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CESI\lXlRES (Z-80) Del 15 al 29 de Abril,l983. 

l. M. en C. Marcial Portilla R:Dertson (c:oon:linadorl 
S<Wdirector 
Pro;¡rama tkliversitax"iD de Catp.ltaci6n 
o.lbiculo PB 
Edificio IIW>S 
UNAM 
Máx.ico,D.F, 
550 52 15 EKt. 4545 

2, Ing. Daniel R1os Zertuche ort:uii6 
Director de Info=o1tica 
Subsecretaria de Planeac:i&!. del Desarrollo 
secretaria de Prograrreci6n y Presup.lallto 
Izazága No. 39-11 Piso 
Col. Centro 

""'"""""" M!!xico,O.F, 
521 98 98 y 585 60 54 

J. rng. a:berto Mandujano Wild 
1IDER servicios de CCnpJ.taci.6n Electrdnica 
Insurgentes sur No. 1216 DeSp. 506 
COl. del Valle 
B,Juárez 
03100 Méxioo,O.F, 
575 47 90 y 96 

. 4 • Ing. WiB OXóero Borboa 
Jefe del Departamento de CatpJ.taci6n 
El:llficio de In¡Jenier!a ~ y Elactrica 
J\neXO de I~!a 1• Piso CUbiculo 11 -~ico 20, D.F. 
550 52 15 E>c.t. 3746 

6. M. en c. Manllel. Esteliez Kubli 
secretario Acad&ci.co 
CentrO de Instrurentos 
Ci.rc. El(t. 

""" DelE!9«Ci6n Coyoacán - .l· 
04510 Máx.ioo, D.F. 
550 50 13 y 550 04 16 

7. Ing. Ma.. Guadalupe castellanoJJ Vázquez 
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INTRODUCCION A LOS MICROPROCESADORES (Z90} 1 9 8 3 

FECIIJit. TEMA RORA 

.ABRIL 15 CONCEPTOS BASICOS 17 A 21 RRS 

ABRIL 16 ESTRUCTURAS FUNDAMENTALES ' A l4 HRS 

ABRIL 22 MODOS DE DIRECCIONM\IENTO 17 A 21 RRS 

ABRIL 23 CONJUNTO DE INSTRUCCIONES ' A 14 I!RS 

J\BRIL 29 SEnALES DE CONTROL 17 A 21 l!RS 

ABRIL JO PRACTICA (Fac. de Ing, UNAM) 9 A l4 llRS 

1'.11 YO 6 PROGRfu~CION E/S 17 A 21 I!RS 

MAYO 7 PRACTICA CFac, de Ing, UNli.M} 9 A l4 1\RS 

NOTA: Las p~ácticas que se ~ealizarán los diftS 30 de abril 
y 7 de mayo, se efectuarán en el Lab. de Microcomputadoras 
en el ler. piso del Dep;;u:·tamcnto de ~lécanica y Eléctrica 
de la Facultad de Ingeniería. 

PROFESOR 

MARCIAL PORTILLA 

MARCIAL PORTIL!.A 

LUIS CORDERO B. 

' 
' .. 

MA, GUADALUPE CASTELLANOS • . • 
MANUEL ESTEVEZ 

MR. GUADALUPE CASTELLANOS 

DANIEL RlOS 

ROBERTO MANDUJANO 
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EVALUACJON DE LA ENSEfiiANZA 

S z 
" o o " . • u < w o . 

SU EVALUACION SINCERA NOS • ' • < , o • . ~ 
N w AYUDARA A MEJORAR LOS • o--·w ~ < 

PROGRAMAS r-OSTERIORES QUE u ~ ..... " u o < -DISEfiiAREMOS PARA USTED. ! o o " ~ > " u ~ w ~ u 
z o u < • • z • o • z w • w 
~. u w 
N> o o o o o 
-w ,O o < 
z~ o • o < o • • o • o • " , o" • o • o -
•w • o • o ~ w 

TEMA O o o " o " o ~ 

CCf(X!'!US llfiSICOS 

. 
ESrniC'I1JIW; FU1DI\M!11['!úJ::S 

. 

KlOCI5 DE Diruu:¡c;r:rl1IG:ID 

' 

CCUT\,INTO DE ~~= 

Si'!'JILI:S OJ: COmuL 

Pll!IC"l'ICJ\ 

W...OW'.l'CIO< 1:/S 'i 
" 

~~ 

. 

. -, . '. --

ESCALA DE EVALUACION: 1 o 10 - ---



.? • • ~ 

EVALUAC!ON DEL CURSO 

CONCEPTO EVALUACION 

' APLICACION INMEDIATA DE LOS CONCEPTOS EXPUESTOS 

2. CLARIDAD CON QUE SE EXPUSIERON LOS TEMAS 

3. GRADO DE ACTUALIZACtON LOGRADO CON EL CURSO 

' 
•• CUMPLIMIENTO DE LOS OBJETIVOS DEL CURSO 1 

1 

S. CONTINUIDAD EN LOS TEMAS DEL CURSO 

6. CALIDAD DE LAS NOTAS DEL CURSO 

7. GRAOC DE MCTIVAClON LOGRADO CON EL CURSO 

ESCALA CE EVALUACION CE 1 A 10 



. ". . " 

1. ¿Qué le pareció el wbiente en la División de Educación Continua? 

H.lY AGJWl.\BLE AGRAI}\J\LE Df.5ArnM\J\LE 

2.. ~t>dio de COlll.lfÚcación por el que se enteró del 01rso: 

PERJODICD EXCELSIOR PERIODIOO NO\'EDADf.S 
ANJXIO TITIJl.Alú DI ANUNCIO TinJLAOO lll FOLLETO DEL OJRSO 
VlSION DE EIXJCACICJN VlSION DE l'JOO\CJoN 
OJm"INUA CONTH<JA 

CARTEL ME.'SUA.L RADIO UNIVERSIIYúl Cct.UNICACION CAHTA, 
1T:.LEI'ONO, VERRAL, 
I:TC. 

REVISTAS l"FDIICAS FOLLEW .A."'UAL CARTELERA UNA.\1 "LOS G\0:::1"A 
UNIVCRSITARIOS ![)Y" """' 

3. Medio de transporte utilizado para venir al Palacio de ~tincria: 

1 AUJtmm PARTIOJLAR 
MITRO amo MEDIO 

4. ¿Qué canbios h..,r'ia usted en el prograrra para tratar de perfeccionar el 
curso? 

5. ¿Recomendada el curso a otras personas? 

SI 



o. ¿Qué cursos le gustarra que ofreciera la División de Educación Continua? 

7. La coordinaci6n académica fue: 

1 EXCEL"''TE 
RWJlAR 

ti. Si está 1nterosado en tomar algún curso intensivo ¿Cuál es el hor«rio 
más conveniente para usted? 

~~S A VIER.'~ 
DE9A13H.Y VI~ DE 

;;u~ES, ~11Tlli1'i[ES 
Y V l ERNl:S üC 

~?TES y AAl.'ES 
DE18A21ll. 

DE14A18H. 17A21H. 18A21H. 
(OJN OJ.!JIY\5) 

VIERNES DE 17 A 21 H. VIEAA'ES DE 17 A 21 H. OTRO 
5A.BAOOS DE 9 A 14 H. SABAOOS m: 9 A 13 Y 

DE14a1BH. 

9. ¿Qué servicios adicionales deseada qu~ tuviese la División de l'ducación 
Continua, para los asistentes? 

------------------
10. Otras sugerencias: 
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DIVISION DE EDUCACION 
FACULTAD 

CONTINUA 
U.N.A.M. 

INTROOUCCION A lOS MICROPROCESADORES (Z-80) 

CONCEPTOS BASICOS 

M.EN C. ARMANDO TORRES FENTANES 

1\ar~o, 1982 • 

Ni..,er piso Mhioo 1, O. F. Tol: 521·-cG-l!O 
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& et&tement_ This otat~rr.ent h"" & truth value whioh dopend! Upo" the thlth 
val u"" of tbe statemeni.S u:!ed in replaoi:cg the vsriahl.,, 

In th~ CO!l.5truction of formula3, the p&unthosco will be use<! in the ... me 
oenae in wl.ich they "'" used in elementary arithmetio or algebra or 10met.im .. 
in ~ com¡mter progranomin¡¡ lowguag<>. Thil usage mo..n& Wlt.t the oxprCSIIÍ<>III 
in the inroutnl)!l\ JW"'Oth"""" &If! oimplified first. With thi.o con.,.nticn in mind, 
I(P 1\ Q) mean.. the npgaUon of P 1\ Q. Similar! y (P 11 Q) V (Q ,\ R) muM 
the cfujunction of P 11 Q and Q 1\ R. ( (P 1\ Q) v' R) 1\ rlP~ meano the 
oonjlinction o!-¡¡> a.nd (P A Q) V R, •hile (P 1\ Q) V R me&lll \he ofujunc
tion of P 1\ Q and R. 

!11 Ol'<kr to reduce tbe num~r ofparenth-.o, .,., vri!l....,um•. that the nep
tion afleets M hUle u po;oible of -..lu.t fol!owo. Tb"" IP V Q ia 'OTÍtten for 
(jP) V Q, and the negation mea111 the nc¡ation o! tb~ &t•tement irntne<lio.t.e!y 
foll<:nring ti>e oymbol 1. On lhe olber h&nd, acoordlng t.o our oonveotion, 
j(P A Q) '-1 R •taod.o for the dUjunotion of 1(/' A Q) and R. The a~ptioa 
affeet. P ,, Q but nol R. 

Trutt. tabh"' ha ve alre&dy been intro<iuccd in the definitiono of th~ eonnee
tive•- Our ·.,._.¡e ooncem is to de~rmin~ thc truth value of a 1lal<'ment fonaula 
for each poo~~ible oombin.atioo of the trutb \1llues oi the componen! ola \.fomento. 
A t:lble o.bo..-ing al! rueb trutb valu.,.. ;., rsl!<>l tbel"'lh tabl< of tbe formula. In 
Table 1-2.1 ,... con•tructcd t.hc truth table for IP. Thc,.., iJ only o.le componen\ 
or atomic ota\Pmcnt, namely P, and oo th~r• are on!y '"" poooihie truth v,du .. 
to l>ecoruider('d_ Thuo Table 1-2.1 hu on!y '""' ro><•. In Tableo 1-2.2 and 1-2.3 
we cono\ruc\00 tru\h tab).,.. f~r P A Q and P V Q reo¡>eetiv•ly.Th""' stat.:m~n\ 
formuiS3 ha ve two compon~ot •tal<-men\a, no.mely P snd Q. o.nd tbc,.., are 2' poo
oible oombi:IALioo• of trut.h valu~ that must be considcrod. Thus eaoh of tbe '"'" 
tabl"" ha. 2' '"""- lo general, if the1"0..,.., n distioc\ componen la in & ota~ment 
formula, w• n..,d V> considcr 2• poNible oo1nbinMiono nf trutb vt.lueo in order 
to obtaio tbe trutb tabl<-. 

Two metbods of oon•tructiog truth tabi<'O are •bown in tb<! follo,.ing 
exampleo_ 

EXA.\IPLE l Coru¡truot tho trut.b t.ablc r~r thc •tat<"Jncnt formula P V IQ. 

SOL\iTIOX lt is ueoe,....ry to consider nll poosihle trutb valuc• of P o.nd Q. 
Tb""e vo.lues are eute.-.d. in ilie firot t-·o oo\umns of TLblc 1-2.4 lo\ both methodo. 
!u !he table "bich io arrived at by metbod l, tbe truth value• o( IQ are ent<-red 

Toblo l-~\ol Tabl• 1-Ub 

' ' " /'V OQ ' o ' V ' o 

' ' ' ' ' ' ' ' ' ' ' 
, 

' ' ' 
,. 

' ' ' ' ' ' 
, 

' ' ' ' 
,. 

' ' , , 
' ' ' ' ' 

,. 
' ' 

:.l"'h-:"1 1 "• ~-umb<r ' ' ' ' 
M .. boxl1 



in tlJ<· third o;dumtJ. ~nd t.he trutb vBlu<" ol J• V 1<.' are entcr<<i ÍtJ \~<· w"ct~ 

culunw. In ni0thvd 2. as given in Tablc 1-2.4&, a l"<>lumu i> drh"n lor .,.,,:, ""'~ 
rncnt "" weU "" lor tbe cmwedivc.s thllt awear. Tbe truth valuc.'. an• etJtered 
sV.p by step. The step numbe:r• at thé bottorn ol tbe table sbow tb.i sequeore 
followed in arriving &t !he final .Wp. 1111 

EXAMPLE 2 Construct thc truth table for !' 1\ IP. 

!!OLUTiot< See Table.l-2.5. NoW that the trut.h valuc is F fm every pos· 
sible truth va.IM of P. In thi• special taoc, !he trutb value of P 1\ IP i.o indo
penden! of thetrutb value of P. 11// 

• 
EXAMPLE a CollStruct the truth table for (P V(,') V "lP. 

SOLUTIOH See Tablc 1-2.6. In this""""' t.be trutb value of tbe formula 
(P V Q) V -¡pisindcpendeutoftbe truth vol u"" of Paud Q. Tbislndcpendencc 
i.. dueto the speciol oon.st:ruction of tbe formula, as we sbail""" in Sec. 1·2.8. 

1111 

Tobl~ ¡.u; 

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

M"'bo.J 1 &., ·-~ ' ' ' 
M"'bod 2 

Tahle 1-:U 

' Q 'VO " (/' VOl V "ll' 

' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 
Metbod 1 

' Q " V " V ' ' 
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 

, 
' ' ' ' ... 

·-~ • ' ' ' ·-· 



1 

' 
' 

1 
' ' 

Obs<rve tbat if the tnah valn!'S of the compon~nt•tAtem~nl..o are knn .. n, 
titen the truth value of the reoultlng otatemenl e&n be r...dily det-rminod from 
tbe tmth ',able by re.Ading along tbe row wbiclt oorr.,pond• \Q tbe rorl't'<\ truth 
v&iu"" ~~!he componen! st&U.mem..,_ 

EXFJlCISES HA 

wnte tho following otalen•<MO in •ymbolic fmm: 
(a) lrbrk "poor but bappy. 
(~) .Marlr ¡, noh or unhoppy. 
(e) Mo-l" necthor nch "'" happy. 
(d) Mark ;, poor or 1••" both noh il.lld unhoppy. 

~ Co .. tn.ocl tho tn.Jth ,,b]., for the follo""ng formul..,, 
(a) i("lPVJQ) 
(0) IClP A IQJ 
(el P/\(PVQ) 
(d) PI\(QI\P) 
(<) ClPAC;QI\R))V(QI\R)V(PI\R) 

R: Mork it rioh, 

H: Muk io happy. 

(/) (P 1\ QJ V ClP 1\ Q) V (P 1\ JQ) V Cll' 1\ JQ¡ 
3 ~·or wh~t troth values wdl the l"li"Wl"~ •t"tem<nt 1,. tru•1 "lt i• not tho .... thot 

hou""' '" cold or haur.te~ and it ¡, faloe th.t cnl\ogeo "'' ""ITI or hou""" UKiy." 
( HinJ.. Ther< ore lnur at<l<nic "atetoen.,,) 

' Givon !he \tuth val u., of P anrl Q os T and tbo"" of R nnd S"" 1', ~nd tho truth volu .. 
of the fcUo~"•g; 
(ª) PV(QAR) 
(b) (PII(QIIII))Vi((PVQ)II(RVS)) 
(,) (1\P,\Q)Vjk)V(Wlf'IIQ)VikJASI 

1·2..5 Logkal Capabili!ie• of Prograltl..lniDg Wgua~e.' 

In tltis ,.,.!ion '''" di,ciL"' the logio~l connectín• ~vailohl·• in rertait. pro¡¡nmmin~ 
languag""&IId ho« these tonneclÍVffi can he u..-d \o ~'lwro(e ~ ltutb t~ble !or 
a stat.-ment fo"'lula_ The logicnl eonnectiv.,. diocu.....d thuo lar Rre availahlc in 
most progtammin¡;la.ngua¡,es In PL/1, tbeeonnecti,-.., /\, V, and "late writt.-n 
.., .!:, ), and 1 t<specuvdy_ The trutb val u~• T and F Lffl o.Titten ._. '1 'B and 
'IYB te5Pe<Otiwl;-. lo ALGO!, tbe connectiv~~ are repr.,.,ntcd ._. we b&ve "'ritt.-n 
them, while T ami F are writteD ..., lnle !Uld falae ""Pt"Ctively. FORTitAX al.., 
pcrmit, t,be "-.<e of logiral nriables And ""~'"""""""• and it ~ tb.,... fadlitÍ!'!I ~<hicb 
.~,. "' be d;.<eus>f'<l in this ""ction_ 

In FOB.TRAX, the truth nJ,.,. T url F are d~nQt..d by tbo lo¡¡ieal con
>taoto .TRtJF.. and .FAL~E. respe<tivel}·. Logieal v&riabl,.. and "-'Prl'S>io,. in 
the langu!tge a..,;ume ot>ly nne oí the lcgioal v..Jues at any ¡¡ivon tirn~. AU logioal 
,·a:-iab]c> m=),-. explioitlr di'Clar..d ,_,in tbe •ta«ment 

LOCJCAJ. P, Q, R 
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8 
J::Q\.ll VAl.E:;Jé lA. .l:>.E. 'R:)~M0L.A.~' 

.i 11 P Ji:, E<l>UI -<A.~iE. A 1> 

2. f' V P E.:. E.C> 1.J 1 V A. <..&.u ~ A P 

~ (P '1 l P) A. o. .E!> .:.c. u 1 'JA<..Ji.VI"' A. c.. 
4 ( P'ilP) .E!> .EG¡<.l\V ... L.E .. S(%. A. (c.. y Ío.) 

· Rlc s,. <.l.E.C1.E.&AK.IO e:, u :a .ll<:::>o, =~"'-'ULA >.. 

