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1.· ESQt'EMAS DE OJREC:CIO~AMIENTO. 

reallzor 1 .. "~"''""'"' funcione.: 

Ob•oner r orate de memoria primario ol c;r~..• lo ,l¡;u>ente 
lnS<ruc<IOn o •J•"""'· 
Enoender loo operandos, eoto ••· delonlr lo lo>collucoOn de 
)oo operandos nece .. rioo ~u e¡ecular lo ln<!"'CCIOn y 
troerloo al CPU. 

Ejeo.>lor lo lnSinJCC>G>n. 

El cl.dlgo de operociOn .JO. lo lnotruccl~n o ejocuiar. 

' Loo du~ccloneo de lo• o¡><rom>oo y lo del re.uloodo. 

1-o dlrocciOn de la "f"lenoe lnotNctl~ 1 e)ecu<ar, 

ontcrloru, loo cual« dclorminon Jo uquii<CIIJn Oc lo• proco;_ 

udoru """ Ju utlll~oo. 

~ oupundrh orcuclones orlmotUc.oo., lu <PJC ~llenen <10• 

<>¡>cnn6oo y un rowhodo )'' q.¡e son lu que propcrc!on•n el 

e.o.o mh ge...,.,l. 

o) M~<!>Jinu de '"3•1"' dlr~<eiooeo 

El l<ml>OLO de ln"nlCCIOn <"n """ 1""1""'"' do dlto<cum>--

mlonlo conllene iodos Jos d"'"""'o' nt-C<~IO•doo ¡><>T el CPU 

f"" r<".<llur ,,,. Nnci<><~U. 

Un "'"'~le Jormam <lo Jn"lt'<nloo <e ""'"'" en la lt¡;ur• 

JV.I 

1 ;;HZhJ"i'j!Jl'"-rrrn" 
~ESL'I.T/1.00 L/1. SIGL:IE:>'TE 

I~'ST~L'CCION 

. " 

r;\ol:. 

" " m~mula 

En eOie c .. o .., llenen cinco campo• en el lormoto de ln>truccl/>!1: Uno 

paro el cWISO <lo o¡><r>ciOO q.>e •ln·o pn• IndiCar el ttp:> de opera··· 

ciOO 0 •••ll•ar (""mo. '""'"• multlpllcaciOO, etc.), t<U camp:>s para 

• 
¡,,, in<lt•><<"i<""' ~"''" ~ ... m¡q.>tna podrlon ><r eo<riLII en Jormo 

,,,,¡,:.]le• on ]a •II:IJIOnle Jorm•: ,.pp "·~.C. D donO. "DO repreoento 

el < Codlf<> de opero<l~n •urna )' "·B. C r O """ nombreo •lmbOIIcoa 

Ll: 

1..3: 

l.1: 

l.a; 

MlJ\.. B,C,T\,1.3 

MUL D, E, Tl, l.7 

sua n,TI,,.,t..a 

• 
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1 

, 

000.,cndol yo ~· el campO de dlreccJOO de lo oi¡;ulenoe lnon,JcciOO 1'0.! 

mi<e cooo>o<r donde tueron olmoc.nodoo. 

' Deblclo o q.¡e o;.ada ]nOU'IICCIOn contiene en J<>rmo el<)llrCito ""' dife<:·· 

elon ... ""u neceoarlo tener en el CN hud~·ore P.,ro fUOrdor loo re 

ouhodOo de lu operoc]oneo. 

~~ Mlqulnoo de "3" dlreccloneo 

Con•lderando que loo programn oe oocrlben •cc"e,;clolmoiÍte ,, <¡uo 

por conolgulenoe u muy IO¡;Ico olmocenarloo en Ol<e mlomo <>rd<·n, 

' oe )lc~o o un nuevo uquemo de dlrecclooomlenoo en el cuol "' ""' 

nruy011 <odos loo c.ompoo de diroc>l6n de lo ol¡:ulenle lnotructiOO 

por un oolo r~giOtro dentro del pr<oce<Odc,- que llevo en lomo oe· 

cuenelol y ou<omllleomenle lo dlreeciOn de lo OI~:~Jiento lnotrucciOn 

o ejeCJIIT. Un poolble IOJ'moto de lnltn>c<IOn oe "'"""" en lo 

l1g. lT.1 • 

.ro<-co 

~" i • lnSI. 

>lo¡;~ otro -,, 
procesador 

r.J.~u " ,, 
mem< rlo 

----~------'·1;-¡ _ ___:_ 

Uolllundo "·"" U<¡Jemo <le dlr<"Cci_oo•mlento lo e"Pr<SIO.. A"{S'C)-IO'E) 

en FOIITRANJ<JJe<lorlo •"Pretaclo como: 

.< \ll"L A,C, TI 

~:l 'L O, E, T2 

SUB T2,Tl,A 

Donde oe ho ooprtmlóo lo dlrecciOn de h si¡ulenie lnstr>JCCIOn ¡-o que 

to<O eo lle,·od.l en formo oeOJencltl y outomltlca por un registro del 

proc~ .. clor o:<>nDCido como COI1todor del programo (PC). 

~on el ""'1"""'' de 3 dlre~cl<>ne• •• lo~r• oprDVechor lo memorlo on 

lormo miO diciente y re~clr la longln>d de palabro lo '~"" redunda 

dlroctomc•nte en loo cootoo ~e· Jo miSma. 

e) ~Uqulnos de "2" dlr eccJon es. 

En loo operoc¡"""" orltm~tiCO> no siempre u necesorlo guordar 

' el reoultodo en una localidad de memoria y preser"or los operan• 

doo, ror lo <rJe ae p.Jede p<flUT en Ullllzar uno do ellos para--·

~ord.u el reoul<Jclo una ••• q11e lo oporociOn se ho elecnlOclo. \..as 

con<lclerocloneo anteriores lle,·an o pre«ntor un posible formato de 

FIG. 1~3 

Palabro 

·~ memoria 

' ' ' ,, 



------~--~--------,,--

En cote t"'l"i,mo •• u<u~ lo dlreccit.l <!el •e¡:>Jnóo ~perondo "'"no \a 

dlrecollm del ro.ullodo uno ''"' 'f'• 1> ''reroo]~n •• Oa¡·• ol<-ctu,,<IO, 

f'<'' lo que el segundo Of''"'""" '"~ dr<Lol.i<!>. '.•! P'''' ¡,, ~·cre.l(•n 

MUL B,C 

MUl. O. E 

SUB E.C 

ADD C, A 

La ellmlnocll'lll de) compo de d!recciOn del reSO>hado permloe reducir la 

looson>d de Jo p>lobro de memorlo Y loo co"o• de ¡, ml•m•. 1~ •¡u• 
pormlte uOH ute os~emo en m•q.¡lnn m.O¡an .. ¡· chous, 

,. 

E01e UIJ'<mo de direcclooamlento permite ellmlnu de tod .. )n 101 

on.oeclaneo el campo de dlre<:cKon de uno de l<>i opeun<lo y woOiru·· 

lrlo P"'" un resl•tro denlTO del prPC<U":<'r, el cual coolrndr~ o uno 

de loo opeumloo. A""" re¡:loL<O se le coooce """'" ooumulo<k>r, • 

El lom>oto de lnotTucciC>n pan la mlqo.ono de 1 diree<iOn •• muco-

''" en lo ll¡;wo IV 1 

lleg. en el 
pro<;e .. <lor k.' 1 DIR. - 1 

'· OI'ERANOO 

po.:lría <roduciroe •: 

LAC D 

~IUL ' 
n 

• 
e 

n 

E>lc • ..,....,, <le dhe<:<!onom!ento ~». •Ido >mph>mento hnp!cmetttado t1l 

un> ~'"" m>)·mfo de lu m!niComl"t><loru, como 1"'' rjt·onplo: Pa'·&,"" 

PDr-15, lll\1-1130, IBM·7090 y COC: lbOO. 

•> 

El m<~nlomo anterior .., 1mplomem• ~...,..du ~na pll• 6 o<•<~. el 

«>ol •• p.><-& paour como un c'"'J""'" de lo.o.ohd>doo canti&"U de 

' 



• 



1 

. ' . 

memcrl• occ'.&odo, u .. ndo uno <h<Jpllno UEPS (dltltnu en<rod ... prl· 

meru salidas). De lo anterim se condure '1·'" en codo mM,cnto •o 

encoentro en lo IIE~Jr• Jl.5 

Rt:: de la 

'""· 
'~"""'' r • 

e del "'" 

Re¡:. en el 
CN 

lle11. en el 
C>U 

FIG. H~ 

Palohu ée 
memoria 

Eo nec .. ulo contu con IOO!nJCcloneo q.~e per.nllon m<~er elomentOI 
~ 

M mem<>rlo o] otoü (PUSH} y .. .,., elem~nto• d•l s<•ck o' m~m<>Tlo• 

!POP). 

f'l'SH O 

I'CSH E 

MUI.. 

I'CSH • 
•. Pl..'SH e 

MUI.. 

~-· 
'~ • 

en FOil TRAN, l'>drfo 
.LLG •• n·fl... 

m' 

ar 
' 

m' 
B, 
~· 

(Ap.mtodor ol '"!"' 
d~l .. ock), 

~-- ·---T . 
' 

/' 
la·c p•¡J 
B.- ·• .. ¡ 

,, 

---~~. ----·f~' ---;----' 
En lo 1J~. lY: ~"' Ilustro el e110do del ""'~ <le•f'J~S de codo uno de 

la< inSI. ont~rloreo. ,. 

N i''de cc•ncMr que el ,·m¡cnto é< '""'ú:CI<·'·"' cie lo "':qclna no 

dl~ f<>tmoó<• •0lamtnte por ln>ttW<H>O~O M CotO t\ll'cccivn., )'' qJe 

LOmbltn •• reqo.¡leren ln01ruccl<>fl<> de uno direc<i~n ¡>ara mete,r )' SI· 

car elemon<ot o\ •t~n. 

se requiero un reglllro"" el proc:e .. dor que apunte al <epe del """~ 

, oe elimine el oc.umu)odor yo qu< el reoulu<lc de loo operoclooeo -

tombltn quedori en el otoc~. 

' 

• 

' 1 
' ' 

' L 
L 



•· 

• 



' ------------~--------~~-----------~,-------~10' ____ _ 
2. • M ETODOS DE DI R ECCION AM 1 ENTO 

pooernos que el compo de direcc¡bn «>""' de n bus, en\oHcos ]a 

mb.irr~ copocld•d de memoria dlr.ccloo•l>le .erA 2" loulldode•.IA 

on•erlor p.lede Jesu!<ar t.o5lonte drH<Ic:<> en el "'"" de Ju monlcom· 

p.>Udoru yo q..e, 1'<'' lo general rlenen polobrH de 12 o JO bl<• y 01 

•• ••ifT''" "''"o de ellos ol c.ampo de c(>d¡go de opeucllln .ole <e 

¡>Jeden di! eeclonor 28 • 256 loc.alldodu de meonmlo en el c.aoo de r.! 

lobrH de 12 blLO o 212 • ~090 Joc.olidodtl de mcmotla en el '"""de 
polobrn.~ JO bl\0, lo <ual ro..,ho lna>h<lente para lo~'"" m••o-· 

rfo <k 1 .. aplic.ac)aneo. 

Lo on\erior ho oeulonodo diferente• m<Xk>O de di' ecclonami<:oHo, en . 

los cuoles el compo de dlle<Oitm olrve poro c.alculu la dlreedón 

t!..:m·o del oreiondo, lo&roodo u .. INO)"OT c.pacld.od de rnemorl• di· 

• tccle>na ~~· • 

•l lnmediUo 

<1 o.omp<> de dlr""<l6o ó en 1• l<>C~\Id&d de momorlo ol¡;ulenle _, 

Sori n<-<eoorJO dtdour un l>l< do ]1 polobr> 1"" »1><• ~omo •• 

derendorJ del t>mal\0 de b "~"'''"'¡·del tonoal\0 de In 

pi~ln ... 

•• rehere • 1• J>l~in• etro, •• u,.n<k> un ~11 pon """ P<!' 

f'll•ito, p. e¡. >i oSle bn u «ro el "''"'!"'de dlf<-t~l(ln 

Of<mto • uno looalo<l•d en lo rl¡•n• ooro. 

<n<~•nlro lo Jn•lJu<col.on. A < '" f"¡ln• •< le <""toCe '"'"" 

• 



,, 

. ". 
11 

• f'ltlno ut~ol. 

Lo ~lteccl(.n d~l ''P""'""' •• oletor.nlno ou<n>nol<> ¡,., "'" 

b.lj .Relor!vo ol PC 

En elle m<><lo ti< dluctoJ.,..o<nle.nto •1 ~.,..oenl<lo del cornro 

de dlroccll>n de lo ln.,ntccll>n. lnteopret•"" como un ente· 

ro <en ol~. oe tumo ol PC puo ot<•nCT lo dheccll>n MI 

b.4) .Relot1Yo o un uglotro (ndlte 

.. 
El contcnl<lo del compn de dio«< lO. de lo lnOtrut<l~n. lw'" 

torpoeudo como un entero con <lf<IO, oe '""''o!'""'""'" 

do rle un J<fi<IIO lndlce puo obocner lo dtoeccl~n •le! "P! 

ronol<t. En c .. o de .,¡.,¡, tnh ~.un oo~lotto lndoce u 

JndiFHIO 

h el dlr<«ID'1omlenoo lndloecoo el ""'1"' d• dl,.ccl(.n de b lno· 

tN«Itol Ul<llleno un '~"""'le" o lo di,.«IC!n del «peundo r.. • .,~ 

um¡>O e""'~'"'""'"" ol['ln regl><ro O r>l•~ro de memotlo ~·•••• 

un orunutlt>r o lo dtlt"<CIC..n MI"~'"'"""· 

• • 
<.1) Uundo pt,lno cero 

El •·'"'f<' de dJre<<l6o de lo ln•u,cclf<n 01'1011 1 uno ¡...,.. 

ll~,d en lo rlrlna cero. A ru '•• ~"" lo:oll.1•d corulel\e 

<.l) U ""do pá~ln• octuol 

El '''"1"' de dll<t<ión de lo '"""'cciC.. opunu o uno loc.o•• 

lldod C<J lo f'lglno ocruol. Eoto loc.olldod ca>tlene lo dlrO"C·· 

ci(Jn del n¡>erontlo. 

El con<enltlo del campo de dlre<:<llln d~ lo lnotntcciCtn.. lnt"! 

poet•o.lo como un •"'"'" con Olgroo, oe oun\1 ol re paro <>lt· 

o.q '•hll.o o un r<tlH•o ln~l" 
El contenido del compo de dlr<cciOn de lo lnoorucciOn. lnte•• 

un <'¡:IOl<n Indio.~"'" Oblenn lo dlrecclltn dol 'I'Jntodor ol 

¡_. coonltln•CIO. de !odoo loo mllntloo de dti~CCID'1oonl•noo lntorloru 

con ,.~lo< roo do poapOollo gcnorol, J><<mltcn lograr mtdoo de dlnocciO· 

'" "" 1. '"'"" 1o lnt<<l'<"" lo Jnlo,maciOn que contiene. 
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D1RECCIO~~Wit~10 t~ t-eo 

tl <ltro~ro<uohr ~-•o 11 uoo n~~u:n; Jo uno ~hoooHn 

on \1 , .. o loo tH'"'·''' '"""' ü Olr·nrl<e,.l•nto oon """ 
tu ;tr'¡ru¡eo lo lr .• :ru«hn•• J no o< •!ll<•n do uno 
frr.o !'"'"\o \O~o ol eon:·;n\o lo 1~•\ruc<\<;.to, 

[~ "" .Odo 11< d!roe<\OT~~Ionh tl o¡er.ondo no o< ~HI

oo on tor~o nrl!rt\0 yo Q"'. o! fo,.-oHo do tnotruoolóo 

11 fll• 1 oo loo <6dllOI do opotoo\~n oo up<e\fieo 1~

rl!o\\u<nto oo~ro quo coc\otroo dol ¡.•o,.oojor oot~•n 

loo ln•<ruoot~r . .,, por Jo'"' ol uou><lo no ru•., olto

nr\o do otn("no oonoro, 

ho rrurco do \notrue<\oooo, quo ut11 Hon "" "'""" do 

~!Lo¡ \r.ltreo~bto, tconofuonoto ~t b\01uoo y bÚoqut-

6,!1 orltolttroo h rrop6o!to eono,.,.\ y control dol CFU, 

Ejooploo 1, 

(1 o¡.,·onh oo oncuonUo on lo loo>HÓ>d h oooorto o\. 

J'llon\o o lo \noUuor!l.to 1 oo <~no\loro quo foua ¡orlo 
h la oU~o. Loo TO\or" h loo o;nandoo \n~•dl•too 

oo n\nrun <ooo podr~n .. oe~ .. la o.ro<lhl do ro;uo•o

hottn do un ty\0, ro u ~odo d< d\rooolon•~tonto •• u\1-

lloo euonlo 00 ltofln r .. l\ur oporoolon" con •nlor" 
oooo Uotoo, 

Loo p-upoo do tnotNcolonoo qo.o u\!\lun ooto oodo do 

1\rooolonoo\lnto oont oors• •• e buo¡ orHoft!c"" 1 

U!!eoo do 8 ~\U 1 ontr•hfulUo, 

~l••ploo 2, 

,¡ 

., 

,¡ 

. . 

1.1 o¡·or•ndo oo eneuontra on loo doo bJI" !16 btu) oi
r•l<n:oo •1 cMI!:O do o~orool~n do h tnotruec\~n. !:t. 

]-rl.,r bJU cont\(UO •1 cht¡o do o;o~.eHa u o¡ c•noo 

o!¡r.H!c~tt•o 1 o\ o\rulonto " o¡ do •lln\1\eot! ... 

<•lo modo •• d!r«<l~n•~l<nto oo ue•do por ol3uou \r,o

tru<olnnco 1• <'r[1 M 16 b\to, 

R•r'•'•• 
n ror~••• do \oot,.,oct~n oon<\Ono uo cupo lo 4\roce\óoo 

do o;u-ondO doodo oo topooUteo ouol do loo r<llo\roo 

do\ Cl'll ou' u\!llu~o U·•o o¡·H~ndo, 

Loo rr~¡·oo •• tnotruootonoo quo ut\llun ooh •oh h 

otrrocctonnunto '""' ""l' do B bito¡ oor;;o ha 
blto¡ or!I~H\ooo y l6rl<u U 6o.bllol ocllohtc•o 1 

]6~\o•o ~o }6 ~Ita; rotoolonoo 1 d.,plOEo•lontoo¡ <D<OO

dtdo 1 •r•(odo d• >Ho¡ on:uh/oolldo, 

li•ctotro lnd\10cto 

!'l> .. 10 Ud(> do dlr<cc\On>m\onto UO por do r<Cio<rOO 
(IG b!to) <ontl"·' lo d\roce\6o do ""'orto on lo quo oo 

l• utl\Uodo ror loo ,ruroo do tnnrute\onoo do corto 

oto B blto: lntor<o~blo, '."<no!OTonc\0 4t blo1••• 1 l>do

~uo4o; rotoolonu 1 4 .. rtou•!<nloor pronUdo 1 opo,o-
4o 4• b!to; ooltoo, llo~,hO 1 r<fr<OO olo oubNtlnoo¡ 

tn<rodo/ool!olo. 

' 

---------·-



,, 

,, 

., 

hundidO 

!..o d!rooolh dol o;o.-.ndo o~\' c~nl<n!~o ~onh·o ~el 

ooe~o fo o;oc•ndo do lo lr.olrliOdln. &1 •••·J•O. do dlto~

ct6n.llrno "''' l<nc!tud do H blto ~orlo quo h .->,1-

•• cc;.clt>d d• oo"o~l• tlr·oc<lon•tl• oo te ti r. l;:u. 

Foto =•~• do dlncotn•~ltro\0 oo "':l!,•do ¡or l<• pu
l<• do lr01ruoc!<r.co ..... ,-.do e b\11¡ ,.,,. ~· l6 

Hu¡ o•l\oo, lhrt•du y'*'"'" h ou~ntlr·••· 

tn ooto Dodo do dl>occl<·n•olnto ol •••P• do uroce16o 
dol c~•r•ndo oo rofhTO o uno loeoll~•4 do ~••orlo do~-

Ioto car.po h dlrooo\6n eocoh tro Oo lo 

h J b!to 
¡1\co por 

1 roro ou corroclo lohrprttoc\6n oo oulti

UlH, ~l>"n!lndou de uu foru a nhr•n· 
ot• o lu local!d•doo dootod•o, 

Ioto ocdo ü dtr•«tor.ulon\o •• ut\ltn oocluoh .. on

u ;oor h \ootruool6o R~T. 

[Jon¡•loo 1, 

lolaUn 

l..o dtrocct6n Col "l'"'"do oo,hter•lno ououc!o o.l con

helor ~el ¡rorr••• o) con\onldo dtl ~.rto oltutonu ol 

dHt• c!o opor•cltn Co lo lnnruccl6n, 

n <I<O¡.Jounluto ont•r tor •• ln\or¡or•hr¿ ••~• un n~

'"" on <O~['} .. onto o doo, coo lo quo oo }DfCO un ron
CO do dtrooclcn•~hQ\0 do -1?6 o •ló'<J l~co}Uoho rolo

ti,., o) con\&c!or '•l ¡.rorro~•. 

loto ~ociO do dlr<«l<n•~l<ntO •o uoodo por ol (n.IPO h 

tnnruc<\<noo do oo)to, lluo .. J rotrooo dO oubruth•o, 

t¡ .. ploo 8, 

,, 

" 

t... di ro<• ¡b do\ o: oronh o o hU,..Iao """'" .. ol ro eh• 

tro ~· lr•dlco OL¡oclfludo ol <Oc\ln!U hl t)IO 4t dUo 

¡_-¡ ,.,1 t.:.>l•nto oo ln<>rrrou cuo uno cu\Uol u 

c"~~l<·n•o o doo, <•o lo~·· oo h¡;To un ron(O h 61· 

"«lor,,,.,¡,nto 4o -128 o •l!l \o<Ol\hc!oo ro\otlooo ol 

u¡totro '' Ínól«. 

too ¡ru1•co do lr.otrucc!Onoo ~·· ~ul! .. n oou un h 
d1 1·occHoul•n<o 1001 cn~o do & ~111¡ orlul\leoo r 

H,le•o h 8 lolt01 «toc!Onoo 1 doorhuohn<oo¡ ••«
~~~· 1 o¡·•;odo do ~lto1 ooHoo, lho<h 1 o-•O:rooo h" 
oobrotlr"•• 

IJ•~rloo 9. 

'" hu ~oda do U~oo<l<nnl•nto pot.Ho ~rodor O o¡•opl' 

uo bH dontio do ~" oporon4o ooloOtll<lodo, ~ondo loo 

~odoo ool • • . doocri 1 o o, 

!jocrloo )0, 

• 



EJEiiPL05 

5t uuair{ q_u• toda• leo e:••vloo &l,;ulentu utlllz•n ol •hl•

•• de nu=•r•c16n ho~ad•cl~~l. 

Ejemplo• l. 

.. 
·¡=_ 

J:lnplCI 2, 

W~~oS ¡.¡: l•l'l<(l(,,.IIEIIIO (o(l Hl(l~(ff_~fCtll'~ ~-<-(• 

~~~.1'"'11< (i-<f_.r~<) (11 (fi';~-E1( ((~1 (L 11':0HU( 1-f. 
-r rr-

¡.¡ n:cc 1 '-''"'"' [OoW 11111. 1 e 110 

ChHoll (11 R JEr.ISHO 
¡.¡: HFH~HflJ[IIlO P. 

'" 
FHoLil~ EL ¡¡,~HI1€111Q lifJICO rEL tt•IIEIIII(I IH 
W."I"L~IóJP V LO 1-t:J~ (11 El Hl:ii~J IEGI~l~O 

' ,. 

'" " 
EL cornmwo 1-n 
C~[I1[111A Etl litiO 

I•II"ECC 1 fJIIi<11lE1110 !IJ W:D 1 MIO 

111,¡CE ~~ H 111--

, ..... IIL rt•nEIIlloO I'E"L •Hoi~H(I f<ClOt.ll.AI'(oP A. n 
1>1110 ~4H V loE 1~ El H9.tL1f~'(o [11 fl Hl~it(o H-
GI~-lf1l 

11fo..llk Lh <<l<o;(lfJII LC.O:.ICH 1•1• UIIH ll '·'"1[-
llll"l IH O[<,li'll-(r 1< V Fl ¡.,J(o HU I>I:MI'(• Fl-
01!-1"-h~.t) ,,, Fl "':·~· o¡r,¡;.l>-1) 

-··:.,-,:: 

'll ;--------------------------------,·D" 
'ft 

(•(•11 [.(• 

'"'· 1;1\ 
.'l\ 

1• 1 01:( ( ((l(¡~JI [1110 !IIII"I•IFI10 EXUUI•If>O ~~ 1 

U• 

lt> 1-L·12lfH 

. " \ ¡ 1 •• IV EL NITO aolOH ~ j 

•• 

Cfof-c./1 EL IH;(SH(I l'f<l' 1-L roH EL NITO UlfH 

• 
I>IHCCII;ll'fliEIIIO 1>1: N:QISTRO 

lP e, A 

(foF"Co/1 [L HGISIPO C (1;11 [l t(IIIUNIOO l'fl 
H:l) 'A 

•• 
Slii1A llL {("IEtiJ(OIJ 
!>EL HGISII·O ~ V 
TP~ A 

'¡q¡>!fiO[ I'!:L 
tlli>O 1•[ lloS 
rL "$•~.1fii>O 

-~' 
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zso--Pro 
ZSOA-PIO 

Th< Zilog Z..W pmduot line "a complete ser ofm~cro
mmputot componen". dovelopm<nt symm> illld suppon 
soúw:or<. Th< Z-80 mJCiocompurer componen<,., <ncludn 
>11 of tht cucu"' nec..,..l)' ro bulld luJhi><rfonn:ul<:< 
""''""'omputer symms wilh Y>ti\Wiy no olhet lopc anda 
mmunum number of low con lllndud memory domentl. 

The Z-80 Psrallell/0 (PI O) IIUerftc< ControU.r" i 
pmgrammable. two pon d<V\Ce which provid<S TrL com· 
pauble in101fooong bttwoen penpher>l devi<:<S a~>d !he 
l.llO.CPU. Tht Z80-CPU configures !he Z80.PIO to in ter· 
foce Wtth mndnd penpheral dev¡cu suth .. upo put~<heo. 
prmten. kryboar<b.etc. 

Structure 
• i'/-Ch>nnel Silicon C>te O.pleuon Load technology 
• 40 f'ln DIP 
• Single S voh wpply 
• Single phue S •oh clock 

. • T wo independent Mlu bidire<:uo.W ptnphera! mterfa<e 
porU w¡th "'hand!.IW:.e'" d1na rmufer ctmtrol 

Features 
• lnttflllpl duvon "'hand1hoke" for fast respon,. _, 

- • Any ene cf th< follcwirl¡ mod" of opcratlon"m•y be 
.. !octod for onher pon: 

8yoc output 
8ylt tnpul 

•SV GND .. 

~AHCE { 
"" ~ 

•• 
I>A>~IUll: 

~IINT110!.l 

. 

1 1 1• -· 
~ 
M 
~ . 

. 

