··=,··::~.~-t'-:-'-_,:.-:.-:-:·=t:!.c.===t·~-:-~-:-~-:-!: 

INSTRUCTION OP COOE FETCH 
FIGURE 4.0-1' 

. " .. 
·-·-. , .. 

- ' 
.· '-'' 

.·.' 

., ... 
•· 

' 

... 

Fizu" 4.0·1 A jUusUOI<l hn...- th< f<tch cyd< i• d<loycd if tho m~ory octivllcs thc WALT linc_ Our· 
in1 TI and e-ery sub><qucnt T w, thc CPU "mpl<> th< W AIT hnc ,.¡¡h tht f allin¡ cdge of oS>. H the 1\'AIT 
linc iÚctive JI thisltmc, onolh<J v.·oit ""' w~l b< ent<red dutins the fuUowin¡ cyde. Usin¡ thi01cchniquc 
thc rcod cyolc can b< lon¡th<ncd to match thc •«•" limc of ony typc of mcmory de .. cc. · ·' ·'-

-·-- -
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INSTRUCTION OP COOE FETCH WITH WAIT STA. TES, 

FIGURE 4.0-lA 

MH-toRY RUD OR II'RJTE 

------ -
,r 

' ' 

.. , .. 

Fif~,. 4.0.~ illuÍuaie, t!o< ,¡,;,;nt of mc,;,ooy·,,,d or • ..,;,, cycl., ~lhtr thon ~n OP a.de fel<h (1>1 1 
cyclt).I:!!.!!! cydts .,f g<n<ra~· lh!<< dock ~riods long únl<" wail sta1u ore rtque<t<d by the m<m<>_ry 
Yia lheii'AITsignol. Th< MR~•I ond th< R[i.\ig"alore uood lh< """"' •1 m th< fel,·h cydc.ln lhe <'"' 
of a n>emory wril< cyde,tho MREQ olso b'ocom<l ocli>t wh<n !ht oddrtl> bu1 i1 •l•blt <o-lh•l il nn be '· 
Üstd diretlly os a chip cnablt for dynamk mtmori ... Thc Wlflint il. ••1i~ when dato on !ht d"' bu1 i> • 
snble so tila! il can bt U><d dir«lly Ha RfW pu),. ID virtualty anj_IYP" nf ,.n>konduch>Í Dl~n>~. 
Furlhtfmofe the WR >i¡nal !<>« ina¿<i•< onO half T ¡loie befure lh< •dd~•• and dorO bU> C<>nlenl< •re , , . , 

· ch•i1ged ·~ !1_1~1 lhe o>erl.p requitemOn '' f<ii >irrUolly 1ny tyre ~f semiloondu,_lo! rile~o .y'rYP! .• ~l_l>e mer. 
' .. ,_ .,,_ -·~-· :h •«''•''· .,, .. .., .. ,.,,,,_ .. ,,_..!-~-- ., .. _ _. ,,-;_;;;,,;,,.· ... ·. ,;.:. 

:·~ :·. ·•, ··' : ... _.,;,- • ;o;· '•'! :·~;¡• · :•::.; · ;/_ -_--,-:'·:0 ~ 'Í --'o" ... _ .. ·:.:._ •...--·,·~ •. :• -~--...- ,. , 
-" '' .-.. -... ,.,.,,.,,: ·-··•"---·:.,_,,,_ .. ,._-_--.,,::, --'·'''"J---" . .-,::o·.--::.0.-:·:,il" • ..-

.,. ,_ .. ,.... ..._,......... -·":·~...... --~·"r;.· •. , . 
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Figu" 4 0-~A illustr>l<> h<>w 1 WA.IT requnt si¡nol wiD len¡lllo.n_any rnemol}' oud or writo opera
! ion. Thio <>r<lllion is identicollo lhol preoicully d .. en1lod (01 1 (otch cycle. Nolice in thiofigi'J< lhota 
ser.,.,< oeod •nd • "P""" wnu cyd< '" ohown in the wni figurr althouJh rud and ...,;,. cydn can 
Jl<•<r<><<uroimuhU!<Ously,'' ' ' - · • · _ · ·• · . . . - . . . 

• 

'' '• ,_ - ':i . •• ' . 
• • ' -··- ... - ....., .. """"-

"'"'" 

" .,., .. ,. •• IDO• Oll 

; .. 
• 

----

MEMORY AEAD OR WRITE CYCLES WITHWAIT STA TES" 
' 'FIGURE <I.D-2A .. ; .. , ' 

' . . 
INPUT OR OUll'lJT CYCLES. · . ': 

14 

,.,,,,. ·' .... , ','"'",: ., ,,._ _,_. __ 

FiÍu•• 4.0-3 illustulu on 1{0 rud Or 1/0 wrilc cpentlori. Norico lhal duñn¡ 1{0 upuotions o sinil•· 
· woi< shl< i•oulomotlally insened. The reuon for thio ¡.¡ thJt durin& 1!0 operoHons,lhe limo fHlrtl ,..h.., ~ 
!he JORQ liplll ¡C... ocli .. untíl th< CPU muol oample the W AlT hM is "Cil' U.orl ond wilhoul lhis utn . 
stat< surflciont lim< do., not e>.ist fer an 1/0 per110 doo<>d< its addrus ond actlvol< lh< WAIT lin< Lf a waU 
is requited. A!so, without thi• wail ol11< it ~cull Ío d'"P' MOS l/0 duices that can epuate al fuD 
CPU¿r<od. Durin¡ this wait stote l>m< lh< W AIT t<queot li¡nal is s.ompled. Durin¡ o sud l/0 op<r>1ion, 
!he RD Jine is US<d te onabl< !he addreucd pert <>"liD 1be data bus ju<l •• in lho cut of a memery rud. F.,. 
1/0 wril< cpo"'io"', the WR llll<;. U><d ••• clc<k te the 1/0 por1, apiri with .,rr.cienl e"<dop liminÍ 
aulOm>Hcally pr.,...idtd se t":"tthe risin¡edge may be ~,.d.,, dolo clc<k, .' 

.· .. -; . . ---
Fi¡uro 4.0.3A JlluUr>IU how additienal wart .tolos may be odded Mth the W A IT line. Th• cp<totioo • 

is id<nt>cal te thll prevleully deoeribed. · · ..... _ · •. - · -;-:. · . . . . . .. .. - . ·- ~ 

BUS REQUrsT /ACKNO~LE ~E. 0.'CLE . . . - ...... 
Fi¡ur< 4.0-4 illurtr,;Í~s .1Jie timió¡ for 0 Bu'o Roqu~ot/ Acl .. nowlod¡< cycle. Tho iiüSR(f < 

,..mpl<d by the CPU with th< risin¡ <dJ< ef tho lut dc<k period of any mo<hine cycle.lf 

.... 

siJn.L i> o< ti><, lho CPU wlLJ <el ils oddt<U, dau ond 1 ri~l>1< conuol oiJn&h te u.·, high ;j,p<d>net <late 
wilh tht rioin¡ edgo of tho nut el o: k pu!S<. Atthal time arJY e>temol d<vl« can C(tl\\lollh< bu>CO 11) 
'homf<r dato betw«n m<mmy and 1/0 doViceo. (111i! ;, g<nerally knOWII n Dir<ot Memery Ac.c:ea !DMA] 
::o:.1¡ cyclo >t<>lm¡). Th< muimum lim< fm tho CPU lo r<>pond lo • bu o rrquest ¡, thc lon¡th ef o nudrin< 
C)Cl< ~nd tho ut<tnol<onuoller tm matn12in conlrol ef th< bu• for u mony cled cyclu n io disirtd, 
No", l'lewu<r, tlr01 if •ery Ion¡ DMA cyd<> are u><d, ond dynomic mcmorin aro bein¡ ur.<d, lho u toma! 
c<.>ntroll<r muot aloe ¡><rform th< rdr"h functien. Thio s.itu•tion enly oca.rnlf .. 1)' larJ< blc<ks of rbto oro 
lr•mf<u<d und<r DM., conlrol A he no!< thU durin¡a bu o "'1""' <ycle, th< CPU connot be inturupted 
b) <ither ~ :o.; MI or>n li'T 1.ÍJI1al • • : 'o · · . . · . . . 
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fiGURE 4.0 l 
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INPUT OR OUTPUT CYCLES WITH WAIT STA lES 
FIGURE 4.0 lA 
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fi~ur< 4 O ,1 ollu<t <:ot<l th' 1 '"'in~ "'""Í•ted "nh •n in a t ;,.,pt cycle, Th < in torrupl si¡;1 o! ( lt>'T) i• 
s.mpl<d b)'lh< CPU wnh the '""•& <dge ofthelo<1 dnc\. at the <nC of •ny m,¡tu"mn. Th< signol -.ill not bo 
aaep i<d if th< 1 nwr. ,¡ CPU soft" o ro oonornlled on wn:pt enaOle n•p-n<•p " n ot !el or, ,¡ th< f¡'"u SR Q ~ 
toa<li•e- 1\'hen the >Ígnal """~"do 1[><<1>1 MI ncle" ¡ene,.ted Durín~ thissp:ciol '-!1 C)-d< th< tt•RQ 
oi¡n.J be<omu ""'' (•nm•d o~ tilo nonlOOI ~1R lQ) w tnd~<" o 1~," th< tnt mupo in¡> do• o< e e on pi><< on 
S-bit ><Olor on lhe dliO bm. ~OI<n th>t ¡wo ,. . .,,,.,,,ore outom,..cally •dJed to lhl! cycl<. Th"' 01•1" ,, 
>re oddd w that a tipplc pdum~ '"' <rmpt ocheorc c.n be '""ly implomtnled. The NO "'">11 ";¡ 1<> allow 
•urfidenttime for tht tippl• "&"ah 10 stabJ"e •nd tdentify "h~<h 1/0 de>to< mu" m <en th< "';><>""' 
-.ctor. Refer to ><ction g_O for dotoih on howthe intetrupt «<ron" "<ior i> utthud by tbe CPU . 
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INTERRUPT HlOUEST/ACKr~O>"/LEOGE CVCLE 
FIGURE 4.0-S 
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FiJ:I"<J 4.0-SA and 4.0-58 1num•to ~ow • rwrnmm•blr omml~r c.n h. u,..d te nlond lnretrupl 
ac~no~l<dS" time. {~onfo¡urod •.• shown lo add ono ,.,¡, <lato) · . 
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EXTENOING INTERAUPT ACKNOWL(DGE TIME WITH WAIT STA TE 
FIGURE 4.1J.-5A 
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,. /\OS \HSKAIILE INTERRUPT REsrONSE .. ' ., ; - ·. --:. -\'' ,_ .. .-.r! 

• 

.1.: ·'·· •. ·_: ' -·· .. -., .: ' ' ~-...... -,~--
Firutt 4 .O-~ illuslr"<l lhr reque>l/><l.n"" lrdge cyclr for 1he non "'"'l.abl< inlerrupt. Thi> >i¡na! ;, 

.... mpltd allh< "'"'' limt" 111< •nterrupllinr,butlhi> lino h., pti<>rily o•er thr nomul intelrupland il can 
'"" b< dJ,..bltd uuder ..,¡,,. "" CIJO! rol. h1 ~,.,,¡ func 1 ion io lo provide immedialr !Upon" 1 o impunonl 
•.it"•h "'eh» •n impmdin¡ P';.." failure. Thr {"f'll '"'Pornc ID 1 non m.,hblO in1<rrop1 Í>>imibr lO • 
"""'"' mcmoty re .id op<tJI ion. Tht ooolr d1ff<rer>C< bring 1h11 lh< ronlenl of lhr da lo bu• is i¡nor<d whilo 
rhe p1 "' <»OJ aulornuicallr ••"''' lh< ~r in lho "'lrmal mrk and jumps 10 lno:o tion 0066H. Th< ><IYice . 
wulin< fot llot non ntJshblt inlerrupt m<>•l btgin ol lh" loa.lion if 1hi1 inl<rrupl i1 u><d. · · 

HALT f.XTT . ' 
\lll<n<•"<r 1 snflw;u< halr inslruclion is n-.·uted the CPU be fin> r~ecuting NOP"> unlil&n inl<rrupl a 

r<coi•td (either 1 non rn>l~>blo or • mubbl< inlerrupt l'"h.ile lhe mt«rupl fl1p flap u. en•bltd). Tht lwo 
interrup< lm<> ort <>mpled ,..;¡h tht ri1ing doxk ed&• durin¡ u oh T4 >1>1< as sho" n in fi&"" 4.0-7. lf 1 non 
m.31bble int<rrupt ¡,., bttn JO<ei"o"Cd cr 1 m><hhlt inltrrupl hu been r<<><i•-cd and the inlerrupltn>ble 
flip·flup is sct, then the hall 11110 will be u.iled en lht next ri>ing dod; rd¡e. Th< follollin~ cyde ""illlhen 
b< >0 inl<rtup¡ ocknowl<d!t tycl< corr<IJ'ondin¡ te lht IYp< of inl<rrupl lhai wl> r<ceived. 1 f botb >re 
r<«i•ed >1 Ibis lime, lhtn lh< non ma1hble one will bt a<\,nowlidud lill<'t it hu hi¡)le11 p<iOrity. The 
purpo .. of uecutin¡ NOP inmucticn> whil< in tltt hall 11>1< io 10 hep the memory rdrtsh 1iplal1 ><lioc. 
E.ch cycle in lh< hall sute i1 a ~orrml MI (ftlch) cycle excepl thot the dotJ recei-...d from lb e memory io 
ip>c1<d ond 1 NOP inslrOJ.tticn is forctd inltrnally lO !he CPU, The hllt lt~nowled¡e si¡nal isocti" du,.;,¡ 
this lime "tO inditalt th..t thi: j>roctO<ar is i_n lbt hall .>111<. ·., · ·. ~ · · ·· • · ;•. -
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5_0 Z·SOCPU JNSTRUCTJON SET 

The Z.80 CPU un necuO< 158 diffeotnl inslrucloon l)P<> includm' •U 78 ofohe S08(}A \PU. 
Th< instrU<!ions can be broken do~·n in lo Uoe fnlk>,.in~ major gmul'>: ; 

• r.o.•d ond B..chan¡:t 

• BJ,o(k T"nsf<r and S«rch 

• ArilhmtlÍ< ond loric.o.l 

• R~Ut< ond Shift 

• Bn Monlpuhücn (,.l, ''""'• 1<11) 

• Jump, Coll and Return 

• Jnput¡Oulpul 

• B"k CPU Control 

5.1 INTRODUCTION TO INSTRUCT!ON TYPES 

TI>< lood in,.ructiom m o•< dOlo on1trn1IJ} b<i,.·ten CPU regi<l<r> or b<i~<'<tn CPU r<giot<" lnd e• ter
na! mtmory•. All of lh"' in"ructions musl Spe<if)' 1 source ]oca! iOn ftom ,..¡,,,h th< dolo i> to be mo>td 
ord 1 d.,li,.llon loulion_ Tht sour<e lr>ellÍ<>n;. 001 aller<d by 1 ]O>d in.UU<Iion. Examplt> of 
l<»d &roup in>lrUtlion> indude mo•., bel,.·een ony of tht reneal pu•poo.r rl¡:l"<t' such •• move the dota 
lO Rop<i" B ftom R<¡ti<L<r (_ Thi> pnupaho indudc> load immed,.!< to ony CPU rtEi<l<r ortO any 
eU<rn•l m<...,ry loc•ti<>n Olhcr ty~s of load in\lruetiOn> •Do,. t ron<fer b<tween CPU r<¡ti<ler> ond 
m<mory loc:oliom. Th• exchanl"' in<trucJion¡ can II:ade the eontenu of lwo r< gist< "'· 

A uniGu< !ti cnlock transfrr instructinm i< providtd in the Z-80. W1th 1 <ingle imtrUI;tion 1 
"; ~· block cf memory of ony si>< can be mo,.d ro ony otlter locaüon in memory. This ><t cfblnck mov« 

i> '"romely n"luablc whon l>rge mings of data mu$1 be proces,.d. The Z-80 block scarch in•UU<Iion¡ 
,,. al•o voluablt for thi> typo ofprooessin¡. With 1 <ingle inuruction. a block of cd<mo] m<rnor)" 
oi any dt$Ífed ltn¡th un be "'"hed for any S.bi1 char:acttr. On"ct tht chrrro<!<J is found o,- 111< rnd of 1h< 
block;, reached, tilo inotructi<>Jl aulomaHca!!y t"minat•~ Both the block ttan1ftr and tht block scnch 
in<tructions can be interrupt<d durin¡ lheir ueculi<>Jl so Olio. no! OCtUpJ 1ht CPU forlong periOds oflrme. 

The orilltm<lk ond logitol instruction< opera!< onda!> l10J<d in !he ottumu]ator ond other 
8'""'1 purpo10 CPU r<i!ate" or t~lernol rnemory locotions. The r<>Uits nf !he npOroticn> or< ploted 
in tho occumulator •nd tho ippropriol< O•s• .,, .et according 10 the '"ult of ,¡,. "P""tion. An 
•~•n\p]e cfon •rithmelic cperotion h adding the accumuhtor ro tht contento of •n <XIernol memory 
locoticn. Tht resulto of !he addition ort ploted In the otcumul01or. Thi• ¡roup >lsc includ<> J6-bl1 
add!lion lnd subtrlt\ion btt,.een J6·bit CPU """"''l. 

Th< ro!ot< and shlft ¡roup olio..., ••Y r<¡:i"" 01-any memnry lo<>tion to bt rnrated ris)>l or lefl 
with or ,..ilhoul carry tllher arilhm<tic or lc¡:ócol. Alw,a dtgit in !he occumulator can M mlated ri&J>I 
<tf Id! ,.·ith <wo di¡ilo in any memory loco !Ion. ' 

Th• bit manipu]O!icn instructicns ollow •nY btt in !ht accumuhtor, •"Y &<netalpurpc" rtEÍOI<r 
or ony ,.,.,,,¡me mor y locoticn zo bt >ti, r<IOI or ""'d wilh • sinll< inllruction. For eumple, 
tltt mes! si¡ninoant bjt cf r<g,ter H con be '<>ti. Thit ~toup i< <>peci>lly u .. ful in control oppli<>lfcn1 
1 nd fo r COfll1ollin¡ >oftworc na~s in [<r>ct•l purpo>< rro•p•rnmin$. 

Thr jump, ,-,11 ond rcrum in" ru.;tiono >rt u<'d r ~ IJ:.ro>f <' bct" "'' \J 1iuu< ¡,.._.,;,..., in 1hr ,,.,·, 
p!ugrom. Thio grcup u«o "'">! dtffrrrnt tt<hniG"" fu¡ obt>tning !ht nc,. P"'l''-"" mun<<r oddrt,. 
from >J><Cif>< <>ter rul mema)" lutolion~ A uniG"' tyl"' of e• JI " !he ,.,,.,¡ inuruction Thio inmuction 
ocwolly cont•ino tht ne,. •dd"" u o p•n uf the 8-btf QP cede. Thi> io P'"Pble >in« unly 8 otp•ral< 
•ddr<><t> loc11ed in P•!' •ero oftlo< nttrn>l rnomor} m•Y br >r<<il;ed. Pre¡·r.m jumpo m•r al>o 
be ><h,•trl hy l<>odin! re~;.ttr JJL. IX or JY dit<,ll!- mtr> th< t'(". tltu• ,IJ, ,.¡,f tho jmnp.ddro.• In 
b< • ""mplt • r<u~l ion nf th< '"" tin< belnr • "":u«d. 

' 
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T~< inpulí<>ulpUI gr<>up el in"'"""''" in th< /.·~O ,n,,., for o wi<!e <>nge of 1 11núcn bO!w<en 
<>l<rnol momeo~ loc>li<>n> or th< ~"""\ ~urra...,lTLI t<Oi""''-'''J the nl<mall/0 dovi<«. In, 
..,,h ca,., the por< numher is piNidod en th< luweo B bil> <>f <he .ddreu hu> dU<ing ony 1/0 
"'""''' iun. One in,lrUCI ion >\1~,. • lhis porl Mtol h<! 1<> he 'r<"l'icd by !he ><<ond b) 1< of 1he insl!uctlcn 
whil< oth<l Z-80 iomructir>n> oll<>w ittn bo open("d '' 11" <•"'""' of tho C te¡;iSI<r. One mojar od· 
''"''~eofu>inglhc ("rr~i•l<r as•l'oinl<r 10 ohrl/0 •1<•"' ",¡,., il a\lowodoffet<ntl/0 por" le ' 
,¡,,,, <nonmon OLlfNare dli"r toUIÍn<S. Thio io MI ¡x • .;,.hl< "l•en 1h< oddO<<\ io P"' of tht OP cod< 
,¡ ¡he •oul ¡,.., •,. ot.>~ed "' ROM. Anotlo<o fcOitll< of n,,,., input instructions ¡1 1 h>~ !he y ..:1 lhe 
lb~ 10f0..\el '""'"'•IICOU) "'t!uo oddition.l or<"'i""' •" ""' r<.¡uirtd lo d<O<rmine o he'"'" of 
1 hr inruo dlla ( fN oumpl< i ts ¡•>ril y). lho Z-bO l"PU incl"d" •ingle >nururoion< thot <>n mo"" 
bl<'<l.l .,r r!.r•• (up to :56 b)1.,) >UiumOiic.lly loor from >ny 1/0 rort dúctly to any rr'ltrnory loc.,iol\. 
In r<>njun<tiun "nh the dual''" nf ~'"'"1 ru'f"'"' rt~i>l<t!., tht« in•tructlon, pro...;do for [.,¡ 
1/0 bi<•.:L tUn1f<1 ,,,. .. Tht •alut ofllu• IJO in""'"""',.'l ;, d<mon•u•l<d b)·the btl\lullht 
Z..SO\PL' con ~ro•>d< •11 rrquirod íloppy di,lr. f<>.nll11on~ {i t., ti O< CPU pro<id.,the prumblt, oddr<u, 
d11> and en•hk• •h• \RC ,<>Jos) on doublo "'""'·" fl<>rrY disl. dri•<> on an inleuupl dri•tn b>si1. 

~ Finoll)', lht b><ic \PU conuol imtro>euons aUow \OIÍOu< option> •nd m"du. Thi• &lOUp intludu 
in.,rU<liM> >u eh U stllin¡ 01 r<"lling lh< inlttrup! onoblo flop flcp o_r «lling 1~< mr.l< of in1<trUpl 
l<lpon••· 

5.2 AOOAESSING MOOE:S ·. 
M o" uf tht Z-80 in,uu<ti<>ns o¡><roto on doto "'" td on inl<! n:rl CPU •<si>t<t._ Ul<m•l mernory 

oo 1n tht 110 1"''"· Addre,.in[_ ,.r,,. to_ ~ow tht add1<n of thi•dot> is ¡cor<rot<'t in urh instrUtllOI\. 
Th" •tcoicn ~""' • britf "'"'"'")' of the l)p<l nf adJ,,.,.,.,,~ ustd lfl tht Z-80 w}ult >ub<t4uont "ttiono 

do u~ the 1) 1" <>f oddre.,ins "•ilablo fnr ".:h '"'"""'"" tl'oup. 

.. 
lnom.di:lle. In lhis mro;lt o[ •dd~<ssin¡ lhe b~lt fnllo"'i"~ th< OP codo in momory contalns lht 

"""'¡ op«and. · 

' 
OP Cndt } "'" cr J byle> 

Ope1>nd '· 
J 7 do 

E" onrl<> nf tlm 1 y re nf inotmcli~n .,-.,u Id be 10 lo>d th< ><cumulatur wioh a con" anl, W~<" lh• con>\Ut 
istht 1>~10 onmotd~>t<ly follo"-¡"! lhe OP codo. 

Tonmcd i>le [>1 cnd..d. T~i• modo is m<1<ly '" ultn.,on o( iommdialt addrt>r.ing in 1~>1 tho two 
byt<o foll<•"-'"' the OP cndt>or< the op«•nd. · 

""" '" ' 1>~·1<> 

Optr.nd ho~hood<l 

¡:,,,.pi,.,,,¡ tloi• 1\;"- .. r;,.,,,,_ ., ., ., ,.,•.: .'•e '" ¡ .. ,J li•' I!L ,,,;,t<r 1'-" (lf>bll ,,~;,o,~with 

•========~-- 1 b_bio • f' ~) ~"',' ,",',',',",',· =======• -•-•-~============~• 
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\hxhr,.d I'J¡e Z..ro Addres•iDJ- Th< Z-80 h.,, •r<cl•l•inglo byt• CALl inmuction to 1ny of 810t>tion• 
rn P>t<l<rO ofmomory. Thi< in<l!u<tion (whkh i> rrftrr<d t0 oi a I<SUrt) >t"l! thr PC to on eiT<tti .. 
oddre., in J»&< uro, Tho r~lue of thi1 inmurtion i> that 11 ollow• a Omgle b ~ 1< 10 >p<cify 1 eooTipleto 
! b- bit addr<." w~~re commonly <alled 5ubrouHne> Ir< l<><:oted; th<>s ..,.;"8 memory spoa:; ·· · •. 

. . ' ' •:· ·;,. 

j Ol'Code 
b 

' . ,. : 

RebiNo AddJ~<ing. RoJ.ti>c •ddroosinll ""'une byl< of dno foUowing \he OP code to 'Ptrify 1 
d.,pbctn•<_nr frnm tho e~i>ting J>l<>trom ¡o whi<h a pro¡rom jump a.n ocmr. Thi> di'Pb«m<nt is , 

21 

1 .i¡nrd t"·o'> r<•mpl<mem numb<r thot 4 o~ded to th< oddr.,, of lh< OP code of th< follo,..in¡ inSirucuon. . . .. ... 
} 

.Jum~ ,,·~~~~- (on; byte OP ",...Í~)- _. '·· _ 

8;bit two'• com~lement "di<¡>lac.-~nt add..t to 

' . OPCnde 

Add«u (A+2) Üp<r>nd 

Tht ••lue of tÓbt iv• add;~,.ing u·tt:altt ~JI""" jum ¡» to ~ ... rby lot.ol"ion• wh~ e ollly rÓqúuing two ' 
byt" of memory •!"ce. Fot tO<>st programl., r<lat>ve juntp•are by fat the mn•t·p-r<v•lenti)'Jl< of 
jump dueto t~e proximity of tebt..t progr>m "gmeOt'- Thti1., the'" inslruotions c. o li!nlfic.ntly • · 
rodute m•mory •roce requirement._ The siJined di•pla<ement can nnge bet\Ooeen + 127 and -128 
from A:,. 2. Thi> 'U"""' for • total di>pla<ement o f.+ 129 In ·126 from 1!10 jump tel•tive OP ende ,ddtou. 
.\,other major ad\"lllll•ge i• that it olio.,._. for _relu<otabte ende. ., ,_ · 

' - ,. ... 
E•t•nd..t Addt<<Sing. E>tended Addre,..in¡ prcvidu for lwc b)1ts{l6 bi") cf •ddJeutc be indu.d0d 
1n the in"m<üon. Thio dota t.ln be in addr<Ssto which a pto¡roffi c.onjump or it can be an addreu 
whtte •n optt~nd i> tocated. · ·· · _-.; _ .:. _ •. __ · 

'. •• ..t "'. _,., .. 
- -~' .- . 

}.~~~t-_'.~.~Y,'-~:~~::. ':.-~. 
. . . . 

. . . ' . . . . oe""" . ' . -.. ' .. . '". ' .. .. _, . . . . . ·:·• .. .-.:.:-:·-:.-. 
. , .... ;;:.:. :.> .. ~.-- ':' ,.· ··.'' .... -: .,.,., ..... . l.ow Order -~~dr~_:ü_ oi Lo"w ordei opaa¡r_d ,._ ... ·:·. '· ... ,. _.,.,,-, 

;_ . :-· 

... --.. -

' ' 

. ,_ '· 

.• ) 
• _-_:'ji -· 

. '--~_...,;.-, ... -=.--- - --"' 

·- -· . ; 

Hi!,h O.det AddreuOr hit~> ctdei cp<rlril 
...... _, ·-· :'·-''·''" ;,:.:··•··" r ,.,_•: .. -.- ... ~- -.. " .. '. ... , 

. - - . ' . ... .... . •• ' . ¡, .. ,,_¡, ,,, '"' 
·._.; .... , .... ,: •. :, .. ,1 ... ,.,, .• , .... ' -· .·.. . - ···-··. ;·<"-'"-_, .. , .. _ .. ,,, 
Extendtd oddoeuin¡ io Jequircd for 'i plñgtarii io jnmp fr""' :uty locotion in m<mory lo anY other IOcotion, 
otlnadondslc«datoinanymtmmylncation. ::_.. • 

'i . When uttndtd ~dd«»in& io u,.d to ope-cify !he oourco ct d"'l inot "'" addtt"' of on operond, 
th'e nctaiion (no) w.ill be U\ed lo indkort thcoontent cf mOmory 11 nn, "--htrc ltn ioiht ]6--blt oddrno 
>pet·Jfied in !he insttucticn. Thi> mo>n; thot the two b)-teo of •ddr•" nn IJO u!-<11 "1 pt~nt<r lO 1 mtmory 
luc.,tion. Tht u•é of thc par<nthe><s alwayo m.;.n, th•t lhe't~lue encJO,cd wtlhin them ls u5ed u 1 .,· 
poinler 10 a memory loc>tion. Fot eumplt, (1200) ttft!l lo- the tontent• of mcmory •t ]catio_n 1200. 

lndt>ed Addt.,..in¡. .. In thi• type ¿j •ddrc.,in¡, the byte of dota fnUolll·ing tht OP eode ro,;u;.;. ;.: . .. . ... , 
'\ 1 displ~cement which is •dded 1o ene oft~et"'o indo• rc¡;.,,r¡ (rhr OP cude opecifits which indu 

IC:lÍ>ter;, ""'d) to fotm a pninrer to mrmOry. The cuntcn" tof th< indn ,,,;,ter art iiot altet<d by this 
opctatiun. - · - · ·. - • 

¡-;00'ccc"c'c'_-i } , o bytr OP codo ·' <-::" --:~, :. :: =-.,: 0: ·: ~-·:·' =~ ~ ·_: 
.. : '·"·" :• ':: ,. OPC<>de . ~ ... · .. , ··~''·"" ,, .. _ '•-

Di'!'L<<n>ent · n¡><•~·•J •JJod '" indn <<J'Í<;., tc· __ r':'~·;., 1 ¡~i:''": -'.~.~"""Y· 
~-"'.;,,::::;;;::;_; __ :·;:,... -. ~•.:: ;~ ... ....:...,.., . -==-_;.:.'--="''~=.:-~: =~-=--""-

,.:~; ... •: .... 
"'· '"· .. · . .- , 

·' 
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.. 

.. ---:~ 
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·,\, "-'""J'l< ,,f >n in<ln~d J~<lfut<ion ,;.,,uld br "' lo"J 1 he ,.,.,1<1"' of 1he riic,nory ¡{,Caücin 
(1 nJn R<~i>l<l • Piorbcemenl ) iniO the •ccumuloh~. Tloe Ji>pb"on><nl i< o ~ip><d '" ,,., complemenl 
numher. lndned odd>e .. int ,,.,¡t}' úmphl'i" P"'~'""" U<in~ tobl" nf dolo <iMt th< indr• «!imr · ' 
an p<'int 10 the •lar\ of any uble. Two indn reg"''" lit pw,idod >Íne< ><!)' of10n op.,olion> requiro 
"' n ur mnr< toblto. 1 nd< xed add ''"ing ah o •llo"'1 for ,.locotoble <'1•· ... 

The 1wo 111d<~ "¡:i<len in chOZ~O ,;;, <Ofened lo u 1 X •nd IY. T <> ind>t>te indo~d oddou<in¡ tht 
nnt••ion: ' 

(IXtd) or (lY•d) 

;, u><d. \l.,ed i1 thr di<pi>"em<nt •rocÜltd ofltt Jh< OP code. Th< p•••nthe"'' indico1< 1hu 1his 
""'"' 1~ u"'d no pninoer to uwn•l.memory. 

.. 
Regi..tn Addronin¡. Mony of lh< Z-80 01' cod .. n>ntain bils of infonn:nion thn JP<Cily whlch 
CPU •~P•te~ i> 10 be u•ed for on operation. An e>.>mple of«ghte1 oddteni"f, ""ould be lo k>od the 
data in tOg.,tOi B into t<EÍ>l<t C. · 

1 onp1;..d Addr•~~in&. 1 m"plied oddO<•>in~ o deo • to ope•>~íon, wh~t< the OP code outomnicolly 
impli" one 01 mol< CPU ·,.~;.,,,. u containinK the ope11nclS.. An cumple i> the .. 1 of atitlunetic 
np<roliom "·htt< the •ccumulotor ;, ''"''')"> iinpLtd lo b< the dtotina1ion of the ""'11>.. · ·· . . .. 

. .. . . 
Regí.,.,. 1 ndin<"t Addre"ínr,. n,;,· type of oddres~ng >pecifies a 16-bn CPU regi>l<t poir (>uch » HL) 
10 be u<ed •• a pnínter 1<• •n~ local ion in me mor y, Thi> type of tnstruction i> ver y powerfulond 
il ;, u<ed in • "'ido "nge ofopplicllion,. · 

·' . · ·1 OPCodt 

:, . . ... .......... -... 
l}on< 01 i~~ by1;, '.'~ ·., 

. ... 
V • " . , . ' . 

.. 

An rxamp)e of llri• typ! of in•truCtion Wo'uld be lo lood the occumulotoJ ""ilh the do11 in the me mol)' 
]oc Ilion point<d to by 1he HL't<fÍ"<r contenlL lndntd oddressing ;, octually o form of ~<IÍ>I<! ind~e<\ · 
addre.,ing <>«pl lhll a di>placoment ;, odded with indued oddre,,;nll. R01i<1or indirect oddrening 
olio'"" f ot very p<>..,trful but .,mplt lo impltment me mol)' '"i'=" . The bloc~ m<> .. ond sur<h command• 
in the Z-80 ore e~lon,;cn• of thi• typ< of •ddrenm1 where oul<lrrutic: """., inc~ementi:r¡. decoemenün¡ 
ond comportn~ h"' boen oddod .. Tht nntoti<rn fo1 indioot in¡ regí oler indne<l >ddiu>irig b 10 pul 
porrnthese1 O!Du.nd the n•m• of tht ~<&ÍII<! that ;, lo bt u.ed Uthr poinl<f. Fo1 e~ompl<, 1be >Y"!i>sJI .. · .. ' , .. '.· ........ ;·;.··)·; .... ;, 

{HL) . . . .., ., .. 

>¡><cine~· ,h~t 1 he <.;,llent~ ",j- t h;• HL "'i>l<r "' to ~ "'"d n • P.,:í~la 1~ 1 mcmory' l.;.otion:' Oft<n 1 · 
,.~;,,., indn<CI oddro,.inJ ;, ~><d lO >pedfy 16-bil op01and,. .1n this a•. !he regi!l<r ·eonttnU · 
poonl lO tbo ]o,.er Or d<f por \ion of tht opcrond "'h~• tht """" conl<nU are •ut omoti<-olly inctemented 
to obt•in the uppet P?Uion of tho opennd. , , , '" ·· " · 

... ·, .. " i .•'"· '· . ~ ''"' .. · • ...• 

Bi1 Addru•in&. •. Tite Z·BO cnnt•in• a lor¡t numbcr of bit 1<1, «><1 uwl 1<>1 in>troction>. The.e 
inllruction> a \lo"" ony memory loution 01 CPU regí"" 10 be opedf~ foto brt openHon thtou&]> '· 1 
OM of tlnt< pr<''Í<IIII oddreumg m<><l<O (tegllt<r, "!'""' ondnect ond n•dutd) wh~t tlltee blu 1n the OP 
~'>.le •pectf) "hkh nfthe ~•thl boni• tnbt mon1p11ht<d ' · · · '• '• •' :' ·, • • ' '' · 

. '. . .... . .-,- ....... , 
ADDRESS1NG MODE COMBINATIONS • ; ·: '11;! 1·· ~.----~~--- .. , ' ' . 
· ~l:.n~ in>lr~ction, includr m"'' th•n unr uperond (ouch •• orith;,. ;;i ';;,;,, uctiono ot loado). In 
:~e.<"""'"" l)J'<'> nf ~~J,_, . .,;,r rr .• yhe <mrl<>}Ñ. F<" U>mp1r,lo>d <•D u>< immrdiOI< .~d""'"l 
1<> >l'<'•lfy lh< >o'<'l • ~ ~"d r<f>.'' rr uodn «1 ·~ nod< •Ñ oJJré»ln, ID ope<rfy thr d .. o rnal!,.,, - '~==~·-·~......_..,_- ' "··· ~.,......,·-~.-· --- •···-.~ .•· ~ .•. .. ____ _ .. 
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5.3 INSTRUCTION OP COCES 

·m,. ""i<•n dc..:•ibu <orlo of •h• Z-~0 '"'"u'"""' ond poovid., ubl<>l"'in¡ tll< QP <Dde• for '"''Y 
'"''""''""· In uch of th"e tabl" thr or ,,,d., in sJ,.dod "' .. ,.,, idenlioa.lto thu .. ,.ff<J<d in th< 8080A 
CPU. Al<O .tl<:r•cn ¡, lh< ><><mhl¡· linruogr nonemoni< thol" <>><d for urh in<i,u<tion. All inii!Utlion OP 
rodu '" li>ird in heudrtunal nntolion. Sh<~l< b¡·1r OP codo> r<quir< 1wn ¡¡,,. cha<><l<r> while dnubl< 
b~ 1< QP .<nd" "quito fou1 hn <l"''"<n. Th< <OOI<!5i<>n from he~ 10 binar) i> repu~td her< f_Dl 

'""""''"'''. 
"" llinuy D•<imal "" llin>ry O. cima! 

o • (1(100 • o • • woo • • 
• 000> • ' • 1001 • ' ' • oow • ' A • 1010 • "' ' • 00" • ' ' • 1011 • " 

' • 0100 • ' e . . 
'' 1100 • " 

' • 0101 • ' D • 11 01 • " 
' • 01 1 Cl • ' e • 1110 • " 
' • Olll • ' ' • 111] • " 

Z-80 in>l ruction mnemonic> con>i" of In OP cnd< and uro, one "' ¡wo oprnnd>. ln>truction> ia 
whicll the upeund i> imphod h"' """P"•nd. 1n<lructi<>rn "hkh ha u <>nly ""' 1<>¡ica1 op'fond or <h"" Ul 
"·hich on< optund i> ift•uiont (ourh •• tht l.ogiral OR inslfuchon) '" "pru<nted by>""' "P<rond 
lnMII><'m<. 1n>l ructions \\"hirh mor h"' '"o >a rying ~ptronds '" "P""""d b~ 1" o <>p<rand mnrrnonits. 

LOAD A:''W f.XCHA/'oo'GE 

To~1o 5.~·1 de fin" tht OP codo for an oflhe S-bit k••d ins11<><1ions impltmented in lhe Z..SOCPU. 
A1ro >hown in thi> 1oble i•1ho t;·p< of oddte"int u!.ed for "'h intlructi<>n. Th< >Otuce cf thr dOlo i< found 
on 1ht lop hori<onlal row "'hilo 1ho d"tinotion is Sptcified by rhe IÓft hand cnlUIM, For ''"''"PI<. load 
,.~;.,., C from ~<tister B osn •h• OP mde 4SH.Jn all of the tobleitho OP codo is1pedfotd in he•odtcimal 
nnll1ion ond the 48H (•0100 1000 bina'1') codo is f<lchtd by the CPU from l~t U1<rn>l memory durill¡ 
M 1 limo, dtc<><lod ond lhon the rtgill<J mnsfor is aulomatically prrfnrmtd b~U,. CPU •. 

Tltt ""'mbly lanE'"8' mnemonic fnr IMs entirt tmup" tD. folkmed h) lht d"tinJlton follo~t~td 
by lhc onutcr (L!l DEST., SOURCE). Noto that ><><ral rombin•tions of •dd!<»ill¡ nwd" &1< pouible. For 
nompli, 1h< •ou1ce moy uoe rr~i!l.r •dd!O>'ing •nd <lt< d.,tinotion m ay bt "¡tster indirtc<; •uch U Jood 
lh< m< mol)' Joootion peinad ro by "11"1" HL wirh tht corllen" cf "~'""' O. Tht OP codr for lhi1 
operation would b< 72. The mnomnnic for this Jood in•• ruct ion ,.-nuld ~t •• follo""'' 

LO(Hl).D 

Tite p•rtnthrs" ;,rnUnd lhe Hl nto.ns 1h•t 1he conlonl> of !IL "' u"'d a< a pmnler toa'"'""''}' 1n•ation. 
In •11 Z·kO lo•d in•tru<l ion mnemuni<::. lhe dntirut ion ;, oh•· o y• h>l<d fust, wilh tht '""' , .• fu!ln" inl. The 
Z.SO "'"'"bly bn&u•s• hu b«n dofUied for "'" of pro¡;r•mmin~. h<ry instrucrion is "" dl.>Cumtn<in' 
ond pro¡ romo ""lilltn In Z·80 lanvu¡o ore t•<Y to m•inuin. 

1 
Sote in t.h!, 5.3·1 <hat "'me lnad OP ""'"' <hat ott "''i1•b1< in tho z.~() "" 1"o bY•es. Ths io on 

<fncitnt m<lhod of m<m<>ry utihuti<•n \.Ín« B. 16. C4 <>f 3: hil in,lrU<I>um "' impkmrnttd in 1ht Z·M. 
Thu• uhen uuliud in<lrttcllono '"'" " >rHhn>tti< "' l,"¡:i< .1 "l'"•li<>ns '" ,onl¡ &.¡.,., .,·hi.:lt rnulu In 
"""" m<:nury u1iliuti"n th•n is>.:hk>td ... ,th fi-.d "'"'"''il1n ,;u,'"·" as Jt..b<ll. 

AU lo•d in<1 ruOII<>n< uoin1 indutd •dd t<uónl for tithor tht >Dur;t or dntino1i.,;, lncotioo 
"" o>llr "" '""' by1es or "'"""'l" "ith thr thi•d l>y1< ~cin r th < dhp~o, <mrnt d. Fo< eumplr a ¡,,.d 
"f'''" E ""h tho upr:ond point<~ '"by IX,.,¡, on ofl<tr .,f ·~"o u:.! hr """'"' 

llll.(l.\•~1 

• 
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TI o< '" n n1<ndod •d~r<.,inG in<l n•<lion• ••• ,¡.,, thn< b) lt in<n u;tion>. F ur o-on'>pk th< inw ullion ID 
1,1,od thr .c. umul>l 01 \\'llh th< op<rand in me mor:· '"'"' lion (of3 :H would br wdt l<n; 

LO A, (6F ~"H) 

•nd il5 m•tru<tion ••qÜ<n.;< "ould be: 

Add~ru A ~A OP Codc 

Atl 31 lowordtraddress 

At2 6F hi¡:h ord01 oddrns 

' . ' 

'' -; 

Thr lnJJ imr.l<diotr in<Uuctn•n• for thc r< n<r>l puo pol'< ~-0 il r<fÍ>I<rl .,, rwo-b¡ " in" rucl inn>. Th< 
- • h•-::u:li<•n 1~ ttSi<l<J H ""h thr <>h>< ~6H ,.-nuld bo "rollen: 

.. , ¡;61 OPCode 

~ Op<rond 

WH,36H 

. ' 
__ ..... __ 

LoJdin¡ o momnry l<>e~tion uoin¡ ind<nd odd«ning for 1ho dt<tinol ion ond immtdiooe oddteS>ing for tht 
""""' oequires fnut by«>- For cumplo: 

"ould •ppuru: 

'" ,., 

LD(IX-15),~Hl 

DD} OPCodt 

" d,.pt.ccmcnl (-15 in 
oi,n<d two'o o:>mpl<mrnl) 

Op<r>nd lo lood 

'>• '' ict lhot "ilh • r.; Pld '"d :odd r<>'Í"f th~ di,pbrrmrnl ,¡,, >) • 1<>11• ,..., di«CIIJ ,¡,, llor OP «'11<. 

T•bl< 5J-: >pe,;1f1n th< )f, hit ]o•d "i''"lilln ... TI1i1 l<bl< i> ><f)" ,¡,,¡¡_, 111 !lo~ i'"'¡,~·,. unt. ~ollor 
lhll 1\ot u10nd<d •Jd" '~"l «r•billly ""'" all "&""' r>iiS. Aho noli« 1hot rrgi<l<l indu<el up<ntions 
•r,:if)tnftht "'· ~ poin1<r '" 1lot PllSH '"d rOP "''""~';,.,,._ Th< mn<,;,nir ¡,. 1hu< irnlruction< il 
""l'l' !'Ji"' .~d "l'UI' ;· TI"" d1fftJ f, o m <•lhtr 1 6 bil J,,d 1 in 1h>1 llo< <11<~ 1"'""'" " aut.•ma 1 i.:•IIJ J<O«· 
""'""d ... ~ : . :· ... •:n•-.\ ,, .-.. 1, '"·' " " i',.¡,.-.1 ""'"' ,., r --o;o-:d r,.,., th< ,, nl " .,...,,. ,¡J . r '" '""·¡>!• 
''" ¡,.,,.,,,, ''" . 

r ~ 
" 

• 
' ' 

( 
'6 

' \ • 



• 
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' 

.) 

-~-' ' ' ' . 

-
-PUgJ AF 

io • sio¡l< byte instrmlio-n "'ilh !he OP c<>d< of F311. \\ll<n lhos in<llu~iún io n.Cuud the fonowin¡ 
stquenct iilenenled: 

__ ., . 
... ; .. 

_,., 
.. r: ' ' -
.. 
" '. 

,,~ 

,_ (SP+l 

_,. 

,O.cremenl SP 

- LO {SP). A 

O.erom<n! SP 

· LO (SI'). F 

F 4 

) A 

. 

. 

. 

. ··. -

Topor,uu 

-~.: ....... ,_ 

;, ' 

. ... 
' 

" .1-~-· 
- . -.. 

1:-- ¡_¡¡ r, . . . . . 
.. • 1 .. 1 • 1 "+"'-\'-'+' ·.1 '+-H:A ~-+'-! , .. 
··1··1···1-·· 

··-r.· l:r:¡: ... l'· 
.· r:c .¡-; ••• ·1-. 

-· 
¡c . 
1-

¡_,:, . .. .. .. .... ¡· .. _ • 
• • u .. ¡... .. .. 
•• ¡ •• ¡ .••• 
• 

. 
" . 1-· 

.. 1--+=¡ ... '+--+--1 
1 -·· 1··· 

.J.-h-1·. 
¡; 
¡; 

1 ; 

" 1' •• 

1 ' 

'" 

G. 1 .. ¡ _¡ .. ,_,L 
) ;::···: ....... :.: 881Tl0ADGROUP ' . 

·' :· ... ·- '~- ·. · .·, .. -. · 'lO' ,,. 

-.,'. •·. •. ~ ·. _TA.Bl.:=::_, __ :·-__~ :,~>··· 

,. 7~ \ 

1 ; 

1: 

'· . 

' 

.. 
--.1 

' ' 
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Thr I'OP ÍP<Iruclron Íl lh< r>«l "'''" of• PlJ~L NoiJ« rh.o oll Pl'SII>nd POP in<lru~lion> utoliu > 
1(>-~il ~p<r>ud .nd lh< hiih ord<r b)l< i••'"')'>ru!.lr<d l'in1 >nd pnp¡><d lou. That i1a: 

Pt;Sll BC "l'l'Sil B 1hen C 

Pt:SHDE ~;l'l'SfiDrhonE 

PUSIIHL ilh'Silllthtn-l 

POP HL ,.pop L>htnH 

TI>< u,;[fuciJon """f r. """ od unm<d>iO< •ddr'"""l for 1hc <Our« ab•·io<l>l) '"!""" ~ bY"' of d••• 
followrng lh< OP c<>d< _ F cr cumpl<' 

lD DE.OóWH 

... u be: 

-'ddrc<!.A ~ OPCod< 

A+l U,w urder orcr.nd to ,.-~o<ltt E 

At~ H1gh arder upc,.nd 10 ''"''"' D 

ILI >11 """d•d immrd·,.,, or uoond<d •dd"""'l m<>dt>.1ll< low nrd" byl< llw>y> •PP"" ;,.,, >f1<r lh< 
or c~d•-

T>bl< ~-3 3 I1<1S lh< 1 ¡,bu "'"·'''!' """"'"'·"' rr.•pi<U"""J in o k /-~0- 01' ,·,.jc (),1! ,•;, ·.• < lhc 
P'"f'"""m' •o '" "d' bei" "" oh e '~" P'"' ,¡ ·''"'"n''"·'' n .• g "'fl"' ,, ., 1:::., [l••tl ,:;.,_. · -,¡,, !•«>· 
gr J rllm" "' '" >1 'h h< ,,,:,-<n lho d u pi"' 1< ><1 of "' ¡.·nc1 ,¡ r•"l'"" r '~"'' r 1 1 lo.• ,, 01' , , ,¿, • "', '"·1) on< 
byle ml<ngrh 10 .>bs<>lutoly mm.•.•·« th< ttm< "''"""'"' y<rf""" <11< n'h'"!'' ><> 1J,o¡ 1!1< d"ph<;>.t< 
b•nl.• ''" be "''d to <f!.ct ><r~ ¡,,. inl< rrupt r<<¡>um< ltm<>, 

BLOCK TR~~'SFER .o,'W SEARCH 

T•blt S .3 -4 lo<n thr t >lrem<IJ ?O" e rful bk.:l. 11 >11<fe1 in111UC!ion• 
wtth thr<e «fi"en. 

lll 1'"""' 10 thr """'' h,<iM. 

_DE roinu Ir> thc J,-'"·" ,;,, Jv..·ouon. 

BC .,. b¡t< '"'"""· 

All of lh"e in\tru.uon• ope"te 
~ .. 

' 
Mt<r ti« prnp """"" h" init i,l;,.d 1hc<e lhr<< "~'''"'- '"~ nf th"c !""' tn H;u, uunl rr•¡· ~· u10d Th< . 
LDJ (Lt'-'d ... ~ ¡,_ '""''"') ''"' "''"''" m'"" '"" 1·; 1< ¡,,,, 1hr Jo..-,:;,.:; r .. ,,,-,! "' t•¡ 11 L "' :ho t.-..' :oon 
ro•1nt<J 1 u ~; llf.. Rc::~>l<l r• 1" lll •lid DE "' tl1 '" '"' .,,,,,.,11¡ ,., 1, n ,. ""'l .onJ • : < "JJ; r ,, ~'"" 1 1 o 
rht fuJI .. n 11'~ JncJ\Íc<ll' TI>o \•¡ 10 .:<><lllL<r \f<["h'r 1' '"1 hCJ 1> ,r, • .',e.,.,,.,,,.¿ .·: :: .. , \;C1<'. fl,·r I:,<HC'
IÍ<>n ;, <olu,~l< "h<n ~¡,,¡,,~~do!> "'"" be m~•<d hur ,•;nrr :;r<> ·•1 '"',-,.,.,,~ 010 1<q•m.-J ~•L~«I' r.c~ 
""'''. n,, l DI R (lo•d. iro,:~enotnl mJ orp<Jll " <1 ru:t1.-n ¡, .:1 r' l<"n<o,rr. ,,r thc LDI inot 1 u:""~ Hr ""'' 
ln.d ,nd rn:ornr<nt op<r.ri011 11 "P"'ed un<rl ll>r b~ 1< ,-,•r.nl<r , .. ,h., llrr '"""' of l<!O, Th01<. th11 ,.r.¡::r 
"''""'""" "" "'"'" '"·" ~IM:I. u( d•ll f~o>m <•ut ;,.,-,,.,." '" "') <>ther. 

~ .. ,¡ •lr . .r '•'"" lt--h11 •· ~'"'" •" , .. -J.Ih, .;_.,.,¡tire ~J,.,:l ''"he ur "' t>~t-.: b; '" 11 t-.: ~ 10~4) 
lu<•t •O\~ 11 • m ~.· "''-'"J f1 '"'' •")" ¡,,,,un ;ro Olh'lrh~) "' '"~ "rhtr J,~ '""", r uuh,·rmo•IC lh< bloe~' <Jn 
be 1>1 «l•PP'"' :in« rhrrr o r< ,o,,~ultl} no'"""' • '"" "" tht dlU 1h.r " u<rd m lhe tlu<t re;""' poia. 

ll1< I.!JD "·rd ll>l>R '"'""·"""'•'e "'Y .,,.,¡1,, 10 rl>< 1 DI .nd llliK. Tiot <'ni> Jrfforenc< "rh•t 
"''"" ¡--·~·· 111 .• .. ! tr~ ••• ~.-.-,, ,,..,,,·J ,,-,,., ''"'~ , .. , ., .. , 1h•• ~M.·,~ ,, .,,¡., ,1.- 1, ~''''" rho !,,¡_,,. 
.,JJ 1<1> .. i 11•< ,¡, .. ,-•• «d bl· ... ~ t .·h,'l ,, .. ~ ,,,, ¡,.,. '". 
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" 

00. 

• 

... 
• • 

.: .16BITLOADGAOUP 

:;: ·"' · . . .'!-0'- ,;: : .. ~ ... 
:.•, :o 'PUSH' ANO "PPP./-·,,,, ,.,,, 

· TABLE 5.3-2 
-~'··· ;.,.;e:• ,,.,,,-

' . ·--

• 1 ' ¡, 

... -... •• .. 
n _:¡, 

·nr. 
UT. ~fG. 

.... Dfl. ·~!>1 ... 

-
• • 

.. .. 
• • • 

" • 
• 
" • • 

" • 
• 
00 

" • • .. 
" • 

.. • • • 
~

• 
• 
!l' 
• • 

• • • 

" 

• • 
" 

00 

" 

'. 

,-.. --. 
-~-- " 
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' . ' 

1 
' 
1, 

1 

•• 

' 

'• . SOURC! 
' . ' . . ~·. ' . ... 

. -. . ···.-. ,. "" ·--- '"¡<" . . 
'"" 

' 
. 

-· " "10<"-l .. d!D<-IMU 

• 1-Ml~D(.Do<•C . 

" .,,, ... - t-•10(1-IHU 

"'' • 1~ Hl. 0!.0.. •t. A-ol _ .. OC• 0 ...... ~ ....... . ~,,~. 10(1 

" ·coo·- lood ID[I--IHU. 

• "'" Hl .. DE. Do< IC 
' . ··-

" ·o oc~·- , ... ,,,,_,m 
• Do o '" & "'· o.. a c •• , .. ., """'9C -o 

' . . ' ....... _.,,._,., ... "' .......... , .... ,_ 
.... oc- ...... .-... 

BLOCK Tll.ANSFER GROUP . . 
"TABLE 5.3'-4 

" 
· T•hl< 5.3···~ .spe~ifi" ihe OP code• for •he four block "'"h ioSiru<lioru. Th< fin t. CPI (eamport and 

iocoement) compooeslhe dato tn the ac"rumulooor, wilh th< conlenl> of !he mtr.IOry local ion poinltd lo by 
rr¡i>l<r llL The resuh oflhe compare i1 >lor<d in ene of tho.fl>f b11S {"' "ction 6.0 for • deloiled "pi•· 
nation of lhe fla¡ operaliom) and lhc llL regi>l<r pau 1> lhen incro'ment<d and lhe byte <ounl<r {re¡i¡ltT 
~i•BCJ.<>de3emente4 .. __ . ....'.... • _:_··--'. _:·---~---~· .. ·-·.--- :. ,_ •. ·~ ,., •.. , .••. 

Tit~ Ín>ITUCtion CPI R is me rdy on e~ten,!on of the CPI in>t ruciion in whirh !he compare i> re Ji< oled 
. un1il eilhtr 1 m>ICh is found or ¡he bylt '"''"'" {"gis1<r pair BC) btcomes uro. Thus, lhis sin&]• instruc. 
1ion eon ""eh the tntioe memory ror ony B·bll rho;octer. .• .. •" ., '' • · 

The CPD (('omport ond Owemi~t"j ~~~ ÜDR.((-ciinj.~, •• De.:romentond ~put) ore oimaor 
jc.¡trucoioM,theu ooly ~iiTerrnCt b<ing lhlllhty decrement HLaf!er nery comp>!t w lhatlhey ,..,oh 
lht memo!)' in tht oppo•ite dir.rllon. (The ,;;,¡oh isll .. rted at tht hiJheu luclllon 1n the ,.mory block). 

. . ~--~.!:;··"'' '·· . ·_. 
lt shoulr! bt em¡>hnized •t•in lhll lheu ble>d. lron•fer on<twrnpore lnll NCliom are ulr<moly 

pow<rful in "1 in¡ m• ni pulo !ion >pphoolions. · 
• -

.. . · .. · -·· -. 
Toble S..3-6 hsts atl ollhe 8-bil irilhmtl¡;, .;¡;,,.!;,,ns thll can bt ~rformrd wilh tho o<cumU]I\or, 

aho h5!<d "' lh< inc,.mont (INC) and docremono (DEC) irl>truolion>. In oll of lhnt lnmuc!IDn>, O>.ctpl 
JN(' ond DEC. lhe spocifood g.¡,¡, npeu tion io porfo.nned_ hetwttn 1hr da!l In !he occumulotoo ond thr 
wuru d111 >p<dford in !he Ublr. Th• ruull of lhe opeution lo ploctd in lh< Occum11l11or v.ilh the Uctp· 
tion of wmpare tCP) that 1 .. -.. lht occumul11or unaffectrd. All of 1l>eoe operaliono affr<llht flo¡ 
rtJi"er u• rtsull of lho specified ope.rotion. (Stclioo 6.0 pro.:idts all of lhr dtllils on huw thr fbpare , 
afftcttd by ony in<lnoction lype ). INC ond DEC inmuclion• specify a regh~tcr or o me mOl}' lfltllion os 
bolh wur« and deOiinalion ofth• Ttsllll. \\'Ir en lho r.ouo<t operand ;, oddre~d u sin& lht lndtx r<¡iSIUI 
the di•plactmenl mu>l follo., di,.ctly. Wilh hruntd101< tdJru1ln¡ lht actuo\ oporand .,.¡u follow dlrrctly. 
For e>ln!¡rlr the imtruction: : ; · : · · . _., ---;:.-;--r -- . : -~~-·ÁND_· o

1
· iH-·"i.· •·"-'·:· i -. ;;:; : 

'"'·•'-'"" 1 --· .0 • ... ,_,,,,., • , ·; :· '1:: ·,• •. .,...., •• ' 
"' r· ---~------·-···•-- ··-·---'---~·~· 

' " 
Ad~~"-~: [U] OPCocle 

. , .. A+l[(I2J Oper•nd . 
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.. 
. ... . _ .. . 

......... ' . • '·' . 

'"" 
.. ----- .. 

. .. ~· .. 1~ Hl, 1>,. 8(: .. 'O'IR',I"' Hl_ o .. O<; 

" ,,,..,,..,,no-oo.r,.,. .... .., .. .. "D'P" D.< •n • K .. 'a'I>H' 1> .. Hl • OC 

• • .......... ao-o .......... .,. 

. . 
C Hl ........ le .... ,;.., 0. ,_.._ .... _'"'! ___ ... -... . '""" .... - .... -

BLOC!( HAIICH GROUP 
.TABLE5.3-5 

. 
' 

'·· 

A5sumln& 1~11 tht ICCUmulator cnnt¡,iJI,;"d !he v;luO F3H ¡he r.sUh of03H Wl>~]d be pbced in lht 
•«umubt<>l: ·' -., • .• 

.. 

·A ce before Op<"roliaii- •)) 11 OOJ J • FJH ·• 
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The .t,dd inmuttion lADO) pe:fonni • binu_y odd btlween ti,. daui intho oouro:o Joa!i<>:l ond thr 
d•!l ¡t, n,. occu;r;uluOr: The SubtJoct (S LiB) ~u., ~ bin•ry su.btraction. WheÍI the odd wilh C.i:ry is spetified 
(ADC) O< th< subU>Cl .,-ilh carry tSBC),' lhtn-lhe- cirry flag i1 o]so odded cr subtuCted •e•pecti~<ly. The . 
flop ond do cima! odju>t inllroction (DAA) i~ Jht Z..l!O (fully -deocrlb<d in ooclion 6.0) aUOf orit ~tic 
op<rotiorufor: ' · · ·• ·' · ··· -

- . . . - . - . . 

_, __ 
inultiprocision li~md or um.ig~<d bin.:ry num~r~ 

.,. 
,...;..,-- .. 

multiprocision t_wo'o complcm<nt <ign<d n umb<n 
', : .... 
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Ol~t inolnrc,;ono in this ¡roup ate lo¡;icaland (AND); logical or {OR), <>clu>i"" or tXOR) :nd com ]"41< (CP~ 

Thno ar< fi~• gcncul purpO.t .irithmotiCinstiu<tion.i that 'ap;,rotc ·,m tho occumuUtot or C&rl} Oa¡. 
Th<>< r,.., .,. li1tcd in Labl< 5.3-7. Tl'l< docim•l ad¡ust instirJctiun can •d¡ost fur sobt .. ction •• "'""a> add
ition, thu:<1111~in~ I!CD :uithmctic opcution>simplc_ Not< t~t to •11~ fur thio opcratiort thc 0•& N io uotd. 
Tius fl•l i:s ..,¡ if th < bst aridomenc Op<"r>tion "'" a subtr•ct. Tire nc¡•it •c.:umulolut (NEG) iruttu<tion 
f<>r tns the t"' o'o curnpl<m<nl of tho numb<r in tloo accumula~ur. Fin•il!' ,....,;,·c that o '""'' corQ in>trucri"" 
Íl not i"'-iudtd in th< Z-80 •intt thiiOf.<r•tion .-.n bc euily achkvtd lhro_u¡;h oth<t inott~cti""' su.:h ·~ 1 
~iCII A:\D of thc •<cumul>tor with i"<lf. · · · · - · · 
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A major u.p.:~biliLy of !he L80 ñ iu abilily lo rot>l< or >hifr data in !ht a~cumulalor, ony ¡eneral pur
¡>05< ~tJÍ'l<r, or any me mor y loi-;.alion. AD of ¡he "''"' lnd shifl OP cod., ore shown in lablc S .3-9. 7J•o 
incl uded in !he Z-80 ar< ;uiihmOtic ond logia] shifl np<iation~ Th~ op<r>lions ate use fu] in on nlrunoly 
,.-;dO ,.n¡e of applic.ttiono indudin¡ inre¡er mul!iplic>llDn and dhüion. T wo BCD digit rotal< inolructions 
(RRD ond RLD) •llcw • digil in lh< occumula!Dr lo br roUicd with cit. lwc di¡¡iU in o rntrno¡y locotion 
pointed to by r<&i$1« pair HL {S .. tigu:r< S.l-9). Thut)nmuetioris oUOw fur effici<nl BCD arilhmt1ic.. .. · . . .,.,., ..... ·.'·" .. :::.: ;,;, 
BITMANIPULATJON 

·~·,.i :. '--~"'"· 
Thc abDi!y 10 «1, JtÚ1 and l<lt individual bits in 1 ·,.g101<r o; memoty local ion i• needed In ahn"'l 

e•ery ptoi<am. The« bits may be flap in a ¡enual purf'<'« ,.,rr .. ·are wrnine, indiC.rion> of u# mal con
··trol condjfion• Of dou pochd inlo memory locations 10 moh lltcmory Ul iliu1ion more cffidcnt.. ,. ···'-: >···'·'· •. •· ,,,,,.,.,· .. ·· ·•··· • ~-· .. o: ·'··""•·•·"~--...... ,. 

r, ... , ·-.·.• ... ·::·. ··.···"·"··-·- .. · .. '".r ... · ... -: ......... . 
The Z-80 huthc abili!y 10 ><t; rc><l or \Ul any b•lm rht accumularOt,any &•ncrol ¡rurpo1< t<g>>ln 

or oriy rnemory lo<:>lic¡n with a >in¡lc in>ttuclion. T •blc ~ 3-10 lim 'rhe 240 ln>lfUtll;,;,, lh.i.t ir e ovaibble 
fot lhi> purpor.<. Rcgi,lcr tddre>sing can opccify thc accumul><ur or ony gcncr&l.purro>< rcgi<1er on whioh . 
'the operation 1> lo be pcrformtd. Regj"" indirttl ond iudcxed addreuing art •nillble te Operi\C en 
ultrnal mcmory locarion>. Bill"l cptulicns><11hc uro flo¡ (Z) if the lcsted bil b a zoro;(Rtfer lo '' 
><~líen 6.0 for furthcr up!analion cfflo¡ opcr>rion). .-- .. ·. ~:· .. . .• •• : ,.,-.. ¡.·;; ;• · 

JUMP,CAllANDR_ETURN, .• ·':.·O.,. ·:·· <: .. • •• , _., ··-'"'·•'·'':, • .-
,._,,,~-.-: ··-···-··-:· • .. ' .··-.• <: !, 
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.. : Fir;urc 5,3-1 l!rm;oU oflhe jump, ca ti and !OlUrn irrsrruclion> implcmcnl<d irr the Z-80 CPU A jump 
.ls a branch in a pro¡¡¡¡rir whcrc !he pr<>v•m counrrr i> ]oaded "'irh rh~ 16-bir valuc ., Jp<<iFied by ene ,,f the 
rtuci avaDablc •~dre11in¡ me-des {lrnm<dialt E" rndod, Rcl•ti.e ur Rr¡:.isrcr lndirrci). Noiic'c rh•r tht jurnp 

•! tr"ó.ujih.is ><•<r-1 diiTertnr ccnduioru th.al ... ;, be ,ptciFi<d ti> bi rnct b<forc'thÓ jun;p·wj]) bé ,ñ:,óc. lf .. - , 
!l. ·/ttit>< éoñd,icnl oi¡; iró1 n1•t, tlie P,op0m mcrcly cDrltinucs- ,..¡¡h lhe ntX1 ioq..lenl.io! iñlliuCiion. The .. • 
;,. <,.;~,i¡J;..,;, ~-;.-.¡n d,io<·~;¡.,, On Íht d.r, ·;, the fla&r<gi>~cr. (R•fet to ... cÚon 6.0 r~r d<r..iis Ón rhe fi.1 : 
:T-JCP<l<l~ n.. immcdiol< <>ltndtd addr<"in8 i> u><d lojump ro ony ]DQrion in lhe me mor y. Thisin- ·, 

Sl.ru,¡jon l<qulr<s thru b}1,..(1wo lo •pccify th< 16-bil addre") ...-i¡h th< ¡..,.,.. order •ddre., byte [I,.¡ 
fo!l~wcd by 11«; hi¡h ordor .ddr <» by!<.· · .. , . , :.:· • -. ; ,~ . ~ . . ·· · · , ..• · .. .- ¡ '" . 

.. ~··.-:=-.;o.:.;.. -·· . .. · >;. _,. ·--=---- ~= __...; _. = .-' 
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A C2ll is 1 ¡p<caJ foun 'oh jump where 'lhe oddJe'" Or lhe bytt foUowúii fi\o' &l!"l:inu.iériOn li"' ~¡¡ 

pu•hed onto the sud be foro the jump iJ 1111d<. A retu:rn inslructionis tht ,...,.. .. of a call be<::t.u .. tlw · 
~ d.uOun !he ,..,. o! thi Ot.o_cl .. pupped dlleedy into the re \O fOim • jumi> ódditn: TbÓ::a.D and-~iu:ro 

'~: i~nruoti<in> .inoW fw Wn¡.>l< 'iu~i outinc oñd -lnter""j>i huidlini' TwO ivedal ie'túñi lñ.iii>ctJcini"hlvt 'b~n 
~- 'in<:IJd<d in lhr Z.80 f>m~y Uf com¡>Óñents, n;;,'muin frÜm inl,;¡¡,~i ili.Uuciio¡,; (RETI) -,..., thó reiiiia~ 
•• r,...,:, non mcl..obte in•«ru~i (RfTN) aii u..Ou;d ;.; lhe CPU 11 ·a., l,..:a;nditi<inOl retUiñ X~tiltbft(;1:h'ior 
'!. · ~~ _C9H..: Tht differO~ce· ~ -lh~i (REn) ~ bú,~ia .-, ~·-~!"l Of in },;_,eúupi f<Min~- i:?d on Z-8o j>ériphenl 

' 

32 .. 

" 

' . • 

· . 
•• 

' ... 
. . , ' . 

:1 ·- 1 '·. :--

' 

,, 

<:hil" ,.;;o_ ~«OJI'IU !he , .. <U\ 10n o! this blrtruehon fbt pr_oyor control of nnhd priooiry irnerrupl Nndlin¡. 

•

. - ' · Tluo inllrucli<>n eouplrd wirh U.. Z.SO periplleul dnit-ol impl<.,.niati<>ri limplilko lh< ..O,.,;,¡,<hirn from " · 
- ;,. '""''~d ¡,,.,;~rt.:·Wilt•OO• lhi• fr~hlf< 1hifWJ,;..-u,t·wfh•"or< .. ~ .. <ne< """'!Id bt i>.<ti.ury lo infonn thc • : (__,-<;, 1: 
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nolif)' pc:riploeu]lhll ,.rvl .. 
roullll< ;, complcl< 

nu, l<><n byte ~<<l.<><no< '""be l<pl"td "'i\]¡ \]¡e one b)1t El lll<~ruclion ""d 1h• ¡,.,.o bylt RETI in•lructLon 
in the Z80. nlll ;, impor1""1 sin<< lllterrupt '""i<e lime ofl.n mU>l be minimi,.d. 

To focilllal< pro¡;nm loop COnlll>l Lhr in<U<>cticn DJ~Z t e.<n be U!td o.f--.r.liJ<DU!.l}". Thi>lwo b)1<, 
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Toble 5.3-12 U sil tho oi¡ht OP codu fo¡ the resmt inuruttion TIW. in<lruclion iso An¡l; by!< all to lnY 
o( 11>< ei¡hl addrtucs ]i¡ted. Th< lilnph rM<monic (or the« ei¡.ht c.alb isaho ""'""'- Thc "'lue o( lhi• ln
llructton is tha 1 fr.quently u.<d soutintl c.an 1>< colled with lhi• in<ttuction to minimizo me mor y u""l"-
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... : _ ·_. :: 'lb• 2.-80 hll in utclia~i lCÍ oflnplll inc! Ou1pu1 lnsiruCÍions ,;.·mo...., In i.blc S.l-13 ond table 
· _ : : '.5.3~1 •. Thc oddr<uinJ of \hO inÍ>ut"or out pul dc;.¡ec c:Ui be <ith-.r •b><>luto or rc¡i<lcr indir<"Ct, usin¡lhc e 

·---~.: rc¡Jsicr. Notlr::c thot In !he ¡o¡¡i<Ler lndirecl oddrcÜin¡-.modc dol.1 an be Lramfemd bctween lb< l/0 devica 
, ... and "ariy of !he inl<mol rej:lllo"'· In oddltion el¡h! bloCk lrinsfu instrucli"n• hlvc beu. hnplemento4. Theoe 

· , •• -initructiOm an oimDuto tbe~n<,.;..,ry biO<:k trorufcis O"ec¡it uio1 thcy u .. rcJiU<r poi~ HL for 1 polnt•• lo 
• · .. thc m<mo,Y wu;ec (oulput eommonds) 01 d<Jtinllion (input comm.ondl) "'hilo rc¡jÍ<tcr. 8 is u,. el 11 a byte 

co~ñter. Rc¡istl!l C hold' th'c' ódd ri.S of thc 'pO.t foi Which- !he itlput or output rommand 11 d .. itcd.. Sina 
rt¡i<Lcr <11!. ci¡hl bits in len¡th, !he 1;0 bl<>ck tr>nofer <Qmm•nd l.,ndlcoup lo ~56 b)1n. 

• • 
~---,' 

In 1hc inSinrctions IN A; ir and OUT n,· i: !he 1/0 deviu o_ddÍe,. n oppco.- in the low .. bolf of th< od6-
. re» bu• (Ao-A7) while the •ccumulotor ~nlen\ b tr•nsfci>-~11 in th< uppeo hili of O. e addr.,. bu o. In oD rct
i<lcr indine! input ourput instruetiom. indudin¡ blo:k 1/0 tr.nsf <rs thc ccn.w>l of r~íotu e b tr:ond'cned 
lo tbe Ju-..'tr bll uf th.~.,ddreu bu1 (d-'i« oddr!u) ,.h~e th• crnt•nl e>f ••ti-""' B ;, tunsfeued lo tbt 
upp<r Ju1f <>f th• •~dt<>< buo. :.' · ' · ' ' 
. . - .. - -- "-=-- -=-- ___.:. • . - 7 -,_;_ 
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6.0 FLAGS ( 

f.JOrh of tht two Z..80 CPU Flag"&"!"' Culltoinui• biu of inform•l10n "hich ••e Kl or I<Kl by 
various CPU"~'""""""~ Four of thue biu "'" lnt•blo; lhll i<, thty '" u,.d u cond>tinns fo• jomp, <>11 u 
1<turn intltu<lion~ For rumrl< a jump 1no¡ bt dtoiled only if a sp<"dfie bit in tht ll•g rt¡iow is KL The 
four ¡, ... ~le n.g bit>.,.; 

1'¡ c.,,;. fl•l le¡- Thi> ll•& is the c>rry f1om !he hi¡h"t order bit of the arc-umulator. Fo1 rumrlr. the 
urry Jl>¡ will be ><1 during •n odd inmuction whero • c.>rry frOm tht ru,h<>l bit of the "cumulilot 
;. gen<ultil. Thj>flo¡ i> abo"' of a borrow 11 r<n<raltd du1in¡ a>ubua<lion inmucüon. Tbt !h~t 
and !Olalt in>lruclion> al >O afftcl thi> b11. 

• • 

2) Ze1o fh¡ (Z) - Thio O•J U "' if !he 1no!t of tht oreratlon lt~>ded 1 ><10 into lhe occumub1or. Oth<J· 
.• w;,.ilisro .. t .•• •.- ·_ · · ·. • · ... . • · . . . ' . . . . . 

' ' . . 
3) Sip> fb¡ (S)- This llo¡ ¡, intend<d 10 1>t used Wilh •igntd numbm and lt i> ..,¡ if the ruuh 

· of tht oremion wa> M,ati><. Sintt bil 7 (MSB) «pre><ntotho oi¡n oftl>e numb<1 (A ne¡;>ti"" 
numbti hu a 1 in ba 7), lhll flog slo1nth< slo1e ofbit 7 iit !h.; occ.umulator: .· .:: 

. . ' . ' . ' ' 
• • ·- ... '+ .. - .,--- 1 --------- --- ---

4) Parit)•/O•erllow Flag (F'/V)- Thio du.J P"'P"" llo¡ indica In lhe pariry oflh< rerull in tht o..:umu1not 
"htn lofitol ~p<J>liono 01< performtd (su eh;., ANO A,'B) and JI ItprutnÍo 'o..,.IfJOIO' IO'hcn oirned 
'""' ·, ccmpl<mtnl >Iitllmetic opeations 11e p<1fo1mtd. The Z..BO o..-IIlow lla& india!<> 1)'1.11 !he 
IWO'> compltmtnt number in \he accumulotoJ io in <lfOJ oiitce it huuceeded lhe mo.ximum p<>lo
oi01t (+117) 01 is le" 1hon the minimum p015ible (-128) numb<r lhm c:an bt "P""""d in two'o 
<<>mpl<~n<nl nO!Oiioij. Fo1 nomplt ton>id<! oddin¡: · 

+1 ~o. 011) !000 
+lOS., 01101001 ( .. C• o 1! JO 0001 E ·95 (wron&) t1 .... rnow hu occurtd -• 

Helt lht 1<<ul1 ;, incout<l. Ch-oiflow hu oceuutd ond y<1 lht!t ;, no cony 10 indieo1t an U1ot. 
For th" '"" tht o• """"' n., would bt m Al>o comid<1 1ht oddi!Jon of 1 wo nr¡• 1 ¡,., num"'"' 

., . 
·16 -

lllllOll 
1111 0000 ' ' ... 

C' • lllOIOII., -~l amt<l . . . . ' 

N<>ik< th•l 1hr "'"""'' i> ,·orrect bu\ !he c.m)· ¡, "' oo thot thi> na~ c•n no\ bt ""d" •• ¡wtr
flo,.·inditohn.ln lh~<<"•" thr o•t~flo" ""uld nCTt be"'· : 
F 01 lo¡icol Of" 1>1 ion o (¡&,SO, OR, XOR) 1 his n,,· ;, 1<1 Jf the p01ity of !hr Ttoull Jo t>tn ond H il 
rtottifhbodd. · ' 

1) H•lf ''"Y (H) ~ This i1 the BCD <>rry or borrow ruu]l frorñ thc looll oip>i(k.anl four bitl of optnlion. 
When uJinz•he 0¡&,/'. (O<"<im•l ¡&,djust Jn>tru<Tinn) 1hi1 ll>¡ ;, u><d 10 cou<Cl the '""'' of 1 

prt•inu> podrd dr<imal •dd or 1ub11a<1. ' 

2) SuhltUI na, ('S)- Sin« lhr ol¡olilhm for crirrrtlin¡llC'D ;,ptrlllMo i< d1IT<1tnl fOI ad~ili<•n 01 
ou~t .. tiiM, lhio fl•f " to"J 1<1 lp<,ify "J.a1 lj ¡>t uf ÍII>UU.-1100 "'' t\t'u"d )nt >O !lo>l lh< 
O'~""'''''~'" .. ;u be:''""" 1,.1 Mh<1 .Jd,¡;.,, 01 oubu,.;ü,.,, 

0'l'I"JxJ, 1' 1 < 1. 
...=.""'~ X mrono lloz b ir•J<>wninotr. ·= = ~ , - -

" 

( 
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Toblo 6,0-llim how •••h n., brl" offocted by vuious CPU imtruclion~ In thh tibie 1 'e' illdic•t•• 
tho! Lh< instruction do .. note !unge th< fl•g. on 'X' mun< thu che fl•g¡<><:oto '" indotenninale >U le, o '0'

-m!ÍÑ tbiu it b TU<!, 1 ']' mun< !hu il is 1<1 oi>d the rymbol ·~· indit.ol .. tlul il ii .. 1 01 fe<tl occordin¡ lo 
the previou• di..:ucion. No!t thot any inotruction no! opp~uing in thio .t~bl~ doe• riot oiT<CI any of the fl•gL 

. ' 
Toblt 6.0.1 ;...,]ud" 1 few sptcial<:a .. s tlut muot be de!oefibed for dorily, No! ice thlllhe blo>cl ""'eh 

inotruction .. ,. !heZ flog ifthe Jan compare oper.li<>n indic;o!ed a mal eh bet1<ten !he •oure< and !he 
accumulilO: d.I.L Alw, \he pllity fl•¡ Íf, ><1 if !he by le e<mnter (tt&ioter p;~i:: BC);. no\ equil!o uro_ This 
"'""' u.., of !he p;ifÍIY fl•1 is made with tht blod: mou inslructiOn>. Anotha opedol ,, .. i> dwing block 
input or out pul inSirucHon.., her~ \heZ llag it u><d lO indico te the 1111t cf "gi11er B wlrich i1 used 11 a bylr 
coun\.,, Notico lh>l when \he 1{0 block transfer ;, compltlr, tho uro llos wiU br ""''te 1 •no (i<. B-"0) 
whlle in lho """' of• blccl "'""" comrrund the pority ll•& is ,. .. ¡ when lhe o~raticn ¡, compltlt. A firm! 
aso J. when tht teftuh cr 1 ,.g:i11er i> looded into the of.<Umulatcr, the inletrupt enoble llip llcp is looded 
into the pallly flag w th3t thi complete s\a\t of lhe CPU can be uw:d •tan y time, -. .. .. 
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7_0 SUMMARY Of OP COOES ANO EXECUTION TIMES 

Thr foil' owin~ '""""" ¡:j,,._, a '""'""''Y of 1 he Z..~O in,¡ru<li<>n> "'· Tht insuuctiorn >'< losic.lly •rr•n~<d 
inh> poups •• o)¡Uwn on !>bies 7.(1. J lhrouV. 7.0. 1 l. Ea<h l>ble ohñWs rht •"'"mbl¡• L.n~u•r• mn<munic 
OP rod<. !he •<t<>•l OP rodc, !loe s}mbolic uptr.,ion, !h< cont<nl of !he n,~ "~""' follov..;.,g rhe n«u· 
!ion of coch in.UU<I•on, th< numbor cf byt<> r<~uitcd for cado inmuctioñ •• "<11 •• th< nuwbcr of mcrnruy 
C}cle; ,nd !he toUI nun>bcr ofT sures (r~re,...,J dnd p<riods) rc~uirrd for lhr fetdun¡: and <><<>~li<>n of 
ca eh in<truction. C"ar< hao bt:en lllen lo mah <•eh roble ..,lf.u pl411.1lor y wilh oui r<ql•inn¡ •n~ ao .. rder· 
<n« wllh the 1<>1 or other l•bles._ · 
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8.0 .: INT~RRUPT RESPONSE 

Th< putp<»< uf"" illlclrupl ;, tu ~!lnw poripl><r~l de•·icrslo w<pond CJ'U u¡><!3tion in on '"d<f!y 
'""""'' uod forrr the CPU lO •l•rl • f'l'liphoul >on·ico rOutine. lhuoll)' lhio """k< roul in< ;, inYolvrd wiLh 
lloo enhong< nf dota, nr ~ 11 us •nd eonuol informuion, bet w.en lh< CPU •nd the peripher1L Once !he 
,.,.;., toulint i> c<>mpltitd, the CPU r.turn< lo lht opemion from whioh it "''' intenupltd. 

I~TERRUPl [/<;_HILE- DISAIIlE 

Th< Z80 CPU h•s two int<rrupt inru,.,a sor, ... ,, m"bblo inl mupt ond • non m,.~able i111orrupt. 
Tilo non "'"k•blt inlwupt (:-.:~tl) <>n l!r>l bt di,..bltd by the pr~¡r1mm<r •nd it .,;]1 be ac<tpled "he,. 
., er • p<riphtul dt1 iO<' r<queus 11. This interrupr ;, ~onetollr ,,, .. , .. d for V<r)" irnp<>rtant fw>etions thlt 
rnuot be ><nked ""h<n<~er they o<rut, ouch •• •" imptnding po""tl hilur.. Th< m.,J.able inr<r¡llpl (1'\T) 
~-'"he ,.)rtti,-.lr en•bl<d <>r drsobled by!~< progummer. Thi• allow• lh< P"'¡:romm" ro di••~le th< inler· 
rupl during prriNI• whrre hi• program bu rimm~ conouoinls rh.r do no! allow il ro b< interrupted. In lhe 
ZM CPU rh<r< ;, an <nablr flip llop (colled IFF) thol isl<l or ,.,., by !h< pror,umm<r uoin¡ the Enab~ 
lntenupr (El) •nd Di...,hle ln~tuupl (DI) imrructiono. 1\llen rhe lff il iurt,an ini~Uilpl con no! br 
arcrr«d b~ rhr CPU. : .... 

Acru•lly. for PUIJ'O"'' rhai wil] br >lJbS<quenlly ~xplainrd~ ,"i,.,, ;,; ;wo enabl< flip llops, c;o]led IFFz 
•nd IFF~. · 

AcruaUr di-.3bleo intelfupts 
: from being accept<"d. 

• 

T<mpoury <lo;.,, locati<i_n 
for JFF'. · . ' 

·. . .· . . . ' . 
The m re of JFF¡ i1 u .. d to icruolly inhibir interrupto wMe JFF2 h u~<d ''a temporary lloUJ< location 
fur li'F 1• The purpme ofsrorin¡ rhe JFF 1 wiU br oub .. qurnUy e>.plain<d. 

A,.,., ro rhe CPU wm fofC< both lFFzond lFF~ ro rhe ""' '"" "' rhor irn<rrup" are di.,bled. 
The)" can rhen b< en•bled by on El inurucrion ot ony rimr by !he pro~"mrn<f. 111><n on El inmuction i1 
e.\OCUI<d. •n¡· pcnding int<rrupr r<queu will no! b< occ<pl<d unlillfter lhe in"ruc:ion followin¡ El hu ·" 
brtn .. ,cu,.d. Thilsin¡;l< inmucliun dolar h n<c.,,.ry f01 <>."' whtn th< follo" in' inmucrion ilo rtlum 
im!fuction ond in1<nupa Inllll nor bt allow:d unt illh< mum ha• br:n .:nmploted. Th< El infl rurtion "'" 
borb JFF 1 •nd JFFl'" lb< en>hl< .raro. \\"l1<n on int"rupt i<><C<pl<d br rhc {"PU. l>n1h li'F 1 "!d lff2 
ore ""'''"'' ic•ll)· ""'01. inhibí ring funbor inr<rrupr. unoil rhc P"''""""'' ";,z,., tn i<<ut • ncw El. in>lruc-
tion. Snr< lhll for all of the prcviou, c...«o, !FF¡ ond 1FF ~ore •h»yo e.¡ual. · 

The p~IJIOSC cf JFF2 b to u~ the "srotus of IFF1 ~·heno ncn mlll..!bl• inrerrupt ""'"'"'· Wb_•n o non 
muhble inleuupr lllccepred, JFf 1 ;, ,,,., lo pre-enr furlher intw uprs unr il oeen obled by tht pro- · · 
f""'m<r. Thus, 1f1Cr • non m"hble inrouupr hu b"n ~<·«rood. m,.~ohl< tnltr"'P" ••• dt••bl•d bu11h1 
p1<>ious¡la1< of JFF 1 hu been "''d '" thll th• compl<l< "''" oftht CPU juol ¡.-•i<>t 1<' the nun ma;hblr 
in1<nup1 can be rtlturcd ol any tl•n•. Wb•n •Lo•d Rr¡:;iner A with Rr¡ioter J (1.0 A. 1) bOunctlon., 1 
Lnod Re¡i>T<I A whh Re¡;i•ter R (LO A, R) Jnnruerion il """"d. rh• 1101 o o{ 1FF2 lo ~pied In lo lhe 
p•rit)" Oog where 11 con be lnted or Ol<>•od. · · · · ' · · · ·: •. : · . 

A socnr.d mt!bC"Id rof J<<lurin¡; tloe sl•luH•f LFF ¡ ioth•u tbe <>r;urj .. n ,,¡ • R<1UII• Fwm ~"" 
""' ,b]e ]ni<• rupl ( 11 l:"n<) in•lrll<lÍi•n. Sin« rhi·. :,., r>•<t"tr•n O:•Ji~•''"' r\r>1 ,;,,. ''"'" "" ,,: .. blr "•no e• "'PI 
,_."¡,, w~TÍ••• ;, ~···~rl<rr. rlo< «"''""" of JFF: "'" "'"~ wr'·d ~<.,~ in,.·. 1J f 1, '" 11••• 1b' ,,.,,,., .,f lJ F¡ 
juu pr iot to the <<'<PI•~ce ~f 1h< "un , ""l.>bl< lr.,mupt ''"'11 be '"''"'"d '""'ra.rirolly. . . 

" 
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CPU RESPONSE 

Nnn \b<l-.ablt 

Aclion 

CPU R<><l 

m 

" 
tD A,l 

tDA,R 

Ao«pl ¡.,:MI 

RETN 

.• .... 
'•·'·'" ....... o o ... -... : . - . ' .~ . . 

• • . , JFF 2 - Poriry flo¡ .. . . . . . 
• • JFF2 -.p,_,.¡,}; floJ 

o .. 
JFF2 • lFF2 -.JFFI" .. 

" 
' · .... indicolts nc chongo ,, ·' ... .. ' ) . .. . .. ·,;. 

. . FIGURE &0.1 
ltHERRUPT ENABlE/DISABlE FliP FLOI'S 

' 
. . 

•• 

. ... 

, ... 

·' . ¡, 

·A !IOnrn,.~oblt in!errUpl will b• OCC<J'I<d 11 al] lime• by !he CPU. Whrn lhi• <OCC"Un, lhr CPU i¡;nor<O 
th< nn! in"ru<lion lhol ji folch<l and imtud doe> 1 "'"" lO local ion 00/oóH. Thu1. it bohnr> u><dY U 
if il h>d ~<«ivtd • "''"' innru<lion bu1, il ;, toolocllion 1ha1 i• nol ""'i.l'f lhe S sof1""'" reOiorll<><>. 
lkml. A ""'" ;,. m<~ely.• al]¡o 1 •pocifio oddrm ;, P'&• O of m•mcry. · ' 

.·;"•" .,. . ,• 
-......:.~ ·-~'..;.. 

, Th¡ C'PU ~nbe: ~;~,~~d to ~~~d 10 :,i,. ;,;W.bl~ interrupl i~·'"l" ~n• of t~ott ~•~"ble ·' 
mndro. , ...... - .,. ·· 1 •. · • ·... • 

' ' . : 
).lodo O ' ' • t • 

'. ' .. .. 
<,. . n,;.,t"'J' i< idtmicallo 1h< ~O~'lA ini";~P' '~'l,¿~,. mnde. l'."uh thi> '"''dr,1lor inlru">Jpli"¡; ,!<>!fe 

••n pi•« •ny in>l ruclinn on lht d•l• bm ond lht CPU wiU •~<cult it. Thm, lht in!< rrur1in¡ d<>ito pro-
. \"Ídu lht .ntxtinltmction lO bt neculed Íil'II<Jd oflht mtmory. Ofla. lhi> will be uularl •. ilmn>Ciion -
sin ce lht inltnuplint duice only n<<d supply a lintl< byte inll rutli<>n. AU<rn>lhely, any oth" lnouuclion 
<uch •• a 3 byt< c..lllo '"l' lr•u1inn in m<mory could be. uteulod. · , ..•. -. · • '· '·· ' ' •· 
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·• ' The nu.nbtr of clod cycle;~,u~ry io"uocult thi> in~lru;lion it ~ m..•!f !h.n ¡hi r.~r,;al ~~mb<t for 1M 
Ín>tru<liOn. Tloi• O.:cun oineo lh< lPU oulcmuie..Jiy >ddo 2 "'>ÍI "''"lo >n i~ol<rrupl "'1''''"" ~dt 10 
ol)o .. : oufficitn11Ím< lo impl<m<nl ""<~ltm.tl doi•Y e].,.¡, foí- pricrily conunl. Ste>Íon 5.0 olluolr•lnlh< 

• , "< dtloiltd Limin¡ for In inltlrupl r<>pOnl<. Aft<r lho opplicolinii Of Rf.SET lht CPU wjl] OUIDm:ollally enl<r 
..... inl<rtupr Made O. 

,. 