.EQ U 1 YA u;,J1.:e<. Ce'-' TE"-' <>. "-"'.) t. .. ~ M 1 "'-.~ .. :!> YA~e.u:s 

· A- e, s:e. <...E a " A. ..:.. 5.">.'-H'<A.u;;ui,. A e,· 
· Si A- 16 '-¡' rt>-C .;:,.fb'-'C.E..:, A-e 
·lA. .E.e¡u¡ vA•~éiA AF .P<.I.l!::eA A"t.EA.l.bl&J.ta 

T:lble 1-2..15 EQUihll.l'o"T HJRMUUS 

p yp.,.p 
(PVQ)VR .. l'V((¡VRI 
PVQ.,.QVP 
P V(Q/\ K}~(P VIl)/\ IP VRI 
pyr ... p 
PVT"'T 
P V -¡p .. T 
PV(PI\Q)-P 
"1(PVQJ-il'A IQ 

P 1\ P .. P (l<iempot••• \.o.wo) 
(P/\Q)/\R-P/\IQ/\11) (A-.;u,..ta ... ) 
PAQ .. Qi\P (('<:unmol~vel• .. l 
P 1\ !Q V R) .. {l' 1\ Q) V (P ,'\ R) (Diolnbuti,.. lo"") 
PI\ T=-P 

PI\ r .. r ' 
PI\ IP .. F 
1' 1\ (P V Q) .. P (A""'""'"" lo,..) 
"1(1' 1\ Ql • iP V IQ (l'o Mof!!M'o lo"") 

-· ~-

'" "' '" '" (-~) ,., 
"' (8) 

" 

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



9 . ~ 
'TOI(M(J(._A:':> éo'\.l IA&A !>>=' V<'~A[', .!>I>'.Ei:!'.'UT.E.~, 

cb"V UVA VA'i:IAI&' F 

IIE"bAb .DIF.ze&-;T..E~ 

p .!.. <: 

T T T 

F T 1' T +-

. Cc<.l De:, VAI::IA&:¡;-;. .!>E ~ OtSlE.JE<t k. 
TA~ J).E \LEk!J:>A.I> lli>'..E~itE:> 

' Q ' ' • ' • •• ' • ' " " " " " " " 
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 

, 
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 

• +'A.l (\,1;'-.l.Ef:Al. , 0"--A P~OickJ QuE. ~. 

l:E;0c,.A ,,..,., VAe.IAe.LE.:> TI.E.Ul" Co"-'.0 IAP..lA 

JlE V.Ee.!)AI> WA. .D.E lA'> z.•' f'<::.<..iiJe.,__ !:«,lC, 

::,OG,IE<ZE. C¡OE. 'Rc>k:..UU~ C¡OE. "'F V.EI'.l '-'W 

.l>I'EEia;,)lE_, T !F.~ LA "-1\.S."--Á 'TABlÁ J:!E. '<'.Ei2t>At> 

<:b.u.Jou-~a;. .JlE (bA.l.Ec11Vos. Co.c..lftE.T~ ~<X\<!UIIL
MIJ$.E . 

• 
~..E/..\~10'-E~ PAICA oe1EA1Ee lA~ .l:liFl=iGEA.J'tE S. 

T.>..e,tA.s, .!>.E. VE<:!:>Ah 

. ·- -------. --··· ----
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lU 
·(JI,) OOo<lOJ!o .llE. ~1'10,. 'fo.,¡oK>--.J~71ó. 

<l:JMP<.ETo ES J.~'- C:,<.ll! .00 OONT~ <:b<JEc<7t""" 

IZ.E:.l;í.J.Vt::A.,.ilE.:s) .!E:!. i>Z:cttli!. ~ c:.bAJEctlit-t.s Q~ R.J.Ei),Eif.J 

SE.€: ~.sJ¡Do.:) BV ;r"()VctiOU .D..E e:.T..eo~ <lJ.OC(171t.QS. 

· f. )E"'-''. P<..o~ ..l:.E_ Coo\.l Uo ••. rT~ .hE.. OOo.,l..ECTIVO~ ~ó.~· 

....UWT• éo<.lk.ETo "'"'"' , [~, vJ. ¡ 1, "-l 

01~ <.búEóTI\Io., 

P Y G>. : P®G. = Pxorz. Q. "'" <-E a 
O~ ..E..XCWbl \JO .m: p ~ o.. <A.IO<A J:>.E 'LE"il: cA. e 

p G\. PY<o. 

T T F 

' F ' -¡: T ' 
'f' '!' F 

P t Q : l ( PAO.) : p Al..WD Q. 
' 

::..e LEE. 

A.lAAJD "l>.E. p '¡'Q,. 

P.¡ Q" l (Pv~\ = P JJol2. a. ' 
SE LEE.. 

A.lOIZ. .C.E. p '1 a. . 
· [ f \ 'J [ 1 ! """'"-" 'Fo-.\<)io.,)A,LA.l.lW<E C:O<.~AETc.s 

'iA. QUE 

Pt p~ l(PAP)..,7P V lP4<>lP 
(ftQ) HPto.l~l(PtG.I""' PAQ 
(f'tfll f(o. tQ)<1>1P t lQ-= Pva. 

·-- -~-- -· __ _,_____ 
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:s.E. .P(ll;. t>E. .!:>e ~,.u:Ae ~ 

[ tj '\ { ¡ l SO-e> '"""'"' ~"' u'-">1<>~ 

:;; .. .llfo!no S"""""' .!lo.tw4 

/d.,.,....,.. lo110 

.d. UA • A py¡• .. p (I; 
,41\,t .... P/'d'"'P ·--(AU/i)UC•AUIBUCJ (P V(J¡ VR .. ¡·VIO V R) "' (AI\11)1\C-Ail(BI\C) (PI\ Q)l\lí .. PI\ 10/\ RJ 

c ..... """ ... "''"' 
AUI<•I<U.I PVQ..,QYP , 
-~1\B•BilA PI\Q .. QI\P 

¡;¡,...wu¡, .. """' 

,<U(/11\CJ • (,< Ull)ll(.<UC) P VIO/\ R) oo!P VQ)/\ IQ VRJ '" All(BUC) • {AilB)U{AilC) PI\ 10 VRJ oo(Pf\ (/) V(l'A R) 
4U,e'•A pyp .. p '" AllE•A PI\T .. P 
A UE • E P'IT-T '"' Al\0•.0 PI\ Poof 
.tU-A•B PVIf'ooT " An-.i-0 PI\ -w .. r ...... "' __ 
..tU(A.IlB)aA PV(PIIQ) .. !' ,., 
All(AUB)•A PI\ (P VQ)-.P 

ll< Moo .. •'• -

-(.tU B) - -,¡ ll-B I(P VQ) oo "lPI\ 1Q "' -IAI\B) • -AU-B I(P 1\ OJ "" iP V "1Q 
-!" • E ~-· "" -E•$3 ~-· -ó-A) • A ,,p .. p ,L!) 
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14 (JJ) 
'¡' 1'8:l t:E~ l:>E, l. A l.C--.1:~ DE. 6ao<é 

Pos!ulate 2 
Posculate S 
Thoorcm 1 
Theorem 2 
Thoor= 3, in~olutio~ 
Postula!< J, commul.ative 
Thoor<m 4, ... ociotivo 
Postula te 4, di!•Jlbutivo 
Theorem S, DeMorga.a 
Theorcm 6, a!n.Jrptioo 

(o) <+O•x 
{a)x+J<'•l 
(a)x+Jt•.< 
(a)x+l•l 

(x')' • x 
(a)x+y•y+x 
(a) x+(y + z)•(x+y)+z 
(a)x(v+z)•:r:y+u 
(a) (x +y)' - x'y' 
(a)x+xy•x 

(b)x·l•x 
(b)x•li'•O 
(b)x·z•x 
(b)x·O•O 

(b) :r:y • yx 
(b) a(yz) • (:r:y)l 
(b) x +yt •(x +yXx +z) 
(b) (<YY • -:'+y' 
(b) x(x +y) • X 

X+ X Y X· 1 + x Y 
X(I.-Yl 
X{ 1) X 

· p f'E<::E DFo<.\CtA ..1lE. Of'.±.12.A.D:::l!a.~ • 

J.." fAe.E,fT.E"'-1!:. 

2" 10aT 
:=,o AAJ!l 
-<\ ~ (')g_ 

'FO.<JC' 1~ .Baou:.ANA.s. 

~. = x~.¿, ' 

t, .J:~ \<;,uA<.. A X= 1 ~ 1j- .i ~ ~·= 1, 

csre.t. A.AA'\l.E eA :r, =O . · 

--- --·-·---
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lG 

-CADA. ~XÜ:KA.\1"-lCl -'!:<;,. _;a_ Ó:li ... IPUóMIWT<:> 

.D.=L ~e !U<~ ~<:>oJJ)IE-0T.E A.!"'l:E.ev<Wo, 

~.¡ ~ (x, 'l• ~) ; ,.,, 
'h1~ ... x~a. ; ·'A-h:;;')(~..,~~+~' 

((x~~l'l'" (><'+~'•2')'• f 

-\ODA "1-Ü•\.JC'ICl"-.l e,oc:,~A. f'UELE. ~i2. 

..B><I'eE::Ai)A c'ou.c:, .S<JuA. ..PE. ~WT.>::R'-'1'\l<:>"

..E¡ 

' 

-"=xf'el:~ll. LA. "f"<.W<li<:Y\l 'f": A-+~C ..E0 ,;,uN~A 

.,bE A.(. N\ l: ~A..( 11\lC ~ 

A: A~d•A~c+A&d+A~c' 
e:; e= A~ e~ A' eJe 
A+~'<'= AQ,<'•AP.,'C+A&c\Art,'c' +A'6c 

@ 

"f(A, 6, 0) = ..:E. ( •, 4, -s, r., •2_ 
AlOlA.éiC>A.l &,.z.íA . 

' . 

··-···- -·-- . ------ -------- - ------------
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..:E i ~ L A.ooe.A.e. . 

. L- ÜA,B, e)-
. .A ' • 
1 ' o o 

. 1 ' o L_l__ 

~ 

. ·--~ 

" ' " 
" " 1 ' 

' 
Dmvonohl<> 

" >C 
e oo 01 11 10 "' 00 

00 1 " 00 
" 1 

01 ¡~])191 "' ' 1 

IIITB~- " ' 1 

" 00 "' " '" 
" " ' • • 1 

' ' . ' ' ' 1 

Treo ••r~abl<> 

,_, ,_' 
"' " '" 00 "' " • " • " ~ " 
' " ' " " " 
' " " " " " 

1012161141101 " 1 1 • " '" " " ~ 

CD ·-· ,_, 
'" " 00 "' " " 00 "' " " " 

00 o 1 4 1 ll 1 g 16j2o " " 00 

' . " 
Oljlls,lll9 
11 Jl 1 7 i 1 j " 

1 J 1 ll " " "' 
19123/ll " " IOITIJ• '" u¡22j1o ¡, '" 

00 )21)6144 '" 48,ll 00 ~00 

"' 3ljJ7 1 4l .,. 
11)1sjJ9 " " -' 

.. " " 51 01 

" " " ~9 " 
JO l4jl8 ~ ~ j()l~ " " '" 

" 00 "' " " 00 "' " " " '" '" 
----- ~----- ·----
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H2 Mít~imi...ción tk la,¡,.,.,,,¡,,.~, de B<><>le 

F.f-.plo 6-' 
Simplifiw /(A.. B, C, D) ~ I m(O, 1, 2, l, l l, ll:). 

" ' D 00 " " '" ool ' ' 

" i ' ' ' 
" ' ' ' 

' 
1 " 1 

--
' 

toi '' 
Fisu" 6.29. 

El ej~mplo 6.9 no pro .. nt6 nin~na d!licultad, ya que sólo fue J>Ol.ible '" 
eonjunm de adyaconciao. 

Ejompi<. UO 
Simphflc.r /(A,ll, e, D) ~ I m(O, 2, !0, 11. !l. 14). 

" '" 00 " " '" 
00 :] il' 
" i ' 
" 1 1 

, .. 1- AlltJ ;. ABD +Alfe 

'" ' ' 1]~· 
fitu" 6.50. • 

En """ cuo, ""tienen m u pcoibilidatko. T:unbi!n >e podr.a haber Cotn· 
binado m1 y m,., o m,. y mw No obotan<C, no h•y nin¡u"" r.u6n pan 
utiliur cO<ao combinadon.,., dado que m,. m.,, y m,. ya c"in cubie;u• (o 
comcnidas) por la forrn.ción neccs¡ria de p•ro• con ""''""'m,., '"'!'«' 
u-.men<c, para l;os cu•l<> no c•istc otra posibili,Ud, Po• la lanro, una r<¡l.a 
pora uloli•ar In< mapas de Kamao.gh., Pn"ncipiar con l.a <ombinaci6n tk /D> 
c<rmmo' para l<>l <""I<J ex<>l< """Jala posibilul4d 

c1 .... ola ~ 11 

;;.,._pafi<>' {1<. B. C. D)- ~ . .,10. 2. 8, 12. IJ) . 

---

i 
1 

_j 



--··~-·-··21, .. S>mphf>cac""' ,... ..., ''""e ...,,..,, "' w "'''P"' G< "" • ""~' ,, 

,~, 

CD'-., 00 01 

00 1 '11 

" H-H 
1! 1 '11 

1 

(1 " 11 

,. 
' 

' 1 
j• ABli + .JBL.,. Ai:/J ,,, 

" 
' 1 

"' 

1 

En <>O< <l..,, <>ÍI<<n dO> <l..:non<> igoo \mrnt< 'ilid•< • 

) ) 

,__1 

Se obo<rv>ri que en lu do• realindon<o del ejemplo 6.11. oxiue ciena 
<<dun~•ncio. F.n el primero. m, queda eubieno por loothmino. ABCy A· 
CD; rn el •egundo, m 0 qucd• cubioru por AAD y BCD. Üte procedimiento 
do cubrir un minthmino mi> de una '"'• no origina problcmu. De acuado 
con lo reoliuci(>n Ai'D·OR, .,,o oignifica oencillameme quo, cuando lDI 
,-alorn d< la ""'iable oon uleo que el mintfrmino porticula;·., 1, lo •alida 
de mio de una compueno AND tomar!. el •alor de l. l'uell<' que d OR n 
induoi>o, no impon a culntao compuertu AND nt~n en el 'llor l. 

J\jr'YIS'Io uz 
~im?hflcor /(A, B, C, D) • Im(l, '· 6, 7, 11, 12, 13, !!) 

s,.luo'ón' 

" ' D 00 O> " " 
00 ' 

' 

O> ' ' 1•'J 
' , .. ' " )) ) 

1 
f ~ ACD + ).Be+ A..9C + A.CD 

>O ' 
• 

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

• 



F.st< ~j<mplo ilu"u un pdir-ro pooibl< al u1!linr loo map .. K, E..i>le lo 
c.nta.ió~ de u<iliur el conjunlo de cua<ro en el ccn«o; ~ro <t.tando ~ 
hacen 1"' pareo Me<Jotio' con loo o <ro. cuatro min<étminoo, oe doocubre que 
loo cua!•o del ttn«o quedon cubitrtoo. Ü!o r«:olca lo imp..>rtoncia de 
dctnminu primero loo produc1oo t>enciole•. ,. d.-cir, loo pr:>ductoo que 
<tm<Í<nen por lo mcnm un mint~rmino que no ,. pueda comtinor n1 run· 
Jun• OlfO formo. 

A cnntinu.lcÍón, ,.. pr...,nt.ráo alguno• ejcmpl"' •in mi> comrntarioo. 
Se ougÍt«< que el lector e><udie loo doo primero• con oumo cuidado y, luqo, 
trote de raol•er loo otro• ont .. de co,.ultor 1 .. reopueot ... Cuando ,. do
mio~ <1 rr<anejo de loo mapu de Kunou¡¡h, .. utiliur~n de un m<>dn me· 

clniro: !'""' poro tener <al dominio "' requiere prictico. 
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1.-

~ ' ' ., 
'· ' ' 

- -wv-

' ' ·' • 
" - ' 

' " 
' -

IV·- ~-¡Q[X)S:DE DIRECCIONAMIENTO 
•' 

-~---. 

··: ; . i·· .. ~- ,.,,, -\ 

F::Sl_lllEMAS. DE 
' ' _. --~ 

Dll\FCr.JONA"l!E!-/TO~-.; •· - . -. - . ,, . . - ·. 

.. 
r~illizil.r.Jas s\gu¡en:es knci(•né'c: 

' - ' . ' _, ··-

.. 
' • l. 

' . 

• • Obtener y traer de men.ona primaria 
instruCción a-ejecutar. • ·· 

! ' 1 •• 

" al-,CPU la -.s!guieme 
• 

Enterider los opt:randos, esLo es, definir Ja JOcaljzación 
Jos operandos neceRano;; ¡:.ara ejccutaT la ;,rSrrncción y 
traerlos al CPU. ... 

EjCCUt:'l~ ,. . : 
la iristrucCión.' ... 

.. , .. ' ). ·• " . 

de 

Para llevar a cabo las funciones ariwriores el CPU debe con-
' 

' tar con la siguiente información: . . ' 
,. 

El código ele operación de la instrucción a ejecutar. 

' Las direccicines de Jos operandos 'y la del resultado. 

' La dirección de la. Sif,'Uiente instJucción a ejecutar. 

' ' 

• 

Existen diferentes soluciones que saüs!acen Jos reqUerimientos 
' . . 

·, 
anreriores, loS cuales ¡.letcrminan la arquiteCr:ura d7 los proc~ 

sadores que las utilizan. 

Se supondrán ojx:raciones aritméticas en 
' . . . 

opcnmdos y un resultado ya que ~on las 

caso mfis geueral. 

a) Máquinas de '"3+1"' direcciones 

' 
' . ' 

las "que 
' . 

• 

., 
se, tienen do• 

quelproporcionan•el 

' " ' '> 

El !Ormino ele instntcción cn··~.;sle esqucma."Oe ditecchma--

miento contiene todos los elementos no;>cesHados por el CPU 

1 

' 

' 

' 

' 

' .. 
' • 

' 

• 
' 

• 

. ' 

' 

' 

. 

., 

.. 
' 

• ,¡ • 

' 

' ... 

• ,, 
' •• : r 

' ' 
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••• 

•• ' 

• • 

. ' 

. . 

•• 
Un posihlé formato 

. ' ' IV 1·' . ... 
'· 

··' 

• 

' 

- 2 -
,. 

< '. 

-
' de instnJcci6n se muestra en' la. f_ilo,'\.lrll 
'· 

• .• ¡ ' ' ' .. 

' 

' ! 
' •• 

' 1 . 
' 

·' ' 
' 

' . ' 
' - -

. . 
LC!DIGO , DIRECCION 

VE PRI1'1;1ER , 
?ERAC. OPERANOO '--

l • ·' " '' 

DIR ECCIOKli5! ~f ::-.i::X.:¡•<ov,,c.·-. T.0DniiR!,' .ECCioN .,.QE Pala:::·i, 
SEGUNOO 1-\ESL'LTAW. LA SIGUIENTE n di 

"'-'-"'"'-''-""-""'f""""'-LO,-P,EóR"A"N-''[X'¡;) ' , INSTRUCCION memcria _ 
., ·r .. 