. 

~~~ 

~ 

~· 

~t.Ul 
~ 

( "TilUl'T -0· 
./ 
• 

.i 

Product Specification 

8y10 bidlftcllonal bus ( .. ••loble on Pon A only) 
Bn Modo 

• Programmablt on«rrupu on penphtral ''"'"' condilions. 
• [)ouy dwn pnonty 1narrup1 losic 1ncluded to proVI<It 

fm """''""' mterrupt .,.,¡orin¡ Wlthout •~••maiii>Jl<. 
• Ei¡ht 0\IIPUII•~ npable of dnv1n1 DarlmJlon 

lr:uuiotor1. . _ 
• AU inpuu and outpuu fuUy m eompottblo. 

PIO Architecture 

A. block diJ.1nm of lhe ZSO-PIO is shown m fi~ure l. 
The in lema! SlfUCture of the Z!O.PIO conouu of 1 
Z.SO.CPU bus lnttrfaoe .lnt<mal oontrolloZlc.Pon A l/0 
IDg>c. Pon 8 l/0 lopc. ond interrupl eonuollopc. A. 
typical•ppiJ<ation mi!f>t US< Pon A u the oi&tJ. utnsf<r 
chann<llnd Pon 8 for the ,,., ... ond eontrol monnonn¡._ 

The Pon 1/0 logic is compo .. d of 6 ripsl<n ..,th 
Mhandshake"" oonucllosic u shown in fi¡ure :. The 
r<gi>ten ulclud" ln S--bit ;,·pul re¡jSiu. ln 8 --bit rnrtpul 
regi:lter.a 2--bll m<Mie eontro! r<Jrltu. an 8--bn mul: "~""'· 
., 8--bn input/output .. !ect re¡uter. ond 1 1--bit mut 
conuolrepttr.Tlu Wt th,.. rep>len ue used only when 
the poli hu been pro¡¡r:ommed to opero le m th< bll modo. 

• 
..(f MU . 

• 
~ 

w 

. • • 
_4. MU 

• w 

./ . ,.,._ .... _ 
FIGURE 1 

PIO BtOCit OIAGRAM 

MSE B-3 



Register Description 

~ Conuol Re¡tst<r-2 bi11.loado~ by CPU to ,¡,lec1 lho 
_ o¡>e<>.II111 mode: byte out¡mt. by ~e input. byto bidirec· 

110nol bus or bU modo. 

O. u Outpu! Ropoter-8 bits. P.,rmiu duo 10 be uoruferrod 
from th< CPU to tho P';ripho~. 

O.t> lnpu1 ~<r-8 bits. ••cepn data from lho peri· 
phetal for 1 ransfer to lht CPU., 

Muk Control Re¡iot«-2 biu. loaclod by tho CPU 10 rpecify 
tho ac\t., sraro (high or low) of >!lY penphera.l de-rice 

-~' uo 
lllml 

;¡¡¡y' 

!1::: -~-
,. 

. 
7 

• • - V<-~ -uo uo 

r·om:• ·~· - J 

i<oterfaco ptiU that u< to l>e mortLto"~ 111d. rf an intor· 
rupt s!tould be s•n•ratod when aU unmasl<<d pins or< 
acti., (AND condition) or, wh<n any unmukod pin,. 
ac\tve (OR con<ht u;m). 

Mt!lc R<r;u~er-8 btts.load<d by the CPU to dettrmino 
whidl periphorol dt\'100 inlerfac. pin< ,,. tobo monl· 
tor~d for lhe 'P«ifled ll>lus eondition. 

lnput/O.uput Select Reguter-8 btts. Joaded by tloe CPU to 
ollow any pin 10 bo an OUiput or >n input durm¡ btt 
mode operation. 

" 
. 

~· ~ = v uo 
(1 .,..,.,., 

~ 
~ 
~~ 

<'(;; . 

~ ~·· ~ uo 
13 .,..,.,.. 

./ 

~ IIfT IIOIII.IS 

( .DATA 
~ 
uo " .,..,.,., 

1 

. uu.} c.~~--
~~ ·= ~-u~= ro~~ nllOn 1..11< 

~· 

. "'""" .... -1 - .... -.-...... .. 
--~ .... -l/0_ .................... ~ 

FIGURE 2 
A TYPtCAL PORT l/0 BLOCK DIAGRAM- • 

MSE B-4 
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ZSD-PIO PinDescription 

0-¡-Do 
B!A Sel 

CJDSel 

" • 

Z8~PU Data Bus {bidirocuonal. trista") 

Pon 8 Ot !' Select (input. acti•eltiP,) 

Control cr Data Seloct (input, &CuY< lug!l) 

Chip Enable (input. acti .. low) 

Sysr= Clock (input) 

Timing Warefonns 

"' 
IORQ 

"' 

'" 

"" 

Mach.i.ne Cyele One Sip~al f r<>m CPU (Lnput, 
active low) 

tnput/Output !Uquest from Zso.cPU {mput, 
acUft lcw) 

Rcsd Cyclc Status from Lile ZB~PU {input. 
active low) 

Jnterrupt E:lable In {inpUt, acuve hi¡hl 

lnterrupt Enable Out (output, ""'"' htgh.). lE[ 
and lEO fe"" a daey dtain ccnnecuon fcr 
pncnty int<mlpt eon.ucl. 

[nl<rn>pt Requost (cutput. open dnnn. """"' ,_, 
PortA Bus (bidirccttcn.al. tmtare) 

Pon A Slt'Cbtl'ul .. from Penphecal OeY\Ce 
(input, acti.,.lcw) 

.A RDY !Upster A Ready (cutput. actiY< high) 

Bo·B.¡ Pon B Bus (bidirccticnal, trutotc) 

8 STB Pcrt 8 Sllcbe Pulse from Periphecal OeYl<O 
(input, active low) 

• B RDY Rc ¡isler B Ready { cutput. ac!i~ hi¡h) • 

OUTPVT MOOE 

An cut pul cycle is olway1 ltlt"ted by tht UO<:Uticn of on 
output instru<tion by !he CPU. The Wlf pub< frcm !he 
CPU lllthes !he data from tbc CPU data bus intc the 
seleeted port'l output rea:i>ter. Tht "'"" pulu utr the 
rcady naaafter a¡,... l"ins ed"' cf<t. india.tml dato is 
anúable. Rudy >tays acuve un tU the-pcsttt., edge of the 
"'o be bne is rece¡ved indicstlnl that data ""'' l>ktn by thc 
po7fJT,.,.¡· The pc11.11"' edse cf the strobe put.. ro~"''" 
"' sf th< mterruptenable Oip nop bu been set 
ond rf this de>ice hu Lile lti¡¡hest pnonty. 

_,_......_ 
... •• ~•CI•m.•ocoO 

INI'lJT MOOE 

%onSTROBE ¡(><1 tow dato Uloaded into the 
selecto~ pon inp"t I'¡Ultr. The ~ut rum¡ ed¡e of strob< 
a.cu ... tnl'l"T .t: mler:upt '""ble i> uta.nd thLS is the 
ltlJ!tnt ~nonty rcqoewn1 dt..c<. The fcll-rns fallin1 

1ge of<t """" Rudy to on tnacll" state. indie>trnlthat 
e U!put re¡i<t•r is fullond a.Motaccept &llY more dar. 

""'~ the CPU <ompl<t<> a ,.,d. %<na rnd is <omplet< 
th< posm .. od1e of RO wiU se1 Rudy 11 !he 11<11 low 
10"'1 1non11Uon of <t. At lhi> tome n...., <Lar. <111 be ltrad<d 
in>o the PI O. 
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BIDIRECT!ONAI. MOOE 

,-_ __ ~!.'-~.• cornbiMtion of mod .. o and 1 ...U.¡ al! four 
---~~ linos ilnd the 8 Pon A 110 lines. Pon 8 mwt b~ 

_ ,., to tilo Bit Modo. The Pon A han<hhal<o lineo are...,.¡ 
for output control md lhe Pon 8 llnn are used for input 
control. Dota iS oliO>Ved out onto th~ Pon A bu• only when 
A STB illow. The nsin¡ ~dse of thls strobe can be 1110d to 
latch the <;atotnto tho ponpheral. 

• 
•· ·-..-;;¡ _ .. 

·-
BIT MODE 

The btl modo doe• not utill:t:e the handslako :ti¡nals 
and o nomu.J pon ..-.;,. or pon read un bo ex.cutod 11 llly 

-- tim<. Wh<n wnting, the tb.to wW be !:otchod tntO the OOJipllt 
· r<IJIS'<n ,..¡lh !he !2rnetlmi:r¡O$ tht OOJiptlt moclc. 

• 

• 

• 

' 
1 . ..... , 

··:ffi= 

'• 1' •r '• 

¡ ~·--· '~"--'' ' ¡ :::.:.::::.'\\ 

: Whrn rndi1"1¡ tite P!O. tite tiara r<IUm<d to the CP\J wlll 
bt con¡pD><d of output r<gntor d.. ti from tho,. pun dota 
lino• usign<d u ourpuu utd input registor d•tl frnm tho,. 
port d•tiiin .. I.!Stgtltd utnpuU. The input ro¡ister will 
contoin dat• whd! wu pre,.nt ímmodiat<ly prior to th. 
follin¡ «11• of RD. An mtet"Npt wW ~ P'ner:oted lf 
int<rTUpts from the pori :m: enobkd and tbe dataoa tbe 
pon data U..n '"'ls{y tbelogic::IJ equatioo defmed try tbe 
U.it muk ot>d 2-b~ maslc oontrolr<¡ist<rs. 

e_._ .. _ ______ .. __ 
INTERRUPT ACKNOWI.EOGE 

Durins Mi ume. peripheral ~ntroilen are W.ibiiod from 
~ their intemJp! <lllble status, permittio¡ tlt<lNT 
Enoble sip.al to ripple thn>u¡h the daisy chain. lbe pm. 
ph<rai .-ith !El hiP ont1 lEO 1- durina iNTA wW place • 
po-eprostmun<d 8--bit int<m:pt -..aor on lhe data b ua at .• 
lhi> tun<.IEO is held low untilo r<tum rrom i1"1torrupt 
{RfTI) inJtnu:tion is exocuted by tlt< CPU whlle !El il 
high. The 2-byte RETI !ns!rucllon \s decodod ln!Cm.Uy by 
th< PIO f0< thi:o purpooo. 

R.ETUR~ FROM li'IT'ERRUPT CYCLE 

lf • Z80 penp!wzl dnlo: lw 110 intenUpt pendlnl and 
is DO! unti<r ,.n-ice, ilu:D !" IEQ-JE/. !f lt lw iln interTUpl 
undcr S< n-ice (Le., itlw olceady lotcrTUp!ed ond t<Q:tved 
., in<et"Npt acbtowledao) titen !u lEO is idwO)"> low, in-· - • _ 
htbitlo1 1-.r priont:y chipl fram lotcrruptinS- lf lt 1w 
an intcm:pt ~ whicb lw 1101 yct beeD. acbowled¡-od, ., 
lEO will be low unl=., WEDw Íl det:oclct! ., the 11m byte 
oh two byte o¡tellde.lo thil case. lEO ..m go hi¡h ~otil 
the ocxt opcotlc byte is decoded, whcreupoo il will apio 
1" low. lf tite >ecottd byte of the opcotlc was o w4D" thcit 
the opcodc was., RETJ instruotlo:t. 

After .ut WEDw ~ is de<Oded. only tlte pcnplt<ral 
dona: whidt lw loterruptc<l ond is Cl.lrrently untl<t scmce 
will ha~ iu IEI high l>td its JEO Jo.-. TIW <1..-rit:o ls th< 
bicha! prK>rlty dnice ¡, the daily <lWll wblch lw ,....,; •• 
'., intctTUpt aclato.lodP'. AD otlter peti.phen.ls ha-.. 

•lEO. lf the nut opct>dc byte det:oded is w4o·. th.is 
,..,ripheral dewlce w:QI .... ! !U wintetTUpt Wlder ,.rvia:" 
arn~tlo:t. · 

• 

•• 

•• •• " 

-------------...1 
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PIO Pmgramming 

'"D INTERRUPTVECTOR 

the Z80-CPU roquns an 8-bit intonupt ,...,.,,be supplied 
by tho int<rruptu>¡ dovite_ The CPU fcrms lhe add:-... for 
lhe in<mupt semoe IOUI.ioe of lhe pon us.inllhis vector. 
Dun:n¡" an int<rlllpl od:nc-..ledp <;yde the .. Ctor is plJCod 
011 lhe Z-80 dato bUI by lile highen priority devt<:e roquoll
ingsemco ot lhat <mJ<. Th• desirod i111<mlp1 .. ctot is 
lcaded mto tlt< P/0 by writin¡• control word to th< 
desirod pon of the PIO Wtlh th< followin¡ formaL.' 

" ~ "' "' "' " "' 00 

., •• '' •• ,, 
" 1 ., k· 1 

.,..,., ""'''"""' -· ~ .......... ' --
SELECTINC AN OPERJ. TINC MODE 

Whrn sclecting an op<rating modo, <be 2•tlll modc cort

uol "'"''" is ,;,, te ooe offour nlun. Th.,. •- biU a:o 
the mon si;nifi=r bits of lhe ropstn, btU 7 111d 6;bitS S 
and • ne no• used whll• biu 3 tluau¡h O an oJl sct to llll 
to ind.iat< -,.,modo.~ 

"' 00 • "' "' "' "' 00 

•• 1 •• ' ' 
~ 

-·~ 
_, ............... ...... 

~ ............ 
' -· .... ., ... 

Output ' ' lnptu ' ' BidittctionaJ ' ' Bit 
. 

' ' 
MOOE O ae-tift indiCOI<llhat dala iJ te be wrtttto from 

<he CPU to lho penphmJ. 

MQOE l a<:<ive ~ndicatu thlt dato iJ to be red from tlt< 
periphtril to lh• CPU. 

MOOE 2 allo..-sdata to b< "'""'" 10 or t<d from lho 
periph<ral d ..... co. ' • 

MODE 3 is Lf\tonded f"' nona and control oppliati<>no. 
Wh•n scltciOd, lhe no~¡ control wctd mu11 set tbe 1/0 
Re¡ister to india« wltich lirluare te be input and 
wltj¡;f¡ l1nn.,. 10 be output. 

"' 

110 • l se u bn to irlput. 
110 • o ><U bu to output. 

~ "' • "' "' "' 
1 ... 1 

INTERRUPT CONTII.OL 

Bit7•0 

Bit> 6,5,4 

inttrrupl enable iJ sct-ollowing 
LlliOITllpl to b< ¡enerued. 

Indica tes th< enable Oog is reser •nd 
interrupto moy not be genenned. 

.,. used;, the bit modo 11Lt«rupt 
operottono: Olh<rw"' tltev "'' 
diltt¡lld<d. 

S 

Bits 3,:!,1.0 lignify tltlt lhi• oommand word is u. 

-- . 

Lntorrupt control word. 

"' 
1 ::.:..1 • 

lf tite ~mu~: follo""~ bit Li!U¡h (04 • 1). !he t><xl 
rontrol won:l wnnon 10 tite pon mllll k tlu mulo:. 

• " ....,¡ .... ¡ ... ¡¡ .... ¡ ... ,¡ ... :["'• ... . 
O.ly ...... """ """ """" ....... " • o..., ............... . .. .................... . 

.The irlterrupt onabl< Qip-fiop of 1 pOn may be "' or 
'"'' w1tlt01L< modifyin¡ tlt• tou cf tho intol'tupt control 
...,ni by the following comm&nd. 

" . "' • " 1.::.1 ' ' 
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A.C Characteristics ZSO-PIO 

TA •O' e ta 70' e, V oc • +5 v'± s,;, unJess ro.e...ru. ncted 

- - ..... _..... 

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

" 
,_.__,,.,_ 

' 
__ r_.__.....,.._ 

d ,~ 

...__.;...., ... _ ... ______ 
- ---

~- ---...-·---~ ~- ......... -....... --~--"' 
~ ·-•• ----·-. ...... ~~rn~ ............ -•• 

......... _ ... ____ 
- ...... • ................. --.. ~~rn~ ............ c-

~- '"""'---·--"''"' ~ ~- ••c.._,__,_~,.,., 

~·- <00"--·--- ·---__ ;¡¡,..,_.._ 
~ ...... m~~--··-- .. ·-----" .. ,y,. ;o¡.....,..,._ ... _,_ ................. ill ·- --· m ...... 1 ~~~---·---·--·011 -

·~· 
............................ - .. llm»f-•1 --· ----...-·---~ ~·- -· ~· ·-- ~·--- ... ----·-· ·- ......... .._. ___ .. I!IKII_ .... --· 

"" -~ ---~ 

~ 
-~ 

;;a.....,,.__ ..... _ .. ~ 
-~ GiT ...... ------·--- ~~ ---------· ··~ -------~ 

.._ u._,_,_·--·· .. ~·rn.--."

._ "'---""·--·--·---
o. .... -- --- , ..... 
---------,---\--10,-\ -·· •• - •• 

•• 

Capacitance 

TA•25'C,f'"IMHz 

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

'" -- -
no - '" '" - 111 ........ - - "' - -

•• -- -- - • - - '" - - .e, ..... - - "' 
'" -'" -- -- -

" - "' - e,·• .. ·- - " -
ltl ,. ... _.,_,.u·~·~ 121 -~ ........ _,_.,, ___ ,. ___ _ 

tll - ......... _.,._ .. .,_ .. _ ........ _ 

141 .__,, ""'"">•-101 ___ .. ,_ ... _,., ___ .......... _ 

.. ,.......,¡'"e;, .. .,¡ 
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Absolute Maxinrum Ratings 

r ... ,.. ...... u .... o ... ....,..,r ... ,., •• ,. 
v ...... o. ""' ........ 

...,..,To~""""d 

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

s.....-... _..__ 
-•l•n•••..-r 

ZSO-PIO and ZSOA-PIO 
nc. Char.~cteristics 

l'>ck3ge 
Configuration 

' ' ....;, --

Package Outline 

.............. ,_, ......... -·-·" .... ..... ..... ,- .. , ........................ "" """'' 
n. ........... '"'"' .... '"" ..... , ... ~ ...... .., •• . ......... " ..... "' .. , ...... '"""'"- ....... .... 
"'"""' .. "' ''" .,. ........ """"" .. "" ...... "~ 
............. d.f._~ .................... ... ..... """"'-- ,., .... _ ........... , ""'" .... ,~ .. ,., ... 
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~-..... 
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ttsli-DMA -Z80A-DMA 

Zilofs Z80 mi<:roa>mp~t•r procluct linc U>cludesolhird 
J<n<ration LSI oomponont '"'· d<YC!cpment >y>\o:ns ond 
<Uppon ooftwort. The componen! 21 incl~d" 111 thc logic 
ocoults neceSlal}' fcr <ho us.er te bu~d hi¡ll ptrfO<mo.nc:c 

,, mioroo;omputenyJt<ms ..,lh virt..ally no extemallope lnd • 
rtrimrml number of stondard low...,Oit memory components. 
The Z.SO.DMA (Omcr Momory AocO$$) circutt is • propun
mable un¡io<lw!nd deoico whith pl<IO'icko all adc!nss, tim
inB ocd oontrol li¡nili te cffect the rnnsfcr of blocla of 
duo botweon two pcm wilhin 1 ZSO.CPV bo«d oymm. 
Thest pom m.oy b< eilher oystem main mtmory or any 
J)'>tem penphen.l 110 d"i""- Thr DMA can also ..,ard! a 
block Of dota for 1 p:trtlculai by« {b11 mukoblo), with or 
wahout 1 nmuluneouo tri-Mf<t. 

· Structure • - - · · · 
• N<honnel Silicon Gue Depl<tion Load Te<hrlology 
• 40 Pln DIP 
• SinJI• 5 •oh supply 
• SinaJ< ¡fiase 5 •oh clock 
• Sin¡:lt th:urnol, twO por! 

'eatures 
Thr" cl=s of opcrmon: 
- r,.,.rer Only 
-S...rth Only 
-Seuth-Tr>.nsf., 

' " *'~ 
• Addrn!. >Dd Blod i.zngtlt Re¡:isteu, fully butfc,.d. 

" . 
.• 

Valud f<>< ncxt opcr.atloa m.~y be loadcd ..;thout diJ. 
twbittl cuntDI •aJues.. 
Dualaddre .... ronented durtnll tnmfcr (cm• for ... d. 
pm1:uod ene for vmte). 

" . 

-· 

• • • • • • 
..... C7 

" 
ProductSpecúfication 

·ocrosER 1977 

PREL/MINARY 
• l'rognnunab.l< data lnlufen :UOd .. lrcl> ... IUIDmaUC· 

llly incrementin1 "' decrementinJ tite port addre,.., 
frtmt pr<>p2mmed startm¡add= (they '"" ahc ,.main 
find). 

• Four modeo of opeunon: 
-Byl<·ll .. ·llrnO: Onc byto rr:uosfcrrd por rcqU<SI 
-Bum: Conlin~><l nlonsu pons .,. ready 
-Conunuous: locb out CPU until uper:ouon completo 
-Tr:omparcnt: Stealo ,.r,..,¡, eydcs 

• Tlrnins maY be proFomnted to match !he op«d of any 

"'"· •-lntenupu cm Mateh FoW>d. End of Blod:, or Ready, 
may l>o pr<>grammed. 

• An <.!ltin pre'fiow oponticm may be repeat.ed automot
icllly or cm eomrnlftd. {Auto rnllrt or Load) 

• Th¡ DMA con oign1l whcn 1 specified number Or by too 
lw been tnnsfcrred, without baltin& UODsfer. 

• Multiple DMA's elllly tt>nf!¡wed for tOtallnl prionry. 
• Th• <h1nnel ""f l>o enabhd. diuble<l or ,.., .. under 

software control. 
• Completo thannel """" upon propom (CPU) requnt. 
• Up to 1.25 meplrytc Se>:cl> or Tnnsfer R.ate. 
• Daisy-du.in priority intorrupt lfld bL11 ••kncwlcdge in· 

eluded te providc autetrurtic intctropt .. orcnn! and bus 
requ<>t ccfnrcl, withcut necd fcr 1dditiorml externa] 
lope. 

• TrL compaublo inpuu 1Dd cutpuU 
• The CPU ..,_ read <W'm11 Pon toUOtCI!, Byte Coutltcr, 

or Status Repsar. A m.uk byte can be .. , whiclt der., .. 
..ni<:h regi1Ler~ <>n l>o JC.Cessed dunng rcad opontioru. 

. . 

~" .. 

'· . _- .. 

DMA Intemal Block Diagrarn 
.. •----·-~ Fra.l 
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DMA Architecture 

A block dilgn.m o( tl>e Z80 DMA io lhown in Fisure 1. 
Th• intcmal otructure consuu of the foUc..,n¡ circuiuy: 

Bu1 /nttrfa~: provid., drt>er and ,.,., .. , drcuilry to 
tnterf3ct to the Z81)..(PU &•- -

•· Control Lopt:IU!d RqUt~n: set th< cia01, modc ood other 
bulc conUol par:une«n of thc DMA. 

• AddrnJ, B_vt~ Cvunt alld Pubt CiJ"r:l<itry: suer>teo th< 
propo:r pon addr._. for <h< read and wnte operotions, 
wuh pr<>\Onons for incrementm¡ or decremonuns thO 
address. When uro b)'les reoiwn to bt Ju.ndled. the byte 
count cimutry .. ,. a !la¡ in thc Stotus repster. Puloo 
cirCUtlr)' I<IIC:rl!n • pullo <3th time tltC by10 OOUDICI 
lowcr S~ tU oc¡ual the pulse rog. 

• Timinz Orrultry: alloWJ the UKt to complettly opectfy 
thc rud/wntc umin¡¡ for b<Hh of the c~ls' oddrosscd 
poftl. 

• M4tch (.Vn,¡try: holds thc motth by« llnd a .mok 
by« .túth ..Uo,... for the compui>On of only ttrtoin 
bit> wi!lún the byte. (f • match is cncountci"Od durin¡ 1 

S..,tb or Tr.uufer, lhls cUouury '""a fbg in the """' 
felill<f. 

• lNT <llld Hustm C'uruttry: includes • control regi$
ter which tptclfl<< the condition• under which thc DMA 
can ~"'~"'"'' on iruem~pt; priontl enCO<iinJ los>o_ to oeloot 
b<tween tho genm.Mn of an TNi or 'DmO output 
under tbue eondition.s: ond an int<nupt ftCtor repner 
for automati< .. ctortn¡ to the interrupt oefvice routino. 

• Smnu Rqisrtr: h<>lds curront status of DMA. 

:egister Descriptioo 
Tbe foUowin& DMA-interno! Rgut<n are anilablc to \he 

pro¡nnunet: 

• e,.,¡,.,¡ R~isun: Hold DMA cootrol information: su<h 
u, wheo to inltlate an intenupt cr puloe. wl\at modo 01 

CW. of opc<atiDI!. to perform, cu:. {Write Only) (8 Bits) 

• Ti""''' R~risren: Hold rud/write tiJninl panmettn for 
tho two poru. (Wrlte Oftly) (8 bies) 

• (lu~mrpr Ye<·fllr Regilror: HoJds \he 8~it oe<:tOr~ 
DMA will pul 01110 tho data bus after ~~ an Ii)RQ 
dulin¡ .., inL<rrupt adcnowledgo "'quence l.f it ls tbo high· 

· Clt priority tl<>i<;c ~uatin¡ an H!terrupt. (1ñll rquter D 
rcldable cnly durins interrupl ad:nowled¡e cydos.) 
(Re2d/Write) (8 bits) 

• 8/or! Lot~gllr Rogurer: Con\iln1 total block lensth of• 
data to b< IO:ard!cd md/or lr2asfened. (Wnte On!y) · 
(16bíts) 

• B>t< c,mnt~r: Counts number of byte> tnn<fened (or 
"'arch<d). On a load or Connnue tho Byte Counter 
ls ,..., to l<ro. Tb.reaiter, each byte tr2Nf<r optr· 
aucm in<:romenu it until it JruOtches U.. contents of 
tbe Blod: Unstb Repnu; at wlúch timo End of Block 
is "'' in <he st.atu> ttpter and operaUon is suspentl<d 
if propmmed. Abo iJ "" p~d the DMA wi11 
J:efl'"''" m imerrupt, (Read On!y) (16 bill) 

Comr11an R•!lisrer: Holds lhe byte f01 ...nidt a matdt is 
be in¡ soughtln S.udr. operat'ioru. (Write Only) (8 blU) 

• Mou! Rquur: Holds <he 8 bit maü. to ti< termine whlch 
bill in tltt: compare re¡Wer ate <o b< e.umined for o 
~mtcb. (Write On!y) (8 bits) 

1:1-
• Slarlillg A<i.Jrr" R<glli<'" IP.<ft .-1 .m.J /~,rr IJJ Hold the 

••anin& :uidre""" (Úpper and lower 8 bnsl ior lit< twn 
pom involved in Transf<r operaLioru. !n S.><clt On!y op. 
eDtions. only one pon addrea wmrld havo lo be speci· 
ned. Only memory st.artina •ddreau requ!re bolh upper 
md lowor 8.Mts: 1/0 pom :r.re gontrally addre""d wt<h 
only !he lc-r B-b111. ond in tltis o:ue tb< addross con· 
wnet1 ID the regj>t.or is a a<nerally futed address. (Wnte 
Only){l6bitJeach) 

• .4<i<in:u ('""""" 1 p,,., _¡ ~~~11 P,,n 111- n,..., c<>unt<" · 
are loaded w;th the contents of the oorrespondin! SW't· 
trts Addreso Ropnen "'henever Searches or Tr:~ttsie" an: 
lrutiated with a load or Continuo. They are incttmtnttd. 
deaemented or remain llxed, » prognmmed. (Road 
Only) (16 bits each) 

• !'?rb~ C"'umJ Holds pr<>gr:tfn-<UppUed len¡th 
(lo bytes) of whlch tht DMA will prOYide 
a.;~~ on pur. (Sinu ÚUI occu" wlule 
botb lfl}Sl{O and "" or;tive, tite CPU will not 
lnl<fllr<l this u .., lntenupt ~quest. lnste.ad, !he signa! 
i:t .,.d to oomm<mic&te with a peripheral l/0 devic<.) 
(Write Only) (B bits) 

• Srat11f R~grrrer: Motclt, End of Block. Ready Active, Jo· 
terrupl P.ndlns, and Writt Addreso Valid bits indicato 
<h ... (Unctloru when 101. (R••d 0nJy)(8 bits) 

Modes of Operation 
, The DMA may b< ptOJ=nmed forottt offour m<><ln oi 

oporatlon. (See Command By« 2B). 

• By/~"'" tinto: control" relumod lo tite CPU ofttr each 
one~yte oyd<. • 

• Bunt: operation contmues 0$ long 3S the DMA's RDY 
inpul rs active, indic:otrns thu 1he rolevant pon is ready. 
Conuol n:IUml lo the CPU whon RDY IS inactivo or at 
<nd of block ora matdt if 10 pr01f:mtrrlOd, 

• Cmz"""""'s: !he enure So:uclt and/or Tranlfor of o block 
of cbt.als complt.'<d b<fon: <X>n\rol is ro\Urrll!d to CPU_ 

• T"'"Jpetmt: DMA operotion ocoun during normal mem• 
cry ref,...¡, time> without VISible loa of CPU rune. 

Classes of Operation 
Tbe DMA has thn:e claaes of opeation: Tr.mlfer on!y. 

S.a.rclt Only and 1 co:nbined S<an:h-Transfer. (S« Com· 
mand Byte !A.) 

Ourinl 1 Tnrufor, cbrt> ;, flm , .. d from en. pon arul 
thcn WTitltD to the othor pon. bytt by byt<. (lho DMA'• 
...., pons &R tennal Pon A and Pon 8.) Th.e pom may b< 
ptopanuned to b< either oynom m.aUt fD<mr>ty 01 peripher· 
al 1/0 dn"ir:01. Thuo, a block ofdato might be wntten from 
a periphtrll to anothor; 01 il 1\tight b< ,.,;.un from oot 
uta in ma..n mr:mory lO anothtr; o< from 1 penpheril to 
maln mernory. 

O..rinS a Surclt. cbta i> read on!y. and compo10d by« by 
by« against two DMA-mtem.al r<gisten. on< o( wh!Ch ""'"' 
tains • matclt brte and tite Olhor on optiono.J m:l$~ byre 
wnich a!lows only cortaizr bi!S to b< compored. Ji :tnr by<< 
of searchod d.ol& rnotch ... > DMA·intemal """' brr os 101: 
if progc.~mmed tOdo w. tite DMA will then ullr<nd opemton
ilnd/O< gtner.ue an intorrupt. 

Tho thlrd dus of oper.r.tion "' > combintd S.urch
Transfor. In suclt an op<n.tion • block of <bU is uonsl'<rr<d 
.. d01cril>cd sbo.O until o.match os found: then.,. in> 
Search Only opera non. !he U>nst' .. m>y b< SUsp<ftded ondl 
oran >nt<n '"<d. 
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Addressing 

The DMA'• addre.ung of ¡x>rts is either f!Xed or soquen- ~ 
·. UICI<monlinl or docnmenWis frorn 1 <urtln¡ ad<Ue ... 
' lenph of <h< Operation (number of byte•) is • pecified by 

<h< pr~d contonts of a block L<ngth ropsm. The 
DMA cm add: ... blockJengths of up to 64K bytu. Dunn1 • 
tnn<for two seponre port oddruses an eenerated, one dur· 
lfll <h< Rud cydt ..,d one durin1 <h< Write cycle. 

Z80-DMA Pin Description 

• • • • • - • • • • • - • • • • ... .. - • • • • • • • - • • .. • • -• -·· • -¡~ • • -- - - • -- :::. -.. ·-· .. ... .. . .. .. -.. - -r • .. -....... ;¡;;¡¡, .. 
-- ;;¡;¡¡ 

.. • - ¡-- . • - ..._, __ 
- • • .. 

• "' }~"·--·-• • -- .. - • 
"G-Au Syorem Mrilno 8"'. All sixtttn of thest pinuro 

tn<d by the DMA to addreu syorem rnain mem· 
<>l'y o! ll! [/0 pmt (output) 

Da-O, Sr>tem Data 8111. Comrnanr:b. from tho cPtJ, . 
DMA nuwand datJ. from memory or pcriplter· 
W .,. truuf<m:d en !h ... tnsute pins (iJoput/ 
output) 

tSV Power 

CND Cround 

4- Syotem e loe: k (tnput) 

DMA Tuning Waveronns 

DMA Command Write Cycle 

musrrared h<r< io th• tÍinlnl uoociared ~tlt • ccmm&nd 
byte cr·eonttol byt< b<:mg "'ntten to the DMA which,. to 
be.lcaded into iJotemal "!'""'· Z80 Output instrucuoru 
uusfy thn úmin1. 

DMA R~gi!;ter Rud Cycle 

' tm"nl " ""'d whon a rud ope11Ucn i1 perfcrrned on _ 
-·'DMA to aoono rh<.COntonll of tho St.attll Rt1ister, 
AdnrtD Ccunter <>< Olhe< read>.b!• rep:n<n. Z!O Input ¡,. 
tUUcttons u tilfy this limmg. 

.. 

Operatlng Sequence /3 

MT -
MREQ, 

"' "" CE/WAlf 

"""" 

Ma<hme cyde On• otgnal from CPU linpur 1 

lnput/Output Requur to and t'rom tite Syotem 
Bus (input/output) 

Memory REQunt te the S)'Jtem BlU (iJoput/ 
curput) 

Reill ro and from tbe Syorem Buo (mputlourpur J 

WRite te 111d from tbe Synem Bus (lnpu!Joutputl 

~ Enabl<: m• y aloa be progn.mmed to b<: 
WAJT durin¡ time when BAf is low tinptul 

IIUS R<Que11, Requu11 control oi the CPU 
Md:.,, Bus. Dar> ¡¡.,. and S,.,ru,¡Control Bus. 
(input/ourput, opon drun) 

iiAI. Bus Ad<no,..¡<dee !n. Srgna!s th.ot th• syorom 
buses ha~ been relused for DMA eonuol 
(input) 

-

Bus A<l<nowled¡e Out. BAJ 111d BAO form 1 
· r:b.tsy-du.m connoction for sysrem.,.tde pnonty 
· bus control (ourput) 

lNTerrupt request (output, opon dtaut) 

[nt<lnlpt Enabl< In (iroput) 

lnterrupt EnobleOut.IEl ond lEO forma d:ul)o'· 
chain oonnecuon for oymm·wide pnomy inter· 
rupt eontlol (output) 

R<•DY il montiCl<d H the DMA ro deierm1n< 
when a penpheral dovrco UOOCIU<d "'"h a DMA 
porr il roady (or a , .. d or ...,¡,. opention 
(input, prcJ=nrnable u >Ciive ltl¡h or low] 

• __n__n__n__n_ 
' ' ,.,f---.,---

~ ! \J(---.l.---~ 
1 \!L¡ ... 

c.: "'1'-_~'~_'c"--_-Gf,-_-_-__ _ 

,-- ---
------

• 
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DMA Timing Wavefonns ICon<i••"'"l 

.-fi1J Memory Timing · 

~ uming is eucdy lhe '""'" u used by lito ZSO.CPU to · 
ICCOSI sysrem main .,..mory, erlher in 1 R<:>d or Write 
operation. Tho. DMA .....U dcfanlt te this tunin¡ ofrer 1 
power-on , • ...,, or wbm 1 Ris.t or Ros.t T1m1n1 commond 
is wnneo ro 11; ond unJess ethefWl .. prer¡rl!!ltll<d, will use 
this limln1 dnrinsall Tnnsfet or S...rch opcrauom inmhinl 
syncm ri111n mcmory. Dnring the mcmory ROid portien ef 
1 uanslú cydo, d>.toll btclled In <M DMA en the ""P'"" 
edge ef4> dlmn¡ T3 and held into the followi"' Write cycle. 
Do.mn& tltc memocy Write portien of 1 uonsfer cydr. cbt.l 
is heldfrom the preVIO"' Read cycle ond rele:ued U the end 
of the preoont cycle. 

I'OTE: The DMA,. oonnolly prognmmed for a 3 T-evde 
m.r:otion in memory tranuctíoru. But WAli' is 
$0mpled dnnn& the neptive transittan ef T¡. 11>d 
if ir is low, T¡ Ái~ be extended 1nother T..cycle, 
durins whicb W will apin be sampled. Tite 
duntti<m of a memory U&IIS:Ictlon cycle may t1ws 
be ind.fuútdy extended; 

SfD Peripheral Thning 

Th.il tilrun¡;, id<nllal to the ZSO.CPU's R.udiWnto liniin& 
to 1/0 pcnpbcral d....,... The DMA will defauh to tlus 
timina: ofter a power«t rnet, or whtn 1 Ros.t or ksoet 
Ttmin¡ """""""i;,. ..,;uen te it; arul u.nles3 <>th<I'WlSt pro
nmmed, will use this limln& durin¡ ..0 T.amfa 01 Seon:b 
perations inelrin& 1/0 pcnphef'lb. Dutul¡ the 1/0 R"'d 

of a tmllf"er cyclc, <b.ta is Jotched on the oeptin edge of 4> 
durin& T) 11>d ;,. tltco hdd inte the Write cyclc. Duting an 
1{0 Write, cbtl i> he1d fmm lhe ptnigus Read o;yclc 1111til 
<M end of the Write o;ycle. 

NOTE: 1f WAJT is low durins the negalin tran!!Uon of 
Tw" lh<n Tw" will be extended I:Kither T...:yde 
lnd Wiif'willlpirl b< 11mpled. The duration ofa 
periplter:ol tnrmc'll<>n cydc may tlw be iDdeftnitely · 
extmded. 

Variable Cyde 

TheVoriable fe..tun oflhe DMA ..Oows thc user to provom 
tltc DMA·, memory or pctiphetaltn.n.uotlon tlmlllg 10 ..¡..., 
di!Te.rent <han ¡p..., abo.e in the suncbo'd def1ult dlagnum. 
Th.il permiu thr designo• to talle< bis timinsle the paruculat 
I'OqiiÍmrl<nU of bis system componenu. ond m.uimizes the 
<b.to ttllUfer rate wh!le eümínatJn1 utemal ~ conditioo
.!!!J lepo. Cycle lenJ!h c:an bc one to four T.q¡cles (more rf 
WAIT is used). Signa! timing con be nMd u she .. n. During 
· tranlfer. <bu will bc latched by thc DMA on !he dock edgt 

uúng tltc ruing <"&< of irn ond will b< held on the <b.ta 
..ne• unt~ thc end of thc loUowtng Wntc cydt. 

(Sce TIDlinl Contml Bite. pa¡r 7 .) 
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'lMA BlfS Request and Acceptanc~ for 

' ' 

• 

,rte-al-a-Tirrno, Burst, 
and Continuous Mode 

-R<Idy ¡, u.rnpled on """IY ri<in1edge of41. When it 
_ is foun~ to be a<:U\'t, the foUo1&RQ'' edp of 0:. 

cenu:oteS BúSRQ. Aftn recemng the CPU ..;u 
grant a ~ which will bo connected to lfA1 either 
dir<ctly or th.rough the Bus Acl<nowlcdgt Daisy Chain. 
Wh<:n • low .. de~e<ted en rn (umpled on ·~•ry ruing 
edge of 41), the next nsing edK< of 4> wi!l Slart.., octi•e 
DMA q-cle. 

DMA Bus Release at End of Block 
for Bunt or Contlnuous Mode 

Timin¡ for End of Block and DMA not pr<>grmnned 
for Auto-..,stul, 

DMA BU5 Release with 'Ready' 

for Bursz and Contlnuous Mode 

The DMA Wdl rolinquilh lhe bus ofter RDY hu sone 
i:w:tin (Bullt mode) cr al1er "" En<! of Block ot a 
Mudo b found (Conlinuou. mode). With RDY inocti ... 

,. tb.e DMA In Continuous mode io in><:tivc but moinui.ru 
.·.contrd of the bus(~ lo ... ) unlll tlu! o;ydc 1s ro·. 

oumed when RDY gocs octi ... 

DMA Bus Rele~ for Byte-at-a-Time Mode 

In tl'IE Byte modo the DMA wii1 «1• ... 8USRQ oa 
\he IWill edgo of <1> prior to llie ond of ••oh Rud <;y
de !n S<or<J¡ Only or noh Wnte cyde !n o TrllUfer. ,.. 
prdlns of tho ILII! of RDY. Tho noxl bus r<qU<<t ,.¡¡] 
<eme after both ~ ond iiiiJ ha., retumed hil)'l. 

DMA Bus Re!eaw with Match for 
Burst or Conlinuoi1S Mode; 

Whn a Motch U f011nd ond tho DMA is prov=mod 
"'• ~ _ to stop on Compue. the DMA petformo:m opon. u <m on 

\he OUI by"' and thon ,.¡,.,.,bus. 

'"''''------------;"---------,----••• 
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Reading rrom the DMA lnternal Registers 

S.:..a ~P.ton uo a~li 011 tbc DMA far readlng. 
a¡.ey ue: 8 biu af·tlto ua<u1registet. the uppor and Jcwor 8 
Wu of th< block Jength ,..gistor. aad twc pon lddreso rep-

Th= ue anilable to bo rUd ,.q...,nUal]y: St>tu¡, BLK 
Lower. BLK \lpper. Pon A Addttsi 1~<. Pori A AddrtQ 
Upper, Pof! B Address lower, Pon B Addr<ll u p¡>Of. A.n 
rnterrW poin~er po;,., tocad! rr¡Wor in tum >1 eadl READ 
is occornplished. lf • rcpster is-.not ro be read, t\ may be 

Programming the DMA 

Pr....,us 10cticns of thlS specifi<:ation have indicated the 
various functicm and modn of the DMA. Th• dilgrum and . 
clwu bolo..- -..ill ..,_ow how the DMA is ~mmed to 
select among th«e functiom and modn ~t~d 10 adapt itoelf 
ro the rrquiremento of the u.er oystem. More detailed pfOo 
grunnunl informauon IS •valiable in tho Z80-DMA Tech-

• _..,¡ "'"""-<ZL . 

The Z80-DM A dlip maY be In 11> ~cn>.ble ~ nato, in ,.¡,_¡clr 
it con pin control of the l)'>tem b~U<S lnd dlrect the tnno· 
fer of dua betweeo iU poru, orIna ""dlsable'' Slate. ,.¡,_en 
it connot pin control of !he bus. Prognm commands can 

' be wrimn to it in either sute, bul wntina a command to tt 
automiltk:ally pua it in the clliable state, which is mamrai.ned 
until m <n&blc command is mued 1<> thc DMA. The CPU 
.,...., p«>gram it in ad.,.nc. of lfiY data , .. ,.¡, or tr11lSfer by 
ddre..ing it .. lll UO p<><t and sendin¡ Ir a seque.= of8 

.Jit cortmW\d. bytn ,.¡¡ the synem data btU using Output 
in:struct!OIII. When thc DMA is powercd up <>r raet by any 

Command Byte lA 

• 

S~Groupl " OlMO< be 00 

'• '• 
o o 
o ' ' o 

' 
"' . ' 
0, •O 

Function 

Not .Uowed. {Commlfld Byte 1 8) 

T..,.r •• Only. 

S<ardr Only. 

Searoh lnd Transfer. 

Pon A is read from, Pon 8 is ....,uen ro (unless 
the Seor<:h Only Modo has b .. n xlected, in 
wh.iclr """' Pon B lo ,.....,. >ddtesxd). 

Pcn B is re>d from, PortA is wriuen 10 (unleu 
the Snt<:h Only M<>de has been ><lecred, in 
wlúclr cue PortA is ne•er addteuod). 

excluded by pr~1 • O in !he Read Byto. Tilo 
in toma! poin<er IOCiU lkip any re¡in<r nor prognmmed WJih 
1 1 In the Rud Byte. A.ft<r 1 Reser or 1 Lood. Reset RO 

must be ¡iveo ro ,., tbt i:lt<mal point<r pcinting to the 
fin< ~giste< pn>gnmmed ro be ~•d by the Rud Byt<. 
A!tcr RO StatuS, !he poiater W1ll be poulliDg to the ou<us 
re¡isler f1:prdltll of the Rud Byte and the noxt reod wiil 
be frcm the """" regisrer. The foUowing read -..ill be from 
the regisrer pointed ro befen RO Statu.. 

mearu, the DMA Wlll automatioally b• placed in<<>> dilablo 
ttare. In ,.¡,_iclr Ir can initiate ne!tlter bns rtquesU nor <bu 
U>nsfers no< inte<rupl>. 

The ccmmand bytn cnnu.in infonnati<>n to be l.,.dtd 
in ro the DMA'< conLf<>l ;md otltot rogi"""' ;md/or informo.· 
non ro alter the sute of !he chip. suclr as an Enabl• lnrerrupt 
command. Tho ccmmand "'""'"'" is de:tigned so thar cer· 
tain bit> m oome comm;mds can be ser to alen the DMA ro 
e~pect the next byte wrillen ro it ro be fo.- 1 partu;u!ar 
intern.t.l. .. giste'- · 

The foUowing diagrlltU ~t~d dlans p~ the funct>on of 
aclr bu in the Wr. diffe..,nt c<>mmand bytes. Two of tltese 
>re defmed >1 king from Group l. IJld &re tenncd command 
bytes lA Ud 18, Thex Group 1 commands conuun the 
most b""ic DMA set-up information, 1M otber fow- •re 
cotegonz.ed u Group 2, .ltld are termed commands !A,lB. 
2C and 20. Group 2 words tpeáfy more dera.iled ltt-up 

information. 

Command Byte m 

" • " • " " ' • -· -· - "" -• ·- ""' --_ .. . ... • • ""- ·-· 
Spo<:>f>es Group 1 SpctifJtt; Byte lB 

Do a 1 

"' • o "'. ' 
"' •O "'.' 
"' • o 

Addt.a f<>r\his.pon incremcnu ahet <>eh byte. 

Addless foc tltis pon docrements after eaclr bYt<

This pon >ddlessel .ltl 1/0 peripherol. 

Tius pon add>-..._., m&in memory. 

11th word pro¡rams Pon A. 

This word prognms Pon B. 

Command Byte 2A 

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

' , ... ~ .... .., "" '"' .. ..... ' • 
"'''""' .. u ... 

' 
' 

• Spec11iu Group _ - -
MSE BclB 
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:Pcro~':"~m~m~in~g~th~•~D~M::::A:.:':~:-:·:~::_' _____________________ __c,,_ 
~ommand Byte 2B 

Spccúio. Group ~- Spcofi., 8y10 28 

Mt Mo , , , , 
Command Byte 2C 

Mode 

""' Conunuo"" 

"""' Tnnsp~ttnt 

-· 
' 
• 

Spec1fits Group 2 ' Spccifi" Byte ~C 
Ds a 1 Automuioo.lly ~p<aU en tifO opcro.ticm when end 

of block i> reached. 

No affoot. 

a; a:~d WATI' mulnple~ed on u.me pin. 

CEonJy. 

iJ • l R<ody ootive high. • 
O} •O R.,.dy activelow. 

Command Byle 20 

" ' ' ' " " 
• 1 

" 

Spcr:ifies Gtoup l Spcctf><> Byt0 2D 

Hu '• ,, ,, ,, '• 
"· • , • • ""' "' • , • ' Rntt Pon A Tlmin¡ 

" ' • • ' • Rew Pon B Tlrllinl 

" ' • • ' ' '"'' " • ' • , ContirJue 

" • ' • ' • Enablt lnt 

" 
, 

' • ' ' Dlsable lnt 

"' • ' • • • R<sttln< 

" • • , • ' Enoble DMA 

" • • , • • Dw.ble DMA 

" • ' ' ' • Reod BY" FoUcrwo 

" , 
' • • ' RoxtRD 

" , 
' ' ' ' RDSurus 

" , 
' ' • • Fora Rudy 

" , 
' ' • ' [ruble Ahor RETI ., , • , 

' • Ruu Statw 

:ommand Byte 20 Summary .... 
Rno t T"""' e 
Aor B: 

Rt .. u aU lll~trrupt <Utult<y, diublu 
int<m.Jpu ond buo req.lopc. 

Load: Z.roo Dy<e Count« ond load1 Stonon1 
Addre" for bolh Pom. 

Cominu.: Rtst" by<o counter only. Addru••• 
eontin .. from prosent lontton. 

Enabl< lnterTUpt: f'l:mun intern1p1 10 6<<UT. 

Du.:abl< lnteTTUpt: !nh.ibm tnterrupt from a<ourrin!. 

R.«t !nt<rTUPt: 

En•blo DMA. 
Diublo DMA: 

R .. d Byt< 
FoUowo: 

Re,.t RD: 

RD S11tus: 

Foro. R••dy· 

Enabl• 
úttr RETl: 

RST StliUJ: 

R<«tl and dil.:tbleo .U int<rTUpl Clf· 

cum (!.imilar to RETII. 

O.<raU onable <>< diablo for >11 Op<r>· 
1ions Uctpt O!norrupu: dots not ""' 
any funcnons. 

Ne~t write 10 DMA wiU contom > m.,k 
·to progr-am whkh reodable "'Sll'"" 

01< ID be t .. d. 

Nnt Ttad wiU be from l>t "'""'"' ,., 
zs rtod..able by respon,. mllk. 

Ne"' r .. d will be from ''"''"' rtsator. 
Reody wtll be considored acti'< roprd· 
ltso of th< .,.,. of ntemal RDY pin. 
u .. d for M<m-Mem op'l>tions whoro 
no RDY signa! is n~dtd. 

DMA wiU no\ requt>l bua until alter u 
tw rtcttved 1 RETI. 

Re"" Match and End of Block 1tomo 
biu. 

Re_ad Byte_ _ "'--· 

" ' ' • • • " • ..... .... ..... .. ... '"" .... 
~ -· ·-· -· ·-· -· ·-· , .. ,.. m• .... .... . ... "" ..... """' - .. ... 1UCn <111 ,, A 1 ill any pos b Slh "" pJIU ID be <tod. 

lnterTllpt Control Byte 

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

""'' '""' -· .. ~ ... .. ,~ .. "'ICT ..... ~ ... ......... , .. ,_ .. .. b ... ·- ••• - ·-· ........ 
.. .. . 

A 1 1n a bu poPtton .. loas tilo opucn . 

~ TlfDing Control Byte 

" " " ' " ' " " ;; ... ... ... ;,¡-, . .. •• •• ••••• -· -· •• ... 
,, '• Cydo Ungth 

• • • ., 
' ' • • 

• ... 

Rrst" ttminc for Pon A <>r 8 10 
oundud ZBO-CPU timing. 

MSE B-19 

A """O"" ill ~· DJ, D6• or O¡ wiU ,.,... tite conuporuiuiJ 
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Programming the DMA (C ,- _, 

Mask Byte 
A ~ero m l gi•<n bit posinon wtll C>UIC l compore lo be 

petfonned ber-.. .. n tluu hit po.itiOJt in tho <:Ompue ••·•>rd 
rep.ter and the AmC bit posltjon In tbe dato bein¡ road. 

Match Byte 

Up ta·.., 8-bn word to be compored toDo- D¡ dunn¡ 
o rud. S.. MASK BYTE. '-

Status Byte (Staru,; Billl Activ~-LowJ 

- ' • • - ' " ' ... "" •• - .. -- - - - -·~ =· - •• ....... ... ~- ""' 

" 
Pulse Count 

l1ili 8-bit wcrd Lo looded into 1 reginer. AL the ccmple· 
tlon of Uclt opor.atloa, thc reginer 11 com¡wtd wtth the 
l<nvn 8-büo cf the byte eowtte1. Wb.n it compores. thc 
1NT Uno Lo pulsod (bot110 ltttenupt is Fnon.ted). 

Interrupt ~tor 
This 8-b(t byte is supplied to the CPU dunn¡ !nterrupt 

ackno,.,]<dF if !he DMA Lo the ltigb.e>t priontY intenupt
in¡ deoi<c. 

lf bU 5 of thc Iotenupt Coatrol Byte (..C p. 7) lw l>eeo 
sct l.lld thc DMA lw been ptotmnmed to intenupt "" 1 
given Stltw cond.ition then D¡ and D2 of the vector wiU be 
mcd!lled .. fcll"""' 

Ve~;~orBII:I -~ 
o 
o 
• • 

o,. 
o 
• o 
• 

lNT on RDY 
Mo<d> 
End ofBlk 
Motch. End of Blk 

DMA Prugrarnm.ing Example 

'llto fotlowmg oumple wiU thcw how the DMA moy be 
prouunm•d to tf211lier data from 1 periphent (l'ort A) to 
memOfY (Pcrt B). The tlble ofbYteo moy be <tcmd in m<m·· 
o<y &fld lr1rlsfen-ed to tht DMA ,.,jth ., output lllstnrc;tioo 

ILICb .. "" OTIR. 

• 
c ......... "'" ldJI!Odo ' ''"""" ........... ~. 
........... t_ ... ' e_ o, .. Jo ' • • 
E..,'*> ""~ ,. "'" ~. - ' 

To <e]CII.d tlte ..,, addtesoe• •nd block length for 1 
rubsequent opera<ion. only twc bytes a,., needed. 

l-C<>rn<tla!Ldbyteld LlOOlill CF 
Relo..<h pon •ddreuo-s Lo.t 
itrtd bloclr. t.,gth 

' 

Pon A 

Peripherol 
Addr= WXW5H 

• 
EN~BLE D'U 

• 

O.to Row -Block ~ngth 
LDOOH Bytes 

. l'cn B 

·=~ Stirting Addtess 
1050H 

' 

- cr 
u 

- " " 

2. Co=twtd byte ld 
Embla DMA 

100010\l " Enolile DMA 

MSE E-20 
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.... 

.. 

Absolute Maximum Ratings 
Tem¡><noLUr< Undor Biu ·,' 

"'!! Ttmperuure 
.... ,. On Any p¡, with 

.~ Respcct LO Cro=d 
Powet O,sslpaUD<L • 

Spec:~fied cpenotin¡ '"'"'· 
~s"Ctc+lSO"C 
-<l.JVto+7V 

uw 

Note; AU AC and OC olw:o.cttru<i« r<lll.I.ÍIL the wne for 
me rrulitocy ¡r>11o paru noe¡>< lec· 

Ice a 200 mA. 

ZSO...DMA D. C. Characteristics 
'• •rc .• ..-r.'\T. ,..,,.,-~ .. --.. ·- -· - --~ 

~ 
........ ._ ...... _ 

~ ••• • 

·- n-·--·- ·-· - ' 
" -~- ~ .. ' 
•• ...... -.~ .... " ~ • ·- _ ........... •• • ·- --·- " • 
~ -....... ~ '" •• 
• -..-.·- .. " 
~ 

1 , • ..._o.._,___,_ ....... .. " ... ........ o.. ........... ,_~ ...... ... " 
"' "'" ... "''"~ Cw- M,.,., - ... " . 

ZSOA-DMA D.C. Characteristics 

r • •o'< •• ""'·"""."' ,,. -. --_.... - - - ---... <>-•-~-·- ~ ... • ·- ........ _,_ ...... ·-· '"" • 
•• .. ............ ~ .. • 
•• --·- " ~ • ·- """""'-"- .. • 
~ o.. ............. " • 
~ --·~ • ~ •• 
• _ ... _.~ .. " ··- • ...... o..,.. ....... ,_ ...... , . " " 
"" .... lwwO.. ........... ,_M•""'• ... " ... -............ _____ 

1 ... " 

Capacitance 

. 
's,.,.. .... ~·~ . - u ..... 

'- Cl<d: (Lpu>WI« " " ,, 1 .... C..po<>1&A« ' " <o~ O.tp•o< c.. .... une. " " 

'"CommtnL 

Sue..., abe .. tiloso llued umler '"AblOlu<e 
Ma.nmum R.JttnC may .cause permltltllt 
darn:o¡e lo th< clevico. This is a"''" "'""1 
only and functicnal opero non of the device 
11 theso or any cthor conditicn above Lhose 
indieated in the cpen.tiOflal secucm of thU 
sper:dicatlon is not impüed. Ú:pO&Ult LO 
ab<olutc mlltirnum n.tin1 cond.iliono for 
exttndod ponodo may 1ffect d.evict relab~ity. 

·-·- . 

....., .. 
""' ....... 
~---............ 
...,., • '. '""« 

.. ......... 
o ..... "« 

. . 
,__ 

..... ,_ 
""' ....... ··-.... , .. .,. . ....,. . ' ....... ......... ..... ""' 

Load Cin:uít for Output 

-- .. . ...... 
T01< Coool.'"'" 

u ....... , ... , ... 
§:-·,__..,r--f~,l-_ :::Jco;¡ 

Rtno""'d <0 (;O"Ooorl r . -· t 
MSE 8·21 



~A~.C~-~11~un~m~g~D:i:•~gramo~::-:----c---------------------------------------~2o 
'and ZSOA u a Periphetal De01co {!Jw:uvo S tale) 

"' 

'" 

"o 

. AiNT. 
w.i01TION 

-' r-'wi•~H_I 

" 
~ 

<wl1>ll-!_j- ,_ 
1-< 

\ 

- -
-<&•IMTJ-< 

\ 

'owliOf-o f-

\ 
tsUEI 

\ 

- tol!JOI r-

' 

.,. 
~-

~~· ·~ ·~ -· ~ '" INPUT '" ••• •co.o.T " . -
" TJ/TW T41TJ " 

\ 
r 

1-•r 
's,,ICSJ- r -

1--ts-I•IROI 
--- - . 

-
\ J 

- ~1011- - ¡- •,roL 'H 

l---•o11DI-

_/ 

- -to..IIDI . 

1 

\ 
-•0 11Tl 
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-· 
A.C. Characteristics ZBO-DMA 

DMA u a Periph<r.LI O.Yice (ln...U .. Stau). 
'o•c <o 7o"c. V ce~ +SV!cSgr,, Unlns Olho....U. No<ed 

~ .... ...... ,. . ........... •• - . .. -
' -·- - '" ---· .,_._w_,,_,_ .. - - l>l .... ,."'"-'"C>""'~' 

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

• -¡¡,;, - 1 

o-._ ..... ,_, __ ... 0...., - 1 --<-•~Aao· . . 

~- .... .,.,_ .,_ - ·-_ .. 05 - - "' ~-· 
......... _ .. .._,_ ... -... --.. - -

~· ·- ,._ ...... .... ,._,__, __ .. ~o.-, - - '" ,.,.<_ 

"' - .......... _ ... __ _ ____ .. ,.... __ 
'" - ..... , .. ,._ ... , __ _ _ __ ..,_m_,_ 

..... -.. -.._ ... _.___,._, •• -
"' "'"" ,., ..... ,_.,, ..... ,.,.,llm!o..""'"'" •• -. -

1 

..,. ... , '"" ____ _, _ _., .. 
'" -... 'OC,Oo 

... _,. __ , __ .. ,,, •• -_,..,, '"'--·--.. ¡¡¡--- - - ,._ ___ ¡¡¡, ... _ .. 

- 1 
..... ., 

1 
¡¡¡..__ .. _____ .. , ... "' •• -o-.... - • 

• ....... ~ .. ------·-"'"- - -
~ ••• ..,. .... -----._ ..r. ;¡¡'! - ----- ... ··-· • ""'""' ...,.,..., -..... -..... •• - -'Oc.,ao ... .,.., ........... -..... •• - -

o. u~>....,,.,._.-.,. . ..,..,,,Tn. ...... -..•-
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A.C. Characteristics Z80A-DMA 2 2 
------~----------------------
~A·DMA .. 1 Periphoral O.vice (ln•cllve SL.,•) . 
.. • o•c 1o 70"C. V ce • +5V:t5~. Unle .. Olherwi>< Nolod 
~ -

-
' - '" --· ::::: Q - -• ~ - - -,, • -

• - ~ -
~-

:;o - - "' 
,, -"'··_ .. _ ... __ _ - -· • - ---.. ·--

~· 
,._ 

••• - - '" '" -"'""' .... _ ... __ _ ---..... --·-
' '" -

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

re -.. ' • -
~ = 1·- 1 .;;;;;, ' 

1~ \'""' ' - -
el:_ - _____ ..... 

•• - -- ---·--..... - - - . 1 

( 
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A.C. Characterislics ZSO-DMA 

~.sO. DMA., a Bu.s Con!rcUer (Ato"" Stll<) 
A • o"C to 7o"C, V ce • +5V.:t5~, Un)eu Dth•"""" Note d. 

- ·- oo--TIO - -
' -- • ''" ~. 

,_.._ __ ,___ 
•• -• -" - .,_ .._ -· ,__ ... •• -" 

.,_ __ ... _ 
• 

••• 
_.,. _ _, . .. 

'""'" ..... ~ ..... ... ·- --·-,_ .. ~<m·-·-· "' ~ .. ·- ---.. ~~~~~-""'"""-' '" • ----a.-.. " •• _.._,_~;~~,.;;¡ ....... - . .. ... --- --- _____ ,_ 
• ...... --.--:a--"""" ...... - • ----~- ... ". ---.... ~ ...................... • -··· .. -- . - -·-·-·""'·-·- ... 

~ .......... ..._ ........ .._ - ... 
~ ---" ... 
- __ ,_._.._,_ • 
........... ¡;¡e.....,_ _____ "Vll<- --·· ~---- .. ,_-~- -- .,.,.,,.., 

iilt!! ..... - ·--''"'--· Olltl .... -"''"'"" !mll ..... - ............ c-. 111m!""' •• .. ,;m_, ._-·¡¡¡¡m'- '" ...,;m;, "'""'--~- ... 
- ........... ;;m¡..,,. ___ ....... ~ ... • - ..,._..,., iml ..... ._ ............ ...._¡m¡,_ •• - -.. - ..... - ...... __ ,__l!!llll_ -""'"'""' 

a~~-._.__ .. ...._ __ •• 
"".'""' lill--·----~~~~ ... -

" •oc••••• llll-. -·--""'--· ~ ... •• -·- lill""" - ·-...... ""''"" ~~~- " -...... ., lill"""- ··-...... e-, lill- ... 
......... ........ __ ..,. .. ...._n._ • ..,,.,_, a-._._..,. .. ...._a,_ • d ........... , .,._._ ...... ..,. .. .,_,n .... --.., .. ____ .. ,__ .. _ -""'""" 

___ ..... .. 
= -~ 

= .. _ ........ ,_, .......... • 
~ '"""' r.!Oll--- ............ .,_ • 

·~ """ .. - ,¡¡n¡, ~ 1111-'iilh -
--.. - --"""-- -1111·-• • • 
.. ____ _ ___ .. _ -·-.. -
--.~'-<--

• 
...... , .......... .. 
'"~c.. ... _ .... _. __ <--.- ___ ., ___ _ ...... -=·-
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ZBO and Z80A u a Bus Controll•r(Acll .. S late) 
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Package Configul-ation 

• 

--· •n•c...---. .... ~ ........ , ... 
TEl :!1>1 lff 1100 
nx 11onom1 

-~-U02 .,.., _ .. boo1 

.... L-.......Fl ..... 
TEL ... .,., , .. 
TWX OIOffi ,_,., --,, ...... ..._ ..... ......-.. ... ,,.., 
TIL 111$ 1>1 lOZD "'" ......... . --ll.OS-
..,_om nm 

..., TU )O] ~ tlO(I 

nox """' ,.., --UOII·-··.._, 
-"" p¡.o, TU. "' '" .... TIOI. IIUU 1111 
___ 
..... _ .... .... _v_,. .• ,. 
TEL mW:tlOO 
'n'X Jl066l ITJD ·.............. ......... "'" ""'' TU. f10&14lUD ........... _ 
l>J.I ...... _, 
llom-ct DIIJ]1 
TE~ lDJ Ul1166 

"'" 100t22 "'"' 

-• • • • • -• • • • -• • 
~ 

~ 

--......... ....,._, 
"'"" 1 ... U.I<Y uns 
TU '":m ms 
"IWX 2U "'' 17<lf ·--~-~ ,_ ..... ~·
nl "' nu:wo 
n'X-110l12UJ9 --llli_A_ 

a.-.... J<l ""'" 
TU ll>l '<01,... 
nx 110m 10.2 

MIDWUTERN -, .... _._ 
1Jt e¡..,.. Y-IL 0<1016 
TU. llHlT 1100 
111'X tl0221)6<l ---11170 ........... ,...., 

~-- ..... s...-w-u 662.1• 
TU. tlllu•••• """' ........ ... -n<li_A_S.. .. 
..... 10 

-""''"'" ,.._,_ ., ... ,.... 
1WX ""'" 1111 ---,, .. k ... ,y ... 

...,.""'·'"" no.s TEl. 11• 201 JJSO 

TIOI. """"""1 

Ordering Inforniafion 
e - eeramic 
p - Ph<tic 
S - S~n~dud SV ±S"-, o" <o 7o" C 
E - Extendtd sv ± 5g¡.-40" 1o ss•c 
llil - Militory SV ±10%-SS" to 12S"C 

l Cl460 Bubl> !toad. Cnpenil:lo. Califo~ 95014 

Package Outline 
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-TX 17061 
lU 711 ll\0100 
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The Zilog Z80 produot Jine is a complete stt of mioro
eompu<or ocmponents, develcpment •ystcms and suppon 
scfTWire. The Z!O miorcccmputer ocmponmt stt includes 
di of \he arcuits nooeosary ID butld hig!l.peñcrmrnce 
miorcccmputer sy>tems wilh viniWJy no clher log:io llld 
a mirumum numb<r oflow COl! standard memory elemeou. 

The ZSO,Countet Tm1trCireun {CTC)is a pfOIRIMll,ble, 
fCUJ ~<1 deviee that prcvid .. oountin¡ 011d timins 
functloM for !he ZBO.CPU. The UIO.CPU ccnfl¡¡u= lhe 
zsncrc•s four indcpendent clunncls le oponte uml<r 
.. n.,... modes atld oondilions l:l requitrd. 

Structure "-
• N.OWU.el Slllcon Gil< Deplenon load Tcdu!ology 
• 28 i'ln DfP 
• Sin¡.le S YOII IUpply 
• SU.&~ e phue S YOI.t d<><k 
• Four independent pro~ble 8.j)n OOWI«r/JM>it 

timer ch&~~ne!J · 

Features 
• Each channel may b< uleeted ID opera« in eilher a 

OO<Uitor mcde cr timet mode. 
• l"toJ'1'11!1lable ÍrllemJptl on CoWilot or_ time< ototos. 

·~· ~ "' -""' ""u • 

1 1 1 ~· 

-:;\ 
DATA ~ . ' 

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

,. 
• .. 

.. . 
~ 
~ = -. p 

' 

ProductSpecülcation 
APRJL 1 !J78 

• A time ccru<ant r<JISI« outom>tkaliy relwd! \he 
dcnvn c:ounter at zero >-11d tht oyde llrtpeated. 

• Readable do""1l oounter indic>~eo number of ouuntHo-so 
until zero-

• S.ltct.able 16 or lSb dock pre><>l<r fcr udl umer 

""""''· • S.loct.ablt pm¡li•e or negativo tng,g<r moy intttare umer 
opera !ion. 

• Tirree channeis hove zero count/Um<out outputs c.apobl< 
of drrviro¡ Darlin¡ton rran.,.ron. 

• Daisy ohJUn pnonty interrllpt lepe induded ro prol'lde 
for outomatic interrupt vectonn! wilhout exterrul logic. 

• Al! 1Dputs utd outpuu fui] y ITL oornpoub]e. 
• Out¡ru!> dir<:etly comp•tible ..,tlt ZS0-510 . 

CTC Architecture 

A bloc.k dJogr= of tite Z80-CTC ;, olio""" In figu,.. l. 
The interna] •tructure cflhe ZBOOC coRSl•u of a UIO.CPU 
bus interface,llltemal e en troJ log:io, four counter channeh, 

• utd intem~pt CCntlol lePe. E1dlclunnel ha arr inr<rrupr 
ve<tct for automatie lnterTUpt veetoring. arrd inr<rrupt 
pnotity is d«<rmined by chorrnel number ..,lh chmn•l 8 
ho>'ing the higltt1t prioriry. 

The chant~ellogkis composed of 2 reP,ten. 2 COWiten 
utd CODtrollogic u shown m figure 2. The repuen m<.lude 
arr 8-bit timo comtlllt r<gister utd lll 8.j)n ohanml controf 

· t<P,ter .. The counren in<.lude ., g.¡,j¡ rud.able do""1l 
OOU!\ter and Ul 8-b(t prestaler. Th• pres.c.aler mzy be 
propammed lo dil'lde \he zymm dock l>y ei\her !6 cr ~~6. 

' 

~-·· .. nlo<DtJ..,-m~tOUT o 

< '-OCOITtK;(;EO O 

Ll OOA~"''' noo rou..,-m~tCUT ' 

C'I.OCU"hoGG<• ' 

1 ~~'""" 
""""""'"m~tOUT 1 

C'-OCUTUC.<;(l ! 

. . r..-rrnu.., CI>'<TIIO< 
_¿_ 

CM"""'" """ - o:n>CGu J 

FIGUIIE 1 
CTC BLOCK OIAGIIAM " " 

- . 
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Channel Counter and Register Description 

. CoiiSWII Rt¡isU:r- 8 bits, !o.odod by the CPU ID 
ininalizo and re·!oad Down Ce un ter 11 1 count of uro, 

Chañne! Control Rt¡isU:r- 8 bits, lood<d by tho CPU lO 
oelect the modo ed ccnditions of channd op<ntioa. 

Do.... COWiter- 8 biu,!o.ded by the Tune Consunt 
Rep:~ter unóet ptognrn conuol ed •utonmica!ly •• a 

cown ofuro. Al any time, the Cl'U can r .. d the numbir 
of couniS·I0110 until 1 zero count. This coun<er is de·. 
c,..men<ed by tht prucaier In tlmer modo and CLKITRJG 
in counltt modo. 

l'z nler - 8 bn couoter, diVIdes syuem cloc:l< by ! 6 O< 

256 for decremtDnng Doo.-n Counttr. h is =d 111 Umot 
modo only. 

""' ~-~ ••conu 
""'n' 

-· ~· <IUDI 

' 

FIGURE :Z 
CHANNEI.ILOCK DIAGRAM 

ZSO-CTC Pin Description ·-

• • • . 
CLK/TRGt Dllnllel ~ ~a·temal O<>< k 01 Tim<1 Tnu•• • ,, -• - (Input). • " - • • ... -· - • - -· CLK/TRC¡ O.ormol 1 E•tomal Oock '" nm•• Tlin•• • -• -~ -· (lrlput) 

• ·--"l: • CLK/TRG~ O.ltlnol ~ late mal Ooc:k or T<m<< Tliu<r --.. 
~ 

(lrlptU) 

• • • 
• = • CLKITRG3 Cbanntl J h<'emal Ooc:k or.T1m<r Tn!J« • {lnpul) 

~r " • • ... ,.-:.;;; - • --·- => - ZCTTOo Owlnol e Zuo Co""i or T~meou< 

MSE·B-30 
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ZSG-CTC Pin Desc~iption (continued) 

ZC{TO¡ Channel ! Z.ro Count or Tuneout 
(output, acti.., higb) 

ZCfTO] Channd 2 z.fo Co1111t orTuneout 
(output, octi .. higb) 

CS¡ - CSe Owut<l Solect (input, octi•e higb). Thne 
form • Hut binny oddtn:t of the ~el 
tobea=d-

07 -De Z80-a'U O.u. Buo (bidirectionaL trllu.te) 

CE Chip E.-ab!e {input. active low) 

~ Sy>tem Oock {input) 

Mi Madune Cyde One Signa! from Z80-CPU 
(input, activo low) 

lORO lnput/Output Requost from Z80-CPU {input, 
active low) 

Timing Waveforms 

"" 

CTC WRITE CYCL.E 

IDustrated he~ b tltt 11mlttl for looding • dannel cootrol 
A:n""d. time conswtt .md in1<1TUpt veetD'- No .,...;, ,.._, .. are 

{_ ..... - for wn111>1 to tlu: en:: other ttw. tlteoutomalical!y 
_ iaseJted (T ,.•). Sinc:t the CTC does not lteci .. • spetific 

..,,. sigui, 1t intem.ally ¡eneratn iu own from thelack of 
..,Jü),;¡mJ. 

CTC READ CYCl.E 

mustra.ted ben ¡, !he t!Dúng for rnditJg 1 charu.ers 
DoWa Counter when in Cowtttr Modt. The nl,.. nad 
cono the dltu. bus nflecu the oumbet of oxtem.il clod:'t 
tisina:•dses priot to the risia& edF of cyde (T 2). No .,...;, 
.,.,.,.,. allowed fot Ittding the en:: otltet th.m the outo
mo.tical!y iluerted (T,. "). 

• 
••• 

• 

-
• 

-... 

Read Cyde Slltus from tltt Z8Q..CPU (Input. 
ocli•tlow) 

lnterrupt En.ble In {input, active higb) 

btterrupt En>ble Out {output, octi .. hi¡l¡). 
IEI :uu1 lEO form • daisy chlm cottn«tiD<I 
for pnoriry inurrupt control 

_[ntofnlpt Requa.t {output. open dram, 
actitelow) 

RESET 11ops all ch:tnn.U. from countin¡:and 
,.,.,. ~ inttnupt enable btts rn all 
control ttgiste,._ Dunng ~• time ZC/l"Ot.2 
and INT ¡oto th< inlctive SUtes, lEO reflectS 
th• stote of !El, and tht dato b"' output drivcn 
8P to theltigh impe<httce state (toput.ocli .. 
low) 

-

-· 
INTERRUP"l' ACKNOWLEDGE CYCLE 

Sorne nmc ofter m inrtrrupt;. requosrtd by th< CTC. th< 
CPU ...,u send OUT lll inttrrupt ad<nowledge (Ml and !ORQ). 
Dunng tha time the!llt<rTUpt logic of tbe CTC will d<termine 

~tluplnt prioritY dunntl "'h.ich i$ rcquesting m intcrrupt. 
( W' o iruUf< tlut the d.o.roy choin cnable lims st>.bilil:<. dunnel• 

are tnhibntd from chongmg their mterrupr reque>t sU. tUl ' whcn Ml ÍliCI<Ye. lf the CTC lnterrupt Enab!e Input {!El) 
i> ocuvo. then the tughest pnorily mtt riupung clu.nnel 
p!.acr• the contcnu cfm mt<rrupt v<etor·~,., onto rhe 
O. u Bu. when !ORQ so<• •<tive. Addillono.J ,..,, cycles 
oro al: d. 
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Timing Wal·eforms (continued) 
------------------------~----------------<'. 

RETURN FRO.MINTERRIJPT CYCLE 

• 

• 

0>------

!fa ZSO p<nphen.J device lus no 111terrupt p<ndin~ ond is 
not ur~der serví«, thon its LEO • LE!. lf it hu on im•rrupt -
under servie< {í.t. it hu olready int<ITUJ>"d and reco~Yed.., 
worrupt ackn<>wledge) then its lEO ts always low,lnhibit
mg [ower priontY chips from interrupting_ If it h .. an int<r· 
rup1 pending "'hicJ>.has no< yet b«n •d:nowltdged. lEO 
will be low unl..., ., ~EIY' is dtcCK!ed .. !be fun byte of a 
""'"byte opcode. [n 1lili ene. lEO will go high nnlil !he ••~1 
opcod< byte ¡, d<cod<d, whoreupon it will ap.in ~ !<>w. lf 
!he second byte of !be opcode wu a ~40- then !he opcode 
wu.., RETI insl.ruaion. 

'" 
------,-------_______ _; 

After an ~m- apeado is deeoded, onJy !be periphe..J 
device whi<:h 111> intemop!td and ir. cWT<n!ly u.nd<r serv><:e 
will m..e iu 1EJ hlgb.ll>d iu LEO low. This del'ice ¡, !he bigb· 
en prionty dev= in !he d>.tty c:min which has recem:d on 
inlerrup< acknowledge. MI olher poripbenls h,.e lEJ • lEO. 
lf lile nut opcode byte deooded is "40", this peripher.U 
d<Yi<:< wiil ,...¡ its "'iilttrrup< u.nder sem<:e" c,..¡¡uon. 

w.;, cycl ...... allowtd in ru m cycl ... 

"" 

DMSY CHAIN INTERRIJPT SERVICING 

ruustn«d at riP,t ir. • typical nesttd internrpt .. quence 
:h rnay occur 111 !he ere. In this "quencc dwu!d 2 

.rrupts at1d is Jnl1!<d "rvice. Wbil.e tlus chUlll<! IS be111J 
seMccd,lu¡her prionty dwutcl_l in«rrupn :md ir. Jf111t<d 
.. """"· The service routine for !he high.or pnonty clannel 
ir. eomple~.<d onda RE11 ín>tnJctioo is Oll<cultd 10 ind!Clte 
lo lile dunnel tb01 iu routine is complete: At thir. timo tite 
~,...;,.. routine oflower pnonty dwtnel 2 is t1>mp!eted.-

' . 

CTC COUl'nlNG ANO TIMING 

In !he coun1<r mode the riSlll¡¡ or falhn! edge of the CLK 
mpnt <IIIK> <he counlet lo be docremen10d. Tho ed¡e is 
de!oc'!<d <otally uynchronously and muu h,.e • munrnum _ 
CLK pobO wid<h. Howe..-r, !he connter is >]lnchronous wub 
4- therefor< a setup ¡!me mus< be me< "'hen U is durred 10 _ 
bo.•o <lo< counter decromenl<d by the next rism¡ e<l¡e of '*'-
• In the timer mCK!e the pre•ro:tler may be enobled by a fUl!IJ 
0< f•llin¡od¡o on the TRG input. A> in 1he countor mode, 
<he ed¡< i> det<o<ed toUDy uynchronously and mus< ha .. 
1 m>nimum TRG pu!S< w¡dth. Howeyer, whcn Ümul! IS to 

"'"h r<spect 1<> 1he n<xt ruin¡ edge of 4- • S<tup lime "'· 
. b< me t. The pre.aler coun" n•1111 <d¡., of 4-. 
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CTC Programming 

"iLECJlNG ANOPERATING MODE 

When ••leclln11 dtannel't oper:otin& mode, hit Ji' is !el to 
J tO indica te thU word Í'll<> be """'d tn the clwtnel control 
reP,ter. 

• • 
E··::;j -
su 7 ~e 

Blt6•0 

Bit6•[ 

Bit S •. 

• • • • • • 
·- - I·""[E...I ·-· 

'-v-' --·-- ·~·~ -·--.... ·-·--· 
ClwuteJ lntemtpts disahled. 

Ch:mnel mterrupts <111bled to occur '""IY 
time Down Counter reoches a count ofztm. 
Settin& Bit 1 d.,.. not Jet a preceding count 
of zero caw.o :m rntemtpt. 

Timer Modo- Down counter ls clocked by 
the pr<ocaler. The ¡><riod of the counter it ·. 

t0 •P•TC 
le o syuem clock p<nod 
P • pre.cale of 16 or 256 
TC o 8 btt biiWJ' progr-anupable nme 
conswu {256 mu) · 

Counter Modi- Do-wn Cown.r is docked 
byextomal dock. 1be pmukrii not used. 

Timer Mode Otlly-S)"tem dcck ~" rlioided 

by 16ia pte><alct. 

Bit S • 1 Tlmer Mode OnJy-s)"tem dock 4" di01ded 
by 256 in p-rescaler. · 

Bit 4 • ~ llmer Mode- nepll .. edJ!I' trigger swu 
timer operatlon. 
Counter Modo- nes•ti"" ed¡e decromonto 
the dow-n eounter. 

Bit 4• 1 Timer Mode- positi .. edge tri¡ger statU 

tlmn oper:otion. 
Counter M <>de- posttl"< edge decrements 
tht dO'kn count<r. 

Bit 3 • f •· Tlmer Mode OnJy - Tltner bepits oper:otton 
on tbe ris!ll¡ edgt <>f T¡ of the macltine 
cycle foU<>wing the one th<n Jo1ds the ttmt 
COIIIWtt. 

'llmcr Mode Only - Extemal triggrr is ...,.¡;d 
for 1WUDI timer Optntion ofter rising <dge 
of T ¡ of th< m>r:hine cyde fcllowln1 the 
one that loods the time con1unt. The Pre
>Qiet is decr<m<nled 1 dock cyd.,later lf 
the 1tlup time;, met, othe"""" l dock 
cydes. 

1 

Blt2•1 

Bltl·· 

Bit!'"[ 

•• 
No time oonSlant wW foUow the chonnel 
control word. One time conmnt mu" be 
wriuen to the clannel to lnitate operauon. 

The time toruant for the Down Counter 
,..¡¡¡be the neu .. ord wnrten to the "leettd 
ch:mnel. [f 1 time CDnn:mt Í'llooded wh~e 1 
cltonnel n enuotinR. the prnent count Wlll 
be camp[eted befnre tite new nme corut:mt 
Í'lloaded i:tlO the Down Couoter. 

Channel r:ontinucs c<>nnung. 

Stop optr:otion. Jf Bit~ • l dtonnel ..;U 
rnume oper>tion •fter loorling a timo 
consunt. otherwtse • new control wo.rd 
mU>t be Jooded. 

LOADlNG A TIME CONST ANT 

An 84>it timo cot~>llllt i1 load•d into the Time Cot~>lilnt 
teP,ter foll<>wlng a channd control word wrth bu~ •••· All 
zeros Jndicott o time coruta.nt of ~56. 

• • • • • • • 

- 1 - 1 - 1 - 1 • 1 •. •• 

LOADING AN INTERRUPT ncJ'OR 

The ZBO<PU requires thot 10 84>lt intenupt "<Ctor be 
sui'J>[ied by tite intorruptinz dtannd. The CPU fomu tho 
addi'HII foe the interrupt oemce routine of the ehonnel 
usinl tltis vector. Ouring lrl intenupt acknowledl' cyde 
tite vector i3 plo<ed oit tho ZliO Dato SU> by the hlghat 
priority chonnel requ .. ting seJVicc lt thlt time. The desir<d 
interrupt vectoe ;, looded into the CTC by writln¡lnto 
chonnel e ..;th o zcro il> 01!1. 07-D) contain ihe stored tn
tenupt vector, D:! aod D¡ ore not u.ed in loacltn& tho •«tor. 
When the CTC reopoads to on interrupt ocknowlcdge. th.,_. 
'""" bits cO<ttoin the binory code of the high.,t pnority 
th:mnel wlt.ith requc:rtod the iattrrupt ond O¡, containt o 
ztro linee the address of the lllt<nupt S<JVice rouunc stlr!l 

lt ln evon byte. ChaMel e is the highat pnonty du.nnol. 

• • • • • • • 
.. .. .. .. • • 1 
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' A.C. Cbaracteristics zso-crc 
~~~~~~~~~--------~------~~ 
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A.C. Characteristics Z80A-CfC 

T A • a" e o o 7rl' c. V ce • ~s v • '"'· ,.,, ... otho,.....u., noood 

.... 
~ 

. ., 1 , •• 

·- ::: :.:::7 ..... ..,, Ctac• HOVI> ~ M 

• ~:~ 
,: • 

~~·~ "' • ~ 

es.a_.,., ts.lell'- Edoo at • o"''"i R- ro M 

" F <oRIOl O"• O"""'' a...,. frnm Follo"" E.ogoal llll tlw•no R- ~ M 

c .... 
>s.IOJ o.,, s.-Tono m R"'"" E.ogoof • o .... .,. W"1o .. "'' • • - ~~ -

1 "' •o1IOI O.,. o..- 0....,. fn>m Fono,. E .... "' tDIIG ,.~ ... •• -
~ ~ ' ' "" 
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"' ' ' ' "" -~ • '" 
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' ' •• • "' 
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0
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" 1 -. 
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' . ·~ r--· 

- ~~.;¡ ,., 
.3_: ' • 

tsiC:.;¡_ "'"'" of • ,.,.. '"""""'.,. C:O...t "' 
- -· ,,,.,., ,-E~ ot • toro....,;no ol ' "" ' " ' ••• 

.... ICTHI = 
- _tw!CTU = 

zcrro o. .. r...,"""' R.,,,. (dflot •· ~ H"" 

wro,.., ' 
<oLIZ<::I ZC/TO a.. .. T .... I<OmFoflono Edo• ol •- ZCITO L- •• 

...... 111 '<::"'w""'"•'wf'kJ•t.,•tr· 
j2] ·--by 10 ._ b _,. tjt) pi' ...,._ on --- 21>:1 pF ........... b ... ,. t- ""' 100 pF 1..- ...., ..... t-
jJJ ,..,._ ...... by 2 """'fO<OKt> IOpF- in 1-•"1. 100pF ""'•""um. 
J41 AUn" ...... """"""'"""".,,...,.._, ot J dococ.,.a.,. 

OUTPUT lOAD CIRCUIT 

'""" w,.,..,,~--,----,C.--<:1----f -·= --
•• 
•.-~ . ., 
"• 
"• 
"• 
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A.C. Timing Diagram 
.. , .. ~-

CLOCK ve e- ~v '" OUTPUT '"" " INI'UT 
·~ " FLOAT '" .~.sv 

- . 
'MICSI JI-;:_ ____ _ l 1 

" 
J,-----~ 1 - - 1--~_'"" ------h\ _o ... .,~ -· 

1 . _¡ 
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·ezso'=-siO 
Z80A-SIO 

The ZSO-SJO íSeJal lnout/Outoutl " a dual-ctannd 
ll!ulti-furu:-.ion pcn¡:neral ccmponc~t de:!li!!ed :o ;¡¡u;ry 
1 widc vanery of Secta! <l.:l.t.:l ccm:::umc:mcr.; :~uúe
IP<"!lB in mic:ocomputer >V>tem<. ll.> cUlC r'unO".iOD i> ~ 
$ftial·t<>-¡:ar:ill el, pa,-allel-1 <>->er:al ce nvert ert eor; uo ller , 
~ut-wnhm t.~at roie-it LS confi~urnble by ''fl"'"" 
software >O iu "pe.,oiÍality" Qil be opmr.tzod for a 
pvrn ;.,.jaJ data ;;o=uni<=;~uor.s appli<::>uon. 

The ZBO-SIO i> caoable of ha.~dtin! .Uynt;hronous 
forma.,, •Y"'·""":mou> by¡e-one~u,.,:l prOtOCOJS •~en as 
IBM B"ync, :1M synchronou; bll-~r:eotod ;>rOtocol> 
such as HDLC an~ ~OLC. This ver;~ ale d<VlCe :;>;o ;ilio be 
""'d te ;uppol'! Vlr.~ally any otr.o: ,.:-;al ~ro<ocnl :or 
applio:~oru other :...~an :!ata :c:::::-.~;¡¡C311Cn> •=••"• 
or floppy ~,.;; tnt<:iace>. ~or CX3.:::¡:l<J, 

The Z80-Sl0 c:m genern« and c~eck c~c coaos in 
any •l"lchronou< :nocc :llld C>r. ~· prc;:'"-7.r..d. :o 
dl..:k <hta inte;rit~ ;, •anou• mooos. Thc ce-ic~ ilio 
bis faciliues for mo~em controlo; m bOtil "'"""""· In 
•pplication• wllcrc thcsc con:rois are not neeoed. thc 
modcm ccntrcl.o; an be w;C"L! ior gcncr'-<1-pllr))osc l/0. 
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• l,ll'>or2"opbiu 
o Even, odd or no parily 
• x 1, x 16, x 32 and x 64 cloc~ modes 
• B=k generarion and dctocuon 
• Panry, ovem..n and fnuning error dotocr.ion 

Binary syn<hfonous fe:uures: 
o ln10:mal or •~terna! characrcr •ynchronization 
• Onc or rwo sync ch:uac~ers in separare regnrer< 
• Automaric sync charactu inscrtlonlde!e:ion 
• oc l<ncraúon and cheúifls 

HDLC and SOLC featurts: 
• Aben se;¡ucnce general!on and d<te<tion 
• Auromaric zero lii><I110n and delotion 
• Auromatic flag inscn.ion berween me,.agts 
• Addros• fleld rocognition 
• Suppon for one ro cight biu/character 
• V..Ud r..:cive messages pro«<"tcd from ovem.~n 
• ClC gencrarion aod che.:king 

lntcnupt features: 
• lhUy-chain in1em.1pt !ogic provides auromatic 

iltt<rrupr veo:oring wuh no Utcmallog.c 
• Programmabic ir.tcrrupt ve<:tor 
• Status Af[ocl.S lntcrrtl.pl Ve<:tor modc for fa.U 

interrupt processmg 

CllC-16 or CRC-CCITT block framc check 

Sepuare modem control inpul.S and outpul.S for both 
channd;~ 

ModC111 status can h<! monitored 

r •• • " •• ., " '" ., " 
,, ,,, 

5·¡ '• " " 
~ ,, s;-,. 

' " ' " " ·-} " ~-" -· • ·~ --• ~......:¡....; • ~ 
" ' -::..- < .¡¡ ~ . - ' ' ·- .. 

• - " • ... • • }-· -· ' • . -~···--- -
• 1· 

" -

Do-O,. Sysltm Dala 811.."1 (bid>rection•l. 3-staro). The 
•y:srcm data bu• transfc,-, data and cnmmand• b<tw.-.n 
thc cru and the Z80-SIQ. Do a the lea11 signlflcant bll. 

BIA. Chann~l A Or B S~l..:r (inpm. !-ligh >elocu C~an. 
ncl B). This tnput ddlr.cs wh1ch channd " a<:oos>e<l 
during a d3ta trarufe' bcrwc<n the CPC aod tne 
ZSO-SIO. Addres• \m A;¡ from thc CPU is oft<~ u;ed for 
thc sclectton fun,.,ton. 

C/0. Comrol Or Data S~i«t (input. Hish ,el oc" Con
trol). Thi1 input defin~ the rype 01 infonnollon ,._,,_ 
fcr pcrfonncd octw«n the C?U anQ the ZS0-510 .. >,. 
Hi¡h at this input durmg a CPU wnte to th< ZS0-5!0 
oauseo the infonnalton on the U~ló bus tu be tn!<rpre!<d 
as a ~omm3nd for the ehannel >ci«:tcd b• 51 A. A Low ~t 
CID mean• that the iniormatJon on the data bu• is data. 
i\ddress bu A¡ i• often uscd for this functlon. 

ff. Chip Enabl~ (input. aettve Low). A Lcw levd lt 
this input enahle5 t!:e ZSO-SIO to acc:pt conunand or 
data input from rhe CPU dunng a wrtte cycle. or ;o 
trammt! data to the CP\.' dunng a road cyc!e. 

'· Sys/~rn Ciad (mput). The ZB0-510 u•es the 1tand
:u-d ZSO Sy.,em Clock ro 5yr.chronize interna! stgn;Us. 
Thi• ·.,. a s\ngJc.pho.se clock. 

Ml. Machm~ C'c1e Ono (input from ZBO-CPU .. amve 
!.ow). When ;;;1 is acti•e and fi1l is aJ.,o "'"ve: :he 
Z80-CPU i• fctchm~ an irt:mucl!on from men:ory: '-'nen 
;;¡¡ is active while HJRQ is ae:1ve. rhe ZS0-$10 ou:cc~u; "t 

•·{ 
' ., 
" •• '· - ' ' . ' 
: N ! " ( ~~ "'"'~" =--t. 
~; •• 

~{ ,. -----...-. 
•• ---e_____ 

• 
1· 
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-----------------------------------------------3' 
and IOAQ as an interrupt ao); nowled~c if the ZBO-S!O i1 
thc high<:<< pnonty cevio. tbat has int<m.~Pl<d <he 

tiJ,.fU:PU. 

,_ ln¡;utiOulpur Requ~t (input from Cl'~'. active 
LC>w). j'Qj¡Q ;, uoed in con¡uncuon with .,:., c!!'i, a 
&nd flj 10 tranl fer comrnando and dau betwe-:n the CPU 
..,d lhe ZS0-510. 1\/ho~ CE. iW and ¡[jj¡(j are all a<11ve, 
thechann<l sel=e:! bv "'~ trz:ufe,.., da'-'1 lo lile Cl'l! (a 
rcad ope,..,.tiOn). Whe~ ff ar.~ 10~0 are active, but ili5 u 
iruoctive, the c.'ltr.nel sei=«J by BJA" WT'l!t<..., 10 bv the 
Cl'U ,...¡,¡¡ cl!~er data or oontrolt n ¡orma<lon as >Pecll1od 
by ctD. As mcn<ioncd previou.sly, if !0~0 and ;;;;¡are ac
uve simulJan<ousl~. th< C?~· ;, aáno,.·le:J::;in~.., tnter
rupt and the ZSO-S!O autor.,al:ca.lly ~ia:~ tU in::rrJ~t 
vector on 111< c~u da1a b:u 11 " is !.he hi;¡~~<:<l pnonry 
di<V\Ce requ<Sung an in«=pt. 

RD. Rear;i Cyc/e Slatw;. (tnpu: from C?t:, active Lowl. 
[f iñ is active, a momor;< or 110 r~ad ope!'3tion U LII 
prcgr<:>s. Mi i< u>ed wuh B1A. CE and tORO :e tnml<r 
data from :he lSO-SIO te t.~e CPU. 

IU:SET. Res~r (Ínput. a:--.n·e Lo..-). A Lo'" R""ESET di>· 
abl"' bcth r«eivo" and trar.1mrt«'"'- forc"" r,o..,_and 
r.OB mark1ns. fcrcos tf.e modcm controls High ond d!s
abl<> all int<tn.lpt>. The :or.trol re;:<te" mu:t Oc r<· 

..-ntte~ aftef the ZSO-SIO is f<><l ond bcforo doto U 

trammit:e:l cr '"""'"~-

fl:l. !nt•mJPI Enabl• In lbput. aCtive Hi;¡h). Thi$ IÍ!· 
·( '-< t!><d with lEO te form a pr--.onty d3.Lsy chaJn ..-ncn 

_re ¡, mor< than one imemJpl-dn•cn dcviCe. A High 

"" l ~ .. "" ~ .. ,...., ' ..... r-.. ~1 .. "" ..... 
" 

ti: ,.,,_ • 

' 
J -· " -

en thi> linc indicotc> that no oth<r do•ice of h¡gh<r pri
onry '-' being ,.,....tced by 1 CPU mterrupt ,.,_.;ce routine. 

lEO. /ntefT'~pt EMblt Oul (output. ac11•c Highl. IW 
¡_, Hish only 1f1E1 i< Hi~h and thc cru" not '"''c:ng on 
'"'""""' from thi< zso-sro. Thu<. tni> "gna.J blod;o 
lo"" priomy d"iC<> lroin inum~ptLn< """'1: a ht¡.'lor 
~nonty Ce,.;c: ·, bcing >c:-vtttd by'" CPC imenupt ser· 
., .. ro~llne. 

I."T. lnurr-~Df R~q~~sr (output. open dram. octi•e 
Le"'l- Wh~n cl>C ZSO-S!O '-' r.::;ue:mng an l~<e:-rupt. Ll 
~alli M Le". 

W/RD,.-\. w,RD\8. Waa/R~Gd> .--1. Wca!Read, 8 
(outpuu, o~e-:1 a::un "'~•~ ~mo;ratr.:n~~ ior W:Ut fum
Uoo. dn•c~ Hi;<ll '-'ld Lo» -...~en pro~rommcd for 
Roady funccon). The<o cuaJ-,Ut;JC>' outpu" rMV be 
pro~ro.mmd u Reody !Ln<> for a DM.O.. eomroilcr or u 
Waulin<> L~at s•nchroni~• L"l< CPU te t~e Z~O-S!O Coto 
rato. Thc rc:sc: statc U Op<n ~oo.m. 

Ci'SA. CJSii. C!~at Ta S<rrd lln.pua. >ctive Lo"). 
When prc;r:>.--:-.med "--' Auto E~aole>. a Lcw on th.,e 
inpul.l enab\c-s ,¡¡, resp'"":tve tran<mlllcr. lf ~O< prO• 

gramtrtd "-' Auto Enaob. c.'::se tn~ul! m.- be pro
gnmme:l "-' ,;e~ero.J-p~:-;Jcse '~~uu. Bo:h :n~uu >re 
Sctunnt-t:-l;:;:e' auife••~ :o <oe~;,mOCote <lo"-"''""'' 
,.;g:,o.Js. Thc Z30--SIO dec=--" ;:~eses en :.~ese :ntu" ;>.,~d 
mtcm!Pl.l th C?l! en both lo¡::: ;e; el tr>ns:"on>. Th< 
Schmllt·I"Og<r ouitering ~0<::1 not ~·JJf3nlco a spe<1iiod 
noise•levei ma¡¡¡n. 
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------~--------------------------------~--------~0 
fiCiiA. DCDií. Data Cam~r !Rirct (mpu!S, ocuve 
low). Thc<t piru fu~cúcn "" rocetver enabl<> if the 

'l..$10 ;, progrommect for Auto Enobies: otnúwi•e 
¡ may b< u•«< a. ¡cneral-purpose input ptru. Both 

p1ru aro S<hmitHriuer buffered to ;~c:ommMJ« •low-. 
ris«ime lignili. Th< ZSO-SIO C:ot«ts pul!<> on lh .. c 
piru and intcm~pn thc CPU on both log¡c l~<!lr:lllll· 
tioru. SchmitHnu<r ~uffcring doO< not !luua.~tee a 
•P«ilic noi<c leve! m:upn. 

bOA. !UD B. 1/.~IV~ Data {inputs, aotivc Hi¡h). 

T..OA, TUJ8. Trt;!Umll Data (outpuu. ICtivc High). 

'R'iCA. Rlei'i. Rtct<>~r C!odu (inputsl. Roceivc da<.:! 
Llnmplt'd on thc rüon¡cd~e ol R•C- The Re''""" Clocks 
m¡y be l. 16. J: or 6ol llm., thc data "''' tn ~yn
o:hronous m!XIo:s. Th<>< dodt> may be d:wc~ by thc 
zgo.crc Coun«r Timcr c;rO'Jll for pro~ra:nrnablc 
baud ra« ¡¡onc•otton. Both tn~uu aro SchmtrHnucr 
buffer«! Jno noi•e l"'el mar~:n " ·~=iied). Se-e <!le 
follo"'"ll Jt;:ticn fcr bcnoins o~tions. 

'i'i"C"A. TiCB. Ttarumrtl<r Claá:s (!n~u<S>. r.o 
chanan on tne 13Uin~ «'<< of T•C. In A"ncn•cncu! 
modn, lhe Tr:~rnmmtr C!cci:s mov ~e!. 1~. 1: or 6-1 
timn th• data r:~to; Oc .. cve,. u:e e ce~ mulu~ller for :ne 
\1"1t1Smiuer ana tn< tC<Cl'er rr:ust -oc :~e iamc. The 
Tr:uum\1 Clock inpul-' :ue Sc~ml\l·m¡;~cr buffercd for 
relucd n>e· and fali·Hmc rcq•"tremcnl-' (no no"e leve! 
mar¡in ;, 'P""''"""I· Tr:lf'..<miner Clocb may be dnven 

<he ZSO-CTC Coun<Ú Ttmer Circu.it tor prOotram· 
.blc haud r:~tc ¡ene:-auon. 5<"' :he follo"'ing !OC""jcc 

for bonding opt.ioru. 

iñ'SA. RTS R. R«¡~ct To M.~d (outouu. acuve Lo'">· 
When the •n bu;, ><t. the ffi out;mt ¡;oeo Low. Whe:> 
the RTS bit ;, r<:~et in t.~e A>ync,uonou• mode. the OU\· 

pul ¡en Hi~h after the tr:l..~•mmec is empty. In Svt!
dlronous modC!. the ffi pin Slridv foi\0"'0 th< St.ale O! 
thc RTS bit. Rotn piru can t>t: us"" as generaJ.purpcic 
outpuu. 

DTiiA. Ofll.8. Data T~mt1nal Readv Joutouts. active 
Low). 5.., no<o o~ b-ondtn~ opuoru. Theoe cutouts fol
lcw the n.:>tc programme<l into th DTR bLt. They can 
also b-e pru~r:unm«i.., sme,.al-purposc out;>UIS· 

SY:<iC A. S\":'oC 8. Svndtron=uor. (i~ouU/cutputs. 
a<=<.i•e Lo,.). Theoe piru <::>.n ac: enr.or "-' toouts or cut
puu. In lh< A.s)"tle!lronous Re<O::ve ::>ode. th"' ue in
puts oir.ul:or te ffi and DeO. In thl> mooe. 1he tnrut
tions on tiloso lineo affo:-t the st~te oi :he $,"tlc1Hu:ll 
1\a\U.S blts in uo. In th< blem:ll Syne ::>od<. the>c lino 
t.lao le\ ._, inouu. Whcn utemal svnc.~romz..::ttion !S 

Utll..-C"d. ~ must be drwen Low on lhe sc;;;ond risin~ 
f4J< of ~·C ailer thal r.sm~ edge of R.tC on "htch the 
1&11 bil ol the svnc <h~ra<:ter ,.,_, rF-<tV<<l. Jn o<ller 

•<is, a!::r the syne o~ttem " cet=rn. th< '"""'o.l 
. e mU>t '""" t"ot , .. O iull Rc<01ve Ctoo::k C\"d<:> 10 a<U· 

. •~" the il;;:;: tnput. Onc. s...-:;;c is !creed L~w. ,, " "'ise 
to kcep ;, Lo'" unul the cru tnto:-ms t~e euemaJ ;vnc 
lo&k ~~ syn<hront.t.:>uon na.s be<on !oS! or a """ nÍeo-

sa¡¡e is aoout te otart. Character assemblv be¡¡in< on the 
nsing ea., of .W:: thot lmmodtately preeO<t.co lh< taJJmg 
edge of ,¡y¡;¡¡; in th< Externa! Sync rr:ode. 

In ti\e Interna! Synchronitation mode (Monosyne 
and 8~>yne). these p>no let a; ou:put> that :uc awve 
durins the part of the reeel'e dcx:k rR•C><)cl< '" _,h"och 
sync c~ancte" are re-:c~n1ld. The sync condnicn ;, 
ftO\ Latched. so thtse cutput< are ac:i•e oaeh ume a sync 
t)O;ttem ;, re<ogniz.,. re;:ordtess oi cnaract« bound>t· 

"" 

T~e constramts of a oiO·pin pacb~e mako n impo;;iblo 
to bnng out th< Reee>Ve Ciad. Transmll Clcck. Dota 
Te:-mi~al Ready and Sync s~¡¡nais fcr Ooth cnanne!J;. 
Th~'<fore. C~annel 8 mu" saerifioe a Slgn:!.l or ha•< 
r•o signa!; bondod lc~e:ner. Sincc u<er re~uue:nenu 
, . .._'") .. thr«: bondin~ opuorn ate off"c~: 

• ZSO.Sl0/0 ha.s aJl fcur signat.. Out ~.cli and r.i!1 
are bono:!«! tcge<her tFi~. :1. 

• ZSO.SI0/1 sacnncea DTRB an~ kee~s ~.ca .... ca 
and 5Yi'Cii [Fi~. ]). 

• Z80-S10t1 saennecs S>"ca >r.d kc-:p• T.""Cii. iW:ii 
and D'fi\ii ¡Fig. ~). 

The device into:-no.l 1\rue<ure ir.c!u<!~ a ZSO-CPV ir.l<r· 
face, in«mal con,ol ana >ntcrr~ot !agic. and 1'"0 fuJI. 
ouple' :C.anne!J;. Each cnannd oan!:Hns read and '""lO 
re;"'"'"'· and d;,..,,.,. control and st2(US log>< that pro
V!oes :he interfa« tO modems cr other externa! de...;ceo. 

The re:>d and wri<c «sister grcup indudes fi•·e 8-bn 
rontrol regl!te,.,. two s~n~-chnr.~c<or "g"te" and two 
natw re~tste". The intorrup< •ct:tor ;, "'""en tnm an 
addioonal !-bu re~mer (Wnte Re~i5ter ~~m Ch<>nnel B 
tMt mav oe .ea O throu~h Read Rq:ister ~ tn Channol B. 
The '<"i'"'"'' ter both channe!J; are dcs•gnated m the text 
a.s fallow.: 

WRO-WRl - Wnto Re;,te,-; O l!uou~il 7 

RRO-RR.: - Road Regtste,-; O ltlfou~n ~ 

The ott :~.>si~nmen! a.nd funcllonal grauptng cf each 
rego_,,.,. is contl~ur"" lo oimplify and organiZO th< pro
ommmm~ proc<:ls. T3ble 1 ¡¡,,_, the functions a.s>tgned 
lo e:>ch re:~d ur write r<g•ster. 

Ttoo'rn"IR«:o••• bU\!0< """'· mtom.>cl >l.tU> •no ...... 
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------------------------------------------------~q2 

... tnn•mir and '"'"'""data path ollustrared for Chan
'W; A jn figure ~ ;, odenuca.l l'cr both channels. The 

m:eiver has <hru ~-!>u buffer regt"en in a FIFO ar
ran~emenr in a~dmcn ro me S-bLt rc-:e"e sl:aft r.~ilter. 
This ""heme er<at01 adclticna! ume for the ~PI! ro •a
vice an intorrupr at the cqtnnm~ of a ~lod< of high
•pee<! data. tncoming data " rou<ed r~rough ono of 
ocveral parhs tdara or cRC) dopondmg on the selecred 
mode &nd-in A>ynchronou< mod.,.-<he charae<cr 
len¡th. 

The •ransmit«r has an S-bu rran<nm :l.at¡t ''"'''"' 
ll!ar is loaded from 1~e intemal dala~"-'- anda ~l).bn 
<ran"rúr shih r<g"'"' ,hat can be Icaco<: (rom tt.e oync 
ehancter buffer> owo; and won or from the Hansmu 
data regJ>ler. Dependmg en the oporar¡ar.al mo<1e, Qut
IDing data is rou«d rhrou~h ene oi four main path< 
beforc it is ttansmitted from th~ TransmiL Data Output 
(hD). 

Th~ funcdonal capabilit><> of th~ ZSO-SIO can be 
dcscnbe~ from 1"'0 dif:"<,<nt ¡>Oint> of \1ew: a< a ~ata 
communicauon! devt<<. L1 :rar.>mas and ''o~~"" ><na! 
dat.a. anc:t me«! thc '<'l~"cmer.U oi •a.-ious cata com· 
munication> protocols: "' a ZSO iarr::i) pcnpt . .c:U, L1 
•ntcract< with thc ZSO-CPU and otnc' ZSO ~enph<ral 

·cuits, and <harcs the data, oddr<:;s and control 
"'""·a< well :u bc1ng a pan of thc ZSO tr.t0:1'"~Pt "'"'" 

ture. A; a peripheral 10 otr.cr mi:;:oproc::ssors, the 
Z80-S!O offer! •alu~bie reatur<! !~on :u non-•e:tored 
intemiPIS. polling and Simple hant:!shah tapabtlil)'. 

The firn part of the followin~ funotional description 
dC!crib« the interocnon bctwe<n !he CPU and ZSD-SIO: 
the ,..cond pan tntroauc« ia data commun"a"o"' 
apabiliti<!. 

The Z80-SIO offe" •he choice of Polling, lr.tcmtpt
(vtttored or non-•c-:tordl and Block Tra.-.sior mOda 10 
~nn>fe,. dau, staru< and control informauon to :u!d 
from the CPU. The Bloc• Transfor r.>O~e :oan be tm· 
pleme:ued under CPU or o"" <OnlfoL · 

Polllng. There are no mterrup" in thc Polled modo. 
Status rog"'"" RRO and RRl are upaatd a< appropnate 
tim<:! for each func:ion be:n~ pertomud (for "'m~le, 
ClC Error statu< v3lid at lile end oí th< me<Sa~e). Al! 
lhe intem.pt mode. ot tlle ZSI)..SIO mu;t ~• CtsaDied 10 
OP<ntte tho d.-it:e ,;, a polled envuonm<nl. 

While in il< Polhng sequen«. thc CPU e.<amln« ohe 
atus containeLl in RRO ior .,eh ohannel: 11<< RKO<tatus 

btU se,..e ;u an acimo,.lcdo~ 10 tt•e Poli tllQUlf>. The 
IWO RRO S'-3lUS bits DI) and [), intilctc tl-.31 • C->1..1 
tnnsfer is needd. Tbe scarus iuo indl<=lt<:> Error or 

orher spec10l uatus condirions (,ee ··z~él--SlO Prognm
ming'"). The SpeC>al Re« ~Ve Cond1110" s·.;nus contamod 
in RRt does not ha.e to b< read m a ?~lling ,equence 
bO<ause <he "arus bLIS in RRt must be '--=mpanted by a 
RO<ct•e Character A•atlable "atus m u~. 

lnle~pu. The ZW..SlO offer< an e!.!:>erat< intefnlpt 
scheme 10 pro>ide f:ut interrupt rC'l.,.:::.se in rul-ume 
applieauons. Channel B t<g\Sters "''!.: .._..,:! RR;o conta<n 
<he intcrntpt >CCtor thot pomts to ar. '-:::orrupt ser-ice 
rouune in the mc:nory. To <er-·tce O=-=>t:ons m both 
<:hannels and to e!imina<c <he ne:"'''') oi "'"''"~ a 
otatu< analym rOu<lne, the ZSO-SIO = :nrx!ii)" thc in
temlpt VCC!Or in ••; so tt potnrs ór=-:' :o one oi o:pt 
inre.ntpr sc,..t« rou!ln ... Th" is do,.! ~~der ~rog,,_,., 
conlfol by sewng a progrom btt '"'"'· :>::' tn Chann"J B 
<:atled "Status Alfe.::; V.-ctor •• Wheé :.::...s bit LS l<'. :~e 
<n<erntpt voctor tn "'R; Ll modtCLCd '-=OfCtng 10 tne 
"""'~ned priontv of th< "anous Lme:r .. ==~~ conotttcr.s. 
The t.:r.ble in the ".V me Rcgistcc l i"":::-:::-:ton (Z30-SIO 
Pro&ramming s=iontsho,., the moc..:'".::mon ae:aüs. 

Transmtt inter:-upt>. Recetve tntc:r~:::o: and E"err.al! 
Status imem~pts ar< the ma1n soUr= ol tnte"'-'~"· 
Ea<:h mlemlpt source is enabled ur.ao: ;coo:am oon.,ol 
wtth Channel A ha, in~ a highe: eno:::y :.1an C~"--".r.c~ 
B. ;u,d Wl<h Re::l'er. Trans:n1t ar.o :::":ma!ISto:~s 

imc:rupu ~nont:'ed in that orce'-.,~-= :oc~ o~a~~c:_ 
When the Transrmt interrupt ts e~<.:.::. <he C?t: :< 
imcrrup<ed bY tne transmt< bui:c, "'"""~"""? em;ol\. 
(Thts tmpltcs ¡hat the :ransmnter r..uo. ;-.ave had ' oac. 
chara<:ter wmten into it <O L! can boco='• emoty.l w:1en 
cnabled, the recetver can inl!rru¡:<t.::: cru in one ot 
tM:e ways: 

• lntcrrupr on :he fim re:ei'..C c:=-...::ter 
• lntemlpt on all r<eotv..C ch3fact= 
• lntem~pt on a Spocial R<eet~e "'~:::.itton 

1 nterrupt On Fim Chara<:ter " tl'l'i::a:•· used "'irh :he 
BIO<:k Transfer mode. lnterrupt On A: "-:ce¡ ve CJ:arac
<en ha.the option of modifying t~e "''"'""'P' 'o-:::or in 
!he c•ent o( a panty error. The Spec-..:.i ";/.ecet>e Co"..;¡. 
rion intem1pt cocn occur on a chara<:<o: "me"age ~as, 
(End Of Frame tnterrupt 1n ~DLC. f:: "ampl<l. The 
Special Re:ctve conditton <:an cause a.:: :.:ctlerrupt onl•·¡f 
thc ln!errup! On F11st Recetve Ch:u--....;:-..::r or Jr.t.rru~t 

On Al! Reccivc CharJcters mocc ;, •el=--d. Jn Jmcrr"~' 
On Fim Re:e"c C~aracter. an imcm;::-: ;::,n ocour ;,on 
SpO<·.aJ Re<:ct'"e condtttons (nn-;t r:..--::,· Erren a·.:e' 
!he first recct•e charac:er intem:~t •:umple: il.e::"e 
Ovem~n inrefnlpt). 

The main function of the E ,terna! 5 :z<u• in<errup: ;, 
!o mon11or th< si&nal ttonsnions oi ;:;: ffi. oc<l ~~d 
5Y'<C p1ns: ho,.e-.cr. an bterna!J Stat::.; ::11er:·upt " a!m 
cause<! b~ a Tror.>mtt Undemln co~:.::Jon or by the 
dctectton el a 8r<ak IA>)"ncnrono"-' :::oOdot ot Abor: 
(SOLC mOdc) «quence 1n the d'<a m=. The 1nterrup! 
<:aused by the Brcok/Abort '"'<""""' c.::.s o !pectal :oo
luro that >.!lo"'' thc ZSO·SIO 10 i~::=--upt "hen :he 

· Brcak/Abort sequcnce ;, detec<ed o' '"'""''nat<d. Th" 
featu<e f~cditate> the prOP<< termina:::~ o( the <:me~t 
mcs»gc. corr= mnialitatton o( \~< ~""" me.,a¡;". and 
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lile atc~Uate timina of tlle Break/ Aban condition in a-
ICnlalloP,:. · 

Block Ttonder. The ZBO-SIO • 

Toa D"''A conrroU<r, the Z!O-SIO aEADT output in
dla!:ts that the Z80-SIO U ready to na:ufer d.at.1 ro or 
from memo!}'. To <he CPU, \be WIUT outp"t indi<ates 
lhal tbe 7110-SIO U nOt ready tO tnruftt d.at.a, thcreby 
rcqutstin¡ the CPU 10 ut<nd thc 110 The pro-

. l~the 

in <he 
Prosam.m_ing 

In addition te the !ID capabiliti .. proviously di><:UU«i. 
the ZBO-SIO provides two independent fuU-dupla 
channeU <ha< can be programmed for """ in kyncllr<>
"""'· Synchronou.s and saLe !HDLQ modos. These dif • 

.:.~uu modo are provide<lto facditate the tmplementa-. 

.,-;;:" of commonly ""ed data ccmmunic•nioru pro<ocols. 
Tbe folLowing U a •hon dc:scri¡nion of the data com
municatiom protocols supponed by the ZSO-SIO. A 
mon det.ailed explan.nion of thtse modes con be found 

f it1 <he UO.S/0 TtdrrtC<JI Manuel. 

ÁS)'11ehro...,.,. Moda. The Z$0-510 offen tnmmU:¡ion 
aDd rttq>tion of fi•e to eight biu pcr ch.aractor, phu op. 
óorlal ~<Ven or odd pari¡y. The lra11$miuor can mpply 

. Ofte, OIIC and a. haJf 0T IWO SIOP biU per eha.r=er and 
can provide a b.-.,a.k ourpur at aay rime. The rectiv..
blnk d..,ection lo¡¡io: inrerropu !he CPU only at <he sun 
and cnd of a r«<ivcd brc~k. Roc.-plion i.l protecte<i 
from spikes by a lnmienl spoh rc¡ectoon moch.ani.lm 
tlull chc-cks thc signa! cnc-ha.Jf a bit lime after a tow 
lcvel is detoctcd on <he Rcceive Data input. lfthc L""' 
does not pcrsist-os in 1hc .;:ue cf a transient-the chat· 
aclcr assembly ptC<CSJ is ncr slatled. 

Framinl errors iUld ove<TUn errors are detocted and 
buffcred togethcr wilh the panial chara.Cicr on wh10h 
thcy occurr«<. Vectored inle<TUPIS allow f:ut servicia¡ 
ol CITO< ccndi<icns IISing dediC<><«< rounncs. Furthcr
mon:, a built-in checking pr0tt$S avoids interprcting a. 
fra.min1 error as a new mm b1t: a framin¡ errar n:sults 
ia lhe addi<ion of one,ha.Jf a bu time to thc peint at 
•bich lhc search for <he next s<an bir is bqun, · 

The Z&G-SID docs noo rcquirc symmetric Tnnsmit 
and Rec.óvc Clock 1i¡nals-a r ... turc th:n allo ... , ;, 10 bo: 
.....,¡ with a ZSG-CTC or any 01hcr dock s-ouro:c. The 
uansmiucr and recti•cr en handlc cbta at a nte of l • 

1/16. 1132 or 1/M of the cJock nte supplied to !he 
Reccive and T~mit Clock inpuu. 

In ..UynchronoiH nÍodes. thc sv;:;c pin may be pro
g=me<l for an inpu¡ <1\ai an be IIStd for funcuons 
such as mcmtoring a rin1 india<ct." 

Synchroncus Moda. Thc UO-SIO 1upporu both bytc
oriented and bn-onented •ynchronou• communicalion. 
Synchronous byte-oricnted protoccls tan be h3ndled '" 
s.-.cral modes thll allow chancter •ynchroniutl.:>n wnh 
an 8-bit sync chanctcr (Monosynd. any 16-bn """ pa<
tcrn (Bisync), cr wilh an <~tema! sync signa!. Lc>.ding 
sync ch.aractm en "o-e «mo•ed wt<hou< interrupung th.• 
Cl'U, CRC · ch~kin¡ for 1ynchronws b)U-<>nented 
modes is delayed by ene eharae1er ume s-o 1he Cl'u m ay 
dis>.blc CRC checkin& en •pecific charae~m. 1ll.i..< pcr
nnts impkmentaliOn of protocols IUCb .., lB"' Bi>ync. 

Bot.b CII;C-16 (X''•XIl.,.Xl•i) 3nd CCITT 
(Xll+ XII.,. XJ + l) =or(h<ekins pelrnom!alsaresup

, pene<!, In aJ\ non,SDLC modes, ¡be CRC gcnen.1or i.s <n
itia.lized to 0"•; in SDLC modos. j¡ !S ini1ialized 10 !">. 
(This mcans !ha¡ the Z80.S\O C3nflCt gencrato cr o.~e-:k 
CllC for IBM<cmpatiblc •ofl-soctcred di>k1.) The 
ZllO-S\0 aJso providC1 1 feoturc tha¡ automallcall,· 
tr.utsm.iu CRC da1a whcn no cther data is ava~iable for 
<ransmiS<icn. This allcw• vcry high-•pe-:d ttallSinÍ5SlOn> 
under DM.o, cOntrol wllh no nctd for CPU in«rvennon at 
<he end of a me.,age. Whcn ther< is no data 01 CRC :o 
send in SynchronoltS modes. thetransmiuer inl<ns 8- or 
J6-bi1 Syn( charactcrs re¡ardlts1 of the pragrammed 
chara.Cict lcngth. Sino:. the CPU tan read Sll.tus infonna
tion from ¡he Z80.SIO. 11 can determine <he rypc oi 
tran$mission (cbta. CRC or 1ync charactcrs) tha! u tai<-
i:l¡ pl3ce al any time. · 

• The Z80-SIO suppons synchronous bit-<>riente:l pro
tocols •uch :U SDlC and HDLC by performin! IUICmati<: 
nag scnding, :ero insemon and eRe scner:a<iOn. A •pe
tia! comrrw~d can be ustd toaban a fr:ame in uarum,.. 
•ioo. Thc Ul0.510 automalic:ally lrall$nuu !be CRC ano! 
u-ailins na¡ when thc uansmit buffer becomes <mpt~. 
An in<urupt wanu <he Cl'U of thu status chango s-o an 
aben ma.y be issuc-::1 if a uansmiller ucde<TUn h.., oc· 
curred. One to eight b<U per character can be scnt. 
which allows transmission of a message e.uctly a. 
reccivcd wi1h no prior information abou1 1he charac:ec 
l!ructur<: in tite infonnalion field "of a fl"1me. 

The roceiver automatically synchroni•es oo !he lea<!· 
mg nag of a f<:une and pro•ides a •ynchronil.auon >~!
na! tha1 nn be programmed to Íni<<TUpt. In addi<ion. 
an intctrupt on tite first 1ttei~ed charac1er or on .-·e=--· 
charact.r can be •clected. The rettiver au<omaticail)· 
dd~ta a!lzcrocs insened b~ 1he ¡rarumiuer dunng clur· 
acl~r üsembl~. 11 also c~la<a and aulcmauc~U,· 
checb <he CRC.tD valid.:l.« fram• transmission. Al :~e 
cnd of trarumu•ion. 1hc """"" of .1 rece1v«< fr~l:l< ;s 
a•ailable in <he sta1us rcgislttl. The r..,e,•cr c:m tic ~r<'' 
grammtd to scuth for f=es addressed lo only a 'J'C""'" 
fJCd uscr-sel~table ad<bess or 10 a ¡loNJ broad<.>s< ad· · 
dress. l111his mode, framc:s l.b.at da n_ot ma1cb tl!.e usa· 
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~le<:l«< or l>roadoa!l addrc<s ~re ignor..d. Thc Addr= 
Janh mm!< ;:t<ov•~e-s for a sin~le-by<< addrt<.> r<:<:og

~bl~ l:ly thc hud"ate. The numbcr of addr""' bl'lts 
~ exr~deli undcr software control. 

·The Z80-SIO '"" be convem"'llly wed under DMA 
~onrrol 10 ~rovide .oigh-s~=:! rece¡>Mn. The Z80-Sl0 
u,n in<arul" the <;PU when 1he fim oharact.,. of • mes
~lf Í$ rr.:O<ved. Th< CPU then en~olc; ¡he D'1A lO trans
(ff !h' m~·~c• 10 memory_ The ZSIJ.-SlO thcn is.sues an 
&:"11 Of F<a"'e ir.terrup< ano the ceu cheüs the ""'u.s 
~(¡he rr,:eivt':l me.,age. Tlms. the CPU is fr=:! for other 
M,...¡Cf .. ~lle IM mO<sage ,. ~e:ng re-:O!Vt<i. A nmilar 
K~rme ,ljJo,., m..ssage transmis>.~on under OMA con-
1!'01. 

To ''CJr;u:l :he Z30-Sl0. :he 'Y"""' ~·o~ fim 
il->Uf' ~ senes of command.< :hat ini<iaJl;:e :he bas¡c 
mo:de of o~"'"""" on~ t.•en otr.et o~mm<L~ds oha< ql!al
lfy con~idor.• '""·"'~ <ne <e!..::O<! modo_ For <-~O!mple. 
l.hc Async~rcr.ous ::ooce. o~arao::r kc . .r-1. dock ca:e. 
num~or of >!o~ ~m. eve~ oi 0t1d pa.-:t)" a.re fir.: m. 
l.hon t~o in:e:n•pt :::oae a"C. ~'nal!:;. :-:o;;::ve; or 
trutlt:lit:<' •~acle. T.~c W•• ;ar~rr.ete"i "'"" oe issued 
b<foro ~nv c:M: ~aramo:er:¡ a.re mueQ in lM innia.Eza
tlon rouunc. 

8oth c.~ar.nel5 eo:::ain oomrnand registe;:; :hat ;mr¡¡ 

!
rc,.,_:nme~ 'la tne >yste::l ;moram ;mor :o opera
• The C~a.~~•l Se!= tnput IH'"'l ancl tne Control/ 

'~input IC/01 are :!te command 5<rue-:u:o aodrn>ing 
a¡n<rob. ar.o are nor.naJiv eontiolled bv tite C?l! ad
dras bw. Fi~re 8 iilustrates the omio~ cdauoruiups 
ter progr=r...irt¡ tne wr::te reg¡s«rs. a::C uamfcn-Ulg 
dau. and s:atw. 

Tbo ZS0-510 contai~.s eight f<'g!SlC:-! ¡W .. Ol-WR7) in 
Cldl cha.~ne! :nat are proiram:ned oepara«ly by 
tito >Y"Jit:n ~rogr.l:m :o eor.iigure '-lle funcnonal 
pcn;onali<" of <r.e oc.annd>. With the except!on of 
.,l<>, pr"il"3ffiming :he wntc regmc" requ,ros two 
byt.,. Th< firn b~e mnta>n> :hre: btu tDo-0-:J that 
point to lho se:ec:ed r<g.s:er; thc second 0y1e ts 
thc ;oc~w.J <ontrol woro tbt i; wntten toro the 
rqi<ter to rnnftgure '~' ZSO-S/0. 

•R<> is o •pecial =• '" that a/l the b"-'ie com
aan<is tO-t~tD-::1 = be act=ed wirh a stngle 
b)->.e. RQCI (tntern:l.l or e~tcmaJ) ioioalizes the 
poU¡.= b•ts Oo--1>:: te potnt to wRo. 

Z!G-510 rnntains throe <og!Stero. RRO-•Itl (Figure 
6). IJtor <:In b., read lO ob1010 the ""'u> informallon for 
o::odl ~ltucepl for •R:- Channel B only). The 

-

><atus information indud<:S error eonditloru. inte.rupt 
>ec:cr "'!d 11andard eommuniea<toru-intertaee oignal5. 

To read the ecntents of • <ele-:ted read rc-.;ster 
other than RRD. the <y>tem prc~ram must - f:rst 
write the potnlor b)'1e 10 w~o in ,,,_,¡~ tOe oarne 
way as a wnte regmer o¡>em<tcn. The~. :¡y ••· 
ecuun~ an input instru<;Uon. the oQnten<> 01 :ne 
addrossed 1ead regt>ter = be read b> :he C?~·-

The >tatu• bi1> of RRD and ••• :u-e O;>refull~

grouoed 10 >Lmpltfy >t31US onon"onng. For """'" 
ple. when the lnterrupt >.-::or tna«at<> that a 
S~al Rtcet>C CondiiiOD in.e;ntpt has oc:urr.,;l. 
all the appropnare orrcr btt• oan be road frct:t a 
siogle regisrer ,no. 

RSO.D ~E.GISTER O 

101 " " >• JJ Ol Ot "' 

RSO.D REGISTE~ 1' 

l>t ' " '" ' ,. ' " "' ' o" ,. ' 
1 , . 

• 
' o o 
o ' o 
' ' o 
o o ' ' o ' o ' ' ' ' ' o o o 

~ .. -'"""" .. 0Vl""' ... ,. 
"'~""""' '""'" "'" ,, "'"''' '"'"'' 

T,... """ ,.."'"'- "aJvt c::oom'" "'" 

RUD AEGISTER 2 

" " " .. " " " ,.¡ 

'"''"''"'-f" """''"' IJTlm .. m.- "'""'"'"''" 

• ... , """"rnt'u.t..,-,,~JI """'"""" .,, 
-



----------------------------------~-----------"' 

" • "' 1 ,, ' " " " " 
' ' • • • ' • • ' ' • • • ' ' ' ' • 
' ' • • • • ' • • • • • • • • • 

• ouu <00( 

• , ... , "'"' '""' • ""' '-''''"'"' '""''""""' ' ' """" "'" ' ' '""'''-' '"" •m"' ..... .....,, 
' ' """ "'" ""'" • • '""'" '""' • ' mu•• "'" '" "' .. o01.n 

OtiU '"" "'" .. '" '"'"'' "'" ,, '" '"""'" 
..... ,, """""~"~ l.tlOI 

L...-m'''"""' 
1:'1'"'1''¡'"'1'"'1''"'"'1'"''1'---~'j'';'::··~·== ,, "' '"'" 

"AP.;l """" t>::r:o 
1r.H 1 ""' 

" " "" " ' " " " '" e_,. 

) " " " """U"'f " 
1 
"~' " " " 

1., .. 1,·:·c· k·~· ~· ~ .. ~·~~ ..... ''" '""'"""' "" '"''" 
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• 1 "' "-'"' ""' o .., tl"' "'" 1 .... CI.OC< ~.,, 
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lo:~'''"'"''" 
' ' ' 
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d Cycl~. The timing signal.s generate<:l by a 
,.1-(;PU mput mstruction toread • Data cr Sta tu.< b)·'" 

fram the ZBO-SIO are Lllus<ratod in Figure 83, 

DIU 

hl1tmlpt ... ckno,./ed~e Cyclo. Afte• rtceiving an 
lnterrupt Requ"'5t "gnal (LNT pulled Low), the 

O-CPU <cmi5 an lntorrupt AckMwledge signa! 
Í and IORQ both Low¡. The d;ti;y...;ha.ined inter

rupt cir~~;, determine the n:ghe>l priomy int<r-
rupt teQue>IOr. The IEJ of the h!ghest priorily 
pcnphe,.al Í< terminated Hign. For any pcnphe:-al 
that h"' no intem!pt pcnding or undor ,.,....;.,.,_ 
U!O•IEt. Any ?•riPheral that doe:< have an intemlpt 
pcading or undcr service !orces "' lEO Low.-

To insure "~ble conditions in the daisy ehaln, 
aU intomJpl 113tUS Olgnal! are prevente<:l from 
c:b.aft¡¡:mg while :;¡-¡ is Low. When IO~Q ¡, Low, the 
hi¡llm prioruy interrupt ,..,_ues1or (<he one .. -al! 
IEI Hrg~) ~laces its in«rrupt \'C<:tor en rhe data bw 
aact W.> its interna! intcrrupt-und""·"'rvic. latch. 

'• ., 

'---~~--~~: 
V!rTC~ 

Wrltr Cydc. Figure Sb illu.strotc< the timUJ~ :utd data 
sign:ili generated by a ZSO-CPU output trutnlctlOn to 
write a Daca or Control b)'\e mto tl!e Z80-Sl0. 

.. . , 
'" 

Fi¡uro lb. Wntc C.oclc 

Rorum From lntetTUpt Cydc. "orm>lly, :Oc 
Z80-CPU LSsues a RETI IRETum from ln«m!Dll Ln· 
muc:ion at 'he :nd el an tnterrupt scrvLe< routLnc. 
RETI ;, a :-byte opco~c t!D--'DI that «><ts rr.o 
inrc,.,-upt·undcr-<ervice latoh ro "'mmatc tho in
rerrupt :har ~a> ju51 bcen procc«d. Thi• " ac
rnmphsnd oy mampulaung rhc d.l.isy c~ain in rhc 
followiog way. 

Thc normal da.i•y ch.:r.in opcr-:nion can be u•cd ro 
dete<:r a pcnding intcrrupt; huwc~cr, " cannor di>tLn
¡uish bctwoc~ an imerrupr under <ervice anda po:nd1ng 
·unacknowle<ige<l inrerrupt of a higher pnonty. When
cvcr '"ED'" is decode-j, thc dai5y óam 15 modit1cd by 
forcins High ,he lEO of <l11y im•rrupt :har h:u nor vet 
bttn adno...-[cC;cC. Thus t~c d:t.i5~ o~am idonttfies r~c 
dcvic~ presenti~ un~ e' .. ,.,..;,."" rh o~l~ en< "'"h 3n tEr 

,, ,, ,, ,, ,, ,, 11 '• ,, ., L.J1 .. J"LJ''L 
' ., 

"' 
O a-O¡ @J GD>-+---

----------"' ---------..J 
"' 
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Hi¡h ..,d an tEo Lo ... !f the ~·~• cpcode byte;, ... o.·· 
the intorrupt·under-.ervtce lou:lt " '"'"'· 

Thc ripple u me of tite inrerrupt d:iliy chaili lboth the 
Hi¡h-to-Lc"' and !he Low-ro-High traruirioru) limtrs 
the number of de•ice:~ 1hat oan be placed in 1he d>Jsy 
ch.o.in. R1pple Ume can be impro•ed with carry-look· 
altead. or by ntendtr.g !he interrupt ac<nowied~e cyde. 
For funher informat~on aoout teehntquc< for inereas>n~ 
the number of daisy-e~.ained de'IC<:i. reter te Z.!log 
Applia.uon Note 03-00-<l-<ll ( TM ZSO F~tTuly Progro.m 
IIIUN"Upt Srrucrurej. 

1 

f"t¡un 9 illu.nrat<S the dauy eh:un confi~umllon of 
interrupt drcuits and tlteir beha"lor witlt nosted ínter-

-~ 

·-·~-·'. ....... ~·=· 
-

c••~~•c • 
E.<TF"•L 

••.,us 

rupu (an int<tnJPI that is interrupted by ancther .. ith a 
-hi¡her prionty). 

Each be• in !he "Ulu<trauon could be a l<Parate • .,.,. 
nal ZSO penphoral circuit w11h a user-d<fined order of 
1merrupt pnoriti<S. Howner. a "milar daisy chatn 
5tn.!cture al•o c.•im inside the ZSO-SIO. "'hich ha< S<X 
interrupt level• with a fiud ord<r of pnonucs. 

The ca<e illustrated occurs when the transmmer of 
Channel B interrupt! and Í< granted •erv<ec. Whtle t!m 
tnlerrupt is b~ing ;e,--.-iced. it 15 interrupted by a ht~her 
pnonty tnterrupt from Channc(A_ The •ceond ir.tcr.·apl 
is •..-vice<! and-upon compl~tOn-~ >ETI in11ructton" 
acaned or ~ RETt comm3nd ;, ..-nncn tnto me 
ZSO-SIO. rc<etttng :he interrupt-under-<e,--.-ioo l~tch of 
tl:te Channcl A interrupl. At :h!S Hme. ttle '"""'~" rotme 
for Channcl B ;, r<>umed. Wtlen it is completco. 
another RETI instruction is cxcetm·a to complete thc tn· 
tcrrupt <ervice. 

-- -~ -~ 

"""""" ' ., ....... 
··>TUS 

-·-i::: '" •EC r- '" <O r- '" ""'' f- '" " r- "' EC -- .,, " r-
-1. I'RIORITY INTERAUI'T 0AISY CHAIN BhOAE ANY tNTERRUPT 0Ct:UAS. 

' i::: 
IJNO ~ SER.,CE 

HtCH ><·C>< ""'" ••G>< 

"' " r- '" "' "' "" r- '" "" - '" 
,,, r- '" " 1--

"" '~ 
Z. C><ANNEL B TRANSMITTER tNTEARUPTS ANO IS ACKNOWLECGEQ . 

.....,,~ 'ó"'"''" uowce """'"""""~ ¡-
''' •ro ::,"_' __ ''_f~ 1·•· ·•{J·•• •eotj••• ~0 ~L'"_' __ "'~~ cow 

3. UTERNAt."STATIJS OF CHANNEL A tN"TEAAUPTS SUSP(,.OINCi 5E;IVICE OF CI-M,.NEl B 
T!;ANSMtne;;.. 

i::: 
S<~tCE COMPL8EO sER"'I:E RESU'-'E~ 

><•G>< ><•GH "'~ "'~ 

'" "" r- '" "' r- '" "" -- "' "' r- "' '" --
c~w 

t. CHA,.NE\. .0. EXTE~"lAI.:STATlJS ROU":l,_,E COMPlETE. RETI tSSUEO. CHANNEL B 
TIIANS~HTTER SE!lVtCE RESU"ED. 

i::: • ' -~ -~ --~ ... "'~ -~ -~ 

"' "" f- '" '" f- "' '" f- '" "" - '" "" f-
5. CH.O.NNE\. B TRA,.SMITTEA SEAVICE ROunNE COMPt.ETE. SECOND RETl tSSUED. 

' 
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Type O Bcndins 
Type 1 Bonding 
Type 1 Bonding 

C..-amic P3ckage 
P.!astic Package 

l:z4mpla: 

ZSO.SlOil es fT)I'l>C 1 bonding, ce<amk ~ackagc, 
standMd ran¡¡eJ 

ZSO.Sl0/2 PS (Type O bondins. pla.suc ~achge, 
standard range) 

S Standard R:ut~e (SV. :; l .. o, O 'C 10 70 "Cl 
E El<I<nded Ran<;ei~V. :::5"'•- --I()"C 10 g~"C) 
M Militar)' Range (5V, = 1 0"•. - jS •e to 1::; 'Cl 

........ '""' ''"'" u..."'-,,, .... ,.e, •• ., •• 
N 0•1-o, 'lA Ol!o1 
THOI1 .. 101CO ,.,.. .. ,.,.., .... , 
MIDATLA:'>T!C 
TO<' Crnln 

Z.'"<-'"' 
' o "'" " ... , .. , ..... ~'""" 
TU :1l1 " l " " ""' , ... ,..,.,, 

~IDW[.ST 

""'"''"'-'"'" ......... 
iJOE. "'"'"' 
'""' 1 ,, 

""'"~""'· "· """' TH JI!"' OC"' 

"" ' ... "' '""" 
'iORTH CE'oTRAL 
........ ,,"_e, •. ., 
,,,.,_ '"'· 
""' "'''"' ·~· C_m..,,Q,,.•JUO 
:OL ,. .. , oo:o 
twXII0401:u1 

!0160 Bubb Ro• d. Cupc<tlno. (JJ¡fomu OjO 1 ~ 

Dl-«1)9-0) 

SOUTHWE5T RH:;IO"' 

........... ; ... ''""' 
l-l••-'"'-,..,, "' ""' ..... 
'"". ' l~mo,CA'l,l• '"'''.,..,,., 
"'~ ... ,., !><ll 

l. loo,'"' 
'"""' ""'' ..... c ......... c.-o<•• 
TH..,._.,_,.:;, 
"' ' ...... "" 
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"'ESTCER:o.!A.,t 

"'"''c ... ~ 
- """""'~ ... ~. """''' , ........... . 
"'~· '"'""'"' 
ru """"'"' nu' ~:O>'"""', 

"''"· "'· '"" '"'''" ., .. , ...... "'""'' "'·"' 
'"''"' '" To• •• 1'" 

'"" ~H 01•' .. >010 

"""' '" ' 1 ....... ,., 
'"""'"" ~ .. .. 
""'"·'"" 1<> Ll t 
"''""'" "'''"' ""'"~ 
~(l ' "'' " '" " ~an ....,~, 

fVo"X o 1 0- JJ ,_ ;b: 1 

'""" ...... \!.S·' 

' 



.z;so:cpu 
~OA-CPU 

The Z~og ZSO produ<tllne"' • complote m of rrucr~ 
c:ompum compon<~t!. devo~oprne~t 1vm:m :u>d support 
sofl"'ar<. The ZSO """ocompuler :o"'"""'~''" oncbde• 
.U of <h< """""" ~'''"""-' to ouold r~P"!'"io,.,..anc: 
IIIICtOCOIIlí""!<r >l'""''" "'"h .,r.u.,jj,- o o o~,., 1011< 1lld • 
m.rum<&m numb<r of !""' C01l st.>Mar<l <r.omory e¡err:ec." 

Th< ZSO OU\d ZBOA CPU's «< t!urd ""''"'""" =-~< c.'.w 
!lllctOprO<<>I<ln "''th Uf.l'lVoled CO:T.o~tot:~n.aJ powo'- 'J;w 
=::e;ued eompu<>Uon•l :ow" '""""""'e~<::<:"""'"' 
<hroug!l-pu< illl<! "'"" of::::t~t m<::lO:"! ut:J:z.>Uon "'""" 
compand 10 ><eo~d 1'"'"~on r:'.u::oproc.,on. ¡, 
•ddlUcn, <he ZSO :md ZSOA CPL~, "' 1·e::v usy :o~.,~¡,. 
menl "''"o s¡mem oecou:;e oi th"r <:n!lie ,olt>O< "quue· 
""'"' pi u< .U output Sl(Jl:ojs <tr< fciliv oecoce<! ond Ur;¡od to 
O<Uit:OI "and.uo ;::ernorv ot penpne,¿ O".::J.:l\1. The o::cw: 
u ""plemen"d mlllg .n :-..:.,>t>n<l, :on ""Pl'-,"d. «li<:~n 
pte ~tOS process. 

F>JUr< 1 u a block d!a~a:n o{ ll':o C?U, Ft;ur<" d<Ull> 
~«mal "~"'"' oontl;uta<JOn whtch oont>JM :08 cns 
"d/Wnt< rn<:'Mrv th.a! aro acoo.:¡tole lO~"' pru~:a..,-

mu. Tho "i""" tn;;ludo !wo ''"' oi m gon<C>l purpo"' 
:qzston <hot :n•y '' Lts<d onCol'l<!w.ily u 0-.ol1 ,...,.,,,.. or 

J{>.bo< """" ?at::;. Tho:e are >.L:o '"'0 "" 01 ac~mu
btcr >nd flag""'""· Th: pre~.mor r.u "''""te<:!.~" 
.. 1 of m.lll or ""''""'""''':OS thm~gn a ~oup ci ox-
chango <mtructJons. T:m aJ lern>t< "' a.llows rorogrcund./ 
bockground mo<!o oi op<"IICn or moy :>< '"""'d for V<'Y 
fastln!OITUpt "'P"""'· Ltcn CPU olso co.,Ulr_. a 1 6-bn 
ltaCI< pounor v.luch p<<Tnm nmpl< "f".plomentallotl cf 

¡¡¡ --. 
1 Z!IO, ZIOA CPU BLOCK OIAGRAM 

Product Specification 
MARCH 1978 

mulcple le vol int<rrupto. unhr.mod •ut.routtno "'" on! :tn<i 
llmplifkallcn oi m.ny lyp<> oi dot:l handl"'!· 

Tho two 16·bn "'du «~tliO" a!lo..- t>Oular dlta mL".••~· 
la non >:>d euy unplornonuucn oi :<loca"ol• cedo. Tho 
R..:f.,sh rop.Sl« ?:OVJd" ior automo llc. Ioully l r>n<pmnl 
refrosh of e<ttm"ai dyn:umc 1'1C:11or.os Th• 1 "!'"""o":! 
Lll a powe¡ful Lnletrllpt t<$pOnl< mMo lO lOim :he up~er.; 
Ott• of a ~o1nl<:' 10 • Ulf<rr~?t "'"'";e""" :oOio. ,.c_¡j, 
~~· C'U"tu?<"'! do VIce •up¡>uos <he lcw<r S ""' of :i".e 
?Ointer_ An ll!dlftct ::o.ll u L~en m>d< 10 :!".u"""'',¿~''""· 

FEATURES 

• Singlo chrp .. 'i-<hanr:•l Si~con Gate CPL"_ 
• !58 "'""'""on>-rnclurtos>~ ;; of l-"-' SO~O.~ '"''rc:

ucru wnh t0l.1l soit"'" cer.lo•lLhti<ty- ~, .. .nm·Je
tion• .ndudo -l-. a • .r.d l o--<>n ~P"""""·' .. ,n '""" 
moiul add:c!:irng mooe, ""'" » 1nde,e:i. b¡t and r<lotne_ 

• 17 rntom>.l '"'"'''"' 
• Til!<e modO> of r.,, •ntorrupl :e•ponsc pl;u a non· 

,....,Qble interrupl. 
• Dl<eo:Jy intorüco• "'"ó"'"d •pood ""'" cr ~Y"-'""' 

ll\Or.lCil" V.t<h Vlftt!>l[~ ~0 <U<r:t:!l \Cg!C. 
• LO"' umr~'uon <X<:u~on •pood._ 
• Single S VOC lupply ar,¿ srn¡;¡e·pha>< S voll Cle<k. 
• Out·porforms ony orher 'Lll!i• 'h1p r-ucm'om putor rn 

4-. 8-. or t6.bLI applicatiOn<. 
· • A!l ptn> TTL Compa<tblo 
• B~tl•~n dynarru' RA.\1 «t"ro'"" rucm<ry. 

------=":':·c"=OA CPU R€GISTERS 
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ZSO, ZSOA-CPU Pin Descriplion 

í•· ·-;::./ :' ,. 
' .-,_ -:::.-< .. 
• ,_ 

;: :--·-

!.., 
(Madune 
CycJe ano¡ 

IORQ 
(Input/ 

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

"' (Memo!}' 
R.ead) 

-

---

Tn ... tue outpu1, '"""' h1~. Ao·A¡ s 
<OottttulO 1 1 6-bu add10<.< bus_ Tho 
&ddr.u bus pro.., d.,<!:< >dJre<.< ior 
tnemo!}' lop to ¡;.¡¡;; Ovle<) i!.>u 

U<:!wtrn :ltld tor ¡,Q dmce i!.>u '~'~""!"· 

;,.,_.,.,, u:pul.'outoot. '"'" ~"ott. 
Do- D7 eonttnuto u, 'i-0" b•dtroo<Jom.J 
<lata bus. Th• da u bu>"""" tordo<>. 
Uclwl!OI Wlth me,;¡or;< >tld [¡Q dOV!<:<>. 

ÜUt!'llt.acttvo low .. l.t 1 indiata tJ-.:u the 
cumnt moclur.e <:yc!e ;s the OP e <>de 
fet<:h r;ycle of on '""'UCllOII <«CUllan. 

Tn--r..,, output. actlv< ¡,..._ The m•mary 
"'l"'" >J!;t!>l Llld.i<O:!t<> :hu the oddr.., 
bus hol.U 1 val1d oadre<.< lar a m<mory 
rud or momcry wnce opermon. 

T n-<to.to CUIPIII. octlv< low. The IORQ 
s:~ ondJ<-> tu !lut 1he lower lulf of tho 
add=-o b!LI hclots a ,-:tlid 110 addre» for 
o !10 "'d or wn1< cue:>Uon Alt lORO 
ggna! <> >1io ''"'""" wnen •n on~<m.pt 
i> be.ng ocknawiell~<d lo tnd.Jc"' tha< m 
iruetn~pt r-upo= "'""'o m bo placed 
011 tbe d.u.o \Hu. 

Tn-stalt aut;out. actl'' low, RD mdJcue:~ 

tbt the CPU "' ''"' 10 «Jd .¡_,, irorn 
memary or 11\ 110 "'""· Tt,e :¡ddre"'ed 
1/0 deVLce ar memot) shool~ "" th" 
S~C<~ai ta pto <ht> onto tho CPU dot> biU. 

T,......,, cutpolt. """lo"'. WR Lndk>IOS 
tbt the CPU d>t> bu> C.e>ld• ,.¡,u.¡_,, to 
be norod"' 1be >ddte<.<rd m<morv or 110 

·~ 

iFsH 
(Reftuh) 

HAL'f 
(fuJt lU.te) 

wm 
(Wait) 

"" (lntorrupt 
Requon¡ 

N!>tl 
(:--ion 
Masbble 
lntorrupt) 

R.ESET 

BUSRQ 
,,~ 

Roque") 

BUSAK 

"~ Acknowled~<) 
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Outpot, """' law. RfSH Jlld1011" th:u 
th< low<r 7 bttt of th< lddt<" bu• con
Uin 1 teituh >ddre" for d~ 

tnema11n :ltld th< ""~'"'"' .\1 R.I:Q "~n11 
shauld be LH<d todo 1 ,.¡,.,¡, "'d to oll 
tlynanuo memon<>. 

Output. '""' low. "iiALT<ndicol" lb: 
!h< CPU hiJ oxocutod' HALT SCtl"'"' 
uu<rucucn anda '"''"'"i <11ner • non

masb.ble "' • m»k:tbi< '"'"'"P' '"''~" 
!h< m.,k •n•blodl b<icre "1""""" ooo 
"''umo_ V.lul< h3JI<d. l~< CPU"""'" 
NOP"> la mw\10111 memory reiro>h 
activuy_ 

Input. ICIIVO \aw_ ¡¡;;;;;¡-r ~OdJ<>t<s 10 L~< 
Z-80 CPU !l\11 lh< :¡ddr.,sed momory ar 
!10 d<viC<s .,, no< re>dv :"or' d.:lla 
tr:ltlsior. Tho CPU coonn•.>" lo'""'"'"'' 
"""' for u long., th!O 11gn:u" """'-

!npu<.>•:t•v•law. Th< !rrter:tiO! Recue" 

~tg.oal "gonerolO<I bv 1'0 ~"''"'· A 
r<quo" wlll be honoreC " lh< eod 01- too 
current in,ructLon :f tho lnto:noi •oll· 
w• ro cont !olled Lllt<rr.>pt '"""'" tl1;Hle? 
(IFF) is •nabled. 

Input • ..:uv•lcw. Th< ~on-r. . .,~•bi< 
ntorruot «OU<U lm< ha> a hl'-~" pnartt\' 
<hln "ffii'" ..,(¡" >1"-'>V> reco.t.Llod >t ,h,
<nd af tho curren< u:;tr~otLOn. L!!d<p<n· 
dent of the m tus oi the Lnl<r:Upt <n>Dl< 
flip-t1op. !-MI autom>"clil)' fcr<<S ti'.< 
Z-80CPU to r<>llrt ta IOCJ.ttOn 006óH. 

Input, .ouv< low, RESET •nnoJ.!tzo> <ll< 
CPU as fcUaw<: "''" :n<e-rr""P' <noble 
flip-flop, clur Pe and "'>'""" 1 ond R 
md "' u>t<rrup• ta oogoA medo. Ou::n; 
=ot time. th< >ddt<>' ond 1!.>11 Dw !O t~ 
1 high tmpodone< "'" or.d oll con ~rol 
output "g.na!s ¡o <o 1h< mac<t>e '"'". 

Input. >etLvelow. Th< bu> rcqont ,~,; h» 
o hLghor pnonly lh>n ~MI md" ,_¡,..,., ceo· 
ogmzed >t tho <n<l oi !l:o <~nent "'""'~' 
oycl< 111d" u"d !O re~u.,: th< CPU >Od'"' 
bw, <131> ~us ond ln·>!>te ou•put oon~col 
!ignals 10 go 10 , h•!!h tmpo<lanco ""' •~ 
th01 o<h<r deVLc" can control those i)ums 

Ou<put. """ low. Bu.> Jcknowlod~•" 
U><d lo •nd.Cl!O 10 lh< "q""'''"-1 ¿.,,., 
th•t the cru oddrm bus."'" bu> lnd 
tn·"•" control bus "'l"'l' hove D«n "1 
lo thtlf htgh =r<d:rne< '"" '"dJhO 
u tomo.! de viO<''" nOw con !tal Lh<l< 1\!!fl>Í' 



Timing Vl.!.l'eforms 
INSTRUCT10N OP COOE FETCH 

ATho PI<>!!= counter conront iPC) a plaood on th< 
'""bU> 0'11nted"t:!v " the <tart of the cycl<. One h:llf 

dor:k '""' 14rer ;;¡¡rr(J !""'"'"'· Tho faltini edge ol 
MRfO can;,. u,.d d"eotly u 1 dup o noble todynarntc 
m<tnones. RD whon """" tnd><>t<S L~il the momory M -~ •o•••o• ·~· -• do.U !hould be en>b!od onro <h< CPU d3la bus. The CPU 

<amplos d.u>. "-t<lt th< "'"'~ <d30 of rhe doeX '"" T l· 
Qoclr. ttar., T 3 ltld .T ~ of 1 te<c.~ cycle .,, u,.d ro rel re!h 
dynm~u: "'~"" "'".:!' rr.e CPU" mt<m:llly docodlng 
md •~=~tl.l:¡ th< wrr~cu.on. n.o roire:h conrrol S!gn:ll 
""liJ!SH rn<Uor., rhat >reir<<~~ read of all dyn>mJC momon« 
<houJd be ac~m;:IWted. 

- =::::....--::r-..::: ___ :::::::::::::: __ :__ 
• ~---- . -" -

M~MORY REAO OA \'II~ITE CYCLES 

e---·-·-----.-----; ., ., 

-···· ~- .. -~· 

Ul=tod r.e,.." '-"' '''"""'~ of memory toad or ~ 
cy<:!os Olhec :~_,_~ ., OP oode l<t<~ ¡'ot¡ C>"<!<l. Th MR.EQ 
..,-d. iü) <-Pals '" u.<ed euo:ly , co. the fctth e ve: e. In. 
,¡,. <::Ue M 1 .':rorr.or;- ""n" O)-'''. tire \1 REO olso becom" 
.,;¡:¡~ "'""-" eto ll!dt"" llu.:< L$ ''-'"1' 10 rh' l tt con bo u.ed 
<tm!::ly u • d:.t~ e:uole lo: rbr.,.«uc :nomo""· Tne W"R 
W:< o:"'""" ... .,_., Qr.a o:~ tlle o!> u bw;" "'bi< se lhll" 
= bo w;od d.re:::lv "• t!.iW p~l« to '<rtu.l.lly >nv ty¡>< of 
"""'""'nd=or momory. - -..... . ...... 

' ... ::.:. ::: .. -.:: .::-~·--=.:: .::.:: .::::.:: _-_-.:: ,---_~-= :. =-··::: .. -=..: 
' ' ' 

INPUT OR OUTPUT C'ICL~S 

llluur:ud ~.<« is tr.o <::tl.lr.~ fcr rn 110 rnd or 1/0 wnto 
<l!"'rlfOOO. :olOtiC: l~~~ !~no¡ J/0 CP<:>Il<>n> o ·tn~< w&ll 
>t"a!O is autM'-'""'-IIY m;orro~ (T"."). Tho ce:uon iot tht1" 
mjf durln¡ 1/0 opetUJons th" <Xtt3 '"" J.ilows sufficrent 
r.mo ror rn 110 ~orr lO d'Oode '" addr<'-' orrd aonvato <llo 
\tAl'r W tf 3 ""'" 11 <<qwr<d. 

-• .... , 

• ..... 

f~~ ... ·~-.... ~::__,.--~' ~:.J.--E .. _ 
1 1 ~= 
' ~ ·r===:¡====¡:n::¡===j::.-_c 
1 ! )~ 

INTERRUFT ~EOUEST/ACKNOWLEOGE CYCLE 

fJI• inttifu~ll<i!tl>l" ""'Pi<d bv tho CPU wnh tho 
iioiñ1 •~t• Gf th< ¡,., <loe~'' th< er.d of '"Y "'"ruotion. 
WMn"" ífilorrupt ~ •::ooto<l. '<¡><<:;rl >1 1 ey<l<" 
;Eii!liiM. Our.tt( :.~1< '1! c~clo. lh< 10~0 .,.,,¡ becom" 
tiiM (ir\ll!>d of .11k ~·..¡¡ to rndl:•" rh31 lht tnt<::-uctm; 
~.-ieo eon pl..:t an o.{l\1><"0< on rh< don bu•. T"o w:ut 
fti(fl (f,.•¡ MO >UIGmOHC11Iy iddod lO lh" oyde <O ll\•t 3 
¡'¡p;11 ~iléiily inlHr.Jpt ~<homo. ''"~" lh< one u><J in the 
i':80 ,,ñ,Mi.J '~ntrolla:'>. O>n b< <l:l:.ly tmpl<m<n«d. 

--~=0--~-------.. .. . 

....... 

M•O' ·-
1 ' • = :-:¡.::-.: .::.:::::--_-- - -:.:.:. -- - -.::-:: =:: ---re::::::::: : . ' 
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Z80, Z80A lnstruction Set 

The {o!lowm~" • tumrnory el ohc Z!O, ZSOA L~.>trucuon 
ser oho....,gt~.c n>ernolr !"'"'""'' ,.,,,,,.,oruc 1M thc l''m· 
~pu>uon i"'"-ormed bv the Lr.<trucuon. A mme ole· 
~lut>n! l¡>pe>r; 11\ tho ZSil-Ci'l' <echruc>l m>.~ual. U\d 
useml>ly Ion~;• programmm~ m.tnu>l. Tho !rutrucuoos' 
ue ch'<lded tnto the fo!lo"'n~ co~e;one.: 

8-b1tload< lofu.:eU>neo~~> G1oup 
16--bit lo•d• Rotlte<and SP~I:. 
hctun¡" Bit Set, Rt<<l and Te!l 
Memory Bloc~ Movn Input rnd Qu<put 
Memo ,Y Bloc~ Seorch" Jwnp> 
8-br< •ntl'tr:-.euo rnd !Q~IC C>JU 
16-tnt uul-.. -:-.o"c R"'LafU 
Cene<ol P~'P"" ~::::umul>tor R"um' 

& Fb¡ Ü¡><rotlon• 

In thc tablo the foUowtng """"'ology i! used. 

b • 1 bU numo" in rn~ 8-<ru t<g:<lor or mernory 
Joauon 

tt • nu condi11on codo 

"" • ~en zeto 

' • tOlO 

" • non carry 
e • ~ 
"' • i':Lruy odd or no o•<r ficw 

" • i':Ln¡v .,.., or o•e: ;low 

' • Pom1ve 
M • ~<;Wve r mm'"" 

~Mmonic S•·mtroh< Op«>Uoo 1 Comment< .; '-' •"•.n.(HL). 
. . (lXt-e),(JY+<i 

LO d,r ·-' dE(HL),t 
(IXt-e).(lY•oJ' 

LO ~.n . -" d•(HLl. 
(lX-+e),(IY..,) 

LO A,s '-· , a (Be}. (DEl. 
(nn),l.R 

LO d. A 
,_, da /BC). (DEl. 

(nnl.LR 

"'" "" " '" 0<1., BC. DE. 
HL. SP. IX. !Y 

LOdd. ( nn 1 dd -lnn¡ ddEBC.DE. 
HL.SP.IX,lY 

LO(nnl.u IMI- .. u a BC. DE. 
HLSP _ IX.lY 

LDSP.<> SP -,. a • HL. lX.IY 

PL'SH" ISP -1 ) - '-'H: (SP <!) - "L u • BC. DE. 
HL. AF. lX.IY 

POP ;id ddL -(SPI:ddH-ISP•I) dd • Be. DE, 
HL. U_IX.lY 

EX DE. HL DE- HL 

EXM. " AF- AF' • (:i)-(~) 
HL HL' 

EX iSP\. u tSPI- "~ .ISP• 11- "H 11iiHL lX.IY 

-

-
" -. 

' -" -

--• -' • 

<' 
• • >ny 84>1\ dc..,nauon rc~ut<r 01 memo1y lcclnOn .. • l!IY 16.b ot d <<nnouon "!""" 01 memo¡v IO<lUOn 

' • g.¡,,. 11gned ~·, compremenl dupiJCeme"t wcd '" 
rola uve ¡ump1 U\d ondexod lddror«n~ 

' • 8 rpec,..¡ o>lllccotmm on pa~e '"'"- b d":mll 
nouuon <!:ese '" o. '· 16. ;.: . 3 :. ~o . .<1l and ;., 

" • U\y 8.bot brnary "'""""' ,. • UIY )6-l:IU b\IU<)' OUO'.b<t 

' • any 8--l>ll 0'"''>1 pur~oro rog¡otor 1 -<.. B. C. D, E, 
H. or Ll 

• • any 3-<rll rource l<gtst" or memorv locotlon 

' • l bt< L:l > 1¡teCifiO ~-J:I\t r<;t"'' 01 "'"ffi0,.,. (0<1UOn 

• • any 16-l:rt< sourcc ''!'"'' or :Tlemor~ locltlon 
subscnp< "'L" -, :he low or~or O bn< of> 16-"' ,.~uor 
subscnpt "H"' " the llii--'1 <l<do: 8 bm 01' lo-<rr< «9"" 
{ ) a the conl<nl> wothon 1ho 1 ) "' lo b< \:Sed u> 

pointet 10 a momo¡v locltiOn 01 1'0 por. numbe: 
!1-bu '"''""'"''A. B. C, D. E. H. L. 1 ond R 

16-b!l «i""' p:un u e AF. BC. DE >nd HL 
16-0n "l""" are SP. PC,IX <P.d lY 

M.d'""'"S .\lod" tmpl<"'<~«ci \Rc~ud< oomb'"'"'""' Qi 
th~ folleo.-~;¡: !::-:meda« ln~•~<d · 

lrnmediJrt n:oodt<l Re~'"" 
.\.to~,fie:l P:.g, Ze:o l"'P"'" 
R<l>tl'< R;~"'" loOLJe:: 
httnd•d g,, 

\.tnemonro 1 Svmboik O~c .. uon 1 Cummonl! 

LO! (DE)- 1<íli, DE - DE•l 
HL-HL•I.BC-OC-1 

LDIR rDE)- (HLI, DE- DE~ 1 
HL-HL~I.BC-3C-l 

Re~<>< unttl BC • O 
U> O (DE) -IHLI. DE -DE-\ 

HL-HL-I.IIC-BC-1 

cooe (DE)- (HL), DE- DE-l 
Ht-HL-i.BC-BC-1 
R<oc>< unotl BC • O 

"' ~ .. HLLHL-hL-1 
BC- BC-l 

(PIR A--tHLi.HL-HL•l A"HLI r<IS 
IIC -ac-t. Re¡><,, •n• 1h~ ~ .. ¡, 
~ntdBC•Oor.~=iHLl A, L1 not OIÍC::!~ 

ceo A""'.HLl. Hl -HL~I 
BC-!lC-1 

CPDR A-'Hli. HL- HL-1 
SC- BC-1. R<f<l< 
~,_,¡ SC• O'" ~ •r HLI 

~DDr ~-A • s 

'oc • A-A~••CY (\' " th< 

SL'B ' A -A - 1 ·~,ry t)ll 

'oc • A-A·•·CY ·SiOr.n_rHLr 

A.'-'0' A-Afl¡ tiX .. i.tl\•<r 

oe. A- A V 1 - -
XOR < .1-A<I< 
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.. DEC d 
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AOD Hl." 
ADC HL. u 

SBCHL.u 
AOO IX. u 

AOO IY.1> 

INC dd 

DEC dd 

;_¡ CPL 
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,... !M O 

' i L\1 1 

''"' 
"'' 

SRlo 

AAO 

" 
A-< 

d-d- 1 

HL-HL•" 
HL-HL•.,+CY 

HL-HL-.,.(y 
lX-JX•ss 

lY-!Y+u 

dd-dd+ 1 

dd-dd-1 

ConY<ru A conton" .oto 
¡nci<ed BCD follo"'•~¡ add 
Ot <U~I!'3CL 

,\-A 

A-00-A 

CY-0 
CY- 1 

So o~'""on 
HahCPU 

lltllble bl<rrupt> 

Enzblo !nt<rru~" 
Set LIUerru;H modo O 

S<t in«rrupt modo 1 
S<! mte,~o: mode : 

LE~ • ¡_,_ 
-~-:..:..! 

• 

s•r.n(HLl 
{IX ... ).(JY~e) 

d•r.(HL) 
(JX ... ),(IY~e) 

"'-"' 
u=BC,DE . 
!Y, SP 

dd" BC. DE. 
Hl, SP, IX, IY 

SOSOA :nocie 
C:tll to0038~ 
Jndlre:t C>!l 

t"'r.¡HLi 
(IX+<J.IlY+oJ 
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!N IR 

I~DR 

OL'T(n). A 

OL'T!Cl,, 
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OTDR 

RETN 
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(HLI-(C),Hl-HL•I 
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B- B- 1 
(HL)-¡(l.HL-HL-1 
B- B- 1 
Repeat un"l a •O 
(n)- A 

(C 1- r 

IC)-IHLJ. HL- HL- 1 
o -a- 1 

(C)-(HL). Hl - HL- 1 
B- B- 1 

Rep<><Un!!l B•Q 
IC)-IHLt.HL-fiL-1 
B- B- 1 

(Ci-(HLI. HL- .~L- 1 
B -B- 1 

I'C - ~· 
lf oond.,ion e: <1 '"" 

I'C - nn, ''" <OnHnu< 

- PC • t.,¡,. <on!!nu' 

•• 

lf <ondmon .:e" 1>1" 
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"""'"' RET 
R01um trom non· 
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1 Comm'"" 
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Set nop 
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Absolute Maximum Rating:s 
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Z80·CPU D. C. CharacteristicS · 

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

''" Cl.o.••··~ ,.~ ....... 1 ~· 1 1 
o., 

1 • 1 

··~ 1 C'"'"""' "'"''u""' V" • .¡ 1 V <o •->1 • 1 

'" 1 
...... '- ......... " 1 1 

.. 1 • 1 .,. 
1 ...,.,H .. '~'"' " 1 1 • .• 1 • 1 

·~ 1 ""'""' ,_ '~·-.. 1 1 
,. 

1 • 1 •o,.,. ... 

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

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

'" 1 '"'"' ,,~ .. ;: ""'"' 1 " 1 .. 1 '""''•'.~ 
'co• 1 '"''"'""""''""'"''""'"' . ··~· 1 1 " 1 •• 1 ''our''''""-~ 

'coi 1 ,,, ''"' ,.. ••.• '"y"('"'~' .• ,_. 1 1 " ¡ ~ 1 ''o~-;"'" 

·~ "'" ·~ l<Mo .. CvoR"' ~ .......... 1 ! ''" 1 -1 o<·.,~~',, 

Z80A-CPU D.C. Characteristics 
1 •v'o·. •<r't • ,,.., - .. ' • '' • ,_,,_ ... .. - --- 1 '" ... 1 ... ·- ·~·<-·-. , .. ' ..... '"'"' , .......... 1 ··' ! "' • .,.. 

1 ' .... '""" "·~· '""'" lv.,., jv,.•.l ' 
'" 1 ..•.. ,, .. ,,, .. ,, 1 • 1 

,. • 

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

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

1 
. ,,., 

1 
""''"' ,_ ..... ~ ! . . ! • ., .... , ..... _, 

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

DI T " 

1ruo r " ' "" "" '"' ' ··~,.· ' """''m""" 1 1 '" 1 .. 'ot·r'''" 

'"' 14., ••• t.·.-.··'"'""'"'''"'""·~· 1 1 ''" 1 •• ,~,,~,, .. 
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Z80-CPü 
Ordering Information 
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Capacitance 
T,•:!;l°C<•I'·1Ho. 
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' ' "'" • r .......... " 
'" "'''" ' •'• ...... 
1m T ""~"'"'"'~·· " 

Z80A-CPU 
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Ordering Infonnalion 
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Package 
Configumrion 

~·· ............. ~.,.,. 
41)0 ''"'"'m"' o,.., ...... .u~·~ "'" 
TU"' n; 1'<10 
n'X 110 ¡;o ::1' 
~~a~~oo., .... ~""'" ""' "~· -~"" ~ ... 
fon '-'-"''""'- FC "'" 
ttl.JO<"IO:!O 
"''i:')" Ol~ ,,, 

'- ·-; .• J• "'""'""' ""'--' -'-'--'• to'"" n ... 
Cli!Uoo, FL l!!O'l 
11Ll" "'<lOO 
n'X 111l100!0J 

K.ll....,. """"""' 
'"''"'""'""o~. ..,_.,.!<O !l::07 

TLI. 101 ''"'"" n'X no06liJ<I ............. "''--"' 
11001 h••"""'' -· ._,._ '"' "'"' 
TLI. "' '" .... 
n'X liO,ll "'' 
......... o.. ....... ................... 
..................... \<>O<oo 

TLI. m m""" 
n'X 5l00<' '"" -· ,, ...... _, 
hff~·-~· '''"' TLI. ,. ,,.,,, 

l<76ü0 

---, ....... '" .. ' 
&m ..... e:-"''" 
TU '" '11 ¡¡oó 

rwx '"""' "'' ........ ~,._... 
"" -~H'"'•" 
'""""""'"·!J.~· '"" 
TUl'-"'"" 
<kX :11 !O!"'' 
~ ........... ,_, 
Qn. ~ ........ ... 

""'""" ... 01101 
Tl:L 01 "" !:00 
nx "" lllOl" ................... -
"" ....... ·~-... 
Cl.ltoo. ~~ 0101! 
TU lOI J<O 1'100 
T'O'X "" ... ,.,, 

~OWESTE~N 

lla>J., ... Ete<"'""'' 
110 ,.,_, ...... 
O> _,,._ •·.:-.LL 00070 

T'U. "''" '"'" nx 010 :;¡¡ .. , ..................... 
\ '"" ~ ... "" ..... , .:-.. .............. ~. 
S.o- 'lu .... U ó"" 
':<L '"'"'''' rwx o¡ o,. .. .,. ............... _ 
0101 ........... »,., ..... '" 
Bloom'""'" MN '"" 
TU <11 '"' •o>• 
n'X OL0$1•1!11 

MIDATLANTIC "-EGION 

ZDo-t.lne-
P.O. Bax 92 
B'""'"'ld. ~J ~76~ 
T!:L :Oll!l '15! 
TWX 710 991 9101 

io.t6D B~bb ~ C~¡><nmo. Cilifcrnu 9~014 

Package Outline 

.......... -........ U!ltO...,,f,.. 
~ .. c .. ,., ~o'""' 
T!L JI<"'"'" 
r~x """"""" ........,, .... ,._, 

... '"""""'"' ""''"'"' '--"" "'""'"'" '"""" .. ,, 
TEL l! l Jll '"" 

MOliNTAIN 
, .. , ~""""'""""-"h .• 
~ .. "'~"''-OH <lO" ''""'"' """'"><> 

¡;¡ '"'"'·""· ,, T'EI. ...... '"' 

""1""'' ....... .... .... l.""' E. .... .. 
,-....._ OK 1<1'1 

T'EL O lO'""'" 

-,-..x "" "'' '"" "'"""" .... ~ .. .., 
110<>- • 1 """'""' r "'"" 
...... rx "'" 
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...,,..,,~ .. 
M..,.,._ TX 11001 
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':<L lOI 0.1:000 
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TYPlCAL CELL GEOMETRlES 

HMOS NMOS o Poly Si 

o N-@ Vss 

E] N-@ VDD 

o N~ 
HMOS AOVANTAGES 

Corcuol aensoMs twoce stanoaro NMOS 

NMOS- 412e,.' P~< cell 

HMQS- 1e52.5,.' ~er Lell 

Sp..,a-oower crccuc: tour times 
oener tnar. s;anc2rc .\JMOS 

NMOS - 4 PICOJOULES 
HMOS - 1 ~ICC-'CULE 

liilil Metal 

Flg""' t: eom;>an•cn al HMOS ond NMOS T~nciOg,.. 

HloiOS Tod1""'"!1'1 ,_,ter"'"' Mesaooo """'"' '" "'9"'H"""' ompn;>v..-n"""' 10 Clt=~l Den$ou ... >nd $~-... P"'"""'"" 

Acivance;s ~., •"="~""'~Cior Lec.'l:l.cicq¡ :::<r~ pro
VIde<!:_.",. .. C=:"-l:Y "'¡:o.:: OTI 0:: &."l:;Íe s:}_¡oo;r. C~ •. q, C: 

o:ruc:-oprocessor ot 'e-es'= orce: :: :::oc;;:-.;".;ce ~~c~-er 
lll !"'6::==cs =e: C--e".;,_;: """"¡:!ex::y :.':= "= !>ee:1. 
Pl"'"'·"'-''HY trJtrJci.Ú•- 7,.,,. \~C52CDO :s '"" :,_,,., có e: 
iamlly oí st:c~. 'il3i =~c;:;-cceszc..s ="" Mc:oroL:. l: 
ccm::,.'les S:r:te-<ot·•.'-,e---=c :ec::o~..:oÓo:<;y ::..·ui c::•.·::..'lcec. 

--.;".Ul des:<;n tec.'lr.:<;¡1.Les ='-"· c-::::po.:rer =er..ces to 
~eve = =t:!tecc-l!:!ly c:·:=ceci l6-i:lt I::!=-

_.ocesscr c-;;.-:otc:::..-u."l:; ~"'"' OCQC'.: =ve éev::c= o:-. o 
oili<::cn ci"P- HllS :-~<;:! cer.s•-¡ ot """"''" '"'"ments 
<:tlupleci W!th = order oi :::o:<;r.:,..:C::e l.."lceose ,_., ~r· 
!crm=~" o.-.. r tl-.e CTI;!!."ld MC53CJ LS t.~e C.:rec! :es"-'t 
gf ~ = t coi v=c~s '" "" rr-.1~o::éuctor te-c:-.=:ocic ,;-,-. 
Advc:ces su&. os é.ry PLASMA etc~.:n;. p:o¡<>C:lon 
pru:ttrn<;. =ci ;:.MOS ll" .. u;;;, oer.:my sr.cn óc:::.."lel 
MOS) <::..'Ctllt cies1p tec:U..:ques t?:gu.--.. !) :tC7e p:o--
v:tditd e: sou."l<i tec:U..oiog;cd ~ose t.'-,ct :~= =llcweé 
Moten: le· s sys:e ::'1 e :1.<; t.'lee "' , ~"" pu ter s:er:t:S:s O."lri 
tnmbn."lc¡ eroc;u:e-s.--. e ic:.--:;e :ie>qT""' oí ~--:0'-'c:ov-.. 
frwecio=. Th" ¡;=1.< o; ~;>iy>."l<; t.C, ,-_-,cv=vs <:-o-e
de"' to nucroproc<><So:-s e::e ro mci:e t/0." ==:xoc~s

sor ecsy :o use. :::c:e :e~=e =e: :::ore ~ .. ~; .. ;o: 
appi1=o:1.S. w:U:e ""=..-u=; ;er.o==ce. 

Th& re=urr:es ::r,=!C:.::,óe "' ,_;,,. MCOSOGO use,- con-
""'' ci :he iollow-.n;: 

32-btt dc:ta =<i c::tciress reg>ster.¡ 
• 16 mego.by.-e ±rect o:i::i:'esst:r.; r::.:::;e 

51 pow..r:'cltr.s::-.:=o" "~• 
• operattc:I.S on s.x ""<::.." c::::c types 
• memory <:~c:-¡:pe-ci itO 
• 14 t:'dcire.,t:r.g ::toces 

Pa~.tl= er::¡;hc:s"' ""' ~ .. n C'"'"" lo Ú".e =~.:lec
.. !o '."la.i<e tt o:':r.c<;c,;c.llregu:cr! -mL':! respect lo "'" 

<lqJ."'~''· tnstr\!c.-:cr.s L!r.c:uc:,r:<; c:ll ccic:e;stng 
moc!esl. =·d cic:=:o ty;>es_ Or.no;;or.=:y ::::=es L~e 
cnclutecture <=S)" to i"""' cna progn:rn. =c:. :r: ~'>.a 

cr:x:ess, reciuces !oc:.':! .-::e ~":"le :..-::-.;_;:...:o:~ .....,--_·e ;:o
;;:= =o t.':!es;o=e :ec;-=eé :o s.-o:e ;::~;:=:-.s -~ 

.-::et •eso.:.lt :s c ;-:...::: ;-ecou,-,:~:: :.::: :r.e cost ::-.::o :-.s~ o: 
ceveb;>:r.c;; sc;:--,=e. 

?.,:;n syste= tl-.:co.:<;:::;'-lt (·.:;: •e = :;;;:e;:::·e ~.

"""" rn.ú.l:on :r~.-:-~o:r: ::::::::0. :i::t:: -,;:,-e: o=:--.f:.~:-s "~' 
s.eccnál :.s c:c!-.:•>''e-c ""'"" .,.,--_~.-". :ec:i:!y ""'~:.:::::.'.~ 
s:c:né=-::i ;:,-,;;ciuc. .-.-:er:ocr.es "'"" c::,.;:;;;;-c~-,.,, '! ,;o~.
c:=aoss =es.;:.,., cies:;o: ~ex0:.:.~¡ ci ~"-e""'" ~o..s 

cllows t.;e ::-.:x:...-,g.oi o!ow c:nc '"'" "'er:oc:-:eo :: 
;>en;:i-.e=ls .,Ül. ~':!e ~:-ccesso:. tr.!:o:.--.:t::=.v ce· 
=g ~':!e t;".-::r.s: .. r =e en e ver"( =ess te .:eeo ::-.e 
sys¡em cperc=g ::1 ~ é::::::.e::L:""¡ 

The "-="""'""" cies:<;.-:: ci :::e 0U wc:s :.,=.-J·r e::· 
'lc:<'l>ceci ""r cév=ces :::to::!e :n se="'" <ec,;:-.o:o:;y 
!-'.:;h leve! :en:;-.;::ce """'"ú"' = ,.,.¡¡ as c-;:::ie O."'O· 
ciuceci ~cm "-:g"- le-..el <=.<;o.:<:<; es "''-"'' "-'" ern::.-:e.-::.y 
an ,¡...., :~ew c;;ens=on !5--c:t ::t:'".O: "2-n:: =~o;::oce•· 
..,,.... The :-..!C66JCO su¡;pc,...s !'.!<;:., !evei lc.-::;;-~:::;es 
m:h lts cor.sl:\tent c:c::>:eel".!.'e. m'-L!no:e :e;os:e:-; o..--:::i 
stoci::s, Ox;;-e cdci.--ess;...,_<; ::.'l;e ::_..,_¿C.:; . ., :eve: ==-· 
<;;\lOge cr:er.te-c lr'.s-~""l!c::cr.s iE.''-;:-: LC;-"t..Cr:<: C:-."
etc.)_ Aiso. oper<=:lt:.;¡ "\"Ster..s :m ::=r:::c.:.t:::; ·-• 
sottwal'<! cper=..-,g """"·"'"~""'e: ,,._., Y.C55-::~ )<L"'-· 
""" su;:.,or.eci ""r ;:n,.,;ege<:< .r.s;r.:c::o:-.s. ::::.e.-::o::c 
mar.ac;;.,::t<>nt. e: poW<>:-ó-.:l ,-ec~reo: =:ol:.iu-:e,-e, :::·e:· 
rupt onci :rcp s"'"~"="· =·d s;:ec-.i:c :.-..s::-.:c-::c~.s 
(EXG. LDM. S'i'M. 'i?.A?. etc. l. 

Th& proc:essor dso ¡;mv.des :Oc:.~ ::c::i.,..;:::e =~-" 
soitwal'<! U'.tericds :ct :::l.ll.-:::tocessor "'"'~""--' .=:e 
CPU chtp CO!::t<=.ns :O·.!S =:Oc:.--=cn :;::~:: :;:t ;:: •.-.e:= 
bus <rn.d ili=eci "'""'"'Y "~-V::0:"-":1.•"" (s::c::ec -,::.-~. 
othsr MC6SOOO proce;sso..s. D~~ oevtces. ~·;::_' ~.;._,¡ • 
nprocessor syS>er..s c:t~ 6o so.:::=r.ec "'"·-·o=~·::;:::<> 
=strt.lct:or.s ('1.:.57 c:.-::i S::-. TES":' :.-:C ~_;;:s~ e:c.!. 
The MC6SGOO ot:ers ;.·.e ::-.C.'<:::-.o..=. :k<:.;::<!:.:v ·-e 
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THE MCSllOOO CPU 

Aci·•=~..C =;.,.::ec.o::e ;::-:ceuor:; <:::!.:"' "~t o~Jy 
ollar ei;;::¡ent sc!cmcr..s ~!::::-;e c::::;o!er ;:::::::e,-.s oc:t 
"'"'" be de :o ~-=2<> =-~e s:::::.2. ''-";:!a ocoi:!e= 
mth ;>:'Opor::c::cl ei:.e>~::cy. ::~ .. GU :~o:• =~"ce
~ed :o c:Íer ::r ... :::=...'!:= :::. ;:e,.;==-=--ce o:...-.::i 
ver=--...\¡t"f :o sc!ve =o:., == corn;::ax ;:co:Ola,.,. 
eft:cently. • 

1"ne MC6SOOO ci:'e"' """'"""' 32-::: te<;"-''""' ,_., c:i6-
to the 24-bn ::== cou""" =ci 1&-i:::: s:=.:s 

,.lter IF•~e 21. 'ihe :rs: .,,c;:Ot rag:s:e"' 180-D7l 
,., ~...,; e:; dc:-.c: reg-s-ers iot i::y:e IB-!>Tt) • .,.c;-C! 15-b!) 
and Ion<; word 1~2-btl cper=or..s. rr:e """""¿.;,,e: 
e1<;ht reg¡ste,.. IA.ll-A71 rr.~ "" =<>d es <errwme 
Stcr::k ?tl1r.:ers =ci B~ ,;.¿¿,-.,., ?.otQl.Ster.!. L>:: cci6-
lton. 11>11 oeconc Sal d eT<;ht rag¡sters m<:y !>e \!Sed fur 
word and !on<;" wor<: date; oper=or.s. A!.! ct :..".a su:· 
,_, '~""" mc:y ~" IU&d es !nC::ex Re-;os:ers. 

Th• 24-btl !':ce~ Cou::.t@r ~:-o,~::!"" e ::emory 
addn .. tn~; r<:nge ol more ~:>en 16 me-;c-byteo !=· 
ally.l6.777. 216 bytes). Tr..10 !c::-<;e r=ge oi c::~es=-.t; 
capab¡itty. c:,.:pi&d "10'\~'l a )..!e=ory Mc::::;e::!e::t 
Umt. cllc ... s 1<="\0~. modular progrc::co to oe C::e
v•loped. o:r;d cpamt..ci .,.,~'-loc:t rescr.mg :o c-.:::<'..!o·ow 

ao"'• =<:! nme consu=; '''"rwa'" bocr..i<""PI·~.g 
and pa;mQ ti>Ciuuqu&s. 

~E!ll51UI CtREI:O A00RESS1M:>: 
O.."' Ro.;¡"'""' [)•oa 
AQ~'"" ;;,-~, .. ¡¡.,~ 
51&1\Js l!ooQ .,.,. o, ""' 
ABSOUJTE (;.:.TA AOCRESSóNG. 
A Abr.oo,to 5!>on" 

EA - C:.· 
EA ·"-· 
EA • Sil 

i':A.- (Na>! 0\brdt 

. 

a At>solufo l.=~ ~ • [N<•I...., ~) 

PAOGR~M COLON TEA RQ;\l"MO A.CORESStNG 
~ ... .,...,."'e"'"' EA·I'"'-"1'-0·• 
~ow..e .,., •~ou. " orr.... . EA • IF'Cl-->- ¡¡¡,¡ .. c. 

T.~e Stc::'.;.< 2eo;os:erl::<;' ..::::e ") ~~:::c:...-o.s '~-" ~~'""~~: 
S...ve1 Mc:ú; lE :eve!s ='.-:::.!::::0:~¡ ~ .,.,.:_: =• :::e c~::o..:
:c:: Cocie: 0--~:-2cw c.~. ::er~ :::. :;,;-=·.-e r:;¡, Ce:-:-! 
(C). c::C:: ~e::c ,:('_ .!.e=.,::~::::.! :;:::o= :O::s ::-.::.;::::: .. 
±<:t ~~e ~rccesscr :.:5 "' ::: ~~~-·= ~: ::::C:<> ~' ::-. e 
SL '?EV..SO:''.'f !Si s:c:e _ ,:_-,:::o- :::~e:::~ :e:::=.-_,_::-. '-"-"' 
St= 2e<;-.st'" :cr ;,_;,,_,,,. ~x-.~:-:'-'::-.s ::: '-"'" ~.!oa~:·: 
!=.:ly. 

S::< D=:c C:::::!::I :y;:.... =e s:.:;::pcr:eC:. 7::ese ~=-:::: 

,..,... ""'"' 
• B11s • Bytes (8-C:;,;) 
• ECD C:g1;,; VlctC.S •.:5-~t::.l 

· Asen c;.,crcc:ars · :.Cr:g wc:-as 132-cnsl 

L., c:::!d:~cn oper=cr.s ~r: cL".er :io::c ~· S\.:Ó ::,; 
mamory adcreSS<!s. stc:>..LS wcrci cc-.a, e<::. =re ¡o:o· 
v:t<leci icr In :.'-:e u-.s:n:c-.:or: set. 

,_.. . , . .., ..... '"""'" 
•• • >co·m """''""' 
c •• """ """'~·--"• • •~e·"''"' ,_,., •--;~,., ""''"' """' """~'"' 
s;; • '""---' .....,~, .. 
"" • "'"l""" e"'""'" r.. E~"'-"" e'~" c •• s,.,...,.¡¡, c-.., 
N.'""""' '""'·""'""""''~·cono-a 
¡ •• Ceo""''"' -. """""" 

• • REGJs:<'." II;Ot~E:::T >..CCR65l.."'.lG · 
. : ""=orlrec-= . 

P=:on,:,e.,..,l A"]'itf'Cin= 

P.e"'""""""''""'"'"' '""''éO! · R.,..n..- lna•oc:: ,..,~ ütter 
· ''"'e'"" l!oo<;)o;:or tna"eo: ~"' C<ls., 

•MMEQI,t,TEfl.>"P. A00i>E~ING 

'"""""""' Ou.c!< !orrn-<>alo 

• ¡;,:;·(A<~ 
E" •(A.xl. -'• -"'• - .'J 
~'-A<-- "'.l EA • (""> 
EA • (A•t ~o,. 
EA • (A•I ~ ¡Rx) -U. 

C,O.TA. Ne<1 'M>•dl•l 
WfiEAENT CA[A 

. .... -' . 
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Th• cddriiUUlQ ::oode; have b...,n kepl sunple 
"""}hout scc::".flc:ng e:z::=~ency All/ou.n""n ad6e,..u¡g 
·:;'::u OO"rcte cons!S:ently =d <:e :ndeoendent of 
;, >~.,_.:..,c:::on OO"r::ton ::sal!_ A¿dJnoru::!!y. e:..:! c:c

drH3 r.,.-:,¡:er-:~ rr.c=-r be \I.Sec::t :c:r the Chr..c:. ?.ego.:;:<., 
Indu-ec: =d lr.dexec <:dC::e5Sl.'""lC :noces. !: . .,-.r.ec.::::-: ... 
Pr~ Ce"-"'"' ?.el="" c::-.d AJ:,""i":e <:dC;-e.,:.-o; 
by del:.n:!:.On do "'"=e :::CC::H3 reo;-.s:e:-s). :'~r ~-::
aecsed ~ex±:!: :y, ::ny e::;:-.:;: : ..... .s:er -es ...-el!= c:.-::y 
add:ltSI re-;-.s:er- :::::..c::-¡;,. useci =en L-::C:u ?.eg-.s:er. 
AddreS! :eo;:.s:er o-:o~.=::er.cy"' =:,cu"=·ea ;, st=~
lnQ o.,ar<:'"_cns s1r.ee =y ot ü:e "''""' c:Cd.,-.,.,. r~.s- . 
'""' .:~ay be ,_,,¡¡,_ec c:s Vser ?:-o¡;rc:n S1~ ~tnters 
wLth thot !':eg-lSter lncit:ec: ?ost•tnc:e.:~entf?re

doocno.:~ent c::dd.t-e.s:..-::g ::occie~. Re<;" ..oler AJ. 1-:c:w,.ver. 
1.1 a spec:cl ,..,... ... ,.,, ~':::t. m addiMn :o \ls nc=:l 
add.t-us~-::;¡- cc::;x:::OL!..::¡. ;;,;_.,c.o"" es the Syste:r: S1c::i: 
Pcunter wl-:en s:--i-·-:::; :!le ?:O<;:=-Cc:c:c:e: =¿ 
St=.a Reo;:s:er ~' "-"''e"'''',. C<>i!s. - c:,..s =e t-."lte:
"-'PI:S: w~.:.!e t.."l. :.':e S\.:;:t-e:-r-"'ry ;:>Ode. 

Srrucrur..¿ .~1odu!c: ?:-~:;:c::::.t:".1nq- 7:-... <:::r' c:i ;:ro· 
=.1n;¡- c::-~c::c:;::xes.s-m--:• h= eveived :c;::ci!y :n 
!he past !e., ye=_ 'h::;:ero•.J.S ed•tc:nceci '""-~~--=::;::~• 
h.ave been C~ve!ope:: tO c:lJcw ec~:er. :::ere CC,.-Sls-
tent ar.ci re~<:Olie o;;e,.~rc:::::an oi :e~.,..are. ~.., o;;enerc::!. 
lh•s• le<:~-'"llt;ues r-...:;=e lnc::: lll" proc;:=:-c-~: Oe 
"''"" d:oc:phned :::. o::Oser·«nQ a cei:neci ;:ro

--=.L'"l'; stt"~c:t.:.:-e s'-."c::. c=o <:>odulc: pco;:::t"=:..-::;-. 
. uler ;:=e:~--~,. c::ilows a,~,...,: e..:..-::::-t:.cn e:-

•• ..cono 10 ba foro \:en~..,.,,..., l.":or. :::oc~es or .-.:::. 
rc>c:l:.r\es :l-.ct c::-e c:n::--"eiy C:ei:.ned =C: ecs:.iy ;:rc--
="'G<i end :eo:ed_ Sc:c::. a :ec:,..r~orc:e :.s ~·ec~y 
"""pW:!ed by !he rroo:-Jc:;,:!.tl"{ d aévo::eeci I:lC::..":'C cs-
H<nbler:l =d bloci rn-.:,..ll'ed i-'.tQh i.evel i.anq-~c:ges 
such as PASCAL Suc~. co::ceplll are "1rrucily t:Se· 
le ... how&ver. unless pcrnrneter:l ore &CS.tly tr=.s
ferred botrw .... n cnd w:thm so~cre mod·.ies t.'l::: 
operat• on a reentt=: =d :e<:1.Lr:I1V& bas:.s. 1-:o be 
re-entrar.! a roun::.e ::o:.:s: be =ble Oy ~'"lte:-:-~¡::t =.é 
non-rn":-:-~¡:t cir.ven ¡::=-_. m~'>oc:: t.':ot :Css oi 
ci=. A rO"C"~:s:ve :<>\.:::..-::e"'""" :.':e: ::::::y c-...:! e:: =e 
ase!!!. ir . ., MCSa::ro ,.~==;::<:•:-usc:r ;:o'~¿.,, ,:,., 
necessa:y arc;,:ec-.:::-:~ :~:es :o c:low e::':=:~::: 

rMr.tx:nt :::o¿,.:.!:::- ;::oo;;:-c::::t:".:..:,g. T::e ·:__::-..-;,:-· c::-.ci 
"UNLlNI.:" Lr-"m.tc::or.s :..duce su;,rouc..-,e c:::l 0\"er
head 1n two C0<;1p)e<::er.tcry ~'l.S:r"~ct!O,..S :;,y ::t:.:c"-----oo;; 
:.'le man:pt.:!anon el ll..-.i:eci lu;ts o! cic:::: :::-..ao en '~-" 
stack. T.;e '"S7!>!" ~S:ore Mub~le Re<;:.:ers) c:;:ci 
'1DM'" !Load Mu.!c::Oe ileg:.s:e:s) tr.s~-~¡:-__:cr.s 6o :e

duce oubrou:mot e=!! ;:=r==:="-C over::ec:::. !:~ese 
ciJo.,. ~':e loa:i:r.g o: '"'"";'. · . ..,a en e~ec:::ve ¿¿,,,,,_ 
a>u.ln¡:le ,,..,.~rers ~'::::: c::e s~..J:ec i:y ~':e ~:--::c;:::::::

t:' .. r. Su:tHn so:=cc:e ~---=? '"""'""' c:::-e p·av:éeci ""~"'
; __ ~ '"'inAi'"" •=::-"c::t::>c: =é are useiul1:1 e~erc:"..:.-::;; 
·.- ;tem e::> JI rou:::-:es '" user ganHfC:ted ;;oc:<;:~ 
-~-ÚI!nes.' Other m.s:n::;<~on.s ~'-le:: sup;;>crt ~noaem 
"""'ctur..d ~rog:-::;:,:::¡r.g- te-chmqces e"' ?EA l?~sh 
EU...._-,ve Addre"-'11. LEA !Load tliox:t•.ve Adcires.sl. 

71 
RTR IRellJm te Restare) "" wotll as the nermc:! JS?.. 
6SR and RTS. 

Qj coutSe. the power!\.:1 ,·ec:tc:reC ;:n-.::>r.t"{ ;;:ter.-.:::t 
Str.letu:-e ci t.~e r.::lc:-o¡-orcc:onsc:r a~::>ws s::c::;;r.t· 
!erwc:rc: ge~.e:-ct:.cc: oí '""nt:ent :;:ce:,._!= !:::::.:e' 
Cllrput """"-"!.;,..- E:;;=:: ::::si:ci:le lev .. ;,. e: ;::::::::~: 
..-;:.'> 192 vec-.o:- ~::or.s ;::-o·r.e• ::::::<:.:::.'-!::: ~<-X:::::'-:~r 
fctr 1/0 c::::-::mL !A :o= e: Z~E ·¡ec:cr !c==~.s :::"O 
cvc:lai::!e :or :r.ter:-:.:;::s, ::e:e.,.c::e t:::;:s. :::::: 
s.o::-:o-a:e c:c:;:s.l 

!:r.prov..d Senwc:re Te.<:cbd:~¡ - O:>e ci :::e ,-,:;e: 
:os:.S ~~e sys:em ¡:rag::::..,-_.,,., encour.ter: .,c.er. · . .,.,-,:
;n;¡- SQ~';";'c:::-a ~r ""c:oc:o:;:;::.::ers es ~'"le cerec-~on :r_c 
o::>rrec:'~cr. 01 e=rs. ce "ée!>c:;;;;~"'-<;· :r.e ::..-:oe :=er, 
:o "ce bu¡; · """"'=" r.<>=iy "''·"C'Y"' """"-=; :.~e =--~"' ;: 
:ci:&s to "'""-"':.':&se""""'"·~., ¡::<::::t::e. ::-.e e!=::.~: 
:".:le c~er. c:;:¡:~es: ·c:..,_e l<:.<' :~% c:i ::~e :o:o :eq·.:..::-~s 
aC% O! :.•.e e::'o:-t_"" 0:-.e ::::::o;:rocessc: :.-::::-:::-;o:::::-:es 
.. .,.,.,¡ !&c:~.....-es &.c:t '"""""~".e c::=ce ::: e:-:c:;. 
Th•se Je<:\"~:eS. S"~C:t O:S C..--".t><;:~.<:J!:y c;:d :!:e S•:-CC• 

:.1ro-d )/.ociulc:::- P:c,._.-::;:::::..-,;¡- c:;:ci::~:¡. ;.::-.·e ::::· 
;ea,:ly ::-r. d._:_,,-.:..ss...:;:, 

O! :nc:¡or '"'¡;o:::c:::-.ce •o :!-.e sys·e:ns ::-:;-:::::;:"'"' 
are iea:.:res ::-.e:' il=--·e :>e~:: t"-CO:;t:r~'"'-' s;e-:.::c::.:.: :' 
lo ,;e:ec:: ~h.e =c--.l.-:-enc~ ci ~:::><;:c.::::::-~;-"~"'"-"" o: 
'b""'-" Sevotrc:! ~.c::c:.,-:::e c.:::s, ;:o··"""" :: :::::.:::::~ 
O:r.c=ai :r.:e:::.ci ""'"::.:::::-.:: e: :.-:G ~-tS~aC~:J ;:ce~'. 
se:, cietec-: ~"-" :o!!cw-.:::;- "=' c::nc.:::"'· 

'NorC cc-:e'" w:.:..': =· cC:: t::::oite .. 
~e:! ~-.s:."\:::-..or.s 
Un:r.t¡:::,.,.,_.,,.,¿ ~-s~-~::-::.~,._. 

OJ....-d c::C<i:~...:..-.;;- "'-?"" 
llir>Qd Memcr¡ acc<'"" bt.:• e=r! 
Qv .. ..-Jow on dr.r.d" 16·nC:e by :eiol 
Cvertlow con:i:uon coce lsepcrcne mst:-Jc::or. 
TRAP~ 

Ad6~ond.!y, 1!1e '""""" sc:.Wc:::-e TRAP '"-"=::--~:,---__, 
mcy::;.. '-'ttl::ad Oy ~'-le ¡::e<;re:::.:ner :.-, pro·.-::ote =;:;:::
c:::aons or:ented e:ror aetectlor. or co"e~::~;. 
"'UIIS'LH. 

Ar. a<:r:i:::.e:ocl e..--..-:or Cetec:t:cr. :oc:l '-' :::e e:-::-: 
!Ch..ci Re<;"-"'·"" A;;=.s-. 5c:.:=l ,._.-.,~::-~=~-:os..-::. ::: 
c:rrcy boum; c~.eci:o:'-'7 '::;- , . .,,.._y_-,; :r.::< O "' '""e;; < 
U.\111. A t:"t:p """'~"' :: :~.e :egl.Ste: c:nter.:s =<>· r::e--;::· 

'tve er c;ree:er ~'>c:n :.'::e :c..:--~:-

F;nc:.liy, the MC68GOO t::.:iccias e i::::-.!:.:y :hc:t ::.:!co· . ..-s 
LIISI;l.:C1;0r.·by·tn.st:"\.:ct:cn ::-e::;-_-,<; oi .e: ;:ro<;:c::;: i::eo;_ = 
debu<;¡;ed. Tit.:.s T?.ACE ;.:QDE ,.,.,.¡,. :r. e: ::= ;,..,,; 
maae te e :::::::<::.; ::c:t1..,., c::er ecr;:::. :r.s::·~::::;_ 

I!XO>C"~t:e". 7'::e TRAC2 ~!CDE ts cve:~c:::Ole :: :r.~ 
proc;;:ca:::rr.er .,.¡,.,.., '~-" :n:<::e¡::r<:>ces:sc:: :s ::_ :':~ 

sc:=:;;:;-,-:SC'!'t.Y s=e c:s .,...,¡¡ as :.':e L·s:;;:=. ""'"· =~e 
t::'={ er.ly ';.e enlereé .,..~~:e:..---: 6• S'-'O..!'V".sc:;· s::::~
The St.;;::;;:=v~SOR:'i:.'.;:::."'. st:::es ;:rc-r.de :..-: ::::0::.:
::o:>nc:l der;re" oJ e::c: ;:rotec11en :er '"'" -:o:<::c
processcr by previo:::-.-; .":l&r.lory prelec::o:: o: 
s&l<>eted mee::; o! mer:-.::>:y -.~ner. C:."l<>~1dr..cl mer::c:-¡ 

mcr.a¡;err.eni """'"" '" c.sed. 
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FUTURE FU:XIB!IJTY 
MI=prccesscr "il..Si C".rc-.J.:: :o•c . .""!nolcqy es cé•J'CI'.c· 

LO.<;; ct c:: ""'" ::::c=sc.c:c; :cta. f'~r ex=n;:!<>. :;:e 
Mc:ordc: !.!CSCC~ - =~-<;:r:C:::.:y :r:::eó:cote ~-:. ~S74 -
fo= evak!!C :.::te :: ~.:.:=.:..r ~: "'"'" c:::·.=.,_~.,¿ ;:toé· 

• UC"-'1. ;'h,.; "'~"~-~""" 0.= '"''"' c:;c~.c; """"~-"..S: c.-:· 
c:-ecs<.ci ó:;r::::<:::O::..:~r- m~':. ce MC&EOZ c.::c Y.CCOOl 

-::"';:"'""'· == : .. ::e~ ;:•,.;===ce .,.._,_., 
: C&E~·J. !.\CSE=:X e:;-.::: MCbee>S r..oc:::¡::-oc,.,
oors. rf>Q'~':e 4). C:·.e oot:::u:. ,..,.¡¡;:!=_.,..a, crr::-;,:!ec· 
N~ !x::se ;>""v::Oed ~Y :.'1& ""'"'"cl MC6800 mcée 1t 
po.,.!l:le :o ieveiop m..,. .. =proveo p,Cue'-'l wde 
tabn9 "'-1! cdvc...-:t::o;e ci the .,"10< •p....ci =el d.on:s:ty 
enhancerner.ts :o NMOS VLSI. Thu wes ce· 
ccrnplished wb¡je :::-.c:::nta;nrng an ur.;:•ece<ienled 
do>QT- of compc:Gili:yc:;-.a cor.fll!;tency WIL~ the onc· 
ll'lal MC68JO ),fPL'. 

Sl.ttu.larly, a :::ator O::r-'!:C:erc:ncn w. L'le devetcp
ment of Lh.e MCD8DOO ::::coproce.,.or h:tS t-n te 
proV1de e <;~. ocUc. :Out Uexlbie. bc.e lor :u:u....., 
•nsnst.b!h~¡. s .. ver::l c~~..¡tec::.:rcl c~::ce;:ts ""'"'"" 
b.en tno::'>'~co:<e<i ~':.c:t .,.,¡¡ celo.,. t"-"' c:::vc::c..C 
produc: :e ;,., e;_'::c.-,.::o-:: ::s se::-.:o::r.Ct.:=:or :ec;,nolc<;· 
>:al aCvc~.ces =e" ::oc::e. For "=;:!e. ~.,_., b;~-ly 

onh<;:.;or.c! .::-.::;"'".::e e: ~':: .. C?U cl!oo.o; c;:er:::.c:-.s e:: 
S-bu. 16-i:::: c::é 7.!-::0:: ~-:·e.;;e<"S .,.,~'::out ~-... ::~ ;:,: 
co::cct@:-.c~:>:: ci ."e<;'.s:e<"S e: ::tu.!: pie•;:'; ci ::::e,.,=! 
d"'a buses. 7"= :e-;;-..:.!o:c s:...,C:Iml ci :!:.e C?li :.,::d..s 
t!:oell to c ::-.c:e co:-.s:s:er.:. :e~c:ble Cest~ :.':.at c:n ::.0 
eas!ly e>:;:c..-,:::.,c. 

The MC6SOOO :n=:pora:es a ;:rc;metc¡y :r.ulu· 
leve! ==·;::c-.;:o:::::::eci st:"l.!;::-~re thc: allows .,g
nútc:nt ve=::l.tty ~., ~.,., ~.,plerner.tc:nc:: 01 :::.s:ruc· 
ea L'l lco-:. :nCfE' ~"-= or.e-et;n:h oi :r.e L:U\fUC::cn 
o~e r::a;: ~-= ~:: ...,, =de s;:ec-. .hcally fcr tm· 
pler::entauon ot !uture LnS::UC'.:oi"L.3. [¡, L~& t::ter_.,. 

. . : ... · 

. . . . .· 

W«or t.:r.pleme:-.:c::on e! :.;:;::-.:::-::o:-_, r.ot c-.:..-,e:::O·,- ~-. 

:.~e :r.s=::-.:o:: se: :.s ;:tcs=i" :h:::1..:;;"- ~'":.:S<>"':::~ 
~ '""'-""'-'"''<::::. es ·.-e!: c:s '"" :::::::.,.-::::~ ::::~ 
=.:<:::\!... ..... 

MEMORY MA."'AGE.,"\fDl"T OF 
LARGE ADDRESSJ:IG Si'AC::: 

The ever·c.&e:ec:st~.<; cos~ o: '""'"·'~~~.C:·~o·.o: 
:ner::ones 1!1 c;rr.b:r.=on w:~'; :::.e =;o ~~ '";;;~. :~'""' 
:c....,gucc:;;es c:nd so;:t"'-st=eci 6c c;:~:-c::..-::;; ,,-:ne::-.s 
cllow Motorolc"s new ¡;e::e"::t:cn o! ~.1\;;,. ;:e::o:· 
=ce :rucroprc-c:esso~ to ~ .. '.lSeci "' cor:-.;>iex. ::::<>r..· 
o¡y tnlens1ve a;:;¡hccnor.s. L-. ordO'r 10 r:".&@l ~'-¡~ :¡e,..-'_; 

of st.!é cppk=cr.s. ,r,., MCE80CC ,. co:;x::::e oi ::.:. 
rtOCt.iy cddr .... ~.,g :::or& than 16 m<>qo:·:Oyres e: ::::~::::· 

o¡y. Tiu. la;¡;e cé6-as~ spcce ts c.::o-c:!y :::~=.,<>ec :::-:::: 
:::cr-.o;:c;..C "1<'1""/ erl:<o-.en'.ly on a "<""~te: or oyre :Ceses 
Sli".ce oper=.¿ s:;:e :.s s;:=:Otc i::y th& ~-.se-~=c::. '.~e 
us.e of l';op" ~" SL-obe ILTSl == '-':we: :::e:·;: 
St::t>Oe !LCS/ s:t;r.cls <:Uows &erf =ess :e C::;;C: o:::e: 
:Oyres. !cw ,,¿.,, "oyres. cr ""'Oo6. 

S..v.,ra! c¿,;,~cncl use~..:.! :e=.1:"" c::e ¡;:-:;·.-.;::~e 

~~..ct a!low ~':e ;::-o.;:-;::;::r..e:- to "=o:e::.:Ov :::::=~.;:;;" 

:::e<:l<>ry =;e. ?owem::l "'""'"IY c:éc:-... s:.::.;; ;::e ::~s 
st.!c;,. o ""'"''"'"' i.;6:""'. ~;:::exec. S~.;::-: o;:::: ~~~.; 
A.i::so~u'"· o:~.c P:oo;:c.m -:;:>u;.'·"' "i\@l::::v" el:c·.-. 
weil-c:rciered =ess te s;:..:::-.:c ::::emc¡y !oo::c.=~.s 
Tiu•se ccidr .. ss~;.;¡ :::ocin e.ilow ecsy ,.¿¿,.., .. c=l:: ~'=· 
~ons ffiegtster !.-:cil:""' c::ci b¿execil. "'"'"' o:cc<>ss := 
:nttmo¡y loco:non ISho:-:ar.r! L'lnq Abooh.:te!=d ~CS:· 
~on t::ciep.,ndenl "' :elo=t:bie coch::q l?co<;;c:::: 
Counter Relan.vel. 01 ~urn ... :he P:e-<Oecer!:e:::· 
f'<:Jst·~"lcrement AegJ.Stnr bci.r<'Cl A<i±esson; :,-,cc:es 
alsc cllow eltce::Lt r::am:c,;eme~t o!<!~= L:\ "'""'~'"' 
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by poorm.li:.."1Q' the proQT=mer tO 9"""""" c:s l:!artY 

.,... •!Q' ht<:onc> .1nent !!c:c:b or queues. Another f...:ture 
clJo..., '-"-• ¡::ro.;r=.':ler to n:ru-.aqe !he u.se oi 

=ry !.S !he Cr!K ~Chooci:: ?."'JlSS"' Aemr .. t iiou..,c:sJ 
ln$tru<>Uon. T:as 1r"m..t~on pernu.s tne se;,...=• 
lmple:centatlon ol e ba~u:: "'""'"ry prctecuoni 
maneo-ec::ent Sm.JC"'\lre. 

St!ll ano~"-er SL<;r.Ji:c=.t l<>=e ~roV1d9d ln tl:e 
MC68000 tru=pracessor ::s the d.u;c:tc<:on ;,..rw...,n e 
USER ar..d o SU?!:?:'.'~OR moda. The Su;oBIISOR 
mode ~=!.S ~er::<:n pro:ac:ed o¡::erc:nons W"LL."lln th 
p!"OC"IIssor S'{!:ea::." Of J'4:"tlt::ub:r ::lterest l.S thct en 
eX!<>mr::l MeC>Ory Mene..,ea::ent Cont:"oller ::or=y "" 
~ when thll ptOCGS!Of !.S ~., ti-.<> lJS2 ::>oda to 
='<• the !arc11 ed<ires.s s¡>cce br tl-.e progr=
.,.,_ Th• controhr"s <;.ernory =c:ce<:~eru c;:.em
I:!Oflll c:r• =-¡:x::er.t tC the prc<;:c:=er wr:.en ,_.,_±e 
USER cocle C'.d ccn be ócnr:;e<! or r.:;x'~""' ""'Y ~., 
the SV"FE.'\1/lSCR :node. The Me:norr !.le,a;e::oen: 
Cont:-oll•r ¡::rov¡des ::.0<.."- =c:ce"'-enr ci e vc:::C::O:e 
nu:nber o! vcncl:ie s::e seqmer.ts IMe:::::c:-r So><;:::,e!:

tcuon) =d dync=c ·"'"""""""'""' ~: ::::u.:!t:-tcir. 
rnerr.ory reloc=on e:::ci prorecnor:. -;-:.,., ~~""'"'""f 
Mcr.c:;ex:uont Cc:1:::-c:Ue:- requlc::te$ =ss :o s<.O!"Ct;e 
se<;r:>en"' ti:.c::l a...., oe<i:ca-..,¿ :o :ea:: c:-Jy C::::::c. 
rec:dhmte de-.:. ;:.:_oc¡¡.c::::::. C'Oée =C: ¡:,-,t<>c":e<! d""::! 

='•· 

RE:DUCED CODE DENSITY 
ANO rMPROVED SPEED 

W1th the adve!:t o( !ow cost. w.ry !-~en der.,;tty VtSI 
RAMS cnd ROMS. 11 r..1r;;ht ~.,cc,..,ec-Jy :.a cs.su=:.ed 
th<:rt th• n:.u:tber o:i bytes e! c:ode n....c.,¿ :o exBC"~"' e 
'"'""" P!"O'J1"= !.S r.o lonc-er mtpor.=t. Cocie denstr{. 
however. ts vary =~co:~. >l..,<:& =c;:rocessor speed 
!.S !u<;I-Jy olepenC::enl upon th& nur.-.ber ci exBCUted 
ut.Stru<:::on worC... Dunn¡¡ ~"-" ec:::ly dev@ic;:r..er.: e\ 

Mctorola"s MC6SCOO :nlcroprocessor. extens1ve 
srud!es were rr:aCe ol ü·.e u.se o( ;r.,;::-uC"'..OI'.s ar.d 
Je<;Uences of ~""l!:r-~cttc~ 1n m=y :r.tcrcprocesscr 
appl!c::ttcns. :::ese 5tt:d:o» 1domtú:O-d ncl on!y 01=
cclly fr...::;t:ent ~~.,;truc::tons but rrl..o d'{t'.c::::-~cr::J:y fre-
quent ut.Struc'::or..s. iTne dync=c t-...::;uenc:y el ~.,. 

strur::tons,. a m"""'-""" el hcw c~en = ~~.,;:n:r..:cr."' 
•:re<:>.Jtea wiWe !!::ttc !:cequen<:y"' e: ::1i>C::!S<!re of hcw 
c!ten 11 OCCUI1. 11'1 a P!"O'J1"= llscnr;; cr "'er.cc=tete<:i 
by an CS$01rnblerJ. Th& :nc¡or r:cn:r-..bt:ter te 'he :n· 

1) 
c:-ecsed af!:u::ancy, as e result o( tha srudlu. " '"" 
h::;hly ft!'gU)c:r or orth~ cr:r::l r.u~u re o! ~, .. c:::-<:."1.:' "" • 
r.Jre. Tn<> '''"'''"''""<:'(e~ ~--• cot:r.Jtec-:t::-e. :r .. lr"~c::o!: 
set, c:nc. ad<ireSS:.."lO" :::.oc es s:q:-..t.!:c"-.,tlY :..C:.tcas t..".a 
r:umber of 11'1.St:"1.oe""..Or..s ,.....,¿...,; tO aceorr:;:hsr. e r:;:ve!: 
tc:s.\:. Addl!:onally. m=-r t:-utrue!:o~ hC\"& """'" :~.
cludad to s¡:B<:lftc::illy lri'.prove occ;:e dano;'"f cr.c 
'<;leed. for ex=;>le. •~-:;:;ie wc:ci Acid =d s~~::-::::-. 
tr .,;:ruc::or .s '-"' tr.t; O .JJá l!r. ::-. edlata o cd: """"'" c ~o w ==· s:n::ill vciue c::;t.."1:::1euo c¡:er::ttor..s en dele r«;:.s
cers anc "'""'"'7 A Loe:::! Ou1d: LT.::ted!C<e r...::CI 
pror.ci.e• ~"::e al:tl.:rt :a iccd e s::::c:i.ll8-b::l o::;nec "'"'" 
,_.,,e =Y reo;;.st&r "'e: otn:;ie .,ord o~er=o!:. ~~- o::e:
!o un¡;rove :he speec:: 01 :oop o¡;er=or..s. ::: s:.-.;.e 
wcrd ~~.,;:ru¡:;:¡cc "" Co<::er..enl Co~:ll :,y Or.e :;::c 
Br=c~. ú """·<are CC:,"71 :s ~-:c!~ci..:. 0t cc:.:...,e. :::e 
T?.AP. S:cre Mul:::la ~.e-q'-'"'"' ~~-~1. Loc:i ~~-..:i~:;ie 
?!ec-.,;ters IT.SMl. !_.:.~.<; S1c::c<. 1'-!~Kl. U:::!:n.i: .S:c:~ 

ll.JZ.."L.:C =·d Checi: '-::r~t lCr-:O:l ~-... ::--~=--~=~_. s::;=
=tly redu:;e coce :~.o::&<::en:s b: s:.:::rc:;:~~es. 
"~""""'"""" ;;ste::> c::!.!s =:i s::::r.:.-,.; o:oer:::cc~..s. Qo_.,.,,. :i-.,;:ruc>~o:-.,; ~~e:: :Oei;J :eo::;c• ccd.:r.; , ... 
=e::::.e:::s c::::ui =;::-o,·e ¡:e:-:o=::..-.::e ci c:-:~---:-.e~: 
c¡;ar=:::-.,; e::-& Sl;-,..c :::..-:ci ¡; ~..::::;:;..,; !-1:;!::;::., 1!-~_-....'; 
=¿ :r.,_;;_::¡_ sq:::...::: =::::! ;;~_.,,.~-"" ::·-~=" ::r-:s =~·,o 
:::rrc:l. ::!C:J Ar-.:.:-=.e::.c 1r2c~. s:::c:. ?A.CY. =~.:: 
UNPKl es well c:s ~.,,. <t=c::::-::: ;,;:::::-¡ :::::o-;et ~c&r::
cons. c.~. o,-,ier :o ~~p:-o~e t:Oe e:=c::e:-:¡ e:"'-"'""'>"::: 
t:-=.S:.,,.,-_.,<; ti::-.::. e ;:>o""e:n:.J MO'·"E :i:r.:: ::-.,;::-"""~"" 
!-.a.s h.,:;::: !nCCQCt::::ec: :.':e:: 2!o.,.-s :!-.e ::::-:-.,;:er o: 
l::ytes. wctés ==' b:1;; wo:6 :r.ci o¡;erc:es ~"l. c:I! 
date c:dC::-,.=<; t:::oces. 1.-:'-"S: te-;-.s:er-tc·t~:.$te:. 
re:;t<:er- to· me !:>O :y, :t"l a :::tC ry- tC.· re<; :s te:- :: .,¿ 
=-e=ry·to-:nemory ::::..'1-Ste:-s ere ~P.:-::-~r.e<!. 

In edd:.::orr lO L.":! e power..Jl :~.,;c-~c::totu ~':ct ~tC\Oce 
" s~t=or::ltrr:¡Jrover:mnt 11'1 procusor :::rou<;Í'.·¡Jt:t. 
nr.::nerc<l.S c:rcl-..:t<><:t:.=C::: ¡,.=es s:;;:-..t.!:::e::'.!y :ea<::" 
~"-e execunon t!ri'.es ~or cll 1"-":t"~r::totu. ::-.e se~c:-::::e 
l:tcn-muitlplexedl o:ic:-ass c::-.d dc:c 1:'-">as. ""'"""" 
Mn pre-(eccn p¡pehr." cnci 3Z·bl1 mier..ci :e-;:.sce:-s 
c:ra mC)or ccntnbr.:tcrs te tl-.e p:ocusor s ·~r.iK¡~:o:ed 
per'.or.nc;mc,.. As en ex=¡::e al :.~e ~ar!o=:o~.:e 

c=;,J;ry e< :he MC08000 Tc:ble 'i:! an:l ·.•.e e::::::-.· 
¡:x=ym;¡- g:-c;:h.s ~.,_ ~:;-~'"" S c:nd 5 sur.-.r.-.:o:-..:e :~.e 
"xec-~cor. ="• icr e: n·~f!'.ber 01 com:no~. ~.,•:.-~e::~~ ... 
F cr ccrr.=on ¡;u:;:>ose!, s~--n:!cr :.~.:or,":l<::;Q:: '-' ;::::· 
_.,¿.,¿ :or Z:log"s ::..;~CJ r.~=;:::oce!!cr. :1 :s :::::e,es:
~.,; to cota t!-.c::t ~':e MCC2000 h:os s:r:;=c<:r.~y :c:s:e: 
exo=..:ncr. nmes. 
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Zilog 

Dualpdcn 

!\<>qUI41". ea1y-to-use ~cÓH""""~

In.stn.u:Uon •~• !r.Ore powedul lh~n "'""Y 
<nLniCO!:IPUiers. 

Dir&e~ly oddre.,es 8M :Or:es. 

EL<;¡-ht wsE":·sel~ici• ú:2::ei!!O.<; ,,oceo. 

s~voon ru, .. :y~e· ~-.4[ ,.,<;e ;'""' i:ms :e 
32-btt ton:¡ word.s and wcrd "'"'~'· 

System <>..-::d r.cr=::al cpe:•n~.<; ::::>Ceo; 
oepoorote code, Óld ~mi ""d: sp.oces. 

'"" U.OCV lS "" aG.vonceci b;~~-~nd !;;-::;" 
""cr<>proce,.or t:tot opar.s a "tde ~anety ci 
appl:cot!on; ronqmq !re::! OLtnple s<and·•:one 
c:cunputei"S lo ccr::piex p.:r~l!el-pr~"'""" 
ryrte,..s. EssentJally a monohtbc ::nnH;o~;.outer 
central P"'c"'"'"q ~mt. t.•.e ZSOCO CPU " 
chcorac:"n:,.¿ by •r. o~.s:o~::::on ''" ::-.o~ 
powerful than mony mtntcomp~oecs; resources 

obunddnt Ln '""'"""· cia:a types. acicire.,.,r.q 
mc>cies and addr...sc:>q rar.:;e; onci a. '""~lar 
uch!II!'Ct\lre thoL er.honces thrcug~put by 
avOidinq c=mcal bottleneclcs suc;:. "' ¡::¡pl¡eci or 
dedlc:o.teci re<¡lO:ers. 

CPU resources •ndude ""'"""" 16-0LI 
qeneral-pu:-pcse ""''"""'· seven C..ta """'' 
th.ot ranc;e iro::> b::s :o 32-b:t lcr.<; wcrc.s Dci 
word smngs, and e:qht usN·<eiec:allle 
oddr..,.¡nq c::codes. <;,,. 11 O ci.t:.:tnc: l!UINC"~On 
types c..n bo. co::-.:•::eci wtt:O the vonous cota 
types .ond oddre"'nq meces lo !or:::~ o pcwertu1 
set of 414 ~R.st.-uc::c'·'· Mor-eover. ~Ce'""'"""" 
Uon 5el e•h•!oll5 a hH;h é=~ ci reQJ1or.oy: 
moot tnstruct:ono c•n us~ O::ty ci the ltve "'"'" 
addteoOl::t<; :::toci"' ~c.<;! e~~ oper~:e or. b\"e. 
word or.d 1cr.q·wcrd c~to tvneo. 

The C?U c~r. oper4t~ •n ~:lr.er 'Y"""' or 
ncn::t41 codes. ;; • .., d:'"""'""n berwee~. ·.~ese 
two :noc!es ¡oerm!lo ¡ortvt1....-,¿ Qperot:cns, 
thereby tmprovtn~ operw~q sy"er::t ar<¡ar,!%4· 
!IOn 4c.d tmplement~lll>r.. !4'-'itlc:oq:~::-.<::>::c;,. 
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Z8001/Z8002 CPU 
Central Processing 
Unit 

Product 
Brief 

Auqu•t 1979 

Scphtsnca'ood :r.ter~pt .,,..~"'"'"· 

Resource-•ba,~; c~pé:htLes ;~, 

<::.ult:prcce .. o:::; ''~''""'-'· · 
Mullt·proo;ram:::"n<; o.rta CC:':'.:ot:er •~;o;:or:. 

Merr.ory ::~ano<;e::".er.l e,¿ ~r~;<ee:cr. _:,o· 
vtéeci :>y Z~0\0 :-1emcry :~•-~•<;e:':'.e.-.: ·_:,,,, 

32-btl operao:ons. :nc!~ctr.<¡ "<;o.e:i :::~:tt;:iy 
.,¿ d¡vod~. 
Z-Bus COr:'.patl;,]e. 

S!ó;:=r.""" =~ •he '"o:cr:::>c" Tes: ~r.c: ~e· 
tnstructlor.. C'lu:n::roce<""·<:J by d c:rr.ctr.~"cr. 
el :c.struct:cr. ~r.d C.~:ciw~"' ¡,.~''-''"" :::: :c::-.
p:l"" by "'"h:;:ie st~ci:s. spec:ol '~·"''-""·cr.o 
ond oddress:nq :noc<>s. 

• -" -•m ·--- -
-·~ ·-....... -m. •• 

~ 

•• -•• -•• ~ .. --- .... , •• ..... 
~· ·- -~ -= -• 
~ 

' -
1 1 ., ... '" •m 



D....,.!p!lon 
(Conunuedl 

The ZBOOO CPU,. otfered Ln IW<J •erS<oru: 
:he ZBOOl 48·p!n •eqmer.ted CPU ar.d the 
Z.SCC2 .;0-pm non·<e<¡men:..a CPU. The mo1n 
dJ/!erence :>et,.een the '""" LS Ln '":icireSSLr.q 
rGnqe. The ZBOOl c:n o"ec.ly 4oor..., c:.t 
byt,.. o! memorr: the ZSC,02 órecly ocicireueo 
64K bytes. The two opetotln<; mocieo-•ys=em 
end nor::~~l-anc: :i:~ ¿,.;;~c::on ~~~~ coc:e. 
data ~nci ot~c~ SP"Ce< wltr.Jn eoó mode ollows 
memory extensLon u~ to -\OM byte• !ot ;;:, 
Z8001 ond ~5~K by:'" !or :he Z&..""I(J2. 

To meet the requJTement> Ct com~iex. 
memory·lntenSLve •;;:hc~t:c~.s. ~ comc.!::uon 
me:nory·m~r.oqe::-:e~: ciev>ee ,. ~''""'"- :or :ne 
ZSOOJ. The ZSOlO Me:nory ~.fonoqement é.l~t: 

man~<;eo the lorc;e d.:ire5S owce by pro"'"'""'l 
lHtu"" stJcn os <"<;ment relocottGn onci 
memory protectmn. The ZBOOl con be U5ed 
w1th or wlthout lhe ZB010. lJ ~sed::,! :tse!:. :M 
zaoo¡ m!l prov1deo on SM ::,yte ci:rect ocicire!S· 
onq ronc¡e. e~:endoble lo 48M byte•. 

R-.¡isl•r O<;o:nizcuon. -;-;,;., ZSOC{l C?t; ts • 

teQ!>ter·otl~nted "'0Ó11ne :.oot Ms """""· 
16-btl qeneral-pur:oooe rec;L>:ero. :;,~ ZEOC2 
CPU hs ene S:dC< ~tnter '"""'""'· or.ci t~.e 
Z.BODl hao t·...-o. 

Staclcs. n.e t:EiQCH ~,¿ ;:8~(}2 C"-~ •.ose o;~d.s 
1ocoteci anywi1ere '" r..e!:lcry. Lwc ,,.,¡,.,.¿ 
,¡.,d poon:e" are ""adaDie: th~ •rsl~m stoá 
potrrler ar.ci :i1e c.or::--"1 .:~cir. pcu::er. 

R•lr-h. The i:BOOD CPU c~ntom• a cour.ter 
th.!t can be useci to reiresh ciy~.u:::c r.~err:<>ry 
a"tomotte.olly. 

p,...gram St<rtus Reqiotio,.... Th" qroup o! 
s!4tus te<¡>Sters contotc.s :r:e ~n;qr~r:t em.:nter. 
lloq:o. o.nd =ntro1 Dus. rnese "'e autom .. ucolly 
Javed when "" tn:ec:-upt ar trap occurs. ond o 
new r.atuo q:-oup ts iO<>ced. 

U.t•nupt and Trap Structun. The CPU •up· 
porto <hree 'Y!'@' ol Lnterrt:pts: oec.or..a <:nd 
nonvec-.ored :otos\;.o:ole. or.ci no:u:>a,Xol;ie. 
There ore lour trap· •roter.-. cal), 
"ntmplemen:eci tr.s::-.oC:IO:l. ;mv1le-:;eci '""t.-.oc· 
bon. ond oeo;:,-.entoucn :rop. 

Data Typ..s. ::!!000 Ln>lru::-:,on• c~n cpe!Ote on 
blts. SC:> ci:<;ttS (4 :Ot:Sl. oy:es (a Ot:S). wcrQ 
(16 btls). long '"O'"-' 13: bsi. byte strLr.<;s and 
W<Jrci stnr.<;s up lo 64K bv:es lono;. 

s.gm,..,l<rtion cnd Memory Mana;• 
m•11t. The Z5001 can d~tedy occe" 8M l:yteo 
of ad6e,. sp.,ce. ~"::e¡ o •ec¡mer.:eci ~ci:Oress· 

" tnq •chem ... tmplementeci vLo th~ 29010 MMU 
Memory M..n~qemer.l Umt. n.e 8M cy:e• ot 
ZBOOl addren <::>~e• "o:¡v,oed Lnto 1:a 
telocatable "'""'""'" ct up to 64K :,y:"'l ~ach. 
Lhe odci~•~• en:e!ec :c.to tC-'t"-'C:tCc.s on¿ 
output by the CPL' :n executlnq :hem ore 
le<;tcol 4¿¿,.,.,.,,_ The ~!MU lrarul~tes th•se 
le<;•cal aci::;,..,...,. tnto ~ccr~ueo '"· pi1yStcol 
memory. ;:n, prcx;e!S-relocatJan-LS 
:ra::<;><~r~nt te the u1er •ct:,.are. 

Addr ... sing Modeo. E:qr.t ~¿"'"'"~q :neceo 
are provtcied m t:-.e on.sttuc"cn set: Req"'~' 
l!ll. !mmeci,o:e C~-n. inl::reoc: ~-"Cl'""' t:lil. 
Dtrec: AcCress (DA). !~oexeo (X), i'e!ottve 
AdCress (P.Al. Base Ad.::r~ss (SAl. •~" Base 
J,_cued (BX). 

lnput/Outp"'· A '"' 01 UO """"Ctlons pec· 
ter:,-_. 8-b" or JE.:,,, ::ac..o!ers C<'IWHn C?C 
ar.c 1/0 <:evtce•. 

Multlmicroproce .. cr S11ppQrt. A ~::o! C?l! 
pt::s \S used :n ccc.n.o::c;,~~ "'"'"· e•"""· 
mstruc:to"s to ~ocr<:ar.d:e mu:t:de 
mtcrcproce .. orS. 

lnstruC""!ion S•t. :he :::SQOO ús •~ ::s '">"''" 
totr" th~ c. n~ coteqor<es el :n.sttCJ~t:or.s :oibw. 
·~e;: 

~~ad oml 9XCC.~n<;e 

AmhmetlC 

L:><;LC 

Pmqroo con:ml 

Blt mampulatJon 

Rotale ond 1h1!1 

Block ""n•i•r and •tr:nq ma:>:pulat:on 

!npuVoutpul 

CPI] control 

St<rtu.o Un .... Se•·en pms el the ZEOOO a"' 
ciec>c.>ted :o the t>Suon~ oí "~~~• tr.ior:::.,t:c::. 
Thr..., ~re the lt.:nc,on selec: l:ne• Re~d/W'""· 
Normol/Svstem. •~d S~wWcrd. "Lhe otl-.e! lo~: 
hn"" (S"Lo-.SiJl usue coc:e• cenounc¡ ;ype ct 
O!'@r~tJon (proc¡ram or L'O r•terence. do:o or 
11ad me::lcr-; te<;~eSl. oc :ntet~.ai o¡>ent:cnl. 
4Cbowi..C:;:~.c¡ u:ernol cec•.ou'S (s~,e~.: "ao 
or mterruptl. ona :mll~tmo; me:::ory reireoh 
cycleo. 
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o ... clption 

Drr.=tc """'"'"-~' :eloc~t:C:'l ,-.üu ,.,;,.,,.,,. 
,.¿baneo ,,..;,.P"'~.éeru d. ;ollJ"LCol ::-.emory 
<Kidresse•. 

Sopht•Uc..teci ~c~ess vcl:ciat:c:'l ;::c1ec:s 
memcry creM ;,~, uncutilc.,z~C or ~:!Ln· 
tentmncl ccce.,. 

MMU crch:tec:\Jre suppcru mult:proc;r~m· 
m1nq sy5tems. 

Dec~mmq e::e:o:ory com coup[..,; 'HL!l-. :r.e 
LnCr...,s<r.q power el :c.u:rcprcoe»crs bes 
accelercted :::e ~•e ci :::<;n· i"vel ¡.._-.<;U"-<;'=' . 
•opl,,.t:coteci operott<·.c; S'l""""· co::1piex pro· 
qrams ond lcro;e é~t~ beses tn mLCro,pu:er 
•yote=. The ~~ "''"''"Fxew:r C?U ''-'P· 
porto theoe trenci.s wnh en ~L<;nt ;,eqcbyte 
direct odd:ess •P<'Ce "' ,..¡¡ "'e :<o:'l cnd 
po-rful trut:-"r:::c:: set. 7he ;:aolO ~emo:y 
Mcnoqement UnL< (MMUl pcc:>v,des JlexLbie cnd 

••• • ., • -· • 
••• -•• -••• ., - • •• ., 

•• - ., - ., 

"' ..... . ' - ••• ., - -"' • - • 
= g 

~ - l -u "' • .., 
"· 

o ••• 

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

ZSOIO MMU 
Memory 
Management Unit 

Product 
Brief 

Preliminary 

August 1979 

Str.y·fcur vart..::Ol .. -1<=~ '"""'~"-" :ro;,:: :~; 
•.o &!K "oyteo car. be "-•~.a<;e::. -..,.~~'" • teta! 
phy.,cal aéére" sp<~Ce o! IEM ~Y'"'· ~il6~ 
•~:ne::U "'" ro::é:,!y •CCe5S:::ie. 
Mu!ttple MMUs can •~~por: severd tc~r.olo
ttcn :ables loe ... e~ ct :r.e otx :=ca~ oC::reos 
spoces. 

e!hc:en: su;o~or: :cr :h!S lMt;e oC::ren •:ooce 
by c::e"nc¡ ::yr.~"''c '~"'"'·' ,.,:~c~:.o:-. •• _..,;~ 
as r.'-0::-.erO""-' ::-.e,.c:-¡·;o<c:'<-::C"'· :~~:-~:es. 

Tr.e P'""'Cl' mer:>ory ~~ o ccm:oc:er ;s ~r.e 

el 1ts ;:¡a¡or resource>.,:,., 5uc~. :~.• ""·'"-•«•· 
"""" oi :h,_, resoc:rce Cec:::-:es a ::-.MOr ::r.
cern ao éemand. m1 ll tncreooe. !heae 
derr..,nd. ""'" i:-ol!\ :-:-.ult:;ole ·~••,.. (or :::·cC:~::tie 
tu:..S wtL"-ln a éeci::ateci a:>pltc~::cr.l. ::-.e :-.eec 
te •ncreoJe syJtem mteqr"y by ¡,,,:me; •c:e,. 

o • •• ,...,.,0, ., ~ 

=§• • • 
~ . • " =o• "' -§· • ., - ' • .,, 
•§• •• "· -. • -... o .. • "' ... o, ..... • "' ... a .. • •• • • •• ... ~" " '" -.. " • •• ...o .. • -· -•• • . .. , -., • .,,. -•• ., .., - •• • ~ -• • • 
' " • "' ' • ., -- • " . .. - ., .. "' 
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O.scrlpllo" 
(Conur.~ed) 

:o V~r!Ous porttcns ol l~e IU">Ory, ond lrom 
the r....ed lo mucture lor<;e. complex proqro,._. 
ond •yoterm. 

M~lhple ~.,:., (cr ~•er>) of o sysrem thol 
can ,..,,.¿e ony,.here In o<.en-.cry are c~l:ed 
relocolob/e. Gen~roily. sr.oerr-'l :n wn:cn oll 
tub ore relccoroole clfer lar c;reoter ;lutb!lJiy 
"' respor.c:r.<; :o cr.ar.<;tn<; sys;e:':l env:ccn. 
ments. Ancmer "-'~Ct ot ::lubple·tos~ envo· 
ronmento " silMt:::::. oeporote ,,_,:., co;, 
uec~te the ""-""" p:oqr:>:r. en c::;:erer.t ci.o.to, '" 
Hverol tasb moy execute dllferen: pro<;ro::".s 
us1n<; :he so.=~ ci.o.to. 

Ur.iortunotety, o ~rcoie:n t~otomes m 
multtple·toü 'Y"""""",."""' oí syste:n :nle<;t"Y· 
Task.s ""'" ú ;>r<>,,ct&e """' ~"""or.:eó ,.,.,. 
octlcr.s wlth otr.er :os'-s; '"ser tos<s mus: b.. 
pnlhcbt...:i irc::l ;;er:cr,-~~-'l Cperolln<; syore::l 
fun=cno: o~.ci user :osU must olso b.. ;xo• 
t&Cted lrom th:n.seive• ,; lhey o.r.nct o•;ertlow 
the "r~01 .,Ji:::eC :e :~.e.::. 

ln ocic:!Lt!or. to :.-.es8 c=ns:c'~r~c:on>. •~opc:: 
!or th~ c'eSLqn or.C :O'.plemen:o"cn ct [,.c;e. 
cc:n;::lex prc<;r~""-" o~r;: 'Y"""""" :o ""'Ji 4n 
Lmp<:r:ar.l COMlC:eratocn. l~ociecn ""'-CS "'" 
to'""'" the ;:.>.r::::oc.o~.<; d • cc,-.::lu :~ú """ 
srr-.4!1, stmpie . ..,¡;.::;::;r.:a:~eci s~:O:osi..s :no: no•;e 
weli·C.,ftr.ec t:tter:•ces. 5~c~~•~ :.oeoe s~~:aús 
tnter~ct ,..,!,_ eocc. :::r.er. ~::;:::,-.:.:~tcoucc. 
between the:::~ :n~st :Oa caretull7 com,-ciieci. 
Memory·lf"-":lO<;e:r:~:lt sy,.ems c•r. oi!er adec· 
l!ve solunor.s ior t::::piemen<tn<; !dr<:¡e systerr.;s 
moc'ulorly oeste:¡~""· 

The ZSOIO Me::>::y ).i .. c.o<:¡ement Un:t suo· 
poru multtple·proce., .,,¿ lor¡;e rr.oéuldr soi:· 
woJnt •y•t•= Wl~~ ciynomoc sec:¡ment reiocatoon. 
Futhermore, l1 er-".an«• """""' :r.teqnty woth 

..... -

a powetlul •et oJ 
,. 

memory protectton rutures. 

R•locatloo. Dvnor..tc ,.,..,..en: reloe.>tt::n 
molte• user <ettwore oecres..,s Lnce:.er.Cent o: 
L~e phy>tcal r:temary '""'" .. "'· :here!ly iree· 
onc; the user it'cm s.,.,c:iyt;,q "''·"'" :~.:<:=at<c;, 
" dctudly locdt.C ''· the pny1Lcdi "'""'or~ ~~e 
;>t'CVIC:lnc¡ ~ lle:<1ble, eiilc1en: ::>etl'.OC: icr •u;>· 
;>ort:n<; rnu!l!·pre<;:ro,:n:~q syO!et:".s. 

The Z-MMU u•e• o :ronslot:on "oie •o 
::-~ns~c= :i>e 23·c:: Óe<;:1C~i ~¿"'"""' ''""' :C.<" 

z.e001 C?U "·'" 24·~1t •cCre•ses icr :r.e 
p~yStc~l ,;,er.:~ry. J.:<"':t'.Ory o<>q:r.e~:. ~re 
var~..Oie 1~. StZe irc::: ::;;; :ty:e• :e ~~K. :n 

'""'""'""" ot 2:0 "Y'••· ?o,.s oí Z·M!.lU• •~"· 
;:er: :!\e 125 se-:;,e::: ~.:.:::-.::erS ~v~,;~:,¡., :cr ,,..~ 
v""""' Z500l C?U !:icress s::•ces. ",\'>:h::: ••· 
.oo:iteos •p.oce. •ny rr~:::i:er el z:.~/..'.!Us ~~"~e 
used to •cco::--'!10<'"'-:e ::"."~i:>p;e ::o,..sio<:c::: 
tanles br SV5tem dr.:o "cr::::oi cpe:~lln<; O'.cCes. 
e,. to •cppon more sc:::r.:s::c•:"" "'~""·"''!· 

"'""""""'""·' 'Y"""'' 
Syt~tem lntegrity. z:.:.~/.tU me,...c:",l·;>r~:ec::c,.. 

iutc:es s.sie.;:.:o:::i "·""'"'Y "''""' :::::: 
cn~utr.on•ec or :;.-.:c."c.cec ~::::e., e·: 
.,.oc:,•t~nc; s::;ec¡oi '::ce" :eo:r.::;.o,..• '""'' 

~~er. '""""·""'·A'"""'"~·' :s •os:;c.e~ • "'~et· 
sonoi::y" CO:>stS::rtc; ~= oev~roi •t:c.::u:es '-'~~,.. 

"" '""'•!!y @r.:erec :n:o :: ... z.:.:~.:::. ·:::.er.' 
:-c.erncry rei~re,..ce :s .,.ae, ;,"e•e ~"""'"'~'.o~ 
c.o~ci:eC ~<;Otr.S: ::-.e stot~s :r.::r:-c.~::or. ''""" 
~hed :oy :he :ZCoC! C~ü. :i a"'""'"'~;, oc:-""· 
4 trap lS qer.erdt<Ki ~~o :he C?U " :nter· 
rupwi. Tr.~ C?U C!Cl :neo. ce.eo.< :~e "~''" 
re<;tSte,., 01 tne MMU ;e c:eter"''"e :!le Cdt.:>e 
and t•ke aporcprte:~ ~c:ton to corree: :he pro· 
O:lern. 

..... 
••• 

....... 

. flr- '· T".bo MMII In o UIXIO s,., • ., 
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Ccr::;:!eted•ve ::>t~.-computer, for 
dtotr>buted-prooe•,nq Z-bus use. 

U=~td>..d ~"'e' o! ZB ~ro:Utec:~re. 
lniii"~CIIOn '"'-

Three proqro::::n~ble VO pon•. two w¡~h 
2-w¡re ::~ncs~.:ie. or ~::y, """'·"''~.41:on ci 
dat~ 4"ci oo<::::ol hneo. 

Six levels oi ~non:y J:l.terrupts t~ Z-UPC. _, 
lh& Z-t:?C =..:~:ve,.•l ?~"Pher>l Con:rdler 

,. 4 dt.,r>:Outeé ::HCrocomputer t.'1•t per!cr:::• 
lhe thr..., O..Joc ::::~c:ao:~.:; i~nc::~~.s r.~ec :o 
tnterface o C?t: -,,;h ~~c:~C.erols: Ce">Ce oon· 
troJ by ROM-re"cer.t tnter.:tal •c<twore, C•t~ 
ln4rupulot:on, s·.:ó 45 re:~rm.omnq or 
antlu,ettc, ané :.0:.. bu!ier:nq tn tn:em4) . ..... ,., .. ,.._ 

The Z-UPC tS .,,.,¡.,, to t.'>tt Z3 r.Hcro<:om
puter and us.. :.~e ZS tru'l"~~•on '"'· Unéer 

- "' - •• - •• - ·-- •• •• •• 
•• " - " -..... -• "" " ~ .. • .. 
""' -........ " ,;m-o,..., •• . ~ ..... .. ., ..... .. -" -

n.....-1. p..,r.....,....., 
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Z8034 Ul'C 
Universal 
Peripheral Controller 

·Product 
Brief 

Preliminary 

Auqust 1979 

Two pn:>qro"1rr.oCle a;,, "~"'''"""r..ec. wá. 
6·b1t pre•c~!e,.. 

255 byte re,;:.:~r ~:le. oc:e>o::Ole :>y ::.C:i\ 
miO!:er CHJ ar.d Z·L'?':. ~• ~!:oc~1e: by 
Z·llPC ~r:><;ra:::. 

2!:: !oyteo e! ,,.e~.:~ ~'""'"'"'"· "CM :e: e:::· 
C!e,cy, ver..,.tlhty 

pro:;rar:: cor.::o]. ,,. :.~,~~a.],,.~ ~"O .:or:s c~r. 
be :a,]c:..O :o :~.e ,.,,...._, ~1 Lt'l ·~"". ?'!:::-..o· 
c.e,:!y c::mi::;-cre<! "'"o s:~:;i ... o~.:: c:r.:::l:er 
wnn 2!:: !oytes o! 1.~teec.d ROM. :.o~ Z·~"?C 
ezec-~te• •no:r~<::Jor.• •r. 2.2 "" ""eraqe "c5L:>C a 
4·MHz doci scm:e. b '~'""' !!le c::::a:n! 
256 byte•. of wh1cn 234 are c;;er.erol-purpose 
re<¡lSt""'· 19 ""' sta:us and c:"::-c] re,;:s:ers . 
and :hr"" """ par: re<;IS:er!. 

_,_ • •• 
•<" o' • -........ o' • -~ ...... a. " -""""'""a, • -. ....... .,a. •O• ¡¡o ' ·g-""' o • . ., 
Wi 8. D IJ "'• 

5 • ..... ' g ---a .. "" ~ .,, .. a ,, • .. ... § " • ... - " " "• ....e¡" • "• 
" -8· "-- " " -' - " • .. , 

.... a .. • ·-- • " ., 

n.g..., l. 1'\o lou•qo.m•"'" 
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DucrlpUon 
!Ccnunuedl 

7he Z-UPC Un,ver;.ol hf'~her~J ControJJer 
,. "'- ln~ell<~~~~ áv1~e th~l ¡;;ener4tes aJJ the 
conl:-oi Slt;"-'IS pe:t;:~eral éeV!ces r.eed_ 
S..C..use :t coes ooi-:o~e amhrneltc, <ran:.l~t<tl 
d.>ta beiore "ans:::L<~:r.q, •nd buJJen éet~. the 
Z-UPC unb~oo:&,.. :~.e"'"'"'" C?U. :he: .. Oy 
onc,..,.mu; the o"er41l ,,.,.,..; 4nci ethcoency of 
the sysrem "' ,,.¡""" " reSides. 

8~so-d upo:¡ tb• Z3 !:1\Crocamputer MChlleC· 

rure. the Z-ü<'C """" :4!1 uecu"on '"'"'· elt!· 
c:ent use d :::eme,--¡. ond sepil:SI!C~!ea ,,,.,,_ 
Npl, l/0. •nc::i bot mompul4tJcn_ b pow<or:ul 
•nd u:ens.ve LrtStr..:::l:cn types, CCr:".!lo:oed wlt~. 
as eiftc:e:o: :::te:'f'..ol '""""" oc:C:eoSlr.q · 
sche:n<t, nct cn)y •~ 'pro<;r4m <txe<:utlcn. 
bu! a!5c eihc:en<ly ;>I!CÍ<S pro¡;;r4m '"·'"' :h<t on
c:Up ROM. 

A unlt:¡ue óarac:er:.to<: ct the Z·UPC" ns 
reql>ter lole, "'i>tcn co~tO!Its C/0 por! ona con· 
troJ re;tst~:-s thot ::..~ ""~cce,.ed botn by :h~ 
Z-UPC pr""""''" •~ci oy t:J ooscC!411l<! =ster 
CPU. Tht5 :e>ub :~byte e!Í!c:ency, pto¡;;rom
monq eiiJClenq, or.ci ocidro" 'P""" @lhct~ncy 
be<:ause Z-'-i?C :~.s:.-~cttoru C~::L cp~:ate duec-:
ly en VO c~:5 ,..,;,c1.:t :novu:¡;; :: :e onc :;cm 
an OCC'U"'-uio:or, :t 4i>c ellow; the l·L'FC u•er 
:o ai!ccote os dot• b~lier bet·,...,n the C?U ono 

t2 
the per¡pherol oll reg,;ter •cace not tn us" os 
occurnulotcn. 4clcire" """'"'""· t~.ciu ~tJ· 
ten. or 1tod. Re<~l!tecs :101 u>~o •• buJier ore 
protected oqo1n>' C?U occeu. Tne reqtster ble 
os ciTv!cio-d 1nto !6 q:cu"> ot lii '"Or<ln<;; '"<l=>· 
ters ....,ó. A :e;:;:o:er ;>c:;.:er '""" las:, sncr:
icrrr..ot ,,..:ructLc;.s !O occess any ene oí :Moe 
qroup• quLÜly. result:nc; tn io" or.d eosy t4S< 
""'""~:n<;. i '""-'""Y cc::--_-r.um"""on betwee" 
tr.e :::••ter C?U ond :,oe re<;!S!er :.!e " 
foct!Ltot!OO by onoti-.er ;omr.:"r ·-~•• p<osttto"; iO 
mterioce req:ste:s onvwr.ere ··nthm :ne recl5ter 
i1le: -¡-:,,..., re;:¡:s:e:s ~re occesseci ::~rec:lv :Oy 
:>eth """ ,...,...,.,., c;:u .,,¿ :ne <lo:-~ Z· UPC. 
Fc1.:r more req1sters. S'.:mloriy oc~ .. ,.~c. e=~· 
~ey c=ntr<>l ,_,¿ S:Otl.:> '"-'"'"'"-"""· 

AH ot the Z·buSJ =..,,~.á,~,,= ;:::cc:'y 

'"'""'""' 'Y"""' con ::.. L:npl,.::-.""-"''' :n ::-.~ 
Z-lJPC under <C:tW4re control, ~r :he Z-üPC 
~n be proqr=.rn..d =~ ::.:nc:::r. ""a poli= 
•:w>r<::::::~nt. !~ oll. :~.e Z-U?C ;-,,_, 24 ;o'~" 
thot C4~; be deci!C4to-d =~ !10 !ur.:::ons. 
Grcu;><od loq•:olly tn:o :hree 8-IJ:o.~ .,or:s. :!'Ley 
con "" ;:roc¡ro::---~,.c :r: mony co:;::;;;.ot:cc.s Ct 
1r.;:m:s. OU!Pl'=>. or.c O!C!reC:JCna! hes. '""" cr 
wtthout hand<hú .. "-""' 'NJt[', p~•-"-pull cr cpan· 
¿,.,_,, c~tputs. 

= = - h ~ ..... 
"" e -- • ... 

-• := ¡_ -• := 

,_ 
:::: -

,.,. ... " . .,~ .... 
~ .......... ,... . - 1-: 

~ ~ 

~ 
.. -... "'"""' ;::: -· 
- ~ -... - • "'' 1 ":'' 

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

--· = - e-
H 

~"·--·--·""' 
!=== JL - -· ¡::: 

• ¡::: ' - 1= ---.. --··· 
' 1= ....... 

' ·-1= .,... .. ._,..,., .. 
.u: ' -

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

Two trtdependent 8-l:nt c!cui::~-buH~r.,.,; 
btdu-ec>..!cr ... J10 ;>cru plu• 4 speetci
J'U'PCH ~-i;:t LfQ ..,r"l. 
Fcur Mnéo~üe moc!es lnc!ud.Inq IEEE-488. 
W~:c•R,...uest 11r.ilcr iu<tn ,,_j e:.,.,"" 
tv~..s:er. 

T:O~ ZS036 C:O Ccur.terltJ::-.er ""nd ?~ullel 
L/0 <-<~cr.e~: " ~ :¡-e~er4i pur,>e<e perJ;oi".eral 
c~rc~•: th~· ..,::sttes me" ccur.ter/tu,-.er Md 
p,oral!e! l/0 :.:-_:;. er.ccunie:e<: 1n s~s:em 
¿ .. ,..,,_ i":::s -.;;, ... ~:[e c!ev1ce "o"tolr.s :;.:ee 
.l/0 por.• enoo tnree Cc•.mterltl:r.~ri:'_M~~y pro
qremmoble cpt>c::• tcJ:ooc Ll< coc.b:¡~r~t>on te 
sp.cthc ep~hconcr-'. ih·• •¡se C! th& cev,.:e ts 

11mphlted by :r.ú1nq el! '"' •,-::at re<;IS!erS 
lco=nd. s<atuo. ond da:o) -,:,,oeble ~nd 
(ncept fcr sto~~• bLt..) '""teble. Ai>O. e~<:;,_ 
.-.q .. ter,. "'""" 1to own un1Que ad<i·c,. oc 11 
can be ccce .. ed ciorecrly-no •pec, .. i ~--'!"en· 
11el oper4t1cns are rec;u~red. ::.,,. Z-C:O ;, 
duec:ly Z-bu• =~mp,ouble. 

[l\her 8-bLI UO port can be 4 hencisha<e, 

- .. - .. - .. - .. ., ., 
" .. - .. - .. • ••••• .. . 
• "" ., 
h .. 
~ ... 
~ .. , 
'" .. , 
~ .... .. 
•• " •• ~ 

~ 

~ 

~ 

1 1 1 ............ 

Z8036 CIO 
Counter/Timer and 
Parallel 1/0 Unil 

Product.· 
Briet.: 

Preliminary 

August 1979 

Three 1ndepe~de~t 16·~" c~~"'""

All ro-c;tS!ers •e~C.•w:::e ~nc ¿,oc::·¡ 
addreo,..ble. 

F!u1ble pdtter•. "'"~""'o" ~ce;:=. :::::::::~.--:-.· 
,__..ele"-' !6-o~;:~: :r.te::~;:t c::r.::oii•:. 

by:e pon or 4 b11 ~:-:. !:1 :é.e ::: "'cce. =~:o 
d"ec:¡on Ls ~"'"'"-""-"'"-¡,;., '::: ::y :::. k. ·.oe 
har.rune<e meCe. t~e ;:ort> e":¡,,.=~?'"'· c~:
pu:. or b:dm•c::on~i. !n: :~ey "'-~v ~e :::.~e;o 
to ic:m d 16-b" ;>cr: 7\-.e io·o: ·"~c.::s:OO<e 
:node• 1nciude iEEE:-.;aa. m:~rioúe¿ Li:r ::.:;,. 
lac:ric;t te d Z-U?C. Z-i'IO ~' ~~.cti-.,;, :.::;e¡_ 
S!rc¡,¿ and 1'\llsed. T."e ;:;uise-:i "'""'" ::cr.:-.o-c:• 
on4 ccunterttlmer w1th t~e .o•~cshúe !cc;:c :or 
tnter!actnq 4 mech<t:::c41 cievoce •uc:: "-' d 
¡:r:r.:er. The 4-bll po:-: ¡::c-r.e::es M:.6:.úe 
ecnrro)s, spec:tdl ccc.Irois (":ldl:tRe-:;'-'e") or 
c¡eneral-purpose 110. 

Ti>e counterr,:::er •e•:toon ccn:.o::.s ::-.,..., 
!1~-bit Ct:lunters. t>o.o 01 wh1cr. can ;,., soitwore
conl!gured es a 32-bLt ccunre:f!!mer. L'p :o 

... - •• 
~o· • .. 
~o • • .. ... o. " ., 
"q • • ~ ,..; Cl • • . .. -e· • .. 
''8. • " ... . • ... 
... Cl " ..... " "• ... a, •• • . .. 
... Cl ,, • . ., 
... C] " • .. , 
... C] •• " ., 
... C] ., • ... 

..,_. C] •• • " ·~ Q" • ·= 
~·o·· • .. ... a .. • • • •• • • ... 
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~ 
Zilog-

\ 

¡.., 1.~per.cie"'· O :o l Meq~c•t-per
....:ond. !ull·C.~piu cc.~~.nel.:i. e~c~. ""h as 

. own qu.or.:t osc:ll~tor. nau<i-ra1e qenere:or. 
4r.d 6:;otol ph...,e-loc:i.ec:i loc:p lor dock 
reo;,very. 

Mub-protocol cpe:-~"cr. umier proc¡:~m 
e<>n=-oL 

Asyr.c::rcnous :c.:X:e •nth" :o a bo:s ~r.d ~-
1 h. cr 2 stop O.:s pe e c.Oarac:er. pro<;nr::
~ie doci: iac:~c; :,e~L cet=:o~ ~c.d 
;enerot!c".; ;:.orHy. ovemor., ~'-" :rer:-.:::::;; 

"""' "'"'""'::en. 
locol toc;:Do.d ond auto-echo "'"""'-

:be Z-SCC Ser1dl Cm:'.r.:<:Irucat!on Contrciler 
lS a du,l-cM.nnel. :::uh:-protoco!' ciaia con::
mumc.o."cn pen¡oi-.erel ior Z-Dt.:• me. :t 1< 
so!twar..-ood>qu""' to ... nsly 4 .,.,¿., ""-""t"f ~~ 
oen4l cot:".mU~lC.O.!!On appl!C.O.tlor,,. lt> ;,..,e 
lunct!on 1> senal-to-P"rallel 4nd p.orallel-to
...nal converston. Eowever. tile Z-SCC also 
conta1:t:s 4 re;oer.o1re oí new, soph!Sucated 
inle~l !un<::!on.s L'lat ::um::nze the r.-e lcr 

- "" - ·-- ~ - ;¡¡;u - ';;;;<> - ;;;oz!! - ~ - = • -• = 
~ ••• - ••• 
~ '"•" 
~ ;¡¡;u 

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

1 1 "1 ... --

Z8030 SCC Serial 
Communications 
Controller 

Product 
Brief 

Preliminory 

Auqust 1979 

Bir(nchronous ,.,¿., w!:h ~'l.:e=al cr exter
Ml cho.r4c:er 'F·""'""'~~"or. en oc ... or :w:o 
sync Ó<trac:"" anc CHC ;;;ec.era<1cc. ar.d 
cneci:mo:¡ .,.,~.,_ C?.C-: ~ cr C?.C -c::::-;
preset te e:L~er 1• cr ·:Js. 

SiJLC/HDLC "'Crie wo:..~ co:::or"~"""''" 
!rome-level e<ontroi. eu:o:-:-.o;;c :e:"o :::ser:.::: 
and Celot!cn. 1-i:e!c res:c~e c .. mc!:n:;. o:oc,; 
-;e~e•at~or. Útci cie:~~~"- C?.C <;e.".e•~::oc. 

.-"1ci c!:!•·dc:c.<;. "'"i :cop mooe ope:~::~'·

?roc;r~"'-"'"Cie !or ~RZ. N?.Z:, or ?M 
o<XÍ.ln<;. 

ex"'"'"¡ ranCom loc¡:c en :he c:r::.:tt c~:ci. 
The Z-SCC bdndleS ~s-;nc,.:c,,ouo lo,-,::et>. 

"''nchronou• byte-cr:ent..O protxcis suó as 
¡aM B10ync, "'"" s·póccnc'-'' Cu-or.e,:..O P"'' 
tccols ouá."" i-iDLC end IEM SOLC. ih1< ver
.,.,le devtce 4lso suppor.s ""''-'"llv eny cther 
sert4l d<Ua trar .. fer dppl:catlon (cassette e: 
cilskette tntedace, ior exdmple). 

The deVlce can <;enuote 4n<1 cn .. d CRC 

- • --a· • ., 
-a· • ... 
-§· " ., -. • • - . " • • a, • ~ 

;¡;;¡;¡¡;¡ E.J • • -••• E.J • • .. . 
~a·· ..... 

" • •• 
'"""' e " 

... 
W'"" • or.z¡q., " ''"" 

;;;¡¡: o " • "''" o;:z e .. " •••• 
• ... Cl " " "•" 

lili'm e .. " ... 
m;¡§" .. """"" ~ .. " •••• orn;q, • ... - • " 0<00 
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Typ!ca.J 
Appllcat!o"" 

• 

cc.Ce• 1n any oynércnou• mode ~e.d c~n bot 

proqromr.ied lo ch..:~¿,.,. mtO'<¡'rlly Ln ""'""''"' 

modes. It ,.¡.., has lae~l!ttes lor moc!em ccntrcb 
"'both ch=nels. In apphcsllcr .. "h"'" th¡,.., 
ccntrcb 4~ '''" noteded, the modem cont:-cb 
can be! uoed Ior qener4l-pu~0>e ~0. 

As ls Jtar.d..ord 4rnom; Z.!oq p<m~~eral ccm· 
P>f'M':S, the Z-bus 6.1S)'·Ci:4m lnte,.,..~pt 
he~r~ehy " supponl!ci. 

The Z-SCC ccntacru the """"""''Y muht· 
p!nKI add:ess/614 bus tr.teri4ce w1th s:rcce 
o.nd dnp ..,¡...,., l1neo te lu.n<O"..:on ao 4 Z-buo · 
pet!pilero!. lt ln.duceo tnlerMl ccnlrol anci 
mtemJpt loq1c. tWo iull-ciuplex chonnei• ond 
IWC bdud-rate Qenerators. Assoc-..o1ed "'"h 
ecc.'l á..onnel 4~ severa! re<~ci ~nd "'"'" : · : 
teq1.0l<trs lar moée ccr.trcl as weil as the IOQ!C 
n10eeuary te onlorlaée te moéeml! or ath .. r 
externa! dev1ceo. 

··---

-·----

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

F1gure 4 showo how a Z-SCC .;,n C.. can· 
nec:ec ·.-JI.~ channel A prcqi-~lt'H-neci le• :he 
Sync!>ronoc:s Cato Lr.i Con::-c! (SDLC) '-oop 
mode, lunc.:omn¡; "'a •ec:cr.ciary 11a11on. 11 
NRZI or rM ccd1nq ,. "'""· :1a dad: !me• ara 
I"''qUifKI beco.w10 the doc:ir. oar. be recove~ 
b-om the '"""'""" ~'"· us1r::¡; :..~.e z.sc::--, on· 
chop c!1<;11al oh"-'" lac~ed loop (D?LL). 
Anothet Z-SCC (not shown). prcqramm@Ó ~or 
the SDLC mocie, ""Oulci be! the contf<ll!;ng ota· 
t>on, pollino; ti-.e loop ior ll'SÍÍ!C. 7h10 iiiJ"..1te 

ohow• o lypLcal. ••·rnchrcncus senal pon_ 
beonq •ervooed b~ ch~nnel B oi the Z-SCC. !t 
could )us: as we!l 1up;x;:: !r.oú·.er sync:..-~m>uo 
doia hnl., '" ev10n a h:c;h-s,.,ed l1n~. ''""''"r· 

· r!n<;¡ <Í.41a V\4 4 DMA C<>nlrclle:. · 

Th., rHd cnd wr!le '""l'!Oier qrcup lcr e oc.". 
channel 1nclude• e1q;,t control req!5ler&. t ~a 
sync-cho.rac:er tO'<¡'!Siers, anci Jau' statuo 
reqtoters. E.och bdud '"'"' qer.e•~tor Ms , ... o 
~acilwrue rec;:sten lor C.olo.1nq :ne !Lme c~n

otont thot de:erm1neo b.oud rote Assoc.~1ec 
,.,th !he lnte"--~PI lcq1c ,_. ~ wme req10u" :or 
mterrup! vecor and ,_.,,,., c~eci '!>G!S!ers: v..c
tcr WI\h 0!4\U$, V@C!Ct W,)',~UI SIO!US, an<l l.~:et· 
NPI penc1r.Q s:~tus. 

Th<t !oq10 i~r boih c.~an,ei• prov1d~• !o=a:
t!nQ, synd.,on:o:"l!on ~,-;0: ·Mh:;S.non '"' oa:a 
,..,ru;ler~ te anct ircm :ne chM.n~l¡nt~""-"~
-¡-n., moci~"' control •~ou~> are rnonJtoreC: ~Y· 
~'1• cor.U"Ciicq:c ur.ciec "''~"'""'~~'-'""¡_A:!~'' 
lhe :>tOCa'? e<::::tr~l llqna!.. "''" qe~.e,..,! ~~:-;:os• 
1n nature anci opuonally C4n :,e :lS@CI lor t~r.:;-

110<1.5 othar than mod•m con~rol. 
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