. ~l.ode 1 .~; . .. 
1\hn llril mr>d< h» b«n "''"'d by thr pu-tr•~rm;r, ihc CPU ,.;11 ;.,,.,,;,.d to~11 ;,.rcrrupl by 

tuo-~1"1~¡ o ""'" lO l<>e.~li<>n OOl~H. Tl-u•lh< rnponl< i1 idomkol te tlul fu1 • nnn m>Liuble inl<r~up! 
nr<pl lhot tht "'lllt•Ca!iun;. OO~SH in<L"d of 001o6H. Ar.rllr<I d,ffcronc< i> 1),.¡ lht numb<l of C}"cln 
requirod Lo eompltl< lhe "'~" in•lrutticn i•2 mero lh.n n<•tmol dutlc the h•o odd.-d ,.,¡¡SI Oleo. 

.. 

" " ' '" 

oc 
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· · ., ... , ... ·o:·,o• ,•,; 01·,,,.,"._,-,,,•: ,_._•! _,,_¡···.::.::-· , .• -. "'·'····-- .. -
Tim mode f11hr "'""' pL.,.ttful lnteu1.1p rhpon<t 1110d< Wnh o siH.sl• 8 bu byle ftom !he""'' an 

•o·._indiJ<~Icolle~nh<m•delo>n)•mtmoryloc•uon. '' -·· '" '"· ·• · 
- ; •.•. o'"· ~.--q.o:-'"'-

1\"ith thi< m!>de !he P'"!!'""'"'"' m•inl•in• • 10bl< of 16 bi¡ slutin! oddru.:f• f01 ~''ti)' inwrupt 
S<r><irt •outine. Thil uble moy 1>< lo"eaud onywller. in memory. When on ín1rrrop1 ;, •ccepled, o 16 bit 

' 

, •; _puim<t mtrll bt formed lo ubtain !he desired int<nuiu ..,iv;cr touline ''"'!lng •ddrt>Í from !he toble. 
n,. llpper 8 biu of 1his poin1er i> formé.! from th< con~ en!< of th< 1 t<girtet. The 1 "~'""' inu<l ha.,; b<tn 
ptr•·ioudy l~»ded with tho du.irtd •·&lut by tho pro¡;romsner, i.e. LD 1, A. No1t lhll 1 CPU ,.,.., dHt> th< 1 
rr~iOI<r •o thal ji ;, initilli>•d lo >ero_ Tho Jowor eigln bil! oflht point<Í m un be supplied by lht imerrupt- . 
ing de<irt. Aclually, only 7 brts aro requir<d from the inl<rruptin& device U lho l<lSI signifoanl bil must be 
• ><ro. Thi• ;, r«¡uired lince lht pojnter is u~<d lo ge!IWo adjace~l h}~"to form 1 complne l6Di1 se M~ 
rouli~• •1u1i~g •ddre!i:< ond tho oddrenn must al"''Y' ltan in even l<><:alions. . , . , , ,. ,- 1 " · 

ln1errup1 
Serric< 
Rnutine 
Sl•nina 
Addrus 
Tabl< · 

lo~· order 

"' h arder 

.. , 
< 

} 
.. 
' 

de>ired <~miñ& Hidros. 
pointed to by: 

' 
"ro 
CONT!Nr'S 

7 BITS FROlol 10 1 -

'-""""'--'''"'''''''''''""''J''"''"l .- --~--

' . ---¡ 

' ....... 
' . 

~ --· .. 

·-

Th e firs1 byle in lht l•ble Íl!he len! 1i¡nifi~nt (low oidrr) portian of the .ddrns. Th< pro~.raminor mus! .. 
olwi~>nsly m1 this toblt in wllh thi de>ired addreS>es b<fort ony intOrnipts oro to be occ<pted. 

.. - .. -.-_·- _-·_: -... _____ :. ; .... ·. : 
Nott !ha! this!lblo con be <hanJ<d al any timt by tho pr01rammer (ifit ;, ,,;,.,d in Rud/Write 

Mrmory) 1 o aJiow differ<nl pcriphO,.b lO be "'rvictd by differenl servict roulintl.-
. - . . . ; .. _ : ·' ·.: --.-·-·; ---·--:·· -.- ·: . (' ·- .l -. .· 

Once the in o OrTuptin& devic., suppHis tht IP"-·<r puni••n of tlw puinltr, 11>! CPU IUloJnltieolly puU.u 
tht pn>&rom ~oun101 onto lht Jt~d, olnainl tho I!Onin& oddrns from the1able and do"• ¡~mp !O thh :·" .. 
oddr•""· TI>1s m<>d< of 101ponse rOquiru 19 clná p<noch !o ~'-'mpltre (7 lo ftrch tho lo"'"' 8 bns f,om the 
iolerruptins d .. ·;ú, 6 lo .. ve }h• pro&m'! couri1e1, •nd 6 lo.nhtain lbejump Oddr .... ) ~ . ' . -

' • ! . 
• .- _ No!< ch.ot the Z80 ¡>C'fiphe1al dev~n 1!1 in<lu~o a dai>Y chalo pri<>Jily inleJtupl+lructure thJI auto- , ,, 

matic.ally ruppli., !he pro¡¡r•mm<d ~OCIDr ro lbt CPV during inl<riU¡>t ad.:n~"-l<dge _ Rtfer lo !ho Z80..PIO, 
Z80-S10 tnd.Z80-CTC manual• for detoils.' ... 
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9.0 ijARDWARE JMPLEMENTATION EXAMPLES 
·'·,•o:,.;·:~o:t•: """''' 
to frnpl<menlin¡ sysLems wilh the Z80-0'U. 

.. -... --~·-·-' , .. · . . ' .... ·! '"' · •. ,_ .•. , .... , __ :: ·' ' 
l) Fh·e ~oll powu l~pply , ·: , · ....... ' . ,,,,,.,,-

.. -' ... :; ..... 

56 
. ' . ... " 
. ·.;.' 

... ':i¡ o>cm.ior : .· - . ' . '. ' . . .. -.:,-· .:•. 

3) ~lemol}" deviuJ 

4) 1/0 tircuiiJ 

5) CPU 

·' ''! 
• 

.. .... . ....... ~' ·:~ . · ...... . 
-~=." ... .. 

. ' .... .. , ·" 

.. 

. ,., 
... • .. 

. , .. ' ' .. . . ' 

-· 

, ... ··.·:.··~:··. 

"' .... ,, 

,~, -~~- ~:· ,,., . ., :··· d 1 

... .. . 
:·•.,•.··./""'' ..... . 

.---,--, .. ... . ' . '. ' · .... 
.. VDI.. ·-··'. •.. ·. :· •, > -·••• ..,,U....... ·O'•:." -~'.;:-·• ' 

·¡~. --·--
· .... 

···1 • • --~~~~:e .. ·-.~-·: .. :~·1-·_; ~~~~·-·_: .. -; : 
r"'t=~'====~~' -·· ; : 

.. ~,, .. F= .. =.j:¡::~''' .. =.= .. :.=.=.=r=l~~";:==:~~.; ':;-.. ~ .. :==J ~-· .. ; -
• • - ·"· ''" ~~ .!. 1" ''• ,J, :::, -~f~· ;·:·:·c·:-~~~~~~];]l·_·_·_·j· :·~· ~'· ' ,... , . ,;,, "~;; .... ... ;.·, .... ~ ;;;·,·~··· .-.· .. -... . ' . . ,, .. ,,. ''"'i' .. ~;,¡; ... ,:,.,,,,.('• .. :·!·· ...... ·'"lliii3'''- -- ... ·.· '· ....... . 

' ' . ·::.:;·,:: ,, ,, .. :: 
:: ..... ; :,,,,,·;·, .... ,,,.,. i: . ' 

.• .... •,. ·.: .... ,L....:, .::.~."-:.·. :;-·.'')• ...... ~...;· :-"<·:·,·., .... (: . : .. •. .. ··.?: _:; . . : ' . .. ' ·' ' .... · - "" .. ·.~· · .. , ••. ~ :.c·.·!:t·-·· '• 'li'i •.•. •. ¡¡,"':•: .:. ,,.,, .... 
-·~ ,. . ...... .•. . .. ·~. ;)•;·,,, :·'. 

'- . •' • r .•:, ... :.· .•. '; ,¡, 

.. 

-. 
'l __ , 
' :• 
. ~-. 

' . '· ·-·· ... ·= 
' 

· . 
' · .. · . '· . 

e 

' 

( -:. -~ . . . -
- -··· ·· ,-.~-_;;, ":'~"'~ ~·vs>-l:r·-;1--~··-• .. -'.E·-

·-··.-!·-·.: ''''""':;.:;• '"':'_'-- :"' ;- J' _,._" •• ' ' .. ,, ' ,, ·- '; ,~:~---;-.] • .• - • •• _ •. 
;:;·,-.,_ •¡!,; ,_, :---,;~ :~· ..• -: ·:.:~·-·""· ,:,; .;',')'.~- ,; ""'""' • .. ".:-.... -··· ..• , ·:;· • --- . • ,_._ .. 

. ·-. . , •• ·-.: ~·· •' ··l _,.,_,,'J.J.-•0-:.~~- ......... _... .... _ .. ,, -~- '· . . ······ '" ·. - . . ..... ·- ·.-· ·-, .•. ··::, 
·_, fiGURE 9.0.1 .. 

MINIMUM Z81) COMPUTE A SYSTEM 

· .. ~ 
Sine. the UO.CPU unly ..tqui«> oJin¡le ~, ~oll supply, mo><l Wull 'Y'""" .:.on b~ imple,.ented uslnl 

t>nly this >ingle supply, • 

The oocilbtor tUl bo Yocl)' simplo sin« the only ltquir<mrnt is lh>tll be 1 5 voll «¡uare WIW. FDJ 
oystem> n01 fllnninglt full .,..e~~, 1 >impl< RC o>ei!lllor can bo used. \\brn lh< CPU 4 opoi1ted n .. r the 
hi¡:l>.,t pouible frequency. 1 cry"•l O«illalor is un<r_ally rrquirrd be.,,,.. thr •r•••m timin¡ ,..m not · ' 
h~<r>l< tho drift or jlll<f thot "" RC """'Ofk ,..;o Jmor>le. A <ryrl:>l c~cill•h•r c•n br m.dr fr--rn in•erten 
~nd a r ... di<cr<rt cump<>nenh oo nu . .,..tJthic ti"viu ,,. -..id<l)' ooonab!<. . ... . ' ' . ' 

· .. Thr t~l<rnol mr~ory con be in) ~~~U~· olrland~;d ~~t . .:'ROM,;;, f'ROM. In thi> >imPI< runiple 
...e ho•< <ho.,..,· 1 oin¡!t 81( bit ROM (l 1( byuo) boin¡ utili>rtlnthe cntir< m<JJ><>ry 'l"lcm. Fur lhio 
eumplt wr h» • usumed "'"' tbe Z-80 in10r"'l tttoster '"" r.cu• ot iun c<>nl>i~, '" rr .. ·icnt Rud,'Wril< 

• '""'!'loO lb" <\l<f,>ol RHI ,...,..')' h no.>l r..quir<d, · ~ ,, ~, :~· • . : ·.:-·::;-: .~·-:~. :_: ........ .;::( . ... :.----:.· ..... 
. . ,• ·;· . -. ./'-
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' . f•<l)' compul<r <j'>l<m "quorhl/0 dJcuil• 1<• al!ow illa inttrf.cc lO the ''rul world." In thi>>implo 
~•.,~pie il i< '"umed 1!.11 the ourpul i< on B bit cunlrol vrctur •nd thc Input i> on 8 bitii>IU> word. Tho 
inpul d110 <••uld be ~·••d Unto !he d111 bu< U'>ill¡ •"} .,,nd.rd tri-oto" dri•er >~hfle the outpul dolo coWd 

. bt lauhed "·ith any lype of <Und•rd rTL lalch. For lhi< <Hmple "" h~>t u"d o zgQ.PIO fur the 1/0 
mcuit. Thi< <ingle citcuil o1t.rh" to th• dala bu> n '"""" •nd pro1·ide1 lht Tcquired ]6 bm of TIL 
comp,liblo 1/0. (Refer lo lhe Z80-PIO mono al for dotoil> on tht op<ooliun <>f this cir<uil.) N oh« in this 
eumplt thot "'ilh Ollly \hree LSI circuia, a simple <>O<oll•l<>r ond o <in¡lt 5 •oltpO\<'tl >upply, 1 
P""'rful Com;>Ul<r h., b«n in•pltmtnted. · 

ADDl~G RAM 

~\nst cumpuW !)'>lOm< «quir< ><>m< amuunl of n tunal R,.df\\'rilc m<mOJY for d>IO <lor•S< and lo 
impkmtnl a M<l~<k." figure 9.().2 ilhu.lraln how 256 byl<l of <1>1ic mtmory c•n bo addcd 10 lh< pre>"ioU< 
nample. In th!• •~•mple th< mmlCf)' •poco is n•umod 10 be organi'"d U foll<n•"S: 

Mil¡o. •o "• ... 
" 

.. 

Aa-~· 

·~. 1 

·"""' ' 

•.-~ 

IK byln •o• 
156 byl .. 
MM 

Addreu 
OOOOH 

03FFH 
04001! ..• 

""'"' 

ADDR(SSBUS . 
.-t.o;•. 

...... ~ d, 00 . 
>S& •' ' 

'· 

' .. . 

""" •o 00 

••• ~-~ ' .. '., •M • "' •M 

do- "J ' ' 

O"ABUI 

FIGURE 9.0.2 
ROM & RAM IMPLEMENTATlON EXAMPLE 
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........ 

'" .. "• ~ ... . .. 
' " 

• ... ., 
' 

.. .. ... 
In IM• e¡.~,.,; the •dJt•"" 'P''' ;, dnotib•d in h<> ;¿ocimal llC.\oiÍOII. Fnr lh'' ·.-.·norlc •• ddre .. hit A 1 o 
••P"~'" lhe RO\\ >pa<< ft<>m lh< RAM >P><< '" lh>l il <>n b< u"d for th< d,'F •<1<.:1 fon.:t;,,. Foe 
lotg<r ""'""""' of uturial RO!>! or RAM, 1 simple Tfl do<ndu ""m be r<quited lo {'"'" \he chip "'""· 

MEMORY SPEED COSTROL 

'"' tn<n¡· ·~plk.,i<•n<. il m•)" l-o dr.i,.~l< tn "" •1•;.1 ,.i«n .. ri« '" .,.•.,". ''"'"· llte \I"AIT !in< on 
tloe ("PU .n,.,., lh< Z-80 In "1'""'' v.ith 1ny 'r<"'d ''"'""''>".By rt.'.rtin;-1->.·1. ''' ,._ . .,¡.,, 4 }""",.;¡¡""'ice 
th>llh< m<r..ory >e< U> tim< rtq'-'iltm<nll ate mMl '"''" durin~ lh: MI c~.-1< ÍTo>Uu;:tion f<t<h. All nlh<r 
mcmuf)' •«••><• ha>< on •ddiriQnaJ ""' hol( ofo dt.:l C}d< 1<> ht <Ot:oplrtod. F<" thll , .. ..,n il moy bo 
dc>i!>blt in <nm< •rplir.tiuns lo add unt , .. ¡, '"" 10 111< ~~ 1 ;:td< '" th" >l··'" •• m<m~• iu con bt u-rd. 
F·~ot•: 9 0-3 ¡, ,, •''·''r.pl: <>f, •;t.•¡>lr cl•<llit th., ,_,¡11 ><:··:t,~li~ tl11l '·''"· Tl:i· < ;1,·•.rl .:.ro !Jo ch01 r•d ID 
~·te<:~~' · .. ~jt '''" l""'•l •········'l ,,,,., 2>•.!·• ·.n in !"":·•"< '1 ().4. 
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Thi• o•cticn 11 !nllnd<d only to IOf"< u 1 brirf intJoducllon Jo inttrf•dn~ d)'namlt rmmorin. Eacb 
lndlvidu•l dynamic RAM hu v•ry·ins \P«ifo<aliuns lhal ... -m f'<quire minot ml'difoc.llono ID rht ~t><riprlon . 
¡i•·•n hut ond nD"onempl "m bo modo in lhis dro:umen11o ¡¡¡•·e ~eloil• furo~¡· p>rlkulor RAM. Sip"''" 
oprli,slion nole• >lrowin¡ huw lh< Z~O.(PU <•" b< inr.rf.-:<d ro muor purn!or d¡n.~< RA.\!"lor< · 
o•oil.blo fr~m zn .. ,. . . . • ,•' ' .. . 

. ·; . ·. -· 
Frruro 9.6-5 illumolnlh<IDJic ""'"''Y ID in~erf..:e ~K by1n Óf ~yriomk R...M iroln¡ 111 pin 4K 

dynomic memori<_<. Thil firure onumes lhu lile RA\1'• ort lhe only memory In 1he 1)'11<m SO lhll A11 i1 
u,.d lo select bet"'''" lh< ¡,.-o P•tr:• ofmemosy. Durin¡ rtfJOsb lime, o11 memurin in lh< syuem m1>1l bo 
re>d. Tho CPU pro•id.,lh< prop<r refr<>h oddreu on h"u AQ lhr<n>¡h A6. To '~d ol~il<unol mrmosy ID 
the 1) <l<m 11 Ir nr<nury h> ur.ly ropl>;e lhe r ... o~U<I thor opero U on A¡~,.;,~ > .:l•••odu l~>t ''""""' 
on .JI ><quir.d oddr<" bits. For l"t" •¡·slans, buffer in¡ for !he oddrns •nd d>t• !>011 i• o!"' r•••"•lly ,. 
requind. '·' , . -•· •· • .. • ·.. · •" 

•' 

" . ' .. . . :; 
.· 

' 

... _:.. . 

" 

.. · 
• 
' 

.. 

58 

e, 

o 



'. 

.. 
1 

' .. 

e 
. 

' .• · .... 

- ·--
.. Rfci , ---···-... 

~ 

' 
"o· •., 

•o·-, 

••• 

. ' 

. .. . •• ... ' • . ·--
) ~e_: 

>- . 

"· 0< •1 ~A .. ~ ..... 
OM 

~AGf 1 
DUA 8U< J (1000oo 1'H1 

. 
. ~ • 1 

4K • 1 RAM .\RRAY 
OM 

... c. g 

FIGURE 9.B-& 
INTERFACING DYNAMIC RAMS 

--- . , . 
... 

• 

" 

.. .. , 

... 

. 

'-·" 

... ' ·. 
•• f' 

.... 

• ··-. 

,:; . . ' " . ; . 
' -- ·' .. 

' 

'· . .. . ~-

.. 

.-
' . _; '·· 

( 
' 

. ' 



(' 

• 

10.0 SOFTWARE IMPLEMENTATION EXAMPLES 

10.1 MElHODS OF SOFIWARE IMPLHIENTA TJON .. 
Se•<nl d•ff< !tn 1 app;nao~n '" pos., bit in d ,,.Jnp'tng "'[\"'''' for lh< Z-SO ( F•gu¡e 1 0.1 ). F "'' of 

ti!, Auembly Lanruoge or PL/Z may b<_ U>Od >! lb< '0"''' t.n~uage_ TI¡,,_. l•n!=U •f" m•)' t~en he 1 rans
loted Ínto m><hin< '""fLJ•g< nn a comnt«< 101 time '"' 1 ing f whty u<ing , crr~'-'''' 1. •bl<r or """-e ornptler 
or, in lb e ""' of a<"mbly bn~•"t', !lo< 1 ""''"ion r, n be , c<nmpl1<hed on a Z-bO D"·el<1pmen 1 S~<Tem 
UII.OJ • rnident '"embl.r. Fm•IIY, !he multong mach ine ende ''" b< debugged e rll,. r on a timo -Y1•rin& 
r.<>hty "''"1 1 Z-80 simul.tor oren • Z-SO D.-·eJopment Sptem "hlch "'"', ZSO-CPU dir<clly . 

. -. ' ~l>IQ(~TUst"OU~ 
USfMOlY 1- . rl c•~••o""<NT UNGU•c• ....... 

'"""'""""0\.IR WIC~INE 

LO.NGUAGE 

•u•o•o•~•R 

'• "OCH "VEl ''""u.to~ 
lA~GUACE ' c~oss cw .. u~ . . 

fiGURE 111.1 

In ulocting • "'UIC< J..,guagc, !he primory lacto" to be con>id.,<d are clatit) ..nd «>< of P"'i<>m· 
min¡ •1. codr rf/ltitncy. A bigh lc-.1 langu>r< such os PL/Z ,.; oh ¡¡, m•dlin< indcp<ndrnl con" rutl• " 
1} ricoUy b<Uco !or fonnul•tmg and moin:.ininf olfOUtÍifn•, but the r<>ulllng rr.,.h lO< <n<l < h Ulu>lly 
•oll><" hol ¡,,. e!r.<rent llran "h•l <•n be wnucn d"ectl; rn ""'mbly lo¡¡gu•f<. Th<« !1 > Jcaff1 can oftrn 

. be bobnced by conómrng PL/Z and •"=·Nl" booruo¡< IO•U<in<>, id<nlofymg tho<e porl "'"' ef • mi. '"h;ch 
mu" bo oplimi,od and wnl in¡; them ;u »><m~ly Ion~•'•'• >uboouunrs. 

Decidlng wh<thci lo "" a m.idcnt or ""'' .,,.,nblor i> a moll<t of availabilll} and >hort-tcrm ., . 
lon~·l<rm <>pe"''. 1'.1úl r thc onol'oal npcndo¡ u re for , dco·elopnl<n 1 ryil<m " h ot,hcr 1 h•n tbat for • time: 
oloalint le rminal, the CO>I of an individual mcmbly u•in& a re>Jden 1 ><>emblrr ;, n ,gli~ihle whHe lile »me 
<•r><t•lion un o tiJn<·>~., in~ l)"l<m "r<l•li""IY nr011Si'< and on • >hon Iom< lhi> coso i:on <q•J>.l oh e tol>.l 
oosl of 1 Je.<Jopmont S} >Iom. 

O.bugin¡ en o drvd0pmcnt sy>l<m "'·' •imulator;. ,ho • m>ltcr of •nil>b>ln; >nd <xpen>< «>m· 
bined with eperollenal fidelny and llc"bihty. A• wirh thc .,~mbly rrocr<>. dcbu ~ing " less <x p<m.lle on 
a dt~elopment •Y"•m !han en • •imulalet .-o<lablt th!eugh tim<·ili•ring. In a~dot1on, the fidelil)' of lhe 
or<••Ú•f <nvircnment i< pr<><r'<d lh,ou!;h 10>i·limr <><eution on • Z~O..CPU nd by oronnectin¡ 1 he J;O 
o:>d m<l,,ety <OIIlpc!!<n" "'hioh will •ctu.:t:ly k u>ed in 1 h< ;o·oduc¡inn '} !i~m. n,e <•nly ad,·on!l~< le 
l~! "" of 1 rimul•lor i1 lh< rapse of "ituio ,.·hi.:l! m•} b, ~<1«1<~ fc•t >Ud> ú\>o·,~'"8 prooedu10> •• In<· 
izo¡ •nd ocllin¡ bo<•l-roinU. Tin> fle<:hthl) e"'!< bcooU>< a 10f1waor lonod, lion c:.n •ch><>t •ny d<g!t e of 
cvonpl<x.otY in iu in le rpt<lotien of mach1ne >n>lrU<IIens wh,Je dov<lopnoenl <}'>i<m p!eeodurc, h••• h11d· 
w&f< limilltions <U<h •• th< cap•<lly of lhe rt>.l·llmr llo¡¡ge module, thc numt>er of b1eaO po'tnt r<&'·""' 
tnd tht pin confJ~urotien of thc CPU, D<spllc •ucl1 hord" '" IJmiUll<>n<. debu¡:gong "" • d<• elorm<n! 
ry<>tm ;, lyricai~Y mm e rof'ducti•c !han on a >imul>i or be.;,,,.. of thc dio"' 1ni<JOC1><•n oh•l ;, r- ·"iOie 
b'"' cen lhc pr<·¡;• \lolonn 011d 1ho '" lhcntJC "" Ull,•n of h i1 p<o¡¡ram. 
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TI" Z-~0 inuru<nr-" "' rrc•·-rd« rh< '"" ,.,,¡,, l.ors• .ond fl"rbte «P"'"'" ~r ~P'"'""·' ""h ~hioh 
ro fuunulol< ta~lrol ui theloO-CPU. 

Tir< pthr.•l)', >U "¡;.,y • od md < < «~''"" '"" ~< c•d '" !.otd rhe '' ,;umtc" ,,f , ":hmo: .. - "'~ lo<grcli 
U~< r>li Jn\, 01 lO f<>r ,r, n><IHUI) •Jdr<<><l, 01 •> !a<t ''"" """~< (m f"<; Jtr. rl~ C>·'J ~ .. u 

tr,futtn>IÍ0/1 ::.n b< mo•<d dueorty :re m "''"" "' ''~'"": ;, o m r"rno r) ro r"mury, foom re,,-.~,._. 
ro rr¡;i"'"' cr frnm r<p'<r> lo r.l<rno". 1 n ld~r,~r.: ">'"o; "'" L<nt < Jnd r.·¡;··:crir."m~r; '"" l<n" .Jr. 

be n•h•·"•'~ '"r thou t .>llOf '"'"rc"ry «~·,¡c. 1 n 'orr ""'•r _ :he e ·.·t. roe," o! ;'~·"" ry , t••l ... >::.m ";:;:e" 
nn bo e<>m~l<l<!) <><! "''d t; """IL"! O»i) '~" ;-.•;'"'''""'· l.'\ 1 -r~ ~.\\. Tn" ,.:,""" ''''""'' 
i"'"d"" o;n ~· used ,., "~""' rt.< '" nf~mc,,-_, ::;:<1<;< bo:~"' ~,¡;"";' ;,,.,,_.: ~~~"~"'"~~;o 
oxp•nd 1ho >:1 of .,,,i,blo '"S''"" in a «~;!• pro"d~''-

S<ür>gt anJ rot:iol'J.l uf ~'" 0""' «~ r" r< o' "-"'"'' and '" ""''"' e·'" ~< ''"'"' •1 1 od O" ' .' "' ·Ln 
r.,u -~" 1 b'"' 1h ruuoh Pl.'~ll .onJ I'UP ;,,, rLO:t.0n1 "O :,h u 11!"' ' ,~,. 141 ,, ,, 1 ,,,,,r "' "'""'. SP _ nn< 
II>C~ 1<~1<«1 L< 0'-ll,tl< Ontio 1~ ~;or lf''llolr CJ" :o o W JC,·I!lóll_-,].'1 q,.,. "'J 1<"",-;oo '"¿"''" fo: 
'""'"""''' l•n>.•<•· \\hn J ,, ~-·.· "'"' """ild. f,., ""' ~1< Lho •d'"" (••1!~·,,·.; ti' C.\I.L ''·'" .:·:or_ 
¡, rl•"d on Lh< ocr c.f Lh< ;-·'>h-~ .. ~n ""~ po>o<eé oc b:- >1'. '·''"", '"''""'"·" "'L""' LL• '"':.!:o¡ 

.roo!Lno. tho J~d"" un,¡,, t.';> uf t!;; "•<k ti ~"d to "':;;o prr·~''·" ;.•uot<t (,·::C.,'""'"' Ji :e,, r.oxt 
onstru:too". n-,< ,.,;;, pm:L:" L< >J¡Hmd '"'"'"""';¡J¡, to ,r.ocl "·' ,.,,"'"' '"'op" •;,:, ?e<.:"'· ;!•,::c.¡; 
PL'SI!, POP.C.\LL ,,j IH.f Ln>Ltw.-t~cr.<. T!lll ""~ "'·""""":n ,]¡,,-.,'"'"~:~,,O,.,,,_,,;,>~~ s~>
r<>:Jiuor Cllil t~ ~' ''"'"~ :r. '"' r">ctL:.! ¿,p::. boc'""' '"' 110.-1. "" '"'· P•""·""::, b• '':.·¡o" 
"'·"'""' •r•'"· 

Tltc "~"""'"o( tn>lrU:ILull ••"~tt~n <•O h< <:~e o:~;:, 1 b; "' ~J:':"c,~: !'. ,,, ••• r:;. '"~- '-f~. 
P"") i~• etilo• .• ~~ •u: ''""'· h>1!--.:4r:) 1 "h"h reiio:: '~' '""1" ~~ "·''·~·«•-. ;,._.,";. •h•ft _:.e : '-""; '" 
tniiii!OIÍOni. AÍ:<• th< <'<<UIJOn of >r. m>lr":<:or. ~i»<t. <!11 > ii>~. (~11 f"~ e>~ ~· ~·:C '","!';,;ro]> 
<t•noliu,•n:ol ju"';> or r<turn mllw:t '"''- r.-"" m'""''"'~' r=•'"~' Tq ·"1 ,: .. ,l:ol (~;;_ ·,, i1.;; '~' =~'' :¡~h · 
, "'" ~r •···~1• b• '· ••;)tt -~~~ b)'" ( "' 1 """~· ou ~- '" :;--·""' ;., 

A full '" of l~,;i,;>l op<lllw.o..i".:IL:dio;; ~SO, OR. '\02 (n.-lc-,,,- ORI,l'l'L t.'0RI ,e~ '-EG 
( lwo"¡ complo:n on: 1 .,, "'"'Í>~Io fe: ~~o!ean <•;<: "'"'·' bot '" <n :)-,: ":u:~ w!.: e•: o n~ l ) ..J: Ol~·" <Ji!\: bt 
re¡:i,to rs, :¡ r.LO mol)' ]<'(;,: l<>c,, or 3 J ¡m;:,o :!Jo:< opr "n :!•. 

In :.ddit~lln,' i·LU ,,\ "f "i:l •. nom l!>d ].•,;•:JI .¡,,ft• '" !•,•th ,¡,"""'·" "' .w.·Í\0.'.· ""'·}-· ,·r'-'" 
on tho ,-n,>o::a of "JI,.;,:,.¡,, ~""'•'." "''""' o• ~"'"'' ", "'' :,.,,,.,,, !.•.-11 -·"·TI.:"·'") :~.g ·''' b< 
lto.:lu,''d ~~ •'.r.rl: '" ll)' ri'"' 1!•:f: '""··"''""' '" ?'•'"Jo C,>Lh !)-,, :,•<11: ,;~! •!' :'1 '"'ult> _,.,J Lo 1tc~ 
r<gt<l<<lr<¡;i>t<t M "~'''"';"''"''''Y >hLft "P'""'''"-' 
10.3 D\AII PL lS OF l:$ [ OF SI'ECL\ L .CSO ¡-.,~ fR LCTIO'-S 

A. ].;: ~~ ~'"~":l."' l ILri"l> ,,f~.:J 1n "'""'"'" <L ,·::e:;'' l,,":.on "D.IT.I'" l• to. ": :·:•_\Od o:.to 
'""'!10r ·""' e! n«IO•'I) • ··''"e~ " :,<:itk•n .. ~]_ f i'lR ... nó ~·u: th: """~ 1 , .. ;: it L> ~ _: : l' ¡ '" -;-:,, 
"~""'i~n c•n bo •.:.:oon¡-l~>h<J ,, foJI:o~o: 

LO 
LO 
lD 
LO IR 

HL.O_\TA 
DE. AL'FFF.R 
11(.737 

: ST.~RT _\LlDOU:~~ o~ Ll \ Ll S rRIC'G 
:ST_\RT _\[l[._t;_[SS{l~ !.1Rr.t:r W,_'I'F!-.R. 
;LD.'(;Ill .__¡~ DHA q i-:txG 
;~IU\'E ~¡ fi:xG ¡t;_;,~¡ ,:,: .'.!\.~~(•;;,) 1": ·~'-l!:D 10 
;HY 1\L 1' lO ·.~~-~~O~ Y l \.._. ~ 110'- l1 ¡-.,¡~u 1 O ~~ ;,E 
;1:->CI!.L\IL' T IIL .\'-D l'E. t_;t(Rl'-:I:X r iit" 
;PROClSS L S 11 L HC • O . 

.. 

' ' ' 



e • ' Ltt"• '""m< th•t • "'"'~ir, '~''""'Y ''"'"'l ,¡f.,coti<m '"DATA'' i110 b< mmod rntc '"oth<r ,,,., 
of m< m U') "'""'~ ,, ¡,,,o:"m · i<UFf ER'' """' '" -I.SCII S eh'""'"' (~·<d" """-' clc:.o:~ 1 «:) u 
found. l<t"t •''~ '""'"' th3L ti" "''"mum <tringlon~'h" 13: ch.r,,::tn. The "P"'"'ron ''" b• 
¡><rformtd '' fulluw~: 

w 

'·' w 
w 

LOOP.CP 

ESO. 

" '"' 

HL,D.HA 
DE, Bl:!-FER 
BC. 132 
A.T 
(Hl) 
Z.E~D-S 

PE ,LOOP 

: ST AR f 1 :-G . \ llDR f_S5 OF fl 1 f.l 51 RL\:G 
:SfAII.íi'.G \lJ[)RLSSO~ [,;;<r;o¡ !<l_t'nR 
;MA.'\II~L'·-:~lRI_\<; ii.'~Gift 

: ST RISC IJ~LIIlll ~ R ( UIJE 
;\O.IIPARE IIL'.tl!Ri' r.lJ:, fE',' fS \11 'H DHLI\Il[R 
: GO TO E:--n IF Cll-\~ .v: 1 LR!> UA ~ L 
;MOVE l"llAR IC fU\ o :1 L1 ro t IJE) 
: Ji\CRE.\1 ~~T HL -\\U lJ~. DE C RE 1: E.\ í :JC 
: GO TO ':LOOP· IF .WlRE 1'.'1 \ ~ .. IC r~RS 
;OTtlf RII'ISL F-ILL 1 HHOl-CH 
-,~OH P,\' fl~G IS I,;!>Ul 
;lO I:'>IJICA ;E TILI T ~J-.r;¡<;ffR b[ '.1'.\S 
: DlCR [\lf:>HD TO /.U< O 

' 
·c. L<t "' "'""" Lhit' 16 J'l:" J<o:,,,,¡ nu1nbcr '"~'"'"'"" Ln pd'd ll(L) [,,.""' "'-'~ ~CD .:!r;m' 

b;«)!.J< tn ~< ,•,;•,•d •' ,¡, ·~n LO Lh< F1rur< 10:: LLL <•rCor "' cnc."f,,.,.u !KO ::o·c'::;:"'""n or 

da ,.,on. 1 he , ·r<·•""" r "" O e '"· Jm~:o\htd "' f.,;¡.,,.<· 

'·' lll.DH-\ 
w II,COLC\f 

·.• XOR ' ROIAT: RLD 

I~C "' DJ:\Z. ROTA f . ' 

;AOI"l~J-~.~OF\Ii<.'>l ·r.\ fE 
: SIW'T C rLL. '-T 
:CLL\k ACCUil'LATOR 
; ROI.'\TE Ll f'f L0\1' C >J<Il[ K ¡¡J(;¡ f L\' ·ICC 
:1\ IIIl [)¡<,¡ r5 ¡;-;(JIU 
: AD\'.\'-1 -~ '.1 f.\IORY p()j\ II.R 

: l.lH'~[I:!::'- f [¡ .1''0 GO 1 O !<(H_\ r 1 F 
; 8 IS :>.QT l[RO. OT!I[RII ISE F ALL TlliWL'Gil 

" 

' 

62 
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D. U1 ~• ..,,um< '"" ono "'"~""" to ~. ,nhtr>'F1 fr .. ,n., "h" •nd a)ll"' '"'l.,, bo:h '"e;,,,~ 
BCD ftnln>l. b) 1!1" lho) "' of<qiJJI bLJI ''·i'·'b l<nc·h ""' C) lh•• "",.,,,¡,"lo b< ''""d Ln ''·' 
loo:alion ofl),, m.r.u<nd. Tbe np<r.linn "n ho "'''. >th•h<~ a< fullú"'>' 

LO 
LD 
LO 
A~ O 

SI'I!DEC:LO 

'"" o" 
LO 
ISC 
INC 
Ol~Z 

Hl,ARGI 
DE,.~RG" 
B, LE~GTI! 

' A , ¡DE) 
A ,(Hl) 

dll) , A 

"' oc 
SCI!l>EC- $ 

; ADDR! ~~ (lF '.;;._:¡:F. SO 

:.-\DO!<!: SS OF -'l-1< IR -\i I!'~D 
: LESGlll (1~ fWO ARC.l'\: 1.,\' f'S 
;CLEAR C,\kll.Y ~L;G 

:Sl'BTR\IIF'>.O fQ ~fC 
·,Sl'BTR\C'T•Hl.<FR0\1 \(( 
: ADJL·~ 1 ~ 151·~- 1 TO CFfl'-i \1. (1¡;1f.lJ \'ALL.:E 
:STORf ~!.Sllf 
;AD\'>.'-l'f ·-:~'.;(l;;:y 1'0iC.:l; RS 

: OECRE ·-:1..' T 8 .\:XI!!,() TO .. _,,. ;-úFC - 1 F B 
: SOT ZUW. U íi!Ef(\\ I~E F \1 L i 1! ~Ol'GH 

10 ~ EX.\1\!'LE._~ UF PI!OGR \11\II.'•G T \~f-5 

. \. Th< ft•lh.~u ¡: ,,,. !'"" ''''" '"' '"') nr' '·"' ::·.· .. ,!.:e :'.• '•"·i' '' ~'' 
• '' ""¿ "d '" l. •. ' S' '~"¡"~ . .' ~' r:;hrn . 
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OI{C~{76 11:14·)7 Rt:r.nLt.II~!IC\G PACE l 
LOC OBJ COOE ~HIT SOl'RCE ~T,I 1 E'.tE;-.T 

' ' • 
' • 
' ' ' " " " " " " " " " " " " " 11(100 :~:b()O " (1(10> CBS-t " 

""" " " uoél~ o; " IXID 7 uo:~:~oo " ""'" ODiEOO " ''"" " " OOOF lliJSEOJ .10 
0<.'1:: '! ~ " ,, ' 1 3 ·'· \ J~ _;:: 
tiO 1 " L•u;;uo " !1018 DlJJ:OJ H 

""' C"IIC4 _,, 
(>~1 D on:J " "'" 1(•[.\ " " w:J l'll14 _1Q 
t)J: _, ::~DE "' oo:5 " " ., 
~~·:~ " l"'Ct> " ., 

'• • STA~ DM< Ll l.\C"ILI.\'G E 1 llt:ll~ l. E¡ SO k r !< 1 •l ·T 1:->E • • • 

A T ES T R Y: JIL fú>.; Ll !'<S .1 DDIH:SS OF ll 1 r 1 
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1.0 INTRODUCTION 

Th< 7,~0 )',.,lid 1,0 rPIO¡C,r.u" t> • prugrJmn.,bk. '"'" p<>!l d,.,_. "-h"h pro;od<> J Tll 

~""'P•Iohle """''•·' h<l"'«" p<,¡•Oor,l J'"'"' 3nJ lh< ¿.,O(Pl!. Tne (PL', '" '""'""" <h< 7'0 PIO 
roino,·rl•.c "'"¡, J ~'J' r '"~' ul P"'Ph"·'' dr•'•" ~•th "''"rh<r '"""'"lo~" «GrllreJ T '"'"'' p•::•Pit<•r ,1 
d<>M> ti"Jr Jr< 1"11) '""'P"''blr ~,,¡, 10< Z~fJ ~1() ,,,,,.J,• '"'"' <<)h''''"'· p.o,"« "P" '""''" Jn,l 
punch<• P'"""'· l'i(U\1 P'"t'""""''· "" l hr 7") 1'10 ulol '" .'-: ch:tn,d ',IIL<·"' ~'" Jcple""" lu,d 
1<- hnul. •tY 1nJ 1, P' ,,, .¡od 1n ' J 1J P"' DI r. \IJJ· ., ''·' '' "'' or 1 ho Z60 PIO "" luJ<: 

• T wu onJe¡•o· <IJ<n 1 8 b" h "~"'e'".,,,¡ p.r:~h'"' '"' <~f:t•< pur" "1 1 h 'l>:w-Joh •k o' J "'' "'"'"' 
oonuul 

• lnt<U~~I C::ro•<" 'h3n;hlt,¡;.o' iur f>Sl '"'~""" 

• Ally Ull< ,r fuut ~,.¡,,,,: ~~u~ •• of "P' r ""'" .,,,- ~ < .~~·~ « J for J p·:" '"' r~ú<ns: 

B;" uurput 

B)t< tnpu1 

By« ~;U"'''"'"'"I ¡,,, (,\'"'''ble un PunA unlyl 

a,, '"''""r "' ... J, 

All "''II'"''''"P' ,,, .... r:.;.J ¡,,, .. r.:, ,,, 
• [l'"' ,M''" ~""'"' "·"''"P' •.;o: 1nclu~:J '" ;'""~' for ""'"'"•'': ¡n«~<oe: •c.:u·:~.¡ • ,.,,, ,¡ 

<H<rll..l loJt•• 

• l•sr•: ''~';'"' • • :-: -'~ ,~:e .,,- ~" ''"~ [).,:'"1'"" :" ""';:.,, 
• -\H :t•~ ''' ,,.¡ ""'"'•'' f-,fl; TTL cutll~ ,::":" 

• Sor1¡)• 3 .ull <11r;•l) ,.._: ,,,_;~, P"•·< ,:~,\ '"'''"" "! 

0"< ,,f lh< ""'~"' '"''"'''' ui lh< ZW ~JO :h" ''P" .:e<" foum utl>.•r '" ed'"' •Uilt!Uile:< 11 ,:,,: ;'! 
úJ u •¡ ,,,,·, b<l'• '~" th, P"' ,.,,., ,¡ "'"'' Jnd : h< CI'L' " .e· '"'"?1 1<h<d e"~" tu tJI """"~P 1 :un •.:•->i 1 ¡,, 
Ull<<r.Jpt ¡,,~,, oi lh< PIO pwnll; i"ll ""i' oi tl\e <il;,.,,¡ tm,:rupt :'?'"'~""' ~: :b< l~U-CPL' :h::"C 1.0 
l!,¡n,f<r.. Alll~>'· n<c<»o:; [OIJTlD''"'"'' l full) n<>'<d "'"""'' "'"""'" .> ""'I,:J,~ Ln <0< P!O <O thl~ 
>dd•ttL•nJI '"""'' ''' not "qu•:<!_ ~""'-"" ""'~"' ('""" ui ,;,, PrO" :h" ".:•n ~· pw,p•~~"é ,,, 
inwrupl lh< CPU un rh< "'"'''"~.;, <>:' •P'"'''d •ll:u • '""~"'~"' m :n, ?'"f'lo<: ,: ~< ·• .< For < """·?;'. 
th< P!O con b< pru~r Jnlm<! to '"""~P< ,; 1n; 1p.<.:tf<<J p<lt ;!;o:,¡ ll '"~ cotoo.!.tLoo,' ,no_,)J u,;,·.,_ Thto 
inttrrup< <:Jp•b Lhty r<.!U''> th< Jmuum ~¡ IIOO< thJI 1 h< p<O(<>;<lf m~>l >l>' tlJ in p_,l:m~ ;<_:t ?h<<li ol J '.IJ • 

• 

• 
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• 

Th< :-~>1 •n-odo .:ontu~ "f'''<r ;, lo,d<d b~ ''" (PL' In •<h• •'•< ~""'d <•f''"""g r.>~de lb• '< 
'""~"''·~~o.· B•pul. b~ lo' ~,J.,, .:n•n>l ~u•. vi b,t ""'Uo.>IJ:onJot _,;; ~ ''' ll•n<f<o 1- • .<n o] •• ~t:•rk :>1 

J,,,,. "'"¡ ''·' t'l'l' ,, •• h . .-,-d '~''"">." th< rl"' "'r"' ,nd d,., ··•·=e·~• "~'""' o.:.'"" h· "'"'<" ... , ... 
th< '''"P"' «~'''" ¡,,· :1.-(l't' "' "'~ ~ ,,l "' th< t"PL' fro••n o he '"r'" "~""''" "" '•:no T~,, ¡.,,~,~. .. ~. 
¡_.,., '""·""d ""h o • .:h¡•"rt ,,. '"'d tn , .. ntrol th< J,,, tr.n•f<r """•"•'" lh< PIO Jnd :he p.'r.pi.crol 

J« ···-

n •• S-"" rl'J\1 """'" .,,d the 8-0ot "'P"' I'Uipul 1•'''" :.·,:<;<: -" '""d ""'' .r. :hc b•t '''"""' 
•n<>de. In ti"' ,,,.,j, "'·' ,,,· •he S P'"'""'! d•<J ,, ... ,.;,ni h\ pu.< oaot 0< ~:,·;r•rtm.·d : .. C-< '" :·.f·" v: 
>n o•tllpu: "'P'"'I""~ ~~ tho ••i.o1 "~"'"· r!,.- :lu,l. ·<~•·•er ,, "'"j m :1 ., ::tn.Jr 1r. c .. :·:;.o.:•,,.,_ "::b , 
>p<.;u\ in <.::np! 1< "'' ·"' T~" :",-,. "" >li~", "'" '"' "'"P' tr. ;., ~er..·: >:<~ ·, !,:n .. o; w ali "'- :h, uc.:·: ,.: ,~ 
pi"' rto.:h ' 'P''''"d <<>1< \r;:h« h:o.~ <'1 :e" 1 T!.r >b" :m•~ :. :,,Q\ r<;:<~<r -~",¡,., ,:., "''-" ,.,,. 
d<~:r<d (h1_;h o:[,,~ \ .. nd 1f •h• "·''""?' •l,~uld O,• !'"""''~ "!,,- "'1 "'·"'"~<d '""•"< "'""·', ,_,[) 
Wt•d:l ¡,_,~ 1 ~~ " \,>n "'' • <•1"" '''-'d pe e " "', •: 1 (J R ""Id'""" 1 !1 .. • ; , .. :' _,.. :.·~"''' :e,, "~~ ·" "" 1, 1 i e•: 
C'Pl' >'>tu• '""'"; "' ,¡,, I'•""P~" .. ! :,, JI!<"·'"'! "" 11\0<I!upl '" o, OLJl.-·:.,lld.!• i""·:.·: .-G ,,., 'i''""' 
p<r.phe"l '"'"' ,,.,,J,,,.,, J',,, '"l:l¡'l< .n, '!""" '-''l!h _, ,: .. rm _, .. ,d,;,. '>. "'" ""'"L.p: ,.-,"; Oo 

~"-<'oh•d ,¡" '"" ""'"' ''' :f ,¡: :lno "•''"'· 

Th• ,,,,.,_ -,~, , unu,•l 1 .. '" ,., ll<Jn h .• ,.J!<• ,¡: l'PL' •n«rr" p• r•· "'"" 1 f, r """¿ ~'-' ::: " "" . ;: 
•U"~'~'"· Th,· r""·"') •. t ''" j,-,.,,, "~""'''""J b; "'p.o.,..,¡ 1~''"'-n'", J-it" oh.r '"' 1 ;-·-=·· r .. 
r~" :,,,,, or.- v••·•·d·J .~,·.·eh r10 10 fr·:.~ 1lu• ~m; :h,,n_ Thc .l,., _ _. ,;,.,,., '" ::.r Li·'· _, -:. ;:.«: 
P""'"l- \1-o:l;,•,' PI•). P,;¡ .\ ·"'""''F"h,~o·r,-~r,,, pm•:.:; rl..tt: ·1..-,_. uf P .. •: 11 1:· :; o o;:< :-.~~t. O:-=< 
--u:pu: "' h~"''''" o.~:"" J,., '" "'"''"P' .;, • h ,,:,n .. :cJ -,,¡,, "':: • ,,,. -' ':- :, · · • "·" :<.; ·''"'~ o: 
th< f'<'<•i'!,.· .. ! Ir.,¡,, 0•: ,.,,,,,:,,,.e,,,'"''"'·<'' .-n:be~·cne:.~o,J "'·"'' ::., ;•:· ~''" .•,:··• ;: , 
P'''""'"'"'~ ·.,,_ fh, PIO piC·•·Je• '"''"'""'''" (o-'1,1'-''i <Jfn,·•:e~ :111e:: .. ¡'"· fi,,, r•. ·, ... , J,.,,, ,,.,, "''' _,_,,.,,,l''l"~!.tr ~roe·:,:• ,;,.,,, :! ... 1 ;,,,,·,,, n,o ,;,_.,, ,,:.::<=;•1 ._._,," 
~i"<d b1 th<' ( Pl' JI ,,h" 1" IUIIl> d,·, "' :11.t) 1" 1 ._., LJpl :hr <e r• ,_-,, f uf ~''" « ;'J llllll > .:, .;:n 

1\'hen ><1 '"''""P' ;, .l<«i'l<d b• lit< ("PlJ rn UH'>de ~-:k nn.-u.o~!IJI'; ~,.,,,. mta: ;'IC>,dr -" :-0:: 
IOI.:•upl """' fUI lht (l't:. T'to> <retor'' ~"'d \{' f~o:n J r.rllll<; to" ;,._-,:. ... : '" ,¡,. ~~ ;;;;· "<: >..;:''' :; 
-" lt«< \)1< l~J: .·>< uf !he \lll<r< ·~· ''""" l<'lt:,;;< 1' lo•C>t<d, TI" ."-brl \< Clo•l f<ull\ :i:e ,.,, :; .: ~~ ""; ~_., ;< 
f,.,,, th,· k.<'l >l~ll,fo:;,H ~- b11sof ot.< :r•drJ.-o: ¡>vtlll<r ,¡,,¡. the 1 R<~,,, .• m r!:< (PL' ~=··• é<' :' :· '""'' 
"~<llflc•lll b ~~~~ tlflil< po·llll<:. E"'h ~~"lA .1cd ~1 ¡,, '" ,,do¡o<nJ<Il: ll<l<ll.lp: -'<<«"- 1.'< ·,.,: 
,;~,,r,, .. n, hil oi rito"""'"'""'"''""!:) '""'o U""'"" d>< PJO "n" :\1< 1"'""" ·,:e;.:~''"'"' '"•' 
.1d1••·•nt •neme" l"""on< ror, "''"P"" \o-b11 .1ddrcss. 

Til< l'l[) d,•c,•dn ti" RJ:Tl (R""'" frQ:n ll•l<:rupo) <rl>Lruct:un di~.·c:i.1 fr~m ::.- ll'l' CJ:J 0-'' "' 
th11 <.oh PJO '" 1h< <)ll•·m ;,n"~''" ,¡¡ 11:~ •• , ~J,"h<~ ,, "~,¡,\' '"""J ~) •h<-l Pl' iln<rr'opt •<r>•C< 
ruulin< " 11hou1 '"l olhot conununr~-" wt1 "t1h 'h< CPC . 

• 
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3.0 PIN DESCRIPTION 

A ,J;_,,, "" <>f rhc '"' I'UJ pi",,.,,¡',~"'"'';,,,." .11.,,..,. in Fi,ur< J 0·1. Th1> ""''"" J<"-'•~<> rhe 
fu.,, 1 iuh • •f ~·- ~~ P"' 

BIA S<l 

CiD Sd 

• 
.\11 

IORQ 

'" 

ZXO ("Pt.; OJ 1.> 11 .. ' 1 bo~"'. <•nu.>l , .,,,. to J 
llm O u," u><.l ,,, ,,,,¡,, ,;¡ dlU >ud '"""'"~J; b,r .. een rh< 7SO CPU •nJ lh< 7_,1j PIO 
u0 i> rh< ""' ,;,,.,r,""" tJt uf rb, bu• 

Por\ B or .\ s.,;,,, lo"~·''·""'' hi~~l 
Tlt, P"' ~"'''"' -.h"h ?J" ~di b< '"·<»<.l ¿~,,~ >d>tl "'"':·e ó""-«" t~< z,o CPL "'-" 
lh< 7.00 PIO, \lo~> 1<·"1 •01'. rhr< pr;, ,<!"t>P•"I .\ "-hi,< > hrY, be: <<I<CI< PJr: B 0::<:1 
Ad~ro;< bu ,\u""'"'~' CP:; ~>rll ~, ""'~ lor :hr< ":'·"·,,fu~'"""-

C "'"rol ur O J r ; ~,:,-. r ''"'"' _ """ '" ,¡11 1 
Th" ptrl ~'""'' !l« <:·P' -JJ ' '" ''J•:,:<: <Jt< ?<r!om:<~ """''"' :h< CPL' .>nd :~.< ?:rJ 
ho¡'h k•d un llu'P"' Jt.r•o! e CPl. .•"=< '" ,r,, PIO '"'''' :h< Z-'ll ~"' b•,, '~be'"'-'
pr<t<J" '''""'""nl '·" :n, purr ""i;,rcJ o~ :h< B'-'. s,l<"r ¡,,._-'. low 1.-d ~~~ '~" ;·t:= 
m<.>n< lhJI h< 7-~0 Jr;, ~'"" b<Ln¡ ""d to <un,i<r ""'' b«,.<c.o tlr< CPU >nJ :r.·o C''·) 

Olt<rr •IJOt<" b" -'.¡ lr-•m •:,, CPL' .._,¡¡ b< """C r'~r rhr, "'"'''' "-

Chop E'>tbl< '"'~'"' """ !-:"¡ 
_-'. 1~" bd "" 1!>1> ~"' '"·'''. rh< PIO :,• -'··'?' ,,,n·m,·.J '" ,!_;, _. ?"'• ,,.,.,<lO! ( ~
duur<~ J "'1\1< ""k~¡ 1•> '"''"~" Jl<J lo:~; CPl- "'"''~, '"'~ .::--J< Tll•>, o•.r: :. 
~<r.<rrll; J dc.,-J,• '" "'"' 1 O por: "~'""''• =~~• '"·"'"~'" P""' -1 ,,.J lt ~J'r '''~- ,.,, "' 

Sy'""' e'"''- 1 ''' ;•·, t 1 
Th< lOIJ 1'10 "'''<Ir< ''-'"~'·J Z-00 ,.,,,;n do'' to <yn•O<·~"" ''""" "~''-11> onrer: ;,;,, . . .. 
~l.>chi~<C>.;I• On< S·~·"' r'1or.o CPL' ¡inpur. '''"' '"" 1 
1111> •'J'-':'1 1 '""' 1 !" CP:.; ,,_~J "'' l ,yo.; poi.' :o -.•nlu>l ><-.ni '" ;;rno1 PIO "P" _ ::,.,:, 
11-h<n _111 "rCh>< ;nJ lh< ;w >•jn.rl ""'''"- ''" ZSO C~L' o, f<r.'~<n; '" ""''~<lt•.rr; ----'"· 
"'""ur;· C"n'<l"l). "h'" -:::To; "''"''m~ IORQ" "'''"· th< CI'L "•~~r"~~·~.;-: ,-, 
inl<<r~?'- lr1 .>JJi<ron. th< •.:¡ ;,¡¡a"l hl> •~~ ~'""(u"'''""'"'''"" th< l~ü PIO 

l. MI S)LI-'hn>•»"; •·'·' PIO "'"""P' lu~·c. 

l. llñ<n liT "'-<urs ""·"""' '""'"'"RO"' IORQ ·-~·,1 '"' PIO ¡,'1,,- ""•", "''' 

'"". 
Jnpu_;_:O~ :pu t R<q u<>t : """ ," •.1 CPL' 1m i''" _ '""' 1 o .. ) 
Th< IORQ ~~~·c.l "u><J ,o -''-'•':""""'" woth <f.< B,'-\ 5<1<::. C, D 5<'<c<. CL. "'~ R!t, ,•, 
10 ""''''' ""'"'"'J' .1oC C.r1 ~<l~><:n th< ZiOCPt.; ,,J r~, z,c PJ<l 1\lt<>~ ("¡'", ¡,:¡,- ,.,: 
10 RQ -'" _,_. '"'. "" ru:: -'·' : · ,,,,¡ O• fl' \ "- ,:! "'"'' ,. r C.: 1 '' • : b,· (Pr.: 1 J r "-' ''''"" -- ' 
Cono<r><l). "h<:1 (!-: rnC Ir.;-;,>,,,"""' b•" RiJ-., ""' "'"''- '""' 1h" P•'" rJ !1:·,.,-~ ~, 
B _.._ "ill b< ":nt'" '"''' 1:~"' '~·•S.!'.t __ ~;:h_<'!_h.r J,, ~~ -~""''' •r.t~"""'''" '' ·P'·"·' ~ 
b.• lh< (/ll.~o·!c" ,,,.,¡ -'""'· rf IORI~ o~J \IJ ,, '''·" .,,,,¡,,,,_.,,:,. 1h< Cl'l' 11 
J<bO"-I<J;•"> ;ti ocrm~pt J"J ~~-< •·,•: "'" ?' •"S purl "1!1 llo <•'"'' liCJ;: > pi,_< "' ,,_,~ r ,;>! 
"''"' '-'" ot, <.'l'l J.HJ b:r> U u'':!>< ),,óh<,l P'''"'':O J<•t.:< '"~"'"''"'JI! tn<<:r<rpt, 

R<.>J ()-<i< SIJJu• r1om rh< Z•lt CPU )PI~UI "'"' ¡,,,.¡ 
JfRifo.rcth< .> \¡[\10R\- Ré 'lfl "' J'O R[AD,>p«JI"'",. on P'"'''" Th< RD ,,,.,.~•" 

. U>ed ~ it), B; A Sd<<l, ['O S<;,_,,. C l . .>r>d 10 RQ sr~OJII ru 1 r.>~af<t ;¡_,, ir o m 1~< l."!-P/0 
1u lh~ Z~:l-CPI.:. 

• 
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lnLerr~pl Eo~,blo In (tnpul, "'"'~~oh) 
Th•s >LSI"I o>u,od 10 ¡,,m 3 P'"''"! ""''"'P' d>i<y ,h01n ~hcn m••l< :h,n uno 1nt<rr~p1 
dn•·on do"'"" h<mg u«d ,\ hi~h ¡,.,.¡ nn '"" rin 1nJ1,>I<! LhJI nt• nth" d'""' ofh•~ter 
priomy .,. h"ng ""'"~ b)' • CPL' '"'"""~' "'"" '""""'· 

lnt<uupl fn.Ole Ou1 (~utput. '"¡,., h1¡Ul) 
Tho lfO l';n•l" Lh< oLI"r "O-"l"q'""d "' form • ,¡,¡,_, ch,w r•"-""' "h'""·'· lt ,, !OLg)l 
only ,¡ IEI "l"gh Jnd tho C~L: "fiOL ,,,..;,,n¡ Jn IOI<rrUpllmm Lid\ PIO Thu1 Lhl> ;<¡nJ.l 
bloc~s lu~" pnorny ¿,.,,., lro•n '"·•'fi•P:·"> ~ hli< • h1,o.'w ,'M:II] ~'"'' "h<•ng 
'"''Lc<d b¡ 11< CPU 1n1wup1 >ct'IO' rOUBno. 

Tn:orr :r.:._R.·qH '" ( ''"' pu 1. <·r•" dra1n. '" 1• < IJw) 
\l'h<n I:"'T "·""'' Lh< 7.'0 PIO" t.qu<''"'O .n '""""r' ¡,,, lh< l'O-{"PL'. 

Pon A B» (~l~l!<CLH>nJI, """''' 
ThL<& b1r h< """d '" ''"''''' o,r, n~lo¡ '"'"' ur '"'""ol""·,. ,.,"liM b<l"''"· PúOl _\ 
of1ho ZSO-PIO ,,Q • ;>•"-~'ler>l ""'''"· Ao" th< 1<>'1 11¡r.•fL .. o: Cio .. f Lh< P ·: ~<~o·;:-" 

r,., ,\ su .. o-: r,.¡,, :,.,,. rw;-Oo:.l [).:,.,,, ¡,·puo. ><11'< 1 ..... , 
n,. rn<J>H:.f uf1h1< ,,, .. ,: ~c;-o.od' o•· th< """¿'o( Cf"'"'"" "1«: ú for Por:-~"'··-·~.·~, 

1) O•tp<ll lla.:l<. The ?0'""' <d;~ ,; :~" S!reb< '' 11<ucJ b; lt•< ~<llph<"l !Q 

JC~"-""k~~' 1t-.e r<<t.¡-t'! ~>'J ~"~' ""bhlo ~y oJ,o PIO 

"l lupcl "'"de: The<::"t>< "'"~'j b~ ;~, p<nph<rallo 1--od ~''' f:~'~ ,¡,, P'"'-' !' 
¡r,Lo th< Port -\ ·'·?~: :o¡•,t<: Q,:. 1i hoJtC IC.!O :h' PIO ~;.,·~ :l:o; ·:~:·l.' :; ' -• 

3) B:~.:o~llon.l m<>J<. 1\"h•~ '"" "i"'l ""'"'· ~-'" ~'''"' ;;,. r.," A ·'~''"' ""'"' 
"o>«d on1o Po" ,\ oLdLL"iloc_,) éJt; ~~~- The r--.,-,,, "~~·,;oh< so rubo 
""no" lod~" \~< r<'<J?L uf 1!1< ó JI' . 

7~ 

.;¡ (onLrol mc.:l< TI" •Lrot>o "mlubtL<d "'"""11). .._ 

R<t"'" A Re.1dy (ouLpuL, '·'"' l11ghJ 
Th< moon111g ol Llu< !10:~•1 d<r<nd! un <1•< moJo of •'>"•'IQ" ,,f,,:¡,J for p,.,, .~ "fclk·•;· 

1) ÜUIFUI m <>de: Tim "!nJI ~<·<! >'11>< 10 t:od""' l!t>L Lh< j',n _\ ,hJL;'~l ""'''" ~-. .J! 
beon luaJ<J .Jod lh< ~<r~r'>«•l ~lt.l ~'" t! l<•bi< >nrl L<Jd) ¡,, mmfOL lo the 
pmrhc"l de"" 

1) lnp;t "'"d•· Thi! """'1 """" 11l•<n lh< p,.,, ,\ •nr"' "~"'"' "<mpt) Jlld" 
r<od)' ~~ ""r' da" ("'rn :ho p<ll¡>hc·!JI J.-·r«. 

3) B1dir<eiLOilll m~J<. Thl! <1~'>1 1< JOII\0 ~h<n daiJ ""·"l;bl< m Lh< Pnn A ,>u1put 
r<gL<tOL for I<Jnsfer 1~ l~.::_:rhcrJI d'""· lu th" m••dt do" "nol p!J-:<C ~" th< 
PorL A dJL> ~u• un 1<1! A STB 1< """. 

4) Conllol moJ,_ Th<1 "6"-'1 "di>Jbl<d .nd for,<d IQ ,¡.,,.- !1.1!0. 

Po<! 8 !l'~>(0i,JI'''"""'I.i,II1J1<l 
ThL< S "" k< " "-•d •~ uJnsi« d"' •nd lor "' 1 "' ur , uit" ol "' f 01 ,_,,.," bw><oc r "' B 
oflhe PIO Jrd; p<rlph<LJI ""'''· rh< r~" B dllo~ bu<" c•p•ble nf '"'r~~ '"~ i '"' ; 
1.5V h>dr•>< fl•rl1n;1on t:JniL>lO[> 80 " l~t !<•<L o·;:ntf,.c.no bt! ,,¡ th< Ou; 

P"tl B S" .-b< Pul'-" f "'"' p., ·~h<L.JI ['!'"'' ( -"P'"· -'"" < lo" ) 
Th< n>< '""'f ,,¡ : !"' "~·lJI " >HnLI-'r L" th_.t ,,¡ .\~~" llh tb,• h•l ~''" "·~ n '' puon 

In 1 h< 1\m A O'J"'"'"""I m,•Jo Lho• "f"' 1 '' I<Jb<> d.o. ¡,.,_, 1 h• 1"'' • ph<'LJ 1 J,·"'' 
int<> lh< Pnrt .\ tn~ul "~'""'· 

Ro¡;L>O<r 11 ¡:_,.,J, f<•Hlpul .• :1i" lufh) 
Th< "'~ ,,;,g of ,¡.,, .,~,.._,¡ ;, .,,,.¡_,, "' tiOJ 1 ,,¡ ,, l: .. d¡ ~" h oh< (,'!),'""'S ,. "' r Lum 

in th< p,,, .\ bal"'•'"'""l rn .. J, ,¡,¡,,¡:,·•1'' t.itJ> ,.),., ,¡,, r._., .\ a1pu1 :.-~''"'" 
en>ply JnJ r.·•J) 10 •<ctpl d•ll fh•lll 1 ¡,,. ¡-.:1 i¡•h<tal M•·i.;e . 
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" tltauu¡1"!"'~11<>J >41 
""~ Old "'"!" ¡1~d r•n••~ >'!'o¡ r"-'" ¡~:;uoo o~""""" \q Old >~1 ""'! P~'•'l'' lnl"' o~nlJ>IUI P>~!<>P 

>"•il 1,1~:) '~' le:''·'""'" 'd'll>;:~: '" ""4 ""'l'"'P '"JI''U'\\ 1'-'""1''1 Od) 0~7 >41 <'1 '>i>):l) 
'""" w;. " "'"'' ,-,.,,._nt:,; '-''''i' ·;_,•·:0 !'>lf.ii:J >4: iq •:• i• >>re~""'· 1'' odnJJ'I"' "' ~"""r •Hq 

'-'r (:'•"7 "1' "~ I','<!Ó" '~''" <'Yl'llo.O '"'' _10 O<HJMJ """' ¡dnJJ'IUI '~1 '"' ""~f' "1' '""'1 o¡ 1dJ 
•·;: ;o;"''"",,,,,. '"!1 >''"~~'"'"-"""'"' '~' -'~ poqddc. >q "''-'" '"""·''"' "' ''4' "'"'""' >r~w 

""l '"'~-''·'' ,¿,.,,,"':>cm~''!' ;ccoc l¿)·O~l '4' 411~ >or~>do ''' r·'' ~"'f ,,q "'' OIJ >41 . .. 1-jQl)],\ lolllll!'J J>,;i ]I!J ~>,;1\J\ 01 
··~ 

':ldJ '''11 
;" r •-!• .,, " ' ,. "' • ,. " U 1 d '4' 1" "" '"''4: ~"

1
1 " '' .-m' ""' 1"'"' "" '4' p;, '"' "-11 O Id >41 ''110 

·~"'J 

-'"""''""' ;,,;,~,.~. c.O <_•o '''! "' '"~ f'" .Ce:"" •:·,,,_._., '"IL >•o;.oh>< '"·.or" ~,.o r '"· ':"•· ,_,.,, ,_,, ,.,,,_; "l '"~ 
:• "'''' :.:""•' ~-•:!' ,., "":" '"1' :·• '"'·_o.: -'"1 .,,,,-,,, .,,; ¡o·u!'·< 111 >111 l>l,i' ,.;':": '·•""! """ 

:' ·" ":: " .-:' i:' ... C!li ,,, _u_,_ ,;¡,__ P r"-,, ~ ,, <n1o1 ,.. !J1! ~~~ " · '''. '" ? i'rl QJ. "' rn·l ' J ,. '""'''d '4' 
;·, ·-•p •" :' "" fu ;:r 1 el ·] CGI ·'~ l>'OJ :;o t.'·' Ql¿ >4 l l >'OJ '"' :> • ~d ·'.'>r;;;;7¡ nr "1 ¡-¡;j" 01 "lllpp• UJ 

.,,, '" ,,.,~, ,.~¡nfl P"d 4"'8 (!; 

"'" >Jf •dnu J<U >¡qcu> ldnJmtu ¡¡ud ~'"9 (t-

-, ,.., ,~, ,, '"'"1" ,,,, ppr "''", "11 1 r 
·r>P'i"' '11'-'ll'lUN"t" 1 '""1~ {"'"1) ""'tUl 

'" ,1,.¡,. ... ,.,,putq .. <;-<>~>~;:¡.~e'"" '"~'~>.lu:! ~''4 r '" 1>< >•e <>U•I ·~q '"r llOd (¡: 

'"' tli~ ¡opd 11<1•q•qu) flll>"J '""·'1"·'" ~''IU 11!"ld 41''A (1 

·~"'''"''l ~u:~"II"J 
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f'url -~ of th< r10 O") be "P""'J In >ny off~ul do<Llnct m"d<l' 'lucir 0 (OulpUL 111•..!<1. \I"Ü j 

(•nput n1<lJ< 1, 11 ~,¡ < : ( O,J., r, 11uOJI lnt·~< )_ .nd li<•d < _; ( <Un1!0I moJe l. ''-'" Lh" ot" muJ,· "" ,. '"" r< h>'< 
bcon >do.l<d (~¡ ""'''"""" """'n,;,oco: 1 e.O•Ou1. 1~1n. >ll•do:o<O<->n>l Pur1 B "" uprr•ot m >n¡ of 
th<" '"''d" "•'P' ll<•de ~-

Th• m,-.;!e of or"~'"'" r-'"'' ~. "''N"h<d b•·"' """! • wntrol '-oJI~ •o o t .. - PIO'" 1h: f,•ll<'• "! 
form¡t: 

D' o• o; D• D.' DO D' "" 
'" 1 

.110 ' .< X•unu.-d b11 

~ 
m<lde ~"Ctd .,~r.,foe< mM< "'"'d 

te be''" 

Bol< 0' md DI> fr.•m lh< ~¡,_,,, .. ·.Jo fr..t 1~-• ~"'"~ rnNe •,;.:orJmf t~ lhe fo!lo"ln! l•bk 

m "' ~~ od< -o o o {oulput¡ 

o (mput) 

o ' fbodi"<llc•n•ll 

) {•unu<>IJ 

S<i-'!llng.\lude O ec,bi<> JllY ""' ""'"-" •o th< rou oulput "'f"h"l b.• thc• C!'l; ro O, e·.c~ld ''"'" 
:h, pon d>t, bu> Tho ''"'""" of Lhc uuLpuL "'"'" _.,,, 0< .:hon¡:J ·'' "" '""' b1 :he l"l'l' "":(; [) 
\OotLl<ng • 11<~· dJta ""'J Lo :h< poLL. Al'u Ll'.c ,·uucnl .:ontcntl <lf Lh' uuLpuo """'"'·'""'v b, rood t:.,, Lo 
Lh< l~Q.(p!J 41 on¡ LliLl< Lhr.,·J¡:h Lh< 0\CC"Hon of .r, iLLpuL LnLI!UctoOn 

\\"nh ~h>dt O''""· J Can'"'" fr~m Lh< CPLL '''"" lh< Rua• h>;,d,_>,,;, ILnt of ,¡." pn:L '" go 
h•~h lo "'" Lf; tho pori¡oh"ol 1 h>l ~-"' io ,,..,l,blo. Th" "0" >1 :<maon> h•¡:h "~ • U , <L' u~< , 1 ''" , .. ,~ :"rr.cn 
Lh< P"•~h<r>l. Tho """!' d~< ofLh< '""h' X'"""" an LrLrr:t¡~L (1fn h"< ~ •. ,, ,.,;-i:dl ;oJ ;'"''' :h< 
R<Jdy hnt h• ED I:Lo<:LL><. fh" •<') >llnp:t hJnóO,>.o ">Lmil<t ''' Lhat ""'J Ln uL•ll) .f''"Ph"'l J<"•'" 

S<I<CLLn¡; Mndo 1 P'">l~•<' P'"' 1n1n tiLO 1r.ru1 mndc. T,, <Lm IL'ood•l·.,".< "r<rJt«•n. lhr fPl' ,,,,.,,1~ 

p«f~'"" all "'ruL r<>d up•""''"'" f<«n> Ll" ¡"•'"· ThL' •'"'•""> Li'o Re>J) ILnc •n Lh< P'"i"h<,.l: t,• ">·"'~ 
tha~ dat> sn~uld he i<>•J•J on•o 1h< '"'~'" •qu: "''""· Th< rcr 1rh<rJI d« '" lh<u '"''"" ó;0 '~'" ,n, 
p~n •npuo ••;""' """g '"' '"·'b< ""' ~~"'"· :1>< """~ <Jto ,,¡ thr <to,•b< :o~'''"'""'""''"~""" (lf 
it h01 ~un <nJ~i<d) .nd cl<Oc: '""' lh< Rr.-:; ,;so>l !),,, "'" b,• m .. h<d ;,,., 1ht '"'" < "!:"':, re~.,Jir>l 
oflh< '"" ofLh< R<Jd) <o¡;n.ll ,¡,,.," L.~<n Lo'"''"' • J.o .. ~'"'""' '""'"'""· 

\!(Id<: '11 l bodLL<CLL\Io•JI ~JLJ IL.IIL!f" ""'J< ""''" U<O\ ;ll f""' ¡,.,,J,h,,,, """ Tll<'rdur< c•ch Pllrl 
A ILL.) ~· U>,•J (,., \lo,Jr:: <'!'"-"""' \I1•Je: L']'<LJ!"'" U«l 111< l'o!f .\ h;lld<h;\,< "'"'"' ("' OUL)''.IL 
<<>nl«•l.~d Lh< l'un B ¡,,,.!,¡,.¡,,- ">"·"' ¡,,, '"r'" ,.,,,,,1 f!1 1>, bollh .>, f:[)\ "'"d H k[))"""'' hr .1,:0'< 
><muiL.Ll<<'u<ly. Tloc ,only •'f'<LJLIOLL>I Joll<~<ne< ~<'"'•'" \I,.J: O ond ohc '""~"' pu<lt0t1 uf M,·Jo:" ohot 
J>l• fTL•m liL< P<>rl A ••uopuL re~"'"'" Jllu"<d on '" th< p.•n d>oa bu•onl¡. "f,<c .. ·\ sfii "'e'"' u. ,,,deo 
1<1 ><hi~l< ' ~LdL,.Clo•"•ll ,:,~, !Lo)¡Ly. 

\1...:1< J <>!"''"'""" ;, inO<nJcd f,;, ""'" ond ... ~uo) "•"piL<>lio"'"'"d J,,_., not u:Lio1< t),, h.nJ,ho•• 
oi~n1h. llñ<n ~h•d< > ;, ,,.I,·,O<d. th< n<•l ... ntu•l ll•••d •<nt w'tho PIO "'"" JdLn< ,111.h .,¡ 1~ ••. ~~" d•" 
hu$ hnc< "'" '" ~. "•r"'' '"d .. h,.·lo ••• ""'rut<. TI~<· luLnLJt ofohc '''"'"'' .. ,.,d "•1""'" ~el''"' 
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'""' ~ot • "'·' r"'"l""'"' >Q lt'" l>41 o-so .1• 'l''i" ""1' 4i•4 r "'J ~"'":mn.u ••• ,.m¡ 
'"~1m¿ >41 I•SO ,~_:¡ ·r;wuu<'w >q n¡ >u;¡ ooq "'P uod '4' ¡o (¡pr¡•'~ ·'"'" '4' .,,.~,,~;o 1'11 

• 
·•:ti' '''"' >41 o:''"" 11q P'!JI>.>d' 

• '"' J1 l~" l;>JUI U< >JT I>U >~ !1'" U(">'UnJ "¡jQ >41 >Wj" p>1<J>~>il >G n"• JJr,".-1:11 ur : l•'J :.e""~' p>CJL'>d' 

• <'1 rf :•rtu <ltC ¡;t 'pe:;.-><!•" """'""' (]'\\' >41_11 '>[di.'Jr» lOJ P'!J'""'" un>:oor._: ¡¡Q u• ·o-90-
;• o·;r ;·>:_. !' .-.j< \J 1:0 1: '"r 1 ():\\' UT ' 1•91\ JOq JI ~-;• 1<'1 fU"IU l lP¿ U! 0>1~ lDJl>¿ >q <•: ""nn:.do J ''''"1 >1[1 

•: I'T <1iQ (j-.;\•1~: 1'!1 ·<>JTI! p:,¡¡;;pu<'::;-'<'lo>•>UOIQ:I-''1' l<•dM:;: íur 1.>¡¡~ t >j'··J\ u1 unv:.do 
;¿n;;;;ut 1''1 ''·''111. <'1 r>~n >!< <llq »14> '''41 "1""' >~ ~! ldou;.>IL" '"!~",¿ .il" ·"'"' ¡;t~. lnr;rJ>dO 

IC ';"·~-(,., ~wrn;• f""' 1~""'" ¡Cr,JJ>l't1 ''il J<> N.] :•q ''"'"' .,,,,"''H "'"·''-'.in,: >1 "1\ 4"'" (¡u~ 
>""• '" cO ~U<'!(]''<() '!<9 '>Ut¡ !\>el>>• J-~1·"""'.1-i.J '41 ~¡un~-·:~''" >o. "''1' li'v· O:.,,," ir~ 'l<ofU> 
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o.' 11'" (r'-'l'l Old ''-'' irnpr» •• Od) >41 '1'4" ~ ,,;.,,'1, '""'t'"~ ,_,,o,,''-~"! '"'"'d t:'" 'rr>)l ¡o 
'•'~" ;'>'1<>: , . ., . .,,-,4" '~"·'~ '"4''· i¡u.· O id >41 '''"' "'P "'"'"»<no:.¡¡ 11 -"""(lid e;<> rr>J r ~uuop 
<'llWII" ·''r-· '"'~"1 >e,:''"'"'~"'' •r<>u:C .¡.;¡r<; '~" ru• "'" -~<'1 P''"! '" 11"'' iC<><J '""'" ir• "ltJJ 

oJ¿ ''' c•:uo r>;r<>¡ '':ero r:op "''"""''"""!~u; ',:.;r• ur"""'" Ln.>i' ""1 "'" >'.¡1 'i"" '"'1 ipt>}j 
;: ·""· 11'" 1"''" tlli _'ldJ '~' "''"J ''~' >•>:•<<>.:! >41 '<Jn.•.•n <n;l CO'{\\ ·und :<undn"""! ''11 "'"'J '"P 

•'40 ;'"! '>'"lnOJ '.'l"l.'< JCTJ;,>JUI SllJO ><Jn~, >~1 "! 111" .'1dJ >~t I'Jrp >ejl I<T>J ,lJJ •'4l l'lUO r>J!qNU! 

>~ ''""' ;~1pr01 ''""": f"' 1,r:" '""'·" "'""' >4: :r~;; !iuJil!' '" ""' "!"''"'"'o: '"!1 'r'·'H >41 
,,.,, ·.m;J 1~" 1~·1 '"'1 ~'''!·' "11 _1~ ,.,';'> 1ut;'1' ,1 ''·'" "U .,,,,p '""''c.C.•J ;,,,.,.,;; ''"1"'4 '4' '! '!41 pu• 
"' <: ::~'"' '~""'"" '"' "11 -.;¡1 '"'1 "'""'' ¡dnJJ>Il:t ,~, "'""" '"'1 '-1''"' '4' Jn .-.>r> ;""" >4> pur 
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Thu n'ucl< ;, "'"<1:- J <on,bonJ•ion of~l~do O ,.,d _\!codc l """g .tll l~ur hnó~ú-.e l•n". Sine.;, 
requ¡re\ ,¡¡ f<•ur ¡.,,.,,ti 1' >''Jo:Jbl, nnl)' on Pon A. lll><n tf,, mude :1 ""~ on Pvrt A, Pon !l ~"'" b• <et 
\<1 th< B11 C\!•llroi \(..,~•- The "m: '"""urt """'>di h< rotc•mcd fur 1 -~loJc 3 JC.Imu¡lt un Pul\ B 'nd 
'" inputtrJO:>f<t iete<r~~~ duron¡ :-1~~< = u;oor>IHIII o: Pul\ A . .-\mb•S<>II!-' 11 >'O>d<d 1( p.,, 11" or<""J 
in • r<'ll<d n>od< ond lh< P,<Jl B ""'' "P!"" <OI :~ ir.h1M all b111. 

fosur< ~O; >l:u•tro\,'> lh.; IL~•io~ ¡.,, ll:i• rno~<- lt 11>1<00" •J<nti_,l 10 '"·" i'"''"•ull) J<''"~d ,-~, 
Modo 0 1nd .linde 1 'lllf, Li.o P~rt .\ h1nd•!-.1~< k<>~''~ f<ll uu:p.ll c.rn:rol ;né :he Pun 8 lio<>; •<d foc 

inpu1 corur<>l. Tiie JJff<''"" ~"""" th< l'-'O "'''"'' "1t-.ll_ '" ~I.•J< -:'.<lo: o" '"~·••! ""' ""~ ,¡,, ""' 
onl1· \\htn lh< A lllc•b< 1\ 1""· n,,. 11;:og<:':;e uf,¡,,_ '''~b< -.n ~• uv:d '" ¡,,,h lh< <' .,, ,,.,,. ,1,, ,,,,.,,,,,,,¡ 
>ine< th.· JJ13 "'11 ''""''" ,;,b:, ""''1 ,¡,.,""''~S'· n., '"P"' ?"''"'" ot' l! ·l< ~ "?"•"' :~ •. ,,,,-::. •n 
\lo& L :>:olo lim ~ot!-. Purl A •nci p,, B ;r.~<l l:o>< theii "'""";" eoot:.~ lo ochie•< .o ir.;"¡¡ e¡;~.,..,, 
bJduetllor.,lt•an>f<r-

FIGUR( ~ 0-3 
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TI1t r<nrhoro] m~l_<_!ll•l ¡;•1< dJ\J O~ln J f"'rl ~-'ll bu' l'h:[.-;; Sfti ;o <o lO< t. ~·C< ,,·~:<~ll,•C ;• o'<"~C:l 
if tht r<riph<1•l ""' ll STB '" !'"' 111pu1 JJI> on1o th< bu>. Thc PIO '"•'111·< U-S ri\ ¡,,_,:"el ro 1,;_.; r:"' 
J•t•. Th< 1'10 ¡,,, b,·,·n J,••;;nod l\1ih' !<rO ~uld '"'" Jo<¡uér::enl f0r Llh• JJ\, ""·'' 1 .. :.h1,1~ Ltllh" n10~' •o 
th•t lhi> 11mplo pl,ng'""""" c>n be u<ed b)- tho ronpbt"L n,., i>. tho é>IJ c .. r. c.,. d"•b:cd From 11-,, ""' 
imm'd"1 el; Jfl<r :h< >1 rui•< JI>Íng <Cg<-

sA co-.;rRoL -~IO!lE (\tl.!llE Jl 
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An in «r r" p r wo' 1 '>< ,¡e""''" d r f '"""""" f<um rhe r•trt J" en>blod >nd 1 ~" ~ r •, on 1 ¡,, P''" 'J , : • r ;,, .. 

Uti•~··· ti.,· :u_;,c..ol < 1" •1·"" .J«ir,<J b• th< S-b" ,,_,.~ JBJ :-brt "'"~ """""[ r<~i,t:r •. -\o•rl~<r rnoec•.:rt ~-!! 
nut b< S'""'-'"J urn.l 1 ,n, ;e"'""'' n t!".< mtu¡ ui rh" l!l~l<>l tq·..o>Ho" .. .0, \lu~< J 1n"rrupr ,..,j[ t< i'"''
llod ·.•d) ifrh< r«ulr uf' \!.JJ< 3 lo~-"1 "~"'""" ..:h.c.,¡<l from f>l« ro''""· Fcr -.>mr'•. »'""" :C ,. "·' 
Mod< 3 l•>;;•c>! ''l"'""" i¡ Jn .. OIC '~""">n- An ~"-""~"J ;>->'1 ~'" lrne <><,<>nl<l ''"" ,nJ '" '"""~-"'" 
r~qu~~.;, L !11 ...-..:unJ .. ~r.:~.:.cJ <"'" JJ:• ¡,,, ~''""'' • >•ti•< ..:un,:ur~«nl) "'"~ r ;_, :"i<>t, _. no~ rn<o"~'' v. ::: 

nut b< r<•.¡t•<"-'J ""''; '~'"$" '" rh< re.dr utrhe :11·><1< 3 !v~'"'l "f'"''"''" b; "'' o..curr<J. 

((<h< <<>Uit "r' lnt•..:t! up.-'<3!Í•I" b.:cum<> tru< imm<J»«I¡ prior :n or ~"''"~\\Y, Jn in!<rrup: .. ,,~¡ 0< 
«'1"~"<1 ,:ter the "'''' n~ '.!;< ,, r \¡ 1 _ 

6.0 INTERRUPT SERVICI~CG 

S~"'' ro~< .rt!;· "' io•<rr~;>t" te~J<Itd b¡ the PI O. ti" CPL "di .c. J vv: ,. I"""'U?t "'"''~'
<d~: i\11 an~ 101-.:~1 l>u•;,.,; r~·" Ll~•-: :~< "·'"'''~' ''""" .,[ '"' P!O ":11 ""'" "'"' '"' h1;;"" ;>rov•;:_. 
fkJ<I "'~"~ ¡, "~""'''''• r•: '"""-'~'-11!-.L>i; ,ir:! pi_. :1" J"''' "'"!-. 1" ''""'''~' Ecibk 1:·¡:.: ¡,,,,, ! 
t!\ 1 nw «·~< [n ,01< O•ol ~"' (,.~ ). 1 ,, '"'"" :lt>< U <e• ~,c.)" ''"'" <nlbl< ¡,,-,, ,; "'o <lo u. d""'' lr< on.'.:;.uJ 
froru ,h-'"P•t lh< Jf '"'""" ~~ "~"'''' ,, -'"-" -• h<n ;;:¡ 1 " >Oil'< T1H !-., .. ~,,: ?"~" :> ~. "" pi.-<< th< ·'"'. 
<m<' ,; "' "·'" '"~' , '· '"' ""' ,,., ,.,. ~ ,~, z,o d,,,_, ~·=, ~''""i ,,,.," r: "'~··~ '' !,;'. 

hg :•: '• 'l-1 1:!' "" '' : • : 1>< """''; " . J-...ukd ~ "h ""'"'-'PI "~""'' De r~c . .; 'JT '""'. M "'"' 
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Pt<l '"''1"• !he ~tr¡ ~~:h 11'1 !H,:jo '"~ t:.o le"",¡,,.,; 't\'r\' v.:ll pi>« :he ~-b: ,.:c•rupt """'' oi:C" 
•PP'"P"-': - p·" : •>" 11« d otJ b u1 JI tl\1> "·"< 
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10~0 
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FLGURE60.1 

INTERRUPT ACr<;NO>'."LlDGE 71/,:tr->G 

lf m rnl" r~yl r<~u< >Id ~) <he PIO ;, ,; l.r.•"' I<J~cJ. 1 h< re.;u«:J ·''! ~·'" ¡, "un.!<r "',., i,·<. 1 f O uf 
th•< ¡-ort "1il .-•.· ,:, ~~"' """' 1 '""'" i"''" '""""~' ,n,J;u;ttnn (REll)l> <•:c.:'<~ v.:l<k 111 v1' :i>< ¡'~11 
;, ¡,;$h 1f on Ll'ietrupt ""'"'' "n.ll ,,J.n,"'::J,¡·.J, H-0 v.ill be lorced h:,;'• ''-'' vn' ilf ,lct,· J:''<· :h,· PIO 
d•.:~Jo. t he "P' ,J,• 'UJ'. r¡,, ""'"" SU-"J>H<« lh.!t 1 h< '"'" b) 1< RL l'lm>tru~ "''" " dc,;.>J<J 0) Lh' ?<oJ:•<r 
PIO f"'"· s.,, F•su« ó.O C. 

FrsU« 6_0- J •ltu>IIJ!<> J 1) ?":JI ''"'"~ lnl< ;ru~l ><<jU<rt<< 1 h->t «•uiJ ,._,:m ~ llh [,u 1 poJta <•'""""" 
rn th< ~lL<)' .:h•rn- In th1> "~"'""p..,,,:-'\ "'~"''''-'"J "~''"I<J '"'"""~pi. 11'1-:, :lu>P"'' "t<.r:,: 
"''"'d, J h ~~~« prrurr<) pc•rt 11 B) "~'-'·"", '"d " !"':1<·! ,., '"'""'~'. T~, '"'' '" ro~ trn< f ·" th< ill,_'.« 
pli,Hil)- p~r!,; '"mpki<J ->nJ l R!:TI '""'""""" ""'"'"'J ru rndL•Jl< t" ti"!'"'' lh>r '" '~"""' r. 
compl"o. A 1 thi' ltmo lh,• "''""< raulLn< uf lh< '"" :r pr 1~1 Ll~ p."< " '''"'Pk 1 <d. 
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FIGURE 6 0-2 

RE Tl.IRN F ROM 1."1 H RRUPT CYCLE 

, 1-\IGHEST PRIOFUTY PORT 

{ PORT 1" PORT " PORT " PORT '" -4~1 ~1(1 '" 1 "' 11[1 3 "' 
1 "' 

IEOP--
' PRIORITY 1."-HUHlU~T DAISY CHAIN ~Hf..lll( "'''y INlERRUPT OCCUf-lS. 

j Hl "' "' co ¡-'-'" '" "' "o '" "o "' "o 

UNDER SU<VICC 
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- , ' .. 2. ~ORT .cA REOUESTS AN INIERRUPT ANO 1$ C"-NQ.,LEDGEO. 

UNO(R S[RVICE S<RVICE SUSPE~DED 
j Hl. "' w w co 

IEI "o '" "o "' "o "' '" 
' 3. POIH Hl INHRRUPTS, SUSHJ~;OS S[RVICING Of ?ORT 2A. 

S[RVICE CO"Pl[TE Sl«VICE IHSU".1t0 

~IEI "o 1 "' 11 El 1[01 "' IIEI lEO t " IIEI lEO pe:.. 
• POIH " SERVICE ROUTINE COM~LETE. "'fH TI'' ISSUE O. POIH ;-;. HRVIC( RESU:.IEO. 

SERVICE Cu~:Pl E TE 

i "' ~ "' r:::--:::::1 "' 1 -:-:1 "' 1 '"'1 "' 
~--~-1,,'','-::c::c "'='="'"1--~~-~ 
$. SECQNO ""RE TI" INSIHUCTIO-~ tSSUED QN CQ~:PLETlON OF PORT 2A >EA VICE o;ou:mE. 

FIGURE 6 0-3 
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FIGURE 7.0-2 

EXAMPlE 1/0 INTERFACE 
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h,w~o¡, 01< l),<n <n.obl<d b) th,• rl>'ng<di< cf thc fu;¡ TI"f ofl<t lh< IUim.•pt 1'\"''' "'"" 1> '<1 uOi<•> 
thot ~11 d'''""' "" '""'"'P' .c'ono,.!cd:< ""~· lf J m,,, fnlln~<l ,¡,, "''""·r• ,,,.,¡,.""'d. '"""·'f'" •" 
'"'bl<d b) oh< """S <•lt< oflh< '''"'Ji í~iiJ"'tng rho ><tlln~ ol lb<""''· 

DliO con""" h< I!Jmfomd b<t~<ocn thc po11ph"'l •nd lh< l"!'U. Th< ''~'"'E lor ohi• lldn>f" :1 3< 

d<"rihcd 1n S''""" S o 
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7.1 COSTRO!. t.'>H!I.f >.(f. 