:, . 
• 

FIG. H 1 '. . . ; 

'· . ., 
' ' 

< 
En este caso se tienEn cinco campos eri 

. . 
el foimalo de ' . instrucción: Uno .. ' .. 

para el cOdigO-·de'o¡)érflciÓn··que sirve para iñdica; el1:ipo 1de ~era---, . . . . . - ~ ·,.... ,, ' . ' ~ . : . 
ciún a realizar ·(suma·, resta, multip\ioició~; · e'( e,\ tres· cámpo's para ., . -~~ :,.. .. :.··· ... ',, '· 
' -~ ,. . ' \.. • '!. 
la>' direccioneVde Jo's operandos, y _resu~tado de las operaci?nes, un 

C811lpo para lil dirección de la ·'Sii;uicnte instnJCción a ejecutar. 
• 

• 
L<lS instrucCiones pÚa ésra m.!í'quina Podrían 

. . ' , 
ser escntas en forma .. • . . 

.. .. simhólica en la siguieme forma: ADD 
1, •• •·, ' • • • 

A, B, C, D donde Ai)D- representa 

el c6digo· de operación ¡;urna y A, B, C y D son nombres simbólicos 
• 

a ~ignados a 

Suro11iendo 

~-· 
localidades 

. ' ;· ¡ 
, .. 

de' memoria. 
'· -· -. 

.-.: . ·,.: ' . . . '~ ' . 
h1s instr·ucclones suma {ADD), 

,• '· . . 
substracción---

·. i; • 

entonces (SUB) y mult!plicación (MUL), 

expresión A"'-(B•C)-(D•E) en FORTRAN 

una posible traduccióil de la .. 
• a lenguaje simb6\ico:en la 

l', ' '1' 
mA-. -~ . 

"! ·- ... 
quina d~ '3+1 direcciones seria: ' • 

e 

1 - Ll: MUL B, C, Tl, L3 ' 
" 

' 
• . 

• • ' • ' L3: MUL D, E, T2; L7 ' 
¡.' 

• • . r , - ' ,. . ' 

• 

~-- ¡' 

• 

' :¡ 
,., ¡-

•• 

,, 
' ···¡, 

" .. 
" •• •· 

., ·' . ,, . 
' -~-. ' ;. ,. 

: . ,, ·~~ 
·~·. c~:·H' : ..... - ..i .... .. ' ' l ,, 

••• V 
.t ' ( ; t 

"· ' ' ' . 
' 

'1 .!·:~ 
' .. r 

.•:•,1' -~ .... 't': 
. . ' .. . '¡ 

' t' ' ., •• 
... ',\ ' 

- :· ~ ' ;; 
! ., ..... ~J.· 

L7: : .,- S!JA, T2, Tl;A, L8 •,.. ·•. ., · F- • '-····· ,• .. • ',_; ,, "1, ·, -, 
,. 

.oJ ' • .. ,,, 1 
L-8: 1 ·:.Sil!lliCnte instrucción ~- ·•.~-~ :' Ú• 
·:. ·: '.l.!· . ~. . . . . . '; \, r"'' 

' ,. ~ . . '-" .••• ·• ·''-<f' .. l.,.. ..... ~ .. -r , . . .. ,. 
,_' .. ~-· 1 :,_,,:.,_,•~.1'-:.,••,·,·,'-.·,··,'1..,,,-i-.··~··· .rl•~· .·;_ ·· -_ ... ·· · .. ,. .•..•. 1 ,-,, 

~- .... ,... . , .•. ,..,.~.. . .. _ l ," ,, 
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' . ~ : ~;. 
. . 
' 

.. ' .''{;:\. .,._ .. , " ,. ; . . ' '}. 
, 
'• 

3 , . ,. 
' : 

" ' 
, ' 

donde 11- ~-- .'f2 representan lc..~alid<~des te~nporaleis usadas para 
' . 

rcs·.~lrilcll>S ariunéricos int¡ormtdios. 

' ~- , . ' 
' ;:(m:::Ju ~i_ones- más. i!"llyona;¡; e~ 

'• 

¡:¡rog;Bmas n'o' neá'eiíran eswr 
•• .. 

• 

. ' 
c·n ~-;;e e!".quema son: 

. -~ ' 
:~lrn;,cenad('ls ·en memoria .en 

3 

• 
. ,. 

fÓrma -~ 

sec,.cncial t_a que'· el campO de rlirccci6n de la siguiente ·instnJcción pe_E 

. . 

·~ 

' - · mi te conocer donde fueron a]marenfldos .. 

·• 
•. 

' ' 
;.. ' ~- . ' ~ :-

, ' 

Det•ido a 'que cad;l' instrucción contienf' en 
.. ~ . ' " ... 

forma e):pliclta tres direc--
' 

clones, en el CPU hardwa:re par~ guardar Jos re'_· ... 
, 

suhados de. las Of!eraciónes, ' 
•• 

b) 

·' .. 
'• 

Máquinas de ", 3 " ' direcciones • 

' . ,. .. 
Conside~ando- que los programas ,se escriben· secuencialmente \' : .:.~ .,, __ , ' 

que 

. ~ .. 
por consiguiente es muy lOgic? alinacena:rlos en este mismo 

"' ' ; " . - ' . . . - - . ' . 
lie llega•'a un _nuevo esquema de dneccJOnamiento en el cual 

orden;.' 
·. 
se sus 

• 
,.· • ,. ~ 

tiruyen todos los campos de direcci6n de la siguiente instrucc¡on '-'· .. • 
' por un solo registro rlentro del procesador que lleva en·· form1 se-

' . .. . . ·' "- .. ·- -- . . . . 
cue .. cial y f!utom~ticamente la dirección de.la sigulemc.)nstrucción . .. 
a ejecutar. Uu posible íormato de insnucci6n se muestra en la 

fig. IV. 2' . ·' .. 

. ' 

• 

. 
' 

', 

', 
• 

' 
" ' 

' 
' • 
' '·.' •. !;:. ·• . . );.' 

l '•. 

.. " ,, . 
·.~t¡ 

" 

.. , . 
•· ', . 

' ' '',\¡ 
.• ¡"t:¡-~ 

pi;ección 
de la 

>ig. inst. 
[ en· el • · de: primer .segundo 
Kq,'lstro ·-bMigo ÚirecciOn Dirección Direcci(>~. 

resultado_¡' 
Paiat>ra .. ;; •. ·.~~ 

' d ., ..... • 
· n e ,. · . .. ,;. 

ffiCfll(Jfl8 •',.,; 
' ' ..• '· ' '.. . 'j;¡'-... ~ 
. " :.>-' • 
' ! ' ··.- -.1q·;, ,\ 
. . ' .. 

p:rocésadorj' erac .. :?reraiÍdo pcnmdo 
é,' •• FlG. IV.2 : ·.· ·•'· 

' ' ' " • •• 
.' • ,, . . . 

• 

• 
' 

' ·--·-,· •' '!--,, .. \ ---~ -· .•• -•.. 
·~1~ . ,•·:·. .._, r •- 1 :}"-.:)'~·- ·' 

--- ·-- __!_• ____ -::·__2_; _____ :: .. _• _ _:.,:__:: __ -·-----
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• ,, 
• 4 

. ~ . ,. 
,< 

<' 

Cti liLando este esquema 'de d¡rec cic:ramiento la -expresión_ A~(B"C)-!0' E) .. 
en FORTRAN1 qucdaría 

' 
. _. ' 
.:xprcs2da como; 

' . · 
• •. •, 

• 

' ' ·' . 
' .. 
• . 

' " ... .. ,: ,. . •,¡ • k·~ ·' '•'- ' 

' 
., 

' Donde 9e ha suprimido la- dirección de b sigui_ente instrUcción ya que 
• < 

' < t:sra es :llevada ew fcrma<scCuencial y automátici ·'por un regi!úro 
'· .. - ~~ . 

prOce;sador. c'cinocidD como contadur dél · program~ (PC). 

del 

- ,•' 
Con ' .. , . ~ 

el esquema de 3 diiecciones se logra apro~echar la memoria en 

fnnna más eficiente y reducir la longitud de 'J!alabra lo que reclu'nda 

directam,_;n:e en los co~ros de la 1:-JÍSma. 

e) 
' . ... 

1\·lá'quina·s· d"e ,':2" direcciones. 
• > • .... -. -~-

En las operaciones il.ritar0Licas no siempre es nec;sario guard~~ 

localidad de memoria y preservar los operan-e]·resuhado en una . . .. •. 
< 

dos, por'lo que ·se puede pensar en urilizar uno de ellos para~---

• 
< ' 

< • 

.. 
. ..... _ 
• 

guardar el resuüado una \"ez que la operación se ha efecruado. Las 

con:;Jderaéiones anteriores lle\'all a pt esemar un ¡:¡osi?le fonTiaw de 
" 

instrucción .en e!ita m<iqt,Jina; most~;¡do eri la. figu~a IV: 3 

IR, OELA REG. 
5iG. !NSL A EN EL 
!EJECUTAR PROC. 

,. 

• 

,~QD.· DI R. 
P. 

,. 

DIR. EG.¡·· 
OP~ ' : 

L'CO~-L"'~,_j- . · . 
;' 

OP. QP. 
•• 

FIG.; IV:3 

' 

·Palab:ra 
" ,, 

memoria 

··:· 

i 

' < • . .. ' 

. ' 
.. ' 

• 

• 
• < 

' 

1 

.. 
• <' • ., 

<' 

' < " ' ~ 
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• 
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En este ésq:.~cma se: usará 1<1 Jir¡_,cciún del S~!;l-:nclo operando como la 
¡ • . 

• ' ' < . • • 
rlirecci6n· riel. re!-;ultado u"na vez que la orwración se: haya dl·ctü:ioo, _,. ~ ... ........ .;;, ,.· • 

" ,······ ,,_..;., ~ 
openmdo ~ll:·:, c::-~¡n;ír!o. Así·puei· l!l ~"7-'roO'siúi". . ' - "' . 

' . ;t·! 
j":Jr. lo ·q~e el,:seg~ii.do .. 

• ' . , . ' 
,.;=(1J•C)-(D'E) en FORTRAJ\', Cpcd:1ria: 

' •' 
• 

' 

• • 

"1 ' .•• 
' ¡' . 

' . 
" 

MUL B, C . ' ' ' • ., . ., . . . 
• • • ' • " > ' '• 

MUL 0, E r 

" 

' ' {f-.•' i . "' '· 
' 

._, 
• • • "· . 

SUR E,C• 

' AUD e, ·A .. 
' ,. ,.. . J,:·.':ll~.~ 

,• . -· . • .. 1' ....... ~. 
Lart)linÍinación del campo de direccibn del.resultado permile_reduciJ'· la • :f: J 

'·" -. . .. '- --··.' ' - ~ "~r ... · 
longin.Jd,de la".''palabril de ii1effioria·y los costOs. de lá•miSma,1'1o que .. : ~~f • 

' •• 
permite usar este es:¡uerna en máquinas medianas y chicas. . ' •• 

" ' '\ q:, . 
'· 

. . 
• 

d) ~ ' "J" V ' "• Márr-1ina.s de direccibn ~ _. .· -~ ' _,. .,,.. 
• ••• ' • , -·· -.' ' _ .... , 1 -· 

· Este:. eSt1Jema de di recci lmamienLo ~r.mi~e elin;inar. ~e todas _-la~. i.n~,.:\ r ~ 
' -- ' ' , ... 

tnJCCiones.el campo d,e.direcci6n de uno de los operando y sUsi\ru--~ ,:_': 
l. • ,

1 
- ••• • <(«1_. ' ' 

-~ f .' ;- ' • ' 

, irlo por. un registro dentro del proc;esado:, el cual :contendrá,
1
ft,1unÓ'' .:; 

de los operaDdos. A este 
- . ~ . 
regi!itTO se le cooocc com9 Acumulador.-· 

El formuto de instrucción parn la méqlllina'de l.direcci6n se 1nues, 
tra en la fib'llTa I\1' 4 

inst. a 

• ' 

Reg. en el 
procesador 

.' 

't. ,. 
\ " . '· 

~OD: DIR •. 
p. ' 

P. · OPERANOO 
• . ., . . 

' " egundo. 
Qperando 

' Reg. im el 
proc~sador 

•• ( 
• ... 
• • 

' • q. '· 
F!G. IV.4 

• 

' 

" 

' ' '· 
• > 
' ' 

·o;'-: ·'- ·'· .. ·. ,, .. ,_ 
_-h_ ·_¿_ _____ •' . ..:...::__ ______ .'.·.·---~-e·.--·-~---··--··- ·---



,. 

,, 

- " . • 6 

. ' . . 
U; anteTior i!!Jplica_ la c¡-enci~n de instruccion_es que ~e!"mitan cargar 

-~ . . :· . \' ' 

• 

•)' .. ~ .. ~" . . -, 
el acwn"ul<<dé.lr ·con e 1 !<egurido 'operar.U,l (L.'\C) J';. depositar-zel ·_con ten~ do· -~ 

. - ' - . 
• • ac:;m:Jlcdor ..:n . . ' . (DAC). 

' ' 

todns la5 

• 

vper~cicmes 

' ' 

'• 
' 

• 
• 

., 
' . 

. . .• ... ' ! ', 
' . . ··~ 

• ,. 

• • ;f • ·- ... ' ..•.....•. r:·-·, •. 
i;nplíciti1.mente' cont~a el acumulado¡ v 

- ..... _. •' que: 8~te. comer:dr_a-,d ;-csultado· . . \ 

de la ~era~um . efectuad;(. La expr_e,si6n 
• -1 • • • 

podría . . . traouC!<se a: • 

' •" ,. 
A=(B•C)-(D•E), en·· P9R TRANj 

""' - " . ' . . ' - .• ~ ' . -\·. . . . .. . -.... 

' 
' 
' ' ,, 

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

'· .1 -~··~ ¡ 

' 

,. 
•• 

., 
, .. ' 

·' 

'· •' 

' ' ' 

• .,. 

LAC . ' 
MUL 

DAC 

LAC 

MUL 

SUB 

DAC 

D 
,¡. 

E • 

T1 

B 

TI 

A 
•• 

' ' 

., 
; ..... ' 

• 
,. 

• 
. , .. 

' . 
. ·~ " Este esquema 'de direccionamiemo ha sido amr-l!affiente implementado . ., . 

' ·. ' . 
o.;na r,1·ar may"oría de las minicon;putadoras, ·como Pcir~'ejemPlo: PDP-8, 

PDP-15, !BM-ll30,·'IBM-7090 y CIX: 3600. 

o) Máquinas 
• • 

,, "O" 

• 

'•' 

' 
' ' "' . . .. 

·. .· 
• . ' . . . 

Este esquema de dirccciunamiento ~olo utiliza el campo de código 

• 

· .. ; 
r . ' 
' 

• 
" 

.. 
• -1!' ... -i'.' 

' . 1· 
! ' '' • • 

•.' 

. 1 ' \ 
por _lo <JUC es necesario contar con algú~ mecarlir:;mo }-. , , 

- ... r ,, l•• 
de Opcracibn, 

.... ,¡,\ . l ,,·, .. : ... J •• 

que 'implíci_tainente permiia conocer Jos operandos. :. :' • -~·::· 
' .. . ~ . '; 

'. ' 

El mecanismo 
. 

amerior. se. hnplementa .us~ndo _una ' ' pila· 6 st¡¡ck, . . .. el " . ' ., 
• . , 

cual se pu<:rle pensar contig:.Jas de.·:. ·¡ ,, ., como. un conjunto de lOcalidades ' ' .... ~·~ ,. 
·-·~·.· .,., . ~ .. '"~- •.r . ·,1· 

,, . •'' ,, \'' .. , . "'/ ._ ..... ~- ·' . ·.,.· ... . ...... . . .• ,;¿_. ,p., ...... ·~-.,·..;-··'.,'.)"····,-=~"'•, ·.··-~ .,·.· ., ~~·~:•·,u .. · ,, '· .. · ..•. ,· .. ·,~· .. -· •. '•l'•\'"''-······ _,-· .. ,. '. , •. ,.--~; ' . " . ' . ' .. ~---'-' ·._· _. __ . ~··.· __ ._. ~-----------~-~-- --------~-~---~ .. -·- ~----



•• 

7 

lf!<!ffi(•l"ii! ar.ci.:SiHils us!lnrk, una riisciplin~ J,JEPS.(ciltimas cn<niclas, pri-
' 

meras 

• 

salid~s)~ De lo an1Criur 

dis;xmiblt:-

: 

El formaro dt•instrucciún par~ 

• 

• •• 
• . ,. ~· ' C(•ncluye que en CJda morrnmw se 

este 

• • 

• • ' 
i:~queu¡a de 

.. 

~J '[{;·p~ 
• • • 

-C'"I' 
.• 1 -· ,_ ,;'r •:_r, .re .~ ... e,.., •· .. 

•••• • •• ' ~ ., - ' ... •. ' .,~;.· ' . ,.. . 
• ·l·'- ,.., .. ,;}. • 

CircC.cioilamien>O· se . ~ ~',' ,/; ... _, -.r•. .... 
,.. ':·• ''o'J ,• ,. F,,;., 

encuentra en la figUra ... ,... '_,{ ''.':"/ 
• • ~· l. 

Pir. 
1'.' . 

.. ~-

de ·la 
insv 

• 

-ReS. en el 
cru 

• • 

'Reg:;en el 
,s::ru • 

• •• •• • 
fFIG. .. 

• 

• 

fE~ 
\~ . . 

. . 
•• .. 

' . ;-
Palabra de 
memoriu 

q·-
l . ' • 
• . .. 

• • 
. . 
' · .. 

• . .. 

• 

Es .neccs.lrio instrucciones quo ~rmi,an ·meter elementos 
• 

contar 
• 

, •' V 

de 'memoria al stack· (PUSH) y sacar elemenws del .,. ' . . . ~ .. 
(I'OP). 

·--
'- ;: 

• 

•• 
mem0ría-
• ... ' '· .. 

... ,! 't 

·· La expresión A=(B*C)-(D'"E) en FORTRAI\:, podriu 
~-LG~.- ¡y .. .6_ 

expresarse como: 

PUSH D 
• 

PUS!! E .. 
.. 

MUL ' . .. 
PUSH B 

'' - . " . 
•'PUSH ,:e: 

... 
• •• 
• 

MUl: ,.\ 
• • 

• SUB ' 

' 

' 
• 

.. 

.• . ... . . . . ' . 
t .... 

