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3 de marw 

4 de marzo 

HORARIO 

9 a 13 

13 a 1S 

15 a 19 

9 a 13 

13 a 15 

15 a 19 

INTRODUCCION A LO, MICROPROCESADORES (Z·SO) 

(3,4 y S de llloH.l'O de 1981) 

CONCEPTOS BASICOS 
Adtmhlo;:a 
Compuertas 
Hemor 1 as 

COMIDA 

T E H A S 

ESTRUCTURAS FUNDAMENTALES DEL Z·SO 
C.P.U. y registros 
He<Wr 1 a 
Canai<~S {buses) 
Puertos e lnterfas•s 
Registros espeo;:iales 
D"' 

HODOS DE DIRECCIONAMIENTO 
1 nmed 1 ato 
Directo 
Indirecto 

CONJUNTO BASICO DE INSTRUCCIONES 
Aritmhlcas 
Lógicas 
Despla.l'amientos y rota.;: iones 

COMIDA 

SERALES DE CONTROL 
Señales de dirección 
Señales de memoria 
Ciclos de E/L 
Sol icltud de buses 
Interrupciones 

P R O F E S O R E S 

H. EN C. ARMANUO TO~RES FENTANI 

M. EN C. HARCIAL PORTILLA 
ROBERTSON 

ING. LUIS CORDERO BORBOA 
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lh"d ood/or WtolO) 

Addnn 

GENERAL TERMS and OEFINTIONS 

T~e time intervol betweon l~ in.,ant o ato'' in<etted into;> or «q~o<trd hom mtmory and tho in>Unt 
th>t d"a tran>lor i> complete<! (moy be the lw•y<>t path.) 

A l<mpo•ary uorage regi<1er(s)l/"lat ("o•e>l sum• and o\hor orithmetoc and logical oporauon• ni an _ 
orirhm<tio logic unit (ALU.) 

A cto•o.ocler or gr0<1p el bits lhot idenul;es a poiticular loco\ ion ;., memory, or Other locotiom ol d>l• 

suurce> dr\d de>tiMliOn>. 

Add"UÍ"I Me de> The methods of •pecifyin~ !he locatioti(>J Q¡ data or p<OQflffi segmento in memory or oth<r lacar•~">-

Aritllmotic ond Loyic T!"lat pan el a CPU rhn perform> aro!hmetoc, IOgkal and related cperllions. Along with memory and 
Unn (Al U) control, an e,..er11i1l micrcproce"cr elemont. · 

A«hitoctuto The organil ational nructure of a computmg >yHom. Refor • mainly to physicol m•i<eup of the ntic<O· 

computer (Section 21 or mie<oproc•'"'' (Secrion 101 pam ir> U>i1 vo[,_.me. 

~u<mlofor A computer program ""'Oto uaml"e a symbolic·languago Slatem•nt lO • machino·l.,guo,¡e !ldl<n•om 
on a one•fQ(·One b..sis. 

Au•mbly Lon¡uo¡o A prog< •mm ing longuage utili;ing oym~olic rep<e•entation. The symbolic ~<presentotion. sum<tim"' 

called mnemonic•. suggoom the in.Uucnon fune<ion and is uan•latable by the ••~bler into m.c11i.1< 

'""""''9"· 

A>yochronou> Op'"""" A "'Út<hir>g r>etwork opero !ion with no commcn timing •ourcc. Circuit operation i> sud> 1ha1 the com 
ple¡ion of one event initiotes the next. 

Boud 

Boochm"i< Prol>lem 

Binory Co4od Pooimtl 

)BCD) 

A mea>ure of ..,,;.¡doto tr•n>miuion flow in comm ... nication• apptication•. B•ud rato t;e""<ally ddone> 

•ig<~al bit> per •econd uammi tted. boJt moy •lso \nch•d• chane ter fr•min9 bia. 

A l~equcntly u•ed (>amplel p<Dblem employed to compore ond evah.rote co<nputeo • (micrC><oonouter• 1 
Pe1mi u compari>on of t~e f"M.Jmbor ol imuuction•. memory ... o•d•. and OP"<Otion cvcl., ooouio od 10 

"'''~ tho ,.me probl•m. 
·-----· 

A number coding •yuom in w~ich uch d•dm•l digit ¡, repreiented by ~ 4-bil bin.,y wo<d. lht d>ci•~-l 

num!Jeo 13 becom•• tho coded·numbef 0001 001 1 in BCO u•ing an 8·4·2·1 bin••Y coJt. 



[h<<tm•nt 

GENERAL TEflMS and DEFINITIONS 

A romputer progr•m designe<! 10 aid in dftoCling. "'cing and elimina<"•n9 <"0" '" noicrccompuler loo cth•• 
computer J P<Ogroms while \he y are runninQ Allow> oepladng. odding. cr '"""'"> on¡lfuttions imc lh< 

main cperating prOqrom. 

Ood•<otod Mocoo~'""""' A micrcprocessor that ha< boen wcqr-ammod lcr ~ ,pe ti Iic. singl~ applica\Ócn. 

Do<OCI llddm<ing 

Dioe<l MomOt~ llc<"' 
(QMA) 

[~oiOt [Pto¡timl 

fiomwiiO 

fl•l lit 

Flow [hol! 

A compulor prcgram de1igned ll> <hecl< tloo c~etaocn el variousl"oar~~·a<e ond >oll"'"'" par" e: ;· .· 
tntctO<ompuler sy<em. Typotolly "'"11en IOt e.ch lun«ional atea; e.g .. CPU diOq~<r•Úcs lor CPL: • I•O>o.•• 
Memoty diagnosti<l lcr Memcry ti\Ockl. etc .. 

An dddressing mOdO in whicn lh" adore" ol the !nwuction cr operand i<ecmpl, <el v <pecil ·•~ in th, '"' 

stn.clion ... ithout releoonce toa '"'e rogi>ter o< indo. reyo<tor. 

A method ol in,..rling inpu r/<rut pu t <j•" into <tora '1' rn obt ain"rng inpu t/ou tpu r da!o 1 """ ,wr .,,. "'", :<, 1 

wllhout rnvolving lho usuol lr<rw ol do <a tllrough the processor '"9"'"'' 

Te imit"e eme syslem with •nothor. th e lallo' t>eing micrcprogr amonabre ~M •qu¡r~ed w rth ' s¡>e;"l .,, .. o; • 

p<ogra<>t. •o thal the irniToting syll<O> •"«"'"' the '"'m" p<Ograono •nd achie•o• tire'""" «"-'11< •• ohe 

imitated system. (S..e ~'"'"''"") 

Tho reading out of an inuruclion lo~m ntain n>em~ry ond ¡he in,erllun of !loe ,r~struclio" into •··• ol·~, 

nwonory 

An iro forma 1icn bit lhat indica'"' 1 Ir• """''renco o f spccial condi<ion • '<JCh "' - e ved lo'"· , .• , • y. ,,, .. 

A hi~rr revel ptog,.mn•ing longuag• u"'d t.> t4cili '''" <he e.P«ssion ol compu 101 progr ""' in "'"~'""' i.: 
'"""''"d lc<mulae. Shool tor ··formul• Tran>l•lOr." 

A <<rll ot;u ial ter m rltal d<IC<ib, the on<lhO<l u><-<1 by a moaem for Oll"oer "'Y""'"O' """' d<•i<"• ) tO 
e>labl,;n a con,municallon link ter ewn.ual data t<ammis;ion. 
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A com¡>.~ 101 pto;¡t am dell~tled to read ltn ter j a pwy• am lo o m •n inpu 1 d<,ico in lO woo k '"9 "~"~· 

IFbndom Acces• ot R••di'Wtit& Memorv - HAM 1 

A central P'"''"'"9 unii )CPU 1 l••tuo• ltt 31 allow> lhO compurer to m••~ li<)f1~••1 10 in 101 "·~·, 

tequ•n until tMelollowing in•truction has b•en e>ecuted. 

A <equenc• el in<1tuctions in whicl\ tt1e tor,OI inHtuction caus., repeti1ioo·, "1 '·'• ''~~·"''o""'"'"' 
o 1 ll "'"' unlll a tetmi 11ati~n Cot "J' """ " <id< e ted by • L<>n<h inwucti "" h , "•eh"'· 

Tl1o numotic lotm ol lpec¡lyiny """'Y L•l ~~ every inmu<:tion in a pru~""" 11'" fonol bin.,v u• e,.,,., 
code thot a compuler u<» direc<ly. 

Tloe b"ic central ptot<SI"'~ untl (CPU] cycle in which; an addte" may tt.¡ '"'''~ uamorv ~ro.! .-·
wo<d (data or imth>Ction] m> y 1>< tead oo wdnen; or in whil:h • IO<ch~J inmuction moy be ~ .. e•·' •,• 
Ooe moehino cycle ;; made "1' ol '"""''' clock cycles, 

A <vmbolic <Ource aucmb4y la .. gu•ge >IOiemrot lhot combines any group ~~ r oeq.,•nll y "'"d com n"·" 

(insuuctions!. The macro in<truction will bl> e•panded by the '"emblu 11\lo <• """' rnachoM l'">u-tr• 
io,.ttu<IIOO<. 

11,., '"9"'"' in tho cenlrill proce01in~ unit ICPUJ that conra•n• !he addteu ot the ¡torago (m,mor. 1 
loc•tion l><ing occeu•d. 

' A compu ter oynem whose c•ntr.l p<oco,.ing u ni 1 (CPU) " a microproco,.or. .\, b•\ic micrcccom¡;~'·'· 

includes ~ mocroptoceuor, m•mory. •nd input/ou¡put lacilitY. 

An eloment in • microprognm. 

A 1Ír19l• <nlegtaled wcu11 chip, 01 $el olchi¡,l, copabl• of perfotming 1h<luncrio"' "' • """: "'·" 

""""al, proce<Wt. 

Tho e o• rtpu ler im ttuctio m •tot<d in a ""d·only memoty 1 ROM] lhat ompl<m<nt the b.'"" ''""e • '" ·• 
set ol me oomputet. 

A oomDuter 'rn v.hiclo the mietoptog,.on ¡n,;ooo'onSiructiom) in tho road·only mem<>•Y IFW•,\1 •• • 

be ch~nged. thv; ohang:•'!l lht comput<<"> """uction set. 
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S.e ""St3<k." 

A ntemory d,.ice thol h" •••d and woito c•pability and \hU pt...,ide> dirtcl o ceo a to ,.,,,~ 
inlormOIÍOn, <O'}Otdle!O el locat<o-n- Aud or v.~ite limo is indepon~ont ol ~.,. l<><.o!ror 

To ocquire and/o< lo in«rpret data from o memory devico. 

Sm•ll ..:ole memory capol:>le ot hol<l<n~ a fir<ed onoount of ~'"· such., a wo1n UwJ ,n,ir,l:', 
l<mpo10ry storage, orHI ·'"'""i~lr· 10 tho central prOce"in9 una (CPU.) Tho uumb,•r ~~ , ,··_;•• ,. 

in a microptoco«or i> d•<eCEiy 1eloted tO the pro;¡um elliciency, 

An add•e<Sing mo<le in which tho oddren i< dele<mined by addin9 on olt,.l •dd•~;, <·l • ~'"' 
oddreu stOr<~ in <o m• registor, P«m'" the cornpLO\er to rol oc ale l>lack1 ol ,¡,,. ll ¡ '·' ,,,~;,,¡ •. •', 
one numl>er. 

A onemorv devico gene¡¡lly used tO ""'"a co..,puler"< cuotrol prog<Oms (hrrnworol. anU ''" 

'''"' ol>lo by normal cp« oting molhodo. E .coptiom are PAOM"s. EPROM"! ot~d EA ROM <. 
which 11e ROM"1 ""hose conton.to may Le oltored ;n tho licld by !~<eial m<On>. 

Read/W<ote (RAM) memory d•vicos cr r<gisters tloot are u sed to Olor e ,.,,,~,_, •• ,;,. '"'~"'"e~ .... · 

IO!ult> fdata). or memo•y addreues (poi~lerS.) 

ro '"';'•" one sySiem with •nmhe< u1in~ • ,,.ogliln wtitl•n in """rr.ll¡ ur c.;¡;h 1<"1'•·'•" ··• 

•e th•J 1~• <mil•ling ,y< Iom ac<epll <h• """' da!•. necu¡o• lh~ ""'' 1-""'l' "'"'· .nol ><. •• -,".:he· 
tite somo 10sult> .;, 1M <yll<m bei119 imita«d IS.o ~mulato.) 

A pdllllion el a micropwCOI!ur "'" """lJie> se.ero: idemical unit! lobo pra!I•I•U "' 1 c\1, •t.,• 
•na du~mtnted by controlllll]•c tO •••l•u lh< CPU. 

A collecHOn ol ccmpult< ~·o~· •"''· woce<Jur<>. rulos •od <locum<nl ""'" u<eJ ~~ '"""'"·
""''h ·~• opernion ol o he oomputer. 
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O'i'ERY lEíl 

Altt\Ou¡:h thc first microprocessor, the Intel 4004, appcarec! six years a¡;o, 

the mict'O;:roce5sor field ~till se=.s ne\.1 and excit.in¡;, Tile rapid 11dvances in 

microprocessor technology, t.he creativity of the softo:are desir.ners, anrl the ex-

plosion al- r:'licro;¡rocessor applications llave all contributcd t.o this J.ma,.c. In 

t.he ¡;<:>_,dar mind, the cooputer on a chip has been realized, and the avnilability 

or ~utin¡;: power to everyonc i5 at hand. \Ohile this i5 not yet the case, it 

is tru<l tloat fe~< of us will long escape the impact of microproccssors. tli

croproccssors are scheduled for use in most automobile.:: in the late 70's and 

early 19eo·s, and the warket for television.MOdules is just now developing. for 

engineers and scientists, microproccssors will increasine:lY he e"'ployed in in-

struments, teminals, anda wide variety of military"'nnd industrial control and 

comL·a.micntion systens, 

Co~ponents - Hot CoPputcrs (A vievpoint} 

·n,cre is ;¡ 10ide s¡;ectrum of ViCIOs on r:~icroprocessors due in part to thc 

11ide variety of availnble r~icroprocessors. The 110rd ''r:>icf'OCO("'puter" is fre-

quer.tly u~.ed to crophasize that the basic operation of thesc devices and t!1eir 

associatcd syste::"'.s is nearly identical to that or conventional conputers. • On 

the othcc hand digital desi¡mers often view n;icroprocessors as convcnient re-

¡..lacer.~nts for "hard11ired di¡o:ital subsysterns. One should note that microproces-

sors are <Jroducts of the cornponcnts industry anC not of the coo.puter industry. 

1, In tt:is tf'xt, "nicro.,rocessor" 11ill be u~d when describin¡r the cen
tral prvc~·ssin¡: unit ora "nicro~rocessor eyste."l" (or "microoomputt:'r"). 
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"rHcro¡;rocessor t·a:,lily". Lilter, Intel dcvelo¡;cd its syste= compnnents for the 

aoeo. The desir:ncr can expect a continu!n<c growth in t'1e f<ll1ily size for rost 

1.1icroprocessors since the capabilities or the systerns can be increased without 

moving to another processor and it conc<JI1V:Iitant sofbmre investrw.nts. 

liat.her special meroory cor.:ponents have also been develo;>ed for micropl'QCes

"ors. 'i"nese chips may have rulltiple chip selects that Si!nplify the addrcss 

deco~Hng ilrld r..ay be organized so that a m!nisnu:n number of chips can be used. 

the ubiquitous 2102 is organized as a 1021¡ by 1 bit chip (1024 words, 1 bit 

long), and a ~Jinimur:1 ~eoory for an 8-bit processor would require eiFhl chips. 

This ocrory would have 1Kbyte capacity and might be too larp:e for uany r.úcropro

cessor a¡..plications, Instead, one could use a l·!otorola 6810 which, in one chip, 

t1as 128 bytes. (In mst microprocessor applications, the prograrr. is stored in 

read-only-~!~e!:nry and not in read/write l!lelfl)ry.) Ultraviolet erasahle read-only-

memory (n'IJH) is also available for proto- type systems. ·~ 

Finally, read/write and RG!-1 merorles have t>een COI'Ibined with inputloutput 

r:ir·cuits on the sa11e chip. Obviously, the ~nufacturers are tryin~ to provide 

chips tnat will sirnplify the design of microprocessor systems by nininizing the 

numbcr of chips. Further, tile load on the address and data t..lses is reduced and 

the overall reliability increased. 

Coaputers are SrJarter tban Prog.-a.,.ners 

Software rer.ains a costly fe¡¡.ture of·tile desil'l) process for a ;r.icroproces

sor system. There are two rea~ns for this. rir:;t, microprocessors have a h"'

ited instructions sct and li"'ited addressin¡:: modes. The pror:rarJ"Cr Slll'ply must 

work harder and rore carefully. Secon<l, in cOfitrast to conputer r:tnufacturers, 
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in exactly the sar:Je way), Here the desicner must exersize c11reful judrement is 

the selection of r.he processor, r:lel"llry, prograurrnble input/output, board desirn, 

develop!T'.ent system, etc. The lare:e n=ber of systems ju:stifies considerable at

tention to the minimization of costs ,t.o test:lng and reliability, and to docu

mentation. Since the saw.e software will be used, the desir,ner can try to optim

h;e tne software so that hardware costs can be r.'linimized (e,g, nemory size) 

through various tradeoffs in software. In this latter case, a des1gner should 

complctely under1ltand the components of the system and be able lo cope with the 

software. 

In thi~:~ tutorial, we will attempt to study SOI"le of the fundamental ideas 

involved in microprocessor syste!ll design and to revicw the basic characteristics 

of microprocessor systec~ canponents. 



- 8 -

INST. • 
REG. 

. 

1 
J. 

DATA BUFFER 

• • 
OA.TA UNES 

Fig. 2-1 

OUTRJT 
BUFFER 

P e 

S p 

INDEX 

A e e 

' 
CONO!- . 

TI~ 

1 1 

ALU 

7 

¡::· 

1= '=u DORESS 
NES 

-
-

R 

H 

IR 

R/W 
ESET 

ALT 
Q 



BASIC OPERATION 
STORED PROGRAM 

p e 

IR~ 

r 
. 

CONCEPT 

LADDRESSES 

' .,. 
\) 

o 
1 
2 ·• 

RAM OR 
3 
4 1/0 
5 . ~ 

• 
• 

+ 
. 

1 DATA OR INSTRUCTIONS 1 

Fig • .2-24 

• -e 
• 



1/ 

,. - es 

"' IK X8 
/ 2708 

t. 

1~ 1 OF4 ¡es 
DE e o 

A 

DERS ) 1 K X 8 
. 

. 27 08 
V . 

-

.es 

' IK X8 
/ 2708 V 

' 

-·es 

9 IK X8 
o . V 2 7 08 

A 
• ;,. 

MEMORY MAP 

• • • 

o 1 • • • 

o • • • • 

• • • • 

' • -DONT eARE 

Fig. 2o.jb 



-14-
13 

~linicorr.¡Aiters are "!"ully decoCed", hence if the proces.sor references locations 

11here f.lEmory does not exist, a "trap" to 11 speciñl prol"ra'l' for such errors usu-

ally t.akes ;.lace, ¡jenerally, in microprocessor syst.et-.s the processor nay read 

and write in non-existent memory 11ithout ir..t~unity or it r.1ay address the same 

physical locution tnrough "'-lltiple addresses. Thus :nicroprocessor pro~ranners 

r.~ust be more carei\Jl because no "hand shal<ing" occurs between processor and 

memry to a.ssure the processor t)1.,"lt the rroernory exists or that the location is 

uniquely !!efined. 

Henory Kapped ~s. Isolated Input/Output 

In rrost microprocessor syste!'IS, the input and output re¡::ister:~ and their 

associated control and status re¡¡isters are seen ;¡,s merory locations by the pl"'-

cessor. Thus the input and output registers and the ordinary merr.ory locat1ons 

occupy tne sa'llC address space (Le,, they fall within the .S5,536 locations ad-

dressable by a sixteen bit address hus of a typical processor). This schemc is 

called ~"errory mapped 110 and is illustrated in Fig. z.t¡, The advantar:es of thi.s 

schene is that one can apply any of the [t]e:nory reference instructions to the 

.input/output, Thus to create a pulse at an output bit, one can sirnply use the 

Ii<C (incN:Jment) and 0C:C (decrenent) ccrnmands which ordinarily incrernent and de-

crenent 1--cmory locations. Sor."!!! processors have separate I/0 instrvctions; the 

eo5o is a food exa¡,¡ple. 'f!1e !!Geo {!Cnerates input and output signals separate 

from the rren-ory read and write signals. The in¡¡ut and output si¡:nolls essential

ly are read and write si¡:;nals for the I/0 reeisters selected by ei¡:ht of the ad-

dress lines. 1"he advantages of isolated 110 are that less address decodin~ is 

necessary and that the (Ull address space can be used for C'lel:lOf'Y. ln isolated 

I/U, s¡,ecial instructions such as 111 and OUT are used; thcse place the contents 

of the accunulator at the outPut register or place the contents of the inp~t 
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register in the accumulator. The flOSO is easily converted to netrory rrapped ;J.s 

show-n in Fi¡;. 2-5 and as discussed in Intel"s "S080 tlicrocanputer Systa:~S User"s 

~!anual." 

Isolated I/0 is used in some of the newer ¡wocessors such as Intel"s f\0~1! 

and 8085. The 8085 is a la ter version of .the f!OSO chip which helps to m1r.i~ize 

the chip count while keeping software compatib111t.y. The RoSO is really a three 

chip pr·ocessor because it requires a 8228 data bus chip to capture the status 

and a 822~ tilning chip to genera te the clock signals and synchronize control 

signals. A typical 8085 systern is sholm in ~ig. 2-6, ; the 8085 will be used ir¡ 

addition to the SOSO for illustrations and exanples. The 80~8, a true microcon-

puter on a chip, is discussed later in Chp. 5 a_s one of the be.st, sirlpler pro

cessors. All o!" the Intel SOXX processor.s can be made cor-1patible wittl simple 

logic circuits, and even other, quite distinct proces.sors such as the 6800 or 

' 6505 can be interfaced with Intel-11ke circuits. 

A silnple microprocessor system based on the :-os Technology G502 is shown in 

Fig. :t.-7 to Ulustrate address decodinr and merrory mapped I/0. A sinple SoBO 

.system is included in Appendix A aloog with other operation detüils. These .sin-

ple exa1:1ples snow that the nWlber of chips required to fabricate a working sys-

tern is quite small. Yet quite sophisticated operations may be perfonned by 

these systerns. In addition, the•e systems provide excellent I/0 capabilities, 

typical of rr.ost r.licroprocessor systec.s. In the 80S5 system, the 8755 provides 

2K bytes of rilA"! in additioo to the 110 ports ad the 8155 provides 256 bytes of 

AA! l. lloth the RCtl and RAH capacities are "suitable for a large nurnber of appli-

cations. Note that limitad address deccx:ling ís provided by the 11th and 12tn 

bits or t.he address bus. These systems require only a few resistors and capaci-
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tors in addition to the ct1i¡>s and crystal shown to fahricate a 110rkin,o: syste~. 

Tne 650':0 systerns uses a 17C2 RU·i with 256 bytes anda :-lotorolo 6810 with 128 

bytes. Addrc::;,. decoding ls providcd by the 7~~5 decoder chip. Ap;ain lil'lited 

~ddress decodinG is used. The 6505 has only 12 address pins, and thus it can 

addre::s only ~K bytes; but this capacity is very adequate for r.x>st systen'l. The 

fiSOX series f!'Oill í·iJS 'fechnolonr resernbles the t·í6800, In SOf'll! cases, a consider

able sl.mplification of the interfacing requirenents has been achieved, !lote 

that a ver-y sl.mple"clock circuit i::J uscd and that the chip select of mernory or 

!lO occurs with phasc two or the clock. The syst€!!1 shown is protably the least 

eKpensivc microprocessor system that can be assembled, It fits on wiri~ strips 

such as the Su>'er-Strip and costs less than $30 is single quantitics. 

Restart Locations 

U pon a RESi:T signa!, the proeram counter of a processor is sct to a specif-

le st.ate, In the 8080, the PC U! cleared so that it points to location O, The 

first instruction of the program must be in that loe<~tion. Since the prograr.1 is 

!ltored in /«..11( for nonvolatility (rctains data without power), the ROl! is usually 

located in the lower nerrory locatioos. In the 6800, the PC is loa.ded with the 

contenta of location F"ffi and location fFI-'1"' on RESt.:"i', thus the ROI-1 in ~ 6800 

sya~em la usually locatcd at ~he tO;> of' IMr'IDry, In addition, thc 6800 has ad

dressing modes wh~ch r.akes special use of the lo1.oest rnenory locations, and thus 

read/write nemory (i!At1) usually starts a location O, (Fig. 2-8). 

Yhe Dat.a Bus 

The data bus of r.x>st processors is eight bits wide; a few such as ~he SP 

1600 and the TI 9900 are. sixteen bits wide. Eirht bits pemit the 

o 
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reprcsentation or all of tne alphanumeric character:s; a byte is a natural unil 

for canmunication purpases. Host 8-bit processors llave limited instruction sets 

tecause or the width li~it.ation, the Z-80 perhaps is an exception. The 8080 

uses 2~~ of the possible 256 op codes, the 6800 uses 195, an~ the 80~8·uses 239 

In contrast to the address bus, the data bus 1l! bidirectiooal, hence d3ta can 

tle read fran or written into r:JemOry via the same lines, 

In a typical system, the outputs of severa! memory or interface chips are 

cormected to the data bus; however, only ooe device can place its contents on 

~he b..JS at any civen time. Thus m:lSt microprocessor system chips have "tri-

st.ate" or high ir.~pedance outputs. Unles:s a chip is selected by the address 

decodin¡¡ process, its outputs rer.:ain in the off or floatin!!' st.at.e and do not af-

fect the output, l.hen selected, the outputs are either the 1 or O st.atc¡, 

The data and address buses can driva only a limited nllr'lber ol' chips. A 

rule of thi..nb is that ten rar.lily chips rny be coonected without buffering. E!!ch 

l'!e.nory or I/U dcvice ;¡laces a capacitance on the bus a pemits a certain leakage 

current to t'lOI.'. The address anc! Cata buses ~a~st be able to char<,:e the ¡x~rasi-

·tic capacitance ol" the wires and of the devices and li!Ust provide the leak<lf'l! 

curr('nt in order for the processor to work at its mted speed. Special chips 

are available to buffer thc buses •. Intel designed the 8228 chip usually used 

with the 8080 SQ th3t it woi.Jld buffer the d'lta tus in addition to its other 

tasks. The d!lta bu::: is the more difficult because it is bidirectional. 

'' 
Tinini and Clocks 

r-licroprocessor operation 1s oontrolled by clock (oscillator} signa!:~. In 

sorne cases, t.he oscillator is on the chip, and externa! components such a.· 
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Jn.struction; the obviously save time and b called "pipelin!ng", All of the 

decoding of the op-code and execution of an instruction requires operations 

bet~o~een lnternal regi9ters 1n the processor, The nonoverlapping two pM.se clock 

provides fOur "edges" {rbing and falling transitions) that clock or toggle 

these interna! registers in addition to other t1min¡:¡ tasks, If only a single 

phase clock is used, more clock cycles will be required to provide the "edges". 

An example is sha.m in Fig. 2-11 for the Intel 8085. Here, the data ~ and the 

101o1er byte of the Addres.s bus .share the same pins. TI1e lo...er addres.s hi~ are 

· .sent wt" first and l!l.lst by latched using the ALE as the enabling pulse on D-type 

latches, Later, the data nOW9 in or out of the proces.sor !n the nornal manner, 

While thi9 PnY seem c...oberscone, the canplete 8o85 system is ErUch simpler than a 

corresponding 8080 system. 

The 6800 and 650X rn.!croprocessors have the very .simple two pha.se clocks 

just discus.sed. The BoBo al9o ha.s a ti¡';) ph.ase clock, but its operation.s are 

very much rto:~re CO!Ilplicated. A rore or le.ss complete discus.sion is includcd in 

Appendix A, 

Clock Bates 

The clock rate alone is not an indicntiOn of the speed of a processor. It 

is frequentlY and incorrectly stated that the 8o80 is tw-ice as fast as the 680o 

because the former's clock rate is twicc as fast as the latter'.s, In fact, thc 

8080 requires rr>Jre clock cycles to accomplish the $l"'C task, and the two proces

sors tnve very similar speeds, 3 Of COUrlle, for a givcn processor, · a higher 

clock rate yield9 raster executioo. 

3. Clock rates are only one of many characteristics that are incorrectly 
compared even in the most recent literature, 
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The rTEXimum clock rate is limited by propagation delays, ;¡,ccess times, ""' 
other factol"3 within the Pf'OC!!.'3SOr. The slowest rate at which the processor 

will operate depends upon the type of storace in the inten'lal re<>;i~Ster:'!; viz. 

static m· dynamlc. In dynamic storap;e, the 1nfonnat1on is stor"e<l on capacitors 

which wlll eventually discharge unless the infornatinn 1s refreshed. Thus the 

minilrurn clock rate depends upon the rate of discharge. The slowe.st speclfled 

clock rute for the 6800 ts 100KHz. At room temperature Where the le;:¡kage 1s not 

particularly large, a 6505 can be operated at 5 KHZ befcire it ceases operation. 

The 8080 abo has dynamic storage, and its details are included in App. A. 

For static storage (the a.ssociated clock is sometiiDes called a ":~tatic 

clock") the clock nay be slowed as muchas desired, The RCA 00&1AC (1802) has a 

static clock and thu:J may be :Jingle stepped u.sinfl! a debounced switch. Sta tic 

and dynamic storage in the intemal regbters b, of course, similar to tne 

static and dynamic merrory discussed in Chp, ]. 

finally, sorne processors provide synchronizing or state .signal3 that lllay be 

"""' . for the control of peripherals or for interfacin¡;r. Th• 8080, for in.stance. 
"'- '!~ 

uses • "synch" :~ienal; the RCA O)SMAC state si¡ma]_s, ""' the 6Boo ... • ~" 
(valid lll8!00f'Y address) .signa!. As di3Cussed ealier, ·~ processors do not ha" 

sixteen addre::~s pins, but time multiplex the address infol'r.llltion oc · wre the 

address bus with the data bus. In this case, the sixteen address bit.s are sen~ 

out in two byte.s, and one of the bytes will have to be latched or helr1 by exter

na! drcuitry. A timing signal for the latch has to be provided such a.s the ALE 

on the Boas. 
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8080 
1 . 

PC = ·16 

AooRESS 
SP 

~ 
H L ~ 8 
o E = DATA 

V. 
8 e 

1 ACC A 
1 

INT A 
MEM R 

1 1 
ce MEM W 

170 R 
170 w 

Fig. 2-12 
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CYCLE - BY7 CYCLE OPERATION 

EXTENDED ADDRF.SSING: 

ADD @#XXXX 

ADDRESS BIS 

Op codo addreaa 1 
Ou eode addresa+l 1 
Op coda addreaa~2 1 
Addreaa of operand 1 

DEy @#XXXX 

ADDRESS BUS 11/W 
Op codo addreas 1 
Op codo addreaa+T 1 
0p coda addreaa+2. 1 
Addresa of operand 1 
Addreaa of operand 1 
Addreas o! operand O 

DA'rA BUS ., 
Op codo 

Addreaa ot operand (high byte) 
Addreaa ot operand (low byte) 
Operand data 

DATA BUS 

Op coda 
Addreae of operand (high byte) 
Addreaa ot operand· (low byte) 
Current Operand data 
Irrelevant data (note) 
New Operand data. 

note: If VMA 1a usad to enable memory, 
then VMA will be O during thie 
CYcle and the data bus will depend 
on- capac:i ti ve decay. 

Fig. 2-13 

.. 
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(Hot.orola's narr.es for t.hese modes are not standard name:s.) Conditional bra.nches 

use the relat.ive nxxle. these roodes are :slmllarized in t.he foll01.1!ng. 

Imtediat.e mode: In t.he l.Jmlediat.e ftQC!e, the opera.nd is st.ored in t.he locat.ion 

fol101.1ing t.he op-eode, ror example consider the instruct.ioo which add.s the 

number 5 to accumulator A: 

AOD 15, ACCA 

'Ibis would be assembled in the folloóo'ing fonn: 

ADD 15, ACCA " (op-code) 

05 (data) 

Extended and Direct M:xles: The nnc:les are really ab.solute addressing nnc:IP.s, 

i.e., the ab:3olute or nunerical address of the operand i:s given in the follow

ing byte or byte.s. In the extended nnc:le, the specific addr !:S.S of the memory lo

cation or I/U register i.s given in the follo~dng two bytes (the t\Jll sb:teen ad

dress bits), the high arder byte fir:st. for !lle!OOry locations with addres.ses 

le.ss than 255, the direct addre.ssing mode rnay ah<o be used. Here, only one 

byte, specit'ying one of the fir.st 256 locations is u:sed. Thi.s direct mode per

mit:s fa.ster executing and, of cour.se, :saves UlelllOf"Y location.s. An eJ<amPle 1.s a 

load the accumul.ator with the content.s of a mettJ:O!"Y location: 

LDA t!l 167A 



'..-~in~ ex":cuted, 

-.::.-:-

~inter registcrs, or the condition code :-eei.ster. 

Finally the relative mode is used for t.t·.e br-anch COf'lnands and consists of adcHne 

tne second byte of the instn.~ction to t:"e progran counter to divert the program 

ex'<!cution to another ¡¡art or the prograr::. The second byte is a 2's complements 

nu:nber, ll!eaning that the contents of the prorram counter rmy be 1ncreased or de

creased. An exa:nple is a branch frcrn tt-.e current location back to a previous 

in.st~ction, often in a loop. for insta.">Ce, one may 1.1ish to test the state of a 

process by test1ng a done bit. If the done bit 1s the most significant bit of a 

reg1ster then the register's contents are a negative numher'when the done bit b 

set (=1). We suppose that the regbter is located at 8008 {hex), 

LOOP: TST @18008 

.BPL LOOP 

Tnus unless the done bit is set, the loop test the contents of 8008 and branches 

back for another test. This would be assePJbled: -

U)QP: 7D {test} 

8D 

D8 (the adC.~..!ls) 

• 2A (BPL, br •. ::ch of plus) 

FB (2's ~:ement of -'i) 

Note the one bra.nches back -5 because = program counter will point to the lo

"ation following the off.:;¡et of the b:"mch coom"lnd lo'hile the branch corrrnand ts 
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''"" Handling Instructioru; Il 

Function Mnemonic 

Clcar CLII,CLHA,CLRB 

L'ecr"n'cnt DEC, DECA , DECB 

lncro:.nent INC, lllCA, WCB 

!Ice<• te NiG,NtnA,NtnB 
2':¡ c<..mplement 

Coc'.plet:>ent ( 1 • S ) COii, COI'IA, CONB 

Data !landllng In:struction Ill 

Function 

Rvtate left 

llotate right 

Arithmetie 
shift left 

Arit~tic 
shift right 

Logic shift 
right 

A AceuraJlator A 
B ACCll"llllator B 
M Neroory loeation 
e carry bit 

bO bit O 
bl bit 7 

Hnemonic 

ROL, ROLA ,llOLB 

ROR, RORA , RORB 

ASL,A:JLA,ASLB 

ASR, ASRA, ASRB 

LSR, LSRA, LSRB 

Operation 

00->M, A, B 

H- ' -> H 
A- ' ->A 
B- ' -> B 

H • ' -> M 
A • ' ->A 

' • 1 -> B 

-!-1,-A,-B 

M, A, B 

Operation 

e ->bO, b7 ->e 

hO ->e, e ->b7 

b7 ->e, O->bO 

b7 ->b7, bO->e 

·o ->b7, bO->c 
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Conditional Branch and JlZI!p Jnstroctions 

Function 

13ranch always 

flr·,,nt::h 1f • zero 

Hranch !f • zero 

llt•an<:h " plus 

lh~r><_•h 1f carry "'' 

~>r,~roch lo subroutine 

Juv¡¡ 

iJo operation 

Hnet"IOnic 

BRA 

BEQ 

IJNE 

BPL 

BCS 

40 

Condition 

~· 
z ~ 1 

z • o 

N • o 

e ~ 1 

!l1is .l.:; a parlia1 list ol' the branch and jurr.p corrrnands; sor.le depend upon the 

t1its in the condition code register which are surmarized below: 

Bit no, Condition Code 

o e carry - borrow 

1 V overflow 

2 . z "ro 

3 N negative 

4 l interrupt msk 

5 H half carry {for dec. arlth,) 
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identJcal ~ystems, mask programned HOMs are available from a number of manufac

turers which are pin for pin compatible with the erasable ROii'l, Even larger 

ca;¡acJty r•Úk prograntned ROHs are availahle; e.g. the Intel 8316A with 16K 

tJytes. Other type:s of prograrrrnahle kOHs include !'usible link ROMs in which a 

nichr~ or siUcon link is burned opened to :store a 1 orO in the corresponding 

bit. loc<Jlioo. Fusible link ROMs are usually bipolar hence ruch faster than the 

HOS !PI-Is; but they are less practica! since the raster speed i:s not necessary 

they ~n be programmed only once, and the chip capacities are smaller, Intel, 

MOS Tcchn<Jlogy and others have comhined ROHs and I/0 circuit.s on the same chips. 

Thi!! h<:lps to !llinillli:te the chip count for the sy:stem, S<:xne or the fiCltb are 

repro~rammable. The ultimate chip !s the 87118, a member of the the 11:5-118 fami

ly of Intel, which contain:~ the processor, erasable ROM, read/write memory, 

intervallevent t.iJner, and copious I/0, 

' ' 
In addition Lo program storage, ROH can store tables of data, code:s, moni-

tor owogram.'3, assemblers, editorn, etc, In evaluation kits and developu,ent sys

tems, monitor prograt:IS a:Jsist th(! u:Jer in wr1ting, editing, and executine pro-

grams, 

Aead/Wr1Le Memory: RAM • 

Actually, B011s are random access r-emory (RAM), b..!l "RAM" is usually 

reserved for read/write memory. Oevelopments in RA!1 have proceeded as least. as 

fast. as mtcroprocessor development, Hemory chips with 16 K by one bit organizp

tions are available; eight .such chips wóuld provide 16k bytes. In microproccs

sor syst.~'fnS, IIAM is usually used for data storage, ho~.tever the program may be 

stored ln nnd e~ecuted ff'O'II RAM, RAM is volatile, and thus requires battery 

backup if a ¡.oower los!! occurs, K<lny microprocessor systems require only a s:nall 
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AO AO 01 

Al [/01 Al 02 

A2 f/02 A2 03 

A3 r to3 A3 04 

A4 1/04 A4 05 
81 1 1-2 8708 

AO AO o e 
RAM ROM 07 

A6 00 A6 

A7 '. A7 os 

"' -R /W CEI CE2 CS/WE 

Fig, 3-la 
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The 911'1o1ller capacity m~ are static. Here the bit data i5 stored on 

f!ip-flop3 and the dala will remain so lon¡¡: a.s power is applied, Power-down op

t1on!l d!"C ;;¡vailable which save power when the memory 1:1 not acce:~.sed by the pro-

cessor, Sl'ltic ruemor-y ia ea.!lier to u!!e than dynamic and is the obvious choice 

f<"'r t"!"'a)l RAH systems. 

flccall that microprocessor timing is eontrolled by clock cycles, When the 

proc(!!lsor acce.sses OleCIIOry, it sends out addre" infon~~ation for chip ::~olection 

and for byte looation with1n a chip{s). At the end of phase two in our earlier 

example in O!p. 2, the processor expects valid data, Thus the memory rrust be 

fa.st enough to yield valid infonnation, The time between the appl1cat1on of 

valid addres:~ and the data valid state is called the ~access time~ and muat al 

least match that of the the processor. Shown 1n Fig, 3-2 are the timing data 

for a 2111, Note abo that the chip .select rt~aY occur after lhe address h ap

plied, Usually the addr-ess infonnat1on is 1nvolved in a chip select, but thP. 

phase two clock may abo be involved in chip select, Thus a second time, the 

"chip enable to output" time is abo important. Typical times ar-e shown in the 

figure and in the associ;,ted table, Other times are included for c0111pleteness, 

Extremely fast a>emory, raster than 1100 nsec would be a ~~asted expense for roost 

,,ys tem!l , 

Shown ir1 fig, 3-3 is a simple system using one ROM and t;.oo 2111 RAHs. ~·.1e 

meonry ls connected to an 8080 bus and sorne address decoding 1.5 accompltshcd by 
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1 WRITE CYCLE 1 

¡<------ ~e y 

AOORESS __ )1(~------,---~x~-
T. -~·¡ 

CHIP ENABLES l' "" cw / 

OUTPU T V T df ,1, T dw---oj 
DISABLEc._ __ ~ 

1 

REAO 
WRITE 

____ )K]~l~~ ~~----
Twp ¡· T wr 

--t-~T-.~ /r'---
ow 
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DO 
. . . . 

g¡; 
. 

. . 

. 
A9 

w~ ~:.? 9~708_ ·;.;~ Al5 

~ ' 1 . 

§gs 
821 . 

~ ~~~ 
: vss ~ 
1~9 es 

. 

O les 1 ,~ es 1 
.::: l:Q4 4 

: 811 1 ¡ : 8111 . . 

-:= ~D ;=fue_ 

Fig. 3-3 



MULTIPLEXEO DMAIMPU OPERATION 

MC6800 RAM 

· MCBT-95 

NMI ~ 1 

Fig. 3-4 

1 

1 

1 

1 

' 
~ 
~ 

' 
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DMA 'itX:HJUQUE.'l 

Techniquc tlaxl..mum Data Rate 

Halt !'r-.:;..cc~3or 1 byte/microsec. 

Cycle Steal 1 byte/2.5 microsee. 

1-t.JltipleJted 0!-\A 1 byte/1.2 microsee. 

Software (PIA) 1 byt't(14 microsec, 

Notes: 

MPU pi"'grarn 

Execution 

Hardware 

Complexity 

O ln.lest 

lcycle/5 l:liCro$eC. 1-ledium 

lcycle/1 .2 microsee. Highest 

Dedicated to 

Aquisition 

Lowest 

Thesc flltamples hold for the 6800 processor and are de::scribed in 

Motorola ·.s Applications Manual. The DMA rate for the Halt case 

is limited by memory speed, 

CHAPTEH 4 

PROGBA"HABLE "ICROPRQCgSSOR SJSTE" CHIPS - lNPUT/OUTPUT 

Wnen mlcroprocessor.s f'ir.st Wcamc available, the input and output cir<~uil.s 

has to te deisgned u.sing SSI logic. Not only was this task time consuming, but 

the number of chips in the system incrcased a great deal. 1\otorola, and later 
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1 1 1 1 1 1 1 1 1 CONTROL 

Cll 1 1 1 1 1 1 STATUS 

¡----1 
1 1 1 1 1 1 1 INPUT 

! 1 1 1 1 1 1 1 1 
OUTPUT 

1 1 1 1 1 1 1 CONTROL 

1 1 1 1 1 1 1 
PORTA 

1 1 1 1 1 1 1 
PORT 8 

1 1 1 1 1 1 1 
PORT C 

Fig. l¡-1 
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AODRESS BUS 

CONTROL BUS 
-~-------, 

• ,. 

' ~ 7' ' 7 . 

RO,~ 07-00 AO-AI 
es 

• • 

:: 8255 
. ~ :: 

• 

. 
MOO EO 8 e A 

• 
B IAl 4 lA) 4 1/0 B 110 

' 
. 

V· ~ '-/ 
PB?-PBO , PC 3-PC O 1 PC 7-PC4 , PA7- PAO 

Fig. 4-2 
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R/w· COt-ITROL 

8255 

81-0IRECTIONAL 
DATA BUS 

321001234567 

5V 1 POWER 
GNO SUPPLY 

PORT 9 

NC Ll _l._¡ _j¡______J_¡____J_¡ ~1 ___.___¡ _____.¡ 

Fil!:. 4-4 
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Latcbed Inputs and Handsbaklng -Jnotber Hode 

In scme applicatiOI'lS, tt 1s necessary lo latch input data since the data 

~r.ay be valid only for a short time, Usually some timing signa! or "strobe" is 

avaUable to indicate when the data are valid, The processor· may be occupied 

IJith sorne task 1Jhich cannot be interrupted or the data valid dstate aay be too 

short lbr the proce.!!sor to capture the data. The 8255 may be used in m:xle 1 a:s 

sho;m in Fig~ ~-6 for these cases. ( If the processor is not otherwise occupied 

ilnd if the data valid slate exists for at least 11everal micro3econd3, the pro

ces.sor can check the state of the strobe input and capture the-dala easily in 

mode O of the previous section.) In the latched input case of Fig, ~-6, the 

strobe signal loads the data into the input latch, SUbsequently the 8255 issue 

the input buffer t'ull (IBF) s~gnal. If the interrupt enable ts set using tho 
·~ 

hit set of pin 4 of port. e, an interrupt request IJill be generated on pin 3 of 

;..ort C. The strobe and the IBF constitute the handshaking; the IBF signal 1s 

useful for indicatlng to the inputting device that the data~ not been read by 

';.ile proce$.'.1or. When the contents of port A are read, the IBF signal b reset. 

Pcrt A and .port E r.ny both be operated in this n.xle. Another use of Hode 1 is 

strobed output. Here data are placed at the output of A or B and an output 

buffer tull (OilF) signal is issued by the 8255. When the output device connect

ed to the 8255 acceph t.he data, 1t should issue an acknowledge l!lignal that can 

in turn generate an tnterrupt request. (lnterrupts are discussed later in this 

chapter.) 

The 8255 can be operated 1n still another m::>de which can provide synchro

nous input or output. Detail~ can be found in the 8080 M1c!"'C«<lputer Systems 

User's Manual. In sunmary, the 8255 provides 24 input ·or output lines and can 
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l>e operated in a nlll:lber of modes. 

There are a nurnber of other chips from Intel and other 1'13nufacturers that 

rescmhle the 8255. \<lith the new 8085, an 8155 has been made avallable which ha.s 

many of the 8255 features: two 8-bit A and B ports, &-bit C port, basic and 

strobed input/output: In addition, it has a 111 bit binary down counter, and 256 

bytes or nAH, and rrny be interfaced with the 8080. 

Data DJrection Beaisters 

(In .sorne parallel I/0 chips, individual bits may be de.signated as either an 

input oran output bit, One example is the Motorola PIA (6820), Here the chip 

may loe divided into two parts, A and B. Each side or part 1s very similar as 

shown in Ffg. 11-7. (The A output bits are standard TI'L compatible, but the 8 

output bits may source 
. , 

up to 1 milliampere, adequate ror the drive of " 

transistor, The Intel 8255 outputs also provide the 1ma, drive.) Although there 

are six internal registers, only four are addressable at any time. The data 

direction registers specify which bits are outputs or inputs. A 1 in a bit of 

the data direction register defines the correspending externa! lineas an out-

put; a O defines an input. The control registers define and enable the inter

rupt states and with pins RO and R1, the register select pir.,J, select the 110 

register or the data direction register, Spccifically, it the 2nd bH of the 

control register is a zero, then (RO,Ill) = (O, O) sclect.s the data direction re

gister. If the 2nd bit is one, (0,0) selects the 110 register, The control re

¡;isters are always selectable. The register select is indicated in Fig. ~-8. 

lo'hile cumbersorne, t.his scheme pennits a ptn t.h.at \.Kluld ord1narily be used as 

regtster select, to be used for sorne other useful task, nos Technology 1113.m:fac-

tures an excellent variation of the !>lA: the 65]0. It c<lntains not only the 
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lNTEii!JAL ADDI!CS.SIIIG Oi" 111~ ~lA 

/JS 1 riSO Control l!e~ister Bit Location Selected 

CfiA-2 Ci!B-2 . ' 

o o 1 ' Pcriph~ral Re~ister A 

o o o ' Dat.a Direction Her.iater ' 
o 1 ' " Control Register A 

' o 1 
,. 

?eripheral Rep,ister B ' 
o ' o Data Direction Rerister B 

1 ' ' . Contml Register B 

RSO ami RSl are the re!;ictcr select pins nonr.ally connccted to address 

pins AO and Al. CRA-2 and CRB-2 are bit 2 of the control reeistei"S, 
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PA7 
DONE 
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ADDRESS P 1 A ~ 7~ ~ ~· . 
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Fig. Fig. 4-8 
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_l 
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1 PRESSL'ccl 
POS 1 , 

1 '"' () ~~~ 
(VOLTA 

-. 

' ~ -' 



-74-

DATA TRANSFER PRO::::RAM 

lhis program segr.¡ent is intended to imlicate the maxim.Jm rate at which a 

&800 may acquire data, Here, we are given a control register (CNTHL) which in

dicated that status: if hit 7 i:s high, the data word (D'I'WR) is ready to be read. 

The index register has been preloaded with the mnber of words to be acquired 

andi is dccremented until it is zero in which case the acquisition is done. 

LOOP: UlM CNTIU. ;load control word ' cycles 

BPL LOOP ;data oot ready ' 
LDAA rmro ;get data into accum A. ' 
PSHA ;store 00 stack ' 
OEX ;Index reg. "'" ~ot ' 
"" LOOP ;return for next word ' 

Fig. 4-10 

73 
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1 1 1 1 1 1 1 1 1 CONTROL 

1 1 
¡ 

1 1 1 1 1 1 STATUS 

1 1 1 1 1 1 1 1 1 
INPUT 

1 1 1 1 1 1 1 1 
OUTPUT 

CONTROL REGISTER - WRITE ONLY 

STATUS REGISTER - READ ONLY 

I/0 REGISTERS - DOUBLE BUFFERRED 

Fig. 4-11 



-78-

TRANSMIT DATfl REG· 
RS · R7W 
WRITE ONLY 

76543210 

! ue 7! D8 s] 0851 oa4[ oa 3[ oa2! 08 r [oso] 

RECEIVE DATA REG. 
RS· RM 
READ ONLY 

76543210 

[os7j ?e5 oa5] oa4[ oa3joe.2j oarj oso] 

1 
m-
iF .,=-' .-
"' 

1 ..,_ 
mz 
Oc1 . . 

CONT~.~ 
WRITE ONLY 

6 e 4 3 2 

0-l "'" "' "'" §¡¡¡ 
~~ i "'o ¡;;, r no ..., 

• 
STATUS REG 

RS · R/W 
READ ONLY 

6 5 4 3 2 

"'" O"' "'"' "'" "'"' <"' "'"' -lo 

"'"' o :O!> !>o 
o::; 03: ...,,., 
"'-< .. "'"' e:. 

v> 

Fig. 4-12 
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DECOOEF( 

.-
'-

AO 
Al 
R/W 
02 
DO 

• 

D7 

= 
= 
= -
-
-
-
-
-

eso 
C5l! PAO 
CSI 
RSO 
RS 1 
R/W 
E PA7 
DO 

• 

. 

. CB2 
• 

' 

' 

TTL" 
OUTPUT 

TTL 
INPUT 

TOREA DER 
OL CONTR 

07 P86 1--- GND FOR 30 CPS 
PB7 P82 PBO 5V FOR JO CPS 

RESETINI 91K 

A 1-OVTI OOK 

Dout ou 620PF 

TIMER 
4.~ OR 
9./ tnSEC 
PULSE 

Fig. 4-14 
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sinU.-w), llO\.Iever the designer should consider the po:l3ibility of using severa}' 

"roccs.sor.:~ rather than coping with ccrnplicated 111Ullitask prograr.r..ing, Hicropro-

cessor are lesa powerful than miniComputers, the software presents more diffi-

cult.i.;,s, <~nd they cost rruch less. Of course, if the data or control rates are 

very ~;o:. and simple, a :;,icroprocessor can handle many task9· 

Trpical lnte~rupt Procedures 

Ho~t interrupts are maslrnble, that is, the microprocessor's condition code 

registcr cont.ains a flag bit which enables or disables (masks) interrupt re-

quests. When the interrupt in not l!BSked, and an interrupt request b l"ade, the 

procesoor finishes its current instruction and intern the service routine, The 

flow chart of a 6800 is sh01m in Fip:. ll-15. Note that there are two interrupt 

• 
requests: a nonmaskable interrupt (one that cannot be disabled by the proce!lsor) 

and a regular interru¡¡t request. We will discuss only the latter. When thc 

processor finishes an instruction, 1t check!! for a hall signal and then an in-

terrupt request. If the interrupt request is asserted, it then check!! the mask. 

If the mask is set, the processor continues with the next instructton. If the 

request is not masked, the proccssor saves all of the interna! registers on the 

stack (excluding of cour!le the contents of the stack pointer) and goes to loca

tions FfF8 and Fff9 for the new program counter. If several devic:es are capable 

of interrupting the processor, the service program roust POLI.. the devices to 

determine lo'hich device created the interrupt request. A "priority" of the re-

quests roay be :5tablished through the order in which the i:levices are checked. 

In the 6800 farnily, the 110 devices have a status rcgister or status/control r'!'

ghter which contains a flag bit that signals an interrupt request. Thus when 

an I/0 device is progranmed, interrupt enable bits in the COlltrol register rray 
• 

be set te pennit interrupts by th:lt 110 device.(flg. ~-16). The Motorola scherne 
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sequential addres::~ locatioos ror- the input or output and uses the proces.sor HOLD 

feature discussed earlier, Priorities may be set for each or the channeli!J or a 

rotating priority may be established. Finally, a "terminal count" or the ni.JTflbel' 

of bytes that are lo be ll"ansferred in a single request may be progranmed, A 

disadvanl<l¡¡e or ustng this chip is that a maxinlro transfer rate of 1 byte/~usec. 

ls possibl e. Fol" many instn.rroentat1on tasks, this rate is l:lUch too slow. A 

hard..,.ir<'<l HIA lJllit as discussed ear11er, can handle data as fast as the tnemory 

access ti:ue will allow. However-, in this latter case, that hardware complexity 

is much ercat.er than the cornplexity of a single chip. 
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at· the lt.4H. A keyt:oard may be interfaced to the 80118 using the 8279 

keyboard/display ora stanrlard·, encoded keyboard may, be connected t.o one of the 

quélsi-bidirectional port.s since the V!Xi alreac\y supplies the display, The seri

al l/U c.:~n be provided by using the other quast-bidirection.al port. To generate 

to propcr baud and handle the serial 110, the pi'OCessor ~:~ay use its intemal 

<:ntmter for timing, 

nw lKbyte ROM and 64 bytes of RAM are adequate for t.he neeessary program, 

The proces~;or must spend most if it.s time m:mitoring the serial input and output 

and e<:hoing that response on the VlX'!. When a key 1s struck, an interrupt will 

occur that results in a read of the keyboard encoding chip and transr.~ission of 

the chamcter via the serial output, Since the internal tllner incret~ents every 

80 microsec,, this schcme is ~tbfactory up to 600 baud, for higher baud, a 

serial interface chip sucl(_ as the 6800 discussed in the previous chapter is re

quired, 

rnte1'a 8085 

The 8085 wa~ mentioned in Chp.3 as an · extension or simplicatton of the 

BoBo. In the 8080, statu:~ infomation ll!Ust be placed on the bus and be captured 

using an additional chip, t.IJe 8228. The 8228 possesses some additional features 

that make it very useful, but if one is trying to use the minimum number of com

ponents, the 8085 systern is better, The 8085 has nll of the in.structlons of thc 

8000 and can be u_sed in similar systems bLJt is not bus corn¡mtible, One rw:~t use 

sorne logic chips to connect the RQ85 to at1 8080 bu:~. 

The 8085 offe/'8 SDrle siJ:lplicaLion of system design, especiAlly if the sys

ter~ does not require rany priority int.,rrupt request line:~. F'or inst.!lnee, the 



a CHLI!> (cornplimentary lOS logic) processor, and tllus has some unique fentures. 

F!rst, the processor can be operated with a wide range of voltaees: 3- 15 

volts, Second, the proces=r ~u1res extremely low power- 1111crowatt3 instead 

of hl.mdreds of milliwatts fOI' 1110re conventiooal processor:s, nJU.S the processor 

and its 1L'l~•odated chip:¡ can be operated in applications requiring battery power 

or very lo¡.¡ power input rruch II'IOre successfully than, say, the 8o8o, 

Ot.her special features of the OOSHAC include a static clock (no minimum 

clock -f'roe<¡""'"cy); :simple illput/outpllt either memory rrapped, on-chip D1A, or I/0 

lin.-,s nn Lhe chip; and 16 1~-bit registers, any one of which rray be the progra~~~ 

counter, index register, or DMA pointer. The processor is thu:s I/0 oriented, . 

Each of the:se I/0 featunes will be examined in the following, 

The processor has four input flags which which may 00 tests<! and used for 

conditional branche:s and it ha.!'l 3 output line:~ which may be U3ed for 11implified 

address decoding or device seler.tion or for additional I/0 llnes. Finally, a 

one-bit I/0 line is available for s .. rial input/output, Some details are shown in 

~'ig, 5--lj, 

The prooessor ha.s a DMA request input that essentially provides "cycle 

stealing" capabilitie:s, If the request is made frequently enough or if it is 

continuously made, the proce:ssor will cootinue to provlde DHA in or DMA out, 

This feature is very uset\tl for loading memory wi th the desired progra¡:t~ and then 
' 1 

executing the progratJl, RCA has ODde avallable a "Hicrotutor" that USE!3 this 

:~cheme, The DMA feature i9 handled by Regbter o; i,e, RO points to the memory 

locations that are loaded through tbe DMA requests and 1s autOI'Btically stepped 

to the next roeroory location. On RESET, RO also 3e!'Ves 83 the progra.lll counter, 

but any register may thereafter be designated the program counter. 
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Any of the stxteen 16-bit register llDY be des:ignated as an index register, 

Baste 1nput and 0Ulput 1s handled through an IN or an OUT instructlon which uses 

an index register as a pointer to input or output a byte. The index register is 

automatically step;>ed in this procedure. Further a 3 bit code is specified on 

the rutput bits for device selection. The byte is placed on the data bus by the 

proce.:;sor in an output operation, or the processor reads the byte on t!Je input 

operation. With additional extemal Iogic, the 110 capabilities DBY be greatly 

expanded. RCA has also developed peripheral chips for this" processor. The ¡¡d

ditional I/0 Unes are possible because only 8 pins are used for the address 

bits. The 16 address bits are time rrultiplexed; an additional bit is provided 

so that. t.he first (=st significant.) addre:~s bits can be latched. This address 

multiplexing is oommon on many of the sinpler processors. 

Tbe SC/HP: lfational ~s. SCAHP 

The original SCIMP was f¡¡bricat.ed using a p-IDS technalogy, and thus it was 

quite slaw: 32 micoraseconds per instruction. A new n-I{)S version is now 

available and is correspoodingly faster. The SC/HP has 12 addre:~s bita oo tt¡e 

chip but can multiplex the additianal four for <1. full 16-bit address usine; fol.lr 

bits on the data bu.s. A ti..ming or latching signal 1s iS!Iued by the proce.ssor 

when the additional four bits aro valid. The 1nternal regist.er organization is 

illl.lstrated 111 Fig. 5-5. The program counter 1s hardwired as pointer l"'!!gister O. 

However, the oontents of the PC can be exchanged with the contents or any 

pointer register usine a .:;ingle instruction. This feature leads toan intere:~t

ing way to handlc subrountiocs: if the pointer registers are point1ng to the 

beginning of a Sl.lhrol.lntine, then by exchanging contents, the processor execute.s 

the Sl.lt.routine. Tne retum fi"'O1: subroutine i.s accOI:lplished by another exchange 
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Hicr·oproc~ssor rnnufacturers have dcveloped inexpensivc evaluation lc:its or 

syst.ems for users who wish to explore si.mple microprocessor operation. The 

iiotorola Evaluation Kit Il use<! in this tutoriol is a good exnr:~ple. 'ihese sys-

tcns interface ~o~ith a teminal or with a :<eyhoar'd on the systel'l and allo•1 t~e 

user t.o dep~it, run, derug, and perhaps store his pro,?ram on a cassette. The 

system is controlled by a program, the :oonitor, sto!'ed in a RQI1, These syst!!u>s 

can be c~¡>anded to include more memory and fTJ;lre 110, howevel', it is inpractical 

in 110st ca.5es to add assemblers, disks, etc. These systems cost frorr. .;100 lo 

$300, and are oft.en available only as a kit. Other popular ev¡¡lu~tion kits in-

elude the SDK-80 from Intel, and the Kit1-1 f!"'CC liOS Technolory. \fhilc I hi'\VC 

heard of a firm that used the SDK-80 in a product, I believe th"t evaul'ltion ---
kits are rcally suitable for learninr about rr:icro¡;.roccssor and es~ciallV in 

educational prograrns. 

Uobby Syste~:~.s 

This text b not directed toward the design of hc':lby systerns such as the 

Altair by MlTS or IMSAI's 808o systerq. They are r:>entio'led here because their 

costs are modest, and because these systems are occasion>~lly used for inexpen-

sive developroent of software. In contrast to the evaluation systcns, the hobby 

systems can be easily e:>epandl!'d. l'any have assernblers and debur,ging aids that 

greatly ease the progranr.~ing process. Host of the syst.e!:IS can be intcrfaced to 

floé'PY disks where the soft;Jare can be st.orl!'d, edit.ed, assembled, cte. High 

level lan;:uagcs have also been developed for t.hese system:J¡ BASIC in sorne form 

1s the rost popular. 

1 as 
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' ' oper'ltion::; ,g t11e I!DS syste.1l. As in the Int.el systell, it accornodates a number 

or diiTercnt systems, and can be expanded lo additional memory, li'OI·l pro~Crarwers, 

di.!!k interfaces etc. Both the Intel and the l1otorola systems dcal only with 

their rosyectlve processors. Recently, Tektronix h;;s develope<.1 its system, the 

8002 system, which can accorrodate a OUIIIber of different proccssors: fi800, 8080, 

Z-80,. a1d w.lll be expanded to include four olh!!rs. This syster.1 will be avail-

able at the tutoria.l and will he dlscn.«sed below. 

Thc b002 system consists of a dual-floppy di.!!.k, a terminal, and the 8002 

rnainfr~. i'he fir:st two are standard co:nponents and necd no elaborat1on. The 

rnainframe contains the systern processor, a Z-SO, 15!,: bytes of system r¡emry, an 

asser.tt>ler processor, ;md an e!'J..Jlat.or processor. ,15K byte3 of RAH are availctble 

for the ~ers program and the RAm rray be e)(panded to 61jK bytes. The assembler 

~rocessor nm the Tekti"'nix as~bler while the system processor handles ,';111 of 

t.he 110 to thc disks. The emulator r.wocessor is A. circuit board which uses the 

particular con:~ercail processor of interest to the user. It runs the user pro-

P,ram while the syste:ll processor pro¡,:ram detects prop,ram eri"'rs ancl runtime er-

r(')rs. 

As shown in 6-1, one can star-t witn the software design and produce a 

source program which in tum may be edited by the 8002 editinr, program. The 

source ¡Jrugram r!Dy be assemhled via the ¡¡ssenbler processor and tested usine the 

emulat.or processor. In that testing, the emula tnr processor e)(ecutes the user 

pro¡;ram rrom the emulat.or memory and also provides the 110. 

In tlie hardware desi!:'l proces.s, OCJe may st.art with a breadboard or a proto-

type systern. Using a speci'<l prot.otype probe, the hard~~<~re system n-ay be 

chooc>;cd ustnr. the croulator ¡¡rocessor. The proces:;or is rei'IOved fr'CX:I the 

107 
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breadboar<J or proLotype system and the prototype probe b inserted in its place. 

In this r.JOde, the emulator processor runs the hardware while the system proces

sor perfof'lllS dc~u¡;¡;:ing and run time checks. Breakpoints may be inserted, new 

1nstruction added or substituled, and timing check in loop:s or from ene part of 

the user yr-o¡;;ram to another. The user program may be run frorn the emulator pro-

cessor, frr,:n t~e prototype system,, or both. A s¡.>ecial nappin,!' CC>m'r.and exist.s to 

.:~elect l.tll~h part of the menory and t/0 space resides in the emulator memory and 

which pa:-•_ in the prototype boal"'d. A ROM progranrner is also available for prO

¡;r~nir.g UoP. !~rd;;are .system's r:Jei!IOry. 

FiMlly, a logic analyzer facillty is available 'for system testing. 

Software debugging is successful only when the hardware is working properly. To 

check r.a.rd~<are, the analyzer displays the states of the address bus, the data 

bus, t.he control bus, and eight other user selected points. The last 100 such 
" 

states are stored and dlsplayed as a re.sult of a pre-trigger, a po:¡t-trigger, or 

This development systern was descrihed in sorne detall because it offers rost 

of the design aids avail~ble in a single syslell. The desirn aids are not neces

snrily unique however; lntel offers an ICE system which is very si1nilar to the 

emulator ¡.>rocessor and the prototype prot.e. The high initial cost for this sys

tcm -about $18,000 - is justified if designs using severa! different processors 

are necessary. 'fhe same system tnstructions and USil.ge, prevails over all of the 

processors, and is easier than using development syStems frorn different manufac-

turers. 

Tiae Sba~ing S7~te~3 

1 oq 
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costly to optimh:e in assembly language. iloroally, the speed with which a pro

gram will execute depends upon a very few portlons of the program: a few loops 

perhaps. lf the cOIIlpiler can be linked toan assecbly language program, as ¡oo3t 

can, t.t>ese few portions can be optimi:zed and the rest or the progra~~~ written us-

ing a.ssembly language. 

Intel nffers their compiler as a resident program in their Intellec system 

(HDS) and cla!= thal this offera coll51derable saving:~ over timesharing ser

vices. Tntel "lso states th:lt the realiability of program.s written in PLIM have 

better software reliability. 

Hacro~ aod otber atds 

. Plogramning still .seem5 lo be a barrier in the use of computer sysle!!IS ror 

::.any people. While high level languages help, they are not always the answer. 

~lacros reprcsent at least a parti.Jl solution. A l!'.acro Í-' essentially a strin~ 

of assembly language instructioos which represents a sinele operation or task. 

An exrunple might be a microprocessor controlled pin ·ball machine9 in which the 

designers {who are not computer expertsl wish to programa· variety of" ¡raMes. 

The manufacturer oí" the processors (if" the quantity i3 very procüsing) or some 

other organiz.ation might write a series of" Macros, ea.ch oí" which performs SO!Ile 

task: check the tilt, count the points, check for bonus points, etc. The 

desiener of the game could then simple combine the macros and a few conditional 

branches to fonn a speciftc game. The macros can be named in obvious ways. 

Essentially, then, ~Tacros can be used by non-expert prograrmers to deal with 

prograJJI.-.able systems such as microprocessor based systems. 

9. Mentioned at an IEEE Hicroproces.sor l.lorkshop by a National Semiconduc
tor speaker 
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APPENDII A THE 8080 HICRúP~OCESSOR 

n,e eo-~o is best appreciated and understood if 1t is remembered that H is 

t1:e first of the "2nd t;eneration" processors. Its predessesors .. ere the ~004 

ana the eooa, quite llmited prOC€ssors hy coorparioon. The progrannin¡; nodel of 

the SOCr. ~~ !lhown in Fig, A-l. The program counter, the stack pointer, and the 

acctm~Ulator are quite standard registers. The condition code reeister has the 

usual toils plus a parity bit that is s.et when the modulo 2 SUM of the bits in 

the result of the operation is z.ero. I have never used this feature, and thus I 

cannot give an example of the application of the parity bit. The rer,ist.er pair, 

H & L, is freq1JentlY used to point toa merrory location, but it is notan index 

register. Reetsters D & 

used in sane instructions. 

poses. 

E and B & C, as pairs, also can point to r:enory and 

The registers may also be used for scratch pad pur-

The 8080 has a number of addressing m:>des: ab.solute (exact address), 

register indirect (location pointed to by register paid, register (op-code 

specifies one internal registers register pairs), 

irrmediate(operand rollo"'s op-code). All conditiOI'lal branches, called condition-

al jurnps in the RoBO, use absolut.e addressing. The register pair H L is more 

frequently used for memory-accumulator transfers or ALU operationz. Thc condi

tion codes are not. moclil'ied bY incrementing or decre~nting register pairs and 

there i.s no operation to compare H L to determine if a transfer a data is com

plete. This i.s the principal shortcoming of the instruction set. 

The 8080 • s el oc k cycles are nore t:omplex than most other processors •• Ea eh , 
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Tho completo procesaor is ahown in Fig, A-3~ The 8085 
offers considerable ease in design, since it does not need any 

115 

spacial clock or status latches. It ia almost certainly the processor 

of choice for moet futura eystems if ene wiehea to etay in the 
3080/3035 software (a considerable inve!;tment), 

8080 /(6 

1 

PC 16 

ADDRESs· 
SP 1ª 

f--

H L e-: 
F 

8 

D E DATA 

V 

B e 

1 
ACC A 

1 

INT A 

[ 
1 

MEM R 

ce MEM W 
170 R 
1/0 w 

. 



WAIT 
REO. 

GND 
5V 

·5V 
12V 

SYSTEM 
SYSTEM JNT 

INT ENABLE 

XTAL 

. -119-

Al 

8 
e pu: 

• 

Fig. A-3 

CON· 
TROL. 

AO' 

• 
• 
15 

DORE SS 
BUS 

CONTROL 
BUS 



EDUCAC/ON CONTINUA 
INGENIER/A U.N.A.M. 

tNTRODUCCION A LOS MICROPROCESADORES (Z-80) 

'• 
.. • - ; ' . 

MODOS DE OIRECCIONAHIENTO 

MARZO, 1981 

Poloclo de Mo"ncr[o Collo do T ', 5 ' 1 M' 1 ' D F T 1 • ' '"!O A-~ P·• 1 M !!OS llpoo ••o , . . ••· ....,.... .,..o. .,., •. 



l.- l~:;l~l 1_;,1:\S DE 111RECCIONAMIENTO. 

realizar las siguientes funciones: 

Obtener y traer de memoria primaria al CPU la siguiente 
instrucción a ejecutar. 

Emender los operandos, estO es, definir la localización de 
Jos operandos necesarios para ejecutar la instrucción y 
traer los al CPU. 

E¡ecutar la instrucción. 

Para llevar a cabo las funciones anteriores el CPU debe con-

tar con la ~iguiente información: 

El cfldigu de operación 
,. 
de la i[]strucción a ejecutar. 

1 
l.a;; dirvccioncs de los operandos y la del resultado. 

La dirección de la siguiente instrucción a ejecutar. 

Existen diferentes soluciones que satisfacen los requerimiemos 

arnerim·es, los cuales determinan la arquitecrura de Jos proc~ 

sadores que las utilizan. 

Se supondrán operaciones aritméticas en las que se tienen dos 

opcnmdos y un resultado ya que son las que proporcionan el 

c<l so m~r~ general. 

H) Máquinas de "3H" dinocciones 

El formato de instrncción en este esquema de direcciona--

miento contiene todos Jos elementos necesitados por el CPU_ 

1 
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donde TI y ·¡·¿ n.:¡lH..:sentan Jp~alidndes temporales usadas para guardar 

rc~ultados .:~rilln&ticos intermedios. 

LJ~ conclu~inm·ó' 111ás impon:antes en ~:ste esquema son: 

l.os p¡ ognun:'~ m> nect:sitan estar almacenados en memo:ria en forma 

secw:ncial ya que el campo de dirección de la siguiente instrucción pe_!" 

mite conocer donde fueron nlmacenados. 

Debido a que cada instruccibn contiene en forma explícita tres direc--

clones, no es necesario tener en el CPU hardware para ,guardar los re 

[;ultados de las operaciones. 

t"·) Máquinas de "3" direcciones 

ConsidenJ.ndo que los programas sP. escriben secuencialmente y que 

por consiguiente es muy lógico <~lmacenarlos en este mismo orden, 

se llega a un nuevo esquema de diréccionamiemo en el cual se sus 

tiruyen todos los CallJpos de dirección de la siguiente instrucción 

por un ~nlo registro dentro del proceslldor r¡ue lleva en forrrn ~e-

cuenci;-ll y autom<'l.ticamente la direcci6n de la siguiente instrucci6n 

a ejecutllr. Un posible formnw de instrucción se muestra en la 

fi¡;. IV.2 

fA;~~ección Código Dirección 
de primar 

~ :~st. 
Keg1 StrO ¡ 

en el 
procesador OEerac. oEerando 

' llG.IV. 2 

Dirección 1 unecciOn 
segundo resultado 
~ando 

Palabra 
n de 

memClria 
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En t'Ste t:squt:IJlil se usará la dirección del segt~ndo operando como la 

dirccci(m del rvsuhado una vez que li! operación se haya c:fecttJado, 

::."(B"C)-!D'E) en FORTRA~.qucd:J.ría: 

MUL B, C 

MUL O, E 

SUB E, C 

ADD C,:A 

La dimimlci6n del campo de dirección del reSLlhado permite reducir la 

longitud de la palabra de memoria y los costos de la misma, lo que 

permile usar este esquema en máquinas medianas y chicas. 

d) Máquinas de "1" diáccibn 

• 

Este t:S!ji.Jtln3 de direccionamiento. permite eliminar de todas l<1s ins 

trocciones el campo de direcciún de uño de los operando y susrltu--

irlo por un registro dentro del ¡.¡roccsador, el cual contendrá a uno 

de los operandos. A este registro se le conoce como acumulador.-

El formato de instrucción para la mAqudna de 1 direcciOn se mues-

tra en la fib'llra IV'4 

eb 
st. a 

Reg. en el 
procesador 

Rt:g. en el 
procesador 

FJG. rv.4 

[~UD. 

OP . 

DIR. 
P. 
OPERANDO 
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l!lemcu-iil acc..,S.•d:J.s usando una disciplina UEPS (últimas entradas, pri-

meras salit.las). De lo anterior se concluye que en cada momento se • 

temln"i Jis¡x•nilolo- el elemenro (]litó .;:<:- t•ncu::-ntre en el wp~ del s;¡¡c\:. 

El Jun11<110 u.., in"'trucción para es1e esquema de direccionamiento se 

encuentr::~ en la figt.ll·a !V·S 

r. de-la 
si . inst. 

puntador al 
o e del stac 

Re g. en el 
CPU 

Reg. en el 
CPU 

FIG. IV' S 

Palabra de 
memoria 

Es necesario contar con instrucciones que permitan meter elementos 
o 

dt~ memoria al stack (PUSH) y sacar elementos del srack !!'memoria-

(POP). 

La expresión A=(B•C)-(D•E) 

PUSH D 

PUSH E 

MUL 

PUSH B 

PUSH C 

MUL 

SUB 

POP A 

en FOHTRAN,podria 
Y_LG __ rv-.6.... w-T 

~T 

e;;;presa,rse COII<O: 

{Apuntador al tope 
del stack). 

~~·.i··. ---T 

B.-. ----T 
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2.· 1\·lETODOS DE DIRECCIOJ\'AMIENTO 

En l?.s m;'íq•.oinas de una sola direcci(>ll el lurmato de las instnJCCio-

ne~ que li!ICc· ref.::rencia a !TJ{'ITI0Tiil ,.,,n,cta de do~. campos: el campo 

Oe ci\:ligo de operación y el ca1npC! de dirección del opt.rando. Si su 

ponernos que el campo de dirección consta de n bits, emonces la 

mi'íxinHJ capacidad de memoria direccionable será 2° locaHdades. Lo 

anterior puede resulta~ bastante drAstico en el caso de las minicom

putad,:,rns ya quE; por lo general tienen palabras de 12 6 16 bits y si 

se asignan cuatro de ellos al campo de· cOdigo de operación solo se 

pued(;n direccionar 28= 256 localidades de memoria en el caso de ~ 

lnhras de 12 bits 6 212 = 4096 localidades de memoria en el caso de 

pal<1.bras :le 16 bits, Jo cual r:~sulw insuficiente para la gran mayo--

ría rle i:Js uplicaciones. 

Lo anterior ha ocasionado diferentes modos de direccionamiento, en 

Jos cuales el campo de dirección sirve para calcular la dirección 

efectiv<J del operando, logrando una mayor capacidad de memoria di-

reccionahle. 

a) Inmediato 

En este caso el operando puede estar contenido directamente en 

el campO de dirección 6 en la localidad de memoria siguieme a 

la Í!IS!TliCC)Ón. 

Ser[J necesario dedicar un bit de lo palabra para saber como se 
• 

debe interpretar la instnJCción. 



- ll-
1 1 

p.:igina actual. 

La dirección del operando se determina sum¡¡ndo los bits 

lruccJón. 

b.3) Relativo al PC 

En este modo de direccionamientO e]· contenido del campo 

,·de dirección de la !nsau.cción, interpretado como un ente-

ro con signo, se suma al PC para obtener la dirección del 

operando. 

b.4) Relativo a un registro índice 

·.• 
El contenido del campo de dirección de la instrucción, in-v 

rerpretado como un entero con signo, se suma al comeni-

do de un registro índice para obtener la di¡·ección del o~ 

randa. En .c11so de existir más de un registro índice es 

preciso asignar los bits necesarios para su identificación. 

e) Indirecto 

En el direccionamiento indirecto el campo de dirección de la ins-

trucción contiene un apuntador ¡¡ la dirección del operando ó este 

campo combinado 1 ''· 
con algún registro O palabra 

,, 
de memoria genera 

un apuntador a la dirección del operaJJdo. 
' 

Mediante un bit en la instn.Jcción se puede saher si el direcciona-

miento usado es direcw ó indirecro. 
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J.- D I R E e e I O N A tJl I E N T O E N Z - 80 

El ~icroprocesador Z-80 es u~a má~uina de una dirección 

en la ~lle los dif~r<mtea <~lOCo:¡ de direccionamiento non us~-

;':o!; ~.e;:- ¿-ruí•CS de inutrucciont:s y no se; S.)Jlican de una 

:fe>::-~,r,. ,c::ener>~l R todo el CO!l~•mto de instrucc.io!!eS. 

a) Irn;¡lfcito 

En este modo de direccionamiento el operando no ae defi

ne en forma explícita ya qo¡e el formato de instrucció11 

es fijo y en los códigos de operación se especifica im-
' .plícite~ente sobre·que registros del rrocesador actúan 

las instrucciones, por lo que el usuario no puede alte

rarlo de ninguna manera. 
Los grupos de instrucciones, 

direccionamiento son: carga 

que utilizan este modo de 

de 8 bits; carga de 16 

bits; intercambio, transferencia de bloques y búsque
da; aritméticas de propósito general y con"trol del C.PU. 

V 

Ejemplos 1. 

b) Inmediato 

El operando se encuentra en la 10c3lidud de meQoria si

guiente a la instrucción y se.considera que forma parte 
de la misma. Los valores de los operandos inmediatos 

en ningun caso podrán e~ceder la capacidad de represen

tación de un byte, Este modo de direccionamiento se uti
liza cuando se desean realizar operaciones con valores 
constantes. 

Los grupos de instrucciones q1'e utilizan este modo de 

d1reccionamiento son: carga de 8 bits; aritméticas y 
lógicas de 8 bits y entradafs::üida, 

Ejemplos 2. 

• 
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f) Extendido 

La direcci?n del orerando está ·contenida dentro del 

c¡¡,rr;po de operando de la ircstrucci"én, El cal':,po de dü·ec

ción tü.n,o un11. lcneitud de 16 bits por lo que la ~áxi

r:m. c::.paciC:ad de :::e:::o~i• .:i,·ecciom;.ble es de 64 Y. !.y~ee. 

Fste modo de direccicn:<oiento es u"tilizado por les gr.u-· 

pos de instrucciones de carga de 8 bits; carEa de 16 

bits; saltos, llamadas y regreso de subrutinas, 

Ejemplos 6. 

g) Modificado de página cero· 

En este medo de direccionamiento el cumpo de dirección 

del cper;ondo se refiere a una localidad de memoria den

tro de la página cero, Este campo de direcci6n co~sta 

de 3 bits y para su correcta interpretación ae multi

plica por 08H, obteniéndose de esta forma la referen

cili. a las ·localidades deseadas, 

Este modo de direccionamiento se utiliza exclusivamen.-: 

te por la instrucción RST, 

Ejemplos 7, 

b) Relativo 

La dir~cción del operendo se determina· sumando al con

tador ~el programa el contenido del byte siguiente al 

c6diEo de operación ae la instrucción, 

El deSplaz~m1ento knterior se interpretará como un nú
cero en complemento a dos, con lo que se loe:ra un ran

so de direccionamiento de -126 a +129 localidadee rela

tivas al contador del progra::~a, 

Este modo de direccior.a!:liento es usado por el e:rupo de 

instrucciones de salto, llamada y regreso de eubrutinas, 

Ej e;npl os 8. 
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EJEMPLOS 

Se asumir' que todos loa ejemplos siguientes utilizaD el siste

ma de numeración hexadecimal, 

Ejemplos l. 

("1002 2f 

Ejemplos 2, 

0685 C634 

' 

; . 

' 

MI}(>QS DE DlRECCIOilHMIEUTO ['EL MICPOPROCESADOR Z-8~ 
F'P•:>GPAMA CAI:'Gfl[lQ EN CRSSETE Cot~ EL 110MBPE ['lE 
"CEC". 

DIRECCIOIIRMJEHTO IMPLICITO. 

CARGA EIJ EL F'EG!STPO A EL COUTENWO DEL PEGISTRO 
DE REFRESCAMIENTO P.. 

CPL 

PEALIZA EL COMPLEMENTO LOOICO DEL COIHENIOO OEL 
ACUMULADOR Y LO DEJA EN EL MISI10 REGISTRO 

HlC IX 

El CONTEIIIOO DEL P:EGISU:Q DE llltliC'E IX SE lfi-
CREMENTA Ell UI<O 

[IJPECCIOUAMIEIHO lll~1EDIATO. 

'" A,J'4H 

; SUMA Al COIJTEHWO DEL PEGISTP.O ACUMLt.AMR A. El 
DATO J4H Y DEJA El RESULTA[IQ Ell EL MISMO RE--

' 
GISTRO. 

RHD 

REALIZA LA OPEF·ACION LQGICA AUD EriTPE EL CüiHE-- , 
UJ[IO {\f:L PEG!STPO A Y EL MTO 10\i, [>EJArlr>O EL - .. 
PESLILTFif\0 EH EL MISI10 PEGISJ:PO. 



' 
E,1emplo~. 5. 

(101'5 J4 . 

(<(116 12 

Ejemplos 6, 

ú~17 1A2J:'!10 

Ll01A Fr>22134(1¡_;t 

-
- 19 

19 

f•IFH-l!OUAM!EtHO I'E F'EGI5TPO Irrr-IPEOO 

U• 

CH~GA EL PEGJ5TRO A COil EL COIHWIDO DE LA LO-
; CAL!Dfl['l [lE MEMOPIA Af>lltiTADfl f>OR EL F'EGISTF'O PAR 

BC. 
; 

'"'' ' ; IUC.-EMEJITA El~ Ut;Q EL COHTEtHDO DE' LA LOCALIDAD 
PE ME110RIA APLIHTfi['A POR EL REGISTRO PAR fL 

' 
; 

(DE), A 

DEPOSITA Et COtiTEN!DO DEL ACUMULADOR EN LA LOCA
LIDAD DE MEMORIA fiPUUTAOA POP. El REGISTF'Q PAP [>(. 

DIRECCIOUAMIENTO EXTENDlDO 

CARGA EL ACIJMliLAI>OR CotJ EL COIITEIHDO OE LA LOCA
LIDAD DE MEMOP.IA 113213H-

('1!1)04H_l, IY 

[lf.POSIT~ EL COI!TEIIIDO DEL PEG!STRO DE lt/DlCE Ell 
Lk5 LOCALWRPES r>E 11EMORJA 00134H <!.l'r'TE BAJO~ y 
1)0f::l5H (BVTE ALTO). 



Ejemplos 9, 

(<(•27 ('1('18621 

Ejemplos 10, 

C<l)21> CBC7 

Otl2F CBAE 

21 

(IY+4?H'>.1JH 

EL DESf'LAZAMIEtHO HH SE SUMA AL COtHEtlJ('O DEL PE
GIS"IJ<'O IY PARA [>ETERMJUAR_ LA C>lRECC"JOU EFEC"Tl\IA A 
DONC>E SE DEPOSJTAPA EL DATO. 13H. 

ADO 
. 

EL M::SPLAZAMJEtHO 21H SE SUt1A Al COIHEUIDQ OEL 
REGIS"IRO IX PAF·A DE"IERMWAR LA D!RECCIOU DEL 0-
PEPAt<OO. QUE SERA SlR1AOO AL REGIS"IRO A. EL J<'ESUL
TADO QUEDA EU EL REGISTRO A. 

!HC OX+07H) 

EL DESPLAZAt11EtHO en{' ·sE $liMA AL CONTENIDO !>EL 
PEGISTRO IX PARA DETERIW<AR LA DIREC"C"!Ott r•E LA 
LOCALIDAD [lE MEMORIA CUYO CQtt"IEtllpD SE 1 UCREMEtl
TA EH UUO. 

DIRECCJOUAMIEtnO DE Ell"l. 

SET 0000H, A 

ENCIEIIC>E EL 81"1 e C>EL PEGJSH'O A. 

05H. (HL) 

FrPAGA EL 81"1 5 I>E LFr LOCFrLIDAD (>E MEMORIA [ll-
F'ECC!OtiAl>A POR El PEG!STRO HL. 

ING. LUIS G. CORDERO BORBOA 
AGOST0-79 
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zso:p¡o 
Z80A-PIO 

The liiQ! l-eO pr<><luot l~ne u l compje" ser of m• ero• 
-:o.npuler 'ompunenu. de.elopment •y•tems :llld !Uppor< 
"'''"'"''. Tltt l-ijQ m•<rocom puter compooenr set Lndudn 
>.1! ol rhe <Jr<UilS ne<.·ewry lo burld lugh.-performanco 
mr:rocun>pur<r 'Y"'"" wrth YJr!ually no oth<l log.e and > 
min=um numbet uf¡.,.... cost m rular<! me mol)' elemenu. 

The Z-80 P >tall ol 110 (PlO) Interface Con<roll<t u a 
J>l<>V.Ommable, two porr d<l'ice wlllch pruYldn m com· 
p.¡u~le rnrerfocll\g Qol,.eon penphc<al de•i<el l.lld tite 
Z80.CPU. The Z80-Cf>U configure! the Z80-l'IO lo uner· 
face WUh uondard p<ll pi\ eral "'"'" such .u t¡po punches, 
pnn'""• keybo.rds. ele. 

Structure 
• N.Chonnol S•l•cun G••• O.pieuon Lood recltnojOO' 
• 40 Pin 011' 
• Slni!e S •olr suppJy 
• SiJ>sJe ph ... S •<>r cloxk 
• Two independenr 8-bn bidilecltonal p<nphoral intorface 

pom wnh "handshol:e" cLua ua.rllfer control 

• ln<errup< dnven ·'handshlke" for fut mpon., 
• A.ny on< of oh< followin C mc.:l<> o[ Openlioa "may bo 

.. Joctod for onh<< pon: 
BY« ourput 
Byro onput 

' D.< fA IU! 
•• 

OCO!>IJtOI. 

"" 

>JV CNP •O 

1 1 1 
"" M 
~ 

'::::::::> 

ti<IIRN>J. 

~~· 
~· 

'---:; ;y 
ti<TUNAL BU• 

lNTURUPT 
CON'n!OL 

• 

Product Specification 

Byte bidi<octionaJ buo (•••oi>bl< on Pon A only) 
Hit Modo 

• P<o¡runmot>le intemtpU on penphor.U U>IU> rondnoon... 
• O&Uy chom pncnty mtcnupt losoo onclud<d to pro.,de 

For '"'""'"'" '"'""'!'' .. cooring wnhout <J<ternal lu¡oc. 
• Ei¡lu outpu11.,• copable of d""'"ll D.,lin!llon 

ttarui>ton. 
• Al! inpuu and ourpuu fUUy TTL companblo. 

PIO Architecture 

A block dio&'"'" oflhe U0-1'!0 tSlhown in f'l"" l. 
Tho in tema! UNCIUre o! !he Z80-l'l0 "'"""' of a 
UO.CPU bt1.1 intorlaoo. intemaJ cctnrollo¡~c, Pon A 110 
losic, Pon B l/0 logic.>nd intorrupt controJ logic. A 
typlcalopplloation might ~PortA as the duo tl11Ufcr 
dwmcl and Pon B for \ho¡Qtll.l and control monitorinc. 

Tho Pon 1/0 lopc ~ cornposcd of 6 rOciston wilh 
""hondlhake"" conuollogtc u thown tn fi¡¡ure 2. The 
registon u!clude: an 8-bit input re¡iJier . .., 8-bit output 
<o¡uter. • J-bit modc conuol •ocWt• . .., 8-btl mut. n¡uter. 
111 8-bit input/cutpv.t sclect re¡ister,md • 2-bn mu1; 
cormcl regi51et. The JQt thr .. resostets ore uoed only when 
tho pcrt has boon pro¡¡rnmmed ou opero. !e"' rhe b11 modo. 

• 
~ ffl" 

' ~ 
~ 

•• 

"' ffl" • 
~ 

• •• ,_ ........ ~ 
FIGURE 1 

1'!0 BLOCK OlA.GRAM 
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ZSQ-PJO PinDescripdon 

O,·Do 

B/A S..J 

CiD Sol 

CE 

• 

Z80.CPU O.u. Bu o (l>idlta;tiDIIOI, tristate) 

Pon 8 OrA Seloct (i:r¡lut, ocUve lueh) 

Conuol or Data Soloct (Input, acmo hi¡h) 

Cb.ip Enoblo (i:rput,activo low) 

Symm Clo::k (mput) 

Timing \\áverorms 

-· -

-·· • 

"' -IORQ 

¡¡¡; 

ffi> 

>CO 

>>IT 

""'"' un 

AROY 

Bo·ll.¡ 

iSTi 

""y 

OUTPUT MOO!; 

Aa output cyclo 1S aJwoys •t>.rlcd !!_ tho <ll«<>tioa ci111 
outpul innruc:uon by !he CPU. Tho Wl\ plllsc ftom thc 
CPU latthes tho dau from tho CPU daa bus into tho 
scltoiOd porú outputtegtllter. Tho wnte pulse soiS th< 
rudy f4a af~er o low ¡oifiS ods• otot, indica una data" 
•n~oble. Re.dy otoys "'""" uatll liiO'posinve edro of tite 
"'"be liD• i.l roc01•<d urdicaunatl>at dall Wllotakcn bY the 
P<~~~tal. Tho po11mo ed80 of tho otro~ pui>O ¡onorates 
"" jf <he intorrupt <n•blo a;p nop hu beon l<t 
01\d o( this d<otco h .. tho lugM" prionty. 

INPUT MODE 

..... 
•· 

),{achino Cycle One Signa! irom CPU {input, 
activ. low) 

lt~put/Ou1pu1 R..qucn f•om Z&o.CPU (input. 
active low) 

R..od Cyclo Status from <he ZSO.CPU (input, 
acnve Jow) 

lntenupt Enoble la (input, acu"" hiehl 

Jn<e<rupt Enable Ou1 (output, acnve ho¡h), !El 
111d lEO fonn a do1sy dl>lll connec11on for 
pnonty int<nupt control. 

lntonupt Rcquat (output, opon dram. ICU .. 

""'' Pon A 8w (bidl,.ruonal. tntmo) 

PortA S trabo P\1110 from Ponpheral O.otce 
(input,octlnlow) 

RcJistot A Rnd)' (output, Kttve hiel>} 

Port8 Bw (bidlr<ctional, lfl>llte) 

Pon 8 Strohel'ulse from Periph<ral O.ot<:o 
(Input, octho low) 

Rc¡iotor 8 Reody (ou.tput, active htglt) 

' ' 

Whon STRODE ¡o<o low dall is loadcd in lo thro 
selectod poTI Ulput ''""". Tho nut 1ism¡ al¡• <l SltObo 
..,., .. , .. IFl'T ,¡ "'"""P' enobl< 11se1ond thi• ;, lite 
luJh<ll priority ••G""""I dovU:<. Tho fcllowinl f11lin1 
al¡e ofot '"'"'' R.,dy lo on mactt•• uate. indr<oting thU 
tite i:rput r<8~>1<1 11 full Olld connol aocop1111y m01e dato 
11111~ tho CPU compl.!.!.;.• a «>d. Whon a rud;, compl<te 
!he PGlllioe odg< of RO wr.U sel R<ady at 1/w: DOXIIOW 
somltranoiuon o{ <t. Atlh!S ""'• new data"""~ load.ed 
i:rtolhePID. 

••··•o·a·o!li>•!OOC _, .. ..,.,, .... 

MSE B-5 



PIO Prugrnmming 

LO"D INTERRUPTVECTOR 

The Z80-CPU requo~r '" 8-bn oruerrupt .. ctor be wpplied 
by the iruernrpung deY>oo_ The CPU fomu tbe uldreu for 
lho inrerrupr l<r\'tee rouune of the port ulmf this -tor. 
During" •r. .n~<rnrp1 •cblowledge cycle the .. ctor u ploccd 
on tho Z-80 <ato bus by lho h1gh<" priorÜY .U..ce roquoll
inJ ,.mee" lhoo <une. Th< de,. red inoerrupl .. ctor is 
lo.odod mi<> lho PJO by "'"' "'1 1 conor<>l word 10 tho 
demtd port of !11< PIO ..-nh lhe fol.low"''l fornu.t." 

01 Uo U< l>< OJ Ol 01 00 

., 1 .. 1 "1" 1" 1., 1 .. 1:;. 1 
.... ; .. l .. _, .. -· ~ ............ ) -·-

SEU:CTING 4N OPERATING MODE 

When "l":"11ng an optr>.IOll mode, rlu: 2~i! modo COll• 

nol regis'<r tJ sOr 10 one of four valut~- Thac two bns uc 
tM mou si¡nlf"IQJII brU o(tho n¡isler, hill-7 111d 6;bill S 
llld 4 are nor u'-«! wlule bill 3 tltr<ru¡:h O .,. o.l] se! to 1 J 11 
to indicate "'011 modo."" 

. , ~ • • 

.......... 

..... ., 
Otupv.c " Input " Bidlsectioni.l ' Bit ' 

., 
" ' " ' 

" 

.....---"""" <oO.IOI 

00 

MotiE O aeli\'e ondicarer tlm data is lo be writlen from 
the CPU lo lhe poflphen.l. 

MODE l aeu .. rndic•«slllac d.ata is to be read from the 
p<tiphenlto the CPU. 

MODE 1 o.Jjowr daca 10 be wril!en ro or "'"d from th• 
p<llphonl dmce. 

r.tODE lis unonded for nona llld COnlfol&pplicationr. 
When .e.Jecud. tite ne~t control W<>rd mull .. , rhe 110 
ltogisrer 10 ondic.al< wluch linos ore to be input•nd 
whioh lin" 010 lO be OUlpul. 

110 • J 1<1> bn 10 input. 
110 • O ,.u bnto ""'1"''-

0l D• 0> 0< DJ O: 01 DO 

!NTERRUPTCONlROL 

Biu 6.S,4 

intorrupt en&blo Lo rtt-oUowin1 
intonupt to be ronera,.d. 

md.lC:otes tito enlblt na~ is ,,.., ond 
inlomJpts moy no! be &•nuoted. 

:anr UlCd"' the bit mode incerrupl 
opentlons; olllcrw,. llley ue -· 

S 

Bits 3.1,1 ,O oi1n1fy !hot thi1 command W<>rd u an 
'"''""P' ccnlfol word. 

Ul Do liS 1>< UJ U" 

-·-J...,. __ ,_...,.__ ........ 
fftho ''muk. foUo""'"' bit Lo !li¡h (D4 • !).the noxr 

eonuol worol wcillcn to W pon muu bo tht muk.. 

Of 1>0 Ol O< OJ o¡ Dl DO 

[~(w•,(w~(w•,(w•¡(w•:(wo,(we0 ! ou.------ .. IDI o...a .. .....-Jo< .......................... 

The iaum.~pt oMble flipollop of 1 pon nuy bo sct ot 
tese! ..;\llout modifyinl tite , .. , of the lnto!'tupt conttol 
word by tito fol!owinB command. 

Dl Do 0> D< DJ O' 01 " 
1..:::..1 • • • • • 1 
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.J,.C. Char.u:rcrisrics Z80A-PIO 

TA •O' C to 70' C. V oc • +S V~ Sli. un!~u o<horw~n nctod 

. ¡:::-~--:::~·::¡:::·~·~-~ .. ;;;:¡¡:;:::;;;:;:::::::::·~·~·~ .. ;;;~~;;;-;::::::::::::::::::::¡:;·~·~¡:~-:¡·~::;~:::··;:¡:::~·~ ... ;::;;;.:.;;:::¡ 
~ """" ... _ ,.., '" -

• 

"' 

'" 

• 
• 

"""''· ... 

••DY. 
""' 

...... """"'--·""""'"'" ... ,.., -.. .. " """"'--·"""''"" ... ,.., -
'·'1 ""''""''""''"T- » -

"" 100 
'>O<Do 

'01.01 

•• 101 

'""" -·· '"""'' '"" ""' 
....... 
.... ~ .. 
'>O IODO 

··-·-
"'" .... 
"", ... 

--·-"'-"'"'T-0.....0_ ...... ,_ ... __ ... _ 
o.~a.-•o•,.'-'"' .. '"""' 011 ............ _ ... ...., ............. -.. 
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zso:nMA 
Z80A-DMA 

Zilo1 ·, l80 moc!ocomp~tc• producl line includos 1 thlrd 
¡ontr>.tiOn LSI <omponont VI, oiovcloprntnl l)'lamt o.nd 
>U~¡>urt """"'"'· The componont .. , tndudoo aJI tho lepo 
""""' nocowry lor lhe user 10 bulld hiil! performonoe 
rnicroccmputor IY>l<ms wuh •inuo.lly nouterrul Jope md a 
mm mal numt><r of uond..-d low<eSI momory CDm;>ontoU. 
The ZW.DMA ¡o,,.,, Memory Acces$) ci.mm "1 proara.m· 
m.oblo OJn&io-<:hoon<l dei'\C< whioh prol'ides1U addrt31, dm· 
"'11 ond con<mi "i"o.l• 10 dfoot 111o tniUf« of blodl of 
d.o10 bet .. eoa LWO pom wttlúa 1 Z80-CPU based ry.cem.. 
Th.,. pono m>Y O< •irher sy1tom maú\ mcmory or ""Y 
rymm ¡><rlpl,oro.l 110 @vice. The DMA c.ln aJso tnroh • 
tllod ~1 r!.ota foro plltkulu b~<e (bil ffill.lbblc), wilh or 
"'""""' o !.lmu!lancous <r•n•for. 
Structun: 
• N..:honnel Stl•tcn Cote Deplodon l<>od T..:hnoJo¡y 
• 40 fin DIP 
• Sin¡lo S •oh IUppjy 
• Sin¡:lo phur S •oh clock 
• S..n¡¡lt channel,two pon 

Features 
• nuee d....,, ol opermon: 

~T<U1$fer Only 
~St.or~h Only 
-S.:uch·T~r .. 

• Addrnl ""'" BJoci. Lensth hgisten. fully buffcrtd. 
V.duoo for next opcr:o.tion may bo !oadcd without dls. 
turbins current nlue1. 

• Du.al ilddr""'"' Fncr:o.tod <lurin1 a trmlfer (o:~o fot ~d 
p<lr:l and ano for vtntc). 

• • • ... • • • 

" 
Product Specification 

OCfOBER 1977 

PRELIMINAR Y 
• Pt~le <lua trliUfcn md ,.:udlcs, •utomau:· 

.Uy inercmentirl& or dccrcmcnuna W ~"''' odd~sse• 
from prop:unmod s<utin¡ ad.U.=• (thcy can &!so r•mam 
flxod). 

• Four m<Hks of Opet>t10n: 
-Byrc .. t-a-timt: Onc byto <nrufctr<d p<r rcqunr 
-Buru: Cont!n"«" !on1 u pottl ore rcady 
-Conunuo,..: lo~kl out CPU unr~ ~pcntion comp!01< 
-Tnluparrn¡: Ste&b rtfrclh cycln 

• T"urlinl may bo progrlltlmCd to match thc op<cd of onY 

"'"· • !ntomJpU O!! Ma!Ch Found, End of Block, or R<3dy, 
maybo pro¡rlmnloOd. 

• AA 011tlre prulouo oper:o.ll.., may bo rrpca<c<l automar· 
ica!ly or.., comm.and. (Auto rrst&rt or load) 

• The DMA can ai¡nal wnon a 1pcdfied number of bY"' 
h.u bun transfrrrod, without hahinl uuufer. 

• Mu!dple DMA"I euily confi(Wcd for '"'"""1 Pf10111Y-
• Thc channel mar be eublcd. d11ablod or ruet undor 

10ftwaro control. 
• Complt!c chan!ltlllat"' Upon pracram (CPU) rcqucn. 
• Up ¡o l.lS mopbyte Sntdt orTnnsfor Ruc. 
• Oaily-cha.in priorlty irncrrupt and bus a~ll;no..-ledp in· 

eluded to ¡>rol'ido automatl< !ntcrrupr .. ctonn1 ond but 
rcq"'" control, without nccd for odd.itionol •~ttrn.tl 
Jope. 

• 111. compatiblo IApots ll1d •••npuu 

• Tho CPV cm rrod cun-ent Pon'"""""· By¡o '"'""'"'· 
or Sut"' Rcgtster. A mulc byrc cm bo sor wlúclt dofln"' 
whlch rc¡i.llcn ..,_be acuued duM1 rtod operat!wu. 

CCNT~Ol 
~o 

$T4TUI 
.. Q!Ulftl 

.. . .. 
DMA Interna! Block Dia"gr~ 

Fi11.1 ''. " .. ···-··-~ .... , ' . 
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Addressing 

Tho DMA'• oddre""'g of poru is orthcr r,..ed or sequen· 
tia!, ll'l<,.menung or dec¡emonWI¡ from a surtins addaa. 
The !ug!h of \he operauon (numbet of bym) u spocúiod by 
tho progrunmed oon«nts cf o b!O>Ck !cngth tc¡:Utcr. Thc 
DMA can oddr<a bl<>Ck longtlu ofup to 641C byteo. Dunn¡ o 
tnMfer rwo separ.ue port add,.sseo m geftcnle'd, O>W dur
ia¡ tht Rc1~ q<lc and ene durta¡ !ho Writc cycle. 

ZSO-DMA Pin Description 

1 " • ' •• • • • • " ····¡ • • " ... - • • • • • • • • • ' " • • •• ·-· • -·· ' -¡~ • • ' - - • • -- ;;;, • •• ·- • • • •• • -•• •• ( ,, • ,, •• - ~ • _._ Oiiill .. • - ¡-- . • • -·--- • • .. 
• .. l··--·-• • •• - .. - • 

Ao-Au Synom 1\ddl= Bus. Al! <i.uomofthnopinsue 
used by !he DMA ro addrnuystmr ma01 m•m· 
ory or •n 1/0 pon (outpul) 

Do-1>7 Sysrcm Dota Bua. Commands fw"' thc CPU, 
DMA 1tall,ts md data from momory or ""ripber· 
o.b ue uuufcnd on \heSc uist:lte pins (inpur/ 
<>111put) 

+SV Power 

GND Gr<JUnd 

4> Sys«m el"" k (inpur) 

DMA luning Wave(onns 

DMA Command Write Cycle 

lllumated here io the unung """'""d wrdt o coml1lltld 
byto or control byte l>ern¡ wntten to the DMA wluch is ro 
be loaded tnto ilrtemo! reguren. Z80 Output ittsuuctioru 
uusfy rlus umin¡. 

DMA Register Read Cycle 

Thu trmtng u used when o r<ad cpention 11 performed on 
the DMA to accou the contenr> o( !he Slltuo Rogist«, 
AddfOU (úunror or othor roadab!e regiSl<n. Z80 lnput in· 
Slructlons ,.,;,¡y thtS tLmrng. 

Operating Sequence 13 

•• 
KUYe requnr 

l1u: ocknow!cdgc rlw; 
will normally bo atlachcd to m. When 

tho DMA recri'fa lf.il it will uan iu proarunmod cpeu
tion llleuingiUSJRl toa ""b;¡b~ ,.,. wheo it is through.. 

"" .. 

lNT 
IEI 
lEO 

"'y 

Machu>t cycle Ono signa! frcm CPU (input t 

!npur/Outpur Reque11 to and nom rhe Sysrom 
8us (izlpu ti outpur ) 

Mtmory REQuoSI to the Sys¡om 8"" (l!rput.' 
output) 

ReaD to and from th• Sy11em Bus (inputloutput J 

WRite to md from the System Bus (onputJCuopufl o.z
1 

E.W.Ic; may .uo !!_pm¡n.mm•d to t>< 
W during ttme when liAI "IOW !input) 

BUS RtQueu. Requosts control ol the CPU 
Addreu Bus, O.a B"" tlld St:itru/Contrcl Bus 
(inpur/ourpul, opon dnin) 

Bus A.ÜI>Owledge !n. Slgtrab tlut the JYSI<m 
buses ho.,.. been re!ca.sed for DMA cl>!ltro! 
{input) 

Bus Adncn•ledp: Out. iiAI >Dd JW fcrm • 
dai>y-dlain c:oru>e<:\lorr for JY>t<m-lde prionry 
bus <:<mtrol (<JUtput) 

INTetnlpt roqueS! {output, opon dr>in) 

l!r!<tnlpt En(ble In (input) 

!nretn~pt úuble Out. EEI :urd !EO iorm a d.:tisy· 
chain eonneetion for JYII<m-wide priority inr<t· 
rupt c'ontro! (output) 

ReoDY b monitored by the DMA to determine 
wbea 1 perr¡>lte~ device uocci>.t<d wrth a DMA 
p<>rt is reody fcr 1 rnd or """' oper;rion 
(input, proanmmable u acti•• h.i¡lt cr !ow 1 

"+~J !'-,.:-----,---
Rml \.!'---+---: ___ _ 
~-t~ ' -----------

' 
QATA ----e---'---él----------

" 
: j ------

•• 
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DMA limlng Waverorms <Coon .... u 

Dl\<IA Bu$ Requ~st nnd Acceptnnce ror 
Byte.at-a.Time, Burst, 
and Contlnuous Mode 

· Rudy lo ...,plod on evory ns!n1 edge of ~. When it 
u found to he ottlve, tho followB'&RQrn¡¡ od8C of ~ 
1'""·''" lJ(P.;if<:j Al!or rocetvm¡¡ the CPUwill 
gr>l!t 1 limA""R '4"t!rch will be conncctod to 1lA1 <tthor 
d.ircctly or <hr<><1gh the Bus Al;krtowlodll' Da.isy Chlirl. 
When • low "d<te<Ltd on 1lA1 (...,plod on every ns!n¡¡ 
odg< nf ·~). tloo noxt rillng edge of 4> will uan an oc uve 
D~lf\ C)"<lo. " 

DMA Bu! Releu.se at End of Block 
ror Burst or Coutlnuow; Mode 

Timi.rr; fur End of Bl<.><k and DMA not proyammed 
for Au!O·rc;wr. 

DMA Bus Release with 'Ready' 
for Burst and Contlnuous Mode 

Tho DMA W'il.l rel!nquWr. the bus oftor RDY hu ¡<lne 
lnactiV1t (Bur>t modo) 01 after "' Ell<l of Bloc:k 01 1 
Matcll il found (CantiDuous modc). Wtth RDY inKIIVO. 
the DMA 1n Continuous mode lS in~ti•e but moinllin1 
oon<rol of tho bUS (~ low) untll the cycle L1 re· 
1umed wlum RDY ¡¡O<I active. 

DMA Bus Rele.ue for Byte-al·a·Time Mode 

reloa" liiJS"rn on 
end of uch Rnd <Y· 

cyclo In • TratUfor. ,.. 
out buo request will 

Juveretumedhitf\. 

DMA Bus Rele~ "ith Match for 
Burn or Contlnuous Modes 

Wben o M1tcl! " found >ttd the DMA is progrommod 
•o nop on Compue. lht DMA perfonnl "'opetation o:t 

Ll" next by te and thon relu"' b 111. 

1 ......... .,.. 
1-lNOU>C>< , 

,... -.cnvo-;--....ucr•v• 

.• ,,,. ____________ ,. ______________ _ 
·~· " 

' '----------



Programming the DMA 

Command Byte lB 

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

~ Mn 
IJ 'o 

' ' 

Mode 

"" CORIUIUOOd 
8U11[ 

Tnnspuenc 

Command Byte 2C 

• ' 

................ 
1 ' 1-·+·+,..·l=l-·-·1 1 1 
Spe.:if100 Gtoup 2 Spe<afieo Byte 2C 
0 5 • 1 Auroman..Uy repea11 onuro operation wtv:n end 

ofblod is reaohod. 

No •ffoct. 

lt: ond W7J'i' mulup!exed """me pin. 

CE only. 

O)~ 1 IU:ady K'll>< lújr. • 
D:J • O R .. dy &<:Uve low. 

Command Byte 20 .. " .. • , 
' " " • , , • • 

Spetif~e~ Gtoup 2 Speoif~e:~ llyrÓ 20 

"" '• ,, ,, ,, 
'• 

" ' ' ' ' '"" e> ' ' ' Roset Pon A TunÍill 

" ' ' ' Roset Pon H Tuninl 

" ' ' ' ' """ 00 ' ' ' ' ConUIIu< 
A> ' ' ' ' Enoblo Jnt 

" ' ' ' ' ' Dtsable Int 

" ' ' ' ' ' IU:set !at 

" ' ' ' ' ' Erable DMA 

" ' ' ' ' ' O,..ble DMA 

" ' ' ' ' ' Reod By!O Follows 

" ' ' ' ' ' R.,.tRD 

"' ' ' ' ' ' RIIStuU$ 

" ' ' ' ' ' Forco Rudy 

" ' ' ' ' Enable After RETl 

" ' ' ' ' ' !U: ser StltOd 

Command Byte 20 Summary 

""' Rue<s ¡JI intenupt <l<<Uitry, d.U:ables 

Resct Tltnhla inurrup!S ond bU$ nq.logic. 

A o• a: Reseu tuninl for Por! ' or B ro 
"•nd><d Z80..CPU tl:ninJ. 

MSE B-19 

Conlinuc: 

lelO$ Byte Counter ond lo.ods Stonin! 
Addnu for botll Pom. 

Rtseu by« countet Dnly. Addre!S<s 
conunue f<om ~'''""' locttion . 

Enable lntenupt: l'ermiiS in~trrupt ro CCCU<. 

OU.ble l:t!etf\lpt: lllltibit.s lRt<uupl from o.:eumnJ. 

Reset !ntonupr: 

Enable DMA. 
Disable DMA: 

Read Byte 
FoUows: 

Resct RO: 

RDSt11us: 

Force Rudy: 

Eaable 
oiler RETI: 

RST Stana: 

Read Byte 

_, - -· •• - " 

R.,.,, ond dWiblos :111 Ílltonupt C!T· 

cuiu (!imil>r to RETII. 

O..raU erable or di.,b!e for al! open.· 
IÍO!IS O~cep! iniOffUp<S: dOO> ROl 10m 

ony funcuo"'· 

Nut write Co DMA will contOJn • m>Sk 
10 prognm whicit ro>dable re111t<rs 
ue co be rood . 

Nuc rnd .. 111 be ftotr'l 111 "!i<'" ~~ 
o.s , .. dable by rospon~ m.,k. 

Nut road .. ,u b< f1om '"'"' regis10r. 
ReMy ..m be e<>mndered acti"' reprd· 
leu of lile SUte of ex tema! RDV pm. 
Used for Mem-Mem oper>tlons where 
no RDV <lgn.ll lo n<eded. 

DMA lVII! not requ01t bU$ untilaiter it 
hu rocei>e4 1 RE TI. 

Rtsetl Mncit and En<! of Block ""us 
biu. 

• • • • • • • ' 
••• -· ..... .. .. .... ·-· ·-· -· ·-· -· ··~ - - - - -· .. ... 

A 1 tn any btt pos!< ton enable. tlat ""'"' to be road. 

lnteiTUpl Control Byte .. " • • " .. 
• -·- ··- •q•- -· ..... ··- .. _ 

••• -'""' - --- - ··- -·· - -• .. A 1 "'a btt pos~t~on soleen the opuon. 

Tunlng Control Byte .. " • " • • ..... ..... •• ... ... . .. •• •• ... ... 
,, To Cyde Lcnltb 

' ' ' 
' ' ; 

' ' 

•• " -·- •Q·-,_,, .. ..... - -· 
•• • . , • • 

A -o·· Ir\ 0:!· DJ, 06· or [}¡ ,..,U "'""' tite correspond.in! 
CDtltrol signa! 10 cnd K dock time bet"ote lll~t,.end oi lile 
cyc~. Noto: lile tola! oporatioo (Ri-od :tnd IVnte in Tron•· 
for or Re>d in Sell<Ch) mOdt be., lu11 = cycles lcn1. 



AbsoluteMaximum Ratings 
Tcmporuuro Undor Biu 
Stor•S• Tomp<rl<Urc 
Voltli!f 0!1 Any l'ln wnh 

Spocir.ed operatinl ronge. 
-6S'Cto+llO e 
...{)JV Lo +7V 

Rupect Lo G1111111d 
Power O!S:tipouon ' uw 

AIJ AC •nd OC chillaotori.!lics remlin tho wne for 
the mtl.it>ry grode poru ucept C.:c. 

lec • 200 mA. 

ZBO-DMA D.C. Charncteristics ... ' ·~~ .......... ,. ___ .. -- ·- - ~ --
~ <>....• , .... ¡.,. ·~·- •• '" ' ·- ....... ,_..., ..... _ 

~· ·~ ' 
1 •• 

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

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

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

"'? ... .....,., .. ____ ... " 
• 

ZSOA-DMA D.C. Characteristics 
' ....... !lr't. "rr ••• "' ~-~- ........ - - - ~ --
~ 

....... _ ...... _ ., ... • - ....... _ ........... ·-· ·<' • 
•• ........... " .. "' .. ' 
' 

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

~ .................. •• ' 
~ 

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

··- ......... ""' .. ...._, ___ .. -••• ••·"'~""'"""'"•e-·~••" . .. -... "'" ............ ~-·~-- ... -
Capacitance 

·~~ ~·~ - "" '• CIO<k C>po<ot>ru:e " " '• lnp•< Copaao....,, ' " 
CouT ""'""'c ••• _,.._ '" " 

"Comm<nl 

Stron .. •be" thtii.Ct U$ud undu "AbsolutO 
Muunum Ratinl~ m:~y .caose permtn<nt 
<Umage tO tho deoi<e. Titis ila1t~11 !llln¡ 
only ond funclion&l ope!lticn of the de'1ct 
l1 th= or liiY other conditicn abo•• those 
indicotod ll1 tite opet1úo:ul scctions of lhb 
>P«ttlcanon is not unpUed. Expow~ 10 
obscJult muimum !lting condlticns for 
extended perit>d.s moy lif~t de'1e< re~ab~!ty. 

·--
...... ,_ 
.... ....... ..---
""' .... Veo; 

"""' • ' ... Ve: . ...,. .... 
...... ~~r 

~-

"'-''-
.... ....... 
... """"" ...... ""' 
"""' • ' • ~ "rr . .., .... 
•• ·~ • Veo; 

Load Cireuit for Output 

---~o-----,-----1------<J------j - •• 
foU ConOitioa 

Unmmufeoi Pltu 

R11u""'d <o t;10u04 r , 
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A.C. Characteristics ZSO..DMA 

Z80.0MA 0$ 1 f'<nphen! O.Yice (lnl<:tivc SII.U). 
TA ~ a•c to 70"C. V ce~ +lV:tS~. Unlus Olho.......nc Notod 

1 ....... ··~-
. ........... •• -

' 
,_ ...... - '" - .,_--"""-- •• -• ~- """ ... w --ca-,_ •• -" "_.., .. ...,r_ • - ___ .,. ___ 

• 
~- ··- ,~_..,.,. ____ .............. 

-..c-•~ñ.Cll -.... "' ,_ "'--.-·-...... lll ~ 
.... o • , ........ -............................. • ,_, .,_ 
••• ----·- ...... ~ ...... ~ 

.... e-..... -.m-., ... .._,.....,_,_, •• 
'" ....... ........ - ... --.. --ooTA -. -"'"""' 

,..,_, ____ ..... ... 
~ .. oto_,__,_::"!n"'"' •• '" .... ,.., __ ,_..., .. -- -...- .. 101· .... _.._ 

•• ... ..... 111'"-r-"~""'""-'"'"•111 -_ ... _. 
" ..... OJ lll!o. ... r- .. .-...... •-IIT""" -~ ~ .. ..,....,,_ __ ._..,wr -----·-
~ 

~·- -----..... - -~·- ----........... •• -
"- u,.>..._, ___ ......... m. ........... ~-
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t•t ...................... ... 
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zso"-cTc 
ZSOA.-CTC 

The lil<>s Z80 productllne is 1 complote su cfmicta
~ompu<er compcnonu. donlopmcnt syncmo aad <UPfi'Ort 

•oftwa.e. The Z80 mlorocompu"' componen\ Sil lnolu~ 
all of tite cimllt! n<~ to bmld hlpopnformance 
rrucrocomputer TY>'"'"' with VJrtu.olly no cther logio and 
, rrum:num Ol,lltlb<:f oflow ccn standu<l memory dcmontS. 

Tho Z&O.Countcr TimerClrcuit (CTC) is • progrommablc. 
four Wnnd d .. ico that ¡novules oounlin1 01>d timia1 
fun<:tio03 fcr thc Z80-CPU. The ZBO.CI'U co:nfirora lhc 
nfl.cTC's four indoprndent tbannds ta Open.te undcr 
""""' m<><lcl and conditicm u <equired. 

Structure 

• N.OWU.cl Sili<:on Gate O.¡>le!!CNI Loa4 Todlti<>IOC' 
• !8 Pln OIP 
o Sio¡lc 5 •oh supply 
• Single phase 5 •olt doo;;k 
o Four lndependent prOiJammable 8-0it <:OWI!er/16-blt 

lim<r dwlnds 

Fe:1tures 
• E.v:ll du.Dnd ,...y b< sclocled 10 opm.tt ill cither 1 

COUII\cr modo or.umermode. 
o Propmmoblc inturuptS 011 countcr or timer ll.olel. 

r¡;E~ .,. """ . 
1 11 

. 9 ~ 

1~ 

~u 

' 

• A ume ,.,.,...,., '"~~''"' aut~tiaUy ~tloads lho 
down counter u ~=• Uld thc cyde u rcpcsted. 

o Rud.oblo down ccuntcr lndloat<S numb<r of counto-to-so 
until zcro. 

o Selectablo 16 or 256 dock pre•calor lor cach timcr -·-• Selcctablc po11Uvc or ncgauvc tnggcr m.ay in.iuuc umcr 
opcration. 

• Thr" clwlneb ha .. uro o:o~nt/timoout out puto c•¡ablc 
of drivin¡ Dulillston traniliton. 

• Dtisy chala pnonty llttcrruptlog¡c lndudcd 10 pfOridc 
for automatic interrupt ••ctonn¡ without cxtcmallogjc. 

• All inpuu and outpuu fully TTLcomp>tiblc. 
• Outputs dilcctly co:npatible w!tb ZSO..SIO. 

CfC Arcbitecture 

A block dia¡r= of !he U!Q.CTC ia ohown in fi¡ure l. 
Thc intcm.alstliiO"!Ure oflhc ZS(l.CTC consists of • Z80--CPU 
bus intcña~, intcmal controllcgk, four countcr cha:tncls, 
and illrcrru¡ot controllopc. Each thutlcllw an inrcrrupt 
•~l<lf for 1utomauc intcrrupt •cctoring, ond intcrrupt 
priorlfY is dctermlncd by dlanncl nu.mbcr w!lh thannc! ~ 
havinJI tbc hi¡hctt prtori!Y. 

Tho ctw..>d tope is cbmj>oocd. of 2 rc¡i>te11. 1 coun<en 
IJid controll<>p;ic u shown in fl¡urc 1. Tb.c rcpstcr:s includc 
.,. 8-bit limo CODStllll resi>~ 1<td"' 8-bu ~el controf 
rcp.u:r. Tho countcn )ndudc 1n 8-bil readoble down 
countor ud lll 8-bll pr0$C.IIcr. Thc prcsaler m.ay be 
prcanmmcd to divide tbc rystotn clock by citber 16 or lS6. 

_¡ 

~' nll<l rr>IJHT!11~[(HJT 1 

" lfi 
,(] 

FIGURE 1 
~1 

:7 - -
' -
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Z~8~0:-~C~T~C~P~;n~D~e:s:c'~;~pt~;o:n~(c:n:n:<:;•:•:•:d~) ______________________________ 2,, 

ZC/TO¡ Chlltnol 1 Z..ro Count or Tlmeout 
(output, 1<ai•c hi&h) 

ZC/T02 Ou.nnd 1 Zero Count <>r T1111<our 
(output, acu•c lugh.) 

CS¡ - CS~ Ch.o.r.nol S.lcct {Input. active hi¡;h~ Th«e 
form, 2-bit binuy tddreu ofthc chlllllel 
10 bo occnsc~. 

07 -~ Ua.cru Dato Bus (bidbectional, trismo) 

CE Chip Enoblc (input, ICt!Velow) 

<b Synom Qocl: (input) 

!.TI M.cluDc Cydo One SI ¡¡no! from :z80.CPU 
{input, .cuvc Jow) 

IORQ Jr.pu.rJOutput ~quat fr0111 Z80-CPU (input, 
acti•c !ow) 

"' •ro 

ere WRJTE CYCLE 

mustr:at<d herc is tht timrn¡ fo•loadin¡ • chann<l control 
•,.·c,rd, time oorutilllt and \nterrupl •e<to<. No wlii!Ute! are 
.J:owed for wrrlin¡ ro Lite ere other Litan lhe outomatlally 
in"rud (T w"). Since tho Cf( does not rccOÍY<I a <p«:i.lic 
wme signo!, !t inlem.&lly ¡encn!HlU o,... from W laci: of 
>n RO signal. 

ere READ CYCLE 

mu.rtatod htre;. tho tlmln1 for rcadln¡o c:hlnl>cl's 
Down Counrer when in Countcr Modo, The vo.luc rcad 
omo lhe <hu bus roflccu tite number of oxrcm.o.l clocl;'s 
nsong cdses pnor ro thc nsin¡cd¡¡e of cyclc (T 2). No woit 
S'-"" lfl! allowod for fl!adll\¡ tite CTC othcr th1.11 thc OUt<>o 
mat1c11Jy "''""'d (T.., •¡_ 

• ... 
-

• 
• ... 

JU.od Cycle SI.UU> frDm tllol80-CPU (Input. 
•clivelow) 

ln~<rrupt E:u.l>lc In (input, acu•• hi&h) 

lntcrrupr Enoblc Out {output, activcltigh). 
!El and lEO forma dwy ch&in connectiun 
for pnonty rntc!Tilpt control 

)ntcrrupt RoqueS! (output, opcn drl.Ln, 
ICUVC low) 

RESET Slop:s oll ch &~~nd t from counrin¡ snd 
rcscts clanncl in~errupt onablc bit> tn all 
control .. gistcn. Ounnll .... , timo zcrree.l 
and !NT so to tho muu .. outel. lEO rcflcotl 
!he 1U!O of lEJ, 011d Lite d111 biZI OUipUI drivtl$' 
¡<:> 10 Lite high bnpedanco IUII (blpii!,ICii .. 

low) 

-· 

-

•• 
INTERRUPT A.CXJIOWLEDCE CYCL.E 

Somo nme >ftor an rnterrupt is reques<td by theCTC, tho 
CPU wilJ send out In int<rrupt aclcnowltd¡c (Mi ond IORQ). 
Du~n~ tiW time lhe inrern.rpt logre of <he C1'C wm determine 
thc O!gltest plio~ty channcl wO!ch is «qunting an interrupt. 
To insu« tltat the Wsy cluin cnabl< linos stab1llu, ehannels 
110 lnl'rrbrtcd from changin¡ lhtir im<rn.rpt rcqu.est st1rus 
"'~'"Mi rJ aw .. _ lf lh< CTC lntcrn.rp( Enablc lnpu1 (lE[) 
is ''""· then thc rug¡, .. , pnority intorrupting cli.Onncl 
pl>ccs the contonts of iU rnrern.rpl vector ·,,g;,,.1 onro the 
Dat.a Bus when lORQ gou acrlvo. A~iltonal WOLI cyd .. 
"" ~llowod. 
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CTC Programming 

SELECTlNC AN OPERA TlNC MODE 

Whcn selocun11 cllannel'• opent11n1 mode. bll f !s '"'10 
1 to mdic11e thi• woTd;, to beoto~d in theolwmd ~anuo] 
rogist<r. 

-

EitS~il 

BitS~! 

Ba 4 ~~~ 

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

~1 illtenupts di>lbled. 

CblllJ>Ol illterrupts c!llb.led to OCCIU" ""IY 
time Do...., C<><~nttr teaciiCI 1 count of zoro. 
Setting Bit 7 doa notlot 1 precedln1 oount 
af uro cru .. ~nlatenupt. 

Timcr Wode - Dawn c.ountor is clacked by 

tite ¡>TUC:der. The penod of tbe """"'"' b: 
tc•P•\C 
<e • systcm clac k perie<d 
P • prescole of 16 a< 256 
TC • 8 bit bitwy pro~bo ~<M 
<CWWU (2.56 a;wt) . 

COWIICr Mode - Down COWiter is dodted 
by cxtomoJ clack. Thc ~· ii oat used. 

nmer Mode Only-Synem dack 411S dlvided 
by 16 in prescoler. 

Timor Mode Only..Syotem daclr. 4111 dioidod 
by 2.56 in J'"I"'$Cil••. 

T1mcr Mode- nesati•• ed¡e ttig« n&!lo 
time< operatlon. 
Ca1111tet Modo- nopu .. ed¡c docttmeniJ 

lhe dowa "'""'"''. 
Thnrr Modo - positi .. edse tri¡&er u.ru 
time< opentian. 
Counter Modc- pos¡ti~ cdtt docnmenl! 
tho down countor. 

Tlmer Modo Only- Twer begins opontlon 
on tbe rWns ed¡e of T l of the tn1chine 
eyclo foUO<riQa: tho one tht loz4s 1ll< ume 
COtlltaftt. 

Twer Mode OnJy- ExtemoJ tri¡¡<r 1> Yllid 
for startlng tlmer oporalton ofter rilins•d&• 
of T 1 of the nu.cltirle oydc foUowinl tho 
""' tltat loads !he timo corutant. "Thel'n· 
saler is d«rtmeatcd ~clac); cycles la!Cf if 
thc ,.tup lime il m01. othcrwU;e) dack 
cycl ... 

Bit2•l 

Bltl•f 

Bitl•l 

No tlnl• COIUW!t ,..¡¡¡ ron.,. '"" chmnet 
conuol word. One linio comtlnt must t>e 
wrltltn to thc dwlnel tO iMilte ope<ation. 

•• 

n.. timo ~OJIStaat for the Dawn Coun11r 
will be tbc next word wnnu to the >Olee red 
o:hulnel. lf a time «<~UIIfll " loaded wh~t > 
ebonncl io C.Ollf)M&. tho prescnt count ...U\ 
t>e cample<cd befan th< new tUnc constan\ 
io lo1d<d iota the Down Countcr. 

Clu.nnel continuos coundn1. 

Slop operatiort. tf BU l• 1 olunn<l WIU 
,-eswne operatiott lftcr loadl.n11 ume 
COCIIIInt. othonoise a .....,. ecntr~l word 
mun be loadod. 

LOADINC A TIME CONSTANT 

An 8-bit lime conswu is loaded lnto the Tune Corntaru 
regi>ter followiasa cii1>'U"1tol control word W1th bit~ >Ot. Al\ 
uroo indicate 1 time c~mtll1t of H6. 

- - •• -
n.. Z8I).Cf'U requi~ thlt lD 8-blt itueroupt oector t>e 

supplicd by thc inlcrruptirl¡ ch3nnd.. Tho CPU fomu tho 
addreu for the iorrnupt teroice mudne ar thc chonnrl 

usin¡ this """'"'. Durinlll1 irncroupt admo..tedF cyc!e 
tho """'ot is piaAd án tite Z80 Do u Bus by thc highcst 
¡nionry dt.annd. nqucstina; .. mce 11 that time. The dcsóml 
intenupt ftCfOr ls loadcd into the CTC by .,.ntlo& iluo 

t:h111nol' wtth 1 zcm in OO. 07·0] c<><nlitl iJ.c ""'"d In· 
teroupr """tor. D:! and O¡ ore not Uted in loadin¡ rhueotor. 
When the CTC tiS¡>OJI<is lo an intell"l>p1 •ckno..,)edtt. the,. 
two bits coatlltl tlu! binuy codo of duo hi&htst pnonty 
choAntlwhidt requ .. tcd thc inrerrupt >nd V¡, Cont>ins > 
110r0 lime thc l<loiRu of the ir11n111pt '"""" muttne ""'" 
11 an enn by le. Ch11111d 8 is rhe highest prlority ciiOJinol. 

• • • • " • .. •• •• .. .. • 
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CTC Programrning • 
SELECTlNG AN OPERAllNG MOOE 

When ,.¡""""1' channel'• opentin~ modo. lm 0 is ,.,,o 
1 to indi<:ate tiW word is to be stord in !he ctu.n:>d Coat<al 
,.¡; ... ,. 

- • 
f:~::fj -
lllt7•f 

Hit 7 • 1 

Dit6"l 

Blt5"0 

Ult5•1 

Bit4~11t 

- - .. - - -,_ 
1 - 1 .. ~·1..!.7 ... 1 ·-· 
~ ~ 
·~·~ .... ~ ·-·--· ·-·--· 

Chllllnel intcrrupll onabled lo occ:ur .....,ry 
time Do""' Cauater tndles a towtt of .. ro. 
Settltlg !lit 7 doa act let 1 p'"odinl ccunt 
of roro czu'" an intotrupt. 

Tlrm:r Modo - Down ccuntor is clocktd by 
lht p~or. Tht penad of tbc counttr 11: 

tc•P•1C 
te • syatcm dock periocl 
P • prcocale of 16 ar 256 
TC • 8 bit binary pra¡nmmablo time 
cannun (2S6 ~) · 

C0111110r Modo - 0own C01111!0< is doc:ked 
by extorna) dock. Tho prt$C:lkr ii nct IISI:d. 

Tlmer Modo On!y-Spmn dock -1 is dlvided 
~y 16 in prcsczler. 

Tlmer Modo Only...Sp«m dodt-1 il dlvidd 
by ll6 in prescaler. 

Ttmor Modo- ne¡ati~ ed¡elrig« otarts 
timer <>peratlon. 

Counter Modo- no¡m .. odp dccrcmonto 
tllc down countor. 

Ttmor Modo- paoitivo edp trl¡:ger naru 
ttm<r apention. 
Cottn!Of Mode- pooltive edp decn.,.nu 
<he <1<nm ccunt<r. 

Thntf Modo Only- Timcr bc¡liu aperaticn 
on tbe ri>in1 cd¡e of T 1 of !he machinc 
cycle faUcwin¡ tite on< th.ot lc&<b the nme 
conswu. 

Tlmer Modo On¡y - Ex«rnal ~·lo nlid 
for sta<1in11 timor cpention afiO< rUiltg <dg< 
of T2 oftllc madtinc cyde fcUcwin& the 
ano tha1 loo<lt tite <bne consr.an<. Tho l'!e
scaler is dooromented 2 de<;k cydes lator if 
tho ,.tup 1ime U m«. o<horwise 3 dock 
cycles. 

Bit2•f 

Bit2•l 

Biti•O 

Blt!•l 

,, 
Na time ~t wtn ron.,.. tite dwlneJ 
control word. On• ttme conmnt must b< 
writtcn to thc clw!Ml tn inl<i>.te apenuion. 

n.. timo eons<ant for tho Down Ccun10r 
will N thc ncxt word wnuen to tho .. lected 
chlO<Iel. Jf 1 time ~<>mlallt Í> lcadrd whüe a 
ChanncJ il. COWIIÍRII. tht pr< .. nl COUR! Wl!l 
bo c<>mplotod befar< th< new ume Ca!Utont 
is loaded into the Down Countet . 

Stop cpmttion. lf B.ltl• l channtiWIH 
rosume operotion afterloading a time 
COIUt.ant. atbotw!Jc a ...., control """'d 
mun be laaded. 

LOAD!NG A TIME CONSTANT 

An 8-blt timo ccfiSU»tiS looded lnta tbr Timo Cons<ont 
<<g:i:lter follo"""l" chUUid C<>nlfal war<l wttb bit~ oet. A.ll 
l<rlll indlcatc a Lime «>nS1ont of 256. 

- - - • - - • -- • •• •• •• -1 - • 

LOADii';IG AN INTIRRUPT VECTOR 

Tbc Z8G-CPU teqW""' lltat an 8-bit tnterrupt •cotar b< 
•nppliod by thc intrtruptiltg chlftnd. Tht CPU (Qn'Jl$ tho 
ad.dnou for 1hl iatorrupt ,.,.,;o;c n><~tltlo of tbc chlftnel 
uolng tiW .. ctor. During m inte<TUpt adcnowledrr cyde 
thc vector is pla.ctd .,¡, tho Z.SO O. u Bus b~ thc hi¡hes< 
pricrif)" dlannclr<quc:nin¡ sem-. at th.tt ""'"· Thc desind 
lnto<TUPI nctcr is IOldcd into tht CTC by wntln¡ into 
ch.,ncl t with a uro In 011. DJ·OJ contlin ih.r "orod in· 
terrup< oector.Dl aad O¡ OTO aot .....t in loadin¡ the oec<or. 
Wlten lht CTC mpontlo to In intotruPI acbmwlod¡c. th.,. 
two b!tl conr.ain thr binary codo of the lti&h.,, pnoncy 
clwutel which teqUO>tcd tbc in«mtpt and De contuo• a 

zcro <in<OC tho address of the intrrrup< ,.,...;« rouune """' 
at ... e .. n by ~e. Chanad ';, 1hr hip. .. t pnority <h:u~nol. 

- - - • -
•• .. .. .. 
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A.C. Cbaracteristics 

TA. • O' C to 70' C. Va. • +S V • S !lo. UO.IUI otbc......., notrd 

---;;;:;--
~ ' -.,. •• ' .. 

< ~ '" • ·-· ·~ - • • •"" "' - • .. ~;;· r- ~ • 
' 

cs. el . .,. ts.,IC31 

§ '····""·~"'-
~ • 

--;;;;;¡;¡- - • ';;;-
•s.ID! , ;:s...... n.r.. "' 111 .... fdo• of • o.,.,,. Wmo.,. ,., ~ • ,_,, 

'~· 
•o 11DI 0.1> O"""" o.o .. '"""''"';"'E .... ol IOIIG o.n,.. ·~ • '" INTACVCio .. 
"'" '" • 

'" 
. ,,,,- ' ' ·~ • ,. 

'DHIIOI ISO Ooloy TOno from Al~ ... Edgo of IEI ,. 
"' '" oro •o~IIO! 1 Foil ... Edgo of IEI 

·~ "' '" •o ... IIOI 1 
1 

~~f,~;;~ e .... "' MI lln'"''""' Oceurn ... ,. • '" 
iORo. ~"""""""'""•'-· "' • 

' 
¡;; ' . • • . 

" 
ls.IIIOI fdgo of ;;:;;¡;; """' --;;¡- • 

~ '"' 1~:::::: "" fl'iT O.IOy Tmo '""" llo~.; ~ ~ • 

A loo ontj Foil Tlm., ~ Couno 1 ""'"' • 
•siCitl ...... ....._ ... '" O:w,n- ModO 
t¡ITRI ' ~'=. •• . "' .......... _ 
<wiC"n<l ~ 

' --.'W!CTI.I ~-- = r::=.:.· ... 
~ •• 

""""'-' •o~IZCI •• ¡r-·-· 
c.-...... ... ............ 

NG...: 111 'c''wr4'Hi•loJ+U•t,•O,. 
121 ,.,..__.,. 10 ._"" ....,110 of ...,_ '" '-'"'· 200 oF .,....,..., ,.....,., •-onc~•oo 0F '"' .....,....,, "-· 
!JI ,.._...., .. .,.lnoocl.,...., IOpfo-;nt-• .,..toooFmo•.., .... 
1•1 l¡filT...,., ... ..,, .. ,,.,,...........,.,J,IooO .... oo. 

OUTPUT LOAD CJRCUIT 

•• .. "'·"" ""'"'""" .. ·--~--.. --... o---< """'-" ...... ' 
~ .. 
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Absolule Maximum Ratings 

l•"'"""'"~ U.O•• '"' s. • ...,r ... ,...~.~ 
~ ...... o. .. , ...... ·-·f·(; ..... "'"'" o. ......... 

o·r .. • m"r 
-oJ"roo•ISO"C 

D.C. Characteristics 

-¡,.,.., ..... '"""" .......... -~ ... ""' """"""' ........ -............ -.- ..... ·-·-n.. •• ~ ................ ,_._..,. ...... .. "" ...... " ......... , ..................... ..... 
..,¡..,.,,. ~ ......... ..,~ ........ "' "'~ '""''"'>-
...... - ......... E_.. .. - ... -...... - ..... ..-,..- ... , ...... ..... ~~ ........... 

T.< ·o- r ,. JO", . v ... < v , ~ ...... ..-...... """'1«1 

Z80A-CTC 

Capacitance 

TA., 2!1" C. f• 1 MHz 
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Z80~10 
ZSOA-SIO 
• 

Th~ ZB0-510 (Scial lnput/Output) i$ a dlll.l<hl.nnd 
mWú-funotion peripheral compoll<:llt d=i¡nod to satisfy 
a widc Yllriay of serial data commnniarioQll require
mrna in mi~ocomputcr syst=a. tu buic fvnction is a 
lC!iaJ-to-pa,-alle[, pan.lld-to-serial convmer /cootroUcr, 
but-withln tbat role-it is confi¡urablc by systmiS 
software •o lts "pcnouaiity'' caD bt: Optimiud. for a 
¡ivm serial dala COiflflliUBCitiOIIS app!i<:aliO<I-

Tbt! ZBO-SIO is capable of handling uynchrolloll! 
formats, syndl«<nous byte-c;~ricntcd prccocola s¡¡ch as 
1111.1 Bisync, and oynchronous blt-oriontod protocolo 
sudl U HDLC &nd SDLC. T1lis vorsatlle dcvice CI.D also be 
used •o suppon virt~Wly any other serial pr01oco! for 
q>plicaliDIIS othtr tlw¡ data COIIImuuicatiOtll (cauctte 
or floppy disk interfaces, fDr cumple). 

Thc ZSO.SIO C3D ¡encno.te and c.bcck CKC cock:s in 
any synchronous madi! and can be -pro¡¡rammed to 
cllec:lt. data intqrity in various modc:s. Thc devic:c also 
W facilities fot !!Uldem controla in botb cb•nnelo. In 
applicalioru •hcn: tb= coouols IR 110t noed~ the 
IJ!od= coouob: CID. be uscd for ¡euc:nll-PIIri>O" 1/Q, 

-~-

1 

= -

'"' Product Specification 
- ' 

N-clwuld sili<:DD•ple deplction-load tor:lmolo¡y ...,.,.,. 
Sln¡le 5 V pawor S11pply ' 

SlnJle-phase 5 V clod: 

All inputs &nd outputs Tn. compallllle 

Two !ndepepdeot full-duplc:>~ clwlnds 

Dall. n.tes in synebroooll! or isOI}'1!Ciu'011011$ ~oda: 
• 0-SSOK biu/sec=d witb l.S MHz syncm doct 

= 
• 0-8BOK biu/secol!d with •.o M Hz tyncm dock 
n• 

Reaivcr data rqistc:n quad.fuply bulfcn:d: trans
mincr doubly buffcrcd. 

Asyncllronou:¡ feaiUrl:l: 

• '· 6, 7 or 8 bits/cbancle:r 

-· 
=='· ••• 
'~" 

-· 
f'llu,. 1. UIJ..S\0 lllock Dlapo.m 

.,,,. .. .,.... ...... __ 
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' ------------------~·~·~------~~·~··~·-------'f 
and IORQ u an intem~pt adnowlcd¡e if the ZSO..SIO b 
<he lnghest priority device lhat lw intC!T11l'tcd the 
Z!O-CPU. 

IORQ. Jnput/Outpu/ R~t (input fto111 CPU, a<:tive 
Low). !OilQ i5 llJcd in coajll!laion witb a.-A, CJII', ~ 
and üi to trarufer comm.ands and data betw«n thc: CPU 
and the ZB0-510. Wben ~ fi> and iollQ are all aaive, 
the chann<l selected by atA nansfen data 10 the CP\1 (a 
re>d oper.uion). Whcu CE and RiRQ are active, but iD is 
inactivo, the o;hannel sdoetcó by BIA is writtc:n 10 by tbe 
CPU wah ei<her data or contrnl infonnation u specificd 
by c;i), As mentioned pre>iously, if IOilQ aJid. IU ue ac. 
u•e simuil.l.ncous)y. the CPU il ad:nowJed¡ing an ínter. 
rupt and tbe Z80-51Q •utomalically placeo lts iatem>pt 
•ector "" the C::P\J dwo bus if it is the hi~Jhcs~ priority 
devicc requ<!lin¡ an interrupt. 

RD, R«~d C)ldf Statltf. [lDput from CPU, acti"" Low), 
lf iW is aain, a !D('IIII!f)' or 110 rud opcralioll ls in 
pro¡n:ss. ii5 is uscd with ..,¡, ü ~ !OilQ w uansfcr 
da11. fmm the ZSO.S!O to the CI'U. 

RESET. Res" (U.put, actin l.ow). A Low ffiiiT dís
ablos both n:ceivcrs and lliUUroittm, for= TAllA and 
T>DB mukitl¡:, forusthemod= conuob Hiabanddís
ables ..U in¡errupts, Tbe conuoi rqincn !DUJI M re
wriuea aftu tlu: Z80-S!O is "''e! and before data is 
transmincd or recclved. 

!El. ftll•fniPI Elulbk In (ioput. activt Hl¡h). Thi! SÍ&· 
na.l is tiSed with lEO to form • prioriry d&iry dll:in whc:D 
thmo is ""'"' thUI ont intr;m~pe-drivm ~. A Hl&h 

on this UM indlc:ucs lhat no o!llor devi~ of hi¡bo:r pri· 
oriry is beins scrvi=d by a au imcrrupl .. m~ rourine. 

lEO. ftrltfniPI Elulb~ OUt (output. aaivc Hillt). lEO 
is Hl¡h only if IEI iJ Hi1b Uld the CPU is not servicial &ll 

inttm.>pl from thls ZJO.SIO. Thm, 1his Ji¡nal bloc:kJ 
lowct priortry dc:vices from intcmlptina whi\e a hi¡hor 
priority deYi~ is beilll ~by its CPU Ílllnt'Upt ser· 
vi~ rnutinc. 

J]'(f. llllttnJ.pt R"'lllnf (0u1pur.. opcn drain, aaive 
low). Wbm the ZSO.SIO is ra¡uesiÍDI &ll iru.tm~pe, it 
pulls iFii' Low. 

WIRDYA, W/RDYB. Wait/RNdy A. Walt/Reody 8 
(nutputs, open drain wben prolfUilllled for Wait fun~· 
!loo., driva¡ Hi¡b ami l.ow wben pro&rammed fcr 
Rcady fUIICIÍon). These dl!al-purposc: OulputJ may be 
progranuned .. Rcady lines fOf • DMA eantroller or ... 
Wait lllles tlw ~ theCPU ID the ZSO.SIO data 
r&te. The I'CSet stall: is opon dn.in. 

ffiA, CI'SB. C4m To 5Did (inpuU, active Low). 
Whc:D programmed .. Au1o E'!ables, • Low oo !hose 
inputs enablcs tbe tesp«tive transminer. lf 1101 pro
~ed LJ A11to E.nables, !hose inpuu may be pro
p;U~U~~ed a.s ¡cncnal·purpOSe inpu!S. Bath inpuU are 
Schmill·triger buffc::red 10 acconomodate, !low-risetimc 
sil"'ls. The Z80-SIO ~etects pulses on these inputs and 
intmu¡¡IS tbe Cl'U oQ')oth \o¡if; ~ ~...liAA1,•Th! 
Schmin·trlJI<'I' bufferin¡ doc:s oot ~IF"• spCdfiCd 
noisc.levd margin. 

-
~{ ' • - l " ~ ~ • ' - •• -• ~ ~ 

" ""' " ""' ' •• 
~--· - ' -" ~} ' ' w} " ~ -· (!!! -• ~ ... , ... 

H • • ¡¡:- ' - "'P. ' - ,, - ' • ' 
• - - r·· • 

}= }- = { --- -- • 1 -- - • 
• • • - .. " 
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~~5~~-y! The lo¡ic for both clwmdt pro>idO$ form.au, syn· 
chronizatioo and va.lida!lon for data aansfcrrtd to and 
from lile dlllllnd iluc:rfae.:. Thc modem cowol illputs 
Clear LO Scnd iCffi and Data Curier Oe-tKt iOCi» are 
morútorcd by the <1iscme colluvlloJic undor prapm 
control. AU the modmr. conuol•illn•IJ ue ¡mera! pur• 
pOse in a.atUTe and ean ~ used for functions otbcr than 
modem control. 

"'- ........ ,,_ 
Talllc 1. fwcaclloooal .us~.....,a of Rn4 .... Wrilo 

Rqil.ltn 

For au!.Otnaiic ÍtiiCITUpc vcaorin¡, !he inturupl con
lrol lo¡ic detntnincs wbicb <!h&nnel and whlch device 
withio the chumel ha! the hi¡h .. t priority. Prioriry is 
fued with Channd A usi¡nod a hiaher priorily than 
ChiUIJieJ B: flettive, Trarumi1 and ExternU/Stauu in
terrupiS an: prioritiud i11 that order within cach d•an
MI. 

....... -. 
• _ .. ". -

·- ·- -· ••• :':."L.. .. ,_., .. ,. 
,_ OICIIIU ----- ------... ••• 1 ----- ----- 1 - -

1 
,..,, ..... ,,.., .. ,..m, "'"' •• 

::M_ ' ' -~ ••• ·- ~ :1""' - ~ ........ " 
l ! 

•U' lo 
..,_, .. OE '"""" ~ ------------

' 
' .. r- "" ""'"" rl ""' .... 

l ~ ""' '"" "'"n " ~ ''" §-~ 
i -

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

. , 
' - ' -

""~' i r '" ...... ¡J 1 '"'" ' .. ~ .... 
"" ...... 

1 

'""'"y 
~ ¡,"' ....... """" 

flpn $. Tnaomit •~d Rt<cl•• Dota PaLit 

--------=~,----------
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----------------------------------------------=·0 
tbe ae<:U~t• umina of thc Brea.k/ Abort rondition in ex
tema.lloli<. 

Dloc:k Trarufer modo or u a 
Wock Tr.uuf.r mocle. 

Toa DOoiA CDOltOU.:r, the ZSO.SIQ READY Output in
dicues thal thc Z80-SIQ ÍS rcady ID lnLmfcr data ID or 
from mrn~ol')'. To thc cru, rhe w...rr output indi~tes 
that lt!.e ZBO..SIO il not uansf"' data. lhc:r<:by 
ru¡ucstln¡ the CPU ro 110 eycie. Tbe pro-
¡ramming of l>ia Rc¡islcr 1 and the 
logi~ nate. ~ are dc:f¡ncd iD thc 
Write Re¡i•ter (ZIJO.SIO PtDIJI'&ffimins 
¡cction). · 

In addition to <be 110 capabilitie~ preYÍOIISIJ di$c:u$scd, 
the ZBO-SIO previdos two independent fuU-duplo: 
channds that can be pTOiJammed for 11se in Asyno;hro
IIOUS, Syncllronow &tld SlllC tHOLCI modes. Tbese dif
ferall modes are provided to fao;iliU.~C the implementa
tino of commonly ~:sed data communic:ations prOtO<:Ob. 
The folloMn1 is a ohon desaiplion of thc data com
m~nic:atioru protoc:ols supported by thc ZE(hS!O. A 
more dn.liled explallaúoa of tll<:se modcs can be found 

~ in thc ZBO-S/0 Tec!tlllcal Manual. 

Atyuhf1MIIou Moda. Thc Z!I0-510 ofrcn transmiS>ion 
tlld reception of five \0 ei1ht biu per cllar:a;;tcr, pl11.1 op.. 
tiGDal evtn or odd pority. Thc nansmiucr can supply 

·ene, ene and a half or two nop biu pc:r charactor and 
can prevido a break output at any timo. Tb< roaivcr 
break dctection loJic inu:rrup1.1 tho CPU only 11 thc start 
aad·cnd of a rocdved break. Roccption is ~rotocted. 
from spik .. by a tnnsio:nt spih rcjcaion moclwúsm 
that chocks thc signa! onc.h&lf a bit time afu:r a Low 
levo! is dctected en thc Roccivc Dat.a input. 1f thc Low 
does not pc:nist-u in thc cau of a 1ra.nsient-thc chu
lctor uscmbly prcx:m is ""' staned. 

fnuning error. and ovcmm mor1 are detocted and 
buffered IOI<ther with !he pani&l ch&n.cur on "'hich 
they OttUrred. V<etored.intermpts a11ow f.ut senicing 
of nror condiuons min11 dedtcated rou<Ütos. further
moro. 1 buih-ÍD checkins procw a...,;cb illterp<=únl a 
framin¡ error as a ncw star. btt: a framin¡¡ error rosulu 
ia !he addiúon of one-half a bil time te the point as 
whidl the scan:h for 1hc nex• nan. bit is bcgun. 

Thc: ZS0-510 does nct r<quire symmwic Transmit 
and Rcccive Clock signal•-a fea tu re that aUows it te be 
used-with a ZB~C or any other clock so~. Thc 
traru;miuer and rccc!Ver can handlc data ata rato cf 1. 

1116, 11)2 or 1/64 of !he clock r:ate suppUed te the 
Rccdve aod Traomút Clock inP,.u. 

In AaynchronoWII modc:s, the SYr<C pin may be pro
¡rammed for e input tha.t can be used for fuoaions 
such as monitorina 1 rinl inditztot. 

S7oeltro...,... Moda. Thc ZSO-SIO snppons both bycc
oriented and bit-oricnted syocluonoWII communicaúon. 
Syochronous bytiH»ieo!Cd protocoll can be lwtdled ill 
ocvera.l modcs !hat .Uo"' ohancu:r synch.r~úon wi!h 
an 8.-bit sync cban.cter (Montllync), aoy 16-bit syoc pat
\all (B!.tyno:), or with ..,. eoacmal syoo si¡n:U. Lt1dio¡ 
sync clla.ractm can be removed without interrupúng the 
CPU. Cli.C t:hccki.n¡ for syochrooous byte..:oriontcd 
mode:l is dd&ycd by ene charactcr time lO the CPU may 
dluble cae chec:lúol on spc:cific charactus. Thi• per
mits impl.,.,t"ioll of protocob tuc11 u 18M Bisyoc. 

Botb CJtC·It (XII+XIJ+X1+J) and CCITT 
(XII+XIl+XJ+ \) morcbed:i.o1 polyoomia.ls uesup
pon.cd. In aU !IOD-SDLC modcs. tbe o.c ¡c:nera10r is in· 
itialized 10 O's; in SDLC modcs, it is ioitialized ID l's. 
(fhis mcam tbat tbe ZS0-Si0 CatUlQ( JI'IIClBIC or dleck 
Cli.C for IBM-eomp&l.iblc lOft-ucto~ disb.) The 
Z80-SIO a.1so providcs 1 featwc that automalieaUy 
trUSmits CJ.C data whcn DO o!hcr dat.a is avai.ll.ble for 
lnlllllmis.sion. This aUoWI ver¡ hillh·lpc:od trUSmissicns 
undcr DMA control wi!h no nccd for CPU in<c:rv1:ntion at 
!he Clld. of a mcu.tJI'. Whea !here is no dat.a or e~ to 
Sl!nd in Syochronow moda. !he transminor ÍDKIU 8- or 
16-bit syno; dwaacn rqard1eu of !he proara.mmed 
cha.racteT leng!h. Sincethe CPU o;an =d statWII lnforma
tion lrom !he ZSO-SIO, is can dctcn:ninc !he ¡ypc: of 
!raDSniÍSSIOll (data, ClC or l)"llc charactm) !h&l is tal<• 
in1 place 11 aoy time. 

The ZSO.SIO 1upporu synchrooous bit..:orientcd pro
tocols Sucb U SDLC aod HDLC by pc:rformi.o¡&utom.atit 
fla¡ ~c:ndiaa, uro insertion ud Cli.C senen.tion. A spe· 
da! tnmmaod o;an be nsed to abon a fr1111e in lriiWliÍs· 
sien. Tbo: Z80-SI0 au\(H!taticiUy U>.EUDIÍts !he ClC and. ' 
trailln¡ flag whcn !he tr:ansmll buffer bccomo::s empty. 
An lnterTUpo ,.. ...... the Cl'U o( !his Sl.a<ll.l chan¡e so an 
aben may be issucd if 1 ua:uminer underruo has oc
currcd. One ID cight bits pcr char&Cier oan be seru, 
which :Ulows transmission of a ID=a&e euctly as 
,..,;o!ved wi!h no prior iofonnaúon about thc choncter 
suucture in !he information fidd of a frame. 

Thc roceiver autcmaúl:ll.lly synchronius en thc load. 
ÍDI flag of a fr&me IDd providcs 1 synch.ron.U:ation si a· 
na! that can be programmcd to imerrupt. In addition, 
an interrupt oo the r.nt rccdved chllf"aC"Ier oren .-.ery 
character can be Sl!iectcd. The rcceiver automaticallv 
ddetcs all zeroes iru;cn.ed by the <ransmiucr durin& chai. 
a~cr asscmbly. \t abo cakulata aod autom.atie:L!Jy 
chec:l<s the CJtC te valid.ate trame tril!Umis.sion. At the 
cnd of trarumission, the status of a rcceivcd fr&me is 
available in the statWII rqistm. Thc rcceiver can be pro
ir:amDicd te scarch for trames addrmcd ID only a 'pe<;:Í· 

riCd llKI"·sdccublc addrt:ts or 10 a &loba.\ broad=tad
drc:ss. In this mode; fnma that d.o not match tlle IUCI"• 
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Hi¡h and u lfO Low. lf the ne~¡ opcode byte is ··•o," 
the in«rrupt-under-lnvice la<dt is re>et. 

The ripplc time of the imcrrupt daisy chain (both thc 
Hi&J¡-~:o-Low and the Low-to-Hi¡h uamitioiiS) limiu 
the number nf deviccs that <:a11 be placcd ill the daisy 
chain. Ripplc lime can be lmprovcd witb. carry-lock
~ll<:ad, or by <xtendin¡the ínturupt ackoowlcd1e cycle, 
For funher in!ormation abOut uclmiquQ forizlcrcasin¡ 
tbe numbcr of da.i$)'~hailled deviccs, rder 10 Zilo¡ 
App!ícation Note 03-D041..01 (Tilo Z80 F4mily Protl'tim 
lntri'TII.p/ SIIUCflU!'). 

fi¡ure 9 ollumatn the daisy chain confi¡uratioo of 
intcrrupt circui~< 111<1 their behavior with neotcd inlu-

¡~ - ~ 

• ~ -- • ~ • ~ 

' 

-f-

rupn (an interrupt that is imerruptcd by anothcr wi<h a 
hi1her priority). 

E.ach be~ in thc illustration could be a soparate ut=r· 
naJ Z.SO pcriphcral clrcuit wllh a ~~U:r-defined arder of 
ioterrup¡ prioritict. Hovm<cr, a similo.t dalsy dlain 
Structure abo uisu inside the Z80-SIO, wh>eh hu six 
inlerrupt lcvels with a fi!CC'd order of priomies. 

The case illusU"&ted oc:c:un ""hc:a the tran:~mmer of 
Charu~el 8 imerrupts and ia JTIII\I:d •ervice. While thi.s 
interrupt 11 be:iaa •crvlcod, il is interrupted by a hi¡her 
ptiotity \nterrup¡ from Channd A. The sccond interrupt 
¡, •erviced. and-u¡><m compler.ion-• REn insnuction i.s 
exccuted or • ~ETI commud ¡, written 1nto the 
ZSO..SIO, rescttinB tbe lnte!TIIPI-undeNervice latcb cf 
the ChanM[ A interrupt. AttiUs time, the ..,-vice retine 
for Chanm-J B i.s raumod. When it ;, comple<C<l, 
anotha U!TIInstructioo i.s CXCC~~ted to complete the in· 
lemiPI serviee. 

- - -• ~ -- • " f- • "' f--
1. PRJOA!Tl' INTCAAUPT OAI3V CHA~ BI!FOA~ ANV !N"nAAUPT OCCUII$. 

i- - - ~ -'" " -- • " "' " f-' • " .. "' f-' • '" 1-
~ ·~ 

~ CHANNEL 11 TliAHSUITTEA INTEAAUPTS ANO IS ACIIóNOWL!OGI!O. 

i- - , - ·~ 
'" " -- •• ., - .. . , -- • "' -;;;:; .. " f-' • ., 

·~ - -3. l!liTERNALIS"TAT\JS OF CHANNEL A IHl"EARUPTS SUSPENDING SERVIC! ~ CHANNEL B 
TRANSMITIER. 

1::': "~ -~ -~ -•• " f- • " f- • " -- • "' f- • " 
·~ 

~. CHANNEL A EXTERNAUSTAT\JS ROUnNE I:OMPLETE. AETt !SSUED. CHANNI!L 11 
TRANSMITTEfl SERVII:E AfSUMEl). 

i- - SIRva co-I.ETEC - - - - -"' " f- •• " r-- ., "' -- "' '" f-' ., " --
5.. Cli.O.N,;fl S TR..ANS~R SEAVlCE ROUTltlE COMPLETE, SECQNQ RET11$$UIOO. 

Flpn '· Trpica.ll.atnn~pt Scquaeo 
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ZSO~CPU 
ZSOA-CPU 

Tho Zilog Z80 product line is a completo .. , of .,;.,..,.. 
tllmpu~r componcfll1, doveloprncnt syuerm and suppon 
ooftwa1<- The Z80 m.~crocQmpu~er componen< ••• incll&dn 
&U of lho c.rcum ne,.,..ry Lo build biP>1>erformaneo 
micocompu\tr tystcms with vin¡g[)y no olhor l<>P: o.nd a 
minimwn numbet of low cD<t standln! mcmcry e!<rntnu. 

Tha Z80 111d zso.., CPU's ore lhird ""'""'<!"" IID¡Io <:Íup 
microprt>eesson ,..;m wmn!ed eomputat!onal ¡>oWI'f. 'Thls 
!ner .... d eomputauonal powcr tesu!U iD hi¡her sy~tem 
lbmup-put and m'"" dfic:imt-ry utlliz&lloa oohca 
oompu•d ro .. cond ,¡en<raLiM mlotoproceuon. In 
addii!On. tho ZBO 111d Z&OA CI'U'o ut vtry easy to implo
....,., into a <Y"•m bec.o.= cf thoir ringle vcltaso reqW.
mcnt plus .U ourpur U¡;n¡loac fully docodcd Uld lfmed to 
<ll!ltroi ound&rd momory or pctipholal c:il~cs. Tho ~~ 
U ""plemcntcd UWll an N-dwlnel, Ion implumd,lllicoo 
pie MOS prtl<na. 

Fipro 1 111 block diogrom of tho CPU, Figuro 2 dct.ailo 
lb< intcmol rcgWer confisuratloa whlcb. <OIIllilu 208 biU 
of llnd/Wnte memory tlur ue ac:cus~ble 10 the P'"&r""'' 
m«, Th• '"'""" mdudc two seto cf lir. 1""-•ra.l purpaso 
npoten llu.t may be UO<d indi.;dually as 8-bit rtgistus or 
u 164111 '"'""' P•"'· Thero are also two 1011 of acr;umu• 
lacar and lla¡ "~""· The proJnnUnorlw aa:uo10 etther 
'"' of rnaUI or ah ornato <o¡ute" throuch 1 SfOUP of <X· 
changelniffli<:ÜO!U. Tluo tltemi!C .. 1 aJlo.,.. fore¡roung:¡' 
backp-ound modo of opt<~.flOn 01 may be rnc"ed for .. <Y 
fut lnrem~pt rflJ>00$0, &.:h CPU abo cont&ino a 164Ji! 
otock po•nter wluch pumil1 .,..,pie implomenlllnon of 

¡¡¡ 
--· 

Z!IO, Z!IOA CPU BLOCK DIAGAAM 

® 

Product Specification 
MARCH 1978 

muhiplo le•ellnterrupto, llnlim!led sllbroutine nmin¡ ond 
limpJillcatioa of mat~y typq of duo l>andlia&. 

Tho IWO 16-bit irldu rogis¡cr.; allow tabular dau morupu
lotioa at~d u.y !mplcmcnll!UOII of relor:o.rll:>le code. The 
Refn$11 rqiner pr<nideo forau•omatac, 1ou.lly IWt'l'.,""' 
refrnh of utemol áyrwnic memoneo. Th•l regis•erl• IU<d 
¡.,a powerfullaum~pr rapan• mode to form lhe upper 8 
biu of a pcintcr te a intem.Jpt ~enoico address tablo, while 
rho latorruptio& derico ouppUulhe lower S biu ol lhe 
paizlur. Al> lndircct c:&ll il theri modo 10 thil .. mee addr .... 

FEATURES 

• Sin¡!e dlip, N<iwm<ISilicon Go11 CPU. 
• 158 iriJlnlelions-molud"' all78 cf tho 8080A instruc

tion.s with total sorhnte compotibility. New INUtJ.r;· 
tion.s iaclud. 4-, 8- and 16-trit opcntiorq with more 
userulld~ssinl mcdcs sucb a>llldeud, bitllld relni~ 

• !7llltem&l .epm ... 
• Threo modcs of fut intomJpl reaponso pJwa ncn

!I>Ublrle intorrupt. 
• Diroetly interfaces atandanlq>e<d ontic cr dynar!UC 

memori .. with virtl&llly no extcma.llop:. 
• I.O..,insuuctlcnu..,.tioaspcccL 
• S'1111l• 5 VDC ouppl)' and sin¡!e-¡>hase 5 •olt OGck. 
• Out-¡>crfo~ lll)" otiler sinll< dlip ntic:roc:!IIDpuut ln 

4-, 8•, Ot 16-1;111 a¡lpl!OUIOIII• 
• Al! pi111 TI'L Compuiblo 
• Builr-in dynam;c RAM ufrtSh d.rcuitry. 

ZBa. ZBOA CPU AEGISTERS 
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1iming Waveforms ss 
I~STRUCTIO~ 01' COOE FETCH 

Th~ pr0Jf2m counrer r:ontenr (PC) is pbaoi oo <lv 
addrus busrrnm•~gy at the "'"o( lile o;ytle. Ono half 
~imc later M IOO<•otivo. The fll.lin¡ed¡e of 
MREQ ean be u .. d drro<tiY u a dup entble tO dyoomi<: 
memories. ~ when aotm tndu:1tes lhlt the murtal)' 
r:b.u lhould bc enobled onto tite CPU d111 buL The CPU 
wn¡>le• 4oa wuh tho nlmi ed¡¡c of the dock uato T 3 . 
Clock "•tes T3 llrd T4 of 1 fetch r:ytlo ue raed lo rofrosh 

dynomic "'"""'""' while lile CPU i> lntemally decodins 
utd er.ecutrnJ rh< illmuctron. Tht refreslt control ri¡nal 
Ri sll indicot•• ,,,., a rofruh roaoi of all dynomic mtn~ortes 
sltould l>e accomplilhed. 

" ... -• 
• ... -

' ··-
'• " ., '• 1 '• 1 

' 
·····~-

1 
' ' 1 ' ' ' ' ' 1 ' - ------ ----- ----....--- .,.......... - -

~-~~-~~"~ "j"~--~--±,-~--~--~--~--~c ~~ -' ' rL---' . ' . 

MEMORY READ OR WRITE CYCUS 

!Uunr>!<d horo io the tunu:g of memwy reod or wrile 
eycleS other tbon on OP r:ode feech(M¡ eyde). The MREÓ 
111d JUi signal1 ue usod eu.:tly 11 ¡,che fe~eh cyde. In 
tho e:.,.. of • memol)' wme eycle. lhe "MRrci aloo ber:ome• 
oc;¡; .. ""'-•n che addc.., bus 11 .ubio >0 lh.ll ir con l>c u .. d 
direetiY '-' :r chrp •noble for dynamic mom.ori••· Tho Wll: 
lille rs octi"" when r:b.ll on lhe d.au bus is <lalrle 10 lhat it 
canl>c u..d 4Uoctly "o R!W puhe to •rnually 1ny type of 
.. mrconduclot memory. 

··-
• 
• 
••• 

' --- ¡-:-'L '• " ., " '• 
. -·-· -·-
' ' ' 1 

1 
1 1 1 ' 

1 ' . ' ' "'' ' ' 

--- -.--- _ _,_ -- ---rr--1----rTL..r---r-
INPUT OR OUT!'UT CYCLES 

Dlu.>tnted ~<~ 11 Ule unung for an 1/0 read or 1{0 writo 
opornlon. Nodce lh" dunng 110 opo<~doru olin¡lo walt 
Uote 11 IUtomoti<:Uly insoned (Tw•~ Tha reason fo1 lhil il 
tlr.ot dunnsl/0 operottoru tlus U In""" ollow= eufficienl 
timo fot 111 110 port te decode "' oddreso and activ;¡te the 
WAI'I' lino if & wlU is roquited. 

~ ... -• ..... 
• ... , 

'• •• ... ., " 

1 

1' [ ):: 
1 : ' ,G' 

:¡:===t=$':rt:r===r"'"'~. 
-f-.<[' - " -' ' ~·-

. ""' ' 
. . l ' 

!NTERRUI'T REOUEST/ACI<NOWL.EDGE CYCLE 

The illterrupt 11grnl "'"mpled by th .. CPU wnlt tite 
rurng ed¡¡< of thc ¡.,,dock 11 tho end of any inlt!uctton. 
Wh•n an interrupt is •coop<ed. a •pedtl MJ cyd• i• 
¡enmrtod. Durin1thR'EQ ¡ cyd •. lho mRQ 11gnol beco.,., 
''"''" (in1tead of M ) to indiQtc that \he illWrupttnl 
dlri<:< CID place 111 8-lt<t .. ctor on th< dato bus. Two wait 
"""'(Tw•) u e automurc•Uy &dded 10 thitr eyde"' <hall 
np¡>le ptiority interrupt ocherne. s..U. u the one oaed in the 
ZSO ponphen.J controllen. an be e•.Wy implom.ented. 

• 

..... 
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' 
" DEC d 

> • -o 

' 

• 

ADD HL,!.S 

ADC HL,I> 
SOC HL," 
ADO IX,I> 

ADDIY,I> 

!NC dd 

OECdd 

:.i CPL 
o 
"" NEG 
1:.1 CCF 

"" 
"'' ':;: liALT 

' :¡: DI 

; El 
,.. 1M o 

' • 

" e 

' ' < 

L\l l 

IMl 

"-'. 
"-. 

"''. 
"'. 

~ SRAs 

" ~ SRLs 

"-' 

"'' 

'-. 
d- d • 1 

d -d- 1 

HL-f!L+!.S 
HL-HL+!.S•CY 
HL-HL-11-CY 
lX-IX+ss 

IY-IY+ss 

Con .. ru A contmu intO 
packod BCD foHoWU111dd 
orsubt<~<l 

A-A 
A-00-A 

cv-CY 

"'-' 
No op<<~<ion 
HahCPU 

Disable lnterrupt< 

Enable Jnttrrupu 

S.t interrup1 mode O 

Sct in«rrup• mode 1 
Set intenupt mode 2 

·~ • l·,·l·!iJ ¿;,¡,~ 
I•,.•I•BR•I•ou 

eo .......... 
s••.n(HL) 
(lX"'<),{IY~) 

d•r,(HL) 
(IX"'<),(IY~) 

}•""'·" "'-·" 
<~"BC.DE, 

'"-" 
"" BC. DE, 
IY,SP 

dd .. BC.OE, 
HL.SP,!X,IY 

dd'" BC, Df. 
Hl.SP,IX.lY 

Ope .... ds.,...., 
bo in packed 
BCD format 

&a!!OA mod.e 
CoD to003.8H 
lndiRaC.U 

s • r. (HL) 
(IX~).fiY+e) 

Mae:nonic 

BIT b, s 

• SET b, s • '¡i RES1>,1 

'"' 
~ INDR 

o 

' DIJT(n). A 

~ OUT(C), r 
mm 

<>TIR 

oum 

~M 

JP <e, nn 

"'' :C JR l<t, e 
l -

JP [Q) 

ruNZ, 

RETcc 

MSB'B-59 

" Commm" 

~. 
...... ! •"r.(HU 
'b o-O (IX"'<).(IY+e\ 

,----+----i 
(HL) -(C').HL ... HL + 1 
11-B-1 
(HL) -(C),HL ... HL + 1 
a -a- 1 
Rope.a¡ untU 8 • O 

(HL) -(C),HL ... HL- 1 
8 -B- 1 

(Hll-!Cl.HL- HL- 1 
B-11-1 
Ropur uruU B •O 
(n)- A 

(Cl-' 
(CJ-(HL).HL-HL•I 
B -B- 1 

1 ~:¡~~(HL), "'- - HL + 1 

<'C•M 
lfcondi•ion a;;. true 
J'C ... r>n, obc CD<IIInlle 

PC-I'C+e 
lf caru!itlon lt:k a """ 
I'C -I'C • e. else cMunuo 

ec-. 

-o 

lf <01>di1ion ce a folse 
con""""· olse sarne •• 

Rotum from inreuupt. 
ume as RET 
Rotum fram nan. 

Set Oap 

{" "" z " "' ;:e P 

c ' 
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16-BIT MICROPROCESSOR FANilY 

APPENDIX C 

16-BIT MICROPROCESSOR FAMilY 
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INTEGR'ITED cr:wu=urER 
SYSf17'111S '" · 

1 

1 

1 

• 
1 

1 

16-BIT MICROPROCESSOR FAMILY EXAMPLES 

MC - 68000 FAMILY 

Z - 8000 CPU 

Z - BOlO W1U 

Z - 8034 UPC · 

Z - 8036 CIO 

z - 8030 scc 
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"""""' 
THE MCSSOOO CPU 

Aclv<me1>d c:rclutectua proce:sor:~ mu!l not only 
oU..r ,¡f!iden¡solunom 10 larg&eomplal< p;oblema bu! 
must be abJ., 10 handl& tlw small, simpl. problem:¡ 
w:lth proponicncl &ffjc¡ency. The CPO h<:<s bo>en de
>:>Q'tl..d lo ohr the ~um In pctrfon:nanca cmd 
"'""'tro.lity to solve aunpl~ and .;omplex probleln:il 
ef!1c.ently. 

Tha MC68000 oflalll sm.&n 32-bl\ ~"'in addi
llOll to the 24-bu p¡OQtam munter and. 1&-b:t lllcltu:!l 
ro>QU!oor (f!gur<t 2). Tha hnl et¡¡ht reqistelll IDO-D7l 
~ ..-:!as data rt>q!stelll fcr bytoo 18-b!U. wonl (16-bl.ú 

· cmd long word (32-bu) open:mon.s. Th" SGCCnd MI el 
etQht reqtstelll (AfJ-A7) mcry be us.Q aa scltwarn 
Stc::J:I< Po!nters and Base Adciau Reg>s~<~no. In addi
uon. the seccnd ... , o! e~qlu teq¡.~ta"' may be usad lor 
won:l and long ...,..¡data operauons. All ot the =
te&n requteno may be u$..d as !nd""' Regw&rs. 

Tn& 24-blt Progl<Un Count<or pzond..., a memcry 
cddn> .. ma range el. mor& !han 16 mega-byteo(actu
cily.l6,7n. 2l6 bytes). TiuslaiQ• r=Q& ol addntsm>g 
copahility; mupl&d With a Memory Mana¡¡ement 
Urut. ello..,. J<:nve, modular proqroms to be da
velcped and open:ned wtthout rasort!ng te c:um.ber
some and t1moo conwllllng sohwaJ. bocl::k&eplng 
=.d paqmq tocluuque:. • 

The Staru.o ~· (flgur&3)contairul thalntenupr 
Leve! MoR lB lewb ~el a:s nu a~ the Condi
aon Code: Overflow (V), Zerc {Z), Negallve (N), Carry 
(C), cmd Extand OO. Addlt!onallla!ll:l blt:s !ndlcate 
that th• ¡m¡c -ot ts In a 'TRACE m mode or In a 
SUPERVISORY !Sl stcne . A:nploo $pal:lt rem.atn.s m lhe 
Slatwl Flegtster ior futur& exte~!lll of the MSSOOJ 

""""" S.iJ: b=c: data typea are supponed. The.e data 
type• are: 

• Blls • ByteS (S-bits) 
• BCD digtt:s • Word:t !16-blts) 

· • ASCII ch==ten • Lcnq word:t (32-bits) 

In additton OpertmoiiS on clher data lype! auch ns 
memory <:tdd<ecses, slatUS wo:rd dcno, etc. C:re prc· 
V1ded lor !n lhe lNtruction Mt. 
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The Q<JW.•::slrl<J modes have bean hpt sunple 
wuhout oe>r;:rtf!cmg afilc¡er¡ey. All!oun-n addre0$lll0' 
tnOdel operme ccnslS!Rndy and are indotpondent o! 
the lnstrucaon operabon 11Mll. Additl<lnally, al! ad
dress ~"' may be usad for lha Dtrooa, ReQw.r 
!ndtrect o:nd lndexed oddre=sing mod01s. UmmOidiate. 
Pr~ Coun1er R..Jatt"' and Abaol.ute a:!dreaing 
by d01fuut10n do not use addt .. u regiAtenl. For !n
a-eas.d llexili,!uy, cmy dc!a reg>sMr -ca ... nas =Y 
oddreu t&gl!il<!r- may be UPd aa anlndaft.gi.oler. 
Addrees "'91S!'"r c:cnswency IS ma!nlainKI k>r staó:
!ng opercnor"" s!nce any ot th .. e1Qhl addreu regt4-
ten may be ull.ll%«:1 as User F\og¡m Staci pomlerl 
•rth !he ReglSter lndtrect Posl-increment/Pre· 
daa.mem QddreU!n¡;¡ modM. ~r A7, he-ver. 
1.s a rpecal r&gl!ilftr !hat.. "' add.Jnon 10 Us normal 
addrea!nq capabiliry, lunctlo"" as !he System Stacl: 
Po!nter wh-n •<=dmg the Progrm Counter ancl 
Stae.a Reqtster lar subrounne calls, traps <ll'!d lnler
rupts; whlle In !he rupel"''lSSry mode. 

SITUctured ModuiQr P!Ogramnung- The arto! pro
gro:mm~n¡¡ =apl'Oee530r:l has evo!ved rnp¡dly In 
tlw pa:stle• yean. Numerous advanced tec.'uuqu• 
han been d,......loped 10 allo• eamer, more corwa
tenl: ancl rellable ganerouon o! s;~ffwar.. In 9'"neral. 
thae lechn!qu.,. requll'a lhat th. progrrm¡mer be 
more dilldplined tn obsei"Ylng a deflned. pro
gmmmino structure such as modular p¡o¡¡1•' tmlng. 
Modular pn:>graiiUlUng allo"" <1 I«(U1red funcnon ar 
PlocaQ 10 be brcb.n do""' In ahctt modules or Sll.b
rounnn that ant con=ely del!n.d <ll'!d eastly pro
<¡rammlld and tesled. Such a tachnique IS greatly 
otmplihed by th .. mruiJc¡biJ.iry ol advrmced. maao as
semb!ersand bJocl mu.;rured lilgh u.,..¡ I.anquagM 
such as PASCAL Such ccncepts are "'"""'!'·• 
lea, howevar, unless parnmer,..,. Cli'e --... •• 
!ell'«i batw-n and wutun. solnrar<o modW.s rhat 
Ope!'Cite an a reen.ttant and recur:~tve bcula. ITo be 
reentrant <1 routrn.e must be U$0ble by lnterrupl an.d. 
=-lnl•rrupt dnv.rt ptograuLJ "'lthout th. lo. o! 
dati::.. A f*:\U'Slve rounne lS on'" Ú!Cit may o:all or us. 
11MUJ. The MC6800l tniCI'OPlO<:aAOr ~· th. 
nocBISCifY <m:lutectura! learures lo allow .l!!c> .. nt 
reentronl modula¡ ¡>rograiiUfUI\Q'. The "l!Nt" and 
"UNL.INX" ln:!ttruCIJaru; totduce subroutlr!.e o:all aver· 
head m twt> complemerttary ll1Struc!lorul byallowing 
lh• marupulc!!lon. al l!n.1:otd h.$t:t o! date! ""'"""" on U,. 
staek.. The "STM" (Store Multtple Reglst•nl =d 
"l.DM" (LoQd Mulupla RegiS~enlllnstn:cl1on.s also ,,... 
duce oubtouUne call progr=mlllg overh..:ICL Th&s• 
allo'or !h. k>adlng or siOnng. V'ICI = e!lect~ve address, 
multipl• regl:llers lhal are spoc:iiíed by !h. progr=
llMf. Slrtaen ooftw<~~e trap v~ ar• prom.d "'llh 
!he "1RAP" ln:!ttrucllan. and on usaful ¡r¡ operalln.Q' 
oys¡em cCIU rouun.s or user gener<11ed "macro 
roul1n..,.." Other lnSttuC!IO!l!l rhat ouppon mod&m 
structured. procramm~ng ''""!uuqun are PEA !Push 
Etloct1Vlt AddressJ. LEA Q.oad Etlect1ve Addressl. 

7/ 
R'TR (Ran..m 10 Restar.! as waU <a "''" normal !SR, 
BSR and RTS. 

01 COUr:le, tbe po-rlul vectored pnonty mlftrrupt 
struc:tur• el \he mkroproceuor allo•s slrCiight
lorwcm::! g•neratlon ol r-ntran.t modular Input/ 
Output roullnes.. Eight mmkabJ• levels of pnOftty 
Wlrh !92 vector locmions provtde !DOX!mum fleXIb:tJ.jty 
k>r VO conlrol. <A 10tal o! 2S6 vector lccqtjons ara 
av<:ulable lar 1n.t•rruptl. hardware traps, <~nd 
10ftware trapl.i ' 

lmproved So/rwaa r .. srabtJJIY - One olthe ma)Or 
tasl::s \he~ programmer •n=untera when '"'"' 
1ng 10ftwano lor microcomputers ts th• detecnon and 
conectlan. al mron. ar "debugqtng: Thoo Um• takan 
lo "debug" solnrara n<tOI'Iy alway'!ll •:a:Mds thelimell 
tabs lo ...O liS th• 80hwant. In prac:!lce, the old ZIYBO 
rule afien appl!es: 'The last 20% of the job reqwres 
9'J% o! th. eflon. • The ~ lnccrporates 
severa! lttcnurn !hat ...duce th. chane. lor .,1"0.,.. 
These featurM. suehasOrthogoru:dityand the S!ruc· 
nuw:l. Modular ProgroiiUIUllg capc¡b;.Ury, hav'" cl
r«tdy bHn dJscuue¡i. 

01 mcqor !mpol1cmce"' th. syst•ms progmmmer 
ant leaturn that have been mcorporated specúically 
10 detect th• <>C:C\UI'81\C8 o! pro¡¡n:rmm1riQ' erro:r:s or 
"bugs. " Severa! h<:trd 'II'CIAI tro])B, provtded te tnd.lca!e 
abnorma1 !n.temal condlllolts o! the MC&BCDJ proces
sor, detoct !he lolloWIIlQ' •=r con.dl~ans: 

Ward CErea W"'lh cm odd Qddaa 

nleqaliruttruct!ons 
Un.!mple!lMnted 1nstru.c1tons 
nl!tQa! addr.-sslnQ' mode 
llleqal Memary acab:s (bus enor) 
Overflo• on d.ivicl• (divide by zerol 
Ovedlow ccn.dllicn. coda tMpcmna tn.rll'UCtiOn 

1RAPVJ 
AddUianally. the slzteen. oofnn:lre TRAP lnstrucl1ons 
may be utllized by U,. progn¡mmer 10 provtde applj· 
eallons or!en.t•d urar det•etlal'l ar carrecllon 
IO!llines. 

An add!rton.al enor t:ateet!an. too.l "' the cm:: 
(Ch.ek f\eglsler Agg¡nst Boundsl mstruCIIOI'l UHd lor 
anay bound checl:!nq by verúylng lhat O"' CREGJ < 
LlMit A trap ocewsll the tBg~S~er content:t are' naqa
b.ve or greater than the llmil 

Flnally. !he MC68CIX!Indudtol o: laa!Jry that cllo.,... 
rnstrucl10n-by·iruttrucl1an tmdn.g' al o progr= belng 
debugveci. Tb1s TRACE MODE r.sul111 In a trap beinq 
m<1de 10 a tracln.q 'routln• aher 100ch lnstruc:tion 
~llan. The TRACE MODE '" avtn!a.b!e to th. 
progrc¡mmer when. the nu.;raproceuor ta In the 
SUPERVISORY state o::o .,,u o:s the USER ~ ... bu~ 
may only be ente...d wtule In th. superv!.lary •tate. 
Th• SUPERV1SORY/USER •tatn proV'Ide an o:do!i
llon.al dagr- al O.rror protecllon. lar the micro-' 
pracessar by provtdin.g memory prat•ellan ol 
seleeuod oreas al memory ... ben. cm eX'Iemal meraory 
llllmOg&meDI deVIee i:l used. 
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by perm.~lllng thoo programmar 10 ll"nerata "" many 
..,e¡¡¡htconc-.llT11nts!CICb or queun. Another featura 
that allowa thoo p!'OQt<mUDer 10 IJia!>aO* the use of 
memory b tho> CHK IChs<± Req¡sw Aoamst Bouncbl 
ln~c:t!on. Th¡s uutruc:uon permlls the softwono 
tmplemantcnon o! o baste memory protect!.onl 
management structure. 

SWl =ther lllqnlhcant lot<nur. provtdood In tho> 
MCSBCD:I nucro;>roc:euor "' the dl.tllncttcn betw-n Cl 
USiJI cmd "' SUPERVISOR mode. The SUP!lMSOR 
IIIOde P'>tnlll!l ::enccn pro!~ o¡:erations w!thln the 
~AOr r;.tam. O! p<mic:ula:r in»f'NI "' tbcrl Clll 

,_mct! Moo=ry Manc1J8rnent Controller I%ICIY be 
uaed ... ru.n thP proc:eno• ls m !he USER InCide 10 
Cl<lllCIQe the large Clddress q,=e !cr tho> ¡:oogrWA· 
""''· The ccmroUer's mamory ~""'nt op<ei'CI'" 
11of1S Cll"8 trnnS;><I1111lliO !he pre>gtmar when in thoo 
USER mcd• and can b.. chan¡¡ed or updated only In 
!he SUPElMSOR ~. The Me<DOry M<nlaq•m•nt 
Con1r0Uer provtd•• b:lth mcmogem•nt of Cl VClnCible 
number o! vanabl• ,_segmento {M111D01y Segtn..n
ICII!<>nl and dyncmic man<Jg<nn•nt oi mWn-ta11: 
m•mory r•locm!on =el proloictlon. The Mo.mory 
ldartc.qement Controller regul<:dft oa:e .. 10 1ton:>ge 
HOm•nlll that ono dedica~.:! 10 read only datcr. 
rtoadf,mu. da1et. progrczm coda and pro~<oc~ed data/ -· 

REDUCED CODE DENSITY 
AND IMPROVED SPEED 

Wtth th• advent ol low coo~ V8l)' lugh d•n.slly VLSl 
RAMS =el ROMS. u ~n~oht !ncoracdy be=..:! 
that th• number o/ bytn o! cede needed 10 e:ucut" a 
qtv..n pro¡¡rmn "'no Longer ~mpott<lnt. Code derwry, 
how"""r. "' very c:nllCc.l. llnat flllcroproceaor 1.,....d 
"' lugh!y d&pendltnt upon tho> nurnboor el UEUted 
lmli'UCUen W'tlrds. Ounno the early d.evelopment el 
Motorola's MC68000 mtcroproceuor. e:rtenstve 
Wdiu .,.,.,.. mad• of the wo• oi tnStnu::tkln. and 
~"nc" o! =uctton:!l 1n many =Pf'CICIUSO• 
c¡pph=o..,, Th,.. stud!n Ldenll!!ed not only rtatl· 
c:a.lly lnoquent tnStruebons but also drnam=lly .lr&
quent =ons. íl"he drna= lrequen¡;:y oi m· 
struC:OOnll "' Cl m.,...ure oJ how oiten <m ln&tructiOn il 
execut.:l wlule wmc: lraquency "' c¡meCISUre oj how 
often 11 <:I<Xllnl "' Q program l!Sitng or la enatuntered 
by <m =-amblerJ. The tfi.QJ<Jr corurtbut•r 10 !he in· 

. J) 
crec>sed elftaency, <:m Cl reault al !he I!Udin. la the 
lughly regular or orthoqQnal rtrueture of thoarchltec:· 
ture. Tbe ccn=tencyal !he arclu~. lllSII\lCtton 
oet, and <1ddteumg- mode:s •i¡¡nil cantlY reduces the 
number ol trul:ructlonl Med.d lo =:npllah Cl gwen 
1QÚ:. AddtnonWly. manY instruCIIOns bcrve bMn tn• 

duded lo opec:ú!cally l:npn:lve code d•rwty and 
,.._¿, f"or uample. stnole word Add ~:~;'Jd Subi!'CICI 
inllru<;t!ona uamr;r Ou1ck !:nmedtm. c¡ddfotatnqallow 
!cm. small val ... anthm•ltl: op<eratl<>tiS on dCIIIl feo,. 
ters rmcl rnemory. A l<>c>d Qulcl: lm:nedlCI!e ILOQ) 
provtdn !he <lbU!ty loloctd <1 anall (8-btlatoned word 
in10 any regis!OR'In "' o.tn!;lle word operat~on. In order 
10 unprov. the spe«1 ol loop opei"CCIt<mm. "' smole 
word inm"Jctlon lor Dec:re:nent Count by On• Cll1d 
lbtm<:h lt non-:&em CDCNn ll!nduded. Of cctllM, the 
1lV.P. Store Muluple lütoist•rs (SJ'Ml. LoCid Multtpl• 
~ CLDMl. L1.nk Stac:l: ILINlO. Unlink Stacl: 
llJNUO rmd Check Ll:nit (CHKJ lnstruCIIOtiS IIQnÚI· 
=tly reduce c:ode reqwre:nents br oubrou!ln ... 
<>P"rr::rtlno system. =lls and lleebn¡;¡ operatl<>ns. 

Other lnstruc:tlons thcrt help reduce ccdinq re
quire:nen~ rmclt:nprove perio<mCIIlCe oi anth:net!c: 
opoen:rt!ons gre Sioned rmcl U~ed Multlply !MUlS 
=el MULU). $loned and Unslqno>d Dlvtde IDrVS <me! 
D!VUJ. BCD Ant/un,.t!c: !ABCD. SBCD. PAC!C <me! 
UNPtO ao ... u.., !he .standard b1nary trueoer opera
t!ons.ln arder 10 u:nprove the effld•ncy o! 1110vtno or 
~rrlno cima. "' JXI••rful MOVE dCIICI~nstruc~ton 
hal bMn tnCCrpormad that allowa the ll'anafer ol 
by1Q. ...,.¿, <me1 Lono wcnb <me1 opeta~U 1n a11 
dCIIa addrvntno ~- Thua; r.gtsrer·to-regl!ter. 
regist•r·to•me:nory. m•mery-to.·r•otster ancl 
m•='Y·k>-me:nory llanlfers ono ¡>«"mitted. 

In c¡ddllton \0 the powerful instNt::tlons tbat prov~de · 
<11ubstanllc:d lrnprovernenl in proc:eu:;or tluou¡;¡h-put. 
nwnerouo cm:lutOIC!ural b=es IIQnll¡amtly r.dl.lce 
thoo executton limes !cr cdllnstruc:t!ons. Thf WptLICihl 
lnon·mult!plexed) "'~ cmd data bus... LnStrue
bcn pr.-lelclt ptpellne and 32-b.Lt intemal reowers 
ono m<tior ccn!iibutors 10 !he proeeaoi• unequaled 
perform<rn<:,., 1.3 an "''ample of the pericrm.CI!Iee 
capability o! the MCSSOXI TCib.le m <me! lh• occ:om· 
pCIJiytnO QrCJPhs >n figureo 5 and 6 lltUil.IIICinZe thoo 
ezecunon llZnft for<1 num.beroleommon lnstructtons. 
f"or at:npw>son pl.LlllOSM. Wll1iar mí:>mlCI!Ion "' pro
Ytded !cr Zlloq's Z-800} llll<:roproce110r. lt!o Lntetest· 
!no \0 note thcrt !he MC6BCOO hes o~Qfllfi=ntly !Cisrar 
necut!on lt.m ... 
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"""""' MICROPROCESSOR 

SOnwARE SUPPORT AND 
MC6800 COMPATIBIIJTY 

The rywtem d&:w;¡ners and prcgmmmelii\,IS!:lg tl~oo_ 
MCSSOOJ In an c:rppllcat!on have av<!ila:ble o c:om
plere. ccmpanbJ., ~·m of hardwar. and software. 
The m!acproce :ror "' supp<>n«< by a lullrtJI~Qe of 
software davelopmenr tool.! ind\ld.ing disc: opera!ing 
oy~uuns. debUQ <Ild!, c:Mmblers, and high ¡...,¡ 
~=Qua¡¡ ... In addmon. a tron.slator wlll allow the 
prqant MllBOO fmnlly UMt lo c:onv.n UlSIII1q pro
grums 10 run en lhe MC6BO)) wuh a IDlnlmum el 
programmer mre,.,.no.on. 

The ~•fui planrung oi tius new mJcroproceuo:r 
prcvides a ouporsel o! the MCSSOO lllSII'U.CtiCn •t•n
hanc8d by th• addlcon el meno and lar¡¡er ~
poweriul crthogonal structu:e and many fie:nble ad
daa!na modn. nu.. allows elbc!ent !ran.llatian el 
exulinq MC6SOO programs, whieb can then be 
lurther OpllmlZIId by l<lhnqlull od>nmtage el !he wr
oaule and pcweriul Jeanueo el the MCS&O:l. 

Tiua caretul planrung el SliiU!ant>eo bet'll'-11 the 

eso 
"""'-' 0!0' "A 

• 
PNI 
RESEt 

MCóSOOJ and the MC6800 ~ not 110p at .om.uz.. 
ccmpcrtlbillly (by tnmakttlonl but ~ ert.nds te 
pertphera.J contmllar tnterladng, Mctcrcla't en.n
live l!ne of lntelligent M6800 laml)y per:lphe!Ub 
lmcluding !he Mesa~ Advanc.Q Data lJ.n.i: Con: 
troUer and the MC6Bi8B G.neml ~ In~ 
Ad"')ter) can bol: directly and 80$1ly mteria<:.O le !he 
MC6800l. nu.. aqnal l!n.s: Ena..ble (E), Valld M.m· 
oty Addrea {VMA), and Valid P.npherai Addnou 
(VPAJ are provtde<l 10 llmpl.úy th<l (nterioce 10 
Mo10rokú atand<ud MC6BOO penpherab os lho.n in 
F1aure 7. lntetiace tc lhe ,..,. MC680i.E {Single Chip 
l'togrmnmable Ccntroller) 11 abo poq¡ble. allc"lt"Ú\Q" 
usa rtmplementatton of1ped~ !nput/output ~ 
t!Ona. ln odchbon. lhe MC68000 11 s1.1pponed by 
un¡qtle pertpheral eontroller.l erpocted of o;rn ad· 
vanced. an:lul8C;tUI"e 1111CrQproceaor. tndl.ldiñg a 
DMA Controller and a Meznory Management Unlt. 

The MC68000 b no1 JUSI a camponenl By a ll.nlqlle 
blend of Vl.Sldeitgn, 110/toraa eng-!n-nng- and cate· 
fu.l planninQ. lhe MC68000 u a Mo!OlOlg"• Adnmced 
Compuler System on Slllcon. 

MSE C-ll 
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28001/28002 CPU 
Central Processing 
Unit 

Product 
Brief 

Auquatl919 

Requl4r, Nl"f·lo-us. archlt~. Soplnatic.oted lntem,~pt otructurot. 

lnotrucuon oet more P'""rful than many !leocun::•·ohoulnq e..poo.bllltLes for 
ttwncomP<IIUS. multtprocea!nq syotems. 

Direct!y ~ddreaa 8M bytn. Mu.ltl·pn>qr4EDI!IInq 41\d ccmpller oupport. 

Eoql'lt usar·Mlect<lble eddr.u!nq modeo. M.mory ll'l4rulqament and prot.Chon pro-

Seven <4~ typea that '""'""'"""" bib to vlded by Z!IOIO Memory Me...,qe,enl Unn. 
32-bn lonQ wordo end word rlrtnQI. 32-bu o¡>lt«'-tloru, lncludtnq 01qn<td multiply 

Syste111 end ~.ormel oper<111nQ .modeo: end divtde. 
oeporele code. do!<i and sl<ick op.ocn. Z-Buo compott.ble. 

------'-------'------- ..... 
The z:aoco toen adv~ ht,.h-end ilj.bit oupported by the Hatcmu:" r .. t and Set 

mtcroproceuor that op.ono e wlde v<IJiety of tnstrue!lon: mult!ProcHSIIIQ by e combtn.o.tton 
opphcanons ranQ!nq bum simpleltand-alone ol tnotrudlon and ha:rdwere ! ... tureo: and CQ:ll· 

CO<IIpulero 1<1 complu p.onu.l-procauinq ptlen by multtple at.o.d:o, """""'llNtruc:tlonJ 
syotern.o. úoentlally e I!IQfiOUthlc m!n!comput.r 4nd lldcb-eutnq modn. 
central proceulnq umt, the 2BOOO CPU il 
ch.o.ractenzed by an in.mudlon set .1110re 
pcwerlul lh<on many lllmlcomputen: resources 
abundan¡ "'nqi.Sten, do1.0. types, eddreu!nq 
modes and eddreutnq renqe; and e r8qlllar 
archllecture that enhancao th:ouqhput by 
evou;hnq crtllcal bottlen..:U RJCh ._. tmpl!fKI or 
d..dle..ted reqt1len. 

CPU rnoun::es lllelude ctx\Hn 16-btt 
qeneral-purpcoe reqllleu. oeven <41.0. typeo 
Lh..t ranqe h-om btll la 32-bttlonq worcbt end 
word strtngo, end etqht u.ser-.. !ectable 
addressonq ~- The 110 dlrltnc:t lnstruct!tm 
types c..n be combtned wllh the YerlOlU do!<i 
lypeo end o.ddre .. tnq modes lo /orm e pewerlul 
se¡ of ~14 ¡nSINCI>ono. Moreover, !he ln.struc
tlon sel uh1b1ts e hlqh dooqr- of requl...nty: 
most ~ ... truCIJoru c..n use eny ol the f!Ytt 1114ln 
addreoo¡nq mode• and ~~n oporale on byte, 
word .. nd !onQ·word dota typeo. 

The CPU "'-" operate In e1ther oy~tem or 
nonD<>I modcto. The diatuu;tton betwHn these 
!WO modao permt!o pnvileqed operat!ono, 
thereby lmprOVIIIQ op.raUnq .,-.tem orqa.ruu
!ion end !mplamentatlon, Mu.lttpmqrammlnq ,. 

• • -·-~ 
• •• •• • - ··-· -- ----• o 

• • 
1 1 ... -· ... 

------~ 
~ 

~ 

~ 

~ 

~ 

• 
~ 
~ 

• 

1 
~ 
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Zilog 

-~· 

DyMmtc oeqm•rtl r•IOC4tlon m.olr.eo IO!IW4rt! 
4ddreueo tnde¡><lne!.nt ol l)hyalcol m•mory 
~ddreuao. 

Sopht•nca.ted acC&Q va!!da!lrm prote,cto; 
memgry ,.,..,. lrcm unaulhcrued or l,l!Utl· 

tenuon.oll accea. 

MMU art:hltecture oupperta IDIJIUproQro.m.• 
mtnq l}'>temo. 

~hntnq memory OOIIll coupled Wlth th• 
tncr.,.>nQ pcwer oJ m~crcproceuon M.o 
accelotr4ted the UH ol hu~h-Iavel !anQUaqeo, 
5oPhlshcated Oparatmq oysteQU, compl.~ pro
qrams 4nd l.u-Qe dala b4aeo in ·OI.IC"'ll'lputer 
oy¡temo. The ZBOOJ nuc:rop~r CPU oup. 
poru th..., trendo "''th <In e;qlu meQilbyte 
d,...::r addreu 11>4ce 41 -u"' a r1d! and 
powerfuJ tnstrucllon set. The ZBOIO Memory 
Manaqement Untl (MMU) prcv¡d.oo fleZlbl~ and 

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

Z8010MMU 
Memory 
Management Unit 

Product 
Brief 
Preliminary 

AuQUSt 1979 

Suty.Jour •an&ble-med .-qmentolronl256 
to 641:: byte• can be m.on.o..;¡ed w>thin" !<>141 
phyo!c..J addnta IJ>4C. ol 16M bytes; a.JI64 
seqm•nlll ue randomly acce .. tble. 

Multipl• MMUo Clln OIJppon sev•ral tr4llSl4· 
tlon tables for eoc:h el !he '"' ZBOO l 4ddreos 
lpolC .... 

elllcoent oupport lor th11 l.orqe addr"" 1po.ce 
by ~fenno dynam¡c MQment reloc:allon u well 
u num .. rous memcry-prolec!!Qn leatur••· 

The pr!JI>4ry ""'lllOl'f ot a computer la one 
ot n.o mo¡or resaut'C". ~ auch. the manaqe· 
men! o! thlo ~ beco,.... a m.o.jor .;on
cem a• d.maru:D on JI increauo. n. • .., 
de-""'nds ...U. hom muluple uHrs (or multipl. 
tub Withtn a d.dlcated application). th need 
te lllct"HH optem b:Uoqr'lly by llmllliiQ' acc-

nv.- 1. Pla r~ MSE C-15 
-= 



f.atureo Complete sL.ve m~crocotnputer, fcr 
datnbuted·proc-<omq Z·b.l UH. 

UnmMchotd pcwer ol Z8 arc:hUecture. 
lnStructJcn oet. 

Thr ... prcqremm.able 110 pol11, twc wtth 
2·•Me hll.n<hh.oke, or anr ccmbul<tttcn el 
d~t.:l ~nd control bneo. 

S•~ levelo ci ¡mcnty lntenupQ to Z.UPC. 

The Z·IJPC Urnvers.ol Pertpheral Ccntroller 
" e dlstr~buted mlcroccmputer that performa 
the three b..atc onterf4CIIlQ tuo.cttona neoded to 
1nterlece a CPU w1th per!pherds: davtce con• 
trol by ROM·res•dant Interna! ooltw ........ date 
rn<~nopulauon. ouch as relorrn<~ltlllQ o.. 
anthmeUc, and d.o.~e bulfennq"' Interno.! 
reQ'1Sten. 

The z.uPC " • ..,~..,. te the za ..,¡cnxom.. 
puJar and US<tl Jhe Z8 inall'1JCIIOn MI, lJnder 

~ ~ 

~ ~ 

~ ~ 

~ ~ 

~ "• 
~ ~ 
~ "· 
~ ~ 

• - -• --~ -a -= -........ -i0'1'0oo..,"' ·-- ---- ----
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Z8034 UPC " 
Universal 
Peripheral Controller 

Producl 
Brief 

Preliminary 

Auqust 1979 

• 

Two prcqr•mm•hle B·blt countarltunen w1th 
6·b•t presc:elers. 

256 by1e reql$ter file. acceulhle by both 
muJer CPU and Z·lJPC, <11 alloceted by 
Z·UPC p,roqr<UD. 

2K byteo o! on·chop proqram ROM for eifo. 
clency, nrMullty. 

proqr411l centro!, 111 thr,.. S·hne 110 porta C!lll 

bol t.:ltlored to tlw nHds ollto UHr. Permo· 
nently ccn!iqured a. a stnQl.,..chtp ccntroller 
w1th 2K by!"" of tntern..J ROM, the Z·IJPC 
eJ<~ocutes tnatruc:tlona In 2.2 1" evereQe ultnQ a 
4·MHz dock IIOU~. lto reqLSter hle contalna 
256 byte:o, o/. which 234 ere Qeneral·purpoA 
req1oter!, 19 are statuo and control reqost•n. 
and three ue port reQ..ters. 



~ 
Zilog 

Two ondorpoondotn! 8-0.t doubla-bulle~ 
bodt...ctio...,l 1/0 porto pluo a spe<:l41• 
purp<l$8 4-bttl/0 ¡:ol'l. 

four h.ond.olwke modeo mcludlru¡o IEEl:.466. 

W OJVRequnt l.!ne lor hoqh opeed date 
h"anofer. 

The ZB036 C!O Counterft•mer and Parallel 
l/0 element os a r;¡eneral purpooe poot!pheral 
corcuot th...t ... nsl>n rnoot <001Jnter/tomer and 
¡>4f&llel l/0 naeds encounter~ m oystem 
dniQnJ. Thul '<ei'Mlde dev1.:. <X>ni<Unl three 
!JO ports and three countar/ttm.,n. Many pro
qro.mmable <>pltom wlor 1ts conhquralion to 
spe<:dic <Opphcetoons. The use of the devtce l.s 

""'ph!led by ""'-"li'Q ..U Interna! r~ero 
(ccmm.o.nd. 1latu.s, and dat<>l rud4ble and 
(nCept lcr St.OI!Js biU) wrttable. Aho, e.o.o;h 
req!Sier ,. qoven 111 own un1que addre .. 10 it 
<:en be acceoo&d dorectly-no spectal lleq\Jen-
1141 Operenons ere requ1red. The Z-C!O Lt 
dorectly Z-bu1 comp.!ohble. 

E1ther 8-btl !10 pott c..n be a hall<:b.M.ke 

~ •• 
" •• 

~ •• 
~ " ~ •• 
~ " " •• 

( • - " • ~ " 
\ - " "' " ~ " ¡ ~ " = " •• " Q ~ ) ~ 

~ 

~ 

1 1 
"""' ... -

Z8036 CIO 
Counter/Timer and 
Parallell/0 Unil 

Product· 
Brief 

Preliminary 

August 1979 

Th,... 1ndepondent 16-bJl counten. 

Al! req~,..._reodlwr!te <!nd dlroctly 
4cidrflS4ble. 

t} 

Fle%lble pottem rea:qn>tlon IOQJC, proqram· 
=ble a• 16-¡nput l.nterrupl ccntroller. 

byte port ore btl port. In !ha btl mod.e, d.ota 
dlrechon .. pJ'OQ!'4~le bu by bu. In the 
h.o.nd.hoke mode. the porto can be Input, aut· 
pul, or b!dlrectio,..J, ...,.! they m..y be ll.nked 
lo Ion"<~ e 16-b!t port. The loor Mndlhake 
modeo ~nclude 1EEE·48B, lnterlo<:l:ed (for lnter
J.r.dnq 1o o Z-UPC. Z·FIO or oncther Z-ClOJ. 
otrobod ond p~,~lsed.. The pulsotd mod.e <:Onnect• 
on. counter/um... wtth !he handsh.ok11 lOQIC lor 
lnlerfeclnQ e ..,..,M.IUC<II devtce such U a 
pnnter. The 4-bo.l port pn>Yldet Mndaha~ 
etm!rOI.a, op.<;14) contrcl.o (W a!!IRequeiJI) or 
qener4l·purpo» 110. 

The oounterltlmar oectogn ccnlo1na three 
16-bu counte,..., two o! whtch can be IIO!tware
ccnltqu...d u e 32-b!t ccunter/llm"r. Up lo 

~ • • " 
~a· • ~ 

~ . • " 
~ . " " "8. • ~ - . • ~ ... e, • " "§' • •• - . • •• . ., " ..... " ••• 
" " 

~ • •• "•8 .. • • • .. . • •• 
""" • •• .•. a " • •• 

"'l 
• .. . .. " ;;;¡¡;¡¡¡: 

~· " • "· 
~ .. • •• 
•• • .. ... 
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Zilog: 

r .......... r .. o '"~e;:.endent, O ro 1 M~it·pet· 
oec:ond. fu!!-duplu channels . .,..eh wuh 111 
own quartz ose~llatcr, boud-rala qenerator, 
and d.Jqtlal phue..loded loop lor cloc:~ 
I"''CC~ery. 

Mulh-protocol opera!Jon undoor prOQram 
control. 

Aoynchrcnous :node "'1th S te 9 btll and l. 
1 Yt. or 2 otop btll per character; prOQram
m.oble docl factor; breok detechcn and 
<¡ene,allon; po.rUy, overrun. o.nd [r,.mmq 
"""' ciet..cuon. 

; Loe..! loopbo.ck o.nd auto-echo modas. 

De..c:riptkn• The Z-scC S..nal Co=uni~ct!on Controll•r 
,. a dual-~hannel. muiU·protocol d,tll oom
murucanon penphetcl lor Z-bu. ""'· lt ,. 
SOitwor,...conl,qur-ed lo 041irly o wlde vonety el 
se"al commun•cohon oppllc.>.tlON. 1~ b,.,c 
luncucn ,. Mnal-to·p.o.r.o.llel anct p.o.rall•l·t<>
senol COfi.V<IrJ!on. However. th• Z-SCC aloe 
contouu a roop.t~cm• ol new, ooph~>hcoted 
!nc~mal !unctlons thot n!Jnimt>• the no-ed for 

~ 

~ 

~ 

~ 

~ 
~ 

~ 

~ • • w 
~ 

~ --
-·•• 
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Z8030 SCC Serial 
Communications 
Controller 

Product 
Brief 

Preliminary 

Auqust 1979 

81r(nchrenous mod.e "<tth lnle'll41 or eiler
n.o.l chuactotr synehrcnrutlon en ene cr two 
oync choracten and CRC qeneratton and 
checkit.:;¡ wtth CRC-16 or CRC-CC!TT 
prewt 10 eaher h or O.. 

SDLC/HDLC rnode wrth ccmprehenltve 
lr4m&-!.vel ccn~r<:>l. 4Uiom4tic ...,ro ~cuon 
<Lnd do.lehon, 1-!leld r<tStdu• ho.ndJ lnQ', abon 
9f>ntoratlon 4nd delectlon, CRC qeneraluJn 
and checl:.lnq, 4lld loop IDOd.. Opo!ratlon. 

l'roQrdlllm4blelor NRZ, NRZ!. or FM 
codlng. 

ulernal r<1ndom loqle en the clrcu¡l cord. 
The Z-SCC hand.J" uynclu-onous JonMts. 

oynchtonouo byte-or••nled prctocols 1uch .u 
lllM lli•ync, o.nd •yn<:htonouo bll·onenl«l pro
toc:c.Lo ouch .._. HDLC ond IBM SDLC. Th,. ver· 
o.ollle d.nce aloo supporto ,¡nu.o.!lr <In Y other 
... rlal d.oto. tranaler .,ppllc.o.Uon (a. .. eu• or 
chokene mt•rlace, lor axam.ple). 

The deYlce "-"n qenerate and check CRC 

nvuoo 1. Pla "'-''o .. MSE C-21 
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•. 
1.0 INTAODUCTION 

. 
n .. r<rm ·· 11u.:r ·~·'""P" ,,,·· ¡,,, l>r<n uS<d ,,·~ ... ubr ""u•lly c.rry rypr of m~all computin¡ d .. ic, 

d<Oi~"<d ~ "'"" "" '·'" r." ; •.• ,._ rlll> '""" "" hocn .rprl"d '" <•<rylbinr from limpio "rmcroprugram
rncd'' wuu.,lltr' """''"'"d ""' ni r fL MSI "1' '" 1"" •'"d miniL:ompum• ,..¡¡h • poniou of thr CPU 
, '""' ,,,1,-d '"" .,¡ r TI. I.SI ''l>u ''"''·" 1 ¡.,..., "· lh< n~>jur ilnp><l of thr LSI lechnoloc· wilhin lh< lur 
¡,,. , ,,,, "'' hren "ilh .\lOS !.SI. ll'irh rhi>lr,·hn,.ln~y. '' "pouiblc ro ftbric.re complere and ver y power
ful , :.m¡'"'" 'Y"""' ~ rth <•ni)' ' ¡,;,.. )lOS LSI ''""P' ''""". 

no e lrlnt Z.~O ¡,.,,¡y rol cumpuneo 1> i> • lrtrun,-.,,. .1dr oo;cmenr in lhr <l>IO -<>1-tho 111 of micro-
,-. '"'r'""'' Th<>e "'""~'""'ni< can be ,-.,nl1g" r<d "r th- au; 1) pe .,¡ •londa rd "'micon duelO! mem ory 1<> 
¡:<"<" 1< , ""'P" 1<1 'l"" "" "il h '" ni rou\el¡ " ode ''"~'· .,¡ o·.rpobilrtio•. Fnr eumplt. •• ft,. a. '"o LSI 
<ir• ur" '"J llrr<t ,.,uJ•rd TT L ~!SI p.cl.asc• ''" ho n•ubon<d 10 form a >irnple conlrollu. Wilh a~duronil 
mCo\lol) ""d !.'0 d<>i""' a < <m1pu l<r c•n be <lln>truc tcd ~ , llr cap•b•lrtieo 1 h•l only • minkompu lor ro> u Id 
poc\ '""'!] Jd11 e r. TIIi> "Hi< 1 '"g' of com P" l>lino>o! powor •11""'' IUudard moduln 1<> bt <<>n<tru< "d b)' 1 
u,., o hao con ...,.,,¡y oh< ~tquutm<ntS of an c" remrly. widt ron¡< of >pploc>tiom . 

• 
n1e m •i<>r ,.,,un fu• MOS LSI d omin•l i~n of lh< """""""~ pu ler mor k el ;, lltt low ,·oil of 

1 ¡,,,. fow 1 SI co.,tpon<n!>. for e>amplc. MOS LS! microcumpu 1< 11 ho•e 11 ttady rtp!.ctd TTL !"'it in 
"''h oppl~<• """' " •••minal conlroll«i, pcriphiial do.,ct conuo!!trs, lr¡ffic •isn•l con 1ro!lors. point of 
..,¡, lcrmon•l•. "'""'~"" '<rminal¡ and '"' >yll0n~<.ln f~CI thc MOS !.SI II!ICJocompuler 11 findins iu way 
""" •l"'"" ""'Y pHidUCI 1h11 """' U$<! eloctronics and il" •••n r<pllcing m"'' m<ch•nicol IY"•m• urch 
•• ,..,y,, "•1<• and oUiumabile <anuols. · ·/ 

Tho \1{ JS l S 1 """' '''"""P"" r "'"''" i.1 oh e>d} woll OliJbltohod and tltw prnduou U<ÍIIIIhtm "' 
l'>CIIt~ d<>tl,p<d •1 >U .. lri<>ldlll>l)' ""· Tho l>log z:g¡¡ .:umpM<Ill ><1 h .. b<en d .. i~ned IU fil ÍlliO 
i!IJ> mor~tl th1o11th 1h< f<JI!nwi11g ''""" 

1 . The Z-bO J> ¡,¡ty •of¡,. ar< <ump.o IJb lo wtlh 1 ho popul>! óO!IOA CPU offcrod frnm ..-•oral •nutcn. 
E~ioung do-.¡;n• r.n be eooHy convtrt<d 10 indu_¡le lh< z.~ •• • supuior al letnoti~. 

' The Z-80 compolll<nl >ti" •uporio1 In both ¡aftw>H' ond hardware CaJ>!Ibilll•<•lo anv olher micro· 
cumputer <y<ttm on lh< "'''""· Tlitot C>P'!bili\iu prn.:ide lb< u .. , wllh Úl"ific>nll). lawt1 h1rdwore 
•nd ocliware dev<lupmenl "'"' whilt olw >lloWing hom to cffer additianal fe>l "'" in hi. '·'""'"'. 

J. Fur '"''"'"'d ohroughpultht ZBOA oper>lins <1 a 4 MHZ clnck rol< off<" l!lt ""' úgnifocanl opeed 
odvan~>F• 0,.1 competiliw produ<l<. 

4. A wwplele proJucl lino indudins r ull •ufr,. "' '"PI'"" wnh mong e10phasio on hi¡'.h k•el lln&u•sc• 
ond o Jn,-h,,.d d<•dopJO<nl syotom Wllh •JvancoJ rtal-tilll< dtbu~ capabihli~s i• off: red lo e noble 
th< u;o¡ "' c"ily do•clap"m,. pruduots. 

\!Jcrucompul<l •pttmo "' "'re mely oimple lo cunllrucl u>in& Z-80 coJ>~pun<nl~. Any ouch 'Y"'"' 
«>n>l<l< ofthl<t P•rt>. 

1 , CPU (C<nl r.l P""'"'"8 lln<t 1 

2. Men1ury 

3. lnlerfoc·e Ci~curli w p<ltpli<f'l devo(<> 

TI!t tPLI "lh< he.,l of th< sy<lem. 11< funCiiM i• 10 oblain iimruction< from lhe momory ond pe1form 
tht d<<1r<d upcrOIIUil<. n.o m<mury u U><d te ccnlain in•truelion< and in """' ene• dala lhil i• lobo 
pwce.,od. F,, '"""t>lo,' IJ'P'''I "''lruOiiun <t~uene< ""Y bt 10 road d•ta frum a iptcif<e pcuphoro! 
do vio.. "\lrt 11 '" • ¡,,,' Ll<>n Ut me mm y. chtü lhe paril) •nd wnl< il oul 10 onother p<npht"l de; i<t. r-.:ut< 
1h" lht Zi1u¡ '"'"P"'"n' "' 1ndudo• lh< CPll •nd ,-,riuu; ~cnt" l purpn,. 110 d<vic< c<>nllulle" wl1He • 
"rdt r.nge nf menwry devoce; lnJ)' bt tMd fr,rn any '"""'· Thu>, all rtquiood cuonpuu<lll> <•n bo 
cunnecled 1' ·~·r het ur • l<ry >implo rnmn<r with •·irtu•ll¡' no othel ni< rnallopc. Tht u~e(s off orl lhen 
bocume; primonly on< of 10Íh•ore de>elllpmonl. Th~l il, ,¡,, .,,., con cunee ni rol< en de .. ·tibmE hi; ptob· 
l<m .nd U •n.Jot m~ 11 mr o • '" i" uf itnlruclion> th" '"' ht ¡,,dtd in lo lh< m '""''""1 pu "' mcmo1y, 7ilog 
1> dtdicol<d ro""'"'~ 1111• ''"P of •ofr~ '" gen<riiiUn" ><11Lple ' ' poh.<iblt. A go<><l n<mplt of tho¡ 11 our 
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Z-80 CPU REGISTER CONFIGURATION 
FiGURE 2.1).2 

3. Two lnd<> Rqi<len (IX & IY) The 1wo ind.ptll<lenl indu rcgnlen hold a 16-bit bOl< oddrt.., thal 
"u,.d m onde><{,<ddl<>~n& mod<> In thi• mode. ln tndex rog¡stor 11 u><d as • bno to point lo a 
''~"'" m mernur~ frum l'hi,;h dala u lo be •tored or reln<>ed. An additiono.l byte" in<ludod in 
inde>ed '""'""''""'¡o •J>"dfy o di•placenionl flom thi> base. Ths dioplaoe,..nt io opecU'ied u 1 rwn's 
complem<nt li&ned inlegor. Thi> modc of oddr.SIIn& greorly 1implifies mí.iy rypu of programs, · 
"P'""IIY whore l•bles of dato ""use d. 

4. lntermpl P~a• ilddre" Rtli,..or (1). Tho Z-80 CPU con h< opeultd in o modo where •n mdirocl oall 
'" ony "''"'"'Y lú.:.,imr can be "hieved in '"P'""" roan irllerrupl. Tlle 1 Regi<1er "usod for thi• 
purpu\0 '" ""'e tho h 1~ orrlor 8-bil! o( the mdire< 1 •dd"" while lhe in ter rupling dr.-k• prnvidcs !he 
'""''' ~-br" ni l)oe ,ddre,.. Thi• fuluoe •llows interrupl roo linos lO be dynamk•lly l<>.alrd '"l'" here 
m menwr)' ,.¡,h .1h•nlule millimalace<» limeto !he rauline., 

" 
S. Memury Refrnh Ret~>tor {R). The Z-.-80 CPU oumains a memory r.rre:~ counler lo enable dynomic 

noenoories ro he "''d with the '"'"' '''"" .,.,¡, memorieo. Se•en bt,.of lh>< 8 bil re¡;i<t" aro auto-
"" 1 ic•lly inco t' mo-nled • fler ... eh inslrucliun fe¡¡h, The ei¡;hlh bil will rema m 11 pro~r•onn1ed " ¡he 
•••ull o( an LO R, A inUruclion. The d>ta in lh• refresh counrer is .col 0111 on lhelower pur!ion o( 
\he odd10ss bu, alvnt wilh • refre•h conlu>l si goal while \he CPU is decodrng ancl exoculing the fe1ched 
in,¡ ruet iom. Tir 11 rnode of rcf~Csb ¡, rorally '" nsporenl lo the programmer •nd does not ¡Jow down \he 
CPU opor>liun. The programmo• can lo•d the R re¡¡iS1eJ fot tesrin¡ purposes, bu\ this ••Ji•ler is normdly 
not used by tho progumm<J. Durlngrdruh, the ccntents of thel ro¡¡iot<r •re p!aced on lhe upper 8 bilo of 
the addrc5S bus. ' -

Th• CPU 011dudes 1"'" mdepend<nr 8-bit "cumula IuiS and I .. D<i• ted S·bil fl•a ,. ¡isl<ll. Th< .ccumu
l.ror huid¡ th< re\L!Ir. of ~-ba :.nrhmellc or lo¡rcal <>p<>ll ions While lh< f\a¡ r<&i"<r ind><•tel >pecof.e 
cnnditinn, f,rr 8 "' 16-bir <~f'<<>linnO, ouch •• indicating wh.rher Or rio¡ the result of"" op<,.tion is <qu•l 
'"!<ro, Thr P'"&•ammer "Iocr< rhe <o<cumul>i<l< ,nd f\,g P•ii th•t he,.,,¡,., to ""'k wi<h with • •in¡;l< 
eA<·hange '"'lrU<tion >U ri•Jl h< moy C"ily ""'L wilh .,,¡,., p•it. _ · ·• · 

• 

• 

-' 
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3.0 Z-80 CPU PIN OESCRIPTION 

Th< Z-!>0 ('PU "poc~oged in •n 1ndu,¡r¡ >~And,rd ~[l prn Du:¡llfi-Lno Pachgt. The 1/0 pino.,, ,¡,.1wn 
m fio•u• .1 0-1 o~nd the funCll<•n uf o.,h is d<mib<d b<how. 
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Z-80 PIN CONFIGURATION 

FIGURii 3.0-1 

• 
-"-• • • • -• 
~-
•• .. 
' 
' ' ' • 

• 
" " • 
' • 
" 

.. 

" .. .. . 

' ., 
' •• •• 
' ' •• 

' ' . .. ... ., ., ... . .. 
~ ., 
., 
• •• 
D¡ ,_-. 

•• •• 

..Oo•ISS 
wo 

.. 

Tri·>lote uulpul, acLi>e high. A0-A 1 S Cllfl<lirule a 16-bit •ddre" bus. Th• 
•dd "" bus pro>idu lhe addr<ss f or memory (up 10 1><1 K byr.,¡ dolo 
rxrhange••nd for 1/0 de-.-ice data uchuges. l/0 addrel.$ing UStllhe g lower 
addre., b•t• lo allow lh< user lo directly •d•cl up lo 256 inpul or !56 ou1pu1 
pom. Ao os lhe ltul signrficonl addr"l bit. During rofruh tomo, rho lower 
1 biiS oonl3in 1 valid refrtsh addnu. 

T n·>loiO inpul/ou 1pu 1, ac "" hrgh. Do-DJ conSI itule an S-bit bidir«lionll 
data buo. Tloe dato bus i> u;ed for da ~a exd,ns•• with n>omory •nd 1/0 
d<>rou. 

Oulpul, o<IÍV< low. M1 indiCJies rhat th< ourr<nt medttn< o y do is the OP 
code fet<b cyde of an """"'\ton <>e<ulian. !'ate thal duuor~ <'toution 
of 2·byl< op-codel. MI "t"'<rot<d os ••eh op rodt b')·le is ftt<h•d. Thue 
1wo by1t o¡xodu •''"'Y' b'J:Í" "'"h C8~ DO!!, EDH <'1 FD~ ~TI al>o 
uccur, "'''h !OHQ '" i"docato on intorrupt acknowl<d¡¡< cycle. 

T rl-<1Ut 00\plll, o<l i•t low. Tht memo!)' reque>l >ignal indic>t<> th.at lho 
•ddr<nhus hold•• val1d addri-. for 1 mtmory tead or mernury "'"'' 
Op<r.,ion. · 

' 
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IIUSRO 
(Bus Roque") .. 

BUSAK 
(Bu1 Atkllaw!ed¡o) 
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Input, actl•e low. RESI::T fotc., tht pro¡ram counter lo uro and inlli:llio"i' 
the CI'U. Th• CPU inhoalil>Uon indudco: 

1) fhsable t~e ínterrupt enablt flip-nop 

2) Set R<V>~<r 1m OOH 

3) Se! Re¡ioter R • DO¡¡ 
4) Se! lntmuÍ>l Modo O 

Duun¡ ruc¡ time, the •ddrt!.l bus and dato buo go toa high impedu"" •u te 
lJid ol! Olllttol outpUlsignols go to tht tnu11~ >lote. ... .. ,. 

Input, "'iM low. The bu• rcqucu <ignol isuud to seql>tst tilo CPU •ddrtu 
bu o, dno bu o ond lri-1111< out pul con !rol oignals lo ¡o 10 a hiP, in1p<dan« 
'"'"so that other dovicu can cOn1rol !he .. bU>•• When ill:iSR1j is aotivat<d . 
tht CPU will "'t tht" b ""'' to a high impedinco out e u oO<Jn u the curten! 
CPU machlnt cyclt iourminned. • 

Output, ocli"' lnw. Bus ockoowlcd¡e il uscd tn indica te to the rcquenmg 
deviee thatthe CPU addt= bus, data bus and trl-sllte eonttol bu• <i¡nall 
hove been ,., <o their high imp~ onoe llote and the exlemal deviee can ncW 
ccntroltilue si¡nols. 

Single ¡>hue TTL le><l dock which •equireo on!y • JlD ohm pull·up rn.i11or 
to t S volts to m .. t aU dock uquilemenl$. 

• 



l!"STRUCrtON FETCH 

f1~w• 4 0-J •ho"'" lh< 1imingrlu11ngan MI cydo (OP code f<~th). Notoco thatth< PC i• plac<d on th< 
addl"' bus at thr begmnoni of the MI C)'Ci<. One ho.lf dock time l>ter the MREQ •~<><! '";"'·Al lhi• 
lim< ''" •rld"" 10 •h• memory h., h•d ••m• 10 •tab>lil< "'thotthe fallin¡ odge of MREQ can bo u .. d 
duutl)' •• • dup tnJbl< dod to dynami< mtmo•iu The Rlltinr al•o ¡oes •ni~• to ind•cat< th¡¡ th< 
m<mol) 1eod da1• .l•<>uld be enobled 0010 lh< CPU data bm. He CPU umpl•• th< d•u f10m th< m<m01y on 
tht d111 bus "'"h lh< ming ed~o of th< dock of su u T3 ond this ""'" ed¡< is used by the CPU lo turn off 
!he RD and !JR1] "!"al•- Thu•th< d>11 ht> aheady been ...,mpled by lh< CPU bcfore th< 'k "ti ~JIUI bccumn 
inacti"<. Cloá "'" TJ ond T4 of a fol<h cyd< .,, u><d 10 rofruh dynomit memoriu. {Th< CPU""' 1h1S 
iime lo Jrcode and '"'"" lh< f<~ch<d in>truCI ion w ,¡,., no othc¡ op<ration could bc pe rformed al llús 
time). Durmg T3 1nd T4 thelowO< 7 bil$ of lh< oddr<>< bu> cvmain 1 memo¡y 1<f1nh oddrn•and lh< 1fi'sR" 
siznal become; 1t11>< lo ind'"" thil o .. rreoh 10ad of o.ll dynomic memolin ohould bc accomplilhed. N atice 
lhal 1 R'D •i&nal,. no¡ grnerlltd durmgEQfreoh limo 10 pr..-ent doto from rlifftrtnt memo¡ y"&"''"" from 
being $1l<d onlo lh< da u bu•. The MR •ignal during refrooh timt oho~ld bc u"d lo perform 1 refrtlh read 
of all m<mOry tlomonu. Tht refr<lh !i¡¡nol can nol b< ustd by Íl«lf slncc -the r•frooh tddre" 1• only guaran· 
ttod 1<> bo •table during M"R!O: timt. · ~·· ' 

• -

-., 

...... 

. ·~ ,. 

r-------oMlC""------'--''-~ 

'• ,, '• ,, 

. - .. . . . . 

, . 

tNSTRUCTION OP COOE FETCH 
FIGURE 4.G-1 

'' 

~------

... . .... 

f¡¡urt 4.0·1 A rUv5l!OIU hnw tht fttch cycle "doloyod if the mcmory ICIÍYIIU tht WAIT line. Dur· 
ing n and ''•1)' sub,.quont Tw, the CPU .. mpltl 1he WAIT line wilh th< falling ed¡< of41.1f lht WAJT 
lmt " 1<1 i•< ot thi• IJmt. anoth<l ""''" "ale will bo entored during thO foUowin¡¡ cycl<. U•ing 1hio ltchniq~t 
!he ~<•d e y el o e ¡u¡ bo longlhoned 10 m•lch the "'"" limo of any !ypt of III<(II<>IY d<>lct. 

" 
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Figure 4 0-1 A ¡l\uUro IU ho"' a W AIT requcll 1i¡nal w1U lenath011 _ony memory rud or w<Í10 oper>.· 
linn, Thi• "P'"'ion "id,ntia.l!o 1h11 pnviou•IY dnorlhed for 1 fetch <}'~:le. Nctke in th\1 fipre !hato 
"~'"'"'" ¡ead ,nd • '~parate wnle <y(IC '" ~hnwn in !he same figure &hh_OilaJ¡ reod and writo ,~de• can 
nher n<CUI oimull:~t~oou~y. '' 
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MEMORY REAO OR WRITE CYCLES WITK WAIT STA TES 
FiGURE4.0-2A ;-'." . .., '.· 

' ' . . ... 
INPtrT OR OUTl'lTT CYCLES .. ,. . ; ..... \ . "-''. 

~ 

}
ouo 
CYCU 

} ..... CYCCl 

----

Fi¡ure 4.0-3 dlumateo an 1/0 rud or l/0 wr!le op< r~t!on. Nollc:c that durincl/0 opelltiOIU a sin¡le 
"'lit 11>1e io outomllie.olly •n~<ned. The TOUOn fO< thh is thal du•inal/0 operatloftl, the tlmt from when 
the lORQ oignal goe1 ocliYe until the CPU mu¡t sarnplo tho W AlT lino 1< ""!)' shon and withoul thl< ut.ra 
sUto sufticiont ""'' doeo not niot for an 1/0 por! to decode its addtn< and actlvate tm W AJT line lf a woll 
i1 requij~d. Aho, ,.,.¡thout thi• wait sute it i5 i:hflicuh io desi111 MOS 1/0 devicn that con opuate 11 fuU 
CI'U 1p_eed. Duoing ti,;, wait oto te time the WAlT ttque1t olgn.ol io wnpled. [huin¡o rcod 1/0 opetllioa, 
the RDline ;, u>ed to '"'ble tho addt,.¡ed port onto tho da u buojuoto~ in !he cose of a m•mory toad_ For 
110 "'"" <>per>uom,the WR line is u"d "'dock to thel/0 port,•¡iin wilh suflicienl ovorlap timins 
ntomatic.]]y provK:t.d 10 tllat the rioin¡odse may b< U>Od u • d111 dock. 

··- ¡ ---· 
F•gure 4.0·3A <ilustratol how addllional waot s\ol<l may bo addd Wllh the WAJT lino. lllt operot10n 

io tden ticol <o thot pr_eviouoly d"cribed, • · 

BIJS Rf.QIJEST/A(KNOWlEDGE. LYCLE ' . ... 

• 
u<ing cyde >teahn&). a bus TOqueol i< r 
cyclo •nd tho extor~lOI contrnller can m•utla!n C(ontrol r u mony clock cyc\" i 
Noto, ho.,.<•er, thot il vecy Ion¡ OMA cyd<S "" used, ai1d dynomic memorios aro be in¡ u<Od, !he u10rnal 
~untwllu m u•! ol>o pe1fo1m lhc rche!h fonotio~. lllis situation only OCCUII lf "'1)' 11'&< block< of d>l• ""' 
u;on>feHcd.o!..!'-!<1 PM .\ conttoL Allo noto that durmg a bu• r<quut cycle, the CPU cannot be intcmrpted 
by .;u,., o .\111 ,,, m J)'o. T ,;~nol. · 

. '. 
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SUS REOUEST /ACKNOWIHlG.E CYCLE 
FIGUAE4.Q4 
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'· 
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¡¡.¡-¡ EltRUPT JtEQUEST/ACKNOWLEOGE CYCLE 
'" " 

Fiaure 4 O 5 ollultroln lh< umin¡ omx:il!td witb o o lnlUJ\IPI cyclc. The inleHupl oi¡¡n.l 
wnplcd by the CPU Wllh the 1ilins ed&< ofthr l>tl clnck at tbo rnd ofony ÍllllfU<tion. Thr i 

'• 
L 

occopoed if1he 1n1emal CPU sol!"''' conuolled onoerrupl enoblo flip-n~p Íl not orl or if lh< i 
11 otti•e. Wl1en 111e oi¡nol is occopled o spe<Ciol!-t....!...n_de io ge nO!aled. Durin¡ thi¡¡podol M 1 e y .:le the 1 
ol1noJ bocomes oc uve (inue•d of lho nom11l MREQ¡ 10 indicale lhot lhe inlmupling de Y ice,.,, place on 

16 

8-blt ~reto< on th• dlla bu o. Notice lhlttwo wallotol., are oulonulicolly odded lo this cycle. TMsc sméo v 
ore oddrd so thot o dpple pfiurlly lmerrupl Kheme can be uslly lmplemented. The two w&h sutn ollow 
sufnd<nltime for 111e rlpplr ¡l¡nals to itabilite and ldenlify whleh l/0 devlco mu11 insell lho re opon .. 
""101. Rder lo .. ctlon 8.0 for dnollo C>n how the lnterrupt rnpOn.e ~'IC>J 11 utlllud by thl CPt? • 
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' INTERRUPT REQUEST/ACKNOWLEOGE CVCLE 
~IGURE 4.(1.5 ' ' 
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NO~ 11 ISKAI:ILE INTERRUPT RESI'ONSE 

f•ruo< 4 0-1• ollu•natc• 1ho "'qnell/"~""" lrJ~e cycle fot •1• non madable inl•rrupl. This •ignal it 
l.Jmpl<d •1 rl" '"'"'' rimo a. 1110 '"'"""~' hno, bul lhi1 hne ~" p¡iunly ovu the nuroml mlerrupt and il """ 
'"" bo Jl\.oblod IHoJ<I •ufo" .<1< « oniJol. lis UlllJI fuuc LJun io 1<> pru>idr immed i•le ro opon" 10 impr.ornnl 
''t'"'' ,.,,h .- '" nnr<nding P""u failnr<. n,. { 1'\1 l<>pon" lo a non ma•lable in<ouupl ;, oimilu lO 1 
'" ""' •l "" mory r<•d opco.<l oun, The tmly doff<r<O" o h<m~ thll ih< cnnlent of lh< dJ1a bu¡ i; ignorrd whilo 
rl"· 1 '"" ''"'" "" """''icalll' >1 uro o lhe P<' in ¡¡,. '" ""·'' statk ond jump1 1 o lt>c•tion 0066H. The ••rvioo 
"'""'"' fur lhe """ n•u~oblr 1n1<rrup1 muO! b<&m., oins lucahun if th" inle!fupl "u .. d _ 

IUU lXII 

1\loone• e o a wflware hall in111uc1ion ;. .-..-u red rhe CPU be~'"' • -.curin& :-;op·, unul an inlonupl is 
ro.er•od (tilhtr a null masl>blo Ora m¡ll,,blt "'"''"~'''""hile lht '"''"''1'' flip Oop Í\ onoblod). The two 
onrtrrupr loncs•oe '·'"'Piod wrlh lho """~ clod, rO~r Jurmg eod1 T4 ""'' a••hown in figu!O 4 0-7. lfa non 
"'''''~k "''"'"P' llar b-.n rttei•ed or • m .. bhl• inrenupl hu bttn !'tei•-.d ~od lht mrtrrupt•n•blt 
flor flop " "''· rhon tht 1 .. 11 >!al< wrll be e ~>l<d un tloe nur risirog dutk td¡e. Tht fol!n"''"l cyclt ,. iU 11""" 
be •n "'""""P' .ckno>"'"ledge cycle cor rtrpuhJm& 1 u lh< l)"pt "uf in lenupl lh>l ,. . ., t<.:tt'-td. 1 f holh aro 
rN <o ved .r • lm lime. rl"n lho nuu nra.l•hle one wrll be •d. no" Jodged >iuce ir ha> hi¡¡heS[ priodry. Tho 
purpo" tri r •<eulin¡ NOP in¡trueuons ,.¡,,¡, rn lhl h•lr JI a lO" ro k«p lhe nt<mory rcfr .. h slll'th a<ri•o. 
E.oh e y .le rn the hall llal< i• a normal MI (fttth) cydo oxcepl that tht dua reoo;..,.d from thr memory is 
''"""d •rrd a Núl' rnllrr!clion ís foroed inl<rn•lly to rhe CPU, Tho haltacknowled¡o JÍII'allso~li•e durln1 
rhi> rrmo ro rndicare that tire pro<e>•or "rn !he hall •111<. · 
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NON MASKABLE INTERRUPT REOUEST OPERATION 
FIGURE 4.0-6 
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HALl EXIT 
FIGURE 4.0.7 
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Th,· "'P"'!••ulpUI ~onup of in"'""¡"'" in lloo 1 Ml.IJJ,,,. ftu a wido ron¡t of tunúen bctween 
u t "'"•1 "" """} ¡.,,.,, ;.,,, oo 1 loo ~""' •lpuo 1"'"' r J'U o <'f""' o., ""J the nlot nall/0 do•i«>- 1 n 
.. eh COl<, 11« P"" '""''he1 is poo•vided on 11,. howo¡ 8 bU> of th< •ddoe!li bu o dLuin& any l/0 
""""el o un_ O m ""' '"' lion aJJ,,,.., oh, pm 1 nurnber '" be •pccofi•d by the .. cond byte of oho inmuotion 
,..¡,;¡, n1hc• l-HO """""""''aUn"· n o o be <¡><cirood "o he"""'"" nf the C "GÍ""'· One rnajor od· 
'""'"~" ,¡ '""'t 11« r '"~"'"' '"a ¡vi oler to 1),. 110 1ln1, l ;, 11"' H allow¡ dLffo¡enl l/0 po11s 10 
,¡,,« ''"1"'""' "'f'" .,,. ~'"« «•<Jtines. TI"\'> ~ol 1''''"1•1< "h<n tl1c oddr<<l ;, r••l of 1he OP ende 
Jf ''·" '"''1""'' "" .,,.,..J "'ROM. Anolh<r fnlll« of ¡¡,,.". "'P''I in,lru<l;on< i11ha1 they .. 1 tho 
n.o~ «p·l<r ""'''"'"""11} "' 1h.1 addiliou.l "r<"' ion .. o e ""1 ttquioed 1<> delttrnine 1 he st.ote of 
1 h< inpul d.ou (f"l <'><hpl< 11' ¡•., 11~ J- l toe z..~Q CPU 1oduJ<> 'in¡le inSI rur """' ol\il r>n rno.e 
hh•c '' ,.¡ d• LJ (" p 1 n ;:5 f, by~<>) '"' <>malically to or fo om ·' ny l/0 poli d n«lly lo any meon~ry Joc11ion. 
1 ll «•njHH<I "'" " ll b L he d 113] >01 .,¡ <"'"" lpurpn,. "~i>IO «, lh«e instrucl ion> provide fo• faSI 
1¡0 hlu~l. 11> n>f., ••1<'- TI o< -.111< nf ll1<> 1/0 ill>!ruCI i<ou 001 ;, demon>1ra1<d by lhe f.cl Clul 1he 
Z..~O ("PL' ron i"" 'ld< oll J<quu <d floppy di"'- fornl>l1 in~ (l <-, llO< CPU providoo 1 ho preambk, add!<U, 
d"" •nd ,,_,¡ ,¡,. 1ht t"RC ' nd.,) un dnuble tl<n<iry flup)')' d );\; d!'"' on on inlerrupl driven ball$. 

~m•!l). 1 he h•<IC CPU conl oul instru<IIOno oUov. '"''""' oplions ond mr:odc'- This ¡roup 1ncludn 
'""'u<'"'"' ,,,.¡, » >tlllng o¡ r<>tll¡ng lh< mi <r!Upl enable flip flop 01 >ellin¡ 1 he mode of inler JU¡>C 
t<>pnn". 

,. 

5.2 AOOAESSING MOOES 

M u•• "1 t he l· ~O """ "" "'"' op-cw e un d•l• slon rd in onternal CPU ••&ist<!~ •~"' nol rnernoty 
"' "'oh o 1.'0 1'"11<. Adu,,.,m~ 1dea tn hnw lhc •dd1on of thi• doll ·;, g<11<111<,cl, in ea eh inslrucllon. 
Tht> ""ion ~" eo a b• oef wmm><)' of 1 he 1 ~P•• nf •dd•·~""~ u .. d in tho Z-BO 10lule wb104uen~ .. cti~n• 
d<l•iltll<" 1) r< ~f odd!<umg•"ilablo for e•.:h inslm,IK>n ¡:toup. 1 • 

•· L•, 

ln<mtdiate, In 1his m<><le <>f •dd•e,.>ng o he byte fnllowi!lg ¡¡,. OP <Ode in rnemciry conlains !he 
••1U•I opet~nd. 

., 
OP Cnde } ·~no:, } by o es 

Op<t~nd 

'• 

¡ 

.. 
'· 

f. •• "'PI•• ,¡ ,¡.,, 1) ¡>< .,¡ instruct;.,n ... nuld be 10 load 11>< occurnulator wilh • constanc, v.hcre the <O>Ill>nt 
is lh< by1 t on11o>ed "" 1 y f<>ll<•w mg li10 OP e<><! e. ' 

)!11medi:rte E"cnded This mode is merely an ul<n»un of Íll>rn<d!OIO addresúng in 1h01 lhe lwo 
byl« foil•"""'~ lhe OP '"d" .,, the operond. ' 

O)',nde 

Opor.nd high urde! 

1 ·, ,, 1, .pi,·, '.¡ 1 h ;, 1}1''' .,¡ ""' 1 ", • ,, ., "' '" l.l!oo 1' • 1 ""' 1 loe 11 L ll"l'"'" 1'"" (1 6-hLI, IC~i>l ") with 
16 b"' ¡;: h} 1n1 ,,¡ d.Lia. 
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,,,. . . 
,\,. ,., ·""1'1< ,,¡ "" ¡,.d<vJ , ,mucliun "''"'Id hr, '" ¡,,_,J 1 h< """eo.u of Lhe ""''"'"Y l~colion 

( hoJ" R<~J>I<! + i)o>rl•«m<lll ) 1nt~ thr >'<'UJnUllhll. TI•< J!>pl"-e1nen1 i< o •IS:"'d "' ,,., <-.:>lllplement 
nunol><r. li!d"ed >ddo '"'"~ !''"IY limphfl<> pt<•~1an1> u<in~ tob]., nf dolo liiiC"e lh< indu rogi>W 
"" pt•ml '" lh< ""'' ,¡ any 1>ble. Two inde. ro¡i<l<" "'' pr<wided oln" ><ry nflen optn-tiOns t<QUire 
"'o u o mor< l.lbl.-. 1 ndc .ed oddrt..,;ing olso a\10011 for reloc.,.bl< ·~•· 

. ' 
Th< owo iudt\ or~i<ltr1 in th< Z-~0 ate r<forred lo •• IX and IY, To> ind<COI< indn<d •ddressin& lhe 

""'"'""' 
(lXtd)o!(IY•d) 

i< used. 11<1< d 1$ lh< d•spl.>.orrl<'nl >pocotled •fi<Jih< OPcode, Th< porenthe~es indicalethal this 
',¡.,. " U\.ed n o p<>Ínl_<l to u~<rnol me...,ry. 

R~¡;,,., Addre,,in¡. Many of !he Z-80 01' cude> conuin b1!S of lnformotion that opecify wltich 
CPU ,.~¡,..," 10 ~e uoed fot on operalion. An ..... mple of l<lhler addle>SÍ"J wauld be\0 load \he 
dota in'"~""' B miO'"~~'''"' C, ' 

' l1nplied .O.dd•e.,.;nJ. lmplied add 1<>\lng 1efers 10 ope101inm whne IM 01' code au\omatiuUy 
implies one or mor< CPU •<gÍII<JS U <Onl>ining the operandl. An e:uil'lpl< is lh< 101 of orithin<li< 
~p<raliOn> 1>hne 1he accumHiilor is ''"''')'' in1p~ed lo b< lh< deSI!nalion of th< re¡ults. 

' Rq:i"« lndir..ct ,\dd•e,.ing. Thio type of add1e"ing 1p<C1fles 8 1 f>b•l CPU r<&>•l<r p.air (wch u HL) 
w be u sed os a pninl<r 1<• an> locallon in memory. Thi> 1ype of !nllrUCiion is ""'Y powerful 1nd 
ll i> used in a Y. id e ran~e of oppl!cations. 

' .,, i . ' .. 

joPCode]}uneor't_;.obytes 
V 

.O.n •~omplt of thistype of instruction would be 10 load the accumulal<>rwith the dall in the memory 
l<>.:•tinn poinl<d to by •he Hl10~"'"' contont~ lndued oddrusing b ictually o fo1m of '"'"'"' indirecl 
add'""'"l ucep1 that • d,.placemtnt is >dded with indo><d addle»ina. · Rogiller indiJoct add.euln& 
olio"~ los -.ry f'O"'<Jful but <imple lo imploment mtmory '~""~ Tho blodc mo.e and ourch comm.onds 
'" the ;r:.so ••• "'ten"~"' of this type of <ddressin~ whe1o automatic r<Eistor ir><remonting, decremontinll 
•nd '"mpa1ing h., b<<n •ddod. Tho no,.liun for indic•lin¡ r<giS!er indiroct tddrowní ISlO pul 
p>r<n<hesoo around tho '""'" of the ro¡i11or tlut" to he usod •••he polntor. Far eumple, the oymbol 

- ·~ . : ' .. . ' . 
(Hl) 

~,,r,., 1h>1 1ho COI!Iont• ol1lo< Hl r<¡i<l<• aJO In be "'"d u a p.;¡;,., la • memory ]oo;o<ic>n. Ohon 
r<~Í>I<r indno.\ •ddr<»•ng "u;od to ipec¡fy l f>bll orcrand•. In ihil CIIO, !he roti"u contents 
p<Hnl to the lo"'"' 01 dcr portillO of the operan<! whde !he register cOnterit, "" oul<>mJIÍ<IUy incren>ented 
lo oht,,n th< up¡~r p<>!l;.,n of \he oporuld, 

Bit ,\ddre,.inJ. T!10 Z·80 <MI•ins • IIIQ< number of bJt ••t, roset and '"' inmuct,on.l. The .. 
IOOIIU<Iion< allow ony memoJy lncotron or CPU JOgl""' Jo be opocif>ed for a b11 nporalion tluough 
une of th10e p<<>iouo odd<e»m¡¡, modeo (l<gi<I<-I, re~!>l<r •ndilecr and indo•ed) whne th1oe bn• '" 1 he 01' 
""de spwf¡· ~>hich .,¡ thc oi~hl ~ito" '" h< manip¡¡I,IOd_ 

AODRESSING MODE COMBINATIONS 

~bn1 in<truotion• indude ffi'"' '""" <>n< "P"""d (ouch JS arithm<tiC inotructlons or lo•ds). ln 
:~ • .,. ' '""'- '"" 1 JT<> .,j •·~11 "''in¡· "'•) loo ··mpl<>} oJ. f<>l o \Jmple, lo•d ,..n ~,. Umnedial< .~J'"""8 
''·' >!'<'"¡fy rt.< "''''"' '"cl "~'.''"' ¡¡¡Jnru "' inclc.o<J •JJ,.,,;"~ 10 •r><••fy tho de11i11"1on. 

" 
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Th,· """u, u un "'4ucncr h>r thio in momu>)' w.ruld be: 

"''"' 1 '"1} or ~~·2• ~,.- ·.,._ 
Atl 5E 

A•~ 1.1~ n .. rl•c .. men1 oporand 

Th< '" o , \IOt>d<d 'dJ"'''"~ lll<ll uc>i'"" "' '''" rh~<< b) 1< 111" r '"'ion>. F or e, •111plo the in>Lr U<l io11 lo 
load tho »"<umulltor "'llh lh< o¡><n nd in n1cn>ory IO<alinn {o~3 ~H would b< wulltn: 

LO A, (t>F .l~HI 

' and iu inmu"ion ,.qu<n<t would be: 

Adda"A ~A UPCode 

A+l 32 low"'dtraddlen 

A+2 t>F hi&)l ord01 oddJen 

Nolic< 1h01 t).- ¡,~- ordtr ron ion o( lheoddrru is •to.-•y• lhe f\at operond. 
' 

., 1 :·" 

• 
' 

Th• looJ imm<diaiO in>l!Uclluno fot rhe !<~~<rol pou J'o.'>< ~-bit rÓ~olen ••• 1wo.byte in<~ J\lctioM. Th< 
'"'""'""" 1~.od rogt<l<r H 1\llh lh< Ya]uo ~6H wnuld bo wrillo": ' r .. .-', • 

Jn:lll' "'~""'''" oulcl bt: 

'. 

Addro" A f26l OPC~~e 
A+l ~ Operand 

lD H. 36H 

" 

L•.ding a memory ln<ation """1 ind.._td addreuing fur rh< dntinolion l!ld tmmedille Jddreni~K fm !he 
>muu requir<< four byl<> For eumple: 

LD(IX 0 lS),!II~ 

" 

OO } OPCodt 

" di<placcment (-15m . 
SÍJ:!l<d two'• .;omplement) 
op<10nd lo load 

Toble S J._: 'l"'"'fi., 1he 16-hil lo•d ope .. tiunS. ·noio 1 •ble i• « ry oimil•r "' lh< previou< one. ~olooe 
1h' 1 oh e e. •cnd<d •Jd""in¡¡ <•r•blhry co><rs all r<¡;J>I< r P' ors. Al so nQIÍct lhol ~<gi"er in di rtol up!ltiÍCJU 
'f"'dl• in~ rh< ""'' pcim<r ••• !he PUSII and POP inso!!loliuno. The mio<ri>oni< for thue imtructiono ;, 
··j'l.] ~1-1"' JOd ··~OP :· Th ·~ d•ff<r f mm 01 h<r 1 6·bit lnod• tn rh 01 rhe Slaok poinl<r " auH•m"'""'ll} J<ete· 

m cm •d ,.,J ::.: ·, .o.·n r.·d '' ,.,,¡, h.1 " ;, pu,h•:•l ""'" ''' r•'Pi'<d fr '"~ rhe "acl, i<-po,·r i•ely. r '" 0\Jrnple 
' 

' 

1 

6 

d 
' 
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Th< POP in" oJ<Ioon is 1he <xact '''"'" of • PU SH. Noure rh•t •ll PU SH and POI' imtrucl ions u tiliio o 
)(, h" "P'""d • .,d the hi~h o•derbriO ;, al"'l'l P"~"d nn1 ond popp<d ¡.,¡_ Thot io o: 

PUSII BC ;, PUSH B then C 
• 

Pt:SH DE ' i<l'liSH D lhen E 

PUSII Hl ¡; PUSH ll1hen-L 

POI' HL ioPOP L1hen H 

lloe in<IIIO<tion u"ng ntended 1mmedi>l< oddreUing ID< lhe oouroe ubvuxnly r~q~ir_.,.. 2 by\ e~ of dota 
following 1ho OP rode. For nompl<: · 

LD DE,OMQH 

.. -m be: " 

Addrt.<S A o• '''' 
A+l U>w ord.r O!"'f'nd to ><WO!er E. 

At! H¡gh ordor oper•nd to "!;JSler D 
• 

In oll t> tended ionn,.diole or oxoendod 1ddrnsin¡ modeo, thelow ordcr byle ·~•Y• oppéan llnl d1<r Lhe 
OP cr>de. 

Tobl< S.3-3 hsH lh< lf..bil r~dungo irmru<tion• implemen!<d in !he Z-80. OP codo OIIH oliO"'' lh< 
P"'g~>onmer ui "''nch b<!ween lhe 1wo ¡»in of occumulolor nog r<P<t<r> "'hile 0911 aUow• 1he pro
grommer lo switch bel~<"<<n lloe duplicll< .. 1 of sh goneral purpo•• '"11'""'· The .. OP codes are only one 
by le in lenglh lo absolutely miruL...., the lime ncce ... ry 10 perform lhe <xchange so thal 11>< dupli~tt 
ban~l can be u><d lo effecl vcry fast iñterrupl 1t1pon'" tim<5. ' • · 

"" '. ··¡ 
' ... 
> ... 

IILOCK TRAI\"SFER ANO SEARCH. 

Table S .3-4 Jiol• !he extremoly powuful bloc k ll>mfer inolrucliom. AU of th<se inotruclions o~fllc 
with three re¡:iuen. ; ~ .J J,~ .. 

HL poonu lo lhr '""'"' l<•.:otion. ; .. 
:DE pornloto lhe d<!IÍn.>lioir local ion. 

BC is 1 byte counier. 
' . 
·. 

Af1er the pr<>~"m"''' h» ir>io i•lrl<d 1hue three resi><rn. •ny of lh"' four ínstru•Uons may be u .. d. Thc 
LDI (!.o;od o1>d lno<m<nt) in.,rncoion mo•<l on< b}l< fa>m the locotion ¡)oimed lo by HL to lhelocation 
poin1<d 10 b) DE. Rr¡;i•ter p.ai15 1-IL and DE ••• th<1t lUillln•tically innemented and ore r<Jdy lo point lo 
lh< followin~ l<>caoion•. Th< by10 counter (r<ci"" pou IIC) ioalon decrtmenl<d U lh!S time. Thio instruc· 
linn "valu•blt when blnek• of doto muS\ be moved bul 01hor types ofprO<ts<ing ar< required b<iwoonuch 
mo•e. Th• LDI R (Load, 11\CJ<m<nl •nd ~<p<•l) Ln>lrUO\i"n ;, "" extenSion of lhe LO! inmuct iun, Tho somo 
lo•d • t>d inc '""""' openuon ;, ''P""d umil !lO< by le "'"" "' reoehes the count of .. ,o. Th uo. !hls single 
"'"'"'""" ''" mov< •ny block of dota from on< ¡.,, . .,,.," '" •nY ooher. 

S<ore 1h:o1 <roe< lf•-bil ""~r<lm ar< ""'d, th< sil< of the bl<od ,·an bo up 10 b-IK b)'l<>(l K • 10~4) 

lun~ .nd 11 "" bt mo><d from .ny ''"'""" "' '"""'"') '" •n) ooh<r \o<ltion. Funh<rmor< lh< blo<l" c•n 
be "' <rl•pping <in ce lh<r< "' .b,olutely no conO\,.;,, 1 un !he dall thot i• u .. d .. m !he thr<< r<gill<r p.> in. 

Th< u m .,,d LIJl>R ;,,,,u<tinn• "" •<ry 01m;¡., '";he LO! and LD!R. Th< only diiTtrenu i1that. 
,.~¡,," 1'"''' 111. •"d llE "' ~<•"'· mm1<J >fl<r '" 1) "''" ·• •u lh>l a blncl l~an>f er "'"' from lht high<ot 
>Jd r<» uf 1 loe olo"~~·•~d bl"d 1 ,o he¡ th• n lh< lt>l""'. 

' 

:o 

'· 



... 
ONOIA 

1 

"'" I~QIR, 

I~LI 

" ~ 

'" • 
ID<> 

" ~ --
'" • 

'LOI' -l~OICO,_ '"'' '"'~LL00,0o<lC 

'LDIR."- <-OID<i-IKL) 
'"" MC O DO, Do< .C_ ., .. ., """' lC • O 

'lOO'. lo .. lbii-IMU 
' ' 

"""'•o•.o..~c -
'LOOR'· l~OlDU~I>lU 
!>o< Hl & Dl, 0.< SC. A-1 uo.O 8(: • 0 

•• ... 
•• 

' ' ' " "'1""'""'"-0( 1 poonü <o *'""'""" 
8(: .............. . 

BlOCK TRANSFER GROUP 
TABlE 5.3-4 

¡ ·" ' .. - ·' 

' 

T•blr S.J-~ >rrdfiO> lh< OP codt~ for 1110 four blo<k •ror<h inuruc1lo111. Th• fim, CP! (compareond 
increm<lll) romp•r•• <he doll in th< ocrumulalor, "nh 1he cuno en u of tht ,,..;,o;~ry l<l<'o!ion pointed lo by 
r<Gi>tor !il. Tilt r<><Jit of lhe <empare ir sto,.d in OM ollh< flJg b11< (s., ><CIIÓn 6.0 lor 1 dololled explo
notion of lht flag optratiom) •nd tho Hl rtgiller poir ;, tll<n incrtn>enled lnd 'm• byt< colllll<< fr<Ji1l<f 
pa.rBC)lSdocrom<nled. " 1 

t • , 1 ·· .. ·• "'"'"' ,. . .. --· . - '· . ', 
Tho >n<1tUC1\01'1 CPJR i• mtrtly an nten>ion of thc CPI insuurtlon in which tht campa~ il fcpca!CÓ 

unnl enher a molCh ;, found or !he by u cmm!tr {reg¡,,., ¡,;, BC] becomu zero. Thus, thia single instrut• 
lion can ~•:eh !he ontuc mcmOJy fOJ 111\' B·blt eh"!'""'· • '" 

Thc CPD {Con,par< ond D<crom< ni) and CPDR (C'ompore ,Docromen¡ and )«,peal) are Umilar 
inslruclion<. thcu only differrncr be1ng lhat thcy dectcrnelll H L • fru .-cry compllc w !ha! they '"'eh 
thc m o mor y in lh< oppo<i" direction. (The ··~·Ích i< •t•ned al rhc hlghesl lucatlon In !he mcrnory blocl<). 

' . ' ' ' . 
11 should be emph•si•td •s•in !hallhese block lfan<f<r and'I:Ómparc lnstnrctions are unemely 

pow<rful in <lringm"''P"Ialwll "I'Phcationo_ ' 

ARITHMl"TIC AND LOGICAL • 

Tablt 5.3-ó hsr• all of !he 8-bi! Ollihmelic op<IJ!Í!Ono !h31 con be performed wilh !he occumula!Or, 
also h<ltd .re !he inc rtrnenl (lNC) and d<crerncnr (DEC) inmuction•. 1 n all of thcot in•!rnct!om. e •~epi 
INC ond DEL. !he sptc.fr«< S-bir nreralion ;, pe 1 fon.,<d toerwecn \he dall in the accum,la!or and th• 
•ource cl>" •rcdl"ied in !he l>ble. Tht r<IUh of !he "P'"Iiou ;, plocod i11 !he •ccumul>ror .,.-lth the txcep· 
tion of wmp•r< tCP) rhulea•cs 1M occumulator unoffoctcd. All uf tlu:oe opcr>liono >ffocr !he flag 
"!""'" • '"ult of rhe 'f'OC!Ocd opctallon. (Section 6.0 ponvidc¡ oll of the d<Uils on huw !he nof,S aro 
affecttd by any rnslructioo !)'pe). INC and DEC ins\Jlr<llnnl opeeify a "IÍ'!#I or 1 memory loco! ion u 
bmh sou•cc ond dcuinalinn of rhe ltnrh. 1\'hen !he >OuT ce optr.nd is od dtcSscd uling rh• indc\ Tcgisten. 
rhe di•PI•«rn•nt inu11 fottuw directly. Whh inul!<drotc adJrc~lns the actual upcrand wdl fullow dlrectly. 
Fur C\a!nple ohc in•Huc<ion; • 

ANI.lOlll .; 

"nuld oppear n: , · .. ~ 
Addfc.,A. ~ 

MI~ 
OPCode .. 
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- " 
.o.np ~ C~RRY .. ··= 
su••ucr " ....... 
OUBwCURY " ·soc• 

"""' " 
'XDR' " 

. 
'OH' " 
to""'""' " V 

INCR .... NT • "' 
OOCR .... NT ~ 

_,llC' 

SOU~CI! 

' 
""""' R ~,,,,. • ., .. a 

• • • • " • 

• " • • " • 
" • • u • • • 

• " " " • • 
• • u • • • 

• .. " " M ~. 

• • • .. • •• 
.. 

• " • • • ·• 
' . . 

• • u • • w 

• • • .. • • 
. 

• • " .. • • 
,"< " •• •• ·' ' -· '· 

8 BIT ARITHMETIC ANO LOGIC 
TABLE 5.3-6 

""""~ ....... ""' ·ou· n 

Co~pl1m••< A«, 'CPl' " 
................. ?" .. 
.,., '""'"'""""' " 
Compl""'"' C"'l f '"· X:Cf' " .. 

' 
.... " 

' 
. 

S.1 Cony "" SCf' " 

. ... , .. ,,._ 

'"" 
• 
• 

• 
• 

• .. 
• .. 
·• 
• 
. 

GH/ERAL PURPOSE AF OP~RATION$ 
TA9LE s.:H 

' " i JO 

3U 

INPEUP ~~-~ 

'"'"" ti""'' • 
00 •• • • • • • • 
00 .. 
• • a 
• • " 
00 ... 
• " ~ 

• • " 
00 .. .. .. ~ 

• • • 
00 .. 
• • " • • • 
00 .. .. .. .. 
• • • 
00 .. 
• ... , • • • ·• • 
00 '"''' " 
" 8E ,.·; . .. • . . . . • .. .. 
• • • • . 
00 .. 
• • • • 

' 

·' 
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~ 
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.ROTA TES ANO SHIFTS 
TABlE 5.3-9 

·-· - ... " 
Fm eumpl< an unoonditional Jump lo memo1y ,loeation 3E32H WQU)d be: . . . . .... 

-~ ' •• 1; •_. ,. ... , fT""'· -A+l 32 l.o111<1Uiet>ddr"' 

A+2 3E High ordor oddt."" 

.. ' 

, ... 

' - ' . Tht rel•tive jump instruction u..-o only two bytes, the second byte is 1 11Íifltd two'1 complement dis
pla<tm<nt f1om the exi>llng I'C. ·nus di•placemenl can be in lht r>n&< of + 129 to ·126 and is me.,u~<d 
from tht oddr<SS of tht instrucliun OP code. 

Ttu; .. typ<J of r<p>l<l Uldutcl jump> ate also illd<' J<.l t'loo>< inoltucti~n> ••• implemo:nttd by !'-"'don¡ 
the "~'"., r•i• HL o• ~'" ~r lho index Je¡¡sws IX ur JY durctly UJIO tht I'C. This e>.p•bi~ty alluwo for 
pru¡;ramjumps lO be • fune\J<In oí pttviouocalculationL •• , •• 

A coU U • •pt<i•l form of•¡ump wht~e !he addtess ofthe byte foUowin&thOcalllnsuuction is 
puUotd onto tht 1\ock befo re the jump ;, JNd<. A retum omtruction j¡ Íhe revene ofo call bec.ouse th< 
d.uo un the top uf tht lt"k ;, p<•pptd dutctly mto the PC to fo1m aju'mp oddten ThOcoU and relurn 
;,.struC:i<ons aUow fm >i<npk >Ubt uu tino ond lrntrrupt h• udling, T ,..¡; >ptei.ll tOtU ,;,· ln<truction> 1"'" been 
>ncloO<d in ''" Z-~0 f ,,,¡)' of com1w""""· Tbo roturn ¡,.;,n ion o Jf<>Vt """ uotion (RETI) 11<d 11te ••turn 
from non tna;l..a\>le int<rru¡>t (RETN) 11< tr<lltd ¡,, lh< C:PU., an uncuioditiun•l «ltun id<nlicollo \he OP 
codo C9H. Tht d,fferene<" thll (RETJ)can b• u."'d " ¡he end of m inlerrupt r~utine and •liZ·SO pmphen.l 
chiv• w1U ,.cogni<e 1h< <ucu1 iun of thi• in,tructiun foo p1o,..r rontrol of nuted prior u y intelfupt h•ndlina. 
TI ti> in.,r<•.:tiun rnupltd ~ nh lh< Z-110 p<"rivh"ol d<>i<t> iu•¡olemenlltion >ionplif>e> TI .e norrnol rctur n from 
1 ···11 cd Utl<i< "1''- \l'i 11• coco t l l1i< fo·J '""' lhe 1 ulloww~ "A"' ·'" se4u•nc• would be '"•'«>ury 10 iul <>ron rhe 
"''" lUj·lmg J, \!>O lh•l lÍo< Ílol«J upl IU<Jtrr>< i> <Uh'opleh ol: ' 



Dn.•blc lnlorrupt 

'"'~· OUT P, A 

Enoble lntenupt 

·• 
psc .... tnl íntcu~pl before 
routin< ;, e \itt<l. 

_-· notify poripheulthat o< !Vice 
.r_outi:rc is complete 

llús ><ven byto ~oquonce can be rcpbcod wilh thc ono byt< El i:r<truc~ion an~ the two byte RETirnstruction 
i:r thc Z80. TIIio io imporlanl sine. lnterrupt sol'\' ice Hme oflcn muo\ bc mi:rimiltd. . ' ' . . \ . . 

To facilito le P'""'"' loop conuoltho inmuction DJNZ e con be U>td aJ.-.. nugcously. This two byte, 
rollti•• jump insuuctíon dccremcnn lh< !1 ,,g;.,., and th< jump occuis if the B rogj<ltf hu not been d«r• 
rnentod 1<> uro, The relolivc disploe<m<nl " upresz<l u • .;¡ned two'S i:Omp!emmt numb<r. A simple u· 
ample of its use rnight be; - ' 

Addrcss 

N, N~ l 

Nt2to¡.;+~ 

'N+ lO, N~ ll 

N+ 1~ 

JU .. •.r 

'""' 'JI' 

...... 

!nstruction 

LD B, 7 

(Pcrform • sequcnco 
of imUuctiom) 

DJNZ · -8 

{No~llnsUuttion) 

Conunenu 

; "t B «¡:istu to count oi 1 

; loop to be porfonnod 1 timn 

; to jump from N +'12 toN+ 2 
" ' 

CONOITION ' .. : • 
•• . ' ~~-' -~ :·1~" ""o j•vi~- , ' 

~ _. 

·1·· 
'"" 

~~- ···: 
. . "" 
-

' •• 
1 :;:, 

!:" 1 :· 
" •• 
• 
00 

" 
" " 

• 

• •• 

u•o 

; : : : : : 
• " • .. .. •• 

' 

' ' 

.. 
••ruR~fRO,. "'<1:-_ I!SI'' 
u.r·onr• rNorR .. 1'""'' 

'1 ~.~. 1:~~ .. 

"' ' 

.. .. 
JUMP. CALlao><! AETUAN GROUP 

TABl ~ 5.3~11 

... .. .. .. . •• - ••• 

1 ~· ¡:· 

' 

. 

" " 

• ' 



CPU CO!•aROL GROUP 

' ' 
' ' ' ' ' ' ' 

' ' ' ' 

• 
. 

• 
' • • ' ' • ' ' ' , 

INP\JT .. If;' • • • • • • • • • ' " • " 

' 
,NI'- IN""T l. ..... ~-· . 

' 
' .,,., .. '""· ......... ' 

Dooi,Rl~OUIFI .. • •• '"" ' 
INOIR 

'll<cY-1~"-'1'1. 

0.< ..... "'"'. -
'I,.OA'-INPIJT, Doc Hl,. 
Doci,RIKUifl .. 

. 
INPUT GROUP 
TA9LE 5.3-13 

• 

SOUACE 
I"'RT ~OO~ES$ 

...... o ... 
' 

INOIR. 
' 

'"' <0 

~ .. 
" " 

" ., 
' " •• 

" • 
" • 
" • 
" ' • .. 

" ~ 
" n 

" ~ 

" M 

BLOCK'""'' 

~-~ 

Th< nnaJ table, table 5.3· 1 S illu" '"'" tho •lx &<nora! púrp<>•• CPU ccntrollomuctions. Tho NOP lsa do
nothing in•truclior'l. The HAL T jn,ttu~tion 1uspÓnds CPU orerotion untila suboequenl intmUpl is 1e~i~ 
Wbiltthe DI •nd El 110 u sed to lock ou1 ond <lllhlo interrupu. Thr thtee inlt<IUpt modo oommornh J<ltbe 
CPU in lo afly of th• lhreo ovail•hle inlnrupt ,.,pon" mod" as foMows. lf mode uro b .. , !he intonuptin¡ 
de• ice c::m in"<l •n\1 inJtruClion oo !he da u bu o and oUu,.. th< CPU lo uocuto !t. Modo 1 b aslmphlied 
mode where lhe CPU •utomolic:oUy eucutn1 rt•bfl (RST) lo locnion 0038H jO lh>T rio <>lornal haJdworc 
is rcquifed. (Tllc ~Id PC contcr¡! ;, pulhcd onto the ot•á). Mude 2 ;, thc rT>o.t poWeiful i:i that it allowsfOf 
an indirect c.U to any locotian in m<nl(ll}'. With thi1 modt tht CPU form• i l 6-bii' mOrT!ory addiess "·hert 
thc upper S-bits are the cuntcm ofrcgi>tor l and tho lo~·or 8-bitoare oUpplied by tho inurrupting dcvico. 
Thll•ddtess point>lo tht firot of t.,..o oequential byte> in • tablc wllcie thc addtcsi of ¡he O.rv!Ce tou1inc li 
locoted. The CPU aut omatically nbtaln> thc mning •ddr<» ll'!d pcrfcirmt io CALL-til th il ;ddiiOi. ' · 

' . . _, ' . . ' " ' 

" 
' 

{ r-- Puinter to lnteJruptlablt. Re¡. 
Adll:'essof l.nterrupt L--1 J ¡, un""r odclre<s, . , 
oerv1ct rouunc r rr· 

Ptriph<ral <upplin lower 1ddre,.. 

31i 



38 
6.0 FLAGS 

E.. eh of !he ¡wo Z..80 CPU Flag ''""'" «>tllaim "x bin of inforrNiion -'hJch ote <<1 oi 1<5<1 by 
v.riou• CPU <>p<"r&1i<>m .. four of lh<,. bi!lli<Jnloble; thll is, they .,. used u cund,tionl for jump, call 01 

'''""' inmuction~ For ei<arnple >j<>mp onOY,t>< d.-iled cmly ,¡ • sp<cifi< bil in lhe Oa¡¡ J<gist.r ;, ,.l The 
four ""•~le Oag bit> aJ<: · ' 

1) Car,Y F1og (Cj- 'lñis Oag h the carry 'r,orn the l"gh<>l ardor bil of th< accumulato;. For namrle, th< 
C>ny flag willl>e s<l dur ing on odd imuuction where • arry frOm !he lúJ)\ .. 1 bit of tht ><t:Umulal<>r · 
is genetal<d Thi• flag is olso ltl if a boirow ;, genero1od dur m& 1 subuact ion in O! ruction. The 11h ifl 
and rolo te inmuctionr1l10 aflecl this bit. · ' 

2) :«ro Fhg (Z)- This na¡ il ,.¡ lf thereoull of lhr op<roHon looded azoro into the accumulalor. Other· 
' ' wl,.itisro~t. . .·; ., • . 1 

'' ... 
3) Srgn Flag (S)- This fl•B i• in,.nded to be ustd with signtd numbors and it is .. t if the mult 

uf the opeulion was nrgalo't, Sinco bit 7 (MSB) <tpr<1<n!S !he <ian of !he numb<r (A n•falive 
rnnnb<r has ,a 1 in bit 7), rhis fbg storu the out e ofbit 7 m thO l.c~mlilator, · 

4) Parity /Overfl~w Flag {P{V) - Thio dual purpos. flog indica! os the ~rily of the tOIUit in \lle occumulalor 
~o,hen lo~ial operahuns 11< perfr,um<d (.u eh os ANDA, B) ai>Cirt ropre .. n!S ovtlflow when 1i1ned 
1 wo'• complemen L "ilhmetic op<~>l)Ons are performed. The Z-80 overflow flag indica In lhal the 
1 wo's c0n1plemtnt numbo< in the accumulator Íl in orror si neo it haiucceded the muimWll po .. 
1ihle (~ 117) '" i> le,.than !he mínimum ponib1e (·128) numb<r th•n can be rcpre .. nted in 1wo'1 
.:nmpltmont nororiori l'or nan1ple con>id<r adding: 

~110 • 

~ -9S (wron&) t1vttl1ow hu Occurcd 

' · Here thc r<'ul! is lncurrect. Chrtflow hu oocuncd and yet thore ¡,no Cllt'Y 10 indic.ote an <nO<. 
Fcrthis cost the overflow flag wculd be se t. Aho con•ider rhc oddition ofrwo negati•·• numbers: 

. 1 . • 
Nurice that tilo '"'"'"'¡,corree\ but thc c"'y ;, sct !o that thi• flag can no! be u sed •• "" ov<r· 
no"'' ind•oaL<>I.In ü•i•<•lf tO< o,·~rflow wnuld nol be set. ·j '•" · 

- • • • 1 

Fo1 logicol opero~ ion• (A:-/0, OR, XOR) thi; n,~ 11,.1 if the p•1ity of the muh 1s e ven ond 1111 
'"etofilisodd. ' · . ¡ ' 

Tlo<r' '"' '''" lwu non·te>l•blo blll in 1h< fiag "~""'· ~nth ofLh<>< JI< u<td fur IICD •rrlhm'lic. They "'" 

1) H•lf c>rry (H)- This is th< BCD carry or borrow result from \lle le u\ <ignlfic.ont four bit o of operatiun. 
Wl1en u;ing lhe DAA (D«:om•l Ad¡ustln•lructinn) lhLS lhg is uscd 10 corrcel tbe '"ult of o 
1''"''""' p,.·~ed do.;irml a~d or ¡ublrKl., .1 

1) Subiiaot Flog (N)- Since the algoríthm (01 corrocling BC'D <>pcroliún1 io different for oddilion '" 
>tlh!JJCIL<>n, 1111> fl.of 1> IJ)'J 1!> 1¡>edfy ,.·JoJI 1)¡>< Uf ÍLI>IJUCIIOA ""' nc.:uted lo" <O lir" lh< 
D-\A upcLJII"" '"11 be .oLL<CI lur <Lihct ,JJJ!""' ur ,ubtrJ,Tinn. 
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·. 

,o.:.: o. 
ORo ~OR1 

·~· OLf m 

.uooo" 
•OCHL.n 
SK Kl." 
~LA;RLCA,IIRA,~RCA 

Rlm HCm.RRm,UCm 
$LAno.su ... sRl .. 

1110,11110 

"' CPL 
oc• 
m 
IN r, (C) 
INI; IN O, OUTI;QUTD 
IN IR; INDR: OliR;OTDII 
LOI,LDD 
LOIR,lDDR 
CPI, CI'IR, <1'D, CPDR 

LOA,I;lDA,R 

DITb,o 

"' 
Th< foil.,. in' notoiJnn 1$ ustd '" 1h!1 tillle: 

Symbol 

. . 
8 bH >ublro<l, oublro<l ""h "''Y, <omp.ol< ond 

"'''" o<<umullloo 
U>¡O:ol oprnuom, 
AJ1d ;<fo <IJHmnt Oo¡r. 

B ou ''""'"""' 
8-11" dtcr<me~t 
16·bU ..:Id 
16 bll odd wllll ,.,,.,. 

16-b" '"bine< w'llh <ury 
Rowo o<<>~mulotor 
Ro> 11< ond •Wfllocotion m 

Rol m dipl Ioft ond ro¡IU 
O.ounaJ odjUI( KOutnuii\Of 

Cumpl<m<nl "'"""''""' 
S<l C>.lf)' 

Complomtn1 urry 

lnrul "8'"" lndirool 
DI<>< k input and oulpuo 
l• OlfR f' Oolho,....iw Z ~ 1 
lllo<k "'"'¡" instNcllo"' 
P{V ~ l if 8C "O, otl\<,..,.;se P{V • O 

- ... rdlloot~· 
1. • ]JI A • (HL), Olhtr..;,. Z •O 
P{V • 1 ofBC ;<O, oohtr..;,. P{V •O 

Th< <'On1<nt of 11« inlOJNpt <Oobl< ftip.(lop (lff) 
iuopi<d into tb< r¡v n., 

Tho Otou of Dn bofloeolloo, b oopl<d lnto th< lllq 

Nr¡o!< ot"Oimul>t"' 

~Jp<>Jt;oo 

' ' ' '" 

<'•m ~"' n,._ C• t 11"" ... ,., .. P""'""' o''"' ,,.,. "'' '"" ol tho .,.,,., •• ,.~e 
lo··~ ,., 11 ................... -~ .. .,_ 

<;,, n,._ ''' 11 "' "SO ol <ho ~'"" O ""'· 
''"'> "' "'"""" Oo<- fonl> (flon< '"'""'' tV) .hm lho "'" P>c. Lotl.ol .. ono;ono•fl>" th" n,. 
,;,. <h< p.OI) o!,.,......,,...,., .,.,,_ .. .,.,.'-"'Joc'"•lloo•U ........... ofo>o ....... JIPN 
.....,, ''"'>· PfV•I 11 ..... '""".t ... .,..,._ o noo, f/\"•0 U"""' l• .... 11 PfV ...... '"""''• Pf\'•1 ,, "" "'"" "'"" "''"""" ........ ~ ""'"'""· 

4 o .. 

• • 
Hoor~.,, n,,_ H• 1 Lf "'' odO ot '""""'' "'"""'" ,, .. ,.,. o ""' lotO 01 boooo~ f>o. lo<o bit O ol1ko ""''""''""· 

• • 
' ' • 
' 
' .. 
• 
' " -• 

.. ................. ~·· ...... ,_... . .,.. ............... .... 
"H '"' S Oop ~- ,,.¡ ,. <"'\lon<ll"' .,,, lho '"""'' .. J., '"'"''""' ¡pu) lo ,, ...... oou«l <IU ,.. 
ooll '"'" po.I•O PCU '"""" lollo•;n¡oddl"on ot "'""""' •••1 'l''"'olo ollh puhd KP ''""" ,.., "·• ................... , .... ""'" .. "'' .,.,.,_, 
Tt>< "'•" ·~·-··· ......... ..... Tho n,, h ,,.,,, •• t>o .... ,. • .._ 
Tho "''" "' Of "" .... ., ..... 
Tt>< "••" o "don'> u,. •• 
•,'>! tu1 ,,.,.,,. ""'"''"' oo .., -·""~ '"'" ol ,._, .,.. .. ...._ •r: "'''""""' .............. ,..,, ,,...,..,, .. .,.. .. ...... 
An¡ ""' of Oh< UU "'""~A.),~- D. f. H, ~ 
A•> • '" '" "'" r •• ~· '"' '"''""'" "'"'" '"" .. ' ••• th• ''~""' .. '"'"""'"" A•> 1 •-0.1 ,._.,,,.. r .... >t. •J40'<"·''~ t.~ .. < oOO••< f., H•o> i"'""""-
An> "'' ofO< >•o-• ""'"'' l"o'" IY • ··""" ....... . 
....... , ..... , .... q,, '"> 
, ..... "'" ",. .... <o, .,ll> 
,., 1-t.> .... ,;, ..... "" ·--· ............... (O< ··~ ........... , ...,,..., __ 

St;··.~.: .• ~Y OF n.J>G u.'Ei!/1-IION 
TA~Lf 6.0-1 
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Fr¡;u re 8.0·1 ¡, • '" ll\onory "f r h, el f «1 of drflor "n """u"''"" on rh• 1 wo t·nable flip ll~p •. 

AclÍOn Iff¡ lfF2 

CJ'U Reser o o 
DI o o 
El 

LO A,l • • lFF2 ~Paril)' lhg 

LDA,R • • lFF2 ._.,,Panry 0•& 

Acccpr NMI o • 
RETN IFF2 • lff2~JFF¡ 

FlCUil~ 8.0-1 
INTERRUPT tNABI.UOISAlllf FliP FLOPS 

O'tl RESPO:--.'SE 

A "~"'""bbl< inl<rrupl wrll bc •CC<pled al •lltuues loy the CPU. \Vhcn lhil<>ccun,lh< CPU'~""''' 
rh< n<~t insrruction lhol il fctchn and insrud doe, o'""'"'" ]OC al ion 0066H. Thus.•l b<ha.c> na<lly' u 
,¡ir ¡,J ~tcched' , .. .,, in>trO(tion bur, ir isto a locar ion 1ho1 is no1 une__pf lh< S softwaro '""'" loca· 
¡¡,,.,., A r ..ran ;, mercl¡• o eolito a spocrflc addr..., in p•ge O cf memcry. 

The CPU c:tn b< pro~ramm<d lO r<'>pond lo the m"ka~lc Írll<nupl in an¡• nne of lh«< p<mible 
mt\:1,•• . 

. 'lode O 

' ' . 
n.,, rnt.Je ü id<nl icoll o llre ~O~()A inl<rrupr r<>pon" rutrd<. 1\\lh lhi> m"~, ¡],. in ror rvp:irrg ,J<, i"" 

.-. .n placo •ny ínstrudion on \he dota bu• aod the ~PU wiH necul< >L Thlll,lh< inluruprins de•k• pn>
•·ide• th< ne•t ln<lruCtion 10 be exocured insread of rhe 'memory. Oflen lhi> will be • r«r.n in>lruction 
""''" the inlerrupling dnice t>nly n«d supply a <ingle byr. inSI 1ucrion. A!tem•ti•·ely, •ny otlr<t ins!ructíon 
'"'h •• a 3 by1< c. e loan;- l<>tation in mtmory could be execrr,.d. -

TI1e numbor of clock cycle> nCC«<OI}' io execute rlr;< in>l""';"" ;, ~ rnor< Iban lho normal number f<H rh< 
.r '" u<IJon. nri> o« U ti •in ce rhe C:PU auromotic.lly .. J,J< 2 w• ,, '''' "' ro an im< trupr '"P''""' C) d< ro 
ollP\\' !Ufficicnt hm< 10 implcmcnt •n e>.t<rnal dai>y e ha in for prjonty cOfll roL S<<li<.>n 5.0 illul!rOI<S rhe 
d<t•>l<d ti m in¡ for on in lerrupl rt>pOn><. Afl<r lh< application of RESET lh< CPU will o u lomar ic.oUy mlet 
inrcrrupt Mod• Q_ 

\lh<n rlri> m"d' hJ> b,•en ;d(cr.-d b)' 11" P"'E'·'"''"'', ¡¡,,.CPU "rll r.·>p~r·d lo"" ;u\erru¡H by 
<~•·.;urinso romn lo loc"ion OOJ!'H. Ti>us !he '"'P<'""' i> idmrrcal ta lh.lr far a non m»lwblt inl<rrUp! 
e>< ·pi lhat lh< corlll'-"aiíon is OOJ8H im~<ad of 00661!. Anorhcr d<ffc,.nc< ;, rhu rhe numb<r ofc;de• 
rcqcrred r~ cornplcl< th< P<>UIII irr.rruction r> 2 mor< rlr.m n<•lmJI due ro rhc rwo oddcd \\'3ÍI Sial«. 
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9.0 HARDWARE IMPLEMENTATJON EXAMf'LES 

Th1< chor•« ;, intendcd lo ,er,. •• • b-<ic in<ruduwon ¡o implemcnling •Y>'<ml wllh th< Z80-CPU. 

f¡~ur< ~ 0·1 is, di,yram of • >O 'Y •itnple Z-80 >}<i<m. Any Z-80 IYS!em muO! includ< the foil"" in¡ 
fo« dem<niO: 

l) Fi>< >nll pow<r>Upply 

1) Os..:tll11or 

3) ~le<llO!}' dev¡tCS 

4) 1/0 circuito 

5) CPU 

-· 1 

• 

•• •• ,, 

~ .... 
T ' 

•HOlT 

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

. l . GL': ,., . 
... o .... 

'" ' 
.... o 

''• """'' •• "• ·- -·· DATUU< ~ 

• 
IOOÓ 

. " . 
~ •<>•o "'" -•• Z00-"0 

"' = r--
' 

.,., . "'"' . 
' OUl'UT I~••JT 

CATA .,.,. 

FIGURE9.Q.T 
MINIMUM ZSO COMPUTER SVSTEM 

•• 

5o 

Sir .. ·c tho ZSO-Cf'U l•nly r<q\IÍ r<> • Owgle ~ >oll 'upply. "''''' '"'"11 •Y•''"" .~n b·, 'on>plow;nted ~•ing 
,•ni¡· n,;, ,¡,gJe •upply. 

The oSCIIIolor can b< vcry oimple sin ce the only requir<menl "thot 11 N 1 5 Yolt s.quare "''""· F01 
oylt<ms not runnin&•• full •p<ed,' simple RC ofCllblorean be used. llñe~ ¡he CPU i$ o¡><rited rie•r tltt 
hit~< SI P"""~l< frequency, > cry>UI .,..;ill.ror ¡, s<~<r olly 10qumd be<lll\t ¡he sy•~<m timing will roo( 
,.,¡, 1'<1< !he Jr i 11 or jiller 1 h >1 .m R(' nol work will t""""''. A <'I}'Sial ,., "Tiar<•r c.on be modo fr'"rn ;,., ll<n 
.• llJ" f,·" ,,,.,,.,. <umpor><'"" "' nrunvlrlhrc dr.uil5 .re ~i<l<l)' a<.,if.rble. 

The <>l<rn>l rrremor)' can be •n} mr>.ture of Uand"d 1<,~\l, ROM.<>r I'RO~I.In thh ounpl<, ,,rnple 
""' ¡,.., <hu~n • >insle SK bll R0\1 {1 h: by les) being urrlited u !he cntir< rrW'rnurv "">km. f<.>r thi• 
··'"rrrpl< "'• h.r• • •»urned th•t rh• z.go inwnol """'" '""n["' rtiun '"'"'¡.,, '" irr:;e.,, R<>d 'll'ruo 

'""<' '" :h•t '''"'"' R \\1 "'"'""•)' i>n<>l '''~«ir.·d. 

1 

. ' 
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FIGURE 9 O.J 
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1 1 1 1 '• 1 '· 1 T, 1 '• 1 

AOOIIIIG ONE WAIT STA lE TOAN MI CYCLE 

... ' . rsv ·-
• o o 

"" • • ' 

1... 
' 

FIGURE 9.0-4 
AODING ONE WAIT STA lE TO ANY MEMORY CYCLE 

. . 

\.'>;TER!' AC\r-;G O Y .\lA ~11C M E110RIES 

Thi• '"el ion il lnlellded only lo ''"' 11 a bri•f !ntr<>ductlon 10 lntolfocln¡ d)'nomlc mtmori<l. Each 
indiv¡du'l dyn•mic RAM h"' ""'l ing w•c•flouiuno th•t will rtqulre minor rnodiflc.¡icno to •h• d<.criptlon 
l!l'''" !lo" >nd no'al'<mpl "'11 be nlOdo in thi! dn.;uonenl 10 gl''" dotails for "")' purtkular RAM.Separ .. e 
•r~''' >1ion note< sl1o"'"& huw lhei.~O.CPU c.n be inl,rf.:cd 10 mus\ pupu\11 d) n,m¡c RAM"• are 
O'aol.ble frorn Z.ilng. 

Figure 9 O· S tllustrol<> the lot,ic nee<""Y lo mtorfocc BK by¡., of dyuamic RAM 01ing ]8 pm ~J( 
dyn•mic men,oriu. This fl¡uro •"umes lhol !h< RA"''•are !he only m<:mory in !he sys!em so !ha! A¡ 2 11 
u><d 10 s<lec1 belween the 1wo P•t<• of m1mory _ Dulin& rdrrsh 1 imo, all memuri« in 1hc syslem mu•t be 
••>d. Tho CPU l''"''d<• lhe propcr ref ro•h •ddre;s '"' bnes A o through A6. To 'rld •~diliunal rnrmory 10 
thc '-''''In 11 """"''""Y'" utlly r<pl.ce rho 1wo;01c·> IIJ.H "P'"I< on A 12 11i1h' ,J<eoder lh.il •·:''"''' 
un •11 '<<jUÚ-d •JJ '"" bi" F ur lar¡or 'l """'· buff<lillg f"r lh< •ddo "'' "" d d>r> l>H< ;, ¡)"' ll•"" ,11y 
«<¡uirod. 

··~ .. 
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11 1 "¡"' .,.,um< thll • <lllng '" t".ton•>r~ '"JI"'~ •1 lu<ation '"DATA" Í> to be mo>ed in ro anoth>t •••• 
,,¡ '"' m<>tY il<ll ibg J r ltn·J twn ··¡1Uf f CW' "'" il "'" ASC JI S eh >roe! er (u,.d •• si ring delimit") ;, 
r"""J. ter• "''" •«urnr th>L n,. ""'imum >lting len¡rh ;, 132 th•roctcr¡. Th• op<111ion c•n be 
r"formod,. fnlluW>: 

w 

" u> 
w 

LOOP.CP 

I.ND: 

" LDI 

" 

HL,DAfA 
DE, BUI'fER 
llC,Jll 
A,'~' 

(!ll) 
Z,ESD-S 

I'E , LOOP 

: ST All J JNG ,\DORESS OF D.\ TA 51 RING 
;STAR fiNG ADORESS OF TARGtf BUFFER 
; MAXIMU~t STRING U:NGTH 
; ST IUNG DEL IM l'l ER COOE 
;COMPARE MEMOF.-, (UNTL"TS WITH l!~ '_!MITER 
;GO TOE!\ O lf CliAR.K'fERS EQUAL 
; MOVE CIIARACTLR 1111.) ro (DE) 
: I~'CREMENT 111. A,_D m:, DECREMENT BC 
;COTO "LOOP" IF MORE fli-\RACTERS 
; OTIJU<WJSE. FAI.L THROUGH 
;NOTE: P/V I'LAC IS USEO 
; TO I~'DICA"fE TIIAT RECJSTER BC WAS 
; DECRU.lENTEn TOlERO. 

C_ L<l "' "'"''" <h>~ • lb-díg•l dt<im•lnumbe• repruemod in pack<d BCD formaJ (twc OCOdiglls/ 
Lyl<) h" '"o, >ill(i<d" •l1uwn in 1~• Figure JO." in ordor te m"hanito BCD muhiplk,.,on or 
dn "'"". 1 h< •'P<I•IInn nn be Jeco•nplish<d 01 followo: 

" 
'" U> 
XOR 

ROTA T: Rl.D 

'"" DJNZ 

ilL .DA fA 
II,COU!'-'T 

' 
'" ROTAT--S 

; ADD!l ~SS UF 1' IRST ¡¡y TE 
· ;SHIFT('OUNT 

; CLEAR ACCUMULATOR 
; ROT ATE l.EFT !.OW ORDER DIGJT IN ACC 
; WJTH DlGlTS IN {Hl) 
; ADV A]'; CE MEMORY PO IN TER 
; DECRE\IENT B ANO GO TO ROTA T lF 
; B lS NOT ZERO, OTHERWJSE FALL THROUGil 

JI byt.-. arr roquirtd fur this Dpttalion. 

.. --
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UJ/~2/76 11:14:J7 
LOC 081 CODE SfMT 

HllfJIU ~. li<,J'I~G 

SO URCE~ T;. l f~IENT 

"• STANDAIW E.\CilA~Gf: (llUiliiLE¡ SOR f RO!' fiNf •'' 

' 
' Al ENJRY: IH l"(JNTAINSADDRESSOFDAfA 

• C ('Qr\T AINS NUMII~R Of FLE.\JO;rs TO BE SOR TED 
; (l<C'<~S6) 

• 
' AT EXIT: DATA SORTEO IN ;.SCENJliNG ORD~R 

• 
' USE OF REGJSTERS 

'" " I<EGISHOR CONHNTS 

" " A TB11'0RARY SI URACE FOR CAlCULA TI O!'!~ .. • COUI\ Tf:R FOR DATA ARRA Y 

" e U::O.GIHOFDATAARRAY. 

" o FIRST ElEME.'iT IN COMPARJSON 

" ' SE CONO ELEMENT IN COMI'ARJSON 

" H FLAG TO ll'DICA TE EXCIUSGE 

" L u:-:usw 
' 

" JX POINHR JNTO DATA ARR~Y 

" IY UNUSED 

" """ 222600 " SORT: LO (DATA),HL ; SAVE DATA A!i.DRESS 
U003 CB84 " LOOP: '" FLAC,H ;INIT!ALIZE EXCHANGE Fl~G 

""" 
., 

" LO •.e ; INITIALIZE LENC rli COl'I'TER 
1006 o; " ooe ' ;ADJl'ST FOR TESTJNC . ., uo~""wo " LO IX,IDHA) : 1\'ITIALJZE ARRA Y I'O!NTER 
UoOB DD7EOO " NEXT: LO A, \IX) ; FIRST ELE.-'IE.NT IN COMPANISON 

'"'" " " LO D,, ; TE.I!PORARY STORAGE. FOR flE.IIENT 
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L80-CPU 
INSTRUCTJON SET 

Al"lC HL, u Aol1 ":-~ C•rry Reg. poil·• :~ HL 

r.oo A, n Add •• ,lue n toA ce. 

AOD A, r A•ld Fleg. r to Acc, 

AOOA,IHL) Addlo><:wan{HUtoAcc, 

ADD A,IIX•dl Add looo1ion (IX•d) to A<e, 

Ai''IO A, UYtd) Add lo;:atiun {IY+d) ta Ate. 

A[)O Hl, <S Add Reg. poi• "to Hl 

ADDIA,pp Ad~A<•g.p¡j,pptoiX 

:.no IV," 

AND1 

BIT b,IHLI 

BIT b, (IX<d) 

BIT b. (IY•dl 

aJTb,r 

c.:.I.L «, nn 

CALL nn 

CPDA 

CPIF\ 

1 '= "' 

Add R ·~- poir " to IY 

tc~ica) 'ANO' al ope,.nd < ánd A ce. 

Te•t BIT b ollo>colion (HU 

To1\ BIT bol lo:otkm (IX•dl 

Te•l BIT b o! R•¡¡. r 

Call "'br<>ulinl 11 l<>cotion nn if 
cond1liün ce il tru• 

Urcn1d1tionol ~11 JUbroulino al 
I:>Ution nn 

Complom•nt c01ry fl•g 

C<>mr-•'• ~;>erond s <>ith &.ce. 

-~ '"''"'< lv"aliun 1 HL) '' •-11-te. 
d: ot .n•<M Hl a~d tlC 

Comp>ro Jo: .. uion {HL) ond Ace.. 
d.o<mnOnl Hl •nd BC, tP~nl 

- <mlil JC•o 

<' .. .';•n~ol.ooation (Hl) ,.,d :.Oc~. 
¡,.,,,,,_nont HL and docromont BC 

Co"'¡>•re loc1tion IHL) and A<e. 
ine<om•.nt HL, r!oc"O"'"'" BC 

. :.,,,,.¡~·>o 

r ,' "·'"~.o.ll"- ·• .. ,~ 

. ., ,. "'··,-··.>~1m 

OEC IY 

DE(' ss 

DJNZ o 

" 
EX (SI'I, HL 

eX ISPI, IX 

ex (SI'I, IV 

EX AF, Af' 

EXDE,HL 

HALT 

'. 

Doc:•••riont Aeg ... ¡, '' 

O""'""'ent B •"d Juonp 
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E•c!'""9f'holocotioniSI'I., X 

E.ch•ngo thol<><ation ISPl : .. •,11Y 

E •<:hange the con1ont• ol Af 
and AF' 

C..chongo t~o contento el DE 
•nd HL 

he han ¡¡e lho content• of BC. OE, 
HL with<;cnton\Scf BC', DE', Hl' 
<<:>pocti•ely 

HAL T lw.oil for intorNpl ur r•><d 

Set lniiiTupt modo O 

S.t iMerrupl m~d• 1 

,., 
INA,(n) • • Loa<lthe Al:c. witll inpYt !ro.. 

'', ,dn-icr n 

INr,IC) 

INC !HLI 

INCIX 

11-JC (¡:~·di 

I"''C IV 

INC (IV+dl 

I~C r 

¡·c., 

'"' 

"' 

Load rhe Aog. r with Onp~t ~•con 
cle\·ic:r (C) ' 

lncro.~ont l<><:aticn 1 H Ll 

ln.:ro.ntfltiX 

le;.r¡ »<ntiV 

'""'· .. nont bcoti~n (IV+dl 

·~·.: •· .. ~·'' ;-: -"1· ' 

L<»d l>r:>tiun UlLI witlo inp~t 
from :•urt ICI, <t. •t·mont HL 

"-~ B 
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el·''"'"·'"·" B, < ";" 't uottH B-0 
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;,)p IV 

ó'OP qq 

PUSH IX 

PUSH IV 

PUSH qq 

AESb,rn 

"' 
AET ce 

HETI 

RETN 

U L rn 

"' 
ALC IHL) 

RLCIIX+d) 

RLC (IV+d) 

RLC r 

RLCA. 

1 ~.Jd IV wil~ oop ~~ rt"'k 

1 ~•d IX onlo •l<~~;k 

lo4d IV <>r.IO llaek 

Load Rog. poir qq onlo rtock 

R....,t Bit b o! operand m 

r.olurn f<o<n ..,broulino 

Rotum from oubrouline if condítion 
ce iotruo 

Roturn lrom inlorrupt 

Relurn from non masl<ol>lolntemrpt 

Ro1o1o loflthrou~h eorry oporond m 

Ro tato left Acc. lhr<>Jgh carry 

Rowolocalíon lfilllol1 cire1<lar 

Rototo local ion (IX+d) loh cin:utar 

Ro uro local ion ( IV+d) lofl cln:ulor 

Ro¡¡¡to digitloh and right botweon 
A~c. a~d locotlon IH l) 

"" 
'" 
RRCm 

ARCA 

"D 

"'' 
SBC A, o 

S8C HL, u 

Routo ri~ht tlnoo.gh ,,,,,·, >• 

7? Rot••• operond m ri;;hl ~rcul.r _ 

Rotate riy!>t citoul~r Aa;, 

Ro uta digít righl 010<1 l•h betw.-n 
Acc, a"d !o<:alion (H Ll 

Rel!.ort to loc:olion p 

SubtJil<t operand • from Acc. ,,,h 

"~ 

S..btr-act R*G- poir <S from Hl ,•,ith 

r , ', . '. ' ..... ry 

"' ' .. 
SETb,IHLI 

'ser b, llX+dl v 

SET b,IIV<-dl 

SET b, r 

, .... 
SRA m 

SAl m 

SUB 1 . ' •' 
XOR1 

S.! Bit b olloc:olion {HL) 

Strt Bit b <>1 loeotion (IX •dl 

Set Bil b olloc:ation IIV+d) 

S.t Bit bol Rog. r 

Shill op~rond m right arilhm.coc 

Subtract oporond o from A~:~:.. 
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Tto< :t-M) l'.r ,11,-1 1, U 1 PIO) ( ucu11 ;, • prugr ¡mm•ble, t"'o port devic-e whido pru'ld~s a TIL 
'""'P'uble ""•"' 1••• hct,.oon p<tiph" .1l devi,·o• and th< Z~O.CPU. The CPU ,. "'" ,onfl~ure 1he Z 80-PIO 
'" 1nt•·• '"''" "'11 h .o v. '"' r wge ~r P"'pher .11 d<><<<> v. nh nu 'Hher "''""al loKi,· roquir<d. T ypical periph<r.l 
de~ Í«> th.1t JI< r'ull¡. "uonp.uibl< v. "" tito Z80-Pl0 induJe n>U>tl<Oyboll!ds, popo r t•po re.tders ond 
punche>. prml<!>, PROM prutr .11\UU<h, <le, The ZI\0-PIO uHh>n N ch;nnel silic<>n gote depletion lood 
"' h11<>l••n .rnJ " P.l<kJged m .~40 pon Dll'. Majo!f leJtures ofthe 180-PIO induJe· 

• 1 "'" Hnl<¡><nJent 8 bu bid'""'""''¡ po:ripl"'' .,¡ onwf•~ ¡>U m wilh ·¡,,.,,d,hah' d>la U ansiÚ 

'""""' 
• In« rru ~~ d "'"" 'hand,hoke' fur fo" ~esp<ml< 

• M y une of fgur di"'"''' n>od.sof ''P<'"'"" moy be ,o!o.:tod for o purt indudin¡: 

By le oulput 

B¡.to input 

By'' bidirce~iuna! bu o (A •••l>b!o on Purt A only) 

1111 .. ontro! onodo 

Al! ,.,¡¡h interrupt c-umru!!od hand.tnk<, 

• o,,y <h "" priuri ty inl< '"'P' !u¡ie lndudo~ '" pruvl~< for ""'~rnali< lnt<rrupt ve.:torin11 wnltou t 
<XI<rn..J lugi~ 

• Eltht out pu¡, ••• ~opable uf Jrivin¡ Dulin¡tun ''""'"'"" 

• All "'P"'' '"d uurputs fully TTL <ompJHblo 

• s.n~l< S vuh •<>pply ond sln¡!c ph&>l clo..k occ «4Ui«~ 

On< uf th< umqt" froJtureo uf the Z80·PIO tll1t soparat<llt from otht~ tnt<•foce controllcro isthat oll 
doro tr '"'r" bo '"' «n the p<riphorol devkc ond thc CPU is accomplished undor totol intcrrupt control. Tho 
"""'"P' lu~'" uf th< PIO permil\ full ""'*' cf •h• oflkient lnterrupt capabiliti01 of 1M Z81).(PU during 110 
t '""'f' ''. Alllo¡i, """'-"Y to implomen< 1 fully nwed intorrupt struc ture ;, includod In thc PIO oc that 
odditiL111.1I ,;r.:uit> "" not roquired .. ~Mthor unique futuro uf the PlO !s that it con t:>o pru¡rammed tn 
intorrupt th• CPU on lhe c"c<l<ren"' of sp•,;i r.cd 111tuo cunditlons in tht peripheral duke. Fur uample, 
the PIO can be pru¡:rammod tu inturupl if any •podnod poripheralalarm cunditlcns should o.:.:ur. Thi¡ 
intorrupt capab •lit y reduces the amuunt cf time thal thc proceuor mu.at spend In poltina peripheral >!•tul. 



Thc C-h•l "'"d' '"'"""] '"~''"' i> lo•dod b)' th< CPU lu 'ti''' 1l1r de.,rrd <•¡><JJiin~ modo (b} 1< 
"'" 1'"'· l•) « '"1'" 1. b¡ 1 o bidi•<'l ionJI bu1, "' b11 conu~l mod•J- .\11 d't• uaosfcr be~~ cen tho pr1ipho"l 
d<• i•r ""'' ,¡,, l'l'l' " "h"'><d lhrough lh< dot> ;,pul •ud d11> NITput '"i"'"'· 0>1• m•f br """""" in tu 
1h: "ulpul "'g""' O)· lhtC'PU <>1 ~<•d ¡,.,¡,In 1ht CPlJ fr,,, th< inpu1 I<~Í"" at•ny !uno. TI!r hond>ho\,o 
],,,, '""• o.Md "11h "''~ 1'"" Jtt LJiod lo ••·nlr<>llh<· d,¡j ''"n>f<r l'><lw<<n tht PIO >nd lh< p<oiph<,.l 

d--~-· 

!11< ~-b11 "'"'' ''~'""' •nd •h• S-bi< wpul '<>Uiput oclrot "gom: •« u<tdunly in lh< bol control 
lll<•do. In oh" "'"d' :mr ol 1ht 8 ptriph<r>l d•10 "' '""""'bu> pim ~•n bt pru~"mmrd 1~ br '" onpul or 
an ""'P"' •• 1pr<ofoed b) lh< '''"' I<BÍ<I<r. Th< ma1\. ''~"'" i> u;od in tiii>J1lOd< m cnnjune>inn wllh • 
>1"'"'' 1 i11 Lm11p1 r,,, "". Thi• fo•HJr< allo"'' :on inl<rrupl 10 b<i'gtMrol<d "h<n •n~ or •11 of tho unm:ul.<d 
pom r<a<h a >p<<ofiod "'" (<llhtt high or low 1 Th< "-bol ma<k ronuol r<Ei"<r >p<dfie< lh< aeli"" '" 10 
dr<ir<d (hosh or l. o~·) ond if lht interrupl 1hould h< gono,l<d whrn al/ """"'l.•d prns ,-,. IC\l>e (A~D 
'""d" '"" 1 o¡ whtn an_o• unmnl.td pin is aclivr ¡OR condohon). Thi; fo•tur< rod .. cn lh< IO<¡Ult<m<nl fcr 
CPtl11 al u< checl.on~ cf lht J"riph<r•l br allo"ing on in1<rrup1 to be au!Om>l ically gon<ral<'d on •pr<>flc 
1'" iph<r.l '"los CPild 11 ic•ns. For •~•rnplt, rn ' S )'lit m w11h J al"m condil!<>m, 'n intttfllpl ma¡· b• 
~"·'""'d ,¡ •nr 1m<""'""?' if •!llh•er occur. · 

Tli: "' h'o' Hpl .:onl r<>llog'c ioc•ion h.lndl•• all Cru in1<rrup1 prolocol for n;ll-.d pdodl~ into rrupl 
<loiO.:Iur<\. Th,· pri""'Y or >O) dtvier ;, dtl<rminrd by ill ph}'•ial k>calicn in a dail}· thoin confoguralion. 
T~u '""' "'l''"'idrd in ooch PlO lo f~¡m 1h" d•i•~chain. Thr device clo~<Stlo theCPU h.,lhohigh<lt 
P'''''''l· 11·,,¡,,' 1'10_ P<>tl A '"'"'uploh•>< hi¡hrr prioril)' llan 1),~,., of P~rlil, In 1ho byt< onpu1,b~1i 
uu1pm '" bodu<<t inn>l moJos. an intorrupl c•n be ~enemed "'h'"""" a new byle uanofer ;, requu1od b¡• 
1 he 1"' nph<nl. 1 n lh< bil control' mude 111 intcrrupt cOn bt R<n<r•l od when lhr p<riph<-rol """' m"ch01 1 
prngta01unrd ••ho<. Tht PJO pro> idos for compltlo conuol ofnmrd imrirUP1o. That i<.lower p110ill)' 
d,•vicr> m•y not inl<rrupt high<r priorily dt•'i«l 1hat ha>< not hod their iniÚrupt oero-iet roulmt com· 
plrlrd b)' thr CPU. H i¡;l><r prwrily dtvietl moy mtorrupt •h• «rvtcing of l_ower p1iouty dtviÚo. 

'' 
1\'hon ;n oniOrrtopl i¡ otÚpl«< by lh< CPU in m<'llr 2, the inl<rrupling drvice rmlOI prevido"" 8-bll 

lnh r•upl """" for lhr CPU. Thi¡ Vt<IOJ i• u"'d 10 form .1 puinter 10 a lu<:>tioil 111 the cunlpUI<r momOf)' 
"1>< rt lhe >dJre" uf lhe it>torrupt orrvocr wutinr io loe>ltd. Tho 8-bil 1 "'"' from !he inlerrup! inf d<vi<e 
¡,,,,, th< k•<1 so~niftc•n• 8 bilo of •h• indir<tt p<.~inlrr whilr thr 1 Ro¡¡iom in tho CPU pr~•idts th< m"'t 
"~'ufi'"" b bu, uf tho poinler. E .eh porl (A .1nd B) h" on mdop<nd<OH inwrupl "'"'"'· The lr.$1 
,¡~"'r"'"'"' Oit ol lhr ~<<lor i$ autnm.,,call~ "' "'o O wHhin the PIO !.in ce 1he pointeJ muot poi ni tn ¡,.o 
.ldJ•C<nl on<onory lo.:atoono fcr a cumploiO 16-bn •ddtt$1.. · 

Th< 1'10 de<Pdts lh< RE TI (Relurn from int<rrupl) in<lfuction dirr~1ly fr~m 1)~ CPL' d¡l• b~• ¡o 
thll ••.:h PIO m the •r•tcon know• n allllm" "helhor il i> bting ¡.01\.iccd by 1ht ('PU inl<rropt ""'" 
"'"''"' " "lwu 1 any othtr commlonicatJon wilh 1hr CPU. 
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lf.l 

I~T 

A l> 1 H 

A RllY 

11 ST 11 

~ R!JY 

lnleJJupl En•blt In (input, OC!ive h1gh) 
·n.u "8'"1 i> "'"d lo form • prioul) iiJh:~rupl doi>Y .hoJn "hon m<H<th•n une inttrrupt 
d"''" devocr ;, beinJ u<ed. A hig.h lc«l un th" pin indkatn thol no ~theo devi<u ofhig.her 
prlouty .,, being <emcod by • CPU onlerrupt ~rvi« roorine. 

lnitJrupt En.ble Out {output, acti.- high) 
Tho lEO >i~nol i> thr OtheJ >ignol rrquued to form • d•isy cho.in pnout)" ,¡:htme. 1t i> high 
cmly of IEI n h1gh •nd thoCPU anol .-n•dn¡an ini<IIUpl fwm thi1 PIO. n>uslhis •itnal 
bl"'~' lu"'" pr wr u y devi~u f rom inl<ltuptlns .... ¡,¡¡. • highoo pnorlt¡ d01 i« i> btJn& 
«n ><<d b¡ "' CPU on1<nupt <ti\ ice rou1 in<. 

1 nlt rt"f_l_ Ke<¡u<ll ( ou tpul, ~1''" do•ln, ••1 iv< 1~"') 
1\'hen ]¡.,J 11 >ell'< tht ZRO·I'IO 11 oeque"in¡ .n 1ntrrrup1 from thrlM--C"PU, 

Pon A Bu• (bid iroctio,.•l, <ri>IJte) 
Tl1il 8 bil ~"' is u>ed lo rr>nsfcr dJU ond{o• >t•tus or <onl!ol infonnllion bot ...... n Pon A 
uf tl•o lSO PIO •nd • J'<liphoral Jence. Ao i> thc l<d>l <.ignifoc•nt bit of tho Pon A dala bu1. 

Port A Suobo Pul>e foum Poripherol DeVIct (wput. ottwe low) 
n.o rne•amg uf lhi• "~n•l depends un 11" mude of ope"tion oelectc'll for PortA .s follow.: . ' . 

l) Ou1put m <>do: Tho po>ili .. edre cf tl1i1 wcbe is iu~~ed by the ¡>eriP,erolto 
arknowledgeth< r<<tlpt of dlla madeavailoble by tho PI O. 

:!) Input mode: Thollrobo it i~o~u<d by tht peripherlllo load dota from tho periph<rll 
intn lh< Pon A input resi<l ". O. u ¡, loadod lnto th< PIO "hrn thi¡ si¡¡nol is mivt. 

3) Bldi!<CtiOn<l mode: When thil "¡nallloctl .. , data hom tl1< PortA output ro giste¡ 
11 !lttd ente Port A bidirenional dota bus. The pmiti>·e ed&• ofthe wob< 
•cl.nowlodge~ tho r<ceipt of the d111. , 

4) Conl rol modo; The ot robe islnhibil<d intemolly _ 

RegJ>IOI A Read)" (output, a.·tivo h1~h) 
The munin¡ of 1h10 si¡¡nll drpends on lh< modo ~f upowion ><l<ti<d for PortA al followt: 

1) Output m <>de: Thi< si¡n•l ~'-'"' "'"'" te indlcot< that th< Pcrt A output r<gi>ler hu 
boon h>aded ond lhe ¡>erlpherol d"' ~"' ;, mble and rudy fcr transf<r to th< 
perorhoral do>ice. • 

' 2) lnpul nwdo: ThiiSI~n>l """""' when lhe P~rt A 1nput "~""' i<tlnpty •"d 11 
"'Jy lo •u:<pt doto from the penpheral dtvlce. 

J) !lidir<etior1ol modo: This si¡nol is activo "hen dato is ovailable in the Pon A output 
r<gi>t" fcr 11insf<rto th< palpherol de>ice.ln thi• modo dllolsnot ploced en th< 
Por! A dJu bu¡ unltll A ST i¡•cti~. · 

41 Conlrol mode: Thi>si¡¡nollsdl.ablod •nd for.:td to olow mte. 

Po< 1 11 l!u> (b,Jirectional. tullO\<) 
l"his B b11 hHO" u>ed to tran•for data and/or o111us ur oontrol inform•tion botween Pon B 
of 1l1e P!O and • p<riphoral dr•ic<. The Post B dota bu¡ !s oopabli of ><>PPIYIIIJ l.5moé" 
I.SV '" d!lve Darlington umsi>to". o0 ;, the lun si~nifkant bit of tl1e bus 

p,.,, U Si~<•b< r.,¡,. focm P<tiph<r.l O.>oco (in~livolo") 
TI>< me.ning uf lhis oignol il similor 10 11>d1 of A STIT "'"h 1!10 followinK ne<ption: 

hilh< l'cort A ¡,jdir<c.,on•l modo thi' 1ignal >1Whe> d••• fro1n lhe pc:1iph<"l do>~« 
into 1h< Pon A Input r<ri>t<r. 

Rogi"" ll R,,J)•(oulput, .c1i>< lugh) , 
f"h< "'""¡"! of 1Im >>¡;tl•l >Hii!Ul11 10 lhal of A Read) "'ith the fciJo,.ing <>C<pl.on: 

In lhe P~rt A bidirtcliunol mod< lhi>"Sn•l" high wh,·n th< PunA input regi!ler 11 
<mply <nd ro•dy to•rcept d•li from th< peripht"l d<>~cr. 



4.0 PROGRAMMING THE PIO 

~-1 RESEl 

Th< Z~O-PI O '"'""""''JI!¡ <lO!<" o rtkl >Ul< "h<n ~"'"'" i¡ •pplied, The r<><l m te pe<fo<ffi> <he 
f<>ll"~'"~ ILw<li""' 

1 l ll.•<h pu11 llW~ «Si>"""'' <<kl to inlubot all pon dala bi15 

~~ Puol Jot• bu¡¡;.,,,"'' ><tlo' hi~h imp<d>nce •t•t• •nJ the R<ody ··nand>ha~e"sign>l>are 
""'ctive (luw). M<>de 1 is aulomatkJIIy ><lected. 

Jt lhe ve.:tuo >ddre» rogimrs••• 11~1 '"'''· 

-11 Bo>oh pnrt interrupt<n•ble o;~ nop> Jte ""'· 

5) B,th pu1 1 Oulput r<&i"<l>lt< 1<><1. 

ln •dJ III•>Ol..'_!Uh< lUIQm>tic puw<r OJ!..lt><'l lhe PJQ COO l>e r<><l by !.I!,Eiyin!..:!.'! ijT "!Oll withuut 
the pt<><" "' t ni J RD u< 10 'i_Q >i&n• t. 1 f n~ R () ú< ~ 11 d<!ectoJ d uring M 1 the PIO will ento r the re;ot 
!<ate irn<nc•lillcl¡· •h<~ the ~11 "~n•li"" '"''"" The pUif"'>< ufth" rc«l isto a!luw a sin¡!< ut<rllol 
¡¡.>!e lo 8'"' <>~e • r<><l "'ilh·>UI o !"'"' <r down S<quencc. Thraappmo~.;h Wll requircd d<IC lo th< 40 pin 
P'''"~"'~' h11"1'''Q" 

Q.,,, th< HO h,11 enoer<~ oh, """""1 ofl" ""' rt ;, htld therc unt¡lth< PIO re.;ctveso control,.ord 
frum th< CPL:, 

4 ~ 1.0 1[)1:\G THE !NTERRUPT VECTOR 

lh< PIO hos be<11 .lmK'"J •~ Qp<r•te with lh< Z80.Cl'U u•mg 1hc modc ~ intcrrupl rnponS<, Th« 
mo>J< roquore, thot "" m1<rrup1 •ector be •upplled by 1he interruplinÍ de vice. Thit•c"o' ¡, US<d by rhe 
CPU tu louu th• oddr<» for the imerrupt Strvice rourme or thot po,r. This IC<IO! ;, ploced on the Z-~0 dJto 

•· bu o Ju ''"~ J" , "'"""V' .r. k no,. l<d~e ,·ydr by the hi¡hc>l priori ty d.-;,0 ••<iue"in¡ .. ,vkc ll lhot tim<. 
(Rcfcr •~ th< LRO-CPU T e<hnr.:•l ~bnu•l for det>ib on how :m in<enupt is So!lVk<d by !he CPU). Th< 
de>l!<d '""""PI ve;;to< '' l~odd intu 1hc P!O b¡· wriling aconuo!Word to thc d<>i"d po!t<lflh< PJO ,..,h 
lhC folluwr11g t'um1.11 : , ' 

" Do o; "' "' "' "' DO 

El_v· 1 " " " " 1 " k' 1 L •ianifl« <hll ~ontrol word i1•n ,nc•rrupl 

-~~· 
' DO" u><d •n ¡¡,, "·"' "' J n,, bit whidt ,..¡,,,¡,,.. c~u¡o¡ Y7thru VI !Ob< luaJ<d iniO lh< vector !Cii>l<r 

Al inl<nupl ""~nuwi<Jt• L inlt, lh• Vt<:!~r ~f 111• inl<nuptrn¡ pO!I willapp<ll 011 tllt Z.BO dat> bu• ouotly 
•• ,¡,.,,." m <he f""'"t >b"". 

• 

' 
. 1 
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lf ... ~ bl! ¡, "' '". on<.lhe .. ''""~rrc.ponJon.d.o.hlh hn< .. -111"" ""d •••n inpul. c., •• ,...,,y,•f•h• bot 
io '"''· IIL< lllo< ~Lit b< u"d J>dll ""'!'"'· 

D .. rrng \h><l< .l "1'''"''"" <h< ;uub< ><~u•l, 'lll'""d ""J tfl• R"dy line ;, hold to~ U.o.> m•y bo 
"'''''<" ''' J f"JI! "' r<JJ lrom J 1'"'' by ih< ZSOCPU .>1 .>lly tllu< duringMoJe J op<<•'"'"- Whou ruding 
• P~rl, ''" d•t.> r«urnoJ to th< CPU .. ,11 b< """'P''"'d of m pul da u f<um poli dA!> bu> bn<> u01gneJ &l 
tnpuo, pluo p"rl outpuo "~"''' dJIJ fr(!OI lhu>< h<><• O>li¡n<d "' outpu.,, 

4A S~.rf1!\G THE INHRitUI'T CONIRUL WOI([) 

Tlo< 1nt< r rupl corrnol "'"'d i'oo uch J>O<I 11 .. che follo ... ini fotrnat: 

"' DI 0' DI DO 

f:: .... -T ANU/ ••• ,.... ~ .. ,.. --~c-cTI· 
""'"''' OR Lo~ oollo•> 

-----=~~=-~"='=::=:!==::J 
u;od on M.,.J, J .:>nly >!&IUfoe> lnlorrupl conlfol wcrd 

U billl1•1 ''"' <nloorupt<oublo n•p nup ufth• PIJ<l <ll<t ~nd the por! n,;y ¡en<<ale an interrup!. Tfbit 
fH•O !he <I!Jbl•ll•~ ¡,re><! and in!rrrup!l m• Y nO! be ¡.:nera<od. lf an inl<rrupl i• pf!lding whon th< 
enJbk ftog ;, i<l." .,.,¡¡ th<n bo <liJhl•du•ttu the CPU inteuupl reque¡tline. Bit• 06, OS, and D4 are Ul<d 
onl~ with \lodo .1 op<rJtion_ f-lo.,.<•<r, .. tting bit D4 oí the interrup! contr<>l wotd during any mod< of 
optr•IÍ<N< ,.,u'"""" JU) prnd•ug int<rrupt to b< ""''· ThelO thr<e biu ore u .. d to ollow fe< inl<rrupl 
oprr,riorl in ~lodo J when Jny gruup uf 1M 1/0 lm<> go lo «riJin detlned stote¡. B11 D6 (AND/OR) dofLno; 
tho logk•l Op<<"'lun to b< p<rfom1N In pon monitor in¡. lfbit 06-1, on ANO fu:Jction ls spedr"'d and if 
06-o. an OR function ;, sp<cified. for oumple, lf tho ANO function la specified. oll bit• must 10 toa 
sprcrfioJ staro {•<foro ~n ifl!<rrupt will b< pnerat~d whilo tlu: OR tunctlon will ¡e norato an intenu¡>! lf any 
lp<OÍfL<d bit g<><l 10 !he JCIIV< 11110. 

Bit 05 d<i1H<> the active poiJ<ity oftlu: pon dJ!l bu• line tu 111! monitor<d. lfbit OS-I tilo po<l dot> 
ltn<1 are munLtured for 1 hjgh """ whilolf os-o th•y "ill b< mUilitored for olow 1111< . 

• • 

[f b<t 04-t th< ""'' ~onuol wurd ,.ni tu the PIO •itu11 d<nno a m•lk •• follows 

07 Ot> O:i O~ 03 O~ DI DO 

Only tho>< purt lin<i "'ho;e ""''bit;,'"" I!.'Íll be moniiO<N fe< ¡ener>tin~ ¡n ont•rrupt. 

" 



5.3 fillJII<H'fiO.-.,\L MODE (MOllE 2) 

n,;, modt ;, motel y • ocmbinotion of Modo O and .\lode t u•ing all four hand•h>kr hn ... Sine< n 
requir"' all four hne•, il ;, .,·ailable onlyon PortA. 1'>1ren thi• mode ;, used on Pon A, Pon B mu•t bt m 
to th< Bit Conuol \lode. The u me interrupl •«ter • ..,ti be- rotumed for o Mude Jlnterrupt on Por\ B and 
on input tr•mf« mmrupt during Model up<rodun otl'ort A. Ambigulty is "olded ifPon Bis O!"roled 
Ílr ap"llt•J nn•d< ,,,¿ 111' Púrl B "'"'" rogisl<r ir sollo inlubit all biu. 

Frru~< ~ O 3 !llullrol<s thr 11n1ing fur thi• mode. h ;, olmoU idmlicolro rha~ pro•·iously d<<.'ribtd for 
Mode O ,nd MoJe 1 \\ilh Lh< PnrL A hand<hah lino. u<td for culput cuntrol•nd the Por\ B lin'" mtd for 
<npul wnrroL Tilt d•lf<r<ncr btt~un tht t"'o modo• i• that, in Mode 2. doto is aUov.ed uur unto th< bu1 
""'l ,.¡,., lh< A "'"b' "Ju,.·. Th< mio~ <dg< uf ¡hi• 5\Job. con be ""d l<>lilth lhe doli inw 1h< r<Tlphorol 
•incr ¡h,· ,t,,. 1<111 rem"n <lable un!il of1t1 lill< rdg<. n .. input P"'""" of .~l.•de 2 ope!11e5 idernlcally 10 
~lodo l. Sule lhaL bolh Porl A ond Pu1l B rnu" l10•e Lheit inLerrupU enobled lo ochie•e on inlenupl drhen 
bHii,.niun•l Han5ftL 

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

..JVUl.rL JUlJlJ(UliUlJ¡_n.rvum 

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

FIGURE; !;.(>3 
PORTA. MOo"E 21BIDIRECTIONALI TIW..NG 
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Th• f""phoral mu11 not galo doto unto o poli d•lo bu• wlúle A STB ls •<li•<. Bus cumenlion i• a•<'id•ci 
if th< p<ripheul "'"' B STB to gato in pul dala omo 1he buo; The PIO um lli• B STB low l"el10 lolch litiS 
d•u. The PIO hu bcen de<lgned .,.¡,h' uro hold lime roqui,emenl for lh< doto when bl>hing inlhis mude •o 
lh41 1 hi• •imple &Jiing suucture can be U'<d by th• prriphtul. That io, th< da u con M di~abled from 111< bu• 
in1med1010iy aflu lhe llrOb< ri1in1edge. 

5.4 COr-.'TROL MODE (\10DE l) .. 
ll1o con1rol modo d<><> ""' uiLlize lbo ha11J•h•k• si~n~ls •nd • norm~l por\ 'W!ÍI< or pon re•d ""be 

o>ecul<d"' "")" 1ime. 1\'hen writinB. 111< da u ,.,u be latchcd inlu oulput regis1011 with lhc somo timing 11 
Mude O. A RDY will be lurcod 1uw when•vor Poli A" operued in Modo 3. B RDY w1U b• held low "h'"'"' 
Pon B 11 op• r~led in Mude 3 u nlm Pon A ls in Mode 2. In lhcbttor ene, the ,¡.,, of B RDY wUl OH\ be 1 ffect<d. 

wt.en reodlng lh< PI O, th• dl!> r<lurn<d 10 1he CPU will b< compmod of out pul regill<r d111 frum th<»e . 
pon d110 lin" "'ignod " uut poi s and input regiller data from those por\ dala liMs llSSiSn•d " inpuiS. Tho 
Input «ghl" will comain do11 whlch wu prestn\ !mmodiately. prlor to l~t fallin¡ odg< of lff). Se• figure S.0-'4 . 

• 
••• 

... 
'"'" 
•• . . 
o,-o, E .... """ .. 

"""""''" '""':~:.. ... ; . ·~ ... -... -................ ·-
FIGUIIE 5.0-4 

" 
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FIGURE S 0-2 

RE TURN F ROM INURRUPT CVCLI: 

' HTGHl$1 PRIORITV PORT 

( ~URT lA PORT 18 I'ORT A PORT 28 ' •• '--'- "' "' "' "' 1 El· "' "' '" '" "' "' "' 
1, PRIQRITY INTERRUPT OAISY CHAIN BEfDRE ANV INTERRUPT OCCURS. 

'. ·. 
UNDER SERVICE, ' i Hl "' "' e o ' e o 

'" "o "' "o '" "o '" . "o . 
2, ~ORT 2A AéOUESTS AN INTERRUPT ANO 1$ ACKNOWLEDGED. 

" 

' UNO R SER '" ' SER CE " '"' "' i Hl "' e o e o ca 
1 F.l "o '" "o '" "o '" "o 

J. PORT 18 INTERRUPTS, SUSHNOS SERVICING Of PORT 2A. . . ' • 
JI¡ . " ' 

' '" "' " ER E CO LETE SER CE RESUMED 

Í Hl "' ' "' e o co 

'" "o '" '" '" "o '" "' 
" " 4_ PORT 18 SERVICE ROUTINE COMPLHE, RETI ISSUEO, PORT 2A SERVTCE RESUMED. 

SERVICE COMPLETE 

i Hl "' "' "' "' '" "o '" "o '" '" '" '" . &. SJ:~ONO RETI INSIRUCTION ISSUfD QN COMPLETIQN Df PORT 2A SERVICE RDUTINE • 

FIGURE 6.0·3 
DAISY CHAl N INURRUPT SERVICING 

" 
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FIGURE 7,0.2 

EXAMPLE 1/0 INTERfACE 

'" o 
• o 

~; .. ,,oh< p1oper in1rrrup1 vector ioload:d (refer lo CPU 1-hnual for delails oo thr operallon of 1he 
Jn1Crrupt). 

lJ7 D6 DS D< Dl Dl "' DO 

V~ k Vl o 

'· . 
ltrL<I~h 11< then <nabJed by th< ri•ingtd¡< Of lh< {1151 m 1ner 111< inlenupl moode "'O Id i• ><1 UOI<>S 
1h11 M 1 dcnne• on onurrupl ocknowl~ cycle. Jf 1m a• k follows the in1e1wpt m Me ~<·ord, w1wup" ,,. 
<rlobl<d b)'lhe d1ing edge oflhe r,,.¡}.tJ followmg lho,.ltln~ of lhr mask. ..• . 

Data ton now bo uonsfr rred b<l"''" the p<rophor•l •nd 1he CPU. The timin¡ f or 1hio lran•f•r is os 
d<>coihed in Seclion S.O. ,,, r•~ 

• . .. . 
' . 

.. 



... n imorrupt tuntr~l ~·<JJd "'.''''""' to tho port: 

"' o. "' "' " D' Dl 00 

~EJ " 
'-"•bl< '" "·"" M•ol 
'"''"'r" ~..,,,. ~ .. ~ F~lloWt ln"""P' tonuol 

D7 06 OS 04 Dl u• DI DO 

Ir:_' -,-:¡__:-=., _L--"'-GI]_· 1 ' 
S d' c1, AS , Al and AO tu ho ""'" 1 Lt•tod 

¡..;,,,.., of,, -c·J>·,(ll puu, l11gh lovrl on lmeA5, AJ, 01 AO, an intt<rUpt r<qu«l '"11 be ~weraltd. Th< mo!.l. 
~··•"1 "'·'1' "'""' any uomb,nltion of inpulS 01 o~tputoto c.ause on inttuupl. For •~•mple,if the mosk 
'""d oh<>>< h•d becn: 

00 

" 1 " 1 " 

th<n "" mlorrupl "q""' :¡:ould •ilo oocur if bit A7 (Sptdal Tnt) of the output 10gister ., . .,. 1111. . . 
A I<Umo tha1 lh< full~wi1111 porl lllllnmontl ••• 1<> be uvd: 

EOH• Pon A Dato 
ElH•Po~tBDato 

E2H• Pan A Cumrol 
1 EJH• Pon B C\:mtr~l 

All po•t numh<rs .,, m hn>dedmol nolllion, Thi1 poniculu •s.siKJUII<nt of pon numbe" i< cun><enient 
IIOC< A o of lh< oddr<ll bu• can be US<d IIth< Port B/A Sel<el ar>d A¡ o(!h< address bo11 can bo u>td •• 
th• C"<•IHroi/Dola S•locl. fh• Chip Enobl• would be !he dO<od< o(CPU oddr•" bill A1 thru A2 (liJO 00). 
I"OI< lhal 1[ only • (," p<riph<IOI dovi«• aro btlng uud, o Chip Euablo docl>d< m•r nol b< requu<d siiiC< 
a hlgh<r ordor oddr.,. bil couldb< used di,.clly, 

91 



Ah.,;,[utt• _, l:t ..:imurn R~ting' --, ........ , .. .,' .,,,." 
~ ...... '""•"•'•·• ...... .,., .. '" , .... '" 

""" ' 1 .• '·'"''" 1 
•·~" '"'•e•·· " 

s.,. .. r.J ""'"'"'' "'~· .•.. , '"'""''' 

ZXU-PIU ami Z80kPIO 
D. C. Char:<t'lcrbtic~ 
<' •u'•- '" .,.., v., • • v, •: ..oh ... .,, • ..,,"'·""" 

!, ...... 

v,u-

' 111{' ... 
'" 1 ..... , 
... , .. 
'" 
'" ,, "" 
··~ 
''" ;¡;;,-.; ... 

" " 
"' 

'""""" 
·~· ..... t .......... ,. 

'"' '"'"' 11·~· ,.,.,,,,, 

""'":.: ....... ,. ,.;;;¡,,,;; ¡-;;¡¡-;;;-- -----

"P·" L "" 
,.,,,,,, " 

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

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

--
- - --
- --

" ' ' ;,. <>• ;¡,,. L ,.;,, < .,;;.:; "' 1 '"" ,. : ¡, ' " Ou ' .... ¡-;;.-;'¡ :T,;;;;.,";";;" •• ~· 
"""'t .. ,, .. c ....... '" ....... w ...... 
,-,,,.,,-:;;-¡;, "' ""'"' 

-·-· 

-

..... ~· -" " -..... .... ' - .n .. 
'!U v.;---- " . 

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

--

·u;;;-
• 
• 
--~ 
• .--
"'' .. .. 
•• .. 
~ 

93 
~'"'"' '""" '"''~ '""' "" ...... '" ,, '"'""'" 
ll<•••O "''l ''"",_""'"'Jo"'''''"",¡,,_. 
'""" • """ .......... , ,..,¡ ....... ~ ........... "' 
lh< J""'" '""' ..... , "'""' ,,,,., ... '''"' ""~ 
'""'· "'' •• ''" "''""""'' • -" '"' 1 .......... ,"_ ...... ~ ~ ...... ~, '""""" ................. _ 
""'"' ·'"'''"'"' •·• """''' r"· .,, . .,, ,,.,,' ...... "'"'"'''' 

AD OC ,,., OC'"''""""'""'""'" O loo"'"' loo 
"'' ''"'""' ............ "'"' • .. 

'" • uo~• 

- Tno Co<Wl"'"" 

..... ,~ ... 
'o<< •• , .... 

v,N·o •• v.,. 
,Vour•l•••V-< 
VO~T•OOV 

O<;VJNCY,. 

"oK • '-
"ur • ""fl 
~"1 B 0•1 

.. 

Package 
Configurntion 

Pack::tge Outline 

¡-------~··----

1:."-::"":L]"",- -: U :::· 
..e U- co_c~ccucc e-

.. - • .. ·- " .. --~ • ... ,;;....- - •• ...... __ ,__ • ... ~ .... - • ··- • ··-· o ...... , __ 
·-- • .. - •• •• 

'• 

-·- " • 
' .. " .. • •• " •• • ... 

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

•• • o 

____:==::'='=·:- ---- --·--·---



"' 

·--<'" ···-
' 
' 

1\ 
---~·""'- -----. ---- ' ' ' 

..... ______ 
-oo.,~-

'a""'J------Ir- ;¡ ' --~ ~---
' 

U }OO"J 

__ ,,.,,,•'t==X 
tt 

' ' ' ,-
--- ' 

"- ---- 1--=~:.:. _____ 
iOJI 

··~ -
.. M .... r-• ' 

--------K"~:·~ ' 
------' -

- ---IOU,., ¡-

!COl ... _ 
r 

• ¡----... .,~ --

: Yl . -~.· ' -
' ' ---

·-- -.. -1 ' .. -
• >' • 

" r .. ~ .... - -
1\ 

-.,. ..... , -·~--1 ----
!Co"""•oo~-

~-•. ~ - ' 
-

'"'""' -;-;;,_ •o••.., ¡:; 

[\_ 
-1 .., ... 1-f-..... ,.~~~-.-r-~· . .., 

~'rL';:n-·-v-c}-
" " ,....,.,-1 ""'' ··~· 

M> .. ,...,,. 
•• ., 

-· ,.. •• ·~ro 
hlo· .... 11 >>01l 

~ _,_ 

·~· 

'• '• ....... 

r.o"' 
•o•o .. ., 

•on• 

..... ...... 
... 

"' 

" 

---------,----~~---
wr.Jli'!!J(J :lUJUU l'.)'V 

• 



' . 

,~,ji ' 

97 
1 • 

' 

. fECH~TJCAL MANUAL • • 

' . . 

' 

' 

' . ' .. . . 

' ' 
' 

" : .. . 

. ' 

. ·. . ·' -
' ' 

. ' 



~~~~---

C•!11Cral lnformation 
lO U 

Thc Zi<{k~IO l'>criol lnput/Output) i~ a du•l·i-~Áim.l 
rnulli-f u 11<'1 iun r>oriphcr a 1 !'ompontnt d~1ip1cd ro <atisfy 
• "id< \Jriot) of <erial d,¡3 cómmunicati,,n;rcquirc
""'"lS in mic·rc•,·omputcr l)'<t<ms, rr, bJ>i< funclion i< a 
'erial·tO·parall<l, par allel-•o·<<~ial co~• crler kunl roller. 
hur-.,.ilhin 1hat rolc-i1 i< configurable by 'J"<mS 
><>fl'•••• so il• "pc"onali1¡· .. can be opllrn'lled for a 
si•tn serial dala communkation1 appliearion. 

• 
The Z~O-SIO ;, hJ.'ilhlc of hlon~linr >~<yncliiOnOul 

i\Od <yÓchronnu; bJU-oricm«< Proto.:uls such as IBM 
Bis) nc, and s¡ ncbronou1 bir-oricmcd Jii<iaicóls mch as 

~TRUCTI'HE 

• N·channel .•ilimn-8••• depl<tion·load tochnology 

• 40-pin Ot!' 

11 Si11Bie ~ V P"""' >upply 

• S'onglc-phaoe S V dod. 

• All inpu1> and owpu" !TI <"~mpatible 

• T'-'0 inder<ndem full·duplu channcls 

• Data rates in S) n,;hronou¡ or ÍIOI)'nchronous modes: 

HDLC and IBM SDLC. This •cr.atilc dcdco can al•o be 
u-.ed 10 support •inually any othu •erial pri:11ocol for 
applica1ion~ other than data 'ommunicationo (ca"ene 
or floppy disk interfac~s. for o\lmple). 

The Z80·SIO can generate and ched. CRC codes in 
any S)nthronous mode and can be programmed lo 
ched dala inle¡¡rity in urious modes. The de1 ice al'o 
has facilities for modem controls in both channcls. In 
applications "here these <ontroll are nol needcd, the 
modem controls can be u~ for aeneral·purpo .. 1.0. 

1. .0:3~QK"b1íi/i"a-oiid:"Wiih 2-:s ·M Hz i¡ stCm doc~· 
rate 

• 0-881JK bits/¡econd with 4.1) MHz ~~~Jem clocl. 
rate 

11 Rteei•er data rcgister> quadruply buffcro:d; trans· 
miner doubly burrued. 

• ,,.;y,;;hf~no~~·f.;t~re's:l 
··: •. $';.,6;;7_ ,or t l>iJ~<ha_~~·}C' 
.. • 1, 1 V. or 2 110p bits 

. ~ E•en, odd or no parity 
• jtt:":X 16,- )<32 and x 64 dock mQtles 
• Break generation 'nd det<Ction 
• Parity, o•errun and framin¡ error del...::lion 

---~-·-~--~----------------
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thc , h"'"d ,¿h-'•d b; "' ¡;- <;.". r, rs ,J .. :a ¡,, ih~ 't;•u (a 
a-;,d "rco.I!Í<•n). 11-h,n ,-f. and j(j"Q ·"•acti•o, but iW is 
ir. .. cli•t, ¡he ,¡,·,nnd •tl<-ct...:l b; s .-\ i• "-ri11cn 10 by 1he 
('PL' "ith r•tht·t daoa or cnnorr.>l informalion as <!><'Ciried 
b1· c,[i_ i\1 mcnlioned pre•·ioully, ifiORQ and iJi art ac. 
tiH •imull.ln~nu<ly, o he cru is ackno .. Jrd¡ing an inter· 
o upr and o he Z80-SIO autmnatkally place¡ ia inturupt 
'wor on the CPU data bu• if il is the hiJhO<I priority 
Jcdre rrquc;tins an interrupl. 

iifi. R.>flrl C_>cle Sta'"'· (input from e PU, arti•·( lo"·). 
lf iiO ¡, .,,¡,e, a mornory or t•O read opcration is in pro
~'t". ¡¡--¡; ;, u-.d ~<Jth Bl¡, IT and oORQ to'lr..,der dao.a_.., 
f 1 \''n t~e ZMl-SIO to. the _cp_u. 

HE~I::T. R~;n (ir.put, acti•< lnw). ,'\ low RESET dis
•hle• bnth re,·ei•·ers and rrommitten,-ro""' r.o.- and 
1' DB mar~ins, roro e• the m<>d~m conuol• H igh and di•· 
~!<les all interru¡"'. Tho;. runtrul < <gÍSlo;{i .Jn~S! .Rr; O!<> 
~ '<IT<n· "ro rr- t he ZR0-510. _;,¿:;~t. _•n~ -~~f~!• .P.!'.~.t'i. 
or~n>mitt<¿ "' reuivcd~ - ' 

J. U~ 
l.ow). V..'l-.m<hc.Y,b0-510 i_s rcquc<ting ao intrrtup .. 11 
pull;.t¡..¡r. Lo..-.~ -......._ __ ._ · "· -'•"·' ---· ... -. 

WIROVA, \\'tRDVB. H'allfR~ady A, l!'llitfRrud· 
(¿U_IJ>]I~.fo'!?~-~ra.J!l.,¡•;hcp. p[o¿ran,.ro<d ft>r \1,-',.jt f• 
tl<>n., i(ro>tn Ho¡h and low "h•n pro¡;rammcd to¡ 
Re3d) fuoction). The.., dual-purpcs< nutpim ma)' be 
programmrd as Ready lin•• for a D'l" controlkr oras 

<1,\'air •in~-#lai ·~~~~hronil< fl1e ('!'l' to the ZSO-SIO ~" • a 
-.t"J•- Thc J<'<1 >ta.te is opcn drain. 

Cl SA, CTSB. C'lror To Send (inpyt~. active l.' o~. 
When programmed as AUIO Ena"bles, a lo" 'on •h••• 
inputs enable• the respcct'ovc tran•miuer. lf no• 1''0· 
~rammed as Auto Enables, rher.e inputs may be pro
~rammed as gentral-purpole inputs. Both inpuT< aro 
Schmin-trigge¡ bÍlffcred tn accommod•tc >IO\\'·ri>otime 
inpun. Th~ ZS0-510 dctec¡¡ pulsts on thm inpuls ·and ' 

(; inwrupt~:;n¡:..c,u· iiii'bo1h iogic le• el t ran!it ioil-' The 
SchmltHrigger inpuu do not guarantee .a >p«ifi«J 
noise-k>tl mar¡iri; · . ,,. 

IU. fnt~nupl Enab/eln (jnput, acti•e Hi11h} This •ig- Dci)A, DCDB .. Data C11rrier Drt~<l, (inputs, a,;he 
·,-, jj';1, u•ed "i¡ h lEO to form a priority daisy e ha in when Lnw). Th••• si¡nals are similar to th< CTS in pul!, t>c<pt 
ohcre is '""'' than one interrupt-drivcn devi~ J\ Hi¡l),. they can bt us...:l as r<eeiv<r enabi<S. 
~¡¡ this lino indicates Lhat no other dnice of hi!htr pri- ---. -
orit ¡ Íl bcm¡; 'en ice<Úi¡· ·a -¿pi, iniÚrup'r •~rv'oCc i<}orifñe'.'"' "~R~•OA~- R~Do;-R.:;.;.¡;¡-_; 'Dá11l (input!, ~CIÍ' e High). . - ........ 
L~;o. lnt~r•upt Do~bl~ Out ¡outpuC'activt'Hisf¡). lEO 
,, H i¡h <>nly ir tEI ;, H i¡h and 1 he CPU is not servicin¡ an 
int~·rupo fwm lhi• ZRO-SIO. Thus, lhi• signa) hloch 
lo~<er priorit;· de~·ice• from intcrruptin11 "hil< a higher 
priorit~ dc•·ict i< hcing >cl\ic<d by its CPU interruptl-<r· 
•ice rnutinc. 

' ., ~.[ •• •• ... •• 
' ' ' ' 
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(.T.úlA',TiinfL: ~;.;~;-;oit Diiíti (o1upuu, active High)-. 
~R•(';(', lt.ríi.• ~ ... -.-;,:,r:Ciack.s'(inruts). Sce ¡he fol· 

lo"inJ section on bondin¡ optiOns. The Reccive CID< 
~ay be.' l; 16; J~ oi 64 time\ 111~ -~ata ra1e i:n as~>:hr .,. 
fl<>~Jd,6;. Rccfi-e data is samplcÍ! On ihe (hing'ed~,-
of R•C. • • .,., r--· .. ""' ,..,._ . ' 
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Architecturc 
1U4 

fhe J~;j.;e IOIC!nal "IUCIU!C inclt1d~ a Z80-CPU iniCI· 
rdcr, inlern•l conuol and imerrupo lnsk, and two fuii
Uuple. channcls. A"ocia1ed ,.;,n each channel are rud 
.nd "rile re~i~lcrs, and di~cre1e control and 01a1us logic 
1h01 r•~· idcs the irnáfoce lo modems or 01hcr cxtrrnal 
d~•-i.:es. 

Thc r<od and "'''" re~isoer ~roup includes.five 8-bif> . -- . . -· ~ 
~onaol re.~mer,•. "'" s;nc.c:hara<le~ :•s:<~_•':\ •~d L"'"-> 
;;,,tm·"·~o>l<"· The onl~rrupt '"""'''""\len '"'" an 
;<.!Jioi,•r.al S-bit regi<ter (Wriu Re$i>let 2) in Channcl B 
1h01 ma) be rcad through Read ll.egi>tcr 2 in Channd B. 
The rcgi''"" for bo1h channcls are desi¡;naled in the le>t 
•• f<>llows: 

\ ~~o- y. ~ 7 :·.:.:.. Wrio e Registeis Q 1 hrough 7 
•. R~P-RII.2 ·· ":;-- Re~d Re¡is:ci-'l ó ohrougll2 

The bit ""ignm~m and functiooal groupin¡'of cach 
rc;i'r~r is configur~d 10 ~implif}' aod organizo rhc pro
gr~mming proces;. Tablc 1 illuslrat~s lh~ funclions 
a,;i~ncd ro ~ach rcad or "rir~ rc¡i<~er. 

R;:g,;-~;-;,",;;n1ers, CAC '"'"•'''"· iMiali,.llon·com- f1 
mandl lor lho •ario u• mO<lu. etc. ' : ~ • 
:¡,;,;,;;,-,-,-.~.-.-,-,;;-,-.-,:;;-, -.;-,-,-.-,.:c,c,.c,',c,c,c, c,=,:,c,4J 

WAO 

<1<1rnr1ion , ~-- - ___ _. ________ --------·' 
\',R2 lnte"YP1 •ector ¡Cnannel B only¡ r • ... ---- ----------·---------j• 
WOIJ _ r.e_<•~.?~!~~~~ ond ~~:~'• ·--··-- • 

Tran>mr11Roco"o miocellanoous poram01oro ondr~ 
\','A' mooes .: """___________ ---~ 

Tronsmrl ooramel ers and conl<ols ¡ i 
..... - ------------------~. 
S¡~~- e~~~~:_·•~ or SOl=-~·· lretd / ¡ 

1 -------.0 

--- ·-----------·--· ------ -----

Tho lnsi< for bmh ohanncl1 pro\ld<5 formals, oyn
chrOmlation and vali<htion for data uamfcrrr<lto and 
fr<'m r~c channcl in<~lfacc. Thc mndcm control inpu" 
Clt·ar 10 ::;cnd <.O.:I~) ~~~d Data Carrier Oettct lOCO) are 
m<'ni<or<·d b¡ lhe di.or~l~ <<'ntrollosic under program 

• 

' 
conuol. Allthc modem control <irnal< are g~n~••l ~~
pose in na1urc and can be u1~d for funclions oth,-r lhan 
modcm conuol. 

For automatic inrerrupl \CCIOring, t~< interrurl ~on· 
rrollogic del~rmines "bioh <:hannel and "~i.:h de,;,-. 
,.¡¡~in lhe ch•nncl h., the highell priori1y. Pri.:rrit) ;, 
r;~ed ,.¡¡h Channel A as<iHned a higher priority lh~n 
Channel B; RecciH, Tran>.nit and E•temal/ S<alu• Jn· 
lerrupiS are prioritiz~d inrhat order ,.¡¡hin c~'h chan
nel. 

' ·-

Data Path 

The transmil and recei•c dala p.ath for each channel ¡, 
shown in Figure4. Thc ic;:c),·er has three 8-bi< t>uffer 
regi;lcrs in a FlfO arrangcm~m (10 providr a l-b;-le 
dclay) in addilion lo the 8-bir rec~iH shif1 regi"er. This 
arransemcnl creales addi1ional1ime for lhe CPLIIO •••· 
vice an inrerrupl a1 rhe be¡inning of a block of high
sp«d data. ,The recd~• <rror FtFO "ores parit) and 
fr•ming errors and orhcr 1ypc1 of Slalu5 informali<>n f0r 
cach of the _lhr~ bytes in lhe rec~i•e dar a F!FO. 

lncoming data is rou1cd rhrou~h <'Ot of sr>eral pth< 
dependin8 on the m<Xle and charo-'"' \cnBih. In thc 
As)nchronous modc, suial dala is emcrcd in 1he 3-bit 
buffer if i1 ha< a charact.r l~nglh of se,~n or eighl "ia, 
or ;, enterrd in 1he S-bit recri>e <hifl regi;ler if it h~' a 
len~th of fi•~ or .;, bit>. 

Jn the S¡nchron<~us ouode, ho""''· thr dala parlo" 
determincd b¡· rhc pha.e of lhe recoi•e 1''""'"'' curtcnrl¡ 
in operalion. A S)nchrcinoul Re.ciH operation be¡ rnl 
with lh< r.-.;rilcr in 1hc Hunl rha<e, durm¡; whic~ thr 
rec~i•er searchcslhe incoming da• a su··•m for a bil r••· 
tern ¡hat noa1ehu lhc prepro~rammed "·nc ..:haracre" 
(or nags in 1ho ~rn <:- mod~). Jf tho dc•i<• ;", r"•gramm,d 
for Jl.lonos)nc Hunl. a malch is made "irh a srngl~ >)'nc 
charaCI<r s10rcd in "'~'- In Bi>ync Hunt, a match ;, 
madc "ith dual sync ~harac1e11 srored in "•• and "~'-

hl cithcr ca<e ¡he incomin~ Jalapa""' ¡hr<'uth the 
rce<Í\C s~nc re~i!MI, and is comp•red again<l thc prn
grammcd I)'OC chara.:ter in w~~ or "'~'- In lh< Mono
s¡nc modc. a m•tch botwecn tho sync chara-t~r prn
g•ammed inw W~l and lh~ chara<'lcr a<1cmbled in lloc 
recei>e s}nC r<@i"cr c51ablishe> '~orhrnni1a1inn. 

In th~ fli>)nc modo, ho"""'· inc<'niÍn~ J."a 
1hif1<d lO thc rorci<e <hifl roli'Tcr 11hile ¡he r.c" rit•ht 
bil5 of 1hc m.->O$e are ""ombled in rhe ,,, .• ;,. 1¡nc 
n•gi>ter. Thcmat<h bct"·ccn lhc a1-.mblcd ,·haracw m 
lh< reai•·• ''nc rogiSicrs with lhe pmgrommed ""c 
chara.:1~r in " N• and \\ R 1 establi<h<l '' nt·hrvniiOtiun. 
Once 1¡nch1nnii~lion i1 e"ahli<h<d. incnminy dala by-



\'.)'"'"''"""'data in lhr trammit shift rtgi,lcr ;, 
fr '""'¡;uJ v.ith <1311 and <IOp bill and i~ shifl«< ouiiO 
o he l'.rn,mil mllllirl<\cr >1 lho •drc~ed clod ra1c. S~n
chr~'"'"' (.\1onm¡·nc or B;l)ncl d•l• is shifttd out 10 
lhr or.rn<mil mulliplo~er and aloo 10 thr CRC sencra1or 
~~ lhC x 1 dt>d ralc. 

~DI.<>f!Dl e data isshif1ed r>ullhr<>ugh !he 1cro in~cr· 
ti<>n Ingle, ~>hich is di<ablod "hile ¡he naxs Jrc bcing 
"'ni. Fur all no hu ficlds (addrc11, ccrn~rol and framc 
ch,·c \.) a O is i nrcro rd followi n g f" c co n1 i¡;OJ<:>us 1 's in th e 
d~o;¡ strcom. Thr c~c grn<rator rc1ult for SDLC data;, 
;;!10 rou¡rd ohr<>u¡;h the >rro in,cnion !C>gic. 

Functional Description 

Tilo fLOnc•ional capabilitics of lhe ZSO-SJO can be 
de"ribcd from '"'0 d>rfcfrnt points of vicw: as a dala 
,.,.,.,municatiom dCI'ict, it trammits and recci'e' serial 
d,""• and mcCis thc r<quiremenl• ofvarious dala com
n.uni;:ations p•o•ocols; u a 7.80 family ptriphcral, i1 
inooroc1s "ith the ZSO-CPU and othor Z80 ptriphrral 
ci,cuill, and <har~s th~ir data, addr~ss ond conuol 
bu""'· a<"'" a• hcin~ a pan of !he Z80 inlerrupt struc· 
IIHe. As a pcriphcral to othrr microprocessors, thc 
Z~O-SIO offen 'a!uable featurcs such as non-vtc~ored 
imerrupn, pollinl! and simple hand<hakc capabilities. 

Th• fim rart of the followin¡ funC<ional dmriplion 
de-. rihe1 1 he imera,·t ion between 1 he CPI! and ZSO-S 10; 
th< «cond pan jn¡roducC> iu dala communications 
c•pabiliti ... 

110 CAPARJUTIJ::S 

fhe ZSO-SJO offcrs the choice of Polling, lntcrrupt 
[' ec10rcd or non->eclored) and Block T ransfer modes to 
''""sfer data, llatul and control information 10 and 
from the CPU. The Block Transfer mnde can be 
implemenled under CPU or DMA control. 

P<rllin¡. Thc Po!lcd mode a~oids inlerrupn. StatUi 
r<fi51t'fl RRO and RRI are upda1ed •t appropriatc limes 
for each func1ion beinl! ptrformed (for enmplc, CRC 
Error Slatu< •alid a11hc ~nd ofthcm"'••ge). Allthc in· 
lerrupl modcs nf thc Z80·SIO mu<t be di•ablrd to 
opcrate lhc de> ice in a polled en,ironmcnl. 

While in in Polling 'cquence, !he CPU naminc< the 
'latus containrd in RkO for cach channcl; the RROslatus 
bi1> «f'e asan adno"ledge to the Poll inquiry. Thc 
"'o R"O <Talus bits Do and o2 indicate that a rccei>e or 
tr.ul'!nil data transfcr is nrfficd. T~e <tatns aloo in
dic.JLes Error or otl,<r 'rcci•l ""'"' wnd,lions (,ec 
"l'O-S!O Pr~~ramJning"). Thr Spec1al R~<ci>e Condi
ti"n \lalus rontainrd in ~Rt do., not ha.-. lo he r~ad in a 
!'r>llin~ .cqucnc·c becau<c lhc llatul hil> in KRI arc aC· 
nllnp•nkd by a Rccci>r Character Available "atus in 

' 

106 
lnltrrupls. The Z80-SIO offcu an elabora!~ inttrrupt 
<chcme 10 providc fast interrnpl re1pon1~ in rral·time 
applicaTiom. Al mcmioned earlicr ,'(:~ ii1ñ<l; B'~J;ilt'hl _-, 
:._~>o.~l!-~d ~lll.!'OJ:II~_I'.ll'll:inlcrruptYoi:ti>r lhilt.poinu to -

\ an J.'!.!$::rupt .so;;r:~ i<i,~. H~ll1iº•. i~;._l~~-pemorr T o '"" 
O~rrauoM ln both channels anil1 o eliminate 1 he nccr. 
sity of" ril in¡ a status an1lysi~ rou1ine, the ZSO-SJO can 
modify !he inlerrupt •·cetor in RRl so il poinls dircctly to 
onc ol eight .intcrrupl scn·ic~ routinH .. This is done 
under proaram_control by ~enina a program bil {\\RI, 
D¡) in Channel B called "Statu¡ Afftets Vcctor." \l'hcn 
this bil is ut, ohr imerrupl •cctor in ,.-Rl is modilitd 
accordinl! 10 thia<si~nrd priori!)' of the 'atious ínter. 
rupling conditiom. The table in lhe \\'ritc R~¡illcr l 
descriplion (Z80-SIO Pro~ramming leetion) shows the 
modilication details. 

T ransmit intcrrupts, Rrcrivc intcrrupts and Exlernal/ 
Statu• interrupn are the main sources of imerrupn 
(fiBurc S). Each imerrupt ~ource is enablcd undcr pro
J!ram con!rol wilh Channd A ha,·ing a higher priorit)' 
lhan Channcl B, and with Receiver, Transmil and Ex· 
tcrnal!Sialus intcrrupls prioriti1td in 1hal ordor withit; 
each channel. Whrn 1he Trarumil iiurrr~pt is cnablrd, 
!he CPU is imerrupl«< by the tran¡mit buffer b«rJming 
empl~. (This implicsthat th~ transminer ffiU$1 ha,·e had 
a dala charac!er wrill~n inio il ~o it c-an become empt)'.) 
When rnBbled, thr re.civer can intcrrupt the CPU in one 
of lhree wa~1: 

• lnlerrupt on (111 recei'r charactcr 
.• lnltrrupl on aU re.ci•r chariC!ers 
• lnlcrrupt on a Sprcial Rece,.·e condilion . . . 

lmcrrupl On fir<~ Charactcr is !~picall~ U>Cd with !he 
Block Trarufcr modr. Jmerrupt On All ReeeiH Chata< 
ttrs huthe op1ion of modifyinB 1he intetrupl oOc1or in 
the ev~nl of a paril}' error. The Sptcial Rccei.-r Cond!· 
lion intcrrupt can n..'<:nr on a chancter or mc!r$;tg~ bd>i> 
(End Of Framr inlcrrupl in sot.c, for C>amplc). Thr 
Spceial Recrive condilion can cau1e an interrupl onl) if 
the lmrrrupl On Firsl Rec~i .. CharactC! or Jmerr~pt 
On All Rrcri'c Characlrrs mode is sel<cted. Jn lntcr· 
rup1 On Firsl Rrcrh e Charactcr, a o imrrrupl can occur 
from Spedal Receioe condilions (Utcpl Parit~ Error) 
after ¡he 11rst rcceive charactcr inlorrupt (rumpk 
Rece;,, Overrun intcrrupl). 

Thr main function of !he Extrrnal/Stalus in1~rrup1 ;, • 
10 monilor !he signa! tr<mitiom or'lhr crs, ll(D and 
¡¡v;;¡c píos: ho" e ver, an Extcwal/Siattis intrr rupt i1 al<o 
cau"d by a Transmit Underrun condili<>n or by the 
dclrc1ion of a Break (A<~nchronous mode) or Abort 
I~DI e mode) '"'1"""'" in thr dala >tream. Tho interrupl 
cau<rd by the Br<akiAbort <equence ha1 a '~'<'"'•' 
lcature that ,,¡¡Q,., iho Z80-SIO 10 inh•ffLtpl "h<n lht 
BrcalJAbon '<"<IUOI>Cr is d<·tceted ur rorminollod. This 
fraturo facililalrs the prnpor l<'fm1na"on <•f th< currrnt 
mo"a~e. wrrcct initi~li<ation of tht nnt mo"df<, and 
the a.ccuratc timinR of 1hc Break/Ahon conJition in 
O\lernallngic. 



-. -- -
Asynchronous Operation 108 

ro rN"th t or rr~.,,.,,¡, J·11 • ir• •h~ ·"~ nchr('nnn• mO<l<."'" 
thc l.SO·SIO mu;; :'e,.,;,¡ ,¡;,·d wrth rhe follnwin! pa· 
'·"'"""; clr.rrgOer lcr.gth. '''''~ I'\.lt. ll.Uilib<l ol ""P-"" 
~~~-. "'<" ur udd parir y. inrcrrupr mude, dnJ ,.,.,;,,, of" 

·:rc .. t-mincr ~r.at¡k Tht pdr~""'"' are loadtd inlo rhe 
:o I'J''•'I>' iale " ri<t rrgi•t~" b)" 1 he '"um proeram. ""R• • 
p:·'·"''"''.,. rnu<t be i"l!'d.bcfor~ v.~r. V.Rland Wlil 
1'"'"·'" l<ro·ur CO:nlll)~l¡d•. 

11 <f.e dar a·,; rr:in¡m\ricd c~<'r a modr;m or RS:!.~2C 
i1>1<rfoa. •io< i<H..)li""LSii-Q,c.<D rii.Tsr a"nd DAIA7ii'R--·"' 
;;-,;·;,;r,¡¡:,,¡y rD1'11 1 outpur. rr.u•t b~ .er alon¡ with rh
·r,,mrnil Enóble bit. Tr•!J.uni~li<.ln.i!_nnor bt!in until 
''!'" Tr.n•mir .. ~na~le bj!.JÜtJ-~..:· · ---~ M 

,. 

Asynchronous Transmit 

fht Tran~inir Dota outpr;! IT•bfiS hcld ¡r,¡¡r~\ng (!h~hJ· 
"hrn •h• tl"iln<mittrr hao no. data 10 •cnd .. Undcr pro· 
grarn co1Hrol. rhc Send Break("~·'· n,) command ,·an 
be ;,.urd to huid T•D spadng (lo") untilrhe wnur.a~d 
¡, dcar«<. '"· 

•IJ" 

"fhc A UH' F.r.o!>:c,· f t31Urt allows the programmd tO'~ 
<<nd rile r;,,, d"a char~crer of thc m.-ssas< ·,ocih? 
/.~~·S lO "ithr>ut ~2itin~ for ffi. lf tht ... UIO Enable5 
~ir ;, ·'~1. Lh< ZRO·SIO "'11 wart for 1h• CTS pln !O go 
Lo" b<fmr ir b~gin' data tran•mi,.lon. CTS, OC5 and 
~~·q .,,. ~cncr~l-rurpo<e ¡,o llne• thal may br ined for 
fullct]{•n• orbcr !han lheir l•hritd purpo,.!.Jf,ffi Íl..<(t 

t:<c•d fpr "no'' hcr plltt'"'•. 1 he A~IO Enable> Bil}!'_U~!,b!.; 
l''"~r~oH!nCd lO 0, 

Thr Z80·Sl0 automarka!!y adds lhe """ bil, tho 
proanmm«< parity bil {odd, "'" or no p.arit)) and tho 
programmtd number of 1top biu 10 tht data cha'""'¡ 
ro'b• ~rammittod. Whon rhe character Jen~th is .•i• w 
,., en biu, rhe unuscd.biu are aulomaricall} ignorcJ b) 

~ .rne ZSO:sJO: J r rh• char1cter len81 h is fiH bir~ or lts~. 
reftr 10 !he rabie in the Write Regiltcr ~ dc~cripti,>n 
(Z80·Si0 Prol!rammrng secrion) for the data formar, 

..Serial data is"shifltd·fwm T•D il ti~ia(e·..:¡¡u-ai"ro 1, 
.... .,.rl6th, l/32nd or J/<Arh of the clock·rate >uppli~d ro 

the'TTininiii dOck iñi>uT¡hq."Serliil data i• shift.-.1 
out on rhe fallin¡ «<g• of ¡ f•CJ. 

rigurc ~ illu<lralcs a>ynchr~naus m<l'ageJorma"; 
T.tble ~ >ii0\\1 "'Rl. WR' and 1\Rl "·irh bi15 sCJ lO indi-1 
.-~•• tho aprlica hlr mode<. par~m<tors and commands in\ ,_, 
a<~nchronou• mod••· "·R~ (Channrl 8 only)..,tor .. !he¡ 
irir~rrupl >eCIOr; WRI dofonei thc intc!Tilpl"modeo·:.itd 
dota tr~n•fer niOdr1. "'"RO and II"R7 are not u•ed lri a!yn. 
.:hronou• me>d.,; .. Table 3 'h""' thr lypical program 
•trps thal impiOffient a full-dup! .. rtttive/lrammit 
oporation in either channe!. ·: 

-- ··' . ' 
' l f ~Uh~_ E~lei'niifíStÍnu• -¡ ,;.:rruPt mode monit< . 

'Ího na\11\.0f OCD, CTS and S~ -.e rhre>ughout the U<U'>· 
·'missiop..Q(i!t·~-~e..<a¡:c; if iheie inPUrs c'han8e for a 

period of 1 ime gr~at er 1 h""an lhe mínimum spoecified p11l '" 
width, thc intorrupl is gencrated. lo atransmil o¡xra· 
lion, thl• feature is used lo moniror lhe modem ronirol 
signa] rn. ··.;. •.¡. 

' ¡. .., 

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

1 '"" 

"''"""""'"'"V ... """' ""' or hl 

----

1 
. , 

1 
•• 

• 

1 :' 
• ... 

•• 

l 
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i";LE MOOE 
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EHROR MOUITO~ING 

TEAMINATION 
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WAO POINTEA ~ 

WIU INltAAUPl VECTOR 

WAO POINlER '- RHET E~HRNAL'STATUS INTERRUPT 

WA< I<SYNCHAOMJIIS loiODE. P.t.IIIT'I' INFOA ..... T!Ot< STO!' BITS 
tNFORt.U.TIOtl. ClOCK IIATE O<F"ORMHOON 

WRO POINTEJU 

' ' 

CO,_. .. ENTS 

RECEI"E E~A"'-E. AUTO ENASLES. 1\ECEIVE CH1JIACTEA , ¡J,¡ 
lENGll+ ,,;·1·. ,. 

' ' 

REOUEST 10 S< NO, TIUNSMIT ENA8lE, TFW<sl.wT 
CHARI<CfER lE>OGIH. DATA TER ..... Al ""A[W 

POU(TEA 1, AES(T El<TeOIP<.o.¡_ STATUS i>rrEIIIIUPT 

,..,_., !;··· 
_,¡_ ~' 
¡ ~ •, Roce;.. orKI T1.,.o.mot bolll luUy "'"al· 

,l>ed. AuiD Ena\lleS ...,;)1 on>tje l¡V-S

..,;~81 • m .. ac:tive an<l !W•~'\11' 1r 
~ ' · '' octils aal.... ,..,.- · 

WRl TRANSt.IIT INTERAUPl ENABlE. STATUS AFFECT$ VECTOII.: TrlltlrTo~Recetv. "''""Up1 """'" oo· 
IK!od. E•wnal ,.,........,P' ,.,...,~ lhe 
r1a1111 o1 tt>e m oro.....,~ -~P"'' 
and detecls lhe B•eaA soq""r~<e s•o•uo 
All- Ve<:tor'" Cha~ B only. 

INTERF<UPT QN AU. Rt:CUoiE CHARACTER$. DISAfllE WAI'fl 
RE"!)~ FUNCTIO<, EXTE ........ ..,.EA"'" e....aa.E • • 

' TI'W<SFEA Fo"liT DAlA ...... E 10 S10 

IF ~ CH~RACTf~ IS ~ECE/Vfillc 
• T~""SF~~ (JATA CHAAACTE~ T0 CPU 
• l.f'OATIO P(IINTE"'I ""0 PM\.WETERS 
• ~~TlJRN ;RO" _.,TEAAUPT 

IF TFW•SwmE/0 ~UFFER 1$ f .. PTr. 
• TA..,..SFEA OJ..TA C~AAACTEA TO SOD 
• UPOATE POINTiiRS ANO PA~A ... ErERS 
• AeTUAN FAO"' JNl(AIOUPT 

oF UIEIIN41. SfAfUS CHANGU. 
• TAAASHA RAoTOCPU 
o PERFOF<M ERROR ROOTINES (IHCI.UDE 6AEAK DETECTIONi 
o AETUAN """"' JNTE.I\JII.IPT 

IF SPECIAl AECEI"E CO~DmOI< OCCURS 
• T""NS-fER AR1 TO CPU 
• I>OSPEC0AI.{AA0A(EG FA ..... lNGERAOR)I'lOU"TINf 
o AETUAN 1 RO"' INHARUPT • 

" 

Th!S <11.111 1:>ytt1 <rult be '"'"''"''"'- no 
lransmol i<ll&rf14l!O will OC<;U", 

. . 
Pro>gritn ls -long lor ... ""O<NP1''""' 
l~e SIO. 

W!>en lhl lnt&rru~l occ.n, l~o i~l<t<vPI 
Ye<:lor io rr.odlllod b)': 1. Roco"·• c:oao· 
a<:lor Aoolloble: :¡_ Tr111omlt 8u:l~• Emp
IY, J. E"ornalt$1~1uo chongo. """' <. 
Speolal Ae<:olYI """"ltloo. 

Progam ton!rol" toanslotood lo 00'1• ol 
ll>o oighl OJior>upl '""':e <OUiooe• 

~ uoed w~h pmc.uoos 01~«< lhon :toet!O. 
lh& modllleod Of•lem.opl Yeolor (RR2) >'>nu'i 
1>8 roh>'nod to lho CPU., \NIIfl!flrt'-"' ...,. 
k~sequonce. 

Whlln "'"..,..., 01 '*""""' dalal••"''"' ·• .......... 
1t1 fr;¡r.oml, ll>o Al S..nt slltus t 
cates t<&MmiSSIOn •• complele. 
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SyñChronous Operation 112 

Bdnr~ d.:•cribing 1¡n;:hronou• trammi<sion and r~r~p
tic>n, thc thr~c r¡-pe; of charnrer :.yn~hronilation
.\1 """'l'OC, Bis¡·nc and E •terna! S:- nc--r«Juire ~ome U· 
plon~rion. The«: mode; use rhc x 1 dock for borh 
Tran,mtt and Rccei>< operar ion>. Data ¡, sampled on 
¡he rising edgc of rhc Recoi•e Clock inputrR~r. Trans
mi""' dara rran<iti<>ns occur on rhe falling ed¡e of the 
Transmit C'l<>c~ inpur ¡f;('¡_ 

Thr diff<ren;:e¡ ber"••n !'>lonos¡nc. Bis¡·nc andE~
r<r.,al S• m·"'" in thc mann<r in ~<hkh inirial character 
II'Ocbr~;,;,,,;un is arhic<ed. Thc modo cf opcration 
n"ru" be >cl<.:red h<fore l)nc characren are k•ad«<, 
hoc·"u<o the r<Ei""" are u<ed drfferemly in rhe 1arie>us 
mc>dc<. Fi~ u re 7 >hOw< rhe formal> f or all rhr'" of 1 he•c 
')nchronou> mod~s. 

-~'"""'·'""· In a Recd;e op.ra1ion. matchina a •ingl~ 
""' chara<:t<r (8-bn s)nC mod~) "ilh lh~ pro¡.ammcd 
,)n,· ch~racl<r MOred in WR7 impli~s characlcJ synchro· 
ninlian •nd cn.t\>b dala lransfcr. 

Bh)nC. \b¡.·hin¡ 1>~0 mnliruou• sync characten 
(16-bir '}"' rm•dc) ,.j¡h lhe programmrd sync charac
'"" s\llrod in" R~ and w~-: irnplic• charat~er syilchroni· 
;·ation. In t>o¡h lhe Monos¡nc ano:! Bi•ync modcs; 1\"NC 
is ""das an ou1pu1, and ¡, ac1h·c for lhc part of thc 

,,ccri>< dock tha~ d<Lrcn 1hc •¡·nc charac1cr. 

F.•h·rnol S)n<. In 1his modc, ch"aclei S)nchroni>alion' 
is Cs\ablilhcd cXLcrnally; SYNC is an i!lputthat indi,atc¡ 
utcrnal charaCI<r s;nchronization has been achie•ed. 
Afl~r lhc s¡nc panero ls de1<c1ro, 1hc <•terna] logic 
mu.l ,.,¡, for '"o full Recci•c Clock C)"Clcs 10 acti•aTc 
thesl"~<oc inpul. rhe SI".~C inpul must be held Lo" unlil 
oharactcr synchroninlion is loll. Charaeler a><cmbl; 
bogim on the ri>ing ed¡c of R.C thal prec~d•• ih~ fallin! 
cdgc of snlc. 

In aH ca"' afler a rciCI, 1he re<ei•cr is in 1he 1-!unt 
pha<e, durin¡ >~hich 1he Z80-SIO loo~s for .:haracter 
s;nchronintion. Thc hunl can. b~gin onl)" >~hen thr 
recci•er ;, enabled, and dato lransfer can bcgin onl) 
~ hen <harac1er syn.:hronlzation ha< bren aohi<• ed. 11 
charaCLcr S)"nrhtonilal ion ¡~ los1, thr H unt pha!c un be 
ro·cmered b¡ l'riling a con1rol l'ord >~ith thc En1or 
Hunt Pha'" bil 5e1 (WRJ. o.). In the Trammil mode. thc 
ttansminer al>~ays ~ends the programmcd number o! 
s¡nc bilS (8 or 16). In the Monos)"nc mnde, thc Lrans· 
rnil!cr 1ransmi15 from WR6; the acehor compares 
again~t "'"R7. 

In the Mono•¡nc. Bis¡nr and E'ttrnal S¡nc mcdes, 
a"embly of r...:ehed d111 continue. u ni il thc ZSO-SIO ;, 
re.ct, or umil1he re-cei1cr is di•abled (by rommand.or 
by DCO in th• AutoEnablc• mode), or until tj>eC:Pl:' 
the Entcr Hun1 Pha~e bil. · · ·- · '..._ .. .;. • 

M!!Slóf flOW -·- ,. - --
"" - '" ......... ~ ...... .. ....... ... ~ .... 

" " ,. ' • ' ' • 

.... "" ........ ......,.. .. .. 
i"'"'''"~--,--'---,----~1-
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" 

,. 
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D•r• Tron,ft·r l'•ing ",<IT:RI.~I!\, To !~e CI'U, the 
:r;;n,ation of V."Aii' indicares thar rhe ZSO-SIO is nor 
rr,;dy to arcopt dar a and rhat the CPl' must e.rcnd the 
o.11 plll '''de. T o a 0'1" con rrolkr, RE~ DY indicates t hat 
thc aan•mit t>uffn is .ompty and 1ha1 the Z80-Sl0 is 
r~.rd)' ro acr~pr rhe nnt dara choracter. 1f rhe data 
chan><·tor rs not loadcd inro rhelBO-S10 by the rimetht 
uansmit shifr resister is m;pry, the ZBO-SIO emer¡ ¡he 
Trun>mir Underrun wndition. 

m._,nr Tr•n>mit t;nderrun. In Bis;nr prorocol, f111er 
'~"'"''<" are in .. rred to mair11ain s;nC"hroniution 
"'""" rhe tfansminn has no data lo send (Transmit 
L'r:.f<rrun conditíon). The Z80-SJO ha• t'o\O,pto¡¡ram
""'~)( Of'líons for sol•in¡ this siruation: it ean inserr 
"n.: ,·haracrcn, or it can send the CRC" charaercr• gen<t• 
.1rod so faí, follo"ed ~y sy~c charae1ers. 

rhe.<e opriohs ~re undcr 1he control of the Re¡et 
T • an•mir U nderrun/EOM command in \\RO. Following a 
chrp or chnnnel re!et, !he Tr~nsmit Und<rrun/EOM 
, 3¡us bit (RRO, o6) is in a ser condhion •nd allows ¡he 
; 11 ,crtion of 5)'11C characters whcn there is no dala ro 
$en d. CRC'is nor calcula 1M on !he automaticall~ in .. r1ed 
"nr characrers. 1\'hen !he CPU detrcts 1he end of mes
,;rge, a Resct Tr~rr>n'it Underrun/EOM command can be 
isw<"<l. Th>S allows cae 10 be sent ,..hen the lrlnsminer 
ha. no daTa. In this ca<e. lhe ZRO-SIO sends cRC, 
follo"ed by s)nc charac1en, to ltrnlmate the me<$.a¡¡e. 

Tt.ere i< no remiction as to "'hcn rn 1he message thc 
Tr~nsmir Underrun/EOM hit o~n be '"'"t. /f Reset i• 
i;,ued afrer the flrsr dar a chorae1er has b«n !oaded the 
16-bit CRC is sem and fo!lo,.•d by syne cha111-'<t$ rhc 
fir<l time the rran,mirrer has no data ¡o send. Becau•e of 
tho Tran•mit Under~un condition, an Extcrnai!Sraru• 
intc<'UPI is @tneratM whenever 1he Transmil Under· 
run/Eo't bit hecomes '"'· 

J n theca'c of >yndmtrl ion, an interrupt is genera red 
o ni; afler.the flnr au1omatically inocrtM IY~ characrer 
has bccn"loaded. Thc 51arus indicares rhe Transmir 
Underrun/~oM bir and the Transmit B~ffer Empty bil 
••• ,et. 

ln rhe ea .. of CRC inscrtion, th~ Tun<mir Undcrrun/ 
FO-" bit i¡ ser and 1he Transmir Huff<t Empty bit is re5er 
"Mil< CNc.is bciog senr. When coc has be(n completdy 
><ni, thcTrammit B~ffer Empt; statu• bit is set andan 
1n1orrupr is ~•nerared ro indic-are ro th< CPU that another 
""'l<age can be&in (rhis inrerrupr occurs becauiC c~c 
hu boen ,.nt and s)·nc ha• bren loaded). lf no more 
mc«ogcs are 10 be sent; the pro~ram can rermlnatc 
transmi.,ion by resettin¡ •rs. al><l disablin& the 
rransrniner ("Rl, D¡). 

•'•d dratdelt" mo)' ~e senl by ><tTing rhe Z80-SIO t<l 
S bits/tran.mir chara<l<f and "'rir in¡ fF ro rhe tran•mit· 
1<1 ~hile <"kc is bci~g '""'· Alrcrnativcly, the S)nc char· 
aoror> can be redefined as pad characrers durin¡ 1his 
tirnr. The fol!o"ing e>am-ple ¡, rnduded"ro clarify '~" 

P""''· 

Tl>e ZI!O SIO iot&r<upro witl> the Too''"''' e .. ~l@', ~mp1y bol 

'"'-
Tne e"' •ocogni1eo th•t rho la51 cha<><l<• ''"' el the 
mess•go has altead y toeen un1 to tho Z80-SIO b, nomrn;n~ 
ll>e ,nretnal p•Og<om orotus. 

To torco tho l80-SIO ro send coc, tho CPU iuuu tM Resol 
l<an•m•l Undom.nl,.,.. lote!> commond •"·"~ •M utoshes 
\he rnUrrru~r wllh 1hO Re>el Transmol lnl•"vPl P-"M•ng 
commond. (Tnlo cori>mand pre•ents rno 180 sro !<om ••
~""'""g more dato) Becauu ol IM """''M uOder<un 
cowso<l by'"'' command, t~e Z50.510 st•"• send;og ene 
Ohe Z8o-S10 atoo cavses ~n E.r«noll51olus '"'~""P' w;rn 
IM l,..,.,~ Underrur>ft""' laten set. 

Tho e"' utlslleo tn,. ;nrer<upr by loodmg pad cha<oCIO•S in
to rno rran•mrt buller and ;,..,;ng thl Re,el E•1eonarcSt•ouo 
lo1errupl command . 

. '"·" ''·. 
Wl1h thlo ooo....,ce. coc,. tono .. ed by o P•~ Cha••cter in
atoad ola oyno. cMracter. N ore rnor rne ZI!O·SIO w;n inror
r~pt wao a T<anomlt Bullo< Empty into"uPI ""e'n ene " 
complerily f•"' ud tUl !ha pon cha<actoo '' ro~d'd into 
ti> o rranoml( .,111 fegloler. . •. , ·mt'l··· • ·- :~""!T-":", .... ' . 
F<om \1\IO ~oinl on tha c.-u can oend m<>Oo piod eM•&<:teoo oo 
oyne chor~elora. 

BÍ>)nc CRC Generatlon. ~ning thc ·Trammit CRC 
enablc bit (WRS, Po) initiates CRC a¿~umularion ,.·hen 
the Pro¡ram .. nds the first" 'data' charatter to the 
ZSO-SlO. A!!hough th~ Z80-S10 auromatically·tram
mito up to two sync ehiracien (16-bit ·~ilc), it is ,:..;,e io 
..nd a frv- more sync ch~nic1ers ·ahead óf rh_c me,.age 
(before enabling Transmir 'cRC) ro errsure >)'~chronil>· 
tion at the "recei,ins end. · -

Thc trammit c~c Enable bit can bc chanBed on the 
ny anY lime in tlle me.,age io"includt or <>dude a ¡>ar
ticOJiar data charat!er from CRC accumu!arion. The 
Tran>mit CRC Enable bil should be in 1he desirM """ 
,..hen the data characr•• is loadM from the rran~mir 
dara buffer inro lhe transmit <hift re¡¡i5ter. To en•u" 
tllis bit ;, in rhe proper S111e, the Tr1nsmi1 coc Enable 
bit must be i"uM befare sending !he dala charactor ro 
rhc Zli0--S10. 

Transmit Trafll>pO:t~lll M<t<le. Transparenr mode (Bi
>ync protocol) operation is made po«ible by !he ability 
ro chango Trao>mil oc Eoable on the fly and by the 
addilional capabi)it¡· of inseninc 1 6--bit syoc characters. 
F.•cJu¡lon of OLE ch .. rocrers from CRC cakulation ~"" 
be achieved by di-iablin¡¡ CRC cakulation immediarely 
prcciding the OLE ch~rac1er transfer 10 thc Z8!)-SIO. 

- ..... 
In 1h~ c••c of • Tran1mi1 Underrun condttion in the 

Transparont mode, a pair 'of DLE-SYr'/ characte" a•• 
•enr. The 7.80-SIO can l>c Programm•d ro scnd rhc PI.E· 
SYN sequence by 1oadin8 a OlE charocter into WRo anda 
•roe char~crer into WRl. 

Ttan>mil Trrmln~llon. fh< ZS0-510 is equipped ~ J 

<P<<ial !erminatión f cature 1 hat ma.inlain• dar a int<ir ;",y 
and 'alidiry. lf the !ransrnitter is di5ab!ed "hile a dar a 
oi s¡·nc character is bein¡¡"sem, 1lla1 chara~ter is sent as 
U\ual, but is fo!lo"ed by a markiosline rarhrr than nc 
or 'l"" ch•raeters. Wheo the transminer is di;abled, a 



,h;H.o.:~<·r in thc buff.r """"''ins in the buffer. !f the 
•rarbJnitter ¡, ~Í<ahkJ 'lhile r~C Í< hcing ><nt, the J6.bit 
"""'"'¡"'"" ís ,·ompleted, hui •)·nc is ••m in<tud of 
(" .... 

. \ l"'"~'·'"''"'d br.·.1~ i< .-ff,•cmca• •oon a1it is ><lit· 
ten ilot•' th<" amtrnl or¡•ÍIIer: ch.""'""'' in the tran<mit 
\>uffor .n1J ,J¡jf¡ "·~iorer are lo"l. 

In "11 mo•J"'· doar,lCinlare -.m "llh thc lca<t si~nifi· 
"""~ bi" fir<l. fhis re~uires ri~ht·hand justifi¡ation of 
lraMonilled data if 1he "·ord !ength is IC'SS than eight 
bit•. lf the ""'d leng1h i1 fi<e bi!S or lC'Ss, 1he >pecia! 
to.:hniqu< de•cribed in the \l"r"ue Regisl<r' di1nrnion 
tZ.'II·SlO Progr:.mming <ection) must be uoed for the 
do.o format. The >late< of on)' unmed bits in a data 
<h>r>CI<r or~ irrel<>ant, t>>ept "hen in the FiH BitsOr 
Le•l on<>de. · 

tr the E\ternai/Status !merrupl Enable bit ls .et. 
lr~n•rnitrer condition> ouch u ">!~flin¡ 10 o<nd C"RC' 
ch~ra(l~rs," ''Siafling to .. nd S)'nc charaCierl," and 
l'í1 ch~nging ~tate cauoc interrupll thl havo 1 unique 
HCIUf 1f $tdiUS Affe<t0 Vector i> .et. This imtrrupt 
nwJc onay be used durins block transfer¡, 1 

All '"'"""P" ma¡· be di,abled for operation in a 
Polled modo, or 10 a•·uid intcrrupts at inapptoprlate 
time• during lhe <><cution or. program. 

• 

Synchronous Receive 

1.'1 fiALJ.l." nON: 

116 

. . .. 
lf f,l<rnai!Statu> in1errupn are enabled, the)' may 

interrupt any time oco chanae• state. 

lnl<·rrupl On Eac' Ch:oroc!er. \\'hene<er a ,'h.,ractrr 
enters ¡he recei'e buffer. an iM~rtupt is ~enorated. 
Error and Special Re<eÍ\'C condilions genera•• a ,pedal 
•·ector if St3tus Affccn Ve<tot is selcctcd. OptiM3lly, a 
l'arit~ F.rror mar¡,., dirmed not to fencratr the speoial 
interrupt «Clor. '· 

Sprd•l Rncive CondiHon lnlorrupts. Thr Special 
Reccive Condition interrupt can occur only if rither the 
Re.-eive lnlerrupt On Fim Charactcr Only or tn•crrupt 
On Every Rocci>e Chara<ler modes is alw 101. The 
Special Receive Condition imerrupt is cau,eo:J by the 
Re<:eive Overrun error· condition. Sinre 1he R...-ei•e 
O•errun and Parity error status bits are latchcd, the 
elfOr' status-when rud-reflms an error in the current 
word in !he r«:eive buffer in addition to any P~rity o· 
O;crrun errors recei\ed since the last Error Re•et com
mand. These •tatos bits can only be reset by the Error 
resel command. 

CRC Error Che<Una and Tetmln.rion. A C'RC error 
chec~ on the re<:eive m~use can¡,., ptrform«< on a per 
charo<!er ba.io under pro¡ram eomrol. The R«:ci•t 
cwl." f:nable bit (WRJ, D¡) must be set/re;el b)" the pro. 
gram befare the ne~l character is transferred from tho 
receive shift registcr in lo the receÍ\e buffer rcgi<ior. This 
cnsureo pr.oper inclusion or ex'dusion of data charactcrs 
in the cae check. 

fl•~ ')'"''" '"""'""' illitiale5 tbe Synchronou• Receivc 
"l'n~IÍ<>n ,.·ith o he following paramettrs; odd or even 
r:.ri¡y, 8- or 16-bit sync doaracten, "1 doc:k modc, 
nc pol)nomial, rec.ive c~aratler length; C1c, S~nc 
<h•racre" muso be loaded into re~iittrs \1116 and WRl. 
Thc rec.i-.n can be enabled onl) afr<r all receive pa-

•:¡;.~- To allo>~ th CPU a m pie time to enable or di<able the 
I:Om<''" are set. WRo raram•.1•" musl be is•ue<l ~f$f - -eRe chC'Ck on a panicular'characler, the Z80-Sl0 <aku
WRI, \\K), "' 11 ~. WR6and Wkl paramcten ortlt~·~· latCl CRC cithl bit times afler the characler has been 

A flor thi< ;, done, therecci•er is in the Hum phase. Jt 
r.rnoin1 in this phase uniil charar:tcr synchronization is 
a(hie>ed. Note thal, under progrom control, all the 
lcadina 1ync charactero of the nJe><agc can be inhibil<d 
from looding 1he rccei•• buffers by seuing the Sync 
Chara,ter Load lnhibil bit in \\'RJ. 

JJ.\T A TR.\:-o'>fTR ASD STA"I ('5 MO,ITORI~G 

Allor .:ha1acr~r <)nO:hrunilation i1 achie>rd,-the as
'CIIIhled chJr""'"' are ~ransferrcd 10 the rereh·e data 
IIHl. The follo"ing four intenupt modC"S are a'lilable 
to tr~nsfer thc data and it!a"co.:iated statu• 10 the CPU. 

·"'" lnturupts Er.~bl,·d. Thio modo is u<«< for a purely 
P"llrd op,·r•<inn or for off.Jin< conditio"'. 

lran•ferred 10 the re<:eive buffer. lf CRC is enabled
beforo'the ne•t character is transferud, CRC ¡, calcu
lated on the tramferred character. lf CRC is di1abltd 
before the time of the·nu! Hamfer, calcolation pro· 
ceeds on the word in progress. bo• the v.ord joot lnns· 
forr«<1o <he buffer is no< indud~. 1\'h<n the~t rtquirt· 

· mtnll are satilfi«<, lhe 3·byle r«:ei<e data buffer;,, in 
eff oct, unusable in Bis) nc Or<<il ion. e ~e rnay b.- cnabl· 
ed and di•abled as many limo• •• nece"ary for a gil·en 
calculalion. 

' 
ln the Monosync. Di>)D< ~nd E'tcrnal S¡nc modC"S, 

the nCJFr~ming Error bi< (U l. o6¡ contains the com. 
p.arioon result of tbe {'~C che<:ker 16 hit times {ei¡ht bits 
delay and ei~ht shifts for c•c) after the character hu 
becn transf~H~d from·¡he recrive •hifl register tO the 
buffer. n,. r<"wlt ohould b.- >ero, indicating an error· 



FU,CT<ON TYPICAL PAOGRAM ST~PS • 

-----~--·--

U.·~o~li~E 

tCC,liNUED) 

DAlA TRANSF~IIAND 
STATIJSMQNITORING 

TEIIP.'.INATIO~ 

WRO POINT<R J fNABI,f I~TER~UPT 0t< "EXT REC{IV~ CoiJJ<',CTER .,....~ong 1M "'lel"'p\ modo poo•<l<< 

wRl RfCEIV[ EN~SLE, SYNC CI<AAACI EA lOAD ¡NH1811, EN TER 
I<UNT MQOE, AUTO fNABlE, R' CE;IV~ WORO LENGTH 

~ pogoom loopb.ack e""Y r • 
noxl u~oon-

WA1" oeossoed lo enablo ,.,.,..,,. 11e
ooivl CRC EnoDio onu!l !>e ••1 1~0' •e· 
,....,.,,.. so~ 01 srx c~o<ael~. 

------~---~- --
EXOCUI [ "All INSTAUCTION OA SO"'f 0THEA PR<X;R .... 

WNlr< WllRAUP1 Or< F"'Sl C><AAACl!A OCCURS. fH~ CPU OOCS 1Hl 
FO<LO ... IMl ' 

o 10\A~$ft10SDA1ABI'li!T0CPU 
o OrTfCTS .O.NO Sl:T~ "'PPROP6JAH >l AGS FOR COI<T..al. CHAR

ACTEAS (Ir< CPU) 

ReCeMt modo "loA)< ;,-;,.,,,ed ot'Cl U'le 

lyllem 11 w"'l>ng lor ontcor"PI ~n '"" 
ci'IO<OCIOl, 

Ou<mg '"" Hum modo, lhe SIC de;e<;~s 
!'wl> <Orlloqucx>S <I<Vacle<S lO eolabl">ll 
syn<h«Jn.z al ""' Thlt CPU esial:oloShe• l'oe 
PMA mode 8011 oll o~uenl dalo tM•· 

""'"'" ••• ''•""""Od ti)/ .1'•• 0'-'* 00" 
o INCtUOES'EXCI UOtS DATA BYTE IN CAC CHECKEA 
o UPOATES POII<lf'<S ANO CllHER PAAWETEAS 
o E""EI'. H "'"''"'F.-">Y fOA 0.0 .. OPERA TOQN 
o ENAIIlU OW. COI<TAOU~A 

I<OIIO< . Ttoe oonl!ollo< ' s al,o P' "9' •""' .o<J 
. , • , , 10 <:apt..-o _.,., Wra<:ter$lby ••om· 
.• , •• , inlng ~ U>o bo" VI&! tpE'Cif .o.scn 01 

~acboe C0<'11101 ct.O<o<lo~) anc1 onle<IVI>l 
o AE TUIINS f"""' INTU\IU.IFT 

"NEH ... r1.RUOY llfCO"U ACTM". !!<E O"A CONJifOU!ROOfS tlfl;: 
fOU.OI'I'IH<l-

o ~~·~SFEFIS DATO IYfE T0 ..... OIIY 
• o l~lC~RUI'lS CI'IJ lf A SI'ECIOL C""AACl~A IS C.O.PTVAE.O BY THE: 

O"' A CONli'OI.tER 
0 IN lOH~UPlS 1Hl Cl'~ lf THE l.O.ST CHARACT!i~ Of li<E IIE!>SAGE 

IS OEaCIEO 

fOI' .. fSS,OCE TER .. NATI(Ir< IN! CPU OOU IHi FOU.O ..... 
o ~~·NSrf.FIS ~A110ltft CI'U 
o SE T S ACI<INAK AEPI-Y"FLA(; a~SE;O QN Cf>C 1\ESUCT 
• UPOAlfS POINT<AS ANO PAfl<\l'i'l[RS 
o AETU~NS f~0"' IN TE~~· 

' . . 

foblo l. Blsync Aoul•o Modo tConlln_""<l) 
•· 

" 

"" CPU "PM ~""'""'- In ro-. 
ll'llt c~u e>;>tro,._t 1~0 ""''"' or cQt>lro' 
!:hor..,..,.,. and "'""' opprop,.lo ~01<011 
(o.g. CAC E""ble Updato). 

. ,, ' ' 



n ,,., rr:•.:<f,_r r·,¡n~ '"'"""pr<: lf rhr Tnln<miT lnrrr-·< 
.,¡~; T:u ,'-le ~Íl Í< .;_,,, .. o iÍ,¡crrU)ll i< t~n~ra!l'd uch Time 

:' ,. '· ~if "' ¡., ,-¡ ·~•· <'tnp:¡ . _Thc inttrrl!pl ma)' _hc <al\s· 
¡, .. ~ ,¡,~cr b) "riring an~th<r chara<:ter into rhe rrans· 
,,;.,,., ,,, b)' rr•<llinr rho Tr~n·lllit lntcrrupl Peoding 
h01dr "ith" Rt'<CI Tra:J•minrr Pending cnmarand (\\~o. 
'""o1r. Jf tho inr<rrurt is ,atilficd "ilh thi• ··ommand 
,,n<! nolhint mor< is "'iucn in10 rhc rr~n~min<r, rh<rc 
,1ro no funhcr ¡r¡,n;miurr imerwprs. The rc<uh is a 
rr,;n•mit Und~rrun condirion. Whcn annrher rharartcr 
is "rin~n and ><nl our, rhc rrammllr<r can again 
~'<'-<Hn< .mpr¡· and inrcrrupr the c·ru. follo~ing !he 
rla¡;' in an >DI e OJX'<alion, thc 8-bir addross field, con· 
:r,ol fiold and information ficld may b< scnt ro the 
;~(1-'i!Q usin! thc Transmil lnlerrupt modc. Thc 
J.'{l-SJO ~ran¡mitsrhc Fume Ch«k ••qucnc< using thc 
'fo,,:,mio Und~rrun feaourc. ' 

\\'hcn ohc "~"''"'""' ;, l'irsl <nablcd, ir is •.Jirc-Jdy 
0mpo¡ and oh\ iouslv oannorrhcn bccome emply. Thcrc· 
l.;or~. no Tran,mit Bufl~r f:mpry in!~r<uPh can occur 
umol ~flcr rh• fi"' daoa characror is "''"""· 

Whcn rhc ""'""''""' is rim cnablod, ir is already 
<mply and c~nnno then brcomc rmply. Tller<lort, no 
Trnnsmn Buffer Empty intrrrup" can occur un1il afl<r 
rhc lim dara characl~r j¡ .. rinen. 

tlala Tronsfu L'sin~ Waii/Rud¡. 1f the Wai!IReady 
runcrion ha• .brcn sclecrcd, WAIT indicat<I10 the CPU 
oh~t thc Z80-SIO is nor rndY ro acccp1 thc dalaand thc 
(l'l' mu;¡ nr<nd rhe 110 cydc. To a DMA comroll<r, 

,, kl ~DI indicaros rharrhe traoumincr buflcr is cmpty a~d 
oh>~ rhr ZJ;Q.SIO i• rcady to ac<epr rhc ne•t charac1cr. lf 
1 he dooa char>cocr i1 not loadcd ima the ZS0-510 by thc 
tinte thc trammil >hifo ro~imr is <mpty, th< Z80-SIO 
""'<" the Tran<mil Undcrrun condirion. Address, con
¡ rol and informar ion ficlds may be transfcrred 10 1hc 
ZIIO-SlO "irh rhis modc usin¡ thc Wair/Rudy func
tion. Thc Z80-SIO rransmiuthc Framc Check scqucncc 
u>ins lhe Transm'" Underr.un fcarure. '' · 

811 1 "''· 1111 & "" 

~IJLC Tran~mil t;n~rrrun/End 01 Mt"•K•· SDLl'·H< 
protocob do nol ha,e pro•·ision; for f1ll char.rrter; l'lilh· 
in a me><a¡c. The Z80·S10 rh~rerorc luh•onorically lct· 
mi MI~ an StllC fram< "hen thc llan,n>it d.,ra buffer 
and oulpul ¡loif! rr¡isrer ha>r no mooc bir~ to >end. 
docs rhis br fi<lt «'ndin¡ rhe two h¡·rcs Or r~c ""~ 
foJJowing rhese \\ioh onc or more nags. This rechniquc 
allows ~~•Y hi¡h->poed tran•missions und~r D\ÍA or CPU 
block 110 oonuol .. -i!hout nquirin& thc CPU to •~•pnnd 
quickly ro rhe end of me~sa¡e siruarlon. 

... 

The actiOn thatthc Z80-SJO tal~ in rhc underrun sil· 
ualion depcnds on thc stare of rhe Tran1mir Undcrrun/ 
E0\1 command. Follo., in~ a""''· the Transmit Undcr· 
run/EO'I! status bit is in rhe se! stat< and prc.-onrs the in· 
sertion of CRC characl<,-, during rhc rimo thcr• is no 
d"a to -.oo: Conscqu<nl!}, rlag characrers are senl. 
Thc Z80·SI0 1>t8iiiiiU Rnd tt.. frame 3! <Jara i> \\Jiucn 
imn rh<lransmit buffer. Bct,.«n Ihcrimcrhc fi"t dara 
b¡u is "riucn and th< cnd of rh< mes>agc, rhc Rc,cr 
rransmit Undcrrun/EOM comma11d must be Íllued. 
l'hus th< Tr•nsmil Undcrrun/EOM 11a1us bit i• in 1he 
rc>et stalc al,thc cnd of thc mcS>ag< (whcn und<rrun O<• 

run), which amomlltically scnds lh< CkC charactcrs. 
Thescndin¡ of CRC a¡ain ICtJ 1hc Tn11mmi1/Underrun/ 
EOJ.t status bit, ·.:< ,. 

, .. ' . ' . . . 
Althouah thcre is no nmicrion as 10 "hcn 1b< Traou

mit Undcrrun/EOM bit can b< resct wirhin 1 messagc, ;, 
is us~ally resct lfter the fir¡¡ data 'clutracter (~econdary · 
oddress) is scnr ro th< ZSO·SIO. Rcsclting rhis bil aJJo...-. 
cwc and nags 1o be scnt whcn therc is no dala Ío 1end 
which givu MddiTional timr ro rhe CPU for rccoi'ili~in& 
lht fauh and rc1p0ndina wlllran ;.bou commarid. B' re· 
Rttin~ JI ~rly in Tht mesio¡e, rhe cntirc mos<a¡r ha~ thc 
m~,imum amounr of CPU rtsponse rime in an uninl<n· 
r,>onal tranlmir undcrrun lilua!ion. '· 

. ' 
' . ·' ._ 
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1.0 INTRODUCTION 124 
The l.BC-Co>cnw Tim« Cltcuit (CTC) is • ptog>mmoble componen! wlth four iod<pend<nt du.nncls 

thJ! pru•id< o>untiJ;~ lUd timing fun.:tions for mi.:r<><umputcr syst<ml ba .. d on the 7.80·CPU. Tiro CP\.1 J 
~ ri"confi~ ''" th< Cl C •h:mnch to up<rol< und~u~ou.> m<><l•• and eocu1itionr-u requ1•0<i- ;;"tnrOúace ·~ lth J 

~ 'wiJe.~>n~c uf do>ic. •. }r' m<>>t ":íPPii:O:itLoñi,'lrule or no ex temo] log.ic is roquir<d Th• ZSO-CTI¿ u_til"" 
t\·<honuel orHc•>n ~··• depletion lo>d t<chnolo~y •nd ;, p•ckag<d in • 28-pin Dll'. The.Z,BQ;e'IC roquirf-< 
:on::r J ,;ic;l• 5 v~l~ "'l'P_Iy •nd ' <;<!<1'1~•~,_5 .'-":'Ir ~l"::'i<.JMojur fc>turco of thc Z80-CTC includc: 

• All inpu" Jnd outpuu fully Til compatible. 

• ¡!;¡¡eh dta~n•!.'!.~•Y.~.~<.Ieoted to optratoin eith~r S_ou.n!•L~< . .'?l..1'fmer Mod!0:; --·----··· -
• U<ed in <ilh<r modo, 1 CPU-re>dable Down Counter Indica tos number of coun\1·10'$0 until ztro. 

• A,tlm• C-ói\ltln_t f:to:~•<.'-"'11 ~.~!.O.'!!~'.ica.lly_rel<»4 t,lt,(Dqy.:lfSmrtl!!r 11 f~L.~io 111. 'Counw •nd 
Tuner Mud<. • 

• Sdect>ble positivo ot negati•< tri¡¡¡er iniltat" llm• opc,.tion in Timcr Mode. The •ame lnput i• 
n¡,¡nilored for o«nt counts in Count<J Mode. 

• Th«< channel> h.-e Zero Count{Ttmeo~t output< olp•bk of drivina Darlington tronriston. 

• !'ñtoir.,pl¡ ,:;,,;· bo pro¡llntmOJ !O nc:ur nn tite ~ru count eoq.dition in :m y dunncL -~ 
. . - ·--·-·""·' ----

• D>i>y chain priority in te rrupt lo~lc lncluded to prevido for automllk interrupt vector!ns whhout 
ext<rn"llogic. ' 

.... 

' 

, .. 



l2ti 
2.1 STRUCTURE OF CHANNEL LOGIC 

Th< "'"'!"'<~~un< "f rh< four ><ls of Cou11t<r!Tr"''' (h,on<l L"gic ;, ,how" in llgur,• = 0-!. Tht> loJgr.: 
i< '"'"P" ;ed uf :' r<~Í<I<r>, :' '"""¡"' """ controllo~ic. Tho r<~i"~" '" J n 8-bÍ\ Tinl< C'om[JoH Re·~"'"' .111J 
.111 _8-~ir ClrJnr~c·! Cu111rol R<gi;t", Th~ coilitten are ln S-bir CPU-r<adobl< Duwn Counter ond on 8-b!l -4' 

:'r<IC.Iitr. 

::. ---·-+ 

n.,• 
(0NS!~NT 

REG,HR 
o• OlfSI 

oow.~ 

(I)IJI'OTER 
IIIITSI 

FIGURE 2 0.2 
CHANNEL BlOCK OIAGRAM 

2.2.1 THE CHANNEL CONTROL REGISTE A ANO LOGIC 

.. 

The (hann<l Contwl Regi<tor (8·bit)and Ln~i' il wrll<"' (O by tiO' CPllto "'lect the moJes and 
parlm<t<r> of 1 h• ch.1 nr10l. Wrthin th< en tire CTC de.io< LIL<tc are fuur such rtgis«rs, <;nrt.,ponJin~ lo lhe 
(oor Count<r 'Trm<r Ch .. nn<lo. 1\lrh:h of rh< four Íl boin~ "rill<n 10 do~<nd< un thc <ncodin~ of two channd 
~1«1 inp"l pin;. 'eso >nd (S 1 tu""'ly ,uochcJ ¡., AO •nJ .\1 oí th~ CPü ;JJr<Si b!AJ. Tln• ;, illu>lr,l<d in 
thctrulh llbl< b<low: · 

,: . -- ---• 

'" e> O 

-Lcho o o 
; ""ih~- ··-··· .. 

o ' ----
Ch 2 ' o 

·--
'" ' ' ----- . - . 

J 
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2.3 INHFIRLIPT CONTROL LOGIC 

1 he lnloro.o¡.o C:onll r ,•1 1 "ti.: in<ur<> llut ¡¡,,. CTC "" i11 J.:c<>rdo~u.:c ~ ilh Z~O •; "'"' ""''""(" po<>l"'"' 
I•H ""'"J P"'" Íl :• Ílllc'HLLplÍ11~ onJ !<lti<O fldiB Ínt" mrt Th• prj.,.¡ IY ~f JI\) ;; <h'LII J.: oÍ'< i• J>'l<• BIIII<J b, 
i" ph; , __ ,¡¡,,.,.~,; .. , ;,. ' JJi<; e ha in cuungu<all~ll. r~" .,~,,¡¡"'"' (IFI auJ ll 01 ''' pru•id«J iu r1r .l·:•u·· 
¡., low• dlÍ> >) ,,,.,, d,,;,; CIMin The J.,i,·< Ch»<>l te> the CPU lo.- th.: ld~l•<•l prwrtty: wllhin o loe ('ll'. ¡,.,,.,. 
1Upl P' '"' ti) " ~r<d<l<r tiiÍII<d b ¡ ch>un<l nnrub< r. wL[h ''' ""'"' O havin~ 1 1 1gl tc<l pri""' y duwn 1" .:hJuud J 
wluch hJ> th< low' ,, p!iudty. Tho purpu•e uf J (l( -~.:H.:ro~l<d iut<trupt. J< with an;· olll<r p<o iploerJI Ucvic<. 
os tu for .:< lh< CPU m He< u le an inl<ro upt ,.,.ice IUutin< Accmdin' tu 7.30 S)"Uour iu 1~1111p1 pr"h><oJI. t .. w<r 
priorit¡· Je•r<<> or 'hann<ls may not int<rrupt hi~1<1 pn,.ril} do• i<011>1 dwrn<l• th;U hooe ;ri~JJy inl<rrupt.;d 
>nd tu re not l1-1d thcu intorrupt ''"''"" '""tind .:on•pl<t<d. flow.oet. lri~t prionrr d<> i.·c. or dtonr...:l• llo.r 
tnt«rupt th• "'"king or low•• prioriry de•i«s or ch•nnel<. 

<../t C"H: channd m•l' h<o ¡>•cgr;rntrl);.~ \<>._r<4.11<~~_1:11 int<rru1;L <}<!) tirn• ~t$ _Dow~>{"~uu«•.t..-~'!'P ~ -~ ,;.. 
• <••llr.t r>f ><r.o. (T o uHIIf< thi> fe•tu•t"requlro~ IIOJ r11>< L."P~ 1 be progrlL11ill<Ú fur 011 torTupt rno><lo 1. ~~·'"''" ILIILO 

.oi" r thc in!< rrupt r<r¡u«l. lh< CPU will ..:11d •>Ul "" uole~1up1 JcknowloJ~<. ;nJ lit< CTC"• tu terrLJp' Cr1111 tul 
Lo~ic ,.¡11 J<to tllt Íll< d·,. hi~lr<•t·priority chann.;l "'lridr i< r<quosliug on intorrupt withiu tb.: CTC J<> ''' nten 
tf the C1C"< 1~ 1 urput i< .J.·ti•e .ondi.:>lill~ tlw ot h>< p<iotil\ withon ti>< 'Y"""' J>O>)' d'"'"· "tt ,..~¡ pi .o•< ~~~ 
S-b1L lntatupt Ve.:h.>r ~n !Ir< >)""""' doto bus. T4w h~·~·l<r S bit,s <>J" thiU<J;.IW. ,..ilJ, l¡..,¡)·r:J¡.:.:J, ."" <it¡on :~ _._. 

;1t;.< ere ¡,,¡;,, ·~, :m• ui t~< C1 e u.;,;..¡ 1'''-'li'':O'"''~g r"i2j;"'i.Ii< rt<\1 tw<> birs wdl b• P'"'id<d by th< 
Cl ~-, In «HUI'' e,,.,, ·~t 1 ·>gic " ¡ liiu··~ ""'(~ ~~rro<ponrli11~ '" th< hi~heot·priority d!Onnd r<quo>lin~ "" 
itot<o "'~': rr,.,l!) ti"· ¡.,,...,,M, b" uf 1h< •<<l•>r willot .. ·.o¡; b< '"'" ,.:.:urding tu a cun•.:ntiou ~<K< rb,·d 
b<lo~>. 

---
INTERRUPT VECTOR 

o, o, o, o, o, . o, o, 00 

v, 
1 

v, 
1 

v, v, v, ' ' o . 
. ., 

::::!U_ 
Thi• imerrupt '"""' i; u"d H>'!l!lltl.l pa!nt~r to a.l<><oti<->f>.i\i ·mer:wr~ whore tilO: odd•ns oi <he. mtt.rruFf 

1 ,.~ routtne U~.':''~ . .!. i(t _~.!!.bi~.~I~o<IOt ''P""'"" rhe ln•t signilk:>nt 8 bin. whrl~ tiro CPU rud< lh< 
- ,;tm¡<n" of the 1 regh"' 1<> ptu•id< th~_mQII >i~ttili~""' 8-bit• uf tho 16·b!l puin t<r. "{!l~ ,._!Jr<>t in <;<Omufl . 
puLni<<f.ro·;,.~rCOnt:tln" tl;• kow-brdoi brfr ;Ji>d tñe ne <t 'M~~••t iáJiii.i witrcon~" th< l~r¡jl¡,~Íá¡~ friTe of or. 
oddr." whkh in tu m""""'"' 1he !im opcoJe ofth< intorrupt ,.rvit< routrnc. Thi.iTn ~moúe1, o sin~le 1<-bot 
voctor <t~reJ in Jn onterruptin~ CTC """ re<ultln JI\ indire<t col! to ;rny momory loootion. 

280 16-BJT POINTER (INTERRUPT ST ARTING AODRESS) 

1 REG 7 BITS FROM 
CONTENTS PERIPHERAL 

o 
-

VECTOR 

..... .. • Th"(i.li"O l"~LI ~~· .,.;., ,;~ovOOtirin thot "•ll>d~rm:s in th"e iitt~rfl.IP..! ':':'.'!~~.iouti!".C ·u~ te "!''.~IJ lo .o;<. l 

f ·-~.~ ':'!'!~<!'~" "br.t•. 1n .o n ~-.,., loclt~~~.!n '"""urr. ~nd ·!~ei! .Jii~h;\!..r;d.!E,~J.I<,il\~~:0·'!-".~h~~h!.r.~oc:Lii"~' i~::. 
<n<nt~r}", ,.f¡,ch . .,u o!w>~l..,_ <:<M •o thzt th< l<ost srgnffic:1n1 bríof.ny >nl<trup! '"'-'"' wm ilw;3y1 bo <'""· 
!lenco the leJ<t <iy>ifi.:.ont brt llfony lnl<rfl.lpl \"t,:tor wi!l .oi">Y< b< zero. · 

. ' . ' 
• ~:-e Rl:T J i':..'!!'!"'inn ~~ U><J •< tll< .et!d •>f '."l .""•'.'.".P' '".!"''~ '':'" t)"':· '" ¡,,_¡,,,¡;,_< ·''"' J.a~) ,¡,,,, ' 

:'" ': '". '""" JI. O '"'. p1u~~~ "~'-~"~! u: n~"d ~"'" rt ~, r;:ecr "iH haadrn4 Th< t TC nr.,rritn« tire ') ;1«11 J, r.o , 
{. ""' .ond Jec•>é<> rlus Lllllruwon ~<lrcn ti úc.·ut;. Tlrur 111< CTC chJnn'' cmrtrullo~oc wtll krrnw ''""" thc CI'L. 

¡,,. <<>ntpl< "d '"" r.:itt~ .on iroiO!rupt. wtlhuu t .o u y fu rth« .:utr1munkat iun wi th thc CPU bdng ncc""I.LI)". 

, 



3 O ere PIN OESCRIPTION (CONT'O) 13U 

A o 
Rea<l Cycle S¡ow• lron• th< CPU (input, "'ti•< luw) 

The RO >i~IL,I i> IL'I<d in cunjunctiHn wirh th< TORQ ,ond IT •i~rt~l• 1~ tromf'< dora on<l CILJnn<l ('untml 
Word; b<tw«n tiL< ZSO ·C'PU "'d th< CTC. Du r in¡ J Cl C Wr¡te ()·ele, Jl'i~1) ond r.f mu•t be tru< an<l lfD 1 L l>t 
Th~ ~f do<o ""' r<><ÍI~ J spenfL< "''~"'], inste>~ ~enerating ir._ uwn intern•lly frum th< in•«" uf' 
,.¡,d RD "gnJ\. In • Cl t.: R<Jd C¡d<, IOKQ, Ci.'. onJ RO must b< ac11" to placo the <unttnto of ti" Do,.n 
Counrer un the zgo !)all Br•>. L · .... 

'" lntcrrupt Enohlo In (input, ocri" hi~h) 

1 h11 •igllJI ir u>•<l tu hclp lororo a >ylltuo wid< inlerrupt doi>y <hoil1 whkh e¡tabl.,hes priurit L<; when 
noure thJ n une p« lphor>l device in th< 'Y""" hJS intcrrupring c>p•bili ty ,:,.( l1igh l<~~l.pn _thn pon rnJic""' _ 

<:· thor nu úlhcr i.ntwuptint, ~"''"'' of hi¡her prlunty 111 tho: doi>} dOlÍ~.•'" bcing .. ,.i«d by_the lSIJ·CPU. . . ___ ., .... - ............ :.:::·.: ___ ,_ ...... -~ 

IFO j 
[nl<rrupl tn>bl< Out (output,aoti'< hi¡h) 1 

. . ' 
Th• lEO •isn-ll, in con¡uncliun with IEI, lo u><d to forma •yllem-wid< interrupt priorily d•i•y .:hoin. 

lEO" hogh only 1fiEI ;, high anJ the CPU i• not !<tviointJn tnterrupl from ony CTC <honn<\. Thus thi<>i~· 
n•l blo.:~s '"'"' pr(urity dcvtc.s r ro m, interruptin~ white • hlgh<r priorlty interrupting d.-ice ;, b<i u¡ ,,,.;.,d 
byth<CPU. 1 

., 
lnt<rrupt Ro!qi.est (output, op<n droin, octivolow) 

¡,.,' ,' . , L 1 <o • j ¡.,. 

-- . ,, ' 
• - - 1 

lThis ~gnol S~' truo who:L ony e;rcctu.nnel 'l"hich has,)>oon prU!r>mmod lO e~bl.~ _ilrjorruptl hn 1 to<u-

onunt~~nJllLO;¡\utt>D~wnCounte~"''·.. • ,···~"'.. . ~ 
' .... (•,;-:,. ,._. 

. . .. 
R< .. , (i.nput, ooth .. tow) 

, . . . . .. -- . . -- -- . ·' 
'1 hil >i""·'\ •iop• •11 chonne!orfrom couM!ng ond re~e•.< ch,n;..,l intonUpt éiúbl< biíi. ~ •11 cunrr~l 

cog"rea, th<r<b) di.,bling CTC-genemed int<rruprs. The ZC/TO ond M ou tputs so to their ino"tive stot«. 
lEO r<fl<cl! IEI, onJ the CTC'1 dall bus output drivers ¡o to the hi¡¡h imp<dance otato. 

CLK/TRGl-CLK/TRGO .. 
htern•l Cl"" k,'Timer T rigger (inpUt, ,;..-, ... t«t•ble •~ti-. lugh o< low) 

' .... 
Th<r< lit four CLKJTRG pins. o:onnp~ndon~ to the four indc;ocnd<nl CTC ch,nn<ll. In tho Cuunt<r 

M~d<- <L"<r; >ctl\e •ds< on this pin d~crenttnh tloe Oo .. ·n Counter. ln th< Tune< \1<.lde, '" '"ti•< ~Jgc on thi• 
pin imtiJl<> the riming (unction_ Tbe U><r may •ele<! lh< acti>e ed¡• lO be eithci ri>in~ ur flllin,_ 

ZC/TO~ -· AC,'l 00 

Ze1o Co~nt/Timc.,ut (uulp•){, actJVC hizh) .... 

' 



~· 1' , .• "•• 1 .;O-C1 (" ,,.,, i< un.J<!i~~d. > •,.!: ''"1 ft:;'[ f pu:, ~~· t: 1 C in • ~"""' n •' ·'''. !!.:;·,.,~ · 
'":• :1=:. 'el •'" t-. ['• .,>utO>iLO¡, •JI !bing,J (hJltlod (¡'"""! 1\'.orJ .md' ""'" .•.•~o:JL:t d.._:,"""~"'""~< 
w:i<' ,. •; '" ti« . ~·¡• JP!CJ!< «~i "'" ni Lh.!l <ILJiLn~LfLL< Ll,::. ~f JO:: clwond hJS ~"" l''''~'"''"""J tu "'-~ '-!< 
UL:;""I"•• 1<> 11 """r< V<•.l"o o. 1rdmL~tñ< wtitt<n 1<> h< {']( < lnl~HU~l ( >nlll>llot;io. (1 1r furth:• ' 
Je "l' r<t t •u" """ ~ 0: "CIC Pr,•¡¡r;•Llmhg.") 1\'h"' th: CrU has wrill<n-,11 <.>1 th<« "'"'J' In tlo< (1(; 
Jll Jo't»< .:h 1 ,~;·-:1 . " 11 b< ~1·>~• .HHTO<d fllt imm<dÍJt< <lP«-'""" in <LIIt<r tlo< {'uno l<r \l,>dc '" ti•< l im< 1 

' 

4.1 CTC COUNlEH MOOE 

In 1111 • a1 .,~.- lh< CTC "'""·1< cd~<> uf th< C!.K, Ílt(; ittpl\l. Th• Count.-r Mo de i< prugr>lHmod ¡-.,, > 
el ,, ,,, •1 ~lo-" Ll, (11,,_,,¡ C'"" 1 .,1 ll'uoJ io wnl!on wilh bt< 6 ,., , The Charm<l's ~' l<tttol C\u.:k ({'L I'IT 11.\, 1 
ini•·.t :, ,,.,,,-,,. ·J '"' J ,.., ¡.,,.,-tri~~"'"~ edgo<: Ji lo• <.1ch, in <)'rlChrunLIJIIun' witl\ th< """ rising cJ,:, ,,[ 
•l• 1 1lt' ~; •'"" ("¡,,~), ti" [l. • ,, " Cnunlcr ("hielo "J\ iui<iJhld with 11« litn< ""'"'""! Jata wurJ >t th< \Wl 
ut "'·' •"·l' ""'e • •i ~ .. ~ ''"''''"" t!n j) ;, ~~.r<m<o>l<d, Alth,"¡lt th«< is nn ;.,t.kJp <Ítnu r<<Juiremeut b< l" 0<11 ti"' 
trijt"'"~ <J~ · ,¡ tho ht<tnl\ (1<><~ Jttd tho ri1ing od¡~ uf <l>, (Cloá), the O..wn Cuunlot ",¡¡no¡ be Jc.:r<· 
nlenl<d unr:: t'"' :"ll""tn~ <l> pul._,_ (S.," the p•ton,etor h(CK) in ..-.:liun S.J:' ",t,.C. Chl!aet<tl\li<> "1 .\ 
d»••tt<i•"< 1 .::·,, .. ; Ch;~ Ít'i•"t i<p!<-pmt••n•n•<-1 b¡ bit~ uf <he Ch>nt«l Control WorJ tu trigger ti« dc<r<· 
m~:.trttt <o.¡"'"'' wlll• <i''"" • hi~'' m a \ow g<lÍni ed5<. 

In .Jrl)' ot' (l.,,,,,d, O, 1, "' :. when the Down Cuunter i< <U<COS<ively <h10f1t•nted frutn th< un,¡inJI 

132 

ltrll< C<lll<lmt un"\ f"ully 11 ''"'he>'"''· lho 7.er~ Count (ZC/íO) uutpul pin fur thot dtannd w¡tl be pnJ,oJ 
'"'"" (hi~h) (1-1'"'''"'. du~ <u p;~-k,~e pin timitotion•, cltJnnel 3 do" no< h~,.; thi> pin JrtJ '" tnJY u ni) b< 
Uod in JpriJcJ ti.'"' ~ 1•" < thi< "'" 1'"' p>!l<e is not roquued.) Further, if th< chonnd lw b"'' •o p!O-pr~~~ J!llLI«,' 
b,• ~it 1 uf the Citan "<1 Comtrul ll'ord. "" intoHupt t<•l""l «>.¡u<n~• will b.: gon<roi<J, (F "' mur< d<!><l 1, '"' 
S<>ti•on 7.0; "(T{' lnl<.;u?l s.:,.;,;ns-") -,, 

.\. tho; tb-,.,·").;'\u<n :.: ;, ~too;<cding, the "'" "''""' .:onditiu<l ol.U "•<<Úlu in the out<>tn>lk rd"J: ,,¡ ' 
th< ().,,., ('""''"' ... ith tl« •>rigitoJI ll"'' """""'l d~" "'U<d ln th< Tino< COn>tJnt Regi•t•r. Th<<: is "'' inl<r· 
rur• '"'' •n ;t,e ¡.:qu•'" o< ,,( '" "'"""' .1 du" n-countin,. 1 f th< Timc C on'l,,;t Ro~i<te• is written tu '""'' • "'" 
tin•: ; • ""' J"' .l ,,, ¡ wur ~ ~ 1 tol< ;lo; Down Counl" i< d<""""' <in~. 1ho ¡Jrt;<lt 1 -~unl '" 11 bo: .:ontplct.:J ¡.ct',,e 
lb<"""''""''""'""' "'111!.: ltl.!d<d Lnlu tho O<>Oin Cutln\0!. 

---·-------------
n'"'u 
'""""' ""'""" "" "'"" ""'" 

"'" COMT "' aECtSHO 
"Ott'>t 

,-r·-v. __ _ -~'-'-"-"''"''''===== 

'"'"'·' ... , "·". - . 
·-··· . 

ftGt<IIF ~-1-0 
CHANrJ~I C•Jl'Nl > '< M0··'-

H~!•lo F 



~ . . 

<'· , .. _ 
1 l!')"'! 'j' ;;, HI~JZ 

• 

:••-~b:>li'l'l ~JOl'.l l'l'<rJ'o'liJ 
O·L·~ :>ii101J 

., 

F ~ ... . 'l J.{. ·_;;:;:: .]:.· ....... 
J--1 .. 1 ·--· ~ 

''"'' r:, .. · · '·"" 1 

L~·:~~~:l· • ~. ~:~~-y 

. . .. 

·-• 

15Jit" 
uuo:.n 
1"1<~0) 

'"" 

" '"""" 

'"'' ,, JI:>OlO" 
UlSI!>l> 
ltl·l~OJ 

1l"'Hl 

·-3' 

-----------------•• 

' 

¡¡u>r "' r>"""'iP ~q 
llllll I!Q 11-'" JO ~U]UUUJ 0~1 IU.,fi!]~ >~lli"!·""IIO~ '"'OJ>q WOJJI"r O~¡ U] ¡·.o¡rl]¡'lll >r "'"ll!Pli~O PU" ''F"LU 

Jo1¡1r"•do ¡,;¡.,¡ pl0/1\ l]ljl JO Sl]Q U >A .. 10\jiO o~_l''] Ofl!O¡ Hl Q UQ 111 'm"?''ll l"llUO.) ¡>IJLJO~) >~1 nlltl 

p>pm¡ r"r 'P'~-1\ JP""".J !"""~.) ~ " "''''~'>!~ •Q "'" puut•p :u.:> r n¡ uou''" ~,.,,¡ y -,.,"''rP• '•nd o!J' 
.,<nnn!p · ' .ldn:>~ ~~~~~ o>LYP ,11:) •-u• <¡oou•~• •no¡ ~~~ o•q1 <>< '<t"!i'"d· •• '¡ ;.· ¡•ur 01' ·~ur¡ •na ''"!'PI' 
, , n¡ f>P:uuo: >!t _<~Jd ln<hl! ""'· "''lfl '»lnl~>l!4'" IU>!<Á• M<W u¡ L. "~"l P''" J>1<¡~>'11 ¡nuuo:,¡ I'·'~'~J 

->1!1,, T¿'l U0]1>;, O >S '>¡qtl 41"'1! 10::1) '"!"P >41 U)41!M <JOtl~'4' Jno_¡ J~ >uo p,•¡>l •'1 "·''rf' IJ<u¡q 
¡¡q-¡ ""'"'Jo¡ pom >n 'ISJ pur OS:J h¡>IU•U 'ou¡d ¡ndu1 JD ""'1 'l''"""P ).!_J ~":->r •·F .1] •·-.¡·· ~•·• l.» 
. ,. ,,.,P?' ll<od ~~ o¡oouonb"' ""11 Oili"WJ~u < «wn.¡Jod DdJ ><¡¡ 'P'".I\ 1°11"uJ F•'""'IJ 'P'"l "1 

., IJ31S1~31J 101JlNO::> 13NNitH::> 3H.l ~N10'1>'01-L ·g 

''1'"1"'1' ln<'J 11< IOJ <>.'!ll"i-Jn)'OJ\ ¡¿nll,'l~) !''·'"'"' ,<¡, td->'d 
>Luo '·'l""ll"llUOJ L~OIJ>]'Ii >1jl U) <>IT11•>J O)!OIU<o¡nr l'l '".(] ')!,) >•01 \J~ '"'1" "'J'~'•IJI,or ••:: ~: t:· .. ,.,., 

• >q HI,IU W¡,OJ\ , J ¡¡,.;.¡u¡ "< '"JIU'"IIJI "]q•H> o>¡ <)' '" \\ J'""'"J 1'"""iJ ;; o:p 1'' L 1!~ IIJ!.'' r ''""' r '' 'od 
,. -¡,.,q >• '"! 'i>"""'l' '"· '_J '''1' .'" Arn: ~· 'uo¡¡¡ppr u¡ · 1'''"''1' m¡1 ]" ""!'·')! '""""') ,'IIH,l ·" ¡. ¡; ur 1' : <e¡¡ 

I"'""'J l·'"~"'IJ > 1' U! r••"l< >q 11'-~· IP'""' >'"U :1 D ··~¡.1:, ;¡ "' ''''"'"' >4 ~., ... , :·1~•-·:·¡' , .. ,,. :·';1 
. "'~''· ¡·o • f'""': ·:>-•".! ;. • ,;.•J • '<u<>;•••><lo ~u¡Luo¡ ''·' ~v::u,~: :.,:-:~ t:r>_:ou,, 1' Jl:l r,,, ,·,·~_, .1 

nNn'II':I."::J:Jo~q :~J.:J o·s 

f1f,T 



"' D; o, 

-.. .. ·-··-· --·----------· ~ 

Rit~:J 

11.\11- 1: ~1 r H •r -- p~•iH" ,u~, tri!.:(" ''"''' tin•<~ <>p<r.liop. 

(UII¡.; 11 R ~101 •t. . p•hilhe oJ~e J<crc•n'"'' tl1e U••wn connt<r. 

TlMt.R \lOIJf. ne.:Hil• <d~< triue< •wm tim<r upc~>u.,n. 

COUt'<ll R MOIH n<J•ti•c od~• de~rom•·nu th< du,.n ~"""'". 

ilitl•l 

' 
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Do 

____ __j 

) 

1 

lonoo: ~l<·d• Ood} - E'tornaltrluor it .ollJ ¡.,, swtln~ Jim« up<r;tiun >fter rioin~ eJ~• .,f T• uf lite 
m.¡,·hine c¡·cle t'ollowin5 th< or.e tlt•tlooJs <he ti m< .:UñH~nl. Tlw p,,,_,,¡., il d«r<"'"" l<d Z dock e~ el<> 
lat<r if th< ;.;o~p titne is mot, n<herwite l dod c¡d<S. 

Tim<r Mod< Only Ti mor b<g'ns ~P"" tivu "" rho ri.i"l •~ó< of T > af the n:..:l'i'" •) do fu:low i:~' Ll,,. 
ono 'h•tl011d1 th< time con•t:lnt. -

Th~ ~;,,. '~""'"'' lJ!1 ~Jrd t'ot the TUne Cun>lJr.l R:¡il!e< will be the no<! "'"'d "'ill<n (u ¡hb 
-"''"~d. lí ¡u "Pd""d (lo·,,,,,¡ Ccnlr~l Wurd ond lom~ cun>t•nt dJlO wurd >r< "fili<R lo ;a <hl.,n<l ,.¡,:¡• il i> 
>1«•-1¡ m up«•'''" . t!o< D''"" Counler wUJ continuo d•"•~m<ntin¡ lo •••u b<fur< ti•• n<"- ti m<""""""' io 
1'-"'d<!-01 •it 

11"~-o 

~~ ,¡ ... , ~"'"'' 11 JJ".l ""'J fur ti•• Ti.ut<COH•<ont R!iÜI<: <hcu!J b< oxpo.·"! 1<1 follvw. T•> !"''~''"' 
bit''" :h:. :•'< •t r'''' ,¡,,._ •hi· Ch•nn<l Curu• -1 1\",¡rd i> inton~<.l tu upJ•t< 1he ''""'or >do .. orr.c' •1·.:•-'; 
in ur<· .''" ,;,._' • ,~,., .•.. ,_"" •1 .p.,,,.,. .. ¡,,._.,' '''"~ rlr i''"~"'"r.'d -~ .. , ·•urJ in ,¡,, Trn>~ e""''···· 
R,g;,:,. " ' r ,:; ~ •. : ,. :ht> Ch>on¡l r:.:.uol 11 Jr-1 P""; J<"olh< o" Ir,.'' uf ~orirtH~ ~~ <lo< r,,,. (".,.,:" · 
R<~•·'"· 

.R. ,.,, .... 
bu • "·· ·, ,, •" J:•,-•r·:· 
;,.:, Jr<.:l .... , l. •: '· 

s~.~~o. 

·< ~·~po..: .. ,o: •¡,. • "' •i:·~ lhio is nur J ,,.,,J .... n.'ilinu. Up<>n ~<rili~~""'' tiLt> 

-.• ~;r<Bl :~ .. • : ·•t'"''',- '''· huw<•<r, nvrh u:· rh-: !."r, iu th< ..:hJnuel•:""'"'"l 1<~· 
·. -· ~ ~ l •·~ ~ · 1 • J ,. "o', .• -...! "~1 ,, ... n> •·r-- ,:: •.• ;··-·-• ¡,,.¡;~~ • ''' -: 



5.:1 L~.\UI~!:· Hr,c L\lrERRU~fVf.ClOH REGISlE!i 

Th< z,n t 1(' h.o• bc<u J"i~n.'J !•><>p<:o:' ·~io!o ''" UO CPU P'"iUmm<•lt .. r m•.Je 1 '"'"'"?' "'i"''''' 
UnJe: Lh< " . • '" ,:; .. ·:n, ,.¡ rhi; c:.,Jc, ~ h<n J Cl t du>l>tl r<<¡I'C >lo ln int«rup1 Jttd ;, •· '""" k~;<J. J l6·bii 
pmnl<r nm;o b; 1 '"'""-1 <o <>b"i" l """. i'<.'ndi" ~ int•mupl ,.,,,;.;< ¡uurin< .t•ll<ag oddrt•• frum J lJblt in , 
.'fK''""'!'· TI,_. "1'. •« S biu of 1h:o puiol:; JIO P•·•><J:,J b¡' the (pL:·, 1 r<~i<ler, and ;h< ;_,,.., 8 t:,, ~¡ '~< :• 

,'v· i""' "'' ;,-,,i!:c! t:y lh< CTC In lh< t'urou of '" lnle:ru?l .Ye<;!•_ll uniqu< lo rlte p•rÍi.;'IIJ'r 'honr ,: ~.J~ J 

re.¡ •ce." ' .. ' " . '"'•:>1. (f',,. f¡,:r: !w d•• Jil• '"' ,, .. ,¡,.q 7.0: "CTC 111 lorr"r: S<l vi<i"{' .J 

·---·--------------
MOOE 2 INTERRUPT OPERATION 

INTEHP.UPT 

S~HVlCt. 

ROUTl!IIE 
STAF:flfo.G 
AUlJkFSS 
TP.fllf 

t,~,o~"~'~"~'~'~"S> r HIGH ORDER 

Desired ot•rting orldr"" pointed to by: 

1 REG 
CONTENTS 

7 BITS FROM 
PERIPHERAL ' 

----------

. 111'' :,¡i. ·~JO< 5 bll> "~ ~,¡, lr.!,:upi..V<.;~or muu h• wrlllcn to th~ CTC in .J.,,~,•., P"" ~f th< . 
• lllillol ~r~¡¡: ,-,,,.¡,. ,,~.,u .. J. 1<J do m, lhr CPU m u" writc ¡¡¡.·¡he 1/0 ,..,·, oddrc¡¡·~orÍup.,nJ¡o¡ to the efe 
~nonn<l O. JU<t " 11 wo<J Id i!J Chlnnol Contr"l w~rd wcr< bein¡ wrlll<ll to 1hal chann<l, """' 1 thor bOl !) .Qf>'¡ 

.·¡¡-~ \v,,,J o,:'> wn;l'1 "'"'1 '•1rt!Jin 1 O. (Alnplo;n•d•b~ve in srotion 5.1, ifbit O of J'lt'órd wrin<ñ 1~' 
chaun<i'w.:: ><<tu l. the w~rJ "·~utd bo inurpr<t<d., o Chonn<l Cunlml Wurd, w o O in bil O sign•lsthe 
CTl" ro loJ lth In,-.,"""~ word inm th< lnunupt Ve.:tor R<giltrr.) Bi•s 1 oold ~. howe«r,Jre n~r u<:J when 
loJJin~ thb '""''''·Al th< tim< whcn 11!. intenup1íng 'h"nn<l noull plo.:c thelmeroupl Vccll>r ~n the <':SO 
0.11 llus, th< lnl<ll~Pl C~nrrul Lo~k uf lhc CTC outonulicoll) "'PPIÍ<Il binl<)' cuele in biiS 1 onJ ~ identi· 
fyin~ "hido <>1 the fuur CTC ~ha1nd• ÍIIO b< Jtr>iccd. 

------- ·-- ----· 
INTERRUPT VECTOR REGISTER-

INTERHlJPl VlClO~ REGlSTEA 

07 06 05 D4 OJ 02 O¡ 00 

l:J ~-J¿T~~~,__.L, ·-e---x _L_~J 
SUPPllHl 6Y 

USEC; 

. ·-- - -·- --------

O O CHANNEL O IHi:;h"r f'rio·it¡i 
O 1 CHANNEL 1 
1 O CHANNEL 2 1 
1 1 CHANNEL 3 {LoweH Pric.ri:¡l 

'---- ----v-------: _, 
AUTOr,•AT!CALLY lNSERTEO 

av zso.crc 



6.2 C 1 C HU<IJ CYCLE 

fO!i'O'' b 0-:! oll••".<rJI<, th< 11tuin~ .,,,..,,¡,,.,¡~!oh the C1C R"J ()el<. ll1j¡ '"·lo"'"'"""'-'·! JO)''"'" 
oh,· CI'U r,·,~. tlw .urt<ro•. "'"""o".,¡ th< lhl" n Cuunttr, Duo in~.:!<><~') .:1• T ~. tl1< 7SO-ePL' ontti.ll<> tho 
R< oJ e)d' ·-•ith """ >'l' o!, .H "'~"' ?i•» RD lfl.<,<!), IORQ 11 O R•qu<•IJ, ond n. (Ciup ~u•bl<l. Al"' Jt 

thh lL•I" ' :-brt binJr) <<~1< ·~;"'''' 11 CTC inp011< CSI OIL<l eso ¡eloJmo<l Soi<Ct 1 Jt<d Q¡, >P<.:ii'¡ in~ "'hi..:h 
vt' ti .. , loJur e IL ,,,,,,d,o, be m~ t< .d :'oL>n\. (;-.:ut<. MI niL"l b,• [JI o< t<> dL>tiu¡>,,h tloe qd< fmm "" iort"
fH~I ,.l ,,.,k~.'' ¡O, the ,;,;.,,; <Js• ufthe cyd< r 3 thc ••líJ ..:ollt<tlt; uf th< fl,,,.,o CoHILteo ••vftl" ,¡,;,, 
<<l¡• ,,¡ .y.;l< 1 2 1<111 bo JV'JLiohle un llool80 ll:oto Bu1. No JdJttitHoJ! 1<.llt ''-"'' , • .rllo"oJ. 

Cl CREAD CYCLE 

.,. 
' . ' 

_rl__~¡L__J' 1,---;. l_risi__ __ 
" o ' " X CHANNH ADDFIESS X ' ---···- ~-====~ ~-
lORo 

,, 

DATA 

-----~ 

"' 

---~ ___ __;---

' . 
' . . 



7.0 C'¡C INTf"flHUI'l SERVILING 

f 1 J, {" ] L el"., ro ·1 BOJ} ~.· Í<ldll oJuJII) P"'~l .l>'llu<J 1<> '"4""' <O 1010; lllp! <ICI) IÍnl< '" [)'"' 11 (",,.,.,,., 
o.-~oh< • • ,,.uoq "' "'" 111< ¡ourp· •>< ni J Cli ·I<>·<"IJI<.l mico nor'. >< f<>< '"l olh<o J><'< iph;oJI d<' ic<. ¡, ''' 
loo e< ¡he n•1. '" nc,·ut< '" h~<u ~pi "'"'Í<< r~lllin.-. Tu ouihu 1his fnu .. ~ o! :o ZSO-CPll "'"" be p~<og<Jnonod 
fm ..,..,~,· : """'"'P' "''i"'""'· l:nJcr lh< rrquiro'lll<n<> ,of lh1> n1ud<. wh,•ll J CTC <lw>nd '"·1""'" ·"' ;,.,,.,. 
rupl ;nd ;, 1,1 n<>•lio•l~d, l 1 6·bJI pUullo'l '""'' b< o'<>mJ<J 1•> ub llin J "'" <'P nudin~ in'" 1 "1'' "' .. ,.,. "'" ""'' 
>!JIIIIIO ,J.~,,,.""'"' J <J~k In JII•'IIL"I). TILo¡,,.,._,$ bil' uílloo p"inte1 "'' P""id<Ll b¡ 11" Clt' in 1110 1<><111 
ol J n 111 te o"' 1'; V •"· '"' uni•l'" tu ,¡,, P' rti.:uiJf '""' n<l tiiJ r rrq11est•J 1 1 oc• i>1 >< 1 rupr ( For 1\" lh<'l Ll<IJols. ,..,·,., 
'" ,;l1or<<1 8 O ur <he 7~1) (/'(' ldoni·:al \l.anJ.il.) · 

Th< el Cs ( Ol<!mpt e"'"'"l Lugk 10>111<> d,.r it >el¡ in ;c.:uod;n,.., "tlh lSU ·~ "~"' uHo'" u pi p1oh.oi.·"l 
fu1 n<>l<ol p1ioury inl<uupl Jnd prup<l 1<1urn ÍIUI!I itU~IIupl. 1lo< pt '"' il t uf any •~>1<111 J''"" 1> J<i<IIIIII"'J 
br il> rh! ,¡,.,¡ ''"'·' ""'' in • dliSJ' cit'in '""fi¡¡u 1 •liu". ,..._., •igroal lineo ( 11. 1 anJ l EOl ore P•u•iJ<J "' 1 h< CT(' 
'IOJ •11 7~0 1"'11)'''""' J"keslu rurm 11" 'Y"""' dJÍ>) dOJm lh< d<"'" <1""'" tu th• Cl'll lw rl~c• lligh<•l 
P"""'l , " llhu1 rl•, r q;, ""'' "'P t p1iu11l) is 1" ,•J<J,••u•i,,J b) ,·loann•l IIUinhor. woll• .:hl<>n<l O '"""O hi~l,.· 1 1 
P' i '"ir¡'. ''" '" J 111 ~ lu 7.30 >) '""' '"toro u pi r""""''· low pfÍUIÍly d.,¡,.,, '" .:haolrod• ""Y nul ;,.,, • ., 11pl hi.h<o 
P' iuiÍI )' d,•, ice< "' '" """''' rlu•. hJH Jir<l<ly llll<lfw¡>I<J Jnd not hod lh<ir inl<l rupt stl> H.< '"''""''' '"'"Pki<J, 
H,,,. .,., • ho~h P' io111:r J<>i•<• U< channd• ntJY int•rrupl tho st<vtdn~ u(¡.,.,·., p1iunly d,.;...,, '" do mud•. 
(Fo1 runh•• d<t>~l.. "'" "''''"" l.J; "Jnleuupl eontml ~,., ... ) 

S<• """' 7.1 ond 7.2 bdo"' do '"lb o rho ""llliiiJI tutún~ ••bliun~oip• uf th< rd.:voul ('l(" pÍII> ''" ti•< 
lnl" Ho['l .\, '" "" Id,;,· ().lo JIIJ tite !l.<t•u n 1 ''"" l11 l<rr u pi ("ycl<, S<<tiun 7 J b<luw ~¡'"'"'"' J 'YIWJI 
'"'""'" ,,, d '") ,IOJÍil ,.,,.,.,~, S<flldllg 

7.1 INTEARUí'T ACKNOWLEOGE CYCLE 

F•~'" o 7 O ! ilh1<t rJI<I lh< lootin~ a!Wd;t"! "ilh oh e 1 n torrupr Adno,.!o~g~ Cyd.:, S.""" t'un< Ji1~1 '" 
"""" "1' 1 " '"4' "' t<d b)' do< eTC. th< CPU wiil "'"J out '" '" 1<r rup 1 od.nu,.l<dg< (Mi;nJ fOl~"i) 1. T ~ 
im•.r< 1 IIJ 1 1 ~:._ d• i>} '1" ".'..'C"'~'' 1 in<> stoDtli;•, .:h "' ,,¡, JI< inh ibi I<J i'ru111 <haugi 11!L.'.!_>oi1 iulorru ~1 r<"<jU<II ,., 
""'"' 11I1<H ~11 Í> Jc''""· M 1 il acti•o •boul two dock cyclos earlior tlwt iO'RO. onJ KIJ t!laiS< lu diston~.,¡,¡, 
rhe , } ,1 < 1 runo Jll '"'"'" rion lerdo. Du1in¡ thi• lime rhe inl<ffUpl lugi<' 11f tho CTC will cletcuuin< o he hi~l"'' 
P• '"' <l) .lwtn<l '"4"''""~ "' imenupl. (f Ut< CTC lnl<nupt E noble Input U U) 1.< odi•', thcn lh,• hidu,l 
po ;,,,} onr<:. Loprin~ ch•nn.l "nhin the eTC piJ.:" ia lnr.,, u pi Vo<tm ,m,., lh< Da" Bus "''hctt Rl'i(Q g•><• 
"""". Tv. , "" 1 "J'"' (T 1\ •) JI< ou1Cm31blly ins.:rted 11 this tiine 1•> <Jiu .. th e d ,;,y oh• in tu 11Jbili1o. · 
AdJttL"IIJI •JLI ol.Jlo; mJy b• oJded. , 

INTERRUPT ACKNOWLEDGE CYCLE 

"' '----·-----
... ____ -·-·-------· 

-~-~-----

·- .... ··- -- '---

'" 
'" 
()A 1 A 

.. , 

' 
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7.3 or,ISY CHAIN INTEflRUt'T Sióf-:'/ICING /' 

hg•t:, 'U-) tllui=: ,,,, J 1! pid ·O<MJ u.tcnUpl .t~~><n.e whid• "''! o''"' '" thc nc lu tl.i• n.o m pi<. 
chJ nn:l " tntuo u;t, lr' J '' ;· ,,:o,J I<P i.c.:. 11 l;;j, 1hi1 ,h,n"'! ¡, b<int '''"'"''J. loi!'··:r p• ;,,, il 1 .:luonod 1 
•lll<rruph ""~ :, ~- ,.,-d "'"¡,, Tio, """"''""''in< ¡,,, th< hi~h<t pdu,;l_> ,¡, ,.,.,.• 10 '"'"l'l<td, JuJ J Rl·.ll 
'"'""· :io>u (>:e ;, • ·: 7, l l••r 1 ur th' · J< ,,,1, 1 i> ' '" u1<J '" •ignal lho d<Jnnd tlw tll r<•tHi "' i• .:umplok 
Ar ti-" Lllll<. th' '"''''" rnut<." uftho ¡.,,.,, poi•·rily dtJIIII<I ~ ¡, "''"'"'! ·"' 1 .:.•ut¡deo,•d. 

~- ---- --·- -- ---· DAJSY CllAIN lfHEftRUPT SEFIVICING 

S!RVIC! CO'~PUH $!~VICE ~[SUME O 

-¡ '" aor-·-· 

l_H_I t··· .. ~-~-~~ Hl E·-=-·(~ Hl E .. ~~~ lO E---.~}-l-~ ... 
4 CHA~I~[\ 1 SERVICE ROUTIN! COMPlETE, ""R(ll" ISSIIfO, ~HANNE\. ¡ S!RVICE RESUMID 

SliiVICf COM~lEH 

L-~·-F=~J Hl pü ~~ "' IIEI 3 Hl. E IE_o] Hl 

5 H ~Q.\ J ""IIE TI"" INS TIIUC 1 10~ ISSUE O Q N CI)Wl E TIO ~ 0~ CI<A/111( l l SE AVIC! RQ UTI ~~ 

-· -·· ·- ------- -------
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ZSO~MCB 
Microcomputer 
Board 

~ 

ProductSpecillcation 
APRJL 1978 

The Z80-MCB Microcompuu:r Board ~ ll romplete sinile board computcr with il!l own·self-contained mem
ory plus serial znd parallel 1/0 pons. It featun:$ the use of the Z80-CPU. zso.crc. Z80-PJ0, ~nd Z -61 16 de
vices that tuve becomc standard components in thc microcomputcr industry. 

COtHRO~ 
8UFFEII 
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·, 

ZSO..MCB Block Diagram 

Summary of ZSO..CPU Instruction Set 

WliH BORROW 
SUl!TRACT REGISTER PAJR FROM HL wrrH BORROW 
DECIMAL AIIJUST 

AND REGISTERJI,iEMORY{VALtiE wrTH A 
OR REGISTER/MEMORY{VALUE WiiH A 
EXCLUSIVE OR REGJ.STER/MEMORY {V ALUE WlTH A 
COMPARE REGISTER/MEMORY{VAltiE Wllll A 
COMPARf/!NCREMENT/DECREMENT/Hl.. DECRf. 

.\1ENT BC/REPEA T 
INCREMENTIOECREMENT REG.!STER,IREGISTER PAIR 

MEMORY 
COMPLL\otENT AJ2'Sil'S/ 

WAD REGI.STER/RECISTER PAJR/MEMORY WITH 
REGISTERJREGISTER Pi\lR/MEMORY {V A1.UE 

lOAD (DE) WlTH (Hl.), INCIOEC/HI.. AND DE, DEC 
BCIRE.P:EA T • 

ROTA TE R.IGHT/LEFT, CIRCUl..AR/THRU CARRY/ 
RECISTERJMEMORY 

ROTATE R.ICHT/llFT D.ICIT 
SHIFT REGISTER/MEMORY, LEFT AIUTHMETIC 
SHIFT REGISTER/MEMORY, RlGHT LOGICAL 

SET/RESET/TEST &IT IN REGISTER/MEMORY 

CALL SUBROtmNE JF CONDmON TRUEIUNCO«
DITIONAL CAlJ.. 

.IUMP !S CONDITION TRUE/UNCOND!nONAL JUMP 
lUMP RELATIVE IF COtmmON TRUE/UNCONDIT10N· 

AL RELATIVE JUMP 
JUMPTO (Hl.), (IX), OR (IY) 
RESTARTCAU. 
EXCHANGE REGISTERS 
EXCHANGE REGISTER PAJRAND STACK 
RETURN FROM SUliROUTINE IF CONDITION TRUE/ 

UNCONDITIONAL RETt1RN 
POP/PUSH REGISTER PAJR FROMfi'O ST ACK 
SETINI'ERRVPT MODE 0/1/2 
ENAIII..E{OISABLE INTERRUJ"'S 
RETURN FROM INTERRUPT/NMI INI'ERRUPT 
DECREMENT B, IlJMP IF B • O 

INPUI'/OUTPUT REGISTER 
INPUT/0\.JTPUT, (Hl.). INC (DEC) HL. DEC BIREPEAT 

SET/COMPL.E.MENT CARRY FI..AG · 
NO OPERAT10N • 
HACT . 
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MCB Performs Supervisory Control in ZBO-Based Systems 

Z80.MCB 
Mi.crocompuler Boan1 

Z80-RMB 
Board 

Z80.AIO 
Analos lnpu!/Output 

''"" 

ZBO-SIB 
Seria.ll/0 Boan1 

Z8o-MDC 
Memory/Disk 
Conlroller Boud 
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--------------------------~':•:•:e~'='='~':'"---------------------------"'' 
FUNCTIONAL DESCRIPTlON 

Cen1ral Proeesslng Unit 
The centllll pnx:essor lor tn.o ISBC lle/12 IS lntel's BOEIII, 
a powertul 16-bot H-MOS aevi~t. l'he 225 s<1. mil chip 
ccntao~s 29,000 uanslstors and hÜ a clock rate ot 
5MHz. Tht archotiiCturt includes tour 1"1 t&-bit biet 
accresu.ble cata regost...-.. two (2) 1&-bi\ memory base 
po.nter ÍeQist8f11 and two !21 16-blt index rotGisuars, an 
accene<l oy a totel ot 24 ooerand addressing modon 
ter ccmphtx data handling at1d very Hex1blt memory 
acdreuin¡¡. ' 
lnotruetlon Set - Tht 8066 lnstructlon .-rtolre ;,.. 
eludes vanable ¡...,gth insuucuon formll (lncludlng 
doublt operand lnetructions), 6-!11! and 1!1-041 slgntd 
and unslgned aritl'lmet!c operaton. !(Ir blf\atY, BCO and 
un¡>K~ecl ASC U <lata, and 11111111ive .....0 and byte 
smng manipULatlon tunctian!l- The lnstructlon :un ol 
the 80B6 '' a supe,.,et of tn.o 8081lAIBOB!IA lamily and 
wtlh avarlable sottware tools, programa wrmen lor lhl 
6080Poi6065A can ._. aa.slly comened and run on \he 
1?.086 ~roc.nsor. 

An:t>lt.ctural Futuree - A &.Oyte lnstrucdOII Queue 
pr<mdell proHatcntng ot s~&quentlal lnstructlons and 
can reduce tne t.2¡~ ate minlmum lnstructlon cyc!e to 
400 nsec ~Y hav•n<;~th& lnstruction alnuo<iy In tM Q""UL 

• 

~· 

= 

---
= ' = 

The stacl< orlented archltecture tactlltates ne!le<l sut:>
fOOJtlnu and ca.routlnu, rHntrant cO<Ie at~d powerlut 
lntenupt handling.. Tlle memory ••r>anslon capabll•t•lll 
o1tar a 1 megally\1 addrHSlng ranQe. The dynanuc: ..,. 
loca!lon ocheme auowa usa In se¡¡mentatlon ot pure 
procedure and data ter etticJent memory uutlzatlon. 
Four ae¡¡ment regtstere (C<XIe, st.ck. data. utl'lll con· 
ta1n pro¡¡ram loacled oUHI oalues wh1ch &nr u»d te 
ma¡> !&-bit ..:101esses to 20-bit addrflHS. Eacn r&Qister 
mapa 6-4K-oytes at a time and actlvatlon ol a SPKIIIc 
reg1star ls controlled expticltly ~Y pmoram control and 
11 alao salocted impllcllly by •oeclflc tunctlons and 
•rn~tructlons. 

Bus Structure 
Th& iSBC 88112 haa an lnternaf bus tor communlcating 
witn o,.Doafd memory and UO ootlons, a S)"'lem Dus 
¡tna MULTIBUS} tor reterencin<;~ addltlonal m"'"""f &nd 
1/0 options, and the duai·D<>rt lluo wh1ch allows acc.ns 
te RAM trom the en-board CPU and lile MULTIBUS. 
Local (on-boudl accasHS do not requifll MULTIBUS 
communlcatlon. malo.lng the system bus avallal>le lor 
UH by othef MULTIBUS mutltll (l. e. OMA dmlc .. and 
other single board comput~r.~ transtamngto addltlonal 
system memory). Tilla fealufll allows trua parallel 
procualng In 1 mul\lproc:""sor envlronment. In addi
tlon, lh• MULTIBUS in,ltfac& .:.n 1)11 uM!l !or lylterr: 

..¡¡;¡¡.. te .... .;,: 

= = 
{'¡ 
' 

~=... --,_.., 
~"~"' 

e ' ' ' ' 

MSE. D-10 



ISBC 86112"" ------------- 1'2-
d•re<:t lntart&ee te RS232C com~Uble tetminal~. ~ 
senes, anO uync~ronous and sync~ronw• rnodeml. 
The RS2:l2C cornmand Unes, serial 0.11 u ...... and 
s1gnal ground Une are brought cut lo 1 26 ~In edge, 
conniiCtcr tnat matn ontn RS232C compatible llat cr 
round l;ll>le. n. iSBC 530 Teletypewriter Adapt.,. 
~rovodn an opucally isolatld lntar1- f« 11101e 
systeme re<¡uirinq a 20 mA curren\ loop. The ISBC 530 
may be used to iMert¡ce the ISBC 86112 to teletyp• 
wnters cr otner 20 mA currentiOO!) equiprMnL 

Programinable Tlmers 
The iSBC 86112 pn,.ides tllrH tnd_...-,t, futly 
programmable 16-l>lt interval tl,.,.,..-s/...,t counteno 
utiliz!ng the lntel 11253 ?rogrammable lnte,..,.. Timer. 
Each counter is a¡>&ble of operatlno In elth.,. SCD or 
binary modu. Two el tn""e tlmers/CO<Jntera .,., avall
a.ctato tlle systems dUiiJilerto generan acc:urate time 
intervalo <J.ndef soltwale o;ontrol. Routlng 1at 1M out· 
puts and gate!tliqger lnputs ot two o! th- counte,.. 
is¡umper "''""labio. The outputs may be lnd..,..,dantly 
routed to \111 82~A Provramm&ble lntetnJot Controlter 

Functloon 
lntamJpt on 
terminal count 

Proqrammaote 
on•shol 

Rate 
genfi8W 

HardWir1! 
troggere,¡ 
sttobe 

Event counter 

When termlrW ccunt la reached, 
an lntem.!PI request ls genwatltd.. 
Th!s lui\Ciktl ls ext,..,~ useful 
for g-.tlon ol reaJ.tlme CloCb. 

Output goes low upon fiC.Iipt of 
an extemal trlgger ellge cr S<lft· 
,..,.. command and mums hlqh 
wtl"' terminal c:ount ls rached. 
Thos tuncllon le retriggerable. 
Dlvl<le bjl N countlf. The output 
will ga low tcr one input ctock 
cycle, and the peóod fmrn one tow 
¡aing pulse to tlle n.,.t la N Umn 
the input clock per1od. 

Output wlll remain 1\lgh untll on• 
hall tne caunt I"I&S been completed, 
anc1 oa 1""' lor 11-.e otner hall o1 
tha counL 
Output ..,rnalns nigh un\11 sott· 
ware loads count (N). N counts al· 
ter count 1t loaded, output goes 
lowter ene input ctock perlocl. 

Output goes low tor one clock 
pertod N coun\J alter r1slng edge 
counter tr1gger inout. The counter 
<S retr\ggarabla. 
On a jurnper selectable basls, the 
clock Input bacornes an Input 
lrom tlle externa\ system. CPU 
may ~ tl"le number el .. en1s 
occumng alter tne counttng "wln· 
Oow"' rlas besn anablell cr an 
lnterrupt rnay ba gena .. tell al!er N 
•••nts occur In tlle systern. 

lll"ld to \he 1/0 Une <ltlven auoc:lated ... 1111 tlle 82$5A 
?rog..ammable Per1pllerat lntartace. or may be rout..:t 
u inpu\J to the B255A chip. The gatellotgger inp~ta 
may be routed to 110 terminators usoctated woth tlle 
8255A er as output conniiCIIons trom 1111. 6255A. The 
tnlrd lnte<Val um..- Jn tlle 8253 p,..;del \1"11. program· 
mable baud rate generstor ter the iSBC 86/12 RS232C 
USART serta! port. In utillzong tlle ISBC 86112. tne sys
tems · designe• ~tmoly configures, lila 1101\ware, eacn 
tlmer lmlependet~IIY to meet system <eQuirarnen\1. 
wnen- a giYin lime dell)' cr count lt needed. sol!· 
ware commands to tlle progr.,..mable tlmersleYar.• 
counters selotC\ \he Oeslred tunctlon. Seven tunctlon~ 
ara ave.UaDte. as sllown In Table 2. The contenta ot 
eac/l counter 1111)' be read at any time durlng system 
operatkln wi\1"1 stmpte rud oparation~ ter ..... nt counl· 
lno 1.\lpl!c:atoons, and spaclal comrnand~ IO'e includ..:t 
so that tila cootet~ta can 1>e ra&d ""oo \he lly". 

MULTIBUS and Multimai\lter Capablllllei\1 

Tila MULTIBUS leetures uynchroncus data transters 
lorthel<:commodatlon o! d .. lcas wl!h ...-tous transter 
""" wtllle malntalnlng rnulmum throughpuL TwlltltY 
add...,. Unes and alxteen se~ detllllown ellmlnate 
the need ter add,..as/data multlptexlnqtdemul\lplexlng 
lcglc und In other systems, and allow fer data ttansler 
,_ up to 5 ,.wonls/aec. A lall$1.le tlmer ls ln
cluded In tne iSBC 811112. wlllch can be used lo g..,.,.. 
ate an lntem,opt U an edctressed d8Ylce does not 
reepond Wl\hin 6 msec.. 

Y111tlrnuter Capab!U!IM - The 1$6C 86112. le a fu\1 
computer on a single toard "'"" tll$0un;a capable o! 
supportlnq a great varietY of OEM systom rsqulr• 
ments. For thou appllc:attons ..,.ulring addl!lonal 
ptOCISSing capaclty and the blneflts ol muOUprocesslng 
(Le.. several CPIJa andler controllers logocally sllaflng 
system tasks tllrough c:ommunlcatlon O.lf tM systam 
bus), lile ISBC 86/IZ provldes tull MULTIBUS arbltratlon 
control lo¡¡ic. Thls control loglc allows up to tMr1!e . 
ISBC 811/tXs O<" otller bus masieno. includlng ISSC 110 
lamlly MULTIBIJS r:om¡>atlble &.bit son¡¡la 001rct com
puters, to share the system bus In sertat (daisy cnain) 
prioritY lashton, and up to 111 masters to snare tha 
MULTIBUS wltn thl addltlon o! an e><lem.l priontY nll· 
work. The MULTIBUS atblt,..tlon lcgoc Ol)erates syn. 
c"""'""'lly with a MUt,TIBUS Cloclr. lprowidld by tne 
iSSC 811112 er optlonally provi<led <llrecUy trom thl 
MULTIBUS) whlle data ls transferred vía a handshake 
l>elwHn the master and slave onOiluJes. Thls attcws 
dlllerenl speed controllers to s~ resouren on thl 
""""' tlus. and transters. ..ta \he b<•s proo;eed asyn
cnronously. Tnus. transl8f speed is oepen<~ent on 
to':lnsm111ing an<l oeceiving <levlces only. Thos deoogn 
pr ... ents otow master m<>llulel trom belng t>arldicapped 
on tMit attamp" to gain control ot the bus. but d111s 
nct ,..ttr1ct tlll speed at wnlcn !aster modules can 
transler data vla the sama bus. The most obvoous a~pll· 
catlons lor the master·slave capabiiiUu el tne bus are 
mutttorocesser conflquratlons. ntgh Speell direct mam· 
ory acceM(DMA) 01)8f3toonS. and high Stl88d penpneta/ 
control, but are by no means llmlted !O \Mae th~. 
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Interface and E .. cutlon PKk.oge - Th• ISBC 957 
Interface and Eucuuon PacUge al!o ... th• lntallec 
user to Interface an ISBC SG/12 systam te 11\1 d8Velop. 
m~nt systam. lncluded with th• p;>ekag• .- tha r.eces
lal'f callles and so!tware to altow u.nster or files 
t>etwHn tha lntallec syst"" and !he ISBC 86112. 
Addlttonalty, the lntellec usar can accasa a sys¡am 
monotor program (suppiied on AOMs) realaant in lhe 
oSBC 86112 wnlcl\ aJtows &ecua 10 programa loa<:ted 
into thi<SBC 80112. The syst"" monitor tncludas corn
manas to ex""'"" and modlfy to memory, reglsters 
ano 110 POrU. AOdltionally, brukpeinta. u..U.es, ana 
other usatul oparauons ara lnctuaed ·lo slmpllfy soft· 
ware oebug. Usad In conjunctlon wtlh the ISBC 957 
Package, •SBC &el 1 2 ""acuUOI"I PeckaQU art olla~ 

SPECIFICATIONS 

Word Slze 
ln-'n¡cUon - 8, 16, 24. cr 32 ntts 
0111 - a, t6 blts 

Cycl• Tim• 
_Baalo fnstn¡ctlon Cycla t t2 ¡<IK 

400 nsec (U11ume1 
lnllruct!Or"l In the qu ... el ·-8.too<- <1"<'0"......., .. - , .. ,..,-- il&. ---

Memory Addresslng 
On lloud ROM/EPROM - FFIJOO.-FFFFF11 (uslng 2758 
l:"PROM's~ FEOOO-FFFFF11 (uslng 2316E ROM'I ot 2716 
EPROM" a~ and FCOOO-FFFFF11 (using 2332 AOI.I's). 
On·b<>ard RAM - 32k bytes ol dual POri RAM.CPU Ac· 
coss: 00000~7~FF,.. MULTIBUS Accass 11 jumper 
sate<:tabla lor any 8K-byte boundary, but not crasslng a 
t2BK byte bound&ry. Access ter 81(, 161(, 241(, or 32K 
bytos may ba salected ter CPU uaa cnly. 

Memory Capaclty 
On·Bootd Rud Only Mamory - 18K bytes (sockal.! only) 
On·8oard RAM - 32K byt"" 

0!1-8oard Expanslon - Up ¡g 1 megabyte In usar 
scecdhocr combinaUoM ot RAM, ROM, and EPROM. 
~ ... , 
"' .. ""'• ........,... .,.Y .. - In 20C. •01. or &"""rtol_.._ 

110 Addrening 
On-loa.rd P nomm1ble 110 -

·~ 
WM ~"' 

' ' ' ~- ·~ -........ ~ ~ ~ ~ •• h 
~ .. 

110 Capaclty 
P&roll•l - 24 programmable lines uaing one 8255A. 
Serial - 1 programmable line uslng one625tA.. 

·-·-·-···· . - -····- .1'1 
wl\icl\ lnctuOe addllional natttwara suen as the ISBC 
680 system chassis to mount anO power thn tSBC 
861 12 lor program davelopmenl. 

PL/11-65 - lntel"s hlgh 1...-el proqrammong lar.guage. 
PUM-88, 11 al so &YaJiabla u an tntellec microc:omputar 
llaoelopment systam option. PUM-86 prov1des !he cap• 
biliry 10 program In a natural. "algorithmlc languaga and 
allmtnat"" tha n&ed to manao;~e raglstar usage or &IIC>
cata memory. PUM-84 pfCQrams can t.o wntten '" a 
muen shOrler tlrne !han assembly languaga programa 
lor a gi""" a¡~pllcallon. PI.IM-38 lncludes byte an<t 
word, int~ar, pointer 1nd tloat!ng POint (32-boll data 
typas and also lncludet condtt!onal comprlallan and 
macro faature. 

Serial Communlcatlons Characterlstics 
Synch.._..l - 5-8 bit characters: lntotmal or e•t••· 
nal characttr synchraniDtlon; automatlc sync lnsertlcn. 

Aaync:htonoul - 5-S bit characters: Draal< cl\aracter 
ganeratlon; 1. 1.,.., or 2 stop bits: flllse !llf! bit 
datectlon. 

.~ - >@ .. ~ •m 
1> - ·~ ~ 

"' m 
u '" " 

~· F._ 001octoc1 ... 110- .. _.,._ 1 .... 1-. ·-
IO ......... oeQOOiot ...... Tmoo-Z. 

lnterrupt:s 
Addra•••• lor ~ ... llaglltar.o (Hu notatlon 110 ld
crrau spacl) 

C0 or C4 Write: lnitlllliDtlon CommanCI Wortl 1 iiCWI) 
and Op1rat1on Control Woros 2 ancr 3 
(OCW2 aM 0CW3) 

Raid: Statut &M Poli R~lsttrs" 

C2 or C6 Write: 1CW2, 1CW3, lCW•, OCWl (M&I" 
Reglatar) 

Real!: OCW1(MaskAegiot<~;r) -· .............................. """'"' _, - ........ aa: ... ..,...,.....,.,,or--.......... ......,,,..,.,,.,.,.._ 
lntarTUpl Levala - 80811 CPU in~IUdet a non-mas1<1~1a 
lnterrupt INMI) and a maal<able interrupt tiNTR). NMI 
lnterTUpt ls provided ror eatastropl\lc IYenls sucn ¡s 
POW~r taJture. NMI vector adaress., OIXlO!!.. INTR-inter· 
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Electrical Characteristlcs 

" 

··-I.O.... ___ .... _AOMI~I/0_ .... 

""_,..,.,,o.....,, .. ._ 
l. ,.,.,. .. , .. -.,. oo>.141aty -· oua. 
'- ____ ....... _AOMI!JOIIO<ol,l/0--

110 ·- - .... II8C !30 •• _,.. ... - -

~ '""'""" - nool- lo< """ AOMIEP'!IQ,. ...... onct 110 
......... - ,_, ... ""ti 110 ........ , ·-.. _ -· 

ORDERING INFORMA TIC N 
Part Numbar Oeseriptian 
sec 118112 Single Board Computer 

woti"I32K bytes RAM 

..... 
REGIONAL. SALES OFFICES 

~· --..... eo .... • ,..,f ....... _ 
Su<,. ISO· 
Sotol> Ano 112101 
,,,, (710) U$-H.02 

TWX' 110-4&11 to 

~· 0~10 

Mlt).WESnJIN -· ,..., Co-tt.. • 
!IOil ...,... e .. , .. ,,.. 
a .... m 
Oai<J:IO"OOk 00521 
T .. : 131>1 0211-tSIO 
TWX: 01-1·SU1 

·~' iiiAIISACHUSorrrl 
'"'"' eo,._. 

Envlronmental Ch.arecteristlcs 
Operatlng Temperatuno - O'C to 55'C 

" 
RelaU-.. Humldlty - to 90~ (wlthout o:onoensauonl 

Ralarence Manual 
teOOII.I!" - 1$BC 66112 Single B-oard Computar HW. 
wv. Relerenc. Manual (NOT SUPPUEDI 

R~.......:a man.-la are $hlpped w1th nch product onty 
11 dealgnated SUPPUED (aee abo•el. Manuals mey be 
ordered trom any lntel salea repre!lentatiYe. dlalrlbutor 
off lee or lrom lnlel Uletature Department. 3065 Bower!l 
,o...enu11. Santa Clara. Calllomla 95051. 

OVERSEAS 
MAAKETING OFFICES 

,.~ 

-~ onoeo Ja- eo.-oaon' 
flowo• ""I·SI\"'""""' Eul Bd;. 
1·234. Shlnmocnl. Sotao•va·•• 
Tok10 15-1 
Toi:/031•-1 
n:o..o:: 71t-aoa 

E\IROPI! 
I!L.aiUII 

'""' '"'"""""""'' ,., .. eo..._· 
~··No.., ..... ,....., o..--•s 117 BIUonca llo&4. - '"' 

COlo-o .. 011:1• 
- ..., """"'" t p ..... ,........,, 
... 111108 ........ 
TOI: 11121100:11010 
Tn.0:2<1U 

roo: <S1l1-.!o350 
TElEX:-

T•: 151112-7 
TW)(: 710.."0 "" 

""o"' ""• TolooMno Numbol MSE D-16 'FI•td Appllcallan l.oe•llon 

l'rt.,.., In U.S.A.JSP21C77eJO(II(/SGI8L 
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MODEL 240 
,, 

INTELLEC® SERIES 11 
MICROCOMPUTER DEVELOPMENT SYSTEM 

Completa mlcrocomputer development 
center lar lntel MCS.80"', MCS.85"', 
MCS-86"', end MCS-4a"' mlcroprocessor 
familias 

64K bytes RAM memory 

Sell·test dlagnostlc capablllty 

Built-ln interfaces lar hlgh speed pa¡)er 
tape readerlpunch, prlnter, and universal 
PROM. programmer 

Integral CRT with detachabte upperl 
lower casa typewrlter-style full ASCII 
keyboard 

Integral 250K-byte floppy disk plus 
7,3 mUllan bytes (expandable to 15.6M 
bytes} al hard dtsk storage 

Powerful 1515-ll Diskette Operatlng 
System soltware wlth relocatirig 
macroassambler, llnker, and loeater 

Supports PIJM, FORTRAN, BASlC and 
COBOL high levellanguages 

Software compatible wlth prevlous 
lntellec systems 

The Model 2~ lntallec; Sanes n Mleroc:omput"' Oevalopment Syttem ls a ~omplete center for !~e devefo~men! of 
m1crocom~uter·Casad ~roduc!s. lt lncludea 1 CPU, ~K bytu of RAM, 4K bytes of ROM mamorv, ¡ 2000...:~aracter 

CRT, a daiao:h¡Cfe full ASCII ~eyb<)Rrd, and :<50K-by1a floppy diskeUe dl1ve. A tlard disk suosystotm p:ovldu o""' 7 
mil!iot1 t>ytn of cn~i,. <lata storage. Powarfl.ll ISI$-11 Oiskelfe Operatfng Sysl~tm solll,..re attows t~e MOCa! 240 to be 
usecfQuicklY ¡M efrk:lently for usambllng andlor compillng and d&Cltllglng prog,.ms ter lnr.t•s MCs-60. MCS..flS. 
MC5-86. or MCS-48 micro processor 1 ami! les wlttlout !he need lor handling paper la~a. ISIS.II performa all file nanclllng 
ooeratlons. leav1ng the uaer free to conc;entrate on thl datalts el hla own appilcatl<>n. When us-.ct In conjunclion witn 
an optlonal ln-clrcull emulator PCE"") module. t~e MOdlll 240 pro-.dea all t~a han:lw&la anc:1 software de•elcPment 
t~s necesaary ter t~e rapid davelopment of 1 mlcrocomputar-óuad proctuct. 

fno lo""'""~ Oto uooom .. ko oi in1ei COr~O<o<iOn ond ,., 5i ~ood ""''lo ouorooo 1n11i "'""""" 1n1ol. ln.,oo. onlllfo<. L•D'I•Y "''"'~" 
Mogw\uo.,. "''""'''-O. Myotobus. PRO .. OT. Rl.tX~. UP<. lniOio .. OIOn .• Soooo. "'""'"'"· MC$. ICE. •S6C. 6XO. oCS. on<l In o oomOonii•On ol 
"'cs. ICE .• sac., ,c..; -·~• • ""m.,.,., ,. 111 ,. 
~ lol" c..,. .. ,. •••. 1010 MSE E-3 
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tlle CRT. l<eyt>oatd. ana standard lntellec. ~pherala 
incluCinQ pflnTer.IHgn apeed paper tape reoderlpuncn. 
and universal PROM progr;ommer. The IOC contelns il• 
own indepen<!ent moc.,prods=. al so an 8080A·2. The 
CPU controls all UO optfallons u well as supei'Yising 
communocallons wah tne IPB. SK bytes ol ROM eontaln 
all ~O connol l~rmwaro. SK bytu el RAM are used ter 
CRT screen "lresh storoge. These ce r.ot oecupy space 
in tntellec. Set~es 11 maon memory sinee tilo IOC '" a 
totally iii(Jependent mocrocompute< subsyst...,. 

Integral CRT 

Dleplay- The CRTis a 12.jncl\ rasttf sean t)'1lemoni10f 
w•th a SDiBOHz verttcal sean rate and t5.5kHJ: 1\oriton· 
tal •can rate. Conncl~ are provided ter brlghtness and 
contras! adjustrnem~. Tht interface te the CRT i~ 

prevldecl ltuougn an lntel 1!.275 slngle-<:1\111 PI"QIIlim· 
mablt CRT controller. The mutar proceSsor on t~e IPB 
¡¡anste" a c~aracter ter display to tne IOC. whe,. lt is 
stored in RAM. The CRT controller relds auna ato ume 
,nta lts line bullar 1nroug~ an lntel ~7 OMAcontrollet 
an<! tMn loeas ene c~aractar ata time te thl cheracttf 
~enorotor to prOduce lhe video siQnel. Tlmln11 !or tila 
CRT control ls prov.dt<! bY an lntel B2.5J lnt..,.,..al tlmer. 
Tha S<:r&en dlaplay is lonnatted as 25 re-..n ot 80 c:harac· 
!frs. The tul! se! el ASCII ollaract..-s '" dlsplered, 
·,nc!udln¡¡lcwet casll llp/lu. 

Kayboard- The Keyb<ard lnterlacndlrect!y 10 theiOC 
proc.es:sor Yle an IH>il aato bus. The il.eyboard COfltalns 
an lntel UPI-tt UnintsaJ l'<lrlpheral Interface, wlllch 
seans tl\8 keyboard. entOdes the oharacters, artd 
bulle" lile ch.,-acters to Provide N·k.., rolloveor. The 
keybQ&rd itull ls a nigh Quallty t~ter styte • ...,.. 
bOard containlnQiht lull ASCII charat:ter set. An upPe<l 
1ower case swltcn allewt !he system to t>e ussd ter 
dccument preparaticn. Cursor control keys are also 
pro••de<t. 

Perlpheral Interface 

A UPI-tt Universal Perlpl\eral lnterlaca on the !OC 
lx>ar<l orc••det lntarlace !or otner standard lntellec 
penpnerals lncluCing a prlntar. higll speed peper tape 
reaaer, ntgh speed papar lapa punen, and unlvefllal 
PROM progtammer. CommunlcatiOII betwfiiSn lile 1116 
ana IOC 1~ maintainiiG ovar 1 Hparalf &-bit 
bodirectlcnal dlla bus. Connec.tcra lcr the tour devlces 
named above. u wall as !he two aerlel channlla, ere 
mounte<l dlrectly on ~~~ !OC ltse/1. 

Control 

User control ls maintaonad lhlCugh a tront panel. can· 
SLStong el a P<l"""' swrtch and indleator, resetltlOot 
swucn. runlhalttig~.t. an<! el~~~ interrupt switcn .. and 
iMtCatoro. The tront panel Clrcull boerd ls attached 
dtrectly te tne li>B. allowinQtht eighl lnterrupt swltches 
te connect IOthe pnmary 8259. u well asto t~e lnttlleo: 
Settes 11 bus. 

Dlsk Syatern 

The lntellec Series 11 Hard DisK System ~rovidas dtrect 
acceso bulk atorage, intelllgent controlltf. and a disl< 
dnve containlng ont llxe<l platter and ""' remo.abte 
cartndgt. Eacll pr<>Yidu 3.5 mrlllon Oytts o! storage 
wtlh a data tranaler rate el 2.5 Mblta/uccnd. The 
controllet is lmplemented witll lntel"s I)OWetlul Sonts 
3000 Stpotat Mlaocomouter Set. Th• controller 
PI"Ovides an Interface to 11\e lntettec Sorres t1 system 
bus. u wall as •uoporting up te 2 disk drtves. Tho dtsk 
systom records oll data tn Oouble FreQuency (F~¡ en 2 
sur laces per plattet. Eaen planer con be wrtte prcteo:ttG 
by a tr<>nt pone! !w+lch. The dls~ system ti capaote ol 
performing slx dlllerent oparatlons: recallbrate. seek. 
lorm~t trlck. wrlte dlla, 1eacl dttl, and vet~ly CRC. 

Disk Controllet Boerda - The disk controlleT eonsrst~ 
ot lwo boards. the channet board and tht interlace 
boarct. Theaetwo PCbct..-ds "side in thelntellecSerles 
11 svstem chQSia and constltute1he disK cantroller. Tht 
o:l\annel board rec.elvea. decodes and respendS lo 
channel commanda lrom lile 80110A·2 CPU In lhe Model 
240. The lntttlact board p!"Ovides the di~K contTcller 
wtlh a means el communtcatlon with tlle disk <tri•n 
ano with tha lntelltc aystem bus. The tn1ertect bOarC 
valldatet data durlng reaCs uslng a cycllc redundancy 
chack (CRCl pelynomlll artd generales CRC data during 
wrlte operatlons. Wh"' 11\e disk corl!roiiiH rar:¡uues 
a<::ces.a to lntellac: system rnemcry, lile channel board 
requests and mslnlalns DMA master control el the 
system bu1. artO genetates the approprlate marnO<y 
cornma~~d. The r:hannel board al'l<l acknQwltGges WO 
commandS as rec;ulriiG by the lntettec bus. In acldltion te 
supporttng a second drlve. the Cl•k eonlroller may ce· 
reside wlln tl"te lntel doubiMen,lty <XlnUOIIer lo allow 
up to 17 mllllon bytts ol on~lne stor&Qe. 

Floppy Dlat Orive 

The tlopOY di'~ drlve 11 controlltd by an lntel 827t 
~ingle chic, ptoc}rammaJ>te tloppy Clsk controtter. 11 
transters data vi a an lnt•l S:ZS7 DMA contrctler between 
an IOC RAM butfer ar.d the diskette. The 8271 handles 
r~to:Jtng artd wrltlng el dala. torm.attlng diskettes. and 
readlng sleuts, all uoon appropriate commands lrom 
the IOC mlcroptocasS<~r. 

MULTIBU&w CapebUity 

All lntellec Series 11 moCel• imPitment the lnduslry 
standard MULTIBUS. MULTlBUS enables •••eral bus 
mastefll. suc.h as CPU alld DMA Oevices. 10 share lhe 
bus anO memcry by oper~tlnQ at dlllerent oroomv levels. 
Resolut!on el bus uchanges 1• •vnchronllftd by a bua 
clocK •lgnal <!erived lndependenlly lrom processor 
clocl<$. Reaolwrile tran!ltrs may ta~e place 11 ra1eo up 
10 5Miil. The ous Sirve! U" is · • ..,itable ter uae wilh an1 
lntel microeompular lamoly. - • -
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MINIMUM HARDWARE 
REOUIREMENTS 

Te•lrorux 8002A MICIOp.'OCI!SSOI 
Lao wu~ sys1em lermonal ana S•K 
Program Memory_ 
Em~1a1or lar SOSO A. 8085A. ZSO. or 
6800 os reo~oreo lo oec~g anO i!xe
Cule OC¡ect COOI! 

SOFTWARE PAEAEOUISIT!! 

OOSOA 6065A_ ZSO. or 6800 
TEKOOS Versron 3.0 sortware 
su~pon os reQurred 

2:80 CENERATED COOE 
CHAFIACT!!RISTICS 

-Generaled code does not use 
any ol t~e ZBO extens1on cape· 
blloloes cver 8080A instruction 
$<11$ 

-Gtneraleo coae <loes not use 
any 1ndex or alternale re<}lsters 
ot tna ZSO 

-Genera1ea cOde aoes not uH 
illemale 1n1erru~t mo011. 

SOFTWARE SUPPORT SERVICES 

Duung l~e nonely (90) Cl4y perioQ 
lollowmg 1nstauanon o1 IMIS Soft· 
war1 Proouct (SOFTWARE). 11 
tM customer encountell a 
~roolem WIIM tna SOFTWARE 
wnocn nos d•agnosis "'Oicates is 
causea 1:1y a delact in 1ne SOFT
WARE. 1118 CUSIOmer may submll 1 
Sortware Per1ormanca Repon 
!SPR)IO Taktron••- Tektronix wil 
resoond 10 ~roctems reporteo '" 
SPRs wnocl1 are caused by 
oeleCIS •n tne curren! un1lterl!d 
re1usa oll~e SOFTWAFlE "'" rhe 
Maonlenance Pe110<1tcallor !Ots 
SOFTWARE. wMICh reports SPAa 
recer•ed. cede correctrons. tem
porary correcnons. genG<ally use
tul emergancy bypasses anclar 
notoces o! the avaolaboloty ol cor
racted code. So:twara upde1es. •1 
any releueo Cy Te~trorll~ OUllng 
lhe nonery (901 dly penad. woll be 
provodad to lhe cus1omer on Tek
uonox Slindard O•SIIIbutoon media 
as specolll!d on thJS Sol!ware Data 
S~ee!. Chatges woll Ce casad on 
the prevaol•na upoate pnca 

••• 
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Tt.~ ZlsOOO /ami! y is a new •et o! microprn<:eO>or 
componento !CPU, CPU support chipo, peripherols, 
a.od mem~riesj which supporu the ZSOOO architec
tuu. The a<eount of how archit.e<:tural gOals were 
oo!ect.cd and •chicvud !or two key Lnemhor• of thio 
!~mlly-the 7.8000 CPU and the memcry m11nag.,. 
ment unit-illustratos how nmch of a clwllenge 
miccoprotesoor orchit.,.,ture represen U to lhe semi· 
condurl~r indu~try. MOS te<:hnology ahaws en():' 
mouo fKll~nlial, Lut it is otill ditricultto u•o beco uso 
al Jimil..iltion• on pin count, power dissipation, speed, 
ondcomple~ity.' 

Since thi• di•cusoion io reau-icted t.o technieal 
i!Su""· "'" will nut Hllude Lo tho mony addilionol foc
tors (maikctin~ considerationo, human conlidera
tions, orlf·im¡m>t•d rc>trictiono, etc.) whi<h lmtke ,.,.. 
dút.o<tur~ >Uch a fa>dnating ond difficult disdp~ne. 
Funhcrmore, no ottornpt hu been m•do (.o u· 
haustivel)' de.criLe the ?..8000 w-chilectur< ond corn· 
poncnts. Interested readoro should con•ult the 
sp..,ific tnonu•l• for a moro complete dcacription.'·' 

The goals ollhe ZSOOO archilecture: 
lncreas ad capab ili ti es, archltectural 
cflmpatlbility, lncreased clarity 

Th~ prim>ry rc•sun lor intr<xluci¡,g a nt'W "l"->lcm 
orchitL"Cture i• to >ÍgnificanUy improve the control 
and pwcessing cop•bilitics of micropr'-'<eOóoro while 
1naint..oining Lheir prjceJperlormancc odoont..o¡;es. 
T•chniC.!II Hd v~ncus h•• o p<rmiaed the implcmento
tion o! >Uil•t..ontially increa>ed procc&Joor powcr, lluL 
the most •i¡¡nifkaM motiootion for a new COm[>Onent 
fomily i• gcn•rality. Only through >uch a fan¡iJy 
could we pruvide lor archiWcturall)' compatible 
r;rowth over a wide rHnge of proo<e.-in¡; powcr ro
<¡uirem~nt~. 

Increased capabilities, 
architectural compatibility, and 

-clearly defined interfaces were 
the chief architectural goals of 
Zilog's new ZBOOO microprocessor 
{amily. l!ere is an account 

. ' 
of how those goals were met 
{ur two members of that family
the ZBOOO CPU and the MMU. 

Our aPProach wu a ~taged O)'Olem architectuto 
whkh attempU to provide new componen!~, enhonc· 
ed foaturcs. •nd now functions. while prnt<"Ctin¡¡ tho 
u«:r"• in>cstment in hardware and !IO!tw"re. Tho 
ZiWOO fanúly suppur!.S a •ingle U!li!icd at<bilt'< turu 
lor all omall. medium, and high·end uscr applieat ion• 
which are intplcmented using a ntix o/ componer.!~ 
within the oome lomily. 

The goals of Lhc Z8001) archit-octure can be grou¡>«l 
into thrce c.o togories: innooscd capobilitie•, llcchitec
tural compatibility over • wide r•n¡¡e o! proccuing. 
powero, and in<rcased cluit.)'. In dlJ these cosco the 
resulting archiu,tura[ l""tures oppl)' eith~r 1.0 tho 
bosic archit<'<ture lthat seen by an applicatlons pro
¡;rammcr) or W oyst.em architecture (!hot ooen b)' a 
system deslgnet or an uperating aystcm pw¡:rom· 
mor). 

Incre.s•d eapabmtlu. AU ex.lsting 8-bit m.icro
procossors arid mHny 16-bit mlnkornput.ers sulfe.r 
ftom h11vin¡¡- a s1nnll add:.so opa;e. So. Qllc ~f .mr 
goal$ wu to provl<le •<ee" t.o alar¡;e •ddn·O> ".~ce 
lbM bytco). A soenod goal woa to proviJo n•• ""<e
source> in termo of <egiot.ero (16 gcneral-~'-'''~"' 
16-bit re¡:Í•lor•], in termo ol dnta typeoll•olll ~''" to 
32 bhs). aod in t.enno o! addit.ionnl instruct i""' • • ._.,,. 
p.ut·d to exi>Liog micruptoce•soro (<l1U!Iip~)" "'"' 
divide. multiple regioLer saving i~>Lrw!i'''"· 
>pcdali<td iu>tructi~ns for cornpil<t ~upporl etc.). 

Tu fociUt..oto colnplex application• it ~ "' ÍH•I"'' 1 ""t 
t" sUppUrL rnultiptogramtning with gO<Al hnrd~-.:.oo 
su¡Jport of t.ook switching. int-errupU. trap;. oud t wo 
exe<;ution me>de•. Operating •ysU.rns al!IO tC<¡uiraJ o 
g<,¿,¡ hardware prutect.ion o y ot-o m. 

finoUy. we want-ed (.o in<rcue O\ crall •ptt<n pe:· 
{or,.,•nce. Thi• result.ed in the choico of an implem•n · 
lbtJon uoing a 16-bit·wide dota poth to rnomory. 

... ,. "",. """''""''"'" ( "" '"'" COMPUHA 
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·rhe ~O pu1 •·croion io intendod for •yot.<mo, oft.<n 
~-.-d •• dedÍ<'ot<'<l oy•T<•ono, where ~he ¡uo¡;rom ond 
data op.rcuo ~•• >moll. In thio ca•e, relocation io not 
uouolly irn¡ovrlunt. Ü•ÍnK tha ditfuront addrc;s 
opocea, ""~ h•• • •irnplc way lo oddreos In pr•otko up 
to 4 X 61K l!¡·lt'' (with 11 muiillum ol6 x 64K byt.<.•o). 
Soma sin.¡>lo l'l<>h·c~ion io ochic•·ed by suparatiug 
lhc'c >p•<"e> Jfl hardw~~te. 

'l1.c 48¡<in ''t'l8ion with one or mmc M MUo io in· 
~endod ¡.,, lhe mcdium to lar¡;e applie~~tiono wh~ce 
reloc•tion ""d hctter rncmory pro!cction are h~>pur· 
l.aot.1 In tho;e .. ..,,, st..otua inf<>rrnation con o loo Le 
used to ><"i"""le !,u(wecn ~ddrc" spacoa by u'iu¡;: 
multipt.. .'.1.\1 U•. Uut it io aboeo..,nti..J lO ochicve the 
dewil,·d tn<'tnHfY prolt•clion rcquired. (Jt i• po»iLie 
touso 1 !.e lB pin l't'r>iun without ftn M M U.) Fue thcoe 
hi¡;h < ¡,J upplit·•ti~n.,, the oddreO> •p•ccs are >O lar~< 
that une ;, unhkdy ~o c•hauot them. F.>peci~ncoc "''ith 
l.trge <orn¡.ul~r. •hu"'" thal 8M hy!A's is pr<.>bably 
,<dC<JUHL• '11"' t·uncnt implcmantotiun of the 1.8000 
uses 81.! by t..: 11Jdccos Spoceo, buL the ..,chit~Lure 
proviJc, ¡," 31 · btt aJdrc,. (2147 M by lo>). 

ln bo~h vcraiono, the Z8000 allowo direct """""' 
lo e"th addce>• >pace. Direcl acceso I'!>OHn• that tho 
oddrcs.es U><.-.1 in instructions <Jt r~gistcra ha1·e •• 
many bit> ~ s the address space siu requir,¡s. In other 
st·hemes tl1o df,·cUve addreos io" combination of a 
short"' fidJ in the instruction and other ¡,x\<on~ion 
bit> oltcn fuund '" "" imp!icJ cc¡:bt<t. IJ">pilc Lhe 
shorter addr"'" /ield•, we bslievo thit "indin·ct ac• 
ce••" Jo~; uot ••ve bytes, beco u"" ntra in ,tructiono 
m un be U».·d tulood and save tho impli<d cegister:., 
which ~ce ty picolly in shO<t oupply. 

Rc~i•<ero. The Ztl/.100 io primarily "nwrnory·lO
regiMer rird>il..rture. This charocttri ;tic,¡,,"' nol on· 
t\rely c>dudo olher organizaLiono, and mPChanisma 
e•ist in lhu Zl<UOO lO •upport them. FO< ex•n•ple, 
memorr·lo memory operations are supp<•fLed lor. 
string•. wlwre•• •t.ack <>pcratlonoare sup¡>c>cled lor 
proc<.<lure aud ¡>roce .. chongco. This chuicc pro>ide• 
upw~rd cornp•LiLiUty with the zao. A rogist~r ar· 
chitecture Hlso results in good pcrfonn.nc·c, sinco 
regist.er accessu are m..de •t a gruter >P"td thon 
mornorr o<u•»~s in the curront implemcnl•l ion. 

E•p<'rÍcn<e with re¡,oiS1.ePOriented mochines S<"l'm• 
to confíe m u,., luwr ¡:cneral·purpo>e reMÍ>ler• "'" not 
enough and l hat a "propcr" numbcr is bctw<·t·n cight 
ond 32.' 'l'hc Z8000 support.s bytu, wordi (16-bil), 
ond Ion¡¡"'""!' t32·Lil), anda f"w instructiom '''"" 
use quorlruple·'olmd J64·Lit) data 'clcment•. H we 
choo>e 16, 16 bit rcgi;Ler; aUow cight 32-bit rc¡¡iotcco 
as.,.,¡¡., fo«t 64 Lit rc¡:iol<orl (Fi¡,•llfO 1). Since •d· 
dres;es "'" J2 Lic., the twcc;sily u/ at lc••t ~i~ht 
J2·Lit rq:i.,¡, r; wa> obviou•. The irPpotl úl the ~-bit 
rcgi•ler lid.! un tbc in>!iuctio" fonnat dcp,n<ls al><> 
en lhe numhcr of ~dJr••• mc<lco and oper:.r.ds . .Su:· 
toen r<¡;bt..:rS ~llowc-d • rea>onaLle trodeo/1, whcrc~s 
32 rq¡hlers wuuld ha>e rooultod in too l"w ont."wurd 
in;trU<lÍor>S. ' 

1'.'i¡l, '"'" m inur r t>ttictim• any rc¡¡ist•·r """ be u sed 
by .ny itJstrlation u an atcun<ulotor, oour~a 

"•" ' .nd, ¡.,J,. '· o¡ u>cmory puÍlll~c. 'J'his , , ~olority uf 

I/ 

U,c otructure io ou import..onl tilo~ il io wortl>while to 
sncflli<'" ony po•01blu OJrcuding impn"·cment.s in in• 
si tuction furma( a whkh cc,,ld rc;ult Ir om dedicating 
cc¡:ister> lo ;p.,.;ial function• Bnr;roding improv& 
JMnto ba>t·d on instnlclinn f•cqu<·>lcy, so thot Ir& 
qu<·nt in>trucLi<>ns uu ont word, at~ more elf.-ctive in 
,.,,.¡,¡.: •PdCU withoul havin.: • rwgnliva cffecl mr lhe 
urd>ilcdDre. 

Why uot ha ve specinli..cd regi5ler~·¡ 'l'h~ 
dlfficu!ty !ies in the fact thut th~ 

rc~lrictions causetl by dcdicution ur~ 
inconsistcnt with une undh.,.r, 

---------~ 

Most opp!ications dedica te the ~•·•iloble tc¡:i 'l• ;" 
~o s~i!ic fun~ticns. For uan>¡>le, most hil\h lcv,: 
lan¡:ua¡;ca rec¡uiro a stock p~inkr anda slaá (¡,,,.,_ 
¡•oint.,.. Thett why no!, one mighL ar¡;ue. h~•·• 
•pedali>ed registors? "rhe dilfirulty li<s in !he j¡,.' 

that the restrictions rau .. J by dedication "'e ;,c .. r.· 
SÍ>lent with one anothcr. JI <he archit.-cture •wpplics 
only general·purpose rc¡:isters, !he u..,r is frea ¡r. 
dedícate them lo tp<cific u•at:U for hia applk~t:~,, 
without rcotrktions. This is imptlrtant in the < <l1>h ~~ 
uf microprocessoro whec• uscr appli<41ions ... ~ "''l 
·wdl known and wlwm hi¡:ldcwlloncuo~"' are ,¡jll 
uo.ed. infro<¡ucntly. 

For example, tho zaooo allows >c>ltwato stscks t<' 

bs itnplement.ed with any regiswr. TI•••• are abo l w~ 
hardwar<l •upporLed st.ocks, bu~ the registera u,,.J 
are stiU general·pur¡><>se •nd can panicipate in ""l' 
uper•tion. Thec~ is no aUorattd sLo.ck framoo poinl. r, 
•ince oñy re¡;:istor can Le u;ed by mean• of the P' < '!'''' 
combinaüon of addressin¡¡ mude•. The oavings '"":i<· 
od by register rpe<:iali<alion aro unottractive "l•rn 
the given function c.on stiU be perf~rmed simply. T\,d 
lou thot would result fcom re>trictiug thc apphc.t· 
t.icns would be loo grcot. In tontro.t, !l!lnilic~"' o.,, .. 
in¡¡s re.ul! from c~duding RO froto u"" asan indh ur 
momory pointer. This ~xc]u,ion •llows onc ta di >1 i.l· 
gui>h between ~he indued und diroct addr~~,¡~~ 
n.<rtles which use the same r<>mbinali<m of tho in· 
•t ructÍon addrcss mode field. The ¡¡rice is small, sine~ 
1!0 ;lill can Lean acumulalor or h<>DrCC rcgistcr ,,,,¡ 
15 athers accumulator, indox, ondlor rn~mor,. 
¡winler5 aro av•Uable. ln thÍ> ca•e the t~SC<ÍCtl<.o> 
m«de •en se, 

Anvthcr de<:ision te Le mod• aboL!t r~r·Í>Wr> Ísl l.,.:: 
sito. Siucc the orchitecture l•andlc• n>ultirl•· ,¡"'' 
lypc• ,. .• mu;t have multiple d•t.a '"Loist~r ,¡,e,, 
"!.kh con hold ••d• Joto typc. Tho .<e.hlli"n ,¡:he 
pmblem is impl~mcnted in the orchit~•:tur• by ¡>«ir· 
ing re¡¡istera, Lwo !·byte ngi;t<'<> "'"ko • ,..ord 
•~gis!A'r, two ward registers mo~o o lung word 
ro~i•ter, ol.C. 

Oda I}'PU· Users would Jilr.e to have u ma11y 
Jir~ctly implemcn'-"d dar., Lyp•• u> possihlo. A rlold 
tn>< is support...:l \Oohec it bos a hudwMe reproocnt..o · 
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figure 2, l"•amplu olln>ltucllon formal• (nonoogmenl<~ '"'"~n). 

l>eline LhaL xny one ol the va<ious instructi"n óet 
;(r~cLurcs--ro~i•Ler oriented, memory oriolltcd, 
stack orien'ted, oymrnetrical, or uymmetrie.J, 
e1..e..-a.-e ~lways beUer when used exduoively. Thus 
tho ta•k of the ard>it.i'ct is !o decide what hio noo•t im
po:Uint goal u,..,, and for""clt of tbemad.apt lhe \>cst 
fuLUres ol the vorlous structuros ., lh•L on the 
•verage, and lor his oet of goal•, on opthnu,n •olutiun 
can be found. We donot believe t.hat rhe optimum will 
be very sharp; it will be morelika irange o! appUca· 
Liono for which the resu!Ung composite structure 

. : works well. We dedded to uoa a reglster struct.ure lor 
cumpatibHity, multiple word inst.rui:"tion• for spt'<ld, 
mcu>~ry-to-mcmory inst.ruction' for atrin~s. naclr. 
structme (,,, pr"""ss cOlllrOlllld procedure >UPJ><Irt, 
"shcrt" instructlcn for byte denslty improvc•ncnt, 

'"· 
lnotn..<lio~ {ctmat con•idcrariotL Tloc Z8000 h"" 

ovur 110 distinct í"'truction typoo; scvcrnl Ínstruc· 
tiun l1>rmota are illu•trated in Fi¡;u:• 2. ·n,c op<oda 
field •pecilicl the typc o! ln1truction lfur ,.,•mple, 
ADD 11nd LDI Tlw mo<lc fiold indic•~«• thc •UJtt~s· 
ing modos U<>< uample, Regiatcr]RI, Dit<'CI AJdru"" 
IDA), The d~ta clcment typj, !WIIll atod >t•¡;íster 
deoill'notor !iclds complete the ba"c inslcuclion 
f'¡elds. Long wotd instructions u.e • dillcrcnl <>¡><<.<le 
value from thdr byte cr '""'d countcr f"'I"L F rc~uo11\ 
insl ructlons Kre encvded in a single word, and les> fre
qucnt in••.ructiona which use more ¡han two 
Op<runds use two words. Thcre are ofl<!n "Jditional 
ficlds for specia) cloment• such u irnmediute valu~s 
or ccnditiOJl cede descriptonjCCj. lnstructions can 
des.i¡:natc one, t.wo, '" three opcrandS<x plieitly. '!'he 
instruc(iun 'l"ltANSL.ATE ANDTEST is tho only une with 
four ope.-ands and is al so the only onu with an irnrli<<l 
te~ister op<r~nd. 1 

&v•cal rest.raints can gUide the ptC¡'I<r chuico of an 
inotructi~n formal. A lar<;<' ñnmber of opcuJc~ lu>ed 
or re>orved] is vc¡-y importalll: having" ¡;iven in· 
structiun Ímplemcnt<<l in hHrdware u•es b) tes ""d 
improv•s speed_ But ene uauHIIy ro~f<is to wnnn· 
trate mure on the complclcne•s of lhe uP•Hliuns 
0\'ail .. ~le on a p"'Uculor dota lyp< rather th~n on ad· 
din¡; more and moreesot.,ric instructions whi<h, if u o· 
•d fi~Qucntly, wm not .si¡;nificantly •ffect' p"rfor· 
manee. Crea! ca:re m out be glven le lhc problern uf o~· 
p~nding the instrueüon se\ io, for e> 0.,1.¡,., ""~ ddt.• 
types con he •ddod, 

A<Mr<·.<sing rnvrlc·s. Thc ~-~OOG hos eight addrcss· 
lng lll<.odcs: Tq¡isrer {H), i~dicoc/ '-.:i•/RT (1 R), dir~CI 
udd.,·u IDA). indn~d lXI, ;,n .. diatt 11 MI. b<ost ud· 
drt•H (DA), ~aso inde~•d lilX), ond rolutiv~ addr"u 
(ItA). Scv•rol other oddrcssin~ maJos are ionplicd by 
,;1"-'<iflt inslr\lctions ~uch os outoincr<·n>ont or aut-o
dc'<tOmcnt. 

Althoul{b a vc¡-y lar¡¡e numt..r of addrcs>in¡; modo~ 
is bondlcial, un~.., st.otistics dc1non•!.r4!c t.holno! all 
combinations o! opor•nds, addre•• m~''"·'• W\Li 

opcrat.un are mcanin¡¡ful.' 'fhe five basic .~,¡, ,-;ci. ·~ 
onodes uf R, !R. DA, X. and 1M aroth" moot fru~.;,: " 
ly us«<l and apply to most instructÍOIIS with muro 
thon one addrc11 mode. Fot, lw<>-op<rand ínstroc
tlons, ot.atisUcl show that most of the timo t.l,J 
dntínation is a registcr. Other case• ol aJdre,i,;¡,· 
rnt>de combinaticns and le'" buic ~dJ:esoir.¡¡ ,...,.\ -. • 
are a .. odar.ed with speo:ial inotructions. Th""· th<.' 
frcquent ccmbinaticn of autodecrcrneot. fo1 tlll 
denination operand 'witb O.o five buk ad•l:e"" 
mr>dea for u,¡, oouree operand ia prcvidad by(].,, ~'-!:i' • 
instruction. The combiution ofautoiutrcll>•nt '·~ 
dressing modes for botb ooure. and de"inoh>r 
operanda is one of <he bloclt move-inotructi''"' la 
esscnce, tho addross m<>de field opaco hu been lraded 
for op<ode !idd opate. This allowo mw-1 inol.ructic..., 
o~d combination1 while •toyi~¡ withln ~ one·"·"'~ 
locmat. · 

'!'he price fcr thl• trodooff i1 the i~frequent. occur· 
· rcnce ol pairs O< triple o of inotructi<-ns simul 1tin¡; ·• 

mi••in¡; urldres•ing n•r>de. 'fhis siluati<>r '''"'U<S "· 
most instroction seto lallly case. 

coo~ donsity. Becau..,currcnt m_ic'rcproces•ors aro 
restricr...d \0 primiüve pjpeline strocturu, tbeu 
1pocd islargdy d~pendent. on th<i numh<·r o! •~"''"""'' 
in•tructíon wordo. Th•refore, codo dcn•ity is nnt <>nly 
irnporlant beca u.., oi pr<>¡.'>um .;.., r.duction bul .el><> 
beco use ol specd improwment. One would lilrc to ,.,. 
cede in thc omallcst nurnber o/ bits t.ho mcst frc'i'jU<·nt 
inal.ructiono. 'fho bosic instruction si1e Íncr~rllcnl 
w"" dwscn \0 be a wo• d for 1 cnsons deolm¡: wilh 
~lignmont., speed penioltics. and hardware co,nplc:o.i· 
ty. Thus the moot frequ~nL one oñd two·Opt'r;or,d in· 
stt"ction• t.ako Ol\e word in thcir re¡¡istcr "' r<•¡;i>te~· 
t-o-re¡¡ister fw-mo. Len frequent inslr\lctiono ~· in· 
súuctiono which use more th~n t wo operands """ ·" 
laasttwowords. 

The ZSOOO gocs ev"" furLh~r ~y l'<'h:rlir.g ""' ,., .. ¡ 
sfl"("i•l inotrucüonl as "short" in>truCIÍ<>n' -,.,¡,,.¡, 
t"kt·only """ worJ, whcn n~tm•!l:" ,¡,,y' oul•: ¡_ü.' 
two v.·ords. Thesc inst.rllctíon;, ·'uoh ao LC~l' u·¡;-L 
l!F.C.J~"l t:H lMME[)JATE Ond l.O.W \':UHIJ h>:t;;,, o!. l ''. 
~ll'UIAT~ lfor sn,~ll imm••Uiol<t ,,,¡,,.,¡, c.u.t,L~• 
'JW 1:. and JU"P H~UTIYE.~re "' fr,·~ucnl •t~linic .. l
ly ¡(,o t. lh•y d";erve ,u,h >peci•l ! roaunon< 

A 01'0 word JUM P Rli:U 1 1 \'r o nd DECfl~M O:NT M:D 

JUM ~o~ .'101<. lEROolso hove o vory si¡,-nific•nt imp><l 
on speed The shcrt offset mechanism usrd"by ~d
dr~;,es (ond dcscribed'bo!Qw) lo olso do;i¡;nc<! to 
•l'ow one-v.-otd oddresaeo. Compared \0 prcvicu; 
.,,¡_, uprO>C<.,son;, t.ho!!llg•ot l"f'd uctiQn in sh o o,,¡ in· 
,;,.,e in opw.d rcsults lmon tb~ Zi!OOO'• wr.cW••·t 

CC!.<rult !> 
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Flgu1a 4_. Loglcalto physicol oddr_oulranslallon, 

•• 

ROM. Uscro whooe ~Lo} rnemory n-I• e.tesmallore 
aloo unli~ely lo need reloeatlon. 

In sutnmary, lhe choice of a oe~n>enu.d addro» 
opon hu providod-at low costaod with few prae
tkol limitotiono-a powocfuloolution te tho problem 
of """' gtowth, relocotion, and proc.ection u well h3 

vistual tnomory impleonenllltion. Wo beUeve thot a 
linell.l" oddreso space could have ochieved thes.e 
result.s but al a considcrably higher price. 

The syslem ~rchl!eclure 

Pro!ulion fotililieo. The Z80(10 protection 
focilitieo can be di,.jd«! inlo syotem proteuion 
leoture• ond memory protection fe•t~ce.. E1-
perience wit.h larce comput.ecs has domonotcoted the 
ad••unlo~c• of hovin" otleost two •••cutioo mode• 
with dilfuent acces• dghU t.o hud~-..,• foci~Lies. 
The Z8000 provides the systom ond normol modes for 
this purpose. A simple prowction oyst~·m •••~lt; 
from the pre..,nce ol the .. two n>O<!e• and their 

1• 

oo-iau,d •l•rko. A >pt<:ial d .. • W "'privileg...d'" in· 
strutlions ls doliowd. whi.h dcHl; with 110. ínter· 

· rupls. tr~ps, aud m<><le ch•ngcs. Pr"j¡"toms in normal 
mt>l e whioh attc mpt lo "' .cut~ A poi vilcg<d in>true
tion will cause 1 trop orod a chon¡;c tu oystom m<><lo.. 
The swl\.ch lrom UM!r tu oystetn .... ,lo CHn abo !.>e 
cou>ed by thc •ystctn cal! in>truclic• .. Th• ..• o 
m<:<ltonisms •nl<>rte pcotocLion and ltdp in .!~·-Í!'·';":; 
rcliable and cfficl"nt operating systr-t<1> >'oth ,-'cM 
U>C< inUorfac~•- Severa! othH Ir•~,- ...,~ ,.,J~i•·-·> w 
~chieve a 'con5istent sy•tem: scgmtr.WIH.>•- ~cap, 
pcivilegcd instrucWon trap, ~nd unddined iu•:..•;c· 
Won tra¡>. ' · ·; " 

A desiroble memory pcotec:Llon scheme io on~ l~r 
which protect.ion inlormdion l":ad <mly. t~od ni k 
uecute only. system "nly. si u ol do tri or codo. ~• di> 
easily ••aocioUod wil-h thc dota •nd ende 'lno( ¡u' e• :.< 
• ¡:iHn appUcotion. lt is also one lor .. Ud.~ :~,i~ 
n~mber el dilfcrent typeo of prot.aclinn infor t.1>l iun 
c•n ~u ~eriliod. 

'fhe relocn\on ond memoty pr<ott•Ct!~' 
mc-chaniS!no describo<! obovc oro provt<i<-0 il) '"· '·" 
terna! Jevice: the tnemory lnAnar<mCnl U•'-lt • '1 ";.r .~ 
vide rd<>eaLion and ptol.ection ftaturco directly on 
the ZSOOO would hove dcmandcd loo much •im»lif.co· 
!ion. The externa! MM U hu tho funh~r edvan:~&~ol 
¡>roviding for e .. Jcr growth by the addition ol e o,,;· 
ponents. The ZBOOO 40-pin p•<"k~g~docs MI h~" · . 
carry the burden of the urr.!Scd üi:hanud rel<...:•t;~.-. 
ond ¡Jlotoctlan lcatuccs, olt h<>uGh >a u ,e l~r '" o~ ~,,.. 
t..,Lion can be ochiaved by hardware "'-P·" ;' i.md t' ~ 
d•ffucnt addce51 opacos. With muh •pla M M \• e, t; 
~B-pin paclt~g• """'can control th~ ,dcw;a!iu~ ,.,¡ 
prot..cLion ccmp!e~ity desic~d in his appUcol..ion. 

The "'""'"'Y moon•c•m~ac unit. Tt.e MMU p<~-
lorin~ three funclions: 111 addre<s u•nsl••ion ni· 

lu¡;ical oddroos to phyaicol addte" u•ing d¡·nan~t 
relO<liLion. 121 memory protec:Lion. ond IJl ••gm~nt 
m•nagcment. Thtl •ddreneo monl pulo!Pd b) ~h,· j>J _. 

~¡:r.unmer, u.._.,;l by the in•lnlctions. anol.oulput !.y lh<' 
1.l!OOO are call..d lo¡,~cal adJrus><:O. Tho M ~¡ 11 ,,.~, 
these log¡cal Hddrcs•••· compuse.! of" 7-Uit ;c¡;.:e •t 
number and 16-hit ol/..,1, ond trau>(om,. lh'm in<-. 1 
2t-hlt phyaicaladdros• ¡Fi¡,'llre 4] A 2•·t.it ari1 .n Jf 

Ua•• !s log>colly uoociated with e~of. ""!!'""""· 1" 
focln • 2t-hit physicaladdreoo, thc IE-!.i~ of!..,t io od
ded lo the basefoc the giv~n segmcnt. In effect. witb · 
tho hrlp of ano rn~mru-Y mansgern·,n\ dovJc•. !~ 
7.8000 tan addreu 8~1 byte• t!ir,~tly ";,hi,-, " 
16M-byte phy •kal "'""'"'"~ >¡lln o. 'i'lw 1 '·"'" ''' ¡,., 
the chuice olalarge ph~sical ~dJr~"'' 1"'~" in;;udt "" 
exp"C\Jilion thot lar¡;e sy .. t<ms wiU 110!o\ lo t:t< • xrJ ,J 
bitd or complc~ r.somoe tuanagemen\ ¡;u:. p, ,e._ 

f'•ch ""gmen! is ¡;iven a uumb" .,¡ "ttriL.::··• wt.< '' 
11 os inilially ~ntered into tht M M U. 1\'bcn " ·""''"'-'':-' 
rdu~nee is m o de. the prol..ection on..:hanisn, <h~ob 
l hese attributu ogainst t.he !lo tus i..r<>rrr.~l;o~ fr,.m 
the CPU. lf a misrn~tch occucs, a trap" .:<a . .-•t~.t 
which intarrupt~ the CPU. The CPU un thtn che el.. 
tho MMU ~t.atuo regl•torS t.o i:!etermine the cou>e ni 
the trap. Segment •ttribute• indude ""J;"•<n! •L'<' 
and lype (r~d unly. syst.em onl~, "'""uu onl~. Íl•· 

c.n.•.-••10' 
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a memo~ y bus, an 110 bus, añ ~~·l.,,rupt bu o, and lwo. 
resource requcst busel !f'lgure 7). . 

The Z.bu5 lo nlled o "•hared" bu o beco use severo! 
componen t. can uoelL A bus u ser lo o CPU ora pe
ripheral whkh can uwally generato'oneor mo.-e bua 
transactiono •u eh as memory data ruquesL oran 110 
request.. ldentk.:l bus tran..,ct.ions co.nnot take placo 
at !.he .. me time, but oerialiution mechonisms ollaw 
s~quentiol use of the Z.buo. ArchitO,cturolly, ll•• 
buoes can bé grouped int.o two slnl<tures. The 110 
structuro usei the !/O bus and the intcrrupt bus. Tho 
m< mor¡ atructure "'"" the rnemory buo with or wlth· 
out ad~ ut.:n•inos. Both otcuo:tures eon US<t the 
re•ourc¡, r~que•l hu• ond the m""l.ershlp request hu•. 

Each bus co.isists of a O<!l of s.igni.Js and the pro-
t.<>eols ... hich preside over the Vlll"iOIII typeo of tran· 
socliom Part of cach protocol ¡, the timing rclotio"· 
~hip b.tween relevan! oignalo. The Z800Q CPU P'"" 
vides moot of those timing relotions. The advant~ 1:e 
of such a choice is t),o oigniflcont reductio,, in th• 
number uf componento required to build such " 
system. One conscgu•ncc io that bus t.ramocti<>n• 
unnot be 8borted or delayed fre.!y slnce sorne 
deviccs. c>p<·dally momoty, ha ve sp<·ófio Li minH con· 
•trainu. The moot imporUnt COil>iderotion for th• 
Z.bus is the ,...,.¡ to interface to multipl=ed aJdrc•s 
and dot.a lineo ~~ th·a Z8000 CPU which nms\ lit in ~O· 
ond ~S·pln pockages. The Z.bus onoinloino th""" 
multiplued address and doLO lines. Vory little 'f~""d 
could be go[ned by demullipl.!xin¡¡ the"" line., ¡.,, 
memO')' rclerenoes s.ince memÓrics ore lhem<e],.,$ 
muhiple>..d. Tho moot impori.Bn~ •''·.-~··!•~< . 'a 
multopl•·•ed ·~-l.uo ;, !)," din< .... drc>'.OI ¡\¡ col 
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periphero.l in toma] reiist.!n. Thi~ l<ol~;e ..Uowa l '·" 
construcüon of campln peripherala which maht.nn 
& simple progt•m lnterfate. r . 

The Z·bus io knawn a"o & lran&p~•.nt ar ac•.n· 
c.hronou• bu>. Z8000 i:orhponent.s da ~~~ '""u ir e ,i,,, 
their dock s be >yncluiinized with the Cl'U dock. TI'" 
oignab U>ed by each lt~n·sacti~n pto,·id<· ~n ~~~ 
neeeS•Mrj. timing. This ccincept i• Í<>•l'~'""" it 
oi\Cws. for eumple. 110 ref~rences lo l•o i"dor~~Liem 
of the >pcod ond dock freqnencic• r"¡uU cJ ~:O "1 !" · 
r,Lus tri~>•actiun:o. . . 

!rO bu• """'" momory b¡u: Tho LO a11d .,,_. "~' ,. 
bu><:S are thc rnost imporl.ont.. 'l)le ;'.WI.'Il f' n ·!1. <>'"· 
chi~.t<ctur~ distinguish•• botwún.m~mOr_,.. """ i1l' 
op~ccs ond tluJs requireo opeo:•fi<: 110 h .. truoti.>""· 
Tbb ..rchit•~turol separation ~Uow• bcttcr r••u:,, 
tiun a11d ha• • niocr potcntiollorutcnsion. Th.• J,(, 
and 1r0erncry bu•es use a lS·bit addte;,sld3tA bt.·c 
which •lluw• JS bit l/0 oddr"ss<S •"d S· o• 161..: 
dMt.a elemento. Mernory oddrooscs ¡,ro IS ~¡, lvr th< 
40·pin park•~e or ui..Onded t.o 23 \ojl, """!: ti>< >< ¡•· 

" 11,.-,,~d ,,.r;ion. 'fhus, !he rnw•u1y hus i• !n '"•<(, 
!ogiCJt! ~dilieso bu•. The ih< "'""'1 op¡.-ed ro-_uiO<· 
men!..> of futuTo rn.icroprOLes.oTS is hk,•ly 1 o bo """"·"" 

·.,¡J Ly t...JJ.,d,g '"'"'"'Y and 110 rd<•tOI•<'<"> lu t.l.ei: 
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.. 
sys(.<,m ~rchilectural possibiliWoo, but we al so believo 
t.hot t.ho la mUy wiU be more elfectivc lx:eauSII lt wiU 
grow with iUrustomer. 

The Z8000 lamily doeo not &lwayo attempl t<> pr,._ 
vida I¡>L'Cifie archlteetural aolutions, often lm." · 
p!ement.ed in hardwBre, to .U syol.cm architecture 
probl~m•. l not.ead, it providco buic, general·purpooe 
blo<oko out of which a ~yst.em oolution t.o rnoot pr.,. 
blem! con be implcment.ed. The multi·tnkropr<>eco· 
ocr and distribut.ed system capobililieo o/ tbe ZSOOO 
fomily illuolni.C the use of open-ended medonismo 
to rolv• o variety o/ archltectural probl~ms, w ),j)e tho 
m•mory n>anagemont of addre"* sp•ce illustrol.cs a 
specific problem 9u¡¡port<:d by o spccifrc •olu
tiOJ>-the MMU. However, other 1111lut.ions more &p
propriats t.o a parlicuhtr problem con be u•ed ~"dan 
advanco In tho s!.al.e of tho ut'm.ighL be ma¡.opod int.oa 
n~w device f01 the lamily. 

This vi•ion of tlo~ family often resulto in cum
poncnts more powerful •nd rornple~ thon an appUca
t!on may require. The u ser •hould not taku thi• as a 
cau'e lor olarm, bu~ rathcr os tloo re-.on hio applko· 
tions ¡;-ruwth wiU be ~osier. · 

Ba.lc CI'U iu>pl<ment~tlco doci•U.no. Th~ U{)()(} 

c~rr<-tot)J "'"'a 16-bit dota bu•IFi~ u re 8), •n illW n~l 
reci>Lo ' arra y o/ J 6·bit re¡..-i't , . .,, otLd a l6·bil p . .rullel 

,, 
AI.U. 'fbcse implcmculnlior. Jocioi~n!, which "'"'" 
~uidod by the L<o<l¡.noln¡:icalac.d pr•ctiurl con!idera
l iton•, ],,"e a >Ir<>~,; inopact en pori•Jrmance. 

Toa dUo ve ¡;ood porform~nce with the iusu--uction 
forlfUiland data typeenvislunod lur i he zaooo, only a 
l6·bil bus hMno ad~'QU<Ilc; a 32-bit hu• would hove 

· n~t•••it.a!-ed u•lng a o ""occopl-aLI~ 6S· vin or l~r~or 
-vochge. OpW 1nal p>dormace io <.bl-aincd with thio 
tl.u>cn Lno widlh if tho •"-e of tbelr~qu"nlly U,d 
'"llÍOI-er-to-regiot.er O!"'tallon~ b.-<:uoneo on~ l·~'.:. 
Thu choic. uf ALU Bnd interna! rcgi•~cc ,,;,¡,;_" .• ~ 
Lr~<leo/1 hcLween opwd of ~e mo;t freque~t ~~" 1 
Liono and the chip are. needod t.o Implcmont r, R ;,;_, 

Al. U or dot.o path ilo>ide the CPU. 
N<>ne o! these implomenlation dodsion• ohoul¿ 

lionit the uchiLa<ture. hutructiono ué from o»~ l~ 
five wordolong, and data lypeo anol addJ.es••• "-'~ ¡.,.,: 
limite<! 1.0 16 biu. Far uample, 32·blt w-<>rdo etc o;;<· 
ol the meln data types o! tho modUnel, o.nd addrto"!. 
o.:c~py L~'<o wordo. 'I'he .WJ,. .. u\oot.anisn. :!
lootratel Lhe otrong diotlr,ct.io.> l.t '" < : ··~o ucbi<• o· 
Lure •nd lt• impletnenlat.ion. Tho Ol ";,itcC\<!: •1 ,. ' , 
Jron reprosenLOtion uaes a 32-bit y,·~rd o! w],,,)," 
Lito u~ reacrvud and JI• a ohurt lorrnolllun¡; :~ .. n > 
deoctiptcr. Thuo. the UIOOO archit.e-ctuJe provid"" ur. 
to Sl·bit addtaaooo, b~t only 23 au cum•ntly ¡,~,. 
plemented ond 23 pino ol th• curr•nt pad.age ~~-
alloco.ted to addJeuea. ~ ' 

MMU tradoolfa. Tbe MMU and it.st~!atlon \o th~· 
Z8000 CPU il!uslnta tradoolfo tbat • microprol,e,.w; 
archltect and dosi¡;oer tearn mu:it m~lt.• lo •n~,.,~ 
compon•nt manulacturoblllty. 

To achiove ~a ¡:oalo of got>d architecturol ""'" 
P"liLili~y for higb~nd systemo, it waa n<O!::!r}' t<o in· 
dude the proucticn and relocadon m.chanicrn:J 
des~ribed a~avo. But il all dosir•d fcotU<OO v ero im 
plet!\Cnled as a one-chlp CPUI~IMU cotnLinot'""• i( 
would havo been too lar¡¡;e o.od, tb~ord"'"• 
uncwoomicol. And if a re:luc.-d se\ of f•a:ures w-cr• 
implomenlhi, it w-ould havo h<otn Mchilu.tur~l:J l• • • • 
primitivo. Thus, th• choice wos made to u>nir.l~;n . >ll 
!eat.ures and u .. tw-o chi~. 'Ibis now or~~:~•·;_,_.,.ri<,.n 
hu o<verll si~nificant advanlaGel, •~d. u-~ 
c•p~billty f~r rnultiple M M U o, ond all""'" L1H ""'''" 
of a DMA dcvico to the MMU. 

Given tho choice o/ an uterno.l MM U, t~e 1>ex! >• L 
o! d"' i>ÍOIIO concerns package si o e and circuit ;po t-d 
Havi"l: ••d• relor.tt<d .. 8m~uL •Lar\ <o o e """' d b;.,n· 
d..-¡· wmold ha ve r.·•juirod a 64·1Jin pa<·k•l,(c" o·.d n ''·' )' 
fa•t 24-bit oddet (in focl, o 16· bi L cddor onJ 1\ bi '-' "' 
carry [>rO¡>OJ!dtionj, In coutruot, lh< <f<o-J'loU> '·", 1 .. • < 
•rgmenl-S on 2M-by.o boundarles allt.~ • U!P u•c ,,¡ ~ 
48·pi!> vockoge_ a fost 8·biL addtr, ~nJ 8 bit• .,¡ Cb.o o: 
prop•~utiun. The loltor solution i• L<•doJ>i,·-•1:¡• 
~U[>"rior aud plllcoo practically nu r<>lricL;on "n 11 ~ 
Olchittdur&. Se~no<DL ~t~l•ularily coa Le ,.¡.,wcd •• 
., implemout.ation restridion and not u an ur.hiLo;
tural restriction. 

MHkÍnJ! th• Sluw-<.ordtr bils ~~ the ofl '"' ~" ,¡;,, cd:• 
to mcnwry also significan ti y toducc• IHernoty o, t·cs' 
time, Sino• d¡-nonoic morn~riel use tho>e bit• r.c.-t, 
rnu;t uf !he MMU reloculiun time i•loidd<n d11ri>o~" 

<:.ur.:Pul:-r; 
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1\e lnWI MCS-~8 family ol .;"nght·chip micr..:om
put.e.s cont.ains a t le11 st n i ne dil fe< ent mi< rocom pu Ler 
chips h~vlng a common lnstruction sot bot dill~rent 
amounts of on·chip road-only memory. roadl 
....,11.01 memory. tnd inputJoutput lso:e Tablo 1]. Ac-

Toblo 1: 
MCS-48 mlcrocompulors. 

ON·Clill' ON•CliiP 
f~C/,AGE PROGAAU DAlA · 
SllE U[III0RY IIIEUORY "" (pin>) (1¡11 .. ) {1>¡'101) (linOI) 

" 1 ~ J\0111' ... 
" " tK lPROM' ... " " nono• 64" " " -!K JIOU' 12~" " " -· ¡¡a·. " " 1 K ~01,1 • " ... lK AOiol • 13 ~ l 6-1>11 AID cotr< _ 

" lK FtOM • lB pluo flllSIOI •JS. intl 

'" \K EPROM • 13 pi"' molSier ., •. inll. 

• (>p.andoDI< lo 4~ .,;¡n """''1 chipS 
·• PIU• 2~6 O¡\" oo moro ol OXIornol ~ala momory ~llh "'""'' <hip• 

f~RI 1 
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8Nl 
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A system designer and tea che.¡ 
who has made liberal use of 
microcomputers in his uwn !f"Jd.! · 

and whose students have des(~·'··..: 
8048 processors, reuiews the 
capabilfties and limittltiuns uf thr1 
MCS-48 family o{ mierocomputer:. 

cording t.o !nt.el, the MCS-48 family wa; orir_in, '·~ 

aimed ¡.riwwily &t the "4·bit muket"-us.ro r.i;' 
t.el'o 4040 ond othu low-coot mieroeontrollers. H~ 
cent ontrit·s In lo tho fanJly (lho 8021. 8022, 80-1 l. a1•d 
8741) ue increasingly o~ociolio~~ lor low..,nJ "''w~ 
cantroller appUcatlono. The M ('S--16 fAmily hao m•. 
this mrr.rktt vecy well. 

ThoMCS-48 lomily wn also ahned 1ta s«:onti '"~'· 
ket~applic:ationo t hat require on •~pondoble. fiil>¡flo• 
chip. genual·purpo.., microeomput.u. As o],~,.n ¡,, 
Toblo 2. senral e~pansion chipo are uo.ilablo lo ¡_ r·o 
vide lll MCS-48 comput.u witb up lo 4 K by¡.,, of ?'"' 
GratD ROM; 256 or more byte• ol exl<>rnol RWM. nn~ 
as many 110 bits u a de.lgner ""oold •v•r n<·•'<l 1 n -'~ · 
dition. tho externo! 110 bus ol Lbe MCS-~8 bmi!v 
ollow1 casy inteflocing of st.o.ndord 8080180~5·< oon· 
p.o. tibiO l'"'ipherol chips. Nevertheleso. tho archi\.N:• 
ture ol the MCS-48 family makoo ít dilficult tn uso¡, 
rnany Kenoral:purpose ~ppllcotlono, wher• o mr.r,. 
capable S· bit arcbl!.«tura is ro(¡uiTed. 

Basic archltecture 

Fi¡:ure 1 shows tbe b11>k sLr!rcL•Jr• ..,r s ' ~ • :·~;.· o 
"liccl'Comput.er chip. ("fuhle 1 ~''""' lile 1 .. ; ,l,ci·" 
~vailable lof 'eaeb of th• microro1nputer~ i:o 1 : .. 
MCS-18 family tloat h•rl boon annouocd ~)' 1~ 
1918.) "fho íiut memh•r o( tlr• (arnily wa• int, ,,J,•c¡ •' 
in hle 1976~the 80~8 with 1 K byteo ol on rhi,o HG• :. 
64 bytes of RWM. timerlcounter; and 2111V ~ilf. • 
dotoiled de&eription of the onliro ¡,;.,;]y e::.•. 'Jc ¡.,,."'", 
in th" uscr"S manual publ:1hed by lnl~l.' 

'fhe MCS-48 is o aingle-uuu¡nulat.Ur archit.'-'tuo•·. 
l'roccrun• mcmory ond dato. memory ,;,,]o¡,~~ .. n:· .~d 
Jlh)">it·olly-•oporot<d (lhu•. thel-11'!0 48 ;, n<>: ,, ·,..; .. 

n 
""" "" ",.,, ........ , " ' "·' " 1 '· 

¡,<],,,,,,¡,,,, 
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How 10 choose a microcompul~r purch •• •iog dopartn.-nt can ord~r (atld recel•e) 100 
P><c "" lrom o distributor's shoiL 1.\anulao:.,. e~s ""'" 

T~~re are 01 loas! al• lactors lo con•toer in t:hO<lS· ~c•n >nown lo ohp sohedulu ""d "'"" '"••<~1 parto. 
rng • onocrocompul" [or mrcmcompu\ft lomlly) lor On l~e olher hand, nurlo.elln~ aJl(l """ (.>Cit ra can 
• prod..cr apphcauon. nr~LI'•Ie IM selectlon ot o nol-yol-ovail,r~'e Yf '"fY 

Cpal>illty. The "C musl ha• e enough RO~. RWM, """~c. rne """',.e tan ~~>Olho prod ... cl • cvmpdilivo 
UO c .. poOIIrly, ond 1~&0 lO """"Y lhe re<¡uiremonts . edG~ '" l .. tur~• <H po!lorm•nce. A.IIMugrr tne now .•C 
ol the oppl.cation, plus a design m¡ogln' ROM, rnay b• 10 shorl supply and costly lnllially, 11 moy ~• 
flWM, and 110 capa~oloty cu be determine~ lrom tl\e ct.ca~"' in t~e long run t><>~use 11 lllo .. , a moro olll· 
n.onul~cwrer'5 liter•lura, whlle spoed 1• b~sl aeter· ei.-r,l ocslgn wlm lcwor IC p~ckogu. 
¡oined l1orn ~e~ciHna1l:. prog1aons tallorea lor \he b¡.·ucred produclloletimo oMuld al so be cornperod 
gl•en O>'i>llca1icn. ..,¡,h tho e>poGied rilo!lme olrhe ~C. E•on ot 111~ ln-

W<th oomo ~es, tho amoUnt el ROM, RWM, ond "'f-en•l'e curllmtly, a ~e lh•l ha> ~ron around lora 
UO can be lnc1ea .. d by u01ng """ chips. Thls ••· le'" ye~ro m.>y be a badchcico. plcduC!ior•QUal.litles 
pandoblllly holps 11 ll>o jo~ 11 lnitlolly un<lerewmal- may fall ano prlcu rl•eln 1i1w moro yoa•••• n•wcr 
od or 11 lho rnarkallna departmen1 chanQes lho 10- ''"~'" 010 ph .. ud lnlo naw desi¡¡no. 01 course, lh" 
~uirOmonls. 11 \ha oppllcallon puones lha aLsolute aoe•n'l apply 11 your company olon& 1> ord~1ln~ 
memcr, hmol> o! lha ,.e, 11 t>ecomao moo o dOI Jicull lOO,WJ plecao por yeor. 1 
(and e•p•o•l•e) Lo da•olop lhe pro~uum. 

Suppori 1wto. t-<>rdwOfo an~ sor'""'- oupp<.ol l<.el~ , l 
btonolbillty. The desl~n•l musl ~onoi~Ot """m"" are eooonlial 'toi. tlmoly devolo~monl el 3 "C·~ao<(; 

lmpro•"d ver<ions el lhe~C WJII beollere~. A~C-based product. The oup'pCut 1o-ols el a newly lntro~uccd ~~ ~:.1 
produ~l a .. igned In 1919, lcr i•ample, inigM b<l rt<lo- cU>no! be ix'poc!<>d to be u exlon~l•e O< relil~le a: .-. 

, ;• slgned In 1991 lo !educo ce~! or te' odd lohtureo. 11 lhoseolon"establlstle~,.Ciamlly. Tnlserocout•geo U.~
would Jhon bo desirablctO elimina lO extra ROM, RWM, use Ql an eStO.t>llshed ,.C 11 q~lck de••l~pmentls need· 

' and WO C~lpl (01 ••<>Od ha•inQ loada lhemor pie~ • dol- ed, or an Oxteristble ·,.e J0mlly wllh o ousoble toolo U; 
lo1enl "C) ~y u singa new ve1sien cllhe ori~inol ,.C woth p1oduct evolutlon lo expoctod. · •'. ·. · 
the e>tll capa~lllty bulll in. 01 coutu, m;.ny produets MQS( 1 1n~le-Ghip ,.Cs illO p1<>g1amti.ed In I!Sembly 
do·,.,, undergo tll>s .. otullon; but ti pmd~l ••olullon langu•oe. ami agood macroosoemblol is a muot. Mo;.l 
la .Xpocted, IM aro~itoctu<alllmits ol \he •elecled ~e rn•nulacturers Supply iollworo tool1 tho! run on thcu 

· ahould be e>amlned In llgill ol potontlal ~~~lication 1,_ own devclopmont sy~t¡,¡,¡S, Howe-.or, o! tt.~ro ara m"' o 
qulrements. Ono can C>peCI lower nardVIOIO and Kili· than o no or 1wo ptoglammero on 1ho p1ojoe1, th6 nood 
ware de•alopmont cooto and, p1obably, lowor manu- ¡01 good le>l odllO<O; oltrÍullloro, and aocumant•lion 
laclurlng Co>IS 11 lhl enhanct<l producl uses ilr'l u¡>- tacilotiu m.>kcs 11 des\loblo1o 1un allaolt..-oro •upport 
g1..0ed veiS,on o! lhl origonal ~C 13\hor \han a toots on' a largo central computlng lacoll\y, Tha' ap
complctely n<>w ene. propríatl "Groso assombletl" and slmulatoro ffi3J O< 

CoSI. In moat •••n olthe private oector, mlniml•- moy not be ollered by thé chip m'añu!aclur~l. 
lng co>l ls a goal, and mlnlmizlng ~C ccot usually Durlng Product drl.eioJo~tent lt la cbvlou!ly 
moans minomlzlng tne numbet ol IC pacoages. CoSI necessa•~ to lnl and chango programo rtJnnlng on the 
ls whal pro•omsrhe des•onor lrom plcklng a C1ay·t product hatJ,.ato. 'Sinco most, olnQie-cMip ¡oCs 
In re!p<>nse lo the lo rol !actor abo• o, or an IBM 370 In ullimately uso r¡Íask-prQQiimmaOie ROM to SI0!01holl 
rcop<>nso to tno see<>M loctcr. poGgrams, iiOOihei mcans ls nee~&d '1o s1oro and 

11 rhO job 1.- woll dMined •nO no p!oduol eohance- el• ,ngo programo óu11n~ óÓYOIOpmonl wlthoul m~~ in(; l 
monl lo anliclpalo<l, 1t ;, r~lali<oly eas' 10 !lnd ~ now mltSh. Some ,.Cs havo pin-cnnopatlble ve1slono -¡ 
mlnimum--cost ,.C thal wlll do tne Job. 01herwlse, wlthon-chlpEPROMin>lcado!ROMthataiiO"'r•u•e 
IM1o aro rnany moro tradaotls to be cansltlorod. <ollheeCchlpwllhólll~lantp<ogla<no.M~n~haveplo-
1< 01mpter ~C otcMooturo usu•lly tmplie1 o smaller •l>ions Jo1 uslng utern&l EPROIA chips i~•Ío><j cltn~ 
IC die ond tc .. or cnip cc01; but ot moy atoO roqu11a en-chip !10~ 11 productlon quanlotle• ••• low, 01 11 
mote chips te •uppo<l il loter. (Fo1 e•'am~le. a ~e •oiL•·•a•echangeoaroo<pe<:tedallorprodu<tlnlloduc· 
withoul 1 w~II/Ri'AOY lone m.>~ t.. more dollicull 10 líen, EPROM •etsicns may t>c e"enllol. -
lnterlace 10 oome typ•• ol potopnelals or memory.¡ llcsodo• ~PROM taclilltes, the maln •upp<Jrl lool 
An expandable ~C wlll lodl,tale oalor p1oduct evolu· p1ovldod by lho chip mU>ullclutel lo tlle ln-clrcÚil 
lion (illhe ptcductls successluq, but ma> lncre"'o emulatul, which 11e1eo lho wllwaro progr&'n in \he:· ' . lnltlol produ01 co>l be causo oflnotrucllon elliciencv, FtWM ol o oovolopmont •yotom ~n~ e'nulates \loe ~C
metnOt)' sl•e. ~O pins, 01 speed sacrilíood bV the ohip ... roo~~ 1 ca~le ana Plui. lns-orted ico pt~oe ol tho ,e In·;·' 
designe" to moke ··~•nslon or ••~onoement "'•••roduCI.Anemulotorlsausel~llooll~rdc~uQgln~·" 
possoblo. both i;Oid"'"'" and sollwO<e. How~•er, wl(h "-'" ~Cs, 11 

A"ilobiliiJ. Miony manulacluring Olganilalions ro
quite • !tcond •ouoce lo< ali componunl•, b(llh lo en
OUIOihOI poots wltl be hoiloblt, e•on lloomo di .. Oier 
beloll• one •ou1oe, and lo en¡oy the normal b<:nOiilo el 
compelilion In • Ir e< moriLe(, 

The dUI~nor ora"""' p10duells citen rompled te 
••leer bel"'""" a eC w1lh one ur lwo •ouoco;;,nd o no 
Wtlh na >OUIOU (yet-"Wo 11 h~, ... mple• In ti"OO 
monlho'1-11 is "'"Y tocommol •~ ;,ny ~~rl unto o. your 

"";l nOI Do avalloble n ooon U lh~ ,.C chipo aoe, and 
"'"" 1111 "· il rnoy stltl have bugo. •·1 · 

' Speollio le<:Mio~l Jooloos. ~any sp.:clloc t"ohnloal, 
tocio" can bo c••m•nod m ~elermining wloetnor a,e 1; 

wtll do lh< jo~ al hand-powol con•umpt~ry, •peed, · 
l ll <Oin;o>llbl!lty, pociLoge olu,lnorruollonul. How
~'"', or.co it is dele<mwed tnat th~ ~r, can do the job; 
th• olhor l~cl~,. obove tond lo •quol or oolw~igh !he 
r.ct,ni,~l "nkrr·~,.-- ol tr .• ~e ctc<c ••c.h!lo:t "'": 

--'C-'-'J 
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Figure J. MCS 46 inlornol d•l• momory. 
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INn:HNAL k~UJ;-r.:R INI.\IKEC'r ollowo eifher RO or 
R 1 in tho curren\ rcgioler bonk t.o btl usrd asan 8-bit 
polnter !.o int~rnal data mcmory. The oddn!ssed byl.l! 
may ba load~d with on immediatc value, moved to or 
from the ~ccumulator, combine<! with tho accumu
lator, Ot innoment.ed Jhut lor sorne obscure reason 
not docr~menk<l, oVen thou¡;h tbo n'ce .. ory "h~le" 
uist.a in the inotrucllon oetl. ' 

l.ocaliuno 8-23 o/ the in torna] dota memory are,.,. 
JCrved /ora "•turn addr~•• sl.l!ck [8 en trie•, 2 bytes 
J"<l" enlryl. Those locationo are writl.en by int.errupt• 
1nd subroutinc call• ond rcad by intcrrupt and S!ll>
routint return inStrucüonl. 'fhe at.aok i• too Small, 
making it hard t.o wlil.e proc..dural code, whkh is im
portant In lar¡:er programo ( 2K-4K byte o). The pror 
¡:rammer must ~onstantly worry about oalling se
quenocs and generally enabl~ ;n(.cuupto cnly aL the 
top ]~vol of Ll1e pro¡:ram lo avoid overnowing Lbe 
ll.a<k. 

'fherc ore no insl N<li<,ns lo dir<><tly pusb or pup a 
byte. llowe,·or. the •t•ol< can be rathor incon· 
veniontly \\riU<•n ot w~d by extroctiog the sl.llcl<· 
pointor field fr<,m tho 1 •sw. bui:o in¡: the oppmrriote 
addro ... ""~ u•in~ l~lffl'<''- ~t.G!>"l~R l"<I>III•~"T 
mc•1•. 

"!"he arohite<ture al so supporU up 1.0 2~6 byWs o! 
O> lo '""1 data "'emory lwhirh rest~i:s on o •cparaU 
chip). 8lCO,_.d by EXTEHNAL JU;(Hi>"T~H INDIR!'CT 

modo. Either RO <>r Rl in the ourront rogist.t.r bank 
moy be used osan 8-bit poinlcr \.Jj f'lo<n&] data 
men>ory; tho ~ddreued byte rnay be •·opitd into the 
ocnunulotor or writt.en from tho Pccumul~tor. · 

Sinu: pointero oro cont.oined in 8 bit '"I.'ÍSI"'""· Lh~ 
maximurn •n>ount of ditedly accossible data '"""' 
ury •upporl-C<! by the MC&48 arthite<ture i> ?5f
l>yt.cs lnt.ernal pluo 258 b~t.e• edern"l !!,_._.,, .. 
bonk owítdling via 110 blll con be used W ~dd.rt,;~ 
ony dcsircd arnount o! additional o~tcrnal <1.110 
momury. 

Thl mod"" lor .-..ding ope<ands lrom pro¡:tom 
slmc ~re ralher lhnll.ed. In IMM~DIA"rE moda on 
oporand ;, contained in !he by~ lollowing th~ in· 
sttuction; immediat.e oper•nds con eithu bo lo.J.-J 
inlo or comblned with the oocumulator or be lo.&J,.j 
in lo intemal dala memory witb R~CIS"n:~ or IIITf"" 
NAL REGJSTER lNDtJIECT mude>. 

in ACCUMULA"I"DR INDJHJ>CT m<xfe thc ICC'lnlLialar 
is u sed as an 6·bil point.cr l<> an opennd.ln eit.h-r L'·• 
<. unen t pa¡:o or pa ge 3 of prograin Store; un! y o n• t ~- 1 ·• 
of opeut.ion uoes lhll mode, and lt l01ds U>e accum"· 
lolor with thospecifled opuand. ·- ' · 

A number of inotroct.iona spedfy ""'"" "spodal"' 
operando impllcitly, such u !.he pro¡:rorn ÓtaLus 
word, 110 porto, t.imu/<>011nt-"r, carry bit. aoJ ~.vo 
l·LiL fla¡:s. FO and Fl. 

The MC&48 oddressing mo<le• ore simple. hutl hoy 
provide most of !he focilities a ptLgram """rl!. ~oill. 
there are some deficienoiea. Tha rno<t serious prol>
lcmi~ the woy io whirh operando in pro¡¡ram sloro 
oro addrcssed. Sinco program slu:e ouly in the cut· 
tenL page and in pago l con be read thtou~h a puin\.er . 
,-ither lookup.tablel must •11 be le<oted in poge 3 Ut 
the code that reads each table rnusl lxl ir> lho UDIO 
page u tha tablo. Thio io inoom·eni~nt il "'""' thao 
one 25G·byla tran1lotion toble io ne<·d~d. lt olso 
multes il dillicult to do· a 110M chockoum ,df.lc<t 
r<lut.ino-a cn«k>urn subroutine ,..ouk.l hav• tu he 
1'1•< cd in enr}' [Jdí;C uf p<o¡¡-ram >Lure lund •mee ,¡,,.,. 
is no indin-e! ;uloroudne c~ll. \he rnaln ch...:hun1 pro 
~ram wuuld ~ave to contain a ••Porou: col! in"mc· 
tion lo ea eh p•¡;e" s ehecksum r<lu tine). 

F<>r rnosL p<<>gumo, tha methoJ of indi<..:i.Jy ~,¡. 
du·ssiri¡: data n•cmory throu¡:h RO and 111 is accopt.-, 
uble. Lut. for sorne dol<l·•lructur~ monipulatiuns, M• 
••:isheo for one or two more ro¡¡ilter5 that CO<ild 1"' 
U>cd as pointoro. 
· 'fhe 256·byte Umit on dlrectly addrc.,• ¡,¡~ int.rn ,¡ 

data momory io too low. The B049 a]J-~od> cont.uiu~ 
!28 bytes of nWM. a11d Jn!.el sbould """"be •bl• :.u 
pro,· ido tbe foil 2~6 byte• el RWM on one ohip. The 
llfChitc-oture c.nnot moke slraightfonvU!d un o! 
L~thnology improvorncnto for mofe RWM once •.J.i; 

Lmi• ¡~ '""cbed. 

Input/out pul and lnterrupls· 

~-!u>< MCS-48 micr.,¿,mpul~r> hove tb,.•e a bit t;G 
t•· •<l>. n ;hown in F!¡,:ure l. Two ni l 1>< !"''U~~ ...,,1 ",) 
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A la le or two buses· 
{or, di lferent strobes !or dillerenl 'phobes) 

A mleropo<>ceuor memaoy olld VO buo hn monr 
ldonlllylng chaooelonsllcs-dala and add•es• wood 
lenQtll. mullipluod or nonmulllple.od addoess on~ 
ololuS, sep•rato or memory-mappod 1.'0, and othe<o '11 
lo intooesllng to look at two popul•t readlwrlle cloc~-
1~ a"angomenll. 

lol us call tho fltsl lechniQuO • l1POI (011) lnloolaoo, 
u sed by !l.c lnte!~OI!5, B0611. and I.IC$.;8 lomlhoo. As 
ohown in FiQute S, lhero o1a lwo rnuluatly o.clu1l•• 
con\101 pulseo, Rli and Wii, thal ir>dicate a <ead or wrile 
opetotlon. 

Wo'll <•11 thc seco• ,j lechnoque Ty po Z {01 '1), use~ by 
j lhe Zllo,¡ 2!, ZOO,lolOOO, •nd olaO ~y lhe MoiOml• W:.l 
tramily. {Perhops it Sl•ould be Ty~ 0 M beeauso tne 
M0300 camo 1110\,l>ul Z loo~• onvro lól<e 2.) 11 is also 
used in P<tncrpl~ Oy MCS·~S "' pondoo ¡,~''' As sho"" 
In ftguoe 6, lhe10 is • SiL>gl• cooltol pulse, 11Ti5, onda 
le.el oóQn•t1i.w '""' io<loeoles v.toich type ol operaHon ' 
"to lako placo. ThO lirn¡,~ uf fuw ls sitollar lo lltol <>1 "" 
•ddrcso 50gnat. 

Frguoa 7 •hov.' hov.· lo'"" o T ¡peZ p10ccuor wit~ a 
Type 1 peoipherol C:hlp Tt.e deeod•n~ "'""'" on lile 
''""'" can be easlly }mplen•enlod wilh one-ó'>.ill ol • 1 fl 
HLS\39 duat2 to 4 d~cmw (lhos e>'Ooleaves an "''''" 

¡, • .,¡"'"' a l'"'"ly dcsi¡¡oed synchroni.cr tha~ 
••·'"'""me> mi'"'" input ...d~os •nd hcnce skips 
'""""· ,1,;," t\,c •ecol•d Lime in.;. molOths Lhatl 
lo&''" ..._.~, •n LSI doip who$e d<•,i¡¡nen wcro a¡>-
1"'" ntlj' ""·' ~ ~rt· o f prob lems in >'Y'' rhroniter <lc•ig>'l 
1< loo a¡ ber w• > tho 7~~0-SlO, wl1iCh Lil<og l•no >ioce fix
"IJ 1 woulrl ~O!¡;~ OSI thot chip dcsi¡;nots to•u<l "'''''" <>1 
1 t,c pap< rs un thc suJ..jecV' and lhot ac.oclon""' "''"" 
thcir Shldtnl..s u( the i!lcred•in¡; liilolihOf>.l ._¡ •)·n· 
, hwn ;, .• ti<"' pruLlcms in mudco n sy.:t o• 1, ,;:1" 

Ease of progra~nming 

CompHred to sorne of the old•r 4-bltatod 8- hit n, :: ro
l" """">Ors, the MCS-4Sis a niu madtinc Lo po "~"""• 
hut it l•avoo much tobo rlosired comp•rcrl ~·ill' "' 
t.tu~Ol, a Z8, or evon an ~08~. Thc ,.jngkoccur .... t.,.or 
~rchiu•cLure, the lack of inde~ regioi.Gro, ond 1.h 
~b>en<e u! <·Ven a d.irect data P>CUlory odJrcooi"~ 
rnode meano t.l1•L U.e prognnun"r musL ccnsL&ntlv. 
be muving tloiogo b~ck ~nd lorth hetwcen tho e:· 
cumula!.<><, t.ht two.'~pointor'' rcgiat.us Ro an<l ¡., 
• nd Lho rest ~~ Lho d~ta memory land keeping (! "' l ,•1 
thcml). One may writ.o. m~«o• 1.<1 eue the burden 
•omo .. ·h"t, ot tho •~penso <or more ineffident ~odo in 
the ~rump-ud addruss opoce. For uomple, onc ean 
write a macro t.o ~mulote a dir..:t dat.l·m<·m~r]'· 
oddn>uing mode: 

~IAC~O MEMAilOIL 
MOV HO .• Mf:~IAIIIlR 
MOV A.~ ILO 
f:NOM 

110 11 Ocsi•od). Auuming'thal proce•oor anO ¡.ori~h· 
eral sr...-d• ~re comparotolo, \he< o s!!Oul~ t>e n.:> poot· 
Iom In sottsl¡lng lho Umlng requlromoi\1 ol "''''"' 11 u 
procc"'" or lho p~n·~hoool chtp. 

Foguoe a snows an ottem~l lo uso a T ypel Ptoce .. or 
w•lh a Typ~ Z pe<lphooal chip. Thologrcol A,, e "' f,{i ~wl 
WiO !<cm lho p<oceo~or nlcely prOducu ~Hitor '"" 
Typo z perophooal. liD hn lho corree\ log•c value to · 
'""" •• Rrw, bul ilJiimtng loo probtern The T!o• Z 
periphoral e<poelo Rrw Hmrng to toe slmrl<e ,,, 
chao actor to on addroso olonal, lha\ ls,' ll >houl~ ~· 
valid long bolor~ lho Fmi puloe oppu11. Tne oolr ""1 · ·1 
"" cOutd en su< o thlt .. ould be lO orllliclall¡ doloy Rni ! 
ion) tnoj~ h lor iiO lo Oat•oll \he oolup lima o( 1\!w.IJn.' 

1

. 
!Oflur.aloly; such o dolar junten ~·gnl~ a•yffit:'>elr<CI 
would •'•;>!oloy lho l1aiiii•O <rlQ~ ol R>O u~ill it~O: 
•ll~r A~r t«DJ lwd gooo ... a~-Jg '''' • p<~~·om. • ..,lf; 

T~e cl .. nc>l v.ay lo"'" o T~p~ I'~'"·•'O!or w:tLI , 1 
lype z polipherat ohl~• is lo use "'' .~o,.u 111·• •j 1 
í<w. Fnr ""''nple, lho oeo~l sig~lliunl bol 01 1h•r ltO 

r•o•l o~doooo oould be '"'~"Od ,,. ;;,,.,., H••~"'·"" 
d.codrog ol oct~al pe<l nuonboO> ... culO""' l~t hiW''"' 
uwer 1>•10: 1h<'" so!"'"'" "ouiO ha•o to ~"'"'" that 
,,oioes al~·ayo usod Odd pO>t MJoe;oes. an~ ••a<l• 
u sed"'""· , ·~ .' 

rh• cOI\Ciuslon i$ lhal Lt io simpl~ lo (oM~cr T y~··· 1 
I••"Ph!<>l> lO Type l p.<OCUSOIS, trulll\¡11 th• re•!<>~ 
.: on be n, 1 hcult. ls lhis juot \he ~., •1 '"',..o out '" ,..;, ' 
"""" •nolhOO lo lhio modne,.? 



l•mily ho'e ¡,,..,, ""'"'un<ed-AMD, N¡.;c, Si¡;:rte
tks, Sicmens, lnlorsll, llCA. Rolh lnkrsil ~ml HCA 
h•"" Hn~><.>unced plHII• loe CMOS versiono ol MCS-~ 8 
chips. 

1,e MCS·~8 t loip> ll>C • sin ele + & volt oupply Rnd 
hov~ lu¡:ic input •nd output lcvds th•toro fully 'J"rL 
wonpnu~le. A• with ~11 MOS rnicropcocessoro, the 
uutput dri>e i• Umi!od -typicolly four Ór fiv~ low· 
¡ww•r S.:loottky u.S"J"rL!unitlood.s. . 
MCS-~8 doip> cunt.oin on oocillot.or t.o genera te the 

¡mx.o;;ur cluck lw>~nia~lly 6 M Hz) frorn an ex ter nal 
crystal ur HC drcuoL 1 t is al so po•sible lo tonn...:\ an 
extcrndl dock dire<lly \.o the o;óllator i!oput. 'J"he 
output of the usoillotor leeds a divido-by·throe 
counter whD>e output(norniuUy 2 MHz)eont.rolo th• 
interna! •t•tos of thc proces•or. Si neo th~ dh•i<lo·by· 
l ¡,,..., cuu n ter ca n not be ~ynchroniu!d u ~rnall y , p.-o
ceosor 110 cannot be rcf.,.-cnc«<< vuy wcll lo the 
6·M lis dock !Or tricky interfaces, 1101 can ptoce .. o.-> 
be run in lock·s~p from o common clock io • tri· 
pUco te<! mi< rocomput.or l~uthor'• pe\ project]. 

The MCS·-18 family s"atisfied lhe usual 
Intel ~lrntegy of being the first in the 

morketplace with an imperfect but useful 
, product. 

Tho MCS·48 chips hove an ~ctive-low re•et input 
pin c<>Rnrcted loan inUroal high·impedance pullup 
rcsi•tur and Schmitt trigger. Tims, pow .. -on rc•et 
can L~ occumplishOO b) an nturnal l mf" cop.acilor. lt 

· is a little mwe dirncult \0 add a lo¡,oic·controlled rooet 
lfor t•umplo, by a watchJog timerl, olnce opcn·cnl· 
lector or diocrct.e t.ronsistnr drive it tequir~-d- And 
unlou the driver circuit is sophisticakd, a lo¡,~c· 

~omm•nded reset wiU diooble lhe pruco•so.- for a long 
time, due t.o the time con&~.ant of th& pow<r-<ln t~set 
circuit- obout 200 m>e<. In on~ taSII, rcsot destruyo 

· the slate of the proccssot. lt would be nico l.O havo a 
nonmu>hble inWrrupt (u in the 80851 that could be 
u sed for applicalions ouclt u wot.cltdo¡¡ limero. 

Oevelopmont tools 

lntcl supports two major dcv~lopment too!; fot thc 
MCS48 lamily-a crosl as,.mblor andan in·rircuiL 
emulator, ICE, both of which ttJn on an lntel MDS 
micro< oin pu ter deve lopmen t syst~m _ U n forlu natd y, 
lntel does not support any MCS·48 nsseml.olérS or 
oimulat.ors lhat non on o larga computing oyotem, ll 
neccs1ily for any !argo devclopmcn\ projc<t. 
llowcv~r. thoy can be obtaillt·d fwm indopendont 
Jolt.,.·are houses Mn<l ronoullan!.s >U<h as lo.licrotec. 

fn~l hlDS ooft,.·are lur thc MCS-48lacl<> \he con· 
sincn<y onc e>p•cts Úom a L'Ot><i set of wftwore . ' t.ools. F". r cumple. thor~ ••~ B\ lo•st thr<-e vory di f .. 
letcnl 'Ynlues thot an ~ngiueor or pro~oammcr 
mi~lol '"" to chan¡w t h,· '·alu• of • Jlltmw-y !01 ~tion in 
(he ~~ JlS, rl• ;.ond 1 n ~ <>11 w)"-"( lo.r\ he JIIWlÍI "' • (C)-~, or 

l' HOM pro~rammer i• bcing uoe.l. The monitor hn• a 
r.ioe •ynt.ax that allow; us to open a 1""-'lion, eh& ni:" 
lt, ""d u"oli11ue lo thc nut locatiG.: mlh a small 
"""'hcr uf hy•trukeo. In !CE, l.O tc~d and <han¡¡e 
('"" l•.o•tiono. we must t~pe lmoch;n~ t,l'o UlldCl· 
lillt•d!: 

'CBnl:tH1UI<T 
D\4< 11 .. 01 ll 3MI B> 1 1 "H 
:_ ciiYTEl•-,-.-¡¡-;¡:f."ft',6A 

·r~do t~c '"'"" thinc in the PROM!"' ,:•·"""'"'· 1' < 
l""~'""'"'"r types: 

• [115Pl.A Y f'HOM '" TO 1 n 
00~0013AHF>9 
:_ CHANCE-!<<-ol.n.rl'.U 

1 o e:thor synt.lx, one wasto• keystrokuo, and it's ••••Y 
10 lu•e traclt of thc oddreso in a long strlng_ Thi• isn't 
lOQ Wriibla until we diooovu th&L ICE ho• in~;-.
pr etcd •nd print.ed •ddresocs on<l clotn in he><, whlle 
thc J'ROM prograonmer hos uoumOO inpuWI in d,..~., 
mal ond prinWd oulputs in hu {UK'rrl f<,r't~:·t•: F•". 
,.¡,,<h the PHOM programmcr <ejecl• l"c~u·o \. 
looh like an as>e,nbler labeliJ. 

A n~ther const.ant annoyaneo is that the M 1)>' • •· 
<.<pis only lhe RUB thar•cter for del~~inr. char•d .. 6 
i~orboin¡¡- the deleted charod~r); botkspooe i• nut sup· 
ported. It -..ould hove been e.aoy enough l.O •~pport 
l<>th ~'"" <haraclero, inakin¡¡- Lnth t..!leprlnti>r •~d 
Cl!T u•ero hlppy. 

Conclusion 

Th~ MCS·~S micr<><:omput.et lomily "'"'a wwm·_ 
aLlocontribution lo lhe stakof th< arl wh<n it 'l"C> ~~· 
t<~xluct-d in 1916, in ~pite of its naws. 1 ¡ ,,-hie\ cJ '! • 
dc>ign goab and satiofied the u•ual lntd str~ten• u! 
l>cing the !ir>l in tbe markctpl.oct with ~e. imr- 1 f...ct 
hut ""'fui p¡ t.>duc\. 

'J'h~ t.ICS-4~ ¡, an accepLabl• diOJ"'-' fur opp.ic&· 
¡;,.,,, wolh init i•l asti111att-d 'equimncn\ • _,¡ lt j' thon 
J K Lyt~• ul¡>r~¡;ram otore, 64 b~t~• o! ti~•~ '"""w' .• , · 
ano~ only onc ut ti'Co <liff"'""' progran•• to ~ ..!m•<··· 
"l•<·d. j),·;i¡;owo.; whose appUcalion• oequire '""'" 
rnernury e< Ji!f.,-ent pru1$'ams in di !o ero"' do•;• • 
>hould >eek • more gencrol·¡ourp.,;e o.-..hi1·. 1 u·c, 
.. ,..¡, oolhe Z!! ur U801. · 

1 h~ve spcnt mu<h ofthis artidc .:ou•¡.\ai11it1g '""' 
th~ ~lCS-48 JS nol o general·purp~sc 8·bit nuct r>o"fJ.'I· 

puu,, . 'l"his muy -m unlllir, sinu >nmc P"'-·f•lo ~• l ,. 
l.d coaim the MCS·48 w•s ne\cr inlendc-<1 t.o ¡:v o-.Y• h 
be)·~ncl !he ol<l 4-bit marh<. So wi:o~ critici.-. i: "" 
thot b"•i• 1 First, t.o helP desicuar> .,..ho '"'~;lit ''·: • • · 
wi'o lo• h•IIII-'Wd to U>l! Í! in o lHrgot opplicatiull 1'' : d 
..,)es cn¡:in.,.rs h•okly '""ommend their ti~• >-<:hi1, 
~~1~5 >)•tcm in such cuses). Sccond, to holp dosi¡;".<r< 
wlw ha ve .lreudy sclo<te<l Lhe MC$·48 lor > 1~1 ¡;. • '·!" 
pli,-~tion. Tloird, l>o.cauS<! di•cussion ol ¡;,•ueral 
>)"S!o"' Je~uircnoc)l\" should banefot lu\uJC '.:.''lcno 
dt·>i~nor• and chip deoi¡,>n~r• "o.like. fin~~)'.~."""'" 
l nld docs nol now off~r o d~an "'e hit t·Clllre >111\"Lle 
¡.,, !h~ 1110re ¡;:o'n.r41-pu¡puse, •ingl~·chip. e~¡·~~· 
d.l>le microco!olpu\cf m~okrt, •nd l think tlooy 
,¡,~,jd_ l'l 
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The first implementation o[ a new microprocessor architectu.re 
promises to narrow the gap between the pow_er 

of uery small and very !arge computers. 

A !vficroprocessor Arc_hit~~~e 
for a Changing World: The Motorpla 68000 

.... 
:_. ".: : :' .·;e;_!, •. ,,_.>····:,"· . ' .. (:::· 

Edward SlrittÚ . 
·r~m Gunier 

• • 
M olor ola &mirondud.ot 

Microproc:eo>Or tethnology is entering 1 ncw ond 
esp•dally chotlen¡;ing era. While technology con· 
st.raints hav~ nol complrtely disapJl""r.d, we are 
neorly to the point whoro Lhe limiting factor in mi<ro
proccssor dc.>i¡;n is n<>L how much funcl.ion <nn loe in· 
cludod,.bot how imlgÍnative and ercative the 
de!igner con be. 1 A• a resol t. severa! componies h1 ve 
introdured new-genernion mioroproceuors. We 
~escribe how one ol them, the Mntorola 6800, ro
sponds ~ thc"" u ni que candilians. 

Motlv~tions lora new mieroprocessor 
atclli!eclute 

Pre••iou• t;Onorations of micropro"'!ssora were 
limil~d by the ov~ilable lloebnology. Brooks. in an 
OVOT\"iew artkle.• di•O"Il>"es how the technology wn· 
sLraints and Lhe percoived microprocesSQl market 
motivaud early microprocessor architecture. 
Micrnprores<<>rS ~we límiLcd in number o! regiSlcrs. 
daLa•path width. Md ín•truction·,.l power primarily 
b.''"'" >e 1 o·eh~>ol.,¡:¡· C<•l>ld no! •upr,rt more fcaturcs 
on a sin¡¡Je chip. Oth.r limitotions of micro· 
processors. •uch as ha>•Íng too small an address 
•paco' and awkwardness of addreso compu!.ation.' 
may be attributed as n>uch 1.o pre•·ailing per<ept.iono 
uf the p<>lential noorlfet os Lo te<:hnolo¡:y con<Lraints.• 
ll'h~tever !he loo'""' sourco• of ""'troint. however. 
~·e oro now in a r<•ríod oiL<>:hnical innCJ\·at.ion and 
;pinlt·d e<><n¡wtílion. · 

T•chnolo~i~ol •d• annoo. The basic microprocessor 
technolo¡,¡y. MOS. hos boen sto•dily advancod in the 
last l•w ~<"aH. Th~most notic~~bleimprov•menthu 
boen 6tcuít dtn,iL)" lf"Íb'llfO 11. "l.i.h l'""'lotes 

directly int.o the amount al <ap•bilíty that can be pul 
on a &incle·chip miuoproceswr. Whereu earli"' 
microProccsSOl"s containo;d lrom &000 1.o 10.000 Lran· 
>Ístors por chip. curren( proce .. ors hove from 25.000 
to 70.000 transist.oro. which is 1= thon In order of 
ma~n11.ude away from tho number in mony oltl•e 
largost maxi-.eomputers. Cirouit denoity ia not tha 
only t.ochnology advance thaL hu been <nade: CW' 

re>ponding improvcments ha ve been ochioved in cir· 
cuiL speed and powu disslpation. · 

Advoncos in l.e<"hnolo¡¡y hnvo bcon moro ovolu· 
tíonary thon revolutionary. The majar advance. in· 
c<eas!<d circuit density, is the result el gradu~¡lm· 
provom•nto in procosslng techníques Lho!. perii\it 
smalltt cirndt diinensions. Density lmpr~rlments 
~ro r~pccted Lo continua. since they depend noL on 
ov'eroomlng fundom~ntld limitations but only on fur· 
thu evolutionary in>provcmenl al existing pfo
cc.,ca. New micropmcenor archit.ecturcs must b• 
devise<! U> take advant..¡e of this luture advance
ment. 

Mark•l drmnndo. Th• dtmand for mlcroproceS>oro 
in llpplicatim•s hOL forc>e<>n juflR fcw yoou o¡¡o ;, 
pro>irling new opporl.Unltíes for mkroproees.•ll 
manufaclureu. Justas Lhe original rnicroproc"".¡~r 
designorS could not pcediet the mony u>e• that would 
be lound lor Lhcir devi<:e•, !.oday·J dcsi~nen cannol 
hope t<¡ cnvi•ion moro Lhan o fow oltho o••entual "V 
rli•-•lÍhn• ,.¡ ncw n>icropr<><essorS. The implication 
¡,., lho de•ignor is thot n~w dosigns ml>5t be n .. iblc 
.• nd ¡;t•n••rol if lhoy ~re lo be usoful in a lorg~ nurnber 
.,¡ r><>wnti~l opplications. 

' . • 1 • 

J ligh ooft" are «>a !o. The probl•m of •ofl .. ar~<osls 
i" o•·on wo:.e in mÍ<rOpf<lCOSSOI op¡>li<·at ion•than it il 
~ ith ,., '"'j>Ulor< generally. Decr~••ing "" mor)" ¡·o,1.S. 

'"" '"' ;, <•~" ""' .. ~ !1 ' '"" U. E< 

., 



S!IOOO i nlemal archllec lure 

Hc"<>Ur<<'s. 'J'hc G~~OO d•••ign providcs an addros• 
•c•acc ol2''byu:stliu!il.«<1.0 2" bylt'o in the iniUal im· 
plcmentolion)_ Mcmnry io byl.c oddreouble, with 
individuol-biL Bddrcuing providO><I fcr blt-manip
ul~tion in.truction•. Mcmory mi)' be •cccs!K'd in 
unlts of l. a. 16, m 32 hiLs. CJ>U reoourccolncludc six· · 
l<:<ln 32-bít rc¡;i""'"· • 32-bit program ccunt.er 124 
l>its in 1 be initi"l implo·menlotlonl, onda 16-bit sUILus 
rcgistcr. 

'fhc ro¡:istcn Wigure 21 are dividcd lnto Lwo 
cluscs. The ci~hl d.1la rc¡;i•Lcrs ore usO><I primorily 
lar d~u manipulolion; thcy may be operond sourccs 
~• d .. stinolion. lor o!l opctlltions bu toro u sed in od· 
dtQSSini: only u inde• ,.¡;islcts. Thc ci¡;ht r~moinin¡; 
IBddress) ro¡¡ist.oro are used primarily for oddre<>ing. 
The stock püinlcr is one of tho address rc~lo.ers_ The 
program counler ond sl•lus wurd are seporot.o 
r~¡¡iol.ero, 

AdJruslng. Memor)' lolo¡:ieally oi:ldrcsocd in 8-bit 
bytes, 16-bit words, or 82-bit long WOFds. The currcnt 
Ím¡>l.emenl.aliM ""Julles th•t word ond long·word 

" 16 1 ~ " 

·-·-----
• ·------· 15 8 1 

"' 
1 ~ 1! " . 
1 T 1 !si Ji,l q iol 

lAACE MOOE 1 1 

SUf'lRVISOAY 

'INHRRUPT 

·~· 
EXHNO -~~~~~~~~~~~~ ~F.GATM' 

"~ OVlRHOW 

~·-
"' 

1 lgu<l 2. MC6~00D P••-•'"'""';"9 m o~ o( lO) ond h'lo<nol 
huelo <O el Slolos oc.1¡,¡., lb). 

h~lo 2. 
MC6DOOO oddoonlng ,.,<><In. 

R(GI~l!R OIR!tl OODAI:SSU•O. 
<1>10 "-il"'"' ~ ... , 
-.1~"" <o¡¡i•w a""'' 
"""'' "'li>l'! <lllotl 

RIGISI lR DU [RRfD ~DDR!:SSING; 
10~<>10< ""leJIOd 
'l'll"IOI M<t1<d 1>"'1-iiiCIO .. OI 
"~'"" del.,,.a piO·docoemont, 
....... ~tov. .... ..... 

~1«101\.\ld COUNIER R[I.AIIVL 
'""1"" ... OUU( 
"~1"' ona .. ot~ 
''"'" PC Jol:lli., bo•ncn 
""•l l't o<l;¡ ... o I><O<~;h 

.. -. ... .. -~ 
U - IA<II 
[A • il.n); l.n <- An + N 
An<- An-~; E~- IAnl 
U IAol + dl6 
U • lAnj +-tXnl • a! .. ><> ' "' .. iPCI ' t~nl "' " ,., ' • .. -,., ' "" .. ( ....... _ ......... ! 

., 

A~>'llUil AODAESSING; 

·""""'' "'"" •b>DM<IOflll . .. (n"l 1"0 illSIMbOII ""~>1 

IMidliiiAIE PATA AOOIIESSIN&; .......,., .. 
~uoc~ lmmodlalo 

DlFINiliO~S. 

CA M olloc~vt acld<On 
An • id~!O .. IOQkJ(IJ 
Dn - d.lla rogisler 

IIAT~ • 
DATA -

n"l '"'lrll<UOO ~Ofd!SI 

••bi!Oid ol """""""' l~ lltU 

Xo - ldclrm Of dOlO rq¡ISIIJ usoa 11 >1\d" llgiSIOI 
S~ ~ !~IUI ll!liSIII 
pt • P'<v!Mn ""'" .. 
03 • 3·bil diSplaCIIIIOOI 
dt6 • tHIId<'l'l.l<omom 
N • 1 t..-llfiO, f t..- -a, onCI ~ 1or long -a-"""'" . ' 
1 1 • COniiOII o! 

<- - "~'" 

<lata l>e woo-d aligned.. Biu are indi~idually ad• 
dre"" hlo ;, the bit·monipÚlallon inslFUCtiuno. 

The archilec:tura specilies an optlmol mcmory·. 
man•gement acherne that implomenl! and enlorcoo 
voriable·length segmentatlon of the addreos """'"' 
with acceu righu s¡.ecifi•bla for individuo! 
secments. Tho pnxessor can be •!••d with or without 
memory managemeni-

A dd rc•s calcu la l icns !T• ble 2ja re sp«cifiO><I by 6- b it 
liold< ol !he in.<lruclion. The addressing opedfocatioa 
is orthc~onal-1.0 the cperation >pecif~atloa of Lhe in
o! ruotion; lhal is, any addresoing mod~con Lo uood in 
ony iHolruc\icn that usesadd,e.slng. 

Addrc•ses are 32·bit quantiti~s 124 bits in tl1e ~ur
f<'nl iaoplemt•nla\ion]. The ao-chh.ecturo dfidently 
•uppoFl• small>yslems (thou with low..- tho.n 2" ad· 
rlr<;>oblu bytes) by a!lowing 16-bit odd.-eu <JUan

litios to be spedfled, inov~d. or calculat.od in »lmost 
every addres~ng situaticn. For uample, an absolut.e 
adrlre.<O carriud in an i~struction <Rn use 16 or 32 bits, 
cr on indcx calculation can use 16 bits (sign extended 
lo 24 bit>! cr 32 bi\.S ola recisl<>r as input. Thislt·alum 
allo,wo lhe archilecture Lo ouppoFI ,·cry lurue aJ· 
d"•sses "'ilhoul P"""li•inc tl>e efficien<y ol prouramo 
lhat requirc only small oddrcs><O. Tha addres• •ito 
( l G "' 32 hil s] io indh·i'dually Jpecifi~-d far ""eh "'"· so 
¡¡,_,¡ l~ru~ u11rl small· oddrc•o•• < an be int<-nni>,d ar
(¡j 1 1 "' il)' in ol pro¡;rai'Q, 



The G.~OOO dato l)J•e• und ~he "pcrotions lholsup· 
p<>rt them ore: 

Jnr~¡¡or. Tho uporotinns ore ADD, SU~T~A~T. 
•tULTIPLY, lllVIDE, tlf:GAtE. CO~PARE, ond 
Al<l"riiA!f;TtC Hlitf"t lntc¡;"rs may b.e !, 2, or ~by t ... 
Shif~s are multopl~ hit ,¡.¡fts, either ldt or right. wilh 
shift counl spedfk-d in the instruction or previouoly 
c~Jculated in a data •t·¡;is¡ er, a nd indicue o~erfluw •• 
appropriatlt. 

M"ltipucision Ílll<~<r. AI>D Wrl"ll F.X·r~~D. SUII
T~,<L'T Wt·rtt f:X'n: NI>, NI:GAn Wl'tll EXTF.ND. U~SIUN· 
ED •WLTIPLY, and UtiSIGNED DIVIDE are the 
pdmitiveo supplied for easily lmplementlng 
multiprecision integer aril.hmetic. Oporands may be 
l, 2, or 4 by !.es, e>«>pt for multiply and divide, which 
opero !.e only on 2-i.>yte qu"n titioo. 

Logicai The operationS are ANO, OH.. EXCLUSIVEOR.. 
ro•ll'U;M~~"t, W~PAX~;. SlllfT, and ROTAT~ (which 
oUow wultiplc-posilion •hifta and rot..ol.es, Jeft o.
right, wH.h orwithoututcnd bit). Logicalo meybe 1, 
2, or 4 byt.e,. · 

B<XJIN.n. AND. OR. ~XCLUSIV~ OR.. CO~PU:MENT. l>l· 
P~JCATIÓN. •nd s>:T ACCORDINO "1'0 CONDJTION COD~S 
are proVidod. (SET ACCÓRDING TOCDNDITION COnt;S ~~ 
use<! Lo retric~e the logiul value o! ony o! th~ rondi· 
tional teste tha~ are avellable Lo the (."llNDITlONAL 
BRANCH inotruction_) Boolean dat.a are one-byte 
quontitieo. ' 

Bit. The cpcrations ore SE"f, CLE,<R, CHANGE, and 
Tto:ST. Bits ere individua(! y add,.¡,ssabl~t. 

DodmoJL AllD, SUBTRACT. NEGATE, ond C<JMPARE 
"'" clocimol cperotlono. The dedmai(BCD) inslntc· 
tionl work <m op<><a11d1 in ntemory (momory-10-
m•moryl two dib~ls lono byte) nt a time. Cumbinocl 
with e looping instructicn. the docinii.l ir:istr'octicitlo 
impl~ment varieble·length memory·to·memory 
decimal operotion•. 

Churao!u. Chuocter instroctione. MOVE and 
COMPARE. -work on Operands in memory !mcmory·to-
momory). ' 

Addrus. Addreso operatlona include !NCR~MENT 
(by 1, 2, or H OECR EMENT(hy !, 2. or 4), ,<DO IN'rf.GER.. 
SUBTRACT ltl-n:GER. COMPARE, and LOAD EH'EC"J"IVE 
ADDRt;SS. 

Roo/. 1-'lnating·point AUD. SUIITRAC"f, MULTIPLY, •nd 
DI'>'IDF. are •P•'<'ifiod but not implcmented In the fiTet 
ve.-sion. 

String. S"fH!N!l I!OVE, STRIND SEARCII. and 
TRA1<SVTE ~re speeified hut nct impltmtnt.od in tha 
lir•t V<'"ion. -

Pro~rorn con !ro t. ?rognm-control instructicns in· 
elude CONDITJONAL BRANCH (program <Ountor 
re!ative), JU.,P, JUMPTO SUBROUTINE, RETURN FROM 
SUBROUTINE, and Rf.TURN !'RO~ INTERP.UPI". all o! 
"hich are tradition•l instructions. Sixt.oen separata 
oporatlng-sy5lem call, nre ipecifioble with the TRAP 
instrucUon: Conditional traps, loopin¡, and 
suhrou linc CQntrol are dbcu '""d helow, The STOP in• 
struclion halu lhe pl<>Cessor, the RESET lnstruction 
rcinitiali>.e> the •y•Lem environment, and the MO\'F. 
lnstrudion can m•nipulO!e ~h< ¡o;t.,cs;or 1t"tuo ,..,,,.¡_ 

•5 
/'rh·ilc¡:e •tul••· 'l'h~ 6H000 procc.,or can o¡><:rat.e 

in"""' or •ufl<:tViocr •t.ot.<o. In supervioor ol..ol.e, the 
cnlire in•trurtiun ••t is availablo. lndlcolion o! the 
CUfiCnÚt.al.e is¡:iv,·n t.o Lhe ul.ernal world OQlhat,lor 
inst.aneo, oddtcss lron•lation can he inhiLitcd whcn 
thc !'""'"""'" is in >Upcrvi.or >t... le. In Ustt stato, ter· 
t.. in in•t ructions: su oh a• STOI', HESt:r. and those that 
"ovdify 1 ~" slntus word, are not allowed; t~cy c•u•c a 

labio 3. 
MC680D lnslruc!lon oe1. 

!ol~!!ol(l/jtC ~ESCRIPIION 

A~CD .<dO Ot<llnal w1lll Ultrod 
~ ~ 
AOOX Md wilh "tooct 
ANO loo¡O:.Iiflll 
ASL .o.t~M>ttlc: sloll IIft 
ASR Atilrlmotic shitl ughl 
acc · . 8ritll:h tot>dlllon¡¡Jy 
8CH~ &11 k5l&llol <~njlt 
~CLA Sil l"l and clo¡t 
SRA 8ron<:ll i~i11 
8Stl MIOR 11"1 H1 
~SR Sronch lo oubrouuoo 
UIST ~~ ,., 
CH• Cllott of9io1or '11'""' boull<lo 
CLR Clur OrotrJnO 
CMP .lrltbmetiC «wt<p>ro 
/lCNI Dlaomon1 ill<lt:<...:~<non·Jtro 
DlVS Sl~noct ~l>ldt 
OtVU Un•>Qnoct O"Olo 
fOA [.<tu.,.,. 01 
lXG E•<;~ngo "11""'' 
EXT Sl(¡nOd "lono 
JJ.IP .Iom~ 
JSR Jum~ 10 '"brouUno 
tDM tud .._.¡uplo rl'¡lol•rs 
LOO loool roo¡i>tot ~ull;k 
LE./\ Lud <IIO<!Ivo •ddtoll 
LIN~ link stac:k 
LSL lovie>ls~ Ion 
I.~R L ... ocid •MI n¡¡ht 
"'oYE ,. ... 
MULS Si<¡necl rr..lllply 
~UtU Unsognoct munipl¡ 
NUCO Nf'¡ot.O docimid W¡[h ""no:l 
N!G ,...,,, compiomeot 
NE~X Two·• oompl<monl wrth c•IOII<I 
NOP No ">"""Ion 
HOI Ono"o oomplomooll 
OA ¡..,;,idO< 
I'(A P•oh 011«11" •dd'"' 
RtStT Relll "IO!oid CltYICOS 
ROfl ~01110 loll .,¡thoul .,,.no:l 
IlOTA Rot>IO l'llhl ~lthO<JI ""no:l 
A~IXl RoUlO otn wllh ""no:l 
~OIXR Ro ... IO rO¡ M wllh ""rod 
~TA R"urn oll<l ""''" 
RTS ReMo 1rom sutoloutkroo 
SBCD Sublroct do<imid !rOO\"'""~ 
SCC SOl conddiooatly i' 
Slo.t StO<t n'llllllplt t~tors • 

·S!Of ·Stop ',' 
su~ Subtw:t 
SU8l S"blr.cl wllh t>lond' 
$1/AP - Swop ~~~~ ro~t.tor hll"l · 
!AS Tr" ood oot op<rond', 
111.1,~ ,... T1o¡¡ • 

"ll<APV Trop on o"!ll<rw 
ISI Tt" 

ura~•---- ---"""~'""'''""''C __ ~--- ____ __ 
,, 



t-d b)' 1 he ,-,,¡,. no'" 1- llk~ ,,-u ins!rU< lio11o. Ttr~•e 
ins\ruclions t.olp irnph·rncnt fiuolcHrH•J""'·'¡,.,, 
Halu.,tion ~}' ~··oidin~ cHra cohditional br~ncheo, 
e>pr•.-i•llr in the cose las with I'B>cal¡ wher~ "•horl.· 
<ir<'UÍI<·<i" ,.,., luoliun '""Y be wodcsirabl~ Loco use u/ 
possiiM >irlc oii...,Lo. 

J'¡ ,.,., duro• e~lls The (,8000 u >es a SLack- poilllt•d 
lo by une <>1 !he ~oddre•o rc¡:iotcr;, colk-d lhe statk 
poi ni ct · lu h"old the ""'' cd t'll viroHnrct>IS ol "" ll•d 
l"'"''oluteb. 'l'hrcu instru.-tions lplu• an a<lJilional 
ur\e /nr c~ch por•tnclerl impl.-rncnl a hi~h lc~cl· 
l"n¡,'\IU~e prt><-e<lure t'all (Fi¡;uro ~). The enliro co\1 
m"chanbtn ""'" only lh~ sl~ck and is complet<'ly 
reent rnnt¡FiL<t~re 51 'Ore•• insLructions are doscribc<l 
in""''" doloil holow. 

Pu•h }""""" lcr voi"P' or odd~<·.IS"" 011 ru rh• ><uc~. 
'fhc ""'' F ;,,. tu e! ion t'u>lws o v~lu" unto Llw sluck, 
ond th~ l'U~U Hl'~cri\'E AODKESS (Set I.OAD HH.C
T!VE A fl!Ji!U;S e.plolned eorlierl pushes 1.he reo u lt ol 
•n or!ilror¡. address oalculation onl-oth• st~ck !or<•ll 
by refer~ne~. 

Col/ pruce<lw• The JUM f TO ~U!lROUT! N t·; in>lcuc
tlon pushes the retum oJdre .. on lhc slllck and 
jompl to thu pro;><:t·d u re cnlry polnt. 

Esto b/i;h n<l<• lucul<nvironmollf. Tho ll NK in5lruC· 
tion does sll uf the/ollowinK: •a~es the o!d contents of 
lhe frome p<Jintcr l"n orbitrary oddres¡ re¡:ister) un 
the stock. pulncs the fram~ poin!u to tho new topo/ 
ol-lck, ond subttdC(> llre numbu of bytes o/ local 
s1.orago requirod by tlre prnc..cture from the st..ck 
pointer. This esLilh!ishes local si-Orsgo /or tho c~llt<l 
pr<>eedure and & lra1110 pninLer [addres• ro¡;lst.,rj for 
inde>; odd1 esslng o/locol vadables and pn3meLers. 

S<rve o~ orbilrary •ubs« O¡ lh< "II¡"~" on th• 
>lack. The MOVE '\ULTIPLE REGIS'fERS lnstruction 
U>es •n arbitrary subset o/the re¡:isteraon the •t~á 
(ur onywhor~ in JOO!Jiolt}') in o sin~le inSLru<:IÍon. Tho 
re¡;islcr• lo be ,.,.,.rl a1e indi<otcd by oclling thc cor· 
rcoponding biu in • 16-bit field o/the in;lructlon. 

A •~t of ot rnost fuur i nstructions r.verse• tho pr<>
~ess lor p,...--,.Jure rr•turn: 

Reload >av•cl reri><er$. 'fho MOV~ MULrtPJ.E 
m;casn~•s inotmction i• u..-d lora~ al so. 

Reo>luf,fi>h !•"''''"''' environnl<'ll 1 Thc lJNLJ NK in
otruction und'-"'• lho work of lhe ~IN X inotruction. 

R<turn from pr~r.dure. The H~nJKN instruction 
pops Lhc relunJ oddte>S frum lhc stock and roturn; lo 
the calling proccdure. 

Pop poral!ll'/ers from ¡!,. Slack. Tho A!JIJ 1'1· 
'' f:u¡,o:re instructiun uwd un the ou.ek pointer pops 
""}' numbcr of VBiueo olf the S!Brk. 

file &8000 syslem prchi!ec!urt> 

A computcr archilt-d Lit e \]Jcdfie• into·l ;.t'tÍrH» bc-
1 wecn the proccO'Ot • nJ its ' nvit vnmcnt Ly dofinitl¡: 
· uch things os inlerru¡>l >UU• tu re, mcmory segmen· 
tation. bus int<rf~"-•· a"d inpulf•HlljJuL strucl\lfc_ 
Th~ LhOOO >J-51•m ""hih·.-ture i> de>i~od to ¡,., d> 
fl~ioble 0> po•>ihlc )-' "' ;,,lltt>Ce, 110 de\ kc rc~iolcr. 
"'" •.Ido ,.,'<-d "' "" """y 1, •<"hl ¡,,,. in>cm• "Y""'•'I'l"''l 

I0001Udl> f~/~ 

1 .fl:. ,. un <rt hcr MnL<rro!. m u roproore•soro. Mrmory· 
"'" 1 '1"'" \JO ¡;i,·~· lhc prouramrn<r ( lw n •• ibility and 
powcr ol tlw <·ni ire inolru<tinn s.et for manipol~ting 
olrt k e cuMrol nnd d.1ta rc¡;ÍSI <·rs. Swce nouddiLlonal 
illr.lru<IÍtl"' are rcquircd for 110, the p<<><<S>Ot ÍJ 
.;,.,plor. ,rnd Lh<· insl ructlon 5ct is ••sier lo remcmb,.. 
Thc J¡Q sp.rc·c io pro!cctcd Ly lile '"'M n>CitiOf)'• 
mon~gcur<"nt ladlitios that are u>ed to pwlt-<:1 
cr itic~l ~r<·os ni mcrnory. 

,·;,e ¡;~000 l>us •tr .. cturo is olso M•iG""~ ' 
,;.,,,,lidty. •pn·d, and ne~ib1l~}'. Tbe oclttrou •nd 
rl;,J,, lin<•S are M•par•(e; no llHO\Ii~ioxiloK i< IIIICrkd. 
'j¡,¡, ~··<lids Lh~ need for -ny oq>.rral.e d~'icco fLt 
denoultipl"xing, ensuring m•• i mwn perlur,,ontt hr 
cy>tcmo in "hich spccd is i mpotl-llnl. The bus i• &ltn
d.¡onrotJ•. lranders on the bu> ••e cor.troll•d by oc· 
, '''"l"'nying hond>hako •i~.,;b_ >u 1 h•t nu •~•~m¡.
l,ons noc..:l be mode about tilnine or fystem tyn· 
d.runr- The uso~~ handohako ;i{:nals ollnw• do vices 
• nd memories wi ~h lar¡¡e variotton• in 1 ••P"""" tirn2 
'-"be us..ct en lho samo proc~s:.cr bu o. 'lb~ prúCIOIIOr 
w•ito an arhitrarr amount o/ lime unt¡\ tilo "r""""'d 
do\ it·e ar momorr si¡:u•ls thU lh~ tra!lsfcr;, D<Cl!c· 
ring. ' 

A ;imple Los ruQU<sLI¡¡r•nt prol~ool i• "" 
plcmenLcd on-chlp so thit prO<c~•c.-rs &nd dir<ot· 
mcmo')'·OCCess dovicn can c~operotively shure tf.e 
oy<t<·m bu• with no utra srl>itration logio. A loo, <he 
drip h• 1 bus·fault input ¡ún that c.~ uso• in>lruC'.i~o 
é>ccution tú be terminatod aL •••)' poi nla nd ,, tro~ to 
loe t.oken if on ille&sl or l•ulty memory acces• i> rnod~. 
This /acilitnte• memory prolt>Ction. 

The G8000 interruplllructure isllke thoL of must 
minicampU\ero •. Eight priority ]e~ e lo ore ÍrTo· 
plcmcntcd. 1 nlcrrrupti ore ~ectored •o tlru l >•'TIW u¡ e 
hu full control over the plaC!!menl. •nd eHrlllion o( 
int< rrupt·handlin¡: ro;>utlnel, The currcnt wi:orit)' 
Jc,tl o! t~o pr<>ecoo<>r i1 kcpt in its status WII<O. 1 "'"'" 
rup'-" al o;r b..low the ~urrenl priorl!y aro in~.<hi1cd. 
lrolU!UpU a\ hiuher levob may oocur, .a irlt.-rr"J•l 
handlin¡; may be n~stcd. Whon an en,,blot! i"t" ru¡.l 
occun, ¡_he procesr.or sond• an ocknowlcJ~o ,¡~,,al. 
The inLerruptinK devico respondo wilh • CPC\0<' 
nutnloer. ·n,e ~e<lot ."'""¡,' is lloed by th< procc>o'>r 
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Fl~uro 8. MCú800n "'"""lloH uull <onllgu!>llun. 

,,¡ drcui~ "'"" ond pcr mlls lu~~c gu(c• lo Lo du,i¡¡ned 
with a s¡r~r·d-to-powcr ~roduct of one picojoul<r. Ao 
advonced high-dcnoity n..:honnel si!lcon-~olo MOS 
tochnology "'"' "•lc'<ted for the dcsign of lhe 68000. 
Tbio technolu¡:y supP.,rto three·n>icron dovke 
~•omürico ond provitlc• tho designer with muHiplo 
MOS tranoiotor thr••huld v<>ltagu. The ~.«hnok•gy 
otlow• the drcuit dtoigner to d"'~lop high
perlormnMc l<>1:ic gato• u sin¡¡ rninirnum· si•e dcviceo 
and Lo devdop iHt~rnol buffer circuÍI5 ''"!Uiring litlle 
power. 

'rhe ·~··<lJli"'' ouút is a dual bus >lructure lh~l J•cr
furons both dddtc>S ond dala ¡¡ro . .;cosing {figure ~1-
Tho two hlJ>es "'" lB !Ji c. wiJo, ond OdCh c•n Le 
d yn a micoll y r<·mn fi b"''t<l inlo th <N ind"p~nd "" t •= 
tions u rcquit.·<l by thc mi"ocode. Thrca inokpcn· 
dont •rithuwl ic u01ils "'" avail• ble to ¡><dorm tl>o;e 
cakul.oUons. •lw. >J><"<"i~llogk lunctlun• aro provid· 
ed lo ·~"""' <" Ion¡¡ ohi h s. pri<>l ity encoding, on<l bit 
manlpul.ot iun. E•<h o/ th~>l! units ;, connect.od totwo 
interna! hu>C> •ad rccciveo hoth inpul operands 
•imult.ancuu;]¡· lrmn tho r•gisters. E• eh bucont.<oins 
both the nue ~nd 1 he com plementlogic val u es so that 
dillerenliol cirnoit do•>i¡po can be "'"d lor hig),.,... 
spe.d upera!ion. 'l'h~ cxtcution unit dircctly i~>ler· 
lace• to tho ntconol bu! logic M>d Luff•rs, Lut lts 
OPQration is imfo•p<'nd<·nt of the externa! timing re
quircmcnl> of <l•o bus. 

'f'ho cunlwl ol thc G8UIJO io implcmcnted l.< y mi<ro
code, The a<lual >t< U<IUre of !he micropru~ramm<'<l 
control structure is disw;sud in dotail in •nnth~r 
psper.' 1'he micro~·•ontrol i• implem~nted u a two· 
)o\·el•tructure. ·n,e lir>t leve! cont.ain• >C!JLIOnces of 
micro.inotrt« 1 ¡,.,, with •hort "'vcrlkol"' lm rn•t •md 
cOmplu broa<hin~ Cdpabüiti~•. Mkroin>\rt>ctions 
contoin ¡h~ addi<•»es <>f ""''nin;ltUctiuns. wido 
"'horimnl~l"' ""ntrol wurds. stored jn tho second 
kvel. The n•rwin>tructiuns dircctly control lhc •~· 
oo·utihn unit, The "'" of uticJLICmle;, moli\'ol<'d Ly 
¡he hi¡;h olo~i¡;n ,·u.t el nc~<~ VI.$) cJ,ips. Tl•e 
,,;,.,.._.,¡Jc ·, r• ¡:o<l.or i!¡ uf >1 r~<l ""' ''"'"i'·"''<ll '" '" ,. 
Lln~torial ho~ic "~nifoc•ntly deon·o,cs tbo d.oi~n 
cumplc>Í!)'. ~¡¡,·,.~udc a!oó p<·rrnit• """" o·n¡:inccr· 
ing do•ci>i<m>. lur insto neO. d<•l•il• of 'i><dfic in· 
~tru<liOn5 ru 1"' <kb)'cd. In olhcr .,,orJs. • ''"e t ho 
n>icrom,,d.hoc "'" ¡,¡, o·o·t Ll r" is del< ""''" ·d, J,., ,¡,, "'' ,,. 

., 

lmploment•tion (circult dcsJgn) ond firmwaro lm· 
plcmenl.aUon (mkropro¡,:rammin¡:l ton be do"" in 
p•rallW. 

Conc!uslol\ 

The Motorola 6800(1 ardUt•Clure conobines sd· 
~anced technology irnprovorneroto with • betW 
1mderotanding ol the architectural need• uf mitto
prO<~••or users ond micropr<>ce•sor applkAtio•,.. 
"fhe 6800011• step into an are.& pre•·iously occllpi...:i 

mia:::m¡uo[;essors 1 
and microsystcms 1 

th~ ~uthori1~1i•o iuternatiunul 
jourudl on tnicrocompUt"r kdonulu~y 
amJ applicJtiom for de¡iyne"· 

Ten issues a ye~r from 
Junu~ry 1979. 

Further dctails, 
including strl>«:ription roteslrom: 
David Burt, Micru¡,r<;Ct'>50f5 o mi Microsys1elr15, 
IN~sthury House,. Bury Srrcer. 
rJuildford, Surrcy GU2 5AW, En!Jiar•d. 
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DIRECWRIO DE ASisrP.NTES AL OJRSO INJ'RODUCCICN A LOS MICROPrux:ESAOORES Z·80 
3,4 y 5 DE MARZO IlE 1981 

IDffillE Y DIRECCI(l.l 

1. ELE!JfERIO RADILLO AtKiELES 
Av. 531 No. 147 
Unidad Aragt'Sn 
México 14, D. F. 
Tel: 5·51·83·17 

2. MJQJEL ANGEL BRENA BECERRIL 
Cal~ada de Tlalpan 1108-34 
Col. Nativitas 
México 13, D. F. 
Tel: 6·74-01-40 

3, IWot::'N CERDA ro-15 
N§.poles 84-22 
Col. Juárez 
Mll.ico 6, D. F •. 
Tel: 5-11-90-21 · 

4. SAUL ARTI.IID CERVANI'F.S TEMELO 
Melero y Pil\11 607-3 
Toluca, Edo de México 

S, Ivct-INE A,CISHEK HERREilA 
Paseo de la Reforma Norte No. 
Apdo. 1806 
Tlatelolco 
México 3, D. F. 
Tel: 5·29-90-80 

6. RENATO DESrnAMPS ~IVEL 
Calzada La Virgen No. 26-Z 
Col. Avante 
México Zl, D. F. 
Tel: 5-44-52-69 

7. SALVAOCR EOCISO ORüZCO 
San Bernardino No. 6 
Col. del Valle 
México 12, D. F. 
Tel: 5-23-01-87 

616 

EMPRESA Y DIRECCICN 

PETROLEC6 MEXICANa:; 
Ingeniero Especialista Comunicaciones 
y/o Electr6nica 
~rina Nacional No. 329 
Col. Anáhuac 
Mtixico 17, D. F. 
Tel: 2·50-26·11 

COLEGIO DE CIENCIAS Y ~IDADES 
NAUCALPAN,UN.<'IM 
Profesor Area de Matcm.'iticas 
Cal~. de los Remedios No. 10 
Naucalpan, Edo. de ~léxico 

SECRETARIA DE AGRIOJL'IURA Y i!EOJRSOS 
HIDR.AJ.JLIO:S 
Reforma 69-5o, Piso 
Col. Tabacalera 
México 1, D. F. 
Tel: 5-46-17-55 

ELECI'octUCA, S, A. de C.V. 
Ingeniero de Diseno 
Km. 52.5 Carretera México Toluca 
Tel: 6-13-00 

FAaJLTAD DE INGENIERIA, UNM>I 
Subcoordinador Oomputadoras y Programación 
Ciudad Universitaria 
México, 20, D F 
Tel: 5-50-52-15 Ext. 4606 

INI'ERNATICJIIAL ENI'ERPRISES ORGANIZATTOO ,S .A. 
Analista 
Refo~ 116-14o. Piso 
Col. Juáre~ 
M6xico 6, D. F. 
Tel: 5-66-58-11 
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DIREC'JORIO DE ASISTENTES AL UJRSO INTRO!UCCirn A LOS MICROPIU:ESfiiXlRES Z-80 
3,4 y 5 DE MARZO DE 1981 

N:MBRE Y DIREO::ICN 

1 S • JUAN ALBEimJ MA.JQJEZ CAMPil5 
Tolvaneras No. Z 
I~VIT 

Iztacalco 
Hlixico 8, D. F. 
Tel: 6-50-08-39 

16, ALEJANDRO JESUS MlLLAN M:JNGE 
Av. División del Norte 2769 
Coyoacan 
México Zl, D. F. 
Tel: 5-49-21-61 

17. JE&JS NUJi!EL VAI.AOOZ 
Central Laboratorios l'b. 112 
Col. finilio Ca:ITam:a 
México 2; D. F, 
Tcl: 5-29-36-58 

18. FRANCI5al RAMIREZ GCMElZ . 
Axapusco No. 65 
Col. CUmbria 
Cuautitlan, Izcallí, Edo de México 
Tel: 3-03-35 

19. JUAN PABLO ROIJRIQIEZ BARRCN 
Jos!! Rodríguez GonzHez No. 9 
Constitución de 1917 
~ico 13, D. F. 

Tel: 6-81-08-48 

20. SERGIO FRANCISCD RlJIZ PALACIOS 
Av. M.Jeve No. 37·3 
Col. Independencia 
México 13, D. F. 

21 • FELIPE TOLE)) MIJANGOS 
Benito Fernández Arrieta No. 67 
Los Cipreses 
México 21, D. F. 
Tel: 6-77-49-47 

a.IPRESA Y DIRECCICN 

FMl.ILTAD DE ESWDIOS SJPERIORFS 
OJAifiTI'LAN 
PTofesor 
Cuautitlán de Romero Rubio C.U.Norte 
Edo de México 

ACE!lDS ECATEPEC, S.A. 
Jefe de Proyectos 
Km, 19,5 Carr. M6xico-Laredo 
1\llpetlac, Edo, de M6xico 
Tel: 5-69-32-00 Ext. 172 

UNAM ENEP·ARACnl 
Jefe Laboratorio Aren Elcctrica 
Av. Central y Rancho Seco s/n 
~léxico 14, D F 

FAQILTAD DE ESIUDIOS SUPERIORES- . 
aJAJJI1TLAN 
Jefe de la Sección de Ingeniería 
EléctTica 
Cuautitlán de Romero Rubio C,U,Norte 
Edo de México 
DIVISJ()>I DE FSIUDIOS DE POSGRAOO 
FACULTAD DE INGENIERIA, 1JNM.t 
Asesoria de .Servicios de C6mputo 
Ciudad Universitaria 
México 20,' D. F. 
Tel: 5-50-52-15 Ext. 4486 

DMSHN DE F.SniDIOS DE PC6GRAOO 
DE U\ FAUJLTAD DE INGENIERIA,UNMI 
Asesor de Servicios de Cl:mputo 
Ciudad Universitaria 
M6xico 20, D. F. 
Tel: 5-S0-52-15 Ext. 4486 

SECRETARIA DE ASEm'AMIEN'IUS J-iW,NOS 'f 
OBRAS PUBLICAS 
Jefe de Oficina 
Xola y Universidad 
Col, Narvarte 
M!!xico 12, D.· F. 
Tel: 5-30-30-00 Ext. 471 