A t~ pi,·.ol '"'" ,.,¡ non•l< >?rb, "'"" " olb"" 1 <d w F •g'O:< 1 0-J, Su??~>< '" on .lu""'l pro."' n to b< 
mun'LrOr<J. H>< ''""'""''el >ny Jb,.·•m>>l op<"''"~ c~n~•t•~n n 10 b< '<?-><«! "' J bO-(PL' ~"'~ 
cou 1 rol 1) !l<m, Th< pw.:c" contwl jr • .J """' "'o<J h" th< :'ollowin¡¡ fonn.H: 

D' Do D< -- Tul n p'." Sp .... t 

'" Fool"" h>< Po•<• •w• 
H.lol 

f'l '''" 
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D' -
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l i 1 
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DO 
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., 

., 

FIGU~E 7.0-3 
• CONTROLMOOE APPliCATION 
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Th< PIO m.1y b< u><d" foll0~•- Fim p.,, A n ><t for \loO< 3 op<nt•on !o)' ~"1'"5 1~< ioll~"'"i'"""''' 
"'"'d to Puu A. 

" D' DO 

X X 

V.h<n<l'<t Modo J ""I<.:I<J, th< n<Xt control wor~ ""'<o'"' P"" m u" b< Jn 1/0 "1<:1 •od Lo th:
o.onopl< ~• "'ilh to ••l"t putt ~l<J 1'~" ,>,5, AJ onJ ~0» inpc;, Jnd 10 <h< r~llo~"'ó <onrr~! "'~'~ ;, 
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80 PROGRAMMING SW,tMARY 

8.1 LQA!l I~TEf\Rt;PT H.C!OI~ 

110 • 1 S<<> b" 1~ Input 

t/0 • 0 S<l> ~~~ID Ouoput 

8.3 SET 1:\TEI:ra;pr Cll\IROL 

u ... d '",\luJe.:; only 

MB • O, \1~""''' ~" 
~111 , 1, ,\ll'll- b" fr~tH b<OOO m.>rulo•<<J 

Ahu, tho intccr <pt <nobk tl•~ t],op ol< !"" "''' b.; ,,, ~· ""''"''''"'"' ""'~o:1 1 ug <he r«l uflh< om<Jic;t 
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c.~ncral Information - lúU 

o"11c nO-SIO ¡<;~riJI. lnput/Output) ;, ~ d~Jkh~im.:l 
muh Í· f un.:l ion J><r i~hor al < ompC"<><nl de• i ,. nd lo •a u¡ ( ~ 
a >~ide <Jri<t) ("1[ <uiol det~ wmmu~i,·J:i.>r.,-«quite· 
mcntl in mi<toCMI~ul<r >)''""'· )¡, b<i< function i• a 
•trial·IO·parallel. pro lid ·l O-<c"al «•n• e<rcr 1<' ·.~l!oller. 
l>ut-"ithin tbat role-it ;, n•r,fi~urotle b; '"''"'' 
~orr .. ar< 10 it> ""re"onJhly•· cJn 1-< o~:i;,ized for a 
ri~en ?rTJal d>ta communicoti~n< "~~licallon. 

The _ZHI-~10 i< <;,,~,~le of h;,, ~Iic.-, ;o•;nchin~i>u\ 
and <•·nchrnnnu' b;-;c.orien•ed rcrc:~,..,¡, ~uch "' IB\1 
Bi~¡nc, and l)nchronou> btl-OTJ•"nlcd pro:o.:ól< >uch a< 

a ~-<hliincl •ilioan gll< dcD:r~~on-l0ud '"hnology 

a 40-DÍn OIP 

a Siu~lc ~ \' P•"'"' •u~~ly 
• Sin~l, ·r""'' 5 V .-lo,·\. 

a All ir.pu1< >nd ""'1''"' lfl c<>nl;>JIIblc 

a T«o Íll<.k~.-nd<nl :ull-duple' chonnels 

a 0313 r .ll<l in \) n,;hiOnou< or i>O" n.:hr<>nl'UI modos: 

!'Ol(" and IBI! SOl C. T~Í< l<l'alik d,•,ice .Jo. <l<O ~< 
u<ed 10 >u~~on linuall)" an¡· other '<rial l''"">:ol for 
.lpp!ic•tion> 01hcr l~<>n dota Cf'mr.>unicat•ons i""'"' 
or !lopl')· di<~ inl<rf•~~~. for ~\3mplo). 

rhe l.SO·SIO CJn ¡:<n<ra,. and eh"\, e oc-,-_;., ic. 
•n)" •¡nch1onou1 m~dc and ''" ~· rro$r>r..::-ed ''-' 
chocl d~1• in:ef'"~· in <Jriou' m~.Jos. T~e ~''·-' _.,:.," 
r.a< facil11i<~ for m~.!"n .-.-..nlr<,l< in ~n:h '~"""1' In 
~~pliCJtion< ~!-.oro :.'1<•< :~:;rro!' are c.<ll c.cc~c~. '~' 

mf'dem control• can b< u•ed for ¡:ene:al-pq·c-c J o. 

t.ú75!QK h;¡,-;,¿con~·,.,rh f> ~tH.<ci .. :er:-. ,:0:>.' ,.,. 
• 0-tiOOt-; bi:<'>e:ond ""h ~.0 ~1Hz,~,,- el·•:\. 

r ate 

• R.,,;,., ~Jil "r''"" '~"·"!"rrl; e _rr,,.¿. -_-o::
mill~r d<>u~l; l•ufl,·:t·J. 

• '-'l'"~hr~-"r"' ¡,.,;,,<,# 
• ~. ~. ~ or S ~·~~~'r"'"'·~~~ 

• 1. J\0 or: '"-'r ~"' 
• E<en. odd or ~•· 1""" 

: (!~-~rl<~cr:~~:~~J'J~~:~~~~ rc.~th 
• Pa!lty, o•<rrun 3nd fr~::1i~;; ""~' d<:<O' --~ 

---·--·---------,--------~-
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11 n·~·"'~ •)nChrnn<'u• (,dture" 

• lnr,•rn;,l or C"~rnol ch.1<·'"" -~ochwnil>IÍ<>n 

• One "' '"0 "nc c!»r"'"" in ••:'·"~1< rqi.,en 
e ,\UI<lnlJIÍC !)OC (ildfOC[<f Ín•<riÍnn 

• <. w(" g~nerllion lnJ c~r-.-~inB 

llDI ( ~nd IH" <ut ~- (,o,ores: 

• At>ort '"1"'"'" rc·naotinn a'ld detrrlion 
• ,\uiOnlati.: "''" in•erriun o~d de:rticn 

•. .l. .. romatie nog in•cnion ~'-""'" ""'"!<1 
• Addre" fr,•ld "'•'8:1Í1wn 
• ·1-fleld fe•iJue handlrng 

• Valid re.:ei« "'"""~" prorrcoed from o-.rrun 
• (R( ~enorati"n Jnd ch<e~.ing 

• Se~a,. tr m<'~<nl ron rrol i~~ul 1 ~nd o•;lpu" r or bmh 
chonneh 

11 CRC-1• "' <.:•c-n:nT bine~ cheü 

•.Oa;,,.,.,";n ;"iN,;y inierru.~l h•;;.- ~ .. ,,·¡J<< auto
mo:ie inre,orrr -.elorin~- ·v.i;l-~~~ n:"oallo~i2" 

• _\lQJcm ""'"'con be momwr<d 

-------
Pin De~cipliun 

n,.o,. S:11~m iJnl<i /Jw (t-rJirc<lir>n.ll. ).qoreL The 
'<111 d.o~o ~'" l:afllfc" dora 3:.d "'"'"""d' bel~<m 
<'P<: •nd 1~< Z~U-SIO. Do" 1h< i~.m "!mfo.;on; b<1. 

_61.\. CJ •• ,_,.,.¡ ,4 O: 8 s,·l,·c:: ficpc.l. Hish '"'""'' Cban- J 
"f! S)._ rhi; inrut ddine. ''hieh cha~nel " 3«:e,,.d 

r 
"'l 

,, 

durin¡( 3 dota trarHf<r ~cl"ccn the 1 •1• ~~"~ :!., 
7.AO-SIQ_ A_,lJrc"_~l: A0 /:e:>~ 1hc ct•l' '-.; oft<·r. ,, .,,: -.,, 
~_he ><_l'é'-·uon tUnctionO"" _,, .... 

Clll. Conlr"l Or n~ro 5o·/,·c:! (i;,,~~. Hi;h •e:;::; •··~-
( trol);. This in~<OI J,fin,·, :he 11po ,¡ in(,;,,,.l:,.,, ·· '"'· 

fcr per(ormcd ~-·'"''" ,;-.. '-'"" ~n.! t!t: z~·) ~[/ )_ ' 
hi¡;h·o: :~:, :r,i'ul durinb 3 ('PL' """ !CIIht ;,') ~10 
CIU<.,Ihe infvrm.'llür. vn lh< dd:a bu< 10 l"·e ;,,,,:;:<>cd 
a<~ comm~nd for 1nc·, I:Jr.ncl •ckrlc..: ~) ~·\.A 1 •... ; 
¡;;11.> mean< th;H thc 1do¡o::•:im: ~o tl.r ·~J~a ""' ;, ¿', 
A~ddrc-s; bi_!_:'>t i; o!i:n_~;;d fo: ,:1;:, fu,.;;;~n., 

'C(. Ct.ip Enatrr ¡'rn~ut, -"'"' I.o~ 1 \ \.o" '.;·-•' ·" 
thi; inJ;lil: cn;;hl:.• o he ZoO-~;Q ··~ "'"'~1 ;-.1~.·.;-;.~ "' 

-· .. .::ata in.!!ul! fr<.:<n 1ttc CPL ~·,;ir., a ,.,¡1~ ,,,;,, ~- ·~ 

tran;mil d0:3 10 lhr (P\1 d .. rin~ a read ;~¡1•. 

+- $)<1em Civ<l (ir,;-u:t. fh< Z.•0-510 U·<' :o, <:aoo
a<d ZSO\ S~'io:n l'h•:l 10 1;nch.~niu :nwr::: • ,;e o:,_ 
fhis ¡, ~ "ngl'-~""'~ cl<>ck_ 

Gi :,J:tacb>;:_P .-.-..) ':,: Q.~ .• i':";"'" 1 ,,.. .... !. ., .. e '-'l.'. •e:.
Lo")- Wh<~ \1i i1 ~cli'< an¡j "' ¡, •~<o ~''"'· ·-· 
ZSO-CPU Íl (crc".Í!'~ ~n in<tmclio~ ¡,,., :r.":,-.o·;: ,,. ::; 

"1 ;, ""' ¡" " "'1' ,, •• 0 ; ' "' '" •• 1 ~- <' /.=~· \!Q 
~nd IORQa'> J~ lllll'rtU~I "'·lno~le~ 0 r ir;l',, ::·~-~IC :' 
1he hi¡;he'>l r'""") Jc<Í<< :,':or h.r1 '"""";·:~ .. , 
l80-CPU. 

•\t>HQ. ;, ;;-·'· ()~:p~t R .. ¡unt (:~''" f:nn: <""~t·:":,: :·., 
Lo"l- "'''-' ;, u-cd in ro.~j,.~,-,;,,~ '"''· B ;._ e i>. •; 
"n<l .::0 10 r:o~,kr ,~::rrc.~nJ; ~nd dO> a :Ce!~>«.,''"'~·
arrd !11e Z~O-SIQ_ l'l_).''" ,--;_:.:_~O _.-,o_,¡;;·,} a;: or: "" ·'· 
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lh< ,h,,,,,,; .él-.": .. d b·. '' ''· •· '· '' -~d"' ;,, ;!,e <"J'L (a 
·~~d •'J'(r:ori.-•n), Wlhn ,·r: .1n<l :;;.,;. ·••<·'''''"· but ii'> ,, 
in:octi•e. <h•- d ·.nnd ·d• .:rG h.• " \ ;, "'"'•.n lo ~,. rhc 

{ ~l' " ¡, h r• .. ~.-· J,, ·~ "' '""""' :;: r." '"" '"'~ " ·~· <oli<d 
by c.O. ,\, mcnli!'nd r''' i<>ull~. il in-,.~ •nd ,-,¡a,. oc
i•< •irnulc.>r .. ·oll<l)', :h< (1•1.' i< '"'no"I<·J~in! on inl<r· 

1upr and th< 7.'i0-SI0 ,¡IJtt•moTicJlly ~~~ces i11 inl<:rupt 
H<;IOr on th< c~u ~~u \!u• il it is t~< hi~h"t priority 
d,,;,, re<;~o·;rins •n inl<rrupL 

RD. Ro.;,rl Cod~ S!a'"'- ji11ptH fr<'m ~-1'. 3<\Í\O lo")-
lf kOi< dt!Í'~ • .om<,"ior) N 1 o:eado;-oo:~lioni< in rro
B'"'' .,:; ¡, ~'<J ,.¡,~ B·-'· tE and ru~Q :n'l'"""f•r d, .. _. 
fr.;¡m O:•e ZoJ-SIO :cLh< <.:I'_L:. 

HE~l.f. R~<n (ir.put, acti•el.<'") . .\ lov. mf:T dil· 
ablo< bCIIh r<C<II<'S ;nd rr:.t\;,,;,,.,,, f~f«l f<D~ and 
T<D~ mar> in~. f"""'' '''" m.•Jcm cor,t•n!s Hi¡-h and d"· 
a bies al) in'<rrup¡,, Thc, ~""""¡ r<~i¡:.;;s r::~sl .. b~ :~, 
""T!rn-~lrrr-thc L'0-510 i< •~•<t,3nd b':f?:•.~-~:a¿s,.. 

tran.miH:~ "' '"'""•d~ 

IU, /nt<rrupr E•:.;b/~ In fiur-u:, ""'"" H'~~F. Thi< ""' 
'ñ;r;\ u•<J "ith tf_O to rorm a,.,;"'"' doi" cbin ><h;n 
thcro h "'"" than eme in:.,:up.j¡t•en M-,;,._ A lli;!-., 
on thisl'ne i:>Cic~¡cs t~Jl no o:Oer .k. ice~: hi,;tm pri· 
otit> ;, b.:t ~~ · -" t«a bi a(_ !'L' io "'"~P' <« • ico :ou:i oc: · - . -
1~:0. /ni•'''''•~' F.r-.1N~ O~i '"~:;out; u::,,; Hi!f,). t>O 
i< H'Eh <>ni) tf :f 1 ¡, IJ:¡:h dnd thc • :·: 11 r.c-: le:<icm~ ar1 
inL.·:·urt (,,,.,, '"" Z-'O·Siú ~'-"'· ·.hil <i~nal t-lod..< 
lo"'"' f"Í"oH: d~•i'~' from Lr.tcc:•r:i,,~ ~~M a hi~her 

·orit; de•ioo i< ~<in~ •cr•ie<d ~) 1t; ('Pl· onto:r~pt <er-

, .<= '""''"'· • 

~.r •. 1 
' 

:: ... , I ·- ' - ' 

-· ' ,.. ~ 
~ ........ ....... 

' •• •• '• •• 
' ' ' 
' '"" •• •• • 
" -• -"' .. 

·-• 
' 

• ·r 
~~ 
-~ 

" 
~_; 

- ' _,_ 
__ _,._ 

•• J_ 

. ± 

, ...... 

• ,, 

' 

J_UG 

1 !>"). \\~."nÜO 
p~lh ;;;;-¡ L""'·~ 

~'~~JO;, rc•;u<"'"" ~n """''-~." 
·-~--· ·. --··· .. - ' 

ú:)i.¡_,L-1., \\~ifiHR. !I'JI!JRr~dy~~. 1\'a'""''"'.' 
r.i" ~;-u_~,. :'~:.n ~"'-!~ .~ \,:n ;:.r_c. ;.r ~~~," , ,j f ,~ 11' "' ¡ .• 
tl<'rl, drí•en JI,¡;~ Jnd L,·.,. "·""" ~ro~'"'""·'d ·,•: 
;l,,•ad; f~_o;lion)_ T!-.<•e ~·-~i-~"'~"" <'J:rLnl .--e_¡' h 
~l<'!:fl'"'md 11 R~aj; lin<s ;,,,3D"''"'""~:;.,"' J' 

'Y.' o" li.ot..~--th• L ,, '"·nron i '' !loe •."~l' ro t!c o 1.~(1 S 1 O ,•': , 
.,~aJe. The "'" ''"'" ¡, ,,~,n dratn. 

-- --· 
LIS\. CI~II. C/~.:1 Te Se~d (:tri'U'<. "•"·< ¡-¡ .. ,~. 

1\'~e~ ~,_.~,·~'~"a 01 Au:o E~:ld«. a 1.~" e·.·. '"''' 
inpuLI .:r.>Ole~ tOe IC·~·<:LÍ>< """"~-Í:t<:. J:' c.~\~¡.;,. 
!tantm<~ "' .>,uto f:cJ~Ie<. Lt.c;o inru:< "'J) o• ;;c. 
~:~r..med ~~ >'""~1-:"'-':''''' ·"~"" :¡~,~ "·>:; .,. 
Schrn<"·triogr """•·~j 1~ .cccn:IH<'C"' ,;,,., .. ,..,.,, 
'·"~"'·'· T\·.; z..i~--s;c_ .!<:o"' ;r.:,,-, ,,,, ,.,,. ·.r; :·.' -'~~ 

~ '"'"'~~:S·Úl< !':?t.: o~ ~":!-. io~ic le• ol ''"'''"~"'· ;~, 
'5oh.c.in·t:.;;cr ic.~~" .!o no: gt;~:amc. J ,~,,.,·,~ 

n<'l•e-1<«: mar.¡in. 

iJCii.:\, Ot:fÍ'ii. Do·lc Co1.·ron 0.-tNt ftr.;"~!'. "•"'' 
lo~¡_ Tl,.,. >i¡:r.•ls "" ~;,,.,;:"' =~ :111: n~ i••ro::. "·~~: 

th'; '""be "'"d ~s '"'""' "'·'~'"· 

-· ·.R,c_.,, IGfH.· r< ••• ·:.u C!r><'.l i1n~ "'l 5,_. · '~' 
!~"'n' ·~.:in, r•~ '"'"~"'~ "'""~'- ''·' ~•.t•« •:;: .. 
~rna; h, ¡; :5, _;: ,-,&.;,;~'";c., Cola ro:."' o· _.:•:· 
~lou_;_,'_n.~é,;"<. Rc,c-i'' Gll• "qr:;~ltd or. :Oc :t• ::, ·.-~i' 
of ••c . 
'5<• ........... 00 "" .... . 
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• lU~ 
¡,,·\. :" IÍ.· -'·'•' ·"""'' 1 ¡,,:. ,:, ;• .¡q_ ,. : ••·~-
.,.., ''" r ... ,.r,or ''~''''''"· ·; ... ··. ,,,,,, -o-• 

-··: ,,··- --I'";¡,,J, ·-.-1.11·. , •. ,_.,.. ··-~~.:.1 

ra:r "fh .,,,,¡,,phcr f,,, l:.orr~~'·'·'''" .• n~: 1< _.,,·.u 
.. ,,, ·_, 1i-c ~.-, "'· B,,¡h ·~• i:( .ond ,;e i1.pu1• ~•• 

•·•ÍII·rri;~cr buf~,rod fcr ,Ja,cJ ri•c- ·.;,J óol!-lionc 
1, .,.,;,_ rnon1< 1 no ""i·c "'"-~in is • r.-<:i rird¡. hD , h,1n!•• 
o•n lh< f.1llin~ <d¡·c of ¡,-¡;_ 

R"fs\. H 1"-R. Ra;u,•>f Te> s,·mt (e, 11pu:~1 ·'"''~ l o':')• 
\\'hcn 1 hc k;' ~11 ;, •el, rhc k '' ,. u 1 rU r !• '"' LO'-' _ Wi.<Q_• 
1~: RH )-:: h 1<•<1 :n lh! -\."n'hr<'ll<'-' ~;('~0,1~< OUI· 

.-,,n ~--:('!'eh ~f••• •~• "~~<n•••'" ;, o•n~t)". In Syn-> 
dtr<>nou• '""•1<'. 1!-1< ~;-in •ori.;!!~ :ólk•~ 1 1!-.c """ of 
:loo kl~ b11. Borh pin1 '"" b< ~·•~ '' _¡on<~ol-~urpo-. 

''"'i'""· 
U i R\. ¡-¡-(¡.(¡j. Dv1a TuU1i10al R ead,< ( ~~= ~~"- ~"¡ ''t' 
I.0\1). Scc "'''" on h¡¡n~:ng or:ion\. T~.n< ""'>'"'' fol-
11•" •h< ""''" ;-tC"I140lmcd imo lh< IJIR bi:. Thc~ can 
~l•o h :anmc<! a1 -'~"''~1-rurpO•< ourru". 

~\ '· 
~,,;. 

1'"":" 
;'"ll '1:-

1'-·m on 

:"~C B. S."J<hronn:.-oon (or.~cl</cut¡'ul:.,_ 
Tt·e•< rir.l can .1<1 cith<r ";,~~" or ou·,. 
.'l.~~:_~;on,,~,_¡¡•~•"• .r:'"~'- \hq Mciil:·, 
to ( r> ~~d 0_1 ~~- In ohi1 mo.:!<. rhe IIJ~Il

_.,, ¡;,,., Jif<~:t t~e "4'" of •~• 5)nc.'Hunt 
<1a11" hÍI< in ••n. lu :hr E•«rnal <;~~' m,•de. 1:.e<e linc1 
al<<> a.;¡ >< tn;>ll1<. \\"h<n nlerr.ll ,yncC.wo:zotion 11 
,,,h:o<cd, <\'.('"'·"'be~''''~ l ''" ''" th< ,,,~~d ri1in~ 
<d;< <•f ,¡-;-¡-- _,¡,,., 1h01 "''ng eds• or '7c' or. --h~eh lh< 

.. : t--11 of tho ''"' d-~'-'"" "~' ""'<i•d. ln oLhor 
-'·· ~flcr :lr <)nt p11ccn ¡, Ú<l<CI<d. lh< <•l<tnal 

r<·•'' mu<l ,,¡, for '"o lull F:occi>< Cloc\. c:-d•• lo aclÍ· 
'JI< tt.c i;I'".C' inpu 1. On<: ~ ;, f ol(cd 1 ov. . it ;, "Íl< 

r 
' .. 

•• ""1 
' ' 

• 

• 

- r "'"""1. " '"" .... .. 
• 
"' 

- ,_. 

~· 

10 ~<<P 11 [.'-'" ~~lt: ::.: 1 Pl" 

1-•ét· :h•l '~'· ~ronitali•·n ''-'' ·'' ' ""'" .. ,_.,. 
'-•~< ¡, _,¡-..,,,¡ '" ''"''· C' ·•'·'-''"' .,.,.,, Mh 'o,· in•, :'" 
"'iny rd~c a( <,¡; th31 ;,, •,J:,r,-1> 1'« '_,¡., '~< ¡,:: ''' 
cú;:c of Sl.'l" in lh<" E"<"'~l S; no m.>d,·. 

In Th< ln1crnal S~t~ohroni,_:,on moJe ¡\h•1 ~-,no 
on.~ Bi,)n<l. ;i,<'L ~ic< .<(1 a'"'"~~" 1hat _.,,. ·,",. 
~Lri~! l!t< r•r1 o~ :be''·"'''_,¡,...¡_.,--;-¡:- ·•~.:1< on '"'''-~ 
•;no .:har4,,." •« '""">nii<"O. Tr.o 1;n< <<'n:o :· ,, 
~o• l•och<d. ~o th<>< out~~:, are a<'i•< <•-~• t.m 
;"n<rn i< r«<>~ni><~. rq;arJ:ol\ cf cC .. 11 •• :v · .· -,_ 

""'· 

BO.\III~G 01-'TIO.'IoS 

fho con~traOnt< of a J:J ~-" ~-·cld<:< .,,,~_, i1 ;,~~-
to ~rin~ out lh< Rc.ci•c Cl~c\., -¡-,,n;mil Cli<Cl .. , _, 
f<r_--n,nal Ro1d; ar.~ 5~r.-c ,;¡:-.• ,. !cor ;.n;O, :ce· __ :o, 

Thorcforo, (l·,annc: fl t.llt<t '"'"!o.-c • •is:-.ol .·- :.•e 
1'-0 1i~~2l1 bo~c,~ IO~:·:hrr. Si.oco ""'"' :.-:¡:¡::, --"' 
:uy, ¡~·•• bon~:~~' C"~·"''n' "'" ofic:c~. 

• /.~0-SIQIO e,, al:~"'" "¡·c. l-.~·¡· C·<"• • · ',, , 
aro honJeC ln;.rh.c :F;~. 1). 

• lSO-SIO/: •.:rofi.:> tii'-H z.;<! ~--•~< -¡~,-,; .. ,.e 
and Sl,.G (FTg. :¡. 

• ZSO-SIO': ,,,,¡,"';-¡,_.a, •'·~ \,-,~• ;:,---¡;_ ,,, s 
.nd OIRB (F'<· 3). 

... .. ,. 
•••• ,,,, 
,:.¡:,_ . "" 

" ,.,. • 

3 .. :::: -. ;-.~-.. __ .... ) 

::¡:~ .... ·~·;,. .. _ ,_,. 
" --,.- '"" -.. ,., 

-·-

-
1 

'"' 

, .. 
-· { ::-::-... , ~· 4-·.- 4 "-· .. ---•-- ". 

.... 
"" •• ' -·- •• ·-· -, __ , __ ,_r " -· J 

• • .. .. 

-



ArchitcctUrc 104 

-ho do• i,o i n1ornal <1 ft!OI Ut< includn a ZO:O-C PU inlrr-
-~co, Ínl~tnal c·nn:rol and inoorrupl ln~1C, and '"" full-
dupl<' rhannds. ,\<<U<illrd "ith <.J<h chann.:larr r<ad 
and ... mr ro¡;i•••"· •nd Ci•<r«< c<>ntrol ac.d sial u< logic 
lhaT ¡>W<idcl lhc•,n«rf;,co Lo m<•<iom< ~• Olhct <\lornal 
dnias. 

Thc- « ad and " ri1 e rc~ islcr sroup incluéc•. fi•< S-brr 
~on1rol «;:•:•"- í·.•o '):l<·d.a•:.,·••• '"'~"~''· ~nd ~"o:; 
~1a1~1 ,,-~¡""": Th< inl<rru;>t ><<lnr i< u:in<n in1o an 
{(!jj¡j,.r.~f S-~il re¡;i<Ocr (Wrilc lh·~i<l<r :¡in Channd B 
thao ma• t>c r<ad ¡hro~oh R<·,d ~rgt<1cr: in Ch~nnol B. 
Thr r<ti""'' lar bolh ,hanncls a:< dc>i~calcd '" <hcl«l 
os follo~.: 

Thc t>i1 •~>i~nrr.en1 .md funo1ional grou~in> of c>eh 
"~"'" i1 n.>nf,~urcd 10 >im¡-.lil~ .wd or,:or.:,r thr pro
gr~mmiot rroto". labio 1 iilu'tr"<' the fu1•ctions 
""i¡•n,•d "' "ach r«d 01 •-rit< rooi•1er. 

"" 
••• 
""' 

""' 

-· -----------------.-...: 
~·~·"~' ~~·"'"''· cw: '"'""''" '"''•••o:o>•on com-, ¡ 
':"'."~·-~.:--~~__" •>_'__'0~~- m~C.<_'-_"~:_ --·-- __ ---i! 
''"""""";;"'""" • .:~uuot •no co·• Hon•ler .,.ceo , • 

------. 
---------~ 

~"""" ;:.,•n-ete•• ano cont•o" 
f,;.,·;::;;,;;:;-,;,;;;-; ,',~ce~.~~;;"' p~·;;.,.,.,~-ana; .i 
mooe• 1 , 
.. -- --------- ------·----------.. -' 

Tr•".~":'' _"~~-':':~':~~nd_~:''.".::-_ .. --- -- _j 1 
!:.,r.c c~••acW or o;oLC oc~•eoo l•e>o /; 
s,nc '""A,,.;-;;;;¡¡¡;:¡:·,-;-.~- · --- ------- -~¡ 

-------- ---- .. ----·---~ 
(o) Writ< R•9"'"' runcticns 

T•oosm•tiR<'•••e but'er "''"'· onro•rupt ,.,"" •na 
••,.,nol ><•'"' 

Thc lnric for hoth ch:rnnch r•n•iJrs f<>rm'"· •;n
chr(>ni,~ti,,n ,,nd •~liJo.iun for JaiJ tr~n,fcrrcJ to~nJ 
fr<>m lh,· ,·h.utn<l inwforc Th~ mndent '''"""1 inrnts 
Clt~r In ~,·nJ ,;:-¡5, ,,nd D~to Ct~riot Dctc,·t ,[){[;¡.ore 
mcni101<d b) thc Ji;.;rcte '""""1 l"~ic unJcr rr<>~rom 

• 

1 
CMttOI. All1he m<>dcm .;nntrol •i~nol< ~•• ;c~or~~ -j.r
pose in na1uro and tln h~ u<od ¡..,, fun"iuns oo!ocr ,o,,n 
modem c0 ntrol. 

For emurnoti¡; i•.:nr:.rt '•"'"in;. the ir.r•rr~;>t c,•c
trol Jc~ic ~'''<lrlioc, "hi,h ¡h~nn<l ond "hi,~ -:e•;C< 
"'llhin lhe 'hlllnd n., lhr t.id;e<r :>''~"''- f'.-•~·:ÍI< " 
:;,ed "'ith Ch~nrl ,\ ,~,;~,,.-~ o hi~h<r f.,;,•;i!) :Í·~=• 
Channel B; Ro'<i•e. Tr~""~·'' ~n.l E>te<nlll <0:.-;~· '"· 
!<rrupl< are rriorit:I<d in rhat ord<r "ilhin •. -,;. ct-.~c.

nrl. 

Data P:.~th 

The transmit artJ re.-ci'< d"'" p¿th for <Joh c~oc.~e! ;< 

sho"n in f'ig.Jre 4. rc.o recci«: has throe S·b;; ~c{fe: 
regiS<ers '"a fi!<J ;¡rram:c:nom 1<<> rr.:o•id• o 3-":·'0 
drla¡·) in ;¡Jdir ion r" 1 he B. e ir "''''' '< <hift '·~ ""'. 1 ~-'' 
arr;¡ngemenr o:<c.1Lc• .<dJIIiCn.JI lil'1< for :~e <'·l ¡e• ,,
vice an int""'P' at thc ~·c:,·inr.•n; nf J t-l~c• ~- ::.· •. •. 
spred d•ta. He .. ·,ci•• "''~' HH! '"'''' ~.,.-i· .,._ 
lromin~ <"Ofll<t<J (l!hcr !)f~< nf , . .,,.,.,, 'tnf"'~"''•'C [.o; 

c:;ch of rh< 1htco b)t" in t~o :ce~"• do:a lt>O. .. 
Jncoming dora i< rnu::•J :.'rrc>ut:h ,.~, or ''' "'"¡ pie• 

dopond•n~ ~n IM< "'"~' ,"n~ c! •. ,.-.10¡.:r !on~tn_ In :'\o 
As;n<hron"" mnd<, ,<fui ,¡,,ra ,, """<d tr. :t.e : . .-e:• 
buff<r ,¡ tL f,a, a C1""·"'" kngrh uf '<•<n "',-,~.o: h.;. 
or is cnl<,od in lh.; 8-bit "''""" <ttitt rc~t<l<r if rt r.o; .1 

lrngLM of ¡,., ''' ,;, bus. 

In 1 h< S\ n.:hrurro "" mo~c, h'"' <> rr. lh < d~l > ¡-~•h o< 
drtcrminod b) 1 hr 1 ·~.,,,. of the ,_,.,.,. r r''"'" "~" .-~: 1:. 
in oporation. ,_, S)ndu,no"' Rc.ci.o <•r.:ration t>c;:r" 
wj¡)¡ lhe r<ecioer in th< H:.nt pbn'O, J"rrn; "h:,c. =~< 
recei>or •c~r<l-.c< thc tncomin:· d.11a ""·am f<>r ~ ~"' ¡-.-,,. 
tern lhll nt.lld,,-, tilo P"'r";F>mtn·,·J ')'" ct•a'"""" 
(Or fb~; in 1 he'"',. tno'd' 1. 1 r rhc Jn ;,, i' r"'f'·"~·'''' o 
for .\J"nos:n• llu11t, ~mal<"~ j; ntaJ< "llh • ;i~;l< ·)nc 
<haracter <lor,•d in "Rl. In B":n< H"nl, J m.>:dr i< 
n¡ade " rt h dual \} n<· , ha r a el ers <tor ,·d in 1\ "' .nJ " "·. 

In ci!),cr ca•< thc incoming J31a ~'""" tht•'ugM ,,,. 
rocei•o s;n.- ,.-~·i;h·r. ~nd i; .;o:np.H<d a~·oin<t t~c ~,,_ 
~r•mmed >~m·,n.or.o.-tor in""''''""'· In,¡,..\[,,,.,, 
S}nc !llode. a uo.llch h"'""''" Lh,· ''"'' ,h,,,,,,,, rn'
~rJmnrod inl<' "w· ,,nd th< ,-¡'"'"'"' ~"<mhlec ¡n the 
r~cei<r s¡n( t<'!Í\!<r <:<ldbl;;llC> >)n<IHunllal'oo>n. 

~ 

In the Ri«nc rnNJo. h"""'"· incrnrin~:.!_,,·_ ) 
,!rifted lo lh<.'<'<CÍ•c ""it r.•ei'l''' .. hik 11•~ ,.~;, •''!'"~ :· 
l'it• ._,r 1hc ""'""•'· are """'~obled in th.· -,,,·,¡"-"n' . . 
1 •·>:i>t<r. fh' o u al d1 ~"" ten l he ·"'' ttohl <J '~ "' ·'" t« rn 
rh,· r,•,·ri« ""' '""""" ""h 1!oc f'"''''·"'''""d ""' 
, h.or ,,., C! in ¡, "" ,,,'(¡ " "7 <><:.b 1 i•.l"'' • ;,, ¡, 1 '''" 1.\1 "•n 
Once 'l "' '" ''" i; .11 ion i> <>1 "blt•hod, lO<'''""">' ''·"~ lr) · 
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')iiO"JlU JO pUJ pu~ :IU!uUd>.¡ >41 1~ n\ 
.,.;;,, IJ'4' l!UI•Ur/1 ><.p 0111! p.>p~o>¡ JJO ,,ll'U >41 'Jf'OUl 
,110$ ·'41 u¡ '1""·''' liO!IlpUO~ UnJl>¡>Oln I)UhUCJ,L 
~ Jl Jlir•<.•u1 >'!1 JO ·'ll'l'!lll >111 Ul 'J>II'l JUI!I. \< 'pUP 

''''"·'·~ ·~· J•' "'"""!·'··~ ,.,, ·~ ;'"!'·" IJ'<I> 1!"''"'" 
·"IL OLUI P•'P""I '! '" 1\ ¡>IH: O" 1\ U! j}JU"'LUO.l UOIII."lU 
·••'!'" ·,.•¡><••u ""'"''"!'"':. .iuunu ''P""' .110-; >41 "! 
·'i>'"-'·'J'·" ;ru rur ¡juol¡ '""'"'4·' >uo) Pt>tJ ""PP~ 
lo' '>Jr<'UI JUi>lij JO JU(<OUI>I\ >41 U! 'JOI>C·I·4~ JU~I 
~•••~,_. ·'" rut """ .,,_,.!,, <>~P uu><U~Jl >41 pul 
.•" •• , <1 Wo>,; p>pO<>) J~ U~liP~I JJ!<IJJJ IJ!41 I!WSU.JI 
"~ <.}: ; ro¡r on~ ~10)1 )PUl>IUI 041 UIOIJ p~C<I)" 10~1 
J.>:o,5:: Cl<r )IW<l.Jr.l\ IOq·s 11• >"4 I>IIIIU<~OJ) J4,L 

'J'Oietn'l"' >! .:J"J 4"''1" uo .,,;q l411>Uiao 
'''"t 1r~1 c.:io1 '"!"'"~' OIS·OSZ >~L "'"!' ;>>P!WIJ" 
; r1>:-0" ·' f'<'"' .> 10, o o¡ 1 u 1 r ¡rp '""""' 4 Ju i< 10 ¡ \r 1>r 
:<~·:> "" >-'P'""J OIS·O>lZ >~1 ·u,'!'!'>P ><41 '~"'" 
~: >·~>:> >¡~tu• ,ldJ J1.j] ""11• CJ. .W.' "! ""<I01.j.l Ol<p 
0~1 '~"i·'"! o: ·'P!»~ lld,l '~' o<c;• '"!"~;¡, llO!l~l>d<> 
;.•:~o::o·'liq e '¡ol:-.>101~ JU\>18 u¡ ·lu>UJJ!P.'! >pow 
~o··o ;;:,¡ U>~Cl 41CJ r10p J41 'Cl"P >00UOJ4JUil pue 
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:\<¡n:hrnn""' d.1!J in !h< lr:on<mit 1hif: r<fi•t<r i1 
r<'nn>t:<<! "ilh •latl ~ud <tor ~i" ar,J i< -t·,tfiOd nut 10 
1he 1:.1n•:nit muhi;'l:"r JI rh< •dcnod (lrxl ra<c. S)n
<hrnn''"' (\1nM"'"' m n:·~nd :J.na ;, •~lfred out 10 
thc ,,,n•roul muhi;•l,·-.r ,nd •ho lo tl.c (oc s<n<rator 

~~ th• ~ 1 dncl. '~''· 

SOLC • H DI e data Íl > h ifto:J out 1 k• ough 1 h< "'" in!<r• 
1ion logic, "h1rh i1 di.,hlcd ~nik th< fto~< are ~rins 
>enl. for oll nther f1dJs (addrr". cnn:ro] >.nd framr 
chcd.) a O i 1 ;, -.·" <~ f ,,Jio" i"f r" < ,o,,.' LoO U< 1 's in 1 h' 
dl!a Sll<am. Th< <"•( ~cn<roror 101~11 for 'DLC d313 ¡, 
al1o ro~• rd 1 ht ""~h 1 too '''" in >ero ion l••sic. 

Func!ional Dbcription 

The funotiord '"rahili1ie< nf the Z>iü-SIO can be 
de«ribed fr<•m '"" ~tffc·tent p,>in:s of ,-;e": as a data 
communic•tion• tic• ice, illran<"'Í" ,1nd r<e<lle> <<rial 
d;ota, and me~" the f<·quiromen" o: •a:.ou¡ data ccm
municarit•n• r'""''d•: ~· a 7.-'0 (ami'.' ;>m~\-.~ral, ·., 
interac" ""h ·~-< Z~O-CPü and o:her LJ<O ~.,¡~~·«•1 
circuitl, and \h•••• 1hoir <J~1a .• ~~'"" ond conttol 
bu»« . ., IHII a, kin~ a ¡>-'ll of 1hc L!üir.:e:r~~l llruc
rure. Al a ;><rirh.::.ol to orber rr.icro~'~"'''""· tite 
ZSO-SJQ Off<" <aludt>k foatwoo !UO~• a< ~<>n-<octored 
'~terruptl, polling ~nU •impl< lt>n~,:.a\,o tapab<lniel. 

Tbc r;,;¡ r•" of t~.< fol:o"ín;; fu.,rti,>c.al ¿.,críprion 
de,nÍ~<> 1 he 1 nln"' 1 i un b<l" ocn t h< <' ?1 · ond Z~ü-S 10: 
rhe •~cond r•" inunduc<~ ;,. data C<'mmunica1ions 
capabtln,.s. 

• 
l/0 CAI'ABII.JTJI:S 

Tlt< ZSO-SIO offcr\ the d1<>i<r of )'['>IJmg, lnr<rrupl 
(H<lorcd or non-' <tiOr<d) and H lnd T.- on>f<r modu 1 o 
tran>for da:a, >tatUl .ind conuol i~formation tÓ and 
from rlte CPU. The Blo•l Tran<f<r modc can be 
impl<mer.rcd undtr CPU or 0''" .:ontro!. 

PoJTin2. The Polled mod< a•oid• interru~"- Status 
retillcr> RRO and R"l "" updated ll ·~~~"~'""" t"trnos 
for tach funonon ~<ÍnB rorfmmod ¡:"' e<ample. c~c 
Error""'~' -altd "' t~e end of :~o "''"•ge). ,\llrhe ln
ltrrupr m"d"' of 1he Z80.SIO rnu'l be d11abled to 
opera« the de• ice 1n a rolltd en•irc>n,nem. 

While in ir. Pollins •cqueMe, the l'PU c.amin<! the 
"~!U< C['>ntorned in HO for cach chann<l; 1hc •~o >ta~us 
bits'"''' ,. an ~cl.no"I<J,•e 10 <he P<>ll inouir)·· Thc 
'"'0 M~O l13tu• bits o, an<! D: tnJi,a:< lht ~ recei•e ur 
~n<tnir d.ua lr~"'kr is '""<d.:d. Thr '""" ~l>u in

""' [rr,,. or <>lh~r •1'<-<Íal 'u'"' "'"c!irion• l•c< 
¿_¡;().StO f'l<•~r~nnllin~"). Thr Sro,·i:t! R,-,.-;,. (\mdi-

tion 'tal m <:['>ntnincJ in •~ 1 tl.'C' ""'!JO><'" l>< re••l in~ 
P"lling >e~u<n•"< t>ceaoll< tloc ''-""' bn1 in""' arc OC· 
rornpa1Liod ~)'a Rt"C<ÍI< C'hara,:tcr ,\•~il~ble >!alU> tn 
~RO. 

' 

IUG 
lntrrrup". Thc Z~(l \10 uffer< an el.ol>o.-otc in:""'r: 
'<heme 10 rro•idr r~'' inteuupl "'~'''"''in I<J!-time 

;;~':~~"-",~; ~; ... 7:~~~ ~~~~~:~;;~'~ -:::~~~~.1i; :?~~"; ~ 
\Jn Jn~;ru;-_: ":'_;,. ro~né< ;,_o lo~~""""'!· T" ,,. 1 

O¡><l3110n\ 111 bo1h cMr,c.rl> .ond tO <l01n1n~tc :k .o,· ... · 
>ity of" ri:i-.g a •tal u! acal,\il ''"ttine, thc Z!iO-S!Q c.1n 
modof) tho "'"""~' 10<101 in "R: <o 11 ~oír.¡, di""~'"' 
nnc of <i!-"-1 ir.:rrro~l '""'e r<'utine>. fhi< 11 ~""' 
und<r prn:rJm_c<'n:rol b~ '''11:~! ~ P'"!'·'m ~,- ("-Ot; 
O:) in Cbr:c,o] [l '"l:ed --~ldiUI .\i!e;" \'cctor." '.\"~en 
thi• bir ;¡ ,,, <~e i''"""l'l '<"nr in "•:" :: ~"'·eC 
accorCing •o 1he ,.,;,:.d rrioror' .,¡ th< '""'"' ic."'· 
rupring coc-~i:io~\. Th'' :>~le in :he \\'":e Re:;'>:<: ! 
d'!ttirtic~ [{;~O-SiO i'~o•,;:.,r:-.mino l<Wcnl '~-~~> :lte 
modiftcatic~ de:ail<. 

Tt amn." • n :r:r u~'!, R""'" e in LCI! ~ ~" ané E"" "31.' 
St31UI ir.:<''U;'>I> "" rh< "'aon SOUICC\ o[ 10'<-:c~;s 
(figuro 5\ ::ooh ltll·.rr·.~- '-~ur(< ¡, <"r.a~~d ctnc.<: ~:o

f'3m """'''' "1:h n.:.r .. ·,d \!'"''''"o .'>i>h·-· ~""'": 
th.1n Ct·.onn'l B, ond ·~ttn R,;e¡,.,, lr.Jf-':!1" o.-.c t•
lernai/St ;: e 1 1 0 1 orru ~~ • ;-e: N" i 1ed in ltll: o-.:1 e: " ; t-. i,; 
<lCh clt:¡;c:i. Whon th< f:.,nlrr.:: int,·rre;: ¡, '""'''"
'"e C~t; '' :-.let:~;;:rd "' 1~ .• uor.•:ntt buf:<r t •. - >•.r•:_;: 
e:nply. (O~.> 'r:-.;-1•::• ::to: i!<e ::ar.<r:ttll~r rr.~<1 C, ·• _. _,: 
• éJ ra '·'" "'" "'ri::cn :c.:o u !O n •an b• :,,,., .' '"';:' _ ' 
'.l'hen n~~-re:. t!.o '""""' <•n inre::ttpt ~~-<, ,,_ ·'=-~ 
of 1broe '•":·>= 

\ 
• lnter:"~' o~ f.rst ""''' '~"'J~te: - .-' 
• lnt<r:u~L on all roo<:>< d.ara;ttr> 
• lnlcrr~~~ on a S~•;clll Rece11< .:anu1 ocn 

lnt errurl On F "" Ch "·'" er i 1 1 .' p1ca 11 ~ ~ •<J " ,;!-. 1 .,, 
Blod. Troc:f<: mode. ln:.-:rupt On .\11 ""''1' e ,-."-"·oo
lcrshas t~.o ~~~wn <>f ncc•d~:-_,inf lh< '1nwr"r' ··'"~' 'n 
rhe c;c.,¡ of 1 P•'"" ,,.,.,_ Th< S;><«al ;<o.-<11< c,,~~·
rion int<rcc;:.- o"n "'"u' •'" .a,:~_,,,_,., ~r '"·""'!' : _,.,, 
tEnd Of F:o:~~ int~""~l in ~DIC. for e>am~ln r~. 
S~e~ial R.:;,;,, c~~dni~" c;,n "''"'" an in:errup: ,-d! ti 
rhe lnt<:ru;: On Ft:,: ;:,,,;,, Cl:oractrr ~· !n:.::~~~ 
On All R~o,;,, C~"'""" mod< is '"l":ed. In b:er
tupt On /'o:>~;::""'" ChorJctu, ~n in>otrc~t :Jo ~ce~' 
rrom Specioi Recoi•c c~c.Ci:.cnl (C,.:O;>I Par"' ::.-·en 
afoer th<: fi:st '"'''' c!•.Jrooter inr"rur1 ('"c.o¡-1~: 
Rec<il< O«,.un tr.t<rtupt). 

Thc rnai ,, i;.H><tion of 1 ~. [" crr ~L S ~a:u; i":'' · ~~· " 
ro monitor ._,, ""nal "·'"''"""' ur rt·• ,--;-;-_ ¡-,:J onJ 
~ pi n<: ~~-" ,. '~~. a n E' lnn•lt~ 1" u• 1 ni"' r <.,-: ,, ~h1 
CJu•ed !>' ' Tron1mi: L'ndcrrun -:c•:od<lh•n O' ~~ the 
detection ut 1 Brea!. {-\•;ncluonott< mc•<<l ''" \borr 
(~DI e mc>éel '"" """'' in th e dJia '1 r<a<n. rh.: no«::~~< 
,-~u,~d bl' <he fl:,·•<'·'""" •«W'''"' h"' " ·~---·•' "\ 
ka1uro lhO: .• :!,,., th•" /~!'-SIO 1<> irtlcll;ol'l n!•,,, ti., 
Br<>l./A\-<'11 '"'~"'"'" i• J.-,,·,tod "' '"'";.,_,,,..¡_ r¡,, 
''""''" f",olu.,,,., thc pro>p,·r '"'"'""'''-'" <•1 tO< '""''nt 
ln<I>J¡:c, ,-.,~:~ct inn1,•h1.,ti.m of tloc ne\1 """·'f"· acd 
tite"""'·"' ti"ling ur th,· llre3UAI>t>rt <MJ,;i,•n '" 
e\l<lnall,,;-o. 



.· ( 1'1" 11\1 \ ttl,,l Tr;,,¡,.,_ Th< l.'O-SIO rn·• •·k• a 
ij).,,k Tr:o~o<lcr mc>dc 10 '''"mmod-"~ 1 1"<: Ho,.~ :r.n<
fcr r .... ,,;,,n, ;¡nd '"'' <<>mrolkl• (1"1 {)-..¡.o,'" ,,¡,a 
d.·-.~n<). fho BI<'Ü Tr:H:.fer m<>,l~ ~«< the V.·AIT, 
ü"o'i "'"P"' in cnnjlJOC!l<'n "i1h 1bc \1'""/R,·;dy bi" 

Wriot R<[i"cr l. n.o ;,-,-¡y¡¡¡;:_;;i:)\ ou<;>ul can be 
_. fi,,,d llndcr •nft"' ~re cOn! rol o< a "' "1 r lino in 1 he l' ~U 

Block fr.>n•fn m<>de or ~' ~ •E •DI lino in oho o''" 
Bl<>d Tr.n•fcr '"''de. 

Toa D\1' <'<'O"<•II,·r, the Z~O-SIO •O\DY OUipUI 
indicale< 1 hal 1 he 1 >O- ~1 O i' ""·• d•· 10 u a<:• f<r dala to or 
from momo". To 1he 1 Pl', the "'lT nu:~u¡ indica!<< 
1hat rhe /.50-~10 ;, nol '<'.Jd\ oC. :r~n•f<r d313, Ih<reby 
ro~u<<Iin~ ''·• < Pl· "' ""'nd 1he t n ;--e k. The pro-
8<~mmi"~ e>f ~"' <;, 6 lnd-; of 1\"ri« i<<~:•«r 1 ""d 1he 
lo~ic ""'"'uf 1he ~"L'O' ]m, are dofinc<i in 1he 

----·· ------
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O~TA C0.\1\Il 'IC\TIQ''S CAP.\1\IUT!f.S 

In •ddioion lo lhe l.l'1 cap~~ilillc• prni~u<l\ di'"'"'·J. 
lhe Z~O-SIO W<'"<l<l '"0 indcr~~d•nl full·oiLo~lo 
channel1 a1 v.dl 3\ ·\,~nor.mnuu<, Sonch10n<'~· ,,,,d 
'DL (' ¡H nt ('o o1•o·r .11 iomll r..r>d<l. T~<•< "''''k' Í.1, •1:1·•" 
o he implcmcni>11Vn ni c~mnwnl; LJ'Od daoo ''""'c.:.m. 

''""""' ]'lt'>WCOi>. 

rhc opecofic ¡,,,.,,., ol.oh«< m<>de, ,, dc•u•-<d "· 
the follov.ing -o:oio"'· rv "'"''"' ¡l".c ondc~eo·J:n,: 
•nd ~ompieJ<n<<l of ,•,eh •ccoio'n. •('me inf.o'"'"'""" 
common to all m0d<1 i> "P""d 

100-"0 
'"!~euM 
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.,,·:: J~! \Oc"l"~''r¡! ~ 1''1~ !1.2 '9.~ )O~n¡., >:;:. . 

·,o.:o::l ·~·-"-' :C~!l~:u¡ "·'"·~Jj~;;J~I\'I >41"'10< JI: 

1 1 

"I>UUC4> J>qi!J U! UO!lOJ>dO 

""''"""'"""' '·'IJnp·un¡ e IU>w>¡<.ltul 1•41 <d>1~ 
w~:Oo•~ ¡coo~i: >41 '"04< ( >r~"J ""fl"'ll <noun14~ 

f ·-u (<r UO po>n ]O U >JO '" 1\ PU O ~~ " '>OpOW J> J <LlC JI Cl~p 

jlpu• ";>ow_¡dnJI>W• ·'41 PU!_PP '"·" ::c¡~J> ¡do·JJ~I~< 
( ; :Oq¡ <>JOJ< {.\(U<:' <( 'Jil~• ~.)) ¡O " -~opt>tU <n<>UOl4·"' ·;;-

• -. \ u~ <¡>Ul:WUUD ~ur "'•>>W•,~J ·pr,nu J(4P"(Jdo >41 J 

i·!P"! o1 ,,, "'~ 4"" .~" pu~ ~~" ·¡," '""~' ;: •rq•_t. 
1 :<¡o:mo¡ ,¡¡~'""' '""u'"4'""" "'"'""111 9 >Jn01.:1 

!._J.:_¡_I JO elip.> iu<II?J >41 UO JOCI 
f',;:c•o" t:IP;' J<:•~ . ..; ~;>:J!_lnclU! 1'•'!.) IUUSUeJ_t >\11 

:·-•·•·;~·" >1e1 1.>c>P ·4• _1n 'l'c': · ¡· a}pu:t:T' ''1•~1:·).. •• 
e': ;•·~~:' '-'C' r :r C•.l "'"'l ~"·J!Li• '! w·p I"!"S'-

":•·u¡ m¡ r'"~ ";: JOJ ruono" Ou«:m:oJ,iOJJ OIS·og:zl 
u-•: .. ~-,,,,~ ; ,,,;:,i.>~ "'".\\ '4' "! o1qr1 '~1 01 "J" 
· .. ":; '..-'"'i >IIJ "~"":ü>[ l>J.'OJctp ->4l Jr 'fJI':;-~07 o•p· 

1" ••· '' '{l"'"i PPPJ04~ ~41 U>'J,\\ "¡>JIL!WWCJl ~q 01 
.. , "':' e¡e~ >ql a: <llq ~o,. ¡o JO.¡wnu p>WW!J~OJd 
oo;: ~~e 1 \IIJ~~ OU JO U>l> 'pp.;,¡ :oq \I!J~J fiJWW~Jii<JJd 

··~. ·"q ""'' ·~' •;r• -'ll~""'"'w"'~ ors-o;z •4.l 

·~"~'P '! 
~·-•·1·1L:·>' >ql ¡;1u~ ("Ol) 5u!><dl a•J P1•'4 01 P'"'~! >o.¡ 
'''-' r"~:.:.wo.• FU ·;,n) ,.,8 pu>s >4> •¡unu.:>> wr:i 
·o:.: "f".l ·;:::~;o: ~••r ou ""'l '"""'·"~"'"' >4• u>~·• 
( .. :::¡¡) h:~:n: f!·''l >;,iO•l) ;c.~:~c 0"'0 I[W).UCJ_l >qj 

-·-----------
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--------

'o o1 p_-,.,.,,.,~ .. ,J 

-oo, "~"' :•s '":qr~;¡ "'~'-' >41 ·o">.!mJ "'~'''"" '"J P••" 
.o¡,\1 5.l..::(¡j """"J¡nJ P-':'•1"1 '!»11 Ul'q¡ '·"11'-' w.lp>unj 

JO) rd\n >q .(.w 10'{1 ''"'lll'l .l>UdJOJ·{<:J.lu>Ci >J• _;-.,<S 

pu• U.JO ':i!_l 'U"~"!W•~OJI r1cr >U!].>~ l! >"lJ>q 7ol 
o> o1 u•J su"'!' Jo¡ "''" 111" ots·o,:~ '4' '"'" 11'-1 
<>¡qru;¡ Oln\->Lp JI""-.!.,_> l"l ~Uil<?>'. l!>OL[I!" 01S·(j>f7. 

¿q1.0; J3et>-'>ll J"i jO P1J•J•4J •.• ¡• 1"!( ~•11 ]>U>> 
~.01 -""11 W "' iic >J ·'4 1 • nOI(O JHUC,l J .~>.>i e'J ~ ú 1 n \· >4.l 

• 
.. ~:--'¡~,"¡!ii<j .>¡~tU3-I!<U\u~Ji'>i¡l 

---¡-r,¡¡¡¡-u·,o;¡ iOu_u.i;i'iii:•!•;,ú.J,U;;-;1 ·:•o. >¡q~u;¡ """"~'.!, 
..r.>q> 411"' ~u oro :>• .-~ J<n•JJ <1nJ '"" '~ • ,, .!! 1•_; • ..n.;.J;:, 

..-"!_H ~! ~_() >'"" ~~~· 2.':.~!'...!-lP l•)l'l_ >•1> ''-'"J'''"! 
::JO:(,SM lO wo~oo:.: • ,,,-_¡ p>u:"-'•~~'' ;! ~~~? ~~~ JJ 

·sp\Ji;iu:uo' <o '"""''~'E<l 
>11.-" p~~ ¡~,.-·,~,.. :'cpq"p~nll! ;>q h~<>l "·'""'~'"J 

• '"·"' WCl>OJd <::,>1>\, ;qJ .\;), IPI\d.tJ )1!1" >lCI;<.f<Jl•!ol< 
>41 01u! p>f.""' '-'" ""'·""'"~<! J'LJ_ ·-•rt;~··~ »n:w·u~J!. 

~'" ""~'" 1 ~· ·,~"'" 'J""·'IUI -;,;~J rr(! Jn ~") 'jJ!q 
..--,J,,, )" l'<;'.!!Otl 'Ji"' V•'P -~:.''"1 """'~'1~ :<J>!owr¡ 

·•J >uo"~ll"' ·~· 4""' P-":1•'1•"'' ••: """' 01~-o~:t: ·' 
.._·.•ro•u '"""~·~''' ¡,\. ~4-"' · "-P ""·"""' '" ~·!,,,, ~ 
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·-
,\n A'~'''~n:.nou! '>e;ci'< ''1''''"''"" ~r~i~! "hn ¡he '"> 
~-.~¡,, E1~~k ~¡, ¡, '''· nl~o •. \'"-" ru:,:,k._:~~__;_._ 

,-.;;,·J, ¡¡1 0 mu<t ~c__l_"'!' ~~ ".!:11. _'\ l,,n, (<j)dCJng) 
odilivn o,; 1he Re<c<'< [),,, inrut oR•D! indicll<\ a 

-oarr bt.lf 1hi• Lo" r<·~<im r, ol 1,-,,,t ono-halfofa bi1 
lime, the<:an b11 ¡, ,"umeJ lO ~e ,,,lod o·ld rhe ~ara in· 
pur is lhon •.llnrled al mid-hio ,;,,. u .• oil lh< rnoire 
ehar•;;rer ;, a"embbi. Thi< n><th<'d of ,l,;;.·cting a •tan 
~ir imp<O'<'' error rejewor. "hen ~,,¡,. •r;l.« "''" on 
an oohefl;i« m~r~ing line_ 

. , .... ·; 
lfll,e-< 1 ci<•cl. ,,.,,;;Joi< <ek;t«<, b1r ~;nch,on.,.rinn·· 

mu•r bo_~-'""'~!l•~ej "'"'~al!:.-. Recci" ~.,. ;, <am
'pled <'n 1he ,;,:ng dtc of ~,e_ fhe rece:-« Ín<em I'S 
"hcn a charo<e<er len~:~ of mher rr.an ti~~~ bit>;, u<ed. 
lf r-arit)' J< enabled, :~<~""'Y bi1 "nm •or•rred from 
rhe ~··•mtled <h~'"""' r,, •:.'1orocta 1,·r.¡:1h< ooha •han 
~ighl hi!!_ For ler.~th< Olher lhan ei>h• b;, <he re<oi<<f 
~-«m\lks a,-~·'"""~' l<nglh of ¡he rcqu11eJ numO<r of 
IÍ313 hi.,, plu< ~ r~nry bL! an<l 1'< for anv unmed bus. 
Fur <>amrle, lhe '~'"''"' a<<omblcs a ~-bll chorae~cr 
""h th< fc-llo"1ng forrr.al: 11 p·o, O¡ Dc_DL Do. 

<;in« lh< ro:cei'<f "~uff<r<J by ;~r« ~-bir rc~lSt~~ 
in.~JJ'1'~'· 10 11•< ",eiv_e s~1fr rog"ll·r, 1hc ('PL has 
<'llQLJ¡,h 11m~ ro ''"ic·c an Ínlorru~l dnd 10 ae<cpl lh< 
.Jata ,¡,~r.c·:er d";',clbkd b) o he l3~-Sl0. The l<'<i.er 
aho b, ''""'' hurr,-,. 1~.11 '""'error na,! for caen da¡ a 
<:' "dCI<r in lho recei'~ buffer. Th.-c "'"" na~• •re 

·d al lh< '''"'" 1i1nc "' Lhe d"" c~OfJCI<T>. 

,\flor 3 ch;.rncrer ;, rocci<rd, il is chccl.od for ¡he 
f<JJIC'IIihg crf(H COIIJiLihm: 

• 

• \~c!!.I'-" rHJ. i.l.Cil~l<;~ • .,¡l~? Jrlty ETJ<·i ¡.; :,1" • o, 
D~•->•l."h<nc;~r lh<·p.trl!y t"' M !he ,,';;;roc'IIJ 
lf<>n rinl maoen~_,¡,h oh< pro¡;r:.mm<"d r-""l· 0n<< 
thi< bil i< '<\, i1 ,..,.,.._¡.,l_}<l.~~~il th< ¡:,,, Re••• 
Cnmn1arod·t11•o1 i<¡;i•en. •· , __ - .1 

• rne f_ra·r..ii:~ F.rto!__b ~-~~~-~ ~~_;< w ;r 1h~ ,~,. 
acrcr o~.:"'~.'c•~l_c_J. ~~~!houo" on,- <LO[l hit;_W.J! "·a 
Lo" le«l d,·rc.;Lc~ for ~-,ICI;J ~'~l- t:'c.:;'<c LM< p,,.:; 
l::rror bit. ohi• ~¡, i¡ ,., (ond not b1á .. ·J1 00 ¡1 '"' 
ohe .-h~'""" 0n "hJCh io [ICCurred. Dc:<<~i,;n uf 
ftaming ~rror .J•I< "" ~J~ilional one-! alf of, hT 
time lo thc '""'•"« 11me '" lh< fr;¡min~ ,-,or ;, 
no• in1<rprcrcd 01 a ne~ """ bit . 

" 1 ( ;h~ (,'~U .foil, 1 o re"d a d;, :a ~: .. u oco~r \l ~11, 10:•"< 
,:lJodu_¡hrce cho•JCI<rl .. hJ\C bccr, r<:c·•~~- ·~~ R;. 
.~eJ<e_Q~<riun hit (;;~,:-_D)J ~' ><1. \\'hcn ''"' "'· ·• 
'""• o he founh cho:.-'""' J"<mbi·,J rcrl""' •.n< 
ohird choracocr 1n "'' r<eo;,, buffer<_ 1\'nh rt,i< .¡,. 
'"n~em<nl, or.l} 1.0< c~a·>c«r •'·"' h2< ~,·,·n ""'' 
~en o••r ¡, nof~··d "iLh <he R··cei•e o'"""n E""' 
bit. Lil.e P•rio) ~'"''· thi1 h" '"" onl~ ro~<··« b\ 
the Error Re<<! .;omm.1nd (rom 111<, ~~- <¡,;,e,;~~ 

&"_Fra_mint Error a M Roceiv< O: e""" [rrur_ '-"'""" 
.•n Jnlorrup! ,.¡,h 11,_ int«rllp[ 'ecrnr <n~,:>!lr,-'!1 • 
S pecl:¡J R ocoi;·' < '"·~": ~n 1 i 1 St~r U\ A: f <' [' \·e~: N 
Js •<lcc«d). -' 

~ince lhe P.Hn¡ Euc.r ;¡r.d Rc;c·i,. O•<:ccr. Er:n: 
nog• arclorch<~. L~e <rt01 ""u' t~ll ;, ,,_,o r<:l·:.ll .,~ 
error in lh< éurrrnr .orJ on rhc "'«•< b~' f<r ~'.u• ,,,.., 
Patll) ur Overrur. E:ror> "·"''d 'lOO< ¡l-.< l,¡.¡ l::r••'' 
Rescr <ommond. f, ;<<¡.• « '"'PO"'Ienc. ""'"'" IÍ'" 
•tMe of rho <r'(,;, bu f [en •, ,J 'h< cO;n~n" o; 1 e o r .-,:~; · e 
:d~ia' buffefl, !il<:crr~r "~IU<.•<g'""' .,,.,.,k ,._;~ 
:befare lhe C~ ta .-.Tioi< " ., <L:) "' "onopi1;,'1<d 11 'e:<m<d 

•"' a1r t BIT 1 liT< •• , l BIT 2 an ' ILT O 

... 

.,. 

... 

00 • ~. ! Bns e~~" 
to-~·sBnsc~•~ o•. ~. ,a,rsc~~~ 
ll• ~•6BITSCH;R 

00 • • l ClOCK In DE 
Ot • < !6 ClOCK •.•,'DE 
10 • •J< ClOC" ''C'OE 
11 • •&< ClOCK M:DE 

"' 
00 • T, 1 Bll5 ¡OR 

lESS¡CH;R 
10 • To f BITS CO•AR 
01 • lo 'BllSC~AR 
11 • To 1 ellS CO<AR 

• 

• 

SENO 

Ll•""" 

----

• • • • 
E~..SlE: 

----· -----
00 • ~Ol US<D ... 1 STOP Bll C'<>R EvENUD() CARo'< 

10 • 1', SlQP B·:' Cd•G PARITY 

·~·~·· 11 • 2Sl0PB11$CH<R 

---

•• • • EN~BlE '" 
~---'-------

. T•blo 2. Coolonn ol w .. oo Ro~I>IO<> l, 4 onO S tn Alln<•uonooo Mo•u 

" 
i 

' 1 



I'\.INCTIO>I 

INiliALtZE 

• 

IO~E MOOE 

0AlA HIM<SFI:R A~O 
[R~O!'I MOmTORIN~ 

• 
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TYPICAL PIIOCRA'• S TEPS 

•• 

A5vtoCH~0N0L'S ~00(, •• ~, r. ·~·[,<M• T<O~ STO~ BitS 
'~":l<'JA'<0N CcOC< R.,E ot.>,?R•>"OOOI-< ... ~·~"" l 

w~¡ R!Ci.~<E P«3lE •uro ~ ~•111.!' ~'''"' c;,.,._.CTE" 
l<~G~~ 

. ., RlOOUts r lO SI.~~. IR"~ '.•oT E~• ""· l ,;••·S"If 
CHAqACfER Ci NGTH O•l• r<A•.:.~•l ROAOV 

~ "">''" .~""'"""! ,.,.alE s' <rus ,: ,;e·¡_ -,o ere" 
INfiORH~_, C~ A U. ~!C(»! e~J.R•~ !O<S :·"C.;: _.. <IT 
R~O.OY FU'-'CloCN, Ed!A~•• -'>;E oo~Ol E'""·' 

" l"""'S''" """ ~"'"' GYlE ro s•O 

<F. ~"•"-'Crt~IS ~!Cf/1'!3 
• ,,_.,SFt~ C''~ c~·~·et~Q ro c~u 
o !POATE PC•'H ~~ •·-~ ~.o.,,~ IE~S 
• "-Efll~~ FFCY ,~,~~uPT 

lf TAA'iSMm!~ óc•<;¡;> •S !M~:; 

o '~"~"" e•~• ":><-'R>CHR ro s•o 
• u<'~"• """'""·~o"""''''""" o "OfUONFAC"'~l(~HU~I 

/F OTI:~.--l S lA 'VS C~<.V~t S 
o TRA"Sr¡O ~~V TO COl' 
o ~EJ'IFORM l ""0R RQUT"! 5 ,,~Cl ~00 .~, « 0E"CTIC~I 
O OEf~O~ F~~IJ >'l<RHUOT 

IF $~!C'" PECEo>f CO,·omO'< 0.::C!iR5 
o l~o-:5FE~ ~R: 10 CPIJ 
o 00 S'"f~'.Al '""~~ ¡0 G Foo••••·G EMC~I "<:>UM<E 
o O~lU"~ FR,]" '·' :['<0 ... ~1 

" 

-~ 

___ _) -

Ro<~"'• and O'O'>f''= ,~-· •.··, • 
''ed Au10 Cc'o" ··.o!',._,. 
mo:tor rl m,,-~·-·,.,~., •.. 
6Co " •ct, ... 

~••ns--·: ~e:@'" "" ··.:· · · :< 
:~...::. ::.-,.,.. t--,·-.o; 
"••~• e• :.oe E> ::: ,-: -.-
&""""'~':·e o-._,.,.,_.,_ ,_ 
Alr..ct .... ,.,. :-.-•• ,: ,,_, 

Th•> ~a: a o,:• '"'"'' ,, .. ,., .•..• 
l•an•"'" , •.• ,_o•; ~·11 e::.· 

P<ogt~m '' .,,., n¡; 'e• a· --···s 
lhe '>'0. 

' -

Whtn 1'< i·•o<•c:• O<'Oo" ,., ··• 
,..<:101 ''.·.e:.~-<-: o,_'· ~.:e·.•: . . ...,,., ....... ,._ ~ ,,,_.,.,. . ~ ..... ' -.-
ty: J E•"<---a·s·•·" c·.·;o •"" · 
S""''"~ ...... c;;•o.:oo•. 

P•o.¡¡•o., co.oo•o: • :-•~•·•· ,, re 0" • 
1M O'!l~i •"'•"•"' >o-.-,:<"·''"'' 

11 ~·ed ~,,_. 0'0<'"''"'' ,. •. ' ...... 
th~mo~.r "-'"''""P' .• ::~· .-.~, · >' • 
1>o •eto•rM re :co ce u'" "• "'< · -=' 
""""''""'•• >< ;; -· • "" 

w~n """""'·'o<.,.,.,.,, o,,. ,.,-,·e· ' 
c.,.,.,toLe 

., l•a•·.•m•l. the Art Sc~t "·''"' 
Ul~•l•an>'~''"""' •• <u"'P1<'< 

•, 

--



in• e:'" rl' "'~ u•rd. t"·c.1u•r .• •r<• iol in;,·rnopt , cctor ;, 
r··n~r.o¡nl r ... il•<•r ,,>n<lllinnl. 

1\"ioil<· 1 h< 1:",' ,,,1151.1 "" in tcrrurr " '"" l·lod, brea\: 
dri<,IÍOn "'"" "" inlcrrupl .1nd the [Jt<.1l. 0<'<(1•d 
''a""~¡, (k""· 11;) il '"'- rhc f~o.·.ol. o,.,,,,.,_: ini<I!LJpl 
•houiJ ~" h.,.,.JI,·d b¡· Íl<uins obo Rc•CI E"cr.,ai:S:•tul 
lnlnrupl .nmm .• nd oo ¡ho 1''0-~10 in "'i>"""' 10 lhr 
fir\1 Br<Jl. D"<'Cird in;orru~l t~ .. ll h~\ • Brrú \laiUI O{ 

l (~•n. O;). Thr /.10-SIO ''"'"''"'llho Rccri•r D•l~ in
rut .1nJ "ai•< r,,. ;hr llreá ···~····~ce 10 Termir.•lr, >1 
"hich r<'inl lh< hti-SIO IOI<rour~> 111< CPU "ilh lho 
Br r~l. <' o"" <el 1 o O. Thc l PL mu'l ~,,. n 1 <SU< 1 he R.;., 
E\!trnai'St,tu< lmrrrur1 wmmJnd 10 Íl< ir.O<trupl <rr
,;.-, rnuoinc lo rcinioialil< o t.< brc,l ,:,,.,,ion lo!i<. 

.Thc E'lernat:So~tUI inio~ruro ll<o mor.ioon oho 
•taous of O< o. lf rho iKiJ rin ~"~''"' 'rn.coi>< for a 
('l:tiod _,,,.,.,,, thdn lh< m1n11num •rrcifiod ~ul<e "idth, 
an inr<rr~r• ;, rnor~IOd "''"' rhc ocn "'""' bil (Ron. 
0_1) ''' ro l. ;->ooo '·"" th< D(_'"[¡ inpuo i1 in'<rl<d in lh< 
R~n lldtU> rc,:i<l<r, 

lrlhe ''"'"' ,,;.~~ ar .. , :c .• ú:a. t~.~ """' <:'Jta fo•-· 
:h~ neu "'"" i1 ol•o ir.c(~~d rf 11 :.~, bcor. <:~..-••~ on.
th~ hu ff<r. 1 f <';>OCó:r•On < uro r<rl-~' .-. •J r ~pij (< rño11 <h; . . - . - . 
'~oh<·~".''"~'~'~""' is no:"' <o;-cbrd, lh< <lai"<Hgll-' 

• 

,. ' ... 

'-' •• ~em~in~ • ~lid._¡' n _<<<<n:ion o«·u" ~ h<·n 1 ~< ¡.,, :' 
i'i.i¡;t On f'illl Ch,¡r><l<r Onl) mnde t< ·~h"d, '\ •,~c. ,,_ 
intorrupt in lhi• modc hold1 lhe error ,¡_,o o :.noll~c.' 
>el<t il>clf(r«n tf rrad foom the ""lftol•"'"'"·' 1:o· 
R«" <ommand is l«u<d- fh11 rr<•cnt< furlhrr ,: ,
from bocoming .,,.,,¡"bk in lh< '"""'"'' "'"il rhe ~.-
command i1 iwo<d, and ~IIO"I (rt• ic.:"''"·''"" un·:. 
charact<r ,.jth tho ~rror •••n if 0'1~ or bln..-~ lr;<n•:·;: 
rrchniqurl ~·• boins u<od. 

Jf lnt<rrupt On E<tr<' Ch:.ra"cr i< ,,.1¡-,¡ed, ll-< ;": 
rupt 1<<1ori1 d,ffercnl ifrl"" i< on ooroc """' or. · •. 
lf" R<'l'<i<or Ü•errU~N'""· lh< mo·t cr,'cJ01 á . .J:.,,· 
rc.:<i~rd ;, J,»dod ic.to tho ~ .. r:<r: t!-: ,hor.1C:<: C" 
C<ding it ¡,lO\!. 1\'l>c-n tho ü.~r.ll'l<: •h• '--''!<o:~«:::
len"'~' lh< oohor ch.or.o.:rr" i• rc•J- ~~-' ~~.ci•o O-.,
run b;r i1 ~e: <1nd th< S;><<l>l RccciiCC~c.!•:i,ot; '''''" 
rcturn<d if Sr>~us A lfoc" \'oCtor ¡, cc.;b:cd. 

r¡;;- .-¡;;¡¡~-~-, n'·';oñm-,-.,, ohc~Rec ,¡,e e:: .. -".·, 
t.._A•oolohlc hil (K"~- ":l) mu,¡ bo m~~·:.·.~ - • 

Z8t1-<."Pt; can b:..~ -,, hc¡;-,o r,•,J ~ ó¿c>::e:. n,;, ~,
automaoicall) ,.,., "~~n lhc «•<Í« ;,-~;¡,, 3;o ,,. __ 
To pr<><nt o•cr'<rioi.,~ ¿.,, in pollrd o~:r.~ti~m. -
"'"'mi: buffer ,.,u, mu<~ 1>< (ho:ft·~ ~c:'o:c ·,;,· 
'onoo :hr rr,w\mollrr. fil< Trammll lkl!or Emp:) h: 
'"''a 1 «ht•n<•or rhr "an1m11 oulfcr "<mp:_.-. 

·U 



Synchronous Opcration 112 
-----------

8d11re d<•crit>ins ~¡n.:hrc.r.om tran•mi•>ion and ·~·-•P· 
on, th< thr<e t)f'<l of chor~cter <¡nduoniz•tion

·'lo""'l nc, C"l ne o nd E \1 cr MI S:- nc -r<quir e •ome -.. 
plaMrion. Thc>< mod« u<e o he ~ 1 .:lt>d, for both 
Tra 11 "nit and R,·,·ei<c nrn:.tion,, D>tJ i1 ,,m~led on 
th• risin~ cJ~e of the Re;;ei>r Cl~;l inrut ~~·U- fran•· 
rniuer óoa leon•itic>n< oc<:ur on the lalhng edge of the 
Tran••~it Cl"'" input , r.c,. 

Th< diff<ren•u b<'"<<n .\1ono<:-nc, fli•¡ncand e ... 
ternal S•nc ar< in tbe rr.anner in "ni.h initi~l ch~raC!cr 
synchro<li<J"on ti ac~t<•<d. The mude of operation 
mu¡¡ be 'rl<.:ted ~efore >)nc .:hJr>CI<fl ore k•aded, 
~(au•e th< r<SÍ"<" ore u•ed drffcrcntl) in th< <arie>tJ< 
mod<'- Fi~ u re 1 •,'>o" < the f Nmatl f or all 1 hree of 1 hc,. 
')llChllMOU' m~de~. 

~lnnu•~nc. In a R~cci-o <>r~'alion, ~~~l<:hing a •inglc 
'·'"' .;horóCI<r (~-b11 ""' mca<l uo¡h >h< rro¡¡rammcd 
l)n< cbr"'"" <IUr<d in""' ompio<< chJr.c~er lynctlro
ni'"'""~ on.J en"bk> ~o:• ~eansfer_ 

flj,~nc. \l"hhing ov.o '"niiSCOul \¡nc chara'""" 
llf>-bil ""' m<•de) v.ith lho prn~Jdmmod <¡nc L~Jr3C· 
l<r> '''-'t<d in\\ o. and ""' io:¡rlic• ch3f.1(1Ct <~nchroni
;Joion. In h•lh 1~< \l,•n<">l;nc •nd Bi.;n.; rri<>J«. SI -..e 
il ~«d ,, "" ouli'UI, •nd is o.;ti•c f<>r lt.c r•n of :h• 

:ci>< ciN·l thJI dclr<<~ thc <;nc <:haract<r. 

. ' F. •h·rn>l S~ nr. In r~il m<>;l<. ch>r .,,., <) nchroni;~l •On 
is C\13bli<hd C'l<t~JII•: '1'-( i11n "'~UIIhal i~~"'"'<l 
'"''"'1 cbroCJcr s;n.:hrori131ion ha< t-<en J,;nie•<d. 
Aflcr ohc ''"' r·JII<rn '' dcoccocd. ohc <~l<rnal i",'" 
muS! "'a" for ""' full Re,;.;""• Clo.;l. c1d.;, oo ·"'''"" 
lhc Si"M' inpul. fhc >\ '( tn¡'lll mu<l ~< hdd L"'' lllllll 
characl"' ''"'hrn~intion i1 In". Ch:.roCI<r "'" .,;,!, 
bci!in< on lhc ri>in~ d~c o/ hl oh a¡ rrr>«kl lh,· r~•:•n! 
C"dgc of S!-~C. 

Jn all e~••• aftor a '"'"· 1he ,.,,¡,., il in lh< i !on; 
P~""· during "hi.:h th< ZSO-SIO lo~\,¡ ro.-,_,.,,,_,., 
s;nchron•la<ion. Thc llurn con ~··r•n onl; •-"<r• '"' 
rt.:<il<r ¡, cn•bl<d, Jn~ d01a :r01r.1f<r Cln ~';'" ~-"" 
"'hcn chara,·<er <}n:hu•ni:ooic>n !-.:" h«ro ac~,¡,,,J Jf 
char~CI.r ')'n.:hronilatil'n i;loSI, 1~.~ Hunr ~b•< .-~·. 1-< 
re-<nlcrcd b; v.rilia; ~ c"ntrol ~<>•J "ioh :k [r,;.: 
Hun1 Pha<< bJI <<1 (\\O J. o,¡_ Ir. !he Tr•n•lml mi'M. ,_.,, 

.ltJn\miTicr oil•a;¡ •<ndl the pro~ran11l1<d nutr.:er c>i 
<)nr: bi1> (8 or 16). In !he ~lollo\;n.: mude, Lhc ""e'· 
111111er """'m111 from "R''· lhc "'""" wmr""" 
•r•iliu "R'. 

In !he .~1onn<;nc, Bi>;nc Olr.d E>ltrnal S;n<: '·"¿"'· 
3\l<mbl.> of r<.ci• r.:l Ja•~ '"·'""""' ~n: ol :~: 1. O(' • ll l •· 
tc<cl, or un11l oh< rc,<·r•e: i1 d:<o~k<! lh' .:,•r·o ·,.,,7~ ·•: 
b) DCO in lhc "'"'" Enot-1~< modo), 01 unlilthc <"'.-l \ 
1he EnLcr Hun1 í'h:.1< bit. ...1 

IIUS•Gl flJW -------

·- 1 . '" .... -'"'"'"" ~ ...... <--~~-.. 
,. ' .. ' ' 

·- 1-- '" 

"·--· -·~_,._·_,, co• __ "_'·_:~_··-·-~----~·;:=I:_~"_.-_.~_,,"'.--"-·"_'·_"_"_~ 
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.· 113 
i\flrr inili,d '·""lu<>niiJI"·'· h~< hrrn ¡¡rhJr•<d, 1hc 

oprra:ion ,.r thc \lo•nm;r•<, fli<¡nc olllJ rllcrn.ll s,nc 
•"<>ikl "q1nto <iu1ilar. An) ,¡,¡f,roncc> "'' >pecifird in 

. thr full<'"i"g lell. 

rabie 4 •ho•H ho" ""l."~' 3nd "'~'are u!cd in 
wnchronous oc.ci•c and 1r~n•mi1 operalions. "RD 
roinl< lo ~:hcr .,.~¡'"" and '"""' •<Hiol!• command<. 
II.RI d<'f,ncs 1hc inlcrrupl rnndes, \\'Rl ''"'"' 1hc l~l<r
"'P' -r<Lor, and \\H ar>d "R' •lorc 1;nc ch~ra,·lcn. 
T~t-!r ~ illu'""'"' rhc L)~i<al ~a·~ram <1q~ that implc
n•cnt a half-Ju¡>l<> lli•;nc uan,mn <'peral ion. 

Synchronous Transmit 

J.,ITIALIZ \ TIO.' 

Thc o;·<lc:TI ¡;r.;,gram mu>l i~uó¿liu thr "an>mi[!cr ~ith 
lhe foll<:-"'~g r•'""''""' odd or •••n r•rit)', Yl dock 
modc, 8- or 16-bio '-'"' charoo.cr(<), OC ¡;olo·nomiol. 
Tran•mi"'r E na~(.,, ~equo'! ToSen<!. Data Terminal 
ReaCl;, i~terrupt m<>de< and lfammit <haranec length. 
"-R• parameter< mu<l be i»ucd before "'~·""l. "al, 
"R~ ~nd ""' p;,,~metcf5 or <omm'l>d•. 

O no of '"o pcl; nomiai1-C R<: -to (X 1• + X 1' ~ . .X: + 1) 
ur SDlC (X 1 '~X 1 ~•.-..:'+1)-ma; he Ll'ed v.01h \)O· 
chron<>u< ,,,,¡.,_ In. e01her. caso (~l.H e rn0dc not 

leca·d). :he CkC" rco\Orator anC ,h«ld"'" r.-e: to all 
In the tr•n•mit initiohza,.on pro.:e"· the l"R( 

~ ... ~utor is initialiaJ :.y ;en:ng the Rc,ct Tr,nlmU 
c•c Ge,.eratL>r command bill ''"0>. Bnth <he tran•
miner and thc r<·•eJ•er u>< the 1ame ;>OI)nomtal. 

liT 1 liT 1 BIT O 

co. R• 1 e:rs c~•R 
10•R•5BHSC><~R •uTO . . ., 
" Ro 1 BnSC""'-R • E~ o®. ES 

"' "-'•e•ts::"'-11 

.,, . 
[~TER 

"UNT 

·~· 

'""be lclccTcd lo "tron,fcr the data. The F.•t<lnlll~latu> 
interrupt mnrle ;, '"~d 10 monitor the 11an" of the 
C"LE•• ;o''"' inpnl 31 "di •• :he Tro~""" L'nJcr. 
run/f0.\1 1.11ch. Optionall~. thc Aulo Fea~kl fcoture 
can l;tc e• cd 10 <n<~ble t he 1! ammin<r " h.·n ·~ i• ,,,¡,e. 
Thc firlt data tr•n•kr to thcl.80-Sl0 ;.or. h~,;~ ~<h<n 
th< f:,ternai/S!Jtu' intctrupt occu" (ns qaru·, b01 '") 
or immodiarely fo!lo,.,ng thc Tron•rrdt Enablc r('m· 
rr.and (if the Auto En~blel mf!d<l 11 ••ti. 

Tran,mit data ;, hcld marl.ing aftor re•<l or ,r t~.c 
tranlmÍiter h not en .. bl~d. flr<al. rr.a) h ~"~~·Jmmcd 
lo grncratc a !P•<Í~~ line I~JI ~cginl a< "'M as>hc Sor.d 
Breal.. bit;, .01. 1\"tth thetr>n\1nl11er fui!< imtia!it~d u.d 
enablc~, thc ~efault <eondition i1 .;<:'n:inuou• nan1mi1· 
1ion of the g. or 16·bJT 1)-né Chlra<t<r. 

OA T A TRA.,-.rER .t,:\1) !"T A Tl:S .\l(i\ 1 1 ORI.\G 

In 1hi1 rñatc. lh<r< <11c ••••r~l combtna;;<'n• of in:<r· 
rup11 and WatiiRe•dy. 

D•t• Tr,n•fu C•ing lnterrup". lf thc rran,mll lnt"· 
rupt Enablc bit (W~I. D¡) IS •et.lll '~'""'P' "¡,·~e:atcd 
ca<h : ime t he tran<rr.it bu t"f<r b•r<'rr . .- ~"'~'' . fllo int:;. 
rupl <ean b< <ati•fied citller b; "fl:ing ~c . ..;:!or: c:.a: . .::o: 
into the tran.mlll<r or b) f<<etring the L:on"'"""' le .. 
tc,upt PrnJin~ latch ""h ~ Re.«t fc~.c•:-.t•t<: r,·c.~=~~ 

command 1" '"·e ""l'· 11 tbc inlcrrupl ¡, <.,,,,,·;,¿ ·.,::;. 
tbi• connn>nd .1nd rwthin' mo1C ;, ""'"'"" ;~;;:. t".; 
lr4~'mincr. thorc """ bo no furthor Troo>ttLLL :b<;,. 

Er.1~1\· in;.<I!Uf'". b"nu<< L1 ;, 1he ¡·TOn" of 1hc ~~;;" 
bccomin! cmpt¡· that c~o•e• tt>o ''""'"'~" ond ;~ .• ~-,:. 
fir c~nnot brc~mc omrl' "-h<n Ll ;, aire•~; mtp;•. n.:• 
,i1u3!ion dnc1 come a fr.n,mit Un~<rPJn '""""'""· 
which i1 e>rldined ir. !11< ··¡¡;,;·oc Tran<;nll t.:n~crr•;n·· 
<ection. 

BIT ~ DIT ~ liT ' BIT 0 

s•~c 
Ro CRC ,_, "' ~ .. ~!11.( • •O•o E•:.:~< E 

NH•BrT 

C0 • 1 BIT S>NC C"•R 
01 • t&-BLTSYNCCK~A • • (V( N 006 P~Aof> ... • • tO • SOLC MOOE ShECTS SYNC PMoTY E ~ABlE 

" • EXT S"I'I"<C 'OOIJ~ ~" 

C0 • T• ~BITS IC'fl 
lHSt C'""-A • ¡, CI>C S( NO ,, ••• '" 10 • To 6 BITS C~•A SEl~CTS ... EN•lii.E 

" • lo 1 BLTS·CHAR eAEM EN•BLE CF<C 15 .. • ¡, 1 BLTSC"'-R 

. : . .. 
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lO tron•ll' Cill US•'i C'.'< 0' ~·- 0 ::• 
Tran•ler. 
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<har,,.-1" in 1h< hurrcr '' ''""n' in ¡he buffer. lf lho 
lr~ro·rnirrt·r ",¡¡,.,¡,¡.-J "hilo r•c ¡, ~cin¡; •<·nr. 1ho 16-bit 
1~:\:0•n>i":'m ;, •Ompklcd. ~u1 1¡nc ¡, ""' in-rod of 
\'M(. 

,\ r'"'~'-"""'··.J b,.·.1l. ;, ,-rr,.,,;,," '"o" ~• ;, ¡, "'''· 
.n ;,,,,, 11><· <Clr.l1o<l rq·i<l<l: '"·""''""in 1he ll«n<mu 

l>uffct ,,o<J >hift «~i·rrr ¡ro In". 

In all ,n,,,¡.,,, '""''""'o ro <<ni "i1h rhr 1<-o<l ,;,:nifi
un1 bi" fir<r_ fhi• "-~~ir<l ri~h:-h,nd ju<!lficalion of 
''"''"nin<d dJia ,¡ rho '"''d le.>,lh " le" <hon oi~h1 
biu. Jf tho v.01d lon~lh ;, fi•o bm or ''"· tho •rccial 
l«hni~u< C«~rit>od in thc \\'ril< ~c;mcr l dilCU«ion 
(Z50·SIO ?"'"'~mming <<<ll(ln) mu•l b: u<cd for <he 
d~t• form~•- Tnc >1alc1 of ~n¡ un~·•d biiS in a da<a 
th3roc-.or oro irrel<•anr, <>«PI ,,r,on in 1hc Fi>e Sil10r 
lt., moü. 

Jf thc E\lern•I!Siatm lrnorrupt [nable biT il ><l, 
lran<min<r con~i:ion> •uch "' "<rard~~ 10 •<nd CRC 

eh"'"'"·" "statling ro ·~nd ''"' chdrac:ors," and 
('f5 chan~ln~ Jlale caule imorrup" :har h••e a unique 
•ector if S! Jiu$ Aff""" \'e<l-'' ;, <el. Thi• in1erru¡n 
moJ< may be u>ed ~uring blod ltansfers. 

Al! inL<rrur" ma; t-o di•abled for (l~<fllion rn a 
Pol!<d mnde, or Lo a•uid intorrup" 01 inapprorria1c 
(<m<• dur'•n,; 1he necmiun of a rroF«m_ 

Synchronous Rrcci\'C 

. l.'i !Tl A ll/. -\ rl O :'lo' 

Tbc >}''''"' ¡>rogrJm inrriOio• 1h0 S1n~bronou' Recei>< 
opcra<icon ~ith <he /oll<'"in~ !'-''~"'"""' Nld or <•en 
p~rily, 8· '" 16·bil '~"' ~haro<lets, x 1 docl. mode, 
CRC pol~nomial. rccci•e ch~rJ<J<r l<ntlh, <IC. S)nc 
ch••~<l<ll muS! be loodrd into T<El<tcr> wu and WRI, 
Thc recoi•ers can be er.Jblcd onl; aflcr oll r<eol\0 pa
•~m<"" ~le .<el. WR< roronl<)<r' mu<l Oe ;,,ueJ bofore 
W~l, Wk), WR), "RbJnd" R7 par~m01crs or commands. 

Afrer this i, d,>no, tho ro:ei•er is in the Hun1 rha<e. lt 
remains in thi• pha,o unul ch~rJ'"" ,;n<hronizauon is 
~chie•ed. ~o« lhat. uc.der r•"~ram •··~¡rol. all 1he 
ludin¡ s¡nc ch3fOCI~" .,¡ l~c .~><><~~<can h 1nhi¡,o1<d 
from loading 1he rcc<i•e huir.-.. b) -ouing 1hc Sync 
Char~.:ter Le>ad Inhibir bn in""'· 

D.-\ T A TR \:\~FER A.'I.D STA 1 L'S MO:\ITDRI~G 

. & •'h3r•.:<~r "n"~'<•niration is a<hic.ed, rh< ••· 
&1«1 'h3r.\<l<~> dr< trJnd,rrrJ 1n thc r<«i•e <l"t> 
•110. Th< f<>II()"Íng f,•ur intclf~Pl ru<>dc1 ~re a•ailoblo 
10 tr~n•fcr 1ho Jota ond ;., '""''""<! u•tu• 10th< ~~u. 

So lnlerrupl> F.c.o~kd. Thi• mr•dc i< u<cd loro purely 
poll~d op<''"""" or for olf·IÍll< <Or>dl!ie>n•. 

116 • 
IMo·rrupl On fi"' Ch>r>fl<• Onl.•. Thi< mr¡d< i1 norrn
ally u-.d 10 """a r~llin~ I<JOP or" HI<>:O frar.,ra in. 
!tructiotl u<•ng "''' "'-ID> lO "nchr,,n.rc t~e (PU o: 
the 011' d.-icc 10 lhc ¡oroming da:., r>l<- 1.1 1h'· "'<'·' --... 
lhc ZBO-SIO in<orrur" on :he fu1t ,h,.•crrr ·'": :.'>:. ) 
af<cr interrupll <'ni¡- ,r S;>.cial Ruci>< c<>n,lr:i.·n• ~te 
dcro,tcd. Tloc m<'dr- ;, rcininalit<~ "''h l\"- rn;,~:: In. 
lorrurt On l"c\1 ¡;:,.,.;" Ch.<"ll" '""'"'""~ ~~ :,11,," 
the nc•t rhara,:~cr re«,.cd lO ¡,rnrral< "" Ír.',;:¡upl, 
Pa<itl' <rt0" ~o n~l ,-•u le inlerro;p" l!l ¡¡,;, mPOo, biJI 
End Úf framc(SDL ( l'•üdo) •nd R<ecl•< Ü•.-rrc~ ~0. 

lf E•t•rnal.'Sidlu' ir.locrup" aro <n>b:ec. '~''' ma) 
inl<rtUpl an) time OCo ch~n~« ll~l<. 

lnlorrupl On F:Hr< C~.".•fl<l<r. 1\'~one\cl , .-.'lco:J<I<r' 
'"''" <h< r<<ci•o buffer, >.n in•<rrupt i, ucc:orod. 
Error and Spccial Rccwc Noditrnn1 f<"•">r<" ·o~c:ol 
r-eCIO! if 5IOIU5 A//ecl5 \'e"OI 1< <Cie.;i<d Q~::,•.-:'1~. 3 
Parny Error ma)' be CJt'Or<J no1 10 gen,r.l:c :h< •;•.:,ol 
lnlcrrupl ~<<lar. 

Spocill R•ni•< C"ndirion lnt<rr.lpl<. Th< ~;;ciai 

Recei•·e Condtti"~ i~;o:~pt "" (lc;cur on<. 1f :r:.-.,_. :.o: 
ReuiH lnl•rrup< On F11<1 C~lr;¡.:O<r Onl; or '-"""""' 
On ¡:,.,~ ~''"'~ cr.a""" mo-1". i• •'•o ,, .. o . .,e 
Sp•óal i<o.:ei>< C<'nC••,icc, ''"''"•r< ;, <,>.:.eJ •:· ··-c 
Roc.ive O•crrun error con~<:i~n. Sin.;e ¡,>,e~-'-'''' 

ÜHrrun and Pari<y erro; ''"'"' ~"' ~•< :o .. ->:. '-"·< 
•rror ""'"'-"-h<n "-~~-re~l"'' .n '"e' i_, '·~• '-"'"·' 
"'Ord in th< rc.;ei•r hr;;,, in :.O::Jtlivn 1" an~ Po:.:_.,.· 
O~errun erro" rccri·~~ ,;,,,, ;h, l•u !;)ror ;;:,.,. _.,. . .,_ 

mand. Thcs< "~'"' b11> '"" only be '""' ~} :h: :O:tor 
reset command. 

CRC E:trur C':h<CI.in~ '"d Ter!ltin><i .. n. -~ u,c ;cr"r 
eh<;;~ on ¡hr roc<i-. 1n<"J~< '"" b< r<rfarr:-.ed ~--·' ''' 
chara<ler bJSÍI undor ;rc>rdm cr-ntrol. n-.o 1\<;0.>< 
cwc Enoblc bi< ('"0. o,l ")u<r he'''''"'"' t; o~.o ~'O· 
sram bdorc thc "~" áar><"l<r ;, t:an-fc!1d ;,,,,-, :ht 
ruci'< •hifl ~<"&i"c: in<o ;h< rc:e"e toulfer re~i·;~,. 0!' . ., 
""'""' proror inclu"o~ or ••dusion of óll ,;-,,,.,.,, 
in !ht C'R(' eh .el,. 

To allo" lho CPL' amrlo ¡ir~< lo cnat>lo or Ji<"~·, r.'><; 
nc chod o., o ror "'~l.1r eh~ ·ac•er. 1 he l ;L'·S ¡O .-, ''"' 
la<es l'RC ei¡ht,t-11 tim<~ ~f~<r 11\o ch"'"'"' ~., ·,.,.~ 
lranof<rrod ro 1he r~«i•~ t-ulfer. lf <"oC ;< cc;¡OI,·~ 
bdor< the Mil chara~!<r tS tran>forrcd, (<( \; ,_,¡,.~. 

lot:d on Jh< ltJn>fcrred char~clet. lf {-o,· i< ~:-o~ioJ 

b~ioro !he tim< M 1he ne,: tr~n•f~t. colcuiJ<ion 0'0-
cocd• on th< ~<orJ in rrop•"· bul <he ""'e j~" :;,;ni· 
f<rrcd lO thc bulf<r i, nor inCIIJolL·d. 1\'~<r\ rho>< rc~uttr. 
mon,.arc "'''fiorl. <h<)·b)l< '"''""'' JJt" t-ulfer •<. ·,n 
tffocl. unu5>bk in Bi>)nc oror"'"'"· ,-.r m ay b<' cnl~l
td and di<>Ncd "' many limo• 01 n<(O<'~I) for • 0'"" 
oakula<ion. 

In lhe ,\h•n<>•)O<'. Oi,)nc and E<tcuul S;nc "''''!"'· 
rho OC."Framin! [,.,,, bt1 (Ht, Poi"'"'·""' lhr .-.•.n
P•ri'"" r<•ult M olor< 1<<' chCC~<t 16 ~il limt'' (.'ighl ~ti< 
dola)' and <i!hl ,h.f~r r,, e oc¡ afl<r rh< ,-har,lCI<r ll•• 
becn lran>fc;tcd fr<'rn'<ho l('cc¡_, >hi/1 «·~t<Ler lO th< 
buffer. Thr rc•ult •h~ul~ b< '"'"· iudi<"tin~ >n ~rror. 

·_) 



• free lr~n·mi"i<'n. t.""'' ¡~.11 thc ro<ult i< •alid onl; at 
th~ <<>d nf 1 kC c-.llcul>lo"n Jf the rc\<tll i• <•ami roed 

hcf cue <hi • 1 """· " ""·' 11< inJ ,.,,.., an <Hot .] Thc com
rui•on i• m.1de "lih <;,.:h tr~n•fn ond ;, uhd ""'~a¡ 

,¡,,n¡ a~ the ehara>t,·r r<m4in~ in the rocci•c tifO. 

FoJlo,.ing ;, .1n nomple of the nc rhcding opcra
.n "he.1 four duraCicr> (A, B. C anj O¡ are rccci•cd 

in tbat ord.r. 

C~··•oter A 10.~00 miO buiiOf 
C~OtOCIO' B to•~•d onlo Ouller 

Ir cRC ¡¡ di-ahl<d ~cforc C i¡ in thc buffor, OC¡, r.ot 
eah:ulatcd <>n B. 

Aftcr C i1 le>aded, thc C•CIFrami~g Er<or bit 1h0"' thc 
resuli of thc compJri•on thtOY&h rharar«r A. 

Aftrt D ;, tn th< huffer, thc (OC Errc1 hit \~.m•1 the 
re<ult of 1 he ro m ~Jr i<on thrau ~h eh""""" B "h ct hcr or 
not B "'•! indudcd iil thc c~c calcalation<. 

Duo lo thc 1cri~l MIU« nr c•c ,._,k~l<>uon. ohe 
Rcccl\c Cloc\; ¡R-;-¡:"o mUII c¡cl: 16 lime. {S-~il ~da) plus 
!-bit CRC shifo¡ aftcr th< s.cond e• e chacJcoor e_,. ~un 
loadcd into th: rc<<i•c ~uff-.. or 20 limes {:he prc•ious 
)6plus l-bÍt buffer del•) and 1-bil l1l~ut de;>)J.1frer thc 
last bit. is at rhc R•lJ inrut," hdore c•c- ""'l,·ul";un is 
complete. A [¡"ter <•«rnal rloc> <an he -~H-d imo thc 
Rc.;ci•< Clo-:• inp~t ro '"~rl) 1~< r,·quned lfi ,,,:,,_ 
Thc Transm" and Rc.;<i•< Dar a Parh <lia~cam (Figure~) 
illustratcs th< various poinu of dclay in th< e-oc ,-,h. 

The t¡-rical pro~r~m s<<PI thJ! irr.¡-".,·mcm a h>lf
dupl•• Bi,}nc R<«Í•< moJe a« ollus,a:cd in Tahle 6. 
Thc compl<'< "' of co:,-,;,and and ""'"' Oit ~ofor..:irc< 
are cxplaincd und<r ··J.W-SIO Programmin;. ·· 

FUNCTION. TYPICAL PAOGAAM STEPS 

ltjlfiALlZE 

... -. 
WAO POi~TfA' 

Wl14 P~A.r• IN<CA'-'A TION S•NC ,.OOE S MO~._.~ TION. • 1 
Ctoc• '-'OOE 

""'3 SV..C C~AA~CT[A tOA O •~••S<f. AECEIV' CAC f'-•"'-E. 
E,.TEA HU~T "COE;. AUTO f~•acES. ~ECEOIE C><'-R'-I":l<~ 
lE .... TH 

WAO I'OI~TEA 7 

-~ SUtuS A>f<CIS >ECTOA [•![O~>l .I'<TEROuPT ["'ti<.[. 

RECEI\Ot" INTE~~uPT ON '"'~T CHA~AClEA CNC Y 

.. 

ll<•el S<O •"-' .. ,. ~._. .•• e o:, ·-<·•· 

S,r>e <:M•otlo• lcao •e<l>-bo: "'"~$ &'' "• 
10~ $yr>C t•-a·•~e·o ,_. ''e o~,,-.,.-~ 
ol tr>e .,., .. •9• ~-""-. .o o• eo.o~• 
tr>e •••••.-.' lo"""~' e•·• :~·.- ···.- t"< oao "'p..¡~,, .a ... 

Ir> "''' "''~"VP\ mo<:'<. oo~ :-e '••o "....-,
Oy'lC "-''-' C~d<OOI<l •< l<>--''<'"->J IC :-• 
~ AA <v:-<•a...,nl e,,. ., ,,-,,~ .. ..., 
011 • ~ .... ~'''· ..._.. ....... Se""•' .... . 
ce"e Co«d-1...., "''""•'"' woo -~·.-'""" 
tl>e CPU S••''-'' ·-'"<-<'> V<'"'"'' "'"" .n 
C......,..8011!y . 



• FUNCI<O" 

''•ITIAlll~ 

~ .. TINUED) 

........ 

··~ 

fYpjC.O.L PAOCA4M STEf'S 

RECE"'' !~A8L!. S•~C C~AAoCI EA LOAD ·~~oM. E~!E:R 
tftJ'<I '':lOE, A<ITO EN•B:.E. A[ CEI~[ '~"!!lhOl>< 

~-'"1 •• '~'""""lo~"""" • •.-e••·•• ~• 
""""' CAC E"-•~'< ",, ""' •o: -''' ·•· 
<eM"'! S.:l~"' '" '"·""""'· 

·------·---~----------'----·----.--

IDlE ·~ooc 

0414 TAA"SrE'I A NI) 
STAT\JS MO,OIIOAIW:O 

WHEII "'"~"UPf ON FoR$1 C>iO~ACI[A OCCl/ltS, 1~[ CI'U OO!S TH[ 

FG«C"'<NG 
o TAA~SJ'O:?S DACA B'(TE !0 CPU 
o OHECTS ·~~SI:! S •nAOPRIAl[ F,_..CS <OA CQ"<lROl CNAA-

ACT<AS ¡·~ CPUo 
o I~CLI.IOES [XCLUCES O do S>'H "' CAC C><ECKER 
o UPOAH S PC,, T< RS A~O íH><O:R ><O "li.l(qS 
o [NO~'.[ t 'C<A• 1 ""'OY <GR CWo. (l?¡_A~l oQN 

• •~•aces ~-,. ~~~TROiLEA 
o RETU.NS > AO•A -~ T<~AwPI 

W><ffo/ _,_,, R!<D' BfCC"fS •Cm<. :~¡: OV• CC" AOCC<~ OOl S r~f 
•OLLO~.!<C 

• fR"S"~S ~<'A S"f"lt T0 Uf"0AV 
. • .~Tl~~UPfS c;ou '' A S~EC<>I C~AAo<;fE A IS CoPlU~!"O 8Y :~• 

O".o. Co·H~O"E" 
• ,..TE~'lUPfS l•(i CP•j '' l~t <.O.St C~.o.RoCTó~ OF t><E "ESS.o.<;E 

rSOl'.:EClEO 

'01! .Yf~S<Cf IE ~,.,_._,,TKJ" 1><1 CPU OOES ,,.f FOUO..,'<Il 
o TI'<'-S"QS ~~, tO '~'CPU 
• 5¡ 1 S ~Co<. ~., ~,>!.V 'l.OG SoS lO 0~ C~C PESuL l 

• ~O.o.tf.S -~ "•""' ,.,~ P•~"'"ilfQS 
o RETU~~S •~o.Y ,•.TE"Ron 

QOSAB<f S RECEIVE MOOE 

" 

• 

~~~,..., m.x:. ,, ..... , ,_,: -.- :e<: •": ,,. 
'"''""' .. ~-.:.,. '"' ........ ~, ~-' . ·.: 
d'l.o••"'"'· 
D.Jnng <he H~nl """'"· '" SoQ :•~~• 
two c:m:•g-~c• o"•·•<"••• <o •··•: ,
S)"'C~'C"»"<>" :•ec•·_.n: •••"·• 
o•.·~ moco a·.~.:. '""'"~-•·: ~•·• :••·· 
a<::e.s "",,., .•• ,._,o, :·• ,._., :~·· 

lroJFer. ~h• ccc··~· .e· " a ;; :·: ;·:.-- ~= 
Oo e.pru•o >:co•· ,., . .,_,., ·:. , .• -. 
'""''< only oc.e os'"" •;~:·, o,: o· 
EBCOIC COO"ol o•.·,•o:·••so •'~ • ····.:: 
1ho CPU ·.~on c~'o<e oo le. ·,·;~.·•• 

O~e CPU e• a""'·~·· '"e '"aM ~· ::•·ro 
eh•'""-"" aM t;••• a;:<>· ~·.• •=· ;o 
(~ g CRC Er..a:e U;¡ca:e¡ 

'¡ 
~"""· ood ='"·• """' ·~o.:.•o -'~'"' • PI"'""' me<>ag• <.~•·• :.•• ~··e• ;:·: · 
"""· """ ..-~ea•• •·• o;~''""n 



SDI.C (IIDI.C) Operalion lB 

The 7.~U-510 ¡, ,.op,oblo of h•ndlin~ ~olh Jfi~h-lc><l 
Syn.;hr,.n<>u> Do:• Linl. Co•norol tHDI (¡ and IB.\1 5) n
ohronoo" Dota Linl. C11nrrol I'DI Ci prooocol•. In o he 
follo~<ong ''"· onl¡ •r>IC i• rd<rrod In ~<cau\e of o he 
hi¡h de~r<~ Of \11nildiÍI~' h11o,·;n SOLC" and HOLC, 

The Slll e ""'Jo;, '''""<lcr•~l) d,lfr<!<nr 1hon S¡n
,·hron:'"' Bi·~nc P<•*>_col ~"~"'' " ;, b" oricnoed 
ralh<r rt .• n ch~r:-.e~or o"cnled and. lhercfore. c:an nalu· 
r~ll¡ handle lrd0'POI<nt u~ora1iun. IJÍI orienlation 
'""'"' sno e a ne•ibl< pr!'lo.:ol '" '<<m> nf me;,as< 
knsoh .,J bit rancrn., f!•el~0-SI0 hJ< •<><rol builo-in 
fUI U"'' 10 l••ndlo ><1r.able m<"•~• l.·nroh. D.:ailed in
form.,.i~n con.'erning <Ole P"""'ol can be found in 
liler~nne rcH.;hcJ nn ohi' ;u~jocl. <u,h a\ 18\1 docu
tn<nl c.~~~-.:ú93. 

Th< ~DLC tn<>'-~<. c-a:lod th< lr•m• rfigur< 81. ;, 
orcncd and ;;ln•<d b; 0•;:• thal aro >imi!ar 10 t~r ""' 
e ha ra<l<" in B"; nc p1 e>locol. Th< 7.fu. SIO hJn<"!lc• 1 he 
tramm_i"inn ~nd ro,u~nit><•n M f!·,c na~ ch41a<1e" 1hat 
mar~ 1hc ~<f•nn.n~ o.nd Clld ui lh< fr~mo, :>:ot< tha1 1hc 
l80-SIO c.1n '"·"''' >~-~rd·r<'n r.ag<, hui cannot llal'll
mitthcm. Th< ~-l'il .::J:o .. focid or ar.•o1 e \t~m• <on-
1ain•1h< '<<<'1'1~4r) <latil>ro allJro•>. Th< ¿SO·SJO ha< an 
-~ddr•'" Scarch mNI< 1h~1 ,,._._,~""'"\ 1 ~ •• '"'onéar; "a
li,>n Jdd•c>~ <o it •~n 41'<<rt or 1<jr<1 :.~. lr~mc. 

Sin<Oih< "•n:rol fr..rd o/1h< ~01 r lram< is transpar
cm ID lh< LW-510. 11 1' »m¡>i) "Jn<lcrr<d 10 lh< CPU. 
Tho 7.~11-S/0 r .• nélc¡ thc·f'rJtt>e ("h~ü '<QLI<"" in a 
ntannor lhot ;i,nr-1•1•« lhc :">"'~ram b.< inmrpnratii'IB 
/<atur" <uch a. in•"JIIltn~ th< c•c· ~•m·ra1or 10 alll's. 
r<<min~ the ("{" C"hod<r "h<ll th< "~~ning n.~ is 
1ktrco~d tn ;he Rcc~i'< m<>d<. ond '~nJon~ th< Fram~ 
Che,~ 1 fl;o~ ,,.~.,en•• in lhc Tr> "'"'" mod<. c-~ntrolkr 
~~rd"'" ;, ,;,,,,Ioft<~ b.' autom,.ic uro in1crti~n and 
<Jd~oion 1"~'" '""'a'on«l in th<Z~0-510. 

T~bl< 1 '~"" 1 ¡hr cvnl<n" o r " "l, " ~ • and " "• d~ r
inl SDlr Rcc~i>< and Tron<rnit m<'d ... "•o poin11 10 
o;>th<r ""'""" or.d i1<U" •arioul cornm.1nd1. "~' 
d<r.nc\ lhc in1.-rrup1 mnd~>: \\ ~: 'IOr<l th< int<rrupt 
~•etor. "k' <lor•• :itc nag ~harac¡or and "R' tl>e ,.,. 
ond•r¡ oddr.••s. 

·-- ,_.,. ........ •• ••" • ~ .... ~ """ 

----
SDI.C Transmil 

I_,ITIAlJZA fJO:\ 

li\.o S¡nchrunou, opcration. th< Snl ( T::·.-·· • 
J7W<t ~- inttioll!cC ""h ;ho foilo"i~;; ,""'"'nc:,·• 
me~:. SDlC rollno..,ial, Rcque~t To s,c~. :.:o,,_ 
,¡,-,,¡ R<•d¡·. tr.n,rcor <~"'"'""'len_¡: o. :co,-_- -_·::o.,·
,~~~ mode> (or 11-,o:. Roa<!¡· f~n"'"·"·l. Troc.:,..,, F.c
a~l:. A u o o E ~a';::,, :, n~ E '"' ~ai1S: o L -'' le, e:; -~1. 

Soiocting th< so: ( modo a~d o he<¡¡¡~ ~o': o.~.7.·>· 

cn;;~ks th< ZllO-SIO 10 onttiahu •~• f•r Gcc.c:<:,,· 
all ! '1. T~is i• acmm~'''·'><d t; 1«c:r.;< .·, R,,,
Tt4~<m'tt OC G·:Oe<<to' COJC"_C"an~ , ... ; -... o;,-
5<n<oronOu5 Oro:""on •<.:tion for r;-.u:c ~<;> __ , .:n ,., 
int<"'"D' mod<l-

.~il<r "'<1, or -.,~en th< tran<millo<: is ~,,-, ,:.:;,, 
•~• f:an5mH D.11. ~·J:;>ut i> nOid m~:~i~;- ~ "' .-". 
be ~'·'~ramm<d 10 ~·~eral< a ·~"cic.¡- ¡,pe_ l. :.e . 
tr"c<mirt<r full; ir.i:ioli~<d anG ,_,.e·,-~.,,_--:.-.~'-' 

na,, al< """~''""<don til< Tra~'"''' Do""~"-'· 

An aborl •<<;u<~« ma; ~' >:n: o; Í<··Jic.;: :·;~,._,o 
Ato:: comrr.and '""-P.( \In-j. Th;, ca•o\e< ~' :,-.,; ,.,,,_ 
bl !:H !han fourt<<.o. t"S: 10 h< 5<1'11 t<éo:c ·---< i e: 
""'" 1<' conlinuoc> li~g>. lt is ~o"•to:e t_oo; :o: \:,·-· 
•o<:u:."c< (<,~h• 1 ·,¡ ""uld folleo"" up 10 r,,, ,-,,,,, .... .-~, 
h•ts (o::""•C h; 1ho r:ro ir.,~rtio" logi:) '"<! ·-~, :•e-: 
u~ rco•.:.iriC<Il 1"> lo h< ><ni. An~ Cz1a ~<ÍO! t:o.c-- . .:,; 
an~ a.-;y dara in 1ho t:Oln<mil buffer !S lo~: ··htn ''"~,>·: 
is i",u:d. 

1\"~<~ r<qui:ed. an no: a O" ouror .. o·i.:'lll' --.,,.,~ 

"h<:: th<r< are fl'< conrÍ!]UO•J> ¡·¡ rn :he do'O ,;-"'·'-· 
Thi• do<S not ~ppl¡ ro flags or a~om. 

Thor< ~ro '"'oral c~.-,~,n>li~r.s of inl<rrupts ,:·J :".e 
W~it1;1.iad¡ fun"i~n in 1hc SLDC mcoú. 

•• 

l . •• •• b•••• 
" " •• ~ ..... 

' ' ' 

~·"~"'" .... ----- -· 
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O;ola T.,.,.f_r 1'•1~~ lolrtrupl\ lf lh~Tt8n<millntu-·• 
,;.p: r:.,_,'·lo ~~~ ",,.,, ,,n inlcrr~ 1" i• ~·n,:•~r.rlr.<rhlimc ··-~ 
:~r ~~ff.:r ~ •. ,.,..,., ,•cnp::. _Thc '"''""r'' ma< he '~lil-

<,)II.C Tr-•n,mi1 ( 'n~ormn/f:nd Of ,\f, "·'~'· SDI, l·le 
pr<'locob do no1 h~" r' "''i<ion• f or r o/1 e h.or -•<f<ll ;. ,. ¡,. 
in a m<l<.-ge. The/W-~10 lh<rcfo« aulo•on.,ie.olh 1.,. 
mina••• an sOtC rr~m• ""'" lh< Ita"'""' d.01 ,, ¡:.,rr., f.,-d .ilhcr b) "''''"! ann1hn .:h.H.>rl<r in1o lh trans

"''""' or by ,,,,,.¡nr lh< Tr~n·~o>it lno,·rrupl Pcndin~ 
1-•o,;h "ith ~ R c•<l T' •:l•mÍIIer P,·ndins a•m•n~nd 1" a~. 

•

1. lf lh< in;rrrupt o< ,,.¡,f,rd "ilh •hi< ··om111and 

~ othing more i1 "'"'en in1o lh< ''~"'"''""'· lh"c 
are nO furrhor lf;,n<minrr >ntcrr"PII. Thc ,.,ull i¡ a 
Tran•mit Undcrrun wndiri<'~- \\'h<n an<Hhcr ch3ra"cr 
;, ,.,;uro and •cnl ou1. thc 1ran<mincr can •!•in 
~room< ,-.'Ilpl} anJ. in~ttruo>l 1hc <PO. Follo" inK 1hc 
na~ 1 in an >DtC op<ra"on, thc S-bil addrc" fodd,con
uol fodd and informat,on fidd may be ""' 10 the 
f:~O-SJO u'in• ihe Transml! ln10rrupt modc. The 
/.~0-SIO lfans::nll\ ihe Frame Ched "quence '"ing the 
Tr~~1mi• Underrun f<>lure. 

_ and C>utrut ,hif• «siuer lo» e no m('lrc ~'" '" •cud, '\ 
'doco thi< b¡- fim •cn.:liug u,. 1"'0 ~Y'« ofp( ·'"~ ' 
follo,.,inE lho<< .,;,)-¡ on< or mor< 0•~•- y¡,;, l«hnique 
ai!Ow! 'cry h ith ., pced Ira n'mmions "i>d,•r "" ~ 0, r ru 
block 110 con11ol "ilh<lul l<quiring lhc CPl' 10 r.-~~nd 
quidty lo the end of rn<-'-'~2e >itualion. 

\\"hen 1he uan\lnill<r is first enabkd, it i< alrNdy 
empl)' a nd "~' iousl' car.nol lhcn torca me cm pi y. Th ere· 
fore, no Tron•mll B<Jffer Empl)' inlerrupl5 c~n occur 
unlil af1er lhe firSI d~1a characler" '"iuen. 

\\'hen 1he [ran>mimr i< firs1 rnabled, i1 "airead y 
empl)' and <:2nn01 l~o<n become cmpl)'. Thcreforc. no 
Tran•mil Buffcc Empl) '""""r" con <'C<ur unnl alter 
lhc fitsl d.11a eh"""'' is '""""· 

Uat1 Tr;mr., l'•int 1\'aiURo>d). 1f 1he \\'ai1/Ready 
fune~ion h3> hcen •elened. ""IT indica••• 10 lhe CPU 
1ha1 lhel_<:{l.SJO ¡, noo read~- 10 aee<PI lhe dala and the 
~·pv mu<l r.1end lhe 1 o ,·,ele_ Toa 0'1~ conltollcr, 
•[• ".1 indocare• oh al o he oransmiller buffer is cmply and 

t li'O-SIO is re•d•· to actept 1he nnt choracter. lf 
la· ehara01<r" no1 roaded into the ZSO-SJO by 1h< 

lime lhe uammil 'hift tc¡;ÍSier is empt}', 1he ZSO-SlO 
enl<r> !he Tran•mn L'ndetrun conduion. ,>,ddre11, eon
ttot and informJtion f•dds may be 1ranslerrcd lo lh< 
ZBO-S!O "llh 1hi< mode u<in~ !he \\'ai11Rc3dy func
tion, The ZEO-SIO transmil\ thc Fr:.me Ched >equence 
usin¡ 1~< Transmi1 UndeHun f<3ture. 

BITJ N· 

'"' '"' " 
BIT • 

Thr¡etion 1ha11hc ZW-SIO tal.e< in lhe undrrrun 1,,. 

u•1ion de¡><'nd• on tl1e ''~"' of lh< r'""""" L'ndcrrunl 
E0\1 com r¡-¡;,nd - f ot!o" '•n; a ,.,.,, 111< T, a n<mi1 e r.d<t· 
run~E0'1 status bit i< in 1he «l '"'" 3nd rr<•cnts ohe in. 
serllon of cAC ü.~raetel! C:uring 1he 1irr.: 1herc ;, r,o 
d31a 10 •end. Con•equcnd¡, na~ c~O<~cocrs are''''· 
Thc ZSO-S!O ~egins o o <end the !•ame "' ~~,. ;, ~, 11 en 
inro 1hc <rammit buffer. !lel\\ecn !he tim< lhc ¡,.,~.la 
byte i< "riuen dnd lh< end of ¡he m<••a8<. obc Rc•<i 
Tran>mit Underrun/~0'1 cnmmand muso !-e io.u,~. 

ThUI lhc Tran<mu l,;ndcrrun/Hl'l \131u• bio ;, in o~< 
ce•<! <131< ao,<he end ofthe me<>a~e {" hn. uo,dorrun or
tu,) .... ~ich automa1ieatly •cnds the roe ch>ra,~e:\. 
The ••ndins of nc "_¡ain seiS the Tranlmll/Underr~n' 
EOM •tatus b11. 

AllhOu€h lhoreis no rrsui::I!On as In"'·"" 1~< T:aOI 
mi! UnderruoiFO'I bir <:an be res<i "i1hin a me_,,,_,.,;, 
;, usually re><l •fter th< !"" d>ta ch~••ner (•ocord.r; 
•d~ren) i< scn1 1o 1hc z:.o-sro. Re•••:•n~ :h11 h! oii~"' 
c•C and nags lo be •cm "hen th<t~" no Cata !o 'e"~ 
~-hith ~i-cs oddi1ionat tim~ 10 1he CPl' for rec~¡n"i"~ 
the faulland re•pond•n~ '"'han abort eo•nm.ond. B• r<· 
""ing it <arl)' •n !he me•••~<. th~ en1irc me5<d~< ha' [.'tr 
mo<imum amounl of cr~ '"l'cn'o IÍm< •n an ""'"""' 
tional lransm\1 underrun ,;,uation. 

Bll l BOT ~ BIT\ BIT O 

00 • R. S BITS CM~ (NTE<h•UNT 

10 • R. 6 BITS CHAR ~u lO 
I.<OOE pF 

"· c~c ~OORESS .~ 

·~ 01 • R. 1 BITS CMAR E,.ABlES l'IC0>1tNG 
e·•~Bo.e S[~ ACM ' E"AS\.[ 

11 • R. 1 BITS C.._. A 0.0.TAN0T 
~~ NHOEC¡ 

• ' ... ' ' SHECIS SOtC ' ' ' ' ·~ 
00· lo S DrTS 10~ 

' lESSJ C.._. A 
h · snecrs r. co>e 

·~ '" To601TSC..,AA ' m• ... 
E NA& E ·~' EN.o.&. E 

01 • lo 1 BIIS C"""" 

'"" •• • r. 1 ons c""A 

loblo J. CoMonlo ol W•ltolloglllo" l,O on<l S"" Sl>lC Mo<ln 

.J 
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• Wh~n rhc /;"ern.d'Sr~"" inr.rrtrpt ;- ·~r 3nd "'hile 
r w,· i:¡ l>cin~ •enr, rhc Trau•mll L'ndrrrunll0'-1 bit¡,,., 
•nd rhc Tr.rn•nrrl llulf,r [m¡u} h"" re•<l 10 indrcato 
rh.u thc ''""''"" rq:~<l<r i; full of <~C" dara. When C"MC 

..,., h,-,t\ rnon,~lctcl; """'· rhc Tr3n,mit Buffer Empty 
...._ -~'"' hir i< <er andan rn«rrurr ;, <<noraird ro 1ndicarc 

ID rhc l Pi,; rh<u ""nther me•q~c c·on beg.n. This inter
rupr oc'"" Ottausc e; oc ha; bec~ >'ni and rhcl1ag has 
bren h1ded. lf no mor< me«ag"' ar< ro be ••~r. rhc 
pr<'~rorn can «rminarr rron<mi•;ion b; rescuing m. 
~nd ~i•ablin~ rhe :r.on•m11rer. 

e 

In lhc Sot<; mr•;le, ir ;, go,'<l pra<ticc ro re•<l Lhc 
Tran,mir L'nO::crrun:r o" ""'"' bu imrMdi.,eJ¡· aft<r 
rhc firu ,;harart<r is ><~' ro ,,,. Z~0-~10. Whcn rhc 
Tr~r.,mir lin.!c"un i~ dcrccted, rr.i; <·"•ures rhal lh~ 

lt.ln!lr.i••ion 1io.1< ;, fdloé ~~-e oc ,r.aro.:tc:l, si•ing 1he 
CPU <n<'uth lime 10 j,<u~ 1ho Scnd At-ott comrr.and. 
Thi• :•.T•o !lO¡>! 1hc na!' lrom r,•:r.~ ~n thc lin< prcma· 
1ur<l~ ~nd c:i,-_inJI~• thc P""'~'li') of 1hc l<e<Í•<' ac
ccplin~ lh< r,., • ., >alid data_ T~.< 111uo:ion r.n hap
pon ~<•'"U'< it" ro<>ible th~l-at 1ho ,.,,;,¡n~ end-lh< 
da•~ pdt:<rn inorndiei:cly p1«<;d1ng thc au:om••ic na~ 
imertion c~uld 'tlaiLh ohe (RC check«. ,;i•ing a lal•e 
CRC cheü r«uh. The E<lcrnai/Statu< in«rrupl Íl gen· 
craled "h'""'" thc T!aP.Itr\LI L'nJorrun/fO" bit¡, ><1 
l;>ecau!e olthc frammot L:nderrun ce>r,dilion. 

Thc 1 rans rni1 undcr run h<r" ~ro• •del additional pto· 
IC(IÍOn ,,¡ain>l rromalure :lag in,criLon ¡f lhc prop<r 
rnpon'< i! ti• en 10 :he 7.00-SIO b~ thc <:Pu intcrrupt 

'ice roulinc. Thc follo><ing -.~.npl~ 11 ti, en 10 cl~t· 
,hís pe>im: 

T~o l&C SIO '~""' •n onl«•upt ~''" t"• h~n'""' 8u!lo1 
Emplt 01•1u0 D•l $el 

Tno e"' aou not oesoond m lome ood cauuo o Tronomo\ 
Un~e<tun condoloon, 

Tne c•v <>~nluolly "'''''"'"" T••""'"' Bu!lor Emoty on· 
rorrupl "''" • caoo '"""'""' '"•' lollowo o no c•c cn•••cw 
boong tronom•Hed. 

Tno Z!O s•o '"" '"" ¡-,,.,,.., S••'"' '"""""' ""'" '"" 
l•ons•M Llnae"u""c~ S1•lus M'"'-

Tht e"' oecc~noz .. :~o T••"O"''' IJM•«un"•cu SIOiuS ond 
Gotoominn lrem '" or.: .. oal o·~·•,., >l.Ous 0"01 tne onte•· 
oupl •• not lo• •-o M of "'""•~e'" 

Tno '"" immpo.~toly '"""'o SeM AOOu Co•nm>nd (,...,,o 
tno Z&O S lO 

Tno ZSO S lO ,.nO$ oh o A Do" oe~u~nco Oy dntooyon~ whol· 
ove• dolo (c•c. d•t• o• "•;;J" ~•·nq oen1. 

Thil "qucn<o illu,lratc• thot lhc CPU h>< a prole<· 

.~" ;,r 22 """.'mum and 30 ma,im"m tr~n>mit ~lt'Ü 

SDLC CI{C G<n<r,li,.n. The nc- rrner.tlor mu!l \>e 
ln<IIO JI! 1 ·, Jtth< ~cginnin~ ofcach !rar11c bcfo,cl'"C 
0((\lmlll>ti<Jn .an ~<~Jn.".-\ei\JJI ar<unlulation 1><\'in• 
"'h<n the program •endl ¡h,• ,JJre" f><ld (<i~ht bJll)lo 
lhc ZI'O-SIO. AllhOu&h th< Z~O-SIO aulomalicall}' 
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tran1miu one nag c~aneter follo-~in~ 1hc Tr>n .. not 
Enable. it may b~ "i'< 10 •cnd ~fe-. mol< n.,~ .-h.""" 
oer1 ,h,.d of ~~~ me"• K< to •n•ure ,hJr.,,., "n,:.·~ni.
Uiion 3! the rccei,ing end. Thi' CJn be d><ne·t, nt,·r· 
nall~ liming tml. afl<r' <;,obhn~ !he ttlnlm,.,"cr 3nd 
befo« lt'ad1ng lh~ fir>l charaeter. 

The Trammi1 c-•c f. cable(" •~. 0~1 1hould Oc cn
abled prior to -.nd·n~ lh< add"'' ficld. In :he 'l>' e 
mode aH the cbract<" ~"""n :~r or<r.<os and .;k·i·'~ 
r.a~l are induJed in c¡¡r Jr,·umulotion. >nd !r.e , •e 
ger.era~<d in 1he Z~O-SJO uanlm;ucr ;, in•er;<~ ~.f.-re 
il i• '"ni on lh< bne. 

r ... n,mil r.rmin•tiun_ lf lhc tranlmmer il ~; •.• ~:~~ 
"h•le a chara<tcr i< O~mg ><nt, that c~.arae1or {~.,a,,, 
nag) i• <cnt in 1he norm~l fa1hion, but ;, f"I!O'>eJ ~- o 
mar'-•ng hne <athcr <han CRC or fbg '""'"'""-

A ehara<lcr in thc buffer "h<n th< """''"'""''di'
ablcd rc:noin< in thc bulf«: ~0"''"· > O'•'f'"'r'"''" 
Abort <cqu<~'< i< dlrcll·.,· >< H•vn .1\ i: Í> """"' ;""' 

th• con1rol ""'"" Cb"'''"«< hein.o ""n'"'"'<~. :f 
any, are lo<L In tlie '"" ,..,- <.:~('. l~c i~·blt trJn,;m"Un 
;, complctcd if !h< B•nlmillcr '' ~i· .. ~l<d: ~c~c·e:. 
na!' are <em in place of nc. 

,. 
In all m,,J.-, rhar a<l~ts M< <cnt "it h 1 h< lea"-•i~r.tfl

oanl bit< firsl. This rcquir<• n~~l·h•nd j~<llficato<J~ of 
d3ta 10 be tran•mlltcd if the '-'Otd len~:h i, : • ., :~ ... n 
ri!ht bi1<. JI thc ><Md kn~lh il fl'c bi1< o: !o«. th< 
•rrciallrchniquc de-rribcd in 1he Wri1e Reoi~;cr 5 •ro
lion ("Z80-SIO Pr<>~ran1ming" ~h>p~<r: "'\\'"" R<! ,_ 
l<n" ~<ction) m u" b< u<<.d. 

Sinee the num~cr or bit,/rharaclrr can be ch .. c~cd 
on the Oi·. tho d,¡a ficld .-~n ~e filled "ilh an) numl"cr 
of bit!. When u-cd in ,~nju~>O:Iicn "ith th< ~occ·i•or 
Rc<idue n1J0<, the Z'O-SIO ,·.1n <r<<ll< a "''"'''e :~01 
hao a ,.,;"Ole 1-ficlJ Jnd :.tra,,nir ít o•o<tl) "' ;c. 

.;01Hd "ith no !''<' i,,.,, 1nf <>llnJ 110n a~'"" 1 ~e ,-har acter 
•tructure t'f lhe 1-~ido!(if an)l. A ,han¡< in th< n~m~a 
of biiS dor> no1 affeet :hr ,h.ora.,rr in :h< ¡-wc~" ,r 
bcing 1hiftcd ''"'- Cbr"''"" arr •en: ,.¡¡h thc """'~'' 
of bil< pro~ramn,.•d ~~ the lime th31 thc <h.lfactcr " 
loddrd from <he lton•mil bu!fcr 10th< l!.ln•mit<cr_ 

lf rhe E"ernai"SlaiUI ln<err"r' fon•blr i1 •el. tran<
miuer condlli~n< <u'h "' '"S1.1fti1Jf '" '""" <'"C ch.l'JC
tcrs," ""orlirl& lo '<"flJ tl.1• ,hat,o<tcrl.'" ~nd e~ 
changing <lote'''"'" ino«ro•D" lhal hJH .1 ""i,1uc leC
tor if $tatu< -\lft·.t< \""''" Íl ""1. ,\1! inlc·rrup" <>n br 
d1"blcd ft't <>¡>cr.Jti,,n in 4 pullcd mnde. 

Tahl< 8 •ho~·• rhe I)'Pi<·al program <I<N 1hot impl<· 
menl the h~lf-dupln ~OlC Tran•mil mndo, 
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1.0 JNTRODUCTION 121 
Th~ 7.BO (,>M" r Tono< r Cir<:ult (CTC) io 1 pro~·m~n~l< oompononl ,.¡¡¡, four ¡ndr p<nd<nl 'h'""''' 

th>l pro•d< '""" 11 '•: lotd 1 Lr.1in~ fu'''""'" for mi,rcJCOmput<r 'Y""'"' bH"I vn th< 7<0-C PU _ 1 h< CPU J 
.¿,·ñ"con ~~ "' Lh< C 1 ( •be.n<ll <o ·•p<W< untJr 1 >:>no.,; ;n.:.Jo• '" d e..., Jo l.>~n; l < "~"¡,_,¡ r-;¡n L< t.'''--' ·:. ::11 .' 
e a w:Jn>r-~• uf",!, ... "· ¡n rr.~,, ·,poli~ "¡,,¡;; ,' httl.; '" no «l«n.tl lo !!le ,. , .. 1.,.,, J. Th< ZoO e re '"',:," 

N-<h>n,ol .,¡¡_,,n ~"" dt¡>l<tLou lc·oJ t<,hnnln!~ >nd" p.c\,,¡<d in, n pon lJTP. rnc Z8</:PC '"1"""' 
:0,:) l ,ic !1< j vA: I<Jpply .ln<! l @t-pl:o~<. 5 '"''· ~~u~~J Mlj~; f<•lur<O of <he Z%.-<::TC <ndud' · 

• All inpul•>nJ oulpuu fu\!~ TIL«<mpO[<bte. 

• liCh C~•nnd '!.'.'Y.~'- ~i«t<J to op<r>l< <n o ithu _C_o~:'''!.~\~•-or. Tim<r \lod;: -:¡ . . ·-- -- -- -----·--
• U><d in ei!h<r modo. a CPU-r<,d>bl< Down Count<r 1n~iu1<1 numb<• of cuun!<-to·to un1d lotO. 

• A,i"•m• Cnñ;:,nt R<gi<t<' '"~ '"~om::t-:_Jl!y.rdo•d the~Dowñ ~o_u'l!S! " ¡:o.;_r.t_·z.,o Ln ~u u"'" ,¿ 
TIITI<I MuJ,, 

• S<l"r>bl< p.o<otiV< 01 m:¡J:;,; "'O::" initil!« tim< ope!JI;,,n in Tim« ~lode The some icpul is 
m"ruto•<J for <1en1 cuunt< '" ("""'" ~~~~·-

• !hi•~ cho¡n puou<; 
utorn.1! lo,,c. 

1 

.) 



2,0 CTC ARCHI fECTURE 
12~ 

2.1 OVERVIEW 

A blvü di•gr.m nfth< /~0-CTC ".~uwn in r.~··" ~ 0-1. Th< inO<rnll "ru""" of th< ZóO-CT(" '""" 
,;m cf • Z~O C ru \-u> '"'" r" •. In <orml Con <rol Lugre. r our "" of C<>unt«!Tu'" r ("l:.mn< 1 Lo gro. '"~ 
lntu:ur< Con""ll»~"'· Thc fut" mdop<n~ml touO><r, ""'" do'""'h art rd:nt:'"~ O• ><qr.<.•.nll r,u:_·-~·-• 
frum Oto J_ n._ CTC 1,., th< <>?lOrhry of ¡;onor>t.ng • uni~u·· ¡,""""?' '"''" f,., , .•. ~ «;>a,.=< ~~.cod 
(for lUhm" n< ><el<•rin! ro on '"""upt « r-'1« roulin< ). The l d,.• o<l• '"" ;., o.-n."'"d rnto f "u' cun
li'"""' •1"" rn thc <rond,rd z.>o';:uorr<r '~"" "'''h <h>nnel" .,,.;..,O h•·r~g ti e !-.r~!''" ~'''""Y· Tho CPC 
(.u o inl~rfa" lugic a!lu'l < rh< CTC d.-reo 10 rntor~>" ~1!<etl• lO tlo< (PL' ""h t-ll o o ter <~'""'1 lu!rc. 
H<.>"' e• er. porr , ddr<« J""j"' •ndlor lino bdf<r< re.•) l-< ".;urr<d f or l.r~< ·~ '"''"-

... ·-~" + 

l ll 
"' 1 ' '" ' 

1 "" '" ' "' \ "" ' 1 . . 

·~""" 
'0'1 '"' 

'"'·" 

I'TI,'ln 
CV.I•OL 
m• 

' 

''"" ..... ·'' !'"""'• 

'""' ""'"'' 

_,--
11" ".·~~~:--····"''"'' ,.,., ... 
'"1 ,•--·•«•• ''""" 

""''"•' ;,•·•o•·: 

""' : ...... , 

~ '"'"'' 

' 



, 
• 
' 

12~ 
2.2 STRUCTURE OF CHANNEl LOGIC 

Th< '""''"'" uf~n< .,¡ ,¡,, fwor ,,~, ~fCuun"'· Trm<rCiu,nd t,,,,-,. '''""" iu ri~··r·· C 0-.' n., ¡,.,,_ 
l••unopu•cd .,¡: r<:ti•"''·: """""'' JnJ cou:tul bJ~r,· TI·<«~"''" l'< ru ~ bot T.,,,'""''·'''' K<:,,,., rr•J 
an 8-bl! Ch '"".! Curttrul R'<' •"L i ~~ en un le< 1 Jt< l n ~-b" ( Pl.He>Uob!,• LJ,r~ n C ownl" >rHI Jn ~ · ~" • 
p,~··-~1«. 

2.2.1 

CM"''" 1 TL"'I CO'IOI)l 
UCI\!10 co~""' 

"" "':" "''-"''' ,. '"" """'' 

¿ 
-~ ¿ 

-
"""''' '" 

7 

----q 
______ , 

00"' Zl ""' "'''''" .. ",, ''~''"' -- (0•'"" ' ...... --f't ,. """ 

FIGURE 2 0-2 
CHANNEL EILOC.( DI,O,GRA:.I 

THE CHAói!,\:EL CONTROL REGISTEH :>.:'~0 LOGIC 

Th• Ch•n-<1 C,•nt:.•l R<;i•t<r {S-bit)l~d L··~.: ,, ,.,::::·: '"~~ rl' rn '" r<k": :~"·-:,-.!e· •nJ 
P'""""" ·>l:h< :\:,,--,• \lo•.~'"' th< <r.W< CTC J,•,:,c ::"- '" ., __ . ,~,¡, ·<¡••:<t,,.;,•r·,··,'· .,; --, !•• :i 
íour Coun«: T'""' C'""';'~' 1\i·c::r Mth< ror" "¡.. .. ,.; ,,-:"<rl ''' ~,,._ .. ,.,, •''' rr:, '"'''~"; ,.,- '"" ,1"· 
1<le,r '"V"' p.n, 'c~J >oJ <.~; ¡~,.-_.q,. '"'<!.'~ • _. -\~ :·.~ ~: _, "" ';-;·: .. ,,,.,.,~u» r·.,, '' ,;¡,,. · 
th< nutl1 ¡,¡,·, ~d·'"· 

Ch l 

,., 

"' 
' 
' 

"" t-, 

' --¡--
' ' -· -·-~-

l 

• 
'\ 
' 

\ 

' J 

' 
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2.2.1 CO~Hiri:U~D ' 12'1 

In 11« '''"'"'! ..... .j ~-.,·; f' '" ~"'S'•"' c. eh (l.,.,,d C<>ni'~l Re¡;''"', Oll O '• •'"l~'' '''· • .,d :h •>~l.<r 
7 ~,,' ,,.. 1""~' ·'·""·' ,1 '" ·' · · : .h.·,,,¡,'' "" tloo (J,.,,.r, "1~ ''""S moJ" on~ r """'<""· " >b·~" "' :h• 
.,¡;_,~- '"' l•<l""' _ 1 r, .. , ''" .. ,. , · -·•-;·k•• •!"' ""i"n ,.,. "''' '"" 4 O "Cl e Oc",""> .11. ·del'' ·'"d '"""" 5 o 
''( l(_' l'n•S<J¡¡otnong ") 

o, 
1r:HRRUP1 

~:OOE 
l.r\:.ElE 

2.2.2 THE PRE'>Ci\L(R 

CHANNEL COII:TROL REGtSTER 

o, 

Rt.II:GE SLOPE TAIC.GER 

USEDIN 
TIMER MODE ONL Y 

,, 
lO~ D 
¡ ¡·; c: 

co·;sr:r.r 

.!IL< C!:.:.,•! C·.•n!•"ll!o·~:-:o"J" dLI'~c" , '•' ''·ti e >J•"m lo:"" 1 ¡, 
· ,, _, h· r ¡, li ,, n Ood " ::e "'i'·' 1 "' '1 "'' 11" O '"' n r "''"" · "h ~-Ti ,;, 1 " 

IJ, ;,. "' 

o, 

RlSET 

_;o,, lk ~UlpUl o•: Lk '"' 
_.,_ :tC.l<" ,¡.,,~1 olo•'·•l' k 

"''"· 11 "'' "':' d ·'"'""""' ,11, ·,,,,, :1"· """''"'' .,; ll<e ¡,,,e(',.,,"" F-e''" ¡,e!'''' <hL< ,,._.,,,, ,;,., 
111< S~""" Chd- b) "" ,,1,1¡,-,,,,.¡ f.cL~< ,,¡:!,e lHLlO "'"'""'"· 'i:~"Y """' •! o !)~··•·' (<·""'" '~-:. •. ··•'· lO 

¡ •••.~:_'" "~' •'"'· l< re C ''" '" r_, "'"' tlC jTO!. " pul"~ 1 <i:;h. 

J 

2.7.3 THE TIME COr-!STANT RfGISTER 

Tilo T un< (\·n•IJnl R.•¡;:<te; ¡, "' S-~lt t<~l'ter, ,,., . .: in ~ .. 111 C <•H n:, · '.l. • . , .. ' •.! TLT'"' 1:,,,:,. "¡•:, ·= ·" 
b)" ti« CPllj"st ,¡,., th< C0J1'11<1 '""'"'' llor,'! ,._,¡, on '"'••·" •1n< e•'"'''"'' • '"e,-.' 1 :::r.":'o:J• :O(•, Tim 
''~'""¡,,M <1" P"'~"'"""'d "'"' '""' ti•e D"~" '''""'"' ,,¡,._,, ti.t CiC ,. :ir~: ::· .. ·:.:i;d "'d ,.¡,.,~, Lh< 
U""' \Jhlr HHO ti•< D'""' (',.LII>h'l o',ili'II"HC.Ii; "'''"'"' 11 •<'·'"" ,j, "" ri:,·r.•,,;," lll l<t••.lf .> ""' "'"' 

""' "·'"' "h•.Jed """ tho Tu<'•' !""""''" ~·~""' "'l•ih• ' d•J<Inc·l "«''·'"'''' ''' """"'!- ,,,,. l'"''' ;11 J·. ~n 
'""''' '"11 ~' .omrk«d ~.-r,," lh,• "'" """ '"'"''"' ,.¡,,,¿,d """ ,,,, [l, .... n e"'"''''· ¡F,•: J""'' ,,¡.""' 
• ""'" ''"'''-•ni ,, "''"''" lu • CTC ,b.ni><L ><<1<:11.-n S O. "'rTL" r:"O'''""""~ "') 

2.2.4 THE 00\\'N CCUNTER 

Tl>< D'"'" e,'"' «r "'" S·btl "•'"''· a<d "' b··th '"""'·'' '~""" ,.,,, r,,,.,, ~I .. J.:. J..,.i.d ''""''"· 
'"d ¡,,,., ,.¡,..," ,-,.""" Jy,.n '" "'"· "'' tl.o r,,,. '"""'"' ¡;:"""''· ¡-;_. '"·~n (u~"'·'" J,,"~ ,-:, '.l 

e¡'!<)- <Jdl "'"""! ,r .. ,~ 'd¡·•· '" 11« Ce'""''' _\!JJo, .~iiri th< f,n,·t II .. J,:::, :he <h·d, .•u:;•·,: >'i ti,. r·,.. ~ 
""'''· At '") Lim<. ;)· ,,,¡,,,,r,ill:; J ""'f''' 1 ·o Rc .. u ,¡¡1,. l'"'' ,J.Jr«< ,, .. ,;,,d ,,, ,¡,, ,,¡,., ,,.,,' ¡,· ,¡,_,,.,,.¡ 
¡¡,,. (l'llc,, ,.,,., tho '""'"'" ,.[ thi< ""'"" ,,J •'~"¡" lh< o, .• ,,~.,"',,"'"'"" ICIIJ. ~") 1' 1(" ,1 "· ,¡ 
!nJ) t>,· r·o•; 1J\111l"'d IU t<H•'l JI<' .>0 101" !U pl tc~ol<<l <<~ 1 'l'Hc< l'O< h IHI'• "" 1<1" \ .• .. 111 >1 """ iood, 

In ,,,,,,,¡, O_ 1. ,nd ~. "'¡,. n 11 .. · '''" """" , ,,,!; ,¡,.,, i< ,..,,¡,·d. ' ,;~:~al rul« •i'~"" • 't ti .. - ',., «>· 
I'··•·Ji,~ lC 10 !'in nu< "' ~·''''" r•n ¡¡,,,,,, ... ,, h""'"'"· ,;h.,,«¡ ~ J, . .-, '"'' 1 •" th~> r•" .,,J ,, tttlY 
bf .,.,·d ,,,¡~ m lr~~·:Jii<>m -.),<« ''"' "'"rut ru!>< i< ""' •c<¡ui,.·d. 

' ' 

' ' \ 
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2.3 INTEP.ALIPT CONTP.OL LOGIC 

lh; lnt«o ·•1 • "'"" .1 1 ":'o '"''"''• tlu< th· (T( ,,.,. "' "'"""1'"" "itl• ¡_,o'.'''""' ,,,,., '"1" ,.,,,,,,..¡ 
f•u ""':<.\ pti• "• it :· Lnh'L otopti.o ~ 00·) """ n t f• "'' LOt<oru¡•t. Tht ~"~"" o•l "" " ''"" J,, ''' ¡, J'h', "" 1d ~. 
'" ph;.t;ollo""Jtio•ot ¡, > J.oi•) duin "'"'fi~"'"'"" y.,,. ''~".ollu><• (11'1 .:ouJ 11 Ut.o•o i"""J<J '" fl(" .1·:"·'" 
1<> ÚJI :u 1\•;, ;; ,t,·:n J L -,~ .:ho Ln, Tll< J<'~<< .:lol><>l tu lit< f!'L' lu> !11< l11,;hot P'"'"" ; ~ nlu>L tlt< ( l t'. ,.,,,.,. 
<u pi Pll"ti:; " ~rd<L~>!>LLnCJ b¡ .lwond """'b". ""h ,llJ.,«I O 1,.., in~ '"~''"' P"'" n~ Q,,...," lo> ,J-,.,,«1 _; 
,..hic\1 h.:• th< lo"''' priunt; . Th< pc>p>J>< ol 1 (TC- ;·--.,-, •'<J "'''" ur<. » ~ ,,¡, ""' "'""' ~<o<¡•hoLJI Jo•": _ 
os tu f,,_., th< ( PU 111 e'""'" >n ontmupt "''o.< '~"ton< ,\,-.,, Jon~ "' /.~1) •) "'"' t;Hc>' up¡ P'"' '" "!. ¡,, '' 
p<iuril) J< • ¡, :, '" "h.1nocel < r.uy no\ '"'" "'~ t ¡,~¡,,, P""'"l J..:• ''" 01 ,llJ>r<tcl, :1 ·~• l,;• < ,1 <<JJ) ""-'"" ;•<<-1 

' .onJ h"c n~r IIJJ tll<Lf on '""'P' '""" <o~ulL:><> cun>¡•i< "J. 11·•~<'<<. 1• i~'' P""' ") J" i," "' •''"" .,,: • "'" 
tnt««•~t th< '"'"'-'"~ ~r '""'" P"""'l' Q,,;," "' dw11t< 1,_ 

o_,l!f. C1C <h=r,d m•r !Jo p:uo: JL11 m"d '" r<.¡>o<¡t _-n '"""u~ l ..: .cr) '""' :" D<>w,. r "'"""' • r•"" • > - -..-. 
'C••HO< >li :<:•> (lo U!Lht< tloi> """'~ r<;•.:f:'" tlut·,;;, c"f'\ t.,< ;:m!<:Oll"'''-'' f,, ii>:Cic;:~' r:'•'•[• :! '•~·'" 

·"'" thc ;,,~""r' ''-!'·'''· :hr CPL' ,,¡¡ ,,,J ""' '" "'""•>;•< ><lu.,~I.-J;<. >~d ''-'e re. '"''''"''' f.. 
L<>$:, woll J•", ·""'' ;h, :,; ;1-< ,, P''''"" dun<ld ,.¡",¡, ;, "'''''""'~ '" >'!«ru ~~ "'''"" !loe l" [(" J '"' _. 1: " 
ti th< (lC, 11 1 n ~" i; ,.-«><.onJo.;,lLU11hJl Lllu< ''"'"'' "''""' 11 . ..: '"""'"' J»•_- ._¡,.¡,.," ~.~: ¡•!,,, • 
S·b>l lnt.·c:u<>l V<.h•t ,•n o k:,· "''""' dJto ~";_ T- ~;,;.: .•:-1.-r ; bi1< "' ''"', :.:,; w~; :, •. o~ .. .:: .... :::": -~. ,.,. . . . - .... _._ .... -.. - - -
-¡.,< ~ o;•!:'<-, :•:ce '-" 1"< Ci·~ .. "~:'"l ~·~•'-''""t·:•~t""'"'l' tl>< '":' '""' ~"' ·•11 O< P'"'·~oJ ¡., "'" 
(ll. 'l<""""·i·t (., <r<>ll ·~··_,o D'"'·~ •.··::-'-"';·¡r.,cct:•:;t" tll< 1":>'''''-?"""''· .!'"'"'"_.¡ •<•-•><•' ·-;.o· 
tllt<L o ''>'" li IL •i' .' 1 he krw-o de! bil u1' tll< ''''' Ll ~ tll ,¡,,_,, , bo ,,. ru "''" >f~IIL~ '" " • UH>élll <•" 1 ~''" · ,¡,, ·1 
b<l""' 

---
INTERRUPT VECTOR 

o, o, o, o, o, o, o, o o 

c:=l v, v, v, v, ' 
' 

[ ' 
-. 1 

1 ·] 
" " Cl-1A.W."<.l0 

" ' CHAr-;;,El 1 

' " CHA:;:.EL ~ 

' ' CH;.N'•~L ~ 

1 
' 
' ' 

. Thi> int'""?' •<c:~r ¡, u•<d tuo'l'o<no ~u'"'"':., ~~~,-,,:,'-"rn ,,._. .. _.,,, :.r-.·• ''''.o-!~"''"', .• , ".:o·-.:c¡ -· . 
lo<!'•Í'-j' <C~lÍO< 1< >iu. ,¿ ~-. • ~,_,·1~ -.1 bt '<<:o< I< ''" •---"'' 1!0< I<.J>! >.;ru' O,-'" l ~ bti ·~ 1 ,.:e :1·,• ('I'L' «~J• :' ' 

f.. «>iiJ<nt> ~~ ,¡,, 1 :< ;"''. :~ · ~~~· '~' :h< -~'~"' "~'"'''"'"' S·o<h ~~ ,,,. 16 "'' ?~'""' _ 1):; o•iJ "" ::~ '"'"""-") 
poo'riio!li> "'oll ;,:;,.,,~,~ t~., :.,.,.¡,.o •• ~,.,.. ;;-;-; ·O,-., "' ,, r,¡"-~"1 JJ"Ji•~; "'·,;r ~"~'e"' .: •• ;,~n-,,.0.;« :: _.: ,- · · · 
'dd<<oo "IU.:h on '~'"<un""" <11< 1int Q,"-·<>0:< oi :h< int<,;upt '""'' rQu:or.,_ Th;_, in·~;,,~< :. J •·n~l< <.;-,
~ol~t \tQ><~ m Jn '"'""-'~::o.¡ CTC .:on r<>~l: in or. inJi"'' .;oll !O ony m<:nu<; lo''"""· 

ZBO 16·81 T POit\:TER (IN TER RUf'T ST Af-l TI 01 G ADO RESSI 

1 REG 7 811$ Ff:O~I 

CONTEI'-:TS Ptr:IPriEHiL " --
VECTOR 

'--------------------' 
lhc(.> Í<:, 7.~0 '-' • · •o" <·'OY<nl ¡,," th->1 1!1 ' ' ~;:·. '" :•o ,~;. in(<W>pt "'" "' NU tir.< :,~1< ,f,., .. :,: 1«. 

~- ·- -. 
'. !!·,~ i_;>:low ~•J'' b~ t< in 'o <'· ,., :."'" '-'~" on ,.,«.t~.: . t •1J : ~-.,;; ~"~'''".'~"' .~l •·: '" , tlt< "-'" '~ '""'"' ,, '""""'' 

·n,.,,~;¡::-.. Joi.·h .,¡n ,¡,. "' '·-: ·:~d ,.-, ,¡;J, tiLo ¡,_.,, ,: ; niT•.: >ni b<l ·;,r ;,;:, .. ;, , "";i' ·~,~ ,-~~~. oll oh·;,' ~-· '., .~ 
H<n.:. tlr< l<J<t "~"'r''"" t>ot uf on:: tlllmupl """' ,.,11 oi"'Y' b, ¡,•ro 

J~.< RLTI '"-''!'!''-'"" i~u,..·J •L :!1< ,.,,jnf '"' ""·''"1'' '~!'"< '""'"" Lu ""''~:"." Ll" J_,,., ,:,.,,. ¡ 
(." orw~:,_;:.ro [(0 ;,.,p•ur« "";':vi,;''.'·'; i ¡ u·>•r::· ;~:,,·~,.; !>J:al;r,4 [1« 1 '' '""'"'"'.' ,¡,. "''·"' ,;,1,, .. 

b~l Jnd Je<oJ,, ,¡,, '"'"""'''"~¡,,,ti ~•·'"' Tlov> "'" CTC ,;~Jnn,•o CIIOl!nll"~'· •••11 '"''" "¡,"" tl>< (1 • 

1\.&s <11n1pi<I<<J "'" '''"~ ;n inl<!<llp\, "Lihwl "'") fu<th.:l '""""~"ic•ll~n w11h th<' CI'U b<m1 """'''"'''-

; 
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lO CTC ~~~~ OL~c.=ut-! ION 

"do·~,·: . .. r·:.-: 1'0 r· re r'" ,,.,r,,.,,,, .. " i< '~""" on ri;o"o 3 0-1 r;,, '''''~" J<>.c:~e• ,~, ~,,,,_., .. ., 
uf '"·1· r•n. 

[.)7 [)0 

Tloi>bU! ""':~lO lror<f<: J!i ~"'m~ «'r.-~.-n¿ ""'di~''"""·:~; 7Y)(rC;: ~ li.< l50-CTC. f:_,., 
,,, S bn> "" '"" h~:< uf<o. 1n:h lY.)" o!oe lr.sl >tg:,1fonn1. 

cs1- eso 

Tl•<">< rim f,,m a:::~"~;'·") ,dd,.,. cocl' for "'''"">~"'uf ti" iour nO<;"''"' CTC <h•·-~,;, .>: 
'" 1 O\\<,'" or ~<Jd ISa lfld •->o:: telo·•·-) 

-

" 

--
"' o 

-

1 

r-¡;~_T_~-~ 
--;;,-;-¡- 1 o J ¡--
"' 
"'' '"' 1 

' __ _,_j 

' --_j___o___j 
_L_• _.J ' -· 

... 

,\ ¡.,., l<•d "" ''"' r•n ··•·•b'" oh< CTC "'"'"P' '·"""'! w,.,o, :'"•·'"?' \'o·::.•:s .·: ""'' • .,. '' .• · :"' 
,.,.,¿, fa•"' the I'G 1\ou ~"> ~Ufl>l.( 10 1,0 ll'rl1< e) ele,"' h\ :"'"~"' •:, "''""", ci :!1< C•v"n (<•.onte· 1.• 
¡~,. CrU Juun¡: >n 1•0 Ro;J <ycl<. In"'"" op;-hc.ownl lh>• "i;n>l '' <!<:~.-,~ f:~"' '!" ~ :,,, , .• -,;f,;-":o: >:1 
,,flht •ddt<" ~"' ;,,, ""' ~r th< '''"' 1!0 l"'" o.!J«»<•Ii.ll ,,. ,,,,., =~ 1hc f.·.:(. o·.I<:To;ll:< (:,· ·<'< 

Cloock (~•) 

S•"<"lCioc~ ("'''"¡ 

"' \!,.:h'n• e_,,,, o-,· Si;o:,l :, .. ,, r~l' ¡¡,,,.,_ ,0,,, ¡,.,. 1 

l'o1«n \fl, ••••:• ,,:•J ohc RD''S"-", ,,,,,, :hcl'l'l', '''"'""> :: "'"'""''" ':, ·" "'"" •'" 1'.:. · 
\11 " '"' ¡., ,,.J , :,, 10 110 ,, ~·. •1 , ., , "'. ,¡, CTL' , ">1" ":.·.::. ~~~- "' "" '" ''". · ,,., "·~ , '" cr ,- '" r' .. ' '" 
¡.,,."''P' \',·"u' •'" ,¡,, LH• D.•<J H·.·• ,¡ 11 llJ• d'"l -''"" 1'"''"'~ ,,,d ,, •< ,,- "' .•.,_,,.,,, 1,, '":,,-,·, : "' 
¡,,,•,.u pi 

lnruo: (luo ruo P,-~,,-., r, '''" Ci'l' 1 ·o:¡•ut. ,,-:i« lt•") 
• 

Tl•< WíRQ .:,,,(,. ''"'J '" ,,.,¡"''''"'" ~uh ,,,, t 1' .cd ~f>.•;oc•C' "' ,,.,,,,., J>" >f·d ('l .. e•·•< '"""' .. 1 
\\'.,. J, ~.-: """ ,,.,. hü-1. l'l. _, ,.1 ,¡,, , l l Du nn~ , < • 1 l 11 :o·c r ~ • :,-. 1 ( · ~· Ó -'"~ r r : "'·"' ~' 1' . .- ·•' J -~ ¡\ 
,-_,,.,. 1 h.- ,. re ,¡, .,-, "·'' , . .,.,". , , : , ,·,, ,_ ,,.. , ~,,~, ,, .... _, .: :" '" , , , , ·;; "' , '" " · - , 1 r 1:11 '• , .. , '; .. ,., -"' 
uf J 1,1! "' : :¡i •i, ·.JI. 1 n • l' ll' R, ,,¡ (' , :, .. ll 1 ¡.¡¡) \ '( ""· • ¡{(1 ;• "''' ~< , • : ;10 ,,. , ,;,,., ol·c , . ""< , " "~ 1 · ,• [), '" n 
{\•nul<r ''" tho 1.>0 DJio Ru,_ lt' 1\llit,l.,,d ~1j ,.< ¡,,,,¡, to.l<, tl,t· ll'l' ;, ··'''''"'"!:;>"~ _,n '"''""r' ··~·'"''· 
,.,J 11•< Li~h<<I·J'' '"'" ~ ; .. w, uro il't ch.nntl "1:1 p'.c < "1 1 """">'' \'<e: .- t ,•n oht Z~O lho o Bu•. 

' 



; 

( 

3.0 CTC PIN DESCRI 0 110N ICONT'O) 1311 

Tk<IITI ,;~,,1 "'"' 1 "' ""''""""'" ... ;,¡, <h< RHH) >nd IT .,;.,¡, •~ .,,.,.-, d'" ,,J n''"""~ (,,.,,,,¡ 
Wordo bd~<''" ¡¡,. ¡,,, (1'1. "' d <1 < CTL. Ou""'" CIC llw< (),k. fORi) Jn! l( "'""'ce <ruc '"J Rfl "¡" 
The Cl ~ d"<• "" l "·'"' J 'I"·'L'i, "'"'' 0"-!,1, LIL>L•' •:;! ~<, l<fJ!III~ i lo "~ " '" ,, . ., <J 11.' 1 """ 11" '"" "' Ul J 

oal•d 'R"U ''~'·'' In 1 (]C K,,¡ C),l<, IORQ,t~ .111J K!) mu>1 b< "'"" '" ploc< tilo'""""" of rile[).,'"'' 
Coun<., un tl•c Zo<J l!>"J ~'·' 

'" lnt<!fupt ("''"'' ¡,. li•·:-•n.' '"' IL<~h) 

TfUI \i~•1JI i> Ulc'J f•> !1,·l¡o '''''" J >; I<OLil WIJ< on<etoup\ JJI•~ '""'' .,l,,i< <olJ0i.,l:co ,>•lc••ili<> ~;,,, 
mu« ti:J:• "'" p<ll?h« d ,.,..,,, :n oi.·: •)•"'" ¡,,, 1111<:wpo;.,~,·,r.':,i") ··-~ ILi:;~ 1<-•1 on '''";::e_ '_",,,:c:c; 

"t:· thJt nu ~':·"' ctll<:f'L~''"'~ ! 1> ""' "' hi;l.<: p<iJ<Lt) u: th< Joi>; 'lo"~ .1« .. ~'"'> ,_. _, ,,,d b) \1'' ~ ;'J l'PL 

• 
'" 

n .. ll <J >.;·H!,m <~nj•l'·<ll"" ""h lEt. « <Ml to fu<m > >~""''' ,,.,¡., ""<''"P' pnun<:• ,¡,,, ci-_.: 
11-0" 1·•~': u"l) :: !! 1" h:_;h ,~.~ tM' en:« nur '"''''"'~ '" mte"~~' :':vou "'' CTC .:!"""''· Tt.u; :1 
"'' ~¡.,, \ ' ~"" « l" '""' ~ d<""" '""" .~urrupto~t ,.¡,¡, l lll,:he: ~ __ ,.,, :- ""''tu~""~ ~ .. ,,,; ;, e , .... ,, ... -e : 
b) th·: C?C. 

. ·. 

ó"Thi< ,;~~JI 3c-« 1 "" ·~ h~" "" CTC th•nnd ,.¡,,;, h.s o~•~ ::. l~flmrr.<~ :o <noble >n!<:<u~:> hos o '"'" 
cour.' -:~:-.!;,;,.,, in ::, D~'·:: C >uno.', 

R<><< (inp"<. "'''·< /., .. ¡ 
• 

• 

í r.:s ::r: 1 ''"~· ,11 -:i· '"·'"~' :·:e;:-. tcuc.: :e; :~:1 ,.,_ .. ; á '" ,.¡ oc::=~'"~' ~,,,~;, ~'" ¡,;: ,n '""' :.-! 
re~i<t<:;, th<r<~:- ~", '!><:,; C1 0.: ·,;<n<:: t:~ •n«: <Upt: The ZC' TO :nJ 1 C.. T "u'?~" ·'" '" :~.;u '"'· '"' ,:: : ·
lEO «11"" 11'1. JnJ t!,, CTC< JJtJ Ou<UL,lpul Jri"" gu lJ the hl;ll Lm?dn,; <!Jt< 

(L¡.:•lR(:; Cl¡.: 11\í.O 

ht.,nJI (¡,.,~ T 1~«< T.'lf.:!! (inpur, u<er oc!<.- tJ'-k ""' : '"·;'> '" '"") 

Th<« JI< (,•u: Cl ;:: J!.:,¡; P""· '"""'P""J>r; ll> t'•e ''"" '"'~';-cnJ<~< (l( .:h ·"""·' l:1 1:1o C··~c:c: 
.\I,J<.<•<:) "'"' '"~' ,,.- '"'' ¡><n J<.::c:~1:n:o ti,,.[),,.,,("""''' lll th< T10t1•." 11.·•!,, "' ""'" .;J;: "" t:'l• 
pLn imliJl:> th' Um10~ l:t;•,:""' Th< u"·'""~ ><1••" ti•< ""'"'"''tu i•c c,d:" """~ "' IJihr,~. 

l«" (uunt{ll!l><· '"' f,>utp"l, "U•< hi~h) 

Th<r< oro thr<,•ZC,Ilt) ~¡.,,, ""'"'•"''"""'.~ '" CTC ;;¡,"'""·!<! tho.,u;l, O rl>u,• <•· 1" .,,~ ... ~,,. '""'' ,., ... , 
chJnntl) hJo nu zcrro P'"-1 In <i!I\Of (.,.,-,..,, ~lvJ< m T""" \lo -t< ... ~,~ tl>e i)o,., c ... ,""' J ... "'"·"'·: .• 
"'" it~ J.::i>< !>i,;h ¡¡•J in,; pul« lpptJt' JI !111< :>in. j 

~ . , 

) 

) 
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4.0 crcor~·l:t11NC.~.IO'•~S 

,.\> ¡;- ·' 1 •ú-<;11 · ,: ol<' i< "' !c"·•·:d .' · ; ": ~ ~¡:-¡' P\.: · 'Ji< t' ¡ l' in • :.~- ··• ~ • • '•' !l..; .. •- • 
••·~ ·'·:. '•' .,,,, ~- .... ,,:;,. 0 "'·'-""'·;e¡,,., .. _¡ (.·ct; .. • II.•<J ,.,J 1 ·:o'< .• 0 ,:"1,: ¿. , ~ .. ,~ "'"'' -,-
,.. '" ·- ·; • · · ti-.: - ~·;· .e'·"" "1"': ,, .,; th•< _.¡,..,, ;,! . F "· ::. :: :: ;~·.- ,,,_, .,,,.¡ !." " ,., ;: .-e· oo·:-- • ! t ~ • • , 

áo: • .-· '!'''· ,. :,,_.,-,~., v,: ''" ~ d "'"'" ':<'"'""":u::_,. t'lC, l~;:o:·;;o: C-'"'"·i l"c''· or .. , : .. :·~.-· 
J,--.,:. '''.'1 '""·" ;·, 'll · ([( p,,,~·,ll::ll •g")\\t,"l ;t,; (1'\.' IIJ> ""'"" ,:: ,¡11h"'" wurJo '" ;1,,· r !( 
•11•··"·' ,¡,,,,_ ~ ;: h< ,, .. ,~ .,.,,.-¡¡,,"''ni<~'-'" ·•r•·:" .. , ,.1 "'h" ,¡,,e"''""' •.¡,,~, •" ,¡., ,,. 
Mv~ · 

4.1 CTC COU~JT<:k ;,':JOE 

In •h'· ~' ...!. -¡,,ere,,, . .,_., od!'' ,r,h< cu:: 1K<. "'P"" T!:< Couc< ., _11-:~<" r·•·!"- _ .. _,~ ,,.,, 
.:h •oc •l '' !,;n 1 1 o Ct- ,. • ;! Cto" •;, ,: \\"_,, ~ " ";;t;oc. ~ o:l: hoo " l<!. 11!< (lo;,;;. :r, f '"' "": C:-•.;l >( L;; i ~ .-, > 

•n,- ,, ~, .... ·,.- ·: ;.,r, ,,.;" "' '"~~"'''~ ,•!;·=s· ,:•.:· <>.::. or ''"'"'"n''·''·'" '"'" :1·~ '"'' """' .-.:, 
•!•ot 1:: ~,,,,., (,",~'-.1, ol" [1•. "("""'"' (»lu,h ·'"'"•'•·'·,cJ "<l!:th~ "'L.' ,.._ .... c.:~"''""'"":·'. 
<11 -'": '"•i"•· ,: •i j.,.,,. ~·''·"' 1'!) 1> o!:.:!<;;¡e:o"!. -'.lt!""'~ 1 1 rh<<o ¡', ~" ><' ''i' "1 "' ''•i''"'""'·-: •· · .. ,. 
tti~O"'""> <J:· •< t!" "'"'"'!C. o,'-. JI•! li1< r;;¡c~ d,:e "' •t•.ICI"•'-1. ol" [).,,,, (, .. ,. ,1 '"·' ;, 
m<>Lh'd '"'' •' .;¡ ..... n~'l•;:·•'" IS<: :!•.: i"'""''"' o,/l';;¡,n ,, ""'' ~; -'.( ( '· t·· ""' 
d1J•>t'o< 1>o '·-'(lo,.;\ 11'!•·•' <1 pr< i' "!'l<l>LIL: ~ 'n b11 J "' rl < (h""' ·'e,,,.,,\\\,., tu;,:--

"'"'.,,~-.-. --'"·' ""' ·''" • :::;·. "' J ,.,, ~"'";<·.!;: 

In '"i ,, (!, '· 1 1.->!: ~l·cu :'·• D.,'"(',,.,,.," ,,,,,,,;,o~, ·.\_,_, '·'''~ '''"" ,¡,_. ''·""': 
'"'" ,,,.·;:J·,: '"''' -.... :_. .r "•·' ,.,.,,,_ or, 7<:.> (,uo.: </<' l<)r .• "•"" '"' . .,,"·el chJ"'"' · ... :1 "" 
"'"" 11• ,,•- 1 1! 1. ''•' • ". !·" t•> 1' • : '•o;:-: ~.11 ku;,; ,<·>!>, ,)· "·"'' ;\ do•n ; " !._ ... : .,. ?<n JI' ! "• <•o • . .,.; . ~' 
u..:.!¡., '<i :,,, ..... ' 
b• ., .. ~,. ,,,,(!._,. 
...,,,,..,,o --cl<"l ' • •· •l ~\, >1_ •'' •r.-·.-- ,, . ... ,.,, .. -~u-::, e.,,;¡ 0-' ,_ '"'"'- ~ ,¡ .. , , .. 

,, ,¡,_ -, .. ' _. l - ._,,- "' ' ' ''"''"''''-
·loe -- ' '"'·' .u .. .!•<lo"' ,:,. 

lit< " '' ' e,,,,.,. 
" 

,,, :1:: ""'' •' .,, ' •"'1 ,: ·' .. •,j 

'"". , .... " :: ' > .: _,.. ' 
,, 

> '"' 
' 

C-· _, ,_,..,..,' ' ' ' lln•: ,.,,,,,, ; .1 e> o '·"" C "! 11.- ;1:: [)·'"" (c'L"[, · ".;-:.; .:•, 

th< '"'' t;~o< .-. '"':' '" ... : 1 ,,,. ; .. , J, ~ ;,, ·' 'lo< o .... ~ e ... "·'";' 

,,, :l .. · 1 ... 
1 cr.: r .,.. '' 

' 
,, . .: '. ' '"e _,,, ... , ,. 

' •' 
e _,,' 1!:;:.: ' 11•·:. ' " 

'(. 
' ' ' "' '" ·: ' ' "; 

> ·---~~--~~~~ -~-

"'''"·''"'''· .. 

<•·~-.. 
•0''"''' 
"''·'"" ...... ~ ... 

,. .. , 
(0''' '" ...... , .. 

•' ... " 
7C/ 

----~ 
---------

...... '. . . 

---- (l <V 
r:1 ·,::·:.~. L. 

___ flt~- .. ) 
FtGt \fl: :, , ~ 

C!iA .... IOf t C<ll''-11 t •< ~.·,~· ·" 

""""" ,. , ....... ' --

' 
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~~- -, · <li,.,,,,._¡"''''·';:·.: ''"•r•••o····'·• ,·,~·-····:-~ 
1 ••• ; •• ~.; •. !.e" ;u r_:¡ _ _, (._,,:- ,¡ .,.~_.," _, ~•-·.· • ., .::; ~ 

.·,;,r•.·--:.-;·._¡:,.:.,. b •• ~ .. nti--SI•':rc''·-.~l'"•'"d ;;,,<. 
.,. .. •hr r- -.,. 

. ·-· --~ n .. 
[1-,, .!.on 
._-\, ,, -·~ o.' 

... r: ,· .. ,..,~·
,, .. , ·~ 
·--: .. _ 

.... .-: "''·"'. 1<. 
.,.,.:.o rr .• ~L~" .---,"'"'''· n. ·;;:··· ~ •.. , '" :1··· ,.,., ·" d "''' 

,j •', r ... ,_,l · """'¡_, ~1 ,--,.c: .. ,~ •· , ·'·'"' --•" :~ ,. "' r,., e·.:, 
'· . .• ,. , . , ... '"''"'-e' .• _, o~--- ",. __ ,, .. ·:;·· : ..... · ,.:· • = ;--• --- · --~ 

.. ·· ''"' 

13J 

·.•1 ·1 ,,_: '·"· •.·•·c. •;~u,.;, ¡¡ ,-.• :. :·.•··''"n' c~ .. ¿Lt¡· .. __ .c.~ <"·•··--; ,., •''""" -.~o·~," .-,·n ... • _ ,.,, - . 
. :._,_,__ 1 . .• o.: 'LL ! !: ; --:~.; ; .; ... :. " . ·-~""'''UI . ·' -., r ..... r .-........ ¡ " .-.• : ~J' •'' .. , , .. - -·~- ' 

• ,.,. :, ·- , ... ~.,-,,. ,,,_,:, T"''"<!. ;._, -~-· _r:'::.:" 
' '' -~····Tl:' ' 

re;, :r •• ~-' ~ • 

~--
. ' ~ .. • ·'" ( '·:.r.c.-· r .... : ... , -----~ ,¡ e•<: ", __ , ... _ .. 

',oiJ ·1. ~- _,. ,,, . "ef 11 ~-_,~ e, , ,,.,.,,.; ·,,. ,, ~ l.i¡,:e.:o > '~' _ .: ¡:,, e: • •',•':. > < 1::.:1 !"· l"f'-" '' L ~-''' ,. C ~ 
1' "· ·, « '••-' :i,_ '"'" o.; .. ,;,,•,.,::. · .. ·,:;:e;,,_·; .. ;, e: '"'-" ~: ---•.i IJc •.. , ,,v_"" ... ,_,, •••" 
'·.-'•'·;":"': (l¡· 1">' kod< :11< lJP." W•l>"' 0.0>1< ""'":o ;]leC[ ">:•el 1:· O" \" <:; :¡;0 llfl•et ::0 "> • '' 
"'• 1 IJ,· •.·. •HI :l • '· .o'c"CJI" '"" •¡ d; .- ;;.- •: • J~l" <1•< 1 imet T :<~~:·: -, .J,,. ,_-" · '"r¡; Ll < " • ~:o¡ ,,;" ; ;: "•' 
'"''"-"" .:,._, "'''d 1; '"' "'"' "'~"""' ~_,,, "~'d" 10 follo" •1-tr, '"":e",,, .... , •':'''''"''- "" c:.c • ... ·n<' 
• ,,,,-.' .. ,; w-u; _,•~, ,. ~-_,;,., 11,, r,.,,., rr:~et ce;• foil"""'~ :1., "c.::ul ... ·; "'"" ,._: _ _-,,.,o·:· 
•;: .•.:d ¡:-.... ,.¡ \• .. "~ 1• :"•·:"'":"-'"'·'''j ''-' ><1:01 :,)¡.,;L¡ :1 .. ·1\11•<: i~o,,,: .,:; :., ,,.,,,.¡," '' ... 
,_,",',,., ;,., .• II·,J.,_ ,~-- ,,,.,.. ,, '"' ,, . .,r "" mcf:o:n\ c.;.,;. e<: Lh< ""'" .,. '' •\·., Ttoh: ;- ;,.·:. 

"''">-'";,- n(-!- 1: :'•;- T.,·,:· T:i~,j" ,-~;: ''"'"' dm<r :h.~n o •?•"'"j """"" a1: '"U~"'''' 
oi ~·- 11 .. - [)., ... , '"· ·""'' "•' , "' t-c;:1: ~ . '·'·"""'¡ "~": ¡l,, :cHu"l'·:; ,; o.!,:< - •t> •< .. · 

__ ,,, .•. 
ISI l K 1 '" ""'"" ·' 3: .. ~C. Cl.o'-'CI<otl' ,,; .. ) 

\• ''"-; '" ::.·- e•, ,,. _., C'-""~: ""'~ "><1. 1i'¡r: l«u-e<•~nt ,-.,"~¡,_,_. ,r. :1"· [), ... ,, r_,,,o: -'":<> 
.,,¡,,~., pt~h•" '' Lloe e:, .. ,,,_··, r,. ,, Oo: ¡·rn "'11~ N 0"L Lu ,_,;,_,,,. ;r ,,~;;¡>! •• -:··'" <eo;wr ;,_,Cu! 

"" •< ,- Jro.oh. ,.,. ,, .. ; ""' J .U ('1 C 1 r," ;~~pl S,·n i<tnÍ- .. J 
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50 CTC P"'Oc:r.:o-:•c,liNG 

l' :' .. :, 7,:,>(1( .. ! •"ro:·: ':~'.: < '"~':"; '"l:min;¡ or<"''•""·' r ··. ·' ¡· • <:.: ·~··• 1 , •-! , ''"'" 
l' ,: ·-r.-: ~"'- ·~•; ,, .... h< ~• ··~" .. o:':;·:;,.,("¡ l" 71«>< .. ,.,J, ,,tll ~,- ,, ... ,~'"·o: e Ch .. ·:.·: r:~''"'"i 
H': •. ':<JO'~·:« To;.:-: [.,.,,.""' i•.-.·,:<t •>f>lo•t ,:.,~--d. In JC:ltU•"'· ,;_,,,, "' •1 ·: -_,, ,o,,,n<io ;,,, ~·-·: 
¡>< .. ,.; .. :: :J _,;~ ~.¡ 7 '"' :•.:.·':.:-:::.o: (_,.,;,.,; ',1,,.,~. ''"'"'~¡~··~t<•r-'"" "' '"'''"',"' V•.·,•· .,-,-- • '><.' 
'• • ,",";: ·., :;,, 1\ '·" •o;.' ,-.. ; .... : •. •, ''" r:'i(; D-·-: <•> JLH •' ""' t< iUt'J:<o .c. •.' .. < '· ·'" rup1 Cun•: .,¡ lo·; .. ·. • Hl< 
P«·P• ~~- , .. ·'" :J lqt<" ~~; V o.;., '"':·t.:<> f~r 1ll r"u• ,¡,., .. :h. 

• 

y,,¡,,.~' (hJ·o: · C~o·:r-_,: ·.-.. ,d, the CPI. ~":'·:~·>·.o.,-,:> 1 D '.-.-.:· """"''" to <0< ,"'" :!~····' 
C<"<.<•o" .:• ... ·.·.·:c. ~.-.,~C~C "'""'--<~ 1 .. -o CTr: 1r.ru1 P•"'· "'"";) CiO • .-,¡(SI. or< """ '" ,· .. ,,, J b: 
b'"-''} J!Jr·:,, .'<> ,¿.,, "'' ~·-:vo' ch.1~1 <1< wLt!'"' "'" J,-,;«. IFcor • t:c:c. L:o!,-. '" 'ocl:nn :.:;: 1. "11" 
cn.-,--1 (nn<ryl ¡¡,,¡; ,,,, ,, ' 
Ad•!'<» ¡¡., :.:·,., .•.·J , .. : ':. : ... __ ,,.,:_. • .., !l..:• "'~ roo~r '"""~,-, ,~ > ,_'1< ne.•.:• ._.,,_. ·:c:cc:-' ::;.··· .<' 

.1:0 ~~" oJ ! '.'""' A ~ _, •_ "· ""'" '" _, C1 C c~o::::<! " ~: b< LIH••o·r«<•J e-. , •: r. ,, .•.d (,, .:r ,: '.\ ._., ~. ,.,J le• .- !<: 
·,ruu lh< (h;•:"1<: Cnn""' P.:, .• :::.m bit O,,, lo~:!.!"' ~<h<: ft,oc. oo:. "' tb, •c•:J .,:,:. ~;·:,<.--~ 
nwJ;, -'"d ,.,,.,~':'''"' ,, ,,, '.-. _,, ! "' t'l< ".o¡;<Jn• ~<!" •. F o:r~~ t:.¡; té .• -:. ':;:•·:: tlo< '""'~'''~ ~.- , •' • :o: - .:: 
be ~:·~~"'!in ~e:o.' 
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~.1 1 0.<-.'JI':•i !Hfó CH; ':'ll:L CONlROL R:OGISTER (CONT'l.l) 

o, OJ Do 

---------·------~----~-

He,¡,,,,,¡ ,. ,.,.,blrd to !''""'" an ¡,rwurt ''"""'" "qurne< ''"' ''"" t~e [)~" n (~""'" ,.,,¡,,, o 
,,.,, ""'"' ,,.,.j,1i-•n. To ''' LIH\ hr ''' 1 in an) oftlor f,•ur (h;nn<, <or>110l ?e;""""""""'<' : .. or '" 
¡,,, 11 "P' \',·''"' ''"' h< ""' "" lu 11"' ClC bofore "i" ""un beom\. Cl"r.·,,: """ rt:~" m>) be t"'i'- ,,.,.d 
'" dol.,·r r,.,,,," \;,.,¡, or Tllntr ~l,dr, lf "' upd•tod [1"""'1 c'"unlrol ,,-.. ,o""''"'" •~ o eh"'"'"' ,:•e.·j~ m 
·•!'• '''""'· ""¡, b:: <<1 lh< inl<li"'" c·n•bl< <rl<etoor. .;,]1 núl be l<lr~o<l:.,• In o~"'''""'!'''''' •'•UOI 

', "" Jo 1 "'" • 

1111 ~. 1 

(, '"'" ,., ~!,•,!< <Oi<"CI<d Tlor !l"• 11 (\IHOI<r " d• , • .,.,,,.,,..J b) t.o, h L i 'f" in¡; t·J¡' uf llw r", ; '"! [1,,,), 

(<'1 ¡.,;, 1 ~1:1 "'1"'' Tloo p,..,_,k, 1' .,, '"'rd. 

r ....... ,j,..f< , .. :.-. l<d :o.; r· ..•. •l<r ,, do>o:l<·d ~~ :lt.· 5)•t<m ('l¡o,l <l·. ,;od oll< "'"'"' ofll' p,,,_,t., in 
'"'" .r.~ t, ti .. · ¡~'"'' 1 ,,,,,,.,_ n .. ""''~'"' nf thr o .. ,..,("''"'"' /ll:; <!:..:::.;~·. LC¡ll' ,out~ul] ": <.:. 1-·:m •· . . 
p.:..,"""' •'' •'"" J >"'"" ~) >lo., .... ~"'': 

,.r,,,. '..: ;, r: .• 1,,.,, .. d ,,, s,.,..,, 1'1.·.• •1•.1' ,, rloo r ... ,:,, ¡,,.,.,, nf 1~ "' :;~. ,,.,d T( ¡, ;l.,• ,;,.,, .. :>!l.nt 
,:,,.,.,.,d. 

te ... ;. :J ,,., lim•· \t .. J,·,·:I: .• r , .. ,.¡ .. ' ..... :• .''6 . 

• 
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5.1 LOflru~;(; THt: {.t¡¡ ... •;,':Ol ((¡;;:WJL REGISTER (C('.'JT'O) 

D¡ 

Bit~•\ 

CO!I:"-li'K\IÜIJl 

TIMI R. ·,:IJI>E-

llitl•l 

us~o tN USEO IN 
TIMER MOOE ot•l Y 

:o o __ I __ _ 
Rtsr 1 1 

-. -- ] 

--------~~ 

1 

Ttn": ~-b:, Ühi) - E'''""' trij~« "'"1!: '"'.'Wlin,: tim" o;'"''''",¡',.,,,.;,, '"i'- · 1, ur:t,, 
"'"'htn< ,,,:, r•_•:l,m;n~ thc or,, lit ol[o.d• tll,• "" • -:.iOot>nl. Tb, P:<,d<t i> ¿'-''"""'''-"J: ''"''',;,~e, 
l.at<r ifth< ,_-,:~tune" m<l. '"'·"-''' 3 du,l ,,,;,,, 

Tinl<r .\\J¿, Oc,: y Tim:t '::s;es ~""'"''~" ~~~ th< ,;,;,.& ·~•' ~' i! ~r ,;,, "·'"''~"-',;y.:. :o::,._;_,, tl,< 
On< :hatl~oj; : . .: l:m< .:onll.lnl. 

T~<: '" :~<.;;;c.t !,¡, ''~d :·~, ¡;,, TuH< Cur.,:,r: ~, •. ,,.. "':1:,; tOe no<t ""'J '"'"'"" '" t~L> 
.:!".,.,,;, 1( Jn ,,,·!a•,¿ Ci' •.;:.:: (cc,"o[ 1\or~ >Od '"'"«>~;:.o"~"" ""'d JI< ""U<n U>'.~:· ·:1 ,_¡_.¡, ot '• 
oh,.\¡ in ~f" _,;,, .. ''" 0.>~ ~ ( our.w ~·ill cun<'r.c• J<c«m<n: in,; ~~ '"" b<f u« ti·< "'" tu::: ,, ... ,:;:· · " 
¡ .... "~'! :, . it. 

Bit~·o 

S~ li""' "·'"''• n '~~~~ fe•: d; Tom< (~""'•"' R'~'''" >loo·;l·' ~< nr<····' "' f.,ll., ..• j", ¡• .• ,., .•. 
bL< ~ (,> ,¡,., : ··: "t ¡ 1';. 11·:: •hi· C"hJ<."<! (,,,.,. ·1 ·~·,.,~ ¡, UH<~C<! 1.• opJ-''< :l•t '"'"' t•fl ,; .• •occ' :!·" '¡ 
in •'?<· _.·., ·. o:•.: J -~-' • ·" ~:· •· •t ·f'· •·;"" ·:o.•IC: '""'"' ·:~ ?''-'!"·"".lT d C "l ·.• .. >tJ tn ol•: T.r.·-:C ,.,,_. 
R<~>::r. >:! ''·' ~. :u :hh(~:·•todC:·.u,:\\Jr! ?'""~··•h·•>u'; ·-·~ ~r,..,;.,;.;lu •1·< ;,·,;( .,,,, 
R<~o-::•. 

11::1•1 ; 

. R. '· 
bll >'< .·; .••. ..:=·.·· 
;,;, "' _¡, "·· :. 1: ·• 
-~,, ,., .. 

· , . , :;: . o •.• " · ,. , :: . ::· ~ 1 ~,, ;, ,,., , ..... ~ , ..•.. •,¡,.,.. IJr"" - "· .. -; ,. ·., .; ". 
,C:o<:.l :~. · : .• ,~o,> ·•·. h"""''<'. "~"· .• :"•'•·· ·• ·'' :h< .b>n••·:: ......... ¡ :.,. 

.. 
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.•- <'·e· e<! t: o;- "'' boir . .-: .:.·. -r· ·, <i•l •• : To:. <' •: · • r r- -,~, ·r •:,~, -..r.::.• •• ., .. 
,., ... J"-'·""-'- .. ~ .. , r:.r.:: . ,,,.-·.,.,~~!::::-thoc·n ¡;,._,,,._ .. : .,;,~ •• -.--•. ·• .,. .,, 10 
\l"ri:~ t.,;¡,¡, ,1:. __ ,,.¡ f,.:\ ...... , .:.< 1 L._.,,, ,,;:ho('oor.:<l (·•c.'=-• '.\'.,:,:., .o·.-o.l·~ ,-.,.- '-••: .. .-, , • .. ,o<l 
Cun:.e: \\,,,j ",_..-~:.< 1.c;o ."·,,;,,.; -'-•• "'"~ •"" :.· ~-.¡ ,;·.-: • .• iu• '":f.o .• ::. . :: _!! ;,._:_, t-111 
·" lla> ..... ~ ,,, .. ro•. u" ,.,,,r··-•«i" :'~ ¡;' ::.n< c;;;~•: .• n: ~-=- ,_,.,~ ;,¡ .. ,.J,~ ~' C.,,;c_," ,;,,-,o~ on 
o·¡ .r.o(;,.~_ o k [;.- .. n Co•"r,:o: '·111 '•"'"' .< ~,,,, ... ,r,t:o:! '"."<rO ";-du·c th< Oo' • :o·,<"· •:o~: "L'O;. ~ ·,.,,., 
th< To·~o< r.-r.-:.oot "':;'·'~' ,. ,; , o.. ... o Co•..rn!<r. 

--~------

,, o o 

1 

J 

~~ -- - ~--~--

------------~ 

·;~~l . ' ''""' ""'·" "''" .. ,,,,, .. ~J' 

(')-=-::__~:~ __ nt_ ~ 
1 "'""'. , •• ' ,.,. ....... . .. -~-~. . . ~ "' 

--
' "" ,. " 1 

'""" 
1 L' '' 
~_/1 

~~ (1 

~--- ·:- ~ "-~-0 
cr--~·;\C~ '>l. OC~ ~:;c;;-:.:.1.1 

. --------. - -----

" 

'"'" '"" ;,~, ., T • 
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¡ 

Th< 7•" ~ 11- ~->'':ce·: !"::c.·J '"~r<···: ··"'' t1« l.·C c~t: pr ,~r.r.we ~ ¡_,, m·.J• C ,_-.,,~:= ,,.,,- .-.· ) 
Un~" ti•.:" ;<LL··:,•·:~:. o':~:, r:-.J"_ •!oc" .o Cl( ,¡ __ .,,<1 r<~-- ·.:; >.1 '"""''~' :•o ~ ,, "-~'- .. ,:::;:J.,:~ 
p.>int.; '""" D: •,,.,,,! :<> .. o:-:n .1 "'"'· ,.._-n~-"~ ir•:•:rr~¡·< "''' ,, NUti"" .:~·:.-;. •:J•, .. '""", :.~:.- .:: 
,ID<"mur~. To·· ''!'.'"S ?•'• .. ,-:C._, ;t-.ie• ·: Jr< ;o•'•L~.'·! ~)- tC' e:·•_ ': 1 "~":o:,.1·:..! ·:.,·:~~::~o.:,.::.-. 
•,. <hl.'.' ~:::o,::!:.:~' :':< ':'!:( on ti=<.'~"" u(, ln<c''""l V,:;,¡; U!O'~"< :o 'Ci.< O~rÓ•.;•JIJ! ..:1\J,"'.: :: , .• .. . . . 
tt-o"'···· ' .... :":,-~,;t. (C ... :c·:'·o,· J.,,r, ;;-,· ~· ... "'": Q· ''C7é: i~•<c-1.;: Se>"••";·· 

¡r.;~ERP.lJPT 

S~_;;¡y¡,:E 

FIOUTt;,E 

ST.-\P.lti.G 

Aoo;:,:ss 
H·.S~f 

MODE 2 li:TERRU?T G~:'C'iATION 

., 

·-- -----·- --------··--- --- -- J 
'~'"'-' •. ¡.:: .:---

_L~"'""! ;•e: :; ·'·.--·--- :., ~-' •·'· ;;., (é". ,.,,,, "'·" •·· ·• ' •:. · ··- ':; '" '~'"•i· 
....... .--~-
' cn•nr:<: 0 :-•=" :: '""''" '.:•,. .. _.,,: (c·,,<c,i '."'v:.! "''" b<.:.; 

,¡¡: '.>. , .! :-.:,;·,;_:ce·--···.<: .- :.:1.:: :O.\-~-' ;·::''< ~ ,-.,.e·· 
..•. ··:.c'.;;:':'"::c.· 

' i." o.! :· ~= : ·_, ;•.: ·• ":::· . . ,· 
,¡,..,,,: ~::: "' ,,, '_" -: . ;·: -·->e:~ oc '"-'"' ,,,.¡ ,, :e;,-.-:.·:~·::: .•1 '\~- .:. "': •J '" "' 0 ,_,., 
CT( 10 1"': :t·c =~-'·'"'-'; ·-~:.! -~''' 1!1< lo«::.;: V<C:·.'r il:,;;,: 1 ~ ;, 1 '"~ :.-"-•''"''''· >:< ·:~! -:-: 
lo .. ~:n~ thh -:.: -·- ~' ".- """ ,¡,,, ,¡,, '"""'·1''·'·& ",.-,_-,• ·· .. ·: o:c:o :=.,Ir.::··" \'<e:••: ,,, ·:: >. 
[hu 6.<. :'" lo:•"::;·< C.•·.:·.:: L,•;•-' vf t~., C"::C ''"J~:.·::c:: .. :;;-1'", o:• .. ) """' "' ~,;,: ,c.:::!.:· 
f)inj "h:,~•··· :he;".,~: C1( ... ,.,,,,:," \~ t:< ,,,.,,;<J. 

--------~·------

INTERHL'P: VECTQ;; ~ C •.:; 1~7 ~ Ci 

[ V>] V; J -,~ rV~-
~ ·--- - ..._;=--. 

St:P~~i·-:i;) 

usr.:. 

--·--·- -----

' ' ' '--
1 C•i~.' •• "I:~L 
O CI"'.\~;.'>€L1 

' ___ '""-/_ .. -··-
AUTu·.····>IC'·LLY I."I:·;~;;;<D 

;:f zs•:.cr..: 

.... 



' l:J~ 

Th< ><e'"'" 'lm" .t<: ti-o ti:~'~! •<lott•·.:-hi~, t>t :h' 'd' -"t CTC ~¡~, '· ; -''·< ~ollo.>~ in! t) ~, ·-~·-
o•f"tOII\W wri:it,t • "Uid to:ioo ("1(. ""'~"·~ 1 "<"d rr"·t. tht ( !C.«•wo.". '!· '· ! :iet¡•,g. El<;•"l.'-' o tl"l 
""""'] rr.•~ 'oo ." nd t;c:c.c¡ ~''>'·m' •<l•t,•og "' mk·-· pi,, .. :;•:~ he.t: •n 7 él,. "dan A C. r.,,, .,, ¡' o~r .• m 
4ltidr ~··""""''"]~ '1''"''."' :he'''""·~ rci,IJ· ·:;~ir• t•< .. ion >."). 

6.1 CiC .-::'liTE CYCL:. 

F'""" ó o-1 ,:;"''·""' =~-'", :.•; ""'· _,,.d "''~,~.,ere T,,, c,,l,. r.:, ··~'""'"" -~ ;:~oo>:;, •o 
I<•>JL~o ',:) . ., • () .• ore: ( ,.;,:. ~: \\-._:;; .• n L".t "' "~' \'<e;<'!, t>t e oom' ouc.>: >r.t ~·-:o , .. ,d. 

In th' "'q '" n«· <!"'" e -:u:co; c!tld o e k T 1 . tl1e Z '0 C~é· i'" '""" r~, :! " .,,. "" C! de ".: !t ' :"e 1« 
lhi~hl •·~r .. •l" ( TC ;,,,.,,;te, ~-D o~;,j\ Stc., :he CTC' '·''"""~""''u-,.,_,,.:_,¡,.~"'·";<~::~.;,"' 
,..,-r: ""''' ,:¡, '" '" ,¡_, [,:,, ;;:-¡:, :- ;111. ~J:.-- !· .• nno ,;,.,: "':' 0-.l~o< Z'O l"H- .; .. ;,,¡":'o ·.•:,, ,-.,;, 
"'" lt '"" (1 --~ J ,,,,,,!' " ( 1 ( .• 'e: ''"' -, (i~(- •.l. rú:: .. ¡ ,,.,, ; •' : cr. 1 (!.:; r :. ', ' 1- ( :-.·' >1< ,,-; ;,_ ": -' ''. \t 
lo• ,•,,,,,,.,.11, tloe <:;<le Ir."' J.~ .•-:cr:.;-: .:l-,.-,,1,·~;·:_¡_\''" "' .' '' loJltr o:.;.< e: ;,r; ,. ,;, 'i'i'•" "' (JC 
"'P"" es: .•.. ~ c~a oc: .•. ,,,: <, .• ,,, 1 ,,¿ út. •;···-,;·,.,~ ·,¡,,¡ __ ,,-:he r .. ~, cTr "-" .,,;, ,, ;.,,& ... ,., :~ 10. 
•nd ¡¡,, .... ,·.! ;.,,,, ,,.,,_.., .-,'--" •-r: ti.• /oC• ;),:: ~-" ~-.,, ,._,,. ,,,¡,,, '"~' ,- •t '''' ,,,,¿ ''' '': -;ci.ed 
mto ,,,,. ""'"' ,,,,,¡, CT( .e:.--:.: •e; .,,, ,-. '' od.h·t>i·.tl~ll 1·c.': ,¡,, t<>~n¡; <J0, ";yn:o~ d~,~ ;; .• :, f;_ ::o 
,,tJ,, .. -,,,: ~"' "'"' "'.!;.·.,·O 

C1C WRITE CYC•_O: 

• 
) 

-----~- \__·~--'-_;-- ---~ 

-~---~-

----··----- --~--~-- ··---·---
"' 

--~--·---

'" - --- .. ~---- ·- X-·-
... .. . ....:.... 

• 
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62 e~ HL:.f1 CYCL:O 

Fo, ;:: 6 J :': oii":'W<• !':< :;tn.n~ ''""u"'~ •'t!. th, CTC '-'<.~ ('~.:< l~uo ... ;· .. ·;,.:: • -> ~ .'> :o ... 
th~ CI'L' :<:~. th< _.,.•e•o: .;,.c,,:t .. ol tOe D-·~" e,...,,"". Douo; ,;,,_,~ ". ¡, 1 ~ ;; < ;'~O ('Pl .• ~.-,:;, tl.e 
R•oJ(;,:: '"~' ttC<"> ¡ :'· '"~u• ;:•t> RI!I~:..').IOP.Q 11 (.! !'.:~·'"'"·'"~ r-~ <C•o;• ft·,~:.·• .~'···Jt 
,¡,., "·'·':: "' bio:•; ·" "''" crc;c; .,,,(',;¡"''"C.>~ •. ~;,.,.,,; s,;,_,: _.! ,_,,,,,,-.·"·'·' ·'"-
utti.·: .• ~:CIL.:' .. ,., " .. ·c .. ;rod:: • .., ,.,,.,lit"'"'''· .'.e•.•Jo•'•:•;: :. '''"'''"'',,' 
ru~t ,,, ·, .. t,· !:: iOt• the ~.,. •; <.'$< "':'·<.::.,le 1; tl1< o:li~ .:~•·:,:.:, ~:' t!" J., • ., (,_.u,: :o·"''"" rto.·•; 
ed~- ,,( _,,:, l • "'''' ~- ''"'' -::"" th< Z.•.J t' :, ~ : •. ;-..~ ,~.': .... -.,: •.:: ,,,,,, ·" ...::,.-• .;-!. 

--------
CTC READ CYC!...~ 

T. 1_.1 Tl 

_.1-L.JL__ILJ'-LS -1 
----

e~ --_-_X ' c>o 
' 

CH;..'."EL :oor·.~iSS ' " 

---
IÜIH.l 

--- ------- -,, \___ 1 

DA l.< ----- ' 1 
__j 

" 

C· 

e 

Q 
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63 C>CCOLINTING 

'" t' .~ •. ,.,.,,. \I,J<. :~. --~-- , .. ,,.,,,.¡0, :, ''"" ''"' _.._,., 1,t,,;,. •" o:.· 
'"'"•·d '" ·:"CL>. !llt: ,\•,.-,,,,.,.,, ,,,_. [), .• r (", ''"'"' "· ... ,.,; ·-·• ,,·,~n .• ~eh :1 

141 

. ,._,.,¡ >,., !--'" ,,.-. 
-;,.,,,nn .. ,> •1•" 

' '""'·''"'""; , ... ,.d "''" '' ~,,_.,,o be'""' •¡,, ''"''" ci"'' ~,,,..J .. \1:1 ou;l ::.,.<" ,,. ''·-P.,,.,.,,._,,. 
,,,.,, ~ .: "·.c. ,¡,, •<'··< ,¿,, d ,¡,, n ¡.;, r ~o:: _ .. ¿ thr r.-e: f •-':;' ,,¡ ~- ,¡ ,;., eL-... ; ~r; ,.,:,, ''"''". · .. 
,¡,,,." ','• ::~.-J ,_,,,¡,.,",., '·'"'· t\_, -:'-'""""',.,-,¡,,o~~··(",,.,~,,,.¡;¡¡, .:,• -~'" .. , <:··,o' :•. ;,~_,,,¿. 
•>hl) ,¡", •!.,• J,.,,_,.:no ,,; :', D~"" Lo~""'- l a• O, :h, ZC!TO .,.,;~~~ ",·~··e.l" •<. 

ri" , .... e: ... -,,.,,, r,,,.,;,.n "" :i ~ "·"""' "'"'':!'"~ "'"'1 .-n~c ,: •t• .~,, '" _,,, ¡-, .... ,., ·.: .• ;,._ "'" :· .• .,, 
~.oh, ,. •.-. :.-~ .,,.,¡.,,.,, ·.-1 ..... ~ "·"" ¡,_,,. .• ~""'"'~"' ··d•h. no loe.:··; :uo.:· "" :•:,:;<:_e ,,. ,,,_,. 
,,.;, •' ~'''' •l•. Jt•~' ;n:"'"'"'" -o:--~ :nu<" 'C'l""'d P<l"<<n t!o< >tU•< '~'i' uf:oct <U.: 1 '1.(; - ' '' 

'"": •"•J;o .. , ~· 11 '''' r¡ ;, : ~G ,~~''"'""''e:'''"' th•n :1,,., !loo'~''"''-'" <>i;l.,· "''•"' iuto.-tov•, •• :1 '::< 
•1•·':" • d ""''-' ': d< uf 1• 

.,. 

!"1['l'-IAL 

C0•.-"1ER 

lC!lO 

.,. 

l,l;r..._,AL 

TI.'.\: R 

· .. ------------
CTC COU.':itNG MND TI:.',ING 

_ _j~ '-------' 1 ~LS"l _ '-------' 

___¡--\__ ____ _r- "\._ 

------

__,íl_J 
_ _/ 

-----

----------.---- --------

• 
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7.0 CYC II\:Tfr1RUPT S~RVICING 

E,_,., en:<~,-,,-~""' ~.· ,,J,:J,,u, ~"•'!'·'''"'•d ,,, '"~'·"' ,, <n·-_..,,r· , ..... , """ "' D·'"" C.·.. } 
I~J.h,·," :.·url "' 1<1~ !lo, ¡""P"'e .•1 ,¡(11 -~"-e"l<.! ;no,•oru¡•', '' '"' J''-' dio,·, p;,.~L;o,¡l Jc-·,,·_" ;, 
!or,r lho CPC l~nrcu'' ,¡n '"'"'-?' ,..,.;,, "'"'"" T~ utohl< ,¡,,(""'"':l.· 7.'\J Ci'l ,,,,. t-•· '""""' .. ,..: 
for uw~-; : '"'"' '" '" ,,. -~'""' l' ~~<r 11.- oc·;ui, e"'""' , "' 1 hi, ,,.,_,.:, _ ~he o, .1 ( TC _" ·'""~ ".¡u,-,, "' ;,,. 
rup~ ¡n,f ', ,,:,.,.,¡,.!;<!. l ll>oo' P"'""' '""'' b< ''''"''J '''"~'·"' < <•'''<•;· '"~"'>.,,.,.,,, . .,.,.,,e"": 11; 
""""~-·~'·e,.'''"" 1 ,,~l-. •~ ,.,,.,.,,,,~ _ Thr ¡.,.,,, i ~'" ul ¡¡, i'"""" "e ?.,.,.J.-J.,. ohr 'll' ,,. rhc: _,,., 
o( Jn lhl<:: -;·: V'-'"' >mo.;•o: l•• oh e ?"''·- ul" '"'"'"1 oiOJ 1 r<q11e<"J 11:< '"". 1 u~•r , F '" "": ::" Je• ,¡,, .. -• -
'" ,h '~'" 'i o., ti•- 7>': Ci•l_ i <-~"' .-,¡ ,,_,,u o:. 1 

tn< ClC< !n":c~rt r: .... :, .. l L·,~·e '""""' ;1"' """in.,., .. ,;'"-~ ·'"'1 z,,_, ''''""' l.lt•·=''·, ~,,.,,_.,,,. 
fur ""'': ' ? '"" 1 1' "": rrL ;" J•' 1 ;><~P" "tur" ' ru1u """'"pi . 1 · ... , "' '"'' "' J<l ) ' ... ::.o J" ·,.: -,, 'J ,._,,, · .o , e 
b)' Ll> rl1; si.c1 lu,_,,,,., ,, 1 ~"'-' ehJ.n _,,,r,~UIJII<"' h" "~oJ! 11'"-'' IH 1 '"'~ lf.IJI -";J.,¡.,_~,-~ , 1 tl1< CTC 
~"J >11 z,o ;r·,r 1«••! ~",_._., ,,, f'""' ,,,, •l''"" JJ:,_. ,11.111• ;, ., :--.:.e,¡..,,,,'":~., Cl'l.' 1 • ., :1..- ""'' 
P"· ,, <t~ ... ",,,, ti•< r ro:. ""-: "' ?' ?"~"') " ~,,J .. '" ,,,.,·J ") ,: ,_ ·o, 1 "" , .. " . " ":, '''"' -, 0: i'l , . , •:; ' 
p11u111y. >.•_,-.. , ~·:. ~ lo' Z~l) •:· '''"' '"'''""?' ,,,,,,,,.,¡ ¡,.,. prrurr' :- : : .,, '' "' ,,,,,,.,.,, '" •:· ~"' '·' :·' "i' t -' 

p1 iv<Ll) ~'.,e; u o ,h ,.,.,.~, ll": l,;« ;\r_,Jy """ -~;>'< ~ >~J ,_,.: """ th, >' H• :o·, L;•: "" "': ""·"- ._-, <• '"' .- ;:: 
H·"•<-.·:.'::;'. P''"'·': ~;·.,,,, "dOJnr.d•mJ) """'"~' "'~ •<' ;"' .... _ ;·., .. .,_. !o·.,,.-, :1•:-,;--
{f"r fu:t!1<: ~<'Jol,, ><<.e,""" :.J. "ln:<11~p< C~nllu 1 L·•~•.:".; 

s,,,, '11> 7.1 '"" 7,, h.: .... Jc- .. llh< ,,. t>u'"'"•lt:LIIin~ oel;:., :.~.,,., •• -·:·e,,-;,.'"' ( 1(? •• 
lnt<'"'í'' -~- '-"·""''' .:;" e_.,:, ... ~ ,¡.,. R"""' ,,,.,, r.,:,•<rw¡>t r;, .:le ''"'"'" • .. : odc"• : ¡,,,.,,. :_. l"·'' 
e<J.:1pl.: ·•! Ju,; ,l¡, L ltL'rtlc,•t ""1oi11~ 

fo_;"' 7 o 1 ,¡r."""" '"' "'"'"' J<Su.u:e.: ~o:h lh< ln!w-.·: \,,,.,,:,J;·: ( .,¡..- s ... ,,- _:; " ... 
'"'"" "!'' " :< ~-. · ·" ! ~· ,¡,, e ¡e_''"' -CPU ",u ~·,J "", "" ,~:e:: ;e: ,, ' "~·· :-.-~; .- r <:: : ." : itY;:, r 
on•··« Ht;: <h< JJ") .h.1u1 <"·''.- hn• .• ,:>bol"'- ,h:.<wd; ,,. ;,o,¡c.,,: ::.•t:o -""'''" · ::.: "'" ; .. e·• - :·.--
¡w '·' " ,,,., \Ti " , . ·: ·<. \t l r; ·"" : .• ~uut '"', , 1,, .,_ ').:le> "" :, ;: -_ ·, -, iiJ 'f·J _ ,~," ":>":: :, :.k ; .. ~--• .. , 
th< .;e!,·¡·,·~~'",.,,.'"'"" ::t.t· Out·:>~ tl•i, '""' ''" '"''""~' ;.,;.,··'' rl ·CTC .•. :~ :.-:.t;:. : : . .: 
P''""t) .!" "''! "~""'"·'> :n '"""'1~1- lt lllC C'TC lnlrll·¡p f,:.> ll•,h.l JI! l1 " •• : .. .-.ti·"¡!:; h,;'o . .: 
p,;, . .,,, ·~'"'ó .'•1n· .. l .. <th1n '"' C1C pi,, e.'" ln:w ·?' ·. """' :1-- \l,r. :1,; "'"' iTJI(~,, 
:1<111< T" ,, v. _,¡; ;:J'c• , 1 l 11 •) ;<< o u t.; lliJ tk.oll) Lll><r t<U " <111> lt:C ' :. • J 1.,,. ''" J J•<:• ;, LJ¡ n ;., ,:; '.117·: 
Addlll<•rd •JLI •'J',.tnJ¡ ¡., •J~<d. 

iNTERRUPr ACKNO\'.'LEO:::': CYCLE 

~----

--····-· -·----

'" 
·---¡--- ,----·. 

\. ______ _ 

; 



• 
7.2 RF.TUF.N f;,Q\1 11\ Tf_FC::UPT CTCLE 

' 
Fo~ur~ ¡ 0-C oll· '"""'"' :h,• '""'''~'"''''''"~ ·.>Lllo lho· IUTiln<"u'" '"· n," "·'""·'•···· "-.... ¿ >1 1: .• 

""d ,.r '" """'"P' "'·'" '"'"'"' '" "''"''"< :~-< •''•"l -~-"", ,,.¡,¡, l<n•• r~, ~·"r'' ·'''"'"' J ''"''~pro
""'l '""''u;>l l,,,,d:i"'; H< l ll J,,,,Jc• th< II<O·~~" ktrJ co•J< inl,;ro,lly ••>d d<!<rm: ,., "'"'"""" 
¡,.,.,,d,·d fur J ,1,.,,.,,1 ¡,.,,,, ,,,;,,d_ 

P--- . 
\\l,.n '-'><«! l'O 1'-'"0!w.t ,:"~" .r< '" lh,_¿.,,l ;:-,,, 1 i.l "ill ~=.:•""' "'" • ,., ::., :hi~ c:".:;••:h· : 

··~.r -u.:::··-=~ •r tUH ~~:•.1: ,, rh:o<i,llf ohi:·r~·l~:·'r.¡, <'fCO~<" "!:>1-1 o'..· •'" ~~:r>l ~e;,;..,.,.,_,~ 
.,;: ': :<-in..-"'':•.--1 -':~ ¡:~ lEO d! : •'<M'< '''"'- -~<.:i -~•1 ">it ""''a: o St•"oC. '· 

• 

----------------------

RETURI\! C"'OM INTH:RUf'TCYCLE 

r, r, r 3 r 4 r 1 r 2 r 3 r~ r 1 

' _ji_S1_fl__f1__fl____IL_fUt __ fl_J L 
.. -·-

·-. \___r-------

----·- ---
'" 

________ _J 

------'----;-~- --- -- -

---- ---------
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7.3 01\ISY CHAJ,'' !NTt:r.F:u•r Si:ri'.-'ICING , 

f i~·", " ú-l ollow. , •, • , •; ~": •' "".:e j u,: m upt ,.:;.'"''- : w!".:l' "'J; ~ ,,.,, "' tlo - (" 1 \ 1:• : : ... ,. , '"'l''' 
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Microcomputer 
Board 
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Product Specification 
APRIL 1978 

The ZSG-MCB ~1icrocomputer Board iJ; a complete single board compute¡ with its own·sdf-<.:onuined mem· 
ory plus serial and puallell/0 p0ns. lt featu""' the ~ of the ZBO-CPU. ZSQ-CTC, Z80-Pl0, ~nd Z-6116 de· 
vicos Utat ha ve become standard component.'l in !he microc:omputer indunry. 
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Descdption 
--~--------------------------------~" 

The ZSO-Microcompum Board (MCB) is 1 modulu, 
·..,.¡:le-board compute<. hu designed uound tho 1..ilog 
ZW.CPU ond er.~ployt an on-bo><d OC con•<1"<Cf 10 .t!lo"' 
cpcrl!!on from • un ,le +S •oll pO"'" rupply. Th.iJ board 
lSiuJ.'J.Jy fi<Atblo.Uid ca.~ be cuS<orTUZ<d by Ul< uocr for 
>p<Cifu; >ppl101110n.o. 

The buíc cOÍ!!'ipmuon conmLI of the lSO.CPU, l6K 
byu• of dyno.m« RA.\1, pron.,on for up lO 4K by tu of 
PROM. ROM, 01 EPROM, both pn:illel ;u,d O<rn!l/0 
poru, 110 pon docode,.,, l!ld • ory>ul contro~ed dock.. 
Th< p>r>llel por<" tmplementod Wlth the Z80.PIO w:~th 

Features 

• ZS().CPU 1ln,lc<l-.Jp n..:hannol prt•:o•.s<>r ...;lh 158 m· 
nrúction• ("~dudrn~ a!! of ~~e 8080A 's 78 ~"usu«mru 
""th total oofp,,.,,. eompaubiliry ). ~<w orutrucuoru 
indudo mor..Of)l·t<>-rr.emory bloc lo tr.>ru[e,.,. l/0 block 
lnn>fen, 16-bLl an~;..meuc, 9 typ<"> of ro<•«• and shifu. 
bit m.uupul>tmn >nd m0.11y ,,w aodreurn, mod<>. 
(Se e Z8().CJ'U hod-..cr Spee~jia:r:on f or tp<<:"..fiC d,•.oili.) 

• l6K or 4K by<<> cf lugh·opeod. low-power dynaiTIIC RAM. 

• MOS EPROM, fu•ca~le b<poi:u PROM or mukcd ROM 
for uur"• prognm nm•~•- Zilog morutor soft,. . .,.. is 
tvoi!.ble m JK, Uld JK. by" .. r.:om.. 

• T"'o memory P'i' dotoden which 1<lect 16K d)"nanÚC 
RAM or 4K bytn of ROM. St"'PP"'i opuono C<in rd<>
t,:>.l< thue memon01111t0 ._,y ><r;m<nt el tho 6-IK •ddrn:t 

'1'""· 

• Provamm•ble full duplo~ ><n.tl 1/0 port .. ,th RS-132 
or cunont-!oop irH<fÍ'-"'· CUI bo ¡>rosr;unmod to o¡><r· 
11< 11 14 ><¡:&nl< baw! r><<> lrorn 50 b•ud !O JS.~K: 
baud. Can Of><"'" """1 UIY uym:luonou.o or syndlro
nouo protoco!. 

• Modom conLrol tignili indudl!lg Rcquat To Send 0.11d 
o .. , To Send &r< pro>i.ded ..-¡th the RS-132 inttrf'-"'· 

• A ><ptn." r<1der ccn!tollbo i< •nih.blt lcr tol<typ< 
Utmlll.tlo not <<¡Lllpp<d w:.th •~torru.uc tuder control 

• Uni-..rul p•nll<ll!O c.ut bt progn.mmed to defone 0.11y 
tlir«tion 0.11d d.>u-tnruler chu>Cton.tuco for Lwo S.bot 
poru. Fu.!l nu.rbility itL .buff<nn~ md """"'"lil>l 11>< 
P=lJ<I poru <> pr,.,d<d by unc<:>m.'I!Jittd driverlttt• 
lfiÍIIItion d<VI<< l e<:moru. Dll> triiUI er = bt .ccom
pti.l.'ud un<ler fo.!! mt<mopt con !fol. (Se-e Z80.rJO 
~t Sp<n~ano~ for spcaf>e dowh.) 

• 

"" '"''"''d for Ul<r·•eplied driver :11\d'o• "O<I'<f lo.,c. 
Ooe of th< four llrne,., in tht Z80-CTC u we:! '' , ,,~;¡ 
n« ¡e~entor for tht "na! 1n1erf•« t.'Tipi<O'<nt<~ ~"~ :n 

82Sl USART. SlrappL"g op¡¡on• "' >voulobie lor "'"""''' 
,..,~ memory and l/0 pon c~n r,.,~nuor.:. <etnur . .: .. ",;,. 
f1co >Che m<>, ond op<rl~ng modu: Ex~:r.>~on of ''·' o:rd 
is m.ade po,.Lble by foollin! >ll bu([.,ed od:ireu. d..>t:L. ,nd 
control hn<> te l 1 :"·~~" od~e eonnoo:or. he "<!""'-'~~• or 
mcrutor ,cft w;uo ( 1 K '-"~ JK. >~«t 1 "'' "Liablo "' : L?Oi" 
PROMs for Jrucr!LOn lll'O <he iour 24-oon PROM •oc""· 
a!lc""'! ooft"-ar< é•b~tr.nt >na L<r:ni;.a! '-'"·""'" i Ti"Y. 
CRT, or d.!s~¡ . 

• ZBO--CTC rndudu fout ptog:=able eo~nter¡;,,.,-_, 
cit<t:tt ehannd•. lt;, U><d u the ;:ro;.r>::".-:'L>bl< ;:a~d 
"''' sonerotor: arl<!JUono.J <h>Mel> <:tn b< u:w:t;; oo.U· 
n-." dock.>. (Seo Z81J.CTC /'ro,juct Sp•c•fica"""" :"or 
"P":::f« deu.ih.) 

• S~<~tcheo on tho bo>rd <"-" be :.•d by t.':< CPU fo: v:u· 
iouo opUon>. Tho oofLwa« proV1deo ln th< ,..,,~,a lK 
byt< morutor con re>d L~«c twUchO> ll1C ><t the :om· 
munn::ttion freGU<<;::y 10 ;::.y M 14 cor:-.-:ton tlt<' oY 
pto¡p-rnurung <he CiC. S'•m:h<> ,,, •bo ;,, u.< e fot 
other um.llo:r funct;o:u. 

• Bo>rd contoiru J/0 port •ddre" d"ode" ~<"h.! eh= 
decod< 32 uruquo eonttg'JOW port >dt:t ''""'- Se• ,,_¡ 
of <he>< '" U><d to '""lett <1".< elutnnel• of tho US -\.R. T. 
PIO >nd CfC. MO.bonal d<eod<d pon ,_.¡<el Ol!:".ili 
- •villlobl< lor unow p<n~h..r:W •mc.~<d to :.::< 
sy:ttom. 

• L 9 .660S~fu cryn.al o"'U.btor d.lV1d<d to :?..45"W.H:. 
lo< Z80--CPU op<r::n,on lrld dtvtüble by ZS().G;:: tO 
pr,.,d< L>o. ><rul !lO btud "'"' or UIY o~~er demed 
ty>t.em fr<quenc1es.. 

• flus dm-e,., •re proV1d<d for memory U>d !10 '-"~lfi· 
D·C~ to oth« boord> L'u< uo • p.:ut el the """·: 

• !K byte monitor o.ol'""'" h" L<rmiNJ r...,dJ.,. b•d 
L:>d pUI"I<..'>. toUlUI<O" •<~ u><! ULd 6--;by m,::".Of)l 

~omtn1flih. A Go <Omm-Uld be e no ue::-~~on oi "-"'' 
provuru- Thete ""'ci<bu¡ >icil."'c:h" •«>nd c.:!d>v 
«¡:rtl<n L~d bru4>ornu. Tho JK by!< ><mOn r-.~UG<O 
1 n"''PY <ilik conuoU<r :m~ <>en more é<hu~ .,~.._-ory. 

• T rHUI< bulf<n en al! d.>ta, iddre" :rnd C"Onuol hnn. 

• 0n. ncmmul.tbh >nd llu<< muUblt rntntup""-
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Z80-MCB Block Diagram 

-· 

Summary or Z80-CPU lnstruction Sct 

ADO REGISTERJMEMORY{YALUE T0 A/WITH C!oRRY 
ADD REGISTER PAIR TO IIUIX/IY 
ADD REGTSTER PAIR TO HL VrlTH CARRY 
SUBTRACT REC!STER/MEMORY{YALUE fROM Al 

WlTH BORROW 
SUBTR.ACT REGISTER PAI R fROM Hl. W!TH BORROW 
DECIMAL ADIUST 

AND REG!STERJMEMORYfVALUE WITII A 
OR RECISTERJME.I.IORYfVALUE Vr1Tii A 
EXCLUSIVE OR REC!STER!MEMORYfVALUE WlTH A 
COMPARE REGISTERJMLI.IORY/VALUE W!TH A 
COMP AREIL"'CR.E.MDT/DECRE.\1.E..'fT /HL DECRE· 

MEST BC!REPEAT 
INCRF.MENT/DECREMENT RECISTER/REGISTF.R PAIR 

MEMORY 
COMPL.EMENT AJ1'S!I'SI 

LOAD REGISTERJREGISTER PAIRJMEMORY WITH 
'REGJSTERJRECJSTER P AlR/MBiORY fV ALUE 

LOAD (DE) wrrn (HL), INC!DEC/Hl. AND DE. DEC 
BC/REPEAT . 

JlOT ATE RIGHT/l.EFT, C!RClJl.ÁRJ'THRU CAJU{Y/ 
R.EGISTERJMEMORY 

ROTA TE RIGHT/LEFT DICIT 
SliiFT REC!STER!MEMORY, LEFT ARITHMET!C 
SHIFT REG!STERJMEMORY, RlCHT LOGICAL 

SET{RESET{l'EST BIT IN RECISTER/MEMORY 

CALL SUBROltnNE IF CONDITION TRUE/UNCoS. 
omONALCAll 

,-

JUMP !S COND!TlO~ TRUE/UNCOlffiiTIONAL JUMP 
JUMP RE.U.TIVE IF CONDITJON TRUEJUNCONDITION· 

AL RELA T1VE IID!P 
JUMP TO (HL), (IX}. OR (!Y) 
RESTARTCAll 
EXCHANGE RECISTERS 
EXC'HANGE RECISTER PAIR AND STACK 
RETURN FROM SUBROlJl'lNE lF CONDITION TRUE/ 

L'NCONDITIONAL REITRN 
l"'P/PUS!l RE CISTER PAJR FROM{TO STACK 
SET !NTERRUPT MODE 0/111 
ENABLE/DlSA!ILE INTERRlJPTii 
R.ETUR.'I FRO.I.IINTERRL'PT!t-'l.!l INTERRUPT 
DECRE.\!ENT B. JUMI> IF B ~O 

INPUT/OUTPUT REGISTER 
INPUT/OUTPUT, (Hl), INC (DEC) HL. DEC BIREPEAT 

SET/COMPLEMENT CARRY FLAG · 
NO OPERATION 
HALT 

MSE 'D-5 



MCB Applications Specifications 

' Th• ZSG-MCB un be <=d"' rnony opp~cauono m· 
4i!icn.Uy nor avWoble re wg!e rrucrn<ompur<r bu>t<l.L 
!obny o( the func<oorn p~<>10o.lliy po:'io<med o y o>.<t<n21 
lwd"•~ aro now ítnplomm<ed i!llh< ZSG-CPt! ""d p<n· 
phe<.U. Tho porfomu.nco por una bo><d uu hn been 
putly cptimizod. L~us el.l.'7t!Jl>un~ the need for "''"' 
o:uds, c:ud e o¡«. b>.<k pi"""· ;md conneotof1 for mm y 
:rppli«~tiono.• Th• Di(I.MC 6 con bo c><d for m>duno con· 
troUof1. cu>tcmizod >m:ill b.::.:neu ccr:>pure". ourcmotod 
"" .,.,d,;, cu>tOtT".LO:<d ~'" ..:qut>rUon >)~'""''• proc= 
control >)'mm>. communH:arLon• or Ollploy controU•"· 
mulnproceuor '~"""'· .,.; word procoUlrt~ S}"t<m>,¡tUt 
to n>me • fow. Th• t:a~run bdow '~""' lhc ZSO.MCB 
=d with tho Zllo& Vdoo Dupl•y Bo>rd to con~gu" .n 
intolh~··· torrnitL:d 

~· 

=· 1= -::.. .. 
-· . 

!<'"''"" Conn'"ml lrurn ~! ............... "'"""'"" 
~-· 

Pin Assignmeots 

MCB- PIN OUT (COMPONE:'>'T SIDE) 

' .. ~ 110 SUB GROUM--

' 
., 

" RFSH-

' •• ~ AODRESS BUS 13 

• lORO- " AODRESS BUS 11 

' DATA BUS 5 '" OPEN 12 21) IPULL UPI 

' 20mA DATA " OPEN 12 201 

' RECEIVE DATA '" OPEN IZ 191 

• OATABUS3 " DPEN IZ 181 -
• MASTER RESET " OPEN IZ 171 

" MASTER RESET- " OPEN 12 161 

" ClEAR TO SENO " OPEN IZ 151 

" DATA SUS 6 .. OPEN IZ 141 

" DATA 8USrl> .. DPEN lZ IJ) 

" REO TO SENO " OPEN IZ t;'l 

" XMITEO O~TA •• OPEN 12 11) 

" MEM SEL IN .. OPEN 12 101 

" D<SJ< CIT 00 OPEN IZ 91 

" "'' " OPEN IZ 81 

" 20mAOATARET " OPEN IZ 71 

" TTYTAPECNTLRET " OPEN (2 61 

" MEMORY SEL OUT ~ OPEN IZ SI 

" lNTE IN CTC " OPENIZ~I 

" 
.,_ 

" OPEN IZ 31 

" USER STRB 3 ~ OPEN (Z 21 
~ OrSKSTRB " OPEN 121) 

" AVORESS8US7 " 
., 

" AOORESS BUS 8 "' . , 
" rOWR- " ., 
" ADORESS BUS 5 

" AOORESS BUS 6 NOTE: Ooon p;m on dofi~•bl< 

" RESET- lry Ul<f. On• ;, pullo<! "P !or u .. 

" AOORESSBUS15 "'~ <O<Jra lor ;nt<mrPI •n•l>lo 

" 110 S~ GAOUP2- d.o•ty el 

~ER SUPPLY: 

CONNECTOR: 

SrZE: 

ENVIRONMENTAL: 

•SV OC oS%, Cutren<: 1 o-nor 
m .. lwrth 3 PROMrl 
122-p;n O<lg< 1100 mrl IOO<m~l 
AL.rg.>t PN 14005-t9P1 
Lo~m. 7.7"" 
Oopm. 7.s·· 
Sp..:•n~, 0.5"" cooton 
o·-so•c,.moo•ot;,r<nn~· u~ 
to 90'!!. humrdr"r wrtnout con· 

· don<otron. 
MEMORYCAPAC!TY: OK 0, 16K by1., dy~'""' RM.~ 

pjuo up ro4K by,., PRC:,~. Re·.~ 
or EPROM. E•oondaol' ~' "" 
oi2SQ.RMB 16.; RAM b~<'O :o 
64.; bv••• ol m01o m•mo:-y. 
S.n•< 110 oon ...,,n RS·1n o< 1/0 CHANNEI..S: 
20 mA cur<ont loop inurf•oe: 
TWI> !21 >oft>o•n con!';""~'• 
b;d,e<tionol 8-brt oa~•ll" 110 

•= 

MCB- PlN OUT ISOLDER S !DE) 

" '" " 
.,_ 

~ '"' ~ AOORESS BUS 14 
M GNO " liD SUB GROUP 3-

"' TTY TAPE CNTL 00 110 SUB G~c:.;P 1-
~ -SV EXTERNAL " AOORESS 8\JS 12 

" -5V EXTERNAL '" .>.ODRESS WS4 

" DATABUS4 '" ·-" +12V EXTERNAL •oo AODRESS BUS 3 

" •11V EXTERNAL '" AOORESS BUS 2 

" DATA BUS 2 '" AODRESS BUS 1 

" -12V EXTERNAL ""' AODRESS BUS4> 

n DATA SUS 7 ·~ 110 GROUM--,. DATA SET READY "' 110 GROUP 1-

" CATA BUS 1 '"' 110 GAOUP 2-

" DATA TERM. ROY! "' 110 GROUP 3-
XMIT CLK '" I/OGROUP4-

n 20mA RECV. RETN./ '" BUS RO-

RECV. CLK "" "'"''-
" SYNC OETECT '" PrO I"'TE OUT 

" 1NT- "' SERIAl \:LK IN 

"' UNE SIGNAL OET. (2 XI 

" 20mA RECV. "' 1-<ALT-

" USER C/T 3 "' IN1"E IN PrO 

" ROM SELOUT "' ··-.. USER RTCCIT '" 
.,_ 

" MRO- "' INTE IN S!:R .. eTC INTE OUT "' " " 2X SERIAl CLK '" WAIT-

" BUSAK- '" '"' e A00RESSIIUS9 '" '"' 00 lORD- "' "' " AOORESS BUS 10 -
" OM SEL rN-

MSE D-6 
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MCB Performs Supervisory Control in Z80-Dased Systems 

ZBI}.MCB 
Microcompute'r Board 

ZSO-RMB 
Ram Memory Board 

281}-AJO 
An.llos lnput/Output 
Board ---Th•rrnocoupl• 

---X-Y Plottu 

Z81}.JOB 
lnput/Output Board 

Z81}.SIB 
Seria!l/0 Board 

Z80-MDC 
Memory/Disk 
ControUer Board 

280-VDB 
VIdeo Display Board 

MSE D-7 

---Mod<m 

___ Floppy Imk on.~ 

(Up lo 8) 

TY Monitor 
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iSBC 86112'" 
SINGLE BOARD COMPUTER 

9. 

..o086 16 bit H-MOS microprocessor 
central processor unit 

32K bytes ol dual-port readlwrite memory 
with on-boarél refresh 

Sockets lor up lo 16K-bytes of read only 
memory 

Syslem memory expandable lo 
1 megabyte 

24 programmable pafallell/0 lines with 
sockels lor interchangeable Une drivers 
and terminators 

Programmable synchronous/ 
asyncl]ronous RS232C compatible serial 
interface with software setectable baud 
rates 

Two programmable 16-bit BCD or binary 
counters 

9 levels ol vectored lnlerrupl control. 
expandable lo 65 levels 

Auxl!iary power bus, memory protect and 
power lail interrupt controllogic lor 
read/write me mor)' battery back.up 

MULTIBUS interface for multimaster 
~onfigurations and system expansion 

Compatible with iSBC 80 lamily single 
board computers, memory, digital and 
analog 110, and peripheral controller · 
boards 

The ISBC 65112 Sln~lo Board Comoutor 1~ a m~mber ollntol'o compJete lino o1 OEM m¡oroc~mputor •ystem• '"'"'~-~ 
t&h lull advantage ct lntel's LSI technolcgy le prc•lde econor;,icat >ell-<:cn¡aoned ccm~uter i;=;l!"l "0'~"~~• '"" 
~e M a~~llc.auono. The oSSC B5112 ls a ccmpt~1e comPuler •y•! e m en a sin91e 6.75 ~ 12.00-;nch pnnte<t cocc~•l uro. 

1 CPU, syotem cloc~. reM/wnle memory, ncnvola!'le read only memcry, 110 por.• anQ drove••. seroal cQmmunl· 
... llon• lnler1ac~. proomy onlomJPliOgic and pro~rammable time~. all res1d~ on IM bOaro. Fult f.'ULTIBUS •~Tel'lo.c~ 
loglc 1• inc:lu~.o 10 otter com;>.allbollly wilh the OEM Microcom~tiTOt SysT~m~ !amoly el Sin~le Eoarc Cmr.oute~. 
upan>ion m8m0ry opllon!, d ogLI al and analog 110 e•panooon t>wro~ and peropnerat COnltOIIer.l. 

- --. ................ _ """-"1"-"-C><OU<I..WOC.T"">•.-.,. """-""'-" ..... _,...,_,.._., _C, _ _, .. _.,c;.._..,_ 
e1h••• c..._.,_,_ 1m MSE D-9 ooc•mo .. 
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ISBC 86/12'" 
-,--------------------------------------------------------"'' 
FUNCTIONAL DESCRIPTION 

'entral Processing Unit 
.>e centraj proce~scr lcr tM ISBC 8611~ ¡s tntel'o 8086, 

a pocwertut 1S.b.t H-MOS Oevice_ The 225 so. mol chop 
eontaoM 29,000 uansosiOIS and has <>. cloc~ rate ot 
~MHZ. The archotecture inctudes !our (4) 1&-bot byte 
~ddressable data regosters, two ¡2)1&-bot memory b""e 
pomter iegosters and two 121 l&bot ondex reo;;oste.--.. all 
accesse<:t by a total ol 24 ooerano a~dressong mOdM 
lor comple• Odta nandlong ano very tlexoble memory 
addrusing. 

lnstruC1iOn S•t - The 6086 insii\JCIIOn repenoore •n
ctudu varoaote len~lh onstruc110n lormat (onctu<ltng 
dOOOie ooerand instrm:toons), S-bn ano 1&-bot sogneo 
and un.oqne<l arnnme11c ooerator> lor l>onary, BCD .ono 
unpacked ASC!l· <lata, and iteratrve word ond byte 
string manopulatoon luncltons. The oMtrUCtlon ••t el 
the 80a6 is a suoerset of the 80aOA/8085A lamoty ano 
wolh avaolable sol1ware 100ls, progrnms wntten lo< \he 
8080Ai!I085A can b~ easoly converted and run on t~a 
8086 processor. 

ilrchltecÍur.ol Futures - A &-byte insti\Jctoon queuo 
pro-.Oe• pre--letchong ol sequentoal rnotructoons and 
can reduce \he \.2¡.$0<: monomum inSti\JC:ion eycle lo 
400 n•e<: by havong the msti\JCioon alreaay on the queue. 

The ~tack orlented archllecture lacolltale5 neSled sut>
roullnes ano cco-rouunes. teentrant cooe ano pcwertul 
intcrruot hanr:Wng. The memory uoaMoon capa~11L11u 
oller a-1 megal>yle aadressong ranoe. The Qynamoc re-
loc:atlon scMme allows ease <n segmenla!lon el pure 
proc:e<:ture and data lo:- ellocoent memory utUo:tatoon. 
Four scgment reo••••~ (cooe. stack, cala. ••tra) con
ta<n program IOaded ollsel varues wnoch ar• used to 
map 1 &-M addtesseo 1 o ~Q-I>ol aocresses. E.ocn rego>!er 
maos 64K·bytU al a tot:'e ano actoviuon el .o sPr:;;oiJC 
rcgoster os contrOlled uPiocotly by.prOgram control aM 
is also selr:;;ted ompllco(ly by soecJioc lunctLons ano 
instrucllons. 

Bus Slructure 
Tne oS8C !1611~ has an onternall>us !or communocootmg 
"'"n on-board memory am: 110 optoons, ~ sySlem bu• 
(tne MULTIBUS! for relerencong aocouonal memory ano 
110 cptoons. and \he Oual-pon bUS ... nocn allows access 
lo fiAM lrom !Me on-!>Oan:l CPU Md t~e MULTIBUS. 
Local (en-board) ~ccosses do not requue MULTIBUS 
communic~uon, ma•ong lile system bUS ••aolabOe lor 
use by other MULTIBUS maS! e <S (i.e. DMA oe,.ces ano 
cther singlo l>oarO comouters trans!ernng 10 ad~otoonal 
systom memoryl. Thos !eature allo"'s 11\Je oara'.'el 
proeus"'C in a multoprocessor envoronme~t 1n aedo· 
toon, \he MULTIBUS ontertac& con be usea !or system 

--·---
----
; • ' • 

':'.:.. 

~· ' - • - - -• -- _ .. 
~ 1~· -·-~· -·-....· ~ " ~ .. ~ • ~-·~ -·- • ........ 

' 
{ ' -' 

----·· --- . 
~ 

) 
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ISBC 86/12r" 

--------------------------------"--------------------"" 
upansron t~rougn tlle uoe o! otner &- ana 1G-brt 1SBC 
'omputers, memo 'Y •nd t/0 &>pan.,on boards. 

RAM Capabilities 

. The •SBC 66112 conta•ns 32K-t>ytes ot dynam1c readl 
,.nte momory usmQ lntet• 2117 RAMs. Power lor tne 
en-t:>o.ar<l RAM an<l relre~n circ<11lry may ~e oouonally 
PtOVI<Ie<l on an au>~hary power ~u>, ana memory oro
le<:! IO~IC '" mCiuOe<l for RAM ~anery eackuP r~uore
ments. The iSBC eSit2 conta•n• a auat J>OM controller 
wh<e~ allows acc!Ss te rne on-ooara RAM lrom tne 
iSBC 65112'• CPU aM -lrom any othor MULTIBUS 
master Yl& the system bus_ The Cual oort controller 
allows &- ana IG-C<I accesses trom the MULTIBUS antt 
tne on-t>oaro CPU translerS cara to RAM o•er a tG-o1t 
data patll, Pnontrn Mve Oeen eotai>IIS~e<l sucll tnat 
m•mory relresll i• guarante<><l by IIIB on-t>oam relr.•h 
log<C and lllat ¡he on-Mar-.:t CPU Mas ononty over 
MULnBUS re<¡uuts ter accns te RAM. Tl\e duat.po" 
conuoller inctudos rMepenoent adarusmg logoc lor 
RAM acce,. from 11\e on-Ooard CPU and from ~~~ 

MULnBUS. The on.boara CPU wrll atways access RAM 
stanlng ar tocation ocooo ... Aoare~s jumper3 attov. on
boattt RAM te M loc~ted st3rtlnQ en any BK-byte 
boundary wrthrn a 1 megaoyte ·~~reos r:mge for ac
cosses lrom tne MULnaus. In con¡unc!lon "''tn tn•s 
leature, IM •SBC 86112 has ¡ne abohty 10 protect on
l>oard memory rrom MULTIBUS acoes• te any con. 
Hguous 8K-byte segments. Tho"e leatures aolow mulll· 
processor •ystems to esta~llsl\ IO'"..al memory lor eacn 

,Aproce,.or and share<l system (MULTIBUS) memory 
W'conr•gurat•ons where lM letal system memory •lze 

jlnctudmg local on·t>oard memory) can oxce~d 1 mega
Oyte withoul ad~re•Sing con!licts. 

EPROM/ROM Capabilitics 

Four 'socket• are provided ter UP lo 16K-bytes ol nor>
•olatlle •ea<l only memo.-y en rhe rSBC 86112. ROM 
may t>o adde<l rn 2K·byte incremento up toa maxrmum 

. o! •K·bytes by usrng lntel 27~ electucally pro~ram
mable ROMs (E?ROM•J: rn 4K-Pyte increment• uo lo 
8K-Pytn by usrng lntel 2716 E?ROMs or lntel 231GE 
masl<e<l ROMs; or on BK·I>yte lncrem~nts up lO 16K· 

bytes by ustnQ lntet <JJ2 ROMs. On-bo~•d ROM •• 
acceue<l .oa t61>rt data p~!~S. System memo"'""" is 
eurty expande<! Oy IM aOOLUOn o! MULTIBUS compat
Ible memor¡ bOaros a•aolaOie in the oSBC 60186 
tamrly . 

Parallell/0 Interface 

Th~ rSBC 8611~ C<>nla1ns 24 oroQrammaole Nrallel 110 
lines •motome~rea uStn~ tne tnrel 82~5A Pro~ta..-,maole 
~ertoneral Jnrer!ace. The system soltv.are os .seo te 
confr~ure tne 110 hnes in any comOtnaoion e! unrdo· 
rec!lonal •noutloutout and btOIIO<t•onat oorts •M•cateo 
in Table t. r,,ereloro. IM 110 ontectace may b~ custom· 
i:eo to meet soecolrc oectonerat recu11ements. In OrCet 
te take lu11 ,¡dvanta~e of tne lat~e c.umoer ol o~s~oCie 
110 ccnhQuratt<>no. socket• are provoded lor onter
cnangeablo 110 lino df'vers anO termonators_ f<enc~. 

tilo flexrbrltty ol the 110 rnterlace '" tu11~er eo.nanceo 
oy rne caoaortity el selecrmg tM ao~roonate c~mom
atron ol oorional ltne drrver> and terminato" to oro,.Oe 
l~e re~UIIed sink curtent, oolanty, ana drrveltormln· 
•tlon cnaractenstrcs lor ea~n ao~tocat•on. The <~ oro
crammaote 110 hnes ~na StQnal ground hn .. are 
t>rought out te a 50-prn eoge connector 11\at mate• wo¡n 
llat, wovan, or round cable. 

Ser!all/0 

A programmable communoc~ticns rntertac• ""'"Q tne 
lntet 8251A Universal Syncnronousl-'-'>nC~ronou• R.,. 
ceover!Transmrtter !USART¡ i• cor.ta1ne<t on :M osac 
86112. A software selectaOie caud rate ~ene•ator 
prov1des t~e USART wlth a!l common commun.co.,on 
lrequencles The USART can be orogrommea Oy ~~~ 
system Software lo Selec', t~e destre~ a•ync"·'<~O"' or 
syncnrono~s sena! data tran•ml3sron ¡e:nr.IGL>e trn· 
cludlng IBM Bi-Sync). The mooe el operatton lo e., syn· 
c~ronous or asynchronous). data termal. control cnar
ar:t•r terma t. oanty, and oaud rateare att unc~r ~re<;ram 
Cont:ot. The 62~ lA ~rovodes lull du~te,, oou~le ~ult~rec 
transmn and recerve c~paO•hty. Pa11ty, o•errun, ano 
lramrng error de!ection are atl inOOr¡lorated 1n the 
USART. The RS23ZC comoatl!>le intert•ca on U<ll 
boan:l, In ton¡unc¡,on wrtn the USART. provrdn a 

Modo o! OperotJon 

l!nldii'Ktlonol 

"" 
Unos 

Input 1 Output Bldiroctlonal Control 
(~ty) 

L.ot~hed 
L.ot<:h-.1 ¡ 

1 
Utr;t~e<l 

Utc.~H! ¡ 
Strol>od sirot..d 

' • ' ' 1 ' ' 1 ' , • 1 ' ' 1 ' 1 ' 1 1 

' • ' 1 1 ' 
,. 
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ISBC 86112"' 

dir!'CI lnt..rtace to FIS232C compatible termonal$, cas
sen•s. ano aoync:uoi\OUO and syncnronou• modems. 
n,. RSZJ2C commano IIMs. oenat data llnes, ano 
sl¡:naJ ground line are brou~nt out ID a 26 pln ed~e 
ccnnector \l'lat mates Wttn RS232C compatible flat or 
iound eabte. Tho íSBC 530 hl~type,.nter Adacter 
provtdes an opucaJty isolated intenace lor t~se 

syatems r..¡uiMq a 20 mA curren! 1001). The ISBC 530 
may be uoed lO onterüce lbe iSBC 86112'to teletype
wrlte"' or otner 20 mA currentlooo equtPment. 

Programmabte Timers 
The, iSBC 85112 ~rovodes !Mrea •naeoendent, lully 
programmal>le 1&-0t\ interval ttmersla•en1 counters 
UliiiZlng tne tntel 825J Progr.ommat>te tntervaJ nmer. 
Eacn counter lo caoaote ol Operaung in eUMr BCD or 
btnary nmdes. T"'o el tt>eoe umers/countero are ov;>J~ 
at>le te tne syotems Cntgner to generate accurate "me 
lnte"'als under sottwar& Control. Routtng tor !!>& out
~llls and ga!eltnq~er inou!s ol lwo o! ¡nese coun!e,., 
i~ iump...- sel<-etaCie. The ou!puts may 11<1 m<lepenoently 
rou!e<l lo the 8259A f'rcgr~mmable lntem.Jpl CcMroller 

1 

Functlon Ope,.,.!lon 

lntem.Jpt on When lermonal counl is reache<l, 
term,nal count an interrupt re<west '" genernte<l. 

n,,. (unctlon i• e~lrcmely u•elul 
ror genernt<on el real-time cloc!<s. 

Outpul goes low UIIOR r!>C8ipt ol 
"" uternat tn~rrer &<lG" or soll
ware cammano and rotums hl~n 
wnen terminal count ls reacM<l. 
This (unctlon i• retnggetallle. 

Rate tr<vide by N counter. The output 
generatar "''11 go low for ene input clock 

cycle, an<l\he perh>d lrom OM fow 
going pulse lO !he nexl is N llmn 
\he inPtJI CIOCk penca. 

5<1uar,_wave Output wlll remain hlgh unlil on,_ 
rate genenuor hall tM count has t>eon completed, 

and go fow lor tlle other hall ol 
tl\e count. 

Sofl.,.are 
trlggered 
•ttcl>e 

~ucware 

lrlggerÓd 
ltrol>e 

E ..en! counter 

Outplll remams l'o<Qh unUf $011· 
ware loads count(N). N counts al
ter count ls loadea, output qon 
tow lot ene mout cfock penca. 

Output goes fow ter one cfocl< 
penod N counts aHer rosing .,;lge 
counter trlgger input. The coun1er 
os retnggerable. 

On a jumoer selectable b3sis, tne 
clock lnpu1 to.-.:omes ..n Input 
lrom !he externa! system. CPU 
may ,..,~., tMe numt>er or e•eMs 
occurring alter tne c 0untlng ·•.,.,n
dow" !las been enabfed ot ar> 
lnterrupt may be generated atl~r N 
events occur in the system. 

,.,_ 
and lO the 110 lino dmers assoc•atea woth tne B255A 
PrOQrammallfe Penpheraf Interface, or may be route<: 
lo onputs lO tne BZ55A cnop, The gate/tngger onputs 
may 1>e routed lo 110 term1ndiO~ as•oclated "'''" !he 
825SA oras outpu1 connecllons lrom !he 8255A. The 
!lmd lntervaJ tlmer in the B25J provodes !M pro~ram
m.able baud rate generatcr Jor the ISBC 86112 RS2J2C 
USART serial pOrt. In utlllt1ng \he iSBC 86112, tM sy,._ 
lems deso~ner SlmPiy conliQutes, v1a soltwate, eacn 
Hmer mdepen<lently te mee! syS!em reQuot~mM15. 

wnenever a g1ven lime delay or coum •• neede<l, so~T
ware commands lo \he ~rogrammallfe t<met$le•ent 
counter.~ select lile desored (uncllon. Seven Junc:IOM 
are anilable, as '"""'" 1n Table 2. The contents ol 
ncn counter may be read at any lime dur<ng Sy;tem 
Cpera\lon woth somofe oeaa ooer.>t<ons lor event count
ing a¡opUc.atoons, ano Specoal ccmmands ara .nctuce<: 
so \Mt the contento can ce rea<l "on tne lly''. 

MULTIBUS and Multimaster Capabilities 

The MULTIBUS leatureo asyncnronous data tran~fern 
lor tne accommodal10n uf cev1Ce~ w1th vanous uansfer 
ratu whllo maontaonmg max,mum tnroughput. Twenty 
addres• lineo an<l sixleen separate data lme• ef•mmate 
lile need tot •odress/<lata multiole'<nQ/demutti~t~.,ng 
loQIC u sed'" other sys!ems, anu attow for Cata toansler 
ra!es up to 5 megawomolse-::. _A 'all~dte timer is '"' 
clu<l&<l in the ·,sac 86112 whocl"l can tH! used te gen~'· 
ate an inlerruot il an addre•sed de.,ce aou n~t 
respond wllh<n 6 msec, 

Mulllmaster C..pabilltfqs - The 1SBC 6'3112 ls a full 
computer on a S<ngfe board wo:n rc~oun;e5 caoacle ol 
suoportfng a great vanety ol OEM system recu"e
menl"'- For !'.ose appfoca\lons reouinng ~OC!ttc~aJ 

processong capa<:oty and !M toenelt\S of muiiiDfOCesson~ 
(Le .. several CPUs andlor controllcrs l~1c.:tlly snanng 
syst&m tasks ll'trougn r:ommunicallon over tne system 
bus~ !he iSBC 861 12 provtoe~ lull MULTIBUS artmratlon 
control togoc. This control ¡og'c allows uo 10 tnree 
ISBC 86/12'5 or otner ~us maste,., lncludlnQ ISBC SO 
famoly MULTIBUS camoallbfe 8-t>lt oin~le boatO com
puter.~. to snare tM sy!lem r.us on oenal (datsY cMm) 
ononty lasnlon. and uD to 16 m.aste"' to snare tne 
MULTIBUS .. un tne adC<tlon ol an ntomal cnonty nel· 
worl<. The MULTIBUS arbotral10n toqoc operatn syn. 
cnronous11 w<lh a MULTIBUS cloc~ (provodl!'d by !!"le 
tSBC 65112 ar optionally pro•t<led dlrectly rrom the 
MULTIBUS) wllole dala is tran~1~rred Vla a hanos~a'" 
between tne master and Slave mooute•- Th10 allcws 
dlfletl!nt speed controllers 10 ~hare resourc•• on !M 
.ame bus, and tr.rnstero •ia lile bus DrOCee<l asyr>
c~ronousfy. Thu'>. tr.rnsfer ~pe«! os <leoenaent on 
transmitllng and r-eceovong aevoceo only. Th1s dUoQn 
pr~vents SIO"' master mQduiU 1rom t><:'1n!J handlc.:IPPe<l 
in tll<!or anemots lo ga1n control ol !he bus, Out deos 
not restnct I~B spe«< al wl"I!Cit taS\er mOdules can 
transler <lata v•a the same nu~- The most oovoo~s ~cpli
callons lor the master-sfave c3pabol!tfes ot tne l>us ;ue 
mutttprocessor conligurations. h1gn •peed o1rect mem
ory ac:ceu (DMA) o¡>er;U<on"'- and l"loQ!"I SDeed ¡>enpMr.IJ 
control, bul ve~ no means hmlt..O !" these tho,:e • 

• 
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lnle!TlJpl Capabillly 
The ISBC 65112 orovr~~~ 9 vectore<l interruor level•. 
n-e ~~~Mn1 level i• 1h" NMl INon-Masl<aOie lnt~rruo!) 
lrr.e ... ~,¡:~ •• ~.re~:tr pq~ lo '~• &185 CPU. Tho• ínter. 
f\JCI oonnot te onnoO•t"<l by SOITware aM is lypocally 
use<! lcr s•gr.alhng carastrophrC even'" (i.e .. power la•l· 
ure¡. On se<Vrcrng lhr3 intemJpt, prOQrarn control w11l 
t>e rmplieuly nanslerreel lhroucn locatrcn ooooa~. The 
lntel !239A ProqrammaPle lntemJc\ C<mtrorler (PlCJ 
pro•roes vectoflng lcr IM nexr e1QMI rnlemJOI leveiS. 
As shcwn '" Table 3, a se1ec11on ol tour oMonry proc· 
essrnq mooes is avarlaOie lo tne systecn• Oesr¡¡ne• lor 
use in CeS>¡¡~rng recue5t oroces5rr.g con~r~ur.atrons 

te rr.atcn •ystem reourr~ments. OperatlnQ mode ano 
pnorrty as01gnments may be recontrgured Oynam•catly 
vra •oftwve at any time dunng •yS!em ooeratlen. The 
PIC accept~ inteff\JPt reQuesls lrom tne or<>g~maPio 
p.arallet ano senal !10 interlo~es, tne prcQrarnmat>to 
llmers. IM syslem ou~, or drrectly trom penpneraJ 
e~ur~menl. The PIC then detcrrn•nes whrch el tno 
incomrng reoue51s is ol lho hr;hesl Pf'Oflty, netor. 
mu'leS wnetner th,. reQuest ts el /'lrgner pncnty tnan 
tne leve! currenlly Oetn~ se,.,rceo. aM. il aoprccnate, 
issueS an inlefTIJpl lO the CPU. Any combinalion ol 
intem.JPI levels may !>o masked, ><a sollware. by stonno 
a 01ngle Oyte in tno intemJ,: ma>k regoster el IM PIC. 
The PlC gener.~te5 a unroue memo,.,.. ad~ren lor eac~ 
inlemJPI le•el. Thne ad~resoes are eo:¡ually •~aceo al 
~ byle intef\lalo. Thrs l2-tlyte Olock may Pegrn at any 
32·byiO boundary In tM lowe>l 1 K·byles ol memory; 
anO contaons unioue insuucllon pornt•"' and coda 
s..,.ment ollset values (lcr e•oanoeo memcry opet· 
~t•cn) IÓr eacn intetnJPI level. Aher acknowleogrng an 
lntemJPI ano obtarning a devrcu iOentlller byte trom 
tne t1.2.59A PIC. lhe CPU wlll Store 115 .talus llaq• on 
~/'le stack ano execu1e an rMtrox:t CALL in;truc11on 
;/'lrtlu~h lhe vector toca\ton (denve<l trom tho devoce 
· Jenulrof) lO the lnterrupt ""'"''"" routiM. In syslems 
' "'ill'nn¡¡ ad~lllonar onlerrupt leveiO, slave e~59A PIC"$ 
·c.~t be lniBrlaced vla the MULTIBUS. te geMrate 

·.··'·llllen•l vector &Odre~~n. yrel01n11 1 teta( ol \l.5 
Hlque lh!Om.JPI levet•· 

lnlom~Pl Roquo•t Gonor.JIIon - lnlem.Jpt .. reQuo"'". 
m~y cng•nale lrom 16 source1. Two ¡umoor Setec:aOie 
inlom,¡pl r~ueStS can 1><1 automalreally gener.J:ed ~J 
\/'le pt<>¡¡rammat>te DertPMral rntenace ""'""" a eyte el 
rnlcrrnallon i• ruoy te 1><1 translerreo tO th CPU (Le., 
Input truller '" lull) or a try¡e ol 1nlormation has ~een 
tran•terreo te a perroner.at oe .. ce (Lo .• oulout truller LS 
empt)'l. Two jumper ••tectable lntetnJPl r~un\1 C3lt 

~ aulomauroally ~enerat~ try tne us.o.RT when a cnar. 
IC1or is ready lo Oe tran•lerred 10 lh" CPU ti e .. '""""" 
cnannel bulfer ls lull). or a cnarac-ter ls roaoy to be 
lran,mtlled (l.e .. lransmtl cnannot dala trulfer ls emotyj. 
A lumoer selec:a~le r~ue•t un al$o be gen..rateo by 
.. Ch ol lhe pro~rammat:le timers. Er;ht ·~OttronaJ 

•Nolo: The lrrsl ~2 veclor toeations aro reu.-.eo tr; 

lniel lor dedtroateO veCtors. Users .. no '""" te maof>. 
t&•n ccmoatrMity wotn present and ruture lnlel pr-<>4-· 

· ucts ShOuld not use lhe>e loc.luans IOt U>e<-<leMeo 
~"" ~ctes•n. 

Medo 

Fully neste<l 

Soectllc 
pnortty 

Opora\lon 

lnlelf\JPt reQueor lone prrorot1e~ 

llu<l atO as no~nesr, 7 as towesl. 

Equal pnonty. Eacn level. alter 
recetv.ng se<Vrce. tre<:cmes tho 
lowes\ pnortlY level untll next rn· 
lerrup\ OCCU"-· 

SyS!em •ollware assogn• rowest 
prror~ty te•el. Prrottty ol •" ot~"' 
levels baseO in 'eouenco numefl· 
cally an lnls asSr~nmenl. 

Syst~m so!tv.are eumrnes on~rr· 
¡y..,nccce<l >yslern '"'"mJOt o:a:us 
Vla mtermot slalus <egiSter. 

lnlem.tp\ reQUesl ltnes ""' avarlat>le te tne user !or 
diroct •nlertace lo user Oes.gnateo pertoheral Cev1ces 
vra t/'1~ !ystem bus, ano lwo 1nterru~t re<;uest Iones 
may 1>e ¡umper routed Olrectly lrcm pencherats "" tne 
parallel 1 10 orrv~rlrermonator """"0n. 

' 
Power-Fail Conlroi 

ContrOl lor;¡lc 1! atso include<l lo •c:ep! • p<>wer-la•l 
interruct In conjuncllon wun 1ne AC.ic" sr;;~al t:cn Ir-~ 
rSBC t;;l5 Power Suppty ct eq~"alenr. 

Expansion Capabilities 
Memory and l/0 ca~acrty mav Pe ucandeo ano aOQI., 
llonalluncttcns adOe<l using lnrul MlJLT1B1JS ccr..~a¡l. 
trie expansion board•. H1gh •oee<1 '"'""'N a.,d ttoalmg 
pornt arunmelic caoabilllles may tre aooeo by ""'~q 
the oSBC 310 Hi~M So~ Matnem•trco Un•t. M~""-c~· 
may 1>e r•panded 10 1 MeyaoYie Oy acctn<; user >01'<:1· 
r;eo comPrMtmns cr RAM t.:rarus. E?ROM ooaros. or 
comtrlnatron Ooard•. lnputloutput ca;oacny "'"Y t>o In· 
crea•ll'd try adr;llng diQUal tJO and anaoog 110 expan· 
Sron t>oards. Mass s1cra;e caoaorllly may tre ac~•e•eo 
Oy aOdlng sin¡; le or oouPie oenstty C•s•ette co~Uollers. 
Moelular expandable oacl<piMOS and roarcca~es are 
availa~lelc suopofl mutt1Mafd •votem•. 

Nol•: Certaon •yotem resrnct•ons may Po rncurred by 
t~e onctuSron ot sorne ol tne IS8C 1)0 lamu;. ootron• rn 
an iSBC 1!5112 •v•tem. Con!lllt l~e lnlel OEM Mrcro
computer Syotem Contrgurat•on Gutda lor !<:<'Ctltc 
0313. 

Syslem Oevl'lopmenl Capabili!les 

Th& oo.etoom&nt cycte ol iSBC 86112 prcoucts can tro 
Stgn"•cantly reduceo by uorng !~e floppy 01Sk !nued 
lntellor:" ~er•u mrcrocomcuter deveFo~ment •v5tems. 
Th& A••embler. Locatln~ Ltn•er, Ltl:rary Mana.-er, le•t 
Edrtor ano srstem monttcr are all •u~poneo oy t~e 1St S. 
U dtS~ Pa•e<l operatln~ •r•lem. A rn1nimum el 6-<K· 
bytes ot RAM ;, neede<l rn ¡ne tnteltec sysrem to !uo
pen pro>rarn develcpment lor tne rSiiC M/12. To 
lacrlitate conversrcn o! 80&1A18Coa.SA <~.Hemt>l~ l<~.n

guage pror;¡ramo lo f\Jn on !no iSBC SS/12. CONV-36 •• 
•varlat>le unOer tn• ISIS-H coer~B~g oystem. 
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lntorfaeo and E,...:utlon Poeka9o - The tSBC 957 
lntenace and &eeutton Package allow• lhe lntell&e 
use< lo Interface"" oSBC 86112 sy.,em to '"" ~evelo~ 

amnt system. lnclu~ffi "'''" \he ~cl<age "'" '"" "~·~ 
~ f;.lt>IU and oolt"'"'" to allow m•nsler el to!U 

between ¡ne lntell«: system ano tne ISBC 86112. 
Addil!onally, tlle lntell«: "user can ae<:ess a oystem 
monotor Pl"9"'m (Sucphffi on AOMsl resodenl in 1M 
iSBC 86112 wnocll allows acce•• to P"'Q"'ms load~ 
tnto the •SBC 86/12. Tne system mcmtor oncludes com
m.lnds lo uamone and modofy to memory, reo;;oster.l 
and 110 por1S. Add•ttonaily, breakpoonts. searcMs. and 
otner u3etul ooeratoons are mclude<l to .,mpt"tly •ott· 
waf11 OebuQ. u,.,¡ on con¡unctoon wolh the iSBC 957 
Packa~e. tSBC 86112 e•ecution package• are oflored 

SPECIFICATIONS 

Word Si~e 
lnatNclion - S. 16. 24. or 32 bits 
Data- S,t6btl$ 

Cyc!e Time 
U..sle lnstNction CrcJ• 1.2¡.osec 

.00 nsec (assumu 
inotltiC!ion In the queue) -== ~•ln.oct- C\'CIO" oor.- .. - O..lool _,....., .... ·- fLO. 

- ""'<> ,.,,., 

Memory Addressing 
0n lloon:l ROMIEPROM - FFCOO-FFFFF~ (uslng 27511 
EPROM'•): FEOOO-FFFFF~ (ustng ZJ16E AOM's or ~716 
EPROM'•f, ond FCOOO-FFFFF.,(usong 2J32 ROM' 3). 

On-t>oon:l RAM-- 32~ byte. of dual port RAM. CPU AC· 
Ces!: 00000-DlFFF~- MULTIBUS Acceso os jumper 
setectaole lor any 8K·byte boundary, but not crc•••nQ a 
12BK byte boundary. Access ter 8K. t6K. 24K. or 32K 
ttyt•• may be setected lor CPU u•e cnly. 

Memory Capacity 
Ort-fi.oar"d Read Onfy Momcry - 15K byt"" (sockets only! 
o,.ao.n:~ RAM - 32K bytes 

011-Boan:l Ellpanslon - Uo to 1 megal>yte In user 
opee¡!ied COmbonaucns ot RAM. ROM. and EPROM. ---,....,..,.... ...... -"' 2K. ... "' • .._ • ...,....,....., .. 

110 Addres!;ing 
O...Boon:l Progr-..mm•ble 110 

·~ -' ' ' ' ~·~ -·· ~ ~ ~, " 
Cap.acity 

II:URT ... ' -~"' 1 ••• 
~ 

P•,.ltel - ,24 ~rOQr.tmm~bl~ tinu usin!l CM 5255A. 
S.rl•l - 1 pr09r.uT1m3ble lin~ usong """' 8251 A.. 

- -- -.. - . - - ..... . 1'1 

whlch lncJuoe lddl\oOnat haTdware sucn u the iSBC 
&60 sy31em cnasso3 to m.otont and cower tM •SBC 
86/12 ter program de•etopment. 

Pt/M-n - tntef'o nogn tevel programmon~ tangua~e. 
Pl!M-.86, io a ISO avaotabte a. an tntelt«: mocrocomcuter 
~evelooment syotem oct•on. PUM-66 orov•<!e; tne caca
bihty to ~'"'""" on a natural. :O.I~oflll"lmoc language anc 
ollmonates tho need to man.age reqoster usage or alto
cate mernory. PL/M-.B6 prcx¡r:ams oan ~e "''""" on a 
muen $1"1cner tome than a"'embty language prcgram• 
lor a ~··en aootica.tion_ PLIM-.B6 •nctuaes oyoe ano 
woro. "ontoger, pointer and !loating oo•nt (J2-~dl Cata 
typu ano also inclu<les conclltonat compolauon anc 
macro leaturM. 

Serial Communications Characteristics 
Syncto...,nous - S-8 ~'' cnaracters; ir.ternal or ex:er
na/ C1">llraCier syncnronoz.auon: aut<>matoc sync onsenoon_ 

Aayncllronous - 5-8 b•l Char.telerS; brea~ cna•ac:e' 
generallon; 1. IV:!, or 2 stcp b1t~; tals~ 01ar1 t11 
dele<;¡ IOn. 

Baud Ratu 

~- .......... ., .. ., ..... ''"' 
~ .... -........... , ·- ' 4• .......... 

. " ·" •no - - ·~ ... - - ·~ •• - ·~ ~ 

"' ·~ ·~ ~ .. - ~ '" .. - ~ " " ·~ 
,. -

'" "" "' -
~ ... _ 

r...,.."""' ,.IKOod ~ 110 woto ol """''"'''"" 10-.011 -·onq lac<ot ,., .. ,.. ~•• ,....,., = T1m"' Z!. 

lntetnlpts· 
Add,.soes tor 3259A R"9iSI~r.t (Kex notaltOn 110 acJ.. 
dren s~ce) 
COorCI Wnte-.ln~tal=toon Commano Wor.ll (ICW11 

and Operati011 ConTrol Worcs 2 and 3 
(OCW:2 and OCW3) 

Rud: Status and Poli Reg•ste"' 

C2orCS Wnte: 1CW2. 1CW3, 1CW4, OCW1 ¡M...,k 
~ISiel) 

Aeao: OCWt (MM k Regostel) 

~.,. ....... '""'~''"" ..... '"" ..,., . ..,..,,....,..,.,,.," ......... "' .., ... . 
- ............ , "' ................ ""'""'"' ""'<" ,..,,.,.,. ........ ..-. 

lnt•rruPI tewets - 6056 CPU tndudes a nO<l-mas<abt~ 
lntetn.oPI (NMt) ano a maskabte inoerrupt (INTR) NMI 
interruPt is pro•oded lor c;ato.strc~hic eoents sucn as 
power lallure. NMI 'N!"Ctor address rs 00008. INTF\-onoer· 
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rul)! L~ dnven ~Y en-~eard S;:59A P!C. w~lc~ prc•ldU 
&-on •~ent!ller el ,nterrupiLTlO de•ICO te CPU. CPU mui
Upliu idMllfier t>y tour te der,.e •ectcr aMrou. 
umper~ select werruo'" lrom 18 sourcu wu~cul 

·"'cesstty e! extemal ~ardware. PTC may be ptpgramm..a 
te accommcdate eog .. >enOtt,.e cr level-sens•H•e ,,_ 

puts 

Timers 
Reqi.ror Adctrosso• ¡Hex ncta!IOn. 110 addreo~ space¡ 

06 Control reg<Ster 

00 nmerO 
D2 nmer 1 

D4 nmer 2 

••• 
TI..,., <"""" oo.ooo " '*• ,.""'""" '"-"""' ooo,..uonl 10 ,.,.,, 
..,., ..... 0"'" 

lnpu1 Frequencies 
Reterence: .2_~5 MHl ::0.1% (0.041 ~· penod. nom•nal); 
1.23 MHZ. ::01% (081 ~• pencd. ncm<nal); or 15-360 
k Hz :: 0.1,-, (6.51 ~ pencd rlC'J'IMI). 

~ .. " 
A-o ''"'""""" "' ""' OOIO<Io010 
benl Rate: .2_~6 MHZ m.._. 

.,,..,. n .. .,,c...,,., """ ""'"'""""'"' ·- {twon,.,,.c., .. _ 

•• 1 ·- "'" 
AooO!O- ,_.., .. o:r.r "'' ·~ • .......... 
"""=""''"''"' 1 "' •• '"·' '"' ~ • -·-..... <•"'"''"" ='~· .,,~ .... o """'l' ... 
s.o.~ ...... UOIM< 011> .... OOOOIJ:>O "' .... ........... ,..,,_.,. 1 .., •• .,.,._ 1 "" ~ • 
m;;" .. ,_ 
.. ~ ....... '"" ._,,_l ... ~ • ......... ,_ 

. ·- - ......... -_,. 

Interfaces 
MUlTIBUS - All s•~nals Til 0cmpaiiOie 
Pon~IT•I 1/0 - All ••~nals TIL compaii~Te 
lfltem.pl Roquuts - All TTt. ccmpallbte 
Timer - All sognals TTt. ccmpalobla 

•• 
~-· 
_..., ... 
:1011' .... 
:)]1$1 .... _ _,_ . 
_..., ... 

-

S.ri-11110 - RSZl2C c;ompatobr_e. gala set ccnloguratlon 

Sy:stem Clock (8085 CPU) 
5.00 MH!::. 0.1'4 

Auxlliary Power 
aJ.n au<~hary power ~us ls orcvlde<l le I.'ICw aeparata 
Wbower 10 RAM ler sntems requtnng banery b.aclouo o/ 

readl,.nle memo!)'. ~etect<On el 1nis IU<~hary RAM 
power bus l~ mado 01ajumpe~ en l~e board. 

Connector:s 

..... ~ ... ... 
1 

e-·-
1 ""'"• e"""""'"" , . .,, ,., 

'" • 1 "" ' 
CC>C VP"-'I!<J'-00'- 1 

"""'" 010 • •. ' '"' ,.,~"' 
T1 ~"""' 

a ..... 1r0 • •. ' , ... "-'1-GOO"' 
T1 Hl1111J 

Memory Protect 
An active low TIL compatible memory orote<:1 Slgnal JS 

broughl out en lhe au.ol•al)' connector wn1c~. '"'hen 
usen&<!. ~1sables roa~/wrote access re RAM memory 
on tnu board. nus inpu1 os provode<T lor tne prctecticn 
ol RAM contentS dunng sy;:em pcwer down >equences. 

Une Drivers and Termlnators 

' 
1 

1 

110 Orive~ - The !cllow¡ng l1ne ~nvers are all com
patible wuh tM 110 dnver scckel~ en the ,sac BOJ 12. 

·- c ............. 1 "'""c ........ , .... , 1 

·= <.OC • 
'"' ' • 
·~ "' " ... <X " ·- ~I.OC " ·- " " . 0@ <.OC " ,_ 

' " 
• •• 
1 o '"'"""""' NI • _.......,,"'O' OC • <><•oo ""''""'"'· 

Pert 1 e/ th~ 6255A /las 20 m A tcte=oote ~idlflr.",ic~al 
dn.er~ and 1 k~1erm<natorn. 

110 Termin&larS - Z20<113JOCdi•ider cr 1 '-<>Oullu;> 

. .. ~---------'"""-------,, -· --r---------''----------'------• <SOC..,., 0"1<1• 

•• 
1 ..... ~---------'0:.--------------- -soo;"" 0""0• 

Buo en.o..-. 

·--•• .......... 
e-.,., ... 

e""""'"""' ........ ,,_,,.,. . ....... 
Physlcal Ch;~rac!Íiristics 
Wldtll - 1.2.00 In. (30 l.ll cmt 
Hoiqllt- 6.75in.l17.15cml 
Deptn - 0.70 >n. 11.78 cm) 
Wolght - 19 Cl. (5J9 gm) 

• • 
" 
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Electrlc~r CharJcteristics 

'" 

,,. 

,,. 

... 
-·· 

,..,..,. 

,..,..,. 

,_ o.,.,"'""'"""", .... '"''""""" ~-""'•'~""· 110 "" .. " .,. 
"0 '"""'""'"" 

~ Coo> ••• ••<•uoo :o••• "'""""" ''' '""""oJ OO•HE••o.,._ 110 
""'""!no 110 ,.~_ • .,., 

1 .... <'••• """r-o •·• '''""~ oa.~ c., 
• Coo< ,., ....... """"' ..,, "'"0"" """' ••• c .. '10 "'"'''· ••• 

110 "'''"""""- ,, • ., ••• .;ao '"' " '""""" '" """ """ 
=··'"" ,_ '"'""""' ... ~ ......... '"' '""' """rE'"""' '"'"'- ••• uo 
'""'"""""' '""~'""'"' .. "" """'· '" '"""'"''"' ........ ··-

ORDERJNG INF0Rr.1~TJON 
Part Nl/mber Descrip!ion 
SBC 86112 Single 8oaro Comouter 

w11n J2>\ bytes RAM 

u.s. 
REGIONAL. SALES OFFlCES 

WE;STERN 

c.ou•o""'~ 
'"'" "''" . ·~· ¡,,. "·' s.,. .. 
S""'~~ 
S..Oto ••• '"0' y,,, ¡r,.,...,,_,,.., 
TWx: IOQ-. .. o-1!1< 

U5TERN 

""'0 """ eo .... 

I!IO·'NESTEM" 

IW"O'" 
""'"Coro • 
>oe ''""e""'"" '"""::o c .. ,.,.."~:· 
~., '"'' 'Zl·-''' 
:W<:IIIHOI·!-"1 

Att.Atmc 
"A!SA<:~USETI. 

'"'"'c ..... 

Environrilental ChJracteristics 
Openotin9 Tomo~'~'"'" - e· e :o ,.,.C 
~ o!all•• H Um<C<!y - lo ,_J '{, ¡u,otno~: c~~con>dl<onl 

Relerence Manual 
98Dil~A - ,s~c 5611;< s,n~!~ !!cort: C.Om~"'"' ,,.._..,. 
war~ ~•terer.ce '.1anu3¡ tiH~T SU?CLiE~l 

Rete•ence rnanuaos a1e >-"1•:oe-<J ~<~"· eac~ orecuct cn•·.-
11 oes·~~a:eo SUFCLIECJ rse~ •ce·~'- '.'a•.ual1 .,.,., ~~ 

orceroc ~re"' ~rw tn:eo ""'"'·~~'"'"''""''"·e<>"·"~"' 
oH<Ce or t•om •~:el I.Jter<'"·'• De~"""'~~=, :lC€5 "'"""'" 
Avenue, Sont<l C:¡¡ra. C.111 ic:~,a ó5G5 : _ 

OVEASU.S 
MARKETir>G OFFICES 

ORIE/(T 
JAPA" 
'"'""''"e'"''"'""" l'lowor ~ .... ,,,.~"" e,., ""' 
1·1l·t. S"'""''""- S<""""" r,.,, ,,_. 
"" flll) ., .. .,, 
TELEX: 111·:>o:i 

EUROPE 
IELCIU .. 
t "'"' lo1<moloO'"' 

ll12 ~·~" """ s ..... o.,oon ,,_.., '"a., .• ,"~<'" ••'" "' 
e''""""'"""' 

~ ... a""'""" • ''"''' Jt·8ool0 1 
. &-tt"<t e.,,,_, 

Tol· 10:0 "" _,, 10 
TELElr: !<11< 

Too·, r>t>i •"" ;'<O To'"l01 ,¡ ~,..;;,., 
• TI:L(X, 2"-<lOO rw~: rto..>c .. JJ> • 

··~- .... y, ......... ~""'""' i'ISE D-16 '!'iei<l APOtiC>I1Cn 'LO<:OO•cn 



· ~~ INTEGR-'ITED 
-·,· CO\IHJfER 
SfSfEMS'" 

~~INTEGRLITED · CO\IFUER 
SY'SfE!\IIS '" 

1 

1 

fiiCROPROCESSOR OEVELOPNEIIT SYSTm EYNIPlf 

INTEL 110S - 11 

TEKTROIIIX 8001 

¡p 

TH 1 S PAGE IIITEIIT 1 O:IALL Y LEFT BLAIIK, 



MODEL 240 
,, 

INTELLEC" SERIES 11 
MICROCDMPUTER DEVELOPMENT SYSTEM 

Complete mic;ocomputer deve!ooment 
cent~r lar lntel ,.,,es-ea··. :.tcs.aS"", 
MCS-86'", and l.tcs .. ~a·• microprocessor 
lami!ies 

64K bytes RAM memory 

Sell·test diagnostic capabiHty 

Built-in interlaces lar high speed paper 
tape readcr/punch. printer, and universal 
PROM programmer · 

Integral CRT with Getachable wpperl 
lower case typewriter·~tyle full ASCII 
keyboard 

Integral 250K·byte lloopy disk plus 
7.3 million bytf!S (expandat:Jie te 15.61.1 
bytes) al hard disk storage 

Powerlul tSIS·II Diúette Operating 
System software with relocati~g 
macroassem!Jier, linker. anc: locater 

Supports PUM. FORTRAN. BASIC ~r.d 
COBOL high level langu3ges 

Software compati::le with previous 
lntellec systems 

T~e Mocel 2<U lntet!ec s~r~u 11 .1.1,crocomcuter Oeveloomenr Sr.,em ;, a c:mcteto :enw toe :ne ceve,c:;c;c: :: 
m.crocamculer·~asec croouc>s- lt tnclu~es a CP\J. S• K~""' ol ~AM '"· ~··••• ol ~or~ mernor.. d :'OC'C-c~•·•::•• 
CRT, a deiacna~te iull ASC:i •ev003ra. dn<l ~~OK-~vt<> llco:• ~•·ett• ""'~- ~ r.arc "'" ou:s·¡s:e'T1 ;::o.,ces e·-•·; 
mili ro~ Cyres el on-lme cata ""'">•· P-:twerlul ISIS·II Dos• """ O: e• 3H.-.. ; Svstem s:" ~-"~ dllo"'s :.•e .'.tOCet ~': :o :~ 
u~ed cutc'ly •na err;c,ently lcr assemoHn-; a~oror eom:rhng ano ::.e:c~<;'"~ cr:;;ra:r" :or '"'"-' ~ 1.•.cS-C~ •c::":'.-1.0, 
MCS-85. or M CS--<8 mtcro:rocc~sor iamoi'Os wt tc.our 1M e r.eec lor nanclt n<; oaoer :oc e ISIS·II :""~'"'o Jll "·" r.oc: ·:o<; 
ccer~tlí>nS. 103\ronq t~e u ser 1 r~e •o concentrare en tne Cetaol s o 1 ·"o o" n a o CltCatron. woen usec on con IU~c:.:c. "'':e 
&n Op!lonal tn-<:orc~Ol emulator (ICE"') moouoe. :~e Mee el 240 pro••Ces all •~• ~arc,.are Jnc sor: ~aro Ce•e<o:"'""' 
toal~ MCeSUf'l ror :ne racod develocment ol a mrcroccmcuter-oa•ec :rocwc:. 

t .. lo., •. ~. •·• "'"'~"'' oll~,., "-"'""'"""' '"" "'•• 6o """ """ oo "'"""' '""' o•oo""' '""' '"''" '"'""'- ''"'"' '""'''' 
Wo~>eOOn•> ""''"~•o """'""' ooO,.Pf, "">100. U PI_ '"'"'""""· ,S<eoo ••• ,., • .,,_ "C~ ICE- ,suc. 8V . .CS. o--o '"' co~''""'"" o o 
WCS <CE, •>UC o• ,CS ••00 o"""""'"'""" .. '""' '"'""""""· ,,. MSE E-l ........ ,., 



MODEL240 
----------------------------------------------------------'" 
FUNCTIONAL OESCRIPTlON 

Hardware Cdmpcnen'" 

Trie lnlelleC S~nes 1! ..,Odel 240 1S a ~aCk3Qed. 11<~fliV 
lnl"'"rated m<crcc:"':ulet Ce•elo:m~nl svstom c:ns,.. 
Ílng el a CAT e~•"" '"''" a &"ot carc:o~e. :ower 
su~ply. tan•. coo1es. ""Qie !lopoy e'""""""'"· and 
li•e ""nted C"CU<t carcs. A •e:arale. !~11 ASCII 
~lyl><!atd •• connec:ed '""'~ a caCle. -" lree·.,anoonq 

p~ntal Mu••• '"" nore ""' eme a1onq '"'"" a 
uparate ~ower suc:>y. ron,.aM caoles ter connectLon 
lO 1n1 ma1n :.•.ass.s .:. Olee• C<3Qram el t~e ·~ocel 2•0 
is snown on Fi9ure 

CPU Carols - T~e master CPU caro con1a1ns ''' own 
mocrocrc:e»or . .,.e,ory. uc. 1nien~ot and ~~$ <nter· 
lace corcvorry !a,c.oc~~o lrcm ln!~l"s hoq~ I~C.,M<oo;y 

LSI ccmoonenl>. o{r.owr. as IM '"'~~ra:eo oroce>Sor 
t>oard IIPSl. •t occ~c es:.,. !"s: stot '" •~• carc:aqe . .:. 
ucond sra,e C~U :are •• resocnso:le ::r all '~"""'~'"' 
UQ control oncluCic<¡ 1ne C~T <!nO <eycoarc 1nte•:aco. 
ThtS card. mounted on :ne rear oanc1. atso con13,r.s',ts 
o~n mtc'o"rocessor. ~Al' anQ ~CM memo". ano 110 
ontorlace taso~. =~~o. on et:ec:. c•e•t•nr, a e~ al :ro:essor 
envorcnment. ~r.onn as l~e 110 ccn,.oller 11CC:. tee 
SI ave CPU c"rd corr.rnun,coles "''~ tne tPB ove~ an a-c•l 
b•O•recuonat ca: a ous. 

Memcry and Control Coro•- tn aOddoan. ~2K :vtes al 
RAM ID11n~mq :ne :Oial lO ó"K bV1es) IS IOC<I1oO on a 
•e,•rale caro 1n :ne matn :arccaQe. ht<LC31ec lr~m 
lnlel"s t6'1 RM.'S. l~e ooarc al5o con:~ons .oll nec~ssa" 
adore» ceccc•n~ antl '"'"'511 lor,•c. Two aoc,tlon~l 

~are• ,n '~" corocage are u sed 10 conuo• me .oaro.oos• 
do• es. 

úp•nsicn - 1wo rem••not.g ;¡o,. on :Me c~recace are 
ava•laCie ter oystem e•o~ns,cn. ACOitoonal e•oans,cn 

• 

ola 11on c•n ~~ ac~'hOd :n,ouQn •.ne ace'''"'-"· ol an 
lnltll...: Seoes 11 •·~•~••en c.cassos. 

~~. nurr e! 'MIPS,, a~ lntet ·'-'."-105 a.e,t _..,,e,o:•:c~•· 
scr.tn. eoso •. z. :·•""'"" •• 2.5M,.,:. ce~ ~··••• :• e~~· 
"'""'o"' are ~,o,.:e~ en :oe :oare ~•·n~ , •.•. t6•. 

~;.Ms . .,, el =c"-1 '' :r~··cec. ~~e:::;,.,--.: "'''"· 
"'""m Cco:s"a:: ··seo:.,~.,·· e'a<;c.~>IICO a-~ '"" 
l~tellec So"•• 11 s .. ,.m ''cr-•tor. ~oe "'""'"'•·•• 
•ec:orec :<>orL:y '~'""""''"'"m all:~s .n¡e•·c::, :e 
~· incovoc.all; ::-.2s••:. Us.-,. •~••· _ .•• ,., ·• o:~; 
imerruot c:n::aller :co '"'""'J;:: syo:;,..., ,., ... -, .se• 
orot;ram<r.eo :o ••s:orc :<: '""'"cw•• .-e•~•. ~so: a O:< 

:caro :rc•,du an ac:.:.cc.ao :=.;""'"'o: :u·.· 

lnpuUOutout 

<<O e~n••>ts cr : ... : :•·:s: :~e ICC :3·: '"':.-.o "".o· 
coanr.,, co :nel"~ •:<~11. ~acc !ereal '""'"·•· '~=.~:: 
oomc~;,Oie ana '' co~a:•e ~· '""~'"> os· .. r.c··,·ocs•. 
~ r::m 1 ~ C ~e S:~ e :o a~~ ~r • .-r.:~,:~ec.,. ··~ . .,., :O: ·; :: • 
:a~c. :=e:~ may ~e :c~·ec: •~ :o a u se• o •"roe 
ot t::rr.,MI. c~e o.·.onr.el ::~"'"" ""'""" ""' 

8251 US-'~T. 7/:e·· :se :e cr:;·•"'""~"""' '""· ,,·~: ·.; 
:error"' a .a, e:·¡~~ 11C :u.,c:•:os. Ea~: tate se"""·:.- ·• 
accom:t<>OeC croo;rao-m<lllc>:l• :~rou<¡r. •n Ir."< o:~:; 

·~:eroa1 ''me•. 7/:e ":"J .. 'So ;~rves .. , a teat-t:r• :oc:• 
~or :ne er.llre ""'"""·· ~O ac;t.ol"f :~•:•.;., :e:· ,_. •• 
c~;¡nne<S '' ••~noleC :o ;ne s·..,:em :rr:c~o l :.::e: 
e:S~ <nte:r~OI c~ntr:,le·. o:er•""~ •~ a :;elle: ~.c:o 
nested 10 IM ~""'""' ::~9. 

IOC ln1erlac• - ";":oe :emaor.ce• al svs:em liC .:::"" 
<ake$ orace 1n l~e 10C. The IOC CtOv•c .. ~~····o:~ ~or 

1 

•• , ....... ,, 

'' ··-· 1 """'"' •• ........ • ...... ··-· i . .x•• 
~ ' L~ o 

r ... : 
'"'"'""'-'! 

·····" ... 
c;¡J 

""' ..... -· 
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MODEL 240 • 

SPECIFICATIQNS 

Host Prccuoor IIPSI 

A.lM - &4'( 1Sy$1e'" momtcr CCC~OIU !kK lfttO<I~tt &<ooq 
AOM- 4K 1211 1tt monotor, 2K •tt oootlc•agnostocl 

Dl~k Orive 

Typo - 5-l.ultco 1oacmg cartnC~e ano ene t .. ed otalter 
Tuch po• lncn - 2CO 
lolocnanic11 S~c:on por OtaO - 12 
lloco<c!ong TocMocuo - ~ou=1• !recuenc~ IFMI 
Trocl<s por Surtac•- .:~o 

0on5oty- 2.::J ~'"""e~ 
1111• por Tr1c. - .;2.~CO 

llocc<dinq Sur1ac9• ~·• Platler- 2 

Oiü System Capac1t~ 

Por Surlooo - t5M O•t• 
~or Plat!or- 29'~ b11S 
Por Ottve ~9•.1 O•:s 
Por Ct1ve- 7.JM O)'"' t!or.,attedl 

Oisl< Perlormance 

Olok Tron•ler Roto - 2.':!.1 bd:ISe~ 
Olok Syolem t~ece" TioM-

Tr~c• 10 Trae-= 1:) ''" ma• 
Full Strc•e: :ca ms 
llotatoonal S~eed; 2,,GO rpm 

OiskcW> 

Oiok~u• Sy01•m Capacoly- Z~K b.res llormanedl 
DloOeno Sr>tom T<ansler Rat~- t6CK t>ots/seo 
DI•Oell~ Syotem :.ccus romo -

Tr~ck lo TracK: 10 ms ma< 
Average Ranocm R~s.11o~on~; :50 m• 
Ftota!io~al S~ee<:; 360 r~m 
.o.....,rage FtotatoMal L.lter.q: SJ ms 
Flecord•n~ Mece; FM 

Ptlysical Charac:ens1ics 

Wldth - 1 7.:l7 1n. {J..I 12 cml 
lioi9'l - 1~ 81 .~. •~O 16 cml 
Do~th - 19. JJ '"· ¡~a.~g cmt 
W•i~M - ~3 lO. ¡~3 <g~ 

Kotyl>oord 

Wldlh - \7 37 '"- 1'4. 12 cml 
liol;¡~l - 3 O 1n. ¡7, fj2 cml 

Ooplh - 9 o'"- [22.SS cmt 
Woight - 6 tb.IJ •el 

Oh~ Cd .. on PoMSUI 

Wldth- ta 5 ;.,_ 1~7.0 cmt 

liolghl - 3• o'"- 156.4 cml 
O..pU't- 29.75 on. 17~.6 cm) 
Wolght - 202 10. (92 kgl 

Electrlcal Charocteri>tlcs 

OC Pow•r Supply 

1 
YoiiO ""'"' SuooHoO Suoo"•• 

• hS'r, • •12='"' ,, 
-·~='"· " -10:5". " '"tS ~S'/,· " •l•='"•" " 

r,~""' ! s, ... ,., ' 
~'"""""'""" 1 

"' 1 

" 1 " "' ' " 1 

" ¡ 
' 

AC ROQIIitO<Oenn lcr '~a.,!rame •no :;: ~'"•s -
110\1. 60Hz- t6A l''alntroc"e -~.J.~: •a:o :c"e' 
220 \1, ~Q H< - d.O :. 1M., ntr ame ; : , 2 : ~•c.". ; ., -~• 

Environmenlal C':larac,ens:ocs 

Operatln<¡ Tomcoroturo- :o¡·s :: J2'C ¡90'9 
liumodlly - ~Q", :o OO"o 

Equipment Supo~n<l 

Mooet 2<1) e~"'''' 
ln1egrarec ~·ocesscr ~:~r~ rl"':: 
110 Controll~r ':caro •ICG'r 
J2K RAM 3¡;;a•a 
CRT and Ko.ccaro 
On~ Har~C,;, ~"'~· ~~~o•tol 1.1cue.t~C 
Hard D1~X COOIIOII!i! liNO Oc•rCS) .YII~ C~DlEO 

ROM-R•••Cent Sy"""' ~.tonllcr 
ISIS-11 Syster;¡ :;,s•etre w<tn •.,C3--0CI'.ICS-¿~ 
Macroassem~ler 

Disk C~rt"Cg~ <Oran>< :;<AO ·.y~er 

Relerence Manu~ls 

9800558 - A G~10e re .V.1c:ooomcuter Jevelo:"'"-" 
Syst~ms tSUI>~lT\:.D1 

I&Q0559 - l~!ellec SetJes 11 lrstaHatoon ~r.c Se...-=:e 
Guode iSUf'"~:~:JI 
11800306:... IS:S-11 Svs:em User'' GUIQe ¡SU~"l!EC:I 

18005~5- lc.te•lec Senes 11 o.,arcware Relere~:e •:a.o
ual (5URPL1~Jl 

I&QOJOt - i:Ci:OIS:S5 "''""m~1y Lan<¡•.ar;e ~-:::o.-,-. 
mon~ Manual ISUF"LIEDI 

uoo~n - tS;S·II ses~; oca5 "''"""'~1er c~"'"'~' s ·.:ao .. 
u.al (SUPRL!~:l 

1800605 - lntell•c S~""' 11 Svstems \tcnn~¡ Soct~e 
Us!lng iSUP0l~E:II 
I&QOSS~- tnteotec Sertes lt Sc~ema:oc Craw•n>• osu;:. 
PLIEDI 
f&Q09"-J - Maro 01SK SuO>yotem O~etatoon anc 
Clt""k0U1 (SUPPliEOl 

. AdCIIIIcnal m~nuar, m ay ~e ctcered from any lntel sales 
tepreunt>tov~ or CISirtOutor OUoce. cr !rom tr.teP 
Uterature Dcoanmont. ~06~ · Bowc" A•Úiu•. Santa 
Ciar.,, Caldorma 950~1. 

MSE E-6 



MODEL 240 
----------""'"'- '-----------"-' 

ORDERING INFORMATION 

''" Ducr1p11an 

MOS.;240" lr.l~llec Se"es 11 Mo~ol 240 1.1octocomcuoef 

De•elopmeno SySiem 11 1 owEn '"''' 

MOS-2•1" lnoeuec Se,esll Moeoo 240 '.1<ctocamo~le' 

De•elopmenl Sysoem 122QVI~O '"'" 

·-.,os-,, •" oo•••n~ ooc•M''· •no ,, not v.oc u • "ooue< 

"•.,.• ot ,,.,.-.,. ..,os· " • '"""'"'"" "•••"'"" o• "•"•w• O•« ~c,.ocu C.::•o 

intd ... 
··~· .. - "'. ·""'"'"''""' 1< 

MSE E-8 
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Muto'~" MlctOO•O<o,ol SuopQ<t 

lft·P•OIOIIO• T •" •n• E,.ul•1oon 

~UI· T1mo "'"'"'••• Anol•zor Oo.,on 

" 8001 Microprocessor Lc:b 
Data Sheet 

;n.scar "'"'""'"'"""' C'o•tooe..--"' L>~ ~""'"" "' "" !C<l' V•·c•·•'"' "''' .,. :• •·:
~"'" MomO'> "'''"""<ouo_. >-~"0" "'•••••• .,, '"'"O•O •• e::.<"' A""'''"-''"'
Su:co" •••••;• •o:·oooo '" '"'"'""' .;CY, '" '"'"""' :•oco""'· "" • ""''''' "···: 
p1ooo rn• Cl>:co C.-! r.''"'""· era o o• c;y T""""-' c.o,;:::! L'"' ~''"'"· o• <=•-•::; 
Comou/0' O•>l>lly ; "'"'"'" "' «common<oa """""" "'"""""''· 

-MSE E-9 
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Z80A Emulator Processor 
and Prototype Control Probe 

Data sr~:: 
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6800,6802,8080A, 
8085A, and ZSOA 

M0UIJ. is a~''>" le,ella~-c;~ac;e ce
sit;;nec s~~c,~.c~'l,l ::::.:se ·n 
mocrcc:ccesscr-cas~c ces,c·. !:o 
parer.tlang~a:;~ •s ~: ::01 :; .. r.:.,a: 
8ASIC. a "'ce•'! usec am; "~" ~c-
cers:occ ~:cc;:arc.c:-.:.cc; :c< . .,-.at 
MOU ¡.t ct:&:s :-:-:ar:¡ ~:-.~¡¡r.Ce'":".~"-lS 
01 8ASIC :~al rr.a•e '·"'~ neN .a.c
guage an "'"erre~; e:-:ec:"e ce
sogn too l. wn11e re:a·nw.~ :re ac
vantac;es el su:o:;J:c:u ~nc e as; 
learnonc; b.mc '":;;.~:c. 

One essen"al ~c-•anra<;e c.' :.~CL'" 
os t~at 11 ~ses a conc:;"et •r-s:eaa cr 
an on¡cr~re1er. Sac~ :::gra"' 
statemer.ltS uan~a:ec :o r:'lac~.:.ce 
coa e only once. •r.s;.eac ct eoer¡ 
t1m11 t~e statemen: .s e>eculea. Thc 
resu111s .'astet ano cnen mc:e 
comoac: ce ce lor :onat ;:ro<;:am 
uecut•on. 

MOU ¡.o allows a r.10C~'e·1"en:ea 
aopmac:. :e so::v.·a¡; r:e"~'C"· 
ment Two slate,.,.er.:s. uses"~" 
PROVID:OS. a·lcw ·,,:¡<Jc.tli!!S. ~une· 
110ns. anc; pn=cec:::es :o ce snarec 
!)>¡ pn=grammers wcr"n<; on Cl~€<· 
enl modules ol ar. c·.era•l L'C<;;r~:n. 
The US:OS s:a:ercer.: :liSO arlo ,,·s 
C•rect ac:ess :o a~s~<u:e "'"""·~'"' 
local,ons, ~O corts 3~C ,nterr~~ls 
- all essentoatlor ~"'""' cc~:rc1 or 
haroware. sotrwa•e .~:eg:;~::cn. 

Vanaote r.ames ar.c ""ncs r:.we 
been ccns•Ce'llooy ~·cancec .,.,,, 
MOL111. VarlaCie nar:1es can e en· 
ta1n up 10 5" cnarac:e<s, :ne IJrsl 
alphaOI!IIC ano 1ne ctners 31· 
pn.anurnenc. :or easv ocen:.l•cat;on 
durong crcgram ce"~'C""'""'· 
Strmgs can •Jr¡1n leng:n :ro m 1 10 
255 cnarac:ers 1ns:eaa ol t~e un· 
litera ole tB u sea'" r:>,mmal E!ASIC. 
Substnog reptacement •s atw 

-~ EKTRONIX 3 J 

MDL! f.L Compilsr 
for Softvvare 
Deve!opment 

MOL'~ '' o "''C''""' "o·.-~~ M•$1 "M <"01 e•S'C • .-.., •:•o l·e>'< 01 <"''C'CC"O<•"o"·;>!O: 
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eac~. ~IC:< e• assec:•. ,;_·:~ 
:;:e. ~: ;.~:s s:ao;e. :.-e~,=-='· 
:.ano;ua<;e C:O:"'L ~e :~::.-~' ::: "'.:~: 
!)>¡ UStn<; :r" i02C: ~·S :~·., ~ ... 
ea11or. In t~e sec~~c """ :-~as
semcler c:nvens :~e 2"e-: . 
•ano;;ua<;e s:~rce •·"·''-' e:: e:: :::e 
Oice tnotc: s'"" •s :o""'=~~~=·~:: 
cocc "''tn •~e 1un :""e s~:::r: ,. 
orary ana any omer ass~-=·~= 
co¡~t coce mocu1es. 
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Tt.e ZSOOO farnlly ia a new se~ of mioroproceosor 
a>rnponeots (CPU, CPU suppotl chips, peripheralo, 
and memories] which support,O the ZSOOO Ardúl.ec· 
lure. The account of bow archi~..e<:turol gcialo wcre 
oelect.od ood othioved far two key membcn ol thio 
bmlly-the ZSOOCI CPU and the memory manage
mmt uoit-illunral.eo how mucl:. o! a chollenge 
mic:op<ocessor a.chil.e<;ture rcpre~nt. lo the oemi· 
condurtor indu•try, MOS t.echnology ohowo enot

. mouo pot.<ntial, but il is still difficult te use beca use 
ollimiLations on pin count, po"'"' diosipation, opeed. 
ond comple~ity. 1 

Since this diotuosion is rutrkted to technic.ol 
iuueo, .... ...;u not alludeto the many oddilional fac
toro (maikeUng conoiderationo, human conJidcra
tions, ~clf.i,;po>od rcstñctiono. etc.) ,.,.hich ma~e ..,.. 
thi~cture such o foscinat.ing and difHculL discipline. 
Furthormore, no ottempt hu b~en mode t.o u
h.ousüve!y deo.uibto the 1.8000 a:rchl~ctute ond tu,.. 
ponenLo. Intorested rudero should ion•ult the 
opecillc manual o fcr o moro eornple~ dcscrlpt.lon. 1.1 

The goals oltho ZBOOO archil~<lure; 
. lf!C/eased capabililies, architectural 
cpmpatibility, lncreased clarlly 

The prirnary rc,..on fot inLtodudng o new ;pi-e m 
archil=ture is t.o signillc.ontly irnprove the control 
and proeessing c.opobilities of rniaoprOC*'>>oro ,.,·hile 
moinLaining their pricelperform""ce od•·anta¡;eo. 
Technk.o.J advoncco hove perm.iu~d tbe irnplcmcnlA· 
t.ion el ~ubstantioU}• increosed procesoor pov.·or. but 
th• moslsignifir ant rnctivation for a """' componenl 
lornily io ¡¡cnuality. Only through such o fornily 
could ,., .• pro•·ide fcr uchlt«tunlly compatible 
iro,.1.h cv.r o "ide ronge el proce,.ing power re
quiremects. · 

Increased capabilities, 
architectural compatibility, and 

. clearly defined interfaces were 
the chief architectural goals of 
Zilog's new ZBOOO microprocessor 
family. Here is an account 
of how those goals were met 
for two members of that family
the ZBOOO CPU and the MMU . 

Our appr011ch wn o oLaged system IU"Chi!ecture 
which atlllmpL> to pro•·ide new componont.s. ~nhon .. 
od featureo, arrd new funct.ion•. while prnte<ting tbe 
use:'• investment in hardy,·are and softv;..,.e. The 
Z8000 fam.ily suppcrt• a single unified architet"lure 
for all •mall. m.& u m, ""d high·end u ser appliudor.s 
whith are implemented using a mi1 of ccmpnn•na 
wil.hin the same fomily. 

Tht g<>als uf the 1.8000 archi~cture can be l:'cupod 
in !.o throe calr¡:orie>' in<rcased c.opabilit.ies. acchitec
tural compalibility "cvor a wide r•nMC of pr~us.ing 
po~<•ers. and inoreasod clarity. In oU lhese c.osesthe 
resulting archil-eclural features apply <ither Lo tho 
bosic ardútEdure Cthat •een by an opplieotions pro
grammer] orto system archii.Klure Cthat seen by • 
sys~m dcsigner oran cperating oysi-ern p!OifiiJD· 
rner). 

lncru .. ·d cttpobilitiu.· AU u..isting 8·bit rn.ioro
proc:essors and mony l6·bit rn.iniccmpu~rl su!!u 
lrom hoving o smatl oddr~•• space. So. ono ~r our 
goal a wu tu provide access t.o a laro;c oddr<·,. ; : ~« 
tbM bytu]. A sf"I:Ond ¡;:cal"""' t.o prod<lc r:·'·''" , .. 
Uturc .. in terms el tc¡:i•l.cu Cl6 ¡¡cnoral·p:..rJ.>V'<O 
16·bit ttgi•Ler•), in ~=• ol data typeo Urcm t,;¡, lo 
32 bit!). and in ~rmt of odd.iticn~l instructiu•:> con. 
p~~.ted \.0 existing rn.icrcptoce»C'" (;c.ulli¡ 'r an.\ 
divide, multiple ,.gioter nvin¡; i~s1rr,ti•·t.>. 

sp<><iali>ed ínst:uclioru lor compil" ~upp<.'l ..te.]. 
· Tu !ocillt.o~cornplu opp\;c•tions it "~• i"'¡ '''1 •n\ 
\.o >upport multipro¡r•rr.ming "'itl. 1:ocod hnrd •. :.;e 
support el t.oslt. owi~.<:hi:>g. inl<"tnJpt•, trops. ond t..-o 
executlon modu. Opor•ling sy<ttmo al<o •"''uir<<! a 
¡¡~ hlll"d ,..,.. prot<-ctlon •Y•¡.,m.. 

Fino U y. "• .. ·ant..t<l 1.o incro~•~ «• "~u s¡ ·t~~~ pt:· 
lormonco. Th> result.ed in the choi<t el ~n l;rplemtc· 
t.&t}on u>ing • l~·bit·,.ide d•ta poth \.o rner:-.ory. 
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A rdril<·cl<or Jo! compol il.rilily. Ont of 1 toe imporl.ont 
los•ons lonrnod frooi pn•viouo comput.cr s¡·Slfm 
rlosil,'nS is thot the dcsi¡;-n of a ,,ow family rt!"Chi¡,oture 
is a rare occurrcnce. One way to apply lhislo'>on is t.o 
dcsign O ~nifiod orchil.ccture compMihle ovec a wide 
ran¡;e of proccssing pD"'ero. 1f we onticip.t.e user 
powlh from omaU 1.0 largo sysLem1 within a family 
erchi!.ect ure, ¡hcn su eh an appr<>llch tan oignifi,._ntly 
inc,-.,ase;LS Jifro. 

7he 1-..o veuiono o! the ZSOOO (a 40-pin 
:Jnse¡;nrenL.-d and a d·pin oe¡;mtntM •·ersionl are 
do,;gned t-er echieve this goal, bu( mony olher 
fcature5 contribut.e inditectly to the farnHy com. 
p.cil.rility. For small aplicationo IUl unsegmOilLed 
z~or-o with on• or more 61 K-b)·Le addresa spaces can 
b~ used. For m«<ium &pplicatlons, a segrnenl.ed 
Z_S[\00 and one momory mana¡;ement uoit _.ollowo ;_ 
di:'--"t aooo" !.o IM by~ of .ddress >poco. For lo.rge -
~rplications a se¡¡ment.cd Z.SOOO._,.,d multiple poiu ol 
.~::.IUs allo"' the use ol several 5M·byte address 
<¡;aces. 

quirc a dillcront dc•i~.,", opproach. &lthou¡:h thcy cu· 
tainly innuonce lht dot..ilo of do•ig71 compr-omiseo. 
Thc lut sr.-e !ion of thi> paper dcals ,.¡u, implemcn\.a· 
!ion tradr•offs and illustt&¡,o oome porticulo.r arm·. 
prornis ... (In • few ploces wo mi>: irnplemcnt..11on 
con,ideralion~ "ith duaipLlono of aJ-chite<tural 
lr odeofl• . DcopiiA' thc irnpor\.ance o! ...,p.arati n ¡; an ar--
chit.ecture from it.a implement.aLlon. "'e lound tbot 
th i • se P:.r ot ion is ofiA'n • bse-11 t dur i:n g the actUal .,.._.. 
!ion o! a new archit«:tw-e.) 

Tv.o diflc.re.o'""s betw""n con••entional conrput.er 
syst.ems aod microprocesoor O)'>temo ho~e tho 
gr...,Lest impocl.: price otl1.lCturo and ccrnponont 
boundo.ry di!fc.rence$. For bigh-<>nd l.Sl oysLemo. lt 
moho senu to hove one un.ifit!d architecture. but 
unllke thelr ~omput.cr family counlerprt!"t.l UBM 
3601370. PDP--1 1) different implemont.ltiou crrnnot 
be ju>t.ifit!d oo a pricelperformonce basll. Speed and 
performance ""' mainly d<pondent on the o\.at.e of 
technology. ond therefcn, fof 1 gi~en app\ication. 1 

"'"' wiU wa•te th.i epééd wlWn¡;ly oin~o IUIDth..- · 
slower implemonl.atica ,.culd coot lho •uno. Thla 
does not e%clude different verslon• of ano implemeD-
tation. which refl.-ct only d.Jffu•nlle>l and produr>
tion criterio >u<b u pocko¡;e typl, funcLlonol Lem
porauue range. ond e~en 1pe<"d TIU!Jr:O.. 

Since the segmonled ZSOOO can run in an unseg
rr.P~:..Od m o-de. hoth sy>temo ar• comPotil·!e. Final! y, 
to o::hieve even lrt!"¡,:or pr"'tssirrg """'' tlu-ou¡;h 
h• rdwue roplico(ion. lhe uchit~Cture pro\"iJes ha sic 
rr'<·cbtnhm• f~r Loth mdtiproco.,ini; and dis
ttOI.rulod ¡rr<r<enin¡¡-. 

CJ&rity. Claritt in an archilectUTO is a meo.ure of 
t.~..- wel! ~fl' i~todoceo "'"" defmed aod op.-ciflod. 
T~.i• ;, or. eb•h·e hut import.ant g<>lll ln a fomily 
" h:P -~'-... and u.o!oro5ecn comp:ments "-lll he addt!d 
d~•ir;: \l.r lile cf iLS_archit.cture: ' · • · 

' 

' . 
\\'t· felt bus protocols were so imj.ortant 

thnt we dn·eloped on iDd•pcndcnt 
·sp~dfit·a.tio,-i lar the Z-bus olong with tbe 

indh•idual dovicc mnnun]&;. 

c:üril)" in u·rm• o! tho booic or<hilocturo me•M 
r<-:;~lority and ol endo hi~Ll" al th• in>\11.lclion oet. •.• 
wel! es the g<·norol ond• •implo hondlin~ of the 
o¡ crsti~¡; sy•tt·rn intuloco•- c:.:i:y In term> o! tho 
'·' '~"~' rt!"thil<·<tu•e m .. , •• .,,.~ dt~ir-od mrthod o! 
••·~.:o.uni"-"tion l-et,..-rn tire vnr;ou¡ con,pononto. 
Ti: e t ,._,. ~r.k b.- t" 1·rn ( htsr conoponcnt• i> lht 2.-buo, 
").k l. ;, ~ sOorr J s¡-5iu~ l.ruo. 1 n !he •~<ticn on com· 
m•rnicatirn "i:h ot) •• •r de vices. wr d .. oriht Y.IIIlt of 
; l.e ', ;;~~• t;·re• of l-~• proloc.o!.. At·z..Joc "'" !dt 
; !,; ' ~ " '" impo,-Lont that "t do• cleped "" indepeD· 
dcr.r •P•·drr<at"'n fo: the Z-b"s alon¡; wiU! the in· 
dividual e!.- ic• "'"nu..!o .• 

Comparlson wJih olhe¡ ~yste:n archlteelures 

Wt ore aravinc..cl ti,Jt 1!.• d'fltrtr.rts b.t ... ~ll 
.ruoropr<ra>,..r SJOI"'-'n ud-.i:O.c!Urt o:.J W.¡;t <:o">· 
;r"J'-"r cplell> •rchlrr--turo oro r>«! ouHic<.ot to u--

.. -"-. ..,. ·~~~ 

M o>t comput<r oystem• hove both ulemol ._,.,d ir>· 
Uornol interfaces. E~tttnal int.ufacu which define 
5) st<em boundarin aro o!ten st.lnc!ardizt!d (o ¡; .. the 
l HM channel int.ertace or th• DEC un.ibu•l- The int.ar
nal i n t.ed aces of most mini or lo.r ¡;o com putor s yo tema 
..,.._ essontially hidden. In contrut. t~e componUit 
bo"ndo.ri"' of a rnkropr-or;e>Sor-b .. od oyourn repre
sen! ~ctuo.l inurfocu. ond most usen must b• funll
iar \r\~lb l.hem U well u .. ~th nternal interfocu. 
B~""use the col!>ponUit ;i,.terloen ue mDtO .-isiblo 
:Ond oft.en mu•t be more g-.nuolthe microproct .. ur-
crienud syst.em bus emuor•• u 1 hy ot.Mdo.rdiu
tion ~nk t.o allow a widrOt mU of eompcnent.l lll:ld 
dosi¡,'nS. 

The basic a":hlleclure 

Addr .. , •p•« ton•iduoll~nt. ll i• ad,•oc,l.<-goous 
lo J.o,·e mere thon ono oddrou opace. wit~ t><h Od· 
dreso •P•"" ao large u posoiblo. In tho Z/1000, 
memoQo re! o Teneos ond 1/0 rducnru aro ••iu.d u 
refe:<oncu In differonladdr"--" lpoc<O. Thr 110 "!'""-" 
is di;cusnd in tho •~Llon b.low or. cornmunitatioll 
with otLor rlevir01. Memory'nf<rencu mi)' b. la
Oir~otior.• o' rl.ot.o ud otatk o etc un. >rithu'h 1¡-pe 
of •c~e" po"iblo in eilh<r o·otem or normU modu. 
The UOOO disti~¡:uishu Wt"""" ueh el thue 
rc~oror.ce pc,;ibilit!c' by g!in( diff<rtnl cornbin&· 
t"rom ol (•_, >ULI~J!intJ. S.,para•,bg !he •añouo ad
d,.,. ·~o ce> c~n Lt u-sed to !na u >e 1 ht tot.al nurnbu 
of ad~~Htbl~ byks and to ochio.e prou-«ioa. Thl 
,;__,~ ~! uob .~ru.,. •P•ct d•p•ndo en th• ' rtoioco o! 
!lo u~w 1ar<l. Tho 40 r-b parh;;• .. ..,,¡"" ouc~• 
.. ,h o~<!no: o;-•c.- to b. o! nroot (IK b¡1eo, tl.o 
4f pin p ch_¡;r , .,~¡oc alJo..-o ._.th •d:it<'s o pote t.o 
t,. U "'C~L 5[o-J3K byt..:o. 
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The 4Q.pin vcroion lo int.ended f01 oyotemo, ofUln 
U"'--d u d.-<licot.ed oyot.ema, where the pro¡;-um and 
data "P"""" are o mal!. In thlo cue, rel<>eotion io not 
uoually impcrl.ant. Uoing the diff•rcnt addrco• 
opa ce•. one hu a oimple way !.o addreao in proctice up 
to 4 x 64 K byt~•lwith a mru.iinurn of 6 x 64 K byteo). 
Scme simple prótrction io ochioved by ocp.,ot.ing 
theoe sp.sc"" in hardware. 

The (B-pin verolon with one or more M MUo io in· 
t.ended for the medium lo luge opplic.o.tiono wbere 
rc!ocaticn ond h<tt.er memcry prot.o.ction are impar· 
tanL' In these tooeo, oatuo inlorrnation can al!O be 
uoed to separo\.e botw..,n addrcso space5 by uoing 
m u! tiple MMU o. But it io al so ""'ential to ochieve the 
dctailed mcmmy protection t"'J.Uired. litio possible 
te use the 48·pin ver sien wit.hout an MM U.) For thc•e 
high-end applic.otlono. the address •paces are •o largo 
that one i< wililr cly tD o xhau •t them_ E 1 per io nce wi th 
largo computero ohcwo that 8M byt.ea is probably 
adequat.e_ The currenllmplementation of the 7..8000 
U<U SM·byte addreso spaceo, but lhe archit.o.cture 
prcvideo !01 Jl·bit oddreaa (2H7M byt.eo). 

lo both veroions, the Z8000 allowo d.ireet acceso 
!.o each addres• spoce. Dhi>ct acccss meona thot the 
oddresse< uscd in instructions or r~giot<>'" hove as 
many bits O.o the addres• space size requireo. l n other 
sdii:mes the dfedive address i• a co~nbinotion ola 
short.er fidd in the lnsttuction and othH .. tensicn 
bi\.s cft.en lound in an impli..:l register. Deopite the 

· aborter oddn!so fielda, we ~lieve thlo '"indiroct ac-
ces•" does not SI! ve byteo, bec.ouse Htra in•tructions 
mu>l be used tD load and 5&Ve the implied regioter:O, 
which IU"e typkolly in short oupply. 

/1 

the al.ructure io Ul importan! thot it ;, worth.,·hile to 
sacrifit~ ony posoible encoding imprcvem~n\.s in i.,. 
struction r~rmoto which could ruult lrorn dedicating 
rc~~stcro to opeeiol lunctions_ Encoding improve
monto bo;ed en instruction frc~ucncy, oo thol lre
quent instruclions uoe one wor<l. are n'ore cfl.ctive in 
saving •pace without having a negat.lve cffect on the 
•r.:hitecLure. 

\Vhy not have spedalized registers? Th~ 
difriculty !ies in the raet that t.he 

restrictions caused by dcdication arli 
inconsistcnt with onc anr.thcr. 

Most appllutions deditllt.e the available regisu.rs 
lo spedfi~ functiono.. For uarnple, moat higb-lev~; 
!&nguagu require a st.ack poioter aod • staá fnrue 
pointer, Then why not, ane ,U¡:bt ar¡;ue, bave 
spcciali>cd regist.e,.? The difficulty lie~ in the fa~t 
tbat the rest.rlctions <;>lused by dcdicaUon are inc~n
sist.ent wit.h one anolher. l f tho architecture supp!ie" 
oo.ly general·pUrJlOSe regist.ero, tho user is fr<!e te 
dedicat.e them lo spedfic usagco for hia appliatioo 
without resltiction:o. 'Ibis is importan! in the to~t.ext 
of microprocessots wbere uoer applications ...-e not 
"well knowri and where high·levollan¡:uage• are sLill 
u sed infrequMtly. • 

For e>~ample. the ZSOOO allowa software otacks to 
be irnplement.ed witb any regist.er. There are al so two 
hardwlll"e •upport.ed sl.ecko, but the regist.ero used 

Regist.en;. The 7..8000 io primarily a memory·to- are otill general-purpose and can patticipat.e io any 
regist.er an:hltrcture. 'Ibis charact.eristic does noten· · operation. There is M allocated staclc trame pointer, 
tiro! y oxdude cther organiuoticno, and mechanismo .ince añy regist.er un~ used by meanl oflbe proper 
exist in tbe ZIIOOO to support th~m. For uample, tombin•ticnoloddres.ingrnodu. TheoavingsreaJU.
memory·to-memc!)' operaticns ara support.ed loe ed by ngister speciafu.lltion IU"O un&ttr&ctive when 
Urings, wboreao stack cperations are support.ed loe· the ¡;iven lunction c.on !till h< p.rlormed simply. The -

. procedure and proceso changes. This choice provides loso that wou\d result lrom rutricting the applic.o.
upward c<>mpa\ibiUty "with the ZSO. A ro¡:ist.er ar· Liono would be loo great. In tontrast, oi~niflcant sav· 
chit.ecture also resulta in good perlormonce, since ingoresu\tlromcu\udingROiromuooasaolnduor 
register acce•se• ara made ata i¡teakr opeed tban -memory pointer. This udusion allows ene to distín
memory acc.esses in the current Unplementatlcn. - gu.isb between tbe iodexed and dir..,l addressing 

Expe.-ience .,.jth regfot.er-criented machinesaeems mOOu which use the oame tombina~on o! the in
te confirrn lbat lour gen eral·pu rpose registe.-. are nct - struc!lon addrcss mod e fiold. The price is smoll. sinc.o 
enougb aod thot a "proper" nurn~r is bct"''""" eighl 1W still c.on be an acumulator nr source register and 
aod sz.• The Z8000 aupports bytes, word5116·bit), 15 othero occumulator, indu, ondlor memory 
and long words\32-bit), and a lew insltuctions even ·poi otero are avaDab\e. In this c.ose the rest:iction 
use quadruple·word ]64-bit) daW. élomenta. H we made sense. 
rh<><>se 1 6, 16·bit re¡,~SUlrS allow eight 32·bit regi<t.era AncLher dedsion to be m• de obout rO¡,~•t-ors is th~ir 
os wellas !out 64-bit te!,oi.st.ers !Figure 11. Since ad- siz.e_ Sincc the acchH.ecturc hondlca mu!Lipl~ d~"'
dreS>es are 32 biu, the n"""ssity o! at lell<t ci~ht typcs ,. .• must hne multiple doa iegister ,;,.,,, 
32-bit r~¡:islerS wu cbvicuo. The impact al Lhe 4·bit which can bold ea eh d~ta type. Tbe soluticn of :be 
rcgisU:r field en the insttuclioo formal d"pon"ds o.! so prcblem is implemented in the archit..,ture by pr.ir
on the numbe.r of add,ess modes and opcrands. Sii· ing re.gi,t.era, two l·byt.e registe.-. mklre a word 
Leen re¡:isteu oUcwed • ,...,sonabl~ tradoof!, wbereu registu, t wo "'oJd rogist.ers moke a long ,.-o,d 
32 registers wou!d han result.ed in too lew one-word regist-e<. dL, 
insLru,tioo.o.. · - · 
· . \\'il h one mincrrutrlction any >egistoi- con be used 
by ~ny instructlon u ao accumulator, sourr:e• 
op'""nd,lnclea~ or memory polnt~. This '"b"'luity of 

Dato typn. Users wculd \ike to hove as rnony 
dircctly implemcnt.cd data IYp<'! 1<S possible. A data 
ty¡J.. is supportced when it has a hardware I<present.a· 

COMI'U'ER 
• 

1 

:i 



1 

1 

1 

, 
1 

1 

i 
1 

1 
1 .. 

. 

.. 

··1 . .. .. ,• 
'. ·:- ·' . ··1 

RRI ¡ 
"' 

··1 "' 
"' 

RRa ¡ .. 
"' 

RRID riD 

"" 
AR12 

R~l< 

""' ~HO 

·~1 

S(t,.(l.l ~u~.§rR 

UPNROfF5H 

. . 
liun and lnstru<tion• ~ hkh dircctly apply t<l !t. NeW 
data typc~ un al .. ·oys be sim~laled in term$ ol basic 
dol.o typos, but hudwárO: sup;><>n providu f .. t.,. ~nd ·• 

· tn<>t~ conveniont opentiono. A t th o nme timo, • i>ro
üf,.~allon of fully !Uppottcd dala typos complicot.e• 
tho archil.ectute and the itnpl•mrnl<ltion>. · 

'n•• Z5ClOD suppÓrU '"""'"~) prirr.itive typoo in tho 
orchitecture and pro•·id~• c:.p•n•ion n1och•nismo. · 
n,~ ·~,sic dot.o type>IUO oLvhu' !y th• one• •·•r.cted 
; ~ :.o u>otl mo! l fcequenl.ly. Thr eucndo-d d•t• l)"PC!i -
., r kilt •»ing ui•ting da U types ond :n~nipulat.d 
ud~~ C><i>ting in;.troctions. · , 

(i,r b~sic dato !)'pe io !he byte, "'hich ;, al.., th• 
. i _,;; ~ddrÚs.oble el<mtnt. All utl.er dota typu are 

1\·i<:: r;Ocd ,,.;r~ thoit fi.sl byt.e addteS! and thelr 
len¡:1.h in l-yl••· Th• archill e tu ro o loo ouppctl> !he 
foil ""'ing doto !)"poS' byl<> <8 bit•J, "·ord> (1 ~ bits), 
long "-Ord• 132 bits), bylN, ~nci word olring•. 1 n odW· 
tion. bilS are fuUy &uppocl.<d uul addtesnd by 
nUmbec .,.-¡¡hin • byu, or w~rd. BCD digiU ue •up- , 
pohed and r~pruen!<ed os two ~ bit W¡:it• in 1 byt.e. 
One ~onsequen~ of this dala type organi~.&tion js 
th.ot byte. ><ord; ond lont·"-Ord rq;h:us o: e nh '"""' 
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·,o support th-~rri. The ZSOOO ov.:~ pro vides -~druple 
r~¡;ister-onother utenslon-u ... d Ji. Jo,;'g.word 
monipulotion_ ·- •· ·· · 

Othu dato typeo ue suppott.ed byuolng oneoftho 
preceding dol.o typeo: for euinple, oddr<-Sse• are 
manipuloted •• Ion,; wcird•. and "'Ith element l .. g
ment numbor or olfsel) un be monipulotod u a by~ 
ora wDtd. lnstructions are ono t<l five Word O!.ringo, 
(!¡0 pro¡;ra m slatus isfour words, et.c. 
-Al the family grnws. support fct n•w dol.o typeo 
,.,u be ~dded. The archit.oct~•• wm need to support 
them j n i l> regí sU ro or ln memory if they dÓ not lit U, 
••c'ister o tu sttings are lmplement.ed tod•YII But' 
most im por u. nt.the ardU tecture .. ;n hue l.osuppon 
ti•• addition ol new in>tru~tlons !.o iLs reperl.<tir"-... , ... · ..... ,... 

1 osti~ct io~:.. In · de•igning 'ari in<truttlcn "formol 
the orchitect mu•t decide how to oUocat.e a ~rrtlt.ed 
numhor el bit• io !.he opcod• fiel d. addte,. modo fiold. 
ond other operand oubfield•. ln>truction" u>ogo 
shtistics ar• !he he5t scur~ ol do u to innuenco d<1:l· 
!ion> ohcut instruc'tion se\ fe< m o t.. 1· 

0
· 

1 Dth ind thoic 
u'"g• liu a 5trOnt tedtrJul po•iüon: we do no! 
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b,•Ho•·~ thU any ~neo! \he •·oriou• in•truction ~e: 
structure~-r~¡,:is\<r <>liented, tn~morr oriented, 
o\ock oriented, symmetrical, or ••ymmetricol, 
etc.- &re o],.,oys b<Lt'" "hcn uoed ._.clusively. Thu> 
the luk of the architecL ioi.O decide whot his most i:n
porton¡ goal u re, ond for c.ath df Lhem adopU he beot 
futures of the \'lrious structmu so thot on the 
<~.nroge, ond for his seto! ¡:oab, on oplimum solution 
con be found. We dono\ bclieve thot !he optimum wiil 
be vory ohup; it will be more hke a ron& e o! applica· 
tions for which the resulting compo•it.e slrudure 

.. worh well. We decide<! to use 1 rcgisler •t.ruc!ure lor 
compatibiUt)>, mulüple word insu-uolions fur speed, 
mcmory·le>-mtmory insttuctiona for >lrings, stock 
s\roch~re h•r pro;>ceos control and pt<><.edurc suppol1., 
"short" instr~ction for byte density impro••cmcnl, 

••• 
fn•truction (~tmot con•id<ratiotL The :Z.SOOO has 

<>>« 11 (l di•Unct ins!ruction !) pes: ><>"eral ins\ruc
ti~n f<>rmal! ore illustrated in F'i¡;ur~ 2. 'Jnc upcnde 
fic\d 'P"dfi•• !he typo of instructíon lfor "~"tple, 
A UD ond LD). 'In e modo ficld indicolt·s thc aJJrcss: 
ing "modos (fur e> ample, Regisl<'r !Rl. Ditcct A ddrc" · 
IDA). The do~ cloment l)'pC J\1'/DI ond J!•¡;Ísl.et 
d"iGnOt<lt Helds complete thc bosic in•truction 
ficld s Long W(ltd in•tructions u>H dilf eren\ npcude 
voluc from thelr byt<· or word countcrport. Frc4uont 
insl rll<lions ~re encoded in a sin¡; le word, ond le;, fre-
4Ut•nt- lns•.ructi<>no- v.-hich. use . more thon 1 w<> 
opco•nd, u>e Lw<> words. Thue are oft..n Bdditional 
fidd> for spe<i81 elcmen\5 su eh as immediate v•lues 
or ron~itlon t·ode dc>criplors ¡Cq. J n>lrucliun> <an 
do-•i¡;notc rmc, two. or tl,<c opuand• explidtly. The 
i">ltu<liun T~H'Sl.~TI: lit< O TEST is !he unly on~-... ith 
l~w o¡>< o and• o nd is olso lhe only <me wíth nn írnplicd 
r.·¡;iiltr op<:r~nd. 1 

S<• o rol rostui,;U can ¡;¡lid• the prupcr ct.oi<c ol an 
in>ll"IJC\iun formol. A htrgo ñ"mb•r of oÍ>cuJt·> ju•cd 
or OP50tvedl is vcry importan!: havin¡; 0 ;;'.-en in
Sln.lrlion implomcnt.cd in h~rdware ,., es b¡ te> •nd 
improves speod. But one u•uolly tot·eó to coo<t.~· 
trato moro on the rompl<lene" ol lf.c opeootic~• 
•••ailablt on a pvliculao dat.o typ< ull.u th•n ~~ ~d
din~ ""'" and more <><>1-lrir in>truclio"> -...1- id •. if u s
ed IO<-qu,·ntly, ..-i!l not >Í¡;nifi<~ntly urloct"p.rfur· 
man<<. G• ea\ <:aJO must bo Gi•·•~ !<> tl.t !"d•!< m ul ~-~
pondin¡; tho in>lrurli<'n '">o. loo ••~:o.¡ :.-. ~· ~ ~•'-" 
I)[>"Han b<-~ddod. 

,, 
Adolr<·.,in~· tn'"'~•- Th<: 1.~000 h•s ei¡;ht oddrcn· 

in¡; mt><h-s: '' ¡;i.:<r !RI, i~di'<<l "ti•Ur (1 Rl. dir.,ot 
u<J,¡,,. ID Al indr~cd IXl ;,n;tdiau U MI. bau ud
dte" lBAI. baoe inde>ed iBXI. ond rtlnJiu• addru• 
(RA). S.,, eral olher oddro>Oin~ ~~~os ~~~ Ílftplic-d by 
>t"-dfic instructions •u eh as outcinorcmmt or oul..o
docoemont. 
A!thou~h a '~.,·lar~< numkr of oddros~in¡: mod,.; 

is l.ocnefiri•l. u.._,¡;e stat;slics dunon>Lr ate Lh•l col all 
combioations of opotonds, oddre,, mn~•---. ,.-,_o 
opera tus are meanin¡;ful.' 'fhe 1" o !.o»c • • .l:< ;: ::.¡; 
modes of R. 1 R, DA, X. and 1M ~r•ll" "'~•llr«:~· ~;
ly u,..d and eppl}" tomes\ i.~slructó~"' '-'.·i:). nocr. 
!han one oddJess mode. For. two-cverond ins:nc
tions, statistics show thot me'! of th• tim~ ~;., 
dtstination is a reGistot. Other u,., ol addr<>~i -,~: 
mode combication• ar.d le.s ba•ic add:-es,.jr,~ <>-~-"· • 
IUe associat.cd with speoi..J instru<:ions. Thu>. ''-~ 
frequ<nt combination of ntod«remer.t lo• U."
de,tinstion oporand ·-...·ith t.h~ five ba•k adol:~•> 
modos for th¡. sourc. operand is pro•·ided b¡· :t.~''-'-'" 
instruction. The c<>mb:riation of eutoin<rem•N c:O 
dressing mode• for bc:h somce o~d Ó·!i~<t:vr 
operands is on• <>f the block move ins:rucliC'n> :~ 

~•><nce. the addres. mode !ield s;¡ato has be.~ tu<'~o 
for opc<ode field sp•oe. This ollo,-s "'"'" in>tr~t!O.cn• 
ond rombin•tions ;o;hile slo}·ins withln • onn ,e,' 
formal_ 

The price lor this trod<-eff is th iro~·eq~~r.! "''"' · 
ronce o! paits or trip los o f ir.stru ctí .. ns .<imubti~¡- • 
missing •ddressin¡¡ rnod•. This dtrr!'~" occL"· :· . 
most instruction se!.!; in any <~••-

Codr d~n•ily Beoous~ cum·nt r.lÍtrQ¡>roccs;or' "'' 
re;tritted to primltive pipeline >tructme•, th, :• 
spccd islargcly dependen! on !he n"n,l>cr of ut<~'· .1 . 
instruction words. Th•relore, codo rltn>ity h MI ,,1, 
impurtantl.occause ol prn~"'""'" ~izc tt-dutti~n hul ,¡,~ 
beco use of spccd improvcmcnt. One ..-ould lii<c to ••n · 
rode in tho smol\cst number n! l.oits !he m O<! focquo n: 
instructions. The basic instructioto size inr>'"'""' 
wa, thu<en te be a "urd IN teO>Ons dc•l:~~ ,.¡,¡, 
alignmtnt, speed penaltics, nnd h:,dwa.-e r<•tnph >.i
ty. Thus the most lrequcnl onc añd two t·pcr .. d '1·· 
str~cLion; te k e one word in ti.,· ir • c~isler "' "-;~i>l<:
to-oe¡;istcr fo,ms. Less freguenl ir•>lructiu·.:- <•• ir-
01;-,_,<tions "hieh U'< m<><• tbon t·.•.o ~!'"'""~' "'' .. , 
lt-ll'l l" '' words. 

n,c Z~OOO ¡;ocs oven furtl1co l.oy :o!.•rt:r.•: "'': ·\ 
spcci;! inslruct:ons ~• "~lurt" ;,..'lru•ti""' ~1.,. 
!oh ool¡· r.one würd, "¡., n r-''""" !1;· • 1 ':- ' :oc •.; : ., : 
l"o \<Ords. Thse in,truotion>, :-ur~ '"J.''-~'~.,-,_ 
IH (,t~l l." l~lM~DIATE •nd LOA :J \"."< 'JiiJ e:,¡, ... ' :.t '' 
\\UJ!AT~ lfor ""'aU imr:todiotc '"'·•<·•], C.:!. 1.~. 
1"1\'C. ~nd l U.\1 P Hl:l~ l"l\'E. df~ >~ fl<~~~ o! L l ;. T ;. ]. 

ly t!-•1 th~J de>..-•·• o~cb s¡J<-<:iol H<>l m<·Ot 
A ene I>Otd JL'MP HE'--'.TI\"E or.J l1ECI-;.: ">-'.T.'." .'J 

JU"l"O~ .'-0' ZE~O •!so hon a' o-;,-· '·'~" ,¡;, .,, 1 ir:-¡ •
<"''~"'-<:d. TI.~ oloon o!f><l ,,.,,_,._;,,-, ,_,,_: '_. ,.¿ 
d,._.,,., (~~d ¿,_., "iLd b<·1,."') ;, ~\<.:¡ do-,iL"'•: :e 
•"e"" """V.O!~ d~ot5'"'- Cu:t.¡.cto-d lo ptC.'i~~• 
•"'" o;>r<-<""~"- :l., le:¡;•·h t~·d" :< i.n i~ ,:, e .,.,j in
,; •• '" in ,p-<-<! oe"Jits f:~m tl.< Z~LJ~-, "'-"·""''-: 
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nnd H¡,'"1llor >imrl me of lh~ Mchitecluco •nd Ir o m llo IC"'::=============== nl"'" powcrful in•truction oot-which allvws fcwer: (o) 
imLru<lions lo ae<omplish 1 ¡;i~en r..,.k. e 

HiJ;h-l~o.IIDne~<r¿•• •~ppof-t. J:or micropr<><e!Sor 
o•ers,thetronsil.ion hom uscmbly lon¡:-iag• Lo hig!.. 
lcvellan¡;uoges ,.,.;u ollow grea~.ctr"!recdom from ar· 
chite<:tunl dependen< y and will improvc eose of pro
pmrnicg.'1t iseasy ond tempting !.<> adopt • com· 
pulcr orchitocture lo cxocul.e • particular hish-)evel 
lon.,"Uoge etfioiently.' MoU programming lanL'UOge• 
•<t 10 a filt.er and con be oupparled by o subsot of 
onilable hard~·áre with ¡;rea!er efficiency. 10 But dfi· 
cicncy lor one particUlar hi¡;h-lcvellan¡;uage iS!i~ely 
Lo lead to ine~ficien¿Y lor umelated lan¡¡uage... Tho 
Z.."~OO "ill be u sed in • widc varicly of apjilic.oticns, 
~nd ., .• ~no..: LML a largo numbo>r <>f us••• wiU otiU!,. 
u~i~g ass•mbly lan¡¡uo¡res.·Since t~e Z8000 lo • 
¡;enc:al-purp<> .. mkroprocessor, lan¡;uoge su¡)pcrt 
t,u bee~ pr<>•·idrd onl)' Lhrough lhe inc!usioD of 

.lez:mes desi¡;ned lo minirnl:e typical ccmPi18tion 
-ond ~ode-¡;cnorotion jiroblemo. Aroong the•• is tho 
rc¡;dari:}' o! the Z8000 oddressing modos nnd dota 
types. The addressing nructurc providod by oo¡;men· 
totio~ ;hould support pro<edures lbat re•ult /TÓm 
<lr-•cturi~ r.ro¡:-rammlng. Access l<l poamelero ond 
le>col '''-'Í>Lios en th• pr<><odure •lack io sup¡><>rtf'd by 
indn "l\h s~<>n offset "ddre,. mode •• "'cll u bo.e 

-. · ,,ddr~ss ud b•>e ind""od oddseso modc•. In •ddi· 
Uon, •d<'re•• arit.bmotk is aidod by U, o '"CkU!I:ST 
m· J roJc ~n¿ f:I:CM~"I:I<TBY J TO HiioslntcUcns. - . 

T •• ,;,,g ol da!.&, lo¡¡ico.l e•·•l~otion, irútioliuHon. 
Hnd corr.p..ri"'•" o! do~ are modo pc•sible by the in· 
•>ruclion. TL~'T. 'JLS'f CON01Tl01'< COOES. LO~D IM· 
M~DIA>E INT!l )IHIÓRY, lnd COMl'~I<E JMMI:OI~TE 
WITII !IEMDRY. ·comp!Jero and assemblero 
mani¡,d•t.c cha• octer strin¡;s freQucnt)y, ond the in· , 

, otructions TRANSl.~TE. TI< 'N'SIJITE A1'<0 TE~'T. BLOCK 

CDMP~~~- and co••rA ~E ST~INC olJ result in dr~matic • 
op.-..-d j~-¡prov<m~nh o•·~r ..,!Lwlil'e >Í!nulationo ol · 
ll·~•r irr.port.ont t.osh, hprciall)' lo.- cút.ain types ol 
lon¡;-.:o¡;os. In oddition, ony t~¡¡i•t.er c-.n b• us<-d u • 
;u.cl. p<.int.u by lh~ PUSH and f'OP irosttu<:lioos. 

&crn<nlotion. In ordor \o prc••ido for connnitnt 
codo ¡;encration ond doto otee'!, addr~""' must ah o 
Lr co 'Y lo monipulat<:. A rd,it <"<"! UJC> with direct oc-
< •·. • tv ~"mooy 1¡ picolly "'" alincor .. Jdreos o pace, 
> .1 1 !.~t o.Odo •"' orjo hnoc\ ic '"•Y be u;od ou lho rntire 
.. 'd'"'"· In t t:o ro >C, adJrro>cs art n;oniyulottd u . 
~••• LÍ ti_.. <bll tr¡.,;o <>f tho umt s:n. 'Iñi s rtmcveo 
: l,r n•·ed todi"~~¡:-.<i>h 111 cdrlrr» os o,.._,.. dato type, 
In e< e:=~·.!. ¡).,- Z':OOO ~-•• o non-linur .,ddro., !p•ce. 
/>J~"'·'"" "'' m•dr <>1 \~o porto: o 1-Lit ><¡,:no~nt 
nurT.kr ... d • !~Lit Lff>tt. Od)· th~ ~11 .. 1 por• 
1 ici~al•• in o d.!. •• > arit!.r•,<[ic. TI.e ._~.,.,0 nt "'""'¡,.,' 
h "'Hntially o point<r to a r-~r1 of the toLo! addr o •• 
opac~. which <on \'"-1}1 In 1i.telr~m O <-0 64 K b} leo. The 
¡,,, dwor< reprr><til.otlon el & ><¡;mtntcd o ~c!teos h • 
long ""'doro l<l:i>!et poir lf'i¡;ut~ ~). ,.,-¡.,ich ello»'o 
ti.• "-'->Y r.>adpuloHon el u eh por: d t !.e • ddr<u, 

TI.e >•:¡;montt-<1 odd1<nn aro <.ne 01 tho hy 
"'""~-.ru" • oKd lo •op¡..,.t loo(~. ¡.,<:• U>d on • ..J! 

• 
Id) !ol SfGMINT ~0. 

•• " ¡ ' 
' 

SHORI OffSEl 
' ' 

o 
1 

) RICISHR PAJR o 
OR tD~G WORD 

o 
1 o 
1 

o 
1 

• Flpi>ro 1 Hof<lw><e rop<ooon!oU"" ol upmented oOdronu. "-nr -,._ 
n~mon!od odd<UOI> ono "'Otd, ..-h-othoJI! 1• tn o ••11iotor, mem<><y, 
Of u lno!wetion (fl11un lo). Segm<n!ed odd<05$U &<o alwoyo lwo 
words In o regl•t•r or momory (FI~uro Jb); howe>«,lnstructlono con 
~••• ooe ol ¡.,.o lorm•. lhe uouol cou Oong otfoet) ,.qulr .. two 
.,ordo (Fi11u<e 3<:); howo•or, thr<O lo ol•o o shot1 o!!••• h<m t~ol u•u 
cinly o no "'ord (Figuiio Jd). , • • , 

memory ·~·stems e!fidontly, 'I'he twc versiono of the 
UiOOO implcmentation, the CO-pin unso¡;m.nt.ed nnd 
thr 4 e-pin .r¡;meot.ed., allow !he maintf'nance of Lhe 
O<chiL•cLuro! compotibiUty end u$e tho gro"th he
'"'""" Lhese tWO appUc.otion groupo. 'I'he sebnént.t-<1 
addt~u space guaronLHS thot eoch 6~K-byt.o ed· 
dro>S opoce ol the 40-pin venicn hr<:omrs ene of the 
oo¡:menl> el tbe 4 8-pin venioo. Eoch ~0-pin ver<ion'a 
16-bitaddress beeon>n on cfl .. t within !he >egrn<nt, 
ond a modo uisU in the 48-pin package veaion lo 
which 40-pin ver•ion code can be eu>cut.ed.. F'urthor
mor~, compatibility with any cunent S-bit micro
prPCeuor •uch as the Zl!O io e.uy, and 1 new micro
comput.." ouch u th'e Z8 con oddrroo u temo! data io 
• ohorod ••p,;ent ,..jth lhe Z8000. 

The hord .. ·ar• puformonro ol the zaoa-o ;, o.l•c i<n· 
pJOvf'd by addrus oe¡omrnL.otion. Since a sogmd>t 
number does not porlidpotr ia arithmuiO. iL c.on t.~ 
pul on the bus b<oloto !he reoult 01 oti eddro" C<>m
putotion is "''a.ilat.le. 'I'hio fe•ture oUow• Lhe Ust ol 
M MUo with e~>enliolly no impoel on memory bC«>o 
lime by aU"wing it te funcLion in 'paro Ud ~ ith U.o 
CPU. 1 nd« ing '-'1"''"1 ions ore o !so fa ,ter bco¿usc on· 
]y o 16 bit .ddition muo\ be p<·tlormod. B•o:..ous. ol 
the distinttion boto.<-en the or¡;mtnl number and lu 
olbet, one con u .e •horkr oddtusrs "ithout ocft· 
., or~ c"nslroints. Short •ddrro .. o <on u•e o ,],or t <>U 
••1 4ft -..u tJ •• n 2~& byuo) and th>r•by red~to j>ro-
¡:rotn •ite!F'igure3). · 

f'inoliy. iL io "''Y u•y lo uooclote "ilh ~eh o! tl.e 
12& ><·l•men!' ~1 !t. o odduu op•or tbr rrot..o.ction • nd 
d) nomic r<bcotion koturu d<>iro~h l~r lar¡;t r •> o-
t.emo. R<lc.cation olio;..., o u>er t.o -..,;¡, hio appUuotion 
"'in¡; l~¡;io:..o.l oddtuoeo lndrptnd•nt o! •ny ¡.l.y<ico.l 
•ddt<·»••- R.,lo.::~ti~n h n><r.tio!. for uom;>lt. !n • 
di•~ ¡,.,.,¡ ¡:•r.oro!. do!& f,,.,. .. ,;~g op:Om "itb 
.. , .• ,.¡ ""'"· RdocO!ion ;, not ..,,.,_,;.¡ lot 
d.-d;c~t· .' <;>p!ou: ;~r-• "''h e,¿• l} pi<-'ly, t ,:¿:~.; i~ 

l ... 
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as'D<iated «ad,. A •recia! da!! ol ""privile¡;ed"" io
!!rurtions is dclinKI. whi<h doafs -..jth liO. inter· 

"rupt•. ''"P'· and mode changes. Programs in normal 
mod• ,.Joich ottt•mpl t.o uecute a priv~~¡;ed in•T..rtre
tion will cause a trap anda chan¡;e 1.<> systcm mode.. 
The swit.ch from "'"' lo sysT..<.m Dl<.do r•n also bo 
r~used by \he oystorn ca!! instructlon. These 
mcchanism• en! orce prot.cction ond help in dc>i~.,ing 
rclioble ond effid•nt opcrating systems with dcan 
user int.er!aceo. Several nther trap" aH r<.oui,..,j ~ 
arhieve a "conoist..ent system: !eg .... nt.et;or. :cap. 
privi!eged insl.nr<:tion trap. ond urdefin<>::l in,_-.;~
ticn trap. · 
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. A des.i .. b!e memory prot.ect.ioo ochome io o~~ ior 
which protectinn informalion (reod only. read ,...,.;u, 
necut..eonly. sys!ern cnly. oiu el d~u or cede. etd ¡, 
ou~y usocia!.c<d ,.;th thc dato and co.:lc st.ru:tur"' ~• 
1 ¡:i'"" opplica!ion.lt is ai•oone for ·~hiel> a t~'i'" 
numLer o! difieren! typos of proU.rtinn informa! t~n 
can be verified. 

The relocation ond memory prulectir~ 
mccbanisms describod obovo are provided 0} ano>:· 

tornal device: the !nemor)" managernent ~nit '1·~ ~r .~ 
vide telccation and protertion feahaes direotly u~ 
the ZBOOO would haved~mllDdrd too muá. >im.,l:f',_,. 
tion. The uternal MM U huthe [;Jrther advan:ogc. ~f 
providing for eatier ¡:ro,..th by the odd.iti~" n! <<>:'0· 
ponents. The Z.SOOO 40-pin pachg:e dn<s nvL hoH ' .· 
<llfiY \he borden of tbe unu;ed ad \"Onced reiOCil.•Jor.. 
and pro~tion feotur<!S, olthou¡;h sumo forro o!¡><''· 
tection ca.n b,; achieved by hardware ><par~! ion el t ho 
dillerOllt address spaCC!. With mult.lplo M MUs. th> 
48-pin package user can contl"ol tilo rel<><ation a~d 
proteotion rornplerity desired (n hio appUcat.ion . 

Tbo momory rn..,ag•m<Dt unlt. Tt-.e MMU p<t· 

' ' . • forma three fun~t.ions: !1) oddr~si tran•lotion o! · 
logical addr""s to phy•icol addr~•• u•ing dynamic 
relocation. m m~mory prnt.<:tion.·and !.'!) ~•grncnt 

-------------
figura~. to¡¡Jcol!o phy>lcaT o<!dron hanolotlorL 

" 

_. . managemenl. Thc add:o .. es manlpuloted by t.he prr-
. • . grammer ,u sed by the innruct.lono, and output by !.ht-

ROM. u..,...swhoset.otal memory needoareomall ara zeooo are conl'li lo¡,~cal oddrcsuo. The MMU uses 
a loo unUio.ely t.o need relocaHorL thue logical odd<ess~•. c.cmPoo~d of o 1-bit set;rr.e~l 

In •ummary. the choice ola oegmented addren number and 16·bit offset, ond tran•form• t.hemint.o r 
op.oce hu provided-at low cc•t and with few prac- 24·bit physical oddresi!Figure 4). A 24·bit ori[On <>t 
tical Wnil.ations-a powerlulao!ution to the problem b""~ is logico.lly oos<><:ia!.c<d with ead, ><·¡;mcnt.. T,, 
of u ser growth. <el oca \len, llDd pro~t.ion u weU u. -forln o 24·bit physicaladdre,., the 16-hitoffoelis od· 
virtual rnemcry impleme nl.ation. We helleve that a ded t.o the base for the giv~n ugmonL J n effect. ,..¡!..'; 

· linear addreos spoce could hove achieved theo.& tho help of ene memnry mauag•m•nt doviu. t'>e 
resulto but ata «>n•iderob!y higher priu. ZSOOO ~n add:.,s BM byus dir,·.l.ly "-ith.:~ • 

The system archltecture 

Pro\ectio" hd!Wu. The ZBOOO protection 
foci~t.ie• ~D be divided inl<> •ystem prot..ection 
featureo and memory protection feature!. Ex· 
perlen ce with large comput..ers has demnnst.ra!.ed the 
ad,on!.ages of having al )east t wo execution rnod •• 
~·it~ di/ferent occ.css rights t.o llord .... are·facilitie!. 
The ZBOOO provicle5 the oystcm and normal modeo for 
this pUfJlO"e.. A simple protection system , .. u!ts 
from th.e PJ"<>en"' o! tbue \wn modes and th~ir 

16M·byte physical..,emory >P'<•It.. ':lo~ ••~>0-" l<>c 
the choice oh IArge phyo!caladdren '¡.oce in::uM """ 
upw:t.ation thotlarge &y"st..emo ,.;t; "t.nl t.o '"'"u~~ 
biiO for ccmplex r~snwce manog.,nont ptr.:)J<'Sit..'l. 

f:ach ~o¡:ment is given a numbu ol o "itrih'-lt~Ó whc" 
il i• in!tially ent..ered in!.<> the MM U. \\'},en a m•mmy 
relerence is m o de. the prot.ecl ion m<"Cho.nism check. 
thcse ott.ribu!.c<o agoinst the 5t..o!us \nf~rrr.al;o, fl"<•rn 
the CPU. lf B m.isrn.t.:h occur•. o trap" g~n<ra!KI 
which inturupt.o tbe CPU. The CPU ~n then che:k 
the MM U •l..alu• regislers t.o "dot..ermine the c.ouse ol 
the trap. Segment attribu!.c<o include S<l(:~l ,i=.e 
ond type \r...,d cnly. sys!.c<m <>nlY. eucu!.c< ~;in-

COM~UT~'; 
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\ ¡.Jjd Q,\JA, innlid CPU, etr .t Dlhr ~e¡;ment prctec
tion f¡Umes incl~de o "rile wo.rning lOfle U>•lul fcr 
s~<ock oporatlono. 

1\'hon a mcmory prol<-ctioJ> \'iolhtion ls dct.ect..d, o 
,.·rile inhibit Ene l[ll~ranlC<'S that mcmory wiU nct be 
incom:ctly ehong.d. Thei':'v•~d DMA and CPU bi~ 
ind iul.e thot theutly cannot be u....J by the DMA or 
CPU respectively, because eithet the segment 
numbU io illegal or thc segmcnt entry i• not load~ 
'rhis Jut feature, In conjunct..ion with the segment 
hioto:y informalion ( .. gment "chang"<!" o.nd oeg• 
mcnt •'referenced" bi1.5) and the segment.atlon t.up 
mochaniorn. allo101 lhe lmplemenU.Lion ola virtual 
segmcnt.od mcmory oy11.em.. 

The MMU =mes in a 4B·pin package (Figure 6). 
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Th~ chip inpuh are the •cgtnent number, thc upper B 
bits ol the offset, and slotus informotion lrom the 
CPU. The outputofrom the segmen~chip are theup- • 
per 16 Llt.o of the 2~-blt physical addreu and the 
segrr.ent..tion trap line. Sino. the rnemory manag.,. 
rnent devioe proc:esses only the upper 8 bit• of the off. 
sol, the low...- 8 bil-!1 ¡;o di:ectly lo mcmory. This la 
~qulval~nt to having zeros in the 8lower bits of the 
24-bitodgin. Thus, thememory Inllllagement de vice 
only need s lo store lh• upper 16 bit-s of ""eh base ad
d,eso. Segment limit pto~tion io done in the 

e - -·-· _ ... ~---- : .. -......... ' -- -- .•. -. _, 

- rnomory monAgtmen~ devite, or.d thua •egments can 
loe proteO! ed in incrementa of 256 L)'toa. ·. 

Ea eh M M U >l.oru 64 so¡;ment <ntrie• that consist 
ol tho so.¡;Jnont baso addi eso, its attriloutu, si«, and 
st<JtU!, A paLT of M MUo oupport the !28 oe¡;ment.o 
neihMe Íh an orl<L-uo •poce. ArldiLional M MUs tan 
be u sed to "ccommodal-e mulliple llanslation table!. 
U sin¡; tho sl>ttU5 information provided with eath ref· 
ercnce, pairs of M MUa can be enabled dynamitalfy. 

The memory management- deviee functioo• coo
~t.ontly "hile memory rduen~es are made, but i~ 
transfation and ¡aoteetloa t.ab!es are Joaded liild un
loaded as an 110 p..-ipherlll. Te a~hieva thia, the 
tnomorj' manOgement de vice has ~hi¡ueloct, eddres• 
stmbe. data strol>e, and rudlwril-e linu. The ZBOOO 
Sf><"Uaf by~.< 110 instructiono that """ the upper byta 
ol t~e d~ta bu• un load or unload the memory 
rnane¡;cment devi<:e. • 

.. 

guar&nteed. Enoblingor dis.obllng the various io_ter. 
rupts i• the mechanism u sed to enforce this proceso· 
ingpriority. 

l n the Z8000, we felt that tluee le veis of int.erupta 
-..ere sufficient, A non-mo>A~~/t iMorr~pl ropre""nt.l 
a catastrophic event which nqulres special handling 
to preset"l'e >yol-ern integrity. lo addition there o.to 
two mashble Jnl-errupts: non·~.o•ored inltrruplo 
ond ~ectored in¡trrupl•, whkh COJ7espond to a fixed 
rnapping of inLerrupt proeeuing routine• and to o 
uriable roapping ol intuTupt pr-oc:es,;ng roullnes 
depending on the v..,tor p.-e .. nted by the perfpheral_ 
to the Z8000 . 
. Both inl-errupta and llapire5ull la aimilar proce .. 

owil..ohe!. lnformation relal.ed to the old procno lito 
prograrn statu•J lo iu-ed on o opecia.l oyotem atad< 
with a eode ducribing the,.,oi-On fGr the •witcb .. This 
allowa rec-univ~ tuk owil.chu to occur"' b.ile lea vi~ g ~ 
the normal ot..ck undisturbed by systern lnform.o· 
Uon. The aLote o! lbe n .. ,. proc.:n {it.o new pro¡;run 
•tatuo) ¡,]oaded lrorn a opecial azea in m=ory-the 

Modo owltchiog: fotorrupt Md trap haodling. p:o¡;rom at..tus azu-designa~ by 1 pointu r~•i· 
Froln ama U u>er• In d.dl<:•ted proc"-"' control ap- d.nt in the CPU [oeo Figuro 6). · 
plic.ol ion• lo Jorge userl in genoul-pmpase data pr<>- The use ol Lhe at.oo.k and of o point.er lO Lhe prOgri.DI 
<.:,;~KIJ>pli<:ations,uynclu-onousueotOiucbasio· 'otatus azoa are s¡}rc;r;c choicu made to alfow ar· 
• "'-'J:: • an<l •ynd~OJ>OIIJ eveol.s Ulce t.raps muat he. chi~turlll com potibility tf new interruptio or- t.rap1 

i. •. :dhi, W),.n tho,_., nenia n<:o:ur, the st..te of any are added to the uchitecturo. The choice of the two 
;:~, , cr.~ J: u~outiog pro¡;¡-1m mu•t Le .. vtd during mod•• ol uecuüon hu a strong impact on !he deoign 
-.J,ot ia ¡.:rnerally c.aff•d a Laak s...;teh or preces• olcleanuserinterf•oes_E~periencehnsho"'"th•tln 

'~-i:..;h. n.~ U>!" heneiJt lrom the avoU•bility of la:ge oyst•m• the normal modelnot-ruction se~ and 
n.~, :• 1:.'-<-:r~?LS end tr•p•- They also btnefit frorn 1 tht U>Or int.erfocu togeth .. C<>n>titute the moot lm· 
fas!, ... y, and uni_f"'"' handling ol prn<:eu switch· portant element in achie\ing archit«twa.l C<Jm-
lng. _ patibi!ity, ., • 

Peripher.J; usini; interrupts h• ve widely varying 
constraln!J on lnterrupt processing time. To •olve 
'ús pzoblem, periphcrab w-itb U.e ao.me charae-

.eriotico •reo! ten u>Ocioted "ith oneof seyera) ínter· 
rupu. A priority enfOtc<-d among the >eveli] ínter· 
rupl.s allowo. !be .,quiud proco.,,aing time to be 

Com<Ouoicat!oa "ilb oth" dtvl<o<: lb e Z.buo, The 
Z.bua i• the a~ued bu• ..-b.ich linluo all tbe con>
ponento 0 ! tbe zaooo family. • The variety and perfor-
manee requUernent.s of the componen!.> &Jt ao dif. 

· fortnl thal io!acl t), o Z.bu• U ""'"'?0..-d o( fivo bu•n; 

• 

! 

( 
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o memo; y bu a, on 110 bu o, ai, ¡~i..,lfu¡Ít bus, andlwo
resource requeot buseslf'i¡;ure 7). 

The Z-bus ;, <..olled a "sh...-ed" Lus Loco use •e ver al 
componenls can use it. A bu o usPr Ís a CPU <>r'a p.,. 
ripherol which eon usually ¡;enerale "one or mort bu o 
transactiono sud> as memory dolo request 0100 110 
10quesL ]den tita! bus tranoact.iono tannot Ulke placo 
o! Lbe ... me time, but s<rialiulion mechoni>mS allow 
.. quenlial uoe.of !he Z-buo. A"hitec\urally, the 
buses con bé grouped il'lto two otructur""· The 110 
stl"tld~re useS the 110 bus ond the int~rrupl buo. TI,e 
memory >ll"tlet~re uses \he memory bu o with or with
out address ul..enoions. Both 0\1"1Jclures con use the 
resourcr r~queot bus ond the mastership r«¡uo•t bu o. 

Eoch bus cori>i•ts of a se\ ol >lgnols ond th< pro-
tocols .,.·hkh preside ov•r the various typos vi \ron· 
oactions. Part of ooch proLo<ol is the timin¡: rolotivn· 
ship betweon relovant •ignola. The ZSOOO CI'U pro
vide> most of the>eliming tdotion!. The od1 ant¿¡:e 
of •uch o chOice i• the significan\ reduction in the 
number of components r•quit<d to Luj]d ;.,"¡, a 
oystem. Ono cunwquence i• tl10l bus \ron<octiun .. 
cannot be obcrted <>r deloy•d freo!y >im:e oome 
de vices. t>pecially memary. ha •·e >P<·dfic timin¡: con· 
ttroinl>l. 'flle rnos\ impotlbJl\ CUII>idcr~tion for the 
Z.bu> ;, the noed l.o inl.etfoce to multiplo><-d oddr~•• 
ond dota linos of tho ZSOOO CPU which <nust lit in ~0-
ond 48·pin p~rko¡:u. Tho Z.buo ¡nointoin• tloos" 
multip)., ed addre" and dot.o \ine!. v.l)' littlt >¡--·cd 
<ould b. gain...d by demultipJJ,¡"~ t).e,e 1;"~' f<>r 
mem~ry rde<~n<u sin<>' memOric> ore t:.o•r.••h•• 
mullipiH...d. The moot irnpw....,nt ,~--~··!8~' . ' o 
rr.ullipJ,.,..d ·~ Lus ;, ti .• di1,, ... ~a,. :.l.::.o .· ,_,¡ 
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peripb"ral interna! <e~i>toro. Thi~ f<•l "''o >llv~ s t :.e 
consl111Ction o! complox peripheuls "loich m•i·.' .,in
a simple pro~ ro m interfou. 

The Z.bus is lo.nown Oo o lra~sp•··nl '" ~::n· 
chronous bus.. z .. ooo comp<>ncnls do"~' 1<"~"''" 'lont 
tbeir dotks be S) nchroni~•d "ith thc Ci "U d0e·k. T~~ 
si¡;noiÓ U>•d by eoch tr-n"uctinn )«Ol·id" LH lhr 
necc:.•••Y titning. This oOnc•pt.i• ir.op~'''·'·'· it 
alló,.·s. {or ,.,4mplr, 110 r<fcre.~r•• te l•c h·drpe~.~"''' 
oJ" tlo~ 'f>'""d and dock froquoncico rt·~~ir< ~ ~; "''"e 
Z.LustrOn ... diono. 

/10 tu o"'""' mrmory buo:·1i, J. O onJ "" ··~··· 
bu,.., ore tht most impo<I.O nc. TI.e :· F;o1 •r ~ ·" .:· • ;.·· 
dtiO..ctm< di,tingui>lo<O Let~<Ún ,., . .,.,;,_, ,;. : :'L" 
sp~L<"S •"d thus roquitcs specilic ).\);,,,,·,:.,o"''·· 
n,;, ..rchit.ct~rol "P~>a:.ion eUo•" t't"' !""~···· 
t ion and J..u o nircr p<>!~ntiAI for < u~"'ion. • t lo.· 1 .-, 
~nd ""'""")' L"'"' "'" ~ lG·Ut .u~'"""d:oo.o ¡,_, 
.,..¡,¡,¡, dt~~• 16 Lit J;O odd~c:.u ""d ~· tt 1'-l.o·. 
do \..O < l•on.nt>. ~lunury odd;c ""' u,. 16 !.it> lv: ! ~'' 
'10 rin f·><l o¡:o "' •• '' ,,!.d w 23 ¡,¡¡'o,;,:; •! • Hf· 

·,.cni•·d ""f>!cn. Tbuo.th mttooOt} lo~• h Oc. f>,l' 
lo¡;ir~l o~Ja, k•. Tl\t in<t<~><J >?•t.-<1 ''"·~:". · 
n.o·r.l• d lut"r< mirt'-'l"''""'·•'""" is h~.·lttu b, b<"'•·•· 
e.:l L) t..i'.;::.s ""''""•'1 nd 110 ")"'"'" iv ,. . .-i: 

' r..r.. .o.•·.·H·. 
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'"·'l"'tli>O r)'"'"'~t·riHi< rrf<!O'I"I<O l'"llcrn• Bnd by 
usin¡: sÍJ>mlt•n~ouo 110 11nd momory relerendng. 
Tksc !ulule i'"'"Lililico r<·<¡uirc on orchite<oturo.l 
ocpm ation 1<.doy. M o mor y·mopp<..:l l/0 io SLil! posoi· 
blc, Lut "'" l<el Lh< lo•• o! proh..:tion and polen tia] u· 
pondobiUty "'" '"" •••~re ~ jusli/y memory·mapped 
110 by i4elt. 

Both !he 110 and mcmory bu..,snc.d od<L-oO>, data, 
end rontml •i¡:nolo. One importan! lmplemcntation 
du:,:o;', "'"' lo o•~rl•p the •i¡;nnlo U>ed by the 
n.omory· ord 110 hu•os on thc >~rne ZSOOOCPU pino, 
~·ith the obviuuo ex<<plion of !he oto tu• si¡;nols u sed 
to distin!>1Jish bol"'""" !he t ... o typu of bu o requosu. 
Fo' the cune M Z8000 irnplomontation th~ r••ulting 
r~duclion ito number o! pin• i! si¡;ninront. 1 n tonlrul 
the impossihiUty o! doing concurr~nt memory ond 
JJO rdorcndng io not very $Ígniflc.ont since thcir 

, ~;>eods "ate eosenlially th~ 'ame. . • 
ln .~d.ition. memcri•• and peri pl¡ctol• hoth be,;ef'l\. 

·¡,,m the avallabillty·of ea.rly status informal-ion 
dofining the buo lTOnsacticn t:i•pe (110 ver<us 
n . .:ilo<ry, rLad vuouo ""til.<')ahud of !he octual \ron
..,.,;,.n •" that bidi.r..:tional driv...-o and cthcr h~<rd
''"'--'" elem~>n._. con be enablod Ldwe \he .refcrence. 
The st.atus !meo clthe U!f.IOO CPU pro•·ide this type 
o: <>--'lY otatuo. · 

r;. tl!O "'~••~u. Since many i"'riphctah ~•• con· 
r.Lr;td ,.;~~ une CPU. the 110 Lu> io ,t,..,..,d ond 
•• -r:Lii.ot hn m u >L Le providt·d. O no oolut ion in,-~¡' e• 
"';r.g ~ ln.l5\erlslove protncol. Th< CPU io a rnHLer 

o!,., clu•iun oud >criuliz~t ion tnechanisrn• Jlet•dcd for 
muhiple diM<ibukd >¡·olemo with critica! ro•ource 
sl10ting. 

Mullipro« .. ing. In the conlexl ol !.odoy"o l~rse 
rnoinlrame 5)'5\<mo chocacterized by rnultiple pró
c•-••• •h•rin¡.: one processor. one i> tempted \.0 
d~•i¡;n di!ltibuted pti.ce,.ing oystemo with man) 
lo~·-cost micrcproc:u!Oro running ded.icot«< pto
CC>""'· Such an opproach 'distribut..a inu·llit:ence 
to,.•rdo the puiphecolo . .reoults in modula:iution, 
~nd pormill usi•r denlcprncnt ond ¡;TO'-'·Lh. Unlor• 
tunately, in the pul. the pcoblem witl, ouoh on op
prO>och hu been ocft,.·are ~nd no\ hardl'o"llle. Timo ene 
connol be e>pe<tod te p"'vide detoi!ed •olutiona in 
hord14"&tO \.0 a software problern that h"' not bcen 
snh·od yo!. llo""'""'• >eme bosic rncchonismo havo 
be~n p.rovided te allow the shatiog ol add.reu spoceo_: 
lar ¡;e oegment.ed add.rO!s space• and the exl.<'mal 
M M U mah thlo possible, and a resouree toques! bu• 
is prc•ided ""hich In conjunction wilh •olt"are pro
vid<Jlhe e•dusionand setialli.aticn eon\Jol oloha.red 
c.ritical reooutces. The•e mechanisms ond new 
p•ripltoral• Hko \.he Z.I'JO have be•n dc>ignt<l 1.0 
•llow <a!)" &Synchronou• eomm~nication bet"'""" 
difler~nt CPU•. 

lmplemcnla!lon lradeolls 

,._ !.i<.~ '"" init i•lc an 110 tranoo 1 i~n o t an_v time. The Th• hy lamily dt•<i•ioo; produdbility. Confr~nt.od 
P"ipi,. ,;.]o are slavcs ,.¡,;eh partidp,tc in a transoc- witll the ¡>rcbltm of do>i¡;nin¡¡ e nc"'" LSJ-Losed • 
t:o~ "~ly ~~len r<·quool..<d l.> y thr mostee. ln order LO •ystcm O<chiwcture, we could ha ve i¡;no"..;! poc~oge 
find vJt ,¡ "porip!tcrel need, 1 o be •o"·ic~d the master si•e ron.iderotiono by uc•pting p>ekot·~• >dt h 64 or 
con r~U e>dt in turn. 'rloe Z.Lu• aho pr~•·ideo a fost..- more pino. ot we could ha ve ignorcd m o os produc 1 ion 
woy <•! ¡;clling lhe attention of ~ moste.r: an inler.rupt t~chnology ron•t.raint..o by u sin¡¡ die~¡'"' l~r¡;o r thon 
bu>. l n contrut. "'ith the lfO trans .. cllcn dota bu o, . 260 milo oquare. Su eh •olutions are often j ~•:if,ed in 
eorh pcriphrel ~ha.ring \he intcrrupL bus may "'Uy"' \.he implemenL&Lion clan etú!ling computct s¡•sum. 
lo"'~ it oimuh•n.-ou5ly. Tho intonupt bus uses an in· • The componen\ houndatiu. packo¡;elidt..otion•. ond 
1 ect.:~t lino. inter.rupt a<knowlod¡;o lint. and L wo \echnoln¡;icollimitaliont a.-e s.-con<!or)" lo <<hi"•ing 
"'' 1 e !ines us.-d LO l"rm • daiJy choin Tite doisy eh a in !he go.ol of uact mfmbeuhip in the con.¡:::t er femib- .. 
is ;.n impl•m~nlntion ~~ o distribut.•d orb;Lnlion But il one wer< t.odesi¡;n o,. .... ~y~tcm etd.it<_,:ure 
rr.;:Oy k 1 ~<<~n !he t~qu ... to. 1'1 iot ity "' processin¡; io "ith !toe .. m• !.e k ol conouain\.5. ti-c in~: ,·iduiJ't<.otn· 
d,:. •<nir.rd by the posit Ion in th• d~i•y choin. ond- ponon~ "'""Id not ·Le price--tomp<liti•·r- only" ll"• 
1" ti¡>!<. ral> c~n be pr,·,mplt·d 1 nturu;>l •·cctots ore loto! o¡·stem "ould Le. A now >y>l<~l "" l.i1• rture 
u>Od lo d.t~rminc tht idontity cf tho pt.riphercls re-- b~sod en tlJ• opprooch could onl) h t:><d 1.-CI ~<>i¡:n· 

quod'"l •orvie< \ÍO an int~rr\J¡•t. ¡·ti anothtr'Jroditional comput..r. 
(:•/,, b'"'"'· Tho ¡,.., '"""""" "quesL bnse.'are -----,·:--------------·---

,.: L . '';e<; ••·>! 1 ),,.<~ni rol ~11 he Z· \;u> !:om tl•o CPU 
_, , ; : ., ,..,~,. - t u.nuol uf any ¡;t 11 u oli><d " •oUTce. 'fhc í'-SUOO f nmily pro\"id es hosk. 1:1 u" r ul· 

: ' - :· .. -,:,~~ Cl ·U ~' • ny Z hu>< nn•pat i~lc CPU dnco purpu~c blur k S out of wlri' h n S)' sil m 
"· -'"d l<t ,.~u··>ttl.c bu, toL-C<e•> it••• m><t.er. ~oluti<.n lo mnst ¡nobkm~ Clln h<· 

e-.. : .• . :':. ,,.¡,.,._ 1 ho• drf•ult "rn~j-~,_ Other de>-ke• implcm "n te d. 
· :·-;~o>L Lus rn~'-lusl.ip, but th•y mu•t go 

: . : : :, l c-c-r.·p:,·t·m;oth< di>LriLut•·d orbitration u .. 
in;:: .. o.oll•« rl•l•y c~::ir.. TilO CPU a! .. ays .rdir,
'1";>!-rs tht t.us n the '"d <.1 il> C\ó.rrN>l bu• t•~••»<· 
tic n. 
n.~ cc;OlJrCO rtqueot c),~in io a ¡;cncrai:Z.,tion ol 

ll-o>l <oc.rtpl in "hith ~.eh «:~u<C< r.-quo·SU.r h• 
''}e~! i~•pDrlane< ~nd ,.,, '"" t~• re>~ur<e in • r.on· 
f'"'·-r-ti•·• monn<t. ,-,_;, rno·rl..•ni"n in ~l•e ZI:~OO 
· .. l't.: ;''"_:¡,~MIO;, ¡:,,..,,.,in ~~!t'-'•retl.c h.~ 

T~.~ ~o~n l.nlity marht i• int•_,,~, ~ •~ l. ro>ucl. 
Lr. .... l<t. ¡,nd <->eh rom;oont:.t e~ tE: e : ,,_ .n, '"~" 1 h 
•' ui·M.>io .JI¡· ,-i•Lle. n,t >'-"C• ~ ;;.~ r. . ..!'-'" ;, ~ ~' c~m 
¡-ron•nl> "lo id, • re tcono..-Jc:.!l} ' ;.~.:, l•! 1 1"-"·" lvu 
alko~• u• to un·e th• rr.>rl.<t r,~,c. ·.e¡-,,,.,¡¡ •~n-
fi¡_;.nliar.o W V«)' ¡.,,-< <•:.1.:;-~to::~n• L~ ~•ic¡ 
lllbl~ ·~"'l'~n<·nh. h ar.y co:c~:~.ticr.. ~;,.¡ ..r.ly do 
'-'< )odÍ<IO lhl ~~~> a¡:._,.,,h ¿,,_., t o: tntr:,~ 
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ALU. Thos• implou><.,l.alion ~oci;ion!, whi<h ""'e 
¡;<lid<d by Lhe (<,rhnolo~i<ol ond praclica1 tonJidero
Li""' .l•ave a stro~¡; in,poct on per!.,rmonu, 

To adUe,·e ¡;ood ¡wrfor~non<:e ..,-ith lhe insl.nJction 
{Ofm•Lond dot.a Lype envitioned for Lho ZBOOO, col y a 
16 bit buo beeno od"''uole", o 32-bit hu• would hove 

· ro~<t»it.ated uoing' on u"occeptable 56-pin or l·r~er 
¡¡ocko~e. Oplimal ¡.oerformoce io obt.sincd with lhi• 
chu>on lou• width if the •iL• of !.he frequcntly uo.d 
rc¡;i>l.eH.<He¡;ist.er o¡><nllons lo..comeo·one .,~,.:;. 
The choke of ALU and lnL<rnal re¡,;io¡cc ,.;J:b :: ~ 
t.rodooff klween opeed of th e most l¡equ..nt <>1>•• '· 
tiono ond thechip lltel nt«<..! W implement ~ ,.!J:: 
ALU ordot.a peth in•ide Lhe CPU. 

None of tbese impkment.alion d..,;,;om ahould 
limit Lhe IIIChit.edure. lnstroctiono lll'i frcm c.>~!.;) 
Hvo wotd• long, and dot.a types ond addr """' ar~ r.~: 
lirniU!d !.o 15 hit.a. For eum ple. 32-bit wr>rds ocro o~, 
o/ thell1ain dat.a typesofthe machine•. nnd addtestt• 
oc<upy . t ""0 • wordo.._ Tha . ..Jd,~H mechanisn. ;¡. 
lustra tes the strong diJI.iucLion bd" P<U an arch'.•• ~· 
tute and it.a i>Dplem"fltaLioo, The lltddt.ec!u:a! ~!· 
dre" reprtsent.ation useo a 32·bit wmd of wl"d" ~ 
biU are re5erved and 1 io a ahort formaL-1oñ~ ;~. ;n· ·' 
dc5CdpWr. Thus, the ZBOOOardlileclureprovide! up 
to Sl·bit addresseo, but only 23 ar-e currentJy h~. 
plcmented and 23 pino of the <:urront poc~•Jl• M: 
alloc:O.ted to addres..,.. · · 

'. Flvuro •. zaooo pln lunetlono. 

MMU 1ndeolto. The MMU and its rclation t.o lh.. · 
ZBOOO C P U illu5lr at.a t.r adeof fo that a rnioopr.,;,., •'""· 
arc.hile<t and desil,'"nOr t.aara mu>l. m~ke LO •·~·~'" 
comp<:ment monufa<:lurabiUty. 

. . To ochieve the ¡,:oab · ol good archit.ecl.Urol com 
_ potil>ility for high·end syol.emo, lt wos """""'')' LO In· 

dude the protecticn and reloc.alion mecha.,icmo 
deS~ril>ed above. But il all deslred f""ture:o V'CTO 1m

. plen.ented as a oniXhip CPU/MMU cornbln.otiun, it 
wou1d have beeD LOO l•rl¡!e aud, <henfo<a, 
unec.onomial. And il a r..:luc..:l oU of feo~ur .. wue 

IJ•!.em • n:hit.ect uro! po•,jhilitieo, but we abo believe 
thot the family willl>e more effective beca usa it will 
grow with it.a eustomel-, . 

The Z8000 fatnlly doeo oot a!woyo atU!mpL Lo pro
vide specific architectural oolutions, alteo irn
plemented in hardware, !.o all syslem architecture 
problerno. 1 nst.eod,it provideobuic, ¡:eneral·purposo 
bltorks out o! which a syaU!m •olution W mea! pro
blern.o can be implemen!.ed. The mult.l-mJcroproces· 
oor and distn"bu!.ed oystem tapobilitiu of the ZBOOO 
fanu1y illustrate the use of open-ended rtÍechanismo 
to solve a uzioty of archltecturoJ problema, while the 
memory managornent of addreu opaco illustrot..s o 
apeólic problem oupported by o opecific •olu· 
tion-the MMU. However, othu 10lutions more ap
propriote !.o a particular pr<>blem con bo uoed and on 
odvance in the ot.ol.eof the arttnlght be mopped lnl.Q a· 
new d""ice for th'e Jomily, 

This vi•ion of tho laml]y often reoulu ;;, corn· 
ponen!• morepowerfu1ond complei thanao opplic..· 
tion may rt<,tUire. Tht '"'"' should no! t.akc this u a 
cau .. for olorm. but tather as the reuon hls oppiita· 
tlons growth will be e"'ier. 

D.,¡~ CI'U lonp!<m<nlotloo d.dOoooa. Tho ZBO()O 
currently u su a 15-blt dota bus (F'i~-ure B). an interna! 
~'~>Ó~k r arroy of 15-bit re¡,¡jslero, nd a 1 5 bit par ollel 

- ,. 

· hnploment~d, it "'ould havo b...,n atchilc·dur•!\¡ ¡,,,, · 
primltlva. Thuo, the choice was m o de !.o mair.t•;n .\\) 
futuro• and use lwo chipa. Thl• new'>otgani~"lion 
hu oovero! si¡;nificant ad,·anl..oge!, "'-'Cb U· o 
<M PI bility f<>< multipl~ MM U o, arid allows thr oc,·•·•· 
of a DMA devia l.Q the MMU. ' 

Glvrn the choia of an eii.ernoJ MMU, th~ nc~ 1 >ct 
of drt-hionl <oncem• pockacé sin and circuit s;>< rd. 
lfa,·ing uch relocol..d .. gmenL at.att on a .. c. d bv.tn· 
d101y wculd ha,.ertquir-.d a 5f ·pin p•cko&ear.rl b vo.t y 

- la•t 2~ bitad<!<t (in foct, a IG bit ~ddcr anC fll·JO• ~! 
carry propogotion). In contras t. 1 h< <l<ri•io" l '' . t• • t 
S<·cmenu on 256·bYl• boundaric• oll,.~ • th• ,,e <o! ~ 
48-pin porhge. a /a;< S-bit add~r, ond B bit• "~ u.•· :' 
propogation_ Th,; ·lotl.er oolullon is t<-ehnk•l:y 
sup•tior ond p1~ces practically no trsldction .,~ t: o
archit.o.<Lt!<e. S,l,.,Oilt gronularity can W ,.¡, . .,...,., •• 
on impl~m~ntalion r~stridion and no'. os ~n ~tchit•-· 

• turolrostrict.ion. 
Moking the B low-ordu hilo of Lh~ Dfl><-l go di,.-.:<1;-o 

to rncmory also significantJJ' t ..du«> '"emory a.. ro.• 
time. Sin<! dynomie m~moriu u>e !hr.., hito f.:>t, 
mo•t ofl he MMU rel<><.ation lime ¡, hidden dudo·¡; • 

. ----



normal memory occ~••· TJ.,. ovoil~bJiity o! so¡;n•ent 
numJ.,.,,. oorli<r Lhon tho »wd•t<-d <>ll>ot bies tein· 
furrru thi• ad vnnta~o on<i • Jlow" the M M U Lo '""'lt 
in e,.entially no mt•,nory "''"'" >pce-d reducliorr: 
f:ach M.\lU cntry oloo t"'!Uirc• B hito leS! lor hose 
and oocuwnt size value. 'fhio i• import.ant: it ;, 
dc>irable ¡o pack •• many entries os vo,.ible pcr 
MMU. With 64 tntri~• 1 2K-bit memory is noedl:d. 
which is technolo¡;icaUy d¡f/icult in ,;ew o! th 
•~"•Unt uf logic surroundin¡; Lhi• memo!)" and tho 
con.¡.lexi!y ol ,¡, or¡;anitotion. 

The f •eL !han • n M M U is nnly cnnr.ecttd Lo the U¡>
per byte nf the dala bu"s r<•t¡cir., t ~.e "'"o! s~eciol 1/0 
in•t ruct i.,n, f or its 1 oodin¡•. oJ.d r>l .li¡¡es us l<l roplare 
th" pc<>ible me of on ""LOrnHlic demar.d loodmg o! 
entries by cxplicit in,truction loadJn~. To oompon· 
'"'' fM t~,~ time pcnoll)" K"O.Ci>l<"<l wilh theloading 
of r•>ten<iolly unu•"'l •·ntcic'. m~ltiple MMU• a:e 
u•~d. Thcy not only allow th• impktnoc.Lation oll28 
entri••· ¡,.,, p~iro o/ MMU• con ~e auwmnically 
•~~bl<d by th •r•'-"m antl no"""l rr.<.<ie pino d!...c· 
¡ir.,; o f ull ""vir<>nmcnt ~" Hth "' eleclro"'" 'i""'~ 

We fed thi• "'"'"J'Ie iUustTBics '"'" imponont 
J,.,;¡¡n "PI""" eh: co mmprnmi"· •• ~ttlc •> po»i\,lc 
'"' ,,.]v'"'" cd ~:cl,.t•·<"l<Jr.•l l•·otu•~• 1ut Lo acoci'L 
~'"''~'""'''"' '"'hich rt·>ui< ¡., i '"Pic<n••nl.atwn #OSC in 
, ., .], ·r tu .chi< ve ecunornial comp.unenL9 

CÓ>r.~!t,:on 

'J1., . ,, hite<Lural so¡,],ht:tri<íon "1 t!.e new lG hot 
m:é: f'<vC·'·'sors is ra;>idl; <•i•J>r<•ochir.g lhe lr·>·d u/ 
<i~e mmicolllp<lter and l.ucc "'mp<Ltc·r. !'rublom• 
ou~h "' co•nponcnt f.,miliM. l:c,:c •ddre, ;pa<cs. 
¡,,; ~ •tondMds, 110 stru<tU"""· 0uflv. a¡ e in•·estu•ent>. 
and archi L<·<lural compatibility ore bein¡; dirccd;- ~d· 
,¡,~.,<·d Snme of the oolutions 10 thc•e wotlems ar~ 
kr.~~ n. ond therefoto the transition from 8-bit micro
í'""'"'""'" was ielatiHly cuy. Dut the chaUengcs 
•1,~··<1-·,.,.,,.orks. di•tri~utcd ~""e•>ing. new ap
~~<>.t'.om-are muth hW"dor. "floe b•p~ct oi ,.kro-
1'''"""""'" is •ln·•dy cnotmouo. but .,·e lee! thcy ,..,u 
"' i. ic ve t :,e often·pretlictc<l C<":llput<r rc,obtio" only 
•f•er <hose ncw problc"'" "'" ovl•ed. M 

,\ ~) :' ov. J;odgem enls 

·~1._ 7.S:.O"J f•mily would not uist " i<h<mt t h• Hry 
;~[' r.t cd wd d tdicated rl«ig-ners "'·•o con~cib"tcd lo 
.,.,¡ ÍJn~l, mPnUcd the idoao d<scdLtd in tbs paper: 
·. • ··""'ni .:.ihima lor th• Z.%OO.lliros!ú YoncLawa 
''"· ·:"' \;).IU. ~nd Ross F"·cm•m for the pcripherol 
dcvit•t•>. J <ldy F.:,trin """¡,. im·<Liuublc ctmtributiort! 

. to the•rchitcclure of <h• ZBOOO and Z8 /.lany discus· 
oion> "ith C!¡arlie !la••. l.cOni!!"d Shust.ek. ond 
Fc<Os~ flaskett han ~'l"eatly influcncod lile UIOOil. 
Leon.,d"s inslruction •ot meosurements .. ·ere 
u¡>cci~lly v~luable. Donnis At~son. St~~• ~leyer. 
Druce llunt. omd m~"ny •><hrro must b~ thankcd lcr 
lh•ir C<•mmenls on <ar:: · <lr1 lts o( l his papee. 
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'Ihe 1 ntel M :::S-4B fa mil)' ~~ ,;',,~INh!~ nJ'"''' ,,_ 
puttrs conlains o t)e.,t r.ine dJf,·r ,._,, rr.im>eorc¡·ul•r 
chips ha' ing o comor.on instnrctron >ol ~lll dr/f"'" 1 
•mounls ol on-thip rcad only m<·mory, ,..di 
wri~ n~mory, ond !nput'oul~uL (seo Tablo l) Ac· 
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hblo1. 
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A syslcm desiyner rwd tea~!"'·-, 
who Ju;s madc liberal :1se oj 
micrür:omputcrs in his u; .. ,- ·· 
c.nd u·hose student::: ha::e ,/e si"'· 
8048 processors, rN·ic?cs :.1:·: 
capcbilitics and /imi:o..:ttv:b Ji ;:;~ 
·\/' 'S-4S ¡·-,,,,· 'J' ~ ---,,,-··~e~ ,.,. .,. .. : -· • L •· , u;, _,_, ....... ,,_ .... 

curc;c.~ 11"1 lnt.-1, tl.o .'.ICS <.' Lm'i)" "-· 
"·'"cd p:i:,:or;J)· •ttt.~ ""<·t.:: "•''-ct"'-: '· > • 
te\'; -~~0 ocd ~:l.tr l•>•·<ro•: ,,;,,,_,,.~,,Ji!.-:o. F· 
con: ~r.tr" • in¡ o 1 Lo 1, n"l) llh ~.:-:: 1. r ~~~- O: : :. • .. 
~~ll) "" ;,,,,~,.:~;;ly '• .•:i0t; ... - r,, t .. ·.,.¿ e 
cont.•oll~r •r•pliracions. Thc 1." • ·s •S :~.::'l:· L· ·•·• 
1 hi• m!\;"\ ct ' try "' \\. 

Tf.c :.:eS-~& lnnUI, "•• • ¡," .:: .. ,.~ "' • ,..,c.:. :: .. 
ht- cr: ~'otiur.s that r<t¡~ioc "~' >¡:.!nó~:,•. ,;:.¡; 
.¡,;¡,, r•·c.c;d·pu;pMo noicrocom~ut.cr. ;.., '~'·'·' · .. 
Tnl>l< 2, i·c" r •l <>P ndon d.i~• he< ~ 1 O> !o e:. ~- · : ' : 
\Oirlo., ~~ CS lE com putor wiih "P "' > !( l•)' 1' - ·. · :,·." 
¡:ra~J l~Q~,J. ~.IGM nw" hytci<•!o>lt mol Hl' ·:.: 
os mor. :e 1 10 Lil> •• o dr>irncr "o,. 1."! " . '1 ,• · •' • : 
diuon, tho r>tlCnal·liO bu• ~~\loe::,:~·-<, l. ... ;. 
o:lo ~ > , •• >l' i o:,., r~, ;,~ ol >lo n.t., J -11<,, e ... ' 
P•l:l!,· ¡o .. ·i;ohero\ do;p,. No-.rtr.,J.-:, ,;, '·'' :.::.' 
turc o/ ü.c M CS ~ ~ /; m.l,v mt \ ,., i: e :!l .. ·cl: : ,. " 
m•ny f•"rt•rol p~rpcso opplit•tir·n• ~¡,,, .. ~ '-•' ·· 
capal.l. l>·hJI ..rchircctu•~ ¡, o o·~ui1 td . 

B;,~ic uchilccture 

or:i.:ro>.;.o .. ;ullf tl.'p t)',o'·'•· ; l 
~··.o:bh:" ter ,_,,¡, d tt.< r,. :.· "" :•. 
:.:··o ;; ! .. ,. il.' tl.:,r J, · 1 J.,., o .,. 
¡~;'¡'l<,!.r·("••'''~"''i;o,.-'.· .. , 
inJ.,t<·J~IiL'-t] ... ¡~:~~<t],J¡;!,<•"' '' ,;,.·•: 
t-1 !·:· ,, ; , : H\'.'1!, ¡:, .. , <•· · .·,< ~-
Ccioi!,J •1 •:Ji¡•ti,o~oftl.o: Oi .. '•''' 
;,,,_ .. , .;. :~ono·ol¡•ol-1::: .. ] ; ; 1:.:•!. 

T. ··.'.!t:,;·<S ¡, • >in~l, •"'""·"J .. ¡.,, '·"1· .. · .. 
!'<c.:'• o. .••• oM•}'~nrtd.t• "·'"'·"''' •. , 1· ,: ·o .. 
¡.-l.;.;, .t<¡ "!'"'•:-~ ltl "'· ,. < ;.-: •, •f ,, ~ .. 

n ~ ... ., .. ; ........ _,,. '······· 



"•'""·n ::.o .. !Ún<!)_ TJ.~ OuR•'•••wOu [ll<>t-IOtn "d· 
,! , ,, ')•· ,, :,,., L.d;,,¡: •·•t••nol I',UI-11 >U;>J•-ri,d ~J 
: ).,_ ,., ¡,¡,, . t ... ,_ ;, 11: Ly[C;_ Tl.uc •' •• • rno•i<r1<>1n u/ 

- [, L)lt~ ,.¡"",·,.¡¡o l•nto·rt••l) -''''" "" n•cry,ohhich 
,:k "Y•<' "'" h¡o:rrn•~olo-J i<l the <~rr•nt f•mily 
1 .<], r, r ) .• W ; ~ ¡,. .,¡JJ,tiun tu io.r, '""1 d" lo noomory, 
d ~ ~H.;,; : :1 ,f"•-d 1¡ '"i'l''" t. 2~6 L ¡ '"' d ü tm.al 
.J•c• "·''"M). 

~ 1 u<\ ~ \r:~; \ ': { .J noÍIJ' rr .. •nol•o r > b.>n : 7 1 (\ J•Ín '· ~ 
., • 1:.~ .o: ti,., • 'o ~ir!'"'"· L\ouk>l inpo.l;,co,J•nin· 

'· 11 .. \JJüi~•·•ljli<> nrOI•'u'i~td fcr ouch 
·.e; .. o.;,,, r··~<ron tc>Ol, >Ó:~~Iool.¡.p:n~. ond 

.:¡ .,,.~ l.ú <>;•""''''" s:ooL,!. 0•-e S hit pon 
i' el uf o ><.Cc•"d ••e u>~d '" lurJ<, • onulti¡·l~ud 

" · • :. co _, "'" i J•t• Lus /or !:0 "·''] ,;,t·ttour; e.pc."i<.n _ 
l 1 .• ;,<,<.:S ,¡, 't.•• o ,;~¡;k-le• d <n!crr~pL >) •<•m 

' •e:• "' ., ir,¡~, < ~:•' i.o '" • :1' :.: .. '""' 1 nc.oj •<ttpl> in 
""· "'• loo.n. <•·<> ~.t·:<t<-:1> ¡,.,,,, .• ] lin.orl 
cc.:.Vt o»d "'' ·.~\•:o.aJ in!HtU¡ot io.¡o~l ¡oin_ Jn!<r· 
·o¡.: <-'~, ••·d '''"'"' IU!l-ocatica!l¡ ¡oc::o ~"d p~p 
\ \,, ; , .._-; c;n L~"'' ter ~nd c.·r :...:n í::: orn...! ,, ,. =~• I:o~o 
. •:. · .. o ; :. ; ~ ':' L~•- :,¡!o: ¡,.J dot" w•m<-r¡ . 

. ,, ..• : ;, o..:.::«lctt cc¡-;·.;1> o rn~>.in.aoo <¡{ 

'') 1 o, u/ ¡ ... ¿¡ • ru >!~¡o', Colol;;~;r <.! o. o >' <•~ n in 
'; .. re~. ¡;~·••"·•'· o clu•< lo.:!h H !"'·L<C.'11·>ltro 
.. ·.·.·.c.:~;;,,, ,l..-~ o tl.•llh< MCS<E ~.,~,;,,;,_.:;y 

. \ ; ; o _¡;.t,_,,, o:o~.hinc. ~;,¡, o:,,. ,._,.,,¿ 
• J' _ •• , ..... : .. J •J~od H" clero<>:· bil<rll,ou~l-.1. 

. ·. , 1 , "'o' 1 ,, ~ 1-r<>hler"' "i l )', ll., oriol/O »in¡; "'«h· 
'>.r.. 
f'o: ,t, t l,o !•"'~'" :n cuur.t< r i> r,;:J¡ ~d.•- r : ~Ol> and 

o \•"> ~~;\; '»e> ill>t.ruclóon> ·c/11 y " i:l.J n < :. K l•¡·te 
. ; .•. ~o! ;••:~r>on sl01e JurilJ> •••d, ,,¡,,,,~¡;,e toU :,.. 
•.,,,;,,¡, lrk<~:ot >p«ify lln ¡¡.IJ;¡ .d.Jro'>. Tho 

;•o ,•,:,no, ''·'"• Í> Jo O" !O ¡•!UÚ!o R )2;~ .• dd<<>; Í Ít 
'".!": ccb;i~t. Í> o> lul:~"-•- ¡.,,,,.,.¡. •n i;.t,,n•l 

:• '<'. ).! :•. ri .• t <" •r. L<· 101 "'d .-)'"" J \ ) l"" _,,;JJ U<· 
1 '-" ~ :, Bl «•d !o>.L >1 1'0, r •''i''- l i' ,; , o \\' 1 ·<·I<LI ct 

.. :•':• ;> •" • c!.".~!wc coJ! L>' "· •:ld. t,l .. ' ... • 111""" 
' · ; .. :e J; · ·"' l ! .• ¡,. >! , u; 1 '""· ""'1 ),.,•_: d.o ~.i~h· 

. .'.-•! .. !¡,·,n :.rn. ún •~L"'"''''' ,_¡r, '·' ,¡ ;,-:~"''· 
,. , \, _.,.,1 ;•- ,, ¡),. , nti" 1 Z· Ion .J.!cc > 

''"' ":o , """" ;oro•! !t·r;,; " i t). ; 1 .. ; , . ' '" _, F i"l, 
,.,., ,,• - , . 1"• "" ol ju"-1'' • ,,,¡ ~;lb :n " J K > .' >· 

1 ,' ¡,, _,' b '" ~ ,.¡" ,_ ,_ ( • ··""" :. "-"· .,_J 
, •:,,, '<;.L.; 11,. '''''"'' <.),, .. ,,¡ .'.IJJ.:,o 

r.-:, >•1 ;,.ir.>.' .. L:i.~'''"''l•'"''""""'Y 
..... ·;_ ::. :.•~llr tho )'"'~""""" --~ '""'·'

,, 11.:< <l"l·:.<IÍOI• Un • <o>c·i•.•-<• >< !,:i;, 
,,. '~'. . ... ·i.o¡ tl.:r.¡;lo """l ~Lc·~t-
11, ... - .• .'JI,.- r;.,, ptd,;,;,,, ~• d.r·,~ "" W¡· 

.". •·IJ.:oó ;1., .-~~,, ,,.,~""el'""'"" unlJI "' ""'•· 
. r 1;"1 io•l<11u¡•t '' .. :;n,_ TI:,''"""""'' cp "' 1\' 
,¡,¡¡,. <of ¡J., •,i¡:l.l ¡¡.,,_,;,,1:. '",'.", '-:;·~~ :.;,; <wr.'L !., 

o •.• d •' ¡>.,r\ uf Llo<j>r<o«»<>r ,:.¡, J·~\'1. !lut !.!!J 
"'"" :-. ,..\ :~ • •·•·~ •·.-lu> i~ "' J.r 1 ~d u j. :o.;., ''"'hin 

:t.<rr"¡·~ t<'Ulill~- ¡¡,,, cun tl.c <o\J ><!<J< l•c te
·,] <or. « l u o n 1 "\\" < J:c h ~h o lt ., .-. ,_;, ,¡,, .o: .in g 

"l' /'"·,,¡Te··¡,,;,.,, ol<on'l "' · <.!i_ "' j~w;.s in ill-
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How 10 choosc a microcompul<H 

T~>J< a.o at '''"" si• laotors ro coostoor In choos
tng • mocoooomputer lO• mtcoocompure< l•mrly) lm 
1 produCt aoptrcaroon_ 

C;pobilltr. T~e ,e musr ho•e encuC~ P.Or~.l"''"· 
~O c•p•Ciht). ond spee1 te ••ttsl1 tM re:;~r~e.-ceols 
el tne oppl•<>loen. plu> a Oc>ign ""·"'C"• PC>I .• 
f<Wt.l. and IPO copa~rlrty can ~e dciO<·"'"""j lrcm rne 
<r.onul•ctu<er"• ltterorure, """" speod •: C•sl del·ot· 
<n•ncd hom Ocnohmarl< progt•m• ra•loted IN ll"e 

given appticol ion_ 
W<th >ome ,.cs. tne amounr el FIOM. R'."iM. a ;o 

110 con~· lncreosed by"""~ e•tro cnips. Thls ••· 
panda~•"'' nelps 11 the 1 c~ " IM.o11r """"'"""'·"'
ed m 11 rne marOetmg ~·~arlment cr .• nges "·• re
quttOmonu_ 11 IM applkatton pushe> tne •~•~t.te 
memery '"'""el rne ,c. 11 ~ecome• mote Ctlftocl~ 
(and o•P•n•l•e)le O e.~ lo~ !he prCQramo. 

E< le n>lbolily. Tne doslgner mus1 conoide! ~MI he! 
impro,ed ••roi~ns ol the "e wtll be cllereo_ A"e boce~ 
producl do•igned '" 1979, !ot .. amp>e. "''"~'be r<Co

- •igned In 1951 lo re~u~e co•t or ro add le<>ures 11 
would 1hen be de•"able ro elimln•te o•tra RQr.'. R"."i'.' •• 

and 110 c~lp•(or ~·<>•d ha.in~ le ~dd ttoem cr P''' a d1l. 
ler<nr"C) by usrnq a ne"' •• ,.icn elthc or:;;rnal,.e ~ "" 
IM e•tr• capab<1"Y buill tn 01 couroe. "'""' poo,cts 
do not urod~• go 1 '" • ••olutlan. bu1 '1 p<OOu<l •··otultcn 
is e>peol ed. lite arch •:Oclu,ar t.m.to ol U·<' coic·CI~C ,.e 
shou1d O e •• "''"""" 1 n 11 ghl ol ~01 entoul ap~trcat•en re· 
qulremcn1 •- One can e> pecl lo>'cr hatC'" ore •M soll
;..,. dC•olopmenl cooto and. probobly.lo~er manu
!acturing CO>IS rlr~e enoan<e~ ptcduCI u<es an ~i>" 
gradod '""'"" o! lhe cro¡;rnal "C ••tMr lhan a 
complotelr """ one. 

Cost.ln mo.r •·~•• ol rhe p"valo •~cror, mrn.mtz· 
ing co>l io a goal. and :ninrml>ong "C cool "'~""' 
mo,.ns m•lMdlll•g lhe num~er ol IC packa;;es Ce>' 
r, v.na1 pre•cnls lhe u .. i,ocr lror" plching a e,.y.f 
In re>pon>o ro the ltr>l foctor abQo-o. oran lB M 3/C '" 
responso lo lho secoM laclor. 

ll 1hO Job lo well delined aM no p!C>ducr ennance· 
menl 1> anticl~u,d. 11 is '<iatr.ely U>y ro ltM a 
mlnimum-cest ,C lnat .,;u do lho jcb Otnerwrse, 
)hero are manr more ttaoeorf• lo Le ccn.,Jereo. 
A >rmplor "C arcn.toctoJe usually lmPI•CS a smaller 
IC dre and IOwur chop cosr." bul •1 may.ai>O requ"O 
moro chtps ro supporl tt lal••<. {Fo¡ """nple, • "C 
wilhoul a WAITIRlADY lone may be moro d•lhcull ro 
Interface lo somo lypes ol oo.,ph«O" er memory) 
An e•r•ndoble ,.e,.;,. l.crl•tolo '"'"' procucr e-clu· 
!ion 1•11he pr0duc1 is successlu1). bul m•y rncre~se 
inl!iol pr<>duct Co>l beca use ollnst ruCI .on el! •oionc,, 
mernory si•~. ~O prns. or s~<Od s•ctrlic~d b> toe ~ni~ 
"tlcs•gners 1<> make e<~ansion 01 <nhoocemenr 
-pOS$1ble. 

A"il•b•lrry. M•nr rnanul•otur"'g ot~AnlloliQns lO· 
quire • second >O otee lor >11 oompon~nl>, bot" lo en· 

· '"'" 1not p .. r. .,;11 Lo '""''"~le. e• en ,r somo"""'"' 
bel•lls one se urce. and lo enjoy th< normal bone("s ol 
competrlion In~ lree markel. 
T~e dui~ner o! • new produell• o!! en tem~red ro 

~elecl oer..-•e~ a ,e wrlh one m r,.o ,ouoce• on~ ene 
W•l" no •cuttes (~er-··wo·n ""'" samplo> m Hor<e 
month•"llll• risky ro comm•llo•ny ¡••'' untoS> your 

,, 
~---------~ 

''""""""9 ~•e•!lmen1 con n<der lona '"'•"•) 100 
~·•."" Ir< o,> O.Ol!•Oul~t"! C" oll f~-~ .""1- -··'•"> ,.,. 
L.,n • no• n ro ol '" ""·•""'" •n~ • ,,, , , - .:.1 pon o 

Oro rr.e orne1 ''"'""· rr.a·•••i'~ aoo e o;:' •o:· ·s can 
m~ti•are IM ••'~ctron el a nol·•<i ••••'· o·· ~~ •«t 
•• ~,C. Tne C-<• ,e can~· •< lh< ~·oc"cl • : """'; ohh•~ 
ea; o·~ ln!u•rs or eerlart"f'oroc.. ~ot,,ou gc_ ·.• eN" ..C 
m•y ~• tr. •'·O<I >o;~r, o>d co•t•r tn,r:a11·,.1: ''"' :, 
t'.oa;e< rn ¡no loo¡¡ run ~oCOu>c 11 o'lo.q; ·""'"• •lit· 
:•••·1 ~"''' n •'· ,, ', lo •. u IC poc ,;~••· 

E•t <el•~ ; : o~uo! Id< 1. "1'0 s ~cu.o ;;' '" o o ce ·, .oaro-> 
''"" tne ••~<Ct<;l ltiEt,-:-.e oltn• ,c. E.,, •' ., ":n 
e•;.cn•"• cwe.,tty. ,,.e lh•l ha> ~<en a•ou~! lo• a 
te .. yu•srr.• 1· O< • ~•! c•.o•ce_ ~·ca.:t•.:·, ~-'" ,,,.., 
...-.ay 1••1 oc.e ;.11:"' rise In • re .. rr.ore , e• o " "•', • 
<'•P• ••• >'·""" •~'<> """ cu·.;.r.>_ C.: o:""'· tt.•> 
Co<>n 1 a;.~'• o! yc.· <e:n;ant atone " :·Oo'lc; 
100.01)[) ptecB per yoar. 

Supp>•, , ool, _--o;.•c ~;;.,. or.J <:', ~ ••. s.;'·'. 1 1 '·~- , 

aro OS><Cital iC! ::n ely oo,,·,octr.r: e_ • •· 
proJuet. Too sc~;'OII ro~lS el • n•·or, ic:·:cucoc ••. 
<aonol be o•><:;~c te co •• c.rtn:i•• N ce"ro:lc •: 
!hO>e el ao <>ró~!:sheo _.:;. la"'lilf. fr.,: e~c "";•• 1• • 
~•• el •n ••••~l••t·•~ ,.e,¡ ~.JiC • ~· rerv~.T·"·' '' r.•oO 
e~. ;>r .an ••'""''~·• ,e la"'lol1 ~:lh ••e,;;~'' :ocl> ir 
poduO\ "'''""~n is ••M:te~. 

JI o•: ••no;le cn:oeCs ••• ~~~~,,~,, ,~ ;1 , •• ,,...~, 
l•n~v•;e. a M a go~O rPacraas.>e ~.~i"' i s '- ""·'" r.• '· ,. 
rr..ou 1 >< 1 "'"" o u;: el) soll '" •' e 1 ools '"'' ,, C• en r::c., 
av.n do•olo~C"·•nl •Y"""'" Ho;, ot·.r • .1 1 C.o '' ~'e "ot• 
rt.•n on• or r .. c pog,ammotS on th• ~to,e::_ ,. 'o•oo 
br ~ood le•• "~'rors. >tmula1~11. ,. 'coo. e ,·.:.tt~e 
1,,,•,¡,,, ma•u ir d'"'"~'• :o r~n "" sol; ~•·o '.~;~r: 
t;o!• ~no la·~~ co--l·a· '~'·'~"'"~'<:.o:,_ :.-e •O· 
p•oP"are•·cro" ascomnlotO"" or.o ••-c~!>OO"S O">t or 
"''' not ~• orr.,,.: tt t~e chiP n-.anulaelLICL 

Ouring prcduct dovelo: m< ni ;, 11 o~"~uSI) 
'·"'""~~, ro :os: •nd chao;¡o pro~r ""''· rurn:c~ <-n re• 
pcduct nor·'""'" Sine o mo>l sin¡;' e c·.ip ,.es 
ull lmaloly use mas k : 10!;' •mm• ~ ,, RO t.~ :o >r:•o •~•': 

pr~orams, •"~'""' :;-,"""'Jo o~o~•J":: '":« '"'' 
cno~c•~'o¡;rarr.sdur.r;~•·:lo~"'""''""·O•'''"''in; 
new ma•'• ~:·~~ "C' ~i.e prn co~:-pat•tle ''"lo~· 
"''" <>n·Cnt~ t~i<(H.'. in>lo·~ el RC!..I oc,a¡ ,:::' • 'euS<' 
ell ne ~e cnip ~••·' d.PI<Jorl progra"'' ~'•", '•-~ p•o
.,,:en> fo< """~ c.tornal EPAO!A <h o• •n>;<>d ~~!he 
entiH~ 1101.' 11 OtOdooltOn q_.anltlte> "'< io~. 01 t! •e•• .·. ,, <• C-'•' '~oc ''' e>r<' 1 e:J '~te• proo,,c· • •:: ~C-<: 

''"''· aRo•.- ""'""'"'"'be • .,.,,:r.r 
s .. •004 EPfi0'1 r • .,,,,.,_ '"" rr.lh '""""" •~el 

;:rorldOd ~> r~e '~'P n-.~n~Paclvtet " rr.~ :-. ;;.r;:..•: 
.,,.-.,r~ror, w~t:n >1mes the oCih¡o·• ~'"~"--re re: 
~·:;·-el • ~•·&'~~meol ,,srom ~<d e-r~'"'' • "·"< ,(; 
'"-'~~;~a e•~=• :;no plu~ ins•MJ '" p:.u~f ,,, ,e,, 
lh< ~roduc'- ~ n emvl•!or '' a"" lultooll o• e oo·,;;'"; 
bOtll •• ard•• 010 o.,d 50 ftv.OIO HO• e•e<. •1'111 O'., ,C,, ti 

m't ncl oe "'•''"~'• o• ,aon as l~o ,e ,;h ps •••. an~ 
e•on '1 11 .s, tL rnay "tll ha .o bug~. 

Spoclltc l•chn•«l I.CIOIS. M•nr OO<CtltC lo;hc.l'-1 
I•<IOrs ea o bo , ••mr.oed rn a"•rmtr.o.o;¡ ,.l,<tne; ~, C 
"'rtt do lhe ¡~b Al h¿o~-pc .. e< co~surr.~ •·e·'· >?<eo. 
TH c<>m~l<~ilory. ~acOa~e SI«. 1nstt"C hoÚe<. HOw
<•<1, once'''' doteun•oe,11hor \he ~e can do toe pb. 
th• othor l~<loJ< •~ovo I<~U le ·~uol or out•·• ;¡~ 11•• 
r.chni<•l ··n·<noss·· o~ L~ .• ,.e<'"" aoot. t• ,r •. o 



t~rrupt ruulino>. d<•lcrmine th• ,-.!ue of :.10 "J"'ri
mo·ntaUy by dain~ ajump toa fi••·d loc~lion ,,,d ,._~ 
in& "'hether ít wind• up in hl fiO or M Bl; k<cp a soft· 
w•re cepy ni M IJ. updatinM it jw'¡¡h '•nlcrrupLs di>
ablcd, el tou .. c] ovcry time wc do o SEL MH, ; makc oll 
the cede r.t in ZK. •• we e>pe<:ted todo •l the >U.rtof 
the project; and so<>n The ne.t morning we re•d lhe 
fine prínt to di>co••; that thc MCS-4S Jorcos the most 
signilic~nt bit ol the pro¡:ram count~r toO dming all 
int.errupl rmJ ti m• We sheuld put oll of our ínter rupt 
code in the bolt<>m 2K of me mor y ond not touch Mfl; 
in fact, we sl,o.,]d lor~ct thol M ll Hisl;! 

The r~quitcmcnt lo pul interrupt code in th ~ol· 
tom 2K mal<e•the MCS-48 ver y dillioult to u <e os o 
4 K machi no in • real-time •pplieation Sot only n>ust 

· ¡!-.• t.a,ic inturupt "'"'ice routine be in tl".e bGttom 
2K but abo a n y utiht y 'out ·,ne that ml~h l Le co~l o<l bv 
it- that l>, ony ct>do o>.ecutod bo lor< an intertU)ll ,.;. 
turn instruction is oxewted_ Tbis could be well ovor 
hall the code in on in ter rupt·drivon en,•irc~"'""'· 

But thc moin problcm we find with ),~CS-~5 pro-
¡;ram sl<>re. • Ir u wriling half of our appHc..tiono pro
groms. is that the add:ess spoce is j"" too small. 
With enly two e hips land s<>On with just one. ! 'm sur el 
~·can fillthe en tire ~K·byto FHid:c;s spocc of (he 
MCS-48 with corl" for our uri¡;FIFOI appbcawm. now 
Jcatur.cs. d••crou>tÍ<S. and-of C~<lf>O-patd .. -s. 

Cooditiona! jun>ps specify ao S-hit tar¡:et 
~ddress in thc current pn;:c: it \\Ould b" 
far more us~ful to ha ve a &igned uffs<:t 

from thc curren\ uddress. · 

The annual h•lving of !he <o•t of JC memory im· 
plics that evcry yoar we" \11 neod anoth•r addr•ss bit 
for the mHimum·oÍ<e applicotion prog-ram t•ioce 
mosl evol•inG ¡uO<i<,<"ts tend lo uso the dcw·,"ed 
memory oost to in<rease leatur<·s, nolle redme pro
duct costJ. Clcarly. thon. a tK limit is tDO low for ony 
new •rchi~ctur<. even a siilcl,.chip microcomput.<r. 

Besides th~ 2K memory b«nko. pro¡;rom stor~ io 
al><> divided int.o 256-byte pa¡;e•. Conditional jump• 
>Pedly an S-bit targot addre•s in tho current p•~•- lt 
"ould be f~t :noreuselul to bav" u ;i¡;Fwd off«•( fr<Jm 
th• cu"cnt •ddress; thts w<>uld inoFca>e tloc ],kc~ 

lihood of boing able to use <he •hort.jump odri:t<ss. 
sin ce rnost branch Lar gcts aro withito 1 28 b] tes o/ the 
branch in•Lru<tion.• ~tore imporlantly." -..·ould 
oliFninoto the partitioning problem credted -..hen 
many procedurcs must be pachd intu the mcmory 
o pace ond split ocru>S poge Leund• ríes. 

Thc only hFrlirccl jump instFunion also usos on 
S·bit torgot addroso "' thc ~urrcM poc~. \'ery 
stran¡;ely. thio inotructioñ u>O'S an 8 Lit c·alue in thc 
aecumulatot notas the L;u-gct. addre ... but as a poir.t· 
or too program·otore b¡·te in thc currCnt pago that 
e<>nl.ilino the tar¡;,·l •ddr<·s. Su thc p•¡;c conloinin¡: 

' the indiroct j" mp inslruotion m u" olsn <ontain all <Ff 
tho routinos to b~ juJ¡oped lo. as wdl os a >illy lilLio 
t~ble t~ot ~untain,_ll,.,u suttin¡: ~ddr~S>•s in t!.e 
¡-¡;.¡:e. Thio not ~nly ~••t-e• opac.e ond time. but. 

~ "' ·~. m•koo it imp<' ,;),le l~ ol¡ .,,,,;ca tly c<JFnputo • 
¡,,~el oddn•" o flor "'·,tn,bi_Y time. •inc~ tho ¡ump 
ldl,:o is "' :tú.\1. In my rc<enl e>perÍ<'•ce. thr<ou
¡wrio•med P'"~rommc" "" o• enolo•d ),¡ CS -~ g indircct 
jump• imp:opcrl y. ~el ie ,·in~ ""Th<• m a"~ cd Fnuot haH 
a typo -tlo• conlonts o! the accurnulotor mu•L Lo· :Ot 
tar~et addre>> itsdf. ·· 1 n ~T>} <:a>e. ;,,¡ ruttion; 'FF¡" • 

~otting indire<:l jur;¡p< and ulh anywhOrc in ~~-• ptc· 
~ca m store(] 2·bit addr<so) "'~uld be lar r.oo:" '"N"' 

Arithmetic and logical opcralion~ 

T~.e ~.ICS·48 cor.:air.s a sin~le o<"Cumdll<'' F"\ 
..-)-.icO arnhm•tic and logic~l operations l.<~< ~h:< 
U oory o¡><.-ratien> on tho ""u n.ulotor are •' le liGI. •· 

:ncremont. 
dt•cremcnt, 
• c.e~. 

enOs complomen:. 
decimalodjust. 
swap nibblos, 
rotal< l•l!, 
rot•to l<•ft "i th carry, 
rota te TJI(ht, und 
tot..>to dgl>l with carry, 

llinaq ~perotion• c~mbine ti•• occur.--"!•lor on<; • 
operand >pecFiicd by one ol tl,< oddre>Sir.g ,.,-,coJo• e .. 
sc,bed in the nut •ection. The ~in oc} <; ""' i~o:: ar.; 

add. 
odd with corry. 
A~D. 

OR and 
exclusive 011. 

There are al so ""dat.a-mov•"· OJ'• r ation; tb' IMd f • 

'lore the accu¡, oulatcr. 
"J'be matn dillicu lty with ~ICS·18 operoli,,,' O• r·~t 

tl.e opo-•ntinn> tho·,o;ehcs I•<Jt Jho loe k of co,,.l:• "•" 
rod,., r~r tt" "'~ t hoir r<'>uh "· Q,¡y thc "' ""m'' 1:• ,, ,, 
<an b< t •-stt·d for t~·ru or m·~ al\\ c. ~".d .,, ovo·• nov. loJl 
is not prm·id,·d. m.~ in~;" comporioor.s o/ oicned t "0 ·• 
con• plem<'nl nu mhers wry J ru>trating. 

Ope:ands 

.\ton doto rnnn• and L:na:y orualions u>e "" ~n
chip te;•rl",. rit~ int~mal d~ta n>emor¡- (se~ r,,:,.~ ,>¡ 
~<«>SÍLie by t"o addrc<5in¡; moJ~s: ~>-<'>~f' < •n 1 
'-'H"~"' ~~GISlER J~DJ~M."7. Tilc thc•• otf, .. , ... r. 
drcssuog mndeo or• HTLH,'AL ><L~IHt.H J~J>I'I.("t, 
J>LIH'IliA'l'E, anJ AC~U'1Ul,T<¡H '·"""'-C"f. 

In Jd "'s'JI'H modo ;m operand "contain~d in a 
"'~;,,., 'I" cilit·d b¡- a 3-bJ\ Jidd in the in>lru<I\L n. A 
n~g llit BS. >d ll¡- a SEL RB, instru<l ion. >p<"<Ffh.; or.e 
<>1 '"" ¡; byt~ r.·r,ioter b~nh_ ccirrc>ronding Jo >M• r
nal data mernor}' lorot:on5 0·7 if llS isOand ~' Jl \J 

BS Js L Th,• "l"'cif>~d '"b"Íster no ay J. o J.,.d,·d "ilh •• 
'""'"-d '" to , _, 1 "''. F>oovod to ur [F oon tlo~ "" umu 1., Lm. 
coonhint·d wi¡h lho accomulotor 0_1' OFilhmolF< or 
lo~ical <-p<·r~tions. incremt-:FICd. decrcFF;ontcd, ,,¡ 

U><-d ~• a lo-op < OO! \er. 

. . 
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Figuoe J. MCS 48 inlem•l da u momory. 

IN rl UN•~ kLGIS"JI:R J~lllktCC! olloy,·s eJLl><·r JIO Or 
Rl in tho omont rq::i•t.-r bon~ te be usod., •n ~-Lot 
poinl<r tu intorn•l data momoJy, Tho oddr,-o,.-d byte 
may b~ )o.ded v.·ith on immedioto \'olue. noo• ed Loor 
lrom tho occumulolm. toi'Jhh><d ""h lho '"''"""' 
lalor, ~r in<rt•mentcd ibut lur ><>n>C oh><4rc· "'""" 
no\ dec«·m•nt..d, ••·•n thou¡;h !f.o n<-<:<ssary ''hole" 
nisu in Lho instrunion ><L). 

1 .ocMiun> S-23 of the inlt'' n•l clilt a me mor y •• e r<
ocrn•d 1m • "·turn >1ddr<·>S >Uicl, 18 •·•H•Í•·>, 2 b; lt·> 
p~r •ntry). Thc>O lO<' o\ ions "'" "'itlen b¡· inl o·11up" 
and •u!.routinc c•ll• ond "ad l.o¡· Íro(crrupt •~d >ub
routino rt'lurn inStruniuns. Thc u .. ol. is tr-<) "noll. 
mal..in¡: Íl h•rd to" ritc pr<xed~r•l coJo. "hi<h is im· 
portant in largor prn~ran» 1 ~K-41\ !:¡te;) T~> ¡•ret
¡;nmmot must con«antl¡- wort¡- n~Dul coilin¡; •~ 
qut·ncos ond ¡:t·n<f~ll) cn~bk inl•·rr~;>to ~ni¡ ~tt!.• 
top lt·\'d of thc pro~ram lo "nid oHrflo,.·in¡; th• 
•t.ack. 

Thero ore no in>tructit•n• to dircnly pu•lr or pu;> a 
b)l<. llu"'""'· th• •t•ck ton Le ••<h<·r inton· 
nnit·nll)· ,.,;u,·n <>r r.•d by '"'""•<in¡; ti·~,.;.<\,. 
poi ni er fr< Id fu•rn L !.e I'S\1', bu i' ~in¡; tire op¡ •rr-~rio<< 
addr<·"· ,,,..-¡ """~ •~''-"~'~ "''~l>1Lh ''l•lr· .• t7 .... ~ .. 

'1'1"· Ordrlt<·clure al•u '"1'1''"'-' "1' In ~~6 h•·t<> nf 
< • t. r "" 1 d.JL" '""mor} (wlrich rro :~: • 0" a -'•'1'"' ato 
cfrirl. b•.•<'·'''J by H1~11''Al. HU:t>';TJ; p;mRr:CT 
""'de_ F.rtl.er hO ur Rl in thc rum•M r•¡;i,(er L~nlt 
"'·')'\..e U,t·d a; •n S bit rvir>lor Ln O>lr•nol Óll 
nwrr1or¡·: the "ddreosed U¡·lp moy \re "']•i• :l Jolo lh• 
uc~urn<•I•Lor <>t wril ton lrott> tho actun;ul•~or. 
Sin<~ ¡ruintors or~ cl'nloir.ed in ~ bit re~is: "". : '' • 

m»imum amounl of rliu·ctly """"'l>le rlot" w.r" 
u1y ouppurlv'l hy tho \~CS-;~ orcf,i:t-<'ort ¡, ~-~': 
L¡·t., inlerr.1l¡rlus ~~6 lryle• e>l•m.•' 1' ' 
h•nk •~ilt~Jn¡; v1a !.'0 tito c•n be U><·d ~~ •-1~"-" 
any dcsircd om~unl ol addilim•>l <>le.-,.,, ~ .. 
n1<·mury. 

'!'he m...d<•s for re•Jing nrccM·Ó '' o•n :•r, "• • 
•toro aro r•th<t limlC<d. In ,,.-•. ,, ,-,,_;, >> 
o¡rtt~r>d is co:>.tcind i:1 ti., ":.; •''' , : 0

• :~. 
· · struc\ion: ir,.,m~diaoe c¡ . .,.~J• ,,,., <1<her l-_- .~ ••• 

into or combin•d ~-i~h t! .. o.cc:c.c:'c:c• cr !.L b_j_ .. J 
¡,¡o ir.lernol dolo mornv1y ""h fd'('i~ ru. re 1'''''' 
N~!. REGISnH :~L'IP.ECT ""'""' 

] n ACCUM l:LHOR 11-'DI~t C't <:-- r }, "· < ~·· .":e;• ! ' 1• r 
io u •«l • 5 an S·Lil puinto· \O "'' ~i-·" :.r.<! in '''' • 1 > • 
•·urrent pa~c or ro~· 3 of ¡·:o¡:< Mr. ,. ,,,.,~-o i' < ~" '· •• 
of opcralion u se> this ;n~Jo. ac.d 1\ :-. ous ~0- ; .• e"' -.. · 
l~tor ,.-,t!, ti. e sp·cifJed e;••' M< C.. 

A nura\..tr ~~ inslructi~n> •v•~•f¡ »'•''" ">¡-..· .•. :' 
opor~nds imrli<i\ly, •~eh a< tf.o Jl!~¡·ram ;_,,., • 
"-<•rd, !.0 l''"ls, timerlc~uc.r.r. c.,r._v bit oP-' :~o 
1 -lrit no~s. l'O ami Fl. 
Thc~KS-:8 oddre>Sict tNd• •- -, :-<~::·Ir_-_'" : r '···-' 

Jlr<H·id~ most ~r t he !o c:li: ic> • f! · :·• •'"' r:r.· !_ ~· rr' 
1 \ocre "" '""'" dolió< nci<·•- Tho :n< '1 " ric ~' ; : .-'" 
lc•mis tl.c• ""l' i« ~hitb "''"""d' in ¡•r• ¡;:a m""'" 
•te •dd<e»ed, Srme l"~gtom '~uro (,lrlj' io lhe '~::· 
"ni poge~nd iu pa¡;c 3 can Le re:rd t!;,~u¡).e ¡•.:"'' · _ 
,itl.cr l. •.• ~up.\o!olos must all be l<>t~ltd i~ r:-!;~ :l ~~ 
tho ,uJo tl"j' r<o¿s ""'h t.Lie rnc>t ¡,..'":Oc •" .. , 
¡<j~C OS the tuLlo. This is II!U""'"i,·M ,; '"~"· r},;,n 
ono ~~C-i>yto tro.,,btion t .• b!e ;, ,,,.,.J,·d. lt ,¡,., 
'""~<> !l Jifficuh to d<o o HO!.I thr-<l.sr>r<· ,,<f ;,,, 
<<><Hinc-o tat·do~m •~~rouli¡"- v,uuiJ •-•·~ •~ ¡,, 
pi.« tJ ;,,,.,, r;- ;•.•,;e '' 1'" ;:r .. :r. '''"' t .. r .. ~ ,.;.cc:J,,.,, 
i, .... ;,,,~, •. , '._¡ ;, '""' .. '1. ,,,. ".:: .• : .... ""'" ;.: ,) 
i'·"" 1 '"':" ¡,,,,, to .,.·.t""' • '-P"'"\" '"11 ;,, •• t'." 

livn lo '.,h 1'·•<'' ·, e'"·<'- •u m rorrt rr•eJ. 
F'ur m<>>l !"·'~'~'"'·:he m<LJ...,J ~~ ¡,,.•_,, ctl;.-" :. 

,¡,. ,,:,;~ ,;,,,. "" .nory tloro<r¡;h llP .n.l 1<1 '' "'"' r!
" Ir;,_., Ir u', f "' "'m,· J:.l .1 ., t "";e r •' Ol' ·, :¡ ul O: : ·1 • 
• i•il<'' fo< ~'"'O! (to'V ""'" •c,;.·tr·'> l],,l ., ·!' ; .. 
U;o·J "' p<·i.o• ,,. 
T~~ ~;r, Ir¡·:•: lin.it on :l:r.-c:l;• ,,!.J·, ;, . :'·:ir 

r!>i• "'""·'·') i• te..:. lo~·. '\l. e ó:~· .:, .·i•- C•· 
1 :o l ;·:es of fi\1'~!, hr.d In;,! ;!.o,lJ _..,,.,l. • • ,.:. 
¡ "', iJ. tl.e /ull ~ ~ G ~)-le> .,¡ l:l'." ;,¡ < " '" .. e i." ,. '' '·" 
u.:h«c:l~rt· c..nr.ot mo~t >\J>;~Jo~: .: .. e:O ~•· d 
ltdr~Ol<r¡,J in.pr<o•cn.rrrl>lor H,Ot< H\\'M ,n•,· '·'' 
lm>i t ;, ''---' :ht•d. 

ln;wtlo:J tp:: t o.;d irr 1< rr u~ 1~ 

~.: ... t ~.tt:S ~~"~"""-:.,.; "''''¡, .. ,,.,¡,, ..• hit l :, 
1• •'1 >, "' Ü'r'-n ir. f:¡;.·•- :, T ~~ ·,lllrr !'"'" ;! "·1:: 

.,,_, .... ,,; 



"'" "quo;i h<di .. ·ctio¡,ol," an into-rfocin¡; ~rronrt· 
""'ntoho~n in f'!pue 4. Thi> i.)p< of 110 ;•orl .. ~, 
hr>l iM"•dun·d in thc Fairrhild FS.' 1 n thi> urr .. '-i>
rnent, <·•eh 110 pin is Luth on upen·droin oui;'"' i.nd 
an input pin ..- i lh o hi~h imperlance pullup LO tl.c 1<>,:« 
¡ le•·el. Wh~n o pin is uoc"CC for output, Lhe COrtt! pond
in~ input t.u Hcr is unuM-d e><:<pt. pos•il>ly, f0, d.~ck· 
in~ the oulput' aloe. Wht·n o pin is ustd for input, tho 
corrospondin~ oulput l.oit mllSI. be setto lo(;'ic 1 >~ 
Lf.•t ¡¡,. 110 de, ice dri•es only tho ]j~!, im¡"~""'' 
pullup. Th>S <•n be rontruSLed with a lrÍ>latc 1:0 
port, "·h.ich pro,·tJtS Luth active pulluv ond acti•o 
pul\do~<·n in outpul moJe and hi~h imptd•nco in in
pul mode. Elcctric¿Jly, tri>tat< 1 'O is nwredesiroble, 
but it rcquires e•tro contr"l \>itslo '"' tho lrO diro<· 

_ tinn lor rach port <>rbit- lntd ho• irr.proved th~<¡UHi
birlir~ctionol dc>Í(n by Lr;,JI;. ~"'''~·"•" ,,,;,. 
r•thtr tf.•n pO>cÍ\, ¡.~:1,.;, ~ t.,;.o·. cr ~ l ""'"':, .. 'o 
tho pon, "'hich spt<•d, u p O t-0-l tran;Jtion•. 

What quasi-!J,dirccliunol liO mcans lo tho pra-
grommor is that input dota on ll-.e pott is lo¡;icnll)' 
11NDed with lhe curr<nl owLput PorlS 1 and 2 '"">el 
too U l'• ot Ústcm r<><l.. ond thc propbt~rr.u mu>t 
ka>-e bit> inL<nd,-d for ic.pulS stt aloulput ••luol o! 
oll tim">- The thitd pon (bus) ha• cOn<,n\i<JLh~ 
trht.ate out p~ls and can ]¡~u sed !or cig".t st 1 ~~.,·d in· 
pul>, lur <ig!.t strobt·d uutpu ts, or f<Lr •cding e> l <·rr.al 
pro~rom or dota rmmory. 

Four opcroliün> on !he p<>rls ht< a vaLlo 1.1<•: 

ro•d input valuo into occumulator liNk 
lood ouL pul latch from occumulator (OUTt.l, 
)o~~tol A¡,.D OUljtUL Jatch with imml•diot~ mbS~ 

(A'<~). ond 
lob~<Al O~ outputlatch" Llh immcdiatc m•s~ IO~ll. 

Tlw lo¡;ital o¡H·ro\LOJ>> niiLlW 1 pro¡;rnm 10 ,,., ot 
clcat ~ny Lit or f;lUUP L>f l.its in one Ín>truction. 
rto,.,·rvor, since Lho mOL>k is an imm<-dio:.e ,-aluc in 
pro¡;ram "O<C, thc biis ta bo sol e' clcnrcd mu" b• 
~""""u .,.,.,.¡,¡y tir11e, O<ht-·"ise, • cop¡· ol t!.c 
output 'aloe m u >1 k 1 1 p\ in dol ~ "'cmor¡r, Co!d>in,"CC 
"Ílh the n'"'" by !o¡;ica) Op<·roiÍ<mS <>n ll.c o,cumu
bl m, O!>d ]y.ded in lo \he por L. (1 n ¡;e~< ral, L !.e qco»· 
~i,lifL<lional Í"icrfocc pre<~nt< ,;mpl¡ "''•Ji"E tiLe 
l'<•tl Lo crt the old, ul11o of 11.,. out puL Jatch 1 

A no• el "npandcr-port" ~<Jran¡;c·mcol ~!lo" • !our 
.-trrnal ~-\>it l!O porto to \>e adJ,·d Lo In MCS.;fi 
u•in¡; a fi<e "i« in le duce. A¡;3in, four opcrutions on 
the ports •re availoble: 

t< •d input "a]uc in lo o ce u rLiu],,¡.,,, 
lo•d oulpul lote!, frnm ocrumulator, 
lo~icol A~D outpullalrh" itlo accumulaiN, o~od 
¡.,~~cal o~ out pul lotch "it h "'"""d.olor. 

Only the lo" -.,rdcL ¡,,yr \.oit> o! tho accu•nulat or "' t 
"""CC in \!,o,e op,·r~tions. For t\,cst pocr•. d¡ n .. LL.it 
.~lc.:t inn o! mo,~ bil' i> po"iLio Lrco~.c <he ~'"'l. i• 
in tloo •«·umu l~lor On ¡he ot).cr ha nd, dJ nor11 i< >< 1. c
tion t.lkts more oo·ul.r•d bocou><· thc occumu: .. :~r 
mu>t \.o< l~.odod l'ith Lhc ma;k (o¡,d lhon p.J,;ibl¡· r,
>1 or<d Lo it > <>Id ';duo!. 

BoLh thc on d.ip ,,nd •••p>rorkr ¡,Q v~rl :~,:·c·c· 
1 ion• cont.oin L!.o 1,,_rt nw·, :-.r u on i:n'Jlc .~:.,, \:.: •. o 
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ic.ll.oln>l ;~Cii:n; ;, is "~'P"' .ibl•t« >¡-ct:f; el • ?Or! 
n~mh01 J)'!" ·nic.!ly ir. a,.~~""· T.u; ""~·"'ir im
pO>>Lblet~ ,.,;,. rt~soLI• !rO h:.r,~i.·r> L: '~· c~'·;d 
rl"'"' <·~ diff<rcnl poris of \1-• hiC:~~ <S'" ol th• 
'""" <>r-ond.r chip. Thc '""'' prc•lolcm c"'•t; en :11• 
!.1CS-l S 's y\dcr Lr~:her. t~e ~0;,0 !! o~~-,.,·, ·~ ;, 1,••• 

serious in tho MCS ~<; for '"'" """--' Fi-··. ,;-,. 
,'.!CS·H io Ír.t< n~•¿ fe, <t~oU<: opph .::o:·' '- ·" :.; .•. 
1) r.ucnopl~¡· m•n)- copies o! tlo< ••me LO Jic,·:ce So<· 
on~, thc ••·¡,jJ,\ú JIO c·>p<n>i~n n.~doo ~o~~->~
d•·r.omi< ,¡,,,.¡,. ,,)<,¡i~n whcn eodl dO\'ÍCc "''' • 
><·prole l:IJ rl-.ip. 

Ti•• proc< sso: O<ci<Llectur< dirt< tly '"'~'.--< • . .';• 
~;;;¡ L) !r> o! e>lc·;nolót• Jn<:nor¡ ~O>.:ll~u:- '- ' ' :; W 
4 · bil 1 ·O por u. !lo,. " ",:he ornoun~ "f t~le:n>l ~ ·.:. 
"'"'~~ry ond 1•0 con be inctr.oed lO u.y rr.--:;:.'' 
~"-~~nl u>in~ c:.-rb•~ 110-~~" t•"' lO ¡,,;' .. c.;.: 
p·c .::ot~·cunt:ollr d ¡,,, ~ '" Lt<bin~-

1 n .d.1ition to t t.c· 1 () l"'' 1 ;, cr . .'· ~ t 'S ; 0 l.r., :! , .. 
oC.l':.o:,ol '"''"' ;.:~, l! ... t e:'' 1 ,. '' --: •• ' '·• c .. :.!: 
ti"nol ¡uno~ ir.>LfUL"L~<~' All "''' "·' ,,. 
pilts-TO, " (,jcJ, ro" he >el ~!' o> " de: '• ""' ;•~l ·• : .. :. : 
j>lOfCorn r .. n:wl. TI,~ Ci<l. '"" l,c U>·,!'' :': ~r·: .,l 
LO l'-~ ~" cl.i;r,lirn, r'< u•.l.l ". • nd [).,· '>'• ; .-. o: "·" 1 · 
nr¡;l i";rut. 

·¡-,, :. : ,~:; ': "' "r" ic.t • 'ru¡o" r ru"' 1"" · ,.,., :. ,. 
a hoi><.c.i<iw iL.~ui pin "''don,;.:,,;· 
cou;.:.r. '.I'J:, non i.<l.rr.<p'. ;,.,.,,,, J, ll.< i'-' ~" !'1 
o ~rd ¡,_,_. !l~tu> Lll, [roer;.. ho if "''")', f.o~ O, ', ::.":; 1 
]·_,;., .. :.e:¡ oro :•u•b",¡ ._.nto th• it.tc;; •• J ;: •. -'< 
n. , .. :.din¡: ~n ti..· .<o~ reo .• i~~-:· ''· ( i;J,,., ¡,. •1 ·~-· :-. 
e· J., o: Í<•n 1 ;, t:,Ocn, Tloc i=.:u: • 1'' lj" '' ·n i • : ;, ~], · 
1 ... !, ''·'"'-'i'' :cnic< '~"lb' r;.n•.,·t !., ; .. :.:• 
n l'''d An iL.!.:r~;.t rr\~rro ir·•t">·tinn " __ ,,,.,., 1! .• 
J--C .. ' -d ""'e> ¡,:, > "' ,J , . .']o,..> f,.rd.tr ir.<• : "'l•t: lo h
"";,,d, 

.'.ttL< ¡¡,,, <•~ ,¡,;,.,.,;,;,,¡:,!l.<- TI io1• '"'i-~ ;, : -:1 i• 
¡; • .-,.t.lly ,_.,:,._ for Cc~ntir,_: Or tbL;.~ ;:,¡r.• 

.¡,., ""~' • .:.cr,J!coc•,'>, """""' Lh ''-''""' ,~:;. 
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' 
'" ' 
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fo••lut<·' ,. ,.,..,,¡, nc;;,,,, ·' •yllcllfbr.i!c' lhat 
,., . .,.,,,,... ""'"'' in¡oul c-Jp., ''"d heme ;kops 
'"unl> .loi> tl.c '"'"'"( Liln<" in >1- ll'<Hllh•thoL 1 
loo•·•• •··en on LSI ,J.i¡. v.ho>e .~.--.: 1 ;n•rs ""e np· 
P•"' 11Ll¡ u"·'"""' of 1" <•U. ms 1 n , ; o,,. hru,j¿cr rlt'"b'"" 
h loe <>L ho•r ",,, l he 1"'0 S 1 (.•. " bo<.~ z, :, .¡; b, .<IN e 1,.. 
<'~1 1 "'""Id "'l:¡:r·st Lh"t chip d<·>o~c.crs ro·•rl '··'·'< ol 
1 lor ¡» 1" r' un L L< .uLjen'' ond 1 h"t "'"dc:~•c > ~ _,e 
thcir ,:.,rlonls uf <he i,Kr<ooic.¡; h;,ohho<•d d C'C.
' hr<.oni.,.¡ irn, l"<•b!•tn• •n moJu n >)' '" ,., k•i::n ' 

Ea se ol programming 

Ccmpo,.•rlto son-o ol \he dd.r ~.bit~~~ ~-b, r. ,_ r•~ 

P"''-'''>N5, l ~ • .'·!CS·4 ~ ;, • !:ice JC\M h1n ,. LO!>• • , •o, .~, 
holL il leo'"' rnuci. <C L,. <le,iJ<d '"'"r•rcrl • ,:' '' 
/.!~bOl , ~ (.E. <>r ,·ven an '>05,-._ The >in,_;]. "'''--' _ .. ;. _ ~' 

•tchil<-olu"· :ce laci< <1 irod~~ '"~Í>'Ccs. ••·~ <= • 
abMnl~ <•i .·.-.na dir•c: ~"'" me""''O •ci~'""'·'· 
mode moar.s th.llhe ~'"C'•"•md m~« •~-"'~' :: 
be mo,·in¡; t!ron¡;s b_,¿ "nd f<lrth Lt:n,~.: t~· -.. 

cumul•l<>t. t!.~ '"" ""¡><.int"r .. rt¡;i;u.r> ,;~ :·'-! __ , 
~~d lhe '"" of lh~ J••• oo>emory <~nd ;. t·tpir,; "~-l 
lhtm!l. On< "·•~ ,.,~;,, "'"""'tu""'" th b~réec. 
oome" bol. •t ti. e ""P"""" d m<>• e iutiG<:ó•-'" .v!" · 
ü.o cr;.¡;,~c<l ~<ldtess >~.ce. fo, oxan•pie, .r.-. :~: 

writr a '"""" lO •irn"la:e o d:,~ot ¿•k .::.; o• 
oddrcssino; m<>de: 

" W!<O >H:" ., ,.¡¡> 
>J(JV>.O.•'.\f-'1"' " 
.\\OVA.~ \<U 
,-~u" 

r-e---e-------------·-· 
A tale ollwo bu51!5 1!0 d ~c>i•<"• ~""~"~~ '"•' ~"'""'~"'~~G 1 ·•·c'--
{or, d rH e re ni s 1 robes !or di fleren 1 'ph abes) «•1 "'"~- J' «< <e-ne>· •'''"· tl•e« shou•~ ~" '' r 

A microp,OC<Hor "'""'O'f ono 110 t>u> "•• mony 

ldC""''ing characl'"'"">-d•'• Ond """"''' "'0<0 
lengtn, mullipiO•cd or nonmulliplc•r•d •cldr,,. and 

""'"'· ><P"'"'" or memory.moppc·d LO, ond ~~ ""'"-' ll 
is ¡nteresl ing lo loo• al lwo popul•r readl...-"1" <loe•· 
lng ar<ancements. 

lel us ull r he ¡., '' techn,qut • T) o o l¡or l)ln,., taco, 
u>ed ~Y lhe lnJel eoP;. 8086, a ;.o :.tes <8 ••~•"'"' A• 
•ho"n '" Ficu•o 5, lhere ••• 1wo r'lulually ••clu'"" 
control pulsos, Ro ano v,;;., t nat int,ca 10 a reaO or "' ''" 
ope,.,lon. 

. We'll <all t he ''<O'.~ lochn,~·"e lt r-• ~te< <1. u>Od by 
tlhe 2tlc~ 2S. zoo . .:o~UO. J"d al su o y t ht· 11.o1oro:• Go~J 
11amdy. (Perhapo '' ,t,uulo t-o ;,~e 1.1 becau'e rno 

1.1bBOO c.me '''''·Out Z loo•> "'~'"¡,·,o 2 )Ir i> •'•" 
v>ed '" P!lnc•e lo b, t.tCS <S <>paMer P~" '- _., """"" 
In F ogure 6, l~e• o '' • >ongle """ lrol ¡:ui>O, "'o, ;.n'~ • 

le,.l sign~¡f<y, "'•' ind'<~le> ~ "'oh t¡p o Ql o~o, "'"" 
i> to rol. e pl•co. 1 ho ttmong ul k-W '' >•m•lor ro"''' ol an 
add«SS >ogn•l. 

Ftgvre 7 ••o~ > ho~ to use o T >pe l p<OCO<OOJ ,., n ¡ 
lypo 1 Peuph~••l Cnlp. Tho d•co~•ng sr.o~n on tt•o 
hgu<e can be uslt, \mp<tmenJ<d ~ tlh OM·h·ll el ~ Tll 
HlS 139 duo\ 1 ro • dcCO~« ('"" •• en ro•.c• on • • "" 
connol <'<pul to< d•> ltngu_i<hin; Lot < .. n mo•c.oo1 or.d 

Iom '" ,., >l¡1n~ \l>e '""'"g '"~"''""" c.t ol. ,.,.., 
p<OO<'>O< 01 IM pceoot•< 1;,1 oh.p 

r ·~'"e ~ "'"~ , on ""'"''"' to u>~·' T) •"' 1 o "':~·C<~, 
• 1 h J ¡ • o•·l r·e•;phe< ,•1 C-11o~. T <e '~•N "' '"~ -> ~: •' 

¡_.,-:-¡;_\<o.;, lt•e prOoe,or ""''Y ~roduco> "-'/\ '"' '''" 
Typc;: oe••r~«ol. AA l•ao IM co<w<l Jo~LC val·,·-' '0 

'"''" ;., ;,\1, ~u;'" ""''·'Q,. a ~<ot•'o•• Th•; ·o. 2 
p•riphu<al cxrocts ;i,w \lrr.,n<;¡ ro ~e • "" 
CMIOOior lO 00 ,,;0•00$ ""oal, l~al OS, lt 'hCu•~ ~
'01•0 l~ng LciOIO 1.'" f\tQ ~ul« aoc~n<<. T.oe o•.l, ., -. 
"e e O·. Id onov<O : hiS »O•IG te lO 0: L· ¡,e'' 11; Ce:a) '->': 
10~~ ~"''"~ h lor H5 to ••t,l 1 ~~-< o ere~ lime o' F;s 
lo,lur . .cel), ;un a oe:,v '·"''" M;~w "'"' · 
·.-.o-uLO •l•o O<l~y tho •·•"·' ~ e.ooe ~~ PO~ on• 
atw ¡:: .,_ '"~,¡'<~ ~·'"" a•. ay·-·'!-,._- e _,- ··~·'"· 

H-e'''"''""''' ro u.,, T1oe 1 "J""''-''' 

e 

Tn•< ¡ P<11t):•e<al Cl.lp ¡,'~'ro'" •="'"•' ¡,r. 
;¡._._.,Fe.¡ "'"'"Pie, the ·•>->1 ,:o.>~l;c;,nl ~·' ~· ""· 
p~<~ ,.;orcos could ~" """<6 "' ih,·. h<'O>-.··· 
de< o~ong ol oC' cal ~oll nu,nl·Cr> "'o vi~ u>< J~, ,,¡ _¡ '"' 

Ol~Ol CM, Jl<d< ,e:" O'< ·•C~I~ ~"'" IQ en'"''-' 11.01 
•·'""' ol'·•t< Y'<C v:l~ ~on •~J'"''"· ano .e.~-> 
U$L~ "'"" 

!lo< con<•u<IC; ''mol;,_, >h~le 1~ <~·'""-'' ;, '" 
P<''~""''' to Typ• Z prccooscr<, tml '"·•• 1M '"'e'"• 
"•" o• o.: loo uLt. 1 • '~" JU>t "'" '· •1 '' 1 urneO oul ~- -.v2> 
IM•O '"••~:><: lo lh" ,-.awne.s? 

---··---
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faonily h~·~ [,...,n """""nced~A!.!D, FEC. f;.;n,.._ 
~ÍCO, Si<rnoM. lnlu>•l. 1\CA. !lolh lclo·oool .,.J t~r:11 
h>•< "" """"' ' d rl•n • r~r (.;,\\OS ''' ,;,,,, ul _,: C~ <~ 
chipo. 
Th~ ~ \CS 45 t ¡., ¡» '"" • ,¡ n¡; le + S ' ~li •;>¡ •: ,1; ,, . ,¿ 

ho.<lu~:ic Lr.¡>ul ••1d ~!1'll<lllc•·ol, ti. JI-.,. :u 1!; '!' I'L 
<~l~pouble, A> v.i\), ,.¡¡ .'.lOS r."orc;o'L« _,.,,_ "" 
outrut bi,e is ~i,ot,d -t¡¡oito!!¡ leur L: ! .. _ ... ~-
1"''"~' !'< .,_, t: >" u.~., TU """ ~~~,;,_ 

MCS' ~~ doip> <unt,oi~ •r. O>C'ildo: \Q ~c.",( :a<• :' • 
¡>rOe O>'"' dud. ¡,...,,,:,,ol\~ G ~-11!:] !rLnl a:,'.:.·:.:; 
<f)'•tal ur P.C CICC'UÍl. lt ;, ol;o 1'~'"~1. lO .. ;;.o,c.: U 
ntornJI duck dia-<:1)' lO tCc ~o.ol!.:tor :r.:•J\. ': ;, 
CU\put ol tC.e uo.ill.:or !c,Js a ¿¡,¡o,-!.)' :1.:.; 
counl" "'1-o><· ou 'i''' < t~o•:>i~c'!¡- ~ .•.;;! ~• e o o:,.,,:_. : '. 
inltrnol ''"'''el\~ .•. ;:co~.:><:. Sic.oe ::., ,;;· ... ~, ~:-· 
(l,r,o .~~ntec < "'" ·~= ~.; ;¡ ~o~.:~:.::<~ e.' :r ::. • ·:: . ; '" 

·COS..Of J•Q CoCo"O\ te :<f.:c·.~cc~ >e·!) ~c.'i lO:-., 
6-~U !> clocl. 1 ''' <ri6 ¡ in<. rf .e os. ,. "' '"'· ¡•:•·:< _,e:> 
be n.Jt1 in loc<·>t<p from • co~.o,cc. e:.,~ i~ • "' 
p~catt·d r.u"o: ~'""'Putcr la~: t,o[; ¡.n ¡· :<·jccll. 

Tbe MCS .. JS fnmi\y s~tiofitri tl~t• ~,,,,,¡ 

lntd ~trntq;y uf ht·i">: ''" iir>: in :i.c 
mnrkdp\;•c~ \\ith nn '"'i'''ft·Lt \'"' '''·fui 

, prmlut t. 

---·----
·ThoMCS~5<h:p,l•'•" ;,.;¡,,,,., ,, 

pin ,._.nne<l<·d \v •n ir.: o.,.,,¡ 1 o;t, ic. . .. ,, ¡. ::.;• 
rc>istur •~d Sd-u,itL .,;,.,.,.,, 1'.'~·. :• ~,, .·•. "-- ;. 
c•nL~a,·co.,,p:.,¡,"¡ t) ;,;: , <lo:::~):,; t',,, .· · 1: 
is 1 liUic '"u"' ~,:i,.·~lt le• e~.: • lt•;;.u. ,,,,,.;: .. : :, ··: 
lfor c·••mpl<-, t) • ""'''''~u:: "mcc), '""' ,¡ .. :.,n.' 
lt·cto; or rti,.rc•tt· tron:i>lor dri•e i; rL·~~;«J. ¡.·1cl 
~~¡, . ., the C:i"'' cir<u<l ;, co;,.'.i•t,:.,•.ul." 1•. <:· 

con,~'·' nd<·d ""'' ~·, 11 .J ;, hle <!O<·"' .-. < '·' 1 "'' .. ;, • ''; • 

Limo. deo to d.c ,;,,.. '""""": ol ti , ¡· .... r: ... '', ·. l 
circuit- d>r>~t ~00 n .. oc. 1 n on) '·' •e, < • , , t .~. '' • .. , ' 

thf S\3\0 0[ [lo~ p<OC<'> >Of. 1! '1 D'- J1! l•.' ""'' \<o ),. < t O 
nonon_,\,,obl¡· intc·rn.Jpt\.o> ic.ll.o Oc•cC·< \l.,ol •. ol.: h 
u•od for •ppl«Mi<.,, >U eh ••> ""''.' . .' .. ,: l1r '" 

Dcvclo;>mcnt lools 

l nt d '"Pi~'" s 1" o n "jur ~" .l·. ;•u.' '· t :,. .: • 1 . ( !.· 

MCS ~~ !.",ily-" "''',.,.,m~·;,· .·<.d .,., =:. • 
<m•"btm, ICI::. !·~t~ c.f ,.,;;, b "'" <" .-;. J:,;,' .'.:: ~ 
n>i<roxu<:<i'Cio ,¿,,, !, i'"1lr..' ,~ •: .. ,. ''·' ·: .... :, i•·. 
lnh·l duo> n<l '"l"i'"" >n) .\\CS 
tin:u!.toe> tl.ot run t'n •l..r,,·ccr .. , .... , ."'''' 
M«hil)' fur oq l.r 1;t· ¿,,,!.¡·< "'" 
]]o.,<"''· tlot)' •~n loe ol>t.:: eL!¡,..,,,¡, 

,,,.,,.-,, 
'¡. ' l 

><>ft· "" ) ..... , ... ,.¡ ·~-">~!: ... :!: "·'l.. ::" ,, :.:. 
lnt.-ll.!llS ,.,¡,,.~, ¡,, ti·•· :.:C::: ~o:. 

>i~:or•<)' u~c ''l"·<l> fr<'r."1 • ~<•.1 
:l.• ': ,. 

• .': ... ;e 

I<KII> f • '""·1'1'. ¡¡,,. .:. ,.: : . .. ·.: t:.:, : • • 
ft'h"! •)'11l,<>e' \)oJl JC• <<¡'•'·''' e: ):•.>· 
,,;,: ~ u·.t· l<• l ),,,,~, \!.• ',¡ J<' •·' • .. '" • 

' : 

' .... 
;'·• ~\l)S,d. ; , r ,.';r,.; ,,., Ai,o ;i, r lj , ..... . :· :' '-· ,., 

1•1: (., ,'.l l•r··~r ·'"''""' i•· h iro¡: '" • 1 ', ::< ,nc~;¡ :•r hc.J • 
, , •; ~'·" t! •• t ,.¡!,, .. 'u· "'o¡•,.r. o 1· c:ot'~"· •bonr• 

,, .... d' ''''""' '·' u.c ,,,.,, ¡,,,,,, "": .• ,,,.;: 
r,,' ,1 ·cr .,f l- < ) C L r, ~. ; ] 11 ] C !:, lt. • • .. J .. :od d,u o,:< 

f,,,. !'"'''''""·~e'"~" l)'J•<']<,,oc! .. ,. ., UflJcr· 
\:.' ' ~·. 

•Ct.\1<:\UO.·"l 

"'""'·'"'"'·''' ,,.,,., :}:fl\ '~ -, ... _-,-, : ,-, .. '-' 
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The first impfcmcntation of a r¡(·rr• rnicroJlroccssor architcctr,rc 
promiscs to na,-row t!w ,>;11[1 hctu:cen thc ¡~uwcr 

o[ uery sma!l nnd v.:n· !orge computa:,. 

A Microproc:~s.so:· Archik~c!:Jre 
' ' '' 

for a Changi~g V..lor:J: The r\íOlorola. 680()0 ' 1 
1 ' 
' ' 

Ed" ard S1 ri1 lcr 
Tom Guntc·r 

Mol u rol" Se·"' it "" r:! u clur 
' 

I\1icroP'""''"'' \o-cl>"olo¡:• ¡,' nlorir ¡;o m--• ""~ 
e'p~<••lly 'hallo o.~ir.~ ,.,,_ 1\"~ilo l< c!.r_,.:,.~-' "'"' 
'""'"'"h .. ,. Mt co~.¡.!.·<dy ~.i•.,;.¡•<><"!. -·~ .,~ 
m·arly tn 1 hr 1" .;e 1 " r.o·!O ¡J.r h!"" ir.¡; r.,' ,_, "' '-'"" • 
ptv<C .. Ot de,Í¡!" j, lo()[ 1.<>" W~f h ~~"<l '''" ( .0.0 ~' ir, 
clud~d. l>ul ho~ imo,;;r.><Í•e '"d ,,.,,;,. <h• 
desi¡;ner c•n be.' _A' a ro,dt. "'' oca! "'·'"i'• "·"' b• o 
;nuodu<·~J "'"~·¡;<·toor>tion rr.icropr""'""'' \1'• 
de" ribo ho" nno· of t!'""· the '•INo:<•!o G.·l'~. H" 
•ponds to t he"- ~n ''1 u•· , nndit iuJ>' 

Molivalion~ lor J new microprocessor 
archJ\Oclurc 

Pr~vi,uo ¡;cm·ratiuM ol rnH:r<>proc"•'"" "'"' 
limilc•d by tho d••>~•bl~ t<·chn,.!u¡;_,. llr""'"· rn •n 
ovo"·ic~ o r 1 irlo.' di•<u;" • ho" 1 h~ r ccbul,,~~- <Yn
straint> ond lh•· ~·rc~i"d micro~r<<<-'>'->r "'"'1.<1 
moti•ucd oorh ntit·:o¡>r<•<<"or arr~.i«-<lur•. 
M ica•prO<<''"" ~ .t< ¡,~.,¡,·d in nu . .,-,~.-: "' «.;:•u-ro, 
d•ta p•lh" idlh, ;ond in•\rUl tit•n •ot pd~" pri:c;.r;h
b.-<.,U•< l•-ciH"'l'""! e o ,.,¡,j ""' • "1'1 '"" "''"e ¡,.,,, '-" > 
on • •in¡:le r!.ip: (\¡~.,, liHul .. toon> uf r~ioro

pr<"""~'"- ·~eh"'' h-"'"~ '"" "~.11 on ,¿,¡,"· 
•poc•' and """""'d"'" of .. ¿~,..,. '"" ;-.t.:ir•c •. ' 
mayboallrJ!Juto·d ,,. "'"'~·\u 1"'' .. ,¡,_,;; • .,, ;•ti• ~' 
yf l he pote· n r i.ll 1 "·" > <'1 J • 10 1 • .;h no!o,;~ reo''""" t< ' 
Wh.>l<•H th< (,,,.,., '''""-,.,,.¡"'"'"in:. hr.~"'"· 
•• ""no~ in" ¡woi .. d of l•·chnic.l u.n~'"''"" ,<nd 
•piritt·d '"' npo L <1 ·~n. 

Toob "'''"¡;io·~l .d • •"" , , . Tht L~•ic mi<r~i'"'"-' >•or 
tecbnoly,;~. \1 (1$, h•• t>.,·n ><<••l•IJ ~¿' ~c.u ~ in 1 l.e 
11 o\ r~" ~ ,-." T~< "'"'' notir~~l.lc ir.=F~' """no f.~ o 
bun cioruit do '"<1l' lfo¡;\0'~ l' . .,•: t, ""' •:.,., 

~ ,,,.,. ::)- into 1:n- """' ·"·: ',, '":-" ¡,:,:¡ 1 1 .• ;c.-. ~ •. ; 
''". •'r.,;i< ''·';> '"''-'' ,.,._,_._,""' \".';_._,. ... •• : 
r. ·''"'['"'"' • ·~:> < yc_t ·' "''~ !: ,_.,, :'"•> :.-. ; t ~.•) : 

,;, '·'" r ·' " '~- • "'" "' t : ""-·" , • ' "· • !· -•· .. •. ·-· 
tu ;o.~~-J :t~r.>i><m>. ~c.:.;.~" L·• :~~-~ •-··, ,
""'~"''""d" ~-·¡- ¡,.,, ;) • ···":o-~>· :.- :.- ...... 
lao¡;t·H ,,.,¡ •o•~-P~"'' Ci""" ~- :o•·:, <>, :: 
"''1)" l<·<bno:"n oi.Jr.te t!.a: J .. ,, lo-~·>'"·"'' 
rc•pCI~dios :n:p,u< <mtr.:. ),, , ' !Jo•-" "'~·"' ,.,¡ ;,. , ,· 
<Uil '1"'' d or.d f'"" cr d iS<i p: i<•n 

Ad•,n<t> in \eobnlv¡:;.· h.•'O h<·on r.h;,e <'0:. 

tiun.")' oh.,n rt·•dcl:unory_ T:,.. ,.,,_iur .,C•. •"''' '" 
<"r<· ,,..d circuil d, ,,-.;)', is (~r <•·>ult d ¡:•¡.~·.:·,; <·" 
pr~''"·"e." in pr .. ,·c,ir.~ H·dor,iqUt'' ti«:¡ .. ·:· 
•mall,•r circ~ot d.,nc~"""' Oc~>ll) i•~rro•<-

a«·' '1'·"'-d t<><un::n~•. ,¡u.-etloo.' <i<r•'''' 
•" ''''"'"" "C f<•o•J .. :- ., . ., lJ 1 ;,.,,,,. l '~'.' t. u< o~l; <>c. ~ , .. 
Ll,.r '"'kli"~><J i .. o¡:rc•<J,,·nl ol "''"'," r· 

co.•cs. Sr" '"'""i"'"'"'~' ~"'·''"t'.l<> '""'' 
d.--.:•-,! ·~·-~e .J· .. m(.~~ ,; this r~:u:·· :.~·.··-· 
r.·r ~• 

.'·1 ••. : ' ' "' , .... ftol· ·;·¡,, ,., '" :rr.d r~, - ,, " 1 ,, . • . . .• ' 
in ;•;'':.:' :·· ,,,., r ... ., •. ,j~,, o r., '• '" 
r-·••.!:·~ .,,~ •·i'i"•''"''l:co ;~, ·: ... - ·:· 
m.c,d,:. '•" J,.,, •' Ll.t oo:r.:·: .. :• ,. ,. 
~.·:,; '''"'·'·'"~'t"•-j•c:t!-cor.·, . .,, :f: 
¡,.. ;, ..... ~ ~- ' ,;., " .¡,., '"''· "'"-' -, •'· .. ;• ': 
:.r¡-• ,.,,,,,;.¡~nu:orctl<.o•l•· ._;,,,, ,,,,,, .... 

pi ... :; .. ,,.,¡ '·•"' '"·"~!'·"·"''"' ·;¡_, ; .. r'· ·:,, 
¡,., ,¡, ~-' ,_..,, ¡, th.1l .. _,- .. d .... ,,.,.'·'"'' i.,. 1\-.• '· 

""'' ~· nu J 1 t! 1 ho·¡· .oJ< \o be '" _ 1 L: "· > 1-<1 ~·· ""'' 
.,¡ 1'' .1• ni :.,1 •• ¡.¡- !ic •< iGr.s. 

1 •;_:, ···h~ •• , ... ~ •• _n .. ~-'' •.:, "'''' :·. r:~·"' •.. · ,. 
>•o ··•1•, .:•<:: lt.oCIOJl<• .. t"<•< ;.: ¡.;,,,.:,c.\ ;> .. ~,¡o> 
.... ~ .•. t·: ·•·;·-oo ... lly n-<r<.-:: _ ... , "-~'.' ,, ••• 

. .. " , ....... 



'. 

i11cr•••in« ' ,, , ". "-'''"' r· . pi<• a;>;>li,--• ,.. , ' '•~Cll<,nolo:~. ,o •' ... ,,.,,.,, .. ,.,,,- <•.m-
n •~~·i•lo·'"' u' · :· :· ""' .. .,_,,,_ ~~-' ;. ~ ., • ., .. ,.,,,¡ .. ,:(~·o· : ,.,.~. . -· ~- ..... s .. ;,'· 

blc"lt'l - _;¡ "·''·""·'••'·-•h •::•v• .;•.\: 
• _, -¡ ·" 

" ... · "" tO<l di~-.~;:;::· ~co· '~"'''e!~'""·'"' 
OO<•Iicot\v -' .: .• ¡' ue "' ''-i "" ,,,., ... , ···-".:· 
cvtr ¡1 . .-c-. ··· ,,.,.,~ .. .-.,-.... ,, •. : ~.,.: .•• Lr, ....... .- .... 

pn•cludn", .:·,el, .. '"· L"' " ,¡,," 
<hO!.<Cl<ri- '' ""''1"'"''"''' .. -

T 
' ' ·" ~) '"'·'i'l'' , .. , - ' ..• , •' ·'"'"'"' 

O '"'Jl rc-!uoo ,,,,, <"·' · '" ','JLI•_···· 1 p . ',. ' '· ...... . 
~:.'l'>>U[ J<S:~,,(,, ,:~~< . .','\ 0< 

0

,!:~•"'· ""·"' 
d' ~ll'lo >up;•"rll:;~ ¡,;:.;,:,¡'.o¡" ¡''"'nt' '"'""""' 

»t•p '""1 I'"'L'·";~ on~ ~~'"'~;:~,_ an~uo,-" ~m! 
lli~), 0¡,_; . 0 
e .. «·nlo""'" ' - ·'··<" ' 

'

1 ~ - ~ ,-,.,,. r,, ""' ,, ,, . 
t · " '" ~ '" "" ¡ ·•· • ''' ioc.ran"''""" ,, h C ""liotlcsol<l,,•.,,,,¡,,.r 
di•p•·II>OI•I 1 _ _. '' ""'I'Uicr ~<S""n e.,!,• 

'·o.\ thcl' ••o Ll " ·'" on 
mu•t .u., k .¡., ,¡ . o"."''"''" n, 

1 

"•l'•- r,. _-. , .. '·" "''' ; . •,: '•·""' Sl<U<lUr<;,':~·::.',.',•,':,'[ .~~-~.",'d d.· ,¡;1,, :n · "' ·t"·• 
1
"\ 

' 

' 0\0l' L·,,;,,,•,:l•f ., "'"''··· '··. •''""'"'·''·'·~·. "' ,,_,,-..,- - .. , .. ,,·<1. 
..,c·c~nd , ' · • '-'-:ti,. 1' --· , 

1 

.-•<·"'""'''' ....... ;,,·,!-: . .-~, 
ut fu• "' ¡, , .. , · .. ·.,"'~"' ... ·:' _ • ·~·'1"'"''1' ' ·,'''""""~lo 
po11dinol.,.,,""''-. "'; ""' ~: .. ·-: fu1d (l• ,,, , :,), U.,,,¡ . •' '·'·-' ll• IX 
E "·•'·• '" .. 1•¡ --''·"'''''·'·~·-'"!· 
~r:'"''"''"''''":.,·.'""'' ,., .... ''') 

'"'C•n•l>l• .. · · •·'"•''•'··' ·.1 " '"''· 
str•to• lile','--·,·,">'" '"•·• ·' .C.i:· .,..,, '

1
" ...... ,. ,,.,!,, .. ,,-.. 

noull · .. ·.c.J 1• " .• ":'<•l.l .. !t.- ... h:,! :.•' ··:· ,., 1• .. i:'"" 
•: ''"'"'~" "' ¡ ... --~1·'• -r;' .. ~ 1.::::: "': ' " r, : ~·' 
.... l'···t \'"" l·- ·. ' .... "" ,, '""''"'•"\ ,. . . . -,·r ''"'"'·'""~ .·• _- .. ·"''''" 

• " Hl¡;"UO\U-,.\,. ool ., •-~~"·' :·.< ,• 
h<>n> 1 J\l,nuo.IL•f,,¡ !.·\; . ., 

1 
"' 1•'~ '"" '"'''UC• 

O, •l•·n ' > ~~ ........ ,¡ 
tloÍCr<•''" , 1 '' l.>(l~o~. '·~'-"''' ~ ,.,., •·cl!l ··'' \,·••:.~ 
:n..-t ¡¡,,., . '''''"''' 1,:, !·· ' , •t¡~Ll 1' '· 1¡;•.-·:1 L•-

\\('"O,•'I:''''•c' tmcn." ••.:tE:.:'"' ' -V. •C ,, " ""'' ,.,, ... :. •·, ., ,. . ' ' ' ·-· .. ·¡ ..... '"""'"'''~"' ... ~ 

i i '· . 
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68000 inl ern.1 1 are hile~ 1 u re 

"""""''· Thc ~~~00 do ,;¡:n pro~ido< an Mldro,. 
"pote o( 2" 1 •:i te, lliu" kd lo 2'' hyt "' in tho onit ,¡ im· 
pl~men~ati~ml. Mom"'Y " by1e .lddro_,.,,t,Je, w1th 
individu•l bll .rlclro»inr, wovidt•d lor b1t monip
ul..tion in>lrU<l•on.. ,\lt·onory moy be acccsscd in 
l>nit• ol 1, a. 16, '" 32 bit• CI'U r«ourcosic.dudo ,¡,. 
t.>en 32-bit rq;is.ero. o JZ bit pro¡;ram co~~tcr (21 
bill in th e in u ial irt.¡>lcm<nt~tion), ~nd a 16 bil>t.al u> 
·~gi51..u. 

Tht re~i>tcrs Wi~ure 21 are di,·idcC uo<o t~o 
'clu•c•. The ci~ht dat..:l «~islc•ro are u sed pri:»orily 
for dato manopul .. 1 io,n: l he-y m ay he opc,ond so u rrcs 
or deslin•tions lúr all opcruLiCJns l!uL >ro usod •n •d
dte5Sin -~o ni y os im) t·X rr-~" t<:r s. · f he ci¡:!l 1 rcmai"; nu 
l•ddrt ") rcgi>'-< ;s ore u"-d wimar<)y lor •J d:.-"ing. 
The stack poinlc: is on< of 1 he ;¡ddrcss rc~ist<" 'fr,o 
prot:ram countcc 8nd s!otus ,..,,d ar• scp~•~L< 
••ei.,•rs. 

Arldr<»ing- ~.:u:oo:y is lo¡;i<o l!y .ddrcs.ed ¡,. 8 L1L 
byt..s. l C· Lit ""ards. or :J2 bit l~n¡; "nrrls Thocu!ftn L 
implonlen!otion roquires t.'l>t v.ard and lon¡:·"c.'d 

" , ¡ 11 " o 

" " " .. • 
" • 
" 

f!;;~; 

OAI • 
R[:¡¡~;[iS 

[IGH! 
~~~RESS 

~EGLS!ERS 

,--------~' ~ ·--·-··· 15 a 1 ,., 

o 
P~OGUM 

COUt.l(R 
o 

SlATUS 
REGISl[R 

TS 13 • o 
(r[ [sj ¡,¡·.¡q..¡c¡ 

Tll.o.CE .,00{ 1 ! 
SUP!~VLSORY, 

·L~l!RRUPT 

loi~SK 

[llENO j~~~~~~~~~~~~~~ """'"' "M 
Ov!.AHOW 

~AA< ., 
1 lpwro 1. 1.1CbóU~O po. ,,.,,..,,;,9 Mo~<l I•J on~ lnlo•n•l 
· l•wotwro ol ''""' "~'""lbj_ 

hblo 2. 
MC6aOGO .oo,..,¡ng mod ... 

R!GISI!R n"i(l A[.~OISSIN~ 

""' "'1''"' """' 
''"'"' "; '"' '""' 
'"'"' "l''"! '""' 

~~ G•Sll ' Cd! "iO AOCO!SS. 'G · 

"~'"'' "''<''"' 

" '" " .. .. " 
" (J.n) 

.. ;•>'" :,.,.,"' 0"' '"'""'"' 

.. ,, ... "'""' ~" """"'"!. 
·~ .. ··~'"' 

•• ,.,,_.,€. "-
'"<- ~r.-~.F -
" ""'''"' " 

~;·,:·"'-' :~;,,,:tR 'it•IIVE. 
'''" .• ··" ,.,, ¡. 

"~''"' '""" fA ""''r·: "''"' e·ac,o EA 
t,., ,: "'"''' '"'''" fA 

Hi~lUt! ~;:;¡~;.,:¡_ 

(A.1) 

t<n] 

,~;¡ 

~ IPCI 
(PC 1 

~ (P') 

• 
• 

' 

• 

,., 
'"' 
0:5 
pn¡ 

" "" 

1•·-
• " 
• ,, 

., 

-. 

""'·'' '"~ EA ., ...... .,.. (A . -.. '"'' .• ,u.".;·._,.,, 
(0!<' ,'oC,.,,.,;! :0 ·'•'0.' 

,,...,¡o;u¡ ,,;., •::· :ss.,:; 

"'"'"' '" ~"''' ,,~rr;O"' 
¡;¡r·,,n.:.-.: 

" Oo 
EA ~ ""'' '' •o: "' 

~ '"""' ";''"' 
• Ot'; ro;·!'!' 

'·''' '"""'"" ,, ',. 
""'''' ,, ,,,,,,::. ·' ~ ,¡ 

'" . ,, . .,, :• , .. , ,.~,··· .,,., "'""'' ":''" 
" " ~-~;··'· '""'' 
" '"'' ',,_ . .,,.,.,_, 
o:6 

' " ,_ 
:_:.c"c:''"'"''''''-------'-~--------·- .. ____ _ 

r..,lo be ,crd ali6"ed_ B1t• 4.0 ind"id"all;· ,¿. 
dro•»l>le rn :he Li:-r..~nirulolt~n i~•tr~Clio~s-
T~~ ;,rchi:"'"~'• sp~CL!i~• •~ o~tin:~! m•·nro:~ • 

man•s•m•r.t sche:;r~ l~at ir.lf<loments anci er.f.,:c~; 
•·•ri1bkl~ng:h ><~cncnlation of the •¿:ircss 'f·"' 
..,-j¡h •«"' rr;;Ots spr·cifiable for ic,divrdual 
s<~m•nto. Tho P""'""' can Le u sed ""h or wrthu~L 
mrmor; rnano~<n1 cct 

A J,l«•'> coleL>t": re"' IT ,, b],. ~1 "'" >;><etli•~ ~!' 6· brt 
f••l~ • ~r 1 h o rr.s: n:c: ion Th o •.0~: e~ >in~ 'p•cdi< Jli••n 
is NI h~~or.a 1 Io \t,e o~er J\iOn •pectf to:>t inn af Lh• in· 
5\rurtron: ¡ha< rs. ~ny odJrc•,.inc m...! e'" n t. o u.~~ ·~ 
ony 'rn51tw<::icn l~a: usos aJ<lrr><in¡; 

Adr\"""<' •re 3~· bit ~~·,¡j¡ ¡.,, 1~' tr:t S m (!.,• L Uf• 
H'nl im¡>l<mt·ortA:ion) TO~ ~rchite<turc ,;¡,c:<·n:l, 
>U PI"'" -srrooll '! "cm: (\ lo~•< " :1 h Ir•. "' : bn ~" ... ~ 
dro»oLie b.''"" b_• oll~"jn~ 16-]llt .dJr,·,, '!""" 
(Jtit-< lobo '~".,-., . .J. m~>e<l. or c:.ic~:l.rto¿ ;, ,.)mol>( 

•' <rY ad dr,•'>on~ s1: u a: ion. f' or , ' .. rn¡ol•, o n o\., <·1" 1 •' 
•~d:c<> e" rflcd 1 n ;r n in" n;c l r~n e·'" use 1 ~ "' J': Lit'· 
or on indo, e, k ub ti o~ c:ur u'' 1 ¡¡ Lo!> ls• 1::" , >lend•'-' 
102 4 1 rit >1 '" 31 bo e; ol • tr·¡;• "''' ~• inp~t. ·n.,;, (,JIU<~ 
~ll•·"'' th~ '"'"·"•d~re lo >u¡>p~•l ""l' Lr~~ .•J· 
d,..,, .. " ti hom pon-ohoin~ 1 h~' l!ici<·n< ¡. o! ~'"'-' ••~• 
thu l("qLÚ« onl¡ •moll .,¡¿".,.,., Th~ .¿¿,.., ,ue 
lll><•f J2 hi¡ ,¡ j5 ind;l iJo .. lly 'l'<·cifoed f~r N<h U•<. O<> 

ti •• ¡ l.rHO .,,,¡ srr,all •rlJ,.,., < "" l.rc intr ,,.,;,,J ••· 
bit ,,,rily in o !"OIJ ~ru. 



~DiltNO!•IO 

MOVC 

A •·oriuy uf oddrr,.inG modos Areov01lobl~: 

Rr¡¡,".r" Ji••<' Tho ~oto or •ddross rr¡;i""' cun· 
l-o in. l~< o¡..o·•~n~. 

Ad,J,.., ,.~.,, .. ,,¡,f•""'d. Thropc<~"d oddrr" ;, 
in ü.e 'I''"<Í r .. d .d.lre., n•¡:ister. 

.Add<tH rr,:i"er ...!o•.'t'lrd pos! ro<rCl""otn!. Th~ 
Opl'rand oddr~•• is in the sp,.rofic-d oddr<., ,.¡;i<<ec. 
Afl<cr the upor~nd ;, acco"c~. t~e •d<irru in tOo 
rc¡;i>tor ;, Íncr•mrnlt•d by the upora"<i Sr:<ll. 2. ur 11 

.AdJ:.» '-lf'"" d··{,-,,.,¡ p'<··d,cf<•mrn!. TOo 
aperond oddro»" in cC.o >p•·<ifJed .. ~~'"" tc~i.:". 
Befare 1 he ~1'"'. nd ;, •<«»rd. tho .~JCO>> roui""' " 
dccrem"nted by '~·<O~erond >iZ<. 

Ba .. ,,¡.,¡; "'· Th ~~<r .nd oC O ·e" is doe contc~'' 
al tho ·~··crficd •ddr"'' «t:'""' rlus a !C btt;i¡.;ned 
di>plocrJnc nl in iCe i<'>ln>ctic.n 

Prurrum ro un <cr r, '"" •·r. Tho qwrond .1<id r "" " 
. the cur<ont pr~~'"''' co~r.t o·r ' •be r!"s o 16·1oi' ,:~~· 
fil di>plocoon~r.l in tl:e inucu< tion. 

1 odu rd The ~~ce• c.~ ~d,!r<·;s ;, thc con,,·nts of :c. e 
spccificd od~'"" ro· .;i>trr pb' t he cuc.t<•" l> o! o~ "C 
ditional !<lota oc .~~'<.3>1 n•¡:i>tor 'P•<•f,.·d ~~~' "" 
8 b1 t signed o!icploco""''" t in 1 he i '"' r .lCliun. 

• ' ' ' ' 
''" 

u;,~" ' G,¡o,h~:., t;C~•.>ó 11.-'F'~\ 
;.¡c·s:;n !.":I.E ...... ~! '.;r.:;:,, 

l OIP[[i<C'. >".0 
OP!:Fi.:.. OSll .• , ! 

' ' ' ' :;¡~~I<C."o "c~'''"s OAS~ 

''~DI on;;¡ R!CtSH' 

Ol',>t•U"!'i 

Sil! 

• ' ' ' ' ~OV! 

( )NDITION~l BRH"CH • 
• • • 

1 •• 1 r:c~o• uoN 1 OISPL'ClMlNT 
1 

'" 
1 '" 1 CO~OIIION l!RO 

1 OlSPlAC!"!.'<l 

.. 

Pr<o¡;ram co~" l•• i~do U<l T~~ o¡~·< >nd •dóo >' ;o 

t!.,. '""•·nt ,.J~" ol tt.o r•o.;r~,,., '"""''"'· plu• t.-•• 
C<>llh·n•s of tho• >l""'ilird do\~ ur •drlr<"» n·.:•'·'• ·. 
plu' '" B ¡,, <i~noc rlis;ol.ccn"·.-.: '' t!:o iew"'''' '·· 
A~><il"" Tho <>i"""d ~urlrc"" 1, l.'.< ir.,~r~o· 

tion . 

1 ""'' ··rii~ r. Tho opo r. <>d ¡, in tl.e in''"'" ion. 
b: r '"'d '~"'e~ A r "~~!e(e 'N •. : l.i¡ noo ···~·~ l .• r io~ 

'"'" ~.,, "' r,,.T.rc;. •, "e• • .. ~t ,,a o 1 >11 ;, r•<M•~· 
•·<1. Fn: ifle>c onotruc:·c·:;. "~ o"¿.,:.I.Jd ,.,. ·., 
"ord ¡, ;. :id res; o,! '"ir.~ ' ''" "1 : l•o :.'>co·. • .,.,, • •. • · r ;; 
mode>. The indo~ic~ai ~" tn tÓ m• e:~· :l .. «o ".·:.' 
drt,>ed ~y llS bll nu:;;t..: >r. ~~~\"''d. -:~e''"' 
>pedficuion ;, cont:oir.<~ ln \~ .• '~'''"""·' ~' 
p:n·>Óc,ly CAicubtcC tn d e."• "·~"''' ,, 
...,,che.ni;m ,,Jin~s '"" tn be o·t~·-,,,, 
"1thG~l :cq~:·:: . .; :e o u" oll",;"•i ;,,, r::r· :.;t·• e·:~ 

""'"' F"o: ""~"'""· "'1 J2 ~"' ,,. "·""; :.:_:;_. '··· 
cr~u~bie 

l n • TI~~ ,es 1 he •dóe.:c; •;•<•' io,•d L:.· r 1 .• ¡ '" :: · rr. 
<>n '1''~ •.:.,. <·.olir< odrlre•> •r•:· •. •. :>o o·!:,<r•::. '· ,. 
""'nl '"'"' ore Ímpo,cd, ¡,,.d '"' >· ;-.'""" "'."!:<• 
nu rnLcrs '"' ,.J he "'·" '· ;. ~ l.Hd. 
Adó~S>. 1: ... < Ínt<·¡;<·r. i; ' l·.li¡ >e¡o;.,·""o" 

t¡·p~.-\ o<..-:¡•lo·:c oo: ,¡ .o.J:lro·o; ,,,,c.';o~!";.,.,. ·, .. 
t ;.,,., (•.:<.<e· > . <.•.• en·, h. t.-.u.; :.:), ·.' : · · -,; ,. ,. 
1 ü. ~t:H : >< '{"] f lo<;, ti i, :e ;ol"'"' r: e~ < o : i .• ••: .; 
".;:•:<·'· [ 11 . oldo¡;""· ll"- 1 H:< l:f f d", '. '· •." 

. -.. 

•··::: .. ::·.·• :···:fr·""' ,,. "'¡"'"·":· r .. ' :\:·.· 
1'~" t f. e "'u !t in o~ "' >; "" r .. ~ ""''" ', .. , .. , '". ., 
p:o••ioios :he ¡o-o.,;'"'·"""'· io. o :·:,,::• , .. ,;:· ·::·,:. 
,.¡¡~ tl.c oL.~n¡ tn 0'"'cc!c~latc" !·"·'""' .:.iq: o:: 
o( lh~ ;>:o,.;,ur"> "dJ"'"'•t: o· J,.,, 

Jlcc>u>e ti""" ore,;,;:-.:"'~'!'':·; "~··''"'· f<. "' 
onemory >< CLS '"' ~"" ;cr;~i;' ~ k: lc.c~. ··~ J ¡; i : · , .. ;..,~ 
l t·J~~C<Or) o~.!,,.,. H \ ""'· > nd .•<!•' ro·: >es '·''' 1 :· """ 
\o !•e ro·co.kul.oto·d in r.,rfu<nl ;>"" d t~~ ~·~~'· '"'· 

T!wse '•-turo·> minir.1i;e the 1·''"~'~"' 1in>< :poc: 
m•nip~l;¡, e~ "Jd""''"'· a con: e'"" he • ., lor.ec>- 1 e ,. , . 
ioting mocr~r""'""""· Thoy obn r•• ... bl"h • ,¡, ,;r., 
of adolcoss-;iu lndcpo•ndtn<•:' ol.o •"-"""'>· 
specifi<•loun fieid> in in>tru,tiuns <'" ll'G'l "!t<~ 
only 6 Li:s. r<¡;M<~I.Ss u' ll" f>ct lh.l( o l.r~o· (J2 ~1<1 
add'~" ;, ao:ou .. ll¡ boir.¡; s¡oo•<i!i,·C 

Dato '"""¡l'"l"ti .. n. Th< G~OUO ot•r·J·~"'" ""··,.l•er 
of J"to t,;._., "''d ;up;>lio·s • '""'•~!. ,,. •d vi .. '•· 
tion > 1 O'< .,d, l 1 ¡·e L rubio' 3 "' ¿ Fi¡;ur' ól 1 n ¡;. '-• · .:. 
<!.; ~oio.!;csoiu,; ont«i< is h~•·¡·t·n~•·nl ~1 tb J"'·': 
A l~o. in <oH; "i".C<e il ro:o~c> >C<·'<" '"'' • -" ' l. ,· 
ond •<lJtont·ol. thc ''"' of u,.. ,.,., r.•~•· 
•p•·,·ofi,d ;,.,;cpcm1<""llJ úl t!to· , ¡·, ._.,,.,:· l"i •' 
>~Ur<O> "'"~Le eithr ro·~·>l< <> <':>·k•,.,,.J l" . .-;· 
IO<"aticns. Th• ,..,uj, '"')" Lo ''""J eitho· ·o t!·< 
,..~;,., or in t~< >P•·:.i,cd "'""''C)" kc . .:i'"· "\:." 
d .. s o!·· n•t:i" rr ·lo n•rrcor y·· ~r• '" t:v"> ''"'"·' ..• ''·" 
nuluLer o[ ,.-~i;lo·r ,¡,.,,., ro·~~i,.d \~ '"''" ,,.,,.1:, 
~1c»t ~¡o<rot""Ís '""Le >POOl!"<! lo""'" 11.< """' )" ' '' 
"" ~ i>l rr. · r q; i, LcH o ',·gi el cr. rq; i' " r l~ """""" ¡·. 
ionno<rliale '" r, ~ i>l ,., . ~' ;.,.,,,..,¡;,,¡, <v '"""··"' . T:'< 
mo•c·,,,,uclio" ;, '""'en, ,iLio•. \.,,.,~" r~n t••.• 1 
od<lre:.s in;tru<lion it '"" ;pce<h· '""""")·!..,. 
me mor X ll"WI e u¡·~• .o! iuo.' ,, "di • > ti .. •·r:" "'' ~ .. ,' d 
.w ••. 

CO•.".I'l' 11 R 
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The &~tlOO do o • l¡ r·~= "~d lh• "r~rdioo! thal sup

pul'\ the"' "'"' · 

l~t~/(U- Th nro.•tinn• ••• AT>D ~uH;ft•CT. 
"'ULTII'LY. T>I>IO(. ~>C•TE. CO\"'AH(, 1nd 
ARIT>I'I~TIC~!It>T lnlc~Of> "'•Y h• l.~- 01 ~ hyl••· 
Shifl.l ~ro muh i pi~ ¡,¡¡ <l"h s, •i tl-.or ldt or ri¡; ht. "''h 
ahift cou~t spotol"<.l ·,n li1< insln;dion or P'"' in.,;ly 
L:llculaC<d in a do~~ ro ¡:i•! oc, • nd indica!<> o~or (1"" a o 
•rrropriaL<. 

Muftipr<'"';Qn '""!;"- ADO w,;~ n·r~~O St-'g 
T~ACT W ITil >.X 1 f.~ t.> ·" C H~ WtT!I nTF. '•0. U"'"~. 
ED llliLTirlY, Ond li~SIC~EO DI\'IUC aro th 
pdmili~~• suppli•d /or ••sily impl~m•nting 
multipre.:i•ion in\c~<r arithmetic. Operands ma; Le 
l. 2, <>r 4 bytes, e•copt l~r muhi~ly ar.d dl\'ide, "-t.ic.o 
cperaU. only on ~-L _vte qu.nti~ ies. 

Lo¡;ical The üPU •• ions ••• A' O, OH n rt..USI>'f. !JP,_ 
CD~1Pl.F.M~.\'I, C<"-lr•l<>-. 5:nn. ""d ROTA'It i•l'.ith 
oUow mult!plo positinn ,r,,r:, ond roto""'· ldt or 
right, with "' "it~"" l "'leo~ Oit). 1-<>¡;JOals rr.a y bo 1, 
2, '" 4 byuo•. -

Boo/~a.n. A,\ O_ OR_ >. •CLUSIVE OH, CO" 1''-'- '.11:.' T. 1~1-
PtJCA TJO~. <.cé ~'-T •CC0~/11'.,(; -;o CO'•liiTIO:.'• rO;>,.S 
ore proVid<<l. lSF_ r •c~r·~ OL~G ·mco·-CJt no:._, non> S i> 
u sed to rctm·• e the lo¡,~< .11 _.lue nf any o! ti•< '"'-d ¡. 

'tional l<•l• that "'" ••·oobble to tCc U'-'''' /JO''"· 
D~ANCII JnHruoliun 1 flo~lcon d.1la are oc.o L¡\t 
qu•nliti<·s. 

8iL TJ.e opc_r_,Lio.,; •ro SLT, Cl.C.\e, CnA.\<;>', a~>J 

T~ST- Bits "'" i nd i' iol ually ,,¡ d re"a hle, 
fl,cimu/ AI•:J. ~UBrR•CT. HC.ATC._ and C<J·-IrAkf. 

~•~ J~dmal oru-•:ions. The' decimal ¡IJC!J¡ iro>< n.;c
tions "'"'~ on ü~or•~d, in n•~rnory jmcm<~<r to
tn<moryll"-O ci¡,~ts Jone b)tc) ot a time. Combin,d 
.. ·ith a l<10pin¡: instn.Jction, tho úci:o-.~1 i<>stll•r1ioe., 
\mpl< m en t ' aria b lo-lc·n¡:th me mor y· to- m<mOr y 
docima) operations. 

Churacter. Characlor i .. struotions, MOl'~ anJ 
COMP~RE. work on opo,rond> in rr.emo'y ¡momor)' t<>-
mcmory). · 

Addrru Adrlre>S operations inclttde r-,:n>:<-f:.,r 
{by 1, 2, or ~). !lf:CR ~"~·qlby l. 2, or fl, AOD r.qrr.r.~. 
SUBTRAC!' i~TEC:~R. CD~iPARE. and LO.~ O EF!'ECTI\ [ 
_.DORE SS 
R~~~ Fl"a l iq; pnint ~ UD.StlljTR AC'r." \IL>i PL 1 , anci 

Dli'IDE are ;p,•colied ~~ t not implc•mcnt~d in tho fi.rst 
~•rsion. 

S¡ri"¡; STRINü '"'""· HRiNG SEARCH. nnd 
TRA,..SL~TE Jr< >p<cJiicd bu( nul imploment,·d in tilo 
f.nt ~crsion. 

f'ro¡;ra"' c~n!r~l. Pro¡;urn·cont rol in; l.-u e: ions in
dudo CO.~DIT!O"•L BR~'C" (pro¡:r~m counttr 
r<!oti•·cl. JU\!P, J U-'!P TU SUI<ROIITI ~E. ñ LTU~~ FP.<J" 

SUBROUT!~[. a~d Rf;Tllft~ lhO<I I~HR~IIPT, oll of 
.. ruchare lradaional in>lrurlic'n;_ :-;;,,,,<'n "'>'"'"" 
opuatln¡; systc:n c~lls "" sp•·• ,¡¡_,t.le w,tJ, th~ TH <P 
lnstluction. c~ndili~n.tl lr.lp>. loopln¡;. and 
oubroutino control aro Ji,cus" J l"•lvw Thc STo!' in
strurtion halL• the J'fD<'«•or, L~• ~~SIOT in>(rurtion 
roinitialius thc •:-·-: cm •n- irotmwnt, and tho >IN'~ 
lnnruclion un Tn4nip~l~k :~o pr<•ces>ot sl.ruo 
•utl. 

•5 
r.i, il~~~ •• ~• «. Th" 6~00'.l P'""''"M ca.; ~1 ~-ro •• 

in u<.<r o• •up.r.ó-or •t•<o In ,upe"Ó'U' ''''~- lho 
~n¡;,., in•lr <>ct io•n >el i, a' ool•bl•- 1 ,_;~;.,,;M el t ~~ 
currcnt sl•l • i • ~¡,' n ~" ti•~ < ><ernol ~o: Id"' tC.o t. ( or 
ins1dnco. ;¡ dd:c" tr •"'l•tion can oe , e"·' b1 t1•d ~ O en 
\ho ]"D«''Or is in >u¡•<r vi,ot Hato 1 n "'" '~.•le, e o:· 
L~'" inst ruc !tOn>, S ut h O> >;1'('; '. "F.-'>:T .• nd l hnll : C.•l 
"'' ,J,¡) 1 ht· ''·'\U' ,.ord, ar< BOl •lloto. t-d, th<)' c.,"'" , 

:.~:~ 

;J~ 

.. oot 
~"¡, 
"SI 

,,, 
¡;,:,:¡ 
eCLR 

··~ ;;><J 
'.V. 
~~SI 
:--· 
é~h 
('.';> 
¡;~"; 

JI'JS 
:;·.~ 

tOR 
UG 

'" '·.- p ,,, 
\ '" ~-:.o 

'" ''"" t St 

"" .,ovE 
"UlS 
"~~u 

'":J 
\EC 
~EGX 
\•OP-

'" .. 
'" R[ S!! 

""n 
~OTR 
ROlXl 
ROilR 
RlR 

"" !~·:n 

s:: 
S T M 
Sl ~P 

'"' ~u~~ 

S •'i<P 

To~l~ 3. 
,.C6!~C in"'~'"'" ••• 

•u ""'~-·· '"" '''"..: 
'" ·~~ w.:n ""...:; 

'"'l'"' '"" AI.ID~"'' >-"11<'1 

'"""'''' "·'" •-;'.\ e""·' ""' ,_, · •'·, "'' ....... ; """' e,,,.,, oo: '·"' 
f•<oco •'~''' 
S•t "" '"" "' ~•.r.:n " :_o;o :.r.t 

·-· ,,., 
Cr;" I!J•''-' •;• "" C:,,:> 
e,,,, e;•·": .,,_,.._,,, "-,.-, 
c ........... ,,, '" '" ;c.: "" 

,.,,,,,,,. """" 
¡,, •.••..• 01 

l•c•oo;• ";"''" 
S.q"Oo r•L<'lO 
Ju"'P 
Jum~ 10 >•>'"'''' 
'""~ mui!·,·E r<; ,,., 
t .. d «;""", .. :o 
[o,¡~"'"''"_,.,, 

'"' ""' Lo~'"''"" ''" 
Lo;•<" '~"'' "'''' 
~ ... 
5o¡O<d "'""'''' 
u"~'·"" ·'"•"·"'' 
N·~·· c.~.~, .... ,_, ''''·" '···· '"'"' ,.,.,.,, ¡,.,' cc.,-;;_,_.,-,o: "''" ''""' 
No""""'''" 
Ono'¡ '"""'""" ,,., ... " 
'"" """''' '"'"" '"" "'""" "'''"' Ro""'"'"''""',,,,,< 
ROIJtO •>;M" :•:.L ''"" 

''"" ltll ""' '"•"C 
~ ..... '''"' ... -. "";.: 
ROIUIO iC-'J """' 
ll<luoo !<<--n •• o : _, oe 
So~liOCI Oto··"--"''"'" '"'""' 
5<1 ""~''''""')' 
Sto•o """ ;•< "''""' 
510p 
S;.DI.-.:1 
SuD""' ••lh <"<'>d 
s~·~ ~"' ";""' ,, .... 
lnt ood "' <'"'"" 

l~" TI•P 
'"'"1' T"~ on o.i~'"" 
tSl Tul 
o·a~ Uni•• '''" · ~---=='--

' 
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f'IIU~R"' l<''"t!. 
~~RPAUOJI. ¡;,,.;¡ '"I!G!R. 
PIIOC!O~>l rkJC ''' l'ol!G!R. ~~~Y. IN!!G!Rj: 

WJI A. 6 "I[G!~. 
I!GIH 
<¡¡ooco:"' l->lr> 
[WO. 

lfGIH 
PROC (PA~.M~I. P~RA>A21 

(~0. 

l'iiOGil.OM BODY 

MQ~[ 

'" "" "" 

fARMH 1D -SPC 

F"'~"'2 
PRQC 
16 JO S? 

1'1111CIIJUR{ 80Dr. 

' fP, • 

MOYEM 
<IH<><'~"' boo,> 

"p"'h '"" P"''Titt<!" 
"P"'" •o""" el lno ~"•m<l<t' 

"<iQ '"' "'"""'" 
• ¡:.op ~'""'''"" '"''" lrt '"" .. 

''hnO onc '"""" '""' lout .. ,~~~ .... 
"pwon "·~·• "'""' ''""'·"" 

MOV!t.! ""1''""''"' IRQ•~ ~p~ • . """' "1''""" .. ,.,, ... '""" U"'.• ff 
R!!URN "r<Mn to c-..ll,.n; P'""""'' ,_, ___ _.·, ···"·--· ··---- ·-~· 

.,_ t 
lOW r.<[I'DRI 

SAVtO 
REGISltAS 

' 

LOCAL 
YARIASLES 

,,_ 
PA[VIOUS 

" 1\ ' 
RUUR.~ 

ADOA!SS 

PAAA ... [HR~ 

" 

"~ • 
1'+ ['\ 

IUOAI CAll AIJIR PUSHL',U HIGH r.<{M0Rf 

' 
' PAJVJd! I!RS. CM L. ¡ 

' 
Lln. A~' 

SAVING R!CISI[P.S 

_., 

" lr•p lo 'ur~" 1 ~or <lO l< lb y <1 oc k in~ th< <~' "·nt ~"' 
¡;r"m und <101 'l S "md a nd l<•·•d in~ o n<lo ron!r•; L 1 rr•m 
• r·~··"i~no<l lr"p "ectorJ. lll.·pl in"'""'~"'· 
unh"P"'""'ni,·d '"'truotio~•. inL..rrup". ond lr•p< 
loptr~tin¡; os s¡ <lt·m <•11•1•11 C>L>O tho 1''..,."'"•' o o 
tr.p and •~ it<h 10 su~er' i >Or ><ato ·~o""'"', ~"'P" 
optr>tion odocn roturno~;:: to '"J.I•"''"' H><e. 
re~ardlcss ol u ••r ·<ea te a e"' ay. tlooro aro t" ~ •. ·=~· 
pcintcr re¡;i$10.$-0c• ac<i<• in U>er ""'· '"·< ir. 
super• isot >talo. T!,c ""' ":..:.d<·p";""'' tun;, c.!' •.. , 
a•ailal-.le. ~y >~c·uol instr"niuns. to th• '"1''· .·ot· 

slalopto~r>Jn. ' 
Tho 6~000'> usorh¡oce"' >late disli""'''· 

allow o ;mall operotinb splu~ hm•ltopro•,c; ;_· 
ly ptolec ,,.d v Ítlu al o u~'"" , po oc> tu on;. '." ; C , .. · 
ico!,~cndcnt t.ash or U'<rs. 
Tr~~ping on oiiopl o~d ~~;,...pl<rr .• ·nlf~ ;,,,,.._, 

''""' •llo»S tho <>¡>et~lic¡; <:""m 1~ ~."O\ioi;: ,. 
functional \ Ít:UO]InOChir,•' :C C:>Cf <J,;e 1 1> ~ •. j' ~." :0, 

st.anc•. :he o petO tin S <} , """· con "an>~ac. .".::,. ;.-:
' ié;, ;o!t" df< ionpleon•~to ''"·" ~j ~o:• e uorer. ,¡; '- -.: . .,-. 
plcmcnlcd inscruction~ isccC. "' f.ui.iiO> P"" ~.
•tt uog manipu lalion] e>"'"'' d O)" ' u'" ·H.'" t.'~ . 
High·k>d·lon~uegc '"r~ur<. r\ ,.,-,~~ · ·~·· ~.' 

AIILS@' su,;¡;e>" ·-.>ys in "hich mi<rop:O."'."~' o•· 
chi'Octure •huuld ~" .; .. ,~~eJ to ou~pcr•. ~.",::. : •• ,: 
la<•~o:o¡:c>: Th~~ m<t:.o~. k!l<-~•d.~y .~.o,,.,:~ 
d""P""· os Jo o'"'""''' :k re r.,r.,. ";··'·.·c.: · 
tion rcqui"'J lur t.h• c_h,; oi :,~¡:"""" :r, e o 
plcmcn:ed" ond to "pro•·iJe od<"GU•l' :.-.,¡,·"· 
liono , . to o u i'iM 1 L)"· rcq cio e<i '""'""" '' ; a .• .-.".·.: 
lion" ond trondvtn>oloQr.s nn th>t """''" """"' 
''withou l ex tt•n>i' ,. in· li ,,.. <'0"'1· out iun." 

The G5000 desi ¡;n >uppm es hi~ h ¡,,, d b";;¡o.1g• '· o e 
bclh com~llalion t;me ond feHcuticn :io·., .. ~.e: ' 
clcan, con•i•«nl im~ructicn •el; ,.·ith har~""'• I:'C· 

pkmentllion ul common!y u><"<! l·"notoon• (tnu:::;i; , 
divid•. and oddr~"' cdc,:la,inn); ond "i:h a '~' oi 
special·pur ¡•o•~ instr~ctior.s desi¡;ned 10 ."T' • .l ci;-~:~: e 
lhe runlime cn,·ironr.\ent el a high·l«clla~,:"'~· 
pro¡;ram. The lon~..;,a~c constructo nitlt-d ~y :.Oc>e 
speci• 1-pur po>C in >lr ucti ""' induJe atr.l;' ""''<<:e¡;. 
limitcd·prc·""ion arithm•uc, luup•n¡:. IJcoleao.· 
upressi?~ ova tu~ti"n. a,;d ~'u< ,•d u re ca lis. 

Am>y acc~"'"fl· The ~OU.~DS Ci<ECK in•lnJ<lior. 
comp~ru a pt<>iously col<uÍo\cÚ otro¡· i~~" (". < 
dita re¡;i«orla~ainst n'o ~nd a¡;,,_;, ,·aluo >~.;,.,,. 
M by th~ ins<ructiM. A trapnccuro•l t~e imlo> i•c~: 
ol bounds lot th41 4HBY. T!lis " plac~• • <CI:\t:>Cr .• ,. 
quencc ol instru<li<>n> lo< ie>ol r"~tl" Llh •• ,.~: .. ::.· 
otru<:Jion. 

Umitod·pr.ci•ion ariJhmc!i<. T~1; Ti<': ... , 

O\'ERf'l0\1' inot!\>Cl;On """"'o '"P if tl.e 1"'.'0· r 
oporAl"'" r.•oultt•d in o•·<rilow. Th1< olio'",.¡¡.,,.,.: 
ovorllow tc·otin,; lo <nco~roge pro~er <!>ec,,t·n; :.! 

orithm•li< '"'"1\!. 
l...,opinr A ,,,,,i<h·d fo"n el th~ rDR·loor. co: .. 

· >tnoct io imp), . .,,·nt•·J in o ;in¡:le in>tru<1io" !b: 
deetomonts ~ <uYnl ond br•n<h> boc~"atd 1! :e~ 
ro•ull is nonzoto. \. 

Ru~/,·0 , c>pt-.,ion <vdo<>tiun. Th< CO~IlLTW~,~ 
S~T io,t•ucliun• ""i¡;n a """ ot f.ll,e ,.,,¡u,· to • 
Boolt·an "'' ria blc on thc >ame cond•t•nn> ¡¡,.,¡ "'' u s · 



• • 

N by lh< 1 o~¡" rw~•t ""'''CH instruction•. Those 
inslr~<lio,, J.~lp inoplemcnt n~olcon up••"ion 
~•-•lualion l>¡· ••oidin¡; ,.,.,. cond<lionol hr.oMh<<. 
~Sp<'\:Í•!Iy in Lh• e o'" 1~• "'oth Pase.,(! "' h,·re "<loort
clrcuito·J ·· 01 .>lu .. ;~n may be undo>irablt ~cause ol 
possible ,;do dl.-cu. 

Prt>uú~" r.rlls 'fhe 6SOOO uses a stad<-pnintcd 
t.o by ene el t~< "ddrt•;5 rr~isters. collcd thc •tock 
pointer-to buold 1 he "' 'ted ,-nvirafln>e·n ls al <olied 
procc<iures. Three instructions !plus &n a"Oilia~-11 
ene lar o~d p>r.ometor) imp!tmont • hi~~- J, ,.e]. 
]an¡:u•~• prc.:odur• call IFo¡;~re ~1 The en tire c>ll 
mechanism uses cnly the stack and is rnm¡>lo;dv 
rkntrant tFib'U" ~~-Theso in>< ruc ¡ion> ore dt>Cr:~ed 
in more douil bolow. 

Push poromd" ~al" es Qr ooid'>'-' <PS on 1~ ril • '<a.: k. -
Thc M O\'( in•tru.:tion pu>l-cs • >olee onto th• ""'·~ 
•nd the ~US>i ¡.! > f.C'T>''f_ ~fJO><f;>5 l>e·< I.()Ail f:>rf.C
'IWE AOOI!LSS o> pl~incd ,_,,¡,,., 1 p•.»f.o; ! ~O rescll (,( 
•n arlilr•o J ~d:.·;, r J lcubCion ""'o tl.e oto o k lo1 « 11 
by reb•nc<. . 

(.Q/1 Pfo<•d"r. TI. o J li" !· TO ~L'Il '-OUT! M: in ,lruc
tion pushc< the rcturn -~~,ess un <he n~rk ar.d 

• jumps to U·. e r>~<><:<·<!ure o.otry f•OÍnl. 
E•<dli>h "'"' luNI <no;,onm<n 1 Th e u··~ in« n;c

tion does all "1 thc loll~wing; "" <-< t!.o old cor.l <·n« e! 
the Ir ame p<ú ntcr 1~n .,\,.,,,~,) o,Ccl• "'' r• ;:i '''"'' on 
the sl•c~. poi"" t he 1<" "'" f>"i n ter lr> 1 h" """' lq• <•1 
•tack. •nd >u~llocl> tl.c nu>lll•<·r of L¡·t•·> <•1 lc•-'1 
storoge rcqutwd l!y ¡J.,, ¡.r,,ccduro '"""' ll•t• ""'' 
poinlet, This ,.,,,, bi"l.cs locol stc:~¡;o l~r lloe < ;,J:, d 
proced ur~ a nd a Ir.,'"' r"i ntcr lo~Gro_" "~¡,,,¡ f~r 
inde. •dd!O<Si n¡; ol loco 1 ;· b "''"''" and P"'""'ct<·r<. 
Sa~< on orbWory sob•<t of I~F re.:i.:o• en '~' 

uod. The "'-''~ ''.UI.TIPLE ~ECISrEHS instwction 
u~es An arhitrary ,uLsH o: t~e r<·~isto" on 1 1.~ ,:~ck 
(or •ny~ hccc in <n~mnt~l b a _,;~¡;le inslrucüon. The 
rogislcrs to ~e '"''"d ar• indiealc~ by ""lll<>¡: th- ror
respondin~ bits in • 16 h'rt foeld of d>c imtru<t'ton. 

A ••t of a t most lnu r i nslru e tio,-,s reverso• thc prO" 
ce.s fot proceduro telurn: 

R<load ,a 0 ed "~iH<r3. Tho "0"~ MULTie~-.: 
fti:C!STfRS ittSlructiM i• UO<-d here al so . 

Rc<>!obli sh .,,., ;~"o ,·nc·iro n m•n< Th u.~L~.~~ in· 
5ln.JCtion u nd""s the "udt ol the '-'"~ ins: ru«ion. 

Rcl:.rn frv-, pror.•du.- TO" H~~l'"" ins<rut·,o~n 
pops : ~. o el urn o~dres o !ro m lht• su<;, and '"'"' n • lo 
the ca!lin~ P"'< ,·Juro. 

Pop F~'"""'"'' /r~m !~< Slaclt, T.'l.- M>U '"· 
•t ~DI A Tr i11>~nJ<t i.,n u" d con <he ,.\.ocX poi n lt'' ¡•<'¡" 
•nr nu mhr ul 1" 1 u<> <1 11 thc• s L de~. 

The 65000 system a•chilecture 

A comput" ~rchih-d U le •pecifies in ter ~ctóon> L>..• 
¡,...,n thc proco"~' •nd il s < n<ironmont by tl~:oniu,¡ 
• ""h l~ón¡;s ~• inl< 'rupt >LI m·l u re. mt'!OON)' ~e¡:men· 
tation, bu• inlul.u·•. ond inpc¡lo,uti'Ul stMJr<ute_ 
The ~~000 s; stem ''" l1 i 1' .-1 "re " Jc·;i¡;ned lo ho d5 
Ou ihle., i'"' »Lio rm ¡,,, ,, nCe. ¡/0 de<"<« te~·,,,., • 
• .., •ddr~><<d "5 rnt·<n<>q l<x·,.t ions 1mem~r:r"<n~J•fl• d 

1 •O:. o • ~r\ "' h,., M n'""' lo n'.;cr~pr<><~""", -~¡,,.,~, ~ · 
~"?1'•-rl trQ Gil" th• progronon,.- !h• ~HÍb>IOII •~d 
i'"" ,., ,,¡ ,¡,. t <11 irr instru< ¡;nn so: for m•nir d"i 1n~ 

rlr< i< < < ""' rnl =-~<! ol.na re¡;ist<', S meo ~n ,o j«ior.ol 
i~:truelion> dro "-'Jui"rl loe r:o. th• P"~"""r io 
,;,npler .... ~d l ~' ;~-~ < "l Liun so·l is •••i<r t O a·<"<·rc ~-" _ 
The !.0 '1'"•• i• ~"·11-clcd L;.- the "'"'" ~·t·rN·r;·· 
m~.-.·~··<>wnl l.ocol>lii·S th•t •re U>cd to P•~'•<t 

c>i:ical "'""-' n! mcmury. 
T:-.o h0000 Lus ;tru<luro ,. aho olo:i[;'"~ ' 

•imn!icily, •r•·L·C, orod fic:..ihol~¡ 'fho ,Jr."'" .o.\i 

do~ lino• 3rc "·~•tale .. oo "'"J¡i~ioxi~o~ '' r.e'''"c. 
':')-_, a<oids tho noed /or ony >.~··~•• C,·.ic~\ l<.r 
~.,nultovlc.in¡:, """ rin¡; n" •i "'~'"· rorf.,, .:-. -~« '·.r 
s<·stems in ., ),Í<h sP•~-~ :< omfX'n An' Tb: t•u' i> •' 'o
á.r~nnns. uansf.-r< o::'""~~,"'" e<,r.t;ol:o.J l:' e:· 
"""""''n,·in> """¡,¡,.,\o ''0--:--cJ•. <~ lC.o'. ;.u _c,·c.o·,. 
<.c.-.S n~od be n.odo ohoc: "';"~~ n• >)•l<:~ s;:::
'' '""}' _ Ttoc u,,,. ~r ho n~shú e ';~_-" ~. , ::o~ : '•, .. ,." • o 
oc O '"""·'"'" ":el. lor~e va;~>llors rn ¡, :~e:,•< e;'"" 
taLo <o;eJ on Ü:c '""'" F•Ao;,or ~"'- '1 t.e ;•:•e• <<~
"'"'" on arbi<ro;¡• -muo:~l ol t:t~e un<•l tbe o•,·, ,,,. · 
~.-.ice or menL~t¡ •i~:;al; :h•l l\-< """<{" :•. '·"
"e¡;-

_., ,jmplc Lu; re~oest'¡;r~M l''~"·":o\ .> :~:. 
¡.)• ,_,o·nt~d· M chi;> >O tho: ¡_,..._,.,,_,. .,~ dir •• •.· 
e,,¡,;,,_. dl«!> d<•ins con -~~¡M<',,.t)~ '~-·, .,_, 

-. " "' ~~' ~ oth oro o , 1 r .> or LM u! io.r, J.,,;,( .. '.::O. : "" 
,-:,.,, ¡,.,. b"s !Jult ioo•,,ut pin t\.occo-.< • '¡,,,.,,,,., 
'-'Ctlaic.l, l~ loe lt•rmic .. ,l•·d "' ~<•_\' ~(•lr.t ;,¡·,1 ':: ,.: 

Lotahn ii "" j IJq "_.o 1 "' ] "d' J IO.OrL'.úf ~,. "'<0: '·, ·~- " 
·u,,_< loe:'~"~"'""'""'')' protcc"''"· 

'OJ-.e ~fúOO :.·d <:rU¡>t >l n:cl ·~oc ts !:'•< ti"~ o: .,.,. t 
~e.inocom~-''•'"· Ei~ht ¡>rio,itc· le•cl• •:e •~•· 
pl.-.nented 1 .. :• rrtu~<> Ht ··~c'."r•:l ,~ t\.o: >•"·'- ~ "'e 
h"' luJI cWI: "->v<r ¡j-,o pbcer.o~: •'-'I<,«O:tion a; 
i::l<:n:pt-. .,o ... :~nB :outioo.. Tbe ''"''"' ~"""'-' 
In el olthe p: nccuor i; 1- ept in '" M a :u• ~ oro: ; ootcr
'"r" ~~ or 1dow tho cur""' pcio::<y "'" ir.:.'•'oO:< e 
lntc"~''"P" ot hi¡;lo<r le> el; may r-..cur. '0 ·~:.:rur.t 
han~lin¡; r;-,o ¡ L" ""' Od . 11' loo~ a" • .,,,¡,],-~ 1, IL': re['' 
occur>, tho P'"'"'"or ,cr.ds "" ""hnt•"lc·J~e ,:~•·•1. 
Th~ intcrrup:.in~ dt<¡<e re;p<oc.tJ> .-olh • ''''''' 
r.omL<r. The 1 <'Lt~r ttumL« ¡,use~~) thc pr~-''""' 
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onl) by hi¡;h cml ,.,;,,;onn'l'"'~"- lt is a .1: ¡,¡~ or- 8 
• chitod u ro· tha t "'1' 1"''" w;,r.; rl ·'"' t :•1 ,, • ,, ¡¡,) ,1_, t o 
,;,,, ·r¡,.. :.:l ""'' "~'' ol 1 c.~ C.cUfJO i ,,e:.· o,- ,, iln:Li, 
oddrcs.in¡: ,.,.,_¡,~ni""· o •i•~rl~ •"" cii,"i•e .n- '1 
strocl ion ;ct l ¡,, 1 < ,, n ho "•cJ tu"''" 1) ~,;,!d """!'·" • 
ope<~li~n ;, • "'" lt i le• c·l "'' "•" d 1" 1 1 ; n:¡.: , 1 "" ' ve, 
ond o 1•<1. O>) n.l.r m.,us, "''"""':' i¡ .!e•.• d :.-., ,,. - '··· 
locturc. 'fl,c ¡._,¡.(>J "''hito t Lurc de •< r ""'' " !,,r .• n:. •d 
lniuQ)""""''" J"i~""J lur ,o.,.<'-'!'"''":"~ :.:.f,. 
c•nd ,,;u "' ""'l••ll<·r '"" r kt•<. 1.1 
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A<ithmtti< •nd to.O< 
UnitiAlU) 

A,.mblt< 

·. 

GENERAL TERMS and DEFINTIONS 

The time intrr.•l belween tkt in<~>nt dato i> in>efled intO or <OQUt<ttd hem memo1y ond tho im,.nt 

lhat dou tranole1 i< <ompltttd (may be tht lo,.g<>t palh.) 

A lempO<Ify ""''9' tt~i<te<lo) lhal (<!orto) <<Jm< and oth« .rithm<IÍ< •nd lcgioal c~ll\<ono olon _ 
>tlthmetic lo~ic unit (ALU.) 

A cha1octe1 or group ol biu <h•t identil.oo a p,;ticular location in memory, or other loc.,ioc.o ol d"• 
source< ancj ó.,tinatiom. 

Thl! pan el 1 CPU ¡hat ~d01m0 a1ithmotic. lcgicol ond ••l•ted opo<otion<. A long with momo• y o"<! 

<ontrol. on uoential micrcp10CO$$er elemrnt. 

The organintion•l <l<u<tult el o compu""9 oy<ltm. Rtlero moinly to phy.,<'l mo~eup olthe rniuo

<Ompvter (Stction ;>) 01 mi<mpro«O<:>I ISrction 10) por u in thio •olumt. 

A compu\er p<og~am u>td te troml.,e • <Ymbolic-langu3g< <t.tement te • mach,nelon~u•;¡e !totemen¡ 
on o one-lo<·ont b"'is. 

A p<ogr omming longuage u tili ¡ing o y mLolic r ep<_eoel>lotion. The >y m bol} e «p<<!<ntflion, <OO".<l imer 

called mn<monico, >u9Q<m !he instruc tion lunc!iOn •nd i< tr anol01a~lt by lhe a<<emble< into m•<n'n< · · 
long.¡•ge. 

A•vn<~<Onou• Cpm,_ A >witching nuwo<k opt<a1icn wi1h no common 1iming ooyrco. Cirouit op<<alion ;, "'<.h 111at \he ccn1 
ple,.on ol ene <•ent iniliOI<Olhe ned. 

A mtaou•e ef1eriol d~tÓ tron•million Uow in communkation• •pplico1icno. B•~d '"' gtn<~•Hy d'lo"" 
s.ignal b1U por soccnd l'Onomitt<d, but may olm includo ch><acw lromin~ biu. 

A f<tqutnlly uoed hample) pr oblem em¡¡lovo<l Lo co<np.>J< ond '"''"''" compult!l (m" ,;:.,:-, . .,~.;lt a ) 
P,¡mill comp.lli<on el lht numbe• ef Oml<ucliOn>, memo< y wc<do. on~ e :><• •t•en e ~el<•. ~oaui- 'j 1 o 
solv<tht oam< p<obl<m. 

Sinnv [o6t6 O<<i"'ol A numbt< coding ovOl<m in which oach dtcimol digit Í< '"P<t<tnted by • 4 bol bi~•'V wCI~. ll-. ~•<•".' 

CBCO) numb« ll bt<om<> lht coded-numbe< 0001 0011 in BCO ,,.ing "' e-~-1-1 bin''• ce~•-
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GENERAL TERMS and DEFINITIONS 

A d<oioion moking carability that permit< • proO.!>Or to .olect ono hom o numbor el ol0oma1i,e 

.. u el inouuction> depending en the da" being proe<.,ed. 

One or more conductor> u sed lar uanomiuing signol> or power hom one ot more >aurcoo te on• or 
more deuinotiono. 

• 
'A'pre-detormtned binory elemenlotring (number of con•eCutive biU) operoted on •• on ent<ty. A_b~te 

io usuolly but nct ne<e<>atlly 8·bi11. 

Th~ unit of o com~K>ting sy01em thl\ indud., c:;rcuit> controlting the interpretotion •nd ueculion el 
inotructi~n>. • · · · · ' 

A computer progr am .aed te ""'"'"' o h igh·le"'l lonsuOj¡e progrom (e.9 .. 1 F O R 1 A AN) into • """''""'' 
orierlled (o,.embly or machine) language prograrn. 

·' 
A group al progr om <ondrtion> ouch ¡,, e off y, bo,ow, cverUow. tiC. tl>01 oro potloculor ly ttl<••rol 10 

iñufuc1ioro •••<ulion. 

A ><queroco o( in>ttuuiom 11>11 di,.cu 1he cenuol p<Oto,.ing uno! !C:PUI in lht •l<ip.J> op«•ltiln> il 
podo< m>. 

A compule< p•Og• om u•od 10 uoro>lolt >ymboloc-long~•gc p<og<am• ou<mbltd on oro o compu 1« iro1o 

moc hin< l•nguogo P'"'l' om> Iha\ Dpt<OI< on •no U" r ' nmpul<<. 

A bu> u><d 10 communi~Ol< dolO in\ornolly ond <•l«ro•llv :o ond l•om lh< CPU. momo<v. ¡n~ p,riph••ol 

do•k<> .. 

A ,.g:.,., h<tlding 11>< m< m O• y o~dt<ll ol \he Dpt< on~ u~<d by .~ inottc<lion .. TI>< en u poinl« ""pbinh ·• 

ID 11"1< fl"'<mCNylouliOn Dflht (dOIOJ OP<!"'d. 
• 
' 

e 



Owrmrnl 

Oi«<l Mrmo•v A«.,. 
/DMA) 

.. 

Emuf•to 

Fuch 

flo .. Ch•r< 

GENERALTERMS and DEFINITIONS 

A eompuler prog• ~m desi¡,n~ 10 o id in d"«ling. 1tocing ~nd .. im·.,,.,;ng ene" in m'rcrocomp~lrr (or 011> 

comp~1rr) pm¡¡um¡ wt>ilr lhty •re wnning_ Alh>"'' fOpl•cing. adding, or rrvi•ing in5\fuC1iono in1c tM 
ma;n oper.,ing program. 

A progiam inmm:ti_cn th•t deoreasoslh• comenu of a otorage location. 

A computer program designed lo check thr oper01ion ol various ha•i!waro and software p>rts el:· r 

m"•crocompuler sy!rm_ T yp'rcally wronon lor ••eh lunc•ion•l aru; e -9 . CPU dl>g~ouic> lor CPL; l!r.,;;.. • 

Memory diagno,S1it> lor Momory choc•a. rte ... 

An addrrssing mode in whic.h the addre" ot 1hr innwcl ion or operond ;, complet<fy o;>«il<rd in thc in· 

muc¡ion without rderenceto a~ .. <r!jÍ>ler O< indrx rrgi"''· 

A method ot in .. rting inp<Jt!OutPut d•t• into $l0<•9t or cbtainlng inp<Jl/outpul data f mrn $lOra~r do<<<~>•. 
without in.olving the usualllcw ol dltÓ througl> thr procruor rrginrrs. 

A computer progr am de>i¡,no-d to 1llow maniputnion ol oourCe pro¡¡rom lrxt ma1erial. 

To im11ate ene synem wilh ano1her. thr lllt<r being mic<Oprogr.mmable and ~quipP<"d with a '~"'""1 mi ere 
P<Ogram. •o that !he imilatlng >v>!<m uecutes th< same pmgram• and aohi•ves th• ,.me rewlt>" 1l'r< 

imi1a1ed synem. (See Simula!e.l 

The time. normally expres>ed in clock oy<lrs. requ¡red to carry out an •n•uue~ron_ 

The rrading out ol an in'l,.JCtion Ir cm ma<n m..mqry •nd the in,ort¡on el the innruction into w<lfhn9 

m..mory. 

Progtamming in•lfuctioM >toro-d in • re~-cnly-memory (AOMJ 

A high-lewel pr<>gramming l~nguage .:. .. d 10 l•cili t•to !he e• pre.,icn ol ccmpuw prCg<am> in orrthm.t>C 
t-ormo and formular. Short lcr "'Fc•mul• Transla¡or:· -

A colloquial term that de>erib•• the melhOd u>ed by 1m <>de m (cr other asynchronoY> devict<l tO 
"''•bli>lr a commun<catron link for eventual dat• u•mmi,.ion. 



1 

lll:l\ll:lii-\L 1 l:tiiVI;) CIIU UCriJ\IIIIUI\1,) 

A ptobl<m-mion\«1 p<ogromming l~n~~g• wl'>ot< o >inglolunwonol >Uiomenl moy t<omlo1e inte 

• "''i"' el inltwcoi<>n> in matt>ine longuo~e (a low-level l~nguago .) ~ OR T A AN. COBOL. an~ BASIC 
a<e common high·l..,el longuago<. 

An oddt<"ing modo in which lh< ep.,ond it lotot<d rn lhe imuuction iuoll. m the mornery loe ni en 
immod101<ly lollowing tho in>l<ucti<>n. 

A 1<9i""' thal pr~vidtl o ptog<amminglloxil>ilily in ll,o¡ lh< i:'lorm>1ion ir conuin> can be u>ed te 
modoly momory a cidro" by addi:ion or >ubHaclion. 

An oddroning modo in which th< •ddrn> portoon el on inttruclion ¡, modilied by on indU·Jego>l<r 

during in m u« ion oxocution. A moon¡ el changing on in"'uction oddren on tho bo<i• ol <•ternal 

commM~ds. 

An •d~<euing modo 1h01 >petilie< • m o mor y lotilion cO~Iaining thi o cidro" ol do U ond net th< d>U 
iuell. 

In o p•og•omming longuo~. on exprouion 1h0\ do fin" o compul<< opt<oti01"1 ond idenlifi•• ]u Dt><• •nd>. 
V 

Tho lime •<qui•od in /ot<hing an imtru<tion trom m<mo<y and e>ecutlng il. 

The meiSur< ol lh< momory spoco <equi1ed to <loro on inU<uction. 

lh< 10101 hSI ol in>l<utlions th>l con be u ocu1ed by o givon micreproc:ouor. 

A progroni thot l<tches ond immediately ""ecu1e1 inS1ruction> wriuen in o higher t,..et long~•~· 
(Soe Compil<r an~ A•"'mbler.) 

An Ultrnol >igo>l thot trmpo•orily •~<pond• th< ne•m•l prog,.m op<rotion in ordu te pormit p<O
~•,.ing ol o high·pri<>•ity op<r11íen. Muhiple imorrupt cop.¡brl lty roquiru eSiablishm·~ of •" int<rrupt 
p•iculy •y.,em. 

Genrr •1 ter m applitd _lo rquipmrnt oNJ/o• doto in.ol>od in connocting lh< c<nuol p<oconi"9 una 

ICPU)with lht OuiiÍd< world. The conuol ol<etreni_cs n«<»OIV 10 tio 1ht cempu\er 10 »•iout ~·· 
lern>l-'<pplic•tion ore ... 

A con.noction so o crnuol proc:í,.,ing unit tCPUJ ..-ioed or prog••m""'d 10 connoc1 <1010 bet....-.n shr 

CPU ond rxtorñol d<vice-s. i e .• keybc.rrd. di•pl•v. cord rud<r. rte. Moy be"" in out. t>utP"'· 0< 

bidirrctionot port. 

• 
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Jump 

loodor IP•o1<1ml 

loo~ A~nd 

loop 

M."'o '"""'ion 

MI"'" 

A•¡i''" 

~Jdot!< 

M•«op<OO<>IO< 

~f.coop•o~""'m' blo 
Comp•1tr 

• 

utNtHAL 1 tHMS and DEFI~ITIONS 

An uncondi<ionol d<p>rto" 11om'''' no•n•>l in<Huct•oo <oquonc. toa d>lfe1ono pl.oe in lhe 

p<ogr•m. 

A compu1er pro;'"m d.,i9ned 10 <e•<l (enttl) o prog·•m hom •n inp~t devic. into woo<in~ !IC•o,., 

(Aondom Accen or R••dfllri~e ;,l<mo•y- A,;r,t_) 

A"""'"' proc<ning unit (CPUI '"'~" tr.J/ ollow• <h< compul<• 10 ,.,.,k iiQIIO'f)ln i••••· , .. 
r<qu«l until lhO lollowing inwuc,.on n>< ~ ... o ,.eculed. 

A "o~•nceor '"'""'''~"'in , .. n,cn toe¡,,._,.'"'"""""" u u"' ••~""'o" uf •~• ~e~~u•ce, ""·' :· 
o! tlm<> unul a term•Mtl<•ll c~"J,¡i<)n" d"'"''d b,- , L••·•<h '""' uct.u.• "''"h,d 

The numeric lo<m o! <P<t>fyin; ••e<y toit o' ''''1 inuru<lion in a pr<>~!<m, 11>< !.n•~ tin••, ~: 

codo 1h" • compulel "'"' d"colly. 

The ba<ic contlal ~mc,!!ing """ (C?U) c,clt in v.ho:~. on oo~'"" ,-,,, t,o "''' torr-<mm, .o"~ 
wof!S id"' O< inwucllon) rnay l>e <Ud O< ,.,ittu>: o• :~ .-,~ic~ ~ !o:ono~ ir.!l<uotion ,.._., ':• ., •.• · · · 
On• moo~in• qcle ;, mide u;> cf ".eral doo< ovcl<~. 

A ovm~clic •cuiCO "'"mbly l•ngua<;e !lll<m•nt th>I conb;n, un y g•o'"' ,1 "'""'"·11,, ~" ·' <~ ·. · 
l•n" •uctiom l. The ma010 in,tructi~n ,,.,11 t>t • • p;n~<t! b~ 11oo "" m~l, ' 'n1 o · "'"' .,. .• eh·"' lo'·>" 
instluo•ion•. 

The ··~'"" '" tho "'""'' p•o<e11ing ~n•t ICI'UI ¡har '"""'"'·lile a~dtu: o 11M >to••~' (m --,:··,' 
location lo""'; aco•"cd . 

A comPute• 'Y"'m "''o",.,..,,.:~·~~'"'"; u·1ot !CPU) •t • moe<oproc"'OI . .>,o"'' o>it<r.c~'"' 
includ•• • m''' op•oc<><o•, "'' mo< ,-. •M "'i'" tlou ¡pu: 1 "''' t v, 

A !Onglt in~eq•ot'd ''""'' choo. or "' ol cho:·:. "~'-~'• ol peol~<min~ t.'" .Jnr•·A"' •.' ",, 

centr•l PfOC<»O'. 

Tl-.r oo•npul<l in>truc ••om !l 01cd •n • ,.._¡ ~~~~,·m< m"'Y 1 R él~-') "'" imr,' '"''" t '"" b "·< ¡A." . 
>el ol tho <om~~'"· 

A computO! in ..,hic~ :he m'<•<P•, - -.n tc-.o•c·~•=•o::iuoo) in Uoo "'~ on:, """·"'• lkQ:;,¡ •• • 
1>e chM~<d, l~J; cr • ., .• ; .. ; n .. ce--,~-,.,·,""''~"·~~'"· 

,, 
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GENERAL TI:KIVI~ and Utt-11~ 111m~ 

Syrnbolot ~•~><< or abb• ovii\ion< for in" r utlioo .1. ,.gi>len, me mor y locl!ion>. •". '"~~~ "'"~ ¡•,, 
dofinition or function th.,ool. 

1 

$multanoou< • •<cu1ion (by "" of mul1 o pi< CPU'> ~P" ¿: • "9 "'• "' • e o• nmon "'' mm1· l el n•.•' :•1 • 
poo;••m• by on• compu\<r, 

C..lling • oubroutin• from. or enclo>ing • progoam lo~:>,.,_,,.._,_ o,.,,,.,,,.,,,,, or leo~. F:r' 
wbroutono lfl< "'"'"9 ,,;¡,, is the number of ""'" lh< •--~·:e t."';, n<l'<d. 

Tho output hom a compil<r or •"rmblrr ,.,c.i:h ;, .,.,,, """'"~'' ,- . .,~'"' co:le or i> ouio•~lc le: 
p¡oconing 10 produc< """"ble m•chone tOCt. 

A comp.>><< po og• •m Ü'IOI con\r<>l> tno o o e< •'' o¡.t•r ••• on o 1 • tOO"~""' 1\ lte m. i ncl uc:i•· ~ "'''' : '" • -• 
•• mcrnory a'localion, inp..a/ourpul di.,.,octi<on. ¡,,.,,urt ~oo:nung, j~b "M~~¡;,,~.<'< 

" 
A bit in th• co~d•hon codo "9""' ""' mo.ooh·• il the po.-i~cl cp"•"'" on "" poo~'"'"' <•''"'" '" 
olilhm<tic c•ooHo .... i ..... cousod • o~•nuty te t.< ~~"""•'"~ 1~<1 <•O«O•~ '~•• e>; >:o:, ~· :'' "'' 1:; 

"9'"''· 

A noturol ~ocuping el momoty locJticns., 9. :8•256 con><CUI"' 1>1''" ·,n >~S bot miro~CM>P"" • 
m•v \ypitolly con>litulf • "p•ge" el momooy. 

Th• wocouin~ el olt th< bit> of • wo<d (by a) lim~ltan<c~lly t;v '' •"""'' ""9 en stP>,.,. rHn~r· 

01 boJ>'"'''· 

Auxilio<y OQ<Iipm<nt (on tho oo.midr '·"'Id) ul<O t~ <• ,;, ' 
computo<. 

Tompo<O<y >ulp<'Oiion el • micooccmp~tt< pocg,.m "'' '"'·'' •••cutoon o'> 1 "''.o'• '" ,• 1·'·' ''' 
• p<og••m ol hig~•· pnooity. 

~nt<ol p<oco»C< unot ICPUi ,~;1101> thal e ~·.t.·• n e "'' o\' .#••·!;<; ~""'"""' l <0·•1<1 ¡;.,' 
Pointo" co P<~g••m Counto•s. 

A ...,.thod u1<d te idontity 
... ,,r. ;, d""' ..... u •• 
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'"'' (1/0 Pon) 

''"l"mmobl• 
lo¡i< Arroy (PlA) 

Pro¡ .. mm•bl• R!Od· 

Ooly Momory !PROM) 

P<>>h Cowo St"~ 

Aondom A""' 
Momory IRAMI 

R .. ; Only·M•mory 

IR OMI 

Str~tch P•d Mtmory 

SOmul•tt 

!lolt ..... 

llCIVCt1f\L 1 Ct11Vl:5 anO Utt-INJliUN!) 

A regi>!<r in th• o<ntr•l proct.,ing unrt ICPU) whc>< job i< 10 llop lho (mooro)ccmPYte< r~roug·. 

tho (microiP<cgrom. Thi< «;i<t« hcld< h••eol tn< odd<O>> ol tho in>tructron ~ndor r•ooutrM .• , 

the e•ent el program <nre"urt 01 Q,.nohing .o:ivity. 

An orr•v ollogic elrm•n« ""M>• <nterconnoet•On< can be proqrommod lu<u•llv ""''~ pro;:• •• 

>eme lo<ld PIOgr>mma~lelto p;:rlorm < >pecdic lcgi<'llunCiiOn. 

A memory uroy manulaCIUIOd ""r:h o comt.n\ logiool pomrn lall en., or :eror)and t:a: ••·~' · 

"'''"'" into (pro;;""'"''dl o, 1M u«r. E.:.ROt,l"< (el•ctrto•lly oltoroble ROW."o) oor. U ~iro;,.· 

cally eroood ond ropro~romm«>. EPRQ:.tS CM bo •••••d ond «P<09f0m""'~ "'"·9 ulr••·;"'" •·-· 
ond elecwc•l >ignoh. 

Seo ""Suc<."" 

A memory dovic. tho: h•• read Md write copobihty and U·.or pro• id" d"ec: ''"" t~ , .. ," • 

inlormdl•on. «gdrdle>< ot locatron. fl<Od 01 '"'"" 1ime i< indep•ndmt ot Coto looJlloJr 

Sm•ll ><ole mem~ry oapable ol Moldmg • tr.,d •~•oont of data. !och" a wmd U«d "'"'"·'Y o. 

temporory nroroge. ond a<O<I"blc ro tne """'' pr6co»rng unir (CPU 1 The numb~1 ,,¡ ''9"'" •o 
m • miorop•oc<"or '' drrecrly <<ldled ro the prc.:rom oltociency. 

A.n •ddro.,ing mode in which the 1ddre>< ;, d!lermined by •ddi.ng on ofl>el •dd<<!> !'> • lJ,,, 

oddre>< uo•ed in some,.giner. Permir> lh< compul•' 10 retocare bloc<s of dl!a b{ ""'nq•ng ~,,., 
one number. 

A memory dovico g<ne,.lly u,.d te ""''• • comP<>Ior"> cczotrol prog<lmojlormw••d. ond ., .• 
olte• able by normal Op<I•Hrng mothodo. E • '<Piiono ••• PROM">. EPROM"> •"d EA ROM >. 
which "'ROM"> whooe con ron.<> m•v be •ll«td in tho loeld by sp«iol m<On> 

Read/Wrrte (RAM) me mor y dovic., or regi'"" thn ll<"used to !<Ore ,.,.,~e .,,¡; "•''"'''"-O···" 

re>uit> (do>d). or memo<y •ddre»., 1 ~ointers J 

To imito« one 1y>t<m ..,.ilh onolh«"u<ing • prog,.m written in .,,emLiv or <.igh l,vtll•·•;o .,,. 

>o lhat tloo imitating >y>L<m JotOpl< the """ dJI•. e•<Cutf> the '""'' P'09''"''· ond """·'•" ,,.,. 
!he wme re>ult> 1> ti> e >Y>!Om ut•ng "rmit.,<d. lS<e Emulate.) 

A pol\i tion of o microprocei>O< lhot enoble, ""'"· idtnlicol unot> te_ be par;¡' '•'•d o• e o><. '" ~ 

1nd o:.rgm~n10d by ~OnHollo~rc 10 ,.,lile lhe CPU. 

A collect;on cl ccmpvl•' proqrom,. proc<dvrt '· <<>le• arod Ooc...n ... nl.,ot>n U >f.:! o< •uoc;lt-:· 

.;th <he cl)<"rotion cl th< ccmpu1er. 



GENERAL TERMS and UEfiNIIIUNS 

.0. compu10r 1y<1tm 1h01 ;, <cmplt10 withl~ mtll and do" no1 r<q~i« connt01ion 10 anotl>er con1p~"' 

>ynom 10 op<rat<. 

A9""'P ol in"ruction> l>ubprogram) lhat m•y be r;oched lrom more th•n ono pt,:r on a m,,,., 

prog••m wi1h • b< onch bock 10 tht "'"'"' poonl whon lht >Ub~rog• o m 1 "' ¡, compltt<d. 

A dovicr u1«l in communic01ion1 oppl•cation> 10 ón1orl•cr !<onn•<l) o""""~ ~"alltl d•" wmo<>>l 

(conHDII«) lo • bil ,.,;,¡ communicot•on ""wo•<. 

An in1<,.up1 >y<t<m in whic" ''"' inlt"upt con bt immed.Olely >t'-i«d w•ohOut h .. ing 10 
<,.>errnino wh•<h intor<upl h>> """"'d by polhng_ 

lo rr<.><d d.ot•-
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ro~t'lr onr""'l" er. r:'J!'l'll 1 ¡T,V/'J'R'i n':lr 1/10 seoo. uS"!.!'lño c;;.nql " 
C'1n lJ in+;er!"•Jncifl"'f'!'O, C'l.,"!. nn'l. ~"e 1qS•:?<:,¡:;:/1. 0 "">"'-"'"'C"10'5 "•"2S' ."'f'"'. 
"'lrt,~ nrob"'rlo, lll.''ll"" C"!.n'l-1 n ~<~'ir''!. 7,... 

'" O? 

"' 94 

'" o o 
"' 04 

"" ?" 
'" :?0 
"" 4? 

'" .09 

"' 04 

'" ;<; 
07 "? 

'" ,, "' O? 

'" ?? 

"' " '" ., 
"""' 

,~, 1 '? >r 
nq 
o> ro 
n~ 04 
ro 
"' 
~": "4 
oo ?Q 

o o 
no 
O? 
?O "1 
r< 04 

"' "? 
"·" 
C? 
h."' 
7? "a , -.,~ , 

'" l" ?•, 

" 
-; , 

'" •o ,.., ', 
70 1" 
• . ,, 

" 

ro 

T,~~ '"<; 
"''"' roa\,~. 
Te'">~ • "') 
,...,, (0/J\ ~ , 
l,"~ ?') , 
T,"T, \ 
Tl'~,oq 

~""'"'!' { <>l! \ 1 _, 

T.T)\ .~."i 

~""~""' (<>?' ~ , 
T ..... , r, , 
"'1'1' {qr¡\ \ , 
T.l'\ '<;<; 

f'IJ1C1 '"'"'.' 
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W o dove!op & moch...m.rn by .,.hl~~ we c&o tlnlat.ruc\ in Ol!r objoct l&lll'l&ie ~thr• 
dedu&tive eent.onc"" ~viD¡ ono ol tbo two poMible trut.b valuM. Note thd .. -, 
do not o.dmit any ot.ber tyP<:O ol OCDtoncr, fiiCb u uclamo.tory, l.Pturot;;at.ive, 
etc., in thi: objectlangu.o.ge. · 

Declar&tive OCDI.enceo in the ob)ect lenguo.ge &JO ol two typea. The finll 
type includu tbooe oen\.tn<el whlch ou cor.aidwed toN primitivo in tbe object 
lan¡uage. Th- wi1l be de:>oted by d.iaW.ct aymbclo ot<!eet..:d from the upit.rJ 
letten A, B, C, ••• , P, Q, .•• , while deeluatiVe Ot.DinleM el t.be oecond type ue 
obl.o.i.nod 11om the primitivo enea by usi~K c!Ttaln ~ymbolo, to.llod connocti.,.,., 
and eerta,in punctuatioo mulr.e, tueb q po..rentbeeea, to join primitivo KDkl>..._ 
In any ....,, .U t.be dedarat.ive """U:neeo to wb.ich lt la pou;ib!e t.o usigu eme 

· Uld only ene of tbe two poqiblt truth vo.luM ate callod llosltmentl. Th- •t.e.t.e
ment.l which do oot conl&Úl &!!)' cJ U.. co~~~~eCtivf. o,n caJ.led <>~oon.:C (p~, 
primiliuo) ·~frllf. . ,. 

We ohall now give~mpln of aent.en- t.~~d 1~ wby 10me of them.,.. · 
not todrnidblo U. the ob)eet lao¡ua¡e ud, ho:noe, "'!1! oct be qmbolUed. · 

t ·. C&nado.!. • "couatry. 
1 ·M- i.t t.b~ .... pita! cf Bp&in. 
e Th.io ~temont ~ !We. 
~ ·I+ 101 -uo. 
6 Clooe tbo d<>O>".-"' ".Al Qf. 
6 T~ronto iJ a.n cid city. t? 
f Ma.n will ruth M1,. by J~. 

- . " 

L • 1" • 
• • • • • L 

Obvicwly Btaternente (1) a.nd (2) ·lave t.:utb vo.lueo IL'"IIll a.nd Ja.ln rts¡~<Leo
l.iv.-.ly . .Statement (3) iJ not 1 ltl.kn:Lut aooord.inc to our d~tlon; b«111"' "'• 
o&n.Dot properly ....,;PI t.o ü • dd.nite t.nltb •·-.lue. 11 ""' ....,;g~~. tbe value ,.,.., 
tben BenterLoe (3) uy1 th&l Btatantnt (l)·ll·lalae. ()rL tba cther baa.d, lf "11(•! •• 
....,;PI lt tbo valuo !nito, tbon Sent.euo (8) .\mplioo tb.a.t Btatomwqa¡ .il tn>e. 
'Chi& eqrr¡ple illuat.rat.oo o. oelfLUit.ie po.r..W~ In (4) "'" ht.Yo • .U.temeot wh..e 
t.:uth valuo cleptnd.o 'U'"" !.he eG<lt-ori; ..U., Ll we ..,, to.lkin1 o.hcut nwnhen lA 
tho decim&loyatem, therolt la 1 r-.~ .. ot.&tement. o .. !.h. cther b.&..tLd, fcr rLwnben 
in hlnuy, Lt lo • truo otatemtnt. Tho t.rQth value o! a IIU.temtnt oftcn depeode ~ 
uporL \te contut, .,.hkh IAo ¡encully \lflata~ but nonet.helea undemood. Wo 
ehallooon 1M tht.t wo .re not goillr to be prooocupi..d wlth tho a.tuoJ truth valuo 
of • 1\&tement. W e 1hall be interel\.ed only In tbo t ... t tb•t il ¡,.., a t.:uth v&!ue: 
lo t.hie l.t!l .. (.f), (6), a.nd (7) -.ro all rtltemu.t.o. Note tbat Bt.rWnu.t (6) !. 
oomiderod i.Tue In aomo part.o of tbe world ll!ld falH In oerto.io otber parta, The 
lruth ..-alue of (7) oculd be determlntod cnly in tbe yea.r 1 080, ar er.rliu 11 • mt.l) 
reo.d•eo Muo bcloro tbat dat.e. But th.l..o upeet io nol of lnt.er01t to u.. Note th&t 
(6) !. 1>0! a ot&tement; it Lo a tomm•od. 

Onu wo k.nc.,. tb ..... atamie o\.11.\.ement.l whleb .re o.dmiuiblo in tbe objtel.
laoguo.ge, .,.. eo.n uae aymboll ta denote" t)lr.m. Methoda of co1181.n!etJ.o¡ aod 
ll!lalyaillg ol.l\.em!nt.l con.otruttod !rom ooo 11r more atamie •1.1tement.o "" dio-
eu....,.¡ irL S.... 1-~. ,.·Jillo tbo mttbod ol ryrobofu.ill¡ at.om.le rto\.em.tnt.l will he 
d~en"bed bero aft.eJ "'"m..:,.....,.,,. coovtllÜOnl regardin¡ tho 11M ud. mtntion. 
ol oameo in otaterner>te. · 

' 

. ' 
'" 
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& ot&leme11t. Thla lt..U:ment b.u a truth vahle wbleh dopenda upcn tho ttv.t.h 
nlua ol tbo rl.f.tementl uaed In rep\W¡the va.riabl~ 

· In tho OOIIflrutllcll ol lcrmulu, the po.renth..u ,.1J1 be ll8eCi In the owM 
ceuae In whicb tbeyi.n ""'"'-in .Jeme::.t.ary uithmetlo or algebro. cr ltlmet!mtf 
in o. computu prcrp-a~ !&n¡;-~~¡e. 'I'h!A \lll&¡o muno that the '""~ 
in the inn .. moot po.rent.bOae1 1.111 oimpillled lint. Wlt.b thla convwlioll.ln m.ind, 
I(P A Q) mtalll the nc&~lion el P A Q. Simllo.rly (P A Q) V (Q A R) moa.no 
the dUJun~t!on el P A Q &nd Q A R. ( (P A Q) V R) A {lf') mw.¡¡e tho 
conjunot!cn ol "11' o.:~d (P A Q) V R, whlle (P 1\ Q) V R mes.n.1 the dl.oju.ao
tion el P A Q aod R. 

111 ord..,. to redueo tbe number of parintbuet, wo wlll.,..wno thr.t tb.t '"1•· 
tion &ll'octa ulltt!e u possible of whaÍ·follo"''· 'I'bUI 11' V Q 111 wrlttell !Cil 
(lf') V Q, ~.nd t.he ~¡a tion mean. tht ne¡& tklll el t.he atattrnellt immedate11 
followiD¡ the oymbGI l. On the other tw.d, &oeor4in¡ to our oonnnt!o11, 
I(P A Q) V R 1tuu!a klr tho dUJunct.icn el I(P 1\ Q) ad R. The llep.Ucll · 
affectl P 1\ Q but 1101 R. ' 

'I'hltb tab\011 bl.v& altead y Men Wtroduced !11 t.be d66nltJ~U. of the cOIIMO)o 
tiveo. Our bulo conce.nto to determino tbe trutb vt.luo of & 1\&t.emont formulo. 
for eacb ¡>OUiblo combi.t>atlon ol tbo trutb vt.luu ol the componen\ et.temonte. 
A tahle ohowlo¡ allwch truth vt.luea U. ct.llod tho lrutlll<l~lf ol tbo formula.. In 
Ta.blo 1-2.1 we ooootruoted the tTUth ta.blelor ¡P. Thon t.. ooly one compon,nt 
or a.!.omic otatement, namoly P, Lr.d 10 tbere ato only two pouiblo trutb v0.1u .. 
to be co ... idored. Thuo Tablel-2.1 W on\y two roOVI. lo Tableo l-2.2 a.nd 1-2.3 
we con.ot.ructed trutb tableo for P 1\ Q &.Dd P V Q rupectlnly. Thce.e ota.tcmollt 
fcrmnlu h•Yll t•ocomponontataterncnu, ~~~omely P &lid Q, &.Dd tben &re 21 poo
oible combini.UOfll ol tnlth vol~ that m•LOt be ccnaldntd. Tbua """bol \be two 
tabla hl..t 2' totl'l. In ¡<~ner&l, i! t.her-a a.re n .U.tlnct ccmponmt.ln 1 ltat.ement 
formula, we noed !.o coNider 2" pouiblo comblnatlolll of truth nlue& in ordor 
to obt.a.in tbe trutb t.a.h!e. · 

Two rnethod.J el ccM\ructln¡ truth tableo ate ohown lD. the fcUow\n¡¡ 
ex.o.mplea. 

EXAMPLE: 1 CO!II\ruct tho truth tablelcr tht 11.&\oment lcrmul• P V IQ. ~ 

l<lLVTION lt U. noc~ to coUdor &!\ pou!ble truth vliueo ol P &!Id Q. 
Thoae vt.lueoa.ro ont.ered In tbo !lnt two cci~WU~&oiTa.blt 1·2.4 lcr bcth mothoda. 
In the t.able wblcb la arrived a.t b:r metbcd ¡, the INth vliu"' oiiQ &rt ontuod 



: in \he third calu.=, o.nd tl>e tnltl> valu .. .,¡ P V ""1Q &te entvod in the lourtb 
eolumn. In tMthod 2, u Pn11 in To.bie l-2.0, o. ~oh,unn ¡, dro.'l·o lor u~b otoW
ment LO well u for the cc!Uiectivet that •PP""-"· Th, t:uth vo.luet are wteted 
otep by ~tep. 'Th.e ,.._.,p nWilbets •t the bottom of t.be tab\e obo"· tbe eequenu 
follow<od in a..'"Tiving &t tbe 6od .Up. 11/1 

EXA.\1PLE 2 Cor.mnlc~ t.be trut.h ta.ble forP A·_lf'. 

SOLU'I'loN &e T•bk l-2.5. Note thAt tbe trutb nluo ie P for ~very pot
riblo truth value el P. In thio opo<ial .,...a, l.he tl"Uth valuo of P A íP Í-1 i.nde
pwdent of tbo truth value of P. 11/1 

• 
EXAMPLE S Co>alnlot tho t:uth to.ble lor (P V Q) V 'lP. 

""LIITION Se~ Table l-2.6. ID this caso t.l4! trutb va\ue of tho forrnu\1 
(P V Q) V ¡p i.o i.ndependcntof the truth vllluu of P wd Q. Thi.llndr.pendePU 
io duo to the •pe<ial CO"-'t.ruct.ion of the formula., u"'" oh.oll '"" ;¡, Sce. 1-2.8. 

Toblo 1-%.1 

' 
' ' ' ' 

1' A 11' ,. 
' 

Tol>le 1-U 

' •• 
' ' ' ' ' ' ' ' 

' • ~ 

' ' ' ' ' ' ' ' ' ' ' ' -....... • 
• 

1111 

' ' A ; ' 
' ' ' ' ' ' ' ' ' ' -·-... • • • • 

Molbod' 

'"' " (1 VOl V,. 

' ' ' ' ' ' ' '· ' ' ' ' 
·~· 

V .. V ; ' 
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 
• • • ' • 
~· 
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Oboer've tht.t if tbe truth vilue.o of the component otatemeot.s l.l'e lwo...., 
tben tho trutb vt.lue of the resultin¡ ot.tement cu be read.ily determined from 
the trutb table by reading along lhe row which correopoo<b to 1he ccrnc:t truth 
n]ueo ol tbe componen! ot&tcmenU. 

EXERCISES l·U 

writo tholollowiollt&lell>onto iD .,belio,...,., 
e~> Mo:rk '"poor bul b.o.ppy. 
(b) Mark 111 ricb or Wlb&ppy. 
(r) Muk il aailhu rioh""' h&ppy. 
(d) Muk il pocr or bo io botb riob o.nd unhppy. 

1 Conotruot tl1o truth tableo lor tho folloorin¡/onoulu. 
<•J JnPviOJ. 
(b) l("lP A "lQ) 
(r) p 11 (PV Q) 
(J) PI\(QAP) 
(o) ("lPII{"lQAR))V(QAR)V(I'AR) 

R: Mut il rioh. 

H: Mm il happy •. 

(/) (P A 0) V {11'11 Q) V (P 1\ 10) V (IP 1\ 10) 
:S For whot Uutb vahao wiU tho followio¡ oU.Iell>ODI be troof "ll il oot tho....., l.h.ol · 

bo"""" oro cold or hououd ud ltlt f&!ot tbol ooU.apo on wum or h- Ufly.'' 
(Hiol: Thero ""' tow atamiootalcll:iooto.) 

.O, Glnalho tnll.b nluoool Pa.nd Qu T a.nd lhooool' R a.nd Bu,,!wllho tnllh vahtot 
of th.o lollowiq: 
(a} PV(OAR) 
(b) (P 1'1 (Q 1\ R)) Vi((PV Q) fl (RV S)) 
(e) {"l(P fl Q) V IN) V (({"lP fl Q) ,V IR) A .S) 

1·%.5 Lo¡l<&l Capabllill~e ot Prn¡rammln¡¡ l.aaflZI.¡¡el 

In thie Jectlon ,., diaeUAI th' lo¡iea!Oonnectiveo u.t.i!able iD cut.&in ptovammin& 
.ln¡¡U&¡eo and ho,. theoe connectlv.,., can be U&ed lo 1ener&t.e 1 trutb t&hle !o~ 
a ot..t.ement formula. The log\e&l eonnectivct dl.cUSIIed thl!l fu are ouilable In 
moat pro¡ram:ni:l¡lugu.oge5. In PL/I, tho connectiv• A, V, o.nd 1 are writtm 
u .t, f, and 1 reopectively. Thfl ttutb v&lueo T a.nd /'are writt.en &1 'l'B and 
'O'B '"'peetlvely. In ALGOL the connectiveoue repreowted &o.,.. huo writt.en 
them, ,.hile T and P u e ovrittm &1 lnle and tal~ercopectiwly. FORTRAN &1m 
permito tbe u... o! lO(ic&l nri&hlct and o <preMio ... , and it i.o tb- facWtieo .. hicb 
are to bo <fu<:uued in thia o.ection. · · 

In FORTRAN, tbo trutb valueo T and. F ano denoted by tholocical con· 
ot&nt.. .TRUE. and ,FALSE. reapcctivoly. Lo¡icol vo.ri&b!M &Dd upreaiolll in 
t~ l&n(llllo .._.wne onl}-ono of tholocicol'valUCl •t any ¡;;...., tim10. AlllopW 
variablct m...,t be ft:<J<licitly declnod &1 iD the ot&tement ·. 

, · LOGICAL P, Q, R 

"'hich dec)&...., tbe tbr.., variabl .. P, Q &Od R.·' • · 

' . ' 

• 

• 

.... 
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Ejnropk> 6.9 

S<mphVeor {(A, s:c, D) ~ !~~>(0, l. 2, J, IJ, 15). 

f- .411 t'.ABD 

ro 1 ~ .. 5.29." 

El ~j~mplo 6.9 no P«!OntO nin¡runa di!ir.Ut~d. ya que otlo fue pooible u' 
con¡unto de odyacend .. 

fjnn~W 6. 10 
Simplif.cuf(A, B, C, D);;. L m(O, 2, JO, 11, 1:, ,.,,, 

.S.I~<~h' 

" CD 00 " " '" 
00 ' ' ' 
" 
" , .. 

f- :<BD ;- ABD +ASe 

'" ' ' ' •• 7 
~ 

• 
En""" cuo, •• tienen mao pooibilidadco. Tambi!n oe podr1a hober com

binado m, y m,., o m,. y m,.. No oboum,c, no hay nin¡una ,.;on pHa 
Útiliur '""' combinaeioneo, dado que m1 , m

10
, y m,. ya est1n cubieruo (o 

con«nidu) por la formociOn necouria de pueo con m
1

, m.,, m
11

, roopec
tium<rl!e, par. lao cual<. no oxi"c otra peoibilidad. Por lo ranlll, U""- '"I!d 
para ~,¡,.,., lor mapf1J d• Kom<lll;lil ., priru:t{""' con le eombino<16n dt loo 
totrm""" pera las c~W-Ies uUr• una,.,¡, po .. b•lid4d. 

e¡_,,., u' .. 
limplifu:u {/A, 8, C, DI- r "'(O,l, 1, 12, ll). 
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