• 

.. . 
~;. 

• • • .. ,. 
. . ' ·"'· .. . . ' 
• .. 

•• ' . ,~ 
., .,, ¡ . 

' '. . 

·w~T D . . .. 

_,¡D.JT 

• • • 
'f, • -
•• • 

. 

~ (A¡)untaclor, al 
''·del "stack). 

~- . 

~ • • • 
• . 

' 

' 

wpe 
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En];, fi¡;. IV;¡, se ilustra el estado del srack desp;.¡¡;g_ de cada una de:: 

La:; i!JSI. .1n1c,riores. 

• ., 

' ' ' 

5·: ;¡_,.,j,;- co':n:Jui.r que el conjun;r> ~~ i;:~::·:..~-=cic-;:: ~ ~e ia 
;¡ '". • 

' 

,. '· 
' 

rol fJ q~ií na ¡'no 
' . 

. ' 

;cmbién se ,requieren 'instrucciones de un~ li!l ~-cción pat·a 1:1~ter \' sa-

.::ar el~meni:os nl_stack. 
' 

' 
Se ¡·~r.pi~re un registro en el proces~dor (:uc: :1punte al tope' del n,1ck 

v !;e elimine el acumulador ya qu~ el restJllado de' las 9pe¡·acionet; 

tr.mbil:!n cpedan'i. en el stack. 

-

' 

' 

'• 
' 

' 

" 

' 

" 

' 

' 

' 

\ 

' 

, 
·' 

" ' ? 
' ' .. 
' 

' ' ' -· 
" ' '' ' ' -·' ' 

' 
' 

' ' " 

' 
' 

~l ., 
" ' 

.-

' ' .:; 
: ',_ 
' ' ' -
1 ' ,; • 

' 

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

_______ ._, __ -----·-'· --'---·--- ___ ,. 



·• ., 

•. 

' ' 
' 

¡ 

_,.· 

. 
•• •. ' 

•• 
.. 

. '' ' .. 
2,- METODOS-"OE DJRECC!ON_AMIENTO 

- ' -'• .. 
E o 

,. 
]?. S, 111~ (jlllr:?. S 

¡ ;-
de una sola rlirecci(m, el fonnito de las insC;1Jcdo-

.(]JO: ll3Ct: . ' . ' 
Ce códi'i::o d<:: , .. 

• 

• .. 
' referencia 

operación 

• -~ 

. ' pOnemos que el campo de dirección cor:st'a de 
' . 

.. 
n 'Düs, 

i • ft • 

máxim~ capacidad. de memoriA direcciC>na!Jle será 2n 

• 

enronce~ 

loulid<ildes. Lo 

palah.ras de 16 bits, lo cual ¡:esulta insuficiente ¡)ara la .. .. . .. • • ' • . ' 
i • 

de .las ' aplicaciones . 
•• 

' 

' 

.. 
,, ), 

' 

Lo anterior ha oc..asinnado diferentes modos de ,dii:ecci~namiento,' en "' 

. ' ' 
Jos cuales el-campo de dirección sirve para calcular' la dJ:rccción 

' efectiva del operando, lo~rando una· n1avo,-.' . -

;eccionablc. 

' 

• 
' 

Inmediato 

En este caso el 

-; ll;. _, _, . 

la.' in Slll.lCc;i ón ., 

' . operando . '. . 

' ' .~ . ' . .. ~· . • • 
Será necesario dé"dkar ., . . "" ' 

. ' 

capacidad de 

.. 
• 

memoria di-

. 
-·'· 

'1 " 

! 



. ' 

' ' • ., 
• ~ 

' < • 

' . . ' ~~ 
' • . ' 

• • 

' ' ' ' 

to) 

.. 

' 

' 

• 

; 

• 

' ' ' .. 
.. 
• ' 

• • • 
~ 
'• . :. 

• • 

•' 

' : '. •: 
lO 



.. ·-
• .. 

·, 

... . ,_ 

~--

,. 

, 

)·' .-.. 

• • • 

' .. ~. 

. :· . 

. -·· .,, 
·, ~ ' 

. ' .. 
·;. 
" 

. -, . -

., 

-.. -

.· :·· 

", 

., . '' ' .... - ·, -· 

-' ,-
' 

' • b.:o 
·'' 

, . 
"'' .. . .. -. ._n· .; . 

J:I·· 
t 1 • ... 

Relativo " registro 

-.-. - ' 
• • 

1 . 1 ' -
'· -

·-. '' ' 

.. -. 
., -. ' . . . ·. -- . ,, .. f :: 

• 
{., 

índice 
• -

' -: ·:::¡. 
' 

e)" 

• . '. ' 
• 

~ ., . 
''<;: 

' lnd¡:r_ec[o . .-. - . 

;: 

.. .. . ;; . 

.• -¡~ 

- )~': 
~-;, 

'', --. . -'· ' ,· .; 
f.-·" 

"-· 

" 
': '. . . -... 

En' ~1 di~e~cioñ~fnlf:ntó indirecto--él, 'c.lmpo;de.dirécciOn de la iris'~ ,• e\. '··, 
., ., ·-·, ·-:- -·-· -, ._. ·:~-;·:( .: , .. ;' -.-- ·.-.-.· •. ~-.-·¡. 

~ ., -~ :· • . ,, • ' -·-· •• ,: ~ . 1 •. ' • ' -. • . ,•' .. ,-
truCCiún COnliene uu l!ptm~ador· ;i_ la. diréCciOn ~éJ~'ojleJ-arldo ó':Cst(:'.' <• :::::~~~. 

i.i•' :-:·,·. -~-- ··--. ; ·' ;'.'.::-:-~..::.~--,~-.. :>:_.;. 
·, 'cainpo combinado ~- algón régiStrO ().palabra·= de. mcmona gen~ta ··· ·: ~ ... ·. 
•" -: • '•" 0 .. • • ,,w.0 ; • 0 ,O ,,,;:•:• ,..:,.,w,•"', ·········,' · .. •. :,· .· .. ·. -,. __ . .... . ' ,. -.;~ ,• •• •. .,.· <" •. ,·-•• ,-:: ••• : ·.:f.'!"· 

un ~nt~dor a la :d,.i;:eé<;!~ 'del op¡;:.r&'n."do.- .. . .. '- ' ' -~,_'<":-•, 
. \ .. ·. ,' 

.Mediante u'n'bit. en.._l~'-inStTUCCi6n' se· pUede sabe.r:si .¿¡direcciona-.;' 
. 

miento usado es di reCio· ó- indireéto. 
-" ·, 



... 
. ' 

, .. l) 

e; 2) 

¡ 

• 
• 

ción .. del 

-. --;.- .'-
' :,- -, • •, ."1, 

',<:"" ... ,··:-·:. '· 

• 12- ... _ 

· ... 
-~ . 

:,: . :· 1 2 
.. 

c.3) -Rel.:Úivo al :pe_ 
.·, 

·El contenido del campo de dirección ·de la instrucciOn, inter 

'PTetado como un emcro con !Oigno, se suma al PC para ob-

tener_-- la d_irec~iOn del aPUntador al operando; 

c.q Relativo a un regi~tro ~ndice 

-El c~ntenido del campo de dirección de la instrucción, imet·· 

prerado como un entero con signo, -se suma al cóillenido de 

un registro indicc para obtener la direccióil del· apuntador al 

oper8ndo. 

L.a combinación de todoS Jo¡; m6!0dos. de dir.:>ccion::.miento anteriores 

ron re::gistros de propbsito F,eneral, permiten lo¡~rar modos de di recejo-

n;;miemo basoante poderosos. Cu:~ndo se t.:s<~n los registros de propósito 

ge~cral, el campo ·de direcclOn de la insP·ucC:iCm específica que registro 

se t!Sa y como se interpreta la informadún que contiene. 

,, ', ,. 
, .. \' 

" . . '-;. 

' ' ! '• 

.: ' 



' : ... -';.- ' ' 

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

' ' 

:--'13'"..,;·,;, 
" 

.. ·-
' 

,. . . . . . 
.• .. : 
• ' . ~ ' i ·• 

.. ,. '.,. ' ~- . " 
--,:·,:-· 
• ;·f_.;o 

IJ 
' ' 

3;·-. DI R t C C I 'O r; A M ¡·E N -T':o' 
' ' ,, z'- ao.·. 

' " ' ' 

a) 

-.: <-: : . . 
El 

• • ·¡ ' 
tr.icroproCesador Z-.<:·o E>!1' nna l'náqu!n'l 

en la q_lle los ó:lf~:-~~-~---,s·,_,,:!o~ de- dir<:cciona::.:l.,nto 30!1 v~•

¿cis ¡.::.i ,;~u;>c·a de ir. u ";n>r:"i ú!H:s.' y' 'nn. s~ !.!•11 c"n de una 

f?:r.::;:. (Cncral a ".cci.o e:!. cr:.:iu,to de inl:!truC;.ic.:,f:s, 

- - --. 
h.plicito 

" 
En este modo de dl.::-eccic•r:a3iento el operando nO se defi

ne en 'forma exrlíci ta ya q•Je el formato d_e instrucci61l 

•• fijo y:en los códigos 
' 

. . . . . 
de operacion se ~specifica im- . 

.. _pl:!citemente sobre que re¡;istros del !'rocesador actúan _,.--. --~----- . . · .. :. 
-¡las instrucciones, por lo ;¡ue el u"!>uario no puede al te

. ' ; 
·., r2;rlo de ninguna m()nera, . · 

Los grupoa·de instruccione~, que utilizañ este m~Qo de 

dir<!ccionamiento son: earf"B de 8 bita; ear¡;;:a de 16 

bi t.s; intercambio, tra:Jsferencia de bloques y búsque

d.!i; arit'lléticas C.e propósito feneral y control del C?U, ,. . 

Eje;nploa 1. 

b) Inmediato 

El operando se encuentra en la localidad de ,me~oria s1-

EU1ente a la instrucci~n y se considera que for~a parte 
' 

de la misma, Los ~lores de los operandos inmediatos 

en _ningun caso podrán exceder la capacidad de re~·resen

taci6n de un byte. Este modo de direccionamiento ee uti

liza cuando se desean realizar operaciones con valorea 

constantes, 

Los grupos de instruccicnee qt:e utilizan este modo de 

direccionamiento son: carga de 8 bits; ~<rlt•néticas y 

lógic_as _de 8 bits y enoradajsalida. 

Ejemp1 os 2, 

.. . .. . .. . . .. - ···-·-

' ' ' '' 



-. - • .L4 • 
' 1 ~ 

e} 1nmediato tit~:ndido 

El o:p(,n;.ndo s(, eoncue!"!tra e:-1 los do¡; bytes (16 l'it.s) si

¿r.;ier.'t(;19 al c6¿iso de o;-~~::ci6r rlc la instr!.ICCi6n. El 

¡..ria~er byte conti¡;-uo al t:6:!.ico d. e e; ~:-..:ci6a _t!B el ~;,o:,nc2 

~:.:::nificutivo y el r-:.[..;i::c:. t.c _,: el >::~!l si¡,::'n-ificativo, 

Este !:iOdo de direccicmo!:lic::to (,S usado por _a_2¡:;uno.s inS

trucciones de carga de 16 ~its. 
·. 

E~e~:~plos 3. 

d) · Registro • 

•1 

El forn:ato 'de instl-u~ci6n contiene un ca:npo de dirección 
' 

de oPerSndo donde s~·· esPecifica cual de loB registros 

del CPU será utilizado como operando; 

Los grupos de instrucciones que uJilizan este modo de 

·di!-eccio::;:;.:r;.iento_son: carga de 8 bits; car,:a de 16 

bits; aritméticas y 16gic<os de 81•bits; ariton6ticaa y 

16eical!l de 16 bits~ rotaciones y desplaza;nientos; encen

dido y apa~ado de bits; entrada/salida, 

Eje:.~plos 4 • 

• 
Befiistro indirecto 

En este modo de direccionamiento un p~r de registros 

(16 bits) contiene la dirección de ~emoria en la que se 

e:.cuen~ra el operando. 

Es utilizado por los rrupos Oe instrucciones de c~r~ 

de & bits; i:ltercaC~bic, :ransferencia de bloques Y búa

queda; rotaciones y desplazaml!i:ntos; prendido y apnt;:a

do de bits; ealtos, lla~~das y :recreso de subrutinas; 

en-; radaja.:!.l ida. 

Ejemplos 5. 

( 



f) 

- 1:> - '¡ '· 

1 /5 

. ' 
EY.ttndido 

La dirección del o:·e:r;.;.ndo eotá centenilla dentro Uel 

co.mr·o' de c¡:er;;;ndc Oc la ir:stJ·uccitn. El Cóll'll>O de ()jr·Ec

ciÓ!l tir.nu u:;a lcncit.uc) C(· lé bits ;.orlo que ]o. :::L:i-

?ste modo C!e [!¡rE.-::cocr.;,.:~~ento es. ut~1izado J-oOr lc9 fTU

p09 ~e inatruct'iCr.cs de c&.r~ de 8 -~ita;, ca:::-¿a de 16 
bits; saltos, lJ.,m::.llas y re¡;:reso de subn::~nas. 

Ejecplos 6 •. 

g) ·Modificado de p~gina cero . ~· 

En este modo de direccion»miento i!l c¡ompo de dirección 

del oper~ndo BE refiere a ·una localidad de memoria den

tro de la p~gina cero. Este canpo de direcc~Ó!l cocsta 
. 

de 3 bits y para su correcta interpretación se wulti-

plica por oBH, r>btenHr.dose de ecta forn:a la referen

c:l"' a l&.s localidades deseadas. 

Este mode> de direccic.nfomiento se utiliza exclusivamen

te pc;r la instrucc:l6n P.ST. 

Eje::~pl os 7. . .. 

h) · Fiell<tivo 

La direcci6n CeJ oper~ndo ae determina suol<ndo al con

"taCor [)el ;¡:rcp·ltca el contenido del byte si¡;;uiente al 

código de Op(,:-r.c:l6n Ce la inatrucci6n. 

El desplaz;;.mientc ;;.n~-ez·ior se intErpretará como un nú

~:ero en c_ompl emento a dos'· cor: 1 o que se loe:ra un ran

go de direccicnamiento de -126 a +129 loc~lióades rela

tivas al con-::ador Uel r·rogra.:~a. 

Este medo de direct'ion:.nuento es usado por el t.:rupo de 

instruccirnes de salto, ll:JC\ada y regreso de su·c.rutinas. 

Eje:rrlos 8. 

.• 

.. 



16 

.1) Indt-J:~uo 
• 

I.~ direc(16n del o:•er:ondo U" dcter:uir.a su~:~ando _al recio

~ro Ce ir1di('e e:;r~cif.:ícr.e~:> ('1 cortenido_óel byte de rle~-

El C.espla::;;.:n:iento sn in~':l'1'!'•'!.:. co::~o un• ct.ntido.d en 

c·ollple::<ento a ócs, con lo G.UE .:;e :logra un rango de di

reccionaLlito-nto de -128 a +1'27 localidadeli reh.tiv¡¡s al 

r('cistro -~e Índice, 

Lo' Eru_pos de instn.Jccicnes que .utiliz::.n este modo de· 

direccicnam:iento son: car[a de 8 bits; ar'itméticas y 

16&icas de 8 bits; rot:;.cioncs y des:plazamientos; encen

~-ido y apagado de bits; saltos, ll:~m;,da y regreso de 

subrutinas. 

E~e:np}OS 9. 

j) Ei t 

---··-· --· --

Este modo de direcciC·I".a~;iento pe':tmite prender o RJibfli.T 

un bit dentro de un OJ>er¡;.ndo seleccion:odo, us¡¡ndo lo11 

modos antes descritos, 

Eje:!!p}OB 10. 

ING. LUIS G. CORDERO ~ORBO! 

' -·-------- --···· -··- -······-- ------------ ·---
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EjEMPLOS 

• 

Se aflulllir4 que todos· ..Jo• ejemplos a1gU1ent'e11 uÚ11iaD el siete-· 

ma de numeración hex-.idecimal. 

Ej ellpl O. 'l. . . 

' .. 

(I('O(<:f to!'2J' ' 

... 
• 

:: 
.. ·' 

.. 

.. 
. . 

:Ejemploo 2~ 

. ; 
. ' ... .. 

', : •• · 1 

·'MI)('o~Y=: f'E ['IIPEC(IOI/RMIEtHO 't<EL: MJCPOPF'O("ESAC>"".JP ;:~00 · 
?f'(•C.P<MA c:..,;.r:;.,['IO Et<·· CfiSSETE ·.tOU EL: ··uor·:BPE [1[ -· 
~rEC" 

--·¡ 
• .. 

: OIRECCIOIU1MlENTO 'IMN_Ú·no. 

' •' CAPGA: EN " -PEGISTRO ' El': rüNTEIHM _ OEL REGISTRO 

' D< . F'EFRESCAMIENTO P • _.; ' 

' 
'" ' ' REALIZA " C011F'LEMENTO LOOIC'O: OEL cornw1oo OEl 

ACU11ULAMR ' LO 

·ruc· 

' ; EL COIHENIOO t•EL · 
; -CPEMfJHA EN UNO 

' 

[lEJA EN 

• 

F'EOISTRO 

" MISMO F'EGISTPü. 

IIIDICE · IX IN_:: 

. . 

O 1 P.ECY l OIIAM 1 E liTO IIIMEO 1 ATO. 

·"'' 
S\.IMA. AL . COtlTENl[>{l 
[lfiTO ~4H· Y . f>EJA 
·ll!STRO. . .. 

. ·· .. 
!>EL·' REGISTPQ AMLt.AOOR:· A,·· EL 

EL RESULTADO'· EN El 111910' RE-

• 

·' 

. ' 

. ''.\ 
',. 

.. • 
·''· .. 

. _,
. ·: . "' 

' .. ·."; 

. 
: '·· ..... · ,._' . . ·.; .'· . ·( 

PEALIZA LA Of'EF:ACJON LOOICR" fltl) EIITPE El C"ClNTE
NIDO .flEt·"PEGISiPO A" 'r' .n···l.>fiTO 10H, flEJFINC>O El 

.• · . ¡ RESULTAN) EN Ej.: MISMD. PEGISiPO. ·:--¡ 

' . ·.. '··~ . .. · .. '. . .,. . , ,· . ' .. 



Ejemplos '· ; 

N<E< 4F 

· OB11 '" 
; 

- ....... -
¡ . 1 '3 

[>J PECT JO¡ /lR11l Et IH• 1 t,Hf:! •' ~•T O EXTEtl(l WO 

CAPGR EN EL PEGJSTPO [•E .!N(•ICE l~' EL NlTO 2(lJCIH 

LD 

CRF'Gfl EL F:EG!STPO PA_. HL cm~ EL r>ATO 123"FH 

' 

" 
r>.l PECC 1 OUAMJ ENTO DE PE&ISTPO. 

LD LR 

CAJ>i3A " PEGISTPO ' CON " COIHEIIIDO DEL "PEGIS-
TPO " 

AN• ,_, 
SUMA AL COtJTEIIIDO DEL PEGJSTRO R " COt/TE/II({t 
OEL · PEGISTPO ' y r>E .TA " RESIJLTAM EN " PEGIS-
TPD ' 

- soc 

.SI.JB~·TFAE r>EL cmiTEtiH>O . !>EL PEGISTPO . 1;1_, EL COr!TE
IIH>O DE LOS PE{JJSTPOS r>E ·Y ACARREO" cv, [l(.lAM>O 
EL· PESI.ILTAl>O EU EL ¡:·EGJSTPO. HL. 

---- --- --- -------------'--------

,_ 

1 
• 

1 

1 



--. '-

' 

Ej e::.tplos 6, 

---· .. , ... , 

fl. o p.() 

C"'PGA EL 
(Alll•Fif' 

K. 

f'EGJSTF'~• 
t•E J·IEIKr>·JA 

R COtl EL. COtHEIOC'O [lE LA 
APIJJ!Tfi[>A POP EL FEGJSTPIJ 

LO· 

'" 

HKPE11EIHA 
[•E MEMORIA 

'"'-> 

EN UIIO 
APUUTAt>A 

(['lf), A 

EL COIHEIHDO t>E 
POP EL F'EGJSH'O 

LA LOCALlt'AI' 
PAR HL. ' 

Dff'(IS!TA EL COUTEilWO f>EL 
L lf\flt> t'>E ME110P.l A APIJIH fj(lfl 

fi(IJMULA!·OP: Etl LA LOCA
POI< El. ¡;•fGJSTP:O PAP !•E 

I'IPECCIOUA11JEIHO EXTEIU>JtlO 

CAPGR EL AC1.~11JLAl>OP ((l¡j EL COIHWIDO {>E LA LOCA-
LH>AD DE ME110P:lA 1020H_ 

r>Ef·(lS!TA EL COIHEIIH>O f>EL 
LRS LOCALll>At>ES ()( !lEMORJA 
01:•fii5H 18'HE A\..TO). 

-_,_ 

PEGISTPO OE 
o<I004H (B'r'TE 

J!j[\J(f 
Bfi.IO> 

~ ····-··---"---~-'------'-

'" ' 

• 



~ C•01E CF 

V 

Eje<UplOB 8. 

t;C11F 28C<4 

C1i<21 3"(<F4 

• 

RST 

EFECTl'A Ull ~FILHI WCQII['>JCJOIIAL A LA LOCALH>A!• r>E 
MF.MOF:IR (J?Ii !•ESPl.IES !•E HABER GLIAI>!•Rr>O EN EL 
STH(f; EL . CC4Hft<ll>O l'EL CCOIHAOOR !>EL F'P00Rfii1A 

• 

[>/RECCJOIIAMIEIHO RELATIVO 

z.~sli 

SI LA E!AI<!>EPA 2=1, AL · COI<TANJR l'EL PPOGP.AMI'I SE: LE 
.SIJ'IA EL VALOP fi4H CON LO QI)E SE EFECTUAPA UN SAL

¡ TO A LA LOCAL/DA!'> DE MEMORIA 25H 
SI LA E:flii{>EF:A 2='3 SE: COIITINUfiRA.· EJE(1JTAIIOO .LA SI-

; GLIIEIITE H<STI>tJCCIOII ['IEL PRI)GRAMA . 
• 

·" 
'SI . LA E!Ail!•ERA (c::l). AL 
; SUMA EL llfiLOP: F4H CON 

TO A LR LOCf!Lif'A[> f•E 
'SI LA ~RU!>EP.R ("1 SE 
SJQ!JIEIITE. IIISTPLI((JOU 

' 

. : . 

COIHADOI> ['EL f'>:'O>J_.t111A SE LE 
LC> 01.\E SE EFECTllfiP.A .llll SFl. _; 

MEMC•PlA 17H .. 
CONTIIIllftPA EJECUlAI<r>O LA 

f'IEL PF'OGF'AMA 

' 

1 

' 
' 

1 

... _ ·-·-·- ___ .. _ .. ----·-----~--e- ___ . ---.. --".C ___ .. _______ --· ---· 



Ejemplos 9. 

Ejemp1 OB lO. 

002(> CBC7 

t'<02F CBAE 

• 

EL fJE5PLI1ZH111EUTO 4:!H SE <;I.IMH AL COtHEtllM f'EL PE
GISTPO IV PflP_A l•ETEPMINAP .• LA l•lPEITIOt< EFECTlYA A 
DOtiC>E SE r<EPOS!TAF'A EL' [>ATO BH 

""" A·' !)(+21H' 

EL (>ESPLAZRMIEIHO 21H SE 5UMA PL CC\tHENIDO r>EL 
PEGISTRO IX HIPA DETEPMHIAR LA t•IPECC!Otl fiEL 0- · 
PH'AIJI>O PIJE SEPA SI.IMRDO AL PEGISTRO A_ EL_ F·ESIJL-
1A1>0 Pl'Et'>A Etl EL REGISTPO A. 

!tiC 

EL I>ESPLAZAMJEtHO' C<?H SE SllMA AL (QIHEilH>O t•EL 
PE:GISTRO IX PARA r>ElERI11UAR LA [>JF·ECT!Oil f>E LA 
LOCALIDAD r>E MEMO¡;'JA CUYO COtlTEIJHlO SE HlCRE11EU
TA EN UNO. 

DIPECC!OUFIMIEUTO I•E BIT. 

ENClEtlDE: EL BIT !l ['El PEG!STPQ A. 

PES . 0'5H. (HL) 

F!PAGA El BIT 
F'ECCIOIIAI>A POP 

'5 tlE LA LOCf!L!Dflr> 
EL PEGISTPO HL 

11EMOPIF1 

ING. LUlS G. CCR~ERO BCRBOA 

' ' 

·---·-'"''" 
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1.0 INTRODUCTION 

,, '• 
' . "• ' ,. 

,- . -~ 
n 10 t«m """'"''''"'~"''' •· h., ho><n ,.,-d t<>do,.:ubo vinuall) C>'tt)' ;ypl cf •m•!l compo.oung dtVIC< 

d<>i<•"-~ ,. ¡,¡,.,, <110 ¡,,,. r,-~ .' ,. ·" > 1 h" """ ¡,., h.· en ·'i'P'"d '" o>'t'l)'lhon~ f wm "m pi< "•m<ropwgnm
no.:i· ,.,, 1 «•llo" , ""''' "" ,d nu1 ',f 1 (l. IISI "r '" '"" '••Hd miiii<OmpUI<r> wl\h • pon ion of tht CPU 
, '""""'''d ""1 .,¡ 1 B. l.'il ''hn ,¡., <>."' 1 '"" <> ". lh< nllJ"' nn¡»<l of <he !SI lt.ohnol<>¡)' wuhon the last 
¡,,. 1 '""¡,.,Po.· u" ul• 1\IJS !51. 1\""h 1h" ••·hnnlugy, it ¡, r'''~'bl< '" f•Om•l• eompleu .nd ver y powor
¡11¡ ,:,m¡"•l« 'Y'"'"",.,¡, c•nl} o¡,~ \1US LSI """P""'nll. 

TI> e Zol<>~ l-W fJ'IHI} nf ,-,omp<monto o> • •i~mfj_.-,n < .. J, "'""""' In 111< '' o!t·nf-the ar 1 o( nli<To 

<• ""P" 1' •>. Til<>< 1 "'''P"''"" 1' "' n ht """~!" h'd Wlllt '"" L) p< of lt.t nd"d ~micooducl 01 m<m~'Y 10 
~'""" 1< .,,nru "' '' "''"' ~u h •n <> r<om<l) " 1dr r.n~• of ,·Jp,hilUi<•- For n•mpl<. " fo" as 1~< o LSI 
""' "'" '"J ihr<e "'"C"d TTL \lSI p.ckag<• "'" bo '""'bmtd lo r'"'" • simplo ro ni r<•llor. W11 h oJditoonll 
"""'"0 "'" 1/0 <101 ice~ J ''""'P" <e' CJil bo e ""'""''IOd "ll h cJp.bthl '" oh" only a """"'""'P" "' wuld 
pr.·' tnu•l) J,~c,.,. Tñ '' " ,.¡, ""~' of <Ompu ''' "~"1 puwer oll''"'' •und>Jd m<>dules lo b< c0n>1ru<1<d b• a 
"'" th» <•n ,..,,.f¡· o he ''q"'""''"" or on •""mdy,wiGo ""!' of apphc.uon1_ 

Th< m•jor 1< """ fu¡ MOS I..Sl dGm in .. hon nf th< mi«o..tonipu lO! m;ul.tt " lh< lo~o ,·o>O of 
ohc>< [<;,- !51 <omponon,., For natnplo, _\\OS LSl n>iC!O<omput<" ha•< •h<•d) ,.~loccd TTL lo¡": in 
-'""h •ppltc> IJOOI a' 1 •ml •nal con <rollen, p<r iphO,.¡ dhto< cont rollers, r ,ffte ~~~n•l <'Orl troller>. pornt of 
<.•1< '"'"""'''· rnl ell•s•nt l<rminal> ¡nd 1<>1 >yst<!l\>. 1 n fa el tho MOS I..SI m.cu'l<ompul<t " fmd inJ '" "''Y 
U\\ O .lmosl <'<IY produ« lhi\ now ""' <l«lronin ¡nd n ts <'<n replacint m•n} n1ecbankal syarems sucb 
JS "or¡:l-.1 .c.]., •nd ,uromobile conlrol<. · !·' 

n" \!OS LSI mooroc"mpul<! m>.J"-<t os >h<>d)' "'11 omhl,.hed and r-<" pr~due~¡ using lh<m ir< 
~<rn~ d<• duped • L '" <xlm>!dm>ry "1<. The 7.rlog Z :HO componen! ''" h.- bt<n d es'o¡¡n<d 1 o r.o '1n1 o 
tlr 1> mork<T IIH<>u~h 1 he f nllov.- ing f"r u e~: 

l_ The Z-bO" ful!y <Ofl"''" Cui1ij>.•n•ble wnh the popula! bO~OJ\ CPU <>ff<1ed fmm SC"•era\ '""'"'' 
E' r;t •ng d<Si¡;ns can be ,.,;¡)' convened 1 o rnclu.#< the z.!~-j " a oupwor ,¡ tornat '"', 

' The .l-80 compuneno ><:1 "supc!JO! m both sor!._..,, and h>rd'""' cap•b•luoes ro Jnv mher mt<!O· 
'ompu '" sysrem on 1M mo¡k<l. Tlieot <apt.~il~i<l pi<>\lde the "''" wnh >~&nir.<ontl}• lcw" h2rd"'J" 
•nd oof1wa!t d<velupment cum "'hilo •hu >li<>Wing hrm ro off<r oddnwnol f< "'""' m hh 'l'"'"'· 

3. Fm inut•><d ohmu¡¡h¡>U1 the U-CA opcutin¡; al a 4 MHZ docl. rJLe off<" th< ""' siin.lic.nl >p<<d 
>d,nt>gos '"" o~mp<lill>< P'"dum. 

4, A con;pl~te producr hne tndud.n~ full >oft"'•" '"PI''"' "'"h >lt~nt '"'Ph••i• on hi;h k•<lllr.g.,.o<> 
anda drs~-h,><:d dc"lop•,r~enl syotc·m woth aJm>ted ,.,¡.,;,ne d<hu~ "P•blhoics is off-red lo cnabl• 
1 ho u.cr tu "'"])· dc·•dop ncw p!od•,_¡ s. 

~'' ¡ucomputrt 'l SJcms aro "' l!<rndy >Lm?l< to '""" J ucr u sin& Z 80 ~ompooenlo: M y such sy.,em 
¡·nnsiSI s of th t« p;m 

¡_ C!'U (C'or. trol P1o"'"ing t:m!) 

2. Monwry 

3. lnlerfoce Cncuot> "' pefiphe"l deVlC., 

n" CPU" the heart of th< sy<lem. lu funcr¡on '' 10 robtatn in>l!u<ttoll• f1om th< mcmory aod p<rfo1m 
the d"neJ ope'"t'u'"· The mcmtory io o><d lo cor.Uut '"<Lruwon< >nd tn m~"""' d"• th" "tQ b< 
proces,.d. F 01 n>mplo. > 1 ¡·poc..l m<ITU<tiun "'<lue neo m•y l:oe !o !<id d>ta f rom • \pccit.< poriphe11l 
dr'IO<. """ n '" • lr•<JlioO '" memory, cl-• .c. Lh< pJtot) •nd "'"" '' oul tu anvthor p<riphefOI d<>i<<- ''"" 
t h' • Lhe Zilvg "'""~'""'" t '" inclLJ.10\ 1 ho Cl'l: <nd '""""' ~ont,.l purpo>< 1!0 ~••k• ••m Lrolleu_ "'hll< • 
"ode '•"f' of monwty dnoc" m>) b< ""~ fH•.n on}· "~""- Thu•. •ll ••qul!<d <U!npuntnh .:•n b< 
e unn< rl<d Lo>~<Llo<o '" • "'y \Jmpl< '"'""" "llh \Jr\Lrall)' nn !!th<! """"] ]o¡.t<. Th• u><r's eff "" then 
o,,<'""'' rJimarily oJto of ,n[r ,..,,. d<vd<~rlltent, l hot 1>. rl" ,,., oon "H>«nl ro 1< nn dc,.·rih rng hi; ptob. 
t.-m •nd '""""'"g rL 1010 • <tri<! uf in<lruc:.on; th" ''"be l<>•dod in u> tho mi<ro.,nn>pUIO! momory_ z,¡,>l 
"d<dio,tcd to m.;;n~ oh" '"Por >Oft"'" !!'""'"""",;.,,pie •• p<NtOlo. A gn<>tl '""'Pl• of th~>" ""' 

' 

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



·' 

i 
-~- ·, 

' ~ ' ., ,_, "'·'i "" ' '' ·•' ,, 
'~ -<' 

~"' 

.. 

• 

,. 
>··-" . ' . . 

• 

' 

( • ., 

-· ., . 

.',, 
•/- : . , . ... , '· ",',,, ... 
-···"'\.
'·-.r 

• • • 

" ' ' 

::~:,;•~,:~:::~~;:,1': ms<ruc!oon thu lh< CI'U an 1 from lht mntrnonk rhe Ultr can und<!SI""d 
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2,0 Z-80 CPU ARCHITECTURE 

,._ 
'· '• 

A hl~c~ cl";:"m •ll ,¡,, i111<1nol ••d•iiOct.nc .,¡ •he l-~11 /'I"U,. .t,n,.n in ~¡¡uro 2 O· t. Th• d~&¡r 1m 
1h~~·1 ,JI uf lho· ""j<>l < l<mcnl' 111 liiO ("1'11 •nd Ll ,]LLoLL\d h< "f .-rffd 10 lhrMstL<\u] lht fpiluwon¡ . . . 
do"""P''""· . . . 

:::o <=;-
., 

·~· "" oo .. •• ... 
···~ 

... 

2.1 CPU REGISTERS 

,. . "" ()ATA 0UJ . 
O<TAOUI 
CO~lOOL 

.~ .. ,("'-¡,,. R'<L OAU OU$ ... 
'"''""'""" DltOD.I 
• 
"" CO~IOOL ~ 

~ 

1----:'CO-'ROL 
"'"''""' 

•• . 

r ¡¡ AODRm 

"""""' .. v~""• ( IU•T 

• "-00"'" ou• 

·Z-80 CI'U IILOCK D!AGRAM' 
FIGUA.E 2.0-t 

• 

. .. 

• 

•• 

. . 

' 

TI oc Z-80 CPlJ con"1111 208 bm uf RIW m<mory 1hat ort """'ble ro thO progldm:l'er, F1€Urt 2 0·2 
1ilu"rJI<> how lhi• m<mory ;, conr.gu<'d Jnlu e~¡\l'otom S-hil "BI"'" ancl four 16-~il ~<g:i•t«~. Al: l-80 
~tg'""' '" implement<d U>in& >toti< RAM_ The «gi>t•n in:lude t"'o "" of •ix gentral pufÍ><><e "'Ei"m 
th•t mO)' be u"d indi.,dually •• 8-b1l <'gÍSI<tL 01 in poi" '-' l6-b1t r.gisl <r!. Th Ore .,, •1"' two !0\s of 
'"'"m"l"'ur and n.,1: r<gi>tef1. ., 

Spt<1•i ~ urJ>O>< R '1Í'lon 

1 _ PruKr;m Countor (PC) Th< pro¡ram <OUnl<r hotd, the 16-bit •ddffU of lho ourrtm in11ru<tiOn btin1 
foto he~ f<~m m<"''"Y. The PC ;, outom>~ioolly in<:t<morÍtod alter ;, eont<n" h•>< b«n ''""'forrod 
10 tho odd"" lln<l. Whon a P"'l""" ¡ump nooua th• new '31Ue" OLJI"moticolly pi<Úd in-th'o PC. 
"'';"ding tho irl«ot~>erOI<r, 

~ Sta<~ PoinJ<r ¡SI'¡ The ""' J>Oint« hold• tho 16-b•t Jddru> of 1ho curt<ntli>p"O'r·, "''~ locattd •' 
•np•h<!! lO "l<rn•l oyol<m RAM mcmur)-'. Tht e. l<rna) >1 oct. m<mN;- " ot~illited ., • l•>t·ln iJUI· 
ouT (UFO) filo. D"• con bo pu'lhed unto tbe ••oc k frnm s¡>edfic CPU rt¡i;tm or PorP•d'nff of th< 
,, .. ,, lnto •pocifl, CPU r<giuo" t!nough th< "<eutfon i>f PUSII ind POP in.~rueuon, Th< dat.o 
poppod flom !he st.cl< i>•l~ay¡th< !ni d¡\> p.Hbod onto ''· The ""~ olinws >implt ¡mplomrntotam 
of mulliplo 1<><1 ""'; rupa, unhmll<d subrnohne """ "8-and 1implific>1 '"" ol •'non jo tyr<> nf d•" 
mampul"'""· · ... ,. - ' "•;,. '"" •' 

----------- --·---------
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Z-30 CPU IIEGISTER CONF!GURATI0/11 
FIGUIIE ~.0·2 

3. T"'u lnd~• fi<K"''" (IX & IY) Tloo lwu onJepend<nl indn rcgosler5 hold • 16-bil bo,. .>:!d,.>Sin..t 
"""d in '"d<><~ ¡'ddre>>Ong m <>de> In lhi> mude.'" ondt> rryster ro u>ed os o ba .. lo pomt 10 a 
re1ion ,~ memor}fmm ,.·hod1 data IS 10 bo SIOfed or ro1rre .. d. An oddrtionaJ hyle" lfl<lud<d "on 
'"d''<d innructwns 10 •po<Lf~ a di•plocement from lhli b"'· Thu di•pl•comonl "sptcofied •• a two'o 
cornplemenl "¡;ned m10ger. This modt of •ddreuills sfo>~ly ,.,mplifi., mtriy t YP<• cf p•c¡;roms. 
<OP«,.Jiy "'he re l>bles cfdat• are u.ed. ·- ·- · 

4. ln<errupr P•g< Addre" Regi<l<r (11 Tho Z-EOCPll can be "P'""" in • mode wher< "" ,,,dlftCI c•JI 
'" ln)- """'"')' ia..">tÍor1 un be .,.h;ned rn oeopun>< 10 on 'm¡errrrpl. The 1 Re~Í<r<r l> ""d fol tlus 
~ur pulO 10 <1 '"' ¡he ho~h ord<r ~-1"" ol o he inrlire,·l JdJ''" .,.¡, 1le lho m'" ruplm& de"Oc< prnv•dei lhe 
1<-"• ,. r ~.¡,;,. ttf !loe ,od<J '"'· 11• ¡, f<' '"'o •lluw' inlerrupl ""''"'" 10 be d)'""""c•IIY lo..aled ;on¡·,.,here 
m"''"'"')'~ uh oh><•lul< mrrun,.J •«<>' lime lo l)lt rou<rne., . 

S. '>l~mory llefrc·•h R~~Í>Iet (R). nc l-Sll CPU •~nfocns • mcmory refr<}> C!luOter 10 <nable dynorme 
""'"'"*'lo b<: uS<d ..,,,¡,:he""'' <•><" >la tic '""mofles. Se"'n b!IJollhll 8 bil «gisle• aro outo-
m>lioally in<r<oncnlt~ •''"' <•clo inslrucliun felch. The eigh¡h bu •nll "'""'"" pro~r.,nr,,.d os th<, 
"'UII "f en 1 Il R,A ''"''""''""· Tho d"la in lh< refrcsh ·"'·'''"' ÍJ><nl oul "" thel<~wer pvnionof 
1 loo • ddJO» bOJ> Jiu o~ ~·•• h " "fre•h conlml <ignol whole lhe CPU i! dtoorlong ond o~t<:<Jii<·~ lh< f etch.ed 
'"'' runoon. Th" mode of refr 01h o< lololly mn<p>ftnl lO tho pro¡rarnm<l •nd doeo no! <lo"' down rhc 
CPU <rptr:>liuo. Th< programmet can ltlod rhe R "gr<!er for l<>lio¡ purp<,><O, but t~i< «8'<1<< ¡, nQrmolly 
n<>l u>Od by ¡he pro~¡ornmer. Ourlrl¡ refruh, tbe e unten lo oftile 1 ~<¡isltr "" placod on thr upp01 8 biU of •*-- . .. . . ' .. 

Actumulator ond Flag l!'lli<le" • • . .. 
The CPU ,nclu.Jes ""' rndt¡><nd'nl ~-bu ,;:cumul,¡orí .nd i<!O"ii<Ó 8-bit ll•g te¡iSI<rs. The oe<·umu· 

1""' huid 1 l be ""'11> uf ~-bu ""'"'"' ic o¡ Jogic>l <>p< w it•n• wholo th< ll•g regi,l<r indu:tl<J >¡>t<Otrc 
cond,tin"> fw 8 cr l6·bir "i'""'""'· >u<h ;, m~i<•lln[wh«h<l or not iht r<Jult el >n Gp<l•licn is equal 
"' 7<lC. Th< pruJ• •"'"'" "'''" the ••' ""'"!' '"' and ll.og poor 1 h•l ht ~ ¡¡¡,,; lO '"'!~ "llh wuh ~ oin¡Je 
""'h.ongt inWu<Lion IU ''"'Jo,· '"'l <"il) ~"'' ""ilh <,¡¡,., p.úr. '· ,.... •. , 
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noo, o ,., two nlltched m• of ¡¡enero\ purpn.,. rogimn, '"h ~~ ron!Oinina ¡¡, 8-bil "'"!'" tl••t 
tn•r ho ""'J md,.id•·o\1} "' S·bil rtgi""'"' •1 1 b-b•l <Cgiuer p•i" by tho pws,.,nmOr:One '" ;, rol\ed 
K(',))[ 4nd HL wbdo the complementi!Y 101 ¡, "'llrd OC', DE' ""d HL'. 'At ony ~"' 11me thc'pr"&'""""'' 
''•" "'1«1 ei thor 101 of Il'~'"'" lo "or\; wilh lhrDu¡h • •ingle r"hon¡e comm.nd for ll1! <ntir< >ti. In 
•y>~ cm; "her< f"l inl<rru~t '"'P"""' " ••quirtd, ooo ><1 of ttno~a\ rurpo:.e '"P"'" .nd an K<umu!otor/ 
fl•! ~<g;ll<l '"'Y be '"'"'d fur hand\111& thi• >ery fJ>t "";line. Only ¡ <lnlple nch,ng< command> ""d ho 
•~<cu t<d 1<> ¡o bol"'"" the rOullne> l'l1i• greatly 1<d\1<0> inlcrrüpl •uvice lime b '> ohm inoting lhe roquLro · 
mrnl ,-or "'''"g and ttllit"n' oeg1st<r oonlonl< on <hr nWn>l '""" durifli •~<orru¡>l ur IUbrcoutioe p1<>,,,... 
1ng. Th<" g<neral pulp<>O< "!'""' ,,. u"d fo1 1 wide r>n¡e of applocationo b)' !he "pnt¡;umrner. Tlooy al so 
"mpl1 f¡ piOgrJmmong, upoc.ally in ROM bo<Od •yolem• wher< lnlle externo! 1"d/"' 111< momory a 
.,.,lable. • ' 

2.2 AR ITHMETIC & LOGIC UN IT {ALU) 

Tite' S·blt mthm<tic •nd log,cal lnllrucllons of \he CPU ore HOCU\ed on lh< ALU. lnl<rn•lly or.. A l..U 
cummun'"'''' w1th thc regi'"" ond lite '""n•l data hu o on \he intcin.J dota bu•. The IYP" of functionl 
""lfom:ed by the ALU ""'ludo: . •. 
r- "' 

Add l.oft 01 1ighl shrfa 01 1ota1 .. (11ithmetic 1nd lo¡iul) 

Subtract ]ncrement 

' l.og~<al ASD Decrement 
• 

Logic,ll OR Sel bll • 

Log•<•l E~d"""" OR ReS<\ bll 

ComP"' T.,t brl 

2.3 INSTRUCTION REGISTER AND CPU CONTROL 

As ea<h imtruction is fctched from m<<r.or)i. it "pl.ced 1n th< tnstnJction rego<ter ond decode4. The 
<oMrol S<ctions p<rfomu thi• func<ion m d tl>en "'"'" "' ond '"PPlie• o\1 of the com1olsip¡al• nec .... ry 
le read or wril< dali from orlo !he regoJI<n;-controlthe ALU •n~ pro-.de oll requ"cd ex!<rnal control 
5i¡nal•. 

., 

' ' .. •· .. 

.. 

,. . 
-:;,,. 

'· 
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3.0 2·80 CPU PIN DESCRIPTION 

Th• l 1i0 Cl'U ¡, ;>•<l.oged in ;n ind"'''Y '''""•'" ~O p1n Duo! I,...Lino _fiüagr. Tho 1.10 P'"' ,,. >h""'" 
JtO r't"" J0-1 ond lh< foncoinn ol oad1 ~>J.,,·,bcd hth>~·. •" - ' 

•• 
;;;-o,¡¡ 
;¡¡-.o 
~ 

•• 
~ "''" 

r '·" 
"' 1' ,., C0"R0L INl 

••• 
Fi{S(f 

~ {-.. 
CONTROL OU•li 

A¡,·A,s 
(Addrr"' lluo) 

"• 
(J>Iachme(ycle one) 

---
-~1REQ 

(MemO!) Ro~u<<t) 

' ... ... 

' 
_...!!.... 

--~!.._ 

" 
- 2!_ 

• 

--"'-

" -·-
" " .. .. 

_....!..!.... 

• 
- ii-

' ----
• 
" ·-,. • 

' • • 
~· += 

l·60CPU 
• 

' . 
Z-80PIN COIIIFIGURATION 

FIGURE 3.0.1 

' . 
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-~-• 
• -~-
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' • .. 
1-'' --

' •• 
' ., 
' • • • • ., 
• • 
' ., ., ., ., ., ... 

•• 
•• ., ., 
•• •• 
•• .. ' 

.,:>DO<ts .. 

TJi <1> 1 e ool p111, aclne hiM. A0·A 1 S con"otuto a 1 (, b;t odJ '"' hn<. The 
od4••" bus r,o,·id" tho add~t" 1 or m<mory (up to f>4K bytes) dolo 
e.chang•• and for 110 dt>lCe d•u nch•nges 1!0 •dJre«;ng us .. tho S lov.<t 
odd "" h1l\ to •llnw o he "" r 1 o d i!Octly "iect "P 1 o Z 56 onput ur J56 output 
por11 Aa os the le011 .,~,i~c.nl .~~"" bil. lhr1ng rof,.,h lime, lh< low<r 
7 ""' c~n"m a \lhd r<ft<>h úldrus. 

T11 >1>1< "'pul/ O<Jl pu t, •e<ive lligh. Do-D7 "'"''Hu lo "' li-bi 1 bJdrr"Mnal 
doi> bu1. n1e dato bu< rr u<ed f<>r da u cx<h>ng'> "'ilh mom~ry and 1{0 
de>~co•. 

Oul~lH. actJve 1"" . lit¡ md"" es 1 hal !he Clmtn! m.•dlln< <''d< r< oh o OP 
codo fetch e; de of ~rnnruclt<>JI "''cution. ~olt oh•• dunng necuuon 
of :C.by~t up--cod ... M 1 "~en<tol<d ""'h up wde b)"" r,"h.!~ n.,, 
1wo by~t op--cod" alv.ay1 begin "'''h CBH. l.lDH, ~.OH or I'DH. MI olso 
oe<u" woth JOJ!Q 10 md>e•le on inl<m.Jpl oc~owlodge cyde.. 

Tri-<l>le OulpUI,aelive low Th< Oltlnory !OQH<" •i¡nal rndical" lh>l th< 
•ddrr" bu< hold• • uhd •dd1~<1 for • memory re•d cr memUI) "'111< 
opo,.tion. 

·, -, 
.. 

----



·-·· IUKO 
(hopui,'O<Jij•OII R<"•l''"') 

"' (M<mory R .. d) 

" (Mrmory 11'111<) 

RFSH 
(Refre!h.) 

HALT 
(H•h sta") 

WAIT 
(Wau) 

])';f 

/lnt<rn:pt Reque>1) 

!'MI 
(~'on M,sl.>blo 
IO!O<IUpl) 

Tn •IJI< mnpul, "ti' o h>w. The IORQ >ignol indioal<> lh>! 1hc lowe¡ h1lf o( 
11>< ;,dJrm ~'" IHo]J, a >.IIHII/1"1 >dd"" lur • 1!0 ,.,J or wrllr c~ptrotion. An 
IóRQ >!¡;11ol ;, al.o ~<MI>Iod "ith ar. -~-¡¡ ,;~al "'hen on inl<r,..,pt ;. beonc 
,c>.nowlrd~td lo indi~lf 11101 111\ lnle<!Upl tolpc>n" ><elOJ "'" bo pltced en 
the d>la bH lntonurt Aokno·•lodgo oporoliom e<cw duung M1 ume .,.hik 
1,10 o¡,.,atinn> no;<t O<< u~ dur U1g \! 1 lime. 

Tri·>t•" ou1pu1, arti•elow. RD ind;c.m thal th• CPU wonu to r<id dato 
f¡onl memory or tn 1/0 devke. The addrh«d 1/0 dt•ioo or mcmory ol:ould 
"'" thi> oi¡:nol to ¡¡ale dol• onln lh< CPU dot1 bus. 

____..:! • J. . 
T rH>•lt oulput, utJ-. 1""'. II'R u>di<ales thot the (l'U data bu o holdo •·abd 
d>U lobo >lo red in th< addTesstd m<moty or 1/0 devi<•. 

' 
üutrut, octtvc luw. RFSH ind'"''' that tho lowor 7 blls of ti>< •ddrc•u 
bus conuln • ~tfruh odd"" for d~n•mic memort<> znd L't< <urrmt MREQ 
S:¡.nal>hoold b< uord todo a reím.n read to •11 dyn•mk momo'"'· .,, 
Output,a<:ll" lov.·. HALT trdtc>l" thot th< CPU h•l '"cut«! a HALT 1oft• 
wor<•nsltuChon 011d "'"'"''"~ oilher 1 non ma•bblo ora muhbl< iniOT· · 
:~pt (w:llh th< mu~ enabled) bdo~r op<tation "" re<um<. \\'hile hah<¿, !ho 
CPU exe<:utes SOP's to maintotn m<mory refresh actJ»l)', 

1 npUl. aollv< lov.. WAIT md" "'' to !ho Z-l!O CPU th> 1 th< •ddressod 
ntemorv 01 1/0 d<•t<., '"' not re:>dy for a do!> 1 ranof"' Tho CPU ;:~ntinun 
to tnt<r wall <1 oteo f 01 u long as this sip111 i> "" ... T~~' Sl&n>l allow• 
m<mory 01 1/0 devtce< of •ny speed to be synch1ont.Led lo tho CPU. 

Input. activo low. The In IO!tupt Reque>t sifr.ll is ¡;enor•t<d b)' 110 dtv!c .. _ A 
t<quest v.ill bo honoro<! u lh< <nd of th< nttrent '""""tion tlthe intornal 
suft~ "' .ontrollod interrupt '"'bit n,p.n op (1 FF) ;, on,hlod ;nd ,r the 
BUSJ.:Q ,;,,,¡ is not actt'<. Wh<n o he CPU .cwpts th< totmupt. '" .d.no"'l· 
<d~t si¡;n•l (IORQ d'>nug M¡ :imt) """' out U the bo~mning of lho ncxt 
'"''"'"iOOJ ')'el<. Tho C'P1J """ t<"spoJ;d lo aJt Jl\lcrrupt in lhr1'< dtff<r<nt 
nH>d<> thu "" d'""' 1\><d ;,, do t~tl on ,., llon 5 .4 (CI'll {'onuollnmuctiom). 

9 

Jr,put, "'&>""' edre ~~~t!<d. n.e nuñ mo<l, •Ole '"" t1up1 ttqu<>t hne h .. a 
ht¡lm p1iom; oh•n I."T ond is alwo;s '""¡;r>ll<d al tite <nd uf thc curtent 
in<lrUcliOn, indopondent ~f tite ""' us of o he inl<nupl <noble ntp-fiop.-NMJ 
•~•om01iu!ly /ore .. lhe Z-f>O CPIJ lo t<S!Ott to lo.oatJ "" 006~H: n,. Pw~ram 
"""""' is ;cJiom1\Jcolly 1a•ed 1n oh e "terna] st>ok •o lhot lh< US<I ''" retum 
10 lh< p1ogr>m rhu "'" int'llupt<d. ·""" thol ~ooiJnuou• W "lT oyd .. can 
pre>eot 11tr cur reno '"'' rtoctJon fto1n <tldong, and th•! • llliSRQ will c•ernde 
a :;:-.. n. 

i 
' 

! 

1 
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RESET 

BUSRQ 
(Bu< Reque") 

S LISA;.: 
(Bus Aoknowl<dge) 

• 

---
Jnpul. a<liO< lww. RI:SET for«Sihe proa•am , 0unter lo uro •nd lnlliahz., 
lhe CI'U The CPU miliihution inclu<l~l' 

1) o,•blelhe rnt.,uplen•ble nip-Onp. 

:!) S<l R<g¡•l<r 1 ~ 0011 
J) S<t RegiSI<r R ~ 001/ 

4) S.t ln"""P' M <>de O 

Durmg 101<1 l>m<. the aJdreS> hus •nd d••• bus go tn • high impedan<r sUIC 
and ,¡¡ conlrol Oulpul "gnals go lo tht in•cl••• 11>10. ., 

Input."'"" low. The bus requm sig¡>JI lS u sed lo re que" !he CPU •ddr..._. 
bu'. da u bus and In "''' ou:pul cnnuul "gn:ú• tu go 10 !_!1~1p<dance 
"'''m 1h" other demu can controllhtst busts. 1\'hen I!USRQ ,.,cli••l<d.. 
the CPU "'1ll sel theot buses lO > high 1mped•n.:o "'" ., soon » tho curren! 
CPU moohine <)de " "rmina"d. 

Outpul. a<1ivt low. B~s .c\:.no,.Jedge is us.td lo indiCJit 10 the requ<SIIng 
dov1ce thatthe CPU •ddre" bus. d111 buo .,d lii~Ute conuol bus si¡nob 
have b .. n "''o their high rmpedanu slole and lhe e>lemal deV>e< can now 
cwnrolthue signols. 

Stn¡Je phuc ITL lov~J <loe< which '«l"""' onlr • 330 ohm ¡>JU-up resmo1 
to t 5 >ohs lO m<•l oJl olo<k requuem<nl>. 

, .. 

' 

10 
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4.0 CPU TIMING •• 
The Z-.'>0 C!'ll <-'<Uie> inUrudiun> by <topping lh¡ough a \'01}' proCi>e ,., of ¡ fow b,.te O¡>et>liuns. 

Tho,e indud<: 

Memory •••d nr wntt 

1/0 devico re>d or ,.,;¡, 

Jnt<ttupl •okno~<·ledg~ 

·. 

A.l! in"ruc1ion• "' merely' • .. ,;., of 1hese b,.;, o~tral\onl. E•eh of the,. b.,ic O[><rouons con ul<o frOJn 
oheo 1 o ,;, el oc l. pwod 1 1 o complele or lhey can be lmgl honed r<> >Ynchroni•e ¡be CPU lo lhe >¡»od of 
"""",.¡ d.vjce>. The b»i< docl. p.r"'<l> ¡ro rofentd to '' T cycl<>•nd th< ba>i< opor¡toOfl> ¡re r<fetred 10 _ . 
.. . \1 (for m.chme) e y des. F•gor< 4.~-0 illu>IW<>h<>'" • IYJ!IO.) in muro ion ..,u be m'Jel,y a <O ríe> of 
>¡><.::of1c M and T tyd"- ~uliCe ¡¡,.¡ 1h11 inmuwon comist< ol throe m>elline cyd<> (M 1, M2 and MJ). Tbe 
¡.,, m ..:hine cycl t of an~ in>l rucuon ;, a ftl<h cyc!e which " four, five or 11:.< T cydes long ( unl= l<n¡th
ened by 1he "lil si!:" al "''hich w:tll b< fully d<scrib<d m lhe next ,..clion). The fetch cycl~ (MI) t> usod 10 
f<tch the OP code of ¡],, n<"l inllruction 10 bt '""cuted, Suh.,.quem m .chino cyde• mOlle d•U betwocn 
lh< CPU •nd memory or 1/0 deviuo ill'ld they m•y have anywhere from lht« to ftv< T cyd.s (apin 1hey 
may bo lengtll<ned b)' "ail """In •ynchoonize !lo< urornal devi<« to !loe CPU), The followin! paro
B"ph' describe !he tirrung whtch ouur< wtlhin ill'IY of lhc buic moclune cycles.ln oectioa 7, !lo< <UCI 
ttmúl¡¡ for each in>tru"ion ,, lp<CJftOd. -

• 
'• ., •• •• ., 

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

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

• ·-
BASIC CPU TIMING EXAMPlE 

F!GUFIE 4.0-0 

1\11 CPO 1 immg c.n be brok m Jr>wn in tu a f.-,. >ery sinople tim"'il di•pam, u llrown tn figuro 4 D-1 
lhrou¡,h ~ 0-1. -n, • .., di• ¡o o m• llrow lhe fuUowtn¡ b><i;; optt01tuns wttll •nd "lthoul w"l SIOte• (11aJI "''"' 
''' •dd<d lo syn'h'""'" Th• CPU '" !low menwry 01 1/0 de vices). 

4.0·i. Jn..,uclwn OP wde fetch (MI cyJ<) 
' 

•l 0·2. ~lem<HJ ~,., tud ur """ cydes 

4_0-l. 1/0 rtad "' ~rrte cyclos 

4 0--4. Bus Requou/AünO\\Ied¡t C}de 

4_0-S. lnl<rrUpl ReqU<!I/ Ackn.,u;]edge Cycle 

4.0-ó. ~un ml!~•bk lntorrUpl Pequen{ Aohowtedt< Cydt 

4.0·7. hll from o HALT t~Mruction • 

~~~·-·-~-~--

' . . .. 
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~~-STIIL'CTJO.'l FETCH ' 
f,~ur< 4 0.1 \loo"'• th< tírning duri11¡; •" MI <)CI< (OP cud< ftt<h)_ Nouce that rhe PC ;, pl.ced on rile 

•ddr<" b<J<" thc bc~1011Í11g "f the MI cycl<. One hJf d"ck t'm1< I>ICJ rh< MREQ '.!i,"~_il_"" act'!Ye_ Althi• 
tOme ;he ,ddr<" to tht mcmory h., h•d lml< to <t•biliz< "'thatth< f•lhn¡ <dge of'!JREQ c•n be u sed 
dJieotly., a d1ip onJble dnc~ tu d)nomic notmori" Th< 1fl5 hne •ilo goe1 "'"" to mdorote thot th<' 
memory rNd da1' 'hnuld be enobl<d <>nto the CPU dotl bu¡, The CPU sample• the d ot• fr om th< memoty on 
th< d>t• bu> "'ah rho mio~ odge of rhe <lod, of "'" T3 and th,. "'"" <d¡¡e " u•td by tht CPU ro t,.;-n off 
th< '!ID •nd ~ "~n•l< Thu• the dat• h" alroody bren <>mpltd by the CPU he foro th< RL:i s.isnal bt<hmes 
tnOOIJV<. ('loek <T•tt T3 •nd T4 ofa fotch <y<l< ar< U><d to ,.¡,.,h dynamicmem<><i<> (Th< CPU U"> this 
'""' 1~ Jtcude ond '"'"" th< fet<h<d instruction"' thot no nth<r Op<ration could be pcrfonned '' dus 
r,me). Dtmns n and T4 the lowor 7 btl! of th< addr"' bu< <on,in a memory ref~toh •dd~<" •nd tht RI'SH 
StJr>•l be<om« aCIM lo mdoc¡te tltot • ,.r rt>lt rtad of oll dynomio momorÍ<I >llould be •ccompli>hod. No rice 
th.r • Rñ" oignal " not genented du ""l.!~.f r.>h Oime to pre>eot d•ll from dtiT eront memory ><gmonts from 
b<mg !<"lt·d <lntu lho d>l• buo. Th< MREQ sign•l durong ref">lt time <hould be u"d to perfutm a «freoh t<ad 
of ,¡¡ momoty eltmonU. Th• refrosh ~gr,ll ron nct be u><d by tl<tlf>lno<the rtfrt>ll addrus a only ¡uoran
T«d to ~' •rabio duung ·li·IREQ ''"''· " · 
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INSTRUCT!ON OP COOE FETCH 
FIGURE 4.1).1 

,, 
'· 

F•tu« 4.0·1 A oUusltJl" hn" the fetch <y de" dei•Y•: if the mesnory ocli'>tto the WAIT li~e. Dur· 
in& n •nd <><ry sub><quon< T .. , tite CPU ,.mples tho WAI hne wtth th< folling <d&< nf41.lf the II'AIT 
lino " "'"' al rh ;, 1 rme, >nutller .,.., 1 "'" wtll be en l<«d dunng tho foUowing cyde. U01ng thi1 technique 
th< r<ad qd< c:an be lengthenod to motch th< •cce" ti m< of ony I)P< ofmeon<»y de•i<t. 

---- -----------------
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INSTRUCTION OP CODE FETCii WITH WAIT S TATES 
FIGURE 4.0-1A 
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~IEMORY RE~D OR IIRITE 

Fi~u" 4.0-~ <11<"""•' o he '"'""~ ol nlemUr)' «•d ur "rllt e y ele• nlh<r t~>n '" OP <<>dO fe«h (l,l) 
C}dt). Th<>< cydc• >re genrr>U) thr<e do.ck pori"d' long unir" "''it SIOI« "' r<~"'"'d by thr mcmury 
,., lh< WAIT Slgnal, The MREQ "~"•land Lh< Rl>'r~nalare u><d the "'"'"" Ln lh< f<tc·h 'Ycl<. In lhe ,,_,. 
m' • 111emory "'"''e y de. oh< .\tREiJ al lo b<eonl<> '"""' ~hen lhe add«ul>.us os >~ahle Kl lhol U con be 
ustd dorectly •• a eh1p enabl< fur d) n•mi< n~moroe>. Tht Wif¡.,,. " a,·w-. wh<o da!> on 1 he dota bu> ts 

"abl< >O thal 1 1 tan b< U5<d duoclly •• • R(W pul .. 10 >orl ually any lypt llf semiconduclur mcmury. 
Furthrrmof< lh< W1f lignal Jl>e> inacliw Ont half T >!ole bef.,.o lho oddr<S• and d>la b111 '""'"~" oro 
ch•nsod oo lh•l 1he o>orlap "quir<m<nll ror "'' uolly any 1ype of r.emi<ond"''"' momory rype wiU bo mol. 
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Fi~ure 4 O·~A oliLJSI"Ies how a WAIT request ll&nal w1lllenglhen any memoJ}' read or wrllt Opera· 
''""· Thi> ••ror>l•on "id<nnoal to thJ! prtviou.Jy dnnihed f<>r 1 fetch eyelc. Notl« In thi• fi¡ure thata 
S<p"•1< rood •nd • lrP•!OI< "'"'' cyclo 11< shown in the :<ame figur<&hhOiltJI rud ond wrne cy~< <In 
n<>« <><<Ur >lmiOII>I,Oouoly. '' ' 
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MEMORY REAO OR WAHE CYClH WJTJi WAH STA TES 
f1GURE4.0-2A 

LWUT OR OUTPlJT CYCLES 

--' l --
• 
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F1¡uro 4.0-3 llluSI,.IU an l/0 r<>d or 1/0 wrile Op<toiiOO. No! ice !ha! durin¡ 1/0 opernioru a SU>~ 
wm m te is automarica\ly in..,rted. The r .. oon for thi1 io th..!.'...!!.!!!.,n& 1/0 operaiJOOI, ¡he timo from when 
the lORO signa! g<>es ""'"' unul the CP!J must sample lhe WAIT hn< ll .. ry 1ho:m and ,..;lhcu! thio enr• 
"'" ;uff.(lenl 11me doeo no1 e~iol for •n l/0 pcn lo doc<>d< m oddre11 1nd ,cllvale th< WAJT hnt if a WlU 
is requ11cd. Also, wilh~ul ll11S v.·3il ''"' 11 lS d ¡rfocUII IU de"gn MQS l/0 d"lC., th .. <On opc,.t< >! fu U 
CPU 'P"d. Durrng tO" "''" si ole time ohe WAIT ~<qU<">t ~gnal "wn¡>lrd. O..nn~ a te•d 1/0 opcr.uon. 
the "RDiinr "u"'d lo en,hle !he oddre,..d port I)Jt\o iJ,e d"• bu! ¡u SI u in the cas.e of o memo!)' , .. d. For 
110 ,. . ., L< opera! 1un., thc \\· R )jn. is u"d " a dock lo I)L< 1/0 P"'' , •Pin' with >ufliciwl ov01lap tiltún& 
IUiomatoc•lly j>IO'>ded 10 lluot lhe """! edge mlt)' be u>ed as • d11• do.:L 

F1g u10 4.0-3A ,;]~<orales how oddo11onal ,..,, sial<"> may be odded With lhe WAiT ~ne. ·n.e o¡><!ra!ion 
is odtnlicoi lo th" p~eviouoly de..:nb«<. 

BUS REQUEST/AI K..'-0\\LEDGl CYCI.f. 

F•¡;u1o 4.04 olhJSir,¡l" 1h< llrning fnr ' !lm Reqllc•sl/ Acknuwledgo cyd<. The BU SRQ "f(al 11 
s.1mpled by the CPU wi!h lhe mmt d,;e of thelul clod. period of ony mochinr cycle. lf lh<USRQ 
stgnal " >Oli•e, the CPU ,.¡¡¡ "' 11 s oddr<,., da lO ond tri· SI o lO cOnl rol >1~nals 10 the hi¡h UTlped.nc. 01 ole 
w•lh lh< """& <dse of lhe ""1 tl<d p,¡)<o, At lhal limo aO)' <•lem>l de Vice""" oon1r0l the bu..,. 10 
"•nsfer da¡¡ b<h•«n '"""'"'Y and 1/0 d<"'"· (Till< a¡¡or><ully ~no..., " Dorect ~lrmory Acce.r /0~ A] 
u sin& <}do .,.,¡,n~) Th< "'"'"'u'n ,;,, for lho CPU to mpund lO • bu o '"'l""',. th< l<n~lh uf • mach1M 
cydo and ,¡,. ""' '"'1 tonl •nlle~ ··•n m••""'" conuol of th< bu1 for .. mony dock cyd<J u¡, dúired. 
~o'<, ho"''""'· oh., if ><1) long U~!.~ cydeo are uoed, •nd dyn•mic memori<'> ore be1n1 u .. d, th< Uler;,,¡ 
cuotn>ller mu>l •hn P"furm ih< refr«h l"nclwn. Thio "'""''"" on]y oxcuro if •ery la.~< blocks of dat• ore 
l;.•n>fmed .".!'i" D\1 ~ conlwl Al\ o not< 1ha1 dur1ngo bu¡ «quut oydo, the O'U <lli100I be jntern.opt..:l 
b} ,.,¡,,, > .">\ll ur .n 1 ~T ,~al, ' • ' 
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INPUT OR OUTPUT CYCLES 
FIGURE 4.0.3 

1 

'• 

INI'UT OR OUTPUT C~"CLES \IITrH WAIT STA TES 
FIGURE 4.G-3A -
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SUS F\EQUEST /ACKNOWlEDGE CVCLE 
fiGURE 4.0-4 

J:>. TERRL'PT RlQUEST/\CK:>.OWLEOGE C'tCLE 

L 

FlO•Jre 4 .0-.1 illu<lr ole, the L 1nnng as<ociate~ "'ith an in"' rupl cyde, The '" <crrupt <i¡:n•l (¡¡Cf:<.,<• 
•ompled·b~ the CPU wilh Üt< '""'~ ed~e ofthei"L d"d' ¡Jth< end of '"Y 1nmuo¡oon. Tr.e 
.cotpled ,¡ the ¡r,ternol CPU soft~ "' controlled onoerrupl e na~ le fltp-fl<>p "MI set or of oh< 
11 o<livo. When !he so¡nal is •«epoed • >pt<•>~de" f<n<r>J<d. Dorin¡ 1h11 sp<oiJI "11 c~cle the 1 
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s.i1nal be;:omes "" .. (lMI<•d of the nOmlll MREQ) 10 wdo<ato th>i the '""""P""! de•ito o ;m pi1Ct an '--../ 
B-bn '""''en the dl!a bm ~ooict th.al two WaL\ ,,.m ore autamolicolly odded 10 1h" cyde. Th<><11•L<O v .,. ~ 
aro arld<d •o th>t • rippl< pn"'"Y intorrupt scherno c.on b< oa~ly implomented. Tho 1wo w•it '"1" ollow 
•ufn"en! time for lhe ripp\o si¡,n•h to st•bHiu •nd idonttfy which 110 de>tco mu•t 1n"n the ro<ponse 
•ec1o1. !hfer 10 section 8.0 fo1 rletails on how the lnwrupt , .. pón• vector it uti\tzod by the CPU. 
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H¡:o 1 es 4 _0-5.~ aad 4.0-'iB illusl ralo ht>w • rr<>~"""n•~lr courll<r Clln bt u>ed !O nltnd lnle1tup1 
•<kno" lcd 1'< tbn<- rr ""''"'"'d •• •hown to •dd on• , ... ·u !1•1•) 
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EXTENOING INTERRUPT ACI(NOWlEDGt. TIME WITH WA.IT S TATE 
FIGURE 4.0-5A 
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,\Q_, lt~SKAHLE L'>:TERRIJPT RESPO.">SE .. 
F·~·"" 4 o.r. Lilu" role·> lhc [C'IjHO>l/.><1.11<,.. :.J~· ,·y de ¡,, ·~· """ lll>>l<ablo ln\<rtUpL This >~gn•l ;, 

~onrplrd" th< "'",.'""'o; tloo Jr.l<·u•.ptloor,butlhl> lono h¡, pnmily ~''' the nurn>al mtorrupt •~d 11 "'" 
"'" be ""'OI<'d """" wh~ ,,,~ r"nlroJ. lu ""'•1 funcliun io tu pruv1d< immedi••• 1<1pon1.< 10 impvrunt 
''t"•'' >nch .- .n unr,·ndin~ l'""" foihm. n,, CPU "'P""" to' nun n~>rl.able tntertupt ioilmilu to • 
"''"",¡'""""'Y rcJd opcrJrron. The onlr drffortnC< h""~ th•t the wnrent of the dala bu• io ignorrd while 
IIH• 1 q ucOI><>J JH 1 c>Jnalkall¡· IL urO! the !'( on ;¡., "l<rnol l"d, and jumpo 1 o lrocal ion 0066H' The •uvio: 
'""''"' for the 1\0B maskable inl<rrupt mu•l bo¡in" thalu<.~l!on jf thi> interrupl "u .. d. 

HUT EXlT 

1\]¡onn·o r , ooft" are h.1ll in""" tJUn ;, ""·uted thé CI'U be~"" e'" ul ing :-up·, unlil •n int<rrupl ,. 
ro,·c."d (oolh<r • nM "'"'lohie ot a n'ldable tnlerrupt ,. h•le th< tntor,.rpt !lip !lop ;, en.1bled) Jñe IW<>, 
inttrrupt !meo ore "'mpled ~ rth the """B clo(l. edge duting eoch T4 1101< >< >ho,.n in f1gur< 4_Q.?. lf • non 
m"bbl< 1nlerrupt h.s been O<<ei•od 01 • mn••~lt mtmupt h" been rt<e"Td .1nd th< •nl.,tupl on>ble 
!ltp n.,p 11 "'· th<r• 1ho ¡,.,]l ""''.,.,¡¡be ''""d nn :he""' riSlng ciod, edge_ The folln\lo1fl~ cyde "'U tllen 
be on mi crwpt "' ""~ :edge e y de corre>puntlmg LO 1he typo of ¡, t<rtupt that "a• '"'"'d, 1 f both a« 
,.«i><d a1 thJ> lime, th<n lh< non m,.;..,ble one w1ll be od.nowledged •ince it hu hr&h<>l pr1ority. Th< 
putpo!< of ''"'"''"' :-..;OP mwucoion1 "'htle 111 thé holt 1111< 1110 \,e<p tlle memory ,.¡,.,¡, <lptoh ..,,;.,.., 
Each c¡cle on the h:llt """" • nonn•l MI (f<tch) cyd< uupt t)l¡¡ ¡he data r~¡~d from thc mnnory ;, 
>gnorod •nd o NOP '""'''ction j¡ forced inlotnally t<> lho CPU. The holt aüno"'lodao $l&nll is •ouvo dllnng 
lhi• time lo mdiCII< thal lhe p!OCe'"'' ;, in lhe hall .U lo.· '' ' 

lnl"<•d•- ··- ' 
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5.0 Z-80 CPU INSTRUCTJON SET 

The Z.80 CPU"" <>"Cure J ~8 Q¡fforerH itl!trucuon l;>ptl indudin¡,U 78 of the 8080A CPU. 
The in>lru<Hons ""be brok<n down imo th< f~ll~~<inr in>jor grnups: -

• Lll•d •nd O.¡llange 

• BJ,ock f,.n,fer and s .. ,,n ,. 

• ArH hmtlk >fld Lng)cal 

• Rol•« and ShJf< 

• Bn Monipuialion ('et, ,.,.¡, <o•t) 

• Jump, ran and Rnurn 

• lnput/Outpul 

• B•"< CPU Cnntml 

5.1 INTAODUCTJON TO JNSTAUCTION TYPES 

Th< load mstruttion• ;no.·e da" 1n1 "" JJI} h,• "''"'" CPU r<gl>l<" or b<l\o.ttn CPU 1<Sl""' •nd nt<r· 
nal memory. All of th<« inslructions mul! <pO<ify a •our« locll•on from wh•ch tho dal• "lo b< mO\'ed 
and a de.l1m>l i"n lo<Jil<'"· The "-'"'« loc.tinn i1 nol altered by • load instru<linn. E "m?., of 
lo•d ~mop inii<U<IlOM mcludt mo,., botwoen any of !he ~eneral purpo>< '"-'" "' >u<b » fl!D>< !he don• 
10 Regi<lor B frt~m R<¡¡¡SI<r C_ Tn.,group •lso rnch.;dnl<>od unmodl3te to '"'CPU J<gi<t.r or Id any 
<>1 trnal mcmory l<>c3t'oon. Other t y pos of load in<lrUCIJonl •UO"-' lr>nsf<r bcrw .. n CPU ''1'"''" and 
memory loaliono. The uchllnge innnoCTions can 1 rade rhe oontcnh d l"-'o r<gi.rers. 

A unoque .. , of bloc]< 113nof<r tn<trucl ion> " provided in the Z.SO Wtlh J sin~le i n>trU<tion a 
" bloclc of memo¡y of any """can be mo><d ro ony nther h~tiOn in mcmory. Thu O<l of blnck m o''' 

;, e>rremc!y •ihl:rble wllen 1"~' "rÍngs of da" must bo procesxd. The Z·80 blocl. suo;:h inmucuon¡ 
'" 3iso v•luoble for th" typ< of processinc- 'lr'rth a 1m¡;lc inmucti<m, a blmk uf «te r111ol momury 
of any dd.Jod lensth c•n be ><a¡ched for ¡ny S-bol char•cter. OnCe lho charo< ter" found ot the end uf th< 
block;, re•du:d, the instruwon autom•tk•lly t<rmimto~ Both the block traH>fer and th< block ""'eh 
lJWrUctoons can be inlerruptod durin¡ their eucution 10 u te nct ocoupy the CPU (Qt loll8 poroods cftome. 

The antltmetlo and log¡cal in<tructioruo opera!< on da lo stored m the oc<umuJ, 101 •nd other 
~<ner>l 1"''1'01-C CPU reststerS or ;x terno! onemory lo"lions. Tho res.ult • <>f the nper.tions •ro ~l.ced 
jn !he aocuntul•lor ond tho appropriote n.~, Or< ICI aooordin11 to the r<¡u)t of ¡J-.e <>pOJ' !ion. An 
O>ample of an 11ltl11net oC ope1 ,¡ion is •ddins tite >e<Umublot lo the contenl' of an nlernol memory 
lo;:ation. The '"u]ll of th< oddrtion "' pl10ed m the a~cumulat 01. Thi• gtoLJp al .o tndude• 16-bot 
add11ion and ,ubtr.<llon bet'-"ten 16-bil CPU regjS!ers. 

The rotal e •nd shift group 1110"1 o;;y regf<l<r or •ny memO!}' loc.tion lo be rototed right or Ioft 
,.,-¡¡~ ot withoul cac¡y e¡! hor aro\hm•toc or Io~io¡j. Al<o. a digH in !he occumulatot c•n be tOI>Ied ri&)lt 
or ldl wil.~ ¡,.-o dogrts in >ny memory loc.tion. 

The ba m•mpul.ouon rnstructions o ti""' ony bl! in tho o:currwlarur. o ny gonerol por pooo re~"'" 
or •nY <>.101 nal me m ory loca110n 1<> be ICI, toset or 1<llod ,.;u, a >ingl< onsrruction. For o.ampl<, 
1he mo.t si&mflcont btl of rogo>l" H can be ro >O l. Thi• g¡Oop "e>p<<iolly "'"fui In control OpphC<rtiOn< 
a nd f or controllmg •~fl "·are na~• on ~en<"! purpr"' pr<w•mml"1-

Tite ¡ump, .:all and rt turn tn<lrucll•"" • re u•·:d 1<.> 1, .,,,¡, b<n' ,. '" IJ .,w-<> ¡, "'"""' rn tho '"''' 
pro~,om. TI>t> g"'"~ '"" "'o,J dofr <r<lll "' hlllqlles fur oh! .>mtug tho "'"' P" 'gt ,orn countot •ddre" 
from >¡><"cJO,· txl<lnal m<mory l.,cwons. A un¡qiiO type of t•ll rs '''' reslort """""""'- Thi•mstmcloon 
at1 ually cont>l n> 1 he ""' •dd ro.s »a patl uf 1 he S-bit OP elido. ThB l> J''"<iOie SI nce unly 8 S<¡wato 
•ddr"'"' loc>1<d in P·•!< 1010 of Tito ntern¡l rnom'"~ ma}' h< >r<oof~<d. Prop•onjum~• m•y ah<> 
be >d ""' ,J by l"•d•n~ "<""' JI L. IX or lY dio,·ul¡· ;nto. oh o )'(', tho> .tJ,·wm~ 1 h< J""'P .<dd!>'>l 1<> 
be a """'rl<> fu¡ ~1 i"n ,¡ lhc "'" 1 ino bcOnf <>••,·otod. · 
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Th•• u>pl>::'<"llpHL ~I<'Bp ,,f """ H\' L ¡,,., Lrl oliO / '11 .dJ,,~ f"t ' "'Id< Un~< of l"n>f<lS be11•e<n 
'" mnl '"- "'"'l 1'"" io•n> or 1 h~ v-, .. -,.1 pur f"<'>< I'I'U "'P"'' ~ ••·' th< ••1eu111110 do•i"'- In , 
.. oh """· 1 he P"'l nH •nh<J ¡, P' •·•·iJ ••d M 11 '' hl.v" ~ b1l> ,,¡ t he oddoe"' hu> dunn~ ony 1/0 , , , 
1 """'rl "'"· Onc ¡,-., <Hction ol],,~' lhi> 1"" 1 numl>rr 1<• 1>< 'I><'CÍfoed by 1 he s<cond b} te of 1he in1lruction 
"'hil~ <>lher Z-~0 "'""'''¡""'a u~~ u '"!>o,,,,, ,r.,•cl "' ,¡,.. '''""'" nf lh< C te~i>1<~. o,, n1ajor od
''"'·'l'' nf I'>Íng lho 1' "~""' "' i'"'""' "'!loo 110 ,¡,.,,,, ;, oh•t u •ll<>wo d>ffcrenl l/0 potl>IO ' 
"''" '""'mon ~•fo""' d"'" "''"'""· fhis is ll<ll f"""l•l< "'h<n 111< oddrr" i1 pd!l of oh< OP ende 
,¡ the ''""'"<' '"' "'"'d 11• ROM A"o>l.or ¡,.,,.,,, of Lile~· 11.r"1 m"ruct,ons" lh>llhcy "' lloo 
IJl¡ '<¡ H" ""''""""'U; '" th" >ddilinn•l nro~oti<•n'"" ""' «o¡uioed tn dtwmine tb~ N lo of 
th< mrul J,u ( f<>o "''"PI< 'h 1"'" y) Tl.o Z->.ü CPU ""h'rl" ""gle '""ruc> '""' that <>n mow 
hh"'' "f n, 1, ( •· ;• '" ~% by1<>) >u" •n>Oiic•llr 1<> or frooo '"J 1/0 r<>" d11.ctl.~ t~ >ny mtn><>ry le><:> !Ion. 
1" t~njnn<t i<·n " tth 'he du•l .. , "r ~"""\ r"'l'""' !O¡!L\lors. 11"'" '""'"', ion"• proVld' for r... . 
1;0 h lu,C :" n<ft·o JOI "· Ti-c _,¡.,, u[ tiL" IJ O "'""'" inn ><"1 " ~<mM>I<>ird br !he r.,, th.ot !he 
Z.~O cr~ :., ;•wndr •11 tequirt<O noppy dá fom""'"~ (i o .• o he CPU pto;od<> th• pr .. mble. addreU. 
d>t:o anJ '"'hl« 1h< CRC, <>des\ on doublc .lrn•1tv nupp; ""' dn•" on an i"'""'P' dnvrn basllo. 

r,,n;. : ~< b' '" CPU coo:t ro] onstruc<,ons •Uov. -.rio,;, oplion• ; nd rnnrl<•. Thh grnur indude• 

'""'"''"'"' ''"'· ""'"'''"& or «><lling <he marrupt en•hk fl1p flop or 'OIIin~ the m<><! e of inWftiPI 
res ron••· 

5.2 ADORESSING MOOES .. 
~IO<l uf 1he /..~0 "'""'' 1 io ns oprrat ,. "" d,¡, ""' eJ on u11<rnal e ru oeg"''"· <""' n•l memory 

"' , n '1.< 1 10 r- '' 1~ ,1 J~""''"~ rof<r> '" h""' the >dd••" of th" d>to ;, s•uer>le<l. m <><h ln$1f<><110n. 
Th1> "" i<>n ;:¡<es > h11ef '"""'"'"'}" of o he t ;·p« n( •dJo <• ""~ u .. d ¡n the l-~0 w'f.,¡, '"h:<equenl ><Cilono .... 

' 

f()i, ¡.;;;; } 
' Or<r>nd 

' " 
E ,,, .. ¡.1"" f 1h1> t )" ¡•e ni '"'" "'' ¡,., u·o•u\J b< 1" l<>,d the '"" mulotor \Oo"\Lh ' const •ni. whero lile <on>Unl 
"¡;.,by lo '"""cdl'l<ly followw~ >he OP eNe. 

lonm..di>t e [uend..d. Thn modo is "''" ly an < >1 """'" ni ¡, """"d"l o addou>illg in thal th< ¡w"o 
by><·\ foil'"' Lll~ !he OP ""'"a« lho np•r.,nd. ...t' 

=-01' ,,d. ''"''" ~ hyt<> 

'" Oper>nd 1"" uoder 
,, .. 

' . ,r,_ ..• 
Op<~•nd ho¡:h ord« '- ... 

1" ,_,, pi,· o , .¡ ¡¡," L ~ ,w u[ ¡,,, 1 ""· • '· "" ·.o· •'11<1 1•< 1' • I ... ,J 1 he lll 1tfi't" ;MI {) 6·hH ro~:11"~ with • , 

16 b"' (:! h;' "' 1 .. í "·""· 
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.1> 

' ' --.·.~·-
,. 

\lo.llfied f':tgt Z.ro Addmsin¡. Thc l-80 h•• 1 speci•IILngle byto C.~LL instruCHon lo •ny of 3 loc>tions 
m f'>!<l<to of memory. Thl< in>Uuction (whi<h i> rtfwed tn "• re<Oot!) >e" tht i'C to M tffcCI1"" 
•dJ,e,s '" page •ero. The ,·ah" of ,¡,,. <nstrnnion "th>l n allows • <inglt b~1< to >pedfy 0 <<>tnplele 
1 6-bil >ddr<" ,.¡,.,e «>n•monly called >Ubwu!ines ore k><al<d thu> '"""S memory !:pf«. 

'• ' ' 1 

~~ 
b 1 OP Cndt 1 o no bylt 

' ., EITtcti~r addre"" (b5 b4 h.; 000)~ 

ReL>Ii>< ,\ddro•"ng. Rolomo •dd<ts,Jng ""'' mot bytt of d1t• follo., in¡ lht OP <Odo tu spedfy 1 

d=>pl., ""'''" L from ol" e"<ling pro~rorn Lo w hich • pro~'·' m ¡ump a.n oe<ur. Thi> d,.plorem<nl is 

21 

a sign«i t·• u·, wonpltment number th>t " add.d 10 the oddoesH>f lhe OP todo of the fol!owi"'l instruction. 

OP Codo 

Or<<>nd 

The •alue of rela1i1 e •rldre;Mng ;, ¡¡,,,, 1: •llow, jump> "' nco rby loc>ti~ns wl1ilo nnly te4U'11ing fWO 
b;te> of momnry '""'"· Fot mosl P•~~r>m>. ro\atL"ejum~> •re by for the m~" pro••l•"' type of 
¡~mp duelo the l'""'imny of rolot<d p!Og"m !<~meniS. Tllu>, the,. inslruttwm ''" <i!nifi<:•ntly 
rduce m o mor y spao< tC~Ilhement¡. Th< •igned di>plar<n><nl oon r•nge l>ttv.eon • 127 ond ·128 
from A + 2. Tl>i< allow< for 1 totol displacement of •129 tn ·126 from lll< jump rel•ti>e OP cndo ,rl~''"· 

t'· \l.rnlw rr.o¡or odv;ll"B'" tha! tl>llow¡ for rei"Cotable code. · 

ht<llded Addrc.,ing. E> <endod AJdre,.ing ptO>Jd05 for two b} te> ( 1 6 bus) of •ddrus to be md"ded 
'" the m•truct10n. Tim doto con ho ar. •ddt<» to whkh, progrom conjump or il can be •n .. ~d"'" 
~·h<ro '" or•••nd "lnca!<d. ' 

f~o:e:c:o;,;.:::::::::::::::::::-:_--.,j } ''"' or h•o byoco 

Low Ü•der Add!e>S or Lov. order operan_d 

Hig/l O•der Addre« or ln~h mder oper•nil 

E xtenderl Jdc1' "'·'¡ 11g " r<4U1r<d f m ' P'"'!'""' to j11mp fr<•r1\ ""Y loc.,ion tn memory lo ony ~lher l<>eation, 
ot lnad •nd "ore d•t• in ony memury h.won, 

ll'hen e.1<nded ,ddh">>lng ;, ~><d to >p«if} th< """'« '" d"''""~'" "Id ros¡ of '" nperand. 
lh< no"''"" (n") wrll be'"'~ tn ,.,.¡,,.¡, lhccunlent uf""""")' .r nn. "horo nn" lho 1 t>-bil oddrus 
,,.,.,ncd in thr m>lt"cuon. Thi> '"""' that th< two b)tes of oJdo<" nn ••• u...:! 4 1 P'""'"' 10 a memory 
h•c>lion. Tl,o "" of lit< r•«lltl,<>es •iway> rnc.rrll tl10t tho \',\IU< onci•Md wrlhJO th<m i> u><:d as o 
l''""l<r lo • m< mor y I<>C>IJon. F"r oumple. {1200) rders to' th< content>of men><!!Y otiO<>hOn 1 lOO. 

l<>de.ed AdWn>i;,&-' In th;, L}¡>< of aÓdl<<<>n¡. the b;:te of d•u r~u""in~ th• OP codo mntotn• 
a dispJ.c,·rnenl "hich "•dded '" tme of tloe Lwu 1ndÚ ¡.·~t<l<r> (1 hr Ol' '"de •r<cif1<; which iOdex 
ro~r>lcr "u><d) to fonn • pointer to mrm<.>ry. The "cootcnt .. (.f th< m de• rt¡-iite~ •r< no1a!tor<d by !hiS 
op<rati<•n. 

1''''"''"'"''--j} twobyie0Pc0dt 
OPCodo 

\\'' 

, n;,,.,,,,.¡ ,,!oled'" ;,,Jn "";'"' ~~¡,.;;,a !"'in••• to ""'""')'. .. . 

---------- ---------·· --· 



,\, •''·'"'1'1< .,¡ .1n '"""''d ;,,lrucli<lll "'''"],] ~< ,,, l<>.oJ ,¡,. ,.,,,,.,,11 of lil~ """""Y ],\e>lion 
( 1 ,,¡, .1 R<p•l<l • ]r,.pl.>«mcl>l J miO thr ,,,-~muiALo". TI,,• JL>¡•\.o,omeul ¡, 1 •ipl<•d '" ,,., <Ompl<n"nt 

"""'~"'- l1 •drHd ,J,J, '"'"~ frcoll) 1m ·~hfl<> P"'f" "" '"'"~ "bits nf d•to ,; nce !)>< <ndr• regi 11e1 
"'" po•int w 1h< >1Jl1 ,¡ an}' 1• bk · T wo indo' rosi<'tl> JI r PH"iclod ,;n,.- 1<1~ ofltn v;><oilwn• oeq uito 
''"'"'m'"' tJbl ... ln~r"d .>ddr<<>ing .>lln olio"'' fo1 !d<x-OI,blo ,ode. 

rho '"o ;,o._"~""" tn •he Z-.'•0 ore r<fmed •o as IX and JY. To onJ•w• ond"•'d •ddm:sin& •h• 

""''''""' 
(JX+d) or (IY+d) 

Ll ""d- H"e d" 1he dt>plo.omcnl src•>li<d Jfl<r lh< OP ende. Thc P"<nlh<'""' '"d""' lhot lhJS 
1 ,¡,, " U><d >' • P<'int<r 10 <>l<rnJl '""mory. 

Regi>l<r ,\rldre"ing. ~l,ny of !he l.-~0 OP code> conta:n biu of infollnOtoM lhal •pe<>fy "'hich 
('f'l 1 "~"'"' ~ Lu he u.od f01 an opera \Ion. An n.rr.¡•l• nf rtghw addte>>Ín~ would be lo load tho 
d:l" on r<S"'" Broto roglSI<r C. 

hnpli•d 4ddre~,¡ ng.. lmplred •ddr<>llng re fe" lo or<~•"""' wher. th< OP «•de automalically 
¡mpli<• ono or moro CPU r<JÍSL<" •• cun,.ining tht uperond~ An '"1mple Íllhe st\ of llithmotic 
"P"f:ll o~ ni" hcro lh< oocumuiOlm " al~ >) > impLed lo he lh< deJ[inatoon of th~ resulto. 

Regi"er lndir<<l Addt<"->in¡. Thr> t;-pe of •ddre,~n~ spec1frcs o 1 t>bil CPU r<JÍ""' palr {•uch •• HL) 
L<> b< ""d., a l"\10!<1 lb .rn) locauon 1n memu1y. Thi•'Yp< of ln<lr~clrOll "very po,..nful and 
11 ,, U>erl on, "'Jo ""~eof ;rplioaloons 

@Pcod•l}ooontt,..nbyle¡ 

An n'mpl< of lhi•lYP< of inmuwon would b< 10 lo>d lh< .ocumulllor w>Lh Lh< da! o rn lhe memory 
l~c.rtion P<lJni<d lO by the HL F<¡'"'"' con1<nl~ lode<<d oddre><mg isoaually • form of rogi>1<1 tndircet 
addrer•¡ng <Ac<pl thaL a dt>placemoot "•dd<d "'Llh iod,.ed addre1sