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·1.0 1 INTRODUCTrOfli , .;.,_''!"·: • .·," ·:·· •. '-·"" • ·-.. · ·, •. 

.,. , .. ,. ,,,,..-.,,• '• •~<·!:"'-.'-"-!···,.~;.~"'' ''o,.,:~. ·: .. 
~· n,, '''m ··.n''''"''"''r••l<r ~-.¡,,, bron olSI·d t<> dQ<·r •b• •ir o ually c•<ry typc of small ccmputing devi-. 

d.,isa<d ~ ¡1¡,¡., ti>< '"" ¡,,. r<>r>. Th" 1<rm h>< h<oo·:,Prhcd 1 o ne<)'thin1 f~<>m sirnplc "mi<roprOf.Jam
"''"'' ronuo>ll<r> """"'"<ltd ou¡ <>f TfL MSI ur In low eood minicomplll<n wirh 1 porlit>n of th< CPU 
,,,.,tnorlrd out ol l H. LSI ··¡,, ''""-- lhowc,-.r, lh< m.IJm nnp3cl of th< LSitechnology w~lhin lh< l•U 
¡,,. ,.,,. hu ~«n ,.¡!), .~105 tSI. Wuh thi• tr.chnnlogy, ir ;, po,.iblc ro fabrico•• complote ond v.ry powcr· 
fui ,;,mpu1e1 •Y•I<nl< "11h only • fe~ ~lOS LSI '"'"f'<m<nts. . . . •. . . 

n,, Zil"! Z..SO family ni <om pmm" ;, • ,;gn Otean 1 od' •"'<m<nl in 1h< "ll<·of·1h< lfl of mino· 
n•mf'"'"'· n,.,, compon<n" oan bt «mr,gur<d wi~l >n)" 1) pe ni s1ond.rd .. miconduc1or memory 10 
~'"""'' wmruler •l"•mn• "n h •n '" r<m<lr ",do '"·"8' ni c•r•bilui.,. For < -.mpl<. "' fev.· •• 1wo LSI 
cir.:uno ond lhr<< "'nd•rd IT L .\ISl pocl.•ges <>0 b-r curnbintd 10 lomr • •implt <<>nlroll<l. Wnh oddi1ionol 
r11cnWI)" md 1/0 devict< • cmnpu '" co~n be con si ro el ed W>lh ,;p.t•ilru<• lh>t onlv • n1inicompu1er nn>ld 
pre"nu•lr d<ll'<r. Hi• "id< rango of compul•l•"'!'l pow01 •llnws "'ndatd onodul<> 10 b< con" rutltd b)" • 
"'"' oh al can .,,,,ry lht roquntm<n" of >n < xnem~ll', widt rong< of opplicalion•. 

n,, m•¡or ""'"" fOJ MOS LSI domi,;,uon of lh< m.crO..:umpul<l maJl.<l ;, 1ho low ,.;;« of 
ti><" few LSI cumpontniS. For ""'nple. MOS LSI microrompuler> h••• alro•d~· replattd Trl logic in 
"''h >pplrcalion• •• 1 <rmonol <on!roUm:. periph<'i•l dáice controller;. 1 rofflc •isnal con lrollta. poi ni of 
"" o<rmmal•, in1<1lrgen1 l<tminab •IKI 1<>1 ly>tim•. In f><l the MOS 151 m1~rocomputer ;, Onding "' w>y 
11110 al m~" <>eiy product 1 ha! now "''" elw wñin •nd 11 is "''" repl•dn~ ma 11)" m<eh•nical •ymms such 
•> ~•ifl11 ot•I<S ond iUIOmObile c"onlrol<.. . ; · ·~;'; ... 

The MOS 151 mocrocomputor martrl ;, oloo"od)rwtll "'"bli•hrd ond ne~<· produtl> using 1hem "" 
~<m~ dt,elú¡itd ol on exu>ordinory ""· Th< Zilog z:so c01npcntnl ><1 hn b"n de•i8n<d 10 fi1 in lo 

• 1Im ma1ht lhtou¡:lt the follnwmg r.Cw"!: . . 
1. The Z..SO ;, fulfy sonw"' cumpaublo wilh.tbO populu SOSO A a>lJ offt~od fr1>1n ,...,,.¡ '"""'"· 1, 

E•i•lins de¡igns con bt usily con..,rltd 1<i lnclude lh< Z·M a.·, >operi~o all<rnal ive . 

. ~- ·.¡,.,, Z..SO c.,;pcninl ..;1 " •uperiar. 1n both 1afi"~·ore •nd hudwore eop;ob1liliu 10. any other mitro-
: computer sr•t•m on 1he mothl. n,,,. "P'II~ll~i•• pr~V>de lh< ., .. , with •igni ficanlly lower hardwore 
·. ond .Oftwore developmen1 """ while o loo oll¡,.,¡.ln¡ him to off u oddilionol 1.,1ur"' in h" <)""<m. . . . . 
·.··; '· ';. ···.···' ... .-·, · .. · .. · 

3. f'1i1 incrta"d lhroug.hpul lht Z80A oPéu1ins ol a 4 MHZ clo'ck rile off en lho ""' •ignificanl speed 
·"~"':''se' o•er comp<liti•< producn. • · •· •·· ;, ." · · 

• 
4. A complol< prodÚCilino lncluding full ,(,fll'"orc <uppuTI ,.ilh mont <mphui• on hi~ l<>ellaoiguogeo 

ond • dj¡l;-bo .. d de•<lopm<nt sy"om ,..;1h odvincod tt>l·lim. d<hu~ copabmties ;, off,.ed lo enoble 
!he ""' 10 ~·•ily de>elop "no,. produc". ·~ ,, .. 
Microcnmpu1er sy51<m• ore ulrem<ly •imi>< to con" ruCI usin¡ Z-80 <cmpon<nh. Anr •och •Y"• m 

conSISI • cf 1hrte p•r<o: 

l. CPU (Ctntral Pooc<,.ing lln11) 

2. M<m<>f)' ' 
3. lntt~foce CircuiiS lo p<fipherol d••ices . 

U< CPU "Ího heor1 ol 1h< 5y>l<m. '" lunct1on" 10 oblain inSiruction< from th< memory and perform 
lhe d"ir<d op<rotion•. Th< m<mory "U><d lo conlain in.,ruc1iom ond in moSI .,,., dol> 1h21 i> lo b< 
pro«,.ed. For <>alnpl<. a l)"plcal inWurlion "4"""" may ht lo J<od dala lrom a speoifoc ponpherol 
d<•"•· "or• 11 m • ltot»ion in memory. chocl. 1h< p"ity •nd '""" il nullo >nuth<r p<ripher•l do.ic<. l'o!e 
lh•• lho Zilug c<.ompnn<nl "' includ., oh< CPU ,nd '"""''u' gener>l purpn>< 1/0 d<>ice cno)lrolleu while > 
"•d< J<nge of memory d<>ice< m ay be U><d from •ni"• •ourc<. Thus: •11 tequirrd cumronenl• <•n b< 
conneciod l<>g<lh<J in • ><ry •impl< m>on<r with Yinuolly nr> ulloe r noernallo¡uc. Tho u .. r"s e fforl lh<n 
h«""'" r•imorHy o no of >oft "'"' dtvdopm<n1. Tha! ;,_ llot "'" c•n conctnl tale nn dt!<" 11bong h,. prob· 
Iom ond lr•n~alm& n in lo • ,.,¡., uf in,.,ucloon• lhat con b< looded in lo 1 h< mi<rr><nmpu1er memory. Zolog 
;, d<d icotod ro m.~ ing thi< >l<p of oof11< "' [<n<til ion •• oimpl< :., prmobl<. A gr>od "•n>pl< of ohi• ;, ""' .. 
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2.0 Z-80 CPU ARCHITECTURE ·' . " 

A ~le>< k dlOEI•m of lh< inltrn•! ""·hli«Hne ,,¡ th< Z-~()('I'LJ 1> lhm•n in figu,. 2 0-1. Th< dio¡ram 
•h<>w> •11 of th< mojor el<mtnls in tht CPU and Íl dwL>Id ~' otfoned lo lhr<>ll&houl lht followmg 
dt...:rir•ion. • 

.. 
ti'UAND ... ,. .. 
t0""ROL .. e~•" 

... ' 

2.1 CPU REGISTERS . 

. . .. 
• .... . 

. DU ... V$ 

-.. • OA1 A 1W1 . • tO~lROL 

. . -. 
. ·~" rNlf "' Ol DATA OUI "'" . "" INilRUCTOON ---• 

"" CONTROL 

" 

' ' "" • RIC .. HRl 
~ 

'""'""' 
' ' .. ' • 1 ., ' < ,. J' ' . .. 

i i r """""' '""'""' ' 

.. .,e,.., • . l) ~UoT • 
. 

" ' """""' ""' ' . 
2·80 CPU BLOCK OIAGRAM 

FIGURE 2.0-1 
·'· 

" ;• .. 
'~. .. ' " . . ' . ' 

•• 
·" 

• J ., 

.. .,¡ 

• 

Tht Z-80 CPU <Dil1ain>20B bits of RfW mtmory oh al ore IC<<sslblo lO lht prognm,..r. Figurt 2.0-2 
illu""'" ho" lhis mtn>ory is configur<d into <igl11een S-hit registors and four 16-bi\ 1<g1mn. AU Z-80 
"E'"'" ,,. implemtntod using ototk RAM. The rtvst<" in dudo two .. ,. of "' ¡en.,.il purpot: ttglster• 
that moy bt ""'d indi<'idually"' 8-bit ror,ist<" ot in poir~ .. 16-bit ttgioter¡, Time 1ft ah.o two ltll of 
•ccumulator •nd nog rogisters. · 

• 
Special Purpo,. Re&i>~•n 

1. PruJr>m Counrer (PC). Tht poogt>m counter hold• th< )6-bit >ddr"' of lht cuno rr1 in"ruction beir.¡ 
fetchr:d ftom mtmoty. The PC ;, out omatiully incremented .rttr il> cor.1<n11 hoH htrn Ua:raferred 
to the add"" lin". When 1 prograrn jump o<cur> tito"'"" »lue i! automatiully plo«d in lho PC, 
c>erriding the rncromennt. 

2. Sto<~ Po in ter (SI') Th< m <K poinl<r hclds th< 16-btt ;dd"" of tho cur;<nl tup cf 1 ouck lout<d 
an}~<here itt nternal 'Y"'m RAM mem<>r}'. Tht <>retnal ""\.memO!)" orpml<d as alau-in fnu
out (UFO) r.lt. Data un be pu\heJ unto the lt>ek [oc m specifooCPU 10giUt11 ot popped off of !he 
stocl. into •r•dftc CPU"("'"' tlnough tht t>«uticn cf PUSH ond I'OP i~sttu.:tiono Thi dato 
popp<d ft<>m tl>t stock;, ai"'Y' rhe la<t dau pu•l"d ente ir. The ""~olio"'' "mrle ""rlenltntation 
o( multoplt lo .. l tnletrur". unlimtttd sut '""""' """"' .nd <itr.plt~<>liJn of m•ny typtt o( doto 
monipubrion. · 

' 

.. 
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. INllOR .... T "'"""' ~!ClOO """"~ ' • 
•~DI> "'"'"'",. .. oc••• 
·~"'' "'"'"'" ,. . .. , •• o .. 

"'""""' 
. n•« ""~"" ... 

PODOOA,. CO<JI,ER I'C 

Z-80 CPU ~EGISTER CONFIGURATION 
FIGURE l.G-2 

.... 

} ....... 
"'""Gol . ....... . 

J. T"·o lndu Ro¡i<te" (IX & IY) n" lwo indtpendenl ind" togi•Tets hold a 16-bil bo1t •dd~t.,; that 
t$ u >e<! tn indt>O<l ,•ddf<5sing m <>d.,., In lhi> mode. an inde> ttJlslOJ tS u"d .. a bue to point to 1 
re1ion in memOf)~from "hkh data" to be stortd or tttno.td. An addnional byte" induded in 
indo.od in.,ruetions 10 lpecify o d¡¡pbccniont from this bO>o. Thls displa<em<nl it opeeifltd os • two'o 
cornpltmtnt sirned inl<l"<- Thio modo <>f oddrusing gteotly 1implifitS mariy 1)'1' .. of pro¡; romo,
npedally where tables of data "" u•ed. 

4. lnlcrrupl P•g• Addro" Rogi<ltr(l) Tho Z-!!OCPU con bo OPfrJ"d in o modo whero an indortCI nll 
'"'"Y rno""")' lo<ali<Hl can he achie"td in "'P""" loan Hll<rrupt. Tht 1 Rogi"<r ;, med fm rh" 
puopo•e 1<> """ rho hiPr ordcr Ó·bil> of rhe indir<<"l addr<">• "'hile 1h< int<rrupling dovice plr>•id<! lht , 
¡,.,.., S~us of ,¡,. addrH!. Thu f"'"" ollowo inl<rrupt roulinr< lo bt d¡·nomically lfl<11<d >n¡ ~<horc 
in menwr¡· "'''h ohmlut< mir~in,._l "'"'rimo lo rhc rouHno . 

• •• 
5. Momory Rtfr<>h Ro¡i•l<r {R), ,Th< Z-80 CPU <onlaino 1 memory rtfTr<~ counw lo o naNo dynomic 

momoric110 h< med ,..¡,h lh< .. me c.,c u O!olic monoutieo. S.•m b111 of thi< 8 bit re¡;il!<r ort outo
moticolly rncr<·on.·nl<d aflcr .u eh in<UuCIWn f<!<h. Th< <r¡;tuh bu ,.·'rll r<mrrin •• pro"omn>rd n <he 
I<SUII of on LD R, A in«ruction. Tho data in tho rolr<<h c~unl<r ir ><nt out un the luw<r '""'ion of 
lh< od~''" bu! olun~ wilh • r<fl<>h cunlrol <itnol whilo the Cl'U i< docud•nr ond <xoculinr 1h< f<l<h<d 
in<lfu<liun. Thi> modo of rcfr«h Íl 1o1olly tnn>p•renl to lh< progmnm<l •nd d<>u no1 .. ""' down th< 
CPU opor•lion. Tho progC~mmer r:on lo•d the R r<gill<r for tnting purpu"'· bu11his rogimr ;, normally 
not u"d b¡· thc pro¡;nmmer. During refro>h, lh< con1tnl1 of lh< 1 ~<ri>ltr "" plo('<!d on lh< uppc1 8 biiO of 
th< oddr<" bus. 

The CPU includ<5 '" '' ind< pcnd<nl ~-bil •«umu)OI r•r> 1nd a .. uÓOitd 8·bll n,~ •<giSI<P1 Th< •«UmU· 
!0101 hold> the re•ult! ol h·~il •lllhm<IIC or l<.>giool "P'"' rom ,. hilo lh< flag 10p>1 ti hd'" "' opet~fic 
cn11d11io>n• fur 8 nr 16-bi• "~'""""'· ouch •• .ndicllm¡ ,.¡,,,h., or no1 lht '""lt of on up<r.llon,. eq\1,;1] 
1<1 1<10. Tiro pru¡••mmrr ><i<CI' !he o.•urm•l•l'" 011d 1\4 r'" ll~ot h< "'l>h<> lO""'" "llh wilh '<intJ< 
""""i' Íl•mU<I ion ><.> lh>t h< m•.' "''il¡ "'"~ "ioh <U),., p•u . 

• 
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.. ,.... .-~~- ~;-·: .• ;•,.,-~ •• ' ·-_;-··•"':"•" •• ., ' ... ,.. "·<-r ' .. - ... ,, ".'· '' ... . . 

¡-,J·-.-,,.,:-:: .. "J 11!', \"~:'';:;-e: ·n.;. 
n,,,, ••• two mau;hed .. u ol¡onerol pulpo>< oegi<len, eorh "' <0111oinin¡ iix 8-bit re¡i01e11 th•t 

'~m-ay ~. Uf<d ondivido.,lly " 8-bil ri¡i" '" or i• 16-bit regio! e r p,;,. by th< progrorninOr. One ,., lo <alled 
UC, m:: ami Hl ~·hile·lhe <omplemrnlary .el is oallrd oc·, DE' and HL'. At any one 1ime lhe pro¡mnmtr 
con"''"' <ilher ..,, o( regi<te11 10 wo¡k wilh rhrough a •ingle •~chongo cnmmand fo1 th< en tire .. ,. In 
oy01emo ~ hert f,;l inlerrupt te!pon,. is tequired, ene stl of t<mnl purpnoe rrgt'l<" andan ae<·umul>lor/ 
Oor ,.p.,., may be ''"""'d fur hondi"'S lhi• '"'>' f••t wutine. Only 1 >in•ple nchan~e eomm•nd• ""'d be 
e.-euled ro go be t.., e en tht fouuneo. Thio ¡rully Jeduc., interrup! .. 1\;CO rime b~ ehmin>ling !ht requiro· 
mtnl f or ,.,ing ond retrievin·~ "8"'"' content5 rn the ntcrnal >!>'k durin~ interrupt or •ubroutinc P""'"' 
inf:. The .. genero! purposr fC!i>lell Ir< u""rl f01o 10ide ron!< of applkation¡ by thr piogroonm<<. Thoy aloa 
""'Phf¡ pro¡,.mmin¡, ••peoiolly in ROM b••cd syotem• whc re lit tic utemal rearl/w rite memory 11 
IVailoble. · 

2.2 ARITHMETIC & l9GIC, UNIT (ALU) 

The B·bit arithmetic and logicol instruC1lOn5 of the CPU are cxoout<rl in the ALU. lnt<rnally the ALU 
corrununic.tes with the re&iot<rs •nd lite externa! dato hus on lh< intemll data bu1. Th< typt of functionl 
perforrncd by the ALU i11<ludo: · 

"' Suhtroct 

Ufo or rlght shift.• or rotal., (ariihmetic ond logkal) 

' ln<r<monl 

Logocal AND 

Logkal OR 
' Logical hcluoi"" OR ~ ,, ... 

Compue - ~ ,. . . . ... . . ': . ~ ,• .. 

[)te remen\ 

Sol bit 

R•"' bit 
TUl bit 

' ~· 

C" 
• ....... ••. ·- <', 

2.3 INSTRUCTION REGISTE A ANO CPU CONTROl. j 
• ,. - 1 

-~-~ 

·v .. 

M coclt inmuction il fetched from memory, it ispbced in th< instruction re¡i5l« ond decoded. The 
C<lntrol .. ctions ¡><rfomn this functlon tnd then gonera1<J ond •upptieo aU of the C<lnlfol signals nectSsary 

· to rcod or w<it• dato from orlo lb< «¡>Sters, <:Ontroltbe ALU and ¡ir<Wido all requirod exiornal tonuol 
lignah. • -· '" · • .. .. · · · ' ''-·. "''". ' -· 

• ~.,. •••• ... ;,. t ,,..,,,, .,, • ••••••• ,, •• , •••• • ••• ' 
""'" • ··<> .• , 

·~··~''"""''""''''"·····""' .. : ... · .•. ·• ,· .• , •···· .. ·.,· .. . ' • • " .,. , ,.,n,~·'·• ··:;_,~.., 

,. 
.. ~. . . :, ·"···;~.,., ..... , .: ; ,., ..• · .. · ... •.. . ' . ,., ''. 

- '·"·' '"··" •' •• 'J'. "":" ........ . ,.,._ .... ,,_,, .. : ... - .. -.......... ,,, .. '' .. .. " .... ,. '"... ,, ~·- .. ,..,,._,.,_ .. , .. 
••. ,_;. ,;,..,, •••• · .. •! ,, ·• . . . .... -~ ...... , ... "'" 

:.~ .:· .. • -~ .,,,. •., . ' 
""' ... ,, .,,, ,,L, .... 'l. .. •. 
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J.O Z-80 CPU PIN DESCRIPTION ... '.,"! 

Thr Z-llO CPU is p,,¡,,E<d in •n ind""'Y >~•nd<rd 40 pin Dllall,.line P•dagt.'Tho 
in fiturt 3 0-1 ¿n~ Lh< f unctiQn of uch io dr><:rib<d bol<'"''. ' : " • ' • 

•' . '·'•"""'" 

V 

.. ". 

,. ,,,.: 

"• 
¡;;¡¡¡¡ 
iOiiO 

" •• 

( ""' 

t 
.... 

~lRO' iNf 
-. ;¡¡;¡¡ • 

' Rr.n 

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

•VA15 
(Address Bus) 

"• 
(Mochino Cyclt ont) 

~IREQ 
Vlemor) Rrqu<SI) 

• .. .. • ... 
" • .. . . 

. 
' " 

~ . , • •• ,., . -" . ' • • 
:t • 

• ' • 
" • 

• 
·-"- " • 
_....!!..... . " f-!;--:--.. ,. •• 

' . ;;.. Z-80 CPU 

' " • 
' • • 

~ ., 
•• 
' • 
' ., ~""'" ' ~ 

' 
. • ... ., ., ., .. • . .. . .. 

" 
... . . 

" . . .. 
• .. ·-'' h~ 

• •• . . " . . •' . ·{ 

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

" .. --
" 

''"' : .. . . .. 
; •' 1---'.' .... . • .. 

Z-801'1111 CONFIGURATIOIII., 
FIGURE 3.fl.1 

·' ... 
' . ,., 

-·· , ... ·'···-~ 
~- .. . . 

~ ·-···,. , ___ ,,, ',.,.,, "1 

.. ,¡.,_,. , .. '" ,,.,, 

''-''"' 
T ri-mtt oulput, actwe hi¡h, A0-A1 S constitute • 1 6-b1t •dd"" boa. Tht 
addro" buo provid., tho oddru• fw m<mory (up 10 MI' bylesj doll 
exohangu and fo1 1/0 dovk• dOlo ••changos. l/0 addJusin¡ us•s 1M 8 '""'•' 
oddr<5S biiS lo allow lhe user lo diroctly "lo el up lo 256 inpul or 256 <>Uiput 
por10- Ao i>lhe lea" oignific.ml oddrron bh. Durin¡ refr.,.h 1imo,1helawe1 
7 bi" cunum a »lid refr•lh addro». 

T1i-s11te inpul/oulput. aCliV< h1gh. Do·[}-¡ con>! i1ure an 8-bn biduertional 
do\1 bus_ The d"• bus is u sed for dno uchang<S wilh memol)' and 1/0 
devioos. 

OulpUI . .C\Ivo low. M1 1ndi-.1es lhal 1he cuutnl m>chln< c~cle i> !he OP . 
e<>de fe1ch cyde uf !.!! .. .'ns11uctio11 e>e<LJtion. Kolt ohol d1uir1g '"'"""" 
of ~-byle op-code~ M 1 "generoted •• "'" op cude byle ,. fe1ched The" 
1w0 by1< Op--<:od<1 alwoys b<gin "'lh CBH. DDH, loDH or FDH_ ~11 al50 
oc e u" wnh JORQ \o mdio.te •n in1errupt achnowl<dge cyclo. 

Tri-note ou1pu1, "*' '""'. The mernOI)" reque>l si~rul indkat<> 111>1 the 
•ddro,.busholds o v.lid addr<" fm a mernury read or memury ...... ,;,, 
opeulion. · 

\ ' 

( 

: ·. ·-· 

\ .. 
:-.;. 
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lORO 
(l"put¡Outl'ut RoGuUt) 

RD 
(Memory Reod) 

WR 
(Memory Wr!t<) 

RFSH 
(Ref,<lh) 

HALT 
(H>lt •Tato) 

WAIT 
(WJit) 

''" {lnte.,upt Request) 

NMI 
{~un ~bsbbl< 
lnteuupt) 

Tri si oto ""T plll, o<:ti,·e ¡,.,. Th< IORQ signol indkar" that lh< \ower holf of 
the :~ddt<" ~"' holds o »hd 1/0 >ddress for a l!O J<ld 01 ,.,¡¡, op<ro11on. An 
iORQ "tn•l ;, allo ¡:ene1 ucd "nh •n M 1 ,;~al when on interrupt i> being 
••""owledged 10 ind><:ale !hiTan il1tenup\ '"pon" •«tor can b<: plocod en 
The d"• bu> 1 nt<u1.1p! Arlno"l<dR< operations occut dunng M 1 !tme "'lúll 
1/0 ope¡alion• nt•er ocrur du1 kng M 1 lime. 

T rh"te out¡ru 1, octivt low. RO ind;e>l<S th>l Th< CPU wa:rrt$ to re>d dato 
from me mor)' nr on l/0 devic.. Th< oddrt>"d 11 O d<'"' or mcmory lltould 
uu thi• signalto ¡:ate dato onto the CPU doto bus. 

- .. 
Tn·il>lt O\llput. octivtl.,..·. 1\"R indJCatn thll tile CPU dato bu• holdo valid 
dau toO e Slo!Od tn the add<u .. d mcmory or 1/0 d<Yl«. 

Out pul, octivt low. RFSH indicotn th>l the lower 7 b>« of the •ddr<>o 
bus contokn • refresh odd!<ss fot dynamic memo"" and 1he curren¡ MREQ 
.Op1al •h011\d b<: u .. d to do • «f<e.h JUd lO aU d}·n:omic memo<i<s.. 

Out¡nn. ootive 1""' _ 1 1 Al T illdkot<> lhol 1ht CPU hu e \e cote<! a HAL T <eh· 
war< in•truction •nd is aw•illn, <ilher 1 m>11 mul;abl< m • m.,k.ablo inteT·' 
rupt (wi1h the mas~ <nob\ed) he foro ope11tion can tc•umt. 'IVhilt holted. tht 
CPU ntcuro• SOP'• 10 maintain momo'}· rd r<>h octh·i1Y. 

InpUT, J<tive lo". WAJT mdJCilUIO th< Z.SO CPU lh>t thc oddr., .. d 
memory or 110 devi<n ue nol ready for • dota nansf,.~Tht CPL' cuntinuu 
lo <ni« wail m tes foJ os long os this signa\ is IC\JVe. lhls sig11ol allowo 
memory 01 1{0 dt.;ces of any spud to be .ynchrontud to th• CPU. 

' 

,, 
" ' 1 l ( l. 

; ' 

'" tospond to 111 int<rrupl m th<<< dtfft<Onl 
ntodes 1ha1 "' des<<ib<:d m d<t>>l in ,.Clion S 4 (CP\.1 C'onttollnuru<tio"'). 

Input. n<!>lÍv< edre ui~~<«d. Th< """ ""'~•bl< in10uupt "<1"'" hn< hos a· 
hightr ptlOrit) !han RT and "ai><IY' «<Otnit<d •< the end of th< current 
msttuttion, independent of the "" "' of 1he int< nupt <noble n,p.nup. NM 1 
o~tomone.lly fo«es thc Z-80 CPU lo «Slltl lo l<>:at1Un 006bH. Th< P<Ot,llm 
counar is outomatir.ll)' ""d 111 ~,.<>temo! •l•cO m~"' the "'"con retum 
to tht p>O~tlm that "'" intet~upted. No" lhll continuou• W AIT <)des con 
P'"'"' lh< <urrenl 1n<t w<hori f <Om eudin¡. and thol a !IÜSRQ .. ·iU O'<Hi.J< 
a:-.\11. 

i 
i o 



RI'.SET 

BlJSRQ 
(Bu• RequeSI) 

BUSAK 
(Bus Aekno,.·ledg•) 

• 

V. IU 

~ 

lnpur. tclive luw. RESET f<>r<~ lhe progrom counter lo uro and initíali•i• 
rhe CPU. Tire CPU imtioliurlo.n includes: 

1) D"oble th< inlerrupl tnable flrpflop 

2) S<r Re¡i"" 1 ~ OOH 

3) S<t Rc¡imr R ~ 0011 
4) Set lnterrupl M <>deO 

Dulln! "''" 11m<. the oddr<u bm ond d01 • buo go ro a high rmped:tn<O "''' 
and oll conlrol ourpur oi¡,nal• go ro rhe mutive •tOle. 

•ill 

buo rtqu«l 11¡;nol" 

' ' ' 
m achine cyde io lemnnar<d. 

r .ct"·•tcd, 
outc u onon "' 1 

Durpul, acrivc low. Buo aci<J>u"ltdgt io ""'d ro indicare ro rhc requ<ohng 
devic.c rhallhc d'U oddruo bu<. dlla b~n and lfi.,.lllt control bu• oi~nob 
h., e b«n •<tlo lheir high impedan~ Uate and lhc <Jrl<rtlll dcvicc can now 
<ontrollhcsc <ignalo. 

Sinsf• ph ... 1TL le>·el dock wiii<h r~uu"eo unl)' 1 330 ohrn ¡ruU·UP ruiSiot 
lo< S volu to meel .U dock !<quuem<nts. 

' .. 

' 

( 
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4.0 CPU TIMING !1 _. - ' ' ' 
n,e Z-l!O CPU e .. cuteo in<truction• by ~epping lfnough 1 very predi< ><l of a few b"'ic <>perati=•

Thn< indude: 

"'' Memcll)' re•d or ""ritt 

1/0 d<vice r<ad or write 

lnttrrupt ocknoi.·ledge 
' 

" " 
" 

' " .. 
All mo!ruction< Ir< mer<ly a ,.,.;_. of the>< ¡,,;e op"a!ion•. F och of the'" b"ic O(>t ro trono can l•ke frwn 
thrte 10 ,;, e] oc\. pmodo to complete or they oan be len~thontd 10 synchroniu the CPU to the op:ed of 
'"<mal devi~>- The ba.i< dod pt<iods ¡¡e r<ftmd 1<> •• T eyrles iltld it.e h•<ic <>p<t>lÍ<>n> are oeferred lO 
l> ,\\ (for m•<hine) cycleo. F1gur< 4,(l..() illumat<< h""'· a typic..l in.uuctitm will be rner<ly a.,,;., of 
specif1CM and T eyde>. Nutice th•l ttúo inrtruC1Jon con>i>h of three mochine cycles (M 1, M2 and M3). The 
fi"t rnach¡ne cycle of ony instructoon 1! • fetch cycle whoch i> luur, fiYO or six T cycles long (unless ltnilh· 
ened by the ..,.¡¡ signa! which w:m be fuUy described in the nul >«lion)_ The fe1cl. cycle (M J) " u>Od to 
ftl<-h the OP codo of !he nn1 imlru<lion lo be uecuted_ Subo.equenl mochrne cydes rno•e do u ~IWt<II 
tite CPU and rnemory 01 1/0 d ev'oces .,d they may h.-·e anywher< from lh"e to flve T cyde• (o¡oin they 

_ rnay be lenglh<ned by wail •tales to synchoonize lhe e~tern•l devi«• _lo the CPU). T~e following pora
g<aph• des.:ribe the timin.K which occu" within ony ofthe basic m achine cycles. In stelion 7, !he uact 
lin\ÍtiJ for eacl> instruction is specif,.d. -

• 

' ' 

'• •• ., ., 

"" . -· "''""'"" '"'" 
.. , ... __, .... , 

V !> 

~ ,__, ....... 

., 

.------. __ , 
.. 
{:' 

BASlC CPU 71MlNG EXAMPLE 
fiGURE 4.0-0 

-- --· ,. 

• 

,. 

• 

All CPU loming can be brohn dnwn into o few very "'mple timrn¡ diag<am• u <hown in figuro 4.1J.I 
th1ousJ¡ 4_0-7. The>t di•&'"''" 5how !he foUowinJ bos1c operolmns wilh lUid wilhout wa11 stales (waa stata 
are added lo syndlfonlle the CPU ro <low memory 01 1/0 d t\'Íc .. ). 

4 0-1. 

4_0-2_ 

4 0-3_ 

4 (!-4_ 

4.0-5. 

4 0-{;. 

4.0-7. 

lnstruction OP code fttch (M 1 cycle) 

Memo!}' d11o oeod 01 ,.,¡¡, cydeo 

1/0 ro•d 01 write cycl., 

Bus Requ<U/Aüno,.ledge Cyde 

lnl<rrup! Request{Aekn!JWledge Cyele ~= • • • ,;·' >·•- ~ 

• ·N~n m':,,kOble ini< rrUpl Rcqu.,t/ Acl:.nowled¡o {'y ele · •' . , __ , .,, '"" 
[xil from a_IIALT m<lluction .. : 

' ,.,.-

" 

....... ' . _, ., :o ""' 
. ,_ '· 

11 
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lSSTRUCTION FHCH ,-,,1)'-111 'J ', : o ' 
• . . , 

Fo$~" 4.0.1 >how<tho liming dunng on MI cyde (OP codo frtch) Noti« !ha! lh< PC is pl.cod o'n th< 
addrt" bu< >1 lhr hcginning of the MI c¡·dt_ Ono half dock time later the MREQ '~'-"'' .ctive. Al thi> 
tirnt !he oddro" to lh< m<mory h., had lime le >lobiliz< "'lhollho folhng odgo of MREQ can be u<rd 
dir<<lly o> • ch•p <Nbl< clod 1<> dynomk m<m<>riu. The RO lin< oho gou o<livt lo indita!< thotthe 
rntmol) Jtad d>io >hMld be enobl<d onto lh< CPU dota hu>. Tht CPU samplu the data f1om !he memory on 
the da lO bu• woth lh< JL>ing ed~o of th< do<k of Sial< T3 ond lhi< '""'' <dg<" U\<d by !he CPU ID turn off 
lh< Jtl'l ond MRQ "~n•h. Thu< the dou hO> alr<ady bren <ampltd by lh< CPU before th< -kD sign•l h. comes 
1nootin. C'lock ''''' T3 ond T 4 of • frtch cy<lr .,, u><d to l<fr•"' dynamic m<mori<s_ (Th< CPU""'' this 
1imt ro J<eod• and necure th< fttd"" inSirurlion"' rhat no oth<r op<ra1ion could b< puformed 11 thio 
time). DurrnET3 and T~ tht low<r 7 bllo of the addro" bus con u in, mtmory rdr<sh addron ond !he Rí'SH 
oign•l ~<eonrto 1<1 i" to indica tt th•t • rofrtsh read of .JI dynamic rntrnorios should be accumplilhed_ No tito 
thlt • RD signa! Í1 not grnrr.red to pr<Vtnl do u from diffrrrnt me mor y otgrn<n" from 
b<ing pttd onto the da u b~n. r U.Ould be ""d t-o perform a r<fr<lll ,.,d 
of oll mtmory olimtnts. Th< rd ro~ 1 con not be U1.td by it«lhinc< tht rd rtsh lddrtss is only guaran-
t<ed lo~. >IOblo during MHfQ Irme. 

' . 

._,_ 

•o ... ,. 

• .. .! < 

-., 

.-.-... 

' ' . ' . ., .,. 

.... •'' . 

.. . 

'• '• '• 

__ ,. 

¡,----
.. ' ' ~ , ... ,_,-,{ .. 

INSTRUCTION OP CODE FETCH 
ftGURE 4.0-1 

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

.. 
'.. '· " ,, 

., 

•,: '' • .-< ' ' .. , ..... ,.:.· 
·····•j_,.,, 

,, 

~------

•• ' ' ... -
"' . -' ' . 
, .... 

" ... ,.,, ' ' ' ' .. .. ' .. "''· ' ' ' ,. 0\•l ' 
,,_,_.. ' -·~ •• O) "')' ' 

,. 

• 

' 

' 

' 
Frgur< 4.0-1 A iUustr>tu hnw tht fetch cyde ;, dolayed if tho memory octint« tho WAIT line. Dur

in¡ n ond "'fY subocquenl Tw, the CPU J.ample> rho WAIT line with th< folling edge of4>_1f tho WAIT 
line "octi-. 1l thio u me, anothor "''" >101< w~ll>e entuod dunn¡ ,¡,, foDo...;n¡ cycle_ Using thio l<thniqut 
rho read cyd< can b< lon¡thoned to mat~h tho •ce•" rime of ony type of momo• y d<>;«. • • · ' 
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INSTIWCTION OP COOE FETCH WITH WAIT STA TES. 
FIGURE 4.(1.1A r 

-
1 -··-- 1 

MEMORY READ 01{ II'RITE 

Fitu•• 4.0·~ il!u~l~>l;, 1ho ;;;",.;ng of n><mory ~<•d '" ""'' ~ycl•• ~lh<r th .. ,; '" OP •"ndr f<l<h (M 1 
cyde). The!.< cydu ore gen<roll)' lhr« dock p<riods long u" oleo• w•it sUtes u e orque"<d by the momury 
m tho \\"AIT•i~n•l. The MREQ•~Eo•l•nd the R[>'sl~ll>l "' usod the s..me o< in the feoc·h cycle_ In the e"< 
oi • memory "''"' cycle. lho MR abo b'«on,., o<tove when th< add,.,. bus;, stable lo thol lt can be • 
U!.<d d11t<tly 11 1 chop <noble fut dynomic n><mosi<S. Thr WR lmo io >CIÍvt whcn do11 on l he dal• buo i> 
ouble .., thot it con be u .. d dlroctly ., • RfW pul .. to ..;nuolly any IYI"' of !.<nliconductu• memory .. 
F ullh<rmor~ th< WR signa! ¡oes jnacti-. one half T,'otal< h<fmo tite odd rO,. •nd daÚ• buo cootonlS 11< . , 

-chonged oo that tbo o .. rlap rcquimnrnts fOi vottu;l!y 1ny IYf" uf ,.micondto.:tm memory lypc_._wil! be m• l. 
---- 1 •• 

-ü ;. "''·. :. • • '-~··· .;. J~> ,,,•,lo '' •-•"- •~: , .. _.,, • ''te'·: • • "' ,-. •.,.,:: ·ood1'c, ·'"" 
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"' '' :r,-' ,,,, MEMORY,REAO OR WBITE CYCLES 

FIGURE 4 0-2 
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Figure 4 0-~A illustratn how o W AIT r<qunt oi¡nol wiU lengthM ouy m~mory read 01 wri!t opera
- linn. This upN>lion i< tdcnlicalto th•l previously descrihod for a folch i:yele. Notiee;, thioligure tlu>ta 

$<J'•,.,. , .. d •nd • .. P'"'" wnto cydc ore ohown in tho sam·r !igui.: allhou¡h read and writt cyd" con 
.,.,..., <><<Ur simultancously ." • . · · · " 

•· .. -... 

•• 
CAlA O'-" 

mo- "" 
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. 
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-
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... .., •• ADDO . -. 
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. ' '" 
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. 
bATA out 
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. 

MEMORY READ OR WRITE CYCLES WITH WAIT STA TES 
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INPUT OR OUTl'UT CYCLES •• ·.e .. . '" 
••• "··'"-~ ., •...•.. ' :·-.-.: ••. , ·'· ¡ 

Figure 4.0..3 ~lu.rratu an 1/0 reod Ór 1/0 wrl!< optrallcn. Notice thot durin1l/O operotiorut o oin¡le 
w>il <lote io auloina1ically insened. Tho rouon for thi< io lh>l dudng 1/0 operalions, the timo from when 
the IORQ <ignol gcoe<leti .. unlil the CPU muS\ sample \he WAIT lino is ••uy d>ortond ,.¡¡hout this <><Ira 
""'" ourflcient time dcoe< not <><i>t for an 1/0 pon to decode iu add1011 and octi•at< the W AIT lin< if o woit 
is required. AJ...o. wnhoutthi• w>il<l>l< 11 "i:!tffocult lO de"P' MOS 1/0 de.,.;cn thot e>n opero te al fu U 
CPI.!..!f_eed. Ouring thio ..,,¡¡sute time thc WAIT reque11 <i&n•l i> samrled. During • •••d 110 operotion. 
the RO line i< u sed to onable lhe add "'""d port <>nlo llto dala bus jml n in lhe case of 1 memory re>d. f or 
1/0 write opcralmm. the WR lín< i< u,.d u 1 dock lO lhc l/0 poTt, >¡airi wlth S1Jff.eient o .. tlap timinJ 
oulomatically provid.-d.., tlu>t the rilin¡ edge m>y be u"'d" a data dock. • , 1 , 

. . -·' 1 -· \ 1 ' ·---· . . --·-
F.¡urr 4.{1-JA illumatn ho"' oddilional wait stateo may be addd ..,;th lh< WAIT line. Tho operation 

i• odenticolto !h>t proviouoly d••cnb«< ,- -· - ·-·--' ---- • . . . . ---·-- -----~~-' .. • 

BUS REQUEST/ACKNOWLEOGE C'l_'CL~ .. .. 

" uung e y de <le>ling). r f01 " toa bu o request i< the l<llglh of • mochme 
cycle ond the exltrnal conttoller can moinlam contml of tho bus for u mony dock cycl .. ., ;, dOsited. 
Note. ho-..·eV<r,thot if •uy long DMA cyd" are used, and dynarnic memori" are be in¡ UO<d, the ext<rnal 
cunt•olleo m u" al so pcrfurm the ref1e<h funebon. Thi> snuation only occua if >•ry lar¡e blocks of doto'" 
lfnnsferred undor DM.'\ <':'nlrol Ah o MI< lh•l durmg • htis r<quo•l cy<le. the cPU CtlllnOl be inlen"pted 
b}<ilhcro:--<\!lmaniKT~gnal . -:: · ;.; . ~ . . 
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FIGURE •.0-3 
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F1~"'' 4.0·~ illus11at« thc limin¡.,oocialed ,.,,han int<rnlpl cyde. Tht in1muptsip1al (INT};. 
s.mplcd by tht CPU Wlth the min¡ td¡c of the lul dock al thc cnd of any inmuclion, Thr >ignal voill not be 
•cceptod if lh< mlt mal CPU softv. are oontrolled in '""'P' cmble O•p·fl~p ;, no1 m or or lht Bl'SRQ oi~n g 
i> active. y.'htn oh e SJgnal io •«<pted a 'l"'">~cl< ;, f<neul<d. During lhol op<cill MI t~<lt tht IUR (' 
oi¡nal b<eomeo •clive (iniiUd of lht nom111 MREQ) lo indooate that the inleuuptin¡ dt;·ice can ploce an 1 o 
8-bll ;.etc o on !he da u bus. Notice tlul two wall 11010, "' wtornwc•lly odded lo 1hi1 cydt. The•t 0101"' v ~..-· 
"' tdded so thal 1 ripplo priurity lntto rupt 1chemo Cl n bo tuily implomented, Tht two wail $1> \" a!low 
•uffldtnttime for lhe rippl• •ignah to itobUiu •rid ldentify whiclll/0 devicc mu" ln¡cn !he ruponse 
>tclor. ftder to "~tion 11.0 for dculh on how the lnt<nupl respónse >e<tor !1 ulilil<d by the CPU. 
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fiEUI<! 4.0-SA and 4.0-5B illuslr•lc ~ow • prn~r•numbk coumcr caQ be ""d lo exlend inler¡upt, 
. o clono>\ l<dEO tirni:- (C<>nlipued n •hown 1 o odd onc ~<oil •U te) 
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r¡. NO~ 11 \SI(.o,IILE 1:-\TERRUPT R[Sl'ONSE ·;, ~-' '>'• ,,,.~1 ;-'-G ~ ~''" ;.~-U.c ,;."'J ·¡ 

-. ,. '·<- , ... ,o:'-~-.~- -' ,, h;_..,::- ,,¡ -""" -~""·-~;,_ 
Firurt 4 _Q.f, illustr•t<• !he loque<l/._kn.,.. l~dgc cyde fut !he non mashbl< interrupl. This •ir;nal is 

!..lmplod al thc -.ame time •• !he onw¡upllmo, but thi< l1n< h"' p<iorily """'!he nomu.l inlerrupt ond j¡ can 
""' bo d•"'hled undu wf ¡y. aoc 'iom!rol. lis Umal functiuÍ'I is to provide immedial< J<sp<>n,. 10 impun~nt 
·.ir~o•l< su<h ., •n unrrndong l''"''' failur<. The CPU ri<p<>n>< tGa non ma<~abk imcrrupl ;, mnH., to • 
""""'1 mcrnury r<od op<rltion. Th< onl)• doff<rcne< beong 1hu th< cunlenl of \he data bu• i> i¡nored whilo 
th• p10<0.sm >Uiorru tica!ly ""'"' tho ~ in iho cx1<mal ,,.,1- and jumps l<>loca!ion 0066¡-j- The 5<rvia: 
roulin< fm tloe non mulable intorrupL mu<t begin atthis loc.otion if lhi> int<Ir~pl ;, ....,d_ - . 

HALT EXIT 
• 

' ~·-· 111>eneW:I a whw:arr hall in>iruclion i> e~ecu1<d the CPU be~n> neculing :-:OP's until an inttrTupt tl 
re«i•ed {eulru a non nushble or • rnaY.ab]e mtermpt .. -hrle the Jntcrrupt Oip Oop ts, rmbled). The \"'0 

inlerrupt lines orr ..,mpled ,.-¡¡)> !he rmng dock ed'e during ••eh T4 >101e ., >hown in f•gme 4.0-1. 1f o non 
m><hble inltrrupt h•• bcen rece1\.ed or • nu•l.a~le mlenupt hu been recei•-rd and tbe inwrupt enab!e 
01p-Oop ;, ,., . th<n 1hi hah state will be n.ited on ihr next risin& dod •dte. _Th• folln .. -ing cyde "'illlhen 
b< on inltffU¡>I ocl.no".-]ed~e cyde correspondint 10 the t¡·pe of mlenupl th:at ,..., received_ 1 fboth nt 

recei•ed., thi• time. lhtn tht non m.,\.oble one will be atl.no"'lidged •ince it ha• high<>l pri<irity_ The 
purpme of e'ecuting NOP inS1ruclion• while Ur 1M hall SlOI< i• 10 keep tht mtmory r<-f1toh >ig;nah ocli..,. 
Each cycle in the hall •t••• ;, a nonnal MI (fetch) cycle rxcept that the data_ received frorn the memory ;, 
ip>ored anda l'OP instn~etion is forted intemally lo the CPU. The h.Jt ocknowledge sitnal is >Cllve durina . 
thi• time 10 indir.ott that the proceUor ;, ;¡, the hall 11ate; ·F : • "' -:.,- •t:IU '! • 

·'·'~ ... 
~~-ln, .. C. ... ---J.----~~-~~---•• -c------1 -·~--- •• • 

' . ' , .. o 'A" 

'• • • . . , ,, .· 
:.-.. : • f-' v.- .. 
__ .~ .. , 

"'"'" -......--:...,....... 
iiO -..-·-... _,_ 

_,., ..... '-
--

·' ' 

., ¡ 
j i ¡ 

l ' NON MASKABLE INTEI\RUPT ll.EOUEST OPERATION 
_j ______ ,---·-1 - -F.IGURE 4.0-6--~-------¡----------- -~"--· 

' ' 

' ¡· 

---' .. , .. , . ., ::::::::t'c:':::=::::i':::;':::::·~::;::::;::::;t'::::t::::;; - ' ------...._:-;.-' -· - - '-- -' '• '• '• '• ,,----
...... 

' 

' 

- ·. 

k>LT '""~"c"Ob 
:f J :, !"' t "•tCI<VIO 1 , ,.- .••• • ou••~~'H". ··~ 

! ...... ~.YCYCU 

' 

' • -' ._ 

' 1 

·.:u .flALT-EXITJ ::1\l'l_, ..... ,.,., .• ,.t"'J-"' ,._,_.. ... ~,·.~~ '· -'· 
:;,> ~t GU RE 4.0-7 

. ;,. -

' ,. 
' 

-.~-

i 

·-

. ' 

•• 

' 

' . 



"· ~. 

5_0 Z-80 CPU JNST RUCT ION SET 

The Z·80 CPU can "<Wto 158 d1ff eren! in>lrLJCiion r;pe• indudrng •U J8 cf rhe 8080A CPU. 
The insuuctíon< <on be brolo.en down into the f~]J~,.m~ mojor groups: ' 

• LO>d and &.chango 

• Blnl\ Tnn•f<r •nd Se•r<h 

• Anlhmelic and Lofica] 

• Roll" ond Shih 

• Brt Manipulation (ott, reset, re<t) 

• Jump, Calland Rtturn 

• lnpul/Oonput 

• B""' CPU Connol 

5.1 INTRODUCTION TO INSTRUCTION TYPES 

Th< lood in<lnl<llonl mo~ daio lnlrmaD) b<tween CPU regi"'" cr bt~ .. ·een CPU ''""'" ond <>ltf
nal memory, A!l of thne rmuuctions must s¡><•ctfy 1 IOUrrt loca!lon from "·hirh the d>1a ;, te br mo•td 
ond 1 de~in:ation locallon. TM «JUICO location i< not .:Jtered by 1 IO>d tn!Uucti<>n. Exampl .. of 
load group in<lruction• indude mo>., bot"'<<n any of the E<f'l<tal purpo .. '"'"'" such •• mo>e ¡he doto 
lO Rtgi<l<r B from R<~""' C. Thi> ''nup olw 1ndudes load immed.,te 10 ony CPU ''''""' nr 10 u y 
uternol merrmy local ;,n. Othe1 l) p<s of load inmuctiono ill""' '" nof<l bttween Cf'U re¡o"e' s ond 
memory l~tlon>. The <•<honre ln<tructions can tr•de lhe contento of t"'o r<¡;i"eB. 

A unique ,.1 of block lnnofer instructi011< is providtd in lbe Z-80. W11h o <ingl< '""ru<lion 1 

'' block o( memo1y of any •it.e can be mo>ed to any Olher locotion in memory. This '" nfblock m o•., 
i> ntremely •oiluabl< "'be o lu~e ,tring< of dna m u" be proces,.d. The Z·80 bloc~ ""'eh insuut<10no 
,,. ll<o >aluoble for thi< type of pro<<!Sing. w,th a single 1n<1n•ction,o block of "''"nal m.,nor)" 
of any do>~••d length can be "arched for any S. bit char>cler. OnCe lhe ch•,.Cl<r is found 01 the rnd of !he 
block io J<lthed, the inslruction au1oma1ically t<rminlleo. Bolh 1he block transfer and the block ,..rch 
inmucli<>n< con b< inlerrupted during !hoir oxoourion so as lo nol occupy lh< CPU for long pe11ods O( lime. 

Th< orlllJmel ic ond loJ\IC-11 inmuct 1000 o perOl e on d "' stored i1l 111< occumulllOI •nd 01her 
'enero] purpo,. CI'U "gi!l<n or "t<rnal me mor y locotions. The !<OU!t s nf !he nrerali<>n• "" placed 
in 1he occumuiJior 1nd tiro appropriol< n,~, ,,. ,.taccord111g 10 lhe ruull of 1he ~per•llon. An 
"""'PI< of on atithmelic Opelali~n Íl oddLng lheo<cumu\ator 10th< conl<niO of on •"•m•l momory 
lnuuon. The r<>Ul1l of lho oddition ore pt.<ed in 1ho occumulllor. Thi• group also indud" ( 6-bll 
add11ion ond •ubtrlcllon b<a .. en 16-bu CPU r•E-i•rero. 

Th< rOlO! e and lbifl g¡oup ollows any t<gi"er or any m<mory loeoiÍOn 10 bo tolll<d nghl Of left 
wllh ur wllhoul cuiy either llilhm<IIC wlogical. Al•o. • d1¡;i1 in lh< ICCUmulllor con be IOU!d righ1 
ot left with 1"0 d1gih in any memory locotion. 

Th< b11 manipula! ;,n in•trucuon< oUow ony bu in 1he occumuiJior. any g<n<ral purpo,. r<Jiote.r 
01 ony txi<~Nl momo1y ]oc.,;on 10 be ><l.'"'"' or te.,<d ... ith a •in~ le inlltu«ion. Fol oumpl•, 
lhe mosl s.igoificon< bll of regnlcr H c.on bt re>el. Th" g•oup i< <>p<<i>lly u>eful in coni•Ol•ppliotiono 
and fo1 contmllin¡ '"''""'" n•M• in ~<nera( purp<o>< P"'l••mmm~. 

Th< jump. coll .1nd r<l "'o '"'" u.:Hnus ;re "''d IU l< "''' •fcr b"" "" \J 1iuLI\ h 3\iun• '" lh< "'" ·, 
P"•~••m. n.,, gruup u•<> '""al J,fftrenl "' hnrquos ¡,, ob t.1m ing lhe "-'" 1''"~' . .m c<>unt<r oddr<ss 
from >r<<~fi< <>lernol memory hoc>lion~ A uorquo lyp< nf c.ll u th< "'"1! HlllrUCiiun. Thi> in.uucl1on 
JCiuilJ) contoons u,, "'" oddr<»., a p.rl of Lh< ~-bll OP code. Thh "pn>obl< """ un! y 8 "1'"'" 
•dd"'"' lnc.,,d in p.•g< ><ro nf 1\•< nl<rna\ H><mur} '"'Y bt >po<ifotd. PrOf••m JU~TIP> m o) ah.o 
be ><h ¡,., <rl by J.,adon~ "<'' L<r (!L. 1 X ur 1 1' d 11 ,., Ll)" 1 "'" tho l'f". !hu' .lt, ~ inr L ),, J '""P .dd ''" '<> 
bt 1 '"mp\r. fu1.:1 iurr of 1 he "'"''"' bdnr t "' Ultd . 

.. 
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Tho input/out¡>UI ~toup of in<ltn<ti<>n> in tht /_.~Ct.tlh•"' fnt a wide ""1' of ltonúe" belween 
'' lelt»l n><<>><>t} 1<><>1 inn• 01 thr ~"" ••1 put p<»e Cl'U l<t!J>Irt-, wd the <>l<rn>l L/0 d"ices. 1 n 
e>rh ene, the p<>t 1 nun>her i• p•n•·id<d on th< l<>wer 8 b\1' ~~ th< •ddto"' bu• dming any 1/0 
1tan<.1rlion. On< ;"" IU<Iton aiJ.,. ' lh" 1"'' 1 numh<r In b< 'l''""ifoed b~ !he serond b) le of tho instruction 
"'hil< olh<r 7.-80 111.:1 1\tcli<>n> •U<>" 11 10 be spe<ifocd " ti,. "'n«nl of t h< C .. :;;.,,,. One majot ad
''""f' ofuotnf the {' "f"''' •• • 1"''"''' to th<l!O dr•••• "that il .uo,-s dtffe~ent 1/0 por u to 
,¡,.,, '""'"'"".,,¡,,..,,~ti' ti t<otttin<l. Thi• is n<>l r<''"'hle "h<n the •dd'''' ;, parl of lh< OP c<>de 
tf ti.-'"""'"'~" ""'<'ll "'ROM. Anotl,., f<allue <>f tlo,,., mput m.Unttions tstlu.l th<y set thc 
fu, ''f"'" """'"'""'"U} "'tNt addilinn•l np<!Otio•m '" ""' "•JUio..:L lo drtrrmine the <tale of 
th< inrut d>U ( f ~~ e\ampl< i h ]'illly) T he Z·hO t'PU oncludeo •ingle in•uuction• that can mo~ 
hit>< l.• <>f d.na {up 1<> :56 b)'I<S) OUI<>m•llull¡·¡o m footn any L/0 pon du~tlly to any memory l<>e>tJCn. 
In conjnot.·ti~n "' 11 lo the dual "'' nf ~<n<~>l ru'l"'"' oegi>ter;. '"'" in.,mction• pro>1do fo1 fa>l 
1¡0 blo•'l. tr>nlf<r ntu. Th< >al u< of thi• 1/0 "'"'"";,,, "'' "domon"'"•d by the f.cl tlu.l lh< 
7~80 CPU can ~IOI'Id< •11 tfquioed lloppy do>l< fot nuo un~ (•-•-. lh< CPU pro,·d., 1 h< r«•m !>le, oddrus.. 
dilo and <n>hl" tht CRC <r>dn) on doublc dcnsoly llorr•· C"> duv" on an inwmpt dn••n bui<_ 

Ftnall~ .. the b•"< (' PU conuo] inll"''"""' a Uow \Jtious options and moM<. This grnup 1ndudes ' 
mst roe toon< ou;:h ., <<11 ing nt r<><11ing tho inl<lrupl e noble flop llor ".' ":' ling t~o m<>de of in\eHupl 
l<>]'OOS< .. 

5.2 AOORESSING MOOES 

M u" uf 1 he z.i;o o rt>ll uctt<•n> "P'"' < un cl,to "no rd in o ni <mal CPU ocgistors, ext<! n•l ntcmmy 
u1 1n thr 1 10 l'"' u. A.ddt"""~ refer> 1 "· h{)w !he •dd ''" of ohi• da,. ;, ~""' "''i~. in e><h in•lTUtbon. 
Thl> ""ton ~"'' a bt id '""'""')' nf 1 ht 1) r<> M add 1 <»tn~ u"d in the Z-80 w hole subs<quen_t >tcüon¡ 
d<t•d ti" 1) 1"' {){ addTO.,in~ "'•il•ble ¡,, •·•<h in<tnO<to<>n ~oup. • 

lnomodi:uo. In thio mr>d< ,¡ •ddoe..,in~ the b~te lnllo"in~ the OP t<>de in memol)' ccntains !llc 
•ctn•l operand. 

., 
01' {'nde } '""m~ byte< 

Opennd 

¡ 

E-.onple, ~~ th" l)f"' "f tn>Uu<liun ~·cou\d b< lo lo•d tht •ooumulotm v-i oh a con'""'· v-hel< th< cons\lnt 
is lh< ~YI< onll»<dOJtel)' fnll<w- no¡: llo< OP wde. 

lmmed¡,t< E•l<nd..:L. Thh on<>do i• m<rely •<> ~>t<nllon oi Ílo>medi•l< •ddoe11int in~~·~ ti" two 
by••• fn\J,.~ '"~ lh• OP <<><1<> "' th< <>r<••nd. 

''"' '": by••• 

Op<"<><L \oi~Jo <Udet 

1 .,,,1,¡,.,,,1 ,¡,¡, t~ 1,,.,.¡ i•.•""·'' '" _, .. ,,\! :.< '" ],.,J ,,.,. lll t<;•''"' !'"' (16-btl "~"'"1 with 
~~ b;,. ~~ h¡•••• .. r .1 '"· 
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\lf>difird l'a¡t hro Addr....ur¡. The Z-80 hn1 >ptrial 1in¡l• byte CAll inmuction lo ony of8lnutions 
on r>~< uro of memory. Thi< hi<truction (which ;, r<frrrrd lo oi o re!llll) W"l>the PC toan effecü.,. · 

· oddre1• 10 J>l&< uro. Th• , .. tu e of thi> in>1r<ICiion i•lh&t 11 allows 1 >In¡!< b~re to >petlfy 1 ~otiipltte ., 
1 t>bitoddre" wh~re commonly ca!led •~b•outine• are l<>cated, thu, .. ,in~ memory I:J>OC<."''···· ·· '-•' ' 
- . . ... "• . ·.. . .. , ., ' ,. ..... ' '" -' _,, ,. 

r:::::''-:-• -·." .-.. -.. _¡ . ,,. ' 
1 OP Codo 1 one by,te 

b
7 

bo . - 1., •. ,, ..... 
Effotli•e odd.re" i> (b5 h4 h3 000)! 

. ' ' . ' . ' 
Rdati•e Addrn>in¡. Rtl•me >ddot<~ng "'"'une b)'lt of doto follo" ing the OP e~d• h> •P•tify • 
di >ploc<n>""' from tho <> i>l ortg prog¡am to which a pro~ram jump can occut. Thi> di>plaront<n! " 
a >ignod '"""' "'tnplement numb<r that is odd<d to the •dd1e,. of th< OP code of the following in"ruction . 

.. 
} 

. '· 
OPC<>do Jump rdallv< (on• byte or Óode) " • , ·'· ·" . ... "., .. " ' Op<nnd ~-bit two'• complement di>plac.noent •dd.,J to Add¡e<;(M~) 

' 
' • . V • • •• 

The ••loe of r<l.atit·e addre>>ing "' th" '' allo""' jumpo t o ncarby locatioi" while only «qu'uing twO 
byt<> of m<mory "~""· For mosi P'"ll"m~ reJ31i>ejumP<are by fat the mMt p~<valent typ< of 
jump duelo lhe proximity of ~elat<d ptogrim ><gment>.'Thul, the"" inmuction• bin Uptif.comly • ... 
r<dun ,.mory >pace require,.nt>. Th< >igned d15pla<ement can ron!<' bet" een +] 27 ar>d • 1 28 

· fwm A t ~- Thi• aDow> for a toto1 dhplac.ment of.+129 lo ·126 from tht jump relotlv• OP c<>d• addr= 
Anolher major ad,·anta!' i> that il allew> fm teloc31ablt codo. ' · · ~ · ' · .. . .. . , ... ,,,,.. . . . ... 

'"' .. , . .,~,,. ' 
hteoded Addre,.;ng. Extend•d Addrouing ptovideo ftn two b} teo (16 bill) of 1ddreu lo be in dudO<! 
m the innruction. This dota can b• ar. addJO.,IO which 1 ptog11ni canjump nr il ron b• an addr= 
wl.eJ<on.opcrandi<located. · ... ·· ' 1,_• .. _ :__, 

' ~·''';..·"'-! ···' ,.! . ··~·'-·•¡ f... } ' . . .. . , , . . . ·• •· ·e·-•·•" '·•·••·• "·'"'1" nno<,.!wob"'eP-'' ·J· 
'''"'i•"•"T"-''!o·· ,·.¡:, ,. •• OPCod<-~··~1 ~h.•· ,.. 1 ., . ._, .. '• .~ . ,. . • . . . .. 'ti····--·:·.,,,, .. .,,,,:,,,.,:·:. ·t. 
• ~·•' ':,:.t.; '·"·l.•h :"'l i..<iw.Ordei-'A~dresi of Uiw ~·,d., opero~td ·• .. ·en • ·1 11 •, .. ,. • ', ,,., • 

·'"'" ,_,._ "···: . ' '"''"'' . .. "··l~'lj,;; ..... ~ •.·¡·· ::.~;:.· :.-;._ 
.¡,\.' ',no¡o:·.,l• .,, ..... ~~·"•.'""' High Order Addrus Ot high ooder Opet~ril , 'r• .. ,. ,• ~ ~' • .._ .. ~ ~·· "¡ !' 

.. ,,.¡ "l' ""'""'o.·,.. . .. • • • .·• •<- .... , .. , .• "•'"'•"""'·" ·.oc.·''"''¡ •. ¡.,¡,, . •' 

' 
•• <'· " •.. ,.. . . • • • .., •• ••• .... ·'. ""' '"'' 
.n·~··1. • . .,·n•(,"/J ·"'o·••o~>,"<o·_, .. .-,. 1,.,., ,.,, '·" "•.' 

E.rend<d addt<>Sing is requi«d f01 a P'"'l"'m to jump f•~m any locotion in memory to ony <Hhet location, 
or lnad •nd """ d>ta in ""Y memnry lrn:atton. 1 J'")' · · 

11 ¿ Whon oxlendod addro.,in& i< used to spoeify lh< source o." d~stinol·¡,n ad;liu• of an op<faiod, 
thÓ notatton (nn) w_,ll be '"ed lo iitdica!< lh<cont<nl of niOntory 11 nn, .:..·hero ;,,; io the'l(>.bll address 

~, >pocin<d in lhe inst, uction. ThJ< "moans that the 1wo bYteo of oJdre" nn •re uoed u 1 pnintir te a memor'y 
locatoon. Th0 "'¿ of thipat<nlhe;es always on.,n; that lhe \-alu• ei,oJO .. d w11hii>"rhom ls u;..d aol ·•¡ 
poimer 10 1 memoty location. Fm eumpl<. ( 1200) refen to · !h< cont<n 1< of n>omory' U lOC.tiOn 1_ 200. 

·~,,¡ "' ]>'"··~ ......... ' ..... • •.•• ·-·"'" 
lndoud AddroO>ing. , . Jn th"os type of add"'""&. lhc bylc of d>t> f~ll<wdng tho OP c<>dt cont•in! "" 

"Jo • di>pbc.inenl "'hich is addod 10 onc of th< two index ,.;~;,,.,, (1 hi 01'. <"de >¡>ecin" which. indo;¡_""< 
ro~i<tef " u,..dJ lO form • poiotor to momoty. Th< con l<nl>'{.r \he in de;· ;,fJOl<i att not áltered by this 

~ opct>tion. .. · :..;:,-; ·""l· '"" ·~ 

. ' , . 

., 
" 

• 

•, 

·· .. 

·"".... ... 

.. ;:;·;,_, . ;.: 
• . . 

_.,:,:~: 
..... 

, 'r· ~~-.. 

. ~ ··" . ,., 

\ ... _ ', 

':~:e 

.... 
. ' 
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:- . 
'_. 

' ! ~ 
,.'· 

-:· 

• 

' 

•' 



• 

• 

• 

. -~-·- _: ... ' . . '''" ... 
. ,\lo ''"'"rl< .,¡ on md<'<d Jlt$tru<ticn ,.,,uld b< '" ],"J 1 hr ,-,.,neo"' of doo '"""'"'Y loc:nion 

., 
ti nJt.\ Re~>l<l + Oi,pbcemenl ) onlo thr .C< uonubh~. The Ji>¡•la.:cmont 11 1 •i~n;,d 1" n'o <Oiilpltonent 
numb<r. lndr,:<d •ddre,;ng poeatly •ionplofor• P"'f",;" u<ing ubleo nf do u lin¡:t th• indn · r<¡isw --~ 
.;::on point 10 the •lart of ony l>blt. T wo indu regi•W• ate prO\idtd oine< '<IY nflÚo c¡><Wion• oequire 
'"o '" moro ubl«. 1 nde~ed addr<,..ing al<o allow• for r<I<>Ciublt H>do. _ _ 

.• •l>·· ..• ,. 
Tho two mM>. !O!ÍSie" in tl1e l-RO are rdtrred 1<> n IX and IY. To ind1C>It indt\<'d oddr<.,;in&tht 

nntallon: •• .. 
(IX+d)or(lY+d) 

"U>ed. Here di> the d,.pJ..emonl sPrcifooJ •fltr th< OP codo.' The p.,tnlht><> indic.le thil this 
-.lnr is tÍ-.d "'' P'""'"' 10 utcrnal roemory. ; ~" ' .. . . . .. 
Regbter Addro"ing_ Mony of the Z-BO OP code> cuntain bia of infm1nati0n that specify whir.h 
\Pl' r.~i,ter is to he u<ed for an np<ralion, An '"mple of «si"" oddte.,ing W(OUid bt to lo•d !he 
d"a in r<gi"OT B into oegiMor C. · 

·J 
lmplord Addressi ng. ]mphed •dd~e><Lnf tofen to op<r-' in11s w)tO!e tht O!' <c>d t •utom•tic•Uy 
tmph" one Ot moto CPU repstoa" contoining the op01•nds. An eninple;,. lht ..,, of arithmetic 
<>peral ton< ,.,·here the •<cumut~;m !• al~·•r• tmp~ed lo be tho do<tination of th~ tesula. 

' . . 
~: . 

R.o:¡;i;t..- lndirt"<:l Addr'""'int- Thi• type of addt es<ing specifoes a ] b-btl CPU ,;,g;.,., p•tr (•u<h •• HL) 
to be u,.d as a point<r to •n~· loutLOn rn memoty. Thistype of insuuction" -.ry powerfulJnd 
it is used on • ,.;de rango of application~ 

-.,.-... , ~ .. ' . ·.·'''"'""'~ ·"·" 
·' · joPCode\}ontottwobytOs•···· 

' ' . ' .... ,., ~--' .. ' .• . ',, V . 
' ' •'- . . ~ ., 

·" ., •' ' 
., • ' ' •• -• 

An <\ampk of \las type of lnsuuction would be to load the JCCumulotot with the dolo in tht memOJY 
lncnion poinltd to by tht HL l<!iSI<! content>- lndexed Jddru<ing iÚctually o fotm of register mdi:rtct 
addre,.mg ncept tlut • dt>pbcement " oddtd with indt><d addJOuinl: 'R<t;ster indircel addrto<ing 
aUo"~ f or ~•ry po .. erful but limpie lo rmplemtnl me mor y •'i'*'-. The block nm~ ond seorch <:Dmmando 
m the Z-SO Jre '"en<JOns of thi> typc of •ddttslinr where auiOmatic reg.iSior incremenllng. d.cremenlln¡ 
and comparin~ h"' becn •dded. Tht noUiiun for indiutm¡ reghter 1ndnect oddiusiní il to pul 
porenthese• aoound the "'"'' of thc "B"'" thlt is o o be ""'d 11the poinw. For example, the rymbol - - .. ' .. ,. ,., ... ,. ·'·-·¡.--~.-.-... -J."~ .. ;,,¡ 

(HL) ,. ..•• , ,., · ,,.., '"-'- ~· .·.:, "''' t ""h··: .. ; 
-.--.---. '·. .. _ __. .... : 

>!"'dfo•> that tbe .:ontenu of tbe HL regliltr ore 10 be "''d na poinler 10 a memory lo.::ation;"Often '· 
tegi>ter induect 3ddrt»ÍD@ ts ""d ro >pe.:ify 1 b-bit Of'etlnd>- ln lhis a10, the re¡i•1eo "C;ontenll· ' • 
poont to the lowor order r<lltoon of 1ht opetond whM thO regiit er COntl:óu are IUtomatkÍUy incremenred 
to ob"in tht upp<r pon ion of tht opeund. ' "• 1 •-• ,,. ' -· .. •• • 

:~, ·:· ....... , .. ,.,_ <'• ">(:. \. 

Bit Addre,.,;ng. Tbt ~-80 con"ins a la1ge number of bu sol,,...,, and 1<>1 in>Uu<tion>- Tht" 
in51ructjons •llow any men10ry locJt 1on or CPU ''~"'" tn b• •pe<if.ed for a bu nperation through • · ·1 

'· ont of three P'";"~' oddr~"<nS mod., (reg¡ster, re~i"er induect and iode•ed) wbile th••• bi" in tbe OP 
code <pedfywhicbnftho 01~ht bit<;, tobo monipnl.,ed_- • ···" • • •' • o'"''"' •·• ,•,.,,., ', •· 

.. ' ,.,e, • .. , ........ _ --, 
• J >b..") ~() 1 

..... - ·-------' ADDRESSING MODE COMBINATIONS 
. . . 

' : 1 ·~· ,., ,,, ' i ... 
.. , _.~·bn: .in<truclions mdudt "" ,,. ti.,, ""' "Pt!'IHI (ouch " •rith metic insh ""iom or lood' )- In 
: !><" < "'~ '"u IJ r<' .,( ;.t,,)oc·'i"! "")-' he •·rnrl") <d. hlf nJmplr, lu.od , .• , "" immrdi" < •dd "'""' 
'"-' >)Wtfy ,¡,, ~"'"'' "'d ""P,'"' '""""" ,, lh<ln<J ••!d•~""'~ lo <p"tfy-thc destin"'""· 

\ " t" 

. :' ... ---· 
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.·~ 5.3 INSTRUCTION OP CODES 

Th" "'"i"n dc><Jib., r.rh of oh o Z-~0 ou•Uu•n~n• and pr0\Jd<1 !ah leo h"in~ lh< OP oodn fo1 ,.,..ry 
"''' wc uon. In rach of lh<<e ubl<> thr or r .. J., on ""drd ••••• ,,. iMnUullo th""' nffo1ed in tho 80SOA 
CPU. Aho "'"" n" th< a"<mhly lan¡:uag< nmemonic lhat "uoed fo1 o><h '"'''uelion. All in1trurtion OP 
cod<> "'' liSied in heudtcimal n<>,.lK>n. Sin~le bylr OP c«<e> "quitr 1" n t/n rhar.<lrt> wholo double 
by1< OP ..::<>d<> ~<quir. four hox ,¡,.,,,,.,._ Th• con,rr>ion f1om h•~ o o bina!) "rcpeOI<d hor< r.ru 
cunl<ni<m:<_ 

Hn Bina!)' D<dmal "" Bin>ry O.rinul 

o • 0000 • o • • '""' • • 
• "'"' • ' • '"'' • ' ' • "'" • ' A • 1010 • " 

' • "'" • ' • • 1011 • " • • ""' • • . ' •• ""' • " 
' • 0!01 • ' .o ., 11 01 • " 
' • 01 10 • ' ' . ' • ll lo • ,. 
' • o 111 • ' ' -· 1111 • " • 

Z-EO in<t ruction mnemonics COJ,.i>l of on OP codo and zero, on< or '"'" op<rond>. lnotroelion> in 
which lho op<rand i> impl1td havo no op<rond. lnmurtiono "hkh h..-< only """ lo!Í<JI o¡><Und or thOS< in 
"'hich ""' o¡><r.nd i• in'"riant (•noh '' the Lo¡::ic.al OR ins.lrn<lion) or< t eptt<ent<d by a <•n< "P<IInd 
lllil<m~nic, !nmnction• v.·hich tn3J' h>Vt tv.Q nryin¡ <'¡'<"r>nds or< r<pt<.,n!<d b) '"o <>p<r>"d rnnrmomcs. 

LOAD ASD EXCHANGE 

Ta~l< 5_1.¡ define• !he OP codo for oll of the S-bit lmd inlt!ucttons impl<m<nltd m thol-110 CPU. 
Also """""in thts toble "the <¡·pe ofoddre,.in¡ n<ed for ea eh in..,uction. Tht >Our<:r of th< dJOo io found 
on th< top horizontol row whilt rhe dostin31Íon_io >p<cified b¡· th< Ioft hond <olnmn. Fot eutnpl<. lo.ad 
,.~ister C from ""'"" B utt• th< OP codo 48H. In al! of the t>ble• thr OP codo ;, •p.cifltd m hnodecimol 
notation and tht 48H (~01 00 1000 billary) cod< U fetched by the cPU from t_h• hrernal memory durin¡ 
M 1 lime, decoded and th<n the "&'"" tronsfer "outomoncolly performed by;the CPU. ' . 

The u.embly lan~ll,g< mnemonic for this <nrire tfOUp " LD. foil u" ed b) the de<t mation followod 
by the wurce (lD DEST .• SOURCE) No!< that ,,.,,¡ combina:ion• of •ddt<>>'"l m<>d<l ar< po.,ibl•. FOf 
"'mple, th< S<>Urte may "" regimr •ddttuing ond lhe deqinatmn m•)- b< resist<r mdne<r; JLJ<:h u lood 
tht memory loc11ion pointed to b¡ re,imr Hl "''tlh lh< contents of r<J!Í"<r D. Th< OP cod< for thi1 
opera1ion would b< n_ Tht mnemnnk for this lood instruct ion "'<>Uid ~• " f ollows: 

l.D(Hl).P 

TI>< P'"nthts<> oroUnd th< Hl mran•rh•tthe conl<nl> of 1/l "' U'<d "' • pmnter tn • """'"')' lnc>t<On, 
In al! Z-bO load imtruc11on mnem .. llia the dtstmotion is alv.''l'' h"rd fnSI, wnh th< ;,,,,., f,.Jim•m~. Tite 
Z-80 >SS<mbl)· bnguage h•• been defrnod for '"" of pro¡;r>rnmin~. [\<r)" instrucrion i• ><lf Ó<OCUm<nll"& 
ond prOj!r>m• wntl<n m Z:·SO lmgnJj!< "' euy lo rno<nt>in. 

:--;,,,.m t•hl< 5.3·1 th>< >Omelood OP c<<l"that '" ,,,¡¡,ble in th< Z·~Ou"' tv.t>byt<>. Thi•u •n' 
efncient method ofmemory Utt:tuttt•ll """ 8. 16, :'~ or _l: hll '"'"""'""'"' impkmcn!<d in thoZ-MO. 
Titu• ufre n ulllizod inWtl<lton> '"' h "'' •rr<hm" i.: N l,•gi<ol "P"" it•n• ••< ""1) S-lo 11> ·,.·hrdt rr•nlu in 
h<t"' rr;<:nory ullli'-0 1 Í<'" th•n " ,,¡,¡., rd wtth r,,.d iull '""""" •i;<! •n• h •• 1 (>.¡,"'· 

All lo•d inot ructiom ming Jndntd •ddr,.,.inM for tith<r the '"""':e or d.,llnoti<Jn locol ion 
"'""11) "" tht<< by t., ofmomol)'"' t!h rhe thitd h¡·tr h<tnrthe di•rloc,ment d. For '"mpl< o ].,od 
, 'f''"' E v. 11h thr or<= and poin'-~ 1 n by 1">; v. irh • n nff<ct , ,¡ • R "nu:~ h< "' , "' '": 

!lll.(l\th] 

23 

'· '. •, 

' ··. 



1 

... :t '·'-

TI!< IIHI n '""dtd ad d '"""& in<l ructi,;,, "" ahr• 11m< b .' lf Írl\tru,· <ions. F ot """Pk 11" m•lnJCtlon to 
hr j 1hr .c;umuhtor ~·llh lh< ortrand in n1<n1ory In,' Linn ¡, F3 :11 wnuld b< wroll<n: 

LO A, (6F .1~H 1 • • 

;,o il< m>tru.:lion seqmncr v.ou\d be: 

AddJe.,A ~OPCodo 
A+l low ord" addrt>$ 

A•2 tut)1 order oddJns 

i<.' 

< •• 

Th< ],.,J inon><dialt in>l rnc 11oM for rht r<Millputi"'>< ~-~il '"F'"'" or< r ... o·b) tt mslruetion>. The 
;,,,,._ . .,,,, INd '"~'"" H ,. 11 h 1 hr 1 olnr .1611 won Id l>t -.rilltn: 

;.ddro<1A ~ OPCode 

~ Oporond 

lD H. 36H 

" 
.r1 

. _., ,. 

l<>.1ding a memory lo<ation using ind.xtd add , .. ~ng f nr lh< d.,, ination and ommedi>le addrusmg for lhe 
"''"'" requires four by,.,_ For "'"'plo: 

"'ould appur ¡¡: 

Addo<" A ,,, 

LO(lX-IS),:IIl 

DD } OP Codo 

·" d»placwoenl(·ISin . 
>igned t wo' > romplement) 
optrand 10 lood 

T •bl< 5.3 -: '?'• '''" tho H• hn ¡,.a "P"""'";_ n,;, '.blr " '"l' ,¡,,¡., "' >h< P'" '""' ""'. :-o<>« 
:n" tl>t ""nd<d >ddr<>Unl r .op>btllly W>«> >11 O<g>\lt ¡ P'"'- Aho no11C< lhal "~"'" mdJTt<l ~p.,o<iora 
, 0,., ;r, lfll' ,¡,. "•·' poin>er "' n,r Pll Sil '"d l'OP "'" 101<1i••nt. Tho mn<m..,ni< f "' tho>< in>l rurtion> ;, 
""l'l "!>Ir' J od "']'(!!'_"' n, r~ d<H<I fmm <•lh<> 1 1• b<1 ¡,,d> in o!> al 1 ho •t.rl. !'""'"' " >U h•m>ti, >11; J<"<· 
""""d .,.J : .;·. ··''"''-~ ,. ,,.1, >·; ••" ~,~,.-.¡ ""''' "' r• ¡·,..,..J r ••• m •'•< ""~ ,, •p.·•••·ol¡. ;,,. ·~·":pi< 

>h• """''·"''"' 
' 
i 
' ' :~ \ 

' 

• 
' 



• j • ••• <' ·-- • 

;. • Ol~gle b)"l< in<l ru<li~n wilh 
sequtnct i> ~<neraled: 

' :~ 
·' .. . . 

• .. 

,,, : , • rum Af --. ,_... ,., • · ... .,., •· =·~ · '' 
. - ' - " ' ' ! • •' 

lht OP codo of FSH. Whon lbi• in11111cti'"' i• •••cul<d th• fonov.·,ng 

' . ~ ·'·· 

(SP) 

(SPtJ ) 

lD (SP), A 

O.cr<ment SP 

lD tSP). F 

' 1--Top of •t.ock 

A 

. . . . 

- ' . ' 

'- ¡ . ~ 

• 

• 

'·"• : •, . .,,~ . '·· 

•• "-<· ',., . ,, . . ' ~ •.. 

b5' . ~-
2 " " .. " " " 

1 .. • • 
• " - " • ~ . . -. 

1· .. • • t'c t_ • 
• • • 1 • • - • • -. - ! ·,. .. • • • " ! ' 
• " • - ·1· • 
:-· .. • • • 1 • 

~-- ,, 
,. 1""" '"' • . • • . l:: 

1:: • • • 
• • • • • 

l:: .. • 

• 
1 ' -

cr • .. .. 
1 -.. -··· . 

l:e .. . 
-~" • ....... "" 

,_ ----... .. . 1 1 8 BIT lOAD GROUP 

··~ ·f· '• 'lO' • \• , .•. 

... :,I::H\ 

.. -.. !=' 
1· 

• 
• 
• 
• 
• 

. • 

~ 
. 

1 ' .•.• 
1 ' . • 

• ¡, 
• • 

1' 
,• 

• -1··1''''" 
1' . 

1 .. 

1 • 

· . 
·L . .. 

•t,l<: •• ~ ·,,' ~ •. .. 
'• ,, . ., 

. 

. 

• 
.,l . 

" ..• 
,. ' 1 

. ~ . .. 

' ' 
·• ·~ 
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--

Tht POI' ir<ln!CilOn "lh< ""' '""" of a PL:9t ¡.:OIIC< <h•l •11 PL'~ ond POP in<IIU<Iion¡ ""hl< o 
1~-b•l oror.11d .nd th< hi~h ,,j,, h}l< ;, al~•l•P"~''d C'"''"d popp<d l•u. Th>l isa: 

PUSII 1\C" "l'l'Sll B lhcn C 

Pl'SII DE , I'I'SH D lh<n E 

PU~IHL i•l'l''illlllh<nl 

POP I!L .. ro? Loh<n H 

11" inw urtion "'"'~ <> O<nJd ""m':!"" addr<"'"'! fut lh< wur<< ob<·mu>l) "qunes :' byo<l of dato 
follo.,tng the OP rOO<. fot '""'~''" 

In Jll """d'J '"'""'h"' or ntondrd >Jdr"""g m"d" 1hc• lo~ nrd" by o.''"'>"' 'PP'"" f~r11 >fl<r th< 
OP wJo 

T.bl< 5.3·3 h<l< :he 16~" ,·-.h.· ·f<' ''"'"""""' "'';'I""'""J "' :hr '-·'-0 Oi' ,,,.¡,. ~,¡¡,,:;,"" rl·o 
f1 "f' "'m'" :u '" n ,¡, oelv. <eH o he '" '' P••J> ,.¡ ·'"~'""!" ·" ~;,~ h',''""" .,.¡,.:, ll'>ll ,:: •• " • :h' crn
¡;<.<nlnW '" "' 11.:h b<!"•·<n 1h< C"ph:••• "' of "' ~"""'' r•-'1"'"- <.'~''""- fh<'>< ,_¡¡• ,,.~, •.. ,. , .,;, '"" 
b"e on T"'Slh 10 •b•clutely """·'·'-'' the '"'" n<et>'-'''' •~ P"f~rm thO<•~l;onf< <O th" the doph<ate 
ban~< eon be u.ed lo effocl '<r; lo.: '"'"'"P' "'P""'c Hm<> 

BLOCK TR \:'>'SFI:It .\:'>!J SL\RCII 

T •ble ~ .3--l lim lhe e"""'''!)' pn~" fui bl,.,_' 11 »L•f<o '"si ru< Hon>. All of !h"e i n<ITUc tion< oper>IO 

""h th"e "'""""· ,._, 
Hl f'""'" 10 the «<n.·e ¡,._- ollnn. 

DE P~'"" 1 o ti ~o• J,."'"' "''·' h·, lo~n. 

11(' " 'O)" '"""'"'. 

\--

26 

ilfw lile prn¡1 '""""' h3> 11oi: .,; J<d tlo,·" 111'<'\' ''·"''" 1, .onv nf lho·<e 1"111 """"'Huns "'')' ~' U\<d. The 
I.DI (l.n .• J ,,,i ¡,,,.,.,,<) """"·"•'" "'""'' ''"' ¡._,,,. ,-,,.,, lh< ¡,,,.,,,.,.,, P"""•"•' '" h; 111 '" ''" lnc-•l•on 
r<•!Ol<J '"lo) 111:. !le::""'' f·•l'olll '"J 111 .a L'L." o.-1• "'·'"'"11) "'•"""'""·' .LnJ "'" r<Jdl IU p~rnt lO 
>11< foil,.,."'' 1.-,-,: """ 111< h ;e c<ot.ll: '" (" -~''"'' i' ,, r hC \ " 'l •.• ,l.-, ''"""te·~ _.: 1:n- 1 Jn<. Th" ""' ruc · 
"""" \llu.1>1. "loen~¡,,_:>,,,- ~o :o "'"" ~e "'''"d ~-" ,,,¡,., ::. P'> ,,f P"'''"i"g "'' l<qun,·J 0<1~ "'' <•eh 
'"'"'. Tioe l !JI R 1 Lo• J. "'""',-"'' "'~ ,,·;•< .111 """ "'""~ '' .,, n IOn<l<>n <>1 tho LDI lnsllloellun. The wn< 
l<>Jj ""~ "" ,,.,.,.,, "P'-"""~ ,, •·-~<JI<J '"" 11 ,¡,. b' lo' ''''""" « '· h<> lh< '"""' of l<IO Thoa. th" "c¡i< 
,.,,.,.,.,un'·"'"'''" .on> Oh',,- •LorJ f.,,,,''''';, _.,,, .. n "' "') ,,¡,,,_ 

'"" ¡lo,, '·''" lt• ¡,,, '' :,'•"" ""' ,,,J, rl, • .. ·,• .. ~ ti"~¡,,, , ·'" h,· "P '" <• :¡; h; l<> ( 1 ¡; ~ 1 üC~) 
¡_,,, .>tlJ lt .JII ¡,,. lllU'>d [.,,,, ·'"" h.oli>"l ll' '"''""" '11 ,>n> ••lh<! I"CJIII>TL r11nhc11Hl•l•' lb,·),!,,,, cJn 

bo "'"L•PP"'> •inc< ""'" "" ,¡"·•lu"l) "~"""''""'" ,., :1" •Lll> 11"' "U<Od on o he 11M<"~'"" P"" 

Tht Lll[) <'"' ll•I>R ''"""·"'''""" ,,,._, ,,,,,,., '"'h' llll .1nd l !liK. The ,,,¡, ,),[¡; ,..,,, "tiool 
'"<''''" ¡··•·· 111 ..... ¡Pi "'.: .,._,,,-,,,.J ,;,,., ,.,," ,.,.,, '" ,,,, "~,,,,l "·''"f<o ''"''' ;"'"' lhr).,¡-1.<•' 
_,,¡~ '"" ,¡ 1 1,, •1"'1' w ,•J blo'-' • ol:" lh o•> !loe ;,.,. '". 
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BLOCK TRANSFER GROUP 
:TABLE 5.3_:.·-- ~--

·' ' 

Toble 5.3-S •1"';¡¡:-,,, ího OP codes for 1he fnur bloc\; <urch in"ru~lions. Tho fir<l, CPI (compore and 
incr<~<nt) comp•r« thc da!J in the accumuhtnr, whh thr cuni<DI> ofthe mnnory local ion poinled lo by 
"&"''' HL Thc re•uh oftho cnmpue "stored in one of lht flog bus (s<e s«liori 6.0 for 1 delailed nplo
nation of !he fla¡¡ Dp<ratitm<) o .id the HL regi>l<r P•lr i> ihon incrOonentOd and th< byÚ count<r (1tg!il<r 
pau BCJ¡•dr,:.:emented ........ .L.:;.· __ j ___ ¡ ._L ___ , ~- , ___ j_ :':::J''"'"-•~""' 0 '•·""["• 

Tho instruction C"PIR i• muely an nten<ion of thr C"PI in51rucuon in whioh the t'ompi"' i, re¡Xated 
, •Untileither 1 m"ch 11 fnund or the byte count<r (r<smor poir llC") be comes uro. llru$, this •ingle in•truc-

rion can search the entire momory for any 8.bit cho;oo l<r. """' -~·' - •"·• "< ~~ 
<'"•rrC'- ·-•.•• 

The CPD (C"omp.orr and O.CTem<nt) &nd C"PDR (Compare, ~r<ment and Reput) oro >imOat 
instrmtiono, th<>r only ditrereni< b<m¡ that tb</ d<ct<"mtnt HL a fter rvrry compate so thot thry -rdt 
th< momory in the o¡>posite dir<ction. (Tht ,¡,·,;m ;, ·mrtOd at the hi¡heS! location In the mernory block). 

-- • :;.-::.f .nr,.o;T , ... . • · 
h shou Id b• emrh..~·red ag:iin that th•"' bl"ck 1 ron•frr •n.t-trui>p&u !notru<hon• are extr<mely 

powerful in <tring m•nipubtiun >rphcahons. 
'_,. 

ARITHMITJC ANO UJGICÁL • :_· .. -.--;-;::,-:-;:;~:-------, 
. -----.. --. --- .. - ' '.,:. ',-. ,,,,,_ .... ' 

T able 5.3-6 lim all of,th< S-bit anthmetic Dp<rati<•na thal c.n be performtd with th< accumulatm, 
also h"ed are th< JnÚemoru (INC) and deorernen< (DEC) in" mctiom. In all of theu in•tnocli<lfl•. ucept 
INC and OEC, the t:p«rfoed S-bit op<ration io prrfonned !o<t""ten th< d>to in the ..:c~mlllator and the 
oource data sp<dfied in th< ~b!t. The ,.,.,11 of t!rt Dp<t>IÍ01t ;, pload in the oc<umulatot ,.;¡h lhr uc:ep· 
tion of wmpatt tCP) th•t J .. ves the occumubtor unaffecttd_ AU oftb<se optratio"' offtct tht nag 
t<gi>ltr uoresult of lht IJI<CTfitd op<ration. (S<etion 6.0 proÓidu ;¡]] cftht deta~s on how the llap lrt , 
offeoted by >ny instructioo !)"pt). INC and DEC insttuclrono <ptcify • regi<ltf or 1 memcry loation n 
bcth oour<" ond de>1i_natrM of the resuh. ll'htn tht o.outco operand is •ddrt,..d u<ing th< indt~ regist<n 
lh< displa<ement must fo\low directly. Wtth immediote adJr .. sing lht actual operand wdl follow dirtctly. 
Fcr example the ""tiuction: • : - ; : 1 • ' 1 1 

: ;; : '"'--:--¡- -.~ ¡-"--ANi:J¡¡i·H ~;--.-~-----1 
¡ ".\ ·~.L • ,, <; ., 1 "o''"" .Di~- ' 

,_:_:_:; .. :.:_-:-------:--·---_::J. ... -'i~_¡_;~~:J ;.':"1:'' ""''OUJd >ppeor '" 

_, • OPCode 

' 
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.. 

m 'CI'i' • 

• ••• I~Hl.I>.<BC,·, ~ 
• - . . 

m 'CI'IO', '"' l<l_ OM 1C 
• " .... ., """ oc - o .. ,,,.. ...... 

. m 'CI'IJ' 0.. HL & BC 
~ . 
m 'CPOO' !>K '<l & IC 

. 
• Oopool """' Be- O oo lond m•"" 

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

~ '" bo ,.,. .. ~• w;,¡, "'""""'""' _, .... -oc,..,._, .... ---¡--- . 

BLOCK SEAACH GAOUP 
TABLE 5.3-5 

• T----.--- i 

1 e--, ' 
. ' ---- ---·· 

.. 

.. 
., ~. ·• . ·.,,.' " -._.,,,, 

·-1· ... ;i, 1,! 
A"umiñ'g lhai ihO'accumulator coñl•iri<.J th; V,¡;¡e F3H ¡hOI-<sult ofOJH WOUid bO ploced m lhe 
•ccumulalru; ' • "' • -.,~ • ¡ '" ·~·-_··•;. 

~ A ce btfore op<ralioñ- -1111 00) l ~ F3H --: -- · 
·~ ')! Op<rand· oc' i >'IJ0000lll"'071-1< \ , .••.. ,.-,,! 

· '1 . -o."¡-
,... . ·----:,-; , 

1 
~ Resultto A'-" · v~ ·-~-0000 OOlJ - ~31-1 · ·;----- -•, 

• ._-. . ~ -·. '1 1 ,_ •• __ , ' "· .. , •. , •. , ... , 
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Th<: Add inmumon I,ADD) performs a binar y •rld belw«n the da lo in the sourco local ion and the 
d•ia ;;, th< ><cu;.,-ulalw. The subtucl (SUB) d-a., • binory subttoction. When th.- odd wHh corry i• •pe<~f,.,d 
(ADC) or the sub\r>ct wilh carry (SBC);th•n'thi C:.rry flag i• also added uJ sub\racled·~,pecliYoly. Tbe .· 
flag> ond dtdmal ad¡ust instrucli!'n (DAA) m tho Z-80 (fully deocribed in ><otjon 6..0) I.Dof llrilhmetic 
openlion.>for: ·- ' · '' '· ·· · . . " . . .. 

. . ·. -.# .•. · .. 
multipreci>.ion s.i&ued or unsigned bmory numbero _ _,_. ,- ..¿. 

multiprecioion l_wo's complemont Oigned numbe10 
•, '~ ·"' ··~-" ·-· ,,. ~ 

Oth<r m>lmction• in thi• group ~r.logic.l and (AND); logical or (ÜR), "el"""' or (.XOR) ond compa1e (CP¡_ 
.,._.,_ ....... J 

' Ther< are fhe general purpii,;, arithmotié',j]stiuCtH>n> lhat op;,rdl< 'un lhe accu mubt 01 or carry flag. 
Thne r;,., .,, l"ted in table 5 .3-7. Tbe decimal ;djuit iml ruction can •d¡ust f ~• ,ubuaction •• well •• •dd
,¡ion, !hu> makmf IKD arolhmclic opentiOJTs simpl<. No1e lhal\0 a limo; for lhi> operaliOJl lh< flag N is u .. d. 
TII1> nag i> set 1flhe lost arithm<tic opÓralion , . ., a subuacl. The neg•t< ac·,·L'mulator (NEG} ímtru<l1on 
forrns the t"' o's comp]OJu<nl ,,¡ \he numb<r in tloo occumulator. Fin,]h ""' j,·o 1h•l • J<>C1 ca m i•"trUCIJilll 
n m>! 1nduded iu the Z-80 >mcithi• OPeration ciin bo ";,ly achicv<d ihro>u¡;l, othor inmuCt;,,,;, ""h "• 
JogicaJA'\Doftheoccumul"mwlthi1<elf. '~- "'' '"''~ ¡. - '·' ,.·. •,- ; . '---· --~-----~--- •\ . ' . . . . ' l ... . . 

Table 5.J..8 lisu all of lh< 1 &bit arilhmetic openlio1"6 bet,.een 16-bH reg,sters_ Tt>el< ore fl>o ~roups 
of inmut~iun> iucludmf •dd "~th c.rry ond subu-oct .V,H, ""')- A[)(' aud SBC .ffect oll ,,¡ lh• na~< Th<"' 
'"'o fl""~'' >m•plify orldr ,., col< ,;1•1 i• on opera.lion> ur "' 1"'' 1 h·b1t ,,¡¡,;,~,.,,. ''~'<'"''"""-

' 
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16 BIT ARITHMETIC 
TABLE 5.3-8 

• •• 
m •o 
• • 

m •o . .. ,. 
•o m 
• n 

• • 00 •o 
" " 

• • 00 •o 

" " 

• 
A m>j<» c.opsbilily of thc Z..8(} 11 iu ob~1ty to ro\11< or duft d>!o in tht accumulotor, •ny gen<r•l pur

po .. '"~~'""'· <>1 any mrmory l<t",Olio!L All of lhe rnl>l< >l>d dtift OP cod<O are .hown in loble 53-9._~00 
'"cluded in !he Z-80 u e ari<hmetic ond lo¡.ical shif< np<r.hons. Thost opcntions ase u,.fol;, an ntrernely 
...-;de rangc of •pphcaliono includin¡ ini<Fr mulliplicJlio.Í •nd d" '"'""· Two BCD digot rot01c inmuct>ruu 
(RRD and R LO) ollow a di¡it in !he oc:cumulotor to be rowed .,;¡h 1ll.e lwo dipu in 0 memo!)' locotion 
poontcd 10 by rc¡WeÍ poit HL (Me fo¡urc 5.3.9). Thut lDSiruchcun >Uow fur cfficicnt BCD orithmclio. . - . . ' \. . 
BITMANIPULATION. "''•v .. :·.'.w•·< 1 1-.::.:..!IH, .. . ........ ~. ''"''·'"'' . ,,.,_ 

• The abDuy lO .... , ... , 1nd rur indO>idu•l bil; in l're¡iOI« or m<mory loc•tio~ io nteded in 1lrnosr 
e•ery prop•m.. Tho .. bi" m•y b< 01p in 1 &•ner:d porpc.o .. sof! .. ·are WlotJne, indiotion• of exterul con
lrol condJlions or d111 pochd in lo mcmory lotllJOrn 10 m.Ae memory u<ilization mOle eff,c;.nt. -e 

_,,,.,•,,,,.._,,, ··•.;. .• '" ~ co(•'•'""·''-lJ"o.o•, .. ;,.,_,>!;•, 
1-0<···,r· ·.-'•·•·.C,. ,_.,_. • .. • •. · ..... ;• o>, • -.,._, --~ .. , ... 

The Z.SO has the •bihty to .. ,_. re se! 01 ''" 1ny bol '" lh< •otumulalor. u y gene"l purposo reglllu 
01 •riy memory loeo1ion with 1 sin&[< in"ruclioiL T 1ble 5 .3· 10 lins "rhe ~40 ;n.,uctiOi.s thit .;;, 1n.1able 
foJ this purpo>t. Re¡istes addreWnz an >pet•fy the •ce>rmut.tur us ony gen<nlpo1 pose regiSlor on which 

.o· the oper11i<>n is ro be performed. ResjOI<~ indirecl •nd iudued "dd~t,,.;ng 1re •vaibble lo operate on 
extrrnal memory locotioru:·Bn ''" opeu1ion1 .. 1 rhe uro Oog (1:) ,r !he l<lt<d bit;, a Z<>o.(RdeJ 10 "' 
.. .:ti"" 6.0 for fur the1 expl•n• tion of 0•& op<~•hon). « • ~ :· ' ": ~ / .: • ·,, .. ; m· g · 

JUMP,C-4.U.ANDRETURN.. ....... -~ <;,,.,_, •. .., .,,. 1¡,,,.1_,,,¡.,,¡. 
;.1:·······-.:·· .. , . ,,. ·-····· , .... 
n ~ figu1e 5.3-1 1 ti11S .. U of the jump, c1U 1nd r<lur n instruclionO implemente(! in !he Z-!!0 CPU A jump 

isa b11nch in a prop•rn whe.e th< pro¡nm C<>unler is [{Oadod "''ilh the 1 (>-bit value., •p<cifoed by one _,.f the 
thtei .;..¡¡,ble •>ldre'linS mod<> (lmmod\Oie f. '''ndcd, Rel•h•• "' Ro¡:¡Sler lndir-ect). Nol ice lh•l \]10 jump 

'l ¡o'<!UJi.~O~ ><';] ~~ ~~ff<!<nl ·¿.,"duion.• t!'-1 """ be ,¡,.;c,r.~d ~o br met beforO th~ jump·.""~ bei uir.de: 1~,"~ 
!•" '~h~."ó !"'~~'i_c~~ 11~ ~.'?.', m_et, lhe. ¡>IOI]:nm m.rely coru inues with \he »<~t .. cquentiol inll!~ttion. The • 

.;:"' condttions ••• 1ll dependen! c'n the dot~ in the O•gregi•w. {Refe>to· .. ,¡¡on 6.0· r0r details0ri.the Oa¡ , 
,-,c.r<¡;,.ler). The immtdi•le u tended lddre,.;,g 11 U><d to jump lo any IO<:.I.tion in lh< memoty. Thisin- :' 

"ruction t<<jUÍt<l \luce b) ;., ( l'"n lO sperúy lh< 1 b-bJI AddreS<) with lhe 1<>"'' Otdet .ddJe-.s byt< flfol -. 
fo'lcw•d by l[oc.high ordcr •ddOC» b)l<.· :•. ·,, ••• ,~,. o;.~ .. ..:''.·:1, ... :. " 't'"· 

' 

. ' ·-·--······ 

., ' 

,__ ' ¡- ·. 3 

31 



-, . 

• 

' ' 
.. - . ,_ 

" • 

•• • ••• --• 
• 

• 

-r-o· ' . . 
1"' .. -• • . 
1: 

.. -• • -
1"" .. • • • -- • " ' ' • • 

"' • " " • 
•• • .. 

• • 
•• .. • • • 

-
• 

• • . 
• • .. 
" 

' 
.. 
• 

" " .. 
• 
• • 

---- -. - . . . • . • . -- • -• • • • . . - • • • • • • • 
" • • • • .. • • 

. .. • " .. .. • • • .. • • • • .. • .. 
• .. • .. 
" • • • 
• • .. .. 
• • • • 

... . 
~-

--- .. .... 
• " r.:;; i·; • • ' ' 1-: - -.. lf • •• • • 

• " • .. . .. • ' t-~ .. • ... • ' • .¡, f-j¡ . 
• • ' r-~ .. • • • f-f. " • • • • ' ' 

:;.:.· 
. ---

" 

&4- .,iJ ---
o-Li- fl ---. ¡¿:¡ fl --

LD=i fl --
E·~·::::-

-~~- .. ~-~=-... • • . • ... , . .. ·~o· -· "" . .. . .. 
--~---

• . 1 

.. _;_.·,,I·_:J··~--:::-""" 
. ' ' • .. ' 

._ •... ' .. -. ~'-~---~ ' o Lf1J-l ~ ¡ ..... :,:----------- -4_," ,_.,,,..,. ' ,, ., ., ~- ' •• 
" ' '· - , ____ .J ...,...·. ' ' ' . ,ROTA TES ANO SHIFTS -·------ ¡ . •• ·TABLE 5.3-9 

• 
-1L- :''"'' ,.,_ .';;, , ,., ·;·'· ,,, •l•" ,..,.,,' •-•·•••-.- _.,) m~; !r,,;,,. ·~-:-:, o·!Jl~ (;.::d<-;<> ••('-'·' ,: :¡ 

"'' 'For u.om¡>le an une<>ndJlionol lump to memory loc:olion 3E32H would be:om -~~- :~ ,•e•;:i~" •}·: 
, ,__,.,; ', ., , , r: ' , : .• ~ ,,, •'''~ ,-·: : .. •. , .• ' e _, ,-,., '•-··~¡ o ::,.:_ ! " ~"' :,•,, ; , ·e,-·:\!:., "• 03-~ :~J m Id.,."-<:, . 

""~"-"'·· •• ,_ >: ·:"•0 .: --; ·" .,_.,_ h. -•·" ,:,.- . ;;o '"~ -h" ,..,._ .... ,.~~.-:·le:~"',,.: ... 
, ""·'· ~ ·r :•·<>. ,; ,, ... ,.; .. ·;' · • •. ! •-·~ · --,. ~--> · ,,!: " ~~~b • ""';t. 1:ur. b"• a~~~~ 
.•;, ,.,, 11 ," (') ~ .:..~• ».t•~"·•. 1 ¡~Addr~u.~.. C3 OP.Co_d! ...... ,1 o>d _;,., ""' "~''<!" ~d ,., L., 01 ,,.1 . -· ' . - . ... . . . 

-:· ••.• •• • _ :· - A+l 32 Low_o_rder~ddr~ ~._;·, ~oniJI.J·!:,-I.YT•<1 
, · • A•2 JE HighoJdeJoddJc"' '· · . .· 

;, ,n ! , ~· '>:~ ~ " ¡, ,.,. • ; • • ·~·· >'> ·>:,:~ ~ " • .i •':--•11·~· ,. :, !)..,;. J>•, ¡ ,J • • -:;: •fll '• •riT 
··•·' t._,,,r ! .. ,, __ ,:., .. ~· • · ~·•-·.·)•·. ,.,._,.,_.: --~· '!"'""l·:t .;,· :t.,~-~J ..... ~i _,,.,,'1 .,.,,.. 

,,,.;1!,,·-~· ·-·--- ''" ·-·-····~- ., --·--~·'--.;., ... ~-1., .. '<· ••• -.,,_., ...... _, •• ,,·,-
'lht ••l•li"" jump instruction u"'' only 1wo by1es, lhe '<<ond byle is • <ir;ned 1wo's complement diJ' • · 

, pl><<mtnt f•om lhi eilitin¡ PC .. TIIIs displacemml can be in the ~n~ of + 129 to :126 and is m......,rcd 
f h dr 'fh-. - · OPcodc 7 '"'- ---····--•- ... ,.,.,~·-·:--·•--·••--••. 
rom 1 e od CSl? 1 e u;;>_I,~C\1011, •• , :. , > ,. _,_, , .. _,,, 4 ,,_., •'~"¡' ¡ ri:,,.. 1 -?-;~:d ~"-~"'~ ,:;, '" 

•· h · · ,. ,, · ·,- ,,., '· ,.,, " ,_.., "' .,,:.,,., :t• -e :.i • -,~ ,,~, ,..,¡;; ~ ,¡,., ":>h ""~.,.,!! _ "'''"1''"' .-_ir •~: 
,, Th!:<e ryp<!l of rc¡¡il« indiJoct jump-s "'" olso inclml.od. The"' insrnrctK>ns ••• impkm<nled by loodm1 

the rcg:i11er p.riJ Hl. 01 one o! Che indu ~<¡i>\cn IX "' lY diJcc!ly into thc PC..Tñis cop•bility •l!ow• for, 
prowam jump-s 10 be • fuoction of pre.-iouic.akulatioru. c•>1-- ;,_.!: 1<-> "~'" ~-11~' .,,;! "'; 1'>1'0.~ "'"""' 

' .. 
A can;,. • 1potio1 fotm'of ajump where the addi<IS Or thc byt.o fonoWirl¡ ihe·an iilruUétión r, •U! 

pu.t .. d onto !he srod bcforc the jump;, madt. A relurn instrucJion is the rever.., of a a.ll beca u'" the 
"' d.:rto un thc top of thi n.ck is pupped dÓiecdy imo the Pe \O form • jufflp Oddien. ThC. can •nd ~iurn , ......... -·' . ,. ' - ·--~- ··------- -.· ... ·. 
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Dr.able lnlenupt 

U>~" 
OUT n, A 

Enoble lnltnupl 

Rrturn 

prt>ent inlorrupt before 
fO\Itlnt i> '-iltd. 

notify pc:ripherol thot .. mee 
. routine i< complete 

"Thi< se> en byte "'qumct crn be repbccd \\ilh the one b)'lt El in"ruction &Od the ¡,.,o by! e \U. TI in"ruction 
in tht ZSO. Thls i< importill!\ since in"""P' >e"'ÍC< timo often mu<l bt m.lnimi>rd. 

To fociliUlc prop•rn loop ccnuollht inllrll<tion DJ:>:7. o c•n b< .,,..d a<f-·•nt>~<o"dy. This two byte, 
rebtiw jump imuuction d<otmtOI> tht B regil1<i •_nd th< jump occuu if !he B ''tÍ"" ha, not be en docr~ 
m<med U> uro. The r<lo\J't <ti>pbccmtnl io upres..,d as a .;gn<d two't complem<nt numb<1. A s.irnpl• u
ample of ;u""' mi¡;ht be: 
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Tablt 5.3-12 b•llth< eighL 01' codos for th<IH\111 in<truction Tiús in.Uuction i11 ,¡,p.; byte alJ to &ny 
of tl>t ~&)lt 1dd•••se• li¡ted: The limpio mnemonlc: for thest ••&lit ca lb isth.o lho-..n. The value of tiUo ill
.uucticn is that froqueiltJy u<ed ¡ouline¡ can be al~d with this ill>Uuction to minimiu memoi'Y usa¡r. 
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..e,~ :ú •¡¡:;: •.1 T ,;,«JS:o~, ,,_¡ ,,,:c.~,- 'J'! ) ·.w.;l<.~ : ""''~ , "' .. ¿ "" 1 :t~ •f, ~; ->,l d :<; , ,: ""' :,,;; o17 
,o,~·, • .: ;: :~J11•:;U l.!-"1~>! :l~t '-"'·''o ,,¡,_ 'r ••·¡ 1 , 1:1_1 ,t~·>, .. i ~··J) •U ;¡ "" ".,¡ ~ J 1 '' ~"!" .ood '''"'": ¡,e,·:;, ~ 
,_;¡ ••INPIJT/OUTPUT ·~ '"'''' ~"'"' ,~. ~'"·''"''¡¡ ,.:,;."':,~.:u._,~--" '''>•·•·· .,. ~~ ~'·" 'Ci ,.,: .d•· 
·, ~::v;:-; "''' ,,: ¡ J" " o"' ob.•1· 11 _ .. ,~¡:" ~ ,• o d>~l, e• o ''• t,C '~~ ""''' ;:1.h::; '' •o!l ~~~~ ~;._ "-".' ~re .l ~·¡? 

:·C··!·.:' ·. ,,,, '-'.··· .. , .. ~,·;·'•·'' ·~e· "'"'"'""~'"·''"''''"'""''''·"·"··-~'-'"''""~ '" , .. _, .. ;>; The Z-80 bis on uten~YI_oet oflnput ond Outpu) imtruc~ons a lho"n In tablc 5.3-13 and table 

'• 

, , ._ .S.3-1 •- The oddrn<inJ of U.. input 01 outJ>IIt dc.;u con b< tiÚict •b>Olutc or ¡t¡iJter indir«l, u•in& Úle e 
• • .:..: IOJiUcr. Notlce thot in thc regi<Ur lndlrcct tddm.sln~ me <le do l.> con be lftn•fcncd bct,.icn tl!c 1/0 dniccs 
, . , ond .,Y Of U.. intem.ol rt¡!Jtc11. In oddltion ei¡jlt block tr;rnsfcr in<lr~><:ti••n• havc bccn implcmtmcd. Th ... 
• • ~- in$tnoctl<Írq' on s!m0ar lo the rnem.,ry block t¡anof<ll CHcpi lliot thc y u .. n¡istcr p.ÚI, HL f01 1 pointer lO 
" ... thc iñenioiy souice (out pul «>rÍuntn<h) Of destinotion (input com,...nd¡) while !OJ><ICI 8 il u .. d ot 1 byte 

cou.itc•. Rc¡ister C boldo thO- tdd[i,'U of 1ho port for Which' thc input or output commond ~~- d.,ired. Slnu 
rO¡iSICI <1 b eiJht bi11 in length, the 1;0 block tron•f•• ·~mmrnd hondlu up to 256 bytes. 

- . !------:. . . . ' . . . . 
. In the IriSuu'ctil>nl JN A,'i. oj,d OUT n,·,úhe 1/0 do.;cc •dd•ou n appcan In the Jowt< h•lfof th< odd· 

reos bus(Ao-A7) whilc_the aÓc\¡mu]ator eontentl•U•nsfeind ;ri. lhc uppa halfof the odd1ess bu<. In a U rer
iElcf indirect Input output in<tnrctloru, iflcludinJ bloxk 1/0 ,,.n,fen the cd!ltenl o{ •e&ister e is band'erred 

• .' to the Ju.,er hlf "' lh: ,,dd¡oos bu• (det·iu add!<>l) "'hile lhe cmtenl <lf te¡i<ter B i< lransferted to U.. 
"PP"' hotlf ufll•• .~d'"'' bu1. · ' 
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6.0 FLAGS ( 

E.th of the '"" Z-80 CPU Fl•E reg¡st<" cuol•ins si• b1U of inlornution ,¡hich •1e "' 01 1t,.t by 
'"riousCPU Op<r>tjon~ Four of tho" b11> .re test•ble; thol i~ lh<} 110 u5<d •• rund1lions foJ jump, ca!l or 
l'turn iostruction~ Fo1 uomple • jump tn•y 1>< de>ued only 1f • spetlfic bit io !he flo¡ f<J,iSI« il .. ~ Thr 
four l<st•N• fl•i b,¡s "'"' 

1) Cmy Flog \CJ - Thi> flo¡: is !he carry f1om lhe highest 01d<r b•l of the accumuiJlor. Fm eump1e. rhe 
cury flag wiU be set duung an add m>truction wh<Je a c.auy f10m the lufh<"" b1t of !he ••cumulo!or 
;, general ed. Thü fl•t is 1ho set if • bonov. " ~enou\..:1 d urin¡ a oubu•c1"1on inmuct"oon. The >hih 
and JO la le insuuctions o] SI> affect th" bit. · 

2) Zero Fbg (Z)- This flog U ,.1 if th< •••.ult of !he operot!oo 1ooded 1 ><1<> into lhe accumu1otor. Otht<· 

wist ¡¡ is ""'· ' . . --,. -
'' 3) Sign Flag (S)- Thi• flog is inteoded to be U><d with sign<d numbt" and lt is ><1 if tho r<suh 

· ofthe <>pe,.li<>n wao neratrvo. Sin« bit 7 {MSB) "Pl<,.nlothe sign oftb< numbtr (A ne¡;>ti"" 
numl>er ha> • 1 i:l bJ! 7). lhi> flo1 """' the >lU< of bit 7 in the icéumu1itOI. .~. - -- .. ' 

4) P.rity/(h-.rflow Flag (P{V)- This du.ol purp<>,. flag indica tu thc parity of thc rnull ;, lhe accumu11101 
~<hon lot~<•l <>p<r>lioru are p<rfo1mod (such u ANO A, D) and il ><psUento OV<rflow -..hcn oi,ncd 
two"o complemenl •oilhmetic Optlali<>ns O[ e perf ormed. The Z..80 ovtrflov. flo& indíatu !hll !he 
two'o complem<nt numbtr in !he •ccumul>toJ io in cuo1 since it hu ••cc•d•d !he ml>imum po .. 
sible (+1 "7) 01 "le" thon the minimum posoible (·1"8) numbc1 th•n an be rtp1eoen1ed m two'o 
onmplement oototio,j. Fo1 •~mple con>id<J adding: 

+1~0· 01111000 
+JOS~ 01101001 

C• O 11100001 • -95(wrong)tímno"'luuoccurcd 

Here lhe ,.,u]t is inconect. O>etflov. hu occuued ond yet lhere io no cury ID indicolt an enor. 
For thi• cal< 1he 0><1flov. nog wou1d be «t. Al so eonoider tho 1ddi1íon ofl\\"0 neptí>< numbus: 

·S" 11111011 

• 1 6 • .,-"""' ;;' """"""";-
'• Jll01011 ~ ·"1 c<triOct 

!'o!ice that thc """""' >1 <"01J<Cl but th< ¿.11) ¡, .. 1 SI> thol tloio n.~ CID llOI be U>td U •n n•er
n~w indicatm.1o lhts ca,. lh<O<OiflO\\ \\nuld nnl be ICI. 

Fo1 Iogioal o;><miono (ASO, OR, XOR) thio O a~;, oet of the p•rny of !he result io e•en and it '' 
101<1 ifn ;, odd. 

e 

1) H•lf cm·y (H)- Thi• is the BCD carry'" bonow rcoult f1<1m the 1e .. t oi¡;nificonl four bil1 "r opemion. 
1\hen """i oh e DAA (D«im•l Adju" ]oOlru.:tinn) 1hu fl>g "U5<d 10 concct the •••ull of 1 
pr<>iom P"~ed do,·inul •dd 01 oubtnct. · 

2) Subti>Cl Fl>& (N) - .~meo thr •1gori!hm f 01 cnnrcling BC"O <•p<!alinno io dtffooent f 01 aJrl" ;,.n ur 
, .. H • .cli""· ,¡,;, n.r, '"'d <o •pedf) "¡.,, t)¡>< ;_,r '"''"'''10n """' '"'""d '•" '",Jo,, the 
0.\A op<IJto,on "'JI bo '""«! [,, 011h01 •Jdllwn 01 <UbtiJ,IIon. 

( 
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Tobl• 1>.0-lli•t• how e•ch fl•g bit" affected by variou¡CPU inmuction~ In 1hio tablo • ···indica tu 
thatth< inwuction doeo no\ ch>nge the flag. an 'X' means that the fl•~ i""' t<> •n indetemúnato mte,1 'O' 

- rn:ans ¡]lit il is rutt, a :1• moan< lhat j¡ ;, se\ ,;Id thO symbol'l' ind1Cole< that it ii set oi reset .ccording lO 
tlle rr tvi<>uo d.J<e~~ssl<>n. Note thal any inotructiÓn not appOanng in tlus ublt doeo not alfoct >ny <>f tht flag~ 

. •, ., -
Tablt b.0-1 indlldes a few specia1 asestlul rnu<t be ducribtd for clonly, ).:oh~ th>l !he bk>ck ... rch 

inllfuction oetsthe Z flot ifth< la51 cornpatt operation indiated a match bet"<<n th< .ource and Uro 
occumulator dall. Als<>, the parity fl•!;, se! if !he byte count<r (re¡hter poi:r BC)" not equalto uro. Tlúo 
.ame use of !he p¡.rity na,;, made wtth the block rno•e inS1ruct;on~ Another spedal cooe;, dufing block 
input or oulpul instruction., here !he Z flag io u sed lo indicolt lile stote of regio¡er B which is used u • byte 
countu. N atice tlut when the 1/0 block uanofer ls complete, the uro Oo1 W>U b< ,.,., to 1 z<ro (i.e. B.oQ) 
while in !he a .. of a block rnove cornmand !he pority flog is reS<t when !he o~,.tion iocomplete. A final 
CUt i. when the rtf<eslr IJf 1 rogi5l<r i> l<>Odtd in\0 tht accumul>tor, tht inttffUpt enable flip flop is\oadtd 
into the parity flag .o 1.batlh0 compl<t• stat• of tho CPU r:an b< ..... d •t. ony ti~<. • ... _ ,. ' 
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' .. , ... 
'··'Ál'D< ., ·' 

o~. 'O~•·" 

., ,~,. 

•. !. •· 
lo¡ic.J opuoh<M" • • ,: 
Md ,.,-, d>fl«•n• lhp 

&-0" '"''""""' 

·' 
., "INC• • 

O>Cm 

'"" 00 .. 
·"IC"HL" 

"" drt ........ 
16-btt odd 

., 
... 

. SBC lll." 
16-!>it odd .. rtlt <><>)' 

16-bit 11>bUart "'1)¡ CM>)' 
Roll" occumul.r "' 

.... '• .... 
FI.LA: RLCA. RRA. RRCA 
Rl m.~LCm: RR m: R~C m 

~LA m. SRA m: SRL., 

R.LD. RRD 

'" ~' 
~· m 
INr,(C) 
11>1; !SD; OUTI; OUTD 

li>IR: lt>OR; OTIR.; OTDR 
LDI.LOD 
LDIR.LDOFI. 
CPI.CPIR. C"PD,CPDR 

•• 
Rout< and lhifll<o<ation m .... -.- '"·'-
Ro!oto dil!l l<lt and •>ahl 
O.<imal ad¡ltOl >«u<tnol>l(n 
Compl.....,., ><cumular<>< 
S.t car.y 
Ccm¡ih=<nt cmy 
Input r.P,I<r>ndltt<t 
lllod< input and cutp"' 
Z • OiiB >#O olho,..,..,. Z • 1 

lllod< .,...,¡., """"'""""' 
P{V • 1 if BC -¡, O. oth<,...;,. PfV • O 
1110<1< ><a<ch tn<ltOI<tiCD! 

Z• 1 if A • (Hl). olh<rwiM Z • 0 
P{V • 1 of E1C"' O.otloorwi« P{V • O 

LDA,I;LDA,R Th• '"""''"' el !he irltwupr '""bl< fup-Oop (lff) 
;, <opi<d into tilo 1'/V na1 • 

BIT b. • 
I'EG 

Th< "'" of bH bcf locallt>n o io copi<d irlro lh< Z n., . 

, ,_. Th• foil"" in¡ nrillti~n ;, u>td "' lhi.o rabi•. 

Syml>ol 

' ·' 

' .· 
' 
'" 
" 
" 
• • 
' • 
" • 
" • • •. • -• 

ap... .... 
C:O•n·~m> n.._ c-r """ "~"""""" ,,;:.,.,..., ""'>' ¡....., ""wn ot,.. .,..,_.,; '""''· 
l<•o o .. l• 1 lf '"' .....,. o["".,..,. • .,",.,._ 
"'' n.._ ,., ",,.."'a •' ,.. , .. ,., ~ ... _ 
~.n., "'..-.ollv• "'~ ,.,,_ r>¡ """ ~ .. ~ •• <'l ,.,,. '"' ,_, n .. '--"<"'' ..,.,,...,, orf«l '"" "• 
.,., "" ''"" ol .,, ""'"" •'hllo .,;,,., ..,.,,...,,.rr.., o.~ "• '"" lh< "'""'"- of '"' ,...,. JI ~{V 
,..,, •~''· r{V•! illho ""'" of ,., ...,,.,_, o ~"- >/"•<•o lf ,.,.,, • ,..._ lf P{V .....,. '"""••- ~f\1·1 
;r"" ""''' •• "" _.. .............. "'""'""""· -

flolf"""'' "'< H•J iftbo•"'"'''""' ...,.,;, '""""""'' ""' mtowb..-..,...f,.,.ln<o b>t O .... ,.,._......,,,.._ 
- ..... ~ ........... )l•]if '"' .,...;,.,,"""'""" _,, .... ...... 

'H '"' ~ n,.,.,. "'"'" ooo)uootl.., .,,. "" ''"""' ,.;.-.. "'"'"'""' ro u) •• """'""' "''"" <>• ,. • 
'"'' "''" P•·••O DO>'""'"' '""''""'' ''"'""" "' '"'""'- "'""" .,...,...._ "''"""'''.m , • ..,,, 
no. n.," ofl""' .,~ .... .._. •• "'' ""'" or"" ...,""""-
no. "''" '"'"'""'' ., ......... .... Tln "'< <• ""'by,,. .,..,....._ 
no. "'' ¡, ,., .,. "" ...... _ 
no. ... ~.-.. ... ,, ... _- . 
•rv "" '"""" """'''"-' ••"" .,.., •• "'"" •• "'' .,.. ...... rrv "'• ,rr~,,. "'"'''"' •• "" •~•• '""" .r .... .,..,,....._ 
Aoy ooo of !Jo< CPU "f'"•n <. O. C. D. [.H. 1. . 

...... '"" , ....... '"' ~· "' '""'"""' ·-~•.--. ...... '"'"" •·""·!.· '"""""""'· Aoy "-bn "'""~ ''-' .. '"' ,,.,~ o•.; o .• ·><l<< ~<oo<d 1~ '"--' """a-oo 
A O)'"'- ol~-< !•o "'"'" "~''"" 1>"' IY . 
Xobhh roOOOOL 
11-><< .. ,,. .. ,.,.. <ll. m> 
11>-\oo .. ,,.. ,.,.,..q, .SS3D 

""' •·t.< ""''"'" loo oll <h< odOr"""l ~.,_, ''"'"'' '"' '"' "'"""t.' m"'"""'" 

s¡;•.;r.;.,'iY OF rlAG (.J.'E?.AfiON 
TAjlE 6.0-1 

0'· 

10. 

\ 
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7.0 SUMMARY Of OP CODES ANO EXECUTION TIMES 

Thr foll••win~ >C<'Iion ¡:;._.,a '""'"'"'Y of lh< l.-~0 """"<ll<>n> stl. The ms!ructinns >r< lcwo.lly •rr.nr<d 
into groups" ,)wwn <m oshb 7.01 lhrou~h 7.0-J l. [och tsl>le >h()w>the .,,.,mbly l•n~<>•f<' mnrmonlC 
OP code, the ><lll•l OP code, lho 1) mbol•c uperation. 1110 cnnt<nl of 1he n.~ '"~'"'' follov.·i"g lhe •~«u
''"" of each in>lruct',on, tloe numbe1 of byt<> tt<¡uir~d for <ach in>trUclioO •• "'ella> the numb<r of memory 
C)dt} •nd !lit toul n<on>btr of T.,., .. (nltr"al dod• p<'tiods) r<quirrd for thr felchm~ and e•rrution of 
rach in<truction. lar< h,. b"n tohn to onoke o. eh "hl< >elf-npl•n•lory "'othout requirm[ •ny ero" Jd<r-
rnce with lho le>l or othtr tobl.,, -

' 
. . . . . ' . . . . . .. 
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,, . ' 

• 
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80 INTERRUPT RESPONSE 

Th< P'" P"" u/ "' in I<"J r topl i1 1" >llow f""l ipht"l do vi e« 1<> <U•pwd CI'U <>{'<131 ion in an ,.,dorly 
manncr •nd fmc< lh< CI'!J lO <1•11• retipiLeral<e!IJC< ooulino. U<u•ll¡· 1hi1 "''viro rouline i1 hwulvrd wi\h 
1 ht rxrhan~:.< ni d' la, <>r !UI "' •nd ron \rol in formotiun, bet wt<n the CPU • nd the periph<ral, Once th< 
''"''Í<< roulm< i; rnmpl,.td, th< CPU relurns lo tht "l"''"ion 1 rom whirh it wu in10rr11pttd. 

J.>;f[RRUPT ENABLE - !JISA!ILE •' 

The Z80 CPU Ion 1 ~-o intmupl inpu.,, 1 <oh"'" m,.!,, blr inl trrupl and • non m"koblt rntorrupt. 
TI•• non mulo bit in>mupl (:>:~U) ron ni'/ be di .. bltd b) ''" pr.•¡llmm<r ond ,, will b• ote<p~<d "h•n
"<J 1 ¡><< iphor ol dr- iot rtqutm 11. Thil inlrrrupr ,. ~enerally ,..,.,-.d fcr ~"Y imporlonl f unctionl thot 
m u" bt '"" ioed whon<><r lh<)' o<rur, •u<h ., on impendiug f'CI""' failur<. The ml'l.oble im<r¡ upt (I~T) 
c:.n ~< .rlecoi-.1)" enobled or di.,bled by th< prng¡ornm<J. This olio M lh< pwtramnw 10 diu~l< th< inltr· 
rup1 during perk•h "here hi> pro¡ram h11 timinr con11rainu1h., do norollow il lo b< inlenupl<d. In \be 
Z80 CPU there ;, an e111N< nip flop (collod JFF) thll ;,,., or ,.,., by the pr<•&r•mmer u•in¡ th< Eoable 
ln~<rrupl (El) •nd Oiuble lnterrupt (DI) in"'UC:licnl. Whon the JFF ;, '''"'• on int<rrupl ron nol be 
accep~td by th< C"PU. 

! "" ¡, ... ~ . . . . . . . . .. ~ : .. ' 
Actwlly. for P"'T'""' th>l ,.;IJ be •ub,.qu<ntly <'>pbinrd, rh<!< .,, '""" rnoblt flor flops, called JFF1 

.,d lFF,. 

Actuolly dio..>bl<< inltuupts 
ftom b<in¡oecepted. 

Tempoury llnr>¡< locoliñn 
for IFF1. 

.• . . 

Th< ""' of lFF 1 is u«d lo .ou¡¡Jiy itlhibil inwrupu wltil< JFF2 is u .. d •• a lempcrory """8' localicn 
f "' lFF 1· Th< purp<><< of .,,.,;.,, lh< lFF 1 "'ill b< IUbooqu<nlly ·~ploined. 

A"''' 10 1he CPU "'ill force both IFF ¡ond IFF~ to tll< r<vl 11110 iO thal inl<nopl> "" di•>bled. 
They c.n lh<n be enablod by on El inilruellon 11 any tim< by !he P'"'"mmu. V.'h<n on El innruchon;. 
<~Uul<d, onr prnd¡n¡ intorrupt "G"'" ,..u¡ no1 bt I<C<pted until1f1er rhe inmudon following El hu 
bten •~<eut <d. Thi1 >in, le instructiun delay ;, n<e<nuy for cases "·hon lh< follo"'"¡ >n.Uuclion il. 1 "'"'" 

imt ruc1ion ond inw IUf'U m un ncr b< o\\owod unlillhe murn la• hcn <Pmplct<d. The E 1 in<t rt><lion >< 1$ 

bl>th JFF 1 •nd IF F2 to !he <nohlot>l<. 111ten on int<rrupl i-a,·orp"d by rho CPU. hnlh IFF1 o~t>d IFF2 
"' .,,,,,onllk•llr «•<t. inloibitir>g furthor inlorruru unoilthr P'"'""""" IIÍ>I><I '" ;,,,, • nrw El innruc
''""· .\:n~t 11>01 for oll oflh< pto>iou• ''"''· JFF¡ >nd IFF ~ore oh••Y• ·~ual. 

Titt purpou of lff2 ;, lo,..,.. lh< '"'"'o{ lff 1 wh<n 1 non maol.>bl< lnturupl <.><curs v.~l<n • non 
nt<•l.obl< inlerrupl Íl "'"'PI<d, !ff1 Íl '""lO P~<•<nl fu11her inl<rrupls Unlll reer.abled by lhe pro
~'""m". Thu•. oftor ' """ m"bblc inl<rru¡>t hu bten ••«>-••d. m:>l.•hl• in"' "'?1• ., < d:•.~l<d bu 1 1ho 
¡>JO\iotll lf>l< of IFF 1¡,., been ,.,.,d •e thSI tht .:umplotc "''' of the C:PL' Í'"' l'oi~<r t~ th< """ "'"'~'blo 
ontertuple>n be '"torod llllty IÍIM. When alu•d Rt¡;istor ,\ with Rtgi!lor l (l.D A,l)•"'""<li<.>n ~~a 
ln•d Rogi•"• A with Regi•t<r R (LD A, R) inatructicn ;, <>«Uted, lh< 1101< of IFF2 il coplod in lo lhe 
p.rity fl•g wh<re il can be te>ted or iiOted. · 

A "'"o.d m<thnd nf 1e<t~ring rlr< ;totu. <>f Jtr 1 is thru 11" "''·uti .. n ,r • R<tu'" f•"m ~"" 
\IJ .O ,¡,J< lnt<~ rurt ( ~ f.T~) ¡,,,,o'"' i.•n. Sillrt 11ri' i!ISI nr<tiltn ;:•·.1 ir.~',, 1 :,., 1 1; •> '""' '" ,. : .• l,h· ;¡,leo' "P' 
''"'·' '"''lÍo•< ,,.,.,.plotr. tlr< ,·t·o·""" ,,¡ IFF: •" .. .,,, n•r;, ti h.,\ in o,·. 11 r 1 . .,. ,¡,, tk ,, ''": ,.¡ 11 f¡ 
J"" r• io• 1 o thc ''""P'• '"" .,¡ th< """ ',.,t,;,ble io. """P' ,..,11 P., ,..,,.., od ·''•" '"'·'' i; ,¡¡, .. 
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f'""" SO.l ;, • •umm>ry oflh· cffoc1 ofd¡fft~<nl inmuctions on lh( iÍo<:l Oñable fhp nopo.' 

CPU RESPONSE 

Nnn \b<~oble 

A<lion 

CPU R"ot 

m 

" 
lD A, l 

lDA,R .. 
AC~(pt ~Ml 

«ETN 

lff] lff2 

' ' 
' ' 
o o 

o o 

' o 

lff2 o 

..... indico! es no chonge 

FlGUAE 8.0.1 

JFF2- Pan1y ~·g 

JFF 2 ... P:ui1y n.1 

' • 
' 

INTERRUPT ENABLE/OISABlE FltP FLOPS 
" 

'' 

~ .. ' ,. 
o 

A oionm»bble ;;,lerrup1 will be a<<<rt<d >1 all ti m., by the CPU. \\'hrn thi' """'""'• 1hr CPU i~nores 
lhe n<U instrnclion 1ha1 11 felchos and inste•d doc1 1 rmart ID loe>! ion liON>H. Thu1, il beha\0> n>oly u 
if il hod !O«i•·•d • rUIIrt inst ruthon but. it i1 lo 1 locotion tha t h not <•nc rof 1he S sofN~ro resllrt loca· 
t ion•. A ,.,,., ;, m<rely 1 coll lo a specifk 1ddrm in page O of memory. · 

.\1•.\.•N• 

Th< CPU con bt progr;um;,td 1~ l<Spcuuf lo lh< m;sbbl< inlorrupl in 1ny 0110 of thl« ¡x>nible 
mnde•. 

· TI>is m o -..le i< idtntkal lo iho ~O<,I)A iutmupt t<>p<om< mode. \\'ilh lhi> n1<•de. thr inl<lll!p:il•f .]"ice 
••n pl•« 4!>)' in" ruel ion on tht dot• bu< and th< CPU will 0.\<C:ult it. Thus, tht int<nupl ing dt>ke pro
\"Jdes the n<XI inS!ruC1ÍOJI to be oxeoul<d insl .. d of the mtlnDfy. Ofl<n lhis ..,,]l be a "''''n inmuclion . 
"""' lh< inwrupl ing dCI ice .,n]y Mtd •~pply 1 sinsJ~ by le imlmelinn. AJWn>ti-.ly, ony olher inllruction 
•wh as o 3 byte '"'lliO •n)' lo.:olinn m memory cuuld be <HC\II<d. 

54 

n,. nuonb<r of dock <)"ele• "''""''l' tn o .cut< thi• instruCIÍQn ¡, " ""'" IIJJn tbr o~rmal number fnr th< 
¡,,, ruction. Tioi< uccurs sinco !he (.PU oulcmO[icoll¡· ;J,Js 2 wait st '''' 1" "" ÍHi "'"PI 1<.- P• •n>t <).:lo to 
oll!'w •ufficienl lome lo implcment •n cxwnal doisy e ha in foi priomy conlwl. Soctiun 5.0 >llustroltl the 
d<ail<d timin¡ for on inl<rrupl r<>ponsc. Afltr !he 1pplic>tion of IU:SET th< CPU will outom>lieally entel 
in1errup1 Modo O. 

11"'''" thi• m,,.J, h•> b-cn >d<"'~ b¡· lh< pt<·~l.oULftl<r, lh< CI'U ~ 111 >nj'uad lo •11 :~ol<trupl by 
rwcutin~ o r<>l>ll 1<> loc.tion 003~H. TI•us lhr rnpon,." ¡~,·nliCJI to rlut fur • ncon m»l..ble int<nupl 
<• < rpl lhat lhe <01ll l<•<.,ion i1 0038H or.<l "d of OOMH. AnNbrr d.rforonoo Íl th>t lhe numb<1 of e¡ cl<l 
1tqui1d tocumpl<le lhe •<>1411 i""ruclion ¡, 2 mor< n,.n n •. rmal duo lo lh< '"" odd<d ""'" """'· 

o o 

( 





• 

' 
' ' 

ca 

~<>d~ 1 ;. 1 _¡ '<~.: 11 ;., ; :.- ,; 1 1 ,._ 1 !·1:; .. ,,-:¡ J •:: .. 1 ;¡ :; •\ ·.vn >i 1 ·'' o •' 
Thi• "'"de;, 1hr mosl pc·v.<rful in«rrupl r<•P"""' •no de_ Woth 1 ¡inslr 8 bit hy1elrom the "''' an 

.u•uwdirecl t•ll can be m•d• to '"l;mOmury lucation ''""0
' •• .,,, '' ''' • .,, __ "' ' •• ' 

. ' '. ,,.-:-·.,.,¡,~·q,_/W, 
1\'olh lhi> "'"dr lhe prog¡ .,nmtr m•inlams a 1 able of 16 bit Slatting add""" for <'< ry inwrupt 

><'"ice r<lUline. Thi• toble m•y be IOc.,ed •nywher< in m<mory. 1\'hen an inlrrrupl i< acrepted, a 16 bit 
.:.,. , ruint<l mu<l be f ~rmed lo obt1in lhe dnitod interrupl <'rvict routine $Url ing •ddres.- fr~m lhe table. 
· n,. upp<t 8 b•t> of lhis p<:>inler ;, fo1mod from lh< ron~tnl> of th< 1 ••Ei<Ter. Th• J «ii•t<r in u>! ho11t J;>o,en 

pre,·ioudy loaded wnh the d<sired \'olue by the pro~rammer, i.e. LD 1, A, N ole 11101 a CPU re m tlua th<' 1 
~~~ister so th11 ¡1 is initi>lil<'d lo zero. Th< lowtr eight bi1s of lh< pointer mU>t be supplt<d b~ th< interrup1- . 
ong do,i<<. Aotually, only 7 bits"'' requir<d from 1he inl<ffuphn& devit< •• the lu11 <i¡nif><>nt bit mu<t be 
• <ero. This i1 required <ince 1h< poimer" u1ed to ge11wo •djaunt byte<1o form 1 templete J6Di1 10rviee 
routine ouning •ddrns and !he odd'"'"'' mus! ai""'Y• srort in oven l«otions. • , ~ ••• 1 • 

lnterrupt 
S.f'i<:e 
Rnurin< 
St•nm¡ 
Addrus 
To~ble · 

•ddre<> 

--- -- 1 

,., . 

.. ·~ ' . 1 ,. ___ l ' . 

The li11t byte in 1h< tabl< ;, the leau •ignificán1 (low ord<r) porlion of1h< •ddren. Th< pro¡r.mmer rnu<t 
ub'>~uoly lill this toble in wlth the desired •dd"""' before •ny inteffupt> '" 10 ht oecept<d. :e . . . ·'- .:.·...:·- · __ ·- ··:- """ ', ,, ~ -

Note th" thi> ¡,h]< can b• changed ot ony timo by the pro~rommer (rf it i< <J~r<d in R<>d/Write 
~l,mnry) to ollow different pcriphOral• 10 be ,.rucod by diff erent ierviee rout mn. • 

1 ' • --- • -- •• -; ' • ' 
• . ' < .' ' ' • • .! 

Qnoo tho interiupt>ng devi<<> supph-. th< ln\\"<J P'-'rlh•n of 1he puint<r. 1he CPU aut o<not i"-'IIY pu!.hot 
the P"'ll'"m eounttJ onto tho md, obt>ins th< stOning add,.,. from th• toble and de>e11 jump to thio • -. 
1ddre". Thio rnode ofr<>pon" rtquires 19 cl<><k periods to C~mplero (7 lo fo1eh th< 1~-..u 8 bits fwm th< • 
interrupting d.,·iú. 6 tO .. vo the progrom oou"rio<r; •nd 6 to <>btain ihr jump -.ddre ... ) .,. ' ·. 

' ' ' l'<>te tlla1 tho ZliO rcnphon.l do,·i~•• •11 induJ< a d,;,y eh,in pricrity inw !U pt ~uuoture th•t out<>-
INti.:ollr "-'Pplies th< prosr•mmed ~•erO. tn th< CPl' during in1<ffupt ocknu-.. lodgt. Refer to th< ZW-PIO, 
ZSD·SJO and ZSO---C.TC manuato for detail<.' 
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9.0 HARDWARE IMPLEMENTATION EXAMPLES 
' ' ''• 'o' '"" ·.: ..... - 1'/,> --.,. ,., '" :.. ~ '' •·• •. ,,.," ,,. : "·'. 

'llüo ch>pLcr i> iotr~dcd !O ><r>< os • b•sic mlroduclio~ lo ionplcm<Olin& >ySiems wilh !he Z~PU. 

_MII\1\I)JM S'I'SÍEM .,_,• "'""'' _ 1~ ,, , • ~" ,_.·, .,,,,, ... ,,,,.,,,'!,," ,¡,.,, .. , '' ;'.·:,¡ 
~::""' ..... ·----~ ~ .. -, -·-~-¡. "'"~:•'·"·"•'"'·• ',.,,_,,.,;_• 

'•- :'' ' FiSU;, 9.0-1 ioo di•&ram of l~uy ,;,.ipl< Z-80 >)>l<m. Any Z-80 srllmo mu>t include tlle follo•dna . ' '. . . . - . 

.... 
fi•• rlcmen11: . . . •· ' . . ' , 

J) Fi>< •<?~r powrr wpply 

2) O..Ublor • , 

4) 1/0 cittlnto 

S) CPU 

• 

' ' 
" . 

. , ' 

.. 

. ; "" .... 

.. ' .. ,, 
' 

:, • 1 ' ,, ' • .. ..," 
"""'"'"'"'. 

• 

, 

:.;. " • 
' ' •;,: ., , 
.. .. ' ,. 

, -.:. , ' ' 

'' 
- '·' ·' 

.; . -
Lu•- ,_·~_c-:t•:¡o.•, .,c. " -~ ., ... 

~ - "" :.- ',,·~-d .. -.;., . .:- .. v' 
'1 ., .. ,., r···· ·'"' ·. , .,,¡ -., .. ,.,,'",r': 
, ,. '' • ....,a ~ O• l 

• , - ·,··-.: ,,:: ooc') 

',;o'-''~;,.'!c.!>- > ..... 

su 

::: ~~~:~~·~·~~~~~6~~¡:]1··:::·~-t~' .... ,:~: ,,:• 
. ., ,. rJ ·-·· ..... -.-.. ..; ·"· . ''"' . . '"''•~ ····-·· .. ·~· L. ' .. , .. , .. ,, ..... , ., .;. , --:e .,-.~,, rOoQ •"' .;• • ~"- "'~ _..,_ · • , '-• 

·•,¡ .,, ~'""' . ."'"''' .,, ' .: ''!• - '" . ,, .... .,., " '. ,,_n · .. ,,~~ .• 
o.<_,,,.,.,;: .. ,,.,u, •.-,, · """'' ""'' ,,., . .,'!:•,ai,<-'!'!"o'; . ' "' , t·;-_;,·:·:f;:c-:'';-:·C'-c;;--;;:1~':~~-,:::;_;;·~·¡·;·:=j•L.~C, . ' .. ,,,.,_- -""'" . _,.,' ""; 

FIGURE9.0-1 
MINIMUM ZSO COMPUTER SVSHM 

Since 1h< UIO-CPU unly require• a sinE le ~ •oh su;>p!y. musl 1moll .y;l<"" c.rn bO imple,..<nled l:!.in¡ 
only Ibis >intle oupply. · 

The <n<illalor can b< .. ry simple <ince lbe only requnem<nl Íllh>l U b< 1 S •oh square "'"""· For 
-')'Sl<ms 001 runnin& 11 full speed, a simple RC oscilla101 can b< u.ed. 1\'hen lh< CPU JS opúated no.r lhe 
bi~~e>l r~<>iblo frequency, a cry\!a) <o<.:illalor ;, ge ner ally rcquned b<<">"" lh< S}'<!<m liming ,.,n nol 
l•>l<rol< lho d rift or j'u ror th>l Jn RC n<f"·or\; " ill g""""'' _ A .:.pl>l r~<rll•t,•r ,._,~ b• made rr<•m ioo< run 

.• mi a f<" di•cr<IO cumponenu "' ""''"''" hk ciJ<uil< 'rt "iddy ,,.,¡¡,~1<. 

Tht <>ltrnal n•emury can bt any mi~ tu re of '"ndard Ril\1, ROM. ur ]•ROM. Jn lhrs simple ,.,.mplt 
-..-i haw •hu"n > Srngle~l\ brl RO~I (IK byus) bting utiliud as ¡he tnlir< rrrernU'}" 'l'"'"'- For lhis 
<\Ompl< "'• h>l< """ntd lh>t lht Z-80 interno! ''~"'"' r••n ~~ ;,. r ti un cnn1.1ir•\ "'m, icrrl Road '1\'nre 
<l<>J ·'i'' SU _lhot •'"'"": R.\ \1 "'"" •<'<}" is nol :,·g uired. • 
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' E•"ry compultr syO!tm r<quire, 1!0 <ir>ul1< 1<• ol:o" it lo interf•ct 10 the ··re•lv.orld:' In thi> >imple 
n•mrle h ;, a"umed lloil !he uulpul i• an S bil Cun1r<J! ><CI<>r •nd the input¡, on 8 bit sliiU> word. Tho 
onpul dala c<>uld be ~•l<d onlo the da:J ~"' """1.,') "•nd.rd lri->la!< drii<J "hile the ou1put dala could 
belotched '111h •ny rypt ofSiaud"d fTL bich. Fm lhJ> "'"mple \\t hovt ""d 1 Z80-PIO fur rhe 1/0 
corcuit. TIH> >ingle circuit alla<h" lo 1he d•l• bu> a. >hu" n and pro1·id" rhe rcquirod 16 bra of TIL 
<u111pa!Jble 1/0. (Ro f er 1 o 1 he ZbO-PIO manual ¡,,, del••l• un the Op<TOI ¡.,, ,.¡ rhi• d rouil.) NoiJCt in thi• 
•>ampl• that wJ\h only thr« LSI cirmi", • <impk U>C•II•rnr and 'su1gle 5 •oh P"""' supp!y, 1 
pu,.errul com;>Uitr h.; b«n impltmtnted. ~, 

' 

~lo>l cumputer >ymms require 1ome amounl of u l<rnal R••df\l'nto mtmory for d1U 5lorogt l!ld lO 
1mplon1ent • "•l><k." fr(Ur< 9 O·" rlluslral"' how 256 byle5 of <tal k mtmOI)' <•n be addtd lo lht pr<>·ious 
"'"mple. In lhi• e.'"mple lhe mtmory ;pa<t ;, a1<un1td lo be orgmi2od a< follo,.·•: 

" 
.. .... ' Addren ' • 

IK bytu """"" •o• 
03FFH 

2Sbby1u """'" ... 
O<IFFH 

' ' 
•• 

' . • 
¡r.()DREU BU$ • ' ' ...... ..... ~. . ' ....,_ .... 

' ' ' ' . . 
¡,.·,¡; · AD 

"· _!!!!. 00 ••• •• «, r - « 00 •••• =·· =·· ... ... ·"' ... "•o . r'IR ... . .. « ' "·- . OM «, OM « . .... , 'o·"J ••• d¡ 

. -O',JABU$ 

FIGURE 9.0.2 
ROM & RAM IMPLEMENTATION EXAMPtE 

In lhi< ¿;.,,.nr the •dJr.•» ·~oce ;, d .. cribeJ in ¡,., i~«imal llol•tion. fnr th1• .-.·m ;-le, odJr '" bn A¡ 0 
...:p.rot<s thr R0\1 'P"' f~<•m tht RA.\1 'P"' oollul ilc.n bt u"d fur lht •l.'r- ><lr•r f""'¡;,m. For 
l.r~er .mounh of Ultrnal ROM or RAM, 1 S!mple,ITL decoder ,.;¡¡ bo requJied lo fc>rrn rht chip ;ele m. 

MEMORY SPEE!l COSTROL 
' ., •. !" 

, ... ''"' ,, 

F<>r rn.nr •;pr;,.,;, .• ,, ir m•y l•< J""•'Jit lo'"' •k·• oarrn·-ri<> '" .,,' •· ,. '·'''"· Tlo' 11'.\JT !ino vn 
tire Cf'e .n,.,. 1 the Z·liO '" up<1a'< "ith ony •;>t<d ""'rn"l) . By "f, rr;n;, 1>.·.1. '" ""¡.,, ~ y<·c ••>11 r .•. Ji<t 
lh>l >he m<r~OI) JC<t" rim< rtquurmrnts "' m~r "''••• during rh= M 1 c.••l• ir.-tru;::;,.., Í<tch. All •>lhtr 
m<mury ,..,..,., h•>< •n .ddrrional '"''' h•ll or 1 d<d qdr '" ~< .or;,plcocd. Fu> rhr< , .. ,,n it m:or be 
do•bhle in •rnm •rphc.li""' ro :odd ""' ,._¡1 ""'lo rht \11 <~;:le «>lh<l ,: '"<1m, m,,,;.,. <.r> bt u•rd. 
F·~ '" 91!·3 ;, "' ,•,··:r.~l: .,¡, .;, 'rl• ,.,.,,.;, rhot .. ,;11 .. ,.,. :r:~:,.,¡, '"" t··~ 'l~ri· ,;., .• ,¡,_.,,, ~< ch.r ¡•,d to 
,. '1 ·• ,,, "'' .,,¡, .,.,. , ... •1.) · ... ·'} .,,,., :01 •!. •,n in r :···· ., 04. 
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fiGURE 9.0.3 
_ ADDING ONE WAIT STA TETO AN M1 CYCLE 

' 

'rv .. , 
' ,,, ' "" ' . ' ' 

"""'0 ' ' • • • • ,., . ,.,~ l • ' ' ' -
" " . . ' 

. 

t. ·L . ' ' ' ' ' 
FIGURE 9.0.4, 1 

ADDING ONE WAIT S TATE TO ANY MEMORY CYCLE 

' \ 

• 

' I~TERFACli\G DY:>."AMIC ME\lORIES 

Thi• •eOiion ;, inlelldtd only lO '"''" u o britf ;.i1rnduo1 ion tn inltrf•dn~ drnamic me mcri••- Each 
individr"l dynamio RA \1 h"' '>f)'ing •ptoJfooati~m lhal "'ill roquir< minor m<>dific..tícn< IC !he de>Oription 
giwn hor< •nd no >tlempl "'11 be madt in thi< dncument te gin detoil• fur ·~~ pmkulv RAM. S•p•r••• 
•tp!;, Jtion nor e< !J•O"'in& h'-"'· lht /.~O-CPU "" b< inl,r f•••d 1e mu<l pvpular d¡ ~· rnit R .\M·, are 
a•>rl.~le frmn Zii<>B- · ' '" 

" 
F•rure 9.0-5 Jlluma1e•1he logre "'"""'IY 1c inl<rface 8K brt<• of dyJJamit RAM u<in¡ 18 pin 4K 

dyn•mk memori.,_ Thi• firurt "'u me• thal lht RAW• are lhe nnly me me ¡y in lhe <)'SI<m <O lhal A¡ 2 i< 
. -u'"d te ;eleCI between lh< t~·o P•~" ofmemory. During r<fr«h lime.all nl<mvri<> in !he sy•l•m mu" bt 

T<•d The CPU pro>ide,the p1oper l<fle<h aOdre!.< .m lrnesA 0 lhreugh A6- Tn ··1d o~dil;.,.,,¡,nrmory lo 
the ') !'""' il is "''""'IY ''' unly I<pl"" !h' 1wo ~""' lhat Oper>le en A1 ~ "''h ",j,_,,,J., l~•t "~'tale> 
un .JI l<qUir,d .ddre>' bi" Fer l>rfor •;sttn", buff<rmg fur the •rldr<" •nd do:, ~'" i• •l•o t• r•<r.tly 
J<quired. 
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INTERFACING OYNAMIC RAM$ 
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10.0 SOFTWARE IMPLEMENTATION EXAMPLES 

-'- ·' ---- ..-- ·-
--~ . 

10.1 MEfllOOS OF SOFni'ARE IMPLH!ENTATJON ',----• 
,;- . ......__ 1--'" -- ' 1 ¡- ~;·' 
1 - ' '· 1.---- ,-- -·-~ 

S.voral dlfT<OeDI apprwchu >rt p<>nibl< in do•eloping oof11•·are for the Z-SO (Figure JO.J). Fíat of 
oli,A ... mbly Lan¡;uage or PLfZ m>y be uoed as_the ,¡;-uJCelanguage. The"' l;ngu•~<> m•Y lhon he lrons
lolod in! o machín< l•ngu>g< M a Oomnióiciol time >h•rin¡ fadlity usiiÍ~ Ó ,,;,.,...,.< "'bl<r or ctn«-compiler 
or. in lhe co .. of .,,.,mbly bnruo¡e, lhe lJ:lllslatinn c•n be accomplishtd on o Z-~0 O.veloprninl Syol<m 
using 1 r.sldonl as>embl<r. Final! y, the r<luhrng mochín< code can be debuggod oilher on 1 timo·.<horing 
fadl•IY U<mg • Z-80 simulolor or on • Z.SO O.•·elopmenl S)•<lem ,.-hi<:h ..,.., a zg(J.{:PU dir<elly. ''. ·------- ------

• ,! -~,--··· • " "--...- ------
• "T --

sou•ac L..........--,-,,:¡.,,-;---
Lo.NG<MGf ,.,. -' "'• ',lOA ... Lo.T--· -- ~ -------· .. . . --. ' ""'"""' ............ • 1 AS .. MBlV ·t-

Lo.NGUAGIE - -- ~ 

c•os• .,.,,.•••• · - MAC)OIN. ... LA~<;UA<;f 
' •uz Qq OTHtR 

b. 
... 

IIIGH<EV<l¡ 
LANCUAGE • CROUC<M'IL .. 

";•o•. ·~. " 

'''1 FIGURE 10.1 

~·.V"'"''''.-·:~' ._.. • . '"' 

orvn""'ENT 
SYSH .. 

S>MULUO~. 

• 
In ltl~c<ing a '""'ce l•n.i:uoge, the pTimary fac1oTS lo be <<>n>idet<d aTe dar1 1) Uld uso of pw¡rim

ming vs. code offi<iency, A high le vol longuage ;uc!t.,. PL/Z wilh iU modUne inde¡><OOem «mmurT•II 
l)'ricaUy l>et«r fot f'!nn~l•ting and m.ointaining alfolitfiÍns, bu1 the t~lring morhine ende is usuaUy 
""nrnhatles. effiden1 !han whaT can bt wnuon dirtctly in ""'mbl)' longuoge. Th••• lf>~toff> can oflen 
bo bahnctd by combinin'g Pl/7. a 00 .,,.mhly lon~'uage "'"lil\tS, idenlifyin& !hose pon ion• of a l., k which 
mu>t be Op11mÍT.ld and wri<ins rhem., •"tmbl)' language ¡ubroulin ... 

~ O.<iding whetheT lo uso • re.,denl or ero" .. scmbler is ;m,ner~ofa.,..ilabilil) and short·lemo vs. · 
long-10m> o.pensc. WhUe the ini11altx~ndnuTe fo• • de~clopmttJL system 11 higher than Lh>! for • Lim<· 
,¡,.,;nE tennrnal, thc cos1 of 1n individual ustmbly uoing a r<>idenn..Ombl•r i> ne¡li~ible while lh• "'me 
<•ptf•lion un a lÍJne->.'larini S}'S\em is relotively exp<nsi~• and in • sl'lOrt time Lirio Cou can equ.J U, e total 
coot of • developmonl ')'st<m. · · 

· Debugging on o devolo>pmenl oy>1enl vs. a •imulolm is al<o a mallor of anil•b•lit¡· and ·~penst com
bined "'ith opeflliMal fldeli!y and llexibility _As wirh !he "scmb!y proc .. s, debuging i• leso expen.li•t on 
• do•ol<>pm<nl oystem thin on • simub¡or lllailable Throu¡J> lime-sllaring. In •ddition, ¡be fidelily of 1he 
Op< lalinl ent1ronment is prr<<rved throush real-1irne e~<eUl10n on o Z80.(PU "" d by c<mn'<ling l h< 1 JO 
a:·.d m!1nory conlpon<nl> which ..-;u ao1ually be uoed In tho r-oduCii"n O)-,l<<n. TI•c MI)' ad•aMilt 10 
tll> u,. o( o sinmbtor iltht 10nge o( uilOfÍI ll·hi~ ma)' be "'locted (cr <ud• ~e~"¡jing P""'dur<> •• trac
ing •nd O<Tting broakpoin(l. Th11 nexihilily exists becauoe a soft wart "fllUI• tion c>n "hit'"< •nY de¡ret of 
compl<xity in Hs interpmalion of rñaohine inotructioos while dtvt[opmot~L 1)'>1em proc<dutu hove lurd· 
Wlft limitoti""' oudJ as the <•padry of ¡he real-hmc sloro¡c module, 111e numl>er o( brukpoint tt¡ilttn 
tnd th< pin conft¡u,.Tion o( !he CPU_ Derpite ,uch hordwaro limilalion<, dobugging "" a dt>elopmenl 
Sl'"'m is 1ypk1Uy mor< product Í\t t~on on 1 simultl or bonU>e of lhe JiTe• 1 inlell~<ion <lu! is r~"iblt 
b•t~ e~n tht pr.--¡¡:u-,une: a!ld th• ~" thenlic ••~cuti,_, of h,. pr<>¡¡ram. 

' 
"':.._. 

' '' 
' . 

• 

6U 
' 

' 
' 

' 
( , .. 



10.! SOffi''ARE FE\ ILRE5 OFHRED BY TI!E Z~O CPU 

TI~< Z·óO in<<ru<IIC11 ,., pro>ide< ¡ho "'"' "i1h' l:ngo ond n.-1blo "P"''i" uf ope,tion• ,..¡,o "'hich 
!o formu !al< control oi the Zbü-<:PU. 

TI>< primo ry. l u >ti iJ ry ; nd indt< regille!! "'" ~' u"d lo l,olJ ¡¡,. "~nmonl< nf '"' 11 m<l"" and logicol 
op<r•ti,•ns. orlo form m<r1w1; •dJr"'"· ur" fosH'ce" "o"~' for lro~u•nrl; u<ed J"'· 

lnf urm•tion <•n be mo>ed due<ll)" from "8''" r to ltfi"<r; fro:n momo!) to m<mory; from nlemOI) 
to rtfimr¡: or from tt~i"'" lo m<rnOr}. In >ddniM. ''''""' '""' <~1' aod "~i<'<r/m<mOI)" o un l<n« ,an 
be n<hon,;od "ithoul ~""' ""'Pcr>ry ¡1 oro¡<. In P'" icul.,. tilo ronl<n IS of ¡-rim.::· Jnd '" "~''1 "g'" "' 
oan be romrlel<i)' nd Jq'd bv 0\<0Uiing onl; lwo inslruc,on\, E:\ Jnd EX.\. H.JS ">"'W '"h'"!' 
~rucedur • ''"" be u«d lo lfP·""' th • sol ~~ ~ orl.mg """" r< Oc 1 ~ « n ddf" m! lo!!''"i r"'" du r<l or to 
npand thc "' of >IJiloblo rcgr<'<r< 1n • ""¡¡!' pro.;edur<. 

St.orJgc and rtlri<'·al of ¿,., bct~ "" P-'"' of "i;ll1<r< Jnd mctnory ''" ~' ,-,>mrollod un • l.nl-ln 
Hr<l-<>ut ~ "" lhwuth PUSH Jnd POP in<"'" 1onn1 w~t~:h ~"1"' • '~""1 "o: k ?•"" "' -,~, 11 < r. SP. Tha 
.,,d. ''~":< r ;, •"iil\-lc both 10 "'' nirt~l>t< CJlJ 'n¿ "' "'"'"tm:O< .ol]\ "~" .t<>J :<'"''e aJJ ,.,,., for 
¡uh to~ lrr-< lin;,ago. 11 "he n J '"''":;:me " nii<J. f~r <'>:t::o .el<. tho JJO ic>! it•!!~ • ,. ;; ::" (". 1 l.l tC S\;;. :ti~~ 
";l•"d on lht IOp of lhe ;•.,h-~~· r. <t>=;, P"'"''" to by ~1'. 111om • 'L~I~<ori;« :o:u:os '" lhe o:.li•-'.! 
roullne. :h< 1ddr.t>on the lep of r~c "'''"""¿In >'1 :he Pt"gr.:n tOLnl<r f,·: '~-<,¿~""ni th< ""-' 
ir.<lru,llor .. Thc .,_,,\. pom•o:" oclJ""'d •uiOmJtr,:¡_'h- w rofo«t tho oumm "top"" ""~ pominn ~"""~ 
PUSil. POP. C\ L L .nd RE r '"" rueli""'· n.,. ""' '"·" ''•" ism ollow• ru•'>do~ n data "·' ,;. ' an~ ,ub-
1011\tll' coll• lo b< ''"""lo o:l)' r"'""l dep1h beoou~> oho ""' .,., <.t:l p.ll<nllo'h p,., :,g<., 
''""""' •P"'· 

Tho «~llence of rn•II•.t:< 1un ".oution <•n bo caot:ollt l by m dd! r:ono f. ,., ,·. "f) • '"", ,,:r.. 
P<IIl) ;o,erflo" . add <U~!roc\, holf..:•r:¡-) ~<h•ch r<fl:: t :~< r ,_,¡,. uf ar: 11'1:-:-:<1 re. lc;;•;al. <hoft ;rnd c~m?•" 
•~struction>. Aftor th< execution el an rnstru:tion '-'hll'h <et<, foa~. '~'t fl•t<•~ b; ~·<d to :o" u o] • 
o<•r.J<trc•n.J jump or t<l "'" i~'""'"on. The" ;"""''"""' ~· o"J' lot""'' wnuol foi:~,, ;,,~ 1h• rn>rieul•
tit•n of •i.•,¡l< bit, <1¡..1tt 0:1 b;" (~:) 1!\I<Or>•'ool d:.10 q:.ont,¡j.,, 

A full !et oflogbl op<"twn•, inchJd1r; ,\._D, OR. XOR (c,;h""'- OR). l"PL 1-'011.) .nd :CEG 
(two"• comrl<nlOn 1) JI< avotbble fo1 Bool '"" opera IIOr.> b<l"" n lhe •oc1.muiJ1 u r ; nd 1) .oll ot hor Olfht- btt 
regi<t<r<. C) mernur}' I<Xa11on• or 3j Lmmdim Optr<!nd•: 

In -,dd-,tr~n. • f•.rU ;,¡o: ;;:·.!,mue onJ lnsi:·ol ,h·,ól< '"· kth ,¡¡"""'·" ''' ,, .. -"~1< ,_h,,h ~r""' 
on 111e ,·ot~:<na of :Lll <';~:li-~1: i'""'•l)' "'""" or ~;:cnl¡ <•o '"~ '""""~ ¡,,.,.,.,,n_ Th.; """) ::,g <:.>n be 
in.:lu,'ocl N <i.npl; ><1 h¡ th<" ,~,¡f¡ im:ru<:ion• lo ~!O> ido ~<'th ~~-' :<>tir.¡; o:,;,,;, :o<ult, _,,,J to !mi< 
l<t<>t<r/ro¡i>ter 01 r<g••t<r/rnt~><•l) ,¡,jf¡ Op•":ron•. 

10.3 EXA IIPU.S OF L:SE OF Sf'ECIAll~O I:";~TRUCTIOC\5 

A. 1.:: LIS >'<:I~Lt IIIJt o 5'.fl"lg ,,fd,tJ in rtl<lll~ry <l:•:ti:¡g ,¡ loc.Hion "D.\Tc\'' ,, tt· ':-" ''"'"d !n'.o 
on-•.:l<r ""-' ofn"'~"')' ""'""O" i<'COiiun "llGFFER'" ond th" 1hc """'le· ;th, 7!-~ t¡l<' Tht< 
"~'" "~" ''" b< <Ocomplr>hoJ ·" folio .. ·,: 

lO 
lD 
lD 
lDlR 

fll.D.HA 
OE , Rl'FFER 
BC. 137 

;ST,IRT \[IDKI:~~ OF U H 1 S fRI'-C. 
:ST.IRT .\f'[,!>E~S (lf 1 .-I~O.tf ~L'H~R 
: lf--GII! Uf !H fA,¡ i>I''G 
; )ltJI"E Si Rl\'0. ·¡ t.:.l ',~¡-,:,( .111-._\IQ;., \- J'l)i~ 1 i.D 1 O 
: I!Y IH. 1' JO '.1 i '•IUR'I 1 (.'CI 1 !OC" PUl' it.D 1 O U\' !!~ 
: I~CKL.IIl. '\ r I!L .\~]) 11 1!. l"•lCRE:-.11:\T BC 
;PROCbS L"TII.IIC ~o 



o 

o 

' U:i"< .-<ume lh>l '"'m~ 1r. '"·"""'Y <larlin~ •• lr'Cation ""DATA"" i< lO b< mo'<d rnlo anolh<r .,., 
or memory <l•llir.g '''"''~iun ··f!UFfER"" until "" .~SCII S chor..:rer (u-.d "<lrrog de!rmu<r)" 
rcund. U:i"< ,¡,~ '"""'' 1ho: rh< "'"""'""' <rrmg lcngth " 13C eh''"'""· Th< "~'"''""on c.n b• 
pcrform<d a. foll<>w<: 

'" •o 
'" '" LOOP.CP ,. 
cm 

" E:->D: 

Hl ,DATA 
DE .Bl:t'FER 
BC. 132 
A • "S" 
(HL) 
Z.E.'>D~S 

PE. LOOP 

; STAR 1 I''G \DDRESS OF 0.1 T.l ~l RI"\"G 
; S [ AR n:--.G .lllORf.SS OF 1 IR<; U llt:FHR 
; MAXI\!L"I! STRI~G l f.'\G [H 
. Sl RI:--.:G lJH.I I!IIE: R ( U lJE 
·.C"OIIPARE \IE\lQRY LU;. TE:- TS 111 fH DF.U.I!IlER 
: GO JO E :-o. O 1 F Cli·IR.ICIERS f.QUAL 
; MOVE CILIR.ICTF.R illl l ro 1 DE) 
; J:>;CRI:.:.IE.\T Hl A \D DI:.. DECREIIE:-> T BC 
; GO TO ""l.Oúl'. IF llORE CH ~RACTERS 
.OTHER\\ISE. FALL THROLGH 
;!'·,"OTE P;\' FLAG IS UOED 
:10 1:>-"lJICA TE filA T REGISTER BC WAS 
: OF.CRF.IIESTFD TO ?.ERO 

C L" '" "'"<n' th>t' 16-dtgt< d<:rmJI number "P'""""d in rocled hCD furn1>1 (t·~o hC:D ~i¡it•' 
b~to)hJ< to b< ,h,;'<d "<h.,~n m the Figure 10 ~ "' "'"" tn :n<:h'"'" llCD m·Jl1<~1L"t'~" or 
d" ,.,on. l he <•p<r>l ¡,,n "" ~' ""'J'np:,r.h<d " :·, ·11'""' 

'o 
w 
XOR 

Rü'J"AT: RLD 

JSC 
DJNZ 

HL.DM>, 

' .COL":-.'T 

' 

"' ROTAl . ' 

.Aflf)~f~.<; UF l"lkSI 11\ f~ 
;SHIFT ("OL.:'\T 
:CLUk ACCG.I:ULATOR 
:ROTA TE UF f LQW ORDER lliC.IT IS .!,(( 

;l'dffl QIGITS IS (!fl) 
·. ADV A '.CF • . IH.I\ORY POI\ TER 
: DF.CREIIE:>. T B ,>SO GO TO ROT ,\ f 1 F 
. BIS :>.OT ZERO.OTHER\\ISE FALL TllkOUGH 

11 by«• 31< r<q<ar<J fur 1hi< opor>11on. 
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' 
D. 

_, ·-· 
L<l "'"'""m' th>l on< numbe1 ;, lo be !ilh<r.oc;od from OJ Olhor onda) lhaith<)' "' both m po.:\.ed 
BCD formot,b) 1hat lh<) >re oftqu•l bllt ,,,¡o,¡g len~rh, ""rl ~) thor Ll10 ro'IJII i! lo bc """d m thc 

locotion ofthe minuend. He "P'"Iinn o:>n hc ''"'. >pli<hcd" foll~w,; 

w 
LD 
w 
A~D 

HL,ARG! 
DE , ARC2 
B, LESCTH 
A 

; ADDRI ~~ (lF ~·il"l~END 
; .\DDR!'SS OF ~~;¡¡ fR.>o.llf..\0 

:LESGTHOF !WO,\RGL1\iESrs 
:CLEAR CIR«Y ~LAG 

Sl'IIDE:C:LD A ,(DE) ;Sl'IITR 1111:~0 T0 ACC 
;Sl'BTR~CTtHUFRQ\1 .\(( "" '" w 

I~C 

'" DJSZ 

.A ,(HL) 

(Hl] , A 

'" "' SliBDf.C - S 

: ADJlt~ f RESL'I_ f 10 Df'CII\.Il C(JDF.D \'ALUE 
:STORf R~.Sl'Lr 
: ADI'A.\CE •.:L\:ORY I'OISH.KS 

;D!oCRE'•IEST B A'W COTO ''Sl'!IDEC 'JF B 
: NOT ?.F. RO, O fll[R\1 I~E F Al. l. i !IIWUGI{ 

17 bY"' a. o requ•rtd for t~m "P'"''""· 

10 4 EX 11\I'Lf.S OF PIWGR \1111 L'>G T AS.':S 

.\. Th< f~Hov.crg ~~· '""' '""' •n •"'l Q( num~n< e;;.:h ;,, lh< r.nt< :n :~S: tr.l<' :•.end-: o ,,~er .,, .. 0 
• >ldOC >d <"1" •!;< '"rliT•S ,• ~C•lllhm. 

'' 

' 

63 

( ) 



~ . '· 

o 

' ' 

0!{:1{76 [!:14:37 EUEBLE IL'iri~G PACE l 
LOC OBJCOOE iT.IIT SOURCESTATE11E~T 

' 3 

' ' ' ; 
• • 
" 
" " " " " " " " ,. 
lO 

" " •• 
0(100 :'.!:'.bOO " IJ(>03 CBS4 " """ " " ""' o; " """ !.lDC-1:600 " """ DDlEOO " "'"" ;; " 000> oo;Eol " OüC o; " ('JI 3 ·'''JS ., ,_ 
\10 1 5 DD7~00 " \10 1 B orn:or " """ ese~ " l(' 1 D [)0!3 " '"' lt•EA " " w:t CfH4 " 00:'.3 :'.ODE " oo~;; " ., 

" oo:~ <3 
(00:'_6 ,, ,, 

·, 

o o o ST ,>.,\"0.-\RD E. \CI ¡ A~Gf. ( lll: llR LE J SO~. T R0l'T Ir-> E •" 

AT El\ TRY: IIL t-o~ f Al SS .-\DJJRESS m D-1 L\ 
C COt\ T ,, l SS :-,·t:~l!!ló R iJ F F LE 11 E\'lS TO BE SOR 1 E O 
(kC<256) 

A T !: \.11: lJ.\ T A SO 10 fD 1." A ~C ['{ !J[ :-,·e; ORDI-. R 

lJSE Of REGI.'>T~RS 

I!EGISJER CO>.;TC\TS 

A TE.I!POR.-IRY Sl OR.\GE fOR C.ll.Clil lf[O\:S 
B COL''-.:TERFORO.-\TA,IRR.\Y 
C LE\GTHOf[JAT\.·IRRA\' 
O f!RST E! E.•.:(.\T ¡_O,: CQIIP.IRI~O'{ 
E SECQ;o.O ELEIIF.:-.'1 1:-." CO,:r.-1 RISO:\ 
H FLAG TO ¡;.,[)¡C.\¡ E E.\Ci 1,; \GE 
L lO:L~ED 

IX POt.'.HRISTOl>.\1.-1.-lkRii" 
IY l':\t'Sl:D 

SORT: w ID HA), "e : SA 1' E OA ¡· ·\ A~-:''" E <,S 
·.[SITIALI/.E L \C\1 \\GE FL \G LOOP; "'" w 

D'C 
en 

SEXT: w 
w 
w 
<;!.'B 

" en 
en 
SET 

XOE\ J\C 
OJ\Z 

"' " "' 
Fl IC:: ~l)ll 

Lllf.\: !>l f S 
E.\ O 

FL.->.G. H 

' ' ' L'\.(0\fA) 
A.1n¡ 
D.< 
E.(l:\>1) 

' .\C. ,\OEX-S 
(IX) e 
ux~TJ.D 
FLAG,ll 

" ';E'\T-S 

1'1.-·\C, H 
Sl. LOOP-S 

o 

' 

,, } 

: l:-."ITI.\1 llf Ll .. \G fH COl".\ 1 ER 
·.ADIL~I FORl-i.SfL'-G 
: L'-1 Ti,\ U/. E A"- R._~'> P0L'-TER 
: fl RS T HE 1: L-..: f 1" Cú'.tr ~ i<I~O.\: 
: TEIII'OR.IKY STOR.-\GE FOR fLE\1:::.. T 
; S~C0\'0 Ell IIE'- f 1~ COI:P~R:So:-.· 
·.COiirA ~~.,~.\ F'.:\ q -ro> rc•1_-.:o 
:iF I'IK.ST ~ 'llt)'-Ll, \0 JI .•.;p 
'.f-. \CIH\G[ ,-\H.P-A 't lL El: L\ TS 

: RI\'URD E\CH,\;o.GE lJCct 'R ~tO 
: 1'01;., f 1 ü \ t"\ T !l.\TA ll 1- ·.: ,_\T 
;l"(JL''-'f '-! \;UI:R Uf' 1 o•,;¡• ·, C:;<,(l'\S 
; 'l.FI"L\ 1': F '.lll~f [l 1 r.1 1' •! .t~ 

; t•Uf-.1{111'.[ IF J- ,\\JI 1\<:F U\ d R~ 1:0 
:{"U\'ll';l'E IF DAT ~ l·;o.>o~ll-.0 
;OllllRIII~[. E\lf 

• 01:\IG\:_\ lit")" <JI' l'l \G Blf 
: SJnR \{;E :<·P. (1 \ Ll .II•O•lt'.'~ 

) .. 

.) 



·~ 

B. Tilr f~il~"'in~rr"~"m m"l1ipl10• 1"0 un.,¡;oo~ 16 bll irM~'" •r.d k"" 1~< '""11 in 1~< Hl """"' 

P"". 

01{!!{16 1 r:n:J6 IIUlTIPU I.ISTic-'G PACE 1 
lOC OUJCODE Sl~IT SOl'RCESTAH.\IE.':T 

' MULT:; l.':SIG:<;f.D SI.\ ¡ H'- Bl1 1'-" T EGER \iUL T IPL Y. 

' 0:<; E'-TRA.':CE: \IULn!'LIER 1'- DE. 

' .lll'L TJPl.IC~C'D !S HL 

' ' O:<; E.\IT: RESt'LT JS Hl. 

' ' REG!STER !.!SES: 

' ' " " HIGH ORDI-.R PAR TI IL R~.S1;1.r 

" ' L0\1 OROER P.1R TI.IL ~ ~.Stll 1 

" o H!Gil ORDFR li!ILTIPL.IC.\SD 

" ' LO\\' OR DE R lll 1 1.11 P I.W. \.S D 

" ' COIJ\ TER F-01\ ;,·L ll~FR •.rf >1111'1 S 

" ' liiGH C!I\DCR IIITS IIF 11\ 'l.: 11'1 1[\' 

"' A Lúll' (!)( IIER 1<11 S Ui' 111 'l.lll'l.II:K 

" 0110() o~ w " w B. 16, Sl 'lllll:l( (J!" IJII ~. 1\1 1 1 ,\1.1/l 
OlrO: ·" " w e, D. IIOVI. 11\ '1,111'1 11.1'. 
(O()IJ:\ '" '" w ~.E: 

til'l.'4 Cll " "' DE. HL: .110\'l IH"I.III'IIr'.l,\0 
l~l()j CIOOOO " w HL. o ("[ [ \R I'.IK 11 11. l< 1.,1"1.1 

~'" CBJ<I n .IILOOP: '" e ~111FT IH:I.lil"llt.i; KIG!II 
OOOA " " .,. LE 1ST SIG\II"iC.\' 1 ~11 " " ¡-.,: fARli.Y. 

""' JOOI " ,. SC . .':O.·IDD-S: 1 F '-0 (' .\ R K) .. q.,:¡ P f!lE Al>D. 
c.·ouo " " AOD 111.. UE: H~E .\[,;¡ 1\I"UII"IIl' \\010 

" P.\kfi.IL;U,l·¡ l. 
t.:.ouE " " I'Q.;QD: E\ DE.IIL: ~!Uf! \\\ '1.1 IO'•.IC 1 'D l H f 

""' " '" ·ADD HL. HL: ~\ .\ll'L IIPL) I'G l f BY JI\ O. 
!X.tl o " " " DE. HL: 
rll) 11 lOFS J~ Dl:-.'Z III.OOP-S: Rl PF.~; l '\"Til -..:o 110~ E SI TS. 
r• 1 1 :; " " 1/.ET; 

" E\ O; 
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.\l .. ·ll!l!C .\b'.imum Ra!ings ... , .... ,,,,, .... ....... ,, .. ~·-··" , ....... o."' ... 
•" '''•"" •oG•••"' 

'-"r"'"""' 

..,.._,,~., .,. ... , .. , ..... 
.. s·r .... ,.o•c .. ,. .... ,.. 
I.!W 

ZSO-Cl'U D.C. Charactcristics 
'• • o·~'"'"''- •" • ,,. , i; ,.,.,. '""'~'" ,,, ,,,, 
,, ~··· .... ~ ..... ,,, 

v,,r [lo,>'"'"' lo•• l'oiO<I< ., 

·r.--.. . ,., .... , '"'" .... ~ ... ,, ..... -.,.,...,, 
"'~~- ... ~.- ""~ ""~ "''~""'' .. ~ ..... ,,, ... ~ ... " ' ""~ ..... , 
.... ~ "" , ........... 1< ,,.., ....... "'. ........... , ·•'< _,.,_, "" •••·• .... .. ......... ~ "·• ' , ....•.• ,, '"'"'"'"' "" 
....-"'""""' " '" ''"" ,, f ·~···" •• 
'"'"'"" "~~~.m """f ,~, .... ,.,loo 

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

"' .. ''"" 

'" ' 
,.,><( c .... ,.,, ti"', ....... 

y '• -. "«' ' ' 
''" '''"'"''·"'·•· <> " ' 
'•• ,, '"" ,, , ...... ,. " ', ' .,, 

1 "-··-····· '"''·<' .. ' 
1 'o~ -t.""''''"•''"''·•• ;-¡ ...... .,,...... 1 1 .. 1 "' 1 

j••r·d"'·••r...... ! ! ! '' 1-:-;---¡ '"""'·'·• 
.,-;:--1 •. ,,, .. ., ..... , ....... c ............ 1-H 10 -· 1 ,..._,.,, .. '•· 

l·· ~~~~· '" ~. , .. , .. :.,. '-~~-- """ j __ , ~J~ ::_'_ i- ,~,-..::. 

" • >o,,._,, ... 

1 ··~ l "···~·····•·'·"•• "''''"'"·~· j '10 1-· 1 "~'"''" ,.- " 

·~n.., 1 e' 'U D e e· . ··· •. .:.. ... -•. • . . •:::tnctcnstJCs 
.,., ' .. , .. ,, •. , ....... " .. '~''""''" 
''"~'"' "" 1'·• "" .... , .. , ..... 
',, •• 1 ., ... ,, •• ,, ..... . ""'L O<l 

. '.'."' __ ,1 .. '.·.·.·.·-'.'.'-".'_'~·'·_"·'.'-- ,v« ·'t •""' 
~-~~~---~···.·:·::.: ... :~~t~~i~~ ~~~l-,-
1.'~ ""'''''''''""' j "' 1 ' 

1 •>~' 1 ''"' 
1 i:~ .. j ~~:::,";~:~ ~-.:·:. ~--~.~-~ .; i-;-·¡-;;-j ~< · .. ~·-·':':~'.':--

... _1.:_:................. _!=-=r--r~--T·· r:..:,......... 1 

...... 1 1"''"""'"' 1""'' 1""""""'·• 1 1 1 ·~ 1-· 1 •,.,,., .. ~ ---------- ·---------- ··-----¡- .. ' 
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1.0 INTRODUCTION 

The 7-~0 l'>'"lkll10 IPIQ) [<f,U<I is J prugrlmn,.bl<, two port d<v~eo which pro>ld<> ..t TTL 
<•~up•ni>l< in<·'""'' het "'«" p<nrh<;;l ,J<-..<> •nJ 1 h< Z ,Q-CPU. l he CPC • "" .onli~"" th< Z <O-PIO 
t" iut,·o l..t•< .,. ,¡, ..L "'oJ' 1 u>t< uf peiL~Io<r..tl dh ''"' "'olio OlU "'h" <\Wnll lo!r< «quu< J T) p~ell P<"ph<r ,1 
ae• ic.s th.11 ,, tul!; ''""P•[Ible ""h the Lb O 1'10 ~n.:luJe m"'' k<)~"' r~¡, P•i'< 1 tl¡>< ~<•J<h JOJ 
pun<h<>- P""""· PROII pro~r '"""'"· «<- lh< 7 .•<) PIO u o,¡"'' S chann< 1 <1lk:"n ~>1< Jo pku,•n lu.1d 

.«chnul,•gy ;nd L< p..Ld.J~ed on J 40 p1n DI P .. lllJ"' I<..Ll"''' oi th< 7.80 PIO uoduJe: 

• Twu inJ<c••nJent8 b" bnlue,ti"n•l p<nph<"l ull«face pun; "'ith 'hlllJ,h.tk<' d.<l.li/OO>'<< 
conrrul 

• IM<rrupl """'" 'hand,):Jke' fur t'.,t '"~'""'' 
• A.ny une .,f fuur disti~ct n1oJo; of np<r.uwn mo;· b< '"'"t<J for "p•;t\ in<luding: 

11} 1< ~utput 

El; te input 

lly l< btdl r«!lunal bm { A'""'bl< on Purt !1 anly 1 

ll1l .. un<rol m"J' 

!111 '"'" interrupt , . .,,, .,¡;,J h>"d'l'·''' 

• DJ 1>} <h ·''" r•i"" l ;· Lr.C< '"'?' lc~Lc' 1ndu<.l 'J 1•' p rv>iJ: for , "'~"" u,• in""'" p r • cciQC~ n~ ., ,, IH", L 
<XI«U•Ilu~'" 

• E•lhl •lulpu:' J :< "~ obio ~ t ~,..,,g D1 rli "~'' '" t rl:O<JS!Oc< 

• ~11 "'P'"• J1od uut~uh f,.¡¡, TTL ""'"P•tob:o 

• s,,~[· 5 •ah '"rl'l) .,,~ ;ur,;k ph'"' ,¡..,.., l!< re~~¡"_; 

Q.,, uf <h< ""'<\'" :ÚJlU'<S ui tt-.' ZSO-PIO ~11 11 "P·"''" 11 from uthO! m•ort'l.< '"""o•l<:< "rhJt 111 
,¡,, '·"" ''" b"" '"" th< ?<rLpileul de"'' 1nd !h< CPU L> Jc.:omp!t>h<d uro.!<: ru rJ! Lll ~' ""P' '""' n>L l h< 
iut<rr·•pt i•J!k uf th< 1'10 ?"""'' full "'"!' orth< <li'i<l<nl '""""?' c>p•b<:L!L<; ~O •he z,o CPU d"""6 [;[) 
"""'f"' Al 1 la,;t. "' ,·,»·") 10 i:t1 olemelll J t'ul ly r.<>l<d Lr>l<rr'J 1:t ><ruco"" 1< inclcC :~ '" :~< H O ;o !hJ ', 
Jdditrl'r>JI <ircuil> "'no< r<q'•'"~- _\nurh" uniq<lt f'""" vf the PIO" i!IJI "'"' '" ?'~>''"'""~ l~ 
inr<rrupl lh< CPU un rho u.:curr<c.c! ni ;p<cLilod !IJLU5 cundli>OO< m the p~nph<''"l d<'·'·'- For n""?l<, 
th• PIO c•n b< prugr lmm<d 1~ on :orrupt >1 JO) <p<~L["J P"'?he<•l ahron ~u,ditiu"< >h n:d~ o"'ur. Thi, 
'"'"'"~' e>p<btloty r<du~<> th< '~'"""' oi tome rhH tho p:oce<;or muu rpeuJ in pullio•~ p«>rh.,JI ,rwo< 
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2.0 PIO ARCHITECTURE 

A blo.;k 1iJgwn uf lh< 7.~0-PIO is shu"'n in Fo&••rt ~-0 l_ Th< inte<n•l 1!tUCIUI< of th< Z80 PIQ 
'""'''" "' 1 ZoO CPIJ bu, "''''fo.e. int<rnll c"ntrollug~<, P~rt A 1!0 lo¡p.:. Pon B 1/0 log•c, and tn!<rrupt 
ouutrollngt.: The Cf'U bu' 1n«rf>ce lo!" llluw< th< PIOlo mt<r:o.:e d"o.;tly ''' rh< Z80-CPU "'ith nu 
othor e """JI lo~", HH~ <•<r. od~re<> d" •>J<rt ond ,•., r lino huffe" moy be re<.¡ o. ~red lo r l>rge >) ''""' Th< 
inl<rnol e un 1 '"lloti.: ¡~ r1 'h ru11i"' the CPU d" o bu• lo th< pertph<ral d""' in" rfoccs (Port A 1nd l'c>< 1 B) 
Th.e IWO f/0 P'"" (,\ and B)Jre li!Wolly Ldcnlic>l •nd "<u><d lO >nterface d"e<tly lO per1ph"JI d<>'IC<I. 

:r-< { 
.,_. 

""'"'" :=!':'...... -f
.., <O• ..... ' . 

coo • 

''" '"' "" 

'"''"" ••• 
co""'ot _; • 
tOG.O "" 

~-..,-.-L .. '"' 
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F;·GURE 2.Q.1 
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T;,. Pon 1/0 lo~< ;, oom~o><J of 6 rt¡iU<" .,.,lh ''han~>bk<"' conl!ol [ogk d> 1howa m Fi!'UI<: O :. 
The r<g:i>l<" in<lode: •n S bu d•l>•npul 1<01\l<l,>nS b1l dl!> OUlp>Jl "!!!'"'·a: 011 mod< ~ont:..>: 
<OgO>l«, ln 8 bil m.,k «gi>l<l, m~ bitonpul/oulpul sol«l «g.i<t<r, >nd a~ b\1 "'"' oonlrol '<&"'"· 
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The :.~;, Ul·•d• ,onla•l '"~""' ¡, loJd<d by the ere'",,,,,., ,~,. ""'"d ~~"'''""~ m<ld< lb)" 
'""P"'. b.• h" ;,pul. ~) <r ~1d11 ,. :< "'"'' ~"'- vr bit "'"!J"I 111t•d<1. ,\ 11 ~ '" t"n>f<r !•<!"" n tloo· p<riph. :al 
d'"'' :"Id tlo< Cl'l' '' ••ho<>cd ohrnu¡.h 1he d310 '"P"' •nd d>ll Ptnput "$"1<!<. DJIJ '"'l ~< ""IO<n ""'' 
oh,·"'"!'"''''~'''"~;,¡,. CPL.: ur ,.,d hct 1<• th< (Pl' fr"tn ,¡,. it•put "~''"' >1 •U) l•tn<. Th< hoo~,~;,¡,, 
h<• "~'•" o.d "oth <ach r<•rl .r< u«d tQ ,., •ni! el thr d.t, 1 r>r. ,f,·r ~"" ,•rn the PIO lnd lh< f"'"ph<r•l 
dc•i<<. 

Th< S-bu m••k r<~o;t" >nd the ~-l>n iropul't•tJtput "''" tcg""'"" •o«"d unl) in <h< bn '""""' 
m<'d<. In thiltno'<l< ''" <'ilh< S pt"phtro~l dJt; <'1 •''"""' h! ptn! ,,.., ~< p:0~''"'tn••d '"be'" t:.pvo or 
'" ""'P"' •• >p<<<fiOd b) <h' ·•leo< ro·g'""'· Tilo·""'"''~"'" ¡,,.,_d 1n ;l:i>Jli<•J< rn >'•'"!""'"~'' ""h, 
>¡><.:iol ""•' rrup 1 r r ·" "''. Th» f.:01 "" alio" , "" ""'" "P' t~ ~· E'""' 1<d "~ • .,, '"l' '" all ~~ t h• un'" "''d 
pin• "'"h' •r<r.fo<d '"" (<nh,-r hrgh er lrll'r Th• :-bu''"'' c,•rrtrol re¡r<l<r •rwr,., ti" .~e\'''"'" 
d.,irod (hish ur 1''") Jnd ,¡ lh< ont<rrupr 1hould h,• l'<ll>ratrd ,.¡,,.,;al/ Hnol.<>l.ed ptrll '" ·"'''" 1 ~ \[) 
« •Pd :\ l<.lll 1 >lt >1 ¡,, ll ,¡m Ulll\'3,\.<d p>n 1> 0011" 1 CJR '""J" iun 1, fh.> ¡,. J' "" r,·dm" ih< le>jUÍ!< lllCill fúr 
C'Pl' "JI u• eh .el,"'~ ni rhe 1'•' rop!rer>l b_l' 'l'n" i r>f >n tnt<rru pi to be >uWm>l ,.o;lly ¡<r"r" red "" >P'"f>.: 
P" iph<J>l >1"" s "''"J'"'''". r M "•mpk _ m a >r>' rm "-" h .1 ,:,,m ,·,·nd""'"'· "' ""' 11 "r' rm• O• 
~n<r•tc·d ri ''··' Ull< '-""""' or ti "1! :lo•« <»OCUI. 

Th; tnltt 1 "PI 'on:r~l 1"1'" S<<ti"n hondlr> •11 CPL' >nttrrupt protoco! fur n<>trd !'"'"'') ""'"" ~~ 
<]!1>:0 Oto> H: pri":OI) (.{ '"' ~<';0< i> d<t<r!"OI><J b) >!< ph\ !l:>J]~<lll~l\ tn 3 d3l!) thllll C<>nftfU '""~,-.. 
T><o hnr• ,,. P""'dr~ tn <•eh PIO 10 f~:m tht< d•t>) :h>on, Th<d<•·,:e d~.-st t~ lh<C'PU hu lit< h•~h"t 
P'"'"l). ll'ulttt• a PI O_ P.>:t .-'.'""!lupa h;~,• hi~!,.·o prJtorr:; thJn tho>< oi P .. rt B In :1" b;·r. trlput_ ~'" 
""'P"' ·'1 ~•dor<:th•n•l n><•Je•. "' ro":nrpr ""' b-< ¡;werat<d ·~h<n<•<: -'·"" ~"' t:J~!f<r" rtq.,:<ted O) 
Th• ¡»:nplo<::.l. In ti•< bJt e<•ntr<•l :n<>é• an tlll>'tr"P' """ bt l'<n<:.tcd ,.¡-,,n rh,• P":ph<"l""'"' •e,:.:!-« o 
p«'S" """''" "l11e. n, PIO pw- o de • r or <<lmpl<to """'~1 u r n.- .. ,¿ mtt:r·: P"- r hJt ". :,. ·><' r: '''"'' 
d,, ;,,, nt>; rw: illterrupl h1ghtr P'""'" d.-"''' lhJt IJJo e r•cr hJd lh<rr '"'-'"'P' '"'''' '''·''"'' ,,.r;,_ 
pi<"d b.1 11" ( Pl', litg]:er pi~C'tl ;\ dO' 1>'<1 Jll.>)' >J\T<'I r "' 1 1 he "r>"ICitlf O f ""'"' pl o O ni~ J, 'lo' <S, 

ll'h<n J1) llolo•urpL 1> ,,ce¡><e¿ b, lile(']>\) Íll "'"d< '· :h< mlf!li•Fll:l~ dn"' ll'IJ<L pr~l rd< .rl Ó·bll 
'""""P' '"""' ror rhc rp¡_;_ Tlu< '"tor ""'"d "'lnrrn, 1""'"" too!"""""~;,'''' «·;nl'uro; rn·::~~'l 
"h<r< thc JJ Ji<l' ,,( 111< rntcrr~pl "'"" 1~111 ''" r< l11t.md. J h< h·btt >e W>r irum, : i\0 11' 1 <rfll pi i"; C" JCC 
f,.,.," lh< 1<-1'1 "~'·'''"!\\ b bJ"Oflhe u1dir<:t ~~'"'~' "IHI< tho J Res''"'' ;n tl·e (?L' """'~" li,, ,.,,,, 
»g,tfi:.rtt b ~'" of lh< portll<r. E.1'h pon fA ""d Blll3> '" >J.d<:pcnrlo"' mr<: ,.,~, •«t~·- Th< ;,,., 
,i~n•fi••"' ~~~ of th< •ce: o:" .~utom>l><all¡· '" w • O "'lhtr> lh< PIO """ ,¡,, ;o.>n:tcr Ir"'' ~''"' "' '"'' 
,d¡.anl m<rnorr i<><al•~n· for a '"mpl<~< lb-bn .~dd""· 

Thc PIO doc<>d<> lh< RE TI 1 R<l urn fro:n itll<rr~pl] "''"""'"" dir<cth fr~m :~re (Pl' dJt• ~ ,,, "' 
lhat c"h PIO in 1hc !)"1 mr \,oc" • or all t tm<> " h<th<r >1 " hi11g ''" > re<d ~ )' th< ( PL: "" •" upt ''" r<< 
ri'Utin< ,. uhout '"l othor cornmun>Cat run "irh thr CPt.: . 

• 
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3.0 PIN OESCRIPTimJ 

A JiJ~I "" nfoh,· 7"11'11) 1''" "'"'''!'""¡"" ",h''"'" infoguroJ.O l. Th1> '"'"'''" J,,,,,h,, th< 
f"""in 11 ,,r ,_,,¡,pi,,, 

BIA Sol 

CiDS<I 

,, 

,\11 

IORQ 

z~o CPU llo" s," ¡b•di«"' io.,.~r. 1 ,;,, , '' ¡ 
Thi>bu> 1> u«J t~ ,,,,r., all da(J ¡nd .:uoLim.Jn:!> b«V.<<n lh< 7.BQ-CPU >nJ lh< 7.~0 PIO. 
llo "th< ln•t •i¡no(ic.Jnt bil af th< bu,. 

Port B '"A S.i"t linp"'· "'"' hi,~l 
lh1> p•n J<~¡,,, v.hkl1 p~rl v.LII b< J-:.o<>d duro11g l d>~l lrJn>f<r b<'~·,,, th< ZSO·CPU Jlld 
th< Z81Hiú. A low k"l on 1ht\ pn1 ..,¡"'' Purt A "htle J hi¡.h i<><i "l<cts Pnn B Oi<<a 
Addr<SI bit Ao ftut" "" CPL' wlll ~' u><J fc>r thiS «lc.LL•'" fun,·oiun 

C.mu~l <>r ÜJ1J S<I<OI (irlptU, JCIII< h'1~hl 
Th1> pm d<l<n<, ''" t ''P' ul dJ!J 1 '""''" 1~ b< perfuom<J b< tv. «" :J-., CPC Jnd oh< PIO ,>, 

hi~h 1<•<1 un tho> pm ~urLn,¡ 'CPL: ~ n« to th< PtO ""'"'"' th< Z-30 ~,.,bu; 10 b< tntcr
pr< t<J " .1 < """'·'"td (~r d>~ pun ,.,¡" t<J b) th< B '--'- S.lo.:t h••• _ A lo" 1" d "" th<> ;><n 
nt<.lm th.1l h< 7,00d.~lJ bu•" boin~ u•<d lo"'"''" d.1tJ b<twoon tl>e CPU lnJ tho PIO 
Ot<<n .IJ·l•<>l b« .>. 1 [Nm th< CPL: ~,11 b< nt<J fur tillo lll<"tiun 

Ch 'P f,t,blo 11 n¡•n : '""'' h• 1 
.->.lo" to·.<l "" thJ> pul<O.b[,, th< PIO ,,, .~e•qt "''"'"""" "'dJtJ "'?"'' ""''' t!>< CPL 
duri11,; 1 "'"'' C),k •.H t<l "J"''"" JJIJ tu th< CPU Juneg J ro•J•:--c~<- llu, >'i'"l" 
g<c,<;,ll~ .1 d<'W' ni fcur 1/0 p<Jr t nu•ub<"> thJ t <rt.:ump.1» pun _\ ""~ H, J,¡ J J•·..! "'"" ,,_,;, 

Sy''"" Cu.;l. ( "'P"' 1 
The loO ~1 O "''' th< rt.Lr>JJr J Z.SO >; <1< m o lo.:~ to 'l" n.:hro""' •"'""' "~·tJI> '""'" •ti ·e. 
ThlS " .1 ;,ngl< ph.110 ,;iu•' ' · 

.IIJohtn< C;·do On< Sogtd frum CPU (input_""·"' lo~ 1 
ThL> ,~¡¡"'"' th<CPL t~J .1> a ,yn.: pul" to ,-,,ntr.li ,.,.,,¡ on<< n>l PIO "P'""-''"' 
1\"hen _111 ¡, "'''"' lnd :h< Rll •itn•l" a.:to<<_ lh< Z80CPU '' f<"~'n;: "' iotWu.::ic'" :tu.u 
me mur)'. Con><rs<ly. v.h<n \ll i> JCih< And IOKQ ;, '""'· th< CPt;" .1únov.!d~" ~ n 
mt<rrupt. In J~Jouon. th< lit "&HJ\ hl> ''"' ooh<r fuoh:llon> v. "tu u ti:< Z.'O PIO _ 

-- ---
' "'''"'' ~tthu<Jt Jll "''"' R() or IORI~ ''ll'IJI 

ln~u~_,g .. :put R:q~<>t :·wm l'O CPt; ~mpu• .. "'"'\o"-) _ 
Th< !ORl) ><yul "u•e! t.", 'O"J""''"-'" ""h th< Bl~ Se!"'· C.'O S<!'"· Cl:., >nd RIT <ir:•!• 
to trJn<!ú cvmnund, ,~~ J,., b<t""" th< Z'iO-CPl! •nd lh< Z5C PlO ll"h<n Q RlJ '''" 
!ORQ "' -'' '"". th< ru rt JJd ,_,<J h) B' _-\ " ,¡¡ ¡¡' ,,: <r e '" t" 1 h< CPU 1 J r< .~e o¡'< lJ t:• -~ l 
Cort,«,d;. "h<" (f ""J IOk!,'"" ''''" b"' Rtf" ""' "'"'· th<n the P<'rl .1d ¡,.,,e b~ 
8".-\ ,.,¡¡he ""11''" '"'" frurn tll< C!'l ~"h '"ll<r dJIJ or "'''"'''' "''"""·"'""" ''''"'"·J 
b; th< C/IJ.'i,i<" "~''"[ Alw, ti "iCii~r) JnJ"\il "' ""'"" >lllll>llJ"'""'ly, tb< (l'l:'" 
ocbov. led,:mg Jn tr.~e,upt Jr.J 1 h; "';: r r~p' Ú>g port v. tll JLJ '''"'"' t '" ll' p\,•'< 1" ml<frupt 
"''"' "" IC.o l'Pl' Joll bth rl Jl "!hot.,¡¡h<>l priud!)-' d<>t« "G""""' J" io!<r!up!. 

Re.J C;.d< SIJI~> from th< z,O-CPU (toput_ o<tt>< ¡,,,.) 
lfifi},J""', llntORY R!:.\0 "'!lO RE-'t[) "P'"'"'"i> tn p¡·og""- lh< RO ,otoul" 
m<J ""lo A' A Sd.-,t. C·D S-<1:.;!. C~.· . .1nd IORQ "0"'11 '" IW1>i<r d.Hl Ir o m lh< Z><l-PIO 
tu th< Z>W-CPli. 

' 

J 



• '" 

lEO 

' 

A ~fB 

A RDY 

B S lB 

~ RDY 

]nleuupl En,ble In (inruo. •<ti'< h•~) 
Thi• >ig:\01 i• u-ed lo fr¡¡m' PflWII) ;,u .. rupl d>"Y ,h•in ~<h1·n m""'"'" on<tnlerrupl 
dri"<n d'"" ¡, bein! used. A hirh lo• el un,¡,¡, pin ,nJ"'"' th>t nnother ¿.,.;,., ofhigl1or 
priorily a ro b.: 1ng '"''"ed by ' C"I'IJ on 1' rmpt ,en·• o< rnu 1 tn<. 

ln1<uup1 fn.h le Out ( ouoput. "LÍI'< lu¡h) 
The lEO <',¡n>l ;, th< o1lw <~gnal !<qutred 10 for,., 'd"'" ,¡,_,, prnHJt) "~eme.ll 1>luglo 
only if IEI "hi¡;h •nd ~~'CPU" nol '"""''"&"" mlerrupo irom th" ~10. Thu11hi> <Í!no.l 
ble><~<lo~<e: priOIII)" d"·i.:es f1oon inwrupnn~ "hile" ho¡:..,., ~nont; deli« is bo.ng 
stni~ed b¡ 01< CPU onl<rrupl ,.,.,,, rou\me. 

Jnt<rr<:rl.feque" ( output, opon dr Jin. """ l~w) 
11'11on I~T is "'"' th<ZSO-PIO ;, roqu«llng.., •ntwcpt from lh< no.cPU. 

Port A llu1 (~idtre<lion•l, 1 ri<ll") 
Th"B b11 Ou1 ;, "'"d 10 lr3mlor d''' ,ndlor '"""m e<'lrlrol rrrf<•r~n.rlion bot"«n Pnrl A 
ofth< lS0-1'10 .rnd' l'"·l'h"al rl""'· Ao" lh<l<._,, <ignrfr<•nl ~ir of 1ho p,," A d>t> ~"'· 

Pon A SthoOo Pul" i 1o~r Pe1iphu•l D<"a f mput. .:11>< low) 
n .. m'"""l' of 1hi< "J:"'I drpond< on ,¡., <t'<>de of <'r<~•Oon "'" t 1.1 for Pon A .- ,-,,¡¡~,. '· 

1) ÜJiput nao<! e: Th< pOIII"' od~< of :hi< '"obo" 11\UO~ b,' t~f p<rrph<ralto 
;r1.,,~v.ledg< rht rewpt of d>t; modo '"'loblt by lh< 1'10 

1) li1p1:1 ""'de: The ""'h' "'""'d b) lh< ?<nplrerol In lnod JJ" L:c.," ,¡,, p<r.?he:.ll 
"''" ihe PorrA mpul re¡;,;ttr. Oora i>l<>.rc!e" '"'o''" 1'10 ·oirn :!r•1 >:¡!"-11 ",_.,,,, 

3) ~idrro<oJOnal modo: When ihl< >1¡.nal r< "'""·da" i'"m <1 <P-HI A uul¡'"' ""'"" 
"¡ot<d ontoPon A brdll<:tror.al d>ta bul. Tho p0111"' ,¿s< d rho "rubo 
o d. no" ltdge< th< rocerpl of lh< d01 a. 

~) Conlrol modo: Th• 11!ohe" wl11b<1<~ intornall;. 

Ro~'"" ,1 Re>d) (oulpUt, "'"' ~;g~) 
Tho m"nrng oi tl:rl ll~n•l d<pend• un 11•< moJe of 'T''"''O" ,de"'" for p,,, -~ » fnll~"''' 

J) Output modo. Thi! sign•l ~~" """' W tlldr.:•r< lh>l ¡¡,, Pnn .~ out~ut ''"~""' 1-.JI 
h«n luJdeJ Ji1d rhe peripho10l dato""'" 1~>bk and r<ady ¡,, lfamfer 10 lh< 
prrr¡•l~el<l d<""-

2) lnpu1 owde. Thi••i¡ral 1> '"h< "'"" th< Poli ~ rnrur "1""' ;,mrpt; Jllt." 
'"d)- lO ""P' data f"''" rlre p<trphe:al dovr«. 

J) Brditoeuonal m<>.Je; ThJ>>rioil" atll•< v.hon d>ta Íl "'¡¡,~]< i~ the Pon A ou:put 
re¡rlt<r for ,.,,,¡., to t!!!._r!.!_ipheral jer·ioe. In thil m"d• dan "nol plo<td on the 
PortA d>~• bus unte" A STB "oe11><. 

4). Control modo: Th11lrgnal il d1>:~bled .nd forr.<d 10 >low !lJTO. 

Pon B llrr> (bidrrectronal.lmUte) 
Thi• 8 ~~~ brr< "u,ed lo,,.,,¡., d>ta •ndlor sta1U! '-'' CO<llrOI infotmOiion ~""""Pon B 
of lhe PIO >nd o p<r.~heral d'"'"· The Pon B dJta bm io O>p•ble of •c?p!, rog 1.5m> (¿ 
l. S V '" du" Darlrn;:ron tr '"""o" B0 " th< k•<> >;>nrfrcanr b, of :h' bu.. 

Pun B S""~' P.rlr< fo~m r-.;ph<OJI !)'""< ( ;:r put . .c:i-. lo~ 1 
The nr<Jrr¡rrg nf tlri• •i~ml "<irnrl" 10 th;l ol ,\ ~ r ~ "-rlh lh< f,l1owrr.g ncrptron: 

lrr rh< Purt A bidirectrunJI onr>de th" "f"'l ,~rub<>d"' frurn tho f"'"Pir«JI J<".'< 
rnlo !he PortA rrrpul r<~i<lcr. 

R<glll<r 11 Reod; (orrlp\Ol, eoli'< l11~hl 
The ,,.,,¡,~,.¡ ''"' <r¡-rr.rl "'"'"¡., '" :IIJl ,¡A f~<_,d; ~o:], th< f~ll<>\\ing "''pli<>n: 

In !loe l'uu A b'd'"''''"'"l l!to•d< ,¡,¡, ,¡, .. ,,¡" l.r~lo "lr,·n lh< p,.,, -~ "'1'"' «s••l<l" 
omp•r ;nd "'J; ~~ "''P' d.11J f """ ti .. · f'<'' iplr<rJI J,•"". 
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.:p,n; >nq r>rp OS"'l >41 u~ Jpddr li"' !l<'d !un~nJJ>l u• >~1 J~ '~'''' >~: '"~" ''P'I""~ ~" odn IJ>l u• 1'( 
''""'" JOI"' ''11 010! P>rrn¡ >q o¡ 1,\ r.141 L,\ !><nt.' '"'1 ""1" '1'"1" ¡oq Ottl r sr ,,,, "'1' u• p><n <L 00 

JO\OOA 

,,, ... , ..... ,,,., .... ,,.,T.:·1" 1 " 1 " 1 "1 " 1 ., 1 " 1 

oa 10 :a ra ro 'G oa LO 

JfLLl.l<'l,l ~ILI.'OIOIIOJ >ljl 

11'!" Ql,l >¡;;JO P<>d r'"'>P >41 01 p:o" jOliLIU' O~"!'!'" ,(q QIJ >41 <'Htl ;'>pe<•¡ '! 101"' Jdl1ll>IU! P'It<>p 
'41 ·(,ldJ "ll {~ f'·''"''" lÓ11JJ>lUl ur "01! un<¡<tl'p "'.1 1"""1\ 11'·'''"1''L Od) O~L "11 <'1 ''1>}1) 

· '""' "'~' " '"·'"' ~"n»r-b>' '-''"P '" ""'d 1•>lf,!14 '4' -;q ,,, '·' •'r-•: """V< 1 ónJJ ''"! '" ~ "'"'P <nq 
t]tp 0•"7 >41 LIO ¡o>'O¡d ;1 '""'' <TI.U 'lJOd ltL¡I JO 0\ll)nN >OlAJ:>' ¡clnli>IUf ·'~1 JO_I <<>>ppr >tp 'HI<'J 01 .ld) 

>~: _;q P»" " 101 ''" "41 · >Ot•>~ :;.,, .J~JJ>lUI >41 .\q pt]dó"< >q "''"' ¡do>: ;e:"' ur ''4' »<mb>J >r<>w 
"111 .,.,~''"' ,¿"""'"' ~ 'P"'"' "" >u..n ndJo;·z ''l' '!''" >i<~>do N ;>L>"cr uooq «tt O Id '41 

" }101:13.\ l.l1mH1'>;J 3Hl ~hiU\'Ql ;:-t 

'.lo]J ;-.p UlOlJ 

r•~~ 1~""''' o""''" 01d >t¡: 1""" "·'4' Pl"l" 11 ""' ""' 1''"""' >t¡l r-'"'"' "'4 OIJ >t¡: ''"0 

llí>l)fl"'"l ,,,,,.,,.d 
uui Qo "" ~l >~p r'unb>J ''" t¡'N•"l~• 114 L ·,u>nb:>< uo..op ,,.,,..;! t '"'''1"" '"" • >lf , . .,;r "1 >J<g 

t"'""'' '1'"" • ""11' "'" '''" "''' 1~ ><~.!:~d ''IL '"''"" ,,,,~ ¡•u~·• 11' "'' "'J' -'i·'"'r"""" ,,.,. I><>J ><11 "'"' 11'" C11<J. ''ll 11\ ~u!•np r''l'>l>P" OliOI "'O~ ~u ¡¡·¡t"-'''lill01'~ m; r J" """'id >t¡l 
'"'''1'"' ¡rui" _l_h ii"i' '"' I¡Jííi: Áq 1>'" >q tu ' 01;¡:;¡¡-¡-· ,,_-,---¡;~ JO ~~d >! ¡r¡¡¡;_-;¡-¡¡r >t¡JiiT" ''' llPP" u¡ 

.,,, ,, """g" '"dln<> ll•'d 4<''11 (S 

.,,, "" >d<>U diU >]q<u> odnJJ>:UJ llud 41<'0 (~ 

.,,.,, ""' ,, "'""" ""??< '"''"' '41 (f 

'P>I>OI" ,\11''1J"U~Jn•" 1 >POI\ {."n[) >.,[POU! 
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'Sl!G ti'P llod t1t 1•qo4u1 Oll»>J >lf ""'''·''l''"' '"'d l1l"a ( 1 
'"<'li'Ull_l ~U'""[IOJ 
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L3STII l't 

Old 3Hl !:>NII'<L'Jii~DO~d O'V 

-" 

,-

1 



• 

• 

82 

4_3 SELt:CTL-.;G ,\:.; Ul'fRAII:O."G )JODE 

Pun A of lh< PIO m•J be ''i"""'d m •nr of l<>ur d~<lin<l m<<l«" ~ludo O (ou1pu1 m<,J<). \J<><lo 1 
{onpul moJ< ) .. \1.-..le ~ (b;~,tctto.mal m< <le}. ·,nd \Jode 3 (control <noJe¡ ~ül< lhot lht m<><l< n~n<~<" h"' 
bren 1dtcoed 1 or "'"'"wni< >~¡'mr..:.nco: 1 e. o~Oul. 1 •1 n, : • Ridor.o ''""'L Port 8 '"" uprraot '" an l of 
•h••• ""'d"' "''"P' linde 2. 

Tht m<>d< of "P'"'¡''" n>u" ~· <ltol'>ll<htd by~ tilln!, '"""ol "'ord 10 u,, PIO m th< ¡,,11,.-•lll! 
form~!: 

D' DO D> D' "' DO D' 

.,, MO 
1 ' ' 
~ 

m<>de ""ord •i~nofr<> mndo '-'Urd 
10 bo .. , 

00 

x~unu"d bll 

Bol! 07 ond D6 f1om tht bi""'l o"J' lor lh< d"nod mnde ac,·ordin~ In th< folln,.ing LJble. 

"' DO \lod< 

o o o (OUipul) 

o (mput) 

o ' (bodir,<IIUHJI) 

; (,;nntrnl) 

S<i~!oing Mvdo O e~Jblts4<1~ dJta '""""10th< por~ o":puo "~"'" t; <h< CPL '" h, <r"~I<J oc•o 
""pon dala bu• The conlen" ol lhe OtllpJI r<j;lller ""lOe ,h,nged .<1 Jl1} """ b; Lhe ,-p[ ,,,npl_, t' 
wllL111ga no~ ~ala ~·u¡~ to the puJI. Al>o lhe """"" con1en11 ol th< out~ut """'"' mo>· oe !CJd ¡,,,,;. W 

the lW-CPlJ '' ""l' """ ohr.wsJ> lite""'"'""' of '" illpuo m>lruclion_ · . 

\\' uh ~1M e O """ _ a Clu "'"" fror.. 1 he CPt 1 """' the Re.~y han d,!-.1~ e line of t h•l pou t~ FO 
hi¡¡h lo n~Hf_, !he ¡>e11ph<Ial lh>l d>ta ",,.;Joblo. Thi• !l&n•l rtm"n' h1gh uoo~, >lrn¡,e" """'J from 
1h• ror.¡>ho:JI The m og eJge of oho >lrobe &'"'""' •n '"'"'"P' (of 11 h¡¡1 h.·en <IIJC·I<d\ '"d '"""' the 
Re.dy hno h• &O"""'''· Thi> '")'>1m pie hJI\dlhJ'e JS>ImLI•t ''' lh" LNd tr. 1mn; pcr1pher,] Je•o<<>. 

Seleelmg _\\ode 1 pu" '~'pon mla 1he input n10de. To '"" h:.nd<b'-e .. peuh~n. ohe rru "'"'ll 
perform,•n onput r .. d "F'"""" fl<•m 1he P-'"· Th" "''"''" tho R"ól hne '" lh< perrph<~•l '•'»snrf) 
th>l dato <húuld b• lo•d<d rnlo 1he empl)- lr·P"' r<g""': Th< p<rrph<rJI d<"« th"' ilrob<-• dl1J >niD =~te 
p.>rt 111put "'-'"'' '"'"8 the<1 r,•bo l¡"o.AgJI<l. th< """~ <d¡e "1 1ho 'irc>b< """' '" '"'''"'P' t<g""' (1f 
it h" boen <nJhloJ) ;>td d<JCH\01" o he R<,dy "gn•l. IJ"" m"¡,,. ,,,,,~,d "''" 1ho inr<>t ~eg~<tcr r.·¡;.,dlo" 
oflho >tJte ofth• R<>dr <ign>l rfr•ro i> t•~•n tu r•««tl' d,,, "'"'"" condnrun. 

\inde ~ ¡, • b•d "'""m•l d>u '""'r" mnJe "~ .•• h "'" >11 f "'" h•nd,~•~e Ion<> Th<rofme o ni~ Po:-t 
!\ 11\i) b< u><J fc\1 \hod<: op<r>11Un. \lodo: upcr.\1"'" "'" rhe Pvrt -~ hJ:td;hJ\,< ··~nals for outpLH 
.;,onlrul .nd tll< l'.trt B hJroJ,)"'' "~n,l> fc•r rr~ptn '''"""1 T~llh,lJulh A R:1Y "'J 1! kDY ""-''Oc-""" 
.. rnul ''"'"" 11)'. Thc onl;- , •re• l1oonJI J 11 ( "'"' ,. h• '" ,.,, 'h•J: U '"d o he , '"IJ'llt 1"'' """ of ~\,,J' : " ¡J,J1 

~" • f "''" oh< Pon A ''"' ruo "&"" r " •ilu~ ,d "" o •' ·.he f>o" 1 C"' bu> o ni) "l"' r .. \ S rB " '" " < 11, •' ,J" 
"' .ohi«' • hd ""' """\ "·~·b·l"-'. 

\l.•d< 3 ur..,Jtiun " int mJ<d fl>r """' ••>d '''" 1 rol ;¡•pl''"tioll< •nd J,,.-, ""' u: olr;e n,, h ,,J >h••• 
,;~nolo. \l"hen ~l<'<IO 3 "'<'~"·t,·d.lhe nexo'"'·'"'¡ ,.,.,J '""'''' the 1'10 mu11 óc1i1>< -...hi.h of th,· P'''' d"' 
hui htw or< ro~' ;,.put> .nd "h"h "' ""'P""· Tloo fu""" uf"" ""'"o\""'" >1 >1"'"" b•luw; 

''0 •• 

" 

J 

_:__) 
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Jf >r>Y b>l ""' '"a one. lh<n ;¡,, '"""'P~"Jint d"u btl< hr.o "i!l b< u«d., '"input. Con•er>o:l), of lh< bit 
i11<><l, th< lwe "''11 be u"'d" ln ou1pu1. 

[)u"n! \1~< J "p<ra!lon :he >IOOb< "~~11 t> ·~~ut<J Jnd 1he R,.Jy li11e '' h<ld In"·· !hu "''l ~' 
101it1<tl '" > p•m ur r<>d frQm J P"'' by 1h< ?~OCPU or or,y tonoe durmg.\1(><.\e 3 OP'"'""'·IIhen re.1Jwg 
opon, th< dol' oeturnd '" th< CPL' ..,.¡¡ b< .:nmpo>.<J ofonput da<> from purt d."' bu> hn<> ''"~'J., 
input< pi"' P•" t output "'' >l<r J "' frum th u>o: """ a,sign<d a< oulpul<, 

·U Sf.ITI:'>G THE lNTFRRUPf COSTROL WORO 

"' Dó D> "' "' o· "' 00 

¡~"'"'' ~~01 HoghJ ''"'' 1 o 
1 1 ' 1 "~"'""' '" , .. 

'""~~· 

uwl '" :.toJc J o>r>ly "~"'f"' ""'""P' ""'"'"' word 
h b11 l'll•l :h< Lnl<•ru¡-< <~J~k r"i' il"puf the pu>t '' «1 >nd o he po>c: noa)- f'~"''" '" in"trupL lf~u 
l'li=O th< <J;J~i,• !1~~ o; «•<1 >nJ '"l<""P" rnJ} no: b< l<"'""J. lt JO mto"up: i< ;><nJong v.h<O lt.< 
enJ~Ic n,! o<"''·" ,.ti\ <h<n b< ,,,~;,~unto tn< CPL'm«:w~t '''1"'" lin<. B." D6, o;, >nJ 0" ,e u«~ 
onl) "i:h \j.,.l< ] Or<rJlnm. !loo.~'< r, selltng bi 1 [).l oi t no mt<rrupt con :rol wod o~urir.g '", "''>J! ,,¡ 
O~«''""' ·~ o:J ,; """ '" )' ¡><;o~111,¡ orncn«pl lo b< r<'<l. The>< thr<< bi« •" U>d ''' >il~w f•>! tn:orru~: 
"P""''"" in ~l•>d<.:; »1«" '"Y gwuputt/1< 1,'0 lm<• 5·' tu C<rtJrn deti,.<d '"'''· eo: i>n IA:O.lJ'OR¡J,• c.eo 

th< lutoCJI opcr.tioll tn be p<rfo:r.•eJ ·,n porl m~nHwr.nJ lfbll 06•1, Jn A:"-<lltu~c:'oon "'~"''''d or.~ 
06=0. on OR fu~"'"" i< <?<O>ft<J. Fo< e<Jmple, ollhc ASO iunotiorL ",~e,;ifteJ. 11' bll< ntu>1 tU te•' 
<p<cofieJ U3!·: -i•of<•« .¡n b murt wotl be g<mr.t<J wlde thc O R f unction ~ tll goroer H< ln 1 nt<rru¡¡t tf an¡ 

•p<cift<cl ba ~o<l to the J"i"'' >10«. 
• 

BotO~ JetiOl<> th<•""''' ¡¡c•l~oity of th< pon J.¡t> b"<line tobo m<>mlo"d. !f~L< Ol•t :he P"" "o:. 
\in" are mu<~i!or<d fur J h>!~ "'" while if DS•O :he},.,]] b< onv•utor<d fot a lo,.'"''· 

lfbol D-1•1 th< n<cl cont,ol ll.<.>!d O<nl tu lh< PIO mu>t dtflnc ~ mJ•k "follo"''" 

"' Do D' DO 

.\\B, .'>18 1 

Onl)' tho"' p~rt lin<> "'h<>>< n;J>~ bn ti l<tO >>tll b< moni<o~<d for ger.orltono an Lntenupt. 

" 
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·pqu>•or ':<n<'!•»J '' Q}iQI >41_1~ ><'r' ~U!JirJI '4' "'F "!'~'~in¡ 

,,; 11'~ lp<>}i 'Oid ·'•JI ''"P'" "!),1) ·'41 'i''l" i\,J1i\<Jr40 <Uiil;"'lrp "'"'" ""~'-1! JJJ>I"d JIL" itr>'/1 JO 
""" "''~.1 ''i' 4''4 '! ''"'1.1 u'4" .\¡un Old '4' "'"! tlrp "'~"' J><n >illi ·nod Old < ¡n rr>J r ;:uunp 
l!~QJ.I~ ,; ~> k¡pr.¡ >41 )"u o "~ll<>_: <p<')J>¿ 1• ;¡r~·>uo puo '"" m O¡ P'"n.: >q ti'~ ip<>H ''"'·'" itr>J]< JI 
-··al¿ >41 r:W p¡:tn¡ >Q Ut> <:tp /0\>U 101;1 i~l:t.']pUL '<:>JO U~!IL!UT1l ~uoo;: "O] '"" >~l ~:e" >UI] ;pt7t1 

>:¡: ><•<J 11'" ]t~'" {]}i !)d.) <~1 WOIJ O~p> »¡n<<'<! >4l'"n>>O ·~· U><t'll ll~;; >undnJJ>IW ''11 tUNJ t¡rp 
>:¡: ;r>1 ''""""' '·'!:,¡;, ¡d"''""' <l]JO ><Jno.• >t;l "' 11>" ndJ '41 ·rl<p >41 <pool ,ldJ >41JnUn P>l!G"''"! 

>q llnUJ '"'PrO] J04;1n_1 fU< HC,I <! l>!lúi>lindu! >41 Ír41 l:\;I;J]I,iill >ICI< >":.'CUI '" 01 >U<¡ .{pr>l:j >41 
:c<>J U>41 W" (~) '"'1 ~'~1' ''' J~ ::';>> ¡¡"'11"! I'OU "U ''-'"'P >u<:•>r.O>l .i"H'J'd ''''i''4 •'.¡1, <!41 ru< 
:><.,>ti¡ tU> 1Cc::::u! >41.n (1 '\1) >U!I l<>r,b>J Jén])>JUl >41 mnuor '"'1 >q<•ll' >41 J<' >!'p> fu]<tl >41 pu~ 

,,,,¡¡, :~éu1 unO >:j! ~!U] t!Op 'P"<>I >Ul¡ <1~1 u~ i>-•>1 "011:' ·¡or>J 'ltp t P'="~J!.>d ''4 ,1d) >ljl J>Jjt >U!I 
>q~m >ljl liur•n •F'' IJ4l ''"'""' 1"'4d~>d '41 ·•1>.\o 1néu1 C<J•l '"!'"!l >41 "l"l<"ll! <:·O S >m~l::l 

ONW.'I.l UMd!nO) 0 lOOW 
11l'S31:!n:>H 

(¡ JOOI\) 3{]01\ lnd~l r-5 

e•c'·D., l!ll•-•M 

"' 
••e• u 

~ ~ •o"'• 
1 , '""" 

1 \ jO,,¡ no"""' 

'\j !j L " 
• 

'>!m p>tJ¡I'p J><n '"! "!"' ,.,o.-,q n¡ ""'1 wd1no uod >4l 
'""11' '!41 'P""'i» "O 'row >l<>J"" 1"'1""1 >q icou ""!S"'""'"" '4'-"''' '"'" r "! ¡ou "Old >O!! JI 

"JdOJJ>JUI ur ~Ll1!>>nl>>J 
"!"'P lliJolid 1<>4'11!4 >41" '"!-»P<141 put 1:•< u»q «4 dOIJ d1¡1 >JG<u>ldnJJ>IUl >41 Jl ><>ol>>J L'\1 uc 

'""'u;i •u•>ll•wou-.r ><¡od >qow "l' J" -~~> ><:1'""' '41 ·r•,nb>J -''~"1 "'fl" <'U IJI!"'-~,,. vu•~ .'<¡ -11!'" 
; •'!'..,; 1"'1> >uo¡o ""!'""~ r ~·a >qom t ">wl >qn115 '4> o¡ ,.,,1 .ip••l! ><p ~"!'""""-' "t""" .1¡¡ ""l"ó 

>q<•m ''1' •<>J '""'1'' "''""""~>id'"!'""' • "'1'""11' P "4' '! '"'""'""! V"l' "'!""'" • I>J)'11l"n 
1' "'" Á;''·'il >41 JO""""'"" ,_,,¡¡,u >liJ ~""Ff'P JO ><~rlJnd >U '"!1 {1•) rop >41 "" <Jnooo >~p> ~U !lit]· 

t1'lUn '"l:OUI O~ IOU 11'" 1''-"!< .lpO>¡¡ '41 icL:<ur4' ll <l'P Jl{>d U>~.-. "'DI <1 ópr>l:j P"4l ><>JUtltn~ <14J. 
OilOI J" ofp> ;;ur¡:t>l >41 m¡• <toJO •~r> ""'WJ '"U '4' uo 11>!4 "'"'" 11'" "r"'ll ·o'"' uo11u" "· .,,.,g,, 
:r:ó:"no •.u<><~ >41 J' Ol!Ol ;o ·''r• ::~!P"1 "4' "'J" »p . .:o oto o-;¡ ·'"'1 I''·""J .q 11"' hr<>l! ''""' h¡><>>l' J' 
(:) ]0 '<Jrp >~] U>~it"4 jtl?4dll>J '"4JIC4l ~UJir.'l!f'UJ >UJI >;JOJ]< >4l WOJj 1''"·'-'>J '1 ,;~, >•Jl!<Od t (J) 

'"''" '"'" """"' 11'"' 1'""" ·'f'"l! >41 'P<Ji<>P J' ""'P l"''.¡du.>d '4' ur 1"''!' ~"!'i'"l r '" r»n >q u~~ 
1'""' '~''·'M '4'!" >ilro1u!"' >41 """''' ''"w u¡ '"!''1' ¡n•".¡du'd '~l JO) >¡q'l'"" 11 nrr JrL[l >l"!P"' <)) 

~·!~ >Op ;"'!FJ 1''" >41 J>;J' !ru ip<>lJ '~' ''"'!"' "'4' "lnd .l:l.\1 >41 )" >>p>);u11fJ '41 "J""'"'' Jud,no 
lB ln 1:'1 •. JJJ>d rn<»ppt >'.¡! O!UI•nq 'l'P:Jd_) >41 Ul~lJ r;rp ,~,-4-'ICf <>l P><> SJ pur UOI]<J>dO >IIJ'" Q/J 

:ldJ r J~!lnP Old >t;l (q p>JtJ>u,. 'l "Jnd • ll \\ 1:' -.1<1) >41.\q "'"1-'"11'"' >nJ1n<> u o JO ""'>"'"' >41 Aq 
P'~'"' < ,,.._,, '! 'I''' ¡nd ¡no uy ·unptJ.>do o 5p;i¡~ 1;ll" r»"-''''" ""!""' "1' '"'" ""11! ¡-o > ·"":;!~ 

--

lo ~llúl\l 31101~ 1.1.11!'10 n 

8NIL'>:J1 o·s 



• S l B!U!II[CTIO'>.\L llQDE (~IODE :!) 

This rnod< i! oll<r<l; ' corr.bin1tion of ~In~< O .nd \1<>~< 1 using >11 four hond;b;ll,o hnn. Sme< 11 
r<q<oir<> >11 r~ur ¡¡,,,,,,¡" "-,hblo unl~ or. Pon A.. ll'hon this morlt" u<ed un PortA, Po:1 B mu>t M w 
(O th< 811 (\muol ~lude. Tho ,-,mo lnl<rrupt ><CLm ,..¡¡ ~' tot'~med for 1 ~I ... Je3 1~1eroupt un Pon B •nd 
•n inpul lr>n>f<r '"'"'"PI dunr.g ~~~dr 2 up<rot1un ol Pon A. Ambiguity i<aHlldd of p,,¡ B ;, op<ro<ed 
in • poll<d mod< and th< p,,, B m"k "!:"''' is «1 to inl"b" •11 bn>. 

fj~urr S.0-3 illu~~ro;" th< unlin¡ fnr thi• moJe. lt i••lmost idenlic.l 10 lh>t pre•iousl; dt<:"t-<d :·or 
Mod< O and .Ilude 1 \lith tho Pnr1 ,-\ hand!hl\.<lm<' u«~ for o<>lf"" cun"oland th< Pon B hn<> "'';1 for 
input comrol. TI>t clJffe•enc< b<P•<on th< 1"'0 nwdos" ibt. m ~!,•de ~. d•!J 11 •~~,.,~ ~Ul ""'o lh< bu< 
onlr "hen ohc ,\>!robe" low. Th< "'ing<~ge ofolm <Owho "" bo u<ed In IJ1Ch !he dJOa inln oll• ~"·Ph";l 
•im:o the J,., 1'111 J<m3Ln "'bl< unlll ,¡,., ¡¡,¡, dg<. TI>< 1npul porti<>n uf ~!,•J< 2 o~<Wts iden11c,l!•• 10 
~od<' ¡_ :->ul' 1hat both Pun A ond Port B mu>l ha >e lheir interrupl< <n>bl<d to •diJe'< on inletrupl c!m<n 
b•di!e<tiur.al uan>fer . 

• ... ------. 
•••• . ... 
"""' . 
. "' 
""' '----------· 
~···•~·" G> •o•o 
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Th< r•npheralwll>l r.nt gol< d>l3 un lo a púrt ~., bu1 l'.hli< A STH :> '"'" Bu> cc·nw.tic•:-. '' •"""'d 
ifth< reriphe"l '"" iSill w pt< "'P"' d.>" '""o 1he bu•. Tho PIO "'" ¡¡,, ErSrB 1., .. , ;,.,,; t~ !.11,h ·"" 
~.,._ The PIO h" bc•en d"1~ned W1lh • l<!O hold time roquircn"nl f0r lh< ,~.,, -~:""' l.r<Ohint inLC.a moJ< <o 
\h<l thi<,.mpl< ¡:JHng>I!UC\Ur< Can be U"d b) th< r<ripho"l, ThJl i>,lhe d>t.> Con be diSabled ftUnl 1~0 bUt 
inlmodló'<l) afl<l lh< <trub< rJStn~ edgt. 

5.4 CO~TROL ~!OOE (\lO[)[ J) 

T110 (Qntrol modo do" nol ""lile the h.lnJ,¡,.¡,, si¡;<'ols .. n1 'nnn"'l p~rl v.rile ''' r•Jtl rc•J ,,n ~e 
O>eouted "•") time. \\'hcn v.rrting, th' dJto ~tll he latehod 1n!u u·.arut ">'"''" ~<lh 1ht '""'' 10".1111¡;" 
Mude O. A RDY l'.tll b-e ¡,,"d low v.htntlet PunA" Op<r•t<d m -~l,•de 3. ¡¡ RDY '"il b< held lo" v.nene><r 
Porl B" optr>ltd in .\l,de 3 u:~ le u Pon A" in \lode1. In the l•::er o a> e, thc '"" of B RDY ••tll ""'be aff<rttd. 

\\1-,on t<aJin¡ !he PI O. th< d"• re:uoocd to lh< CPL' ,.,11 be comp.>•<d of ~u:;>ul ">"'" d•" fr~m t!-.c•>< 
port d>t• lin« mo~ned "out pul> ood input r<¡;:<tor d"a frum lhu>< purt dato l1n<> a>>l~n<~,>> "·<''"'"· The 
input tegi•l<t ,.;¡¡ cunl" n d•U "lu'h wor p1es<nt immoJiotoly pnor tu t ho fJII ing <Jgo úf RD S<: Fi~u:< 5.0-4. 

• 

• 
~-·, 

""u""~ 

"'"""'" 

. ·-~· ~-··· ·~···· .. ··~ 
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"'=--------
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. "Al1 :"',"'~P', wt~l ~< g'~"'!''~ ~ in~<r~"t' (,,,.~ th<
1 
~u~ ore e~.>bled an, d the óa on th.' p~r1 d ''' lin<•,·, ] 

lall<d·:- ¡,,. '"~·'" '1"·"'"" ""''"'Y o~ lue ~ ~" "'"" "'~ .-ull ma,,; 'U!Lir<J l<'i"""· An<Hu<r ln«~tupt 1<1. 
nut b< g"•«.•tod u .. ril r .;h_, '}" '"''"" rn th< ;[JIU; u( lhe log1C>lequ"ion. A ~luJ' J '"'"""P' "LII be>'"''' 
al<~,,.,¡) iflh< ,.,utr of 1 \luJo) logi'>l Of"""'"" ,h,c.g<> fmm folleto rrue. Fo1 nompl<, munoeth.•r Lh< 
Mod< J ¡,,~¡,,¡ <qoJ[Jon is an "OR'' tunLILúO. A. o un 0\J>~<d pon JJr. line be< o m« """" an•l '" int<r r~pl L> 

· roqu««J. lf a !.<LonJ nnr.~<•I.<J p.>rl Jl!• lme bo.:ome> ,,,¡,, ccncurl"oll¡ wilh t~e fi1>1, • new inl<rrupt 'Mil 
not b< w¡u<\I<J sin'' o ch1u~e in lh< tos~\¡ uf the ,\l,¡Je J lu~l<o.l op<r•lion h" nut <><-<u"<J. 

lf lhe resulr of, lo~kll ~¡><r>li•m b.:com<> tru< imm<¿i,d) prior In or dunn~ ~,\\, •" inlorrupt ,.;11 b.: 
"'4"""J lfl<r th' 1 rl1l1 n~ <J,¡< of ~ff. · 

6.0 INTERRUPT SERVICING 

Son•• ti"2~_>fi0' '" •~tcr:U?I ;, rtq"<II<J ~) 1~.< PI O. !he CPI., "'11\<nd OYt .,, mtorrup< J"kno,.l
<dg: (\11 •n~ IORQ) Do11110 th" llnl< th< in;<'!•Jpt ln¡k uf ;ho PIO ,.¡11 d<t«nun< rh< hig.~<" pttO<II> 
pvlt "'hi.:h is r<<.¡U<>I,;rt >n uuwupl. ( Th<S i< nm pi¡ lh< J,,¡,, "'L<h 111 lm<uurl [nJbl< ln~ut ho~'l >nJ 
ti¡ lnO<!IU~I En.b le Ouoput 1"" ). T '' '"'" « :1" 1 111< J•hy <hlln <n>b 1< ltn<> '''b i lil<. d<• te<> '" mh¡~i«J 
frou1 chJII~' 1·~ 11"" tnl-;trupt "~"" 1 ;,,,~, "' lt< n \1T " "IL .__ The h•gh<•l P'"'" ry de• Le< piJC" ti" '''". 
ten 11 <>t" t 1< i ,,,. rrup t .,,. ''" "~" "' '"'' '' <h, 7.~0 "''-' b11 s J '"' ng irll<rrorl J<k ,.,., kd,;< _ 

~tg "' ~ 0-1 ,¡[,.,!CJ!'> th< l11t1ie>~ '"~"''i<J ~ith int<rr-Jpt rc~u<st>. Ouring \iT llm<. no"'"' 
mt<l!ur: «~ ·"'" CJn b< g<n< !J t<J. n11, ~''', ""'' '"' t~< 1 "' E"Jbi < >tt(l:Ji, ''--' 'ippie :h:ou ;h up t ~ iou• 
PrO """""' 1 h< P!(J "''~ 1 U htgh >n~ lEO lu"- J"'"'~ "['{r~\ ,_,¡¡ ¡:late •he S·b•< m:<::~p• Hzl~r of th< 
•ppr•rpriJto pun un ti:< JJIJ bu> JI lht> lJ:r.< 

'"' 

"' 
'" 

LAST ! 
STA TE ' . • 1 '' 1 

FIGUAE6C-1 

INTEFIRUPT ACKNQV; LEOGE TIMING 

lf an in,rrupl «quwoJ h) lh< PIO 1> o:l.n<>llldgeJ. lh< r<~C<'!tJt~ p~tl is 'ur>~<r ,_,.,.¡,¿_ IEQ ~~ 
thi< pm "-t;\ '"'";" lo11 untLI 1 !<IUt~ frcm inWr•Jpl insuu;lion (REll) i< ''"'""J "hii< ICI ._,( th< ¡"<>rl 

i•lli!!JI. lf 1n int<c¡opt rqu<>; tl n-Jt J-:kn.,~I<J,¡:J, I~O"i!l b< forc<d !ugh (.,,un< :\IT .;yclc 1ft<r th< PIO 
d<cuJ<• th< upu>J< 'E{)". Tht> JCth!O gu"'"""' thJI th< "'" byu R.f.TI <ll>ltuc """ i< -~eooJ<J b) th< p!~p<r 
PIO p>•rt. s,, f">gur< 6.o.::. 

Figu,. 6.0-3 1IIU<t!J '" J 1 ypiO>) ,,,,,,J ¡nWru~ 1 1<4"'"" thJO CO<JIJ o'"'" I'"Uh fou r pot" c<>nn<ctd 
'" lh< J111y chJm. In thi<S<~U<n•< Purt :.~ r<t¡U<>t>lnJ tSgr:~n«d on •nt<IIUJ'<. 1\h¡l< thi< po>l i< beill~ 
S<"kd. > hi¡;h<r pnonl) p<><l [ 1 8) ~<;;¡un" '"d t< gr>el'! '" rnt<11U~I. lh< ''"''"' tOJ!on< f,>r th' h'¡;h« 
pri<><LI)" p~rt i;cumpl<t<d JnJ 1 REII tnslruct><>n "''""utcJ to>ndi>ll< tu !h< port :C.,.'" ruu<Ln< 1> 

compl< :e. At lhi• trm< th< "" i.:. ruuttn< of t\o< lo" 'r p••or Ll)" p•><1 " ""''PI< I<J. 

" 

' _) 
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FIGURE 6 O Z 

RETURN FROM INTERRUPT CYCLE 

- HIG!iEST PRIORITY POIH 

{ POAT lA POAT 18 PQRT 2A PORT 28 

i Hl "' "' "' "' '" '" "' '" '" '00 '" "o 

l. PA!ORITY INTERRUPT DAISY CHAPN BHORE ANY INTEARUPT OCCURS 

UNDER SE AV ICE 

i Hl "' "' ca ca 

'" 'w '" '" '" "0 '" "o 
• 2 PQRT 2A RI:OUESTS AN INHRAUPT ANO IS AC"-NOWLEDGEO. 

o NOER SEAVICE S~RVICE SUSPENDED . 
j Hl "' ca ca ca 

1 F.l '" "' '" "' "o '" '" 
3. PORT lB INTERRUPTS, SUSPEt.;DS SERVICING OF PQRT 2A. 

SERVICE COMPLETE SEilVIC( RESU\11:0 

i_ Hl "' "' ca ca 

'" '" '" '00 "' '00 '" '" .. .. 4. PORT lB SERVICE ROUTINE COMPlETE. RETI ISSUED. PQRT 2A SERVICE RESUMEO . 

SEAVICE COMPLElE 

i Hl r::--:-::J Hl 1 1 Hl 1 1 Hl - 1 Hl_ 
~ ¡IEI IEO~~IEI lEO IEI 1<0~ 

S. HCONO "RE TI"" INSTAUCTION ISSUED ON COMPLE TION OF POAT 2A SER VICE ROUTINE. 

FIGURE 6.0 J 
DAIS Y CHAl N IN TE RRUPT SEf\VICING 
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7.0 APPLICATIONS 

7.1 EXTL\ lli\G 1 HE 1:-.'TERRUPT D\ISY (lt,>,l:" 

Wuh"ul JOI) '''''""! logoc_ >m''""""'"( four lSO-P!O devt<.:o< nuy be d>O<Y ohJIO<d in o o • prr<><U~ 
IOl<rrupl '" t:.:<ur<. T hh hmull~c•n os r~i!<J w tllJ! !he inwruot <nlbl< "'''" (lE ÜJ nppl« tluoug.~ lh< 
entir< chJOn ~''" "" the b<ginn1ng al ~11. 1nJ th< b<g•nmn¡i oi fuKlY d~ron~ '" in""" pt >L~no~ leJ~< 
cycl<. Son,< lh< "' 1<! rupl <nJbk >tal m .:annu¡ <h•ng.: during \IT. th< ,., tor lddr<» roturned !U th< CPU 

·i•••wr<J !U b' trom th< h1¡¡!"'' pt~nrll¡. Jo>k< which "'l"'"'d 1n int<uupt. 

lt' mor< lhJfl f uur PIO devJC<> n1us 1 be '"'""' rnodJ teJ. l ''lo<>k-lhOJJ" "'"'tu re mJ)' be u1ed '¡ 

1huwn m Fi~cre 7.0-1. Wnh th1> t<.hu•qu< mu1e thJn thlny PIO'< m• y b< •hlUled to~"h<r u<m~ stlllJJ!d 
Tlllug•<-

tJ '" CC' _·_yri_; •Lf:+ __ i []=~--

j 
L.: .. 
"" 
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FIGURE 7.0-1 

. 

... ::::lJ'[jJ lj ~• 
"" •• •¡- ""'" 

"() ~ 

A MHHOO OF EXTENOING THE INHARUPT PAI0111TY DAIS Y CHAl N 

7.2 1/0 DEVIC~ 1:\lERf.\CE 

In thli oqn' ¡•1<. th e 7 00-PI O " <onno, tod lo an 110 '"''" <nJI do•k< "'h<<h .:omro.UHic> 1" "'" , n 
8 bit p" ,1\<1 ~¡~¡,. :tion•l dJtJ bu• " tllu"'' t<d •n F ,~uro 7.0-: _ .1.1 odo ~ OP«lli~n (bidi:« tional) is «l<:t<d 
b; O<n.lm¡; :~.< ~,,lty" 1n,: c..,nl rol "ord ro Po1 1 A: 

Mude Cun"ol 

" 

-.) 

) 

-·. 
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,. 
'" 

"" ... 

FIGURE 7.0.2 

EXAMPlE 1/0 INTERFACE 

' . • • 

C'nt. tho pr ... peo Ílll<n"F' '«IOr" lo,ded (r<f<r lo CPU ~l>nu>.l for deurh Orl 'h'. ;><mir•n of t~< 
in«"upt)-

D-1 DJ -'"c',--'"c'c_r"oo'-l 
V4{,vJJV2 o 

lr.l<<.:_<pll <~< then <n>bled b) th< ti>mg <d¡< of 1he fns< ill •l1er th< ini<"''P' ,~ ... ;.• "c,rd 1> >OI "nic1> 
th31 _\1! d<Hn<< '" mwrupt >Ü.nou lede< C)de. 11om >SI. follo"' th< "'"'"-~' ,_.,;, 'Acr~. r~l<ti'·P" ••• 
en.bled b) o he ming e.Jg< of the frtsl Xii foli~win~ !he >Wing o( lh< on»l.. -

Dlli e>n nu"· be lrar.,femd b<t.,.<<n th< per~phor>i and th< CPU. TI1< trmi"E for thiS ll.¡n>fer" » 
d<>cnhed Ln S<,lllln S O. 

" 
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7.J COSJROL !~lf.Kf.-I.CE 

A 1~ p~e,t coutrol ~h>d< lppli.:JlJOn i< <llollnlcd m Figure 7 .0-J. Suppc'">< >n md<~<l rt>l pro..:<<> " lo b< 
munitorcJ. Th< <Kcurren,e o( Jny Jbu~rm:rJ Op<<>'<n,¡ COP.d>!!Un <110 b< <<¡>J<t<J 10 J l.!iO.CPl! b<>d 
anuwl >;"'m. lh< pro.:<" control ll\d <l1lul ,.ord hl< 1 he followin,¡ lom>J¡: 

"' Do .-'- T"'n 
Se'"'' Do y., 

Po•« 

'"'e• u 

1 ........ 

DS Do D' - "' Po." "'" '"" p"""'' 
'"1"" PI-"'" 1<">¡>. II<Wf! '" PI"'"" , .. ,..~, ... •w• "'' 

0100 

'"""''" ot.:uo" 

'" 

.. ~"" 

ft'O C/0 tt 

'""m 

..,., . 
""' 

-~' ~" "" 
-~U''-0N~" 

., ~~· '"""'" ., {»----~Al 1 ., 
""' "'" ., 
~••• o~ -• ., .. ,., , .. 

'• >Rt" Al" 

FIGURE 7.0.3 
CONTROL MOOE APPliCA TI ON 

Tl1e PIO m•Y b< u><d lS follo"''· Fim Purl A i< <<t fur .\lodo 3 oper>~ion b} 
word h> Pot! A. 

"' DS D• "' 00 

1 ' X ' 

"""""'~' ••oceS>··-o ,,,,.v 

1\"henev" ~lod< J ""le.;«J,th< nnt.:on<rol worJ ""''~ <h< porl mu« 0< an l/0 .. t.cL .. ~rJ.I~ Lhi¡ 
•~>nopl< "'' "'"h Lo «1<" p~tL .llLl li~« AS, AJ lnJ ~!-'"' m~ u" md >Q Lh< follo" in& conlr~l ~<O'~" 
"'lill<L!: 

"' o.• "' "' 

"' "' "' '" O~ DI DO 

Lv_'_L'_'_jL" _,__v_'__¡_'_'_c_v_c Ji1 
__ 8 

) 

) 
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... n on«rrupt wnu~l "''"~ "'"" '""' 1<> ,¡,. pon: 

"' " o; " DJ D' "' 00 

o l ' o 
fooOI< '" A""' ~·"~ ln<•<r"P" ~_,,," Horh Fouo~• lnt,·rropt <Qnuol 

,. o; DJ "' DO 

o o 

Srlt<t• A5, A3 O<ld AO tnbt muntwrcd 

"""· .r ~"mm pul< • hi&h btl on hnr A5,A3, or ,\0, •n interrup1 t~que<O 1\tll be ~"'"'"d. The :r.><\. 
~ "'d "")- ><kc< • ny wmbinaw .. n of iroput• or outpu" 10 au•o an :ntrrr.,pl. r u: .-.mpl<, tf th< mJ>!< 
'"''d •h<''< h;.d ~«n: 

'" D' '" 
[-, 1 o o 

" tlo<ll .,, momupl r<~U<<I "'"uld >lso occur ofbll A7 (Sp<o!>l Tr") of tt •• output ''~"'" "'' "''-

A"""" th" 1 he f, •!lu~.-¡ "S pc•rt '11o¡nmon" "'' h• be 111td: 

EOH• P~rt A Do>a 

EJH• Pon B Dm 

E2H" Porr .\ C ~nuol 

EJH• Pon B e""""' 

All pwt n u m~'" '" 111 ht\ad "imal no1Jtinn. Thi• ponJC ul" >l>i~nm<>ll ,, f pon n umbor< " '~"""""' 
<inco .->.o of tilo .1dJre" bt" can be med" tilO Pon [l'->. S<i<<t ondA¡ of rh< .!<MI<" \),,,.,m br u'td" 
lh< C"<•nlroi/D"a S<I<Ct. fbtChtp En.blo would b< 1h< J"ndo uf CPU Jddr«' ~'" ,\-; tMru .~~ (11 iO 00) 
:\010 1ha11f ünl) > r," p<riphe<Jl d'""' •:o b<mg mod. a Ch1p Enoblo drwd< "'"' nol bt req'.ILL<J """' 
• ~¡""., ord<r •dd"" bu could bt U><d di!C"Iy. 
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8.0 PROGRAMMING SUI\·1MARY 

8.1 LO.\D lr-óTEII.IWI'I \'lCTOR 

&1 SET ~lOllE 

'" MO ' ' 
3 Mo Mude 

' ' Outp<l! 

' Input 

' Bodlr<<[Lun:ll 

B•t C'on<rul 

,·. 110 • 1 S<h bol 1<> lnpul 

1/0 ~ 0 S<t> bu lO O~tpUl 

8.3 SET l.\IERR!JI'f CQ.\l!Wl 

'" :;~ 1""" 1 ' OR ~ _Follo~,_ 

U"'d m ~loJ< 3 only 

o 92 

lf the"m"~ lollov.o" b1l is lugh, thc n<\l c·unt<ol word W'lt<en lo lhe p~tt mu•l b< th< m;uk: 

.liBo 

~18 • O, lhmu~r bu 

Mil • l. ~1•<1.. b" ir<>m b<ongmorutord 

Al<u, the inl < rr 'JPI "'~bl< ll1p tlop of J ¡>.>r t ""' be "1 or 1 <>< l "nh"ul tllc•Jol) m~ 1 h< '"' ú i oh e ""' r<upr 

con !rol "urJ by "'"'' th< f ullow1ng '"'""""J; 

lc'c~o;•c' ''ciL_'_¡_,_.L_,_L_0_¡_0_.L _ _,I ~ 

' ., 

) 

) 



"' 

j 
j 
j 

• j 
j 
j 
j 
j 
j 
j 
j 
j 

' j 

j 
j 
j 
j 

j 
j 

j 
j 

j 



' 

Ah-,~1\u k _\ 1 :l.\ i n111 m lb t in~' 

f.,.,,.,- .. "'"'' •. 
¡, .. ,,,. !<""'"'"" 
v.,.,,. n .. '·· ''" ~ " 

~- <'-' '"'"''"'J 
~ .... -o.,.,.,." 

,.,.._ -~" "''"'""' "'" 
-OI'l ou•I<O'< 

ZHO-PIO and lJ\OA-1'10 
D.C. Ch~r:•cteri~IÍl''> 
"• o'< '" -,- ,. v .• o' v., ,,.,;,, .. .,,. ... ~ ,,._,,.,., 

........ ., 
____;•-'.<" 

"oH<' t '''"''''" "·~·'"''·<' 
"" -- '"'"''-~'""''" ~ 

""! ____ '"'""'' '"""'' 

·O ,t 

"' 

~"' 

" 
" 

'(umm~l 
93 

''""""'"" ····~ ''"'' "" ,, .. <>~•-·· """"""' 
"-'"··· ... , '""' ...... ,. .. , J• ... , .... "' '''"' 

T '" " ' " "" "" "< ""'' '"' '"' "· ' , " " "'"" "' ... , .... " '''" ..... , ........ '-... , ...... "·-"'' '""' '" "" .............. ~ ..... .. ' "" .,._' '" 
.......... ""'''" ¡,,., ... '" '''"'·" ., ......... ...... , ......... "' "" '"'""'' ,, ...... '" ,..,_, 
-s.-~· .......... . 
""" AO K ""' OC, .. "'"""'"~-..,, <0< .. -, fo• 

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

~~~~1- ;~.::~.-~:._~:.',',_:~: .. 
~~ •.• ,,.,,c .... ' 

.,;- --L ·,;;,.o-;;:_,:; . .,,.... 10 .-• v,~·"'"'--' 

'l<JH 1 '"'"' ""''"'"·-•·'-'"'''"'""' lO •' •ou''''o\'.-
['t.no ·1_ '""'''''"""''''''-'""""'""'' ·<O •' von'"'' 

t
'co f o"'""''"''''(""''"'"'"'"'~"J" "" ·,, "~'·"~' .. 

'o'_'"_ ~· -"~"~"'-""~~'-'_"_"_'_"_'_"_'_" _______ ~l--~-· _·_L_,_·_~_-_._L,"",.'' •.' " R>\I' i'<l il 
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"' "'" L. 
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C+:ncral Information 
10\i 

he DO-SIO (Satal lnp•ll/Ompul) is a d~Jkh~~n.:l 
muhi- f une¡ ion pori~hcral < nmp~ncnl de< •gncd lo <Ol<isfY 
a "ide \OlfÍC1) of serial d~ta commun¡ca,iow< rtquire
m~nl< in micr.,ce>mpuler s;-<lcms_ h• bosic functwn ¡,a 
•<rial-lo·parallel. porallel-1 O·<erial ron< cnor /cun!roller. 
bul-"nhin iba¡ rolc-i¡ is c.<nfjgurablc b) ')<lcms 
>ofl"a"' so'" ··r•""""h'¡·"" can he op11mi,cd for a 
gi•en s"e1ial dala communica<i"ns applira¡ion. 

Thc ZPO-SIO "~;pi!<lc of h~•·ilin~ a<yncliinnóu1 
a,nd s;·ñchrMOU\ b;-;c.o,icnted proio,ul, .<uch as •e'l 
Bi>; nc. and S) nchwnous bil·oric·n 1cd pro1ocÓI> su eh as 

11 :..'-channd <iiJcon-ga~e d<pi<~ion lo~d lechnology 

11 40-pin DIP 

11 Sin~ le 5 \' P"""' <upply 

11 S:rnglc··phase 5 V dNI. 

11 All inru" and <'Ulpu" fTI tcomp•llblc 

11 T" o iudcro'nden! fu 11-d u pie. e ha nnels 

• Da1 a ra1es in '·' "'h' o no u• or i>osrn,hronou< modos: 
• 

HOlC and IB'I SDJ e Th11 ><r<a!ilc do• ice <an al<o be 
u<ed 10 supporl •irlually any olh<r <e~ial pro1oml for 
applic'liom othcr lhan d011a communica!"tons (CJ"CI!< 
or floppy d"k in1erfac~s. for o\ampl<). 

Thc Z80-S10 can general< and ,hed. c•c- codos rn 
an)i S)nchronous mode and can be p1agrammed 10 
ched. da¡a inlcgril'" in •ariou' m0de<. Thc dc<i.:e "]<o 

ha. faCJlitles for mcoden1 cnnlrcls "rn bcl!h ,¡._,nn<h- In 
applicalions "herc 1he,. co~lrol' are no1 nceded, rhc 
m0dem conlroh can be u><d for gencoal-p"rpo>e ¡,o. 

~-O~~~QK bTa"hOcoñd:\\ilh 2~5 MHl .i;.:em clock' 
ral< 

• 0-880K brl<'-cccond "ilh ~-0 .~!Hz >~11em cloc~ ,.,. 
11 Recei>N dala r<~1<ie" ~uad1up[)" ~uff,·red: """'

mitler dPubl• b~lfued_ 

• "-':~~"'~"""' f'"'"'"" J 
• s. ~. 7 _or !' r;r,~cho"<'j<'f 

• 1. 1 ~: ot 2 ""P bus .) 
• EHn. odd or '"' r•"'~ 
• fl~-~ lb;· Y3:' and >,M do:!- m~"do> 
• Break g<ncralion anJ de!ccllon 

• Paril)i, O<errun and ftamrng <rror deo~c>ior. 

-----------------------

_,. '"" 
' ' . ' 

' ' i ... 
,-
"""" """" .•.. , 

• • 
""""' '""" """ 

-- ----------------

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

• 

-.,,., ... 
.: D1 " " " • ""' 

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



( 

• ll n"'·' .;nch"·n~u• r,~wro•· 
o lrlicor 1al or ntcrnal ch.1rocrer •;ochrunitalion 

• One '" '"'" '·'"' (hdr"'"" in •cpJral< "&i•t<ll 
• .\rJI<>no31ÍC l;nc ch.racl<r imeninn 

· • r •e gcncr~lion ontl ch<d.ing 

• fHJl( and IHM 'l>ll" f<,lme.: 

o Al;>ort ""'1"""'" r•·Haation and dclre<ion 

• Auronraric ''''" in•ortion and Mlction 
• Auromaric llog in•enion h~:"cen me,.agu 
• Addren fidd «CO~nirion 
o ·[.field ,,,;due hdndbng 

• \'alid re.:ei>< me;;agcs protecrcd rrom o~rrrun 
• c~c genoratir•n and thcc,ing 

• Separa!< mc>Jcm mmr<>l input> ond nurpul> for both 
chonncls 

• e• e r• or t:MC-C~'IfT bl<>d, check 

•.Oai<l-Ó.<Ín ~riNl:Y inierru'Pi ¡,,~;~-~ro_;ide• autO• 
"'":ic in•<,urr •ecrorin~ \iirhout .-rernallogi~ 

a _,lodcm <lar u• can be monirorcd 

~-----

I'in Dc~l'ription 

D,-o,. S.'l'"" oara li!<5 (bidireClional, !·"are). The 
'<'n dnoa bu• aamf<f< d;Ha and '''rnmanJ• b«"«n 
C"Pl1 ¿nd tll~ 7.80-SJO. Dú i• the i~a•t "gmfocanl bit. 

Bl.\. CLr r.~l A Or 8 Sd~ctúcput. H1gh •el«l' Ch_~n-J 
<,;1 B) fh" input define• "h1ch cha:mel is accessed 

.. '• -------.-o, .. 

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

dunng a d313 tran1f<1 h<twoon thr ceu and :~,,

Z80-S 10. A,!ld!'''·_t>il ~)l ~ '':'~ _if;c Cr;J.i:' '?flor. ¡¡_.,.,: '"' , 
!he •<_l_<o<:uon tuncnoa• · 

CJi). Control Or {Jala SelrCI (i~ 1 oat. Hi~h '•rl<<ll (",,r. .. 
( uol)• Thi• inptrl Jcfin.- the npe of i~fmmali<>n :·on!

C•; perform<~ l:>Ct\\<t~-·h• G~ d~d_the z~·J-~_Io: .. 
1-!rgh·a: th" mput du"n8 a {Pl: "'"" !<:> the z,o.~IO 
cau_,._ th< infurm."icn en the da1a bu• 10 be inT<rpr.:trd 
a<~ command forlhcchann<l •eke!cd b•· s•'-. ,, !-"'" ,,¡ 
Lll>me~ns thatlh<lnfo¡mo.:ion on tbe -~>:a~"' i; ~·,; ,_. · 

A.ddr""' bi_t_o"~t i•_o_f!~"-\!~~--f.?.U~•Í> fur,,;;un.__,. 

'cE. Chip Enabl~ (input, acli>< Lo")· A Lo" lc•ol al 
thiSin~in en'hl"" lhe ZSO-S!O 1a •c;opt c-or..;,,nJ ~r.:. 

,·_ dala in.E~JI,fr<.'m lh< CPU during a "ril< '":le,' "orlo 
trammn d.!Ja 10 1he CPU diHing a read e; el<. 

~- Systern C/ud. (input). fhe Z80-SJ0 ""'<he <:and· 
ard ZSO.-\ S; Sl~m Clud 10 <) nchroni,e Jmer na! ;igMIS. 
Thi• ;, a ,;ngl<-;>ha<e el<'("\:.. 

\U:.,ya~/,;(1~ _'(.)di O~c (,,pul í•<'m Z•P-CPt;. a,::¡, e 
Lo<\). Wh<n \il i• acti>< and RD ;, a1•o acti1e, lt-< 
Z80-CPU is fe!Ching an in<lfUCIÍOn fr<>m memor<; ""'" 
;;;¡ ;, acti1·e ~<hile t(>OQ ¡, ~Cii1o, :h,· z;o.~ro -•. ;ac:• \ii 
and IORQ asan Írll<rrupl ,,·l¡¡oY.I<O~e if eh<· /~{;-~10 1> 

the hi&h••' p!iotily de~ ice 1h01 h» '"''"'J;-;,J rhr 
l80-CPU. 

•JORQ._ ir.p;.¡/JQ;.·Ip~l 11."1"<">1 (i~;-~t frcm CPt';-'a;:i•e 
Low). 10"0 i; "''a in ccnjun<:lcn ""h" ~-~--U.<'! 
and W to ¡ran>f<r co:~monds •nd d01~ ~.:,<en :r.e <. PL" 
and rhe Z80-SJO. Whcn <."'E, iUi ""d tl-"Q ore.,¡;~,,;.,,,. ------· ·--- ... 

-'! .,,, 

l·· 
.. 

"" 
~~-- ;;;: ., ~ ---- , .. , . 
.:...JI...._ ..... 

~ .... ¡ 
-"- "" .,~. i ·-··- ~ 

: .. { .. ~~ -·· -"-· .,., f"'''" 
' .. - ·¡ ... '"'.: :: .. .. .. 

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

1 ... 
. _, 

1."'" --"- .... .... { ~ :e -'-'- ,.,. 
'""" 

... ~-. 
r ::c1 

, . .-. 1 ....... 
~, ...... "'--t: 
""""' .. ~- ' "'' ) J 

• F- .. .. . ' 
nv~•• 1. ~SO SIOID Pin Conl,¡¡u••ll~n 

--~-~-~·---- --

' 





!ht ,h .. ron.:i • .:1-.':~d b; ~. <1<.:•. '• r>o!d:a :~ ;!,Or}'t: (a 
<tOd <•r<• "' icon). 1\"\,..,, ,-~ .1nd iilkQ .u e ac1 Í<e, bul iii) j~ 
in;,clh<, ,¡,,.,¡,·,nn<i>d<cr<d h) ~ .\" 1\•ll'cn lo b)'lhe 
(.~\.' v. rlh r'lhcr d>ta ot «>nlrol inf.mnalion "' <pcci~<d 
b~ c.i5. "' m<nli~neJ l'"'"msl~. rfio•Qand 'fi a1e ac
i•< •iuHJII,, n•·nmlv, 1 he l" f"IJ " a d. no" leJ~, n~ an intor

.upt and the ZS0-510 aut~.nali<ally pl;oces its intetrupl 
Helor on the C"P\! data bus tf 11 is the hi~hest pfiority 
de•icerequc•,ling an in1e11up1. 

RlJ. ~.vrl e_, d~ Sia2•'· Ci"l'"' f torn C"PU' a<IÍ<. Lo" ) . 
H iiD i• acli<<. a memOf) N i·Or.ad op<rotion i' in prO· 
~re~s .. ~l'i Íl ~·•d v.ith Bo.i;', lt: and IORQ IO'Iramfcr d, .. ..,. 
fr.¿m 1he Z>~·SIO W.1h< .t:P~'. 

ffi'IT. R~UI (ir.put, ~Cti•t\.C'w). ,>, LO" RESU dil· 
ables both r<.:ei-." and lt:onsminers, r,,,,, r.o_.. and 
T•OII r.tarl in~. forO<<¡~ •• m<'d<m cor.uols Hi~h and di<· 
ables all interrupiS. The, CoJnaul "gi>l<oi r.;~st .. br; ;~ 
... rinen·•frer·'~" üO·SIO .is.;:••t. ·~~ ~:r9!'.~-~:.~..,!\.. 
tran>min~ or "''''ed-" · · · · 

lUG 

------ -·----
\~' dl:IJ\' .4., \\ : fl O\ 11. l!'au 1 R<•údy A. ll'air 1 R ,·Jd' ~ '\ 
I.JCJirut<, <>,¡¡en dram."-bcn p¡o~I~¡¡,,«J f<•t w.;, 1· ) ., .. _, ... , .. - ' 

•l<'n, ~"''" H·~h ond Lo" 11hen ~rOh'"'""'"J :or 
Road:o fun"ion). The<r d~al-pu1po~e nutp•m ma; be 
progr;ommed a$ Re•dl ¡,,_, lora 0\1~ comrolle~ or ~~ 

'\\"a•t lines •h~t >; m·hroni1< !he CPL' 10 rh~ Z~O-SIO b ta ' 
.,{¡ye. The '"'"\tate is opon drain. 

CJSA, Cl~ll. Clear Tu S,•nd ~i,ru". ,,,;,·.~ I<•~<\ 

\\'hen pr<'grdnlm<d os Auoo r:~.l~).,, a 1.011 on the>o 
inputs o.:able¡ rhe r,·,~ecll«c lran;<nlller. Jf not pro. 
gr>mme~ ~~ ALJIO Ena\11<5, lhe-. inru" ma; be rro· 
~rammed a• Fll<ral-ru:;o<>'• inpu11. Both input< are 
Schmil!·trig~cr ~uffered ro aecomm<'JiLte ,¡<'"·ri«:i,-n. 
in~uts. ·n.: UO-SIO d<~<''-' p~l;e, ''" th~« :~;u" •nd 

C inl~cr~;ol~· !he _.:'pu· ¿,· ~a: h lo~ic lo• ol t ''"'"'""'· The 
Sohmiu.lfi~scr inruts do not ~uaranlee a •r•o1:0cd 
noi<e·k•cl margin. 

DCD.~. [JCilll. Dala Catn'ec n,•¡~,, (inru", o.:i.c 
Lo'-'). rh<>C ;i~nal> "'e similar 10 ;ILc<'T\. inr•ns, "•<!"'· 
rhe) can be U\Cd "' recoi-er ,·;.at>lel. 

1 O. /nl~rrupt E núble In Gll¡•t::, ac•i• o H ·oh:< This sig. 
'tíá!'i\u•rd ~<ith tto lo forma rriori:y dJi<~ <hain "h•n 
thcro il 111<'1< lhan ono inlenupt·dn•en c!e<ict. A Hi~tv 
<'n lhis l:ne i~o.!ioaw¡ thJt no Olhor de<i:e ,,f·hi~her pri· 
oril ¡· il b<i~~ · ;; , i~· by a-, t'L' interru~t '"" i(e -rouiino:· 

. . ... - . ··cR; [) \:-;i,Í)II.'. p,.w, P ná:Ü (i"l'""· oct:• e H i~h) 

lEO. /<PI<"'",~' E!:Jb!e 0111 (ou~~ut:·."'i'i:.Hig~l. tfO 
i< H ij!h "" 1~ ¡f t El " Hi~ h a nd t he <"f•t• " nol '"'' ir1ng on 
in""'rt f"•m t!tis Z!'O·SIO. 1 .o~s. tlll> <'tgnal ~locls 
k•"'ct J•riorrl.l de• ices f1om rnrcrrurrmg "hile~ highor 

'W'ioril) dciÍC'OI< ~eing 'Of\ÍC<d b)' IL<CPI'IniO!rUpl '"' 
""' o r~<~tino. 
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·.R~('>,.', Hii~Il.· R,,o').cr C(.'c~:; (rnrtn,¡ Scc ""' :~!· 
lo"'""''"''¡.,,. on hund1ng llpllnn<. f.".c Recei.e e¡,, .!' " - . •ma' he 1. 16 .. 1: 01 (>.1 u m<> !h• dlt~ ,.,,. m a•:: .• :I;r . 
f!O~n_?JQ. Rc,ei-. c:.«a ¡, >arrrrled <•n rhe ,¡,¡~f '-~~· 
of R.C. 
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1 ,,·.\. :"·u .. r .•. , ·.m./lo r ( ¡,,¡,_. ,,, ;• ·"l. .. ,,.,. 
·,..,. ''" h·•ndinr o•pli<>BI. i .. ·" O·~··· oo" :"·: ' 

... •·: .,,:·· :.· dr•:'- o: JI :..- 1. Ir .. '-~ ,,_.' 1 :i : ... ·'·< ~ ,;:i 
r~=<. "He ,,,~h iplicr f"' t:.c 1rar.•n:ine~ ;,nj : •\< . '' , ·. ~~ 

" :, o k~''"'"· Bolh ore f>(~ ,ond ~~¡· ir.p•JO• .oro 
•IÍ(I·;rif~Of ~uffored f"' oda•od ri•o· ·.:,J f~ll·lime 

, . ,,.;,. m~nts (no uoi•c "'" r~in i• ·r~ci ficd]. r ,o ch.1n~es 
''" •he f~llin~ rdr< of r.c. 

Ri S~. H f'.fi. R1•q¡.,•st T o S,·mf {O'!.'?"' 1J •" 1 ;, e 1 0':' l• 
\l'hco 1 ho ~ T< bil ¡, •e<. t he R r< out ru t g"os L 011. Whcl): 
~~~ RT< h:: il rc•:l ;n th' .-'o.o·,n,~J<'fi<'-' mt>J~. th<OUI· 

.. ,,., .... ,,-•¡;~h aforr th:t;:i~•mo.:or ¡, cmpty. ¡,i Syn.1 
.hr<>"itou• '"~•1••· thc •n ¡¡in mictl• foliO~·, oh<''"" (lf 
thr ~JS hn. flOih pin< can be ll•<d "' gcn<ral-purp<><< 
•'Uij'UII. 

-- ---
[}¡R.\. ll fRIJ. D~la Temun"l R~Ddl (o.>~:p~'l. ~:ti•e

l.o"l. ~ce n01~ on bondon~ Option< 'fho>< <>u"tjluis fÓI: 
lo« <he <laTe r'"~r:.mmcd inlo lhe Df" hit. The)" can 
.1l•o ~~ :ar·nno~ a< ~ener~l·rurp<>·• ou•puts. 

~ \ '· 
.c;i·. 
~u".-

~ •\! '"· 
:o.•n> on 

;:;;e 8. s_,nchrmri~.:.-ic.n (in~tn</outru~'t 
n., ... pi~> can acl ,·ith"" input',.,, out· 
A~•nchron~u< Re:oi•o r.:ode. they ar<'ih~·. 
10 ~-rs and Dr'ii. In oh;;· modo. ihe lrdn<Í· 

"""" l•il' in~""· lll ¡he E>l<tn.11 ~1nc mo'do. th.-elinc> 
¡;l<t> :>el a<"'~"''· 1\"hen c\lercdl ')nchrM.;lali<'n i; 
,,,¡,:r,ed. "'-C "'"''he dri,on Lo" "" 1h< «C•'nd ri1ing 
cd~o ,,¡ i>;(' "''" 1ha1 n•ing edE• of ''' on .. !".ich lh< 
•• ·,,, l>il of lhe """ d".ara""' ""' rc<ei,ed. In 01hor 
'• '·· •her tLc ""' ran<rn i> detecled. th< n~ernal 

m u >1 " a 11 f ur 1" o r ull R «e" e C:lucl. C) ele< 1 o actl· 
'"al< rhe ~ i11put. Onco ,;¡¡;¡e" forced lo~. il ;, "i•e 

:-:~ r •• ,, ,, 
'" " =-·-'"'1 ~: "' o, -

'• • ' ' ' . , 
r " .. .. , . '" ...... ....... 1 •• ••• .. -

" ,_, 

.... { " -· " ... • ......... 
-~ ....... .. 

,,. 
1 
" 

1U3 
1<> '"'P it l.u~< unlil ::., < I"L" ·' 

l.>~k :hal ')'·· ~rMin¡¡,,, ''"' h"·' ¡,.,, cor :. "~" .• """ 
'·•r< Í< a\l<>ulll' ''""· Cl; .. •>.:l<"l ""•·n·bh 'c.•in<' n :he 
ri<iOf <d~e of ;,e; thal i"""'d ••eh r•< ,k,-•ho fal!,.g 
cd~C or s\Ni' in th< E"""·'l S¡nc ,,d,·. 

ln tho Jn>crnal S•uchtuniJ.oll<'n 1110M (\1<>1""'~"' 
~nd lli<¡n<). ll.c•< pin, •ct a• c>u;rut• th•t di•" """" 

dur i ng th~ r"" of t he ,.,.<i• c d<>d ,,¡-;¡ • '.'ele m " hi. h 
•;n• char .. c'~" "'" ;cc<>~niled. rhc s;nc c<>n~i;; '''. i• 
nor lal<h<"<l. so 1he>e oulrul> are actiH ,•acO ''"''" ., .,,, 
p•tL<rn i< recr•!niud. rq.nJi~" of e~ .. ""'''' ::: '->· 

""'· 

BOc-.UI~G Ol'riO.\S 

The con•tr~im• of a ~'J-r:n ~.rú.doc r;;a\.o i1 rm;>•"'•'''' 
"' bring '"" "tho Ro<<l'e Clt•cl.. fron>mil C:lc>cl. D . ., a 
fc1rninal Rc.•d¡· and S•nc oignals fllr h<>lh cilannel,. 
fllcrdore, Channrl B l"lU<I '"'"r,,e a •ignal"' b>e 
'"" >i~n~l,: bondcd 10~<111cr. Since u•er r«.¡:!iron•<•m 
•ar)", lhree bondin~' <>r:><•n' ""' ofrcrcJ; 

" .. 

• l-!!0-SI0/0 b" all fn•ll •i¡;n:,l•. Out T•C~ ... ;J ~" 1• 
are bonded tn~elh., ll'tg. 1) 

• lSO-SJ0/1 s•crrfr-c• ()(;¡, a.1d '•'<Pl ¡,, g, ~·• ~ 
~nd ili?'B tfig. CJ. 

• ZSO-SJ0/2 <aurk<> s¡-.;-,y "'''d Cn·r• '·' ~. '"'"~ 
~nd Diiil (flg. lL 

" 
. .... 
1 

,, 
'·" .;L--; '•" 
'·'' " _-..,_= ..... 
• •••• . 

• 
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' " . ., . 
• • ·" - , ... . ·~~· " • , ... J' """ " ... 
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-h< dr• ice intor na[ <lrUCI uro ir,cludcs a 7.SO-cPU intor
.ace, into:r.al c<>ntrol and intcnurt l~sir, and t"o full
dupln channrls. A«oriatcd "ith t·ach channol "" r<<>d 
;ond " ri <o re~ i <1 '"· and o.li•<ret e <<'ni rol and •wus lagic 
that '"'"·idos th< inlerf~« !O mt>dcm1 or othtr <<lrrnal 
de,icu. 

Th .. rr~d and "rile re~i,.er group include<.-íi•< S-bit' 
-.!'<'ntrol re;;:"~"- !·,,o s; nc-<:ta r ,, 1« ''~'"'''- and i" o.:
•latuo·n·~il1crs: Thr '"''""r' 1ecror " ,; ritten inoO an 
ÍdJiti,•r.al S-bit ro~i<1er ¡\\'ro" Rcfi<ter :¡ tn Chaoncl B 
that ma; ~'>< read throu~h Read Ro~i<t~r" in Ch;;nnrl B. 
Thr r<Hi'"" for borh channels are de1igr.ared in lh< te•t 
as folln"'" 

The hit ~•<i;nntcnl .~nd func11onal ~roupin~ of rach 
rcsi<ter is ronfifured 10 sim~hf• Jod organi>o tt.o pro
grammio~ proce". T-1~le 1 illu<irares ihc functions 
""i~n'd to cooh r<>d or """ rc¡;i•lcr. 

.... ·- --------·-------0 
~·· ''''"' o~ o ni "'· C Re '"'"•'''", 'on·• ,,,,,, "' oon <O m· , ; 
mano• tor tt.e -~"""' mOdo•. "" : l 
;;;, ;,.;;,~ ¡¡-;,;-.,.,-,.~·, ~;rupt -~";¡- Z,."7r;~~;;;;-;;;;;;;;· ' 

. -- - --· ...... -- _,__ --· __ _.. 
'"'"''"~' ,,.,,.,, tC"·'""•' e ont,¡ ... -- ....... - -·- -- ------ -· ·----- .. ~ . 
1\eceo•e ~~•acrew• ano conHors 
T• ;n· ,-;;;,';,;~-,;~ -;,~;:-eo~.~;"o""u• pa• • .,~;;,-;-;,o; j 
mece• 1 • - ____ , ______ ·---·-·------- --...... 
Traosmo1 paramete<O dnd oontto<s ' 

- ----·-··- ··------·---..!~ 
S1nc coar•otor or ~DLC •oJ"''" l•el<l ) ; 
S,"' '";.~¿ •• ;-;;,·,;;-o..c;o_;;.- . -.. - .. ____ ·-r; 

··--- ---- ·---- .... ---- --. 
(ol W"to R<·~l>ler runcLian• 

T••-·••no:.'lleceo•o ~urleo ""'""· ont•"uPt ""'"' •no 
0•1eonal >tatus 

.... ---·------- ·- --- , .. _ .. __ _ 

Thc lo~ic for bo:h ch~:mcl< ¡uo<i~o; fr•tm3t<, •}n· 
cht<,ni'Otit>n ,,d <.Jlidlli<•n fN ,J~ta """'l<rr<d '" .tnd 
frt'm thc ,h.uHrcl inrcrf:occ. Thc rn,Jcm .-.•utrol in!""" 
Clc31 lo ,<:,nJ •~·,S, .,tld Data Cortier D<l<<! llX"O> ar~ 
mc-~ito"J b¡ tho Ji,creto "'mrollo~ic und~r l'"'&ram 

' 

-) 
control. Alllhr mndrm .;ontrol •ignal< aro ;~n~r.lpr~ 
I'O'o rn ndtUr< and <:m be Ul<d for functiom onr,·r th•n 
nwdcm ,·,rntrol. 

For ""'"m" tiC iuletrU('I <<ct<>rin~, 1ho ir,t.rr urt <•'0· 
trul kogio ~<t<rorin<'l <~hi.:lr c~onncl arrd "hi,·h dc'I,"C 

"'11hin 11>< rh3t>rocl h15 lh< hi¡;hc<l prion:;-. PtioJrir; i' 
fl'~d "ith Channcl A a.<i~nea d high« ;-ri<'lll)" :~~~ 
Ch>nnol B: Recci•c. Tr"n"nit and (<t<roal/ ~:.;lu< :n· 
'"""P" aro prioriri,ed in lh.lt ordcr ~ir hin ,.,."Ir chon
nel. 

Data Path 

Thc trJmtnit an.! rcct"i~e data pa1h for e.ch c~oonel j, 
1ho"n in Fig"'" 4. The r<.:ci•e: lr•• ¡!,;eo ~-1>11 ~u:"fe: 
ro~i<~crs in a flf<l ar:ang<menl (h' r:,:,,ide o 3-~<;e 
dela)') in oJd11ion '"rile '·bLI rc·cono 11><11 :cgi\lor. re.;, 
artang<men: cTCalc< "d~i1ior.al ;;,~,lo:'~" CPl" t<' ,,. 
vico ;¡n inlc:E:;>t •r rhc ~c~innlfg nf ~ oloc; C':· ~:."h· 

>pccd d•ra. Th< '''""""' '"'"' Hf'> <IOre> rnr;:. -d 
lr•rrung «ro" o¡.J "'h,•r r)r<' nf lllil'' ,nf:.>rn~>l ,.c. f,,, 
<~eh of lh< lhrcc b<l<> in thc r<cci•< d~:a .'1>0. 

lncnming d.J:.i i< t•1uleJ tll<OO)'h ''"'' ,,.-,,,,•::.1 p:o• 
dopcndin~ on th< r,10de .111d '~''"''"' :onsrh. b :'" 
As;nchrono"' modo. '<"i~l dala i• ~nt<re~ rn th< ~-~'' 

buffer if it ha- a -~.aracer lcnglh o' '"e""' <•\"ht e•,<. 
or is entoa•d in th~ ~-b<' recoivc 1bol1 r:~'''"' if it '"' 1 
longth of fi« ''' '" bi". 

In lh< S¡ndrr""''"' """''· '"''''""''· th1· d~IJ p.tlh 11 
d01crmincd b1 :hr i'b•c· of tire """01\C P'''""" >urre":h 
in opera1inn. A S!n<hror\lll' Rcdi<c <';:<>tlorr h·~;Q< 
"'Hh lhO l<"<.CÍ<<r in thc lfunl phJ<C, Jufinf "hich :he 
rocoi«r ''""ho< tJ,,. in.;conlllr~ dar a <tr,·;,m fC'r abo: r-11· 
l<rn lhJI n>ardl<·• tire p«PI<'~••mln<'<! ""' ,haracl<" 
(or n .• ~, in 1 he '' >1 ,. m<'Jc ¡. 1 f 1 h~ Jn ;, r ', rr• ·~ '"'''"" J 
for ~l,>no<; nc Hunl, J mor eh " m a de" 11h > <ir.~le '~ nc 
ch~rael<r ""''''1 irr ""'·In Bi>ync llunl, J "'"''h ;, 
n>ad< ""~dual <;nt char~cto" <torcd in"-. ~n;l ,,-. 

In olth<'l CJ<e 11" in,·oonirr¡: Ja~a 1'·""' illft'Lifl' ::h' 
f<C<i•e •;nc •egi>h·r. ;,nd i• '"mp.rrod Jo·•in<r rho ~,,,. 

~·-•mm<·d ')nC ,·h.tr~Cicr in"""'''""'· In lh•· \h<ll"'" 
')"< nwdc, a lll.Lt,·h ¡,,.,,,.,." lh< ')"' "h"r,o,r,·r i'~•'· 

~ramm<d "onr,• ""' .ond lh< <lrJrJcl<r ~"'mhlnJ i11 llrc 
rnoi• e 1} nc r,·~ "'''' e<tabli>h<> <; ndt1 "'"'"' it>n. 

i 

In 1ho fli,;rrc rrrNk, ¡,,,,¿,.,_ in"""'in~ .!.110 ~~) 
,¡,ift<d to th< ,,.,,¡,,. ,¡,¡,,..,.¡,,,.,"'"k ¡1,,. ,,,." "'''hr-· 
~il" ,( th< """""~'<are 4"<rtrblc<l in lh•· ,..,..¡,~ ''n.: 
"'""'" fh,·llr~tdl b<t«<en thc ''"'."'~led ,h·'"""' in 
1hr «COi«'''" "·~i<l<r< ~ith """ rrc·~·•·"''""·d '·"" 
'h~r ~--r <r in " J<o Jn•l " k 1 <"abiO<h<• •' ""'t" ,.,,;,;,: j,,n. 
Once 'Oniho,•r.il.ttion ;, c<tabJi,hrd, ""'""''"~ <!,lta b;. 
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pa"e' 1he rccci•c ~~nc re~i,¡c¡ ~nd dirocll)' <nlers ¡he 
3-t>it huffer. 

In 1h: SDI e mode, incomini da o a fino P"''" 1hrough 
the recci•~ 'lnC regi<1er, "Mich "''"''""""''> monilors 
the re< eive da~ a >Lream and ncrf mm> '""' Jelrt ion ~ h<n 
indica red. Upon recei,tng fhe «mli~u~us 1 ·,, the "'th 
bi1 i• in•r~ctod. lf th< ,i"h t>it ;, a O, it j¡ dele1cd from 
tho d~ta meam. 11th<,¡,¡¡, bit;, a i, th< «'<mh bit;, 
imr•:Ctod. lf thot bit ;, a O, a Flag >equenc< ¡,., l>een 
rtcei,ed; tf it i1 a 1, an Abort <eqo(enoc ha! beon 1<· 
cei<ed. 

Thc refnrm.111cd <.hto cnl<l• lh< _1.bit l>uffer and i1 
n•femd lú tr,e '''"'"' 'hif¡ "F''"'· :-;,,, lhdt the 

oOI C r.-ct·i' e n¡•.·r.ui,>n .II'<J f·,·~im in lile Hunt f'l"""· 
during ..,¡,¡._¡, lht• I.W-~10 trie• to m01dr the a"emblcd 
ehu.cocr in oh< orc.•i>< ·hift ocgi•w ,.¡¡h thc flag r••
'""' in""'- On<etho fir" fh~ ch,actor i1 r<cogni,ed, 
all <llh'l'4"'"l d;,oa ;, rnuocd tlorollgh lhe <Om< pd!h, 
rc~•rdk•l of """''"'"' lt·n~th. 

• 

Althoufh 1h< '"me e• e checkcr ¡, ~"d for ~~th ;n1 !' 
and "'nchronou< dota, the d"1.1 pth takcn fM c·,,dt 
modo Íl difieren t. In fli<ync prOt<•,col, a ~)tC-QricntcJ 
orcration rco.¡u~rcs oh~l ¡he t'PU decide '" indudo 1hc 
dlla ch<iracur in .:~c. To allo" :he CPt' .on;plo tione 10 
make l~is Jcoi>i<'n, thc ZSO·SIO Pt<',id<> an 8·!-it 
tlel.1)' 1\lr •Jnch""'"'" dota. 111 tho OPI <: ¡n,,Je, 110 del.\\ 
is rro•idcd •in<othc ZW·SIO cuntain• lo¡;« th~L dc<,·r· 
mines the b<tes on "hiü. cR<: i< ookulatod. 

rho trammill<! ha• an S·hit \!Jil>!l\11 dat.l tt<'Í<1C! 

that ;, '""~<d rro111 t'1o in«!nal ,¡,, Pu' ""' • ~n-h11 
transmil <hift reti"" 1~11 tan he l<>:>d~d :•,,m "~"· 1< ,. 
and the trammit dala r<i"l<!- """ ~nd """ nmlaon 
sync chara,,..,. in tho .\l,ln<'>}n.: or lli•>nc '"''d••· ,,, 
addro" fieiJ (ono cb'"""'' h>n,•]anj n~o re•pOcli>eh 
in lhc 'Dtt· om•do. nurin, S\llCIIr•>nu•" ~''""''· 111f,,,". 
111-11•on ,·ont"inc•d in \1 H .ll.t! 11 "' ¡, lo>OHI,·d irno ''"' 
lr.ln"nil <hth rq:ill(r al LhC ht~i1lnin~ of tho r~~"·''" 
and, •• a time fdlor, in-lhc middk of 1hc "".''""" ;[, 
Tr.ln•mit IJn.ltrr"n .:ondliJOil <'<'CLJ" In thr. SOl e 
moJo, lh< n"f' ••< loadcd i111l> '~'~ uon,mit •hift reg". 
ttr al thc h,-~;,.,,¡,,1' "nd cnJ of mc·"~gc, 



A<¡nchrM!<'U< data in the lran<mll <hift re~Í<I<r is 
fNtn~t;e~ '-'Íth <tafl and <lop ~its and i< <hif!ed nut lO 
the lran•rnit muhirh:<er at thc <clec¡ed dncl rat<. Syn. 
'h'""''u< (~lonO<)nc or BC<¡nc) dJta is •hifled out to 
th< trJn<lnit muhirlner and al<o to th<lRC generator 

•t the ~ 1 clnd. '"'"· 

SDLC, HDI e data i1 <hi ft ed out 1 h"•ugh 1 he '"" ·,,,.,. 
tion logic, "hich is di<"hlcd "hilo the 11ags Jr< heing 
><Ol. For all o>Titcr fidJs (addr<«, <~ntrol and frome 
checl) a O is in•erteJ follo"ing f~>t«""'gtH>us l's in the 
data mcam, rtte nc ~,.,,,~tor r<<"lt for ~DLC data 11 
al•o ro~red thr<'ugh the zero imortion ~~~ic. 

Funclional Descriprion 

The fun:tional c.lpabilitie• of the hD·SIO con be 
de<cribed frum '"O differ<nt P''i~t> of ,¡,,.,"'a data· 
communi,ation< Je<icc, 11 tran<mi" and r<«Í<cS •erial 
~aoa, and mccl> tito rcquircmen'> of 'dcious data C<>m· 
ntunicatÍ<'ns pr('to">ls: as a Z~O fomd) pcriphcral, it 
tnt<rac\1 ~<ith tite %~0-CPU .1rtd otller LFO pcriphoral 

.circllÍI>, and llturtl their Ga:a. adórc" artd c(rntrnl 
bu""'·" ~<cil 3> bein~ a pdn of thc ZBO inoorrupl >[[OC· 
ILLJ<. A< a ;>"iplreral 10 otlt<' miCIC'PWC<'<Of<, thc 
ZSO·SIO offcrl 10lu•blc fcaiUres suc~ a< non-\CCIOr<d 

-tnlerrupts, polbng und >itnplc han~>h.Üe capubililiC$. 

Thc first P"" of the fol;o"in;: funrtional de<crip1ion 
de,crihc~ thc imer "' tiun bet" e.n thc <:PL' and ZSIJ·S 10; 
the <ccond part intre>duces '" data communi<3lions 
capabiHtics. 
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Thc Z8Q.SIO offer< thc choice of Polling, !ntorrupt 
(«ctot<d or non., ,•cwred) and Blnd T10n>fcr mod"! 10 
transfer data, stotus ond con.trol inform"t'oon (O and 
from thc cru. The Block Transfer modc can bc 
impl<mc111<d und<r CPU or D).1A control. 

Pnllin¡. Thc Polled rnode O'oids interrupts. Status 
rcsist<rl RRo and Rkt are updated ot Jppropriat< times 
for each function hcing performed (for e\amplo, ('RC 
Error status <alid at the end of thc r.>~•<agc). Allthc in· 
wrupt modes of the Z80-S!O mu<l be di••bled 10 

opera te thc d<> ice in a polled ""' '"'"'nent. 

Whilc in Íl' Polling <cquence, the c·ru <>~minos thc 
<1atu• cont~ine~ in Rk~ for oach channcl; the RRO>I:ilt<< 
bits scne asan ad.M~<kdge w the Poli inoui<Y· Tite 
'"o~"" 51atu• bi<S o0 >nd o, ·,,JicJte u,, • ,.,,;,, or 

-- on-.nit J.11a '"""¡,., i' '"·,·ded. Tilo "''"' aho in· 
otes IOtJnr <>r ntl,.·r •recial •t.Jilll '""Jiti""' ('<'O 

•. M-SI O l'«•rr~>tlllnir~o''). Thc• Spc<i.ol R,·,,·"e C<>mli· 
tion ''"''" <Dnlain,·J in"-"' J'"' ""'''"'<'le> he rr.oJ in a 
Polling >«¡n,·nc·c hec:llJ\e Ll« ''""' ¡,;,. tn ""' .Jrc ac
<ornranicd t>¡· ~ "''"""' Ch""'"' A'ail.rble ""'"' in 
~~0. 

' 
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lnturupts. Thc Z80-SIO offer< an claho:atc inte<,upt 
<chomc to pro<idc fa<l intcrrupl rospnn<e in rc:il-timC· 
a pp[icat'on "'. As mentioned <•rlier, "C bnñel 11 ii',;i,~c" 1 

.!' <l and R~c comain the inte,upt '\~(>r t~:it f>OÍr.!l io" 
\ an j~~ru:tl ie~~¡,, r'outillc in,:.<~~-!':'•mt>r¡. To '""' ·) 
O;>eratton.:in both channd, and to el•mtnatc the nc,· •• -" 
<ity of "riting a statm analy•is routine, thc Z80·SIO can 
modify th< intcrrupt ••ctor tn HZ <o it point< dire<tl< oo 
onc of eight interrupt •en ice '""''nes. TitÍ> i> done 
onder prngrdm_control by ~rlling J prngr.1m bit ("RI, 

D¡) in Channcl [1 callcJ "Statu> Alfcct< \'<etor." 1\'h<n 
tltis bit is '"'· Lhc intetrupt <t•ctor in "k: i< ""'~'.licd 
accordin~ 10 rhe a<Si~ned priorit) of tite <ari~"' in«T· 
rupting conditiom. The •ablc in <he Wrirc Rcgi<tcr 1 
dcscription (ZS0-'>10 Prc,~ramming «<<ion) 5h0"'' thc 
modification detatls_ 

Tl3mmil inTerru:'"· 1'1 rcei' e jntorrup" and E "•rna!l 
Sta.u• intcrrupt> ore thc main •our<es nf imcrrup:s 
(Figure~)- Each i~krrt,pr '""''" i< cr.ablrd under pr.)
gram control '-'llh Ch~rHld ,\ h01<i"! a lti~her prtotit; 
than Channel B, .rnd "'itlt Rc;:ci,er, Tran>mll ar,J El· 
tcrnai/Status imerrupl> priornind in th.11 ord<r ""·'>in 
oach char.nel \l'hen thc framm•t intcrrupt ;, cnoblcc. 
thc CPU" im~rrupted hy the tran,m¡¡ buffn IN<:O'lW~ 
,·mpty. (Thi' implirs ,;·ral 1he trnn\mlllcr nnt<l ha'e hdd 
a Jata dtdfa<ler """"~ lntO Íl >0 11 c;,n h<·,·o¡n,' Ofl>~l_l l 
1\'hen ~nahlcd, the re•.ci,cr con iOII'ICllpt tite,.,.,, in n;;< 
of thrce ·~a}-<: 

• lntcrrUDI on f_'rs< rrcei'e (haractcr ) 
• lnterrupt un al! "'"Í'< chJra<ter5 
• lmerrupt on a Srcoia.l l'le<ei~< conduion 

lnterrupt On fir>l Character i< t)piclll) u-ed with the 
81oü T ransfer modc _ 1 ntcrrup< On All Recei~< e~.,:-
1ers has 1hc optinn of mt>dif,ingthc interrupl ~<«nr •n 
!he «<ni of a p~rit) error. Thc Srcctal Rc-·ci<e Ct>ndi· 
tion interrupt can N<Uf on" ,-h,Lf,!Cicr or me<sa~c ~'"" 
(End Of Frome inklfU¡>I in ~OtC, for "'"mple). The 
Special Recei•e cvodtliúrt r:o1n '"""' ;¡n 'tnwrupt onl) ti 
the lnterrupt On Fir" Recci<e Cltar.<etcr or lnterru~t 

On All Re,·ei~e Cha"""'' modo i¡ ~<lceted. In lrller· 
rupt On Fillt Rrc""" Cbaracrc•r, an interrupt can L'Ccur 
from Special Rr~c¡<c condition< (<><epi Paril)' f.rrorl 
after the flf5t rrce'l\e character inkrrupt (C\anorl'= 
l'lt<el\e O«rrun ir.t<TrUpt). 

Thr m a in f u~ction of 1 h c r: 'tcrnal ;<;,.,u, int,n u pi -" 
lO rrtOnÍlOT thc >i~n,l ¡r;,n,itiOnS of the ffi. ¡,¡¡, ond 
~ pin>; ho\\e<er. an E"c•rn~I/SLot"' intcr'"P' i' al•<' 
C;lu<ed h¡ 3 Tran1mit l..'nJ~rrun «>nditic>n o· b; tOr 
Jetcellon of a Br~al. (A<~nrlnom>us modc) m -\hor! 
(~DI(" m<">de) •eqnc'l\0< 'tn lhe data "'<J<n, n"' ltLIUf"PI 
c.ru<ed b} Lhe Jlroo\.1,\borL <cqu,-,,c h." .1 'f'""··-, 
rcoture th"' .• :ro"' lit< nn ~10 to i,,,.,,,,, "!"" ,~,, _ _) 
HrcJI.Ii\bOrl •<'~uoii,'O" dclcct,•d <Ir ll'lnlin.Lic'J_ fl11< 
f cal 11 r ,. f "' olitatc'l 1 h<" P"'l'<'f 1 cr '" i 11.1L Í<>rt ,,¡ 1 he un rc-nt 
me.,agc, ,.,,,,." iniLi.<li'''''"" nr thc """ '"'"·'!''· and 
tlte J"Ur~t< timin~ of Lh< JlJCal/Ah<>rt <onJiLiun 1n 
nternall<•gk. 



(1'1: J)\1.\ '!l"á Tron,r,·r. nr 7./iü·SIO f''""·l"' a 
m,., k T r ·""1 cr n>~dc '" "·~o~unod.<l~ < 'f'L: ¡,¡,,., ~ :r ""'· 
f<r f,.,,.¡;,,n, ;ond ll'l~ ,;nn1<<>11cr• (/.~ll.l)\1A ''' n:h<r 
dc•i¡:n<). no Block Tr~nsf.r m<><lo u<os tht ,¡; . .o,Ht 
;;¡~o\ ••nrput in conjun<ti<'n «il~ tt,o \\'aoltReady bits 

\\',.ro Rqi>'<r 1. file ",nm·<:iil output can bo 
Johcd 11nd<'! •Ofl\\arccontrol a< a""'' lino in theCPU 

Blnü Tran•fcr n>odc or;, a H\D\ lino in tho D\1~ 
Blr>c~ Tr .. ndcr modo. 

Toa 0\1' <"<'nlrollcr, lho Z~O-SIO H.\DV outpUI 
indioa1<1 lhal iho/.~0-'>10 is re,, el\' 10 lran•f.r dala lo O< 
from momo<). Tn tho <PL', th< "'il nutpul ind"at<> 
thar tho /.SO-SI O is not rc~d• lo tr~n•fcr dala, <~orcb•· 
roqu<<:in~ tho < ~l' tn C\tcnd tho t.O <'~<lo. Tho prO· 
grammir>! c<f ~"' 5, 6 ano; uf \\"rioc Ro~Í'I<I 1 ""d ¡he 
lo~ic "~'"'uf thc \\.o,lf ,[,0\ hno aro dofined in ¡ho 
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\\'ruo Rogistor 1 dc><ription ~ZRO·SIO P<P;·r.< nn¡..r~ 
·~tion.) 

[H T-' (."f)\1 \ll'·' IC-1. TIO"S CAI'.\UIUTrt:S 

In addilion 10 1he ¡,(1 capa~ili:io; pre•inu,ly d~<ClJw·d, 
thc Z~O·SIO prc>"dcs two indcpcndcn1 fllll·durln 
ch•nncls al "di as /")<lChrr.notl<, S;n.hron<>u< ""d 
~DI e <11 DI C"l a,,,.,., ronal rno<lc,. Thc>< mod" r.,,·illl .11c 
tho implemcnt.<lion of .:ommonly u<cd dJta ct>:mc.lJnl· 
<;>liOn< j)IOEPWII. 

rhc >P<'cilic kat•H<< of thc<c m('do; ••• d.-cri~c~ in 
tilo follo,.ing •Cttion,. To pJC<<'I\0 thc Ende~en~cnco 
and <Ompi<I<M" of c~.:h •cction, '""'" inf<Jrm•tion 
common 10 all mNle. ;, ropcatcd. 

------------------~ --~ 

- ~·~~.~ -~-~----

' 

-~-------
laB•O 

'"'""" 

----··-·-· ---·--- -~----·-·-- ·---·----



Asynchronous Opcration lüB 

~ rrrr" r or r ro,"""' J " · i" ' Or ·1 ·~ ~<:hr r~""' nooJ,• :• 
~ ZSO ~lO"'"":,, ¡,,.¡,.¡;,..d wllh ¡~e lnll~"'i"! r•· 

r~mr•<rl: .l,.r."tr kr.~th, (J,,,l rJl<, ¡mu;~., <>1 "''P _.. 
bi<>, e••n "' uJd p.ri<;. ini<H"P' rn~:Jo, •" l '"''"''"' .. 

'aan<mirt<r co\ot¡k Thc f'M~ulcion ,,, l"aJeJ inro rhe 

"1'1'"'1'' iare " rire •··~i<l '"' b\ 1 he " "rm pro~r•m. """' "' 
~'""'"";,·,'""''~e ;,¡ucd,bcfo;: ""'· ""' and ,.-lo 
f'""''"'"'' ur ~um"'";¡d<. 

/f o he Jaoa i¡ :rin<minrd o<e'r J o':10~<m o; RS~nc 
;,rrrfa;e, 'Í•• ~·~·~iSf'i\)~;:¡ ,kTI• and 0-ú:Oúii.-,. 
;;w:u.:~,,r,,Ii':'J[, ourrut• '""" b: ,,, along .,.¡,h th......, 
'Tr~"'"'i' En~hle bn Tr•~.t.mi¡<i\!!.l_<_;m~! ~·g~"-"!l'-''
,~~Tran,mir Enable _tl!l...!~.·•iC-<: •·· -

• 
Thr .\ur<> ~r.~t-·.-·roaturr allo"' rhr rro~r•mma h.>'~ 

<eod rhc lh1 ,j "" o~ar~~·~r of lh< mr«~~e :o'· thi' 
Z~!J.<;I(l "ilh<'u: .-~11in~ fM ,~. H th< ''"'o Enable. 
hil ¡, '"'· th< Z~fl-!>10 "ill \\311 for th< n~ rin 10 ~o 
Lo" t>tfOr< it tot·~'"' .Jala 11an•mi"i~n. {J'S, DCr> ~nd 
~\"7 ar~ ~<n<r a 1· 1''"1''"" 1. n lit\r> 1ha1 m a y h~ ""~ for 
funtli<'n< Olfocr lh~n thtif l.ol><:,·d pur¡><'><l.1f ffi j~,~ 
i:<od r~r >n<••h~r !'"'~'""· 1ho .-\~'" E~~b:c> s;,,;,~•• bo. 
rr.·~··•»:.-.od 10 o, · - · · ~-

FlllUI< 6 lllu<IIJI~ ""nchr<•nnu1 m<>l~~· fmma11: ¡ 

Asynchronous Tr~n~tnit ) 

fho Tran";:nil D~:; ""'~"' rr,ni ii ¡.,-:J ;-r,o;~:no (HOg")' 
"h~n •h• lr""Jn•,.,in..,. ha• no Ja<:. lO ><c.;! .. L,;:eo ·,•rO· 
grom c~nornl. 1ho Scnd Break(""'· D,) comm;,nj ,·;,r. 
he i"urd 10 h.•ld T>D ;pacing (lo") u mil ¡hc.-nrn.r."~d 
i< doarod. 

fhr ZSO-SIO auloma¡icatlr .odó the '"" bit. '~• 
pro!ramrn«l rori<• b" (oJd, ''"" or no r~":•l and :he 
prograrnrncd num~cr af ""P bus'" <he c~oa ch"'<'<r 
ID b< uan,millod. \\'hcn ¡he cnanc1er i<¡¡,¡!b ¡, ,¡, ,_, 

• <C«n bi". !~C ~r.u,,j bit; .. re du;,.mo:i,o::¡ if~o:eJ ~,
Jh:!Zi.U-SJO: lf 1he ch~racl<r \en~1h i; fi-e bn< '":e". 
rof<r 10 thc l>hk in 1he \\rilO R<~;""' ! ~••.:rirú,•n 
¡ZSO·SIO Progr•mmin~ <eco ion) for 1hc e,,, fmmo·,. 

•Scri•l d•1a i< •\..if!o~ fr<':n r,n a: a·,~~~·,:;;~_,¡"' i. 
·~'f:l ~lh: 1.' .>.:: nd .o', 1 • .:;~; h <>f :he cirod r~·,· •.o,~pi'c~ •. 

tho Tran<nlil Cio.:l. inp~fi;:',"j_ Se':! .'~•· ",¡,;o;, o! 
out on 1ho fallin~ cd~~ "' , J,c '· 

'. 

T ~bl< ! ,¡,""' u kJ "~· ~nd "~~ "11h 1>111 ••• 10 indi.l \ 
··•o tho aprtic•No ~•<'11•'· ra~ ;omotc" and .:oonmand1 in j ,, 

ñ<ht<>nou' n1t>J<1. "~! (Ch•nno: fl ,¡ni~) *-''"" tho·¡ 
.... cr~upl <o;:or, ""RI defines 1ho intotruni·moo .. «nd·¡ 
d.11a 11amf<r mo;,do•. "k6 and "R' ;u e nol u-.d in J<)O·¡J 
.:hHmou> n1<..Jo,, Tat>le l >ho"' lh< ·~pica! ~ro¡:ram 1 
""P' ¡hat implomont a full-duplo< t«<i«llransmit 
oreralion in <i<her channol. 

• _ • : 1 f ;et •. :he E"«~a(tS·,:•J< 1 "'""~.,: r:-.;de ~·o~•·· , 
'l~• "":Ui. of G<.u. W ~;.J ;:";~ ll.rn<-~k•ut :!:-; ". ·.·.
,'rnission_pf)il< m<'>' e·~•·• !1 ¡~,.··e Jn~ul> c:-.~n;:~ '''' .: 

poro!>d of 1 im"c ·sr,:ao e; 1 iún lhc minimum <I'CC;lOcd ;>c.: •O 
"idlh. lhc in1<rrup1 1> ~cr.elalcd_ In~ 1·ar'""" <';'0"~
lion. this fcaturo is u«<' 10 "'""""'!.'lo ::oodcm w~:::•l 
<ignat ns. 

.... , ........ , ..... , 

~·"_":~·_.-J· __ -_.-.~~:-,¡-.. --[-... -.. ·¡-.-... ----.-..... -.. -.. 

"'""'''"'''"'"\;-l . ''. ,_,,,_/ 14 \ ...... .. 
•• • """' 1001 Olfit 

'""'""' 

""" ........ . .•.. ., ..... .. 

• '"''" '"" ..,.z .. -.-- -.-.' --- .J 

• 
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An A>;•o;hwnous J.:~,;ci'• <'f'<:f~Ji,w ~e~i~! ,.non th•· Cl 
,¡, e E•:_:: ~lo ~il i• m. !~ 1 ho_ .\ ": 2 _r,.,:,:•lc~ <tP.!i!?,~ 

. ;;,-J, uco mu>l l>c.J,<''Y.''-~"!.11. ,\ !_,,., l•r•c•n~) 
"'ndill,:,n on o he Rc<CÍ>< [),11,1 •rrul 1R•D1 indica•., a 
"""hit lf1hi, Lo" r•"''" fur al lea<t C>llC·halfofa bil 
lime.thc >1art bil ;, o~<umed lo be '"lid .,.,J the dala in
put il ohen ,,nnrlod al mid-hit tilllt ""lil lh< entir. 
ehara;:.er ;, a"ombkd. rhi• nltlh<>d ol ,J,•tnctiog a >lart 
~il imrro1o< rrror r<J<e<ion ~h<n n,,;,. •ril.c' ,,;.,un 
an othor•;;,. m•rl.•ns lino. 

-... . .. 
lf tbc ;., 1 dc•c l. "'"Jo i< •olc,;io:d, bu -'~ nchrcinÍ> M ion·=~ 

mu•l bO_.-c<Jmr!i•O.·j c\iontali:<. Re;ci-. dala is '"m· 
'rlod on tbc ri•ing eJ~c of ~·C. fhc rccci'<r in•ens 1 '• 
"hcn a cbroc•er leng•h of olh.r lt .• tn t·is~• bi•s is uscd. 
lf rarity 11 onablcd, Tho p~rÍI)' bit¡, nol '"irrod fTOm 
lhe O>•om~led chararl<r for eh"'""" lon¡;ths o!h<r !han 
cigh1 hi". For l<ngths othor lh~n <1¡:111 ~>11. lh< recoi\Or 
"''<m~les a cbr:,(lcr lrnglh of o he rcqui!<d nun1b<r of 
,¡,, l>ils. rlu< a pari•y bio and l's for any unu«d bits. 
Fur ••~mple, thc recrhcr a"cmbl« J 5-bit charael<r 
"ith 1h< fc>ll<>\•ing formal: 11 Po, O¡ O¡ !>1 Do. 

~incc lh< coxci•or" ~u!fcr..,J b~·Jhrc<.~·bil rr;:•<~•;.~· 
m.aJ~'Ii~~ 10 ti•< r<.<i'.< s~•il.'rgi\1_«, ¡he CPL' ha> 
,.,,.,~h lime 10 •d• i.:o an intcrru~l ;ind lo a«•P• ¡he 
d~1a ,IJ"'·'""' ""•"•<'~led b¡ 1hc i:>O·SIO. Thc !<<<i>cr 
o bo ~"' 1 hr ce· ~u 1 f "' 1 ha¡ >loro <rror fb~s f ur ,-a eh data 
e·· •ctcr in 1ho rc.:ci« buffer. Thc-. error nass .,, 

1 a1 thc •an,. tirnc .u 1hc d•u char~Ciers. 

Af1cr a cbrancr is rrcciHd, ;, is chcó.cd for lhc 
f"IIL•"ing •rror condilinn.: 

• li'_1'¡c~,!'J[i.l).~. c~;¡!¡I:<! • .,Ltlé::Pz:l!y Erf[.; ¡.;:'¡ ~ ~ 1, 
D~• ~•l."'hcne.~ lh<·pari¡~ hit of !he chor•CIO" 
!!r-.-. nr>! mal eh""\, i1 h 1 he pro~rammrd par it¡ . Once 
this bil is "'· i1 rrtnain>._¡cl ur.til ¡he E!wr R~><l 
Comm.ouJ"1"<KOIÍ•¡;i\Cn.·•·"< ,._ ··.·• .. ) 

• fhc FrJ'rn;i;[, Erro! .. e_:, \R~_I_, g"l)' ""' 1f 1hc char· 
a<1cr '\. as>c_,~:,t_:_Ll. "."no. u¡_ an;- ;, or. ~¡, ;..tt hal i<. a 
Lo" le• el <k~<cled foia: >1~~ ~':): \..',.,¡¡"' thc P • ril y 
Error bil, 1his ~ÍI lS set (and nol IJtched) onl)' for 
thc char•cler ~n \\hiCh it c>ccurred. D<l<<:li(ln .,¡ 
framing error oJd< an ,Jdilional onc·half of a b" 
lÍf!l< 10 lhc cha<ac1er timc sa !he frarnin~ <rror" 
no1 in1erpretcd "'a nc" """ bll. 

• lf Jho<.TlJ faib '" rc~d ad~:a o~ . .uocler "h1l< "'"'' 
.+~a;;:_lhroe._chOrac[cr<.~c~'' bco~ reC<"<d, !hcc Re~ ., 
-~<r>< O\.crrun bit~~~~. _DJ) iJ. '"· 1\"hen ,¡,¡, nc· 
"""· lh< fourth charnoter a«embted r<~loc<S 1ho 
lh"trd charae1er in :he ncei\e buffer<. \l'llh ,~,¡, ar· 
ran¡erncnl, onl) ~~~ chl!acter 1!.a1 h» be,•n ;qj¡. 

Ion"'« i; na~~c·d ""h 1he Re.:<;,~ O'"''"" Err<>T 
hit. Li~• Paril} Error. Lh" hl1 can onl~ ~e r<>ct b,· 
the Error Rc<el command from rhe C"J·l'. !lcilh !I!J 

,.f~a,mmg" Err01 and Rcc·•i'e O'""'""· E""'·'·"""'"--· 
.'In >nlorrupt ~<i:h lh~inleHup¡ <ecwr '""'é"'ing-:;o • 
, Spocial R e«i' o '"":;"'en (i f S1a1 u; A ff ects \" rc10r 
ls <ele,tod). " 

Sin;:e rho P~ril) F.rror •nd S.e<ée Ü•<:run E"or 
nag• are ]alchod,IOe er:or '"·"U' :'e~¡., r<~~ rc;l•:11 on 
error in tho curr<nl "Ord in oh~ rece" o ~uf f.,~¡_, an• 
Paril~ or O•errun Erro" r<cci•ed ""''!he la<t E11or 
Ro,.l com:nand. To ~e<>r cc·rre,;-ondcncc bct,.oon '''" 
sUtfe of tho ofi'<:>r buff•" a!Jé thc oonren" o: 1~e r«:<Í·< · · 

:d!'ia" buffeis. !hc:orr¡" "alu>_rrgi_;,., "'~$1 ~" rc3d 
:~>'e! ore lhe Cala.· This 11 ea sil) arcomp!~;hed if '•~lor<C 

"' 1 
BIT f ,,, 5 Btf' BIT J BIT> ""' BIT O 

·- ~. 5 BITS CKAR .. , ... R• 68115CkAR AUTO • 
Ot • ~, 1 8•15 CHA~ ENABlES • • • • ~NA!!lE 

II·~•!BilSCHAR ___ ... _ 
·- • 1 CLOC• '':lOE oo. NOt usm .. -• 16 CtOC' MJCE 01 • 1 STOP 611 C~~R E'•O~OOO PARTT< ... ... •J~Cl0CKM00E • • 10• 1•,6IOPB'CSC~AR '~"'"lE PAHITY 

" -•&oClOC,MOOO 11 • 2 S lO? Sil S C"AR 

---
00 • t.' BTtS ¡OR ... "" 

llSS¡CHM ~ENO ;, o 
10•T••BolSCHAR M< M ENABlE "" 01 • 1> 7 SlfS CHAR 
lt • h!61T5Co<AR 

-------- ---

'" 
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o<J.lNCliON 

INITIALIZE 

!OlE MODE 

DA.TA TRANSFER ANO 
{RROA MONTTORING 

.'.'LNAToON 

HPICAL PIIQc:;RAM STEPS 

---·-

ASVO.C.,~ONOUS "OOE. PARIT"Y MOR"ATOO~ StOP B"S 
IN'0~MAHON ClOO< AATE '~'OII"'AIION ... 

WAl RECEI 1E ENJ.llcE. A<liO !NA BUS. A! CENE C><AAACUII 
I.ENGr~ 

AtOUEST TO ~~J. Tf'U~S'"' E~A8i.E. T~A' 5"01 
(;><AqM;TERCf~GTM OAIA l(ll.,.,"lAEAO< 

Wlll 111•~5-"" oNt(IIII~PI E',•Bc.E. SfAIUS •" EC:S VEC IC~ 
'~"llq,JFT O~ Au.IIErEN< C"A~ACt(~S CI~•D<< \",A" 
II~AOY FU..CT.ON E<lfiiNA, o, T[IIIIUPT fNA8lE 

IF ~ C~·~~CTf~ /S ~lCCIVEO 
o TRANSrER O.Uo CMAO.ACTER TD CPU 
o '-"'OA TE O>Oi"TlR5 '"0 PoRAM~T ERS 
o O.H\IRN F"O<' I~TER~~Pl 

IF rRHS..,IrTER B(:FfEA IS EMPTr 
o T~A~SFER CATA CMARACTER TO S•O 
o lJPOATE ~·~'E AS o NO PAR'"''! RS 
o RETlJAN FACM •~T(AR.;PT 

" E> TI~N•( STA !liS CKONOES 
, TRONSFEA ARO TO CPU 
o PERFOO.M ERROR AOUTINES¡oNCllJOE UREA< O[l!CTION¡ 
o RETURN FRO'-' oNTOMUPT 

¡F SPfCIAt RECOIVE CONfO¡T<QI< OCCURS 
o TAO~SFER ARo TOCPlJ 
o DO SOfCIOl f "RCRi[ G FR<''I'or, f:AHORI AOlJHNE 
o Ro:TURN f0.0M ONTE~RlJPT 

.. ' 

" 

COMMENTS 

~ • .., •.• ~ ..... -~=~ ···~ .·- ,._ 
•>od AUIO Eo.:li<S "" <'a:>e :_;-,. 
m.n<ll d ffi os ac:o.-. • ..., fle<O··•" 
OC5 ,. K>o.-e, 

r,.~'"'''""'"~ .,.,,.,.,,. ~.-,,. ,_. 
''""'"" ~ ··-~n•' "'''' .. :t :,-..:-_.e., •·-••u•"' ,, .. o!Ts ::Q "<: ~ 
aoo d~l«'> '"" <;··- :• ••~-··· e• -· •. 
"'~=• v.,.,,,. '"c-.• ,., •. " """ 

T,.. da,. b>'a """" e• '""'''''"· 
ooanomol '"'"""1''5 ~•1 ooc .... 

Po"'Ya<n ;, waM") '<>< ao '"'"" -~: o'" 
toe s.o. 

Whon lho lnro,uPi occ""· tM ,~,.""'" 
•..:<or ls moc,Toed Oy 1. A;co"• :· •·· 
octor A•oi110'•· 2 ''" •m•t ~•"'e· C- ,. 
Ty, 3 Eoio·o-''S,.1u> <Mo~•. eoC ' 
Spocoal R~COI>O <Ondoloc~ 

PrOg<l"' con1ro. '' I~An•!o•red 10 cr• o! 
!he o';¡~t •~10"YPI '"''''" rCJ!IMS 

H y'ed "''1h p•<><e<'O•s o:-·o• :1' lO " 'C·O 

Th~ m<>o.Jd od 1' • '" rrup1 ' e""' 1 '1 i' '1 ; • ·<" • ' 
bol oeMned !O 100 CPU~~ 1e•ln1ecr"o: '•o 
~"""'lodge "·quen<o 

Wne~ tran<m•1 or '""'"'" ~.,. ¡·,,-, .. ,, ,, 
«""P'"'" 

In Toa•·.smll, 1ho ~~~ Sc·ol sl,<ll-' < ) 
COtoS)IOOS"""'"" 10 (U"''~Ic•IP ,_/ 
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Synchronous Operation 112 

Mt'f<>re d,·,uibing l)n"hr!1nom <ran<mi•>inn and r~cep· 
.on. the tht<< l)f'<l of <har•crer '¡nchroninlion

,\lci!\O•) nc, lli•) nc and E' 1< r nal S: nc -require •ome U· 
plonarion. The.e mod" u<r thc x 1 doc• for borh 
Tran"nit and Rec.i~t· <>r<ralloM ll.1t,1 Íl '-'mrled nn 
1h~ risin~ ~.J~c of rhe Rrc,•i•c (lr>d. inrut <R•CJ. Trans
rnin<r óra "~n,iric>r.l ocour on the falling eJ~e of rhc 
Trammu Cl<'d inpur ,r;c,, 

Thc diffcr<nc~• ber"ccn :-lonoS>nc. Bi!¡nc and E•· 
terna! S) nc ~•• in the rr.Jnn<r in "hi.h inirial c~.ara<ler 
s¡ncllrc>nÍ!Olion " achÍOIOd. The mod< of oporatron 
mu<1 be ><ke~cd ~efore l}nc chara<:l<" are lr>ad•d. 
be,·au« rhe regis«r< are u<ed diff<rcnll) in the <ari<'uS 
ml>dn, Fi~ure 7 ,c.owothe fNmals for atlthr<e of rhe1e 
s¡nchrnnou> m"de'-

.\ltonu•~nc. In a Recio-o orcrallon. 111Jich1ng a <ingle 
''"' charo~lor (S-b11 ""' mod<i ""h <he programm<d 
'l nc ct;;o '~"'"' "o red in " R' imrll« char "" er 1) nchro
ni•alian ;,nd en .. bl.s data "an<fcr. 

Ri''"'· \l.llc~ing 1"0 Nnli;uou; 1;nc characte" 
(l~-~i1 "'" rn<'dc) "Íih lh< pro~ramrncd <;no charac
'"" ;tor;·d in 1\ Rl· anJ ""' i1n~lw char.1<1or 5\11doroni· 
.-at"><>n. In ~<•lh <he \1''""''"' .. ~d s·,;n,· rn<>J«. sH<C" 
;, u•ed ~' an output. •nd ;, "''''" for lh< ran of the 

«ÍH clc>d that del<«< th< <;no characler. 

) 
F:.rorul S: oc. 1 n 1 hi< mnde. ch.,actei ')O<htoni :J<ion 
;, <ll¡bfi,hed «l<tnally; Sl.~o.; ;, an input :hat indi,·aoe, 
<"<rnal ~hataCiet <;n.:hroni,otic>n ha, beon ,.hie<<d. 
Af<<r lh< •;nc r-a11crn ;, rielec"d. <he c\lcrn•l log1c 
mu« ""il rur l«o full Re.:ri•• Clock qcl<' lo·'"'""" 
lhc ~input. fhe S\ '1" ini'LLI rnu<l ~< hold Lo m un1il 
charact« s;nchrnmnlion ;, ¡,,.,_ Characoer "'"··uiOI; 
begin• on the ri,ing ed~e nf iiT<' lhat prncdes ¡h' [2!lin~ 
<"<lg• of s--GC. 

In all '~"' afl~r a re-el. 1h< '""'"" ¡, in lh< llunt 
pha". during "hich !h< ZSO·SIO lods lor ,haróCI<r 
<)n<hronil31ion. Tho hum can b~gin onl) "h<n <h~ 

r<.;ei•er i< on;obkd, and data :ransler can ~·~'" <'d~ 
~<hen c~arae~er <)nohroni~ali<'n h< bren achi<••d. lf 
char>cter <¡u.-hwnila<i(ln is lo•<. lhe Hu~t pCO<< car. b< 
f<·<OI<'<<d b) '-'JIIing a .tlOIJOI "<'Jd "l<h 1h~ ['nlcr 
Hum Pha<< bil .<<L (" Rl. IJ;). In 1he Tran•milnwde. Lhe 
1rar:smi11er 3l~<a<"< •end< IIJ<• rro~rannneJ nu1n~er (1( 

s)n< bi" (Sor 16). In :he 'lnlln>;n' mnde, <he'""'· 
mili« ~ran<miu from \\R~; th< r<cei<er rom;>4:« 
agaiml "Rl. 

In lhe ,\lon<'>)OC. ll"<n,· and [,wnal S.'"'""'~·:;. 
a«embl¡ of re< o« ed Jo:" '""'''""•'> un"l :.'.e /'1'·~1:1 " 
re<et. or umillh< '"'"'«' ;, di<"bl<d ¡bv ,·,·nJ:: .. ,od .o; 
b) OCo in lhe Auto Enable' moM¡. N un!llll•< (PI ' .) 
lh< En<er Hum Pha>< hH. -' 

MI!SAt¡ Fl~\1' -------
·- •• 

~ ...... ···:-;"· ·1-·-: .. J 
,•c_ ____ "L------~1'-----~"------'"'-'· ' 

._., ~ 

,_·_·_:::_ .. _·_·_.., •• __ .. _::_:;_ .. _._cl. ____ ~;" 1--,~-~.b.~ . ' 

" 

" 

•• <•••'"" 
" 

'" 



113 
Af1rr in11i.d '""'"~nil"ll(•r. h.- br<n achor>cd, the 

<•r>«·•:i0n uf 1l•< \l~o~'~""· lli<)nc and ¡:,,crr.al S.'nt 
'""~"" <;ui~e <irnilar. ,\n) doff,·r,nC<' 41< <pe.·ified in 
olle f"II<'\IÍIIg T<>l. 

T3ble 4 <hc111' ho~ ~ ~J, "~· dOd "• 1 ar< u••d in 
ochronou< t<<<Íie and 11~n1mi1 op~r;olions. ~~O 

roints 10 o:hrr «·si.re" and ;.,ues •arÍOt!< cornmand<, 
"•1 define< ¡he ír.1errupt mode<, 1101 <10«< 1he inler
fllpt ""''"'· and ""f and \IRl "ore >)OC charac'l""· 
fJOle S illu<rratcl lhe l)pi.:al pa>~ram \lcp< thJI imple· 
menr a half-duple• Bi<}nC aan1mn operaliOn. 

Sym:hronous Tr:msmit 

1."1 fiAUZ.·\ 110-. 

The >) <Lo m rr.,grM, m mi ini1 i.1li re rhe tran>mitter with 
rhe foll<>"ins r~rame:er<: odd or e-.n parit)'. "'l dock 
mode, 8· or l6·bil ""' char•ctor(<), <'~C pol•nomi31, 
Tr.n<milter Enal'>le<, Requ"' fo Scnd. Dara Te¡n1lnal 
Rcadv, tnlerrupl modos •nd trammil .:h."''''"' lcngth. 
" R< par o m<\<" 1'11 u<\ be 't~>Ued b t[ oro " "'· " " '· " a¡, 
\IR' ~nd "k' p>rJmcter< or commandl. 

One of '"o poi~ no m ia!,-c •e·,; (.\ 1• • .\ 1 ~ T '\; ~ 1) 
"' 5UI e (X " , X" t X.< t 1) -m a~· be '"cd '"' h <} n· 
chronou, nwJ«. In cnhcr <a>< (>Dll' m•>de nol 
dcCI•·d), 1hc (kC renerator and chcc~or •ro ••••• 10 al! 

• 

In •he rran;mit initi.11iLation 1"'""""· rhc cae 
r"'"' ¡, inili.111lcd h)' •clling thc Rc•cl Transmit 
Gtn.ralor <Ommand bil> t"•OJ, Both rhe 1""'' 

miller ~nd the <«<i'<" u1e the <ame pOI)nomi31. 

Tran<mi¡ Jnterrupt Enable or 1\'aiiiReady Enablc 

11117 IIIT O '". 
00 = ~·~BiTS C.~A.R 
10 • ~. ~ 81!S C~A~ AUTO. 

""' 01 • ~- 'BHS CHA~ [~'-'JLES 
11o .... 881ISCHAA 

BIT. 

E~TE~ 

><UNT 

o.IODE 

C" n be .~elecl •·d lo·"""' f.r 1 he data. Thc E" n nal!<.,tu< 
intcrru~l modc ;, u<ed 10 monilo< lhe "atu< of 1hc 
nEu JO ~f"O inpur a1 "'11 "' the Tra~'m" L'nd<r· 
run/EOM laith. Op1ionally, thc Aulo Ecat>lc< fcaturc 
<O n ~e u •cd lO en o ble !he 1 ra tl<mÍIICf " hc·n 0s 1< '"'''"· 

The fim data """'fcr 10 lhe %W-SIO ~•n ho•in 11hcn 
thc F.'ternal!Stalu< in1errupt oc,ur< (en <tal~< bit <<1) 
or immcdialely foll<>"ing tho Tran<mir Er.able corn· 
mond (if th< Aulo En,ble< rnodos ¡, '<1). 

Tran<mil dar a is hdd mor~ins •frer '"'" or if •h• 
lran•miucr Í< n<>l cnab!ed. Boca~ ma~ bc >'<'g<ammc<l 
10 gcnerate a <pacin~ linc tbl bes in< a~ ;oon., rho Send 
BreaK blt i• '"1. \\'ilh lh<lran>mtrte< full) innialitod and 
cnablcd, th• defaulr condilion ¡, conti~uou, tran•m"· 
sion of rho 8· or 16-bir <}n< choracter. 

In lhis pha,c, there are ""eral com~in~rio~< of \nl<r· 
rup11 and WaiiiReady. 

D••• Tr•n;for l.',ing lnt<·r<LOP"· Jf the rra~'rn" Jn1cr· 
rup1 Er.able bir (11'"1, D1l ;,><1, "" inlerrnr: ¡, ü':1e.'aled 
ca oh rime lh< Ira n<núl bu!¡., i:o<:co:11<; e::l;>l; . ·rho Ínlcr · 
rupl oan be <3ti•fie<! ci1hcr b) "":in~ ""mJ,e: dtar.tcrt: 
inro •he uan"11111er oo ~) '"··•ITin> 1l1e l·cc,,ni::cr Ir.· 
tcrrupl Pendin~ brch ,,,1.1 ,, Re,<l lr.l.O"''"'" l'c:ldinr 
<.'Ommand 1" •o. nml 1 1 f l h• inlcr ru;1! " '~';,:O col '"' :. 
lhis command dn<:! ncnhin~ m<><c " '"'ir:on ;n:o r!".c 
lrar.<min~r. thore C¿n be no furthor framnoit :luficr 
F.mpl)' 1"'-<frupl>, becau'< it ;, rhe ;1rnce" of ot.c buffec 
bewnoing cmpl y r hat <.o ll ,,., t he in1 "' r <l¡>l' a "d 1 h' !no f. 
fer cannot beoomc e.npl' """"" Ll ;, alr<•J; •'11Di''· n,;, 
<Íiu~liOn doc• cau,e a Tran<ml[ Underrun c{lmlirinn, 
"'hich is .-plained in thc "Bi<~r.< Tran•mn ¡;,,dcrrun" 
<eclion. 

BIT 3 BIT 1 911 ' a.r o 

s .... c 
""c~c C><Ak " >NABLE o LD•O E•.<BLE 

,N,.•an 

oo • e en 5'"' c ... ~ ... o 

... 
o 01 •16-BlTSY~CCHA~ 

10 • SOIC o.<OOE 
11 • E' T SYNC MOOE 

oo. r. ~BITS ID" 
LESSJC>t.O.A 

10 •1•6BII5CHAA 
01 • r. 1 Bll$•C.._." 
1!•1.881TSCHAA 

Sf"O 
BHEM 

" 

o o [VE" 00o fAR,!V 

SELfC15 SYNC ~MliTY >NASL E 
MOOES 

"" 
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lh¡.·T,"n'fL·r l'•in¡: "'"'-'RHI>\. To !h~ CPU, the 
a~¡¡,¡¡ie>n of V.A11 indico>!.- th.11 :he 1;~0-SIO ;, no1 
rcady to ac·;:cpo d".o and lhal th< CPl' mu'l ••~<nd ¡he 
o•nr''' ,_,de. fa a OllA conlrolkr, kL.Ul\' indica• es lhat 

e ¡ran•mil t>llffor ;, .empl) ~nd lhJt lhe Z80-SIO" 
,•,dy 10 acrcpl lh< nc\1 J01.1 chdracler. 1f ¡he rlJia 
ch~r .. cocr i~ nl>tloodcd in10 thc Lhll-510 b1· 1he timo Lhe 
uansmit ,n,¡¡ regiloer is emp<y, o he Z80-SIO cnws th< 
Tran,mit Underrun condition. 

DI•) OC Tran•mit l:ndrrtun. In Hi"nc prOt<>eol, filler 
chara(1crs are imer<cd 10 rr.aimain I}DthroniiJtion 
"hcn 1hc t'ran,miner has no dala 10 '""d (Tran.mn 
L'nJerrun condition). Thc ZSO-SIO has '"" program· 
mal-le o¡>tic•ns for •oh in& 1his \iluation: it Can in;erl 
''"' ,hara<l<rs, or it can ;end 1he (R( charac1ers gener
alfd 10 far. follo"ed l;>Y S)ne charac1e". 

rhe<e op1ions a1e ~ndcr 1he control of 1he Re1<i 
Tran•mil l'nJorr~n 1<0'1 comrnand in " RO. follo" in~ a 
chip or chonnc] re-el, 1he Trammil Undellun/HJ\.1 
$latus bit (KRO. o6) i• in a •ct condiuon and allow• the 
in<enion of <;nc characle" "hcn thcrc i< no data LO 

>end, CRC il not calc~lated on the aulomoticall) in1erted 
sync charM!e". \\'hcn lhc t'PU d<I~CIS the end of me•
•age, a Ro•ct Tr~~•mit Undcrrun/EO'I corr.mand «•n be 
iS<~cd. Thi< allo,., CRC tO be l<nl "hcn the tr~n•miuer 
ha, no data. In 1hi• case, thc Zh0-510 •end1 c•c. 
follo~<ed b) 'l"" ,-haracter•. 10 termi~••• •he m«•a~c. 

a There Ís no te<triCtion a< to "'hcn in thc lll<I<'~C 1he 
Trammi• UndcrrunhU'I bit <ean be re•et. lf Re•et ;, 
;,.oed after the firSt data <:har.cler ha< b<<n loadcd 1he 
16-bi• c~c is «ni and folll""<d by sym: ch;uaclers the 
f>rs\ 1ime the tran<miuer has no data 10 ••nd. ~cau>c of 
!he Tran•mit Under~~n condnion, an E\lernal!Siatus 
interrupt is generotcd "hcne•·er the Trammit Under
r~n/EO'l bir t>ecome• "'· 

• 

In ¡he'"'" of ,,·nc in,crtion, an imerrupt is gcnerale<Í 
only afler the fir" automalica]]y imcrted sync charocler 
has becn loaded. Thc "alus indicales thc Tr~mmit 
Underrun/t0'\.1 b11 and ¡he Trammi• Buffer Emply b11 
are \CI. 

In ¡he ca <e of CRC inscnion, 1h<> Tran•mi• Undcrrun/ 
EOM bit;, <el and theTran~mir Buff<r Em~t) bll ¡, reset 
"hile nc.i• bcing st·nt. Whcn CRC h" be en cornpleiely 
. <ent, lheTramm¡¡ Buffer Empt) >latul b11 is ,., a!ld an 
inl errupl is gcncrated 1 o indi<:JI< 10 1 he CPl' 1 hai ann~hcr 

"'""•~• can be~in (lhi• intcrrupt oc.;urS he,·ame e oc 
has l;lren ,.111 and •>n< ha• bccn l~ade-d). lf no more 
me,.ages are 10 be sen\, 1he pr~~ram can termina•• 
transmission by reselling • r~. and d"ab!ing thc 
\ransmiucr (" R!, o¡). 

Pad .-t.ar"CI<r; JTl.i)' l•< ""'by •crtrng 1he Z80-SI0to 
S bi"""""m'l eh"''"" and """"S H 10 lhc uammi•· 
lcr "hile c"RC ;, t>..·i.~~ _,en t. .\lo.·rr\01" el), the s)nc char
a<le" c·an be l<dcfln<'d as ¡>aJ ch~r•Cle" during rhil 
1irnc. The follo" in~ «aniple is indude.rlo •larof~ ,n,. 
p<1in1. 

" 

.L.1 ~· 

Tn~ 1110 510 inW<uPI< wolh the l•~">mol Se~~~· ~mpr' OH 
••'-
Tno CO\I oocogn""' thal lho '•" '"""'"' '''" o! 1he 
muo.~e h .. ~l•eady be en oen1 ro lh<l60 sro ny "'"':''"'~) 

lhe '"'"'"'' ~•ogram ""'"'-

~o lo reo IU zao 510 lo •end coe, lhO c•u "'"" '"" ~ ... , 
To~n•m•l Undt<runl•~u La1Ch commond ,.·.-:. "" '''"'' .. 
thl ontorrupt wolh lhe Resol Ttan•mu '"'-''"~' P_.,ndong 
command, ¡ThoS oommond pre•OOIS "e !eJSrO !<om re 
~unl•ng mooo O.;la¡ B~causo ol IM r·••·"""' un~wun 
••~•..., by th•< '~""''"·••d. o.ezao-soo >'•"' '"""'"9 c•c 
lne li!0-510 •••o caJsu an E•rernoi'S'"'~' "'""''"' .-.lh 
OM T<on•m" UnderruniH>'-'Ialch >OI. 

Tl>o Ci>V ••1 "loPS 1 h" 'Oierrupl by IQOOong poj Ch•••c•er• '" • 
lo lho """'mor bullor ano "'"'"Q lh« Re>el E> loo,,., S1 o tu• 
'"'"""P' co,nmond. 

Wilh lno• .. cuenCO. C•c" lotiONOd Oy. OOd cC>"Oto< oh• 
>10~0 o! • .,~o cMoa~r•'- 'lo\e '""' "< O:i~SIC .. _,,, •"'<'' 
••PI ""'"o loon•mot Bulle< En-.pl, '"'•»,;r ~·,n ''" •• 
com~te:i<t •ent •"~ tn>! '"",.o <~•·•==., •> \o.~•" .nro 
lho !<ln•m't >MI!~~'"-"'-

F'om '"" ooonl on the C'" cae.'""" rno,. ;o.~ cha<•<lo•' or 

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

llr>•nc CMC C.tofr>liun. Setring :h~ Trar.•mu ('( 
ena~le l:>it (" ~5. Dul lnilialc' f'W( ~c•urnoiJtÍD\1 "hen 
the program "-~és the ¡;,., ~1:~ .~.'~'""' "' :he 
ZW-SIO .. -'.hhough :~o Z'O-SIO aoo<'lnali<:.ll; "·'~'· 
mits up lo '" o 1) ne -~~'a""' 1 l t ( .. h11 'l n<). o: ;, '' ¡,o "' 
'end a f~" mM<"~' chor•CI<rl .rh,-"d of tk me·"·'~" 
(before ~uabling Tron,mn c•cl "' er"uro ,,nch,t•n:.'·'· 
rion ot ih< rece11in¡; end. ) 

Thc trort•mit CRC E;:ablc b!l can~< 'hangcJ ~c. :he 
ny <tny lime in 1he me,,age Ío indud• cr ''duJe ~;.u· 
ticulaf da!a chara<:tor frnm c•c J;rumu'ativn_ lO;c 
Transmit coc E~•bk bn 1hould be in <h< '~''"d >~>!< 
when the da1a character " load«! fwm 1hc "~'""'i1 
dala buffer inlo the tran•mit •hifl f'gi.,er. To "'·'"" 
lhi• bit is in tho rrop~r """· thc Tran1m11 e"' Ena~ic 
bil mt"l be i"ucd hefore <endlng rhe ~Jia ch"rJctor tn 
1he ZBO·S!O. 

Tr~nsmit Tran'p~rrnt .\l<>d<. Tr3nsr~rcnt roodc (Bi· 
'ync prowcol) Of'<':a:ion ;, madepo.,ible b• •he abi'i:~ 
10 chan~e Trln<mH c"c Ena~le on the n) and by the 
additional ~~pab1h:) of in•n•in¡; 16-bit 'l nc .:hara"" '
E,dusion of OlE <:h•r>ctcrs from c~c cakulati!"n ,-,,n 
be •chic,.d b) dr>a~ling CRC cakulalion intrn.·~i,l1c!) 

pteceding ¡he OLE <:h:<r~ctcr 11ansfor !O the Z80-SIO . 

In thr case of a Tran•mil UnJerrun conJi:i!"n in :•., 
Tran•parrm mr'<le, a pair of 0\! ~1'< <!-.,r•ct<rl Jrc 
sent. Tite i'.~O-S!O <:an 1:-c rrognmm~d 10 '<nd the ntl 
SY~ •cquence b) loadin~ a Dl~ charaCI<f inr<>" kO J"J • 
S)'OC cltaroCICI into \\ R' . .., 
T" ~1mit Tr_rm in,linn. fhe Z~(l. ~lO ¡,_ rqui I'P<d , .. _.! 
'1'• .:131 '""""" t "'n r_.,,,,. 1 h.u '"'" nr '""' ~":" "",,; r" ,. 
anJ •alidlly. lf tl1e lran•millcr ;, dis.obleJ "t"k ,, ,!JI• 
or •>nt cnor.•ct.·r ¡, being '""'· thot eh"'"""';, ,,·n• "' 
mua], but ¡, follo"eJ b)' a marl.ingline ¡Jth<r !han,--.· 
or >)<h: eh•r•.:l<r•. \\'hen 11tc """'motter is di•abie~. a 
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INrTIALIZ~ 

fOL~ MOOE 

011. TA TI1ANSFf R ii.NO 
STII.T\JS MON>TORING 

!rNATION 

. 

TVPICU PROGRAM STEPS -~--'':':":':':'"::."'------ ------
RfG•SI!R . ., -

·~ -
W~) . ., 
WRo . ., 
"'"" . ., . ., . ., 
"'"' 

.,, 

P01NTEA O 

P>.~oTY '"'0A..,ATo0N SYNC "00U I~FOA..._. ToON • 1 
CWC• "OCIE 

Sl.,US >.<FECTS VOCTOR E>T ¿R~AC INI ERRUPl E ~ ... ,E. 
TRA~SMIT MERR"Pl E~A3LE ()o l'.•oT.REAllY MOCE E,AS,E 

REOUEST TO 5,_0, TRANS~IT E~•ecE SoSVNC CRC 
TRANSM•T C~>.RACIER lE~GTH 

FIAST SV>IC HI'T[ 10 $"J 

'NHE.V ¡NTEFrFr~OT ¡WAIT ~E AO'I 0CGU~S 
o rNCLUOE. O'ECt U~< DA l< srrE FRCW C~C 
~CCUMUL'-lrO" r<" StOt 

o_ 'T~'"SCER 0A 1 ~ BYTE FROM CPU iOR ~E M<l~•t lO "'0 
o OHtcT "'0 S(T APP~JP~ .. T[ FLAG S FQ~ CQ~lROl 

c~•••cn~s '·" c•ur 
o RESEt T. C~OER"~' Evo.< LUO-ti>R~i rFLAST C><A"-'~TER 

OF "fSS.O.GE 15 ~tTEC•m 
o UPOAH POr~TtRS ""0 PJJ;A"HERS ¡CPU¡_ 
o RETURN FRO" r~TER"'-'Pl. 

lF ERROR CONOITICt< e• STATUS C~AN<lE OCCUAS 
o 'TA~NS•t~ ARO lO CPU 
o e<ECUH (~RORROUT,_E, 
o FrEIUR~ FRQ" rNICRRUPT. 

Toao'"'"'""' I>«J·o• oo~ ,,.~, C'S '' 
d01ecte<l. 

~''"'"·"' lo'e"uPl mo:o -:o"·' :00 
"''"' o• en aod ~ oc;·., ; -, " ·~ 1 
a o IN> O<Otus ol ~' U"O< • "·· OC'' '"" 
r, ... .,,., '"'~"·P'· E-•~, ---·· -·· 
"''M 10. '""'""'' :~·,. ;o:.:-;s 
em~,.,.lt-e ;•:•.; "' ;:, .-0>0<' '"- '' • •-= 
to tro'S'•r ~Ola ~•·'> ,.,.e· _,, "OC• 

T'""''"'· 

Tr,;¡norMCAC En a O: o'""-'" oe ••· ,. <" 
'"SI non sync d•t• '' •~"' 10 ,,: s.c 

!'>;oO<) '"""''' s·¡nc ,._,.,~,-• ,,, , •• :•· 
;""'•"q of """•~e- ¡, • .,., •. c~r • ·,-r, 
.n.r ... ~:e<l. 

Wa•.r.g fot '"'"''<4'' or \\a t ~ :oor ""'~" 
ro uon•lor ~•••· 

lniOHUPI OCCU'' ¡\'.'a 1 'Roadr ... 000"·<'' 

an.-e¡.,.nen ''''' d>'" o,'<'' Oo,n,; '""' 
warr "'""" •"•~• ce~ ~oo:k """''o· 
from "'""'" ryiO SrC, ~o o :. -oc< .- ; ' ' 
CMA bl~• t·an,ro· ~,....,. ·-o-C·"} ro S: 
TOe 0<'4<0 p «on o..;¡·~;-"'·--" ·o .:.10 · 
•~•• •poca• "'"""' <"•··o·oos p o•· 
•m.n.r.g ""'~" ll'e to•• ,-.a: '"""'' ,, ; .. <' 
EBCO<C o::onl«<l """"'"e·s¡_ o -.o ·"''".o: 
<~ 

h Un"'-'• "'"' ¡ ~ "' "''"""' '"' <"·' · •· ' ~ 
,.,¡ ~nCIO~un (•rnc "''""""' :-; o;; 'e"'' 
or end el rno""~" tCi'•: <6 ,_, >; 
sentt-

Pr~"""- •~ouro ~race•.-,, •e•- -. "" ,...,.....,;. 

-----------,----------,-----------·--

" 



<har,ocl<r in 1~0 hufrn nm"in> in tho buffer. H lhe 
''""''"'"''' i' Jhahi,·J "hile ••e i< hcing •<nr, 1ho 16-bil 
"~"'~'¡";"" i• .omple~eJ. ~ul 1¡nc is <cm in•oead of 
<'~C 

4 ~.\ pr,r~·r.rrrrrrr,·J bh al. i< cfb·ii<c ·"<non~< it i< "lil
'¡fn i"''' 11~<· "'""''] t<ri•t<r; ch.::'""" in 1he llan<mn 
~uffer .ond •l11f1 a·~i'l<r are !l><t. 

In ~rr rn,,J,•<, ch;r,,.:,,·,. are <cnr "ioh lhc leo" •i~nifi
,·an! bi" 11111. Thi< rr~uircs rl~hl-h,;nd ju>llfkalion of 
"""''nincd dala of lho "urd kng1h i> '"" !han <Íght 
biu. Jf lhe "'"'d knglh " fi<o hi:s or 1<«, lho srcriat 
lechnique de<cri~cd in 1hc \\'me Rcgi<l<r 3 di<cu"•on 
(ZS0-$10 Pn'¡r:.mming .retino) mu<l be u•ed for lhc 
Jala format. The soaoes of an¡ unu<<d bi11 in a dala 
charac:cr are irrcle•ant, "'"'P' "h<n in lh< F"c BiiSOr 
le" mode. 

H the E"crnal/Soaous lnl<rrupt Enablc bi1 i< let, 
tran•milrcr condi;ions >uch a< "<lartins 10 < .. nd CRC 
char>~Lien," "Siarling lo <<nd <ync ch.1r.lttcrs." and 
t"TS dodn~ing ''"" cau<e intcorup" ¡h,\1 h.t~e a uniquc 
«CIOr tf SIJIUS Affect< \'eelor ¡, <el. Tl1i' inwrupt 
mod< Jna} he tl'<d during bloc;. tramfors. 

All '"'"'"P" ma) ~. ~i<ablcd for n;>cration m a 
P<>ll<d rnode. or to ""'id in~<f!upu at inappropllatc 
oimo. durin~ oh• e'<•~• ion of a prosram. 

Synchronous Recche 

I.'OJTIA U '1. ... 1 1 o:-.; 

flre 'l'"-"' "'"~'""' iniliale< thc S¡n<hwnous Rcr<i>< 
opcrati<>n "'ilh the foil~"'"~ par~rnet<l5: <'dd or e>en 
parioy, S· or 16-bil "'"' characle15, ~ 1 clocl ntodc, 
CAC" pol;nomial, rccei•e charocoer len¡_lh, cte. S¡nc 
characoe" rnu<l ~< lnaded in lo regi<ter< "R6 and "Rr. 
Thc r<e<Í•<rs can bc enabled onl¡ af¡cr all reroi;c pa. 
r~nt<lcr; ore'''· "R' raromc_l<rs mu<l ~. i>'ued befot< 
w R 1, v. ~ '· \\' R ~, " Ro and v. R' par •mel<l5 or commands. 

A ftcr ohis i< done, o he,.,,,,,, is in th< Hunl rhasc. lt 
rcmaim in t~is pha<e until charaCicr s;nchroni1o1ion is 
ochie,cd. :O.:ooc that. undcr protram control. all tho 
lcading l)nC <"hara<ler> of lhe o.;,,~gc C.ln ~e tnhtblted 
from looding 1hc re,·ei•e buffers br <ctling 1hc Sync 
Chara<l<r l~ad lnhibtl b11 in v. ~J. 

ll.~TA 'fi.C \':-,H:R A.\[1 Sr A-l L'S MO\ITORI:-o·G 

• 
r ch~r.r.:ld "n.:hroni<ation is a<hi<,<d, lh< dS· 

bled <h~r.t.:t,,. "'" tramf~ttcd 10 thc rc<ei•< d~t~ 
1 1'0. The fo!lo"ing h>ur inlerrUpl mod<> ~re a•~ilable 
lo tr•n•fcr oho d•la and ;, ~,..,,¡.,,cd l!atu• to ohe~YU. 

.'O o lnt<rrupll f.n>hl,·d. Thi• mndc i< u•ed for a purol}' 
po!kd op,·r,¡li"n 01 for off.linc <:onditi<>nl. 

116 • 
fn!¡·rrupl On fir" Ch.r•<ttr OniJ. Thi• m,,do ;, norm
all}' med 10 ;tdtl a rnllin% loopor" HI~:O Tran,fcr in· 
<truco ion u<ing v. '" •E \D~ lo "n<:hr.>niJO thc c-ru ot 
lhe 0\1~ dcvice to lhc incoming dal• ra1e. In thi' mo·•-.., 
lhe ZS(l.SIO ÍOI<f!U¡>I< on :he r,, .;har.,(l<r ,n.J the. ) 
afocr inl<ttupiS <>nlc ,r S~ccial R<cci>< ,·ot><lrli<"" ·"•-' 
dcocctcd, Tiro mrxk ;, feinioi~li1<d "ith o he rn,~k ln
l<llupl On 1\'nt Rcc<'Í>< Ch.rr8nor <'''"'"'""d 1('1 allc"' 
the """ chata,"tor rccoi<rd lO grncralc •n ir.lc,upt. 
Porioy erro" du not ,·•u« inwn•r" ÍJJ olns n10<lc, bul 
End 01 Framo (>DI e mode) and R«<¡,, O'""~" <lo. 

JI E\lcrnai/StaiUI into<ruplS arc ena~lrd, lh<} may 
in~errupl any limo OCo chon~e' Statc. 

lnlt·rrupt On E>er• Cbr•<l<r, 1\'!,<nc><r a c~t,actcr 
cnters lh< rccci•c buffn, an interrupo i, E•~cratcd_ 

Ettor and Spccial Rec•i'e conduion< ~<n,·rJI< a •recial 
'<CIOr if StotUI Affe.:" \'ector il «I«:!Cd, Op:i<'<'~ll~·. a 
Par u;· Error may be dircc1cd no1 tO ~en"a" :h• >r•<•al 
ini<IIUpt I<CtOr. 

Speciol R<«i'< C.·ndHion lnlerrupt<. fhe Sp<ei.ll 
ReccÍ<( Condllion 1ntertup1 can"''"' nnl< if cnhcr :he 
Re,•ei'< ln¡errupt On Fir<t Ch~ra.:tcr Onl) <:>r b1c:rup: 
On E>er~' Rccci•e Cl;d:.o:er :nodo\ i• o'•o ><:. rhc 
Special Ro«~>< lc-nC:>itJ~ ir.l<tt<•PI i' <At;•cd '2' o~e 

RoceiH Ol<rrun c"Or <'On<:!i:ion. Sin.;e t.'1e ;,.''""' 
O>Oitun and Pa:n~ error ""'"' ~"' "'" l;;t<hc!_ '"• 
011 ot ""'"'-" hcn rcod- refin'l' "" ,. tr<lr tn L h<· .-~: l<'n r 
word in 1ho ro.:ei•< hJffe~ in .<~Jtli<•n 10 on¡ p,,,, ,,- ) 
0-.rrun orto" rcce11cd ""'" :hcl."l l::f!OI Rr<él c~m-. ·' 
mand. Thc<e 'IOIU> bitS CJfl <miy l•c rc<<L b¡ thc Ertor 
resct command. 

CRC Error Cher~in~ and TonnlnOiiun, ,\ O•C error 
chcd on oh< rccoi<< mr"a~c <an b< J'<'lfOrmod <'na por 
charaCI<r ba•is under ¡>ro~ram c0n11ol. The Rocet<e 
CMC Enable bit (<1 •l. o,¡ must ~· >Ciirc>ot b' ;he rr<'
gram ~rore lhc ""' ct.aracoor is ttan,fcrrcd frc1on 1hc 
recei>e sh1f1 rcgi<tcr into the recci<< t>uff<r regi<ler. Tlm 
<mures pmpcr inclusion or .-du>i<tn of dala chor.c!Cr; 
in the c•c ched •. 

To .illo" 1hc CPl' ample lime lo en.1hlc or Ji<.~le 1he 
C~C cht<"k o~ a part,.·u:ar charae~cr. :hcliiJ.<;IO c·al.:u
lotcs c~c cight bu trm« a flor th< ch .. r:.Cier has 'c«n 
1tande11<d 10 ohe recciH buffer. Jf nc i< onableJ 
bofore 1he ne.t <~.ractcr is lrAn>fcrred, COC ¡, cakc
latcd on lh< Uamfcrred éharoctcr. Jf ""' i< Ji•"hkd 
bcfnre the 1ime nf the nc\i lran,fcr, ,·al<ulation prO· 
ccod1 on o he "ord in progro«. bLt1 ll1c "~'j JLl<l "-•m
fcrrcd to ""' bu ff or " nCtt indu.kJ. \\·l., 11 !IJC"' r<~uir e· 
mcrm ~re <OIIIficd, the 3-b¡Te "''''",)Jo a buffer i<, "' 
<ffccl, unu;o~k rlt Bi>) n<" orcrdliun. ''"Cm a)' b,· fnobl
ed and di>a~led ~• man) lime_< a<""''""')' for a bJ\<rt 
caleúlalion . 

_) 
In 1 hc ,\!.>n0') nc. l!i>) ne <>nd """' 1ul S} n<' rtl<'rk'. 

the <'RC/Fr~minf E•"" l>it (~RI, nol """"in< !he .:o.n
pdiÍS<'n I<5UII <'f th< < kC ch<d.or ]6 l<i1 IÍrtlCS (.-ighi \>i!S 
dcla¡· and ri~h1 •hif" for c~c) aflcr '"• ,¡,"'""" hd>
b<cn llan;f<ll<d from'thc rrcctv< >hif1 "'~Í<!Cr to !he 
bufkr. The rt'<Uit 'hould be /ero, ifl<lic-.tlon~ .ut error-
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free """'"''"ie>n (Sol< lhar 1ho re<uh ¡,-a lid only al 
lh~ 1nd nf r•c colcLJioriorL lf the '"'"Ir i< n••nined 
hof~r• ¡hr< lione, 11 ,,,,,¡¡, •lldic:,r~< an <rrOr.J Thecom· 
~&ri<oo i• m~d• ""h e;,;:h lrdn<f<r ~nd '' <ahd C'ol; as 

,l..>n¡ ~~ thc charact<r rcm~in< in thc rocei<e llfO. 

' • follo~ ing is an e<imple of the nc ched.ing opora
' Jion .. nen four characten (A, B. e and 0) arete«i<ed 

in that order. 

e~•-~•••• A lo>ded ,ole~"""' 
C""'o<IOr B •o•ood •nlo ~"""' 

lf CAe iS di<abled t<<fore e ;, in o he buffer. C~c is nol 
calcubted on B. 

After e i, k•adcd, o he CkC/Fram1ng Error bit <ho>~s lhc 
re¡ijJ¡ of the compari•on through charact<r A. 

Afler D is in thc huffcr, the c~c Error hil 1ho"' :he 
re<ull of lh< <a:nr•ri•on 1 h rough eh• r aciN fl "heo he1 or 
uot B "a' induded iil the (OC calculatiOn<. 

Due 10 the •erial Mlul< of cae ,-,,¡¡:ulaoinn, lhe 
R<'l:eÍ>r el oc k ¡iG('o m tal c¡cle 16 rime~ (8-~il Jrla\ plus 
8·bit c~c shift) ofter o he ••<ond c~c ,-hac.>(lor b, h~en 
loadod 1nto !he n·o<i'• OLJff'T, -or 20 '''""' (thc rre,inus 
16 plus J.bit buff<r dd•; and l·b" inpu¡ dc:a¡) afror Jhe 
la<t bi!- i• al lhe R<D input." before O< ,-~kulatioJn ;, 
complete. A fa,,.r t\lernal dod can l>e ~>t<·d in10 the 
Re<ei•e Cloc~ i~pul 10 <u;-pl) 1~< I<Quired 16 e>d<'l. 
The T raP.,mil and Ro.:ei< t Data Pal h diagra m < Figur< ~) 
illumates thc ,·arious puiniS of delay in 1he <:'RC pa>h. 

The typical pro~ram ""PI 1hat <rr.r"•'"""' a haJf. 
dupli' 8J>;nc Rccei>< moJe are ,Jiu"""d in l"abl• 6. 
The compleJ< '"' of <Ommand and <Jalu> bn d<fin<'ioc.; 
ar~ explained under ··z¡;o.SIO Pro~ranrming.'' 

FUNCTJON lYPICAL PROGAMI ST~PS COMMENTS 

INITIALrz~ 

~EGiirEA 

·-... . ., ... ... 
... . ., ... .. , 

INlóHAUPl VECTOR 

POINTEA 4 

PAR" V rN•CR•-.TIO'< S"C "OOES oN>O~"'AliO~. • \ 
CI.OC~ "OOE 

POINTEA l 

5Y'IC C"~R•CTE A LO• O 1NHo8rl, RfC[rOE C>'tC E ~•Slf, 
EN TER M'J~T UOD.E AUTO fN•BtES, AOCEIVE CM'R.ClfA 
lENGT" 

WA1 sr. rus ., '~CTS ·~e• e~. "n ONAl .N ll~R~•• '-...m .e . 
qECEIVE l~f(~~UPf 0N FIRS1 C<tARAC TlR C~l Y 

" 

SrnC CMiaCie' •DM ,oto•Dol >l""pS •'' COO 
"""'"~ syn: ct,a,~C1e"; >' :l'o te> "·"·"'l 
el lt>oo '"'"sage ~ .. , ~'·••'~• e••o ... 
,.. ,....,,,... '~ """~' c•:o =~·, ··-~· ,-, 
~ "'""' ... , .... 

In ¡n,. '"'"''"" mo.:e, on~ ,. ,,. '~~. '''" 'Y"" da:a <ha·aoror •• ''""''""~d ,, :'e 
CPU All <c·::O.e~<oenl C ''" '' ,,.,¡,.,..,, 
en a OMA ""''· ho,,,., .. ~oecal r,, 
<O"O·C<m~· .. on ,,..,._,.,,., "''" on"~•·.~: 
lhe c•u S"'"' :,",,c·• ''•"tor ""'"' '" 
e~."""' B onry 
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ruucrooN 

,j¡¡¡¡4li~E 
... TINUEG) 

IOLE MOOE 

04 TA TR~~ Sr E<! ANO 
STAT\JS MCmTORIN(l 

... 
'WRJ 

TYPIC4L PI'IOGR4M STEPS 

RECE<vf E~A8LE. 5\"NC CHARACHR lOA O I~>«B>T, E~ TEA 

~vNT .. ~oE. A<ITO EN~BLE. "' SEI•r. wo•o '"''mH 

COMMENTS 

WRl rs re'""ed lo eo.O'e '"""""' ~. 
ceove CRC EnaO!e mu" be '"' aOer «· 
<e"''~ SO~"'~" characw. 

------~----~~---------

E>ECUTE ~Al T I~STRUCl>ON OA SO'-' E OTHE R PR()CRAM 

W¡,!N oNT{~~I.iP1 ON ;,~s T C><ARAC)¡~ DCCu~S. ¡¡,f CPU DDES !HE 

'""""'N(; 
o T~A~SF(PS OAU BYtE 10 CPU 
• OETfC T S A~O SE l S APPROPR:A lt; F LACS FOR CONtROL CKAR

AC!E'RS L N CPUI 
o I~CLUJE:S'E>ClUO> S O" A BYtE IN CAC Ct<EC.E:R 
o UPQAl[S POI~ r¡~:¡ ANO 01 »E~ PA~OVETEAS 
o U»BCfS -m .. 1 REACY FO~ DMA CPE •• 110N 
o E~o~"S ~1.0 CO~TPOLLE~ 
o ~E!U~NS fP0M INTi.~PUPT 

V.><!N ''''' ~0•0' 81CO"ES ACTI>E. 1><1 Ovo CCMitOHf ¡; ~Of S f'<f 
•ouo.-..~-~ 

• TPO~SFERS OAU BYtE 10 "f"ORY 
. • 1~1U<"UP1 S C"V oF o SF'EOAt Ct<AAAC!OR IS CAPTU~EO 8YT~E 

0'-'A CON!ROI.CER 
• IN!E~RUP!~ 1><¡ Cl'\l IF !HE lAS! C><A ..... CTCPOf tKE .. ESSAC.C 

oSOfl!Ct!O 

FO~ "'HSAO! tfR',rh'AfOON 11<! C"u OOfS '"! •ouO .. r"'<l 
o TR<hSfERS RRI fO l~E CPU 
• ~JS AC"-N'' RE ... Y .... ~S ASEO ON CRC ~ESIJLl 
• VPOA!ESPO~IOPS•~OPA~< .. UE"S 
o "'1UR«S F~OM o~l!MwPT 

OrSA8lfS ~ECErVE MODE 

" 

Re<e'rve mode "'el~ r~r;·,;·,,-,.., ,ro~''" 

syo:em " wa.:ng lor rc.rwupt <.n 1.·$1 
C!'>OIOOW. 

O.,nng the Hunt ""'""· the src oe·e:-' 
two con1rguous coa .. C1e•s lo e<1Gt ;h 
•rn<hronn;ren The e>~ os"ab'""" ;c., 
CM~ IT·<><'• ac.d 011 '"~"~o•.ec; ~C.Id e• o· 
act••• are L<>•slerred b) '"' C'-'' 'C"-· 
"olle< The con•·o::.- ., ,_,o o·o;·•--.o 
10 oaprure s;oecn: cn,·ao"'' rOr <,.-, 
.,,ng ooly IM t>'> 1~a1 ';e:'y <>C• or 
EBCDIC cco!lol c•,a••:c•·SJ "': ,•,:e···~:c 
lhe CPU l.O<>n dele<O ~n Ir. '<i;>W">e 
lhe c~v ••ac,,n•• :•o ''""'' o• "'"''0' 
chac.c~<<S ano"'~' a:e"P'·•=• •~ oc. 
(o g c~c E, •• ,.. up,::.a:e¡ 

The S>O octo<r"~" t•e CPU •o• "'"' ) 
<lr!o<w'l." •nd :!'• eoror r~••--~ ""''' ~ 

"'""'m"'"''"'" "'~•·• """ •. ,.., ,-~ '""'· •"" ••~••:s "~o;~·~"""-

' -.j 





sntc (HDI.C) Opcration 
,---------

The Z.~0-510 1< '"P·lble of bndlin~ holh High-le>ol 
S}·n.:h,.,nou~ D~;a Link C••ntrollf-IDI (¡and JB~l S}n· 
thronous Dd;a Linl Comrol 1>DtC¡ proto.oh_ 1~ lh< 
follo .. íng 1<\1, onl) ~DIC i< t<f<,.<d 10 hccause of !he 
hÍEh de~tee ofsimilarÍI~ h<l"•·c•n SOL( and HDLC. 

The SOl e mode ;, con<idcrahh d,ffcrenl than S)n· 
,·hron<'us B1"n< r••""'·ol ho,·ome it is bit oricnled 
talhei lhan character oricnt<d and, lh<t<for<. can n31u· 
ralh handlc tr~n•parcnt ur~r~lion. Bil cri<nlalion 
r..3ics ~L>IC a no\i~l< ~''"'"""'in 1<rms of mo.,ag< 
l<n~l h duJ b<i ranot ns. Th< ZSO- ~lO ha< •<> eral buill-in 
fealur,•s lo h:md\e '·'""ble m"''"B" Jong1h. D<~oil<d •n· 
formoti~n CC'ncerninB 'DI<' ptOI<',·ol can ho found in 
lil<ralur< pLJbE;hcd on lhÍ< ;uh¡ect, <uch OS IB\1 do¡;u
m<nl G,\27-3093. 

Th< 'DLC m<>'ag<. call-.1 th< frame (f"isurc 8). is 
or<n<d and clo<<d b• na~' 1ha1 ar< ;imilar lo the ')o< 
c~ar.crtrs in B";nr protnrol. Tne ZS0-510 hJn~lcs th< 
tran,rni«ic>n .1nd ro,-ugnill<>n ~r rh< nag eh"'"''''" •ha< 
rn~r~ rhc• b<·ginn;ng ~n~ c·n<l of 1h< fr~me. :-.rore 1!-.at 1he 
%~{l-SIO c.m rccwc· ;harcd·l<'ro nJ;.I, bur .-nnol lran•
mil rh•m. The >-bll Jddrc.l fir\d of an SDI' fr~mc.-on· 
r~i "' rh< <et'Jlnd~r;- •: ation ~dJre«. Th< ZSO·SIO ha. a n 
,.\ddr•·•• S<.lr,Ch llu'Jethal r.•co,-núc; lhc '~rondar; <la
,¡,,n addrc" <o 11 can"'''~'' or r<JfCI rht fr~me. 

·~'"'' lh< •<>n•rOI flc·ld of rile "-'1 e fr>me i; rranspar· 
"111111!!1'·, 10 rhe D--0-SIO, rl i< >Ín>rl" lrcimfcned 10 thc CPU. 

Thc ZMI-SIO h•n~lcs lh< fr.rmc Ch<e~ -.qucn« •n a 
manntr rhar ;irnpMi« th< pr~pam b.• Ín>orporalin~ 

ftalure' <uCh a<inr:iJiillhS lh< CRC ~cncra10r lo al! J 's, 
re•euing ¡he en rh<cl.<r uhen th< oronins nag ¡, 
dcr.rl<."d in lhc Rccei« m<>d<, "nd .end1n~ the Fram< 
Chc;~'FI~~ •cquencc m 1he Tran1mrt modc. Controller 
ha")~ are is ,¡,._._,¡¡¡,.J b; ~utonuric z<ro msenion Jnd 
Jde1ion lo~ie c.mtained in thtlW-SIO. 

Table 7 <he"' the conrent< ol" R;. ""' and "R~ dur
in~ SflLC' Re.:~i•e and Tr~n<mi1 modes. \\RO pain" 10 
Nh<r tc¡;ÍSII'r< and ;,,.,., •ariau< cornm•nd;. "RI 
ddin~s lh< Íllh'ffl!QI !llcJcs: "":>[Ores the irMrrupt 
'<'ctOL "W' •lor<l 1he lla~ rh,nacter and u R' rhe «c
o,dary .<<.id re<s. 

' ··-
·+· 

-
··-· ·~""' .... 
'"'"" 

.... ..... 

SDLC Transmil 

1.\IHAUZAIJQ.'<,' 

Li~e S¡nohronO"I <'P<ration, the SDI e Te:'"'' ;i; mL•je 
mU<I he innioliltd "llh lhc lollo .. ing p.,r.m,;<e,- <:>1 (' 

mode, SDLC pol)nomial, Requ<<l To -~<nd. 0~: 4 hr
minal Ready, tran,mil c~ar;ocler Jenrth, "~~-=~·• inw
rupt mode. (or 11'4!1/Read¡· fun<IÍM), Tro~·mÍI Fn: 
abk. AUIO Enahl<> and E\lcrnai/Sialul inltrrU~l. 

Seleoling ¡he >1>1 C mod< •nd tllc )DIC ~ol~n~ 1 ~.ial 
cnablcJ 1he 7.80-SJO lo lnnialrt< rh< nc Cocn.>:aror 10 
all J 's. Thi• il •<Comrli;hed b; i«u:ng the Re•e: 
Transrnil CRC G,·ncralor <ommand '""O'- ~cfer :p :~e 
S;nchrcncu< Orcration •ec1ion foo more dct~rh on :~, 
in¡errupl modcl. 

Afler re<el. 01 "h<n lhe rran<rrr'rrrcr i1 ""' ,-_oJblo~. 
lh" Trammll D.n., ~u:pu1 is h01d n>orlin~. H:n\ r;";J) 

ht programmed IQ ~<n<rale a 1p,1<in~ lino. -,\'>;11 :l',• 
rran\mJIIcr full) ir.11i~lir"" and en.,~Jed. con:i~U•'"' 
nag< are lr;on;rnillcd on t.'Je r:amrnil 11a•• ··~•~m-

An ab-ort <C~ti<'IICr rnay ~.;<ni b; i<'llln~ ¡;,, '<od 
AbOrl c0111manJ i\1 ~o. Cltr(¡. fhi; '"'""' "' lc·o<t ">"'· 
bul le" !han fourro<n. ¡·S'"~, •en1 ,o, rore th' ''"' 
ro>erl! 10 contlnt~ou; nags. lt '' po•>iblc r•:a; :0< --\~•':: 
<equencc (ci~hl 1 '1) et>uiJ f<>il<'"' up lo ii<< c,,.;::n~:t•' : 
biiS (allo"<d b¡ th< ""' ir.><rtion logicJ.md :•~- :a o•< 
up lO lhiflttn J's lo he <enl. An.> dala bein~ 1ra~·~11110~ 
a nd any data in 1 he 1 ran,mit buffer i> lo11 "h•n a" • o~" 
Í< Í"U<d. 

\\'hrn r<~uirrd, an '""'O;, ~UI<>n;.,ric~ll) """l<d 
><hen lh<re are r;,, eon1i~uou• ¡·, 1n 1h< ~ara "'<~m. 
Thi• do<> not appl¡ 10 nag, or aboru. 

Thcre are "'"'"' .-omhinalions of inro:rurrs a:·J :h< 
Wait/Read¡ functÍ<'n in thc SLD( m~dc. 

'" 

l. •• •• ...... ·-.. ~ .. ,.. 
' ' ' 

_,.~ .... ... --·- --·-···-
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>41 ~"!"OIJOJ ·,ld.' >41 ¡dnJJ>!Ut puu .\idU:> >WO'>..; 
UJC:iu un> J>ll)'.VlU!JI >41 '¡no 1~>• puu U>11!'" 1! 
l>1>•1~4> J>t;l<>u• U>LJ.\\ "U•J)JjpUVJ UnJJ.>pU[l IIW>UeJJ. 
! 11 t(n¡.¡J >ll_l ·51JIIJ:>!UJ »II)W;tJ'"I IJ41JnJ OU >1• 
>U41 'J>II)W,Ut·;¡ >41 0\UI U)JJIJ" $1 OIOW ~U'410U puv 
pUtW\110' >!41 41!" P>!J>IIO' >! ¡JnJI>lU! >41 JJ ·¡(Q 

'OH \\) putiUUI~J O u JPU·'d J>li!W>t: P Jl L~'·' ~ " ~ 11," 4'· 
~U!pU>d iJnJJ.>LUJ I11'!•UOJ1 l~J 0U!li'•Jl .\q l<' J~ll!ll" 

•WtJI >41 01u• ,.,,,.,..4, J.>41"u" icl!ll•> \q '·'~l!·' P·"J 
•$)1~> >..¡ i•w oJuJJJJtl! >4.i "i!<lu'·' ,;~··''·''! P;J~., J,¡: 

,_ ·-, >W\L 4>1"> J.1> 1<•' ~; ;¡ >! ',c<•.lJJ-' IU! U• ' :·'' >! 1 !~ ~J·. '"Hj :~':' 
..,.:·J>IUI I!Ul>U~1J ~·oiJJ .'•l<luJJJJC¡ ~"!•.J J"¡.:·cJl Cji"U 

n.,.T 
• 



' ,. 

\\'hctl lht f:"<'ln.IIISI."m ir.lcr"IP: ¡,<el ond "hÍic 
, ko' ;, ~ó~~~ •<ni, lhc Tfau•onu Undnruni>O'>! bit is >CI 

dtld ¡h~ 1 '""'"''' llutf,r Emr<) bit" <"•<t U> indica1e 
•h.<l lh< IIOJII•mn •r~i<IN i> full of e•-;: dala. Wheo (WC 

"¡,,..,o ,non,~kldy •enl, lhe Tr>n>mil Buffor Emply 
-·""'' ~i1 i< <tt and on jnoenupl i< ~ener<lled 10 indiea1e 
10 <h<'lPI..: 1ha1 onolher mt"3f< con begln_ Thi• inl<l· 
rupl oc<'UI< herause CRC ha• be<~''"' and lh< nag has 
1><-en lo.1ded. Jf no more me"age. aro ro be ,.m, lh• 
prn~r3itl C.O l.rminale lr3n,mi•>iOn by Je<WÍng ffi, 
•nd d•••~lin~ lhelr~n•mltl'<. 

In ¡h'c S<ll e nwde, 11 ¡, gn,rd prae~ia lo re<el lhc 
Trammil Wn<h>rrun/i ()<1 Sial m bil 1mrnediaoely afler 
1hc fint char01<1CI i; '""' lo lhe ZW-510_ 1\'hen ohe 
Tran,l1111 UnJ,·rrun ¡, de<ec<ed, <~i> ,.~,ures 1hat lh~ 

"·'"'"'.'"ion time·, f<ilrd b)' ~Re ''na•a.:•e", si' in~ the 
CPU ~"""th 1im~ 10 i,•uc the Scnd A~ort comrr.an<l. 
Thi> :'.!•o \lops !he nags from roir.g ~n theline prcma
turcl) and olircinJtcs the ro•.,btlitl of thc rreci-cr ac
cqHin~ thc f:.-mc as •alid da1a. The si¡ua:ion can hap-
1"'" 1'>~.-aU'C i: is ~ouiblc 1b1-a1 1 he re :ei• ÍIIS md-t he 
dara pattern immcdiaody prrccding 1hc au:omatic nag 
in~crtion cC'uld ma!Ch rhe CRC chcder. ~i•ing a falsc 
CRC ch<d. resuh. Thc (\lcrna!/Stat~s inon:upt is gcn
cated "h'""'"' thc rran•mio L"nJerrunHO'>t bit is '"' 
bc<au•c of !he Trammil t:nd<rmn ocndi11on. 

Th~ t r an;mi• undcrwn lo>it r••" id.s ad d•tional pro· 
I<CIÍOO 1>>10>1 r:OJLldiUfC nag imc<lion lf l~C PlOrcr 

.respon;< ¡, ,:i,cn lo thc ?.S0-510 by thc CPL' Ínlcrrupl 
·ice routinc, Thc follo"ing <<ompl• '' gi,cn 10 d~t
.his rc•im: 

-~ 

T~c Z8CS•O •••>OS an '"'"""01 ~;,,, lhe Toansrno¡ Bulle< 
Em~t> st•tus C•l ooo. 

Tht ~"' don neo •••con~ on tomo aM oau>e> • T<aoomot 
UM•""" ccndohcn. 

Tno <"" c•ontuolt, .. ,.,.., ono loan,or.ot Bulle• Empo, on· 
'"""e' "'''"a ~••• •••••<•« "'' lollews !he e oc cMtocto< 
1:><-onv """""'"""· 

Tno zeos•o ••'> tno E•wn•"S'''"' onteo•uol "'''" '"" 
T•'"'"''' Undo•tun/1ov '"'"'M >el. 

, n,, <"" <oCO~nOloo lhO Toano..,•l Un(o,ur.:'c" ""'"' •M 

doleomonn ••om ,,. "''"'"·'' o•o~oam ''""' l"at '"" onlor· 
•upt" noo loo "ond ol "'"''~• 

Tho c•u omm<O•aloly '""~' • S"nd Abon Cooom•nd ¡woo) 10 
!he l~O SIO 

rno zeo s•o ••""' "'"ADoro'"'"'"'" o, u .. uoy•ng ~""'' 
"'"' dO!• ¡e oc, ~·•• o• ll•VI" Oeong son l. 

Thi• <tquence illu\oratc> lhJl oh< CPU has a ptOI<O· 
of 22 minimum and JO mnimum uan•mio el[>(\:. 

<> 

srn.c {."NC G•n«~fi,n. The c•c ~cnct~tor "'"" h• 
roseo to ~11 1 ·, at oh e heginnin!lof ~a<h Ira me belúoc (~e 
ucumul.,ion <'Jn besin . .-\c!ual "C<umulatio~ hegins 
"hcn th< prosrJm '0!1dl !he ~ddro" ficld l<ight bn,) ") 
tho 7.~0-SIO. Allhoush the l:S0-510 auoomaticall}' 
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''~"'"'"' one flag c~ara,!er follo,.ínf lh< r,,,. "" 
Enablo, it may be~;-. 10 ,cnd a fe,. more n,r .-h.ltJ<· 
t~n "hc~d of !he mc,.ag< o o onsurc <hlta~o,•t "nc~.:~ni
uuion 11th~ rece"" in~ end.' Thi• can be d(lnc·b, ,,~..,. 
nall~ oimins out ~ftcr cnablins 1he """'"'"icr and 
beforcl<•a~Ín@ the fír11 characoer. 

The Tramm<l <"kC Enablc ("R<. Dol should he cn
abled ptior lO •ending thc addrcss f1<lú. In lhc q, e 
modc all1il< cbrac<er< hct"een :he orenins ,,.,d .-;,,.i,~ 
fl.<~S ate included in coc a<:<umul.llion, a11d 1he <'oe 
gcnerated in lh• Z80-SIO ¡ransmiuu" in•<fl<d O<fNc 
i1 is sem on thc line. 

rr.,,,;,, lermin>ll<>n. lf the lr.nsmiltor ¡, di'a~:od 
"htle a charactor "b<ing ,cm. th;it ü.aracl<t (~"'" ~' 
flag) is sen: in o he normal fa,hion. but is follo~oJ ~:- a 
matling lino tathcr th•n CRC or [l¡¡g cha:~<."l<tS. 

A ehara<ler in thc buf~cr "hen oh< ua~_,mlllcr ¡, d<•· 
a!Jied remains in ¡he buff~r; ho"""'· a ~"'i'J<r.r:><~ 
Ahon >equcnoc i¡ <ff,o:i~c· a• "'"n '" il ¡, ,,;,,.n :r:" 
tho cor.tre>l reg:""'· Ch~'""'"" ~''"-' ""~-.ci::.~. 
an~, are lo>1. In lh< '"'< ::-: c•c. :~e :ó-hio ""'""'"''"·' 
¡, 'omplcood if the or;mm111cr ¡, do•,~kd: ho--,•·.r, 
na,, are sem in pla,·e of c"c. 

' In all moJes, char a u'" :1re ••m "': h t h• l"a'Hi p11 fo. 
cano hil! ~irst. Thi• ro~u¡rc< oight-har1d Ju•nfic.-Liilln ,,, 
dato lo be lr;Jn•millcd ,¡ ¡he ""'d <on~:h Í< i<» :h.< O 
cíghl biiS. lf thc \\Otd lcngth 1S fiH bios or k•<, tho 
spccia! tcchnique dc•cribe<! in 1hc Wtil< Rcgr<l<r S •e:· 
li:>n ("Z80·SIO Prn~comming" chap>cr; "Wrilc Rr~"· 
oers" \cclion) mu" be u-cd. 

Sínce the num~er of r-it•lchara,ter c~n be C~lnid 
on ohe Oi, lhc daoa field <an he fillcd ,¡¡~ an; nu:nhr 
of ~liS. 1\'h<n U•<d in .:anJUnction "ilh th< Re.-c•i•or 
Rc·idue c,>Je., 1~< z,;o.~ro can""'" a'""""~' I)•Jo 
h• J -.rio~le 1-field ~nd '"'"'"mi: it .-~.-ol; J> t<· 

;CiHJ ~ Ílh no l'f<\ ll1US miN1J1JIÍOn ""'"'' lh< d1Jf.o<«r 
<iru,turc of the 1-fidJ (if on;). ,\ ch.111J;c i<1 the nurnl>« 
of b11< el oc> no¡ afl.ecl lht· .~.orae1n in lho r"'''" ,>f 
ht'Íil~ 'hif1rd nu1. Charoc1,·rs "" <enl "''h 1hr Jl\tr:lh,•r 
of bit> prooromnocJ al :he !im• •hJI ¡he cil.ll.tCI<t" 
ln".!ed fr('m thc """'m" buffer lo lhr ''·"""''""· 

lf the E".rnal ·s,tw> !noerru~o r:~~tolc os •el. :ron<· 
mi11cr condioion< •uch a, .. ,.,,;,,. to '""~ (H<" <hMo.:· 
'""·" .. ,~roi:og '" <t·nJ r.~~ <:h~'·"""·" .ood ,"'(-; 
dt•n~ing "~'• c•u'e ini<Ir~r=- H=ao ~ .... ~" uo·;,¡LJ< '"'" 
l<>r if SIJ!u> .·\ffe:t' ~-~"~' i> >co. ,\11 inle!fUpi> ,.,,be 
di>ahled Icor "p..·r~oi<~n in d polled o~ode. 

Tabl< S >ho"' o he :¡·pic>l pro~'"'"'"~' o~ar i:nole
"''"' !~< hllf-dnplc, SDl<; Tr>n>mio m"~"-

' 
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2.'2 STRUCTUflE OF CHANNEL LOGIC 

Th< '""'''"' ,,f ~n< qf th< fouT .e!! of (UL1ul<r;Tun<l (hJttnd l<>~ic ¡, >ilo"'n i11 tig'"" :O :. lh., 1-':<i: 
" '"~'P'-''"'1 uf ~ r<~i,,«,, C. c<><Hll<f> JnJ COH<rul h>g>e Tk "~'""" Jr: '" S- bLt T ,,,_ (\,, "'" l Re•;·" :,•, J i>J 
•n 8-~il Clwuod Co,urul R<¡¡,l<r.ln< cnun!e" J« Jn ~-bit CPU-r<.cllbl' lft.>wn (Qw\l<r ond Jn S-bLl • 
Pri«.·>ler. 

2.2.1 

(M>"Il .. ~, 
(O~f"')t 
OtCI<t .. ro~""' 

'"''"''"' "''·'""' ,. "''' .. ""' 
L 

y X~ L 

"""'" '" 
7 

¡--- r' ·~·-- """ ( '"'"'''"' ., "'"·"~''"' ·~-- [0L'H• 
"m>• 

J ··'·i "011" ---
"H., 'l < LO< ' """ '"~C. l ' r 

FIGURE 2.0-2 
CHANNEL BLOCK DIAGRA~l 

THE CHA/·JNEL CONTROL REGISTER ANO LOGIC 

Th• (tl,n~d (-.>n.,ol Re;;ller (8-~>l) JnJ L.·~.::>"''·'"" IU b~· 11>< (Pl' '" ><lcct :ho '"'""" JnJ 
p.rJmo: '" uf th< ,¡,, "'"1, 11 tliHrl th< '""" CTC Jc • 1,'< tkr: "" 1 ""' '"'h r<~i,:<r>. e, on<>t'• •n~,,-; ''' :1 ,e 
four Counw'T<r:•;'' (lwHle!<. 11111,~, ~~ti><'""' i, "'"'~ """«' ''' Jc',"'<'l•l• '"' tl.c ,-,~uJ•r·; ,r '"" <l• ,, 'd 
~<l"t In?''' ~.n, eso •~J C~l ¡~,;.• 1 1~ .,,,,¡,,¿ ~' _,.~ '"~ \1 ,,· tloo Cf'i.' ,~;'"'' bu•• n"' ¡,JI"'"''''~'" 
th< lluth IJ~'• b<l·'"' 

• ,-. . 
'~' CSI 

:--no -----
o o 

~.'--

\ 
' 

·co ' o 
-·- . ----- ·-·--

'" ' o e-- ---·· 
'" ' -·--- . 

' 





( 
2.2.1 cor~n~-:uto • 

In 11,. _,,,.,,,¡ .•··•J .. ,,,., ·n '" ~···~r,m <•<h n.nncl Cont•ol Rcg"'"'· bit (l;, •'"'!' ,..,_.nd :~• ,,¡" 
7 1"'' ,,.. 1'"•:• ,_,..,., J •·· -, · .·-.; :.1\,.,,;,,., "" tloc (:¡,,.,,,r, "1'" ,; •ng mod<> '"~ r•: "'"""· ''' ,¡,,.~ ,, "' :he 
d•-•~"-"" bd"~. ¡r,, • '""". , ... ,,,,, ... .¡"'""¡,., '" ..,,-u .. n 4.0. ··nr Opc,.un~ ~t"d"'' ·"'d "'''"" i o. 
''( l(" p, .. ,,.,,"""g."'¡ 

l~'lERAUPI 
H':.BLE MOOE 

2.2.2 THE PP.E'>C~.LEFI 

CHANNELCONTFIOL REGISTER 

o; o, 

RANGE SLOPE TRIGGEA 

USED IN 
TlMER MOOE 01\:l Y 

lOA O 
TIME 

co::sr:.~r 
RESET 

-· ... ' . 

Do 

' 

l '.,d 1!0 rloc lHb" \\coJO un)~, ;he.i'rÓ>C•~~: "on"h·il1l Ó" '.\< >Oiooclo ~<ro "' poc;"O!l.Cll·•: h,• loo e' r~· '·'O 
. : 1:• Co.:,,_,¡ C•:_n !•l'l Re~""' .i'J ~":le '" "'""'· t),, s;-r •m r~·'· ,.¡. '· b; ,,, Yo 2 ; •• ,. 1 1·• ou :pu' ,.: ;¡,, Ore
. <<>l<r ¡, ''''" ::d, :e r~?"' :e- el'"'' lll< I).,>On ro""'". ~hoon re;,;.,;:_.~-"-~:--~~- :io10 n ,¡,_,_, ,j,,-.. r· 10 
toro.;, ""·•~<d """'"''""111 ~ o:h :lo, coW<nt• ,,¡ the ·¡ "'" '"""'"' R'"''" ¡, ,~¡" t '"" •''··"'' ,-,,.,,_., --~ ,, - . -
111< S¡""" (l,•cl. by'" od.llti,., •• l.>.:l<ll vf thc <ion<'"'"'"'"- t.•<~y tL·ne 1.he Dv·.o~ Ce•""" ~~--' ,; ·''·'•'· to 

-.:c:o, m oul;>dl. Z.:c (\•Ulot;Lr.OC'Ilt tlCjTO). n ru1s<d lcizh. · ' ·- · 
'···---· -- . ... . . 

J 

2.7.3 THE TIME CONSTANT AfGISTER 

• 

n,. TirN C'o•ntiJ<tl R,•gi<Ler i< "" S-btl "~i•rer, ~"J b ~ütlt (Dun:O! \l,<e o td T"'"'' l:,,,l<. ¡,,,.;·"- ."O;j~ 
b! ll.o ("P[I jc<t ,,-,., lh< Cl:annel (" Mtrol 1\'ot~ .. ,.¡, •" ml•oer • tn< •~r<'"-"' • '-'"" ,,¡ ) :::re:.::!· ~;;;. _ n>:. 
,.~,.,,., t.,_,d, th< rt••¡;r><nm<d ••luo onto th< D''"" founlrr ,,¡,_., tlo< CTC' '' ftr<t l•l:ll,o:iod ,,•·d oei,,J< ti" 
,,.,,.,. •rl:or llllD rl•< l.lü'-'11 (",·.unL<r -'''"'""'"'11¡ .,¡,'""" 11 "'·'"l' J1•v.ll ¡l.,•r,•,f:er '" "'~- 11, "''" '""' 
• • ·<.o:"" t< ¡.,,Jd ""'' th< Tllllo' C o•rt<: '" L R"i"'"' "ILLk J <h•t>~<l " rounttn! "' <:-~in~. tho pro..:nr J,·"" 
''""'' •·•11 ~. •'""~¡..,,d ~,.¡,,, th: ,,,,. ¡;,., '"""'"' "1"•"·~ "''" ,¡,, [),••·n ''"·""'·(Fe> do:.oh "¡¡,,., 
'""'' <·••:·1 '"' "~;111<11 to' ClC' ,¡,,,,.,.¡_ >« ,,,,;,,n <O: "r'Tl' l'c .. ~oammwg.") 

~.2.4 THE DOWN COUNTER 

11 .. - ll.·~n c.-""''"'" S-bLI ,.;.,.,_ U'<'d "'~,,¡, ("""""' \\,oJe ,,,j ¡,," \f<o,),-, ¡.,,d,,) :,,, ,rh' 
""J l. t •. ,.¡.,., 11 ""'"" d"'"' leo ¡oru, b1' ,¡,, T,..,,. (','"""" R'""'"· fl,, 1'··~-n (" """''' ,. J,,, 0m.·'·· ;'J 

~ ~: e~<'="'"'"~¡ ,;!-.•:1. •d;e •n_Lh' Ccumfr ~!_·-'~'. ,i[¡.; :!1e T;,,,,; \;,.J,;b¡ '~"d .... ~ ,ou:;-~: ol 11-o p,.. ~• 
•:.kt. At "'} """'- ~;- ¡-orf~tt:-.in~, '""rl< 1.0 Rr,J a~ n,. P'-'" ,JJr«< ·'"';"'d 1o the ,,.¡,.. t<>t l'IC ,-!._,,,,¡_ 
rho• Cl'll ,_,., ,;,-,•., lh< '"'""'""" ,,¡ :hi' ,..,,,,., •lld o•b<Jirt tho· n.:·:~~<-1 "' .-r ,,,ll<·h·-~o·ro. ~") (') (' .1 ,,,,_,¡ 
"'-'l b,- r·••;""""'" '" ~.;;o,•w,· '" int.-u"l'' "~""' "~''''"•' ,.,¡, lim< ti:.·_.,.,,,_.,.,,;, .,-.,bod. 

In • llol,,<!l O. l. •lid C. ~ h,-n :l.,· "' ._, '"""' • un.óoo ¡,,., j¡ re ,.l.,·d, -' ,:,_llJI ¡•uh •1 •pe-,. 01 1 ¡.,. < "" <>· 
p.•t•d~rt~ /C, 10 pon. ll<1< lo• ¡>.od.•sc f'" lllllll>lll•<", l1ú~ l''", dlJill'<l 3 J,-.·, '"" 1,,.,. 1l11s rin •ttd "'""y 
be .,,-d • ,.,¡) m :or~~o:Jtium .• ¡,," :lo,; ""'!'" L pul>< ts not rrqull<d . 

• 
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2.3 INTEP.fl.lli>T CONTROL LOGIC 

1hc ¡""''•'¡ 1 r_.,,,, ·! ¡,,~;,. '""""' t!ut <h• Cl( ,,¡, "' '""""\'""' "ilh 7>'U ''''"'" itllo'ltllpl 1'''''"'''1 
¡,,. ""'''·' p,; ... it:- in•·-'"";'''"> ·~·l f<llltn ¡,,,., intc,urt. Tlo• ~"""'' "' '"l ''"'"'J.;,¡,,. ioJ<I•'·""""~ h; 
'" ph; ,, ' ol h-c.Hinu iu J J.1io; dLJLn .;,,,f¡~,, ''"'" T"" ><~nJI hu« ( 1 rt ouJ 11 '¡) 1 ;J•< i'"'"JcJ '" Cl ( .1·: • IC•'• 
'"(o< a< d<io ;;,;,-., C ''') d1J1n. 111< J<"i..:.•,;l•l'<ol ro lh< Cl'l' hJ> ''"' hi~I·C>t 1"'""": wotlun 11<.; Cll' ,,,,.,. 
rupt poi,ri:; ;, ¡>~d<l<!inio-•J bo d\J.,n<l nuuob". w\th '""'""'O lwi"~ loi~IL<>l P"""'Y d""" '" ,¡.,,,d J 
1"1\\C!\ ¡,,, ti" lo" «1 pnv<H> . Th< purpu•< of l CTC -~•'II>'!J!d iuh'u cpl. J> "'"h JU) o•ih<l ;><"i¡•h.; ,_¡ J.;oi,,. 

"¡., f,•r:< '''"CPU¡,"'""'" on ml<rrurt ""'·' '~"'"" M,,,u,,~ "' ZSO '~'""' ""'''"~' P'"'""'l.l., .• ,., 
pnvrit)' J<• i<<> "' '"'""'¡, m.1v ncll rn twupt hisl><o P""'"l J" ¡,,, "' clLJ•I" .1 > ti" t I1J> < J 1 «'JJ; '"re"" 1' 1:.1 
JnJ h.-o no>t luJ lii<L< tnl<1!upt ,,,.,;,, <.:>UtLI•« .;.,mpl<r<J. ft,,~.-or. hig'• pnvr.<) J,., ;,,., "' ,h,,,.,.;, "'"' 
tnl<• rupt th< '"" '''"~ o< lo"or prwrLl) de>"'' "' dwH!<j,, 

•.!l. t:1C oh:rnr.d m•.~ o~ ~:~,:.r '"""~J '"· rqu<¡l "·" "'" n u~l ~.01) t ;,.,. rts [):rwrH · ""'""' ..... d«, .1 • .._...., 

• <• . .,,,, oi '"''', 1T o ul11tJe ''"' t< "" '" ro; u:;:. tlull!;~ (1'1 r o o ~:n¡r)oniooci fu. iu '""';'' '"' •d• ~ ',; .• .,.., : ""' 
JI ~" t h< ¡,,;--, "'' "·l''"". t '"' CPL" "ril <cud "" t '" i11 '" r "i" "'"' »•lcJ~··. '"J th< Cl r· • lrr "" "1" r,.,,. ,1 
Lu~L. " 111 J.· r.;,,.,¡, ,.; :1" :¡¡JI.<,, pr ¡,,¡ ty eh m,,.¡ v.lu,l' ;, r<.¡u<;l "'~ r:> irr te 11" p l •'<>Ir i IL tire C 1 <: J"""' lh, 
rl lh< C'lt:'< l! 1 u·p~l i< "''"'· rnJro"Jllll~ 1h.11 11 hH ~ullrit~ ""'"" 11;.; >;,.<r:r ''"':· ,¡,,,, 11 ~r1: ¡•!e, o .1'> 
S· bit \nt<r:u:•t v._,,., •"• ,¡,, ";""' J.11.1 t-rh T- ";,.:, ,,,,¡,., ¡ brt' ,r rhr·" "'~' .• ;1\ ~ ••• .:.,~ .. ,; .... ;::;:: tJ .. .-. . . ·--·-< .... ~. ~ ' . 
lt.< CTC ;,,,.:·,.·, :•n e"''": Cl•: ,.,;,¡": ~·J,¡¡J•tH''"'~ l""",l olre ""''""bit> "'11 Oc P'""Jd h• lh,• 
Cl C' ¡, , ... , '·i' C.or ,,,.¡ 1 ··~·.: ,, ; ¡;;,,,~ ,-: :~ .:.mo 'ror.~i"> '" tiro ¡, i~h,··•·;r"~' rt' ,1" '""·1 "'"''"'"' ; J" 
mr<rrr,~:. tiu.i1) :)•.; l,o~· ••:J,•r bol ~~ th< •<ct"l ~ rll '""l • ~< t<l~ .¡.;c<>rJrng '" ] .,,,.,._.,lL"II J,•,,·., b,·r] 
b,•:u••. 

------
INTERRUPT VEClOR 1 

D4 OJ- 02 O¡ Da 

C::::,-1 ,,----,-----,,---,-,-,-, ,-v, C(:J_] 1 
O O CHA.'!!!H ~ 1 

1 ~ CHAW4EL 2 0 ', CH;.m.,.¡:c 1 1 
1 CHMICIEL J 

L---------------~~~--" 
ThL; "' '.<n u ;rr 1< .:•.ur ;, u>ed I<YfNr.r .1 ''"'""' '" .L [,>< ":,n. Orr o.er·.u •• ,, ~-'" lile' J.:J '"1 ur ti··· "':o:· 't 

• ~r··i'.J r~uti.c< " ,:u • .:! l;: • i'.C·k. nt ;,.;:or '"<'""·"·" ti« 1""'' •i~r"! t<J" t .~ "" ;. "¡,de '1 re ri'L; "'.J' :l·c 
·- ,uiif<Mi ~~· ,,~< 1 ."<>''te: ;Ú P<~"~< :h'.~''"' ''!'"''"""' ~-bu• o>l lh< 16 ~~~ po>irr '.<r. ~' .,¡.,¡,.,_, .:r .. :.;,:.•r ~ 

pcrO~:iJ lo u.,¡¡ ;;;,,,,,~ =~·' :., .... ;,.<,. ~~ :o. '"~ ·r,, ''"' Toi,c'>e<t .. .rJ ;,~; "11f'.:c~"~' ~ :!•:. 1!'~1!··'-" '"' :, , : , .. r:' :, 

>dd '"'' "lücl L in turn """"" r< ti" 11"1 ur.nJ< ",· th< 111 t<r ¡·Jpt ''" ''' '"u""', Tito• "' rnuJe :, J ""~¡, '-bi: 
vo.::~r "~"¿in"" rc.tc:•~:ic~ CTC "'" «>~1: in"" inJir<Cl coll \u J:r:. m<>ll~r:. lo<Jiiun. 

ZBO 16·BIT POI N TER IINTEi1flUf'T STAR TI~!G ADDfiESSI 

1 AEG 
CONTErc:TS 

7 Bll$ r~o~1 

'------------------------
1 h<t.' ii. > 7 .•U ,., • · "'" ·:·.:.""'" ¡,,, th>r J !1 ,.:~r .-o:.•, :•1 ,_,;, in fw >P~ >•:n·oce rcrulir.c :.O te ,¡,.,,,IJ 1, ·C . 

f,'Í::<'r"lo"'·~<J-.•r b;" "' '" .,., .. ,:,,_~"'"'in,.,,,.,~,;. ,.,,i :~ .. '-'.b.lr '''~' '<¡•: rr rh• '\• 11 lrrc11<•l 1 '· '"''' '" - .. ~---- " '. - . -- - . -. ~- . ,. 
""·"·"Y. "hi.:\• .• ,¡ r!·~ '~' "" -:~j "' th." t!:c 1< _ .: ,:_;"iT"··"" brt nr ·" ·' "" wu;r' "' ,,;, ",:¡ ,¡,, ,, < ~.· ~ .. " 
I!<J.e< th< k J<t ,i:;rrrli,JI:: bll uf Jn) '"""''1'' 1< ""' "tll ,¡,. J~ > h, '"'" 

Jhc P.J.TI_'<.~>t;t!.;'.l"<r <> ""' l •1 :'•e ,,,¡ ,,¡ L!l' ''"'''''f'L ~~~·'"' rulliH" Lu ,.,,;,:«.e rh, ,]"'" ,: .. r~·· ¡ 
<:re':'~::.:~ ¡¡'(, "-" ~>'-'P"' "'-'""J¡ u:·,,.,:;~ i·" , . .,,. , .. , ,,.,,.: iu:l~.:: t 1 he <'T!. """'""" ,¡,, •· ''·"' .. ·'~ 

f ;,,, ,,;_¡ J 0.,,,!,, ,¡,, '"'''~,,¡;,, ,.¡ ... , ''"""'' Tl 11 , tir,· fLC ,!>. 111 ,,1 ,,,,,.,¡¡,.~"' "'11 ~""" .. h·:t; ti" !'\•: 
hJ> '"'llplc t<J "1 \lo:trr~ JI\ ;n Lcr< u pi, "rtlr<ru t JH) fLH LIL,·; ,uurrrllrn1o:.r<LIIrr WLI h 1 hr· (1'1 ; h<llr~ <l<<•"~" .· 

; 



• 



10 CIC~It~OlSC.'11t'íiON 

4 ti"¡:·,::.,¡,¡," I'(ICfC ri•1" "f'f'"'''"" i< >h~.>~n in fo;uro J 0-1. Tfoi• «:oi~n d"·";," ''·' ~,., •. , .. ,. 
uf ••-lo pin. 

U7 ·DO 

l~(l.("f•U ll•~> B"' lbi d "'"'"'"'1. ,;.,,,,.) 
n,;. bu';, t.>'d <o tr•r<f<r >11 ""'" •nd "'"·'~'""~ u.o..d1 b<:u.«n lh< 7SO-CPI." •nd lh</~O.CTC. TI.,·, 

,ro ~ bll> "" olm h!:> uf "'uch DO " the 1'"' >i&r.tfoc-•nl. 

cs1-rso 
("b.m;rl Sclul (iBpu t, ,,., ile h•¡;h) 

noe•< pi m ¡,, rr > :.o., "l'·"l ,Jdoe•• c<>d< fur «l«lln' ooo uf tloe f our ,;odcccnC<nt CTC ,¡,,,.,,., • =·~, 
'" 1 O 1\:<t< ,, l!<•d. IS.o tnd ··bl~ b<lo .... ) 

" 
,\ '""' lnd ""Ibis pi•1 OOI•bl<> ohe CTC \U"""'''"''""! "'''di. 1"'""'~1 \'r:t.•!< ur :i:~<' •·'"'""' ~'" 

""'d' /""" lhe /.>0 [),tJ 0"> duuo1g ¡n I,Q \\ut< C}dt. u! tn :¡•n>mlt ll.e '•'""~" vi 111< 0.!" n fc·.on1:: :~ 
ohe CPU Jurmg '" 1!0 RoaJ ,ycle In'"~" '?rlaC,Hun< 1Im "ónJII• d<r~d<~ hom th< S le"t >·~oinc.:.: 0::> 
,,f lh< ,ddrc>' b<ll ¡,,, '"l of tilo fau1 T/0 f"J'' ,Jd""" '~"' "' ""Pr<d ~~ 1l1e l.·ur c .. unh·:,'T.,ncr C!:o:-''!<. 

"' 
\\10<n \fi ;, "'"' ond th< KD <i¡;nJJ" ""'"<. 1!" ("l'l" ;, [, t<hon~ on il'"'>.::i .. n lo, :n "''""''"'. \\~·'" 

~TI " '"t ¡,e '"" ,,, 1 o kQ >~¡;1 ol " """'. li.o CPL' " ,_., "' ~ l,·,l¡;i "t '" """ "'P' .. ·1 ,. "'"< • h • e re ·,, · pi. o. ' "' 
l•>h"HLJpl \',•,·lu• "" 1h< LS(> D"' K>t\ of LLilJ> dJi<y clwn P""'"l" '"d une.,¡'",¡.,,,,.,.,, lu> r<~~"''·~ "" 
inomupl 

IÓRQ 

tnruo, (luo puo R,·~ ,.,., ¡, ''"' CPl' (•n r" t. ,,·: ivc lc•w) 

n>< "u)ki) ,:¡;,;] "tNJ 111 .<•njl!O¡"tiun """ t'" ¡"·¡' ,rd ~¡'> ·'~1 .• 1< 1 • """'•"' ~-''- l"d (I.,OI"'"i r·'C"' "1 
\I', .. J, h,·t~<"<n th< /~0-rl'l" ,,..¡ ;he\IC n"""t•t.IC 11·.,,. rc.le.li.•iiÓ '"~ L·r '"u''~''"·' •' J "<D 
'""'. 11•< r~c .¡,., .• "''' "'' ,,.. , •: ._., .,;, ~ 1 i 1 •: !"1~"! : 1"•' ··:::t ~- :" : , : i ~·~ ,, •. , 1• ••• '"' r 1:11 f• ,,., , .... ;, " "' 
,,¡ ' \.\loJ :: tl ""'"·'l. 1" " 1 re r~"~ C,•, :,·. lll !!-1.). cr "" .: ¡¡ [1 1'""' ~' ... : !•, '" ,.;,_, 'l·c .. "'", .,, , ·: • · ,. n.-"" 
(",.,,,.<, ''" lh< 7.~0 D.ol> H'"· li IUkQ .nd .111 "< h,•\h ""'· 11« o,"l'l" ;, ,, '' , . ., ",JS"'~ .n '~'•"'·~· ·, ~·><>~. 
""~ 11,, l.ish<<~·ru"oit~ ; .. :,·,"r'"'~ ch,nn<l uill pl.o:< '" ln:<uurt \"ocl.•¡ ,•n •h< no o,, Bu,. 

' 

1 
' 

', 



•• 
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3.0 CTC PIN OESCRI 0 l'ION (CONT'D) 1311 

R<"<l Cycl< S"""''"'" tl1< CPU (inpt<l, ,,thelu"·) 

Th< IITI •i¡;:ul "oL>d "' .:~njun.lhln "iih :he IO"RQ 1nd IT. si~nols lo trm.:ú dl!l '"J Clunn<l Contrcl 
11-ord. b"'"""" •i·< 7.w(l't: '"J th< CTC Du,.n:;, CTC llut< (")el<. iO!H) m~ L~ """' !>< """ .mJ '1!.-() ut ... 
Th• ClC J,.,, "'" ,,_,;,, ' >P""r"· ""''' >igr~•l. ""'" ,J ge:l<r•tin~ ;, """ ""'"''111 '""" ti•< '""'"' ~··' 
valid Rü "~"'1. In J ClC ~"J C),;l,, I'ORT,i, Ci. •nJ Rb "'"" b< "'"e'" pi >e< ti" ''"'"""cftl"· 11"~" 
Countcr un lh Zi'O ¡¡,., ¡¡,,,_ 

IU 

Th1> ,;,,,¡ ;, us'J l<l hd? '""" J ;v¡¡<:n-wiJ< tnt<rrupt Jli<) ,hmt w!oi.:h <otJ~IL>hC> ;'ll<!!l\o<> ~lo<" 
m~« tlun "'" p«t?h« d .:e·. i .e in 1 ¡,,, >) """ ¡,,, in"""?' n•g ''P• 'ool i t) --~ hish 1<'.-,¡ on :r-.< i"" '"~''"" 

~-· thJt n<.> ~ti," '""""''itriO -i>tcc; ,,¡ higlw pr~J.fll) m ¡!J.,· Jm) ''"'" "'<.h•'"'~ "''-''"<'! by, "'• 1_:-u CPU. 

'" 
Thc 11 O ,.,;·t o!, Ul ~""l"'•'''''" ~>L<h !El," md ro t"orm > <~<1<<:1 ,,,J.,"""'"?' ~rwity Jmy -~.:oc. 

IHl" bs!o ""!)·e: 1~1 "11:,:h v.J th< (I'L'" nol ..,,·,ict~~ ;n in«rruor ''""' "'' CT<: ,h;nn<:. Tl•~• ::,,; ,,~. 
n;l ~~'" ~ , :'-""' ?""'"y d" .e" tro m tnl wu rtio~ "htk :> 11 i~ll< 1 prwrH) ""'' r qotic~ J·""" :, ;,., ·"~ ,, . ., ·, 
b) the(I'IJ. · 

. ·. 

tlhi< il~~:>l ~'-"' truc '"'""' ''" CTC d1ann•l .. hich h..- b .. n oruor:>mrr.<J lO <C.Jbl< '"'"'.''" :'" ' <er·~ 
~uc., .:uo.!it:uc. ir.;,. D~'·n Coun~t~ . ~ . -

• 
iU.sEf 
R<><' (mput.,.·ri« w~) 

• 
lt,¡¡ ,;,,. '' ''"~' ,:¡ '"'"·'·'!< l:om ooaot.r.; '"j .,.,.,,e~ 1n11d ,,;¡mu~r <o;bie ~¡" ¡,-; Jll C<lnL~c•l 

r<gisrer ;, th<ró' Ji>J~l "'~ Cl L' -~e n<:>l·!" rn" rru pi< Thc ZC 1 ro o nó 1 '> 1' outputs _;, tu rh"r "''' :i" , :H:,, 
lEO r<:l.-" tEl. mJ ti1< CTC's d>t> bJI Qu:pu! drL•<ngu t~ rile hi~h ""P<~'~'< "'"· 

Ct.)(.'lRC\. CLK'l!!Ji<l 

ht<rn•l ([,,. ~ Til:l<r T ri¡;~<r hnpu!, ""' ,:!ec<J~I< ,,,;,' '"~~ "' lo~) 

Th«< Jr< loo' Cl K TRG potn, """'''F'"'úrn:; ro t11e io•" "'~•;·on~'"' CTC d"""'•:, b :~:: ,·,,,,,:<: 
MuJc· <><<) JC!LI< <~,;' ''" Llri, ;>ill J<"''"'''"'; t!re D''"" (<'!""" Ir, :1: li"W lh·•!•, J:l J,[1.c' 1;,· "" <''" 
ptn innul:, rhc tLttrin~ iur>,llnn Th< "'"' r.<" <el<.:t <h< '""" <~g' :u b' ·:.t!c" rr><ng .,, ¡,;¡,,~, 

Tht<< "" th:~< ;r_n O -~""· ''" "'r"r•J'"O t .. CTC dwrn<h C rb ""Oh O t llu, ,,. ¡u .,,~ .. ~··• '""" ,. , .... , 
chmnel 31th no 7L"I10 P"' 'In dtl:" (~J ·"' ~!•JJc orTrn1« 11,-,.1•. "h'" \1 < [)<"''' ,_.,,.,"".~.::o:.:.:.:.: .• 
'"'" '" "'i•e !1ish g·Jin,¡pul" J~'V"" '' '~" :>i11. 1 
1 . - . 

' 

i 
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• 4.0 C re OP~'f:/liNC .',l0'•FS 

~· ~- '" ,. .•. . '" 1 'Ú-Cl ( ,, ''" " '''· ~--~···:d ·' . ' :' ,. ¡ :¡¡-¡- :'íi."l pe: ' :ir' ( ·; e "' ' ~ n- ., n '- •• ;, ,._.,' "" 
"'' '• :. ·~1 ,_,., ~-" ·; ••. ~c.: .. r, '": •. c. ir.}.,(¡._,.,,.,¡ (,•,ot:-•1 \\.orJ ,,.,J 1 '""< ,-'l'.•:.lr-L ~.-, """'.! '''"'' C• 
"""'''• •·· ,¡.,. c;·r ,,...,,. "~""""' ,,..,, .:h••,.::l. r,.,,r.:c, :; .~~;- """'"1 ¡," h"" r'"~'""'"'! ,, .: . · ·, 
'""'' 'l'''· "' lr:i·'""O·' Ve._:nr ~ •d "'·"' :,, '""""" "' :l:< (1C"< l~""'J;J! r.,,,.,.¡ L"";"-11'.>< '"""'' 

· J<' ,,¡,. ":·" :o <..: "'"' ;. U · C f( p,,,. · ,.,~_,¡.,~ ·· 1 1\ """ ''" C f'U ho. -~ n: ,,_._ ,¡¡ "' th<"' worJ• :n ;1.< C TL 
.11l ,,.,,,,el,,,¡: •l. ·A il b< ¡•,·r~ ''<o<l ¡.,, rn•nr<diJie "P•''''''"' '" ,,,¡.,, rh, ("""'-' '.!,.,:,,,.ti·:],.._ •. 
Mv~: 

4.1 CTC COUN1"Ef\ •'.\;JOE 

lo r~,. no.~. :h< CTC """"·'' oJ,¡,, o1 tiLo CLK liV, "'~u L. lhc (our.t·: )I·JJ< ¡, p:og:o "·'''J i<•r' 
,.,_.,. ·1 "~"" ;,. (h,;,·:~ (,..,.,.,; ll'u·~ ""'"'"" "i:\o ;,, ó '"" Tite Ch•"''"¡·, f,,.,,,l Clo.;k ¡(L¡.; l K'",, 
•no . , m-.,- ·,. ·. ·.j :. •< J oc" •in ' '' H Lj,,~-" <¡; <e'~<S · ;; te • <Jc:,, in ':''"hton11' ''""' "'Ltil lit< nnt ''''"~ d;' 
•1 · 1 tl:·: <;, ,,,.,, r:1<>, '- 1, th·.- 1 l · ·"' C"""'"' ( "luch " " '"" ul '" j "" 1, ti« '"'"' ,, '"' """ JJ:; "'"'J ", •. 1 '' '· '"l 

ol "" •'·i''"''~' .. ,. J,.," '·'"•''"'':!~ " ,,,,.,''"'""J .. \lo\'''"~" 'l1<« i; "'' «:-up ,;.,,, "''~''''""''""' e,:· .. ,,-;, :1 
lrLJJ" 1 • ·~' .•.'lit< [,,Lo'rnJ! Cl•io.l.. ,,,e th< llSLC~ <-1;< ,,¡ •1•. !Cio> .. '.), il" D•J•IU ("'"''« ",11 nut h< ~.,,.,, 
"'''"' .:\ .,,.- ·-·il·"''"0 •1• ;>"''-' iS<! l~< i'"'"""' :oii:J.:i m >oc<im •U· ",\C. Cl""''"'"'~,_--, 1 
d,,.,,d;, 1 -,:.-·"·" (\.,,: "'!'"' "?<<·~'"~""""' ~ '>< ~'' ~ ,,.- ,¡,, f:hJI\H..-0 (,,,uul w.,,J :., tro~;·:· t'.: ~,,.,. 
1\," • .,,~ '··. ,~-····' "''·' .-'·'·· J -'•'·:'· '" J ¡,,. ~"'">·--.1~: 

In'"' ~1 r:l•, ·,•,1;'1, l.~r :_ ~1·<" tiL< Do"" Cuunl·", '""'""i•d• •.k'"'"l<'""'\ """' rh: "";""; 
lU'« '"''"''"un"~ ILn."'-'o ",.,_¡,,.,/e'!", lh< hr·• C<JUI'\ 1/(i]f)) '"'li"" )'•" :'•>: :1¡:,¡ ,111:1"._.¡ 'oL:I ':·:o:' 
JCii•o (11¡ ,,, ) ¡¡¡,.,,_. "''. •\•:-; '" 1'" ~'~"' pin hmUJ ti~"'· d>Jnnd ) J, .,, n•H !oJ•< :h" ?¡" '" \ ;.o '"-" ,,,;_. Oc 
u;,•.l ,., •rPit.J:¡.,_, .. • :l>i< .r ,-~,,; p.,l,,· ¡, ""' rqutre•l.1 h.rll•eo, !1 lho .:1,.,,,..-: fiJ, l•c:o. \,• .,_. i"•'i''''' 
b) '" 1 ol-:h< 0• . .,, .. :1 ,·,,,_..,,¡ "•·•J. '" •n::--:~;ot ,,. )''''" "~"'"'._. "'11 he"''""'''] t! ,,, m": J"t·'· 
'""'"'"' 7 o. --e 1 r ~o:, .. , ~·· s.- -. :.;~,; .. , 

\, <ltc ''' .-: 1 -~"'''' :: ;, ?·"''"~'qg_ th< ¿,·,.,, "" ''' .:onJ• l "'" ,¡,,, '"' •1•, "' "" '""""'"'' :d· 
th< D·•":l (v>L•rt<r "'111 :1·- .or~¡,;.ol lÍII:·: ._."""·"'' J.H 1 ""'d "' lh·: Tono<' C0"'''"' R:,;oo:er_ 11""" \1•' -

fU?"L•"' 'H ,_.., ,.'~"'''·" "' ''""'"''··! J'"'"''"'"----': lt '~"11m< \~o""" R:;"' ., ¡, wrt\k'' '" ••.! 
1>0!0 _.,,.,,JO\' J ,, > "~r ; "! o 1< ;':,· D·MI\ (u~•· t.·¡ o, ,;: .f<tl.<:.< iH,' ·'•< ;.-«-..::0: .;<~•.: •q\l 'o: """';•:, • .! =--·-' 
th< '"'' Hr:•c '""<J•ll woll 'x I•.J•~<J inlu tl;e D""" r,, . .,,,c:_ 

-· -- ... - ··-------

no "-.u 
'~""'' '"·'"'' 
"""~'" ,,,.; .. 

L .. _"_ 

~L V 

---·----- > 

... . ,., . 
' ""·' ' . 

'"" '"''''" "'·""' ,. '"" 

<><>~' """''H ,, ""''" 1 '"""" , .. , .... •. 

. . . . / 
f;HA.~r-•;_¡ C•Jl''Jl l '< ~~~· 

/ 

., 

.. 

·' 
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rr -.-.. ·. uio .. :n~j¡,;,,._:, :· .... ~ ,,....~,.,., .,• ._. "''·• ··:•·:·~ : :·· ·-'>!, n" 
,, " 1 < · •'- ,; •.. n:: •. !.<~:¡¡C.. · ( . ...,,.- ,¡ 1'>' .. ,¿ :, *'·· ... ~.:l.:.:~ .. <=

1 
[1-,, .: •• n· 

·, ,, , --'·•"' ,.. ,-,":' ,,; ti• .• h•·•~ ··n ti·' Sl ,. ,,~ r;.,,: ¡•e• "'d. i:L< <_. ,.,,,, r: .• \, " '<j 

r ,, . , . '.\ 

;' '"'1~ 1 . ),,, <, 1.' ·,, 'li<'> lhC p. ''•·:" o'>~ lio< rJ.~n <uuOI<L f1.rel'o :.,, Vf ;lo,· i' ~•t•,"o• ,.,,;:! tJt .' 
,,, ••.,- (!.·· ••• : (.,,,,,,: \l,.od. 11, r .• ·<.>k ·'"'.¡" :1.< ,<;,, .. _..,. C! .. d r· , ''"'" ' :·• ~' :6 "' ''" n,, ''"• . . . ' ' ... -." ~- . . ------· 1_,_, , ._: · .. ,,, .-, "':. -.,:. ¡, .,;¡,o=c.l t~o "~''-" • •"•""<'í'-'· ···•' ":· ~' ¡ ·:-;::-

,. •·'Y 

• ·"· ,, ' 
,. ·""-''·e· -"'"' ""''·•-" l .no '~t- _,_, ~",,,,e ... r-«r \le .J<. n., ,¡,,,·<· "'"'"! > '··''"''''·-, 11•·· 

""' •·. ~··e •.:o u:,:<: •• .-. .~, . ., ·' ····Jnt cv,Jili ·., ... c1- e"·•~·" r , .... 'h""'--A'~ • ·.: · .. , ... ,.,. ,~, 
1. ,., O~: ,l( !CJ ~~:~~~ ;~¡,;,:,;, ·¡, • ..__..,¡~·~• ,,, ,;.~ ""'-~o,w,,c,;;, ,-.• ~-J.,,.,:::.,.-.•• c.¡-, 

"uf ,\1, ,,., i•«>uJ ,_ ••O t) ti .' e:.H.iu'', 
~4.- \ 

1. '~te.~", P '_ TC .) 

• ,.,. .. ,_ ''•' ~~ ,.,,., ¡:-1,-.;~ ~o::cod, ~- !! ~!• P;<<:>.!ct r.c~vr ol ~ 5 ;,; ·,_<,;. ,,.¡ V ¡.; :Le ~- ~-;>«·;·•· .. .>' •: ~' 
, •..• ,,01!'-

. ,-
H" ~ "~ ,t,o ('''"'·'-"' (',• ,,.,¡\'.',.,~"pe --·~~·oc--•t•<d ,. <•le,·: •. 1.'11,.; ::-.::c.¡; "•!~ •.-e e·.:, ..... ,,,;;,._., 

•· -'" · o.·,j, ,,. "i1 :' 1 ot li ,.-,¡t Ó< '"' liOI '~ "llh ~ 1 ,¡~\:<- io pJ, _ ~¡ t:LC- 0:_o''!><J' > i ¡;: <1 -;- · j :'F' o, e LU j 1\G .' ,• e .. 
1: ~:· :-" ,,_d ¡¡,. ;¡,,., >oh•"-•lt,...ll, ;-• .-¡;:n! t.';'c:c,,r; e!,·_,;;"" iif ~" G't.; '! .:. :-.!l~·''-i ;i,, l-G t>:•:lL 
,,.,¡,¡.,,,,,~,.ti"''"'"!' lh< ""'" wm"'''.d"• "'o;d lo tilc '""""'!. li ~Jl _1 is '" tloc llmtt ¡- :o:n '''"'·-
"" tite w, ;md ,.,,,,,·JJl·~ nsiHg <d!i 01 •l• ,?,,, ,¡,, r-,mer T "~"' ·, J~o ,-;;;]<>,.ir¡; ti ·• ;, ·,- :ltn~ of ;: ,' :: :n, 
•"•'"·"" •:11. ~'''" 11 "" ,;,,. .,,..,.¡.nt '~''' "'"'d "to follo" ti''",¡,,"""''"'"·''' ,'P·"''"''· "'' ,¡,, ....... ''' 
"'" • , , '"'~ "''"~ , .! , ,. "' 1· J r! '" ti'' THH<t T 11~er ed~e f ~~~'-"' t:>~ the cc•~lt ol "':' ~ '""' , , el~-' i .:• ~ "· ;e; 
1.': .L:d ( .... ,.,,¡ 1' .. rd '' :"··;•·r·¡--,l,llt,.'d 1•.• "I.Ct ,,·Jootht <],,.-¡,,,,, Tt•_,~,; ~,:¡ :,, '"'•';¡., '' :·.,;;_: ·'' 
"'""\ "!f<- .\111.•··•·:' .. '"'" '' '"' ,;\-·-•r ''"""'"""' ¡,;¡~;,e tlt< ""."" """' ,..; •.1·,, T ,-n.: 1:<:· ;.• ~ ·: • - •. 
"""~ -~~< nf1• 1: \¡,, Tim.:t T"~~or <Ct• "'O''" clus<t lh•n' •pec;f,~J totnt:n .m •<=-u¡ ti.:>r ;,. ''" ·.:; '"i' 
nf 1•. ""' [)""" '"""'" "Lil llc'L b<"J:In dc.r01:,,nt111g un1Litltc- 'ollo"'"l' ll>Ít·¡;e.io• •" oto l~c·c 11-. ,·.,,.,. "" 

'' r T R 1 '" •e "'' '" ó _J: -- ~ e. ('1 •• ,, .. "'""' · -l 

l• '•11 7 10 ;::•· ('t,,.,;,:' Ü O:C~J \1 •·1~" ><1, tl;t J<tu-< .. unt ~·'l>Jlliun Ln t[" 0,•,1\ (,o,¡n;<l. ~.·Sié<i 

,-.,,_¡,!" 1''-1"' "' tiL< .!'"- •. :·, r,, "Oct pon,wtl! ~e u«J '" "'""'" •n -"'"'"i'' ,, ·:'·'" •• ,,., ;r. ¡c11 , 
""'"' JCI.,I•. ,.., '''"'"" J U Cl(' l~tLellupt Smiung.".¡ 

----·-------- -----

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

( 
.---,~.:,.;-;~ 

''"'"0'
""·'"'" 

' 

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

''"""' "" 

""¡ 
'""'''' "'·""" 
" "'" 

"'"' l 
,.,~~.· r 
···~ 

FIGUHE-1.20 
Ct!AN~lE l·- 11 r.~ < R :,•{lOE 

''""'" ..... -o- ' ' ' · " "' r 
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50 CTC p¡-,¡or,;,;-.'1,\HNG 

l.' . •~- ,_,. 7. ,,, ;:: 1 e .:!. · ""·": ~ '" ": ~·.: = '"" ;;.-,; ,,; !Jminj or<w'~"'· ' r.. ·: c .. _,:- : ,, .. ,,.! ·-! , , -~~ ) 
C ,; -·.,_.:~o:.,._,.- i H--o; ~, ~·'""' "i: 'T :~,, (j L'.'71«!< '>o>rJI .<111 ~< ,;.,·:J re. t! <CI"oro-·: (ur:r,,: 
~'" · :r Jr'~ ·:oc TH~:·: (,,,.,·,n• [(<•••'<' ,.f th<l ,:._no•cl. Jn !Cjill<>n, oi Jt•• u:" rb-· :.·.- ,,._,.,...¡, ¡, , _ _, ~.,., . ,. 
P' ., ,¡. ' ... :;.e~ -"~~- ~it 7 .,. 1!. '" (!:.;;: .• : c ..... ,,.,¡ ....... .:. '" ~ .... ~¡. ¡~""'"~" '" '""'~'". v, .. o• - ·:" .,, -
'• • ." .. :•, ;, ::,e «·•." ·>';-• '·J',; :< ¡;._,;.: '" rlo" C"o ( ', D-•< 1•1 JUbln IJ'.l,: f<at•or« ·, n ',l.< 1 •,:<rrup t (unrr•>l l••{1,;, nO< 
P•< P• ~~- ,. ,,,ej :~'"""?' V<,l•ll <t;t;i.:"' for 11l lo>u• .h.:,.·:l<. 

5.1 LOADING THf CHA..'\IN!OLCONTROL f<EGISTER • 

T" '"'d J Ch, '" .•:1 c~""•>l 11-ord. th< CPI, ~·~··~rm· ' ~~ -:c.:l ¡_:o 1', n(• ..,~_uo:«e ro <h< p·'" :~1"" 
..-.,_,,,, .:• .. , :e::-: !:<"~C7( .;lw<':d. T"'a CT<": 111puL ~io<, nlrld; CSú .1n~ CSI,lr< ""~ to f •.. ,,, l t: 
bir1.1r; ,~Jr-;,, '"'"~'''~e-: ~r Juur channc:; wit!Lirl !he d<•ie<. fFur J t<uth :ah k.•« I<Cimn C.C.I: "T:L< 
(h,r:--! Comrul R<,¡i;;o; or.J !_,;¡~:,".)In mony <;T<m ••<hii<O:ul<•, lh<>< ~u"'~"' ?•"' ,.. OO""'-"~ -~ 
Ad•!•<>i D",ILH<> .\Q •o! ~l. "·i·'~:i.d),>u t),_¡< tho !uur<~'""d'" 'Cl<' •l-'1-:• w•!!<'<-'c.oy r c::o.t•::"'' 

_110 ~"" JJ 1:¡: ''"'· A '!'.' i -~ '""" tu , C1C c!c'"'"l w Jl ~< ~~l<r~«I<J .- ' C~ m!o<l C "''u oi ',\ urJ, .uoJ k•,Jd 
·,.,,u th< Ch>o•:e: Conlrul R: 0i'"'• "'bit o,. o logj-: 1. T~• ~lh<r """ bm of tiH> •r>rJ ••1~" "P""r:r-; 
mv~;, .1nd ''""di l:c•m ·'' '".'id k 1 "' tO< ~•'&' -'"' t><lu"'. F o;¡,,,. '"S Lh< •iiog""' lh< m<Jcin~ c•f ,,;~-_ • L'. "'.!: 
b< ,¡;.., • .,, 1 '" J<::Li 

,,, _____ _ _______ , 

cE . . . 

• 

" -· '· 

,,,,.,,:,-,,,,,,-------

""' ,-o'"'" 
••r·""' """' 

FIGU:-< .: ~-~-~ 
CHA.".~.~~ f-l0<'7-: [_o¡,>.('·.¡;,',: 
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., 
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i_Q,<..QI~j<; TI~~ Clli•'·.'fJEL CONTROL REGISTER (CONT'D) 

-·---

,, 
. . --

]11\'HRRUPT 
Er'iABlE 

MODE RANGE 

llit >1 

_v 
USEDIN 

TIMER MODE ONLY 

. 

. 
SLOPE 

,, 

a
--~-o/.o-

TII,:E TRtGGE 

'~ 
_:~-<STAIIIT 

_/ 

USEDIN 
Tii•'.ER MODE ONL Y 

.. 

TI•< , hat•ll<l "cna~lcd '" grno"<e an iniO<rupt otqo<SI ,.qornc< r•·or~ ltm< oht D"" n C"ounl<l rea:h" • 
"''"""'"""' u•lld<l illn. T n orl lhi• b<T lo 1 in ony of the f<>ur lhonnel lonlrol Rrgi!lrn ne<t!<lt> <<> that an 
~¡,,,.,. "f" \'r<h•r ,,,,. 1>t "'ril!tn to thr CTC bdort OJ"'IIliun b•gmo. Cl••n"ol in1mup1> m>} bt 1''"''" nm<d 
;,. ril hor r '"'"' er ~\,,Jo ur Tm>er M"dr. lf •n up<btrd ('h•nnel Conuol \l'.,,d " ~-""'" In • d"nntl •l!<•d~ in 
••r• rolinn. "1lh bn ; «"l. th< mlmnpt rnablr f<]oelion '"11 no< be riunocl:;o tn o porccOm~ '-•'>ll ,nunt 
,.,,,d, tinn, 

iCt ?=O • 
,_ 

ll01b•] 

''""" ,. 1 ~l .. dr •dc<l<d- 11 •t [).,,. n ('nunlor i• do·<omh'"' rJ b> '·"~ t: ;_,~<ring oJM< ~~ th< r ~k; nol C"l<.>c~ 
(1'1 "' fR1:1 iupuL Tho p,..._,kr i• '"''""'d. 

_!lit~-0-·· 

Ton''' •1 .• 1~ .... :,-, ocd. 11·< P·•~· •l<r ;, dndo·J b; oho· Spum n,..,.~ 1•. >lid ll•• r>tnput of oh< Pr<<:>ltr in 
1 "' " d .. , 1 ' 'lo,· 1),, .. , {'.,.,,,, . ._ n .. · · "" 1"" .,¡ "" D·•" n ('""'"'' /ti,, ch>lllo<h l( Jl (J ,,ulput) ;, a ,,,,;i,.rm • • 
1' .~ .. ''"'" .,: , • .,; .. J ''""' b} lh.; 1'"'"""': - . . 

"hro r '• " 1 ¡,, ,..,., ;.,d .• ¡' ~; • • .·m ,-¡. ·· • ~·- J' " 1 '" r,. ·• ,¡,., f.,,'"' of 16 •" :.<6. _, ood T(' ;, 11·< 1 ¡, "' "'~"'ni 
o!ol'\\"ld. 

¡:,, 5 - 1 ' 

' ! 

' ' 
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5.1 LOAfllr;G THE Cfl.l...'<~!El Ct)I;1HOL REGISTER (CONT'O) 

¡.. .. ---·· ··- ·---~ __ :} ___ 3:--kE-~-. 
, .. ,f''" lOAD 

l :·.c;·,·Ú] t. :•·I[J R/ ;~<lE SL!)Pf TRICGfR 11M!' RESfT 1 
"•~- _ CO,'.STANT --·-- ·- - ~_/ - '-v---" - -

USED IN 
TIMéR 'viODE ONL V 

USEDIN 
TIMER MODE ONLV 

·-·-···· -··---------

TI~IH\ ,\\l"lflF ·• P"<lti•< 'rlgc triu" •t.rl< tim<r ~rcralion_ 

COllt\'11 R ~101 >t: · P'"lli•< ed~t J<crem,nb the d"w~ counl'!. 

TIMJ.R \IOUE · n<,plih <dg< lri~~~:er U.1rt• tinw up~r>to•>n. 

COUNll R ,\lúll!' - n<~>l i•< odge de.:r<m<"n!1 the Jown counler. 

,, 

! 
(. 

] 

l1n1<1 ~II'J< Oool) htern.l\ triuer i• >aHJ inr,mnln~ tim« ~p<r>tiun aftor nsm¡; <Jgo "f 1 • uf tht 
m><hin< C)'de fulluwin~ th< ur.e that loJJ• th< tiu•< .:Uñ,ront. The Pro,,;olor io decremen«~ ~ dm~ '~ ,¡_, 
l>ltr lf the '"'"P lime i• no<t, m h.,,..;,, 3 duck C)CI... '' 

Ti mor Mud< Only Timer beg'r.5 "P''"'¡~, un th< !l•inJ!. «!¡< ~r T, uf th< r.:Jd~r.< 'y.:\o fu:l,,"'u1tlo< 
<>n< :hil load< :ho umo const:lnt. · · · • · -

Th< :::110 c~r.<::c,( j;t> >Jrd for th• Time eunO[>r.l R~J!Uer "~1 b< l~< "'" -..urd "'ill<l! tu thi> 
,+.•~"'''· lf 101 n~Jo"J (1. •.,,,,; Con:rcilll"urd lr.d lime cooor.ou 1J'> wurd "' "'ritt<n lo J '"'"".¡ ~H• ti ;, 
lii<J-1¡- in op<rJ<i•ll. ''" [),¡,_n eounl<r will <unl;nuo do<:t<n.,n!Jn,¡ tole tu bofuro th< n•~ lim< '"'"''' •" 
lwd<~:,,.¡¡, 

!lit~•O 

~~ <i~'' .:Mn_.·u ..!.: J "~rJ fu: t]·, Tune e('.,\1 >n! R<giH<e !loU1J\J b.o ''~''' < ~ h> f<ollul< _ l•> ¡•·.-;·'"1 
bLI = ''' ;~: •.. _ .. , '<•¡·1'.-, '"" •hi· (h;nn<l e""" ·111'~•~ ¡, imon!eJ ru upJ,r< :loo"''"' ~r' d.••r.·:' JI·.-_. •, 
in ~C'' -· ..... ,;,,-_. • :!,,,, .. • •." '' •t •P"'" v-'<•·•" ,-,,,,"'ti;- ~'"!l'·'"'r:d ·!·'• ·•urJ in <1•: Tor.-·: (,,,,,.,:,. 
ll.<p::r, >:! l ,.-:O,,: tr· :hi, Ch10nd r,:·.troi llur~ pr~•i~·,!h< oo!!) ""~ Jf"·ti•h-~ «.o oiL< ¡¡, . .,{'.,,,: t: • 

R<if''"· 

B.: 1 • l ; 

.11. '---- · •· --,:.:o~',.,,,·;-.' :ro,¡,., 1~., ;, '"'', •.. ,,~ , . .,,.•,,.,,, 11p'"' ~'¡""",. '" ,;,.. 
bLI-' !< '~Lo •' J·,_,,.,: ,,, ' ,~:t<:ot : 11o : ·•J'• ,,,· '''• )O<o~<V<!, 0-."1' ,,:" ''' '· '• ,,, ,¡,< ,Jol!lHd•."'•;•,.[ '"ó" 
;,;.,,.~,\, ... ,.:.1;', ·· '··:•Jo·~"·J·J•"·,,•,.~··c'.._,:o,_ --"'";' .•:. c;--olo»l"t'''' 

11.:1~0 

( 

(. --



1 



.•- "'·;•:.: ,: ,. 'l' ·, .. : C··é• < .:. · .. ·t· >, rif!..: T" ,, •: ._·, < (· ·.o:n ,-.,~, ~,:, •• : !·• · 
-..... J S co:i:: :r. _,,, .. " o T:.:.; : • ,, : · ·•'!'" :-, th< O.: PI . n,,. ¿._ ., : .• ;>J ~. , • ,. ·, .:~ ., ·•: 1-0 
II"Ji:o ¡., :1 ,¡, ,L .... ; r •. :\--• ;.,¡_ ·=·• 1 L -.,-,.,, .,r :h,· e:."·' d c ... ,,.,: 11 , •. : , ,.. o-,.,¡ rd , ''"' "'. : , . • L ,, e• .,, ro<l 
~ '\\' ' .•. ' ' . L""""' '"""o<:: ··•< t,c;<_Cv.".liolo< ""'• """'~::::)' :.- '-~J" _;:,y- • .• iu< 1"- :1-.o .u::. o-> '.): .11 <i;'·• ~m 
.:o tia>·><·<~.,,."'"·" """''r:o·O<d,. ::~.¡;,::.no'~""·~= ~-=• -..,.,d "¡,.,.J,J "<', :',.:c.c: ,;,,.,~,\JI 
•·; .r.d:,,n the t.•.-n (<•uolo: ·-·•!1 '•"'''' .•< ~, ...... '"'·•·g '" J<ro Odu·< <],,. ~···· "'•, C•" '''"' 1< 1-'<~··:l [I"m 
ti,, To·"< C""''"" R:,:.;., ,,, ti' D•·"n C<"tn:~,. 

~-------

TJ',Hi. CONSTANT REGISTER 

,, O; 

t,\SB 

• . - -·- ----- -~-~---~~-

l 

''"'''"'' ·-~·-·<l ·• 

c•".>'-o2-0 

" 

137 



1 

1 

1 

1 

1 

.. J 1 

1 

1 

1 

. 1 

1 



' . 

l 

Th< 7.'" '.lC h.o< Oc."> J,,:;c .'l"" •>re-,·, ·•-lf!l <'« z . .:.o CPI_; pr '!"P!nr<rl f"r .,, .. ,[< 1rn:t:.u:'< :<•i''''''-' } 
Un·!-" ti"" .•llr-::·,.-,,., .o! <1::, c:.•Je. "1"'" J Cll cll.Pn<l rq:'-'"' J~ "'"""~' HrJ" J,lr ... •!·.'~;cJ. J 16-0;; 
p..oint-: '"""be''""'':'" ,b:.•in J ""'-'· ~··n·!tf'; m:·,l!u¡•t ''"'''e ;Qutir" '"'''"" r~J·'" ¡,.,,, J :,;;., "' 

_¡p<:uur~ . Tt•.' "1' .'" 8 ~¡'; of the> ;:•. ier •: JI< pr," r~ _,,; b)- '~' CPL' ·, 1 rt¡irr«. Jod :he":~"-<: S ;, _;, d oc~ :¡.• "''''o;, ;a ,•.:!o.~ ~, :!:< !:TC rn th< :orruo{ '"- ln«::,~l V<•>•>r un•~tl< :o •h< o"Ír,;•tl>! ,h,c:: t! .• •· 
",.·.··: _ .. ,,,:e-~-~~- (f,, ~~·:Oo· J·r.,r, .-.- •-··<,•" :o: ~ere lnt<;·L~: S«·:·-·"{ .. 1 -

·----·· ----··----------
MODE 2 INTER.RUPT OPERATION 

INTERP.UPT 

Sf.RVl.:E 
AOUTI,\.E 
STAP.Tt,'.l'; 

ADD;c;tsS 
TI>,SLE 

1 REG 7 BITS FR~ 

Lc''0"'''''''''''''''--J ... •oc" .. '-'-"-'-~~j 

----·-- ·----------:--·---- ··-----

T."~ ·i;. ·-'~" 5 ~"· .:' :•::. !c_:,:c;;<. Vc-:o•r nru•t ~< "-<it:<n :~ :h< :::r-: •' <~·"·<~., ;.:: ,,-.,, J 
Loott"l ~~~-- :·•,.,;o;~ .:~.:c .. :. -;:.,~o IJ. ti•< CP~i -'''"'' ,.,;,. "' l¡._, !~C.~'" '!J:<» ..:u"<•?--n.:.·: :o :c.~('!"( 

'cnJnn.l O.¡u.: .1> rl ··•Jul~ rt J C'oJco<ICun:r~l W~;d w<r< b<on; "-'fltt<r; lo :iHl ct.Jc.c•l,,,.-:: r :~¡¡e-~,' 
.ti .- w •• , J ;:, : o .l ',:::;<o ,,, "' .. · • OJ:c ; O. (A; n~·!:',ld ah""' "' ''~:ton ; , 1 . il b" ) Jt r -., \í· .:- ~ ":"o :.• , 
d"""': -~,·:: "' te• 1, "" ·.o·,-j '-Ju!.: Oe rnt·"~'""d Jo J Chln,.c! Cur.trc•l '.\'ur~- "'.-U'"''" D ,_,.,,·,:!o< 
CTC lO [,)J! <1•: :nc<>r;.o~,;¡ wu:J '"'" <1•< lrl<rrüpl V<.:ur R:~t.t< .. l B," 1 Jrod: r .. w,<· . .:r. ,., ~.,:.,:e 
loJ~'n~ :hr- -.,,: • At rl•• """ .• ;,,, the onwru~·t.r.g 'h"ron<! r.1c" pL:. :lo< In""'""' \'<e<c•r ''"·::·o;_,;} 
D-Ju B-a. rl>< ¡,,'<:.c;·t C.mt:~i L,,,,, ~i til< CTC J•Jtom.:i<"lll '·'f¡li<•, b;r.o:} o~~'"' b,;,: '".; ~ ,¿,_;;. 
f)int .,¡,,•, ,.,-:h.- :·o.u CTC dn·;r•~:," '"b< '"'"'d. 

·--·-·-·- ·----·---
INTERRUPT V<::CTOR R!'GIS'7Ert 

INTEflfl:_¡p] VCC10Fl REGISTE A 

o 
o 

' 

oo 

.. .. '. 

' '--

1 CHA.\.".:t 1 
O CH,\X.'<[L 7 

CH.O..,._,>.,jfl 3 ILn·"·--: P:.o":~l~\ 

--.--- "-/'"' ··----- -· ·J 
AUTU'.I.",TIC.",Ll> t,•;·:t;;¡~D 

BY a•:.G TC 



1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

"'"' 1 1 
1 
1 
1 
1 
1 
1 
1 
1 
1 



" 

• 

' 13~ 

6.0 CTC TI.'.<!NG 

ll>i• ;<Ui"" '!"'" >1 'S 11-< ""' '"! •do1i• •>' .1\j~, "' :he •c]o-,,,,. CTC por.• '· : ''•< f oll"" in¡¡ 1~ ; <• of 
''1'""-''"'"' ,,;:io.¡: • wuod lll :ho C1C.1c.¿or¡g o ""'d f'"''· thr ( IC."•ul."l '! ' ~ hnir·~- El<owl.:" '" tl:l! 
"'""'"! ,,,.~ bo ;. · nd :irr:n~ <!"¡;r•ml •<l•<;ug t<• Jnk:'' pt ><:•·d"! {><·""" 7 Cl 1. n~ •n i\C. f•.;."··! D··~r.m 
~hid< •-;~'"""';,.)~ ,,..e>fo<> 1hr ''~'"'~ r<],¡i, ••hip> ¡-., :i.-n >.4 ). 

6.1 CTC i'.'RITE CYCLE 

r '~"" ó.0-1 ,:¡,,,,," :l.< , i ·''"~ "'''• i"ed ""h ;1.c e re •.l'rite (o ,¡.,_ fl ·" "t_u:,;:e ;, .... -);, .. ;;, to 
¡,., Jo••• <~tl•<r • (1.-!lt•<l C c•;,;r ~: 11 c•:d, '" lm mupo \'<<:N, nr ; 1 irr.e cun>tlro\ ~ ·:l ",.•d 

In <h< I<<¡Mn« s'"'"r.- d_u""~ clod, r~ do T 1. oh e Z'O-CPl' p«;-,-., :.,, :hr w,,.. C~ d• .. ::h > :,l;r 
lhi¡•hl •'>"'' >1 ('T( oupul ~1n RTl IR;,dl Stn,·e 1l1< r"T( );:" nn '<;J•"" 1\',;" ,.,.,,¡ ¡,.~ut, 11 !'"'"'<' '" 
•'" , ; "", ".,11, r".'" 1 he r ''"" -.;:¡¡ i· .¡- "'· 1_,;,·:. e e rm¡¡ 'l,d. '~ ,;. T,. ¡¡,, Z '0-l Pl · _'"':>Oc. ti.< \'. '"' '' de 
,.,,¡, ""' u .... J -•,;•·>!>lt ere¡.;·::~"'' '1()¡¡,1)¡1:o ~·-~'"'', '"d G '.C"l·••· r: .• ~i<¡ '"''" :<:1 '"~" ~, ;,:,, 
,,. ,o¡,,,,,,,_¡, 11" ,, ele io.·ll· "' "'""''"·¡·t ,;loo•" Id.><-! \1••>" ''·" "'"', :.;.,1 r·""" , .. d, •l'i''"•'' >' CIC 
o·,~LIII rS: .or•J ( '>Ó IC:;,,u,o: <:,io,·; 1 >t•d 0). ·~··~i:\o•og "b"h Di :he f"ur CTC "¡,,,.,,¡,"~<In& """m o o . 
• nd 11,• _,.,.J i••'ll"! "'"1'n ·"'i'•-'' •·P. <),, /~0 D,:o Hc1. '.'uv. '''')11111>~ 1> ,,._.~, ¡.,, •),e "'"d 10 be l>"bed 
im 0 1 ,,,. ";'; ·, •""'" C rr ,.,.. ,,._,¡ ,,~:,,,, m •: nc!."'" '-'"' 10<1 "111\ ti•< n>'r¡ e~,;< b<;Lr ni ng cl~d. e y el< T]. So 
···ldil •• •' ,,¡ ".nt '"'~· ..... ·;.--~.·d . 

----------

CTC \VRITE CYCLE 

--:=x=---CH.:.~"('L 
--------- --~-

liOC·RI ~S ~----
- --

CS 0 _ 1.ti: 

-------\__ 

--- ----,, 
----·----- ··-- - ---- ··----- -· ---

"' 
01\IA '" 
• .>Ul 0•." UOC~l L Y • '- 5t ~ H D B V l"O CPU 

~--~-· --·--- -- -·-- --·----· 



• .( 



.. ' 

• 

6.2 ClC f{t;:.!JCYCLE 

Ft~·:c; li 'l C ,JI'''""' th< :im.n~ ,,,,.,¡_¡'<-: ,,;,•. th< CTC R<dC';.i<. Jhj, "'·i'••""'' ,, ~··-~ "' ta.;o 
th< Cl't: reo~, :h·; ··•<'<"O: '•'R""" ui Lh< D.•~~ Co>U'"". D~'"'~ d<>C"- "·1' 1 '· :l•c 7~0 C?l- '~''-'""' th~ 
R:•J ().:i' .,..,~, <r~<, o· ,Lq¡ '";''" ¡:i•" R!J IRc,~). IORQ 11 0 p,,,,,,:,). ,,J-rJ ll:up h ,o:c•. ,-1,1,,, Jl 

,¡,., "·''",: ~" b'"''l ''"~'''''"'"en: "'i"''' rs1 ,, . .¡ C~ú ICh"'"'' ~o!•-• 1 '"" 0•. ,,,-c"l'"! ·''"''' 
"'Lito i•>U[ ( IL ,,.,.,,,.,.:,Lo ~<:a~">~ :OotB. (c-..,;,_ \1! r.Luo; b' IJ!"' 1,> JtoL>ot~:¡•.), :l·e c;.l: tf<>"T\ .!". 't,::· 

"'"' ,,, .,,,, !,· !:: 'o,- oh<"''-'~.~~'"' oi·< .:;d< 1:; th< ,,!id "'"'"'·'; .,,- th< n,,,.n e,."-""',;.,: <!•< ,,, .. ,; 
od~· ,,¡ c;.:l< 1: v.;ll n,· ,,,¡,¡.¡,. on Lh< Zoú [).¡LJ ¡;"·:;o "~J'"''"': ·o"'',,,,,,.'" .11,,"'~· 

---·---------
CTC REAO CYCLE 

-----·-- ,-----
IÜRll 

--····---~-·--~-

DATA ---·- -·~oo0' -
•.>u ro".> nc ~~ r v .,,so ' r ¡ J BY ao c•u 

---- .•. "'-'-..:.'-.:.-'--·---------

" 

' ' 
-~ 



1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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!11 tho (", . .,,.,, .. 1\,,dc.ll" cd;c ¡ .. ,"'~ "\gr ;, "'""' ,., ;1,¡, :•.•'•>!''' 1 ~, .. .,,ti .. ·, ·.•crcoll,., !-••~< .ún-
' ~--t. U 1 ,, r"' e u.: ! RC ,• '' '"''"'"'' ,,,.. Do·• o (", ""'" 11. · .' "·, · ,., ""'·ion ·-· i:l, tk ~ .. •1 ''" n,., l. ·1• .-\1 
'1~ ~~ :·,.·d ir, llr< A C. (1. •' "'' ::• 10. > 1 Sc•ctr"n o .1 1 tlm fu; ' 1~ r. ¡ ·: '"' ·;, .:¡ 1 h.r10 , · :·::m.:,:. ·, i~: h ,~e rlre 

rnirr·,,,..,, ¡-,.,;,.d rnc<L '' ; he:.-" ll:.o '""" ·t,e 'l'"''" d,,,), ~--~<•d ,\111 ~u~l· ''""'" n •" -P "''" "~r.r <· 
,,,.,., ~.,,,. .. ,., th< "'""'' ,¿1,- ~r tho ('1 K,TkC .:.d thc ,.¡,,f <•'>' uf 1• rf th< n;.._ 1 Rr, «'~• ''""" ,: .. ," 
th .. n" •;•o."i'><'J uir.it•lUI'l ::"''· th ·1<"""'"' ulll« D,,,,,. (,••Jnt<r "'¡¡ b< .::'";«! "''' <:··,o~ :•.IO':nod
;,,,¡) .>ftcr th,• JccrOoll<Ol of t!•< [).;"" ( "~''"'· 1 1<• O, the ZCiTO VolipUI i¡ •'"''d \;•t<. 

In t 1>< frH\01 \l.,dr _ J ¡• .d•• lfi"" 1 '"' 1--<k"'blc ·'' e 11 ir<; ";11 ·O 1 rr~l. N "1 !1 • 1 <• • 1 J1 1 ¡,,. 1 'l.~ ; RC: 
r;, ,.,,,¡,:,, ,,,,.,,~ ("""''"" ,., ,,,, "'""'! >Uco<od .. ,~ ,,;,.~ ,•dgc of"' ,\, "' "'' r,,,,,_, ·.:.rJr. ;i.o ",, ·:o,: 
p.,;,,. r• ._:,-,,,,,·~ ·'~ '"'""'"'"'!) ,,,J '"""Ir"'' • n•i"'"'""' .,;d:lr, TLo li<;HI'O :·urrrlrc•n" ,,,,,,,._.J ,; .; .,,., ot· 
'"::. ,. ~;llr •!•. ,,d, <o_;,¡,,,"' '"''•P "'"' "•eq"rocd ~w.,·tn :be"'"' <d~< uf 11'<' ru; l<!C "-! .; .. ,,,,_, 
ri.·•··:····!•.' "' ~· lt th: r¡ ¡.,:;¡ RG <d~< """u" do"' tb.n ¡¡,,_,ht milt•ll->n ultlro ''"'"' '""'""" .,:¡ b< 
•k'.• . , J ,.,, <l ck ,¡ <l•. 

l.--

.,. 

INfERNAL 
cou,.HR 

lC/TO 

.,. 

IN 1 Cfl'jAL 
r¡:,IER 

CTC COUNTING :.NO TIMING 

__ jiL_j L_jíLJI._ 
~ ¡----, ___ __/ \_ ______ __/ \.._ ----

~---) ZEAO C~~~---;:-~ __ -----·-·-

,--
-~-----

__ __í 
r_-- -- ·--------

____/ HAIH l•'·~t'JG 

----------·- . --·--- ----- - ___ , ·----





• 

14<: 
• -7.0 C"i'C INTEflRUPT SERVI(.ING 

f 1 ;1, CTL ,¡,,.,,-1 r.": ;,,- i"J'•'JuJil-' l''<'i' ,,.,,.,d '" r<~u«t on i~·e. "W' <·<1; '""' '"O,,., n (",.,""'' ) 
'"''1;.:; _, •••ucr "' "''' fh< t'HfO-->< :•1 J C"ll ·g<•·«JI< l inl<'""l''· >< 1~• ,,,~ ••<1~<1 pe.,~l:,.,j J .... :.<.¡,'" 
'"''" <h< (~1; •~ '''·'"< '" i·'"""P' ,,_;,, """in< r,, "''liu oh<>¡,.,,,.,. !l.· hO Cl'l' """' ~< l""""''"' 1,·.1 
fur "'~~-: C '"'"""~' "'-"' '" •< L' "~" 11 •< "'1 "'"'"""', • •1 thi. "'"'k "1 ,..,, .o C T t' ''"" 11d 10 .1,,.,¡¡ , 11 ;, '"' . 
ru~ 1 J ,,¡ ; , J,' "''" 1:-1,¡< l o 1 6 b Lt pc•>n «r m'"' b< "'""'J <•> ub .,;, J <'"'"'''"'"!'"~ ""''" "¡•r "'" 1.,. '"" ,.,,. 
""'"'~ oJ '"•· ""'" J ;,!,1-: on '"''"""'·TI"'"""' 3 bmuf th< 1'"""" '" P""',j_-,¡ h~ "'" ,·¡,· u1 lh,• ""1" 
of J n 1., t.:o 1 ,;¡•: V'-'' •1 un1.111: ''' :!te r•·<•,·ul : r "''-''"'d th.u re~ u<'>t<J ti•< 1o1 1<. ' 11¡11 1 fur <111 ,¡", J,-, _, 1¡,, """ 
'" .h.r:··· ~o,,, 111- hH-Ci'L r •. r,, .. -,, 11 '"" ,:_¡ 

lh< ere, r," :rur1 e'"",,¡ ¡.,~:,. i" """ '"" " o.'' m ""'" J ,,, . .- '" r h biJ ,~ ''"''' ""•'1 , u;'' ;•" ,,,,.,,, 
for ""'",¡ P"•"LI) inr:rru?< '"d erup<r '""'" ,-,~,, llll<rru?L TI" P"""'l "' '"~ "''"" J'""" ;, J,'"'"""'·J 
b)' il> rll),iCJ1f,JOHI•.''l In' ¿m:. ch,.n '<11Lfl~C:IJ1Lull Tv.<> "~n,[lifl" 1111 .ol'd 11'01 JI e' p""Ld<~ 111 ¡¡,.. ['1'1' 
a11J all 7~0 p•'rr¡-<>erJI J'"'"' ''' f•J!al th, ,,,,,."' dJ,._, ''"'"· 1hc "'""' ,!"'''''''ti« Cl'li ¡,, rh.· r110¡,,.,, 
P"•'lll), 'litlun ti•, CT<_' liH";"'P' f'"""'l "prd·:t"""'"d O¡ ,l,.lltod 11<1•!1~<', ",,¡, ''"""''¡O '"""0 11;,1., ,: 
p<i<~ri<y. ,\,.;,"<><J•r.; 1" 7_<;:) >) ''"" Ll.'<rrnp: 1'''''""'1. lo11 i'II"ILI'• ~,.¡,,., "' ciiJIIH<I; IL1-LY ""' II.!CIIIIj'L l10~1 . .-. 
P''"'lll !"''" "' ,¡,, ,,,:, ,¡,: '"'' .>lr<JJ) lllte~ru~,,,¡ •flJ "''' I1Jd lllcll ,,,,·: '"i'' <>'h 1., , ,,,,,,,., """Ckt•' J 
H•"'""', ~~~~lo P"'"'':· ~.'>i"·' ur ci~Jilr..-1; nu) """'"P' '''" '"""i"g ,,, lo '"'' i" lo'i IL) J,.,,,, ,, ,¡ 1 , . ., ,•,, 
( l'vr f ur!h<r d<!Jih. ;e'< ,.., t '' "' C .J' "!rlL<rrup t (un trul L"~l.:",) 

S•"'"l" 7. r ,,J 7 .e b, 1- '" o,·-.::ob' , '" """ ,;,,r '"""'~ '"'" ,;,.,,1, 1'• ,,· <!1,• , ,:,._,.,, e 1 e 1,,,, :, , ; 11.
r,,.,, "¡,. Ac~-""~ k : ,:.· C,1 ,k "'" o 1«· K:t '" " r '"111 !•IIW upr (\ ,;k. S<c '"'" ; _:, Ocio-.. J ""'""' .1 I,II'I.:J 1 
.,,,;,rtc "' ;:-,,, ,¡,," m'«l"f'' '""1""~ 

7.1 IN TER~~ UPT ACKi'JO\'IL EOGE CYCL E 

F10'" : - O 1 1IIL" ·.r.".<> lh< '""'" ~ ';su,i~~<d v. "1 L Lil' 1 n« ¡¡u J" A d. ""~1 d ;< ( 1 d< S·'"'' · ,oo• .- , , .. 
""'""!'; ""·!' -•.:,•: b' th< C1C.th CPU '"11 ,,.,J ~"' '" on«rrup! "''·~"¡',¡'" 1\Ti "'! f¡f•:•:• 1, 

'"' ... '"" th" "'"!' j""' '~""' ¡,,,, "'blhi<_ .:l'""''d' '"' ;,¡,;,:;,J '"'"' ,¡,,,,,,, '""' '"""''''' :.··;·;,,: . ,,.,,< ··'•<·• \fl, ,,.,.,_ '>rl ""'"' '"""' '""<"~"·'- "''~<,,,,¡," '""' foi<O. , .. J i{ti" ,,~,.- ... ~.,,,,,,,: · 
th< •) ,¡,. fl•>m ~!' ilhl'LJC[Jo>O ,-.,,r,, l>\n::>o lhi> lln>< 1 l1e Jnl<ll ~~~~ lo~IC ,ot liLe ( 1 (' 11 jlf J.::o·,::;"O 1:1.' J. oil: ·.: 
pn•'l;l,l' ,IIJuP<I :o~u<•tlo~ m mt<:<u?<- lt the (K lnt<rrup f:u~l,• ln;"d 1 ILI 1" '·"'•"· ¡J.,-, :1:.- hj,lo_-., 
~~ "''") ¡n:.:. -·~'"'i .!!.>0<' .. 1 •' u hu the CTC ?IJ. e• '" lnt<o r J~l \'.: ""' "'"" 11•: (l,,, Stl, ~lo, •- rfi¡:f:• ~-"", 
l.:ll>< T "" ,.,¡; "-'' ~, (T 11 •) ll< lUI~IIIJibll:· iii><U<J lt thi, tun< ''' Jllu" "" "Ji>.• '""" ,,,.1J1•dl'·' 
AdJiti,•n'l A.>LI ,:J!O' !nJ)- b< J~~,,l_ 

INTERRUPT ACKNOWLEDGE CYCLE 

• 

··--------
__¡----

\_ _____~--. --

"' 
--7--------c-·-· ··--

\.... _______ _ 

OAl A -------{~E:.~ú~:_)-~---· 

' 

) 
-~ 





~-

7.2 R~.TUF.N r:,Q•,t INTEf'"':U?TCYCLE 

ro¡;uto ¡ 0-: tll•"t!J10S :11,• H1100'og "'•"•j ,,,.¿ ""¡, tl1<· !H TI ln<tru< ti m n11< it.<"u· t<·••· i< .,,,.¿ l1 ti.< 

"'~ "¡ "" ""'''"P' ,.,,¡,,. ""'''"' t·• "'"'"'"' :1·• ,J,,) do.•ito, :••hlo ltn'> fut pturcr ~c•n:.c>! ,•f t•nted ?''' 
""11 t "" t r u;"l 1 :.11di11o~ TI o e l f[ J,·cuJ" ti JO :" o-b) " ~ l f1 <<>d< intct "' lly ,,d d<l<rmir•<> "l>< t l~et 11 ¡, 
llll<lod<·d fut > d•Jiolld ho '"0 '' 1\lc'o'd. 

~---· 
1\l,en "'' ,. r .:1 üO P<'rJ~!J,.,¡ cht;" "' m t~e.Ui<y '~" i.o !t'.l ,.,¡¡ ¡,,,,,¡,, e::'• • , .• , ,;,, ohip ,,, ; ; •r eh· : 

••.1.o <et-i.;< "',:e'" !:(JI! "~'d' :, <hwd.llf th'i fc 1 i~:·én; <';'o~o :<~D'I '~' ;'" C~-·ral O<:~o ""'".i 
· ... ;: r ,. 'H n 11 'ii1·.·l .,,¿ "' 1 EO ~,11 t econ;o "'" '· .~dJ,¡ '""'1 " "' <llt., '" ,¡: ,, .-.d • · · 

• 

·-- ----------- -·- -----------

RE TURN i- RO/,', 1 N f H1RUP T CYCLE 

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

---' 

'" --·----------' 

___/ 
----

----- ------~-~------ -----
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fit'""' ~o.;~ ,n,..-. ''"'' ·~ ~··: •' .. ,,,, 1" '"'"P' .-:;.'"''·" ,.·hi.:h ""' '" .. "' '" 1h: Cl < '" ,¡,,, ""'"l'''· 
"h'""'l" on:·'" '~" >"J ··•·.e.:<! ''"'""'· 11; '' ,¡,;, :'.,"ne' ;, b<~u~ ~·=-=--·J •·•;' .. , r•: ""'l ,¡,,,.,_.¡ 1 
in«rrur:. JO~ :,t·,.,·d >:ni.: n, "'"'' ''-'"''"";,.,ti>< hi¡¡!"r prO~ :r, .·lo ,.,,,.• "'""'Id<!,· J. ,.,J, Rlll 
mwu,;:,n 1 ;.-: ;ce•: · J .1 !<>r 1 un 'o:· J< laol > l ;, ""'" r:j ''' ''gn<l ih< .liJe n·:l th J' , ¡, "'" .;,,_ " """' ¡•1" .. 
Al tl.i< <in><, th< '"'"'' "'""" .,f l!o< ¡,,,., pri··'lly oh''""! : ¡, '""''·'·! ,., 1 :.•o::pk"~ 

~IG'HSo P~IO~I'> CHA~'I[l 

CN~'!l! CH~'.',ELI CH~V.'ll CH~'•'•'Ll 

L H ~- IE?t-~F-~~EDl H' l•E• ~-~~-0.1--~--E·-·~-.. ¡~~1 "'-
1. f~IJ•'IIy ¡·.;¡~"JPf O~ISY (nO¡', ;¡,~o: A'o' l'olti1RUTT Of.~•J"O 

u,,u:ns¡~v•c: 

~-r:.-~-~-~-;_:~ _::·-r~ ~--_;E0~-_2~-+EI 1!+~~-- .lfU~lU __ 

1 (H~~.',¡¡ 1 '-E~u[)IS ~·. !.'di~~UFI ~·.o 1$ ~U~O;.tEOf,(~ 

U~Ol~SiH"."ICE StR'/ICESUS~é·.¡;;·~ 

l. ~~-G_;_~-= ~:~.~~C~ --'~ lO (•f, ,;~ lo E 1 ' " ~~~ ---
J C>t~v.:t '~~~¡~RuPrs. s~v::.os o;¡q·.-o(I'•G Of c~~~··H 1 

SE~'il[i CO'.t'léH SF~i~E MSú',,c¡) 

LH.~ E;;_-_· ---~~~-·-=-~E~~~0}~~~}l·~· 
4 CH~'i\[ t 1 St ~~ICE ROUTI",¡ ~O•.tn¡ lE ... ~¡ rr· ISSUEO. C"~·, •;;¡ 1 s¡~viC! ~ESU'·''.C 

SERVIC! CO'.I>l E 1 E 

~-F::~P-E ·~ Hl E~E 1!0~~-
! SICO.". J ""Rt!l"" I~SI RUC 110'< ISS~IU IJ.', C0\',~"10'." 0' [~~_.,.,¡¡ 1 Sl •·;¡e: '10U 11'.~ 

-· .. -··-·- -- ------- ------ -·---··-

-' 

) 
~-



•• 
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~O t.P.'>OLUl E f.U..•:I:.lUM f':ATINGS 

, __ ,. ,,¡·,,,,g,., 
., -··'· .,, ... ,.. 
,._ ••.• ,. n,- ,_., p,, ..... h 

~"'~" r~r ...... ~ 
•· "" D"···r"'"" 

u' e ·~ 
<·S'Cto• 

8.1 O.C. C~CARtiCTt:RISTICS 

ZBO-CTC 

'2'JA-.{:TC 

r~--:.:.. r ""'"''"' 
· ::'!e~ Ct~ 1 ,,,, Lo" Vol_:~o ---

"J"C.. ~:..":"· :oooo ~.¡n V,l .,. "' -
r-"-'L....- '"""' lo" Vo"''' -- -
''" loOu\ ~-1" Voi"O' --

f--:~0~ o"~"' L.o" Voltoo• 

~'::QH o"'""'"·•" vor..,. 

'" Po.-.- s,,,,, e""'"' - -- -
_.,_ 

~b-'--- 1 o pul ,.,.,,.c .... "' - --
__l_,oH T" S'"' Ou<rull""•" C""'"' 

., ........ . 
~-,.,.,.,,o, .. ,,._.,'"·~'"""--'~'-'""" '""""' 
~'""!'' ""> < "'" ;"~'""" •'•'"1' In L'• ''"~' 
n,-, o• • ,,,,,. t>' ., o·n~) o•J !"'"" ·~ "T""'"" nr 
<ho """',; :~"' o·t "'> • ,; . ., '"'"'"'"" obo•" <ho''< 

"'"'"''d on '''' •·P" 11• "'' "'''"' <o< Lh" '"'' '"'""'" 
• no< "-'r'"d E• r•••m "' •''''"'• r-. • e~<.-. """! 
-'""d'"""' loo """~'~ """ •4, "'" off«l """' n
J.oboloty. 

••• , ... lJM ''" ~·"" 
~' " 1--' - -
"e~- • ~~-e . -~ " 
~' ~! ..... f-~ -
'·' .':~~ V - .. J__v..., 'o~·•'" -· ,. 

fo;o 1~ ''" -
_, 

~' 1 ,, -"" ~~ " '" 
,, 

-
'" "~" " vour • ' ILQL r,-s-m O oto u• , ..... ,.c .. ''"''"''"" 

_ , -~: ~ "o!!_!_ _ 

o V ce 

''
0 "cc 

" o 

IQ><O c."'"''"' o ,., e""'"' _, -~ 
- --- ---

8.2 CAPACITANCE 

" 

-
"' ''" 

. ' óO 

R<XT -' "' ----

.""'"'O lo G'"""" 

,.,~~~'"'~ -,_,_;;;_;,;.;,-

- --·- --· 
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8.3 A.C. CHAf:,O,CTEfliSTICS ZSO CTC l4ti ·-·----

l 
cs. C{. •« 
--.---

,, 
'w"~>-<' 
'v•''I'L• 
'·· ,, 
'" 
, 5,1,rcso 

.... ., .... 
Cto<• O ,•,. ;·, •t<". C•od H.g, 

Cae_;•, ,_•::.o,;.Cooc• Lo~ 

Coa'" O ·>• O" O ' 1•1 T ,,. " ----·--·--
Cont·n' S-J">' 5-·:v~ '"'"o o"'''"'> éo>,'' •>' • Ou"<>; Ro.a 

-~~-,-~-~-,-,,~,,.,.~·;· ---------
'ORIOl Om Ovooyt 0"» ''0"' ~'''"<1 E~,. o• RJ O u ·~ R,>a 

•ooiDI 

'"" o." s-. .. o r .,.,, o o ... ,.,... E o<• "' ' o ..... , ,.,.,,, o• "1 
C.c•o 

o.- · o ... ,.,, o- . ., • '""' '•"'"' ,,. ;· ,. """J o"""9 
I"UCo"' 

D• ,, oo ''"'' •; "'" <0"'""' g""'- o-u~. romol 

... 
'" '" "" 

_ -~-~~~ u~:'' ¡ c .... 

1 :'UUO "' l 
f- " ... ,·· _l ...... 
1 "' 1 

··_· -+--- -_ =~I_;·T_-.. _-. 
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ZSO~MCB 
Microcomputer 
Board . 

J 

ProductSpecü1cation 
APRIL !978. 

The Z80-MCB Microcomputer B011rd is a complete sin¡lc board computer with its own·self-<:ontaimd mem
ory plus serial and plrillc! 1/0 ports. lt featurn the use of thc Z80-CPU. Z8Q..CTC, ZBO-PIO, ~nd Z--6116 de
vices that havc becomc standard componcnts in U:te mitrocomputer industry. 

16K RAM 

~' 
OK PROM 

Cl)NTROL 

]Í ' SIJFFER 

TTL BUS 
A ;> = AODR ESS/DA T A 6~ 

INTEAAUPTANOCONT~ ~ DRIVERS 

. , 
~~· )::::¡; 7 - ' 

l'flQGA;;; ' . . 
. .< MABLE 

_, 
) P.o,RALLEL SERI.t.L 

"" '" '" . 
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Description 

Thc ZSO.Microcgmpultf Board (MCB) 1$ a mGC!ulu, 
SltiJ)e-board cgmputcr. h iJ dtsigned "'o""d the Zilog 
ZSO-Cl'U >nd emplgyaan on·boord OC convono< to allgw 
oper.,ion from 1 Mgie ~s •olt power supply. lllis boord 
11; h!Jhly nexiblo. ond """ ho customizod by the .,.., for 
opecifk opp!icattclll. · • 

The bllic cOñfigun<lOfl con>im of thc z.BO.CPU. 16K 
by1ea of dynl!IIIc RAM. provi<ion for up to 4K bytes of 
PROM, ROM. or EPROM, both par1.lld >nd seriall/0 
poru. !/0 pon d«Gd<rS. .,da cry~W controUed dad.. 
The pan.llcl pon is implemontod with the ZSO.PIO "'tb 

features 

• 1.80-CPU DnJ)edt.ip n-d!o.nnd proceAOr ..;th 158 in-
nructions (im;Judinl .U of lhe 80SOA"1 78 inluuctions 
whh total >oftW1fl' o;Qmp&tibility). No"' instructions 

•• iocludo mcmory·l<>-rn<mory block tnnsfers.l/0 block 
tnnsf<"- !().b,t anthme11e, 9 types of rotares and lhifll. 
bit manipula11011 .md many new addressin¡ mod.,_ 
(Ser ZB().CPU Produc/ Sptcl/ialio~ fo• speci!lo der.aib.) 

• l6K or 4K bytcs ofhi¡h.·specd,lo .... powcr dynamic RAM. 

• MOS EPROM, fuseablo b!polor PROM or masl«d ROM 
for user'a prognm uorap. Ziloa monitor ooflwan 11 
ovoilablo iD lK. and JK by re ...... o.,._ 

• T"'o Jn<mory pago decoden. ..ruc11 sel«t l6X: dynomlo 
RAM or 4K byt<> of ROM. Stnppin1 opt>ons art. ,..¡,.. 
cato those memorieslnto any 10pnont of thc 64K add"'u 
lplCI. 

• Procnmmabl• MI duplu 10nal 1/0 pon ..;tb RS-l32 
DI" cunoM.joop inrufau. Cm be ptoanmmod to opet• 
ate ot 11 '"P""''" baud n.tn from 50 boud to 38.4K 
boud. Cm oponte uaín1my uynch:onow or synchro-
nous plOtocal. 

• Modom contfol oipWs ind1111in8 R..quur To S.nd lftd 
Cl<u To Se:nd uo prcMded witb the RS-232 lnterf..:e. 

• A sepllii< ,..oder contH>llino i> a•allable for telorypc 
ttmunal• not equippod ...,u, automatic n:adcr C0<1trol 

• Uni>enal panlld 1/0 can be propammed to dofwo ""Y 
o!itoctiOD and cb.tHransftr cllu~C~<nltlcs fot two ~jt 
poru. FuD noUbility iD buffef!D¡ and temun•tina lho 
panl[cl porn 11 provided by uncommttttd ririvt•/tor· 
mirution dn>e< loc>tions. DatJ lnnslor "'-" be ouom--
p!Witd under fu!1 int<111,1p1 control. {Sn UO.l'IO 
Prod~r s~~""~ (t:>l •pecific do~) 

an:a r.served for Uicl·opplied dnvcr .,d/or rtcemr Jope. 
One of lh• fout lml<ll. in the ZBO-CTC iJ uaed as • boud 
rattlonoootor for lho lerill interface implementod Wlth >n 
825 1 USART. Stnppina options aro ,.oilable for selootin¡ 
sevor.d memory md 110 pcrt confiJUraÚons. teriiUnO! intor· 
faco >IOI!emes. and Op<fiMI modos. Ú.piiiS>on of tho ""d 
is mado pouiblo by (codina :di bufferd oddrus. cb.u. o.nd 
ccnuolllneo toa 12~-P"' ed¡e coMtctor. T""o vtts~ono oi 
morutor softwo"' (IK and 3K bytn) ot< ovlllab[e m brpclar 
PROM o for ~ruonion into the four 24-pin PROM socke<S. 
..Uowin1 sofrwo"' debug¡ing and <omina! uu<ri•cr {TTY. 
CRT. DI" dnk). 

• zg().CT( includoo four progr.munoblt counterltimer 
circuit ch.ann.to. lt is used as the prosrommable baud • 
n.lo¡enerator: add!tlonal ch.anneis """ bo rned"' real• 
time clocl:s.. (Sn 180-cre Prod..cr Sp«rfu;otw~ for 
opecillc deWh.) 

• Switr.hes on the board can be "''d by tho CPU for VU• 
lous optmns. The softwue provided in tho Uancb.rd l K 
byte monitor c;an n:ad these twitches U:td 1<t th< com-
murticatioJI fn!qu•IIIOY 10 any of 14 =""ratos by 
¡no~g tho CTC. Switcheo c;an aloa be =d for 
othorlimtlar funotlof11. 

• lloud contain.s 1/0 pon addren deoO<Ion. whir.h an 
deo:odo 32 uruque eonticuous pon oddn<sos. S.•ctal 
o( lb.,. :an: used to l<lect lhe cllannels oflhe USART. 
PIO .,d CTC. Add!ttooal decode<l pon select "i"oll 
an: .. oilable for va.rious ponphen.b 1111r.hed to rho 
l)'ltrm. 

• l9.6608M.Hz oryrul oodlbtor d!Yid<d to ~.4S7MHz 
fot z.80.CPU opontlon and di.,dable by lS(I.CJ'C ro 
provrde lho senall/0 boud ntes or any other de""'d 
l)'ltmt fn:qucn<:in. 

• Bus drivus an: pro<idod fDI" mcmory and 1/0 expan-
sion 10 othor boud.lllutue 1 put ofthe series.. 

• !K byte monitor soft"'"n: has totmin.t.l lwodlet.load 
lftd punr.h routilles as ... u as sol and display memory 
o;ommlftds. A Co commond b<¡ins """""ti"" of .,.., 
pniJIOnlS.. Thu• an: do bu¡ oids JUCh u 1<t and diJpby 
,..¡;.ten and bn:o\;¡>oinu. Tho 3K byte •emon 111dudu 
• Hoppy disk con!foUet ond <"vtn mo"' debuJ c.-pac1ty. 

• T n-rute buffen on all cb.tO. addn:u Oftd control hncs . 

• 0nt Dllftmubblo and thno masbbl< int.mrpu. 
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ZSO..MCB Block Diagram 

Summary of ZSO-CPU Instruction Set 

AOD REGlSTEJVMEMORY/VALVE ro A/Willl CARRY 
ADO REGISTER PAJR ro HLJ1XIlY 
AOO REGISTER PAIR ro Hl Wlm CARRY 
SUBTR.ACT REGlstER/MEMORY(VALVE FROM Al 

WllH BORROW . 
SUBTRACT REGimR PAIR FROM tu: W1TH 80RROW 
D<ruw. ADnJST 

ANO REGlSTER/MEMORY/VALUE wtn1 A 
OR REGISTEliJMEMORY/VALUE Wlm A 
EXCLUSIVE OR REG!SlER/MEMORY/V ALIJE wrrH A 
COMPARE REG!SlERIMEMORYfVALUE Wllll A 
COMPARE/INCREMENT(DECREMENT(HL. OECRE-

MniT BC/REI'EAT 
INCREMENTfDECREMENT R.EGISTER/REGISTER PAIR 

MEMORY 
COMPLEMENT A12'S/i'SI 

LOAD R.EGISTI.R/R.EG1STER PAIR/MEMORY wrm 
· REGISTERJREGISTER PAIR/MEMORY /V ALUE 

lOAD (DE) W1TH (HL). INC(DEC/!ll. ANO DE, DEC 
BC/REPEAT 

\._. ROTA TE RJGHT/LEFT. CIRCUl.AR/THRU CAIUI.Y/ 
REG!STER/MEMORY 

ROTA TE RlGHT/U'FT DIGIT 
SHIFT REGlSTER/MB!ORY, LEFT ARITHMETIC 
SHJFT REGlSTER/MEMORY, RlGHT LOGICAL 

-,. 
-

SET/RESET/TEST BIT IN REGISTER/MEMORY 

CALL SUBROUTINE IF CONDmON TRUEJUNCON
DITIONAL CALL 

1UMP IS CONDITION TRUEJUNCOI'm!TIONAL 1UMP 
lUMP REU.TIVE 1F CONDmON TRUE/UNCONDITION

AL REIATIVE llJMJ' 
1UMP TO (HL). (IX), OR {!Y) 
RESTART CALL 

• EXCHANGE REG1STI.RS 
EXCHANGE REGISTER PAIR ANO STACK 
RETURN FROM SUBROlmNE IF CONDITION TRUE/ 

UNCOI'm!TIONAL REIURN 
POP/PUSH REGISTER PAIR FROM[TO ST ACX 
SET INTERRUPT MODE 011/2 
ENABLEIDISABLE INTERRUPTS 
RETURN FROM INTERRUPT/NMI INTl:RRUPT 
DECREMENT B,llJMJ' 11' B • O 

tNPUT{OUTl'UT REGISTER 
INPUT/OUTPUT, {HL), INC {DEC) HL, DEC B/REPEAT 

SET/COMPLEMENT CARRY FLAG · 
NO OPERATION 
HAU 

MSE ·D-5 
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MCB Applications Spedfications 

' The Z80.MCI'I c>n b< u..d in mllly applieatiom tra
dition.Uy not ovaílable te <in¡¡le microc:cmp~t<r bouds. 
Mmy cf \he functiom pre,.;ously perfcnned by extorna! 
Jwdwa,. are now i:nplemen<ed in tilo Z!IO-CPU and p<ri
phoral.l. The perfcnnaDCe pe• unit board .uu.lw b .. a 
¡"atly optimiud. thusefurunatinllhc n .. d for "'""' 
=<el>. atd Cl.Fo bo<k pbno•. &nd CCM<Ct(>[S for ma~>y 
>pplic':>tionl, The Z!IO.MCB an be lll<d fcr nw;ltine COI>
tmDen. eu>tomized <m.U buslness ccmpu1011. :wurmated 
teS! ,..,ds, customiud d>ll o<qui$iuon JYI<ems, pracus 
conuol ty>lems. communioo.<icns '"display ccntroUen, 
mulnproce""r •Y'""''· ""d wcrd proceosing JYit<ITIS, jusi 
te r=ne 1 few. The di>gnm l>elow lhows lhe ZBO.MCB 
11><d wr.th !!te Zll<>c \o ideo Oi>play Bcud '" c<mfigwe aa 
mt<lli,ent t al ·~ 

~ ' 
~. -.:. = 

' --···-· 
Torminal CQnfi~ ,..,.. . \a"ll''""' 

Vidao DDfln' Q - ..... ,¡¡"""""" 

~--
Pin Assignments 

MCB- PIN OUT (COMPONENT SIDE) .. ~ 110 SUB GROUM<-

' .. " RFSH-

' .. " AOORESS BUS 13 

• lORO- " ACCRESS BUS 11 

' CATA SUS 5 " OPEN IZ 211 l?;ULL UP) 

• 20mACATA " OPEN (Z 201 

' RECEIVE CATA " OPEN (Z 19) 

• CATABUS3 ., OPEN IZ \SI 

• MASTER RESET ., OPEN IZ 171 

'" MASTER RESET- ., Of'EN IZ 16) 

" CLEAR TO SENO " OPEN(Z151 

" OATA BUS 6 .. Of'EN (Z 14) 

" OATABUS<$ ~ OPEN (Z 131 

" REO TOSEND " OPEN IZ 121 

" XMITEC CATA .. OPEN IZ 11) 

" MEM SEL IN .. OPEN (Z 10) 

" DISK CfT " OPEN IZ 91 

" "'' " OPEN IZ 8) 

" 20mADATARET " OPEN IZ71 
M TTYTAPECNTLRET " OPEN IZ 61 

" . MEMORV SEL OUT .. OPEN (Z 51 

" INTE IN CTC " OPEN IZ41 
n ··- " OPEN IZ JI 

" IJSER STRB 3 " OPEN IZ 21 

" CISI( STRB " OPEN (Z 11 
~ AOORESS BUS 7 " .. 
" AODRESS BUS 8 "' .. 
" IOWR- " .. 
" AOORESS BUS 5 

" AOCRESS BUS 6 NOTE: Ooen pin• oro d•linablo 

" RESET- by ..,.,. One '' pullecl up lor u .. 

" AOORESS BUS 15 01 IICU>al for ;nte"IIPl 0n1t>f0 

" 110 SUB GROUP 2- ria;•v cna;n. 

POWER SUPPLY; 

CONNECTOR: 

SIZE: 

ENVIRONMENTAL: 

MEMORY CAPAC1TV: 

'110 CHANNELS: 

+SV OC ~5%, curren.: 2 om1>1 
ma~ (wotn J PAOMsl 
122·pin tdgo 1100 mil •pocingl 
A~;atPN 1400S.19P1 
Ung1!\, 1.7u 
Oo¡>!ll, 7.5u 
Soa<;ono, 0.5'' cetuen 
o"- so" e 11mperoture rango. uc 
\0 !10"4 11umidlf'; "'ithcut con· 
donntoon. 
4K; or 161( b'{tO> dvnomic RAM 
plus up te 4K byto" PROM, ROM 
or EPROM. hp.andable bV u .. 
o1 Z80-RMB 16K RAM boord te 
641( bytn el main momO<'/. 
S.rlol 1~0 pon ... tn RS.232 or 
20 mA cur,.nt loop intorbco; 
Two 121 •ottwaro confi<]Urtblo 
l>direclional &.bil Patallel 110 --

MCB - PIN OUT (SOLDER SlDE) 

" '" " 
,._ 

" '" .. ACCRESS BUS 14 
~ "' " 1/0 SUB GROUP 3-

" TTY TAPE CNTL " 1/0SUBGROUPI-

" -5V EXTERNAL " ACORESS BUS 12 

" -SV EXTERNAL " ACCRESS BUS 4 .. OATABUS4 " ·-.. +12V EXTERNAL "" AODRESS BUS 3 

" +\2V EXTERNAL '" ACDRESS BUS 2 

" DATABUS2 '"' AOCRESS BUS 1 

" -12V EXTERNAL "" ACDRESS BU~ 
n CATA BUS 7 '~ 1/0GROUM<-

- 7 .. - DATA SET REACY '" 1/0 GRDUP 1-

" CATABUS1- ,~- 1/QGROUP2-

" CATA TERM. RDY/ '"' 1/0 GROUP 3-

XMIT CLK '"' 110 GROUP 4-

" 20mA RECV. RETNJ '"' BUS RO-

RECV. CLK "' NMI-

" SYNC DETECT "' PIO INTEOUT 

" INT- "' SERI.O.L CLK IN 

" LINE SIGNAL CET, 12XI 

" ZOmA RECV. "' HALl-

" USER CfT3 '" INTE IN PIO 

" AOMSELOUT '" 
M,_ .. USER RTC CfT "' 
,_ 

" MRO- "' INTE IN SER 

" CTC INTE OUT "' M 

" 2X SERIAL CLK "' WAIT-

" BUSAK;- '" GNO. 

" ACORESS BUS 9. 121 - '" " lORO- "' '"' " ACDRESS BUS 10 

" ROM SEL 1111-
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MCB Performs SupervisÓry Control in ZSO-Based Systems 

Z80-MCB 
MicrDC11mputer Boud 

ZSO-RMB 
Ram Memory Board 

ZSO.AlO 
Analog Input/Output 

'""" 

Z8Q.SIB 

• 

--l'Mm>OO<>tJple 

---'·Y••~ 

Serial I/0 Board 

ZB<>MDC 
M=ory{Disk 
Controller Board 

MSE D-7 
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iSBC 86/12'" 
SINGLE BOARD COMPUTER 

9. 

8086 16 bit H·MOS microprocessor 
central processor unit 

32K bytes of dual·port readlwrite memory 
wllh on·boartl relresh 

Sockets lar up to 16K·bytes of read only 
memory 

System memory expandable to 
1 megabyte 

24 programmabie parallei 1/0 llnes wlth 
sockets lor interchangeable llne drivers 
and tennlnators 

Programmable synchronous/ 
asynchronous RS232C compatible serial 
interface wlth software selectable baud 
ratas 

Two programmable 16·bit BCD or binary 
counters 

9 levels ol vectored lnterrupt control, 
expandable to 65 levels 

Auxiliary power bus, memory protect and 
power lail interrupt control logic for 
readfwrite memory battery backup 

MULTIBUS interface lor mutl:iinaster 
conflgurations and system expansion-

Compatible wlth ISBC 80 family single 
board computers, memory, digital and 
analog 1/0, and peripheral controller 
boards 

n.., ISBC 86112 Single Board Compuler le a membtlr of lntel'' complete llne el OEM mlcroecmpurer syatems wnlcl'l 
take lull l&d•antage el lntel'a · [51 technclcgy te provld• economlcal self~ontalned computar based aolu!lona for 

lflliiiFM appllcattena .. The ISBC 86112 ta • compleTe cemputer Sf$lem en a single 6.75 "12.00.1 nch prlnted clreu!t C&fd, 
... CPU, lystom cloc:k, rudlwrite memory, tiOI'I""Iatlle rud onty memory, 110 POI\1 and dmers, serial communl

c.a.tlon• tnter.aca. ptiorlty interrul>llcglc and prcgrammaote Ume~ all real"- on th• -..:~. Full MULilBUS rnterl&ct~ 
regle 11 lncludll!l te eller compatlbillty wllh tha OEM Mlcroc:ompU1er s,.,tem' lamlly el Single Bcarcl Comi>Ut.,.., 
upanslon memory optlons, dlgilal and analcg 110 e•~*>••on boarda and p8f'iphetal contn>llera. 

-_ _.._......., __ ooc:r..- -=...-.., •• ,_.,_....,_.,..,. __ ,_, __ a .... _._._"'""'" 

C'"'"' ecc-...-. !11711 MSE D-9 
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---------------------------'~s~a~cc':':'c':'" __________________________ __J,, 
FUNCTIONAL DESCRIPTION 

.entral Processlng Un!J 
n.. antral ~ Jor tt>e ISBC BS/12 ls lnt&l's f!OB6, 
1 ~ut 16-btl H·MOS dori~ee. Tha 225 so. mil C/'llp 
cont8tnS 29,000 tri.nststorS ano ~as a clock rato el 
5MHz. The at(:hite<;ture inctudes lour (41 16-blt byte 
addresuble dat• f&91Sters, two ¡2) 16-blt memory ba!a 
J~C<nter ~isters ana two {2) tS{)n inde~ registii!S. all 
acce!I.Se<J by a total el 2• opel31ld ad(!reasir.g modon 
lor eomotu data l>andling and vety ne~i~e memory 

' 

lnotructlon S.t - The 8086 inatruc!lon reper!Oifl 111-
cludes •arrabte length lnstructton formal (lncludlng 
double operand lnstructlons), 6-blt and ts.blt sogned 

- and unS!gt>G<I arl\hmatoc operaton lor Dlnary, BCD and 
unpacl<ed A.SCTI dat&. and iterau .. word and byla 
strlng manipulatlon lunctlons. The lnstructlon Hl ol 
tne BDB6 is a supernt al the 8080A/8065A farnity o.nd 
wl!h avatlable soUwaro tools, P"'ll"'ms written fcr tha 
8080A!B085A can be easily converta(J and run en the 
81)86 pro<:e$>1cr. 

Archhectul"lll F .. '""'* - A 6-byle !n!<!fl.IC!>en Queue 
prcvides pre-le!ci"Ong el sequen!lal IMifl.IC!~ and 
can reduce the 1.2~ aec minimum inatructlcn. cycle te 
.000 nsec by having the tnstructJon atrelldY on the queue. 

The atack orientad archllecture laciiltatea neoted sub
rcullnes and cc-routlnes. reentrant cede and powerlul 
interrupt handling. The memcry ex~slon capabllitoeo 
oftar a 1 megabyte acc~reasing ~ge. The dynamic re
lccatlon scr.erne allowa ei.H In segmentallcn of pura 
procedure and data lO< effocoent memory utllizatlon. 
Four aegment r&gostel"ll (Cede. stack.. data. utra) con
taon pr<lgram loaded offset values whlch ve uoed te 
map t6-blt addressesto 20-bU addresses. Each reglster 
rna;os S.K·Oytes at a tome ano activaticn of a specilic 
regostar ls ccntrctled uPIIciUy tiy prcgram control and 
IS &ISO Hlected tR'I¡>IJcltly 0y Spe<;iflc lunc\lcnS and 
rnstructlcr>s. 

Bus Structure 
The ISBC 8Git:Z has an Internet bus fcr communicatrng 
with on-tiO.Ud memocy ano 110 cpticns. a syotem bus 
(the MULTIBUS) ter reterencong aQditlon•l memory and 
1/0 opticns. and the duaH>ert bus whoch atlews access 
te RAM from the cn-bo.o.n:l CPU and the MULTIBUS. 
Local tcn·l>oan:l) accessu do not require MULTIBUS 
communlcatlon, maktnll lhe system bUS avallable for 
usa by other MULTIBUS master!l (l.e. OMA devlc .. ana 
otMe-r single boanl compu1ers rrarosfemng 10 aa<lllional 
system memory). Thls leatu~ allcws uue pars.Jiel 
processlng In a multipro<:en<>< environment. tn addl· 
tlon. tha MULTISUS interface can be u•ed Jcr system 

fi . . 
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Figuro 1. ISBC U/12 Single Board Computer Block Dnl<;¡n 
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ISBC 86/12"' __________ __:_::.::__::.::__:::, __________ ~, 
ex~an~ion tMroucn tne use el otner e.- and 16-bi! ISBC 
c0mputers, mamory and 110 e .. panslon boards. 

RAM CapabiiUies 

The iSSC 86112 contalns 32K·bytes el dynamic readl 
· wrtte memory using lnte¡e 2111 FlAMa. P<>w...- for The 
on·Doard RAM and retresn clr<:ul!ry may bfl o~llonally 
pro••ded en an au•lllary pewer bus, and memcry pro
toe! logie is ln~luaed lor RAM ballery t>ackup requl,.. 
ments. The ISBC 86112 contains a d...aJ port eonuoll" 
whlch allows access te tne Ofl'boatd RAM from tne 
iSBC 861!2's CP'U ana 'trom any Other MULTIBUS 
master •i• tl'le systam bus. The duat pon c011trollar 
aHows e.- ano 1e.-M accesses trom tne MULTIBUS an<l 
1ne on·l>oard CPU ll'ltn51ers data le RAM eVflr a 1e.-b1t 
data path. Prlerttlao ha.Vfl been ntabllshed such that. 
memory fltlrnh la guarant....: by tne en-board relrt1111 
logic and th&t. !ha o~ CPU has prlortty O
MULTIBUS reQuSIIs for acce111 te RAM. Tha dtJll.¡)on 
controller includll indepefldent adaressing log•c ter 
RAM accass lrom lhe en-board CPU ana lrom tne 
MULTIBUS. The en-board CP'U wlll always acceu RAM 
stanlng at locatlen OOOOOH. Addrassjumpers allew en-· 
t>oard RAM te be loc.ate<l stanlng on anY BK·byta 
t>oundary withln a 1 meg-abyta adarus rango~ fer ac· 
c.sses lrom tna MULTIBUS. In e<>nj..,nction wllll thls 
teature. lhe tSBC 1115112 !las tila ablllty te protect en
boatd memory frcm MULTIBUS acctss lo any con
tlg"ous BK·byte segmenta: Thasa TaatufliS allcw multl· 
proc:nsor syatem• !P_establl•h local memC'Y for eacn 
prccessor and ahtred system (MULTIBUS) mempry 
e<>nliguraUons whe"' tne total sylttm memcry o Iza. 
(lncludlng loc:at ,...board memory) can txcHd ! m~ 
byte without ad<lrening ccnlllc:ts. 

EPROM/ROM Capabllltles 
Four socke!o are ~revid-:.a .ter .Up te 16K-bytes el non
velatlla ,..a enly memory en !ha ISBC 88112. ROM 
may"" added In 2K·byte lnc,...manll u~ toa mu1mum 
el •K·bytes by ualng lntel 27511 tlectrlcaiiY programo 
mable ROMs (EPROMn in 4K·by1a lncrem&flll up to 
8K·bytes by uslng lntel 2716 EPROMs or tntet 23t6E 
"'""ed ROMs: o: In 8K-tlyta lncrem..,ts_up te .16K· 

· bytes by ualng lntel 2332 ROMs. On-t.oard ROM 11 
accessad •la 16 bit data Pf.lhs. Syotem memory size la 
easll~ expandlt<l by !he addltlon el MULTIBUS comptt· 
lt>ia memory boartls ••alla~• In tne iSBC 80/86 
!atnily. 

Parallell/0 Interface 

The iSBC 86112 contains 2' programmable partllell/0 
llnes implementad U$1ng tnt lntal 8255A Pregrammable 
PanpneraJ Interface. The system oo!tware is used te 
configure tna 110 tinas in "'Y com~ina~en oT un1d~ 
recllonal lnput/output and ~dlrKIIonal port$ lnOicatad 
In Tabla t. Therelore. tnat/0 interface may t>e custe,. 
lzect te meet !PeCttic penphel'ltl requlfements. In order 
to take full aa•antage of 1M large number el pessible 
110 conflgure!lons, se<:kats are prcvided Ter intar· 
changeatote 1/0 llne dMers and terminatcn.. Hanca. 
tha llexibnlty ot the 110 lntarfaca is turther enl>ancaa 
by the capaolllty o! setec:ting the aoprcpnate comDin
atlon el optlonalllne <lriVftr!l and tarminators te prevldt 
tne requlred slnk curr-ent, polanty, and atlve!lerm•n
allon • characterisllcs fer each appllcattcn. The 2• pro
grammable 110 llnes and slgnal jjrcund llnes are 
brought out toa Sl>i>in e<lga connactor tMt mates w•tn 
flat, wo•an. or round cable. 

Serial I/ O 
A prog"""maDie communicatlont ·Interface using tllt 
lntel 825111 UniVflrsal SynchronousiAsynchroneua R• 
ceivariTransmitter (USART) ls containll'd en tht ISBC 
86112. A software SSIKtabla tlaud rate ganerttor 
previdas the USART with all common e<>mmun1catlon 
freQuencles. Tha USART can be p:ogramm..a by tha 
system software te selecl tl'la deslred asynchron<IIJS or 
synchronous sarlal data !rensmi•slon tecnntQue (ln
CI..,dlng IBM BI.Sync). The mode ot open.llon (l.e .. syn. 
cnrcncus er asynchrcnous). deta formal, control chtr· 
acter formal, parl!y, and tlaud rate .,. all unaer program 
conTrol. Tha 8251A pro'lldes lutl dupln, aouble bullerad 
transmlt ana recaí.., cap.ablllty. Ptrlty, cverrun, ana 
Tramlng efi'OI' aetectlon .,.. al! lnce<poratlt<l In tila 
USART. The RS232C com~UDie lntertaca en- ate/\ 
boañ:t;_ln . conlunc:tlon _ wllh. !ha. USART,- p:evillte. a -

Mfl(je ol Oparotlon 

Unlci!..etlonal 

'm un .. 
'""" Output Bldlrooc-llonaf ~·~ (Qiy) 

lat~hed 
latcltMI .1. 

La1cltMI 
LatcltMI J. 

Strcbad SI robad 

' • ' ' ' ' ' 
' • ' ' ' ' 1 , 1 • ' ' 1 ,. 1 
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ISBC 86112"' 

<1/rect lntortaca ti> RS232C comp;o.tlble termin.alo, cas. 
oettes. and async.~roneus and synchronouo moderna. 
The RS232C <;<~mmand Unes, senal data un.,., ...,el 
slgnal ground Une are brought out te a '26 pln e-dge 
connector tl'lal mates wl!n RS232C compatible llat or 
raund cable. The iSBC .S30 Teletypewriter Ada;>ter 
provides ..., ophcally laolate<:l Interface lor lf>ose 
ayotams requiling a 20 mA curten! loop. Tha ISBC 530 
may 1:>11 uoed te lnterlace tM ISBC 86112 te teletyp• 
wnten< or otile< 20 mA cumontloop equlpm...,t. 

Programmable Timer.s 
The iSBC 86112 pravi<ln lhreo lndepandent, lully 
programm..Ote 16-M in!erval tlmers/,.enl counters 
utlllzmg !~e lnteJ 8253 I'ToQrammal:lle lnterval Timer. 
EAch counrer ts ~· el Ol)er3ting In elln• eco or 
bin.ary rnociM- Two el tnau tlmers/<:<~unters are aval~ 
able te the systams deolgner 10 generala accurate lima 
Intervalo under $0flwa<e control. Routlng ter the out· 
puts and ga!e!trlgger lnpu!S el two el tnese counters 
ls 1um~r Ml&etat)le. The ou!Pu!S may be lndependently 
rauted ro U>e &259A ProGrammal:lte tnt&tnJPt Centro/ter 

Functlon 

t~terrup¡ en 
terminal count 

Progr.unmal:lle 
on•ol'lct 

"'" genenotor 

"'~~ 
rata ganenotor 

Ha.t<~ware 

trlggefé<l 
strobe 

Even! counter · 

Ope .. tlon 

Whan temlln.al ceunt te ,.,.ched, 
an int......,PI requ""t le genarate<l. 
This functlon ls ext...,..¡y usetut 
tor g...,eratlon el rea~tlme cJocka. 

Output gou lew upan recelpt el 
on utemat U1gger edge or aoft. 
wor& command and retums high 
when lamlln.al count ls raached. 
This functlon la retrigl)efable. 

Cioide by N coont ..... Tl>e OU!Put 
wut go tow lor ene Input clock 
cy~e, and !he ~rlod lrom ene low 
gein<;~ pule. ta the nut la N Urnas 
the lnpul clock P&f\Od. 

Output wlll ...,..;n hlgl! untll en. 
hall !he count l'lu been oomPieted. 
and go low ter """ other hall ot 
tha count. 

Output r.,....ina high unUI aoh· 
_..., loads count IN). N counts af. 
tor count la loade-d, output 11""" 
lew lor ene In pul Clock period. 

Output goes low lor ene clock 
parlod N counta altar rislng edg& 
counter trlggar tnpuL Th• counter 
1s rntnggerat>ta. 

Cn a jumper selectable 1;)&$15, t~e 
ctock Input becomes ..., l~put 

lrom !~e utomal systam. CPU 
may "'ad t~e number of avents 
occurring alter the count!ng "win. 
dcw"' has t>een en&!)le<l or an 
imerrupt may be generate<l alter N 
events occu< In the s~tem. 

Table 2. Prognnri,..b\e Tlmer Funetions 

n. 
and lo \ha 110 Une dflve~ Uaoolate<l wllh \ha 8255A 
Programmabla Paripherat lntarlace, or mav be routed 
a.s inpuls te tha B255A chip. The gateltrlggar lnputs 
may be rutilad to 110 terminal~ usoclatad Wl\h the 
8255A cr a.s output conn.,;:ttcns hom the 8255A. The 
third lntervel timar In the 8253 providas tha preg...,.. 
mobja baud rate generator for tha ISBC 86112 RS232C 
USART serial pon. In utlttztng tha ISBC 86112. \he "Y"" 
tems deaigner slmpty <:<~nflguras, vla sottwue, each 
tlmer indapendentty te mHt system te<luirements. 
Whenever • gl-.en time dalay or count is needad, sofl. 
w.,., ccmmands lo tha programmabte llmerslevent 
ccuntars seli>C\ the dnlred funclion. Seven lunctlons 
are avallablt, "" Shown In Tabte 2. The contents of 
aacn counter may be read at any time during system 
operaUon wlth simple read operations lor avant count· 
ing app\lcattons, aml spec!al ccmmandS ..., onclu<letl 
so tha.t tha <;<~ntents can be raa<1 ''en tha tl\"'. 

MULTIBUS and Multlmaster Capabllltles 

The MUt.TIBUS teatures a.syncnroncus data transters 
lcr tiMo ao;commooation el devlces wnh varlcus transter 
nttes wntte malntalning mnlmum throughput. Twenty 
address Unes and ai~teen separata data ttnes eliminata 
the neetl ter address/data muttlptningldemuttiplexlng 
leglc use<! In olnar systemt, ...,d altow ror data transler 
rat"" UP lO 5 !Tie{law<>r<IS/aec:. A lails.ate timar is lf>. 
clu<led in \ha ISBC 86/12 which can be use<! lo genM• 
ate an interrup\ 11. an addreaaad d,.lce .does not 
respond wlthin 6 =ec. 

Muutmastar C.Opabllltlu - The ISBC 86112 la a lu\1 
comput• on 1 singla board wlth resouren capabla el 
ouppertlng a great varlaty el OEM systft!Tt te<lUI,.. 
ments.. For tnose appllcatlona requtr!ng ..:ldlllonat 
processlng ~ity and the benellts ot multlproc.,.aing 
(l.e~ sevaral CPUs ...,d/or ~ontrollers loglcaJl~ Sharlng 
systl0fl1 ta.skllhrough communlcatlon over t~e syatem 
bus~ the ISBC 86/12 provldu ! ull ~Ul TI BUS &rtlltratlon 
control togic. Thls control logic atlowa up te thrH . 
ISBC 86/12'o or other bus mastars, lnctudlng ISBC 80 
family MULTIBUS compatible fl.blt singl• · boln:1 c0.,.,: 
puters, te snare th• syslam bua In serial (dalsy cnain) 
pliority !aanlon. and ~P 10 16 masters lo oh&ra the 
~Ut.TIBUS wltn tl>e addltlon el an ut•mal pnonty net· 
wcrk. The MULTIBUS arbltratlcn togio openues "Y"' 
chranously wltn a ~ULTIBUS ~ock (provldad by !he 
ISBC 86112 or optlonally provlded dlractly !rom the 
MUt.TISUS) whlla data ts tntns!er;ad vta a handohalt.e 
between tne master and t!ave modules. Th!s allows 
dt"erent speed controlletS te snare rasourcaa on tne 
sama bus. anct transfetS vil ll>e bus proceed ""Y"' 
chranously. Thus, transter speed is dopandent en 
transmitting and receivlng <lovices only. Thll design 
prev<!nts slow master modules lrom belng handlcappe<l 
In thair attempts te galn contrOl of tha bus, but <1ou 
not restlict the opeed at which !aster modules can 
trans!er data vla tne same bua. The most obV>ous appli· 
cations ter t~• master·slave capabillttes el !~a bus ara 
mulliprocencr conliguraliona, high spee<l dlrect mem. 
ory acctO$S (CMAI opera!1eno, and htgh speed peripheral 
control, but va b)' no means Jlmlted ~o tneoe thr~ . 
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tnterrupl Capablltty 
The ISBC 86112 ~ro.Odes 9 •ectore<l interrupt le•els. 
The hlljhe!l le•tl ls tM NMI (Non-Maskable lntorrupt) 
llne whtch la dlre<:tly tled te !he 11006 CPU. Thls inter

_rupt cannet be lnhlblted by aotlware and is typlcally 
uaed lor sl¡¡nellln¡¡ oatastrophic events (l.e., power tall· 
urel. On se,....iclng thls lnterrupt. program control wtll 
be impticltly t.-nsle~ thrcugh location 00008~. Tht 
tntel 8259A F'l"ogrammabte lnterrupt Controtter (PIC} 
provtdu ...:torln¡¡ lor !he next oright lnterrupt levels. 
As 1hown in Tabla 3, a aetectlcn ot tour prlority proc· 
esstng medas la a•aitebte te !he systems d.,..igner lO< 
uae in destgnlng r&Quest c:ocessing contiguratlons 
te match aystem requirements.. Operating mode and 
p,.;0nty a.ulgnmCI'IU may tle rec<>ntlgured dynamically 
vla $0Uware at any ume during sy$1em cperatlon. The 
PtC occepts tnterrupt "'<<UQ\S ln:xn the Proo;tratnmaOie 
paratltl and sartal 110 lntertaces. !he· P"'Vrammal11t 
tlmers. tht system bus. cr directly 1rorn periphentl 
equtpment. _The PIC then determines whi.;n el the 
lncomlng reQvests la el the highest prlcf1ty, "'""" 
mines whethtr thla request ls ot higher prlortty !flan 
the te•el currentty t~elng se,....lced. and. 11 approprleTe. 
issue• an lnterrupt te !he CP\J. Arry ccmblnatlon el 
lnterrupti&Yels may be masked, .Oa software. by atorlng 
a olngle byte In the lnterrupt muk r,.gister el the PIC. 
The PtC generales a vntQue memory addren ter each 
lnterruct tevel. These addresses ""'equ&lty spaoad at 
• byte lnte,....als. Thla :1.2-byte block may tle¡¡in at any 

. J2.byte boundary In tlle lowe!l IK·bytas el memory,· 
ana contaln• unlque lnatructlon potnt.n. ana code 
segmen_t ot!wt .. lun {for expande<! memcry opoor
attont lor each lntem.:Pt l ... t. After acknowledgmg an 
tnto-rrup\ lncl obtalnlng.,: devfce lclentltler byta.lrom 
the 1!25!1A PIC. the CPU will store its stztvs llags on 
!ha otack anct e~ecuta an lnd!rect CAU lnstrvctk>n 

• ;nr-ough the -..ctor tocatlon ~derrted frcm tht de•oca 
:·Jentltla!1 te the lnterrupt service n>utlne. In systems 
r~ulrlng addltlon&llntem.:pt l""'ts. stave 825~A PIC"s 
•~~~ be lnter1ac..c vta tite MUtnaus, to ge""'"" 

. ·. ··'·lltlont;l -..ector addrnses, yleldlng a total PI 55 
1-nlq,. !nterructl""'ls. 

lnterTUp! R•q""' Genoifllttan '.:_ !nterrupt _·requests ~ 
mi.y onglnate lrom 16 ooun:es. Two jumper "seleotablt 
!nterruct f&Quuts can be automatically genefllted by 
the programm&l;lte cerlp~eral lnterlace when a ~yte el 
lntorrn.,lon ls tetdy te be transterred te !he CPU (l.e .• 
input l>ufler ls tulll or a byte ot inforrnation hu l>een 
transfeN..C te a perlpheral d ..... ice O.a, cutputl>ulter la 
empty). Two jvmper seleetable lnterruPI r&Quesl$ can 
l>t' automattcaHy genenotad by lile USART when a citar· 
acter io ready te be transleNed te the CPU (l.a .• recei•e 
cnannel butler ls futQ. or a characler ls ready to be 
transmutad (l.e, tranamlt cr.annel data butler " empty). 
A lum¡>er ottectable request can atSo t>e \)eñenoted Dy 
~~~ o! the programmable tlmers.. Eigttt addll!ott&t 

• 

"Note: The tlrst 32 •ector tocations are reserve<! Dy 
tntet ter dedtcated ••ctors_ Users whO wostt te maln
tain comp.atlbillty wtlh pruent and tutu" lntel prC(I. 
ueu sttould n.c>t use thua locat10ns ter us,.-cteflned 
veetor aadreuu. 

Operatlon 

Ful!y nested lnterrupt requeot llne priori! les 
tlxed ato as ~tgnest, 7 u lowut. 

"Auto-rotatlng Equal proorlty. Each 1 ... 1. aher 
recetving se,....lce, becomes the 
lcwest priorily le•el untll "'"' ln
terrupt occurs. 

Specltlc 
pliortty 

Pclled 

System software nsigna lowest 
pnenty te•el. Prlpnty el 111 ctner 
levels based In UQvence numerl· 
cally on thOS a.nignment. 

Syotem software uam1nes prlorl
ry...,co:led S)'$1em intmupt status 
..;a intem.pt status regloter. 

lnlem~ct reQUtst llnes are a.all&t:lte te tht usar !or 
Ol..-.ct lnter1aca te usar deslgrtated perlpherat de>lces 
vla the aystem bus. and rwc interrupt request"llnes 
"'"'V De lumper routed dlrectiY lrorn penph.,ats •la tne 
parattell/0 drt•erltermlnator se.:tion. 

Pawer·FaU Control 
Control loglc ls atso included te accept a pPwer·!all 
lnterrupt In conluncllon witn the AC.tow signallrcrn !he 
ISBC !135 Power Suppty or ~<lu'••alent. 

Expansion Capabi!illas 

·Memory and 110 capacity mav tle ••panded '"" add~ 
tlon&l lvnetlons added using lntel MULTIBUS compat~ 
bla ••panslcn ~:toams. Hign speed tntooger and tlo.atlng 
pafnt arttnmetlc t:apat¡ilitles·mav tle aOded Dy 1JSing 
tha ISBC 310 Hlgh SPHd Mlthematlca Unlt. M...-.ory 
mav be -,.pancled to 1 Moogabyte Dy ltddlng usar •a-e~ 
llecl combtnatlons ot RAM t>QarOs, EPROM bo.ards, or 
cornblnat!on bQards.. tnput/output e&fl.f.Ctly may be ln
creuad by addlng digital 110 and antlloc 110 ••p.an
slon bc.arcls. Mus storage capallollty may De achoeved 
by addlng singla cr d<>uble censlty diskette controllers. 
Modular .. patld"-'>le backplatiGS ano carOcagu · art 
••alla~ll te suppon multlboard systems. 

Nota: Cenaln system restrlctions may tle lncurred by 
the inctusion el some el !he ISBC 80 lamlly oPIICno In 
an ISBC &6112 oystem. Consult lhe tntel OEM Mlcro
compu\er Syatem Con!lgura!lon Gutde !or ap.clllc 
data. 

System Develapmenl Capabililles 
n.. de...,lopment cycte ot iSBC 86112 prOducto can be 
•Jgnlllcantty reduced Dy usJng ttte IIODI>Y dlli< botsed 
lnteiiK'" senes micn:x;omputer de•elopment syatems. 
Tha Asumoler. t.ocat!ng Unk,., Ubrary Manager, Tut 
Editor and systern mono ter art all suppentld Dy the ISIS. 
Il dlok Nsed operattng oyst~m. A minimvm o! &<K
bytes ot RAM is needed In rne tntette<: systam te suo
POII program do•etopment IC>t rne iSBC 86112. To 

•!acolitare conoersoen ot 6060Ale.o85A usembty tan. 
guage crocram• te run en tne iSBC 86112. CONV~ ia 
••a'otable under lhe !SI S. U opera~ ~O system. 

MSE D-13. 



.ISBC 88/12"' 
·-··-- -··-·· ··-··----·· 

l~t•rf~.,. and E>.""'tlon Paek.agt - Tht ISBC 957 
lnt&rtace and Executlon Package allowa tne lntelle<: 
<>Hr to Interface an ISBC 86112 s~sttm to tne de-;elop
menl systam. tnclulle.:t with tne pa¡:kage are the n&c:es
sary calltes and !10Uwara lo allow tranal.,. ol tlles 
bttwHn tne lntelle<: system and tht tSBC 88112. 
Al!d!lionally. lh& lnllttec · user can aeceu a Sf$1em 
l'ftOlliiO< progr.om (SU~IIe.:t on ROiolla) residen! in tht 
iSBC 86112 wntcn allows accesa 10 programs toade.:t 
into tne"•SBC 86112. The systtm monitor tr>etudes com
mands lo examine and modHy to memory, reg1sters 
&nd 110 ~rts. Addtllonally, breakpolnta. sean::hes. and 
otner uselut operatlons are lnctu<led ·to simpllfy soU· 
ware debug. Used In ccn¡unctlon woth u.e ISBC 957 
Package. ISBC 86112 e>ecutlon pO>CUQH are ot!e<ed 

SPECIFICATIONS 

Word Size 
lrutnJctlon - B. tB. 2•, or 32 t>ita 
Data - 11. 16 bits 

Cycle nme 
Baalc lnstrucllon Cyo:le - 1.2 ¡.tSe<: 

- 400 nsec (~umes 
instructlon In the queuo¡ -= ,;..~ <1'<'0 .. --... ,__ •==""•- (l .... ---

Memory Addresslng 
0.. Bo.oR:I RONt/EPROiol - FRlOO-FFFFF11 (uslng 2758 
EPROM's); FEOOO-FFFFF11 (uslng 2316E ROM's or 2716 
EPROM"s); and FCOOO-FFFFF~ (uslng 2332 ROM's~ 
On-booord RAM - 32~ bytes o! dual PDr1 RAM. CPU A"" 
casa: 00000-07FFF,.. MUlTIBUS Accns is Jutnper 
Mtectal:lte tor any8K-Gyte bo<Jncary, bul not cr=slng a 
1213K byte boundary. Aco:~ss lO< SK, IBK, 2(K, or 32K 
bytes may be s~I!IC!ed lor CPU use only. 

MemOry Capeclty 
On-aoatG Atad Only M.....,ry - 16K ~ (30Ckets only) 
On-Bo.oR:I RAM - 32K byte.~ 

Ott.eo.R:I E..panalon- UP to 1 megabytt In o.tSer 

sporc:illeo:! combinatlons ol RAM. ROM, and EPROM. -...... onoy "'""">~y "'1> O.- In 21<. 41<. ot IK..,..o '""'"""""'"· 

110 Addresslng 
On-8o.ortl Programmabla 110 -

1 li 

whiCil lnclu<Je eddltionat hardware sucn as tne tSBC 
660 system cnauls lo mount &nd PQWer the ISBC 
86112 lor program develooment. 

Pl/M-86 - tntel'o ntgn level programmong lang<~~ogt. 
PUM-00, ls &ISO evailablt asan lntellec mlcrocomputtr 
11..-.ek>pment S)'Stem OOIIcn. PUioll..etl ptOY\des lile ao. 
billty to program In t natural. "algonthmtc language ano 
ellmonateoo tne netd lo manage rotgist.,. usaoe or alto
cate memory. PUM-00 programa can t>e wrlllen on a 
muen shorter time than .... embly 1anguage programs 
lor a given aopllcatlon. PLIM-86 tncludes byte and 
WDR:I. tnl"!!tr. polnter and tlo.aHng pelnt (32·btl) data 
types aM atso inctudes condlllonal eomptlatoon and 
macro leatures. 

Serial Communications Characterlstics 
S\'f1Ch111nou• - S-8 bit cnaract.,.,.; Interna! or e>l"'· 
nal d\ar.lcter synctuonizatlon; automatlc sync onsenton. 

As)'ncllronoua - 5-8 bit characters; brea~ Character 
generatlon: 1, 11':1. or 2 stoP. bll•; latae stan bit 
detection. 

' 

......,.~ 

--~ -'"· ' 01 ......... w ... ,,.,, .. _ ... . .. 
•no - - ·~ ~ - - ·= ~ - ·~ ~ 

"' ·- ·= ~ .. - ~ •• •• - ~ " .. ·~ •• -,,. ·- '" -~- "'""'"" ... 110-Gl """"""'"'' le-<>10 1-"""1' ·........... ....,. .... ~11-:!1. 

Jnterrupts 
Ad"'--es !O< II2SIA R&gi~ers (Htx notation 110 ao
drna '4)aee) 

Ql or C4 Wr1te; tnltlalizalion Command Word 1 (ICWI) 
and Operatlon Control WOI'ds 2 and 3 
(OCW2 and OCW3) 

Reatt Status and Poli Registers 

C2orC6 Wnte: !CW:Z, 1CW3. tCW•. OCWljMask 
Reotst~rl 

Atad: OCW! (MaskRegiste<) 

S...onoo "'ll•- .,.;, ,.,. .,_ ·-"" ....,,.," ,..,.,.neo oF ''"'" 
..,. ono .,.,. b<t o! <oooh'OI ..._ ""'"""'"" ""'<" '"""'"' ~•" '"'""""· 
lnterrupt Levelo - 8086 CFU Fnctudes a non-maskable 
lnterrupt (NMI) and a masko!ble interrup\ (!NTR). NMl 
lnterru~t is provodeo:! lor c;atastrop~lc events sucf1 as 
power lailure. NM\ ve<:tor a<ldress"' 00008. tNTR-inter· 
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ISBC 85/12'~ 

Elocfrieal Charac!eris!ics 
DC Power Ae<~U!Jomenlo 

~·~ ';;~. 1 ' 

~! 
~ ! ,., ..,. 

' 
1 

w 1 . .,., ... 
' ·~ ~·· 

':;~:· '" 1 ~·· 

1 
,,. 

~·· 

~1 "' ~-O<;.~. --

• ' 
' _;;;_. 1 ' 

- ••• 
' ' 
1 

,.., ... 
1 

··-. 

- ··-
1 ,., "'' 

1 - 1 ··-
'· O..o ooT '""'"'' oo~o< •or oot•on&l ~C ... IEPRO>.t, 110 on_,_ """ 

110 """'"''"" 
:¡_ O..o "01 '""'"'' OO•o• '""U"OO 'O< oo,onooJ ~O"IEORQ>J_ 110 

....... .,.. "o ··~'""""-
._ .... "'"' .... -"' '"'"'"' .. ~ .. "" 
• g,,. 001 '''""" oo~•• •o• "'''"" RO~oltoRo>< I•O .,,.., '"" 

110 "'"''"'""' Po•o< '"' ,sac 131l ,. '"""""' "' ''"'' oort 

'""""''"· 
' """""" oo•o< '"""""" 000 "" KGMIEPRO'd <Oooo. ooO 110 

'"""""""' '"'"'""" ..... 1/0 ''""'· ... '''''"""" '"'"" "~ 

ORDER!NG INFORMATION 
Pan Number Description 
SSC ~5112 Sln~le 6oard Computer 

Wlli't 321<; ll)'le• RAM 

o.. 
REGIONAL SAL.ES OFFlCES 

WE$TERN 
eo.u•ORNI~ 

'"'"' eo ..... 
T~l E.,l ''" s,,.., 
S..to "'" S..!o ~no r.'fOT 
fol. (1101 ll$-9 .. , 
rwx, ''~!9>·1114 

E.ASTERN 
OHIO 
'"'''c • .,. .. 

MIO·WESTERN 
TUJNOIS 
ln·oT Co'" · 
!lOO Jono ~ou •••"' ..... '"~ 
o •• ,.,,,,.'"!" 
~." '" ,, '~"""'" rwx_ 11 1).<51·"" 

... TUNTlC 
MAS~ACMUSfTT$ 

'"'" Caro · 

Environmen!al Characteris!ics 
Op.nning Tomperaturo - O'C lo 55'C 
Ael"""" Humt<!Uy - lo 90~~ lw•tnoul conotnsaucnl 

Reference Manual 
9!10064.5A. - osee S6/l2 Sinr,le 8oattl Cem~uter ><attl· 
ware Aeie;~nce ~l. anual II'OT SUPI'>LI EDl 

Aefer~nce manuals are onoc~e<l "'"" eacn ~rocuct on" 
if ~•••~natec SUPPLIEO (see a:>a•eo. ~lanu~•• mav te 
on:lere<l trcm anv lnt~t sales teore•en!ato•e. CJ>tn~utc' 
otfica or ~rom 1r.1e1 Llle!at~"' Oe~a.,ment. 3C65 Sc,.ets 
A•enue, San: a Ciara. CaHiomoa !15051. 

OVERSEAS 
MARKETING OFFICES 

ORIENT 
JAP~N 
lnooT Jooon c,.,,.,..,.or' 
F'towO< Ho<l-SM.,.OCOO .!oot 8'1 
1·23--9. Sh"'"""'- ..... , ... " 
To<.o ,,_. 
Tol: !<lll o:~OZ51 
TELEk 'IT·:O"o 

EURO PE 

UlC'~" 

'"'"' '"'"'"''""". 
llU Nonn "'"" ""''' o .......... . ,., """'"" ~,.._ $""" ,.. 

e'"'"""'• ""'' 
""' .. """"". "'"'" S1·Bo•••' 
1>-11oo e"'""" 

TOI, "'" 190·0>" 
TElEX: ~o-oo• 

••• '"'" ,;_,;¡;;, 
rwx, """"''-'lJJ 

Tol: 10'1 ••• '" TO 
TltLU-l4$T< 

MSE D-16 'Fiold APPtiC>tTOn "l.ooo110n 
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MODEL 240 
,, 

INTELLEC'l SERIES 11 
MICROCOMPUTER DEVELOPMENT SYSTEM 

Complete microcomputer development 
center lar lntel MCS-ao·~. MCS-85"', 
MCS-86'~, and MCS-48"' microprocessor 
fami!ies 

64K bytes RAM memory 

Se!l-test diagnostic capabil!ty 

Built-ln interfaces lor high speed paper 
tape readerlpunch, printer, and universal 
PROM programmer 

Integral CRT wilh c!etachable upper/ 
lower case typewriter·style fuU ASCII 
keyboard 

Integral 2SOK-byte floooy disk plus 
7.3 million bytes {expandable to 15.6M 
bytes) of hard disk storage 

Powerful tSIS-11 Diskette Operating 
System software wilh r!!locating 
macroassembler, linker, and loca ter 

Supports PUM; FORTRAN, BASIC and 
COBOL high level languages 

Soltware compatible with omvious 
lntellec systems 

The MO<lel 241l lnoeii~C Ser~es 11 Mlcrocc"'~uiO'<' Dovelocmenl Sysoe,-, tS ~ com~le:e ~ente• lor :n~ ~ev~lc~"'""' :• 
·mcroccmouo~r-oase<l piOCuc•s- lt ~~clu~~s a Cf'U, 64K bYIU Ol ~AM. 41'; tytos el ~CI.l ''"'"'""'· 4 Z~O-c.oacao:o• 
CRT. a ací,cnacJe lull ASC:i >~y0031C, ano 250K-Oyle llo~PY OJsketle Ome. A narO ~"" 'u~•Y~""' c:o'·'~"" c-e·; 
mili ion Cyles ol cn-lone Cala s:~rage. Powerlul 1515·11 Diske<le O~era,ng Svsoem suftw~'" ., tows t~ e 'A OLe• : "~ :o :e 
uoed quocl<ly ar.d elloctently lcr assemoun:¡- anclar ccmool1n~ ano c~~uq~,~q ~rograms !o' l"'"'"s MCS·M. ~·CS-C5. 
MCs-a!i. or MC.s--.<8 mocrocrocesscr :amolo es wuncuo lne nffO le• nanohng oaoer :ace. 1515·11 cer:orms a1l "'" nd~Chn~ 
operatlons,leav.nq the uaer free to concentrale on tne Oetaols ol nos own aOOIICauon. \r'lhen u seo 1n con¡unc,on ~-,¡~ 
'" optlonal in-<:lfCU•I omulatcr !ICE"'l mo~ui~. rno MMel 240 pro••oes alt IM r.arowato ano soltwl'e Ceve!OOr:",ent 
tools necoo•ary tor tM rap1d aevetooment ot a m,c,ocomcutor-casec orocuct. 

-

!no lo"•• '"1 '" '"""'""' ol '""' Co,oo""O" '"" '"" ti• "'" "'" •o "'"""" '""' "o""'"- '"'"' '"''" '"'"'"'· ''"'"' "'"'"'. 
"•;•'"'"''· "'"""''"- '""'""' •~o"'"'. ~"'"eo u•• ,,,,.,,,.n .• seo o•. "'"'""'" "es oe~ .sae a>~•. •C> • '"" '"" <"'"''"'""" •• 
"CS. oeE. •SHC o< •"-'l ~·•• o"'"""'"'"""
~'""''c.,... •• ,.,.,.,.,. MSE E-l 



MODEL 240 
----------------------_c~~~_c~c-------------------''0 
FUNCTIONAL OESCRIPTION 

Hlfdwere Components 

Tllt lntellec S..r~n 11 MOdel 240 is a packaQe<l. ~•gnly 
iMO"QratoO m•crocomcuter dovelopment svotom COMt$· 
Ún¡¡ el a CRT CMSS•S Wtln a 6-SIOt cardC~QB. po"'er 
ou~p11. laM. caoteo. songte IIOPP1 eoskatte eme. aM 
ll•t prlnteo c~rcutt caros. A seoarate. ~ull ASCII 
keyt>oard os COMe<:led wotn a cacie. A lreoo-stanotng 
p~dutal nouses t.~. nard OlSI< 0r1vo along wotn a 
separa te oowor sucoty. tans. ana caotes ror ccnn"""cn 
lo lhe matn chassts. A Clock dtagram el tno Model 240 

ls snown on Fi~ure 1. 

CPU Carda - The ma5ter CPU card contatns tls own 
microprocessor. memory. uo. oe.torrupl ano ous onter· 
lace ctrcuttry l .. n,on!l<l lrom tntel"> ntgM lecnnotogy 
LSl compcnents. Known a the tnlegraled :rocessor 
boara (lPBI. ol occuotes tne ftrst •tot '"me carocage A 

secono sta•e CPU card is '"'DOnS<bLe for all r~maon<~~ 
VO controL oncluO•nQ lhe Cl'lT ano •evocare onterlaoe. 
Thos caro. mounted on :.oe oea1 oanel. ai;O coc.ta•ns •IS 

own mocroorocnsor. i1~M ano ~CM memo"'. and UO 
mtorlace 10g1c. :nus. tn e Hect. c•eattn~ a cual processar 
er.•ironmenl. ~no"n as tne UO con.,oLW ILOCI. t.~e 

S lave CPU ca re ccmmunLOatn wttn Lhe IP!lo•~r an S·btL 
b•O•recttonat data o~s. 

Memory ano ConLrol Ca10s - In aOOttton. nK DyLes ol 
RAM lbnn~ong tne total to S•t< OttOSI os IQca:eo en a 
nparate caro:: tn :~e matn C310Ca~e FaOitcateo lrom 
lntel"s 15K RAMs. tne boa"' al so contaons all necessa"' 
acorns ceco<:Hn~ ano retresh lc~oc. Two a~o1ttona1 

IXtaro• Ln lM carOcage are use o 10 control the M rO oosk 
Orovu. 

E:.ponsion- Two rematntnq slots tn the carocage are 
a'<a!lable lor system upansoon AOCULonal expansoon 

í-=-~1 --· 
' 

el • slots can be ac~•e•ed lhrou~n LM aCO•l•on ot an 
fntellec Senes 11 exnan.,on cnasSLs. 

Syslem Componen!s 

fhe nurt Ollhe lP9 is an lntel NMOS B·M m<cr~nrcces· 
sor. the 60SOA·2. tunnong aL 2.5MHz. 32K OYle• ~1 FI~M 
memory al& provoceo on :ne ~car:l usoo~ f~tel !6K 
FIAMs. ~K el ROM os orovto"eo. ore~rcqramme~ "'""· 
•Ystem t:cot"'rap ··sell·test"" Ctac¡no•t•cs aoo :ne 
lntellec Senes lf S•St&m McnLICt. i"he et.C.I·Ie<el 
;ec:orec proomy onterruct system i!ltOws •nte.,uo:s to 
~e tndLvtOUafly ,as,ed. Uson~ l.,tet"s '"',""'• !Z!~ 
intetruPL controtler. tne tnterrupt system mav oe e ser 
prot;rammeO Lo resocno :o •ne<Y<Cual neecs. A seoarate 
~oara ~<ovooos an ac~o:oonal 32K ~YI"" el FI~M. 

lnpuUOutput 

IPB Serial Channefs- i"he 110 sut5y~tem •n :M !~oc~• 

240 c:;nstsls of tw~ ~ac:s: me ICC cate ac.o :w.o setoai 
c~annelo en :nelP9 o!Sell. Eacn !ertal C"annel LS ~5~22 
ccm~allole anc '" cacaole e! :uMtn; as·¡c.~~roc.~cSI< 
trom 110 te 9600 oauc or sync!1rcncusty tro"' 150 :e 50 K 
t:a~d. ~ct~ may ~ecc~nec:e: t~ a ese· ~"'""e oo:1:~: 

aoao:ers. 8otn c."anrel> are , . .,.:•e.,.,e'le~ "''"~ •c.:ot"; 
8251 US I.RT. ~he-¡ e~ o. ~e ~·~c;;:a:r;:-:-.a\LC~1l' •~·~o' e e · ~ 
penorm a ">rtely oll/0 iunc:tons. 6auo 1at• se••c:t~n •• 
acccmolls~eo ~rc~ramr.:au~~tl~ ~~'""G~ •~ ln1e1 e:~1 

interval ttmer. The 6:~3 ~tM ""'"'~' •• •l '"""''"'' ot~c• 
lor the cnt"e syster. .. I,G a::~<tt"l :~,~~~c. ~=:~ •••·•• 
cnanMls •• ''~~ale~:: :ne '""'~.,.. :~rcop J ;~:~oc 

s:s9 •merruct ~~ntmller. oc~ra,:.-c; '" a ootleo .-.ce• 
nestea 10 IM cmnar~ 0259. 

IOC lntorla~o - The remaon~er Ol syste"l 110 ac,vtty 
ta<es ctace on tne IOC i"he lOC cr:vtoes ootena-~ Lor -

''"''• ri·o.~l ~- .... ~ 
"'""" -' 

' @'" r. :]:f ::]f ... ) [-""] t-'"~ -1 1-d'i!;-;::;:¡ 1-'-'-'-l -- 1 ~·~ """'""' ... . ......... 
~.. ''" 1 ''" ' -· . . . . 

""'"" '"' 
¡ ... ,,':-::~:-1 1 .,. 1 1-·1 
""""'" 

1 1 "'"'"'""' .. 
11: .. 1 y? 1--T 1 tif'·l ~ 

T ' ~ '"' I I l, 1 ( .. 
-
J.__ 

¡ .. ~:~-:J 1 ~·' "J ....• u.: G 1--~· ¡ --· 1 ._,. 1 
_,.,.,,. "'"'""""' !____J -~ .....::..=.. 
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MODEL 240 
--------------------------------~~--·-------" 

t~• CRT, keyooa<d, ano staMa<d tntottec P""P~erats 
lncluding ptfnter, nt~n ~o•eo oaoer :~o• <uoerlcuncn, 
and unover~al PROM o<oq<amm~r. T~e IOC ecntatns liS 

own 1noepeMent r:>tcrooroce,.or. also an 8080A-2, The 
CPU eontrols all 110 operaHon! U well a• suOOf\<IS.ng 
e<>mmun•catoons w•tn IM IP8. 8K ~ytes or ROM conta•n 
lll UO control lirmwa<e. 8K ~Y'"S ol RAM are used lor 
CRT screen retres~ "'"'""" Th••• do MI occuoy soace 
In lnlullec Senes 11 ma1n memory s.nce IM IOC os a 
totally tndeoenoent m•croeomouw suosystem. 

Integral CRT 

Display- The Ci'IT iS a 12·oncn 13ste• sean tyoe mon11or 
wttn a 501601-1% verttcal sean ra1e and t5.5•H< ~Of1ZOn
tal sean rate. ControiS "" ~rovooed tor 011~~1ness 311d 
contrast ad¡uS!men,. The tntenaco to tM CRT is 
pro••oed tnrouc~ an lntel 827~ llnqle-<:n•o program· 
maote CRT controller. The masour processor on tne IPB 
tran•lero a c~arac:er ter OtSolay le IM IOC ... nere u os 
11oreo on RAM. The CRT controller '""""a IoM at a tome 
onlo <IS line butler tnrou~~ an lntel 8257 DMA controller 
and tnen teeds one c.,a,ac:er ata ltme te IM c~aracter 
~enera1cf te ~roouce tne """" «~nal. l'min~ lor tne 
CRT contrOl •• ~rQvtdeC Cy an lnlel 2253 i~te,.,at llmer. 
The sc,een display ,. tc:maltl!<l as 25 rows ol llO e~arac· 

ws. The tull '"' ol ~SCtt :~ar~c:ers •• CtSp<ayed. 
inclu<linQ IONer case at:nas. 

Koyl>oud - The ;,eyocaro ontertaces Ctreclly tQ :~eiOC 

~rocessot »a an 8-C•I Cata Cus. ~M •eyO<)arC conlaLnS 
an lntel Ul'l·'l Un,.ersal ~~~~~~eral lnl~rtace, wn1cn 
scaM ¡ne keyccarc. enc=ces :ne c~arac:ers. anc 
CuUers tne c~aracters to oro-.oe·N·key rollo•er. The 
keyl>oard nsell is a nogn cuaiUY tvpswnt~: Slyl& •ev· 
boatO contaonong IM lull ASCII cnaracler se::on uocerl 
IOwer case sw11cn atlows IM ~ystem lO ce usl!<l lor 
document preoarattcn. Cursor control "-eys ar~ atso 
QIO>ided. 

Periphetal lntarlace 

A UPI-41 un,.ersal Penoneral lntetTaee on :ne IOC 
boartl P'""""" >nTeHace lor otner stanoaro ln1e11ec 
penpnorals onciU<I>nG a O/Onter, n1qn •oeed pacer tdOe 
reader, ~tgn soeao oaoer tao~ ou~""· ano un.versal 
PROM programr<'.er. Ccmmun~Cohon Oolween tno IP8 
and IOC '" ma,n:atned "'"r a seoarot~ 8·btl 
bidirec11onat cato bU!. Connec:O!S ter tn~ lour de••c•• 
namM abo'"· as well •• 1~0 two '"""1 cnannato. aro 
moun!M dlrectly on l~e IOC "'~11. 

Control 

User control os matntaoned t~rougn a tront panel, con· 
""'"ll ol a po .. er IWIIC~ and ondlcator, reoetr~oot 

swo1cn. runma11 hgnt. and eoqnt tnterruol s...-ltc~es and 
oM•cators. The "ont ~•neo c¡~cu>l ooaro '" a11acneo 
<l"ectly 10 the IPB. alto"'"~ •~• otgnt onterruol swttc~•• 
!o connecttO tne Qtlmary a:~~- as w~l as le l~e lntellec 
Set~es ti bus. 

Clsk System 

The lnteilec Selles 11 Haro Dosk System orovoCes c.rec: 
•:cess oulk "'crage tn:ellogent controller. aM • "'"" 
or.v~ conla•n•ng ene'""<! platter ano ene remo•aPIO 
car:tlCge. Eac~ pro"des 3.5 mollton Oytes ol storace 
w•tn a cata i'anster rate ol 2.5 Ml>otslseconc. T:>e 
controller •• •mcl~mentM wlt~ lntef's powedul SefleS 
3000 SiDOI;r Mtcroc~moutel Set. The controller 
ptO>~dO$ an •nterlace to IM lntellec Ser•es 11 •~-'""' 

bus. as well as su~oortong uo te < ""' dmes Th" OlSk 
system recoros all data •n :ocOI€ "'•~~ene¡ iFM¡ en 2 
surlaces per platter _ Ea en piatt er can ce "'"'" orot ectec 
by a t1ont panel s·..,,¡en. The ~'"" svstem "caoacte 01 
pertorm1ng sox Oilferent ooera11ons: IOCaloo,ate, see<. 
iormat track, "''"" cata. reao nta. and venly CRC. 

OloO Conlrcller eoaro• - Tne Ct>< ~~ntrolter con.,sts 
ol two boa•~•- t~e CM@el oca1d ano :~e 1mertace 
board. These lwc ~e ooarcs reS! ce 1n =~e lnte•lec Ser•es 
11 syster.1 c~assos aM ccc.stlWte re e C>S• eonl'ctler _ The 

CMnnel boarc '"""""'· oec~ces ano 10s~oncs :o 
cnannet commancs trom t~e OC60A·2 ~~U·~ •re ''OCel 
240. The interface ocarc orov•~•s :ne C»• ccntr:ll~· 

and wo!.~ t~e lntellec ''<S:sm ~cs. T~e ·~•e•:a:e ~-;.lr: 
valid~tes Cata =~"re; •ea"Os ·os~e.~ ~ ~-;<;1•~ r~<:·o~.;~~C'' 
chec' (CRC) oolynom•al a~;:: ~·~•'""' Ci"C cat.l ~~Mg 

"'"" oceratoons. 'tillen IM oOSK :~ntroll"' reo~""' 
acce" :o lnlellec s•.:e,-., ccee:-."')', :~e o~~~~•• :carc 
recuests ano mat~tat.cs Q~IA :':'IOS:er c:c,,ol ~~ :re 
sySie':! bus. aM ~·~erates :.oe ·~~,O~fla:e .--c.•C'orv 
oommanc. "'" onanr.e! ~aa'o al~o ac<r.co,IP~:¡os UC 
commanos as recutr<-O o; :M lnte>·•~ o~s- :r. ~cc,,.or, to 
suocortong a sec~r.c CflVé, tne CLS< ccr.troller :nay ce· 
rntde ..-ol~ :Me lnW d-oucle..::ensnv con"o11er •.o """" 
up te 17 mtlltor. ~ytes ol cn~ine s<ora9e. 

Floppy Disk Drive 

T~e tloocy <IISk crove '" conT,olied Oy an lntel 6271 
smglo cnoo, pro<;rammanre lloo~y <ltS< contro•ler. 1: 

lranslerS <lat.l "'" an tntel 3257 DMA ccntroiW ~etweer. 
an IOC RAM buller ¿no t~e Cosk•"•- The 8211 hancles 
t&adrnq ano wflltng oT dala. tcrmalttng dLS<eltes. ano 
readtn~ status. all uoon ••orcoflala commancs lrom 
the IOC mtcraprocessar 

MULTTBUS1 ~ Capabillty 

All lntellec Senes 11 1ncde!s omolement IM •nccstry 
standatd MULTIBUS. MULTIBUS enaoles seve<al Ous 
maoters. sucn as CPU aoo DMA cevoces. to sMre 1M 

bus ano memory ~v o o e• """<;; al "' l!e·ent O ti O""' 1 "'"' s. 
Resot~uon oT bus e•~·"•~ges 15 svncnron.,ec ov > ous 
Clock s•~nal demeC >nCeoenoently lrom OIOCessor 
cloc>;s. Reaolv<flte transTers may ta<e otace at rates uo 
lo 5MH~ The bus structure os s~lta_Oielo< use w¡!._h any 
lntel moCIOCc.mcuter :amtly. 
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M O DEL 240 

SPECIFICATJONS 

Hast Prccessar (IPB) 

RAM -&<K (system moMar cccu~Jes 62K throug~ 64K) 
fiiOM- •K i2K in mon<tcr. 2K in ooctlaracnastoc) 

Disk Orive 

Type - 5-UO tco lcacong cart"c~~ ano ene l:x..a alat!er 
Tracks por lnch - 200 
Moeh~nicol Sectcro por Track- 12 
Rocordin9 Technooue - douOie lrecuency lfMI 
Trocks por Surhco - 4CO 
Oonsoty - 2.:co ~"'"nc~ 
lllt• pe< lrock - 62.500 
Rocarr:!ln<;~ Surlacos por Pl~ttor - 2 

Disk System Capacrty 

Por Surloco- 15M a•ts 
Por Plallor - 2~.~ OotS 
Por Drl•• - ~g·~ aou 
Por Ortvo - 7.3M oytes (farmauecl 

Disk Perfonnance 

Disk Tronsler Rota - 2.5M ~:tsi"-C 
01•1< Sy•tom Acco., nme -

Tracl< te Trae•: 13 ms max 
Full Stro•oo tOO ms 
RataltOnal Sc•e<l: 2.•00 rn0'1 

Diskette 

Oloke!lo Sy!llm Capactly- 250K Oytes lformatl~<!)" 
Olshtte Sy•t•m Tranolor Rato- ISOK ~otslsec 
Olokolle Syotem .O.ccus nme -

Track to Tracl'.: 10 ms max 
•~erage Ran~cm Pc.,!IMtn~: Z60 ms 

· Ro!allcnat Speed: 360 rom 
.o...,i'age Rotational L.otcncy: 8J m~ 
Recarcin~ Moce: fo,i 

Physical Characterístlcs 

Wlr:!th- 17.37 '"-¡u 12 cml 
l-le!gh! - 15 81 '"· !40. 16 cm) 
Oo~lh- t!I.IJ1n. (48.55 cm) 
Weighl - 7] IC. (3J i<t;) 

ll:oyt>oar<l 

Wlr:!l~- 17.J7in.(".l2cm) 
H~ighl - 3.0 m (7.82 cm¡ 
Dopth - •. 0 on.t2:2.86 cm) 
Wei~hl - 6 lb. (3 kgl 

Oi•k Dtl•o ~n Poae~t~l 

Wldlh - ~8.3 on_ {~7.0 Cm) 
Hel;hl - J..l O •n. ¡86.• cm) 
D•plh - 29.75 '"- (75.6 cml 
W•Jr;M - Z02 lb. 192 ~~~ 

--·----------
Elec:trlcal Characterist!cs 

OC Pcwer Sup~ly 

Voll• Amo• 
S.~OI<Od s.~•"•• 

• 5:5% " ~12:5'1, ' ' -12:5'/0 " -10:5% " '"15:5'1o' u 
+2.,5.,,' ' ' 

Ty~oe>t 

SyOI•"' 

··~"''""''"" 

'" 
'·' o ' ,, 
' ' " 

1 

' 

AC Roquiremonts lor Motnhamo •nd 2 D"vu -
110V, 60H<- 16~ ¡.~alnlrar..e- 5-~- ~.0 e8c~ ~""" 
220V, 50Hz - a.6.0.¡Matnlrame - 3.1. J. O eac., or~vet 

En\ljronmental CharaclertsllCS 

Oper•Ung Tomporaturo - 16 ·e :o 32 ·e ¡<;a•FJ 
Hum•<llly - 20'/o '~ ao•:, 

Equlpment Suoolied 

Mo<lel Z.W CMosos 
lni~Qrate<l P·oce$50r ~oor~ 11?91 
110 Conttaller Boarc rtOGI 
J2K RAM Bcara 
CRT and Kaycoarc 
One HatC..DtS• Dme. ?~oes:ot ~cun:~~ 
Hard D•s" Ccntro<ler ¡r·.vo ~o;;rc,¡ ,.,:n Co~1es 
ROM·Ru•dent Svs:e,-, ,','anote' 
tStS·II SySiem Cisoce::e .,.,~ \.IGS.¿O!.~CS-iJ5 

Macroassemoler 
Disk Cartfldge iblanl< s•40 t·¡pel 

Reterencu Manuals 

91100551! - A GutOe !O Mtcrocomouter DeveiOoment 
Systems ISUPPUEG) 

_ $1100559 - lnte<lec Se"~$ 11 lnSiallatoon ano Se"'•ce 
Guid~ iSUPPLIEDI 
9800306- 1$15-11 System User s Gu•o• ISUPPLIEDI 
9600556- lntoll~c Se,.es 11 Haroware Reference \.l~n· 
ual ISUPPUE:Ji 
91101:1301 - eoSI:Iiac~s ~ ... .,~ty t.an~~•s• P,o~rac-.· 
mtng ManuattSUPPL'E::Ii 
9800292 - ISIS-11 8C80i8CS5 As se m bler Ooeral or ·, ','.an
uai(SUPPLIEDl 
9SOOSOS - lntellec S~rres 11 S~s:em! \!~nolot Scur:e 
Us!lng iSUPPLJE!)J 
9600554- lnteilec Sene! 11 Sc.~emattC Orawongs ISUP. 
PLIEDI 
91100943 - Hard DISk Su~syst~m Oceraoan anc 
C!oeckaut (SUPPLIEDl 

Ao:<ll!lonal manual S mav a~ ordere(! lrom any lntel sale• 
re~ruenlai<>B O< Cos"•butor ofhce. ~· from lntel 
Ulerature DeporlrMnt. 3065 • l;lawe" .O.véiu". S•nta 
Clara. Call!ornoa 95051. 
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----------C:M:..:O_:_:OEt: 240. __________ _ -- :}-) 

ORDERING INFORMATION 

''" NumiHir 

M0$-240" \ntello>c Ser~ es 11 Mooel 240 Mrcrocomo~ter 
De•elo~ment System (110VI60 Hzl 

M05-241" lnteuec Selles 11 Moeet 240 -'-'icrocomouter 
Df>•elo~ment System (220VISOM:) 

'·IIDS" os a o OtC<""~ cMo on!y, •n~ " MI YSO<! •• • o'«~uc: 
n•mo 01 tlaCO<Ila"- "05" •< O re<¡,.IO<e<l I<UO<T'OI• Ol 
uoo. ... O•u Scroncu Cc<D-

;n 

'"'TE~ CO~'""'" TI O"', 30 .. O o~•" A .. nuo Ooon Clo<o C~ 0000' 0 • ~Olll 907 aaoO 

...... '"u •• '""''""''"10" oc 
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Ptoo;f-om MomO'l Wod<>IO 

~"'"'""' "'""'""' oono•oto ot t6K ~.,.,al 
1\A,.: ot •• "'''"""~'• to 6<~ b\"'OI ~''" oo· 
"'"'-' 16K o;•o "'"~''"' M•mO>V ''"'"luteo. 
Proo¡,.-, '-'<"'0"1 '"'> Oo ooeo .. ..o 0> "'" 
S"'"'" Proc•""' •• """ E'"""'"' •••«•· 
-~ 

!!"Iom Co"'"'""'''"""" Moouto 
Tno S'"'"' Commun•c•11ono ti'OOulo ooo

"""' '"'"" ~S-132-C ""'""'"'" oor1> '"' 
onto,aoo wotn "'"m""'"""'"''· Two oc~> 
oro aeotgcatoo tor '"'" '"'"""''" u "' 
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68oo, 6802, 8oaoA, T-t:.KTRONIX 
8085A, and Z80A 

MDU¡¡.is a ~'gn levell<mg~age ce
sognec sped:cally ter use 'n 
mocro~rocessor-oasec ces:gc .. lts 
patem langwage :s ANSI Mon1m~l 
BASIC. a wocely csec ano ,-,e!l un
derstocc pro~'""'''"·"9 fcrC'1at 
MOL!¡¡. crte:s c-.an•, ecnancer..er.:s 
ot SASIC ¡:<at ma•e tr.LS new lail· 
guage an ext:eme•y er:ec:1ve ce
SJgn too l. wr,•le re:a:n1n<;: tne ac
vamages af s:r:-.cl:c:~¡ a~ e easy 
learmng lcunC :n ;o;.s:c. 

One essenllal am·an1age el :.mu ,_. 
1s mat n uses a ccmc11er Lnsieao cr 
an omerpreter. ~"~" progra:n 
staterr.ent 1s trans:atecJ to mac~•~e 
cede wly ene e. 'mtead el every 
t1me the s:amrcer.: :s executea. The 
result os !aster ana at:en more 
compac1 cede lorr:nal ~mgram
executLon. 

MOL'¡¡.allows a module-o"emed 
appmach te scttvvare <leveloc
ment. Two stater.lents. ~s:=:s aca 
PAOVIOES. attow vanabtes. tunc
hons, ano orocec~res :e ~e sr.are~ 
by prograr:1me's ·Ncr<tnc en a•~e'
ent moautes of an over-.11 pr~grar:1. 
The USES s:a:er:1en: al so allows 
Otrect access :o aosclute mer.1cry 
locauons. 110 oons_ ano tntBrr'JClS 
-all e""ent•al lar pn:Per ccr.tcct cr 
harcware/sOftNare tn:egratton. · 

Vanable names ano smngs nave 
t::een cans•cer.l.::Jiy excar.c~c w•t.1 
MDUIJ.- Vana ate nar:1es can con
tJ•n up 10 SIX cr.arnc:ers. me wst 
alpMbeltC ano me OinNS al
pnanumenc_ lor easy •centtltcat•on 
Ounng program devetcor:1em. 
Stnngs can v~r¡ tn le~;tr. trcr:1 1 10 
2SS cllarac:ers •ns:eac el :~e un· 
alterable 18 use<J •n . ..,,nomal SASIC. 
Sut::s:nng replacemenltS atso 

-

MOL! 1-L Compiler 
for Software 
Development 

MO\.'" ''a ""'"''"'" iO"l' Ol A._,$; ML"'""'' 8AS;[) ''"~ •Oe<:LfLOO"' at mL<:O:O'COO,(lt-0<>"0 
''"'"''" .,.,,g,. __ The M~:.~ Cct"'~'-er ,, c•••gceo tor use N''" ""' '"""'"" ac.:~ ,. c·o· 
o""""''" Oovotco"'em Lao 

eMancec: to as:;tSttn c.carac:er 
mar.:puta11on. 

1.-0 'eatures •nci~C:e ac:ess 10 
cc~s anc: aoso<ute accress:ng: ct 
me,-.or¡, wntc~ allows ·oa,aores :~ 
~e a;stgnec ~ scectltc ac~cess. 
Smr. ASCII anc genEral puroose 
~tnary lile manroulat.cns a: e coss•
cle tnrcugh a senes oi 1·0 slate· 
tT.ems t~.C'uc:ng OP:':N_ C LOSC:_ 
H<:;500AC:. HEAO. WRITE ?RINO, 
ano INFUO. 

Amcng mar. y cther MOL/" en
nancemer.ts \0 BASIC are tog•cat 
cperatcrs (ANO. OR. XO.'l. NQT) 
plus shth anc rctate coerattOns 
tor btt rrantouoattCr1_ C·ISABLS 
ano E"'ASLE :o 1urr. :."e tnterruot 
crt a'ld on. ano Ourll·tn cooe 
opttm•zallon. 
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T~e converston of ~.ICL' ¡.r. scurc e 
cace to actual rc.ac~r.ce c~ce ,, :; -
lhree-steo ¡;rocess. The l~rs: ~""' 
con~~rl; f.1 QL: ,._ scur~e c~ce ·.e:~ 
assemtly la~gua.,;e soc,ce c::e. 
wntc.~ •s s:crea en a rrie o: ce'."Ce. 
7he assen-.~lv scurce e ce e e ce
:ztns IM crrg:nat MOL,._ s:~•o· 
me.~:s as c~rr.rrents c'e~ec::.~; 
ea e~ O loe k e~ asser..c·.; se e -e~ 
~~ce. A: :h•s s:ac;e. te e ~sso :-::1-. 
language can ~e Tt:r:~er e ~,;o-_,:~; 
by ustng tne 8C02.->.'s cc· ... er:·ct 
eO•tor. In me sec~no s:~o. ;~e 2S
sembler converts l." e ¿sserrcl\ 
lar.guage so·" re e '""' co!ec: :ce e 
O he thtrd s:eo rs 10 ltrK :~e cc:e~: 
ccce wtth t.~e o un :•me 5uoccn ;,_ 
orary ana any o:Mr asseccc•e~ 
cO¡ect coce macules_ 

i 
1 
' 

1 



(program design) 

8002A MOL'"' 

Text Soun::e 

Editor Moeu1es 

OLJ .. Appll<::atJon• 

1, M U!. Tl-PROGAAMMER SOFTWARE PAO-IECTS 

ModUlar $Qfl'wat8 CO<~IC ''MOl J"al alt"" O IOc3J Oncl ;ICO;II 
'-'"'-= oontn>f Oo,.,oon MDL' ~ e• ""'-OJo• 
Modulo$. 

2. MICROPROCESSOR SY~S PROGRAMMINtl 

....., '"'"' "'"''"" er "'"""""' A"" •o """' .. ""' '"'"codo 
,....,..., lt>r ""'"""'el""""" •Y''"'"'· 

l. ROM 8ASE!l PR00UC'1"S 

... 1U11 !lmo ~ •1 ACM·U><o """' s:.O> •M vaoeo '"'''""" """'''O.: ond 90V0od lO< .. ,. ·n L.c.< ;;me \.Oe>.oon. 

• L.lROE APPUC~TION PR0(;R~M5 
RohoQJO, oa.., 10 tr\0.010,0 CC<JO. 

S HJQH VOLUME PROOUCTS 

Erloem cooo <"""'"'"" 'or "''"""""' "'""'""' ••-•""· 
S. HIQHL 1 COMP!Orrm'E P~OOUCTS 

51-.onor..:: c.,."""""'" ""'"· Jo... ''"""'"'"""""" -.s. ilr<1 ""'" "' ..._ '""'"'" """'""· . 
FEATUI1ES OFTHE MODULAR O!OVELOPMENT 
I.ANGUAGE 

1) A """ comt>Jior "'"1 V"""'"'"~ o•OCUial>iO lnon 
lttJo.,....C•e) o;<to: 

--.,.,. ln'<>llto. rooooaut<o. "'"" RCM·""• eoco 
- """"-' 1 .... .,,.. <0001 o-av O" <QI ... l • .......,."" 

<n>aaJ co-.mu;ao<>M.,. codo moc<.oa:ces 

-~"'•"' "''''"'"'O! :ro O<JJt!UI ""'V""'"""''"" 104" ~Mor -........,.,.,. '""""" rouoneo: 
• 01 proY>Qo ""'~'• "'" 01 !002A 1.'0 """'"" 

~) "'" ~n•oo w•lh :<093m Only rf ret<'OOCO<> O. croocom: 

e) ""'"ce "'" 01 COJO« eooo ¡toero • oruy ono '"'"""" or 
tr\al oreo'"""""""" 

0) """""" codO ""el> '' i<>cally OOC"'<ZO<j tor otJio.-.r taO 

"' "-•""· ti """"c.,......,..., ICI>-<O<...,rroo· 
n 0.1ow oo...., ex• to oo on • .., "'" SCilCA-&08$<-::l!O 

or 6800 .., • .,,, ran;uogo ""'"" •• 
:¡ O,mpoiO<. U•omOJer, on~ llokor Jo"" & mocuror 

P«>ll""'"''"~ rocolotv: 
-9"'gtam' "'"' 00 wmon '" """'"'"' comoonon" JMOt..•u and .... .,,), 
_,"""'"' may n••• ,,,. """""" or fcncon•""" """'"""''"'· 
-i"''<"""'"'· \n;;oooo,.,.. ,.,.,..,., ""'"'""., ono ,_,.. = 

De,..., by .. ~. 

..JI\OOI.<o """""'"" oro ~.,. .. ..,. dos;;:-.:>00 

-..noc01•• .,. ••cara••" eomor<«!. "'"" """" '""""'"'· 
'"Comen:aJ O<•~omont '' """''"" "'"' mo.:uJo &1 

"'""'""'""'' 
• 
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;2 

MDUp: 
' 

'• 
Assembler :-: Compiler ..... ..,.,y C• 

·MOdules " 

8002A Modular Oevelc:lmer.; 

•1 Hlgh Lh-ol L.onquoqo """""'"'" ror "'" IOO:u. ano 
MletoPn><"'""' L'O: 

....,..., """""' 01 m """' onc "'""'""'""'"""'a..""'"'"'"" 
.....,OL' u «>n•tnJ<:·.o ror voe<or"" •nlem..CI> a""<l ma..• '"""'·"''""' 

5) Ooto !lanolln9 """'"'''""" 
-1n1ogor """~""'"'c.-o""" ra 10 Zól> •"e "'" ""'" 

¡-32.768 :o -J2.75;"l ''""'"' ~·co "::-"" e><>
,..~""" """"'""'""'"'"" .... .,," .. - ....... ~---~ ...... 
""" ..... """'' -s.m..¡ e.aca::M• w•t" O=~ Z~~ OVI• <"~ '"'"'0~0 ~,,-

Oln<&ton.Oon """ '"""""~ ~•"'"'"" 
-úno.,.. """ """""""""' orravs o• •• oa:a o.oo> 

!1 Voflable, prooeclv"· lunct•on lM mo~"'" '~'""'"" ,.., "·"• 
ano 10 '" al oh'"""'""" o"""'""''· ·,, 

BEN~FITS 

U..aJMOI..",."""'· 

-~ ..... ""'"!;'> ,,.. 'ct ICV' ""'"'"''" 
-m¡ro..o "'" "=·"""'""""" er 'fO"' ""'""'''" 
_..,....,. "" , .. ""'"' ol you.· '"""N"'" . ......,¡¡o,, ana "'"""" 1ne <D>I O' or:;r.r -,..,cl•o"co 

MCLJ¡tKEYWOROS 

~ 

"" ~N&8LE 
DIS~8LE 
.\lAS"' 
OM 

Df"':N 
OEI'PI'I 
FilENO 
PRENO 
MDDUI.!" 

PI'IOVIOES 

PI'IOC 

~·· CI'IIGI/1 
.\IOOE 

GO ro 
011 .a o ro 
e; os u e 

DN.GOSUB 

·-· 

A>sr'l"• ....... '" • "''"""'" 
Alo,.. orO<¡,_""""""'"""''"" 

Eooc"'' """"""" ;¡,"""""' '"'""""" 
Sets '"" '"'""""' .,.,. """ Sl>O<>IOS '"" • .., "'c-:-e-.,an• ooo ,_,.,..., 
•ooco lar '"'"Q· "'''· ,,ogo· '""""'"' 
s..,., •• "'"'"""'"""'"="" 

. 6eg<n>. "'"'"""''""' """'"'""'" 
Enes~"'"'"""'"""' rcn""" 
E.'"'."'"'"""'""" ""'""""'• 
So="•• • mocu'• o ame """"' '"""" '"' ..,...,.,., moco 

'""'""'"' orol¡'am """'·'> '""'"" "con• a.-..., ntro•m.,..,.• 
- .. """"'"" :onreo: tuo<:;C"nl ='""""-""' 
._,..,...,""'""·<~M '"'",..,oc, '""'''•·• ·o
ontom.&Ju•• 
Jc•n"e• .o<orn011v ce'""" lun;;oonl oocooou·es 
""""' '""•o·•• ,,.,,.,, •. .,. •""'"'' ,,. 
scecn•• • "'"""'" "·"'" ·<""'"o' crc•·c•c 
~). '""""'" 
Soec•e•. PtCCIICU<O 1"'' •• U> ... at OJ""'O"" ... '""""'" 
S¡;oc;~oS & '""""" tl>al 1> CH<l C< """""OC 
0y & moclu.O 
c.,"..,.~ •·o,.... ,,., ,, "' .. ~ ,.,.,_..,. .• 
s~•., • ""'''"''" """'~" 'o• • """ a• .,.,.,,. 
lncr<.aloo "'" ""'"'""" coe<>< '" ~"'"" '"" 
mod"'o run1 
r,.,,,.,., '""""'<a.'~"'"'""""" 
Tr'"""" canoa• <o a"'"'"'""'"' 

''""""" '""'"'' '" .. '"""''"" '"' :.:..11 0oo;1n1 O IU<>'OVOOO 
Tra.,lo" COOtrol 10 O"''=«! • .-017"1 """'"' ........... " . . .,.,. ...... .,.. 



.~. -' . 
Linker 

Program ' 
loader 

.~ 
dules 

l.anguage Pros;rarr: Steps 

'"' IF .fH!N 

/1'_, T¡.¡E'/1 .. ·= 
FOR .. ro _ 
STI:P.NE;r. 
OP!N 
Cl,OSO 

Re<wmo "'""" """' o '""'-"~ 
T""""" conm,J tc '"& ENO """"'""''" 
""' MALN modUlo 
Te=-~->.-~"'"'"" ono """""""o•oeu<OO 
r .... .,. ... ="'"" :o • '"""''"" '"" "' ••=too o"""''""""'"'"'""' wnon 11'1 

"'"' or mo ""i'o.tl"'"'""''" '' '''" y,...,.,,,. oon"" toa •~•"""" """ or 
"''""'"'. ··~~""' ""'""""' _.., ,,. 
~ of "'" ~""' ,,,...., ., .,. 

o.n ......... '""~''~""'''":o,,.'""'"'""-' 
"'loo numo"' '"''"""l ono .,,...,,. ElSE. 
&•~••• • ;rowo o!""'"'"""' o 0 oocr.oo 
"""'o« or ames 
.>.u=a<es o "-"""""' ,.,_. M"' • ""r>'<4' o~ 
y..,...,.,., oo '"""'" usoaaoon> 
"""'· '""" ''""~"" '0-"IIJ"""' """'"" Rooos.oons o ; o O<e>< 'O '"" oes:nntng 

ol ti>O '"'"""'''" ,..., •• ,.., 
Alo"" ::.nar> on;>c: '"=o''""''""«. 
Aaa ... ASC>I ""'"' :.0 on ••'""'-~-... ""'7""' """' ., '"""'"' ''"''"" "' ... ~"""""' l>nory ou<;».t :o & >COCÓ'"'''" 
P"""OOS ASCII ourtOUI ro on o><omaJ oo"c.o 

$AMPI.E PAOCAAM! ""Ot;t""'...,....., <t>O Jtir<;;C<". ,-;":"V O~.,-¡ 
on<1 <t>0 ,.,.,-.,o (l"TYL"Sl: '"""''",.., C1 1 """' &>:;t.o -
... DI./" ... """'" TEKTRON 1 ~ MD'-' 6060Ai6081 A Co"10•I., 
''''" ~-'-' • MCOU'--" TO O"Q\\tOe ~C-"SCCE L'O SEqvtCE "'U11"ES 
OCCI2 ~E" TO • I'Ol..<:"V"E ~ll:~«LO~ ~-"'O.>ü~ • '-''" U-5>0C 
t>:>;tl ~ ... ,-,..¡¡ ll<rf""00 IS •OC,ESSOO "O •o P';l01"5 ~S,>I\JSo 
"""" RE" &~0 H0>"' 
0000 REM T><E OU""-'T OOUTI~E JS "O.SSEO & ON-< C~•R•CTE~ $TRI~G 
<>t»o ""'-' WMICH 15 <OUr-PUT 
0007 RE~;-..~ •NPUT ".•rC:tONI$ C~'"--"0 IT ~0-\JRNS & CNE CH&RACTER 
0001 REM STRr..:¡_ NC <C>-0 IS OE"-'<OR ... EO --0010 """:.U""'"' ""'""" ..., Ot<OvtOU "1-•c:'lON ,-,-.- '-IS 
00>0 PRCVIOU pqOC """OUT 
00<0 use; PCRr T!>1'>r _ ORIG,N 0 

oo.10 uses ""~""' r. , "'""''" • 
~· 00110 'TT>' ~ """"""' :0 A ...,-5 Y-$10C '"""~FAC[_ -OOTO OEFPR TTYtlVT 1 C'IJTC>->~ 1 
00110 IFITST&T>N001HI,>O,.,_,._"IO 
""'"' TtlAT& • 0"01 0\JTCHOI 

"'"" """-"~ ... 
0100 ' TTV <NP\IT '""'-"'" """"' & .. rr; .. $IOC ~TOOFACf 
01 •• 

OUO OEFFI< ""''"' 
.,,. " ors "' .,.~ "'""' ·~o :><e~ ''" · """ coo• •o• 
01l! '•e.oo• eoT 
o 1 .., ' ro .,_, U>oY 
01.. ""' ...... ¡,.""~'"' 
010(1 "''""' 01 .. 

"'"' •~o ,._ 
•• .._ >· 

Pr09ram ~ 

tnROM_' 
Execution 

ar'<l RAM 

MOL/¡.< SUPPLIEO FUNCTIONS 

"' "" STHI,IS 
CHRS 
STil$ 

"' 
'" 
~· "' TAB 
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MINIMUM HARDWARE 

REOUJREMENTS 

Tektron'" 8002A M•cro~rcce;sor 
Lao wrtn sys:em termrnal ano s~K 
PrOO]fam Me"'O"'-
Emvtaror ror BC8CA. soasA ZBO. or 
6800 tS reou,.eo ro cao~g and é<e
cure c~¡ect cooe. 

SOFTWARE PREREOUISfT'!; 

8080A 8085A_ Z80. or 6900 
"TEKOOS Versocr. 3.0 scr.ware 

SVDOOI"I ES re~Uif'OC. 

ZBC GENEAATEO COOE 
CHARACTERISTICS 

-Generateo ccoe oces nor use 
any el lile ZSO ex:enSJan caca
t>tU~es over SOE.OA rnSlfuc:ton 

"" -Geni.rateo cace ooes nG: usa 
any tnoe• or alternare reg:sters 
or ti'IEI zso. 

-Generatec coce ocas not use 
arremate ínrerr:JpT meces_ 

SOFTWARE SUPPOAT SER'ItCES 

Dur.ng t.'le nrnety t90i :a; pe"oo 
tollowtnQ tnstatlot:cn ot t.'ltS Sol:· 
ware PrcaucrtSGF7'NARi::r .• r 
:he cus:omer enccunteiS a 
proorem w•TM tne SOF;VI/.RE 
wntcM nts orag~os•s onooca1es os 
caused ty a ce!e~i on :re SOFO • 
WAAE. me custoO"er may suoO"." a 
Sonware Perlor.,aoce Re~Grt 
(SPA)Io Tekt<On" Tel"tO.oJ< woll 
resoona 10 orc~leO"'s recc:-~ea on 
SPAs wnocn are cause<: Oy 
aetects •n tne curren! ur.allereo 
rerease o! me SOFTWAPE voa tne 
Matrnenance Penc~ocat !or '"'' 
SOFTWA;:¡E_ wnoc." reoons SP:;s 
receoved. coce ccrrecnons. ll!m• 
D<Jrary correc:oon~. ~enerallv use· 
lo;j emen:;ency :·¡~asses anc/or 
notoces el tne ava,aoototy of cor· 
recteo code Sct:'""'" ucdaTes. of 
anv. releasea oy Oe•!<On" :~nng 
tne n•ne¡y (901 oay ceriOO. woll oe 
provroeo •.o :ne cus\omeJ enTe<
rron,. stancaro C•SI:IOutlon rcec•a 
as soee<f•ec '" mrs Sm:.-.are Data 
Sneet. Cnarges 'Nril ce oasec on 
ll'le prevaliong upca1e p11ce. 
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The Z8000 lamily is o n<'w seto/ mlctoprocessor 
comp<>nenh !CPU. CPU support chips. peripheralo. 
and memoriu) which supports th~ ZSOOO uchitec· 
ture. The account of how atchite<tural gOals "'"'" 
selected and achicved lor two hy mon1bcro ol thi• 
lamily-the Z8000 CPU and the memory manage
ment unit-illustrate• how much o! a challenge 
mic:-oprocessor architeclure represento to the semi· 
condunor industry. MOS Le-<hnolo¡;y ohows enor
mous poleMial, but it io still d.J!Ii<olt to us" boca uso 
ollimil.ations on pin count. power disoipation. •pe<-d. 
and cmnpluity. 1 

Since thi• discus.ion io restricted to technical 
issues. v.e ...;u not a !lude lo the many addJtionalloc
toro l•naihting con•iderotion•. human con•idero· 
tions. self-impost-d restrictions, ck.) which malle.,. 
chit.ecture ouch • faocinating and d.iillcult discipline. 
Furthermore. no attempt hu been mode to u· 
houstivel~ de'""ibe the Z-8000 ardú~.e-<ture ond com· 
poncnto. lntcr<sted reodero •hould ronsult tha 
lp~dfic monuols for a more complete doocription.'' 

· The goal$ o! !he ZBOOO archilccture: 
-lncreased capabili1ies, architectural 
e~mpat ibllll y, 1 "ere ase d e larily 

The primuy t<ason for introducing o nc-w •plem 
architect~rr is t.o signiflc.ontl~ impro•e the control 
ond procesoln¡; Cl!pabiUties oí micoprt<..-sots ""hile 
molntaining thcir pricclp-crlormancc .d,·ant.s~es. 
T~chnical ad \·~neo• ho•c p<rmitt.cd the i11lpkmcnto· 
cion of buL•tontioUy incrto•.-d pro< e"'"' P""' ot. Lu( 
the mo>t oi¡;nifi<anl motivotion foro new rom¡xm<nt 
fomily ;, ¡¡<-nerality. Only throu¡;li •uc~ a farnily 
~ould "" prudde !or orchitL-ctm•lt)" comyolible 
¡;ro,.1.h o'er o v.·ide .. nge o! procc;sit•~ po"" re
quiremeoU. 

/rzcreased capabilities, 
architectural compatibility, and 
clearly defined interfaces were 
the chief architectural goals of 
Zilog's new ZSOOO microprocessur 
family. /Jere is an account 
o[ how those goals were met 
for two members o[ that family
the ZBOOO CPU and the MMU. 

Our approarh was o •taged system architedure 
v. hith ottempts \o P'O''ide new components. rnhanr· 
ed lea tutes. Mnd new lunction•. v.·hile prote<:l i~g tho 
user's inw•tment in hard..-are and ""ft,.,..,-e_ Tho 
ZSOOO family suppot\5 a >ingle unif>od arrl.it.-<.lurc 
for oll small. modium, a!>d high-end u ser applicOLio~s 
which are in>plement.-d using a rr~1 of com¡o<>r.or.~6 
"'il.hin tho sorne lamily . 

The ¡:01-lt o! the Z-8000 orchite<:ture can be troupod 
in lo thrce c.!!le¡;ori,,s: incrco •od capabili,i<>. &:"Chit ec· 
tural co!npotibifity overo wide ran~o of procc,.jng 
pov.-erS. ond increased clarity. ln oll theso <•••• tho 
resulting architecturalleotures apply oith•r to the 
bosk arrhit...,.ture (that aeen by"" opp~utions pr<>
¡;rammer) orto system lltChite<:ture ltho-t '""·"by o 
S}"1Mm clesigner Or nn operoting sy>trrn prOL'J&m• 
mer). 

lnc.eo'<d copobi~tieo. Al! u.istin¡: 8 bit núrr<> 
pa.cos""'" ond mhny l6-bit minicomput.erS sul/or 
frnm having a sm•ll addiooo space. So. onc <oJ <our 
~o~l! v.-a oto prevido o cte., too ).,-¡;o o1ldr<·"' .. o:o 
(bl,l 1>)\.eo). A H-<oond ¡:o•l """' to pro•iJe ~·· , .. ,.,. 
•ourcoo in tormo of t<¡;IOI.<·rb (l6 t<·t.eral¡>'·'r'~··• 
15-bit T<¡;ist<ts1 in termo ol data typr• [fr~n> l·i•> \o 
32 bit o). o m! in tcrms nf odditionnl in>tructi<•"" ·, , "" ,. 
paad t.o "'isting ml<r<oproce"on ('"u)ti¡ '¡- a:..l 
di,·idc. multiple rcgioter ""'"in¡; i~•""' e;,.,,,_ 
>pt-ciolir<<l inotructions for com,~llcr ~uÍ'p.. '' • :c.l 

To locilita1• co1npl.x opplir•tioi•S it ",,' in )'"' i •nt 
to >UJ>¡><ort multipro¡;ramming l'.iLh ~r•.-! h.Hd>.;.;e 
•~pporl o! (.o. o k swit.d·,ing, interrupto. trops. ond t >,(1 • 

uoeutio~ modu. Oporating •pi e m• al !.O t<"'J.uÍu<lo 
¡;~ hord .. or~ pro:oetion SY>l~m. 

fin• lfy. "" \<"U\Icd l-0 )~<rc•so ~HtOtl •J".'l<ln r<:· 
for manee. Thl• resultL..:! ln th~ rhoi<e o! ~n :rr;l.me~ · 
l.h<!on u•ing a 16· bit-v.;de dat.o yath 1.-<o md'·'"Y. 

• """ OOol "'""'"-"""'N!> '• , •.• 0Hl 



A ahil ,-el,.,,.¡ <"mpolihiiil). On .. ,.¡ 11•• im¡ooH,.nt 
les•cns lcomi·d lrcm p~<·vicu• '"""·:'~lor $plr-m 
dc~ígns is th•t t h•· dc.<i¡.;n of" ""''/·' rnily "'chittcl u• ~ 
;, a r are occurr, nce _Une "ay t" •pply thh lo,_on is tu 
<lc~ign a unifo<"<l archi:..,cture ccmpot•ble over a ,.¡¿~ 
ror.¡;e ol r"<>ressing po~·~r-s. 11 "'"anticípate"'~' 
¡;rowth from •m>ll lo l~rg•- s¡••toms ,.íthin • f•mily 
nchítec 1 u< e. 1 hen •u eh on oppro>ch c~n >Í~Hifica..rly 

'"«•·••~"' lilo. 
"¡"!w , ~·o nrsionl o! the 7.SOOO (a 40·pin 

~"-""l-""""r."·d •nd • ~8-pir, ;,¡;,uenled wrsior.l are 
de5;gnd \0 cd~e\"o this goal. bu¡ many o!!\er 
f<otur~s ._antriLu'e indirec!.lr to tt.• lamil)· com· 
¡ ~;i\.ili:y. For smoU oplirotiono en un~grnenl-cd 
l'l~~O ~-;, ¡, o no or m<•t" OHt -L¡·te nddrc" 'i>Hces cHn 
be ~>t.:!. For medímn ap;>liootione, o .. ¡;rnont..:l 
;:~{100 •-•ó one l:~tmOr) mo~•¡;em<nt unit o!lo.,-o 
cir. e~ a< oc•·• 1~ ~ ~l byt<" of ocl3.tt·.s o¡;a<e. For lMgo 
c;·¡•:k ~1 io"s a ••.;menl t·d ZS 0~0 ond ncult iplo paics ol 
c.:~:¡;. a!Joy, the use ol oovtral &:,t-byte addr~gs 

'--~~·'· 
:-ince !he sr¡;m<nlcd Z•';:)G '"" ru~ ¡,, on "~'"S" 

.,_ ... ,;.¿ medo. ~oth >) c.:.r,,. ~re rom[cti! ·1•. FitJally. 
to o:hie,·e .,,., b¡:cr ¡u.:r,sh·¡; r<>""' tho:.r¡;h 
}.;.,dwar e" ¡t!it">' ion. th~ ~rádto·n '"~ p;o\·ik> Lo ok 
;~·rbo•,;,,., !N ;,o!h m •. lté~rv:t·>'ini: t.ntl dis· 
: r. ~1 \IL"O V"<"<"! >in~-

Cll , i: ~ ('1 "h, ln ~,.. ",-c\.'.t ""'"~· i > a m<>• o:" -ol 
he'>" ,q-¡, "'J' i;•tcrlact! are clefit.ed ~n~ '<·<Cifit•d. 
'f'.i, i .o~ <!J>i,·o bt<: bpoclent ¡;o•l in a famil}· 
·• i.o: · '·"" •~¿ ur.!cr~Ht~ o;o."¡>O~rn.s ... ;u bo arl~od 
du• io t : ''' !:!< of ils orrHI, e l~r~. 

\',', f<"lt Lus prutoculs w..rc ~" im¡>ortcnt 
!!Ln! """ dc,·elop~tl Bn lutlcpcrodwt 

~nc~ifit·:.rtiuri lt~r tht• ?.·bus u long with thc 
. indh•idnul rlHic~ n!ltnu~!s. 

f"!.,;:l)" in t•rm; clttt·l.d:ic o!<),iloclu~< '"'"'"" 
, ,·>loril}" ond < >: •-ndo!Jilit¡- ,,¡ 1 h<· i l!!otn•ctir" "l. '" 
,,,1!,. lla ¡:•r<:ol anO ::;;,plih>ndl;.nr, of tbo 
~; ••ó\bt; systtm ir,:ul><•< C:!~d:)" Lo 1"'"' o[ 11.~ 
'-' .·e o:" l.,.hil< "'"ro :· .otl., h ,-, :: rl, !Jr.o~ me11.t-d d 
, • ·;• ,;,,·.L.Íu•Uc.o L,·l" < e<. 1 h~ '""' j n . ., rutl •J o;,er.: •· 
"! • ~ > ) ¡, • "e b, l" • r~ C!.E·: e co=n;-.r r .. nU :, 11,~ Z·bus. 
· •- .¡e), :. > ~~-~" ,] 'P' "~ k,_ 1 n 1 he :e" 'oc. o:, re m
"···n'••:i• ., v·i:!, ,.:).,, d, d<e;, ,,. ,¡,.,,.).<:~m' d 
:1 

t ' ' ''""-' ::·¡•e' o! l~= r•ol"oob. ;.¡·Z•l• ,: ~'- fel: 
; !,: -• ·'' :<• i:n;.,..:ll.ol 1 b: •· e¿"' r-!o¡o<"<l nn :m'q><:>· 
d.<. '=''"''<~::.,~lo~ tic Z·l~s ~!e:.¡;,..;,~.(\.,¡~. 
dividua] t!t·' ;, '· Jr.:.•1u. !! • 

w. "'" ccmi,«-d tl.>: :\ .• , c::rcr•'·'' 1 ht:· .. •o~ 
lni<r<>¡•ro<c'""' !)i'-<1:1 ..,d-~:._,;~" :.;i ¡,,~, •~•~
:m:-<: 'l"''-"'~ ••c\,¡1•-tw-, Lr<- :.c.t >Ll~~<:col lO :o-

qOLir< a tl•ffc<cr.1 dt·>Íp• apprcach, •hh<mgh thcy cer· 
t>inly inflot·nco 1h~ dowils of dc>i¡;-n compromiseo. · 
"fhc bot ,,.,¡ inn of 1 his 1'"1'"' doa)s "ith implementa· 
lion lra•lcofl~ and illus(rolco sorne particulou corq•· 
promi•••- lln 1 lew plous "'" mili implcmcn!..alion 
ccn,idcmtions with d .. criptions o/ a:rchit.ectmoJ 
tro<J,.,¡f•. D<">PÍte !ho imp<>rtancoo/ separoting on,.,... 
chitt·ctiLre frotn ita implcmcn:.aoion. we lound that 
this s~f"'rOtion io olten ob•er.t during the actUol <:reo.· 
tío:> ola ne" nrcbitecture.) 

T,·o tlilloronOt·O be:ween oonn111ional '""'put.er 
syotems ""d mkroprort·s~or S}>IClnS ha\e lhe 
¡,'T..,teot ln;pa«: price st:uc!~re and rompor.ent 
Lo~ndary di/feromes Fcr hi~l-.·ond LSI S}stt•m;, it 
rnakc• '""'" lo ha\"e ~no umfied ~rchit-ecture. bu! 
u;¡Jih !he;,- comput<>r fomily couniO'I'U!S liBM 
:3601~~0. PDP· 1 :¡ different im¡.lemrnlations connot 
Le justifJed on a price'pcrlormoncc La.i• Specd and 
perfurmonce .u-e mainly dopend~nl en tbe 5late o/ 
techndogy. ~r.d thordore, for • ¡;ínn <pplicotion, a 
u'""r wíU wos!~ th~ speed wil!in¡;ly olnte another · 
>lu~<r imp)e¡nen\ati~n »uuld coot 1)-,c .amo. This 
dou nctndude di~fc:-cnt '""'"iMs of one implernen· 
to:i~;~. which roO..:t only dlfl.r<n! les< and produo· 
<ion crit<ri; s;.;ch os P•d-.,¡:e t}pe. functionol kRI· 
p<-roture rnn¡;c. hJtd '"' r. sre...d rm•f•· 

!.! o51 compu«r !)">1~m• ),ove bc~h e> te:-nol and in· 
tun~l int>rfoccs. Excemal interf~cu which define 
>) sl cm 1 >O~ndaric• •"· of<on •'..an~ord~<~d le.¡; . !he 
1 !l M ch•nr.el lnterlooe '" th. DEC ~nibus). 'fhe int<r· 
nal int.:rlo:es of mo•t mirJ or lorte computer O}" ~t•m• 
htC <S>tnliol!y h:ddon. In ro~Ua>t. the compon~nt 
Lo•.;r.dofie• o/ a micropre>ec>Sor-~o"<l ;yslrm rt•pre-
'"nt rocluol ¡,¡erfooe;. and most ,,.,. must be f~mil· 
¡_,. ,.;¡h them oa "•U as \lo"Íth e~l<rnal int<"ri!C"-". 
A•~•use t~e componen! int..trfac" ore m~:-e ,-i•iLie 
Hhd o/ ten mus\ Lo more l:fn<rl:l, the micm¡lle<:Cssor· 
ork~lod >)stem ~uo ~m<r~•-• a. a k<y sta.~d..,.diza· 
lion ~n~ 1<> Ellow a "idor ,-.;, d oompon<nto and 
dc.'~n•. 

Th~ basle arehl!cclure 

Ad<lr<" op>« rur.•iJ"''liono_ ll ¡, mh•LJ.C<,!'G'" 
1 o ¡_,, ~ :np'e th!n on~ ~ddr••• ;poco, "'j¡ ~ '"' h ad· 
d~<;o :¡:~e<· •• 1•·~· •• 1 ,.,.,;~1•. 1~ th• z~ooo. 
ro:<-!,oory , cforenco• ond LO rof< rOn< PO "" \"ÍC" t·d •• 
,, l<·cu>cto l<• ¿,ffor<nl dd•c" 'P"'"'· Thf l '0 •1 '<e 
i• disc~•••d in \he •tction l.olmo vr, torr.rr.~:.iU>t:on 
\oith ot!.u cie·•ino. ).:r::-.or;'~o:,,.:.re• '-''' h~ in· 
,, ,-~ 0 : ;,.,.,, "' r..: • ood H• :l. .ere"''· .-.·i: !. < •.:h ::r-e 
uf "'ce" po• ,iLI,• in ,,,,,,,. >)"f'c:n "' """n•l :n<:<lre. 
T:.e 7t0~<1 ~i"ln¡:uio!,., i·•t,.•cn •~eh e! tl.••• 
"~··cenco ¡.c<O:bi~t.:o; ~y '"''"t: dif11r.n1 com~in•
IÍ<••" el''.! .:>te• ¡:.,,_ ~<~tntio¡; tl10 ,a:i¡.u• •d·. 
<l; "' < •o• "" e o~ L• u<o.! tG in"'"'" 1!.: toto.l nu:nbec 
d .. d~:c"o~:, L;. :~• ed :o ac)ú, e ¡•rc~t-<lion. TI. e 
• ::e,,;< •d. • ,~., " 'l'""' ¿. penó nr. tl•• ' <:;iM, 1 of 
t! ,. :;:,•.•'•0 u.,,~ ·r¡,0 Hi; '" ¡..,,¡-,.~ 0 ,.,.,;o,. dio~• 
< •• h.~.:,,, •;>« to !.o ot ::.e;' f!K t;o-l••. tLo 
~ ~ o-í~ ¡ o:~ .. ¡-o , , , :o~. ~!l.'"', • o:c. -¿.!:0 " •;••<~ t.o 
l.t ><"·"'';:,-.~Y. L;:e;_ 
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The 40 pin ~er~ion io in tended for syotemo, olten 

uS<...:I u d<<lical.ed oyal.<"ms, whcr~ ~he pro¡:ram and 
dato op~cco w-e small. In thi• case, rclucalion io Ml 
u•ually impartant. Using the different oddreso 
a pace~~, one bu a •i mple wa y !.o ad dr""s in pr oct.ice up 
!.o 4 x 6d{ byt<-.~]with a maxiinum of6 I 64K byte!). 
Sorne •imple pr<itection is achi"ved by ocparating 
these spaceo in hudwue. 

The 48 pin vecoion with one or more MMU o is io· 
tended for the mcdium U> largo opplic.otiono Whffe 
relox:ation and bett.er memory proLeclion aro impar
tant.' In these cuco, o te tus information con olso be 
used !.o scporaU! betw""n addrc,. spaces by using 
multiple MM U o. But it io al so esoent.ial !.o achieve the 
dctailcd memory protection t<quired. 1l L io possible 
!.o use tho 48-pin vcroion withouL an M M U.] Fur thcse 
high-end opplications, the a~dre•• ;voc·es aro >o IMge 
thsl ane ;, unlikely lo oxh3ustthem. Exp<'rien<e witb 
large oomput.o.rs showo tb8t BM bytes is probably 
adequote. The current implcment.otion ollho ZSOOO 
uses SM-byt.e addrooo spac,., but the ar<hiteclure 
providoo lor 31-bit oddress (2H 1M bytes]. 

In both versions, lhe Z8000 .ollows direct acceS> 
t.o e.och address spoce. Oiréct occoss m""n" that the 
addresseo used in in.tructiono or registero have a• 
many bits,;, the address spacc sho requiroll. l n othor 
schernes the effective address io a combination of o 
sho.-t.er field in the !nstruction and other ••tension 
bits olten found in an imp~OO reg\ster. Dcspite the 
ohorter address fields. we believo tlú• "indiroct oc· 
ces•"" da< S not so ve bytes, beco u su extra instructions 
must be uoed \0 load and save tho implied regioten, 
which are lypically In shortsupply. 

R<¡[islero. 'fhe ZSOOO i• prlmarily a rnomory-t-o
rogistcr orchitedure. 'I"hio <:haracteristio doe3 nol en
tin>ly ~•dude other organizations. and mechani•ms 
rri.rt in the 7.-8000 t.o support them. For cumple. 
memory·l.O·rnemory operotiono are supported for. 
otrings. whereao st.ark operationo Rre supported for 
proc<rlure ond pro<:e .. ohanges. This choice provide• 
upwud <ompaUbiUty wilh lhe ZIIO. A ro¡¡Í$\er ar
chitecture also resuluo in good performance. since 
regíster aoceoses aro rnade al 1 grPat.et Opeed thon 
memory oc ces ses in the current implementation. 

Experien<:e with register-wiented mathines S"" m" 
l.Oconfu-m thll four general-purpose regist~rs are not 
enough ond lhot a ""proper"" number is bel """"n eighl 
and n.• The Z8000 supports byt.es. words (16-bit). 
ond long words 132-Lit), anda low instrudions even 
use quadruple-"'ord 16~-hit) data ~lements. If we 
choose 16. 16-bit re¡:isu.rs allow~ight 32-bit regisl..ers 
as well u four 64-bit re¡;isl..ers ]Fi¡;ure 1). Since ad
dres."s are 32 bit•. the neceS>ily of at ](·u•t OÍH!ot 
32-bil ro~i>ler> wa• obviou•. 'fhc impacl of the 4-bit 
rcgiskr !ield on ¡loo inslruction forJna\ doponds al so 
on the number ol oddress modos ano operando. Sis· 
wcn rt·¡:isl.<rs a!lowed o reasonobl~ tradeoll. ,.-h~rca3 
~2 "¡;bters would 11ave resulwd in too few one word 
instrU<lion•-

1\'ilh one minor '""triction ony regíst~i- tan be u sed 
by ~ny instruclion as ao a<cumuloi.Or. wurce 
<>P<·<-,nd. index. or memory poinlcr. This "'~'llhtrity of 

th~ structur~ i• so imporUnt that it Íl \o/Oilh" hile to 
>Ocnfice nny possible cncoding impruvemonts in in
slruction f~rrnol$ whkh could rcsult hom dodiooting 
ro¡:ist.er> to special f_unctions. Eneoding improve
monls bo....:l on instruction I""!OOncy. so that fre
qucnt inslruction• use one word, are more elle;; ti ve io 
•oving sp"re withou l hoving ti negntive e!fec\ l\t\ the 
•rchilecture. 

Why not hnve spedaliz~d regisiers'! 'l"he 
difficulty lies in the fact that the 

restrictions Clluscd by dedication aro.' 
inconsislcnt with onc ancther. 

Most applications dedica te the 1\"ailable regist.er• 
to specúit functions. For exornple. most hi~b leve: 
lnnguagco rcquire a ;tack pointer onda st.aá !ran>e 
pointer. 'fhen why not, one might ¡ugue. h~ve 
tp<'cialired '"gisteJ:s? TI1e d!lficulty lico in the !o~t 
that lhe restriclions cauoed by dedication are inccn· 
oist.enl with one anothcr. 1! the architecture ouppho 
only general-purpose re¡¡istcrs, tho t\Ser is fr"< ~~ 
dedicate them to spe<:ifio usages !or lús oppli,·atior: 
without re•t.rictiono. 'I"Iúo is important in the conl<~l 
o! micropro<:essors whcre user applk~tions ..:e not 
"wclllnown" and where high-levellan~wago• aro >liU 
uoed in!requcntly. _ 

For example. the Z8000 .Uow3 S<l!two.re otacke to 
beirnp!emented withany regisl.er. Thereuealootwo 
hard~·ue suppoi-ted stack•. but thP rcgist.<:ra u•ed 
are sLiU general·porpoS<l and oan participato in any 
operalion. '!"here is no aUooaled oLack frome poinler, 
oince añy re¡¡;ister can be u..d by means o! the proper 
combination o! ocldres~ng rnodes. The Ba>~ngs ru~z· 
ed by regisLor specialiution are unattracti~e when 
the ¡;iven funnion ean still be performed simp]y. 'fhe 
Ion that woold result from rest.ri<:liflg the oppli"-"· 
tiono would be loo grnl. In contrast., significan\ SliV

in¡¡;sresult from cxcluding RO ftomuseasan induor ~ 
memnry point.er. This exdu sioil ollows oni l.O distin· -
guish between the indcxcd ~nd direct oddrc,dng 
modes whkh use lhe ume eombinalion of the in· 
struct1on addrcss modo field. The prl<:e is <mal~ alnce 
RO still can be an acumulator or oource regisl.er •nJ 
15 othero aocumulotor. index, ondlor memory 
pointers are available. In tlús case the rc>'-rictir.n 
m•de sense. 

Anolher d.-ci sion to be mad e a bou t r ;¡;i steu is th~i.r 
si:e. Sincc the archi!.ectore handlcs multiple d~\11 
typco we rnust have multiple daUI 'egistcr -'Íi.e>. 
,.-hich can hold ""eh d•t• type. '!"ho oolulion of ~te 
problem i• implemenLed in !he archile-<ture by pair· 
ing regísl.ero. lwo l-byte registera mah a word 
«brist.er, two word registeis mako o long word 
t~bri>ter, etc. 

Dala t) pes. Usero would lille to hove as m•ny 
dit<'<Otly implemented da (.o. lypes •• posslble. A data 
t; po is supporl~d v. hcn it has a hordwllfe represcnt.. · 
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t ÍM ~nd lnstrudion• v.-1-.ich direuly opply to it. New 
b:a typu can oh•·ay• be •irnolowd in term• of ba,;c 
dota lypcs, but )lord war~ ""P;>Orl pro vides fast er and 
mor~ conv•ni•nt opoution$. A t Lile siune time, a pro
lif.,-otion of lully •t>pported d•l.a typoo complicatN 
th~ archiLecture •~d the im plernent.ation•. 

7l.e 28000 ~"pporto sOnthl ptimith•e typt·; in !he 
ar<hitccture ond ptuvid.•s e•p•n•i~n rnechanisn•"
Thc :.,.;e dat-a Lypes a.rc o!,viouo ]y the ones t'>p~c!t·d 
; ~ c-e u sed rno, t f re<¡uer.tly. The e> ten~t·d data l y pes 
"" b"ill u•in~ o•i~Un¡: dalJ\ t)'pCo o~d ."n>niJI"latod 
"Li~/l'~Xi>tingin.<rruction•. , 

·;-¡_,. bo!!C da~a typo i; th~ by:•. "'hich ;, ~lso the 
: _,;, .1t:!dn·soable ohm< ni. All olbt·r do!' typcs are 
'"'r'''-<'<·d u>ir•¡¡ lhoir ficot ~y\e •t!dress and thclr 
length ;, ~)'\'>- The oro hit< cture el su supp~rls tho 
followin¡; d" la :)'1'"'' hyl es •S bJt>): ~·ords (1 G bits), 
len¡; ._crds IJ2 bits], bvle>, ~nd word slting,_ 1 n oddi
tion, bits a~e lully ~uppnrt.<,d .:nd oddrcssod by 
ntimbor within a byte"'"'-',¿· BCD digit; are sup·. 
poho-d ond repre;,ntccl ns two 4-bit di~~IS in 1 byte. 
Or.e con..,quonce of this data type organi"atio~ i• 
that byte, '-'Otd. >nO lor.g-word n·¡;h:,, aro'"' é,•d 

lo SUppoit the,.,;, The ZSOOO c,·en wovidu quldruple 
rc¡;islor-anolhor extonsion-used in long·word 
rnantpul•tlon.-'- . ..........,... --'<-- _.,,, 

· Oth« dato ~y pes aro supported by using ono of the 
ptecedi~g dolJ\ typeo; lor noí:.ple, •ddresou aro 
manipulated os long words; and eoch element (seg
mont nu ml<or or offset) can he manipulated •• a byte 
ora ._ord. lnstructions are one Lo flve-Word •lting•. 
thP ptr!gram >la tUS is lour words. eL<:. ' 

As thc :a mil y grows, $11ppor~ !or new dota typ<'l 
WJU he udd,-d, The orchiWcture wiU need t.o support 
thcm in its registeu or in memory if they dO not lit in 
'""""'"(as •trings aro irnp)trnented tOOay). But' 
most im port•nt, the archi Lecture ~~n ha veto mpport 
the addition ol new instructicns 1<> its repert.oire. 

•'' '"' ' ' ''- "• -,. 

1 o; tr~ctic~•- In des;~..,;rig ·¡,;: ir.$1rUcU~n 'lotmot 
the architect must decide how to aUocate a br.ited 
nurnbcr ol hito lo the opcode fiel d. address me-de lield, 
and other op<rand subfloldo. lnstt11<ti0n' ·usa¡:e 
s!ati stics are the best Source ol data LO influ•nce doci· 
si.,ns abcut in>tt1Jclion sd fo-rmol'·'·' Behind thei:r 
usa¡:c lics a S\rOn¡:; te<hnical positicn: we do not 

' ' 

1 
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Ldit·<e thot ony ene of the •·arious lnstrurti<m sct 
olruclUr<s--re~isler orh•ntcd, memor¡• ari<·.,ted, 
suck odcnted, symmctticol, or asymmettirol, 
etc.- are always bctler whcn u•ed c>dusi,·ely. Thus 
the tu~ o! the archil«'l i• t.o d..cide whot his moot hn· 
porta ni ~u•ls are, and lor o•r.h of them ad•pL thc bost 
!&atures o! the t•arious otructures •o that on the 
at•era¡;e, a"d for his st·L ol ¡:oals, on optirnum oolution 
un bo found. Wo do not bclieve that theoptir.mrn ,.-¡u 
be very sharp; ít will be more l;ke a mnge of •Pt>lica· 
tions for whieh the resulting compo>~~ sl.nlcture 

. works well_ We docidcd Lo u o ea rcgisler strurturc lor 
compalibility, multiple word instrudJono lor >]>ted, 
mcnwry·lo mcrnory instruct.ions fur 5tdn~s. Hack 
structme ¡,,, pr.,.,ess con !.rol and pr <><.odurc "'1'1"'-,~ 
";hort" inurucliun for by~e don<ity ünpr~\'OIL\cnt, 
etc. 

fnHTuC/io~ {~'mM CO~oiderotion. '!'he Z8000 hao 

" 
Ad,J"·»in¡: mor/cs. Thc 7.qooo ha• ei!lht •ddto••· 

;,~ me.~ es· "¡:hu r (1!], ir~dircol regi,!<r (lR]. direct 
"d.l",. liJA l. i~do.<d lXI, immodiatc U MI, ba•• <Ui
drn, IBA l. /m se m do> ,d ((l XJ, vnd rrlulivo• addrcu 
(RA]. S.' eral olhor oddr~s>in~ rn...;o, ~>re imp\io-d by 
·'l'••ifio instnK\ions .tJCh os •utoi <\lrcn>olll or u u t.o
tlc.:rcmont. 
Althou~t," '...-y lar~<. nu mbE•r of oddrcs.,in~ modo• 

i> br.~c/icial, us.o,;c ;U>tisti<S dunon>ltol e that not aH 
cumLb>Otiono o! oporand•, acldro,;o "'~''• '• n~~ 
urorotors ••e mean¡n¡;lul' 'f~e lo\ e ba>JC •.•. ! < ,.,;,,~ 
mo<lrs uf R, lH, DA, X, ood lM aretlwonn,l In·~<=• -.:. 
ly u;..d and opp1y lo most i~structiN.s .,.¡:h ,,.,;: 
¡],an ~ne oddrc"' m<>de. Ftor t~·<>C)'Otond ins:rJc· 
tions, aw:iotioo ahow ü.at ino!\ of the lim• \~.> 
dcstiMtion io a r<·¡¡istor. Othn ""''' cf a.ldn,,.i.•s 
mncle c~rr.:Oin~tion• ar.d !oss bask ~<l.!:-oss' r.,: ,,,,; '' 
"'" associ~tod wl¡h opr·d.J imtrm:ivno. Tk•. !f.t• 
frtquent combinalion o! aucod~trorr.tM lec tt.o 
deotinotlon operand \\'ith th r,_. bosic od•kr•.' 
m<>d., for th'e source opcrand is prodded by Cho 1 :!0" 
inotruction. Tho combination of •utt•inc"""~t "~ 
dressing mod•• loe bcth oource a~d ¿o,tí~o!:,_,~ 
operands is one ol thc bl<'Ck move ir.!lrucCit•n> !n 
euencc, tl-.e addr~S> m<>do !io•\d spooo ~.as b .. n L-a~ed 
for opc~de r,.Jd sp>ce. 'l't.i • l<\1u•• o more in•:.r~ct:, '" 
and oombinoticn• while >l3)'ÍOS 1<UUn ~ en o' re,' 
lormot. 

The price lor thi• tnd.-oll is t~o iL~:Oq~cr.t or.;ur
rcn<e ol pairo or trip1o> o! ir.•t"'c(ir.l\• •imuht(n¡:" 
mi»ín~ oddrossin¡: me>dc. '11ú• ;'tur.!ion ""'~'" i:. 
most instruclion •et• in any e"'"· 

m ~• L 10 diuinct inst ruction types; ••nrn1 in•truc· Code densily. Becou""cu"' ni micr<>¡liO<'<"O" cr" 
tl<>n furmau ate itluotrated in Fi¡;ur< 2. 'fhe upoode re>trictod U> primitive pif*\ino •lru<Lu"'· ¡\,.~ 

fidd SJ"--<ifit•s the type ol instruction (for "'"'"pie, 'Pt·Cd i•lor~cly dcpcndcnt on tho numhcr of' '""'!< .l. 
A lJD ond l.D). The m<>de licld indicotcs !loe odJres.. instrucUon" orcls. Thcr<for~. cOOe ~.r..it¡· ;, nol ~nL,· 
in¡: Jt100Cs (!ur cxample, Rogist.et !R1. Direct Addrcss imp«rtant Leca u so ol ""'!." aon >iro r.-duction tul ,.),,, 
IDA!. The dat.a e1erncnt trpo 11\'/Di and t<•¡:iSler he<auseof spr•ed impro•·emont. One would Lih lo •"n· 
d«i¡:notor lields «•mpkt.e 1 he h.,ic instrur tion codo in t he •m~\\cot nuonher <·! bit• \~o me.\ !rcqu< nt 
1"•\ds. Lonc word iMt ructions u >e a diffcn•nt o¡r,·<.<le inotruction•. The bosic in>tnrcti~h si•• ;,,,, "'"''" t 
,·aluofromtheirbyt.rorword<our:turort. Frc<¡uent was chosen to be • ~ord f~r r.-o•cn• dc3J:n,; with 
iro;trucl ion.,.re cno<>dcd in o sin¡; le "'ord, ond ir» f re- ~li~nno< M, '1"''.,¡ ¡.e~31Lics, ond ],ard""'" "•"'PI• '-Í· 
qu"nt ins•.ructions "'ol·hich - .. se me-re thn -1 ""- tY:ThUO the most lt«¡oont onO úod tv.·o ''' ""·'~ ;;,. 
opcr•nds u;e Lwo words. Thore ar~ o!t.<·n oddtti~"•l struction> U! k<· oue word in thoir r<"!l¡,¡,.r '" tl'::i>l<C· 
!iddolor >p~cial elemento such os imme~ia<e •·a]u<·s to·t•,;ist<r lonns. ].~;, f'"qoenl ill>tructio·,: e r ¡,,. 
or condllr<m ~odo descriptor• (CC). 1 nstru<LÍDrt> c • n Hruc¡ ion• which "'" """" th-n t "·o or•"·"ó ",, "' 
d~signaU' one, two, or lhree oporond• e~p!ícn\¡·. Tiro !!<301 t "" words. 
in;<ruclion TllANSL.A T~ A"l.lT~ST r> thc on!y """ "ith 1'ho ZMIOO ¡;oc s "'"'" fur t!tc> ]¡¡• ',.,' .·<'t:.c1: .• , 1 ,., • 1 
louroperand>andisalootheooi)'One~<ilhonicn¡tli<·d ;p•riol ill>lructions u ">I:Ort" ;,,,a~:·i<-~> .,;,,.\, 
rq;ister opor•nd. 1 tak• or>ly <me ><Ord, ,.¡,," r:orr:-o!l:·ll e;. 1 .. u:•: e;,;, • 

Sc1 ,.,_¡ •~•lroi,;ts can ¡;Üid~ thc pro[l'" cl.~i<~ ••f an t"' o •:ords. These instruotior.s, cuó D> L.'. < n c. ·o • J. 

instrucli~n formol. A lorgc ñu m Loe of ~pcuJeo lu>ed "t 1, •~·¡ u. l W.ti:!JJ A TI: • nd ~o~:: wo•u •· t:, ,;·.,, L l. '" 
or '""'"'cd) is .-.ry importan!: h>ving • ¡;i-.n in· ,.\t.UlAT.: lfor sr:-.all immodioto •aiuc•), f.>'~ r.:.".' 
structiun implcmcnt.<•d in h~>rd~ ~ro .o' es b) l<'> <•nd TJ \'L. anJ J U'·' r ><t:\,<1 "'f., •• e •~ r, •. ,¡u•·~t '\ :.ti• ti. 1· 
improvcs s~. But ono usual\)" ¡,c-t<!s to <OnC<·~· !y tL~t th.y d., ce. e •~,¡, ''~'('1•! (¡<otrrl<'rt 
trote nrore on the complctcnc>S of th~ opcroltio.o• A~"' 11urn JCI.u• etl.-'"r od Ll[CI'I.:.•r.:;r ,,,.~, 
onibble on a pvtku1or dota L)'f'O ratl.er tha~ o~ •d· Jlt\ll'O~ ,.o,. 11:hO•Iw ~.,., .• ··~e) M~~:ric, 1 ¡., 1 .. , l 
dincrMn••ndmoreosotcricinstruc\iron'"J,jc)-.,ilus· '"' :¡•eecl. TJ,, ,.loo<! nff><t llu< 1,a•·i.:" ~,,,¡ '·.' ,.1 
~d frt-qumtly, "·ill no\ si~nifi<~r:tl; ~Ht<t' ;•o~f<r· "'"'"' ~~~Ll ~<>:rr!....d L<-l~~l io ,,],o do,i¡;n,.: t<' 
nr•mo Crt•at c.arc mu>l b, ¡;i•·cn t p t ],,. P'"l ,¡, m.,¡,.,. • "~"· "'·" "ord c, .!dr< s '"'· Cb:r.f<'~<·d to ¡ore .-i~., • 
v• ~~¡~~ the i~strucli<'n ,., ""· IPt ' '~"'i ; .. , e.t·~ ~.co rr. '< • ":"~'·"~"· 11 • le';:~<> tt-d~o: ion in ,;,,. ,,..! i~· 
t¡ pos ,.,. be •dd<>d. " •.• >e i~ ·~-· d ',.,, lt; f ""'" '],o z:~~o·, • "' .. '" •'·: 





and r<L'lllar >lnlr !u re uf tho ardoit t'Cluro t.nd from iu i:'===============::l' nwrc powerful insl1oction 5<!-which all""" fewer; (o) 
instrtlCIÍons !o occomplish • I.~"On task. (l 

JU¡;f. lc-~el !tJ"¡;uo¡;~ •uppoi-t r:or mkropmce,.or 
'''""· l11e tron•ition lrum os>otn~ly lan~~io¡:o to high· 
lt\·e]]an¡,'l.loges will ollow grutU'!reodom from ar· 
chitectura! dopenden<y ond will improvo eoso of pro
¡;ommicg.'--lt is •••Y ond tcmptin¡:- lo adopto com· 
pottr archito·ctore lo """""le • particu]IU" hi~h-level 
lallb'Uoge ef!icicnUy.' Most pro¡¡r&mming lan¡;uOgu 
bC! u o filLer ond can be ,upported by 1 5Ubset o/ 
8 ,-0 it0Lie harcl ~are with ~roaler eflicioncy." But elfi· 
cien< y for M• p~rticU!ar high-lcvellanguoge;, tikely 
to load to iner/icienCJ for unrclattd lan(;llogo!. 'fha 
?.."on{l wiU be u•od in a ,.;do >·arioty ol ap¡ilieotiono, 
~nd wo 1 now t loo l a lar¡;e ~umbcr nf ~ser• witl stiU bo 
.,,;,~ -.;emLl)" lan(;llo¡:es. Sin« !he UOOO jo • 
gen.ra!-purpo .. microprocesS<Jr, lanp.ago oupport 
'·•• ~eon provided on];· thmü¡;h !he inc)u•ion of 

,ioatures d•si¡,"ned lo miolinllte typioa.l rorn"pil,;tion 
•nd < ,,¡~ ~cneution ¡iroblemo. Amollg tbe!e is tbe 
rq;ubdt¡: of the Z&OOO ~ddnsoi~g modeo ""~dolo 
t yp~a. The oddr<»ing otrtlttmc ptovided b¡· &<~men· 
tation •hould support procedutcJ that , .. ult frCm 
,¡,.._,el urd r-ro¡;ro:nmin¡:. A e""'" to pan motero 8od 
ioco) ,-atd.>loo en lh< P"''"-"du>c •lack is >Up¡>Ort~ by 
indo~ "l lb sl."tt uf!sct orldJ-oóS m<>de os wdl o, baso 
orldtc,. ond booe ind.,xed odd,.,. mode>, ]n .¿;!¡. 
tinn, ~dóe., aritl-.r.,<tic io aided b)' thc Jr:CM.IJL-~T 
¡, \" 1 TO t< an~ lli:CRHII:t. T llY 1 T0 11 instr1JC!Íon!, 

Tc_.¡; .. g ül dala, lo¡;i<KI e>alúo(ion. ioútioliution, 
"nd compari.,M of dota ...-e m•d• ¡•os;ible by the in
Htuctiun> Tl.h'r. "fESf CO~DtTlON CODE5. t.(>AD !M
ME[))~ lE INI\I MEMORY. ondCOM!'~kE !MM>;DJ~TE 
WlTH liLMUHY. Compilero Olld ~socmb)cu 

men.i¡¡cl~:.c cha1 ocl.er otrin~~ fre<¡uontly, and the io
otruction• TRAtiS!.JITE. TilA~ SU. TE ~I"D TI:.'r.", BLOCK 
alMPA RI:. lUid O'lMPARF. STR thG o.lJ ttoul! in dr~motic 
s~.ecl ill>~rO\"<menls OHt software simulotions of 
thur- im;>Ortant t.o•h. <>p«iall¡· fot corta in tyr<s ol 
lan¡,"U~COS. l n arld1tion, any r~gi>t<:r ion be ustd os o 
>tt.d. p<-intr:r_ by t.!>!' PUS!I and POP in~tructiono .• -, ~ 

S,·coototatioa. In arJ<r ID pro,·ide lor ccnvuUen! 
ende ¡:<-n< ration ond doto oc<<''· add """"'muo! abo 
ti .._,.y lo rr.~nipul•te A1 d.i!<-<"1 ut~> ~ ith dircct a e
'o·.s tn ¡;,¡mo•y l;pir•ll; u;o a linear .Jdrc>O a¡•oce, 
o.> tl.ot•-~dro.<> orithrnctic "'"l' be u•<:J on tbe ~nt!re 
.. !dr"•'· In ti,:, uo•e. add"'""' ore tMnipuloted u 
no,e .,{ tloe d" lo t¡-¡ "' o/tht• >•me sito.' This t<mo•·~• 
:~e""' d to Jj,t :n¡:ui'h an od,!re» •• o '·"" dato type. 
1" "'''': '"'· t).,• Z':OOO !-.Os a HOn·linur oddre>O ;p.-~. 
Aol-h,·.•o• "' m•d• ol tv.o !'"'!" • 7-bit >t¡;m,:>l 
numL,·t ·'"~ <• )f,(,j( ülbot. QJ!I)" tl.e ,¡¡,,¡ p1<1· 
t ici~ato• in ad ~" • • •• itl.,,,,.¡ic. Tl.c ><¡;me~! ~" mbor 
is ~"~l>liolty a t"'intcr to 'a prt of the total addt"' 
>po<~·. wloich con ''"'Y in biu !rorro O to 6~ K b¡.lcs. The 
ho; J,.. or<• re¡¡n·>e·nl-<tion ol o "bm<nkd oJdto,. i; o 
lüng "otcl or • re¡;i>ler pair ¡l'"if:\lt< 3), "hich ollov. • 
th caoY moc.l¡¡ulation o/ 'a eh !»r! ~r 1 loe • ddruo. 

TJ.e ••·¡;rr.cnt<d od~«>Ot> .,., cno ol tloe >.•y 
-or-cr .• ru., -, u>ed to •ur¡.._,,¡ bo'.h tu;:• ""d •n,.J' 
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Flguoo 3. Hordwo•~ tep<e<on!atlon o! .. ~menled o~doe.,n_ Any mm· 
oo;menlod oddruo ts ono wood, whethor 11 ts In o oegl•t••. memo<}', 
or on ln<ltuctlon (Figure !o). Sogmen!od oddoeuos aro olwoys lwo 
words tn a 1eglster oo memory JF!~"'" lb); howo•or, tnstructlon> can 
havo one of two to•m•. Tho o•oot cno Pong otfoet) <Oqubu two 
wo.ds(Flijuro Jck howe•••· tMoe ¡, olso • •h~rt ~!!•« hrm n.a1 u~s 
o~! y one word (Figui'o 3<1). 

memory <ystcm• tlfkienl.ly. The t"'o '"ersiono of the 
ZBOOO implct:'entotion, tho ~0-pin unseb'ltlent..-d nnd 
!he 48-pin so¡;monlod, allow the mninl~n•nco uf the 
orchil<·ctutal cOmpocib\lity and eose the gtO""!h be--
1\\'eon these t wo application gtoups. The segminl<-<1 
Dddres• space (;liOJOnl,..l that each 64K·b¡·l.e •rl
dr~ss opaco o! tho ~0-pin vcr•ion beco mes one of the 
SO~'Tilent• o/ !he ~S·pin veroion. Eooh 40 ¡;in voroion'a 
l G-hit addrcs• becomes an offset within the aegmont, 
and • modo e"i•U in the ~S-pin p.cka¡;e \"or>ion in 
which 40 pin vorolon codo can be osocu!-ed. Furlhor· 
mote, compotibility "'ith any current S·bit miuo
proce>oO<-ouch u the ZBO is ... ) .. lUid a new miCto
compul.er outh a• th"e Z8 con addJ-eso o• Lerr.al d•t.o in 
0 sJ:orod SO{.'TilOn( WÍ!h the Z8QQQ_ 

The hardware ¡>t:forman~e o/ the ZBOOO i• a:t.o im· 
provod by oddten oegmentation. ~in« • s•¡:m<nt 

• numbot d<><s no! p01titipotO in ririt),irictié: it can V· 
pul on the bus belore the tcsult 0/ ari oddro» com
putation is ••·ailo~lt. This feoture olio"• the c;t of 

·M MUs w\th e""'ntially no impoct on memooy •«•" 
time Ly ollowin¡: it to function in "por~lld ,¡¡), tl.e 
CPU. 1 nJ,·<ing upNOI ions "'" aho fa;l<•r h<c¿u>c on· 
ly o 16 hit •d~ition mu>t be pttfount·d. Betau..- cr 
tht distinction h•t"'tn th• u¡:ment r.umb•r and ito 
off,et, ono can"'" ohorlcr oddJ-e'5t! "itho~t ;G/(• 
" or• constroints. Short add,<u<> con ust o ohort ~JI 
><!!k~ u !loan 2~6 byt.e•land tht,oby f<dccr 1''"" 
¡:.-."' ,;,. iFi(;llf< 3). 

ri n•lly, j¡ i s v<r y ..._,¡ lo u>OCiott ,.,lth carh o~ l t,o 
128 ><·¡;mcnt, ~ru.e •dd,.,., opace u,. r•~!t olbn a~d 
d¡- nomic •d•ot•tio'l 1'""-lUt"-' d<>i.-abl• f"r lor¡;u o¡.>
Ir m•- R<-lr>e~tion ollo~ so U>tr lt! '"rile hi• oppL<o!ioo 
u>in¡; lv¡_~cal oddJ-~>><O ind•ptndtn! of any ¡.1.¡-sical 
odo!!"""'· lleloc:otion io t"tntiol. lor oorr.;-le, ln o 
d;,k Lo><-d cenrrol ~.,. ¡.rr>ee.>:~g o¡>ltm .,Jtb 
><-><tal ~'""· Rdoc.,ion i• r.ot """"''"! lnr 
Jo-d" "'' .\ '- :•;>~Uil i~r.> ~ith co.do typir.,'ly ,.,·,ti:.¡; i~ 
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ROM. Uscrs whuset.otal memory ne.dsaresmall "'e 
a loo unUkely (.o need relocatlon. 

ln ~ummary, the choi"" Or • aeg;,.en~ oddaso 
opa ce hu provided-at low coot and with few praC" 
ticollirnltationo-1 powerful Bolution Lo the prohlcm 
of u ser growttt, rek><:ation, and protect.ion u well u 
virtual memory implementat.ion. We WUeve that a 
linear addreso !poce could hove achiev..d these 
result• but ato conoiderably ltigher price. 

The syslem archileclure 

Prolecllon fodHtiu. The ZSOOO protection 
ladlit.ieo can be di••ided int.o •ys~m prot.eclion 
futureJ and memory protection fearure•- F.x· 
perienco wilh large compukro h"' demonstrated lhe 
ad••ant..ges ef having at l•ost t wo execution modes 
with dirrerent occcss rights Lo húd,.ue facililie•. 
TI1e ZSOOO previdos the systcm and normal modes for 
lhis purpose. A simple prol..ctien S}'Stc'm re>ult• 
from the prcsence el thse 1 wo n-.odu ond their 

1 

/5 

a ,.ociat.,d •t•á s. A spedal dos• ~r "privile~c-d'" in· 
•tmclions 1• d<'lon1-d, which deol• "ith 110, inl.et· 

· rupts. ""P'· ond mod~ changes_ l'r<>g.-.ms in normal 
mo<l~ "hich at t<:mpt Lo •~f'Cule a pri~ilc¡;..d instruc· 
tion will ca u •• a trap ond a chon¡;o Lo syslcm n\ode. 
Thc ;witch from u•er L•l sys!em .,,,,Jo c•n also be 
cou•ed by the syslom call lnotruclic~ .. These 
moc:hanisms en force protection ond help in ,lrol¡;oing 
relioble and efficient operating systems with c!oan 
usor intnface8 Severa] other lropc "'" nouin·•l :..:r 
aohJeve a 'consistent oy•tem: 5<!Gm<nUU~~> '~"1'· 
pri\'ilegcd ÍMtructiOir trap, and unJefined in'"~" 
tion trap. ' 

A desirable memory protection ocheme is en< for 
which pretectlon information lread only. l(•ad ,,.,.¡._,, 
e~e<:ULO only, •ystem only. oi .. el d~ta or code, ~• c.l Í> 

•••iiY ossociato~ w1!.h th<. d•t• and co~o otru, tur r' e 1 
• civon nppU,ation. ll is olsu ono for whi< lo a b'¡.:a 
numL<'r of difforent typet of protc<:tion inlor¡n•!i.:>n 
can l>e ve.-if1od. 

Tho relocat.ion ond m<moty pr"l"ctk~ 
mechanisms describcd obove are pr0V1de~ 0;- a c. ,_,. 
terna! device: the memory m!lnagemcnl ~~lt l 1" ~ r .~ 
•·ide relocalion and protection featwes d:rt-ct!)' o~ 
t.he ZSOOO would ha ve demandcd too tnud-. ;ino¡rl:r '"" 
t ion. The ex te mol M!,!U ~.as the f~rtlwc ed o·an!<~r. oi 
providing fot easier gr-owth by tho additio" ol Cl'.C.· 
pon~nt.s. The ZSOOO 40-pin padco¡;e does r.~L hl' < t. 
carry the burdtn of the un u sed ad\·anced rel~.:atior. 
ond protection featmos, although •~me lo; m o~ J>r<'
le<tlon can beachieved by hu-d..-:.;-e ot·p.>c~! i'"' Gf l ho 
d•lle.-ent addr10u spaceo. With multiple MMtlo, tho 
48-pin packago u•er can control th• ce]ocolion e~d 
pmtoclion comple~ity deoited in hi! uppUc~Lion.: 

The mtn>ory ma.Do¡;<m<a< unit. n.e MMU pcr
fotmo throe funet.ions· 111 oddre•• transl•~ion r>t 
logical addreos (.o pt.y3ical addteu using d}·namir 
reloeation, 12) memory prot..,t.ion, and (3) sogmt.nt 
manogement. Thc addto•M'• manip~laU-d br theprc
¡:remmer, u•cd by the in!lruction•. ond output hy the 
ZSOOO w-e collt•d lo¡,~caladdrc>o~•- The MM\J us~-' 
these }ogical oddre••••· co1nposod ol a 7-bit >el:"-<"< 
numl>et and 16-bit oflset, ond trantlorms t~em jnt.<J ; 
24 bit physical oddres!IFigure 41. A 24-bit orir:n u: 
La•e io logically ossociatl!d with .. ct. •~¡;me,.<. T,·. 
forin a 24·hit physic.ol oddreu, the 16 !oit off••L ¡, ad
ded t<> the ha•e for the gi~•n •egmcnL In P~le<t . ._¡,¡, 
the b~lp ef o"" memory managcmonl d~•·icr. t~o 
ZSOOO can addtes• 8M bytes di,.·oc!y v-itb<c • 
lfiM·byto ph}·•ical memory 'P"'"· ";he •·~><m> fm 
the e hoice of a lar ge phy •i cltl adJt d • ' r -~e• in ': u<!r ~r: 
•• pe<ti!Lion Lhatlar¡;e s¡-'•t~m• wiC '' ant lo o:,~ ex!;;, 
bit' for comf1\t·• resourco nranagement pll:uc50•-

F. .. ch ;c¡:ment i• givero ft uumbu ol o :triL~V • wi.cc; 
it ls initla!ly ~nteted In lo t.he MM U. l\1¡e~ a ;~01ru::• 
rder<•nce is made, !he pml.f'Ct ion mt><:honiom <hecb 
theoc a ttribut.es oga.inst the statu • inforrr.•lin~ fr u m 
the CPU. 11 a misrnatch occurs,a trop ;, .,:tn.>'ol<-<1 
whkh inttrrupts the CPU. The CPU um tl-.rn cheol;. 
the M~lU ;!.a tus registors (.o 'doktmlne the ctruse ol 
the (rop. Segment a~triLut.e• indurle segrr.ont <L:o 
or>d type (re.od only, syst,m onl~. n~>C~t.e on\;o, ;,,. 
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, ~lid D~l A, in• alid CPU, ~te.] Othec sc;:ment ¡>rotec· 
!ion f<·otur~> indo de a ,.,;te WMoing tone u•eful for 
stock ~pr·JOliono. 

Wht•n a mcrnory prot.<,cLioo violaeion io de\<!ct.od, a 
w rile inhibit ~ne guaran!eel that memory will not be 
incorrectly chan¡:e<l Tha inva~d DMA and CPUbit.o 
indica u. that the ezlt:y eonr.ot beu.OO by the DMA or 
CPU respectively, becauoe either !he aegment 
nu:nbe¡. is ;JJcgal or tho segmen! entry io no! loaded 
Thi• !aot fo•tu<e, in conjunclian with the segment 
hi<tory information (""gment "changed" and seg
men! "ref~ronced" bits) and the segmelit.ation trap 
mechani>m, aUows lhe implement.aüon of a virtual 
segmented momoryoysL.em. 

The MM U cornos in a •B·pin pachge (Fi¡:ure 5). 
T~e chip input• Are !he se¡;ment number, tho uppor 8 
bits of tl.o offoet, and status informaUon lrom the 
CPU. The outpu" fr~m the sogment chip are thc up- • 
pec lb bii..O o! the 2( bit physittJ add.tess and the 
se¡,--:>:entation trap line. Sin<e the memory manage
me:>t devire ¡>r<X"essesonly the upper 8 bii..O o! the off· 
sct. the lower B bits ¡;o diloctly to memory. This is 
cquivn !en! tn hovitJg oeros in !he 8 1 ower b "tt s o! the 
24-bit ~rigin. Thus. !he memory mona¡;e¡nent de vice 
enly need• lo 5\orc the upper 1~ bits of each base ad· 
dress. Segment ~nUt prot,.,Uon io done in the 
""'' r..ory mana¡;ement de, ice, and thcs segmento can 
be prct<-ct~d in incremento el 255 b"ytes. 

Ea eh M M U •lmcs ~4 se¡:ment c.otrics that cunsist 
ol ¡).e so.;mcn t Lose add.te,s, its nttribu tes. si >o. and 
st<ttuo. A p~lr of M MUo support the 128 sogmeni..O 

va ,la f.!~ iro an adr\rOSli •pace. Additional MM U• c•n 
~" ~><il :o ~"'"~mmod•t.e multipletranslation t..o.bles. 
U sir.g t!-.~ •~Jott:s inlounation rrovtde<l with each ref· 
etence. pair• of M~!Uo can be cnabl~d dy¡¡amical[y. 

The mcmnry monagement dovice functiono con· 
st"ntly whilo memooy roforence• aro made, but it• 
lranslotinn and prot.ectien Llhles are lu.aded and un· 
loaded •• an 110 peripheu.l. To achievo thb, Lhe 
l":'l<lmwy management devico hu chip select, addrest 
strnhe. data strobe. and rradlwrit.e line•. Tha ZBOOO 
spt<.ial byte f 10 inslructiun5 that u•• the upper byte 
o! ¡~e olal..a buo can lood or unlu.ad tha memery 
tnana¡;cmont devi<:e. 

Mo-do ow!trhio¡¡: iJ>te,.,.upt ..,.d l<•p bo.ndUog. 
F'ro:n =•11 "'~'" in de<ikaled proce,. cont.tol ap
pUca!:~n• 1 o lorge users in G<nOlol puo pose data pro
' ~'' '"¡; owli<.O 1 ions. asynchronous ev~nts ouch as in· 

• . .-~J p:' ""d :.ynd,o on~us ennts lik• trap• muot be 
i .. ,.:dt,.\. \l"h<n tbese C>·eni..O occur, the st..ote el any 
'~""'"'!~ <><·<utiog program muo! be saved during 
··b' is ~o·cully call.-d a task switch m preces• 
·.;e;.~. Th~ U>ers benef¡t lrom the ovailabi!ity of 
r..: o ;• i..tcrou;11s end traps. Ther hlso bonefit from a 
fasl. easy, aol<l uniform handling of proce'" &wilch· 
ing. , 

Periphorals U!ing in~.<errupls hove wide/y varying 
···~nstraini..O en int.errupt ptoccssing Wn~. To solve 

s pr<oblom. peripherol• "ith the sam• charac
.oristics ar~uften uo.ociatcd wilh oneof sevual in ter· 
tuph A priority enlorc<il anwng the sevcral tntor· 
rupt• onow! .the requi.red procc"-"ing time te be 
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-

Flguoo ~. Memory manogement de•lce wi.th Z8000 CPU. 

guar8nteed. Enabling or disabling the various ínter: 
rup\o io the mecho.nism u sed 1.<> en/orce this process
ing priority. 

ln the 7.8000, we lclt that throe levds of interupto 
were •uffodent. A non·ma,ktible in«rrupr represento 
a cat~•troplúc e ven! whioh require• spcciol handling 
lo ptesen·e system intcgrity. In addition there are 
twe ma•kable int.errupU: nor.·~~ctorod lnr.rrupu 
and ~•<l<lTOd lnte,..,..pu. which corr~opond to a fiied 
mapplng of inter-rupt proc~ssing routinu and to • 
v..,.ioble mapping o! interruPt procu•ing routlneo· 
depending ~n the v•ctor prescnted by the peripheral 
to the 7.8000. 

Beth lnterrupts aroi t.raps resu]t in oimilar proceoo 
swiuheJ. lnfcmu~tion rel•t.ed to the eld ptocess !ito 
program ~tatus) i• oned en a ,pecialoystem sl..tlck 
with 1 oode desoribing the r<>ason fm the owitcb .• Thio 
allowo re<Utsive \.118k awitches to occur >1 hile leaviog 
the normol st.acl< undiswrhed by oysum Informa· 
tion. The ol..tlte of the new process (t\.11 r.ew progro.m 
s\.tltus) iolOllded trom a opecial azu in munory- the 
prognm ol..ltus otree-de,ignot.ed by • point.er rtsi· 
d•nt in the CPU (see Figure 6). 

Th• uso of the s\.tlck and el a poinLer to the ¡uogram 
•tatuo •re• are spetific choiccs mado 10 nllow otr· 
chite<:tural compatihility if new interruptO or trbpO 
ore a<lded lo the architecture. The choice of the two 
mod~• uf t·xecution hao o. st.rong impo.ct on the dcsign 
of dean u .. r intcrfoceo. E 1perience hn oho""" that in 
larga Oystem• the normal mode instructiun S<t and 
thc U>er interface• t~gother constitute the most im· 
portan\ e]ement in ac!Ucving arc!Utectural c<>m· 
patibiUty. 

Com..,unicatio¡¡ "itb oth<r deviu•: tb~ ?,bu o. The 
Z.bu• i• ¡hj, shared buo which linko all the com· 
ponen! o of the 7.8000 !amily .• The variety OU"~ perlar 
ma.o•ce rc-qolrornents of the components are so dif· 
f•t entthat In f act the Z.Lu • is cc,¡¡.osed ol fi•·~ bu•eo: 
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a memory bus, an 110 bu o, añ j~·lerrupt bus, andlwc
u•source request LU>eS ll"'i¡;uro 71. 

The Z.bus is called a "ohar•d" Lus Leca use sev~ral 
ccm¡xments can use it. A bu o u•er" a CPU ora P<>" 
riphcral which can usuolly ¡;enerole 'ene or mor~ bu o 
transaclicns such •• memory datB requesL oran 110 
requeR ldenr.ic..J bus tranoactions <annol Lake place 
at the...,me time, butwriali.olion ml'<:banismsallow 
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•~quenlial use of thc Z.bu1. ArchitRcturally, the p•ripheralinternalregist.oro.Thi~lo•t·.,o~l':..~,t·a 
buses con bé grcupod lote t wc •trocturt·S. The 110 consuucticn ~1 ccmpl~• peripherels "'l•ich '""¡._ • ,,,,. 
structure uses the 1 10 bu a and tloe int~rrupt bus. T'he o ;imp]e pru~rdm int.rfoc~. 
memO')' structureuocs the mcmerybus ,.jthur with· The Z hus 10 k no~ n os a tr•n>P" . ot or ~ n 
out oddress ext.onsion•. Duth stn>oturos ton U!e the dnonou< bu; 7.-bUOO "'~'J><monts do ~ A 1 e<,uu ,. t ¡,,, 
re.OurUrequl'St bu• ond the mut~nhip r«q-ucs\ bus._¡¡,¡;¡, clocli;: be >) nchroni:••d w ith th<: Cl'U < ,,,.k, 'fh• ' 

Boch bus censists ol o set ol signols and thc ]>ro- si¡:nal.Ó u•ed by e o eh tt~n->oction 1""' in<· ,,¡¡ the 
tucols><hichpresideov.rthovarieust)'POSoftron· nece;sary timing. T'hio cóncopt ¡, impu:t<.l,\: i1 
._.<tions. Par-t of cach pretocol is th• tirrJn¡; rolatiun- aUOw,, fer, ·~mp:e. 110 rdcren"'' to h i·:dc;>''"'""' 
ohip l.tt"'""" relovant •i¡;nals. Thc ZSOOO CPU vrc- el thr 'P""¿ ~r.d dock l11·qucnci<•s r.-.;uiro~ ~:- ":'"-
\'Ídcs n•e•t el lhc~ timln¡; rdations. TI,e ad> ~nt~c• 7..-l,u• tr.nsoction•. _ -
of •urh a chOi<o ;, tl•• oi¡;nificant r•duction in tho JtO fu< •··•~• mem~ry bu," 1h !,() .,,] •u, ,,,,. 
number of componenU t•quir~d to buOld <uch a ¡,,.,,.,ore tl.t moH imp~rtom. ·n.t· ;·s,>r~ ~,.,_¡> : ... 
oyotem. One consequt•nce i• thot hu• ttons.ctiuns <hi~t..tme dis!in¡;ui>h<> b<t~ton ,_.,.,,.~,_. •·' • )ll' 

unnot be oborled or do\ay•d f11·t•ly sinn• •omo '~'""'" o~od thus roqui«• opotlfic J,Q '"'"·,;:¡ ''''" 
do\'icos,o>p<"<iollymcn>~ry,),aveqoecii!Ctiminct'Dn- ·n.;, .tcl.il•cl~r•l "l'"'"tiun ull~"'' l·'"'' j·'u . .-· 
otroinu. The mo![ irnp~rtont """idcJal icn ¡,,, tbe t ioH :nn!),.,. a t,icu 1-'"len tiol f<>r t > knoi.m. ·¡ ",. l . .-, 
Z Lus iothe nee<l l-o int.orfoct \o rnul<iplc~d uddtc,. Lnd me:nory lo""" u oc ~ IC-I.it "~'hc><'ci." • l1·: 
OllddatalinesoftheZiiOOOCI'U ~hich ~>>u;tfit in4G· ,.),ich ~llu•S 16 b't 1.'0 odd'""'" ~,.d ~- cr :r- i •: 
ond 48-pin p•ckoces. The Z.Luo IMi"l~ino t hue d•t.o <lt!to<C-1 '· .'.!"""<)' oddto ""' ,_,.. i 6 ~;,. lv· :!•< 
muhipl•••d oddress ond daLa lin••- \'ery little >:"-"'d 40 rin pcl ".;e ur • >l< mlc.J l-<> 2~ ¡,¡,' ~,¡,.:: t' ,. '•! · 
could ~ ~oint-d by domultip].;,.;n¡; tl.e•o ¡,,., !ur ·'"""'.,¡ ,,,;,~. Thu>,!l.tl':l<~>Cty l.t;; i> O·,¡,,:, 
mt·noory r<!ut·nces sinco momOrios ore tbo"·'•h<·o lo¡:ir~l .~~'"' k•. T!>< 11><rr~>ul >;>ct"<! ll~,u:lt• 
muhipl< >t-d' The noost itr.pOf\-"f,t r·~ ·. "''' •;;• • ' o m1 c.<.< f f ~tt.l e miel~!''"'~""'"' Í> b~.-!y ''' b< a•·, ,,, ,. 
multlpl•"d ·~·bu,:,¡],,. di'''' .r.Jrc,·~L;:.t_,• .,¡ ,J L; ¡,::"=:.¡; """"'!' nd !JO,,¡,'"'"':~",;, 



'> 
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,,.,¡,.-div~ cbato<:l~riMÍ< r~fw·nce potwno ond by 
u;in¡: oimuhonPooo 110 ond m<mory rdorentíng. 
Thr·'" future po•oibililic•• t<•t¡uirc an .,f),itcctural 
"''!'"' ulion todo y. M ••mor y· mappod 110 ;, •till posoi· 
blc, hu! v. o r, el th1 lo'" ol prolc"etion and ¡><>tcntiol u· 
p~nd11bility ore Loo scv~n•to justify memOJ"y m~pped 
110 1.>1 it .. u. 

fioth ¡],o 1/0 and me mor y buses noed ~ddre.,, da;.., 
ond <<>•)LH>I >Í¡;nal•. One imporl.ant implomontation 
<l<do:on ""'lo overl•p the si¡;nnb u;~d L)· the 
r• ,, rnory urrl 110 Lu>t·• on tho ;o me 7.00{){1 CPU pino, 
,,.¡ ¡], ¡},e obviuu > exception of Lhe st11 tuo oi¡¡r••l• u;M 
Lo distin;;ui>h bet wcon !he ¡,.., l)'p<'S of ],u, r~uosto. 
f'ur the curren! ZSOOO implemcnl.alion thei<>Uiling 
re<luotiM in numbcr of pinsis oignificant. In ccnlust 
\he ltnpo;sibility el dcing ccocucrenl momory ond 
110 r.ft·rencing is not very significan! sine• theiT 

, 'i"d" ttrC esscntially tl.o •amo .. 
l n nddition, memories" od ~eripJ-.c, als botb bcncfit 

!¡~m tbe a\'•ilability el oor)y slotus infcnnaticn 
d•.•fining lb~ bus trensattion typ~ JliQ \'l-r5US 
mcm<-ry, r~.1d ,-etsus v. tite) aho~d of the actuo.l tr&n
SJrt:c n >o thal bidU.,;tional driv...-s and ott.~r h•rd
"''"" olomool.s can be tn!bled k/Gc< tho rd~rt·r,ce. 
Tl." •l..atus linos of thc ~obo CPU pro,·ide thi• type 
~1 t~dy ""tus. 

nf <·•<·lu,ion ~lld scriali<al ion mt--ehalli<m• Jll't'ded lor 
¡,u]tiplc rlistnLuted s¡·•t<•m• "'ith criliral ro•uurce 
slwring. 

Muhirr<>te<<ing. In tho tonlnt of t.od•y's large 
rr.ainframc systems charutcriz.d by multiple pr<> 
~"'""' sh.,ring one proce.,or, one i~ L<empt.d to 
d~si¡:n dinribu!.td prOCeooin¡: •Y•Lems ,.-ith mon~ 
lo~·-co>l microproceuoro running dedkot"d pro
<T>'''"· Such an •pprooch 'distributeo iot!t-lli¡;once 
to~·"'d" tho periphorolo, rcs\llt• in modollltitation, 
"nd poronits rosicr developrncnt and grov.-tb. Unfor• 
tun•tely, in the pa•t, the problem w•t!. soch on ap
pro:.ch hu b...,n soft,..are nnd not hardv.-a:-e. Thuoone 
c.onnot he e>p<"<tai U> pro•ide d~tailed sclutiono io 
hotd~·are U> a software problern thot hoo not Leen 

·•nhod )'~!. l!owever, somo bosic moeh•n;sml hove 
Loen p< ovided to Hliow tbe ohadng ol addre., spacos: 
Jmgo sc¡;rncnted adrL-ess spoces and tho cxtem.i 
MMU makethispo•sible, anda <'•ourceror,ucst bu o 
is pru••idod \\'hich in conjunctlon with soltv.-are pro
'idesthe nclusionaod soriallzaticn conlfol of sharod 
cciti,a! ruources_ These m~chanism• ond new 
p.riphcrab lile !he Z.FJO hn L~cn dr•i~'I>ed lO 
olio" •••Y osyntbronou• tOJnll\U:li<etio~ botw•en 
diflerentCPUo. 

lmplemcnlatlon tradeolfs 

Th< ley [amlly deei•ioo' prt>dudbilHy. Con! <nnted 
with th~ problern ol dcoi~'nin¡: ~ n•'W LSJ-La.ed 
sys:cm archi~<eoture, w~ could bo~o i~--nored por k ogo 
,;,e CO<tsidcrotions by arceptin¡: P' e k O!"'> wil h 04 or 
m~ ro pins, or we oould ha\'~ ignotod maso production 
tethnolo¡;y constra.ints by o sin¡; die •ir e• l•r~er thon 
260 mils squaro. Such solutlonl ue o!! en !'-'s~i!:•d Jn 
the implcmentatlon o/ an nlsling com;>ottr systt m. 
The c<>mponcnt boundaries, pub¡; e lir.t.Ítationl, and 
kchnolnt~<a! limltotiom aro >t·condary lo •chi< \'in¡; 
the goal ol c~•ct rnembcr;hip in ! he co:npc.J w ¡,rr.Ll) , 
But if o no WOr<· lo desi¡;n o nt·v.· •Y>lem ord,itt :tu: e 
"ith th~ .ame lack o/ con•trainto, tl ,,. im!i1 idu•l' non· · 

TI, o J.'O Hr~cr ~re. SOn<" many peripheral• "'" con· 
""-'~< d wit~ une CPU, tho 110 Lu• ;, >l•ar~d ond 
;, d~ii., thn mus! Le provided. Onc ;olut ion in1 ~hes 
u <in~ o m•"<tlslave prOtl)CoL Th CPU is a rn•ster 
,,¡,;,~ en:> ¡,;, i•te an 110 tron•at ion al an\' time, The 
J1• "''''' r~l• nrc <lHe• .. l.ich partictp~l< i~ a vo~uo
t:v~ <•~l) wl>on ""'1""''-"d \.ty t),<• m••t<r. ln mder U> 
:;,,¡ ''' L if" pcripher aln,·,·d• lo be '"""iced tht• tnoster 
con r·~ll ''' h in l urn. The Z· bu• al m pw1·ideo • fu ter 
"'"Y ,.: ~"' ling tho atto ni io11 <•f • ma>tor: an intcnupt 
bu>. l11 <ontra•t, v.·ith the [/(¡ tr•ns.¡ction dota bu o. 
... eh ¡>eriphral;horing the intcrrupt Luo may "try" 
tou•o it •imultoneous!y. Thc interrupt ks UJCJ o.n in· 
'"'~i'l line, intorrupt •<knowledge hno, ond t"'O 
rnc' e IL nc< u sed lo fDrn> • dai•y chain. TJ,o ~•i•y cboin 
i• ;,n irnplt·montn(ion uf n di>lliLutd ~tL!tr•tion 
pc.:ioy ht l v. orn lb o t<·qm·sts. l'rictity .,¡ pro.:essin¡; is 
<h•:crmbrd by the positfon in tC.e doi;y chain, and 
puip!.u ü• < "" be J11<'<tnptd! 1 n:. ; fll~L '«loro ore 
u,O<J to dd<•rmim· th• idontity o! 1 he puipher:Jo re
q~o•l !o.¡: >«vice \ ia an int orru¡•t. 

· ponont·,.ould not Le price-competiti•·e-or.ly tl,c 
total S)'5tem "culd be. A now oy>!~"l ""hi:o..-1~:~ 
ba>od on t!J• opptoaoh could onl¡ be"""¿ to ~e,i~n 
) et onot hei t raditional compu\er. 

0•/_,, ¡,,,.,.,_ The tv.u tr;o~"'' ttq::o•l bu••• ar~ 
•' r " o :e<¡,,'"" t l. o' unt r«l uf 1 hl 7.-l..:, !·om tl•o Cl'U 
: d to ,,.,~,, ·' <•·"''ol "f ony ¡;<-llctali,td rc·-'<•U<Co. ' 

11 ";•,:::IL-UCJ•IJ ''' '"')' l'. hu; con.patiLI~CI'U ~oos 
·."; • ,,,¡ :ot~~-,.·;l tl.c L~• to oce<<s itas• mutu. 
- ·.·i ·.-. t! .. :<fnr~. th~ d•l~ult "•n•'~''· Oth" d.,ice.o 

:• •:'·'" ],us m•<t<r•!•ip. but th<Y onu•t &<> 
:, ';.on-¡, .tm¡>ti' ~ di•tri!Jutr-d ~rbitrali~n ~s

in;; .. o.t~tl,e: ~-Ó) c:h:úr,, 'ft.c CPU a],.>¡-5 alir.· 
<¡u:>Le> tl.t Lu; <llho ••ud u/ il> CO!r(·lll bu• lrol•t"O· 
\ ¡,,,_ 

T).o l<>Ource ro~ue>t ch"i" is • ¡;or.o;alitotion o/ 
t~at «m«-pt i~ "t.icb e.rh ll">OU:Co a-quut..r t.o• 
• ~¡¡ol Ímf>Orl..Tmoe •nd '""u o~ tho '""~"~in • ~<Cn
f :o ""¡.ti,-e mann•r. Tl.i> m•·rhni"" in ;t,e Z..>O~ 
:; "U :~ : :-;;¡ • ~''" lo io · ! .~. "'' "! ir. >v!: ~are tl,o ;_;, . .-j 

---·-----
Tlo~ i'.8000 fmnily provirl<:s husic. g-eut•rul
purpt~OC blud..s out of whirh o sysl< m 

~olutic.n lo rnost probl~mb can[,,. 
impl~mtntcd. 

-----'--- -----
1"!.~ 7.:.000 fdn1ily mar~ol i• inter.Jc·~ lv l.,. o:tuch 

¡,,.,,,Jor. "c.d t· .eh cornpon<1. t ol l !.e 1 •r.u]_,- ""' <l Lu 
<' ""OJ, ,¡, "ll¡ 'iobie. T!.e slbC• J io•l r<><l ·" 1 '"" or c~m· 
po<<e~l> "t.it ), ate< ccnornicall¡· •üb!c ~_.. t he o: ,>t h·co 
all~-., U> tu"'"" !he mar~<! lrcl<". ,.,_... ,,.,:¡ t'Cn• 
!t¡;·"'""~'-' to ury l•r¡;o t~nl<:r-•~,:~~• L} ~;irg 
'"'''" t~"'!'CMn"· b ~r.y cu:r.~;,,~tio:-;. ;;<'l <•r.l)" do 
"' k:io\0 th>! ~~~' •H·«•>th ¿,...,;o' r<>loltc 
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•yst.em archil.ecturol possibiUtieo, bot wealoo bcu~~e 
that t.he fa mUy wiU 00 more effective b..-cause iL will 
g.-ow wiLh ito cunomei-. 

The Z8000 fa mil y does not alway• ~L\cmpt l<l p. o
vide spccific architoctura] solutiona, o/tcn im· 
plement.ed in hardwlll"e, to all oysl.em architectute 
prob!emo. Inot.ead, it provides baoic, genenl·purpose 
blo<:l<o out of whirh a syot.em solution to most pro-
blezm can be implement.ed. The mull.i·miuoproecs· 
- and di•t.ributed syat.em capabilitiu of the ZSOOO 
family illusl.rUe tho uoe ol open-ended rriechonisms 
\.o solvu variety of archltectural problema, while the 
memO<y manaRcmcnt of address sp•co illuslral.cs a 
specific problem supportod by a spedlio solu· 
lion-the MMU, llowever, othcr solutions more ap
propriat.e toa particular proble.m co.n b• u•od and M 
odvo.nce in \he ata \e o! \he art might be mapped in \.o a 
new de>'ice for \he fa mil y. 

This vision o! the family oflen rcsulU in corn
ponents 1nore pow~rful •nd compln \han an appUca
tion may rcquire. The u ser should notl.oh this as a 
cause /m ~l•rm. Lut r•ther as \he roaoon bio applica· 
tions growth will be ""'ier. 

Ilo,ic C/'U impl<!nenl~tion dedoiooo, The Z8000 
c~rr<-ntly uses a 1 S· bit data busiFi¡;urc 81, ~n intornal 
re¡_.;,,_. r arra y o! 16 bit registds, and o 16·bit p,j.allcl 

· .. 

,, 
ALU, 'rhcoe implomurt-ll\ior. ,J.,d>ion•, which w•re 
¡;uid.,d by the 1<-'chnolo¡;icol orl!lprocLical consider•· 
twn•. h""" • >Lw~g imr-act on l'"' lorrmonce_ 

To achieve grmd pcrlormonce with tho ins\1\lction 
l"rm~t ond data type envi•ione<l lor 1 ho ZSOOO, only o 
16-hit boa oeens adequote; a 32·Lit hu• would havo 

- nece .. itated using' an uroacceplllble 56-pin or largor 
f'OC~•~2. Opúmal perlormace ls obl.oincd wit~ t~i• 
ch<o>cn l.ous width if the •~• o! the lreqoenLI) u,,_¿ 
rc¡;ister·lo re¡;-ister O¡x'Tstion• b"""'""" · one ''"'.;, 
The choice o! ALU ond interna] re¡¡i,~<,- ,_,J;;_. ,_ ~ 
Lrad~uff bctween speed o/ tho mo;t ftt·que:it e·~··' 
tiot>9 •nd the chip arco n""ded 1-o implomont o -.:J~: 
A l. U or datll poth ;,,;¿, the CPU. 

None al theso impkrne~tat.ion dcdsiom •houi<l 
limit \he .rdUt.ecture. lnstruction• .rti fmm ~·><> t~ 
fivo wordslong, and dat.o typeo ami addJ •''"" ••~ t.~: 
lllnit<od tu 16 bit.s. For eumple, 32-blt wNds a:~c:;( 
of the main dal.o types of themachinoa. nnd addr"-""• 
occupy two words. The ,.JJ,.,., n•eohani:m. ¡; 
lustrotoo thc strong distiroc,io.o 1 '" "'"';; on """'"o· 
turc and its implcm~.ntotion. Tho O>ÜiLeclüoo~ c2· 
d"'"' ••prounl.ot.ion u•os a n-bit word ol ,..J .. d. ~ 
l.oiu zue roservtd and 1 is a ohort forrnat.1~e.¡, :o.;~·-c 
de•criptuc. Thu>, the ZBOOO ardútect~re plOl~des ur. 
lo 3l·bit addresses, but only 23 ate currently ''"· 
plornont.ed and 23 pins ol the cunt:nt 1"'<1-.a¡:~ AC: 
oUocat.ed lo addresse•.- · 

MMU tr•d~ulls. The MM U 11nd it• t clalion \o th. · 
Z6000 CPU illusttate trodeolf• Lhot • nlicmpr""•"'": 
architoot and desi¡,'Iler toam mu•t m-ke Lo e~J;UJt 
componen! manul~cturabi~ty. 

To •~hicve the goals ol grmd ar:ch!Le<-Lur~l CO'l> 
patiLilit) for high-Md syst.eml, it was neo~;;') to in· 
elude \he protectioo and rdocalion m..cb:.~;c,.,,_ 

described o hove_ But if a!! desired leal mes ,._u~ im 
plementecl u a one-chip CPU/J,j MU cmn!Jinati•Jn. H 
would lravo bcen too \arge &lld, cnerd(>re, 
unoconomical And il a teducc-d ••t of leaCurcs wo1< 
Ílnp1cmcntcd, it wou1d h.-· e bt•cn orchito:ctu: a::, 1 "" . 
primitivo. Thu•. \he choice wu made \o 'na:r.\~;n lll 
!esturo• and use two chips. Thio new orga~Juotion 
Iras sonr•l si¡;nificant ad,·ant.ogos, •~eh u • 
caP"bility for mulliple LI!>!Uo, and allo .. s th< ac.,.,, 
o! a DMA d~vice to tire MMU. 

Given thc choice of anul.ernal MMU, the ne:u "'" 
o! de<·i;ion; '"ncr"" pach¡;e •i•e and dtCULt >P• <<l ' 
11 avin¡; efit h rdO<a( e<! se~mtnL 5\orL on o ""'· d )J(.,Ln· 
dar¡ ~·oLJ!d ho\'e '"4llirecl a C4·;¡in P•'< ks.g-e ••n•l ~ >•-• J 
r~,t 24 bit•d~"' lin fact, o lC bit r-Jdor .n~ f ¡,,,_, "! 
carry pro¡oog•lionl. ln cor.troot, lhr <l«·i•w" ¡.,.t., :o 
·~~ments on 256-bJl" bound~ri~s b1h."-' th~ u·~ •ti ~ 
46-pin ¡Locl.oge, a fa« S-bit odd~r. ond 6 bit< .. !"·' 
plupo¡;3tion. The latlec sofution i• tcck.ic .. !:~
>Uperiur ond ploces practicolly "'' tnlrkt:<>n '·~ t! •
archilecture. s,·~ment granularit¡• tan be' it·wed u 
an imp\oment.otion roslrit 1 ion ami ""' •; 1." ''' ~l,ite-· 
Lural restrictiun. 

M •king 1 ho 81uw'(Jrd<r bits uf tl•e off'"' gc rl"'"l; · 
to memury als.o sigrlif •contl) r•ducoo '""'""")' o.: ce., 
time. Sincc dyn•mic memurie• use lhcse bico ¡¡,¡, 
mu>( of the MMU relocation tirne;. hiddtn dutir-¡: R 

CO!.'.f>UJJ, 



..orrnol mconory a«<>~· The ovoilobilily of sogmo~t 
nurnbtor• oorlier than lb e ao><>dblod offoel bits reln· 
foro"" thi~ ad vantllge and allowa the MM U lo reonlt 
in essenlially 110 "''""ory O<tt$1 •J>eed reduotion. 
Ea~h MMU ontry alM requirq 8 bits leos for b .. e 
and oegmont siu v.lue. Thia ia ionport.aot: il lo 
desirable !o park ao many entrieo U poos.ible pcr 
MM U. With 64 en tries a ~K-bit memory is necdod. 
'<hich jo t•dmolnciCHlly difficult ln v:iew of the 
amc.unt of lol{ic surmunding thio memory and lbe 
complexily el ilo crganiuLion. 

The fact than on M M U io cnly conn""t..;l ((1 the up
per byte of the data b1.ls requireo the u.., olspec-ia.Jl/0 
inslr1Jctiono for itoloading and obliges us l<l rcplace 
lbe pos~ible """ ol an ~utoonatic dem•nd loading of 
enUies by e•~lieit in5truction Jooding. To compen• 
sote for tho time penalty •••""iatod with lbeloading 
of poten!iotly unusod ontri..,. noultiple M MUo are 
u .. d. Th,;y n<>t only a.llow U,e implement.otion oll28 
enlrie•. but pairo of M MUo un be out<Jmatit.olly 
~nablod by th• syot<-m and norma.l mode pins eff.,. 
ting o full ~" vironmenl ""'·itch ot electronic speod. 
w~ feel thio eumplc iUuslrot.es one import•nt 

deoign appcooch: lo compmmi>o aslittle "' po•sible 
"" ~dvanced llrthJt.ectural featu•~s but t<J accept 
cumprmnises wh.ich r.-sult in implementation ease in 
o<d<<r tO ~chieve ~nomical coml'!'nento. 

Conr.!uEion 

"I"I.<· ;,rdtil<-<: tural sophi,ticati~n of the new 16·bit 
I!Úcc•?tt.<:•,lSOro is upidl:; approo.ching the lcvel o/ 
the oninicoFOlput.or and large camputer. Problemo 
su:h os componen!. familieo, lar¡;e odd:ess >paces, 
Lu• •tandardo. 110 s!.nJcture•. ><Jfl"·arc invc<lmcnto. 
o!ld ~rohitrct ural <Ompatib;lity are being directly ad· 
d:e.,~d. Snme of the solutions to those proLiems are 
known. a nd th•rcf ore the Lransit.lon from S-bit mic.ro
processors wu rclatively euy. But the choll•ngeo 
ohe•d-networh, distribut..J processing, """' op
plicationo-oue muoh hM<!.,.. The impact of mi~ro
l>'""" .. ooro i~ olreody enorme~ o. bu("'" f.eel they wiU · 
~' J-.ie~e ti.e ofl.ocn·p<edicl.ed ccrnp~ler rcvolutlon only 
•f•,et thesc new problem• """ >Olvod M 

,\e).: oowledgemen1s 

n.o 7..8~00 bmily would nol e~ist without th e very 
; ,)or.tod o,d dodicated designor& wl.o tonttihul.ed t<J 
M.d impl, menC<·d tl>o ideas desCriLod in this pape~. 
\., '·':"'h.i Shimo for the Z8000. lliroshi Yonezawa 
[¡,. ::.e .\:t.: U. •nd Ro .. Freern11n lor the periphHBI 
devices. J "dy F:strin m o de im·a)uoblc contributiono 

. to tho archit.ecture of th~ Z800G ond Z8. M any discos· 
sions with C!¡o,lie Bass. L<:onll:"d Shust.ek, and 
Porcst Basl<ett hl\·e go-catly inf!uc:ncod the ZSGOO, 
l.eon•rd"s im1ructiun set measur<ments were 
oSpecially voluable. Donnis Allison, Stcve Meyor, 
Bruce Hunt, and m•ny •Jlhers must be thanked lor 
their comrr.~nts on •·ar~:· tlrafts ol this poper. 
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[l;, • .,d 1 .. l'ou!4 io ono of the guest odotmo loo t!-.os •pocia.l 
oo<Oion: hi• b~ngrophy opp .. r> wllh. ti" inUoduclion 
on p. 9 

o,;,., perfor•ood m.t<riah v.•th vnvoryin9 •ocuroCy:. 
M.i.ntain< dwt inl<gltty. 10, 12 ond 1~·100lh thormo
plo"i< >P<o<keiS 010 1onnod to u.octi~ · ~- ~-·· 

sPttific.nionl. 1/4" •. 11111' ,nd 5mm ('!::J.,.·~ 
pitch. lmmed•ao• dolivery. ~:'lo....o. •• ;~ 
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'1\e lnLel MC$-48 la mil y of si~¡;lo-chip miccuco:n· 
puW n con tai ns •tleo s t n i nP diffet cr. t m icroc<>m p u Lor 
chips having • tommon instnlction oot bu\ dirferent 
omounu of Oo·chip rnd-only memory, re;;dl 
wriW memory, and in¡iut!output (sec Toblc 1). Ac· 

Toblo 1. 
MCS-4B mleroeompolooo. 

ON-CHIP ON-CHIP 
r~C•AGt PROGRAM DAlA 
Sil[ M!MORY MEMORY "" IP'"'I l~yt .. ) [t)1os) 1''""1 ., 1~ ROM' .... 

" ., \K EPROM" óO .. " ., -· w· " ., ~~ p.()J,t' 126 •• " "· -· 126"' " " 1< ROM " " ., 1K RO!,! .. ll JIOus! 6 ~~ 1./D coow. ., 1 K AOJ.l .. ••r~• """"~~''· ... u_ ., 1< LPROU .. 18 "'"' ""''\00 ,,, on!l . 

' C•;»OCIOUO lO OK w1IO "'""'' t~;>S 
~u• ?!>6 ~'"' or mo" Dl '''""'' Ool• '"'"'"l wrtn "'"''' ''·'P'I 

' 

f"" 1 ' 
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11~~~~ 
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Toblo 2. 
MCS 4B hpandor tl•ipo. 

ON CMIP 
PACr.AG[ PROGR~U 

Si/[ . I'WORY 
jp<nll Jb 1m) 

•• 1< ROr.t ., IK (P;<~M 

" r.ooo 

" -· ·--------

ú!i CHIP 
DAl~ 
IIWORI 110 
(Ofo<!) (l.nl<) 

""' ·~ .,.._, ·~ 

;:6 • ¡¡o'-''""~'"'"'·'"' 
""'"' ~~ 

A system designer and teachcr, 
who has made liberal use of 
microcomputers in his o un¡ :·=· •rh
and whose st1tden ts ha v1? de si~ 1:. 

8048 processors, reviews th:J 
capabilities and limil<1tions oj th.? 
AJCS-48 family o( m icrqcomp~..:-:er.o. 

oording Lo lnul, the MCS-'~ !"mfly "~' <,:.;;o.'i; 
aimed pdm:u-ily al 1 he ''~-bit ¡r,arket ''-~ser~ < i : -. 
te!'; 40~0 ond otkr lo"·CM! mkrox:on.,ollers. P• 
cent entrie .. into ¡lo~ f>nJÍI) (tl" fO?l , 802~. SOl!, .d 
5141] axc incr.,..>in&lr op~oio.li.,-~ lcr bw·r~d r•=c:.
controUcr appUcuiono. The ].Jf:"S-~S f•;nilr h~, ,,._ 
this m&r~ct ""IY weU. 

Thc :-:es 48fomily w•• o Ion oimed aL o •~""-~ '·'" •· 
kot-< H üc•t ions thot roqoiro "n np:u1dol>lo, óÍlJ¡::c 
"hi¡¡, gcMr&J.purpo.~ micre>eomput.<r. As •hc~n "· 
Tnble 2, •ov<·rol e>ponoion doip• uro a1 oiloLJ.c t¡,! ''0 
vklo an ~1 CS-~ B ron1puter with up lo 4]{ b)'tc~ ,.r ~,,.,_ 
¡:ram ROM, 256<>r n1or• hytu~/edornal HWM,oor 
as many 110 bituu desi¡rnor "'ould .,._, m •- d 1 ,. ,,,: 
dition, the extorna! 110 bus o! the ~1CS-.(~ bnth 
allov., oasy intedadng o/ •t.ondiUd ~OF0!8~,~~""'·· 
patib!c J•eriph•ral rhlps. Nev~rtf.el<••. tl.e ~'' hil<-<
ture o! the MCS 4b lam<ly moh• it ¡;¡ff¡¡:ul: \<> "'~ ¡,. 
many gcnonJ.purpcse opplinti~n• . ...-h_,,., • '""• · 
capoLio b-bit IUthit<dwo i••~quiad. 

B~~lc archllcclure 

Fi¡;m~ 1 •l10"'' t!.e L."1.· ;:n"l"" ,,• :e 1; \_-,; · • 
micr.,,:"rnrut.er cJ.ir. rr.l.lo l ¡)· .... :,- ;.,,,;,.; .• 
~~•iln\Jle lor ea:h oltho noi"'''""'l'<'"'' i:. ·'·' 
,'.!CS-'.6 b:nil'' tl1o1 ],,,d h'"'·n ••·~,.·;;e,,! '';" 1-. 
1~7E.]Tho fir.lu.,,.,¡,.., ,,¡ Ll"• b•.lil) '" 'ic.l, '"!"q •: 
in ];,l~ 1 ~76 -Lhe <O 1 B "''lth 1 l( ),¡ l•·c "' <·O d.;,, 11(' < 
6~ hyl<·s ,,¡ 1!.\\"_~t.lím<t-<v·"''':r, ~,j ~~ k• i il:. 
dotoil1 d d.,:riptio~ of ll.e rol ir, ~ .. ,.,,, _,. e~- '" f,, .. ~,' 
in tf.c• u<c:'s m~nu~l p•LI:H.• J L¡ In:•~.' 

T:'~ ~-IC:l-~0 i< a >ln¡;lo-:.«cm•->1.-:•,: ~:dú!...::~., 
Prc_::" r.r ,-" tnnr y ond do u '"' :c.~r )' •' < k ,:ni':· , ~-j 
¡.L~>ic.:>ll¡· :op•••'•~ ttb,., tic:.!("_..<!';, :-oc: .• ·.o .. 

" ..... ,.,,,._._., ... ·•'> '"'"'' ,.,_,__,,, 
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No·umoron "'"'hincll. Thc ""'''"'""' ¡uu~ram ~d,J.,.,, •J••<C li"d"dillg •·•«-rna] HOM] oup¡•~rkd by 
tl•e ~rdoh.ot ... , i> ~ 1{ byt.co. Tioete •• e a nlD~irnum uJ 
~·.G Lyt•• ol "" <hip lint-erno]J dolo tnemory, o/ "hich 

1:11 l>ylc$ ••~ implomont.ed in thc CUil<nt fornily 
lc.J, r, 11.< ~O~~- l" ~cldition to int~tHol dota m•mory, 
ti e MGS-l~ dorc"<-lly suppoolo 256 Lytc& of c>Lcr¡,a] 
dool~ m<·lloOr¡". 

M ~<t. M CS ·1 ~ r,,.¡¡,- mem!oo·ro be>· o 27 110 pins, IU"· 

,. o· t•d '"· tlor '" ~ Git porto, 1 wu to•t ln¡HII>, ond an in· 
l< t 1 upt iro¡wt. Additional pino are ¡Jtm iJo·d lor su eh 
r .. nctiutlo •• p<>woc-on '"'""'· ainglo•sl<ppin¡:, and 
'"""'"'l' or.d J¡O HponoiQn strob<•. OM S·bit JXlft 
~ud P•" 1 ol1 su:ond are us..J la furrr, o rnultivlcud 
o,jrhe!:• ar,d J~ta Luo for 110 and n1ctnor¡· •>pansion. 
TI~ :.1CS- <& Lu • sin¡:lo-lo•·cl intermpt oystcm 

[•o;!¡· or.o· in ter rup~ in ser dcc o lo time) &nd oncpto in· 
l<rr~>pl• fo<.>m Lwo o~ucces-lto i11tnn~J timer/ 
cou!ltrr ~¡,d ~""-<!<!mal int..ouupt input pin. lnter· 
1 llj!\ coU< ancl r.lürns automalkoll¡· ~u'h ond pop 
l !o e rn•~:orn cuuntcr ond tert.Hin illterntr.l •tatus flogs 
U>i~¡; o •tu d .. 1.'' th< intm.,J dato wem~ry. · 

i'•o\lr~m s!orc and prcgrarn conlrol 

11:.• :.:CS·• e "r d~:.O.c\cre oup¡>o:11 U a mrudmum ol 
-1 !{ h¡u~ gf ·1', o ¡;ron' •loro. confi¡,'Urcd •• ,¡,,,,., in 
f\;••• 2. llv"""'· a clo.o 1""'1.. ot P'"l:'~m·store 
n:GM.~ati<n ol.~~~ thot tht MCS-lS ""' ori¡:ioally 
•lc-i,-r,,.,t ol o 21(-byle r.1nchin• ... ;,¡, tloo ;oroncl 

• 
- I•J ¡, •>J•~~¡;;¡y •Jded ~• a clumoy oft~rthou¡¡ht. 

• <o c•lo• t ''o problem• with lhe oddt<O>>in¡; mooch· 
''"i•m. 

Fit~t, 1 h~ ¡ot<>;;rom count<r i• reoU¡' only 1 1 bits and 
t!.us ad,l<e>><S inHructiono only'..,iLloin ~ 2K·hyte 
!••nl of ¡,r.,nrn stOie_ Jump and •~Louutino caU in
"'"t:l<>nl l:h~i .. •pt-tily on 11-blt .ddf<•u. The 
Jlr<>blt!n>. thtn, is ho" lo wuvide o 12th addJo~ bit. 

l,ucl"o •~lution ;, os follo"-•- Provide an interno! 
fl-•r. M U, tl.at <•n L• 5CI ond d.,.r..,j L)' t wo ln•lruc· 
t ion>[FL •m• ~nd SEL ••~o. rcs¡oe<ti• d;·t. W locnover 
"jlrrop'" Í.ulooc-utin< c.oll is c>ocnto·d, 1•1<< tl.o llluw· 
<•" d,., 1 ·,.;bit o t<<orn th~ in"ruction, • 11d Jond tl.c high· 
'•l!l,r b:tlruJn l.! D. On >!oLrout;,,, ,ol!; ond <durrrs, 
l·" ,¡, ~nJ pvp th• •niir e 1 2-hit odd:-c"-

•¡ loe<• "rr• '~r~< prcllem5 wit h tl,is "'1" :i<•n. Fi'>l, 
• o 1 """"'"! '"'l'"''"' of jump:. or.ol c•ll• in • ~K •Y•· 
H • '\ '• ~ r!,O.'! ;-)" oj > lno ... "hu< ; < [01;1• fl GJl>. •o.d 
: 1 • · r .. , '~"" ·, 1 <.o,'.- tl« <Urt<nt >al~~ ,[ M 11. !;o 
o. , o~l •• ~' '- .,,,, iT.S!: cctkn "'"'' ¡or ,_, <'<1< e.-.:-ry 

; ., ,, "' nll. ~; .• :~rall)' the pw¡ruouo>ot c.>n •omo-
"· .. ;:.;~ U,: • '"'""-tli<>r. on o < .,,. h)'·<"se h.,is, 

.u: tlo ;, .nv:!.o, ol.:n¡¡!o,.orr¡ oL..oul. 
JI"·::.:; ... :, ,,¡ tl.o r:nt ¡or~l.l•m. ~o (!,;,k wc un

.~ .. >lMid :t.o ,.JJ!<'O>in~ rr.od,•.,i>rll until '" writ.., 
• ·" ¡;,,¡ int<rru¡ot ",>iinc 'He~ ~e"""" up m th 
r· id.ll,·~ltl,..,.j~J,tt!.in~inu. "\\"¡,u•_;o:•~ J.lll con"¡ ~o 

" .• d "' pw\ ~r c!o• w~"""' "'"'" 1·~111. Uut Ml:l 
,- • loo >o·t tQ < """' ':·lu• in ~rJ, r t~ du j u 1 "1'' ~ 11hin 

H•·tru¡ot <uutine_ ll~n· can tl.o dJ nlut [.., ,,_: 
•:' .,.,] ~n" tur n 1""1'." elie ,,.~J..c • ¡, • ! .... r. J<o •rc.ing 
"1' i'"' .,¡,¡, ... ;,.¡;,~,- <!o,/t ~· • ' ;;lis c:)~mv• in in-

•.... ,-.. ·,.-. 
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How lo choose a microcomputer 

Tn~•• 010 at loast si• l~olor• to cMSider In chOOS· 
ong a microcomputel (or miclocompuler lamlly) lo¡ 
e p•oOuctapplleotlon. 

Copablllt,. Tne ,.e must h«>e enough ROM, AWM, 
110 c•PODII'•I1, Ónd speod lo sa\,.ly the requ'~remento 
ol the opplocolion, plus a deslgn mar~ln ROM, 
RWM, and 110 Clpabllily can be dcle<mioed !Iom \he 
n.•nul«ctu<er'• 11\elalure, whilo speed ls besl deler
tnlnod lrom benchmarl< prog<ams la~lored lor ~no 

glven apptlcolion. 
With oome ~Cs. the amounl of ROM, AWM, ond 

110 can be lncreuod by using extr• chip• Thls ••· 
par>dabllny holps 11 thejob ls lm!Jally unde•es\imat
ed cr 11 lhe morl<elln~ depanment changos lho re· 
Qui<Omonlo. 11 tho appllcallon pushes lhe absoluto 
mem<>ry IJmna ot tne ,.e, 11 tlecome> more ~UI•cull 
(and e•~nsl•e) lo de•elop lhe progroms. 

[,¡enolblllty. The deslgner ffiusl c<>n>lder ~ netner 
1mpro •~~<~ ••• oiono ol the ¡>(: Will be ol 1 er ed. A .c. ba>od 
prO<lu<1 dulgned In 1919, lor O.ample, iruGhl be red .. 

, :' $lgnoid In 1931 lo reduce coSr or to"¡,dd leMuroo ll 
" would lhen be dnlrable rO eliffilnate e .U a ROM, RWM, 
· ond 110 chlp•(or ovoid having ro add lhem or pie• a d•l· 
lerenl yC) b¡ uslng o new verslon ollhe ori;rnai,.C wuh 
lhe "'"' capab¡llt¡ buill In. Of course, many producto 
do "nol undergo 1 hls e•olullon; but 1f producl ••olu!lon 
lo o'>poclod, IM arehiteclural llmits ol1 he selecled yC 

· 5lrould be ••amlned In llghl ol polentlal a¡;pl,cat'lon ro· 
. qulrernenl•. One con expect lower hardv1are •nd sol\· 
i.are development costo and, probably: lower manu· 
toclurlng co01o lllhe enhanced product u••• an up
graded '""Ion ol the oroginal "C r•lher ~~~n o 
<omplelely now one. 

Cc01. In mear &•en el the prl•ale sector, min1miz· 
lng cosl 1- o goal, and minlmlzing"•c. cost usually 
meorrs mlnimlllng lhe number oiiC pacKages Cost 
15 whal pronnl$lhe duigner lrorñ picking a C.10y·1 
In responoe lo lhe lu>l factor above, or an IBI>f 310 In 
responsare fho oocond laclor. 

U thO /Ob r:i wO'II delined and no product ennanc ... 
monl 11 ontlclpate<l, 11 is relall•ely easy lo hnd • 
mtnimum-ecor ¡<{: lha1 wlll do·IM ]~b. Otncrwlse, 
!hora aro mony more lladeolls to be ccnsiUered. 
A otmpler yC arcMec1ure usually tmphes a smallor 
IC doO oM lowol Chip cost,"bul o\ ¡nOy,alsci <equlro 
more chips lo oupporl o\ lalor. (For e•ample, • ¡<C 
wilhoul o I'IAIIIRlAOY lone may be more dolfioull lo 
lnlerrece le oomo lypes of peripherals or memory.) 
An exrandablo pC wlll loc•l•lato ••W producl e>Oiu· 
tion (lflho ptoducr lo' successluli, bu\ may tncre••~ 
inlllol ptoducl cosl because ol lnstruction eflocienc;, 
.momory olze,l/0 pins. or speed oac<ific~d by lh• chop 
deslgners lo mal.e e•paMion or ~nhancement 
·pos.,blo. 

A,.llablhty. M•ny manulacluring organ1zal1ono re
q"he ~ second oou.oe lor all components. t>DIM lo en· 
sur e 1hot parls wlll ~~ ~-.il•ble, e.on il sorne ~isa.ror 
belall' OM ocuoce, end lo enjoy lhe normal benOlrrs o! 
compelo! ion In • hee ma~•et. 

Tne dUiQne1 ola new produclls ollen remptea lo 
seleet !>o! .o. ten • ~e "'IM one m r ~o sou•ces oM on~ 
Wolh M OOurc<S (ye\-""We·l\ Mv• samples In thoee 
monlho"). lllo ri•'Y to commitloany f'Ort uni~S' you< 

• 

pu•ehd•irog deparrrnent can ordef (•na tecei••l 100 

P••«• he m 3 Ji•rribute<'s st.ell. M•oula::d'~" no•• . 
beon • no"n ro ohp sc~edules ~nd e ven .,,,.61 p.>.rU. 

On ltre otner hand, mar>ellng and cost l.•ol<" can 
m~llv•te ¡he oele<llon ola not-~üavailoble or .cry 
"~"~c. Tne """~e can~"" Jhe ~¡oduct • c~mpelili•o 
edge In lealu<o• or polfo((nonce . .0.1\hougn the new "C 
'"'Y be In short ou~~ly and cosll¡ lnrtlally,ll mty t.o 
C~•Oipor In IM lnng run booause 11 alfows a more ofll· 
cienl do•lcn wlth fc1·,or re pacl<oges. 

E•; ocled ptodutlllfel•m• should ~lsc b-e comporod 
wit~ l~o o•pectod lllellme ol lhfi ~C. E ven ol 11 1> in· 
e•penolve CuHonlly, a .e that ha> b•~n amuno fo• • 
!ew ye••• rr.o¡ be a ~•d choice prOduc~ion quar.tilou 1 
m~y lolland prlces rl~e In a lew more )Co•• ao """"' ·¡ 
chips a•o ph.,ed ln!C new do•l~ns. 01 couroo, th10 , 
doun·t apply 1! yo"'· company alone ts o•dotin~ 
100,001;1 plecei per yeor. \ 

' Sopporl !ool•. f,:;rd""'" ;or.d •c'r ~"'; su~pcn ~~~~. 
ale eueotlll lot ltmely de•elo:mer.t d o .e ~a;<:. ! 
p<oducr. Tho oup~ort tools ola newlr l~:ro:lute<: .'; ) 
cannor be ~•PO<I~d to t>e "' e.rensive N reltable >: .. j 
!hose ol an eolablishe~pC lam•ly. Tnis encou'"g~s tr .• 
un ol an O.raolishod~C rl ~"ick devetc.pme.olls n~ea 1 
ed, 01 an e<lemlbiO.C ri.:nrly l'.ith .. -.sable lool• 11 

product Ovoluilon li e•pecled. 
Moit slngle·chip "C' are progoar11ri sd in assemb:¡ 1 

l•11guoge, anda go<od macroa55embl~• ;, o muS!. M~or 
m•nulact uteio ";u~ply 5ol twore tools :ha\ ron on 1 holl 1 
own devoloprrionl sysrems. However, 11 tho!O are mor~ 
\han ono or lwo P<ogtammerS on !he projeCI, lh~ neo O 
lor good le•l o>d•tors." slmulat6ro. aM ooo•m*"""~" 
IOOihlieo ma~u 11 dooorablero run allsollware supporl 
loolo en o'tar~e cent•al computlo~ f•oii!IV. The ~,. 
plopti&lo ""Oro•• O»om~lers"" and simulalc/S m;y or 
may not be oiiÓre<: by 1~.; chip man"l;oclurer. 

Ourlng • Producl d&•elo¡.menl it ls o~•iouoly 
~eci .. &J') lo le•l •~d chango pf~rOI1"5 runningon 1~1 
prcducr hard .. are. Slnca mosl •io~r•·~~lp ~es 
ullim&loly uoe ino•~·¡>rogromma~l· ROM 10 storelhelt 
progtom•, arrornet mean• !s n~e~ej"lc <!OfO and 
c nonge pr oQ f am s dur ;,., ~ de ' elopmen 1 wll IIOut mo ko ~C 
n•w m .. kS. Sorne ~eo havo pon-compatible verslont ·1 
wllhon-<:h1P ~PROM lnotoad ol ROM thal allow• rouoo 
o! lhe ~e chip "'ith d1ITorenl pro~tams M~ny h••• p•o- , 
visiono lor uslng externa! EPROM cn:o, lnsio>d ol the 1 
On·chlo (lOM. 11 prod~cllon quan111ie' aro IOw, 01 IT :' 
•olrwa• o c~-anges ••• oxpoctod alter producl introduc· 
tion, E' PROM •«•ions m• y be •>S•nllal. 1 

~osldos EPROM lacil•t•es, !he rr.3rn supporl '"~1 j 
provldod bY lho chip manufactUter rs 1hO ¡,, oltcu•t 
omula\ot, whlch >IO<U lhe •oftw"'" p•ogroT. 1n te.o 
R\','M el a oovolopment

1
sy"em ~od orr.ul>l<·s 11>< .,G 

1~.1ough a c•ble and plu\¡ insorled '"place r.l ~he ¡oC ir 
the p•oauc1, An emula\011' a ""fullool 1~' debo~gi.1; 
bot~ h••C~ •• e and s~llwo<e However. "'"" ne"' "C•." 
mor no! te a••ilablo as soon as '""~e chiP• a••. Md 
<•On ti U 10, 11 m•T 0\ill ~a. e ~UQS. 

Spocllie l>ehnlcallae!or.. M•ny •~ocotoc tech•.<o•l 
f•croto can bo cum<ncd in Oct•rm~<.i~g wloc!tr~r a, C 
will do lh< )ob al hood-pc,.er CC"'"""•Yhoo, •P<~<>. 
T Tt compohblhly, ~ocl<ago •1", lnslouction" set. How· 
h~r. once 11 i• deWmined lhot t,h<pC can do lhe ¡~t. 
lh~ othor r~ciO•o •bo•e lend 10 ·~u•! o• out~·•i•h tho 
l<chnioal ""nione .... o~ \~.<· .,: e•• .o ., el ,!1' '1 •. c. • 



t~rrupt roulinos; det.<:rmine tho volue ol MB experi· 
nwntally by doin¡; ajump Lo • fix.<lloc•tion and ow
in¡; whetherit winds up in MBO or MB!; ket'pa solt· 

. .,·are copy of MB. updoling it lwith int.errupts dis· 
ablcd. ol course) every time we do a SI:L t.IB;; makeaU 
the code fit in 2K. as we UP<"'ted todo al the st.ort o/ 
the project; and so OIL The ne> t morning we read tbe 
fine print Lo diseovei thot tha MCS·•B !orces themost 
signir,cunt hit o/ the progrom count.er Lo O during all 
interrupt routines. We should put all of our intenupt 
cod• in the botLom 2K of mémory ond nol Louch MB; 
in f•cL. we s),ould forget lhat MFJ c>iSLsl 

Tho rcquirement to pul interrupt code in !he bot· 
tom 2K makes the MCS·48 ver y difficult to use as a 
iK mochino in a real-time application Not only rnust 
the buic interrupt S<rvica routine be in the bottom 
2K but alsoany utility rOtJtine that might be callcd by 
it -th•t is. any code e~ecuted before an iot.errupt. , ... 
turn instructlon is e~ecuted. This could be ,.~n ovcr 
hall the code in an in~.<errupt<ldven envitonment. 

But the main problem we fond with MCS-4~ pro
gram sLore. af(or writing half ol our applications pro
gro m o. i"s thaL the add,ess •P••ce is just too small. 
With ooly t wochi psland soon wit.h j u st one. !"m sur e) 
wc can lillthe ontire 4K·byto addrcss space ol th• 
MCS 48 with code for our original applitotion. new 
lea tu res. diagnostics. and-of cou rse-pat.ches. •• 
Conditional jumps specify.an B·bil target 
address in the currcnt pa.¡;e; it would be 
far more useful to have a signed offset 

· from th~ current address. · 

The annual halving el the CO![ of JC rnemory irn· 
plie1 that every year we wiU need onother address bit 
for the ma.w.imum·size application p101,'Tam lsince 
most evolving product:. t.end to use the decreased 
merno'r con to incrpase /eaturea. not Lo reduce pro-. 
duct costf. Clearly. then, a 4K limit la too low for any 
new archil.ICtUre. even a sinct ... chip miuoco mputu. 

Besides the 2K memory banks. program store is 
al so dividcd lnLo 256--byte poges. Condltional jurnps 
spocily an B·bit tatget addre .. in the curren! page. l L 
would bo lar more useful to ha ve 1 slgrwd ol/set from 
!he oilrrent address; thi• would in<rease the like
lihoud of being able Lo use the short jump addre,.. 
oince most branch t.atget.s ate within 1 28 byte• of the 
branoh instruction.' More import.ontly. it would 
clhninote the pattitioning problem cruted when 
many ptocedures must ¡,. poc~cd into the memory 
space and split ocross page bounduies. 

The only indirect jump ins!ruction also uses an 
B·Lit lorget address in the curront page. Very 
slran~oly. tlús instruction "'""' an S-bit value in the 
ae<·umulator notas !he l~rgot sd~ress. but os a polr,¡. 
orlo a program·>lore byte in the <urrent pa¡¡ethat 
cont.oins tho t.drgH addr~ss. So the pogc contai"ing 
ti• e indir<·ct j ump instruction must olso conlain all of 
!he routines te bejump!'d to. a• wellasa si!ly ~llle 
L>ble that contain' theit st.arilng oddresses in the 
l'•~e. Tlti5 not ~nly ><a<te• space and time. but. 

'"'""· ma k es it irnpc»ihlo lO dynn .. ,ically compute a 
"l"tgot •ddre'> alter •••<mbly time. sinu the jump 

tHLlc i• ir, !lOM. ln my recen! e>porb•ce. three u· 
pcrienccd pro¡:rammers havecoded MCS·'.8 indirect 
jumps imprope1ly. belie·,ing ""The manUal rnust h "'" 
1 typo-th• <'Ontenls of the accumulaLor must be the 
l.llrget addre>s iLSEif."' In ony case, in!truot)On> >up
porting indirt<:~jurnpsand callo anywh~re in lhe pro
¡;ram •toroU2·bit address] .. ·o~ld L-e lar moro "'eJul 

Arilhmellc: and logical operatlon~ 

The MCS48 contains a single oocumula(o' In 
which orithmetic and logical operations t.oke pl~oe. 
UnorY operations on the •ccumulaLor are •• lclim;·;. 

incr•ment. 
decrement, 
clear. 
ono"s compl•ment. 
d,,,imalodjust. 
'"""1' nibbl••. 
totOl< ldt. 
rol tilO Ioft with carry. 
rotate right. and 
rot.ote tight 10.ith carry. 

llinory operations combine tho accumd01or O!\d ;;n 
opennd opecificd by one of the oddressing mod~s d ... 
S<ribod in the next "'ction.Th o bin~t)" e¡ -~r•Lion>are: 

add. 
add with carry, 
"NO. 
un. ond 
exclusive nR. 

Thoro aro al so ""dot.o·n'>ove"" O!"'rations that lnad oc 
sto•e the •c~mulaLor. 

The main difficultY with ]\1 CS·f8 operatlnno ¡, no! 
the opontions themselves bu¡ the loe~ of condir;~~ 
cod,·s l"r tcsling their ro•ulu. Only tha Accum•Jlat<>l 
r~n ¡,., t~SL<<IIor zcro or negati,·e. Md In ovtrflow b1! 
io not provid<•d. m~~ing comparisons of si¡;ned t wo"" 
cnmpl.,n<•nt numhers \"ery ltustnting. 

Opurarods 

M 05t data moveo •nd binary op~rations "'"" "" on· 
chip rood/w,ite interna) dota me mor}" ISL·e Fi~-ure JI 
acc~s•iLle by t"o addressinC modes: ~¡:¡;,;n,~ an•l 
~~-,.:~ ~" ~ ~I:C"·l~"TEII ·n:otHEC"t. The thr<e otl.~r ad· 
dre .. ing modes ate E>.TER,;"L RECl~"TH !~DIRLC"r. 
IM.,H.lll .. Tt. ond "CCUMULATOH IMHR~C"T. 

ln ~uasn:H mode an op<:rand i• e<mt.ain«l •n a 
~o¡;i,lt·r '1''"', fied by a 3·bi\ liold in the in;tr"<t ic "· A 
flog ~¡ t HS. ;et b¡• " SEL RH, instrto<l ior>. •pr•<ifie< or,e 
uf'"" 8 byte rcgis~.<er ba1>k;. <orresf>""<lin~ l u int• r· 
nal dat• "'""""y lucat•ons 0·7 if llS i s O aJ1d 2; ·J 1 11 
IJS ;, l. "l"he •pecified rogister moy hcl<>•dr•d »hh al• 
irr,,,.,liolc ' ol,e. moved Lo or from Lh< •«umulat.or. 
combim·d with lhe accumulalor by arithmetic oc 
lo¡:ical ~p<·r•tions. incr~mented. dHrementcd. ,., 
U>«i b> a lwp cou, 'u. 

,· 
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FiQ<><e 3. MCS 4& lntornal dala momcf}'. 
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INTfk.~ ~L M ~t;lloTER li<DIHECT BIJOWS ciihe'r RO 01 
Rl in the~unont recister bank to be u sed asan S-bit 
poinL•• lO interna! do La rncmcry. Tho•dd.-ossed b¡·te 
may be l<><od~d with on immodiate valu•. mo' ed lo or 
from Lho Mccumuloler, cornbined with tho acomnu· 
lator, or incrcmented lbut for sorne obicure rOÓoon 
not de<rement<d, """" thouGh the m•cessory "h"lo" 
Hisl• in lht• in•Lmrl ion ,_¡¡, 

Lotalions 8 23 of tho inl••rn•l data me mor¡-""'" r<• 
son·<'<! foro J<•Lurn oddl!·ss sl..o<k (8 entrioo, 2 b)lOO 
p~r <nLry). Thc~c locO! ion• ore "''ril\on by inletrupts 
and sul.rouline e o lb and read by inl.<errupt and ,,¡,_ 
routino roturn inótruuions. The st.od is too "noll, 
müing it hud U> ,.-tite proc.dural code, which i• im
porlant in largtr pro¡:roms 1 2K-tK bytes). Th~ J".,. 
¡:rammor mu•t ron•tontly "'"''Y abo\>¡ raUin¡; •~ 
quenccs ond ¡;enera!ly cnable inlorr~pts only •1 thr 
top l•"d el thc J><O¡:rbm \.0 a>oid o~odlo~·in¡: thr 
sl-llrk. 

Thero aro no In M nJctions \o dJrcctl}· push e>< l"'P • 
b}'\0, llo""'"'· thr otork can be rath.r incon· 
>Or>Í<·ntl¡· "-<Ítl<'!! Of ""d by ">lr><lin¡; tloc stad-· 
poiHr cr ¡,..Id J '"'" tl.c l •sW, bui'~in~ tbo "PI""l"iato 
oddr<·•·· '"'~ u;it<¡: l~lt.I"'~L "' GI>'IUl '"'"" !'1 
rw-dt. 

'J'hP orehiterture a bu >ti~¡J<>tl• Uf' In 2~6 b,l'les of 
••••·rn•l doca noemory (whirh rcsi:lh 011 a ><·p•r•L• 
chip]. 8<0"'"'d by ~X'IE!Ih'AL Hl:t'tbl'I;R lNDIR~CT 
n)(Jdc_ Eithcr HO ur Rl in thc rutrt•nl ro¡;ist.<or bonk 
mnj' Le "'<-d as an S·bit pointcr \.0 ••t~•nol dota 
mt·n>ory; thc addres>ed byte may be c·opicd into the 
ornJmuloto.- or writtcn lrom the occumulator. · 

Sin ce pointers ore contained in S·b<'t r.¡:iSiecs, t t~ 
rn~·iinum amount of dir<"<tly acc .. oiLle rlat.> rn<n-
or~ >UPVO<lcd by the MCS-4S •rchlt<-<~1110 i> 2M 
b)l~l inlcrnal plus 256 byi<os o>lt•rn.•l ]l,.·~:·f", 

bank •witclúng via lfO bits can¡,., used to odc\rt·:< 
ony dcsired amount of additional •·~tt•rn•l rl." o 
mcmory . 

1'he mudes for reading operands f<om J'IO!"""'
óloro aro rath•r ~mitcd. In J>I><HllA'rF. modo a.1 
O)'Cr~fld is conlained in lhc b)'IC follo.,;,:; the in· 
s\ruction; imme<h•te oper•nd$ tan <ither L~ lo.U.d 
in loor combined .. il.h thc a,·curnulotci orbe l<k<Jod 
intc interna] data memory Yoilh 11~n~~ cr INTn 
N~l. REOlS'ft:H lNllliiECT modeo. 

In ~CCllMUl.An:lR \h'DIHt:cr modo the occurno..blcr 
is u .e<! os on 8-hii polni<o• \o an "í"'"'"d.in eil!->t • 1 > ~ 
~urrenl ~eor poge S o! r.ro¡:rarn stare; only nn• t;•:"" 
el opcntion uses tlús mode. ar.d itl0<1dt the oc<ur.>~· 
!OlOr with !he specificd o;>ersnd. __ ' 

A number of instnJ<tions spocily ""'"" •·,~,.,,,:~!" 
opcrond> Ímplirill)', such •• t~e pro¡:rom Sutu• 
~cnd, 1/0 ports, timcr/counter, td"·" bit, o~J (wo 
J-Lit na~s, FO and FL 

Thc M CS-48 addtcssin~ mocle• orr· ,;ml>lt•. but 1 he y 
proYido most uf the ladlitics a pruc ro m no.•d s SI il', 
thcro are sorne deficienrios. Thc rn~·t Hri<>U!' pr<>IJ
lcm is tho way in which OP"'""d" in p<n¡¡ran> """ 
ore addrcssed_ Since program .toro only in thetur
n·n\ pa¡;c and in pago 3 can be r011d throlfC~• • p•ointr r, 
o·ither lookup.Utbles must all be l<>eatcd in po~e 3 ~• 
the code t~a\ <C3ds earh t..ble rnu>l be in thc "'~'~ 
pa¡:e u the table_ This is incon' onio•M if n.or• l ho 
ono- 2~~-byt.e tran;lotion toble i1 1><~-Jed. ll al><> 
m~hs it dilficult 1-0 do' • ROM t'ho"<~>um ,,JJ-to.l 
routinc-a eh<>< hum suLroutint· "<>ul<l ],¡,,·e w he 
plat <d in e.< ry po¡:c ol pro¡;r«rn ~tute l•"d ;m re <),,•re 
;, nu imlirt ct ,LLr~utine '"11, 1 he main chetk '" "' r• o 

--~mm "'ould hi.e to .-iintain a >eporOio (011 i;;!<fltC· 
t i"n 1 <> ,.,.e), l'"t'< 's < hocbuon t nul i nc]. 

l'nt most l""!;'#mS, th• mcti.O<l ~~ j¡,.Jir•·Cil)' •• 1-
du·O>itl¡: d•l• n"·onory throuch l\0 onJ l!l ¡, ow·pl·. 
"J. le. hut, fnr ,o me dot•·•lrutturr ~••r.ipuht iom. ""' 
o·i>l•cs lor Me or ¡v.~ mort• <<";:i>lcr' lh~l tl><tl<l 1,. 
U>Cd •>fl<'ÍO!<r5. 

· The ~~C-L)·tc lirnil en dir<><tlo· aJd .. • ·'' :,!~ir 1•-1 :A 
c'at• m•mory ;, tc.o lo...-_ n.o bOl~ ah< o~y «' .t.:oinc 
12g bytes of RWM. a1.d lntol ohoulJ t<>On Lt < ~¡, .. , 
pt<r,·i<lc tl.t full2"(; Lyte> of l\1\'M ~" o~orchi;r 'l ''" 
"<<hitc-ctmr c.nno\ moh >U~i~!,¡f,,r,.od ~•• <ol 
lt·<h~olo¡;y impmcemuots lut ">Orr HW~\ un•r ol.i" 
lirrJt i; rcad •• d 

;.:.,,, !-ICS JO or.iut><;""J>Ukr. h~> t•tl"''"¡; ~" lú 
1, .n '· ~• • t.m, n ir. Ft¡;t;, • l. TV> o,,¡ ll•t ¡•or: • :1 u~•! : 1 
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~'" ••qu.,i-hidirertional," an inkrfarin¡; o.uonge
mcnt5hown in Fib'Ute ~- Tbi1 tn>< of 1/0 f>Orl "'"' 
fint intr<><lun·d in th~ Fair€hild F8. 1 1 n thi• arrar.¡;.,._ 
1\l<nl, ea<h J/0 pin io both an opcn·dtain output and 
an Input pin with a hi¡;h-imp<:dancepuUup \o thc lo;¡ic 
1 le•·•!. Whon a pin io UOt-..:1 for output, thHorcespcnd
lng input bu flcr is unuocd uccpt, po••ihly, for clleck· 
ing Lhe out pul •·olue. Wht·n o pin ;, us~d for input, the 
co;>Trc•pondin¡; output bit muo! he se! to Jog;c l >O 
that tha 110 device drives only tho IU~h-impcdonce 
pullup. Thi• ron be conttasted with a trist.ote 110 
p<>rl.. which pro•·ides Loth aetive pullup and atthe 
pulldown in output mode and high impe<lance in in
put m <>de. El"ctrically, triuol..e l/0 is !note d.,irable, 
bu! il rcquircs cxtro cont.<ol biu !.0 &el the 110 direc
tion for .. oh porl m bit. lnt~l hao improved the quasi· 
hidireo\icnal desl~n by brioOy providing active 
r.thor thon po»in pollup ~ho¡,ever a 1 io wrinen to 
tloe port. whkh spce<ls up 0-t.o-1 transitiono. 

What qoui·bidircctionol 110 moans to th pce>
grammer is that input d•t.o on the port is logiC!IUy 
~NDod with the ourront output. Porte 1 ond 2 ate set 
toa U 1'a at Oystcm roset. and thc pmgTBmmer mus! 
lea va bits ;;,,~ nded for in puto o el ot output valuc 1 at 
~u tlmes. The third port (bus) hu oonvcntic·nal 
tristo~ out puts and csn be u sed for eight strobe<l in· 
puts, for cight otrobe<l out poto. or for odding tnornol 
program or dota memory. 

Four oporo\ions on tho porto are av_ailablc; 

rcod input valuc into aocumulotor ltNI. 
lo;,d output lotrh from accumulator (OUTL), 

logical AND output lat.<h with lmmediat.e m•sk 
jANt.). and . 

lo¡¡iCill Oft out puL latoh "ith immediale mask jORL]. 

Thelo¡¡ical OP<'tOticn• allow e progr~m Lo set oc 
doe.r any bit or group of hiu in ono in•truction. 
l!owevor. •inre the mask is an immodin!$ \"alue in 
pro¡:ram store. the bits Lo be set or dco:red mus! be 
known at assembly time. Otherwise. o copy of the 
out¡>ll! ,·alue mu•t be hpt in dot~ momory. com bined 
.. ·ith tha mas k by l<>t.~cal oper~tions on tho aceumu· 
blO<. ond lood..J in lO the pctt.l In ¡:enc·ral, !loe qua si· 
bidit<-<Lionol intcrfooe pr~•·~nt.s •impl} readin¡: the . 
J<>fl !<o gd the ~Id va!ue of th• out pul buh.] -

A no,·e! ""np•ndu·port"" a:ranc~m~nt •Do"• f~ur 
··•terno.! 4-bit 110 perlo to he odd...d loan MCS.~O 
u sin¡: o fh·.- .. ·irt intufoea. Acoin. four opototlono en 
theporu ore ••·ailoble; 

rood input •·olue lnto octumoletor. 
load out puL lotch from oceumulotor. 
lo¡:icol ""11 output latch ""hh ooeumolotor. '"d 
l<o¡,~e.al o~ output l•tch "ith occu,.ulator. 

Only thelu .. · urdtr fuur bit• uf the occornulotor art 
u•t<l in ti"'" opuotions. For thc•c por"· dy~a,nlc 
••loctinn of mas~ bit • i• pos>iblcl,.<o~•ttb< noa'~ Í> 
in th< "" urnulalor. On the otl.t·t hond. d} na míe •tlt ,. 
tion L>ho moro o\uho>d b•cousc the occurnuL\or 
m un 1>.-l~•d.-d .,.¡,¡, tho ma.k land thon P~"ibl¡· re
'l or<<l to it > uld ' oluel. 

1\oth thr ond,ip l•t.d •·xnond<r )tO ¡wrt·i~c~~.c· 

t i<tn> c<tn(~j n l ).,. )'"' l '" • • • -~'"' ~• nn imm• 2: •l.<" ' :.: •• ,. 

Ft~u•• 4. ""Ouo•i blditt <llon•l"' 110 port. 

in l he in>!ructicn; it. is no! pm;sibla to spo< :ry the pott 
number d¡·narnic~lly in a re¡¡ister. This rnakl"> it im· 
pos.,ble lo WTi\.e reusable 110 handlero for idontic/\1 
de,·ices on diffet~nt ports of the MCS·~S or of th• 
>ame txpand<r chip. The sarrie problcm exi,Ls in the 
MCS·4 9"s oldec brother. the 8050. llowcveo. ;t i• le" 
serious in the MC&~S for two rEaSons. Fi,.t. ¡h• 
MCS-48 is in tended for sma.ller opplication' ¡,_., J,k,.. 
)y lo employ rnany copies of the sorne 110 de,·ice SoC. 
ond. the available UO e~pansion modos d~ allow 
dynornk d"vke selenion whcn oach devic~ llSe! • 

>tparat.e 110 chip. 
The processor architecture dinctly ;u;>rort• <·t.l)" 

256 bytes of e> torno! data memory and fnu:: e> I·T~al 
4 ·bit 110 ports. Ho"·ever. tl>.- amount of •• t.ernal d' tf 
memory and 110 can he intreose<l Lo ony procti;~ 
amount m.ing on·chip 1/0·pcrt bit• Lo im~loment 
pro~ram·oonlroll•<l han k switching. 

1 n •ddition LO t he 110 por h. or, MCS·! ~ hs ti '' •. 
addi:JG;.a] input pin> t!.a~ c•n W 1«(,..!.L; wn.tl· 
tionol jump in>truclions. All are multipurro•• 
~ins-TO." hich ~•n he >el up •• o doc~ out P"t u,,det 
pro¡,rr am ~ontr~i: TI . " ~.irh Clln he u se-d os t~r iq.ut 
LO th or.·chir> th~er:Cour.L<•r; and th••••htnol it.\t<· 
rupt input. 

Tite J.:cs ~E •c«pU int•rrupt• fro<n 1 ,..mDut « •
a lc.-o) :on•ith•e ill¡>Ut pin and on """"":,;r t!t~<·tl 
count.ét. \\l.en an int<rrupl ;, ,.tvicod. ti.• ) 2·hit !'(; 

<t>d fov >totus bits ira,~·. hoH et<tt)". fio¡: O. u·:~sh t 
Lak ,.:~rl) ~re pu•he<l onto the int.<tnal •too\o. 
n<pnding on tt.~ '-<lurce. o jump Lo, ithrr ¡,., •tic" :< 
01 h>E:ation "lis tú"'" Tl.e iotun·¡>t <)"!·l<>n i• oin~lc
lhd, inturupt '""k< t~utht·< conncl ht· i .. :u· 
r"J•t<d. An in[..(rrq,t rct~rn ir,.!ruction HW•tt·•tl.t 
l'C é.tod >t>lu• ],¡, and dio~> luttl.u ;,,t.., cu¡ol•to 1·• 
,,niud. • 

..; t ti. o ti"" ú! tl.is .,.r',: ir.~- ti. e TI Íh( • cwpt i ''l•"'\ ¡, 
¡:r··.u.ll}" ,_,.:c>s lar coontin~ or timir.¡; a>:rr.· 
d.co '""'. "''"•al O\enls. Lec~""" ll•< ,,_,.,.,¡ tl.i¡· 
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foguoe ~- T¡po 1 bus conHol .,gnols. 

A tale oltwo buses 
(or, di!lerent s lrobes ( or d iHerenl 'phobes) 

h••lurcs a !'"'"Ir ~c•i~n<'r! SY"rl"""i'"' that 
""''~~"'""''' ,,¡,_,,, i11¡•ul <·d¡¡n 1<1\d hcnto •kips 
n•unl>. ·¡·¡,¡,''<Le ""'""d time in ;o.; mmHhs Lh•t 1 
lw<·c "'"n "" LSI ,l.ir whosc Jo·,i1:n<·r5 "''''".."?" 
)'o\1' 11tly U'""'~~ o· of prtohh·mO in >)-' 1 oclmHnWr dt•;ign 
lt he"' h,,, "''" 1 he r,,D-Sl 0. ~ h ido :-:,¡,,g hns si~ce lix· 
<'<ti 1 "'"" lol •"l'liOSI th•l du p <i<·signcrs ro·~rl ;ome ol 
L l.t• 1"1''''' un iho onl!j<-<l'' •lld lhul ""''d"mocs w .. rn 
ihth •l•1cl1 nts uf the inuo.»in¡; likohl"''"l <.>1 oyn· 
chruni<.otio" pr,l>lom• in rnudu n &pcc '" Je< i ¡:n 

Ease or programrning 

Corn¡r•rcd (O so me uiLhe uld<r ~-bit •nd 8 bit n, :a.,. 
]><<>< C'>NS, 1 he MCS·48 is ~ ni e<• <nl1<hinc to pl <-¡:ro~~. 
but it loa veo m u eh LO L~ d"•irod comraro•rl ·• Í\~ '" 
/.\600 l. o ZS, w- ov~n an 80~5. Tho >in¡:l.--•ccuc:.,.l-. "-" 
•r<hitectur•. the lack ol indo< '"~istors, ond .¡,, 
ob••nce u! 'v'n ri direot dota nremot'J' aciJressÍ11¡0 
mude moans llt~t the wogmmmcr mu" ccnotartl¡
bc mo,·ing lhin¡;o l!.ck ond lorth Let~e<!n th' e,_ 
cumulatur. the two "pt>inld' rogi>Lers ilO •~•! ;,¡ 
• nd the '"'' nf thc dat.o memory f• "d herí o¡¡ ti-~d C'i 
themll One mn writ< ""'"""tu ea>e the bur¿er. 
somew hot, ot thé ">pon•~ of more ineflici•nt <t:>t:k in 
the <rampe'<! ~dd.re" sp~ce. Fot e>omple, ono ca~ 
wrile a wacro to •imulote a dir<:<'t d•UI·n•err.cr: -
addrosoing mod~e 

.\! \CHO ~·f:M.\IlPR 
"0\' RO, "' FMAI :r~ 

~•ov "·' rw •:.'o" 

110 tl.desi<~). "numing lhll ~mce••or ~na,,,,;,.-.. 
erolspoeds ••• com~•·~ble,IM<e shouiO ¡,., "~ p<•to

lem jn so:,slrlng 1no lomlng <oqulr;n•~•·l ol '''"'"' 1<~ 
protnsot o< tne peropn•oal chop 

A mjc<Op<t>Ce.,or memc•r aM .uo bus hu many Fo~u•e~ •nows an auompl 10 uso al )~e 1 p<<><~•~e< 
Ideo" lrlng e harac lorislics-<!ola •M aOd<on wOH! w•lho1y~~z po<lph.erol chop. lneiD!]•C~i ~"O rl ~OAo~ 
longlh, mul\iple.e<! 01 nonmulllple>e<! adO<us an<! ii'ili l<cm lt•l procu•c.r nicoly poodue., ~10 lor ~~~ 
Slllus,oeparaleorm~mo,.,..m•poedi/O,aOO::othe<0-'11 Type Z pe<l~~~<al ~ haslh& eP'It'<:l IO<]JC volu~ lo 
is in1ereslin~ lo loolo.- all ... opopui4o ,,..dlwtilo ciCJ<Io.. ter. o ~• f>W,'b"' 1\s lim<ng J! a proo!em. 1~e Tl'l'c Z 
ing.,,.n~emeniS. or<ipheral e•peClo ~·w Uming lO b~ slm1l" Oo 

1 

1 

1 

1 
~el usooll lhe ll!ollechniqu• a T roeiiOr l)lnleoface, ctouacleo lo an o~drou slgnal, lhal ls, 11 '""""' !>o 

u•Od by \he lnlol eoos. 50815, ar.o MCS (8 Jamllou_ as volld Ion~ l>ll<o<> '"" l(tll ~ulse aproa <O. Tne ont, '"'" 
shown in Fi,ure 5, lhero ••o t"o mutuallr e•cluolvo "" c~ulden!u<o :nis ..-ould ~~ 1Ca!l!li<:ool'¡- de! a) iOIO 
control pulses, iW ~ndWii, l~al iOO::ocale a road cr ""10 l<lnC ~ncuG~ 101 iffi ro•oh>fy ~~~ ~etup lomo oi i\m 110-
op•r•ilon_ fotlu<.atel,, •uc~ a de!oy (un len ~¡g~<y ••l m . .,•l:•c• 

We'll call lh• soco<.<! •~chniqUeT)P< Z ¡o1 2), u•ed by wcould •lso O~l~y lho I<•IHng edgo Ol PtC unHI ;" "\: 
i l~o ZiiOJ 18, Z&l. ldOOO, and ~l•u by tne Molorol• ~b:xl al 1<1 ;;,,, 1l';D1 hod gono u ay-·~·;~ • ~·oo!o..-, 
lf~mrly. fP<<hap• rl ohould ~o fype M becau•e lho n.o Cleo.OHI "'')lo use • T¡p~ 1 pro,: e., o<.,;, • 
M0-800 come fi<SI, bul Z loo'• m~oe l!k• 2111 ls •""o ly~e Z peri;r,erol ct.l~s 1• lo uso on •~<io<s• '"" '' 
u>ed on p"ncople by MCS-<S••PIOdo< porls. As>no .. n ¡:¡,.,_ FGr •••onple, tho ·•&>1 >:gnilicanl bil el '"~ 1<0 
In Fogure 6, the10 IS a •ingle conttol pul•e.li'f1l, o nO • p~ti o~Orcss could b• ro>O!'Od ~• R,w, H>rC"'•"• 
le-.1 .,gc.al ¡:¡, ...... troal ¡ndocoto• v.hic~ lype ol o pe rol 'on doccdong el octcal pO< 1 num''"'" .,culO u>O 1 e, ,,;~''"' 
•• lo la> e ploce. Thelimiog el ;l,w ;, sorr.ilar lo 11 .. 1 ol ~n urde< bll;; 1 her• ooi '' .'a• e ,,culO t.a,o lo ensure U\01 
oddrO$SSignal v.rile> ·'1~••• ,.,.o G:!d porl addre'""'· and '""~' 

Fogure h~o~ • ho~· lo"'" • T) ~el prD<o,.or "''na u><d o.<n_ • 
Type 1 pe<lph•<ol chip, lho d•cod,ng '''""" 1n tr•o Ttooconclu•'oni•<t.OIIIo.•i~'f'l~looonnec:T,. .. .-1 
f,gu,e can be easlly jmplemenled ""'" on .. r,.ll ol a Tll neriphO<al> o o T y pe l proco,.o•s. ~ul tt.al lhe 1 •·•••• 
7"SlJS dual :1 lo 4 ~ocod<r 1'~'' ~.·en lo&'"' •" e, «a con O• e,: li< ull. 1• 1 lo" ¡u&l "'" ·nO y '1 1 unoed ou1 '" .,., 

¡ 
• 

conl<ol •npul 1~, diot<nguishon~ ~",'~~~::'' :·~ .::'~~notl,~d lo lt-i> ,-,•dno"? _ _j 



HP( l 
PROC!SSOR 

AOOR 

DATA 
~. 

liiW . 

"" 

To use •u eh mdCros, ho' o•·or, the pr DL"""'"'"'"' m u >L 
gi,·e up some re¡;iqorS for uso by th rn"cros. In the 
above n•r1rp:e. macros v.ould U>e ?.O. l<·a\'Ínr; onl¡· 

-- Rl avoiloble Lo tho ¡)rOpatr. "'a poCo te-r '"~iablo. 
¡Buffer «•p¡·ing and otl.or rn.::rr" :.quiring t~o or 
more pointor> ~« to be • f"o~i< :n.l 

The lack of S)'mmc·lrT '" tl'.o ;.,.,n:ctinn <,t •lso 
croa le> progcom,tin~ lroedac~"'' f"r <Htn¡rle, 1•hY 
aro thcte 1 ~e RO, IH'C 1• o. and 1 ~( " -'-O 1 os t '"' l iocs. b 1n 
not OEC~~o? Or. "h;· con v.e coc.~"icc.all¡- !""·~ ''" 
c_z. TO. a nJ TI coc.d 11 rc.os 1 ruo úr r "1 ". lo•"t o o ro. Fl. 
1'f. and aocur"ul•Lor b:" only lf'L, '.' io:Hc~' !t•r ~c
cumulalor hrLS lo be. lhe ~:optr ''ho],," , . .,._. ;,. lk 
ins\ruction se·<: LO fan,'il probaL~) te-e~ motL 1· ,-;, tV 
tu m lht instrue! ion' ulf 1 hon tu],¡ t h·-~• "urk 1 1,., ,. 
l_.oon l~ld thol lh<·>e "c~i<~rpur<.Jnt" Ln.<lruo:i:re> 

Ir,,., """" lur f utLLret·n ha m< m, ni s, but .1 n¡· ~ '" L h
v.bil• ar<hll••''""l onh•n<tmcnts .. uuld r.gu"' 

·'"~' o o M ro ; >< ,., pi "g 1 han • f, " f;'• ci;, i p "' 1 •oc o 
r.d,-J_ 

<l'hrlo "'"' 
\ICS4°.11.<; 

~''"~'"""can bo ><riLI•.o fcr 
,.:.," -, ,f!~<L ll.on 1: .. • ,..,;\1, 

nrt 1 
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fomily h••• '""'" ao\!wunced-AMD, l>~:C. ~i¡;n<
tk•. ~iconen•. lnt~!Sll, HCA. Bolh lnlo·rd ond HG/\ 
hove """oum ,.,J pl•ns fur l.:~! OS H"'""" ,¡ ~lCS 4b 
chips. 

Tho ~ICS lS<I,ipslJ>O o sin~lo +5 volt 'upJ.>h ''"¿ 
hove hJL';c ioo¡>ulo nrl out pul 1< •d-' t.'. o< ;.•,· ~ull,• T 1'1. 
o~mpotoble. A• with ull MOS rrJt•OJ>IDe<%0", thc 
uulpul dri>O i• limil,d -l}[oi<olly /uur '" ~"- :,,,.... 
¡ouw~r Sd,ll ~y ILS l'rLI u nit looJ•-

MCS' ~8 d" 1" cunt.oin •n osclllolor to ~cc.t '" 1' 1 1.< 
¡>rO<"""' 'lod< boo<nio.o lly 6 ),Jll ,¡ lrcr.1 or. ' ""- ·:.!1 
crystol or HC circuot. lt ;, al so po>'iblo tG<nc.nocl sn 
utemal dock dir.·ctly to the o>e<ll~toc ;,-.,,¡_ '!C.o 
output ol the mull•tor leeds a di•iC<--by-tl-.c.< 
counttr "ho..- out¡mt {.oorr-.i~all~ 2 ~~ H ,¡ co"·""'' th 
into!nol ,Lot.-o el tl.e P:'-"''""'· Si::oe :r., ,;;·.-:_,o~;:· 
th.roo ·~~nter C4nuo: \,o o¡·ná.ru~.::c! .,_,,_,_,,,~. ;-:l>
oeS5or \:0 o•nnot Le rolu<.~cd •e:} ~c!l le ,;-,, 
6-M l lt clod. lor vic< y ir.torf o ces. nor tar, p;, """<le> 
be run in l<><:k·stcp from • co~cmcn <k.:< :~a :ri
pUeat . .d mltrccomputcr (au:hor's pe l ?:oject). 

The iltCS .. tS fnmily sati~fiultl~e· "'"'·'! 
lntcl otrol«gy o/ being th~ ,-;,~[;,.:,'a· 

rnorkctploo~c \lilh Ml in,pcrfl'tl LL<l tJ;•_fui 

produr·L 

-------
Thc ~1CS ~S chip> 1 ,,, b~ , ... ,; .. , ,_ .. , ' '" ·: "' 

pin wnn•·<l<d loan i::t'''"·"! l ;~;-. ic ;,,,; __ ,,,, ¡- .. 1:.;;• 
ro•istur ond &hmttt trio·,-or_ Tr.~'- "•"'" ~•- "''' 
can L~ ••·eumpli•hc,! ~} ~c.< 'lu !\hl : ,r,C '·~· .ci:•_ :. 1 ( 
i• o hl ti~ mure dlifi<~!t (O o.t!tl a l<•,(c-cc :ol:<•[;, ,) '' ,. t 
(for ~un>pl~. by a watthCo¡; Lim<c/, ,;"'" e¡•< c. r~l
!oclor cr di>llCle !ron•is~cr dd•·~ is ~~~.,;,.J. A:~d 
unlt-.. Lh~ <!riler ,.,,~¡¡ i• sc~!-.i<:io•!,o~. o¡,,,,;,. 
comm.,nd<·d rc>ct ,.-;U d:ooblcth< ~""''"': "r "¡, "': 
time, duo lo tbc ti m<- ,-en ;tAnl o! l 1 .e i""·, ' ,. ' t ''" 1 
chruit- al•t•U 1 200 m >OC- In ""} '"''-· a " l ,¡, _., • '._, > 

· the >Ul< of t ho prc><:tHnr. It "ou!C le ,.:"' t o L» t • 
nonm.,l. .obl<- in Lerrupt tes in 1 ht• !otlc :'' t ;.,, ,-,•ol.: h 
u.<cd for •prltu•li<>n> oo<h •• "'"tc!,Jo~ tomo'-' 

lnt, l.<Ltp;••• 10 t" o n-"}ur dt o .le-;•" .,.,., ',' · _. 1 : •' .•. 
MC::i ~2 f .. <r.ily- .. ""'' "''' ,,~:,., ·•-d ·,, •'·' 
om•.JI;tor, ICE. l.cth cf "~-"h '""- 'e :' :--, 1 '.1: ·-; 
mi""'"""'ru t < r ¿,., '!. r"" r.: ,~ "· 
lnh·l dDL> not '~f•<"-'" a o~ ~.:es ;o 
simu!.to" tl.~l "'"M 4 l~r~,- ce:. :·.,· 
n«c.,it} lor llr-) Lr.;t· ~,,,:,--: .. 
llo•r•rr. lh<}' con Lo ob:~:,.,~ ir.-.:. : 
>Oit•.r. l.r.u>• • .nd ccc.;;rlt.,r.lf :.:, !. , 

lnt•·l !.!llS oof¡,.~,. fur <Le :.:e~ ~e:. 
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Adnowledgr.H~Ill5 

1 approciatc lh ·~~"'·• r.t' •. ! '"l con, lpes d~:ing 
the pt<·p3rolion ~lt!.i; .• :t .. ;, , "'i'ecioll¡ thme !:c;n 
Prem Join, l'>~l ft~'"'· r:~ Yr.:~w-j_ oc.d D»e 
SU:&Ino. Tho "·'·"'""1' ~~~~• ,,,¡,.,.," """' ol'o 
very klpful. Tho:;),, ¡;,lO!'.:,,;, Alli"-" f.';,:·; 
gc.tin~ tl.i > , n iclc , " r • ) ' :.: •to. r.~rl : ~ !l<Cc_o;¿ 
Peuto ond ¡_,,, t;!.u<t.~ ior t.,¡.\.in~ ""' l1n1>h :e 0/ 
<ou rse, s¡ocd .t 1 1 .• -.. -.1 o ¡; ·' 1~ 1 :, ~, : fe : hir.t,in,; ~' t:,. 
MCS-~8. ' 

Somo ul thi> m•U:i>! ~» •''' ~-""1 e,:,!"" o 
lcctmcr Al tlw lli¡;:tol S¡,¡,,"' l,oLo'""''' ,., S.o:.
ford lJ,i\, "''l'· IJ.l.cr n1!"::.l" ,,,!,vul fr<:.1 r-, 
~·tl,r,u< '· .lfir·· tor•r e''.-;," 1 ·~; 1: ,; 'e '· ::, cr c.-, o •, J 
Pro¡;"""''· i •.¡; cod ,', r"''''"'''i :. :, ,. r, \'u[ 2 S;:,:_ , 
llo,¡,,·c•< [),.,¡>'"·<O 1,, ¡•cl.~:,~,cJ L:- Jo'.n \',·,~~-: '
Sor.o in ¡, '" 1 V7ó .. \1: op :,¡,,no., p:.-.,eJ in th" ~• e<· 

ele ••< tny ~-' n. 
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The first implementar ion o[ a ncw microprocessor architccturc 
promises to I!GNOw the ~,;up bcuccerJ the ¡,ow.er 

of very small ami ue1y !ruge comput.::r:,. 

=================e~===============¡ 
A MicroprocPs~or Architecture " ; ¡ 

for a Changing 1/Jorld: ll1c Motorola 68000 
11 

Ed11ard Strittor 
Tom Gunl<'f 

M ot urol~ S cm¡, .. nd uctor 

Microp;on·;,r" tr-chnolo~} "enle/Ít r, o n<-" ood 
<>p~<lally ,·holl,·n¡;ing o••· ll'h1lo l<·cbnu~u~_l cun
strain\5 have nol complrtdy ~~'·'PP'''"'J, ,,,. "'' 
ne•rl~· l<> 1 he 1"'¡ n1 "'hc·ro the IC<ni tin¡; la u"' in '"'"" 
pr.x;e.-or d<<•¡;n" not how r.1~rh luntlion t~n Le in
duded, lout how imo¡;inati>"e and ra<ti1e the 
dnicner can bo. 1 A> a rpsuh. '''oral comp~nies h>•o 
introdured JlO~·¡;eneration mitro~r<>re>'n:< 1\'e 
rlco<'ibe hoo. onc ol them, the ~lntorolo (~üO. re· 
>ponds lo l hc,o u rr it¡uc cond 1 ciuns. 

Motivations lora new mkroproccnor 
~tchitec1ure 

Pto>·i~us ~c11crations of micropro<"<·S>Uf5 ""ore 
limii<·d lo¡· thc ••·orlo~ble tr·chntrlu~y. llrool<s. rn "" 

"""" ic" "" icle.' ,¡ i ''" "" how l he lc<hnul .. ¡;y c~n· 
•traints and lh<• p<rcei\<d micro¡>r<•<r·s,or "'"~"' 
moth·Oled oarh· mi<·rop!l•<<ssor •r<hicecture. 
Micr~pr<><e""" ·,.. •·ro lin•iu-<1 in rrum~t·< o! n·~i.,crs. 
d•l• pa! h widt h. ,, nd iu-t ruc< ;,.~ >ct ¡ro" or r•ri "'""!¡· 
lr.cc,ou'e t t·clr<ml.•n r • .,rl.1 ""' <cpprrn "'"' r fe.•t en 5 
on a •ingle drip. Otho< limr!•lion> of """o· 
pruces.~rs. '"'" ... n.,in¡; ,..,., ;m:.rr ., .Jdr.·" 
• ¡>ooe' and o~ h ., r<lrr,·" of odJrt·" corrrput.tirr," .. ' 
nray Le a<ttib<>lt•J '" mue h lo pro• .J llrn¡: ¡oc· "'"i'''"~' 
uf 1he po:ent ¡,,¡ "'·" •e< "'lo l< d, ooloc¡- c~n '" oi-.t 5.' 
1\"h,tcHr 1 he ¡,., 11" < -~u <e<> tof '"'" .,; ll\. ¡,,~ """'. 
~• ~rr no~· in" ¡~o·<iod ol ted.ni"l i""'""tio~ >né 
•pidt<·d '"'"1'' lit i~n. 

T«h "''!"~ ¡,.,,¡ .d' o'" , < Tl.t· l.>a ;ir noirr~J"''' < >'or 
lrthMlu¡;)·. \\OS t.." h<'·n >tc.odil, oé, '"'"1 rn 1 [,e 
l1 Sl f<~ .' , .• , l"ht "'"'' 110\ irr·o Li< ·, nr¡·r~• ,.,,,.,, f.o> 

bo<n wcuit dr "'''Y tFiplfe 1<. ~· i h """':•""' 

...... , .. ,,,,. 

d"t·<tl;- into \~<· 'mo«nl ,.¡ '":•-~.1.\J Ü.H c •. •. C•o;·c• 
Ull 0 ·=~~le"'·'? >O'iCito¡<(vC•,,OCO( \<, '"''" <,,,::,., 
" "< ''i"''""' <o os '""'o ;,.,J Ir '""• ;.~'<·é· :e, ; 1.. ~~) : '! e· 
'"''''" [-.< ''·'P· curn·n\ i-1-'""'"'"'' t ,,. ':.-,,. ···A" 

lo<O.O'Xll<On>Jstoos. -.~ic~ ;, !o•>:c.c.-. ac. , •.. :, · ~' 
:r>.o¡;~tt\.do .-.ay from tlo m.:~:Oe· '·' . _ ._. •. ! ·:., 
lar¡;e•t m~,i·com¡r~l<"ro. Circua c.,.,:,_.'': •: tl< 
ur!y U<hno!o¡;r ad<4n« t!,o: Ir•' Le:.· rn.~<k <~:· 
'l"'P<<n<li.og in:p'"' tnlt"nC> ¡,."e ~con oc~"' ui io c.:· 
c~il ;pc<•d o rd P"""' di >'Í¡:.r tÍ0n. 

!ldl·,r>rts in Ce<hnnlu¡;r ).'"" bccr. C<."J«" ""'"· 

tiun.rr) lh>n rccolulionory. "fn<· r.:.1¡or ""'"""'· irr· 
cro.,...d circutt denslly, is th• re•~\¡ d ~:•!oc.\ ·,;r. 
proH~lcnt• in proocc.,in¡: tochoiq~e• :h•: ¡ .. ,.m: 
>n>OI!<r drcuit d1mcnsions. D<~"'-'" hrr~•<" •·• i." 
or<· tlp.<!td \.0 cont:nut. ""'" tht) cirp··•·<: ·• r .,., 
Or rrc<rm;,¡; fr•nJ .• ,.,.•nt.>l :;J\ ,¡," •. '~"' !out c.tol.l ~o ! w 
tlrcr t\olut.onor¡ i:.>¡rro•t·ll.,•nt ol "'''11<;" r· 

ce'·""' c."t•" nricr<";>l<•<"t"~' """""'""'" trrll'( l·· 
dc·.i••,l lO l"'k" .J,onLO¡,<' ~1 ¡tus !u: u··· :.d···"" 
r.·r~<. 

~ ¡,., 1 , t J. ''·· nd. Ti>r •!~mand lo: ,.,. ;, "·] '' '' • · • · r• 
in :;•:·'<:o:':·•·• '''"' [,,,.,.,., ju>l'!. ·• • '· r: " · 
;>·• • i.li· ~ :,l,. ''~i·""~nita·; r~r """' ,. :• 
rn_r,¡[,:(((I<,CO. JLL>t ., tJ.< 011¡¡., .. ,: :• 1 ~· 

d< : i,;. ,,., «•" l.t ""' p• c·d in llr¡· rr• ·. · •: · • · "'. "; .~ 
l,.· f.,.:·~! .. ,<'''" <lt•ice;. "'~";·"; :!<e:¡r e·• ("· '"~' 
!.r J·•· 1 •< < '"·; • iom moro th. o .1 ¡, • '·; L ! .< ' " r. rr • .¡. 
rl , .. :;,.,., ,¡ ... ~ núrv¡.r~:, ''"'' Tt.< ¡ ·' ··:,r 
r,., ,¡., ~., 1¡n.·: ;, 1hot ,_, . ., d< .:,:•·' ,_.,,., <.,. n, • ,;;. 

-'"'' ~· '" : "1 r! t J .. ·y •<< \<.< lrt "'d _: • ·· o J.., ,:•• ''"o:·: ··· 
uf p .. ,. o~t: • .r :o¡-o!ic.tioc>. 

1 1i:;h • rrlt" "'""'~" TI.• l·"·.: .. r:or.!·r r:~.·:r ' .• 

'. ' ·. "· . ·::rcoo¡~: . .-·, • <L.r :.j ;•• 

···~·;,,,.11¡ [).,1(,.-: .. w 

• " ll 

., . ; '···~ ,, " 
:•.: ... ·:·•''''· 
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lYP<[.At Cill ro[[.<"I~L(S 

,,.,()S 

• 

e"'"'' ""' t " 1• ·" 
""e,·~ t,t,•OS 

s;.,; """. •·-"' "-' '"1•' ,.,,. ,.,."' ._ ',' :; "' 
t,t.iCS ~ <¡¡¡,' "' ": 
""os • 13~1 o.,' "" oc,; 

·.:·;s = ' .. ___ .,_ 

Fig"'" 1. Com P"''c"' Ql Hr,•os ""' '"·' D! " , :.r.ol<·>'"'- ~ •·, .,.,. ~~ ,, "-"ol<•;, ~" , , 0, "·• •: ~::~e~: '"'-'' .. , , 
<lgnilleonl im~oo.om'"" Lo"""'',:,.,.;,.,, >nd •P' .o po•. e: r•< ""'''· 

'"''"~"nC ('""'"""' lunction~:,::-. ,,,-~ ;;,,·:; ccm· 
pie>. ap¡>l;,-,,,;,.,, dto com!.-Oni.1~ •~ ;'·'"·--• :;,, •i•• 
and cor.Lplo·Lil) ~~ r .. ic;<-¡or<..:o '"" r"'b'''""· S,,f:· 
"'Úec<ool; .>f: \l•V,C'OOco; ""'"'•'< c!o .. <l) i· ,._.,,,-.[; 
blc " it h !,,, 1 .: ,, e -,• < "'"' '· f ¡,,,,,¡ •, ! ' .. i ,;, 'L t; '1 ;,;, 

coo\ J";>ority "·"Y L>c ""'"'i''''''·"' i·. :.:~. ,, '""'" 
applic·;tiv"'· ~t·<oo <o~¡-.,.,,.. tO'I> -'''' L,· "•', •:.".," 
onr tl."u:.n.b u! ""'"'~"'" coil<, k: it <•ilcn 
prcdud<> d·c ~'< vf ~.:m r"•''"""" i:, .•; ; .' :, • l '"" • 
char.cu ri,-d t.¡ ··~'"Pl" r-"'•:'~"" btl~'- , ,1~,,.. 
To holp ,.-duco :t.o ),i~h <n" d ,,¡,~._,,., ""·"' 
pr"-·c;,LJr Jcsi~r.c": "'"" '''''"" o ,:r<•nr ,.,,,,,,¡,. 
ment lo >UJ>~<orllr.g bi~h-\nel l""b""''''' onci 
di><i~l "" ,¡ 1 "' 'li'' """'¡"~ ~'" "'' "' 

Hi~h <1.-i~n e'"''- Th <o>: uf d<>:p. ·~ .. r·d hn· 
plemonti"¡; • lll~ dc-•·ioc \oÍth t<r.s o~ tl.""''"'''' vi 
ltan>i>IO'> ;, i.i:;h. C~o;o¡·~tcr d<S:¡;, aiJ, ,,,. in· 
dispel<>•hlc, \,ut lll<•)' a:< ul• ~ t, :•""; '", D, ,i¡; "' ., 
rnusl ~tl,ot~ thi> d•·.<~r1«»t ó""!•lc"\ in '''·•'"' 
"ays .. For .• 1. >ll .i~l.; ~"' ~ ,,,J J, .. :1: "'· L> ir.,; , , ~, lor 
S\rU<:\ U O< '· e'< < .l>Í<'c lO Ítll¡olo IC·I' .o\, le> l. "' .. : ( "' f\•< 1, 
81\d 01< ti" .• ~ ... ,. :,, ' ', .• ",;, (• t\.:,, ' '"'" •' . :.· ,-< 
Sc<ond, o·,,h ~'" ""~·'t«turc ~~'' )., ;oL.::c,,-~ 10 
lu\ f~or •• l.,n~ >> ,-.... ,:~,¡~ or.<l ""''' t,- .~,, lo• t~· 
p•nd In t!,,. 1"'""' :.¡,."~"''"''" .,_,. .- ,, [.,;.,;.r d· 
futd 1~'1''"),,., '"~ o-.-,\.1\<<100"<,•••••-· fe~ ¡o •• :>. 
F:> pe 1 '' <·< \' «lllo ll) d•t: lO o ,¡,;,o! . ',j ;>:o•\ <' 1 h,

cori¡;in,ol ~-1•11 ""'"i'"' ,,,.,, .. :,),,,,, .. ,,., "''""" 
slr•lc• 11,. 1 , ,.,! ¡,,, ; :,.,,,,, J ,., :. '" , 1 •., ';:•" 1, 

mu>l (,,.,"', 1.:11" ::ti""'"' ~·" "'"""''' '" fo.\~1, 
•-•p:.n•inn , , ¡ ~" 'i\.:0_ -r;_,. '"·" •\ , wt' , • .,,.-, 1' ,, ' : ,,\., , on 
tho 1'·''' 1,0 , 1 l, ,, lill,,tin¡; -~~''"' ,;_ ,. , : •:, .. 1 ¡.r~
' ¡,¡;,;:un u· ,.¡,.1, ',. ;,_, .,,¡,-,. 1 .. 1 r..-u .. , ,, .. ;,, . ', ,,. 
tiun•-

D.-i~n ,.,.,¡, fur tlo< 1.~(¡:1n. :,:,•,,":,-, ¡,-•J',~ 

"'"''''i"'~'''"' •:chil<c:o"· 1.:·> 1,, .. - d· ,i::•,.-cl tü 
,.,,.,, lh<· <·~cir<monts , .. ,.E-.<J .L·•"t', 1'11.< 
\1 e o:·"' •to·, 1 l. , , ·"'" ;,. ¡., ,., , , ",. ·' : .. ~ ;,. T. e:, 

" 

--·-··' .. :" "·'·' :- ... ·-=·'') ·=· ,-, .. : .. ' ..... ' 
cv=. ¡o. : 1 1 : ' ' i..: ._, 1 e:-:, t • ,, : ... - ,¡,., :.: ,:; ...... l 
, ___ ,,_ ::.- ,,, :r:.; :, • ·' . 
-r• d.·;L ·'" 
,_,,,,,ltl. 

"'""': '"'" 
r:·,"":!.r:. '·'· 

tl,;.-.,. 

... - -._, 
-··· .... _., .... 

><::e> ti..-• ,,., ¡-...... .,,_,. ,,, 
C-."j<H,'ol.,;),;, Ot.,L ........ \.: 

'"~"'· ;¡.,-,:~!"'-'·'·"~::.e:"'·''~"'¿ 
,;,, v:cl .. t" t·;:e 

, .... 

.... 
: _,, 

:.;,,¡,,¡,;::.). '\ l.e G:O,'~' ;, ,, •"'·''"; ¡ " •. -. 
d.:: e, L.:«, :c:l.ct . .,¡; ¡1" ;,_,,,,;. c-.,,;,.,,,,,·¡, 
la:~o.• cf .,,.,., r. 1 por¡,_.,,."·"' "i''''·' ,,. 
>¡op\ic,:i~n!. 

" - .: ' ' 1 ,,,. 

E<¡ .,,.¡,¡.¡,•,_._ 'J :oo tod•: :o d"i¡-:. '1 •, . _, • .'O"' 

h·ol~"'· '"'" ·" r.""tio.¡;:•"" •. :~ -'·'• ;,,. 
t:~m. ¡L:.t ,.,, :.<': Ó:;.¡·!,u .. l\loJ "' '1"' •< • ''" 

lout k•c [,, ·" , 1.,,-¡_,-,¡ """ ~~~ ... : .. n:.c----• , ,,.,, 
"""-•)'. ;., ,,,.,. ·"····1 ,, .... , t. ~-- "" "· 
t~:.·,,,;.,,,,,c••-1: •. :, .• ,., .:.: :·-
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-68000 ¡ n lernat archilecture 

n.,..,~'""- The G8UOO dr·si¡:n pr<wideo •n •ddrc" 
~p.oc< ol 2" by !.es llimiLc..;l l<> 2" byt<S in tho initial im
pL.,men!~lionl. Mcmory is byto addressable. with 
indi~idual-biL .ddrcssin¡; provided lor b!l-manij>" 
ul..lion inotruction•. Mcmory may be •cc~s.NI in 
oonitsof 1, 8, 16, <.r32 hits CPU resourto• indudc si>- · 
toen 32-biL rt·¡;iSI<'IS, • 32-hil pro¡;rom counh·r 12~ 
biU in thc Íml i.1 1 Ío>plcm~olotiuo), ond a 16 bit sl.Jitu • 
rcgist.er. 

The rogistcrs [P>¡:ure 21 ore dividcd into l"o 
'clu•cs. The ci~hl d.11.a rc¡:islor! are used prin1arily 
for dall manipul•r ion; Úlcy m ay be oporand sourccs 
<or d~stin•tioM f~r all oporotion• but aro u sed in ad
d"ouini; only as index r~I(ÍS!et>. Th e< i¡;ht romainin¡; 
l•ddr<·ss) re¡:iot.ers are used primor>ly for addr•<>in¡;_ 
The • ..,,~ poinl<r is one of thc •ddrcS< !'<'giste'>. The 
pr<>¡¡rom counter and status wurd aro soparate 
re¡ls~.<ro. 

Acldro<sing. M •mor y is lo¡;Jcall y .oddrcssod in B tit 
byt.es. l S·l>i t wnrds. or 32·bit loe¡: "or d s. TJ,o t uJ '"" t 
implomontation require; lhat word ,1nd lon~·"ord 

;·······~' ~ ........ 
1S ! 1 ,., 

• 
• 

1 S 1l 
[q ¡s¡ 

TAAC(II<OOE ¡ 
SUPERVISOAY. 

"INl(AAUPI 
lo! ASK 

(<CM 1 ... 
R!GISHKS 

!IGtH 
M~R!SS 
R(GISHRS 

Pi!OGRM.I 
cow.u:R 
STATUS 
A.!~ISllR 

"""'~ª Hf(";.O.ltVl 

"00 
0\llRfLO.Y 

~"' 
•• 
11~~·• 2. !.ICó~UOO P"·•'""'"';ng rnod<l (a) ond lnl••n•l 
• IIUOh"f ol SIIIY• 1< ~•>1t< (b). 

hblo 2_ 

"'CUGO(l •ddte-.ing "'""''· 

R{~ISI!O Ot;!CJ ~~DOJSSI~G. 

""' .. ,., .. "'""' 
'"""" "li''"' O.r<l 
"""' "~'"" "" r<l 

R[GISJ[~ ¡;¡¡ [AA[ O lOOR[ SSINS" 

"'"'"' "'"'"'" "9''"' Odrii.O P"" ""'"moot 
"Y·"" d<I"M P" """'""'· 
'~" .. ~ .... 
""'''"" 

P'O:'<M COU~I[A RH~TIV!: 

'"""' "''" '""" 
"~'"'' "'"'''Q "-"'' ,..~ .. ·~··" ~"'·'" ""' ;: ""'"' ...... 

.. . 
[A Ao 
[A ~R 

!A rAoJ 
[A • IMJ_ <o<· M • N 
An <- An-1<. [< • flO) 
!.A IM)+O"O 
(A (M) + ¡<o¡ o Ol 

" • ·-~~ • "' " (PCI (MI • " " «> • " .. "' • C\i 

" !n<•l '"'"'"''·' ""''1 

., 

•O;ml'!! ~¡;DJI(~S<"G 

'"'"'" ""' "''"'"" '"' " '"''' '"' """''"'" .,,,,, 
iMMlO:<T! D.:. lA ~ODF.CSSI~G. 

"""'"'"'" 0.\TA '·"1 '"'""''" "''":" 
q""' ,-rr."''" P.\1 A "''·''" '''"''""'"' ,. "'"" 

Olf".t,ITli)hS 

[A '""1"' '''"" 
An '"''" ltl<~ltr 
o.-. c.,. "''"" 
Xn ·~''"' 01 Ci"• lt~•>'<f U><O" '""'' I'J"'"'' 
S' • >111•> ";'"" 
FC • ;•:.;""" "'"'" 
eS 1 :.1 d >P~«mtol 
o16 16 OtiO•>;"""'" 
~ 1 lO<''"· 11or ""'"· '"" • '" !on9 ""' N«.c.::> 
t 1 """·"" ···e_;':'"'''"''''''----------------· ·----

obla bo "ord olib'l"l"d Dils ace indi.id~olly .d· 
d.-e;,ahle in thc l>il·monipula!J"" instructi~no_ 

The Brchilocturo spccJ!ic• on oplinral mo·ntury· 
m~nosemenl ocheme lhat imFiemen" anci er.[urcco 
vadahlc·length "·~mcntation ol the ajdreoo •roce 
with access ri¡;hts op~eifiable for indi,·idual 
se~ments. Thc pr<><"•<""Or can b., u sed "!th or ""J(hu~t 
mcmor;. mano¡:omont. 

Adrl rc<s calcol•l ions (T 4blt 21are specilieJ ~y 6-bl\ 
field• of t he in>truc ~ion. Th• aé,jreo.<iug ;¡.oenf•t •lÍon 
is nrth~ tpn•llo t ~o o~eration sp..c1fr( alion o( 1M in
strunion: that is. "ny addro»m~ mo.le c;.n be u «•d m 
ony irJslruCLioll th"t u;cs oddro>•ing. 

,\drlrr·""' "'" 32 ~it quonli(ios 121 hll" rn tia• cut· 
r<"nt ""rlemc·nu<i<>nl The orchit~ctu1o ,¡r.,;,•nl'·-' 
>uppu<t> sr• '·'11 >) ,¡ etn' ltl1o<e "i th fe•·· er l """ ~" Jj. 
dres;aLie b;-teSI by ollowtng JG-L,t oJdcc'> 'i"•n
tities lo be s~orificJ. mou~. or cakubi<"d in olmo,¡ 
"'''Y addrcssin¡; oi 1 u al ion. For e~omrle. • n • kolute 
addrl"" <a<6c-d in a n in>troct ion"'" u>e 16 or 3Z t..it>. 
or bn indc• < •kulotio~ con U >e 16 Lit> {sigu •-• tend,-<J 
to 24 hit si or 32 loit.< of a rq;ó>l••• as inpu c. T.~;, f, aturo 
al!,.,.., the ocrhiloctor" 10 >uppon '".'" Lr¡;~ .oJ
d r<·<ws ~u ~-o~t pon•li<in¡; ll•c dii<Ót•nc y ,.¡ pt .,,;, ~'"' 
that r<"<¡uiro onl)" >mall ,,,lrlrc·s;c·s Tt.o a~~''"" -i<o 
(1 ~ "' J? ¡;,, ,¡ is; ,d; 1 iJL"tlly 'pc-<Ífu ·d [u, , .... -h 11 ' '. '"' 
ti• el lur¡;o "'"1 sll•all •d<lle>><"S 1 -In¡,.. ÍIIL< ,,,,,,,J •r· 
Lil• .• ril¡· m" proG•am. 



A voriHy uf oddrcssio¡; m <>do~ are ovoiloble: 

Rr¡:isl•r dirrc/. The dot.a or •ddrcs• ro¡;is\er coo
t.ain~ the Of><rand. 

Addr.,, tq{i>l« def•urd. The operand oddre., i• 
In lhe •pcciiJ<<I address rc~~sler, 

Addr<u re¡;islor d•farod posr onrrcrnrnl. The 
operand od~"'" hin the spedloed addreso re¡;i>t.er_ 
Alter Lhe upcr.nd i; occessed, the adrloc., in the 
rc¡;ister is inuemcnteo by the opcrond si:ell. ~. or 41-

Add,.,. NlfÍS/er dcfrurd P'•-decrom•nl. Tbe 
Opcrbod oddrcss is in the >pecifit·d addtc., re~i•:er. 
Beforelhc oper • nd i; """'><'d, tho add "'" rc~i>tc•r is 
decremcnled by th cp-.and size. 

Bou rtl.>li~•- The operand bddre55 iotho contcnt.s 
ohhc specilicd addrcss ro¡;istcr plus a 16·bit signed 
di>placcmcnt in Lhc Íllslruction. 

Pr~¡;rom coun ror r<-loli ve. The opcrand >ddtc" is 
the curren! pro¡;ram <ounter valuc plus a 1 G·bit _,i~n
ed displae<m<nl in theJMlr~<tion_ 

lndu•d. The operand addrc5$ is thccantcnts of the 
opecificd add,o .. re¡;ister pluo the "<or.t<nl> of on ad
ditionalldata or add<css] rcgi>Lcr s~e<ofiod pl~s ~n 
B·bit si¡;ned dioplacc•nent in 1 he inst ruction. 

~[){) OI>GISHR O<F EH REO 
• 

•oo 

AJ I~DEIEO 

• 

I'OVf 

• 

' ' ' 1 Cfl'-<"~ 1 Of'ERAIIG~< A~r-"CSS 
AfCISIER !IGD( -'-'Üó[ 

l OIAlC.T~CIJ ~-0 

' OP!F.AIION 
~OGE 

INOEX SllE 

' ' 

' 

OlSPll~!M[Nl 

' 1 MOV€ r AOORtSS--f ADOAESS AOOH!SS 
"'00[ Af01511R MODE 

f ),VOWOH~t B!lA \'CH 

• • • 
"" 1 CONOtTION 1 OISP,I.C[M[~l 

,. 
•• J co·.owcN 1 l[RO 

.. 

' •OilPESS 
P.[G15l[H 

' aAS! 
R!GlSl!R 

' A00R(S~ r 
R!OISIEA 

1'"'1/:'am rotutl<'im/eud Th~o¡•<·r•nd •d~"" ¡0 
tite t'Urrcnt '"lue of thc pto¡;rom <Olmtcr, plu• tho 
<~lll•·nts of th •r•·<ili~d d>t.a or addrc" r•~ioter. 
plu • •n B bot si¡;ned disploccrnc~t ir. thc iostructior .. 

A~>lil~re. "fhc up<rand •dd""" is h th• in>truo-
tinn 

1 '" '" •'diak Thc opt-ra nd is in ti. e ;,,¡ru,¡ ion. 
Ht! mid,.ssi"H· A <~mpl~1c oct ,,¡ Li1 ,,,,.;~,.l.ot ion 

Ín$Lt uctivns (~>. T.C"L~Ah Clf '·'~¡: and 1 ,-~TJ is provid· 
..-<!. For lhesc instruclioos. on ¡ocli,iuo•l "'"''~') 
~otd is oddressoJ u sin~ ene ol tt.c "~'"' -' ,,.,., .. ,¡ 0¡:
"'udeo. 'J'he in~ividuol ~it to be •mnip-'l .. ted,; ,,,, 
dr~S>od by il! bit numLer in th~t "'''" Tho l.,¡ 
spetificat10n is cont:oin•d in t~ .• in•t:~cti~.-. ~: 
prcviOu,ly calculat~d in a ~Ala H-¡;i""' :.-.,, 
mc<h~nism •llo"'s bit• !o be "'ld'"''"'' ;i-:.r--:. 
,...jtbout requtrin" thc u'" ol lvs"·•l in-¡,-,"'''"" o no 
m••"• Por 'cgi>ecr;, •11 32 bi" "'" Lt ~¡,-,ci,;c!l,- .1,0. 
dressoble_ · 

l n all cases, tito addresses , pe<·ihcd ~·· lhe F"~'>rr. 
ean spon c!-.e cntirc •d<ire» sp<•.:o, :\o ~o~Ílrd: ;. "!: 
'""" •i<cs ~re impose~, and no ,.-¡ .. ocatc '"~"'"~' 
nun1bors nc.-d be m•nipulatcd. . 

Adrlrc>ss, li•e int<·~•·r. is a lull)' ;.Jp~"'"' ""' 
\y pe . .h. <orr>plt·le sot ,¡ o~ó""''""'·i¡do'i<'n "' .. : ,, . 
tions !'W" F .. cu" t'AHE. r ·''"-' '·'~~,- lltn E'';··. 7.' ' :..,~ 
1U. StlllTH.•CT fltO•.:I Í> in:plor:-.<r.ttJ en :~.• ~,:¿,.,, 
r ••¡;i"'"- 1 n .u diti""· t f. e '-O~n¡: f n.n ,,.E _,; ··, •:•; 
in<L!uction pedMn1S oc ari¡rtrr•:)' coko.',Lir,c, ""~ 
put; thc '"'" lt Ínl u a >i'"" :,eJ otlt!"-'' "~"' ,., , '1 '.o' • 
ptovides thc p:u~«rHm<r, 1n a •io~io '"·cc:·c:i~t: 
with th ,!,iltty to pr•colcdare ;¡JdtC>><'' .,.,r.~ •~y. 
of t h~ l''<><t»or"• addr .. ,ing r.: .. Jos. 

Rccaus• lherc are cight-•ddrc"' ,,~;"'"· ¡,, .• , 
nwmory acces;es '' t ,. rcr,<~ ircd !ur lnoCio ¡; "' i > 1 '•' in,; 
L <'l npqr1lry o ddro:_,. 'a:u ''· a nd "rl d 1 <"'-"" : ""'1 • "''CJ 
lu be re<:alculatcd in drfferent p>rl> el tb•! ~¡~~'· "'· 
Thc•e fcatures minimize the pr<>~r>m tim<• ,;><·~:
manipula¡ in~ ~ddre><c>. a com"'on bcttl<n.rl- in n· 
isting micr<>~rocessurs_ Thcy abo < ,¡;Lii 'h a do,;r <·e 
uf address·site indt•pendence;' tb~ •dJ,.·H· 
s¡wdfic•tion lield> in instru,lions ore tn.o.\ t¡Jien 
only 5 Lito, re¡;"tdl .. s of the f.o e thiLl a'"'~< IJ2-I,itl 
•d:dr~ss_i, "' tu~ll;· Lein¡: specifi~~-

Da u •~•nipu l.,¡¡,,n. The C&OOO >ur~utto " "".' .~'"' 
of d • .co typcs nad >"PI'Iic> o l'umplc-tc -"' of <'i" '"' 
l iuñ; fur e,och L-''J'C !Toblo 3 .,,¿ Fi¡;urc 31 In ~ .. c,n:, 
th• •rld"'ssin¡; "l...d< is in~cpendcnt ol thc ¿""': ;." 
Al""· in e; ses" h<:c it r.10~c' >Or.<etin•, ~<:'-k;: : "'· 
a<>d •ddrcs>es), the siz~ el Lht• ''!''"'""'' :o:_. ~. 
<p,·.-ilit-<1 indcpcndend; ol thc "l"··:to.•"- <'<·=··'' 
>OUJ <'CO. m o)' be eit her r ··~:s[( t s ''' o• 1 d """ C :,_, :', ,, v 
lotalÍ<>ns Thc rosult may Le ""'"J ellr.c• :n t),o 
r<'~Íotor m 1n \h< o.pcOLf,d mem,.,;· !ocation. 'f:.i, 
do'> ol'' regi,t<c· to·mcmory" op< rol :uns ''"""'o> t t.e 
num~er o! rc¡;ist<·r <l<>•« '<"<JUÍ,.-d tos.-~,.,~¡,__ 
:.lu;t "1"' atiuno , on lo >;>OCÍ lit·d to ~ ori- ""'"""' l to
a·¡;istt r, ro~is\er·lu r,·¡;i>tor. J t·¡;i= 1< r-to '"''""")', 
im m<·<lia lo Lo a·¡;Í>I, r, <>r imt11<·d1 ''"' 1 o-mt·n""-''. Tite 
m o\ e rnHructiun is wure ¡¡,."~:, .. ¡,. ;,g ~ Hl to-·-. \ 

adJre!.s instru<lÍ<ln. 1l con 'l"'cd;- mo.olt.:;-·1<>
"'""~or~ tnO\"C Of''" ,,¡ Ívn: ¿s "di as t!oc '-'P' ;, "' :·,, d 
~loo>< . 

COMPLJIJ.fl 



Tho G.'IOOO dota 1) f"'' and l.hc "f><'r~tinno thot su¡>
purt thom are: 

l~i<Ktr. Th npera<inn, aro Ar>D, SUHT~AI:T. 
WULTtPt.Y. f>lVII>E. M;GATE. CO .. ~AHt. ond 
MIITHMf:TJC "li>T lnl<·~crs m ay he 1. 2. or 4 hyles. 
Shift... are muhiplo·loa .'loilt•. •ither Ioft or ri¡:hl. "'lh 
ohilt count s¡><"t.tfi,.J in the instruction or pre•·inu>ly 
....,lculat.ed in a de~.>t r<·¡:ist er, and indicot.e ovot now a• 
1ppmpriat.e. 

J.f~/lt"prooi•ion into~~. ADD WITH HT~'<D. SUB 
TltAt:;T WITIJ !o:X1 >.~!J. M:CA'f¡,: WITI! EXnNO, U."J r.N· 

t(l )tULTIPLY, and UNSIG!<tD DIVIDE ar• the 
primitives supplied lor easi!y implementlng 
multiprocision integer aritbmetic. OpNOnds moy be 
1, 2, ot ~bytes, except for multiplyand dtvide, .. hió 
opor•te only on 2-~yte quantitiu. 

ú:JgicaL Thc ~peral ions ore "ND. OH. ,:xct.u,¡ rv~ OR. 
COM?LDI¡,:N'f, COMPAhf-, Sllli'T, and ROTAn l~hich 

•Uo .. · multi~lc·position shifts ond ratot.e•, lelt or 
rlght. wlth or wlthoule>l<nd bit). Lo¡;i<ols m ay bel, 
2, or 4 by~, 
Boolea~ ASO, OIL L \Ct.USIVt Oft. CO" !'U:M f_h T. 1"

PLlCA Tl<i.~, and 'LT ACI;Q R!JI,,C ·ro CO.,'DITI ()_, ronES 
ar~ providod. (SI:T ACLORDJ NG -m ro_\'CII rw.,· con;;s ;, 
u""d to retriove thelogical valuc nf any ul tho cundi· 
lional test• that are available lo tho CO,,DJftrlNA~ 
DRANCH inslruotion) lloolean data •r< oM byte 
qu•ntitieo. ·' 

Bit The opcralions are sn. CU:AR, CIIANGf, a¡,d 
n:~-r. Bit• Bre indivldually addrOssable. 

D.dmu/. AIIO_ SUBTR_,CT, ~'>TGATL. and CD-''PAR>: 

ue de<imol oporMions. Tho dcdmal(llCDI ¡n;lruc· 
lion• work on rJpr-rands in 1lo<mory lmcmory-to
tnemory) ¡.,·o dib~l• (one byte) al n time. Combine<! 
,.,.¡¡ha l<><>ping instru<tion. t~.e dotima! instruelions 
implemenl variohle-lrngth momory·lo·memory 
d•dmal cperotion•-

CAorocrn Charoctor instru<Lions, Mon: and 
CC~IPARt, work on operands in memory (momory to-
memory). · 

A.ddreu. Adrlre•! O!"'talioc,s indude INCRF.MI:~T 
fby 1, 2, 0< 41, DECREME>:Tiby 1, 2, o; 4), ADD IN TEr. r.R. 
SUBTR"c:T INTLGER. Cl:lMMRt. and LO" O EY>'ECTI\'t 
ADDIII:SS 

Roa/ l-·lnat ing pnint "un_ SUF!TR"C'r, ~IUJ.TtPl Y, and -
DIYJDE aro spo•cdiod but riot implcmen~d in the liut 
vusion. 

SJT/n¡:. srRING MOVF., STRINO SE~IIC>I, ond 
TR..,NSLATE ore •pec!lied but nol implement<d in the 
rast ~•r>ion. 

Pto¡;rom ronttol. Pro¡;r•m·control instructions in· 
dud< CONDITIDNAL llHA~'CH !ptú¡:ram countt'f 
rela(j,·e), JU_'I P. JU>IP T0 SUBROUTI ''f.. RETIJ~N f'ROM 
SUBROIJTINE. and III:TI.IR" fRO'-'l 1-~TER~UPT. all of 
,.hkh are tr•ditionol instm<tions. Sixtoen srp•r•l• 
opuating >} stem c•dls are spo'ci!'" hle with the TRAP 
iutruclion. Conditiona) traps, Jooping, and 
subr011line <:O M rol are di.cusoed below. The STOP in· 
slruction halts \he pt<><<SSOr,lhe RESn in,truction 
r<initioli>e• the sysl<m onvíronment, and the MN ( 
in>ltuclion c•n m•nipul:.~ thc PI<'Ce»or sto!uo ...... ~ 

., 
l'ridlrgo •lnl<o. Tho 66000 pmc·c'"" can ~1''"" t.e 

In u•cr or '"l"'"'Í>or "•lo_ In '"P""'hor ''"'"· the 
entir• in•l"J<tton ><t i• •~aolable. lndic~linn of the 
curren\ stote ¡, ~¡"' n \O Lhe o< terna( "'Orld ><> th.t, /or 
inst•n<c, ~ddrcss lran•l•toon o3n be inh'htlt•d whcn 
tho prco:e•><~r ls in >~¡ocr~i><>r >'~le- 1 n U><,-r 'lAte. <er· 
la;n in>t ructóon•. su eh os S1'0l', hE9:r. ond th ""' th•t 
l)otodily l he st.ltus word, are not ~llow•d. they c.u;e o 

•oc o 
AOO 
ACO< 
~•o 
ASL 
ASA 
s~c 

f>CHG 
BélA 
B-'!.1. 

"" "'" OlST 

'"' m 
e ''P 
oc" or;s 
DI'•'U 

"" [>C 

"' JMP 
~SA 
lDij 
,oo 

'" \IN~ ,., ,., 
MO'Il: 
MUlS 
~u~ u 
~9CO 

.\!G 
~tGx 

NOP. 

""' '" ~ 
~~ s¡¡ 

~" ROTA 
RO!Xl 
ROIXA 

"'" "" saco 
seó 

"" SIOP 

'"' suex 
SWA' 

1 P.<P 
¡O~"V 

"' Ul'l ~ 

TobTo l. 
MCG!OO in<trucllon ••'-

•~~ d<"mJI ~., "'"·' 
~ 

"""""" ''""" togic•• ond 
Ml~m~c ~~.'o lell 
""l'lmotoc ''"" r.;;nt 
~IOn<O ooO<:ol";c"l) 
B11 "" .nl '-"·'"~' 
B•l•m .. e,;"' 

a""'" """'•' Bol"" an~ •~ 
8<<0<~ lO •uoroc¡.,,. 

Bll ''" e"""''"" •o• "" boon~• 
Cl<" OP!"OO • 

~"''"""« compo'o 
o.c ... ,_ .. , ••• "'"":t"- """''"' 
S•¡no~ ;; .. ,c. 
UO>oQO·~ "'""' 
L<<fJS .. , 01 

¡,"""~' "~''"" 
So¡noa ''""C 
Jum~ 

Jum~ 10 '"~"'"'"·' 
l .. d rnu<:•PIO "~''"" 
to•O "Q""' ~coc> 
l .. d '"""'' OdC<e!! 
uno ""• 
lor¡o<OI snolt 1<" 
to¡¡ocol '"'" r.gOt 

"'" S"n«< mullop~ 
Un•,¡ne~ mullo~t) 

Nt¡m d,C•'l'>l wo!O <•10no 

ho's c""'P'""'"' 
J~o·s comptomool '"'" ''""" 
NO Dj)<lOioOO 
Oo< s como~'"'"' 
tor¡~" .. 
p,,. "'"''"' ....... 
""" ""'"" ···'"' 
p,;"' '"' """'"' ''""" R;lOI<togOI ~'l,oul <•JOn~ 
Rol"' ltlt ••Oh ''''"" 
Rot.IIO t~hl ~ llh t•lt'l<l 

RotUlO il\0 ""'" 

Ro1UtO trom '"~""'"' 
Su~ll>et ""'""'''om ''''"" 
Sol <OII(Iotoo .. n, 
Sto" moti'P'• "¡''"" ... 
Su~'"" 
Su~:ro<l ~"" """" 
s~•P d"• "i""' "''"' 
lost ••<1 "' <>«•"" 
!ti~ 

f¡•p"" -~"'~ 

'"' Un'"< "'" 





' . 

P'RUCRlU [l~MPl[; 

~~R PlAlMI, fAR>~¡ I~HGtR: 
Pi;OC!OU~[ PHOC 11: INHGlR. VlR ~; INHG!RI; 
Y~ l.! 1~!1G[R, 
!!GI~ 

<¡.ooct<l"" """'" 
!~O: 

BEGI~ 

PROC (Pl!IAI,jl_ PMI.O.Id1J 
{~0--

PilOGIIA!.I l!l)Or: 

fARAI/110 -SP@ 
PAP.O.I,jl 
PROC 
1610 S~ 

PIIDCWUR! 800Y 

' LINK IP, • 

t.!OV!Id <•~''""''') 10-SP@ 
qroco~u" 0001> 

··p"lh ''"' por¡mmr"" 
''P<J$h ·~~"" Ol lOO ........ ,., .. 

""tolln< "'"'~"'' .. 
··,.,p P'"'"""' '"m IM ""''' 

""bo~ ••e '"""' '""' lo<¡l 
·or~blo>"" 

""pu'h ••~-• "''"" """""" 

lo'OVUI, <10¡o$10rlo$L> IROM SP@ + "'"""' "1'""'" .. ,.,,,. , ..... u~u FP · ¡-
• RETUR~ ""«Mn lO u~og ¡;<ocoo .. o" • 
'-----·-· .. ;. -----=------~-- --·. 
Figure •· Slmpl• P""'' progr•m ond ·~"'"''"' teooo codo. 

"~ t 
lOW "'tMORY 

SAVlD 
R(GISilRS 

lOCAl 
VARIAeLlS 

" PR[VIOUS 

" 1\ REIU"N 
ADORE SS 

PARAME!ERO 

~ 

" -V 
\ 

BUOR~ L•Lt ll !IR PIJSHI'-Ci HIGH "'[MORV 

' 
PAi\1-.M[TERS, CAl l. • li'(. ANO 

' SAVI~G R[ GISHRS 

" 

4< 
lrop lo •upervi<or ~t•tr lb y >l~r:\¡in~ the cmn•ntpro
¡;r•m •nd <L-o tus "ucd and lo.din~ 0 "~"' con:t••l !ro m 
o prc' ""i¡;nt·d Lr•p VeC\Crl. lllq:;ol ins\n>rtions, 
unimplt-mc·nl<·d Jnstcuuions, inh·r;upts, and l'>pS 
(uptrotin~"' sysletn ,-"11<1 all r:ou.o ¡he procc>Sor te 
V•P and switch \o su per>·i ''" state. To ensu•< propor 
Oprralion .. loen returning lo supervi>Ot stote, 
ro~ardlcss o( u>er-st..te acti"ty, t htre are ¡,o,; ••1..
pointcr H·giotcrs-one acti,-e 1n U>ct sU\<, on• in 
ou~rvisor sute. The """' sf.nr:k·point.r <Oe knl> >re 
onilablc, by special inoUucticns. to th• •~l""''.-:<or-
11-ate program. 

The 6B000"• uscrl;ystem stole distihct:uo • tll 
•llo"' a small upcrati n¡;· S}' st<r~ kernel to ptO\' ;~, f" 1 

ly pro\ ectt·d virtual addrcss >paces tu an}' r.u o.ol•er , ' 
inrl~~endent tasks oc"""'"· 

Trapping on ;Ilegal anrl cnimplcm<·nled in.•~,..C<· 

tiuns alluw> tho "1'"'" ti n¡; S¡'>tom 1 o l'fO\'iéc· o "-~·
f unctional ;·irlual wochinc to uocr-oto lo t as~s F or tr.
stance, the operot.ing >)-' ncm can tronspll!'tnt.l; P"' 
,-id e soft"' """ implement.ation of any cu;re:-.oly c-.i"'
plcmented in;ccuctions (such as fiu•t1n~ potnt ~' 

string manipu lotionl o><·cut<d by a ""'' ->tot e U~~-

lligh-1..-ellan¡;uo~e oupport. A r~cen< ;.orot by 
Alli>un' '"C&t>L< l'oa;·s in "hich microprorc,;~: ar· 
chitccture should be dc>i~ned to suppO<' hi~h : •• d 
languagos. Th,. rr.otlw<i, fúlln·~t·t! by the C00(·~ 
M•i~ners, is to ··.,,,.,;no ... th~ rc;ntimo re;•r•><·nt .. 
tion rcquio<od for the clo•s d bn¡-;-~a¡;C> LO l.< i::. 
plomcntcd"' and to ""piO\'iée •Ooqu•t' ;,_,~,. 
tions. , . to ouppof\ tht· n·quJJ cd "">time re i" """~' · 
tion"' and tran•fmm•ti(Jn> on tlo"t rc·prese"lot,un 
''without t, tonsi '" in-liL>o com~utdtion." 

The 65000 dcsi¡;~ support• hi~h·le' el bn~-u3go·•- o< 
both compila! ion lime and execution lime. wi:h o 
d"""· ~onsistent 1nstruction sE!, wilh ha.j"'"'" irc.
plementotion o! cmnmonly u sed fu ncl ions lmuit:ply, 
divide, and oddreso calculol!Or.(; and with • s.: o! 
special-purpO>O instn.!Clicns desi¡;-nod lo :r.a~ipula: • 
the runtimc en,ironmcnt of a high·lt•vcl-lan~uagé 

progrorn. The languo~c construcls n:dcd by ;hcse 
opecial-pur po•o i n<lo uction> induclo aTfd)' >.Cet'••i n¡;. 
limitcd-procision arithmetic, looping, Boolcon
••i>reS•ion e,·~luation, and 1" .:.Ccdure calls. - -

Army acceuin¡¡. 'fhc ~nv~ns C>H:rK in,\rutlion 
cornpores o pre,·iously colculatcd oHay indo• (1n • 
dito regist-<r)o¡;~i~st «'rO ~nd o hmit ,·olue ,¿,~,.., . 
.,.j by the inotruction. A trap nccurs if tho i~cio> is ct.t 
of bo~ nd, lor t hat •no y. Tbi• '' plaCL·o a comt,.or. ,,~ 
qucnco o( imlr u r:tion s [•t lea st foutl ~ it h • si nJ le ,,. 
slru<lion 

/.irniUd·praision orilhmeti~. T~e "''' "~ 
O\'lRr'-0\l' in51ruction causes a trap ilthc prt·<• ~:r. · 
oporation r~suh~d in o"t·rflow. This allo~>s efE<:i<=" 
o"rflow ,,.,tin¡; lo encour•ge pro¡wr c'leck>'>i: ''~ 
arithrnotic ,.,ults. 

Ú>oping. A rnttict•d form of tht ro~ l<>Of c~:.
struct is intpl<monltd in • sin¡;le in>truc:ion :J-.• : 
d.crernonts a cuunt and"l""ncbes bo'l."ard ti tho • 
r .. ult i> nnntoro. : .. 1 

B~al~on·C>pr-.<ian evahation. Th< Cu,niiJO~A~ 
SI:T in<ttuctíon• a.sicn a truo nr !abo ,-olu• Lo • 
Bool<-an "" r iablc on the same condttion> l b•t "' ,. u •-

CO -'->'UHR 





-
od br the ,.,,l>ITION~L I<H~'·nt instruni<ms. Tt,;se 
lnslru<tions holp i~r~pl<·m~nl Ilookon·oxpr•'·"O" 
.,·oluation Ly Aloidin¡; <AlfO cond<tlonol bconthU. 
eop<"<·i•lly in the e o>< lu with Poseo!) ... -h.-re ''short· 
CÍtC\1 il<'d ·• O\ ~1 uation m•y be undosirable lx>cause ol 
pouible ~ido df«:tS. 

Pr~rdu'< coll< The GBOOO uses 1 <Lack-poinL<'<l 
1.o by one ol the .ddruo rc¡:istors. rolle'<! the stock 
polnter-to build the nc<l«l en,·ironmonts ol called 
ptocrdures. Three instructions !plus on addllional 
ont for c•ch poramotcr) implornent • l1igh lc·l'd· 
)angua¡;e proc·cdure call ¡Fi¡;ure H Tho entire cal] 
mcch•nism us•s only the Sl4ck and i< corr.plet..ly 
,..,nlt3nt!Fil,'Uf< ~~- These instructions tre do,eri~ed 
In more deu.il Lelow. 

Pos~ purom ,.ú, ~ah.-S ar addn•<> e> On/~ 1 h< 5 luci<. 
Thc MOl' E insnuction pu •hes o v •leo oo to the >e•cl<, 
ond the ~l!SII EH-~CTI''E ~PDI<ESS ls<e Ul~D U>r.C. 
TI VE APD•ESS up!ained earlier) push~s t~~ resulto! 
1 n artitrar}' addr~ss c•l<olation Ofito the st~ck lur Cal! 
b)' relorenco. 

Ca/1 proc•d "" Th~ J U '1 P TO ~UJ\ROU"rl' ~ inslruc· 
tion pushes the rHurn address on tho suck aod 
jump• lO the ptOC"t-dcre entry point_ 

E,lobluh n<U' /o<Co/ ,-nvh·onm ""' The Ll ~H insl ruc· 
¡ion does all of the [ollo>'ill~: ;avt•s th ol<l con L Cnt> ,,¡ 
¡ho frame po1nter lan arhi¡r.;ry aCdn_.,, "Ósl>rl on 
the !loe\<, points lhe lr•me pninter lo the n~w tcp ol 
sLoá, and subtrac'--S the nutnber ol bytes ollo'>l 
storage required by the proceduce ltom lht s~oc:. 
poinU.r. This e>tahlishcslocol sloroge forthc cc.l:ed 
procedure anda framo pointrr faddre.« r<~i''"'i fo• 
jnde. •ddrossi ng of local va ti• bies and paramoters. 

So."• an arbi<rary sub-.< a{ th r~gislr" on tf.e 
I/OC •. The '!(IV(: -'IULT!?Lt REGISTERS instrUC!iOn 
u~e• •n orhitrary su bset of lhe teEÍ>Iers on t he ""ck 
jor anywherc in ¡nomnr¡'l in a single insLruction. 1"hc 

. regis<-ers to b~ ••' t-d a"' indic•l•d by ••tling the cor· 
res¡>Qndiog bits in a 16-bit field of thc instructioo. 

A set of at most four instruotions re~erS<! the pro
ceS! for procedure relurno 

R<load saurd <e¡¡iH<rs The MOH "ULTIPLE 
HteHSTI:RS instructioñ is u oed he re also_ 
Rru<ablishpr~ui~u•rnc·it-onmrn~ Tho U~Ll>:K in· 

&tn,ction undoe•the work of th• u~·x inotruction. 
R<turn from procedo.re. The RETURN instruction 

pop• lhc return •dJress from thc slack and roturns lo 
the Nlling proccd ure. 

Pop para'"""'' from rh< Uark. The ADD "'
•1 ~DI AH instruction US<-d on the stack poi nter pops 
any numher uf ,-.Juoo off tho sta<k 

Thl! 68000 system a!chileclure 

A <onlpulot ""hir,·ctuo~ sppcifies interonions he
l weon th• proco"or ond it; ,., y ironmcnt by dotrnin~ 
• uch things as in t< rru pt strw tUre, m~mory •q;men· 
~tion, bus inl<rf•<·os. and inputfoutpu< structu<e 
The HOOO ') st~m ~<rchi«-cture is desi¡;ncd lo he as 
nu ihl• •• po•>i hto For in,lanc~. !10 d"·JCc '''~"' ers 
""' ,ddr•""d "s ,n¡·mory ]úCo riott,jmcmOf)' ''""1'1''-J 

1 ~()· .. ., "" "' hcr ~~ ot ""'b micropr<><'<S>Or> ~! cmory· 
"'·'Pl"''j ]10 ¡;i>·e. l he pro~rommer 1 he !lexihil1t) o~d 
po,.<·r ,,¡tito· o ntire instmrlÍ<>n sot for =nip~loting 
rle\'icc c<•ntrnl :.nJ rl.1ta rc¡;isters, Sine. no ocl Jotion•l 
instruc\i<ln> "'" requir<-d lor 110, the P""'""o' ia 
•irnpl"r .. ond th•- onstr LJ<'I ion ser is ••<i•rto reonembor. 
"l"~e l!O S)ldl'" is J>rol<·ckd by the SOr:Je mcmory· 
rr.~M¡;<n>ent factlitio• tht are used lO pror.-ct 
«i,icol ·""·'' of rnomory. 

Tnc 6~000 Lo! >tructure 1S also <lc,i¡;o"d ' 
simp!itily, .<pt·ed. allrl nc~ibrl<y. The nM.ross ood 
dat.:: lin05 are «•paro te: no multi¡.iuing is nC<<led. 
Tbs a,-aid• the ne•d for •n_v '•P~rat~ C~lit~~ l<.r 
ciemultiplo, ing. e:> su rille m a •Ünuon perfor_~, no• hr 
sv stoms in " h ich speed ,. lmport ~nl. T~o b•J • isa ,_vn· 
á.rom.us, trnnsfors oJ> Lhe bu' .u~ control~od ~~ •e· 
u.CT'pon¡·ing h•nd>hako >'b""-"is. oo tha: no _,_,.;.n~
lions need be made about timing or ,,,,.,., •Yn· 
c!.ronv. The use ol hand!hah >ign•!s •llo~·• d,.vias 
•nd ,;emorio> ,.;c!,)or¡;e ,·aoiall~c.• 1n re>DC"'" lione 
tobo uo.\'J on the samo prc.c<;;m lJus. 'f he i"" CCS>o• 
wait< "n arbit ,., ¡· anlOOl n l o: tlme un ttl tlle o • ceS'<·~ 
d"' iet· or momon si~nal• tha< ~he tr.nsfor ;, n«W· 
rh¡¡. 

A ,;mple bus roqu~st!¡;,>nt proLo<:ol io. "·' 
p!t•r.••·ntod on ,¡,;~ so thot prC'Cc»c.r< ""d di"<L· 
n1cr..or¡--oc«'" do.JCes ('On .;0~f"'"'i'~ly st.or" t~.e 
., , t, .., hu• " "h no "t:a or Li tr oc ion Jo¡:;c. A :,o, tlot 
~Í1ip has a Los· fa·.ü·. il'Jllll pin lha•. e~·~«• ·,e_, :rud-r. 
n~c~~ion t~ bo termi~"' ~d al ~'•) ¡win t a nd ' "" P :o 
he '""en r/ an ·,¡1 e¡; al or f10u lly lnomor¡· Mee' s i; '~' rl< 
Tió /o(l]it.;ces rnemo:y pro<ew .. n. 

Th GSüOO int"rupl•tructure,. like :f.a( of m~•' 
r;¡joicomputer•. Ei¡¡ht priority levels <:o ¡,. 
plcn:ented. ]Merrrupls are vectord so tb~ •~" ~ ••• 
has lull colltrol o ver th~ pl•corr.cnt ond e <etLJ tion o( 
intcrru!Jl·handUng routincs. TJ.e •·urrcn' rriQrit)' 
le e· el o( tho proce ssor is k ept in i•.s "• '"' "'oró. 1 lll~:· 
ropts olor btlow <he culfenlp,iority "'" ir.~,hil...,; 
lnkrrupls ot higher levols moy <><.cur. so oc.:errupt 
handlin¡; may bo n•stcd. ll'hcn an cn.,Ule.J ;,¡e• rupt 
occms tho Jlr<>cessor sondo on acknnwlc•Jgo ;;~,;o.ol. 
The j~~rrup<in¡; device responds with • '~ctor 
nun~Lcf: The ' octor number is u sed by ti.< P'""''""' 

P~WHJ"W VIC1 ORS 
[R!Sfl, BUS (AF\UA. 
ETC-) 

~!SERV!O 

" D(FAUll VICJDAS fCO 
PA10Atfy lr;TEA'lUPTS 

• • 
IR•P "ISl RUCHO~ 

VECTOAS 

' • 
US!R V(CIU•S 

,, 
' 

uuo¡; Ui 
[CH.' f.\ 

' • 
• 
• 

' 

•• 



" "'3 

.. -.. 
"'" 
UDS. LÜS 

"'" lfll 

'" 
FCO, Fe 

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

'"' 

,,~ """ 

'··· ''""" 
;,,. ···""" 
·'"'"' .. '' 
'" "'"'" 

... •""' 
'·'"'"'"''' 
"·'""'' '"~"' '"" 
'"'"'"""'" 

''"" ",, '"'''"'''' ,,,.,. 
"'" '"'' ""' '"'""" . \ '"' ,, ~"' 
too..""·~·· 

~A§ P-;,W 
~:~~ 
[~---~~·e• 

~-~ 
l)--~" 
' ---
F><~--~~·-·· 

' 

. ;-e;----,.-¡ 
' --
1:.0~--·-<>L: 
' -. !: ... --.,,.,! 
' 

" . ' .... '" "' ·~ '"' " . '"'" ···~ ,,,, ''''•·•"··'······"'"':s 
•·" .-s 
" ~· '""' .... ,, "·". ~ "~~ ~" ......... 
'"""'""''" ..... -''"" "~ , ........ ' ,_, .... ·~ """'".' ....... ,., 
¡¡.,,...,M""''"~""'"' • •''< • ~ 

··~···· '''"'" ,,, '""''' ... ''''" ' "" ') "'" " ,. " ' . ,,, .. ·
'~'"')" ""' '"' '1 
"~·· "' ,,, ,,, .. " '•"''"" "'" ''"" : .. ,, .. " " ,,, ' '"" 
'"''' ,, '" ''~"'" .,,,,. "'"''" 
·-~·"·1 "'' '" 
"•'1•' ··~" "'' ''~'"" J'•"·~ '"" 
"""''"' 
''"'"""'''" l'o'<' ''~'· !0 ••J ... Io; < 
" "' » '' :0•00 1 ' O•h 101 ¡, "'" " on ¡ 1 ~ "' 
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"••'""'"'''''·''•·' '"'"'""' 
""' ""'" '" ,,,. ... ,. "' '''""''' 
''"~" "'" ....... , ... ···'·"" "• ,,, '"•' '"' ... "" . .:, .. ,. 
'"'' "" •"'""·' '"' ....... '"·' "•> 
'"' ,,,,.,.,,,,., '·""''"''"'''"' "' ·' ., ' " .. "'·• ., ',., '"" ,, ....... , 
'"'" "~· '·' ''·"''"'""' 
"'"''" '"""'' "" " • ".>l 
"''•"'''''" 
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lo ;,d,•x into u l•h',, of inllfn>pt <ertors in l<>w 

<»••mur y Lu fo "'' '''" e ¡JJ '"'1"' "'" < <•\ rv ¡w;n 1 t o 1 he in· 
O.·<t L' 1•11"" "11, r, thnc .ofl• 2:,5 "ce>, -.·el<>" [Fi¡;u>( 61 
1 "~" ;, • .,,,¡ .¡, ... ic.·> >•n tl.c '·'""' ¡>ri>•Jity J01 d ('<Jn l•c 
di>tiii~LJi,l.•·ol Ly Jdoh>l( '"el"' ¡,un,¡,,.,_, ;o n~ 
,j,., ice 1'"11"'~ » "''1'- ., ,!, .~o lo·,• ;.·e (t.•¡•> ,,,de< ceo 
ti<Jn ,.,,d 11 '""' i" t ¡,, , " "' """' , lw t," '" f, , : h"·"' ,- •, 
the ''·''"',"ele,'" tl.••·e "·""' L~:o vc·Uo>r """'1 .. : •• 
"'" ,,;~,,. d !Jy Lhr f'''""'""' ·p,., h•.:"r o .• ~le;, i·. 
rnnin '""" ,,,, ¡ J :1d ll.• , , r, e e , ·¿., L•. '·'""' .. , .(,,: , ·.: t · 

'h,• Ol•' "''"'f. >} ;(,·m ,, ""'·""'"y 1 J.o •·" , .... •Co 1" 
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only hy ~i¡;~-enol mir.icompu\ers lt '-'a .l~·ldt ar· a 
•thit<•ct ur<· \h" \ "'l'P'"'" many O.,¡ ,, \y¡ -es "¡,J ot.d , 
si<cS. Thr· "d' ""'"~es ollho bSüOO i"ch"~"., llc•"l.le 
•ddrcS>in¡; '""L"nbm, o oimple •nd dl<ctnc Jn· ~ 
•lrucl ion >Ot l bt c.m Le u sed 1 u ,.,,¡]) l"o!ot "'"';ole • 
opt·ration>, o J "ultilcHI v.-cton·d mw rupl •lJ '" 1 ~·e. 
ond o r.,,. o>) ncloronous, "'~"""' lt1p 1n< d '"" ... ,.¡,¡, 
l<'<-1 Ll ro. 'fl oc (i~IJúO orch ilJ < 1 u re Jncri\,c, J J., n.tly ni 
mictopn)I.\'>'U<> Je>i~neti l~r thc c-'P""din¡; l.o,;h· 
••nd f!oitr<><.om¡oult·r m,orket. Q 
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.... "''M"' 
(Aud ond/or Wri") 

""""'""'""' 

Addm> 

"ddttuing Modn 

Arir~mOli< ond Lo¡ic 
Unit (ALU) 

Ammblor 

Auombly l••t"•i• 

GENERAL TERMS and DEFINTIONS 

The time interval b<twoen the instan! do" is '"'"''d into or requo<led lrom m•mory and the rm,•nt 
1hot ditl \far,.ler is <O m piOle<! (may t>e the lon~•ot p;otl>.) 

' . 

A temporory uorogo regi<W(>) that (sto~ts) oums ond Olher orithmetic and logicol operoHono ol an 
~rithmotic logic unil (ALV.I 

A cho<octer or !I'OUP ol bi!l thot idenulies a p.;,·iculor location in memory. or Othor locl!iOI's ot <>•to 
'""'''' ond de51Ínations. 

T/'lat pon ola CPU thar pedorms orithm<1ic, logicat and rellted oper~tie<'ls. Along with m<rnO<y ond 
conuol, In e....,ntiol microprOC.»or element. 

The orgoniutionol uructuro ol • comi>'JHng oynem. Retoro moi<>ly to physic•l moke~p o! the mitto· 
computer (Seclio~ 1) O¡ microproce""' (Seclio~ 10) pons i~ 1hi> volume. 

A compuler pro9'om use~ to tro~oiO<e o oymbolic·longu•9" Slltementto a moohine-lang~•il" """"'"' 
<m a ono·for·one UO$il. 

A progromming IOn5jUOgo utili ring oymLolic rep«><ntation. The •vmbol.ic r epr<>entatlon. H>ffttimu 

calle~ mnomonic1. >ug¡pe>" the in$lluction function and " ttan>lalablo by !he ""'mbler into "'"en;.,,. 
f•n!l'-'•9"· 

lls.nchronout Opor.,,on A owitching ~twor~ Operotion with no common Liming •o~rc•. C"cuit operotion" ouch LM\ ohe cono 

pletion of or.e oven\ initia: .. the ne~t. 

' 

Sinar~ Ceded C«imol 
(8COI 

A m•••~•• o! oeriol dat;i tron•mi>»on !lo"' in communic•lion> •p;:olicotlom. Boud rooe !ó<•«•llv ~,,,,,, 
•ignol biu por oecond "anomittod. but mOf oloo \nclude chorocter fr oming b<L>. 

A heQuently u>ed lllmple) P<Oblem ern¡~oyed 10 <omP.r• ond evaTuote computer< [muc-<c.m~ ·"" l 
Per;,ill compari>on ol the number o( in>tructiono. m•mory wordo. ond o;:oer ation e y el <O r .aui• • O r~ 
•olve tho ••me problem. 

A numb<r coding •y >Iom in whioh ••eh deoimol digi, io repr•o<nted by • 4 bit ~inorv word. ll" "''"'·'' 
number 13 b<-comr> the cod•d·numb<r 000\ 00\1 in BCO u•ing •n S-~·2·1 binily <O~<. 

VIII 
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GENERAL TERMS and DEFINITIONS 

A dec" ion m• k ing capobility that o•rmia 1 pro<euor to "'"'' OM hom • numb•< el oltomoti"• 

1eu ol in>Huctiom dep<nding on the do !O t><ing prooe>~od. 

Qne or more conducton u sed for uan,niuing "9Mi> or power lrom ene cr more ;ource• to cno or 

more dei1Ínaticn<. 

• 
'A p<e-<I<Wm<ned binary element ltring lo"'umber ot com«:uti>< bial ope<ole<l on •• In ""'"•· A byte 

;, .,...,allv bur not """""""'• 8·biu. 

it Th~ ~nit ol o computing sy~tem ü>•t includu e;,,.,,., conuollingthc im<rpretation and hr<ui•M el 
inmuctions. 

A computer program u<ed to tron•l• te o h igh·lovel \ansuo~ program (e.g . .) F OR T RAN) into a ootnpu\01 
oriented (O<..,mbly or machine) languo!l" program. 

A group el pro9'om cond"ions <u eh ~. '"". t>orrcw. overHo,.,, etc. 1hot O< e ~" icvlarly rele••nt lo 
iñuruction hecution_ 

A soquonce of imtrucuon• thol d "'"u lht ctntr al ~· oc<<>•ng unot IC PUl in ll1< ""ripus op« ""''"' 11 
porlorrns. 

A computtr prog,.m used tO U•nsl01t •;mbohc l~nguoge p•Og••m• ••«mbled on one compute• into 
m1chi ,.,.·long..."'}< pr~ am• that Dp-<fOI~ on onott•u u>mputor. 

A b"' uso O to communioato data internoll1· •nO <• t<onally :~ ond Ir o m the CPU, memo o y, on~ p,oiphc•ol 

de"ic ... 

A "9;.,., h<.>lding 11•0 memo• y add!e" of th• O~t•ond usod L1 •~ in>\r.oction. 1 ht dl1• p~onto< "poo.ot>'' 
to tloe m,mor~ location ol ,,,. (datal op.,and. 

(· 

e 

/ ' ·~ 
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Dwemenl 

Oiroct Momorv A<coss 
lOMA) 

Emulote 

Fl•1 Bn 

Flo .. Ch"' 

GENERALTERMS and_DEFINITIONS 

Any regi<ter thal holds d~la_ 

A computer progr~m deoigned 10 aid in dele<:ling, lrKing and eliminating error> in microcampvler (or olh<

compvrer) progumo while they ••• running All<>wo replocing, oddrng. or re•isin~ in>tructiono itr1o IM 

main o~raling prog~am. 

A progiam inouuc<i_on thal decre""'' the contents ola ""'"90 louoion. 

A computer prograrn desrgned to check ¡he oper3lion ol various har~wore and software pam ol-- r· 

microcomputer sytem. Typic•ll)· wriuen for each funclionalareo; •-9, CPU diagnos\lcs for CPL: '-'''"'-'' 

Memory dragno>tics for Memory check>.""', 

An oddre,.ing mode rn "hich the addre" of the innruotion or Operond i<COmp<e<ely specif<•d In lhe in

Wuction w'r!hOul relerence toa base regiow or rnde• regi<ter. 

A method ol imeninq input/ourpul d3la imc ""'"<l<' or obtaining inpur/output d•<• lrom omr•~• d"'"'', 
wilhoul in ... ol•ing the usual llow ol dotir through the proconQ." <egiuero. 

A COmpUtor program deoign<d to allow rna<\ÓpUiation el oouri:o pr 051' o m te• t ma<uial . 

' 
T o imitatt ene •ynem wirh another, the laner being microptogr •mmoble and equi~ped woth • ,,.,,,¡ mi.-, o 

progrom, oo th11 1he imhating •y <te m e•ecu<eo the >.>me programo ond achievc• the "'"'" '""''" •• 111< 
imitated oyuem. ¡Se• Sim~l>te.) 

The reading oul ol an in51r,won from m•'n memqry ~nd rho irl>ortion ol th~"rnoHuCt,on rnto>vorl•n~ 
memory. 

. . 

A high ·leve! progr amming lang~age ~!.ed t<> lacilitate !he e• p;euion ol compUtor prog• O m> in •"thm<l ic 
t<rm> •nd lormulae. Sltort for ""forn,>ula Tr<>n>lator."" ... 
A colloquialterm th<>t describe> lhe melhod_med by a mndern lcr other .,ynchrcno~< <kvic.,) 10 
eSiabl,¡h a communicallon link lor e"enwal dala tran>mi,.ion. 

----~ 
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A problem-o¡ienoed progr•mming longuogo w~e1e a single lunol 1onol stal<ment may translate in le 

• >tries o! inmuclion. in machine l•nguago (a low·lovel l•ngu>ge.l F O R T RAN, COBOL, ond B.O.SI C 
ar. commo~ high l•,.llonguagel. 

An add1e"ing modo in which the oper.nd is le<alt~ in \he in•t<utlion iuell, 01 tho memor, lo<atlon 
immod•ately following tho imtruclion .. 

A '"9'"'' lhol pr~vide< a progromminglle>ibilit\' in lhot the inlormat<on it mnt.ins con be u>od 10 
modrly memory oddress by addi;ion or <u btr ac1ion. 

An •ddru>ing mode in which the oddre" ponion el on in>1tuc1ion is mo<:hlied by an indox-oeg""' 
during in>truction e•eculion. A mum el ct>anging an in>truction addre" or. 1he ba5i> ol ••••rnal 
commond•-

An •ddr~"ing modo th•t ·~tilo~• a memcry lccnicn ccntaining th< •ddre" of d.to ano natll>e d.to 

'"""· 
In • programmi"'ll•nguagt. on ex pre.,ion lhot define< • compute< operotion •nd idenH lie< iu opeo •nd•. 

V 

The time roquired in fetching •n inmuc1ion Ir o m me mor y and <>eculing it. 

Th• mnsure ol lho m~mcry spacr requirod 10 ""'" an onmuctron_ 

ThP IOtol lr01 of instructions thal can be o.ecuted by o 9'""" mrcroproces.ar. 

A prcgroni !ha! lotclre< and immodrately c•ecute< imuuct ions ''" 111en in o higher le"l language. 
(Se. Compol<r and A•..,mblor.) 

An externo! <ignol 1h>1 ttmpororily suspend< !he normal pr~gram ope,.tion in crder lo permil pro

ce.,ing el • high ·priority oprlilion. Multiple interrupt "' oa bol <ty requireo establ ioh m"e'ltto ol ''' """ '"~' 
priorny syotom_ 

General wm applied to equipmenl ond/or dO! a in•olved in connectr ng the oén u ol prote<>in9 uno\ 

!CPU) wi th the <>utoide world. The con u ol olectr onics ""'"""'Y 10 loe !he compuler 1 o """"' ••
terna! -<Jpplicol•cn oreos. 

A connection ro o control p<oce.,ing unir ICPU) wi<ed or programmed lo connect data berween the 

CPU >-nd e•lernal de•ice•. i o .• ~eybo•rd. drsplay. c•rd <e•der,~lC. />~ay be., inpul. output. or 
bidirecrional per1. 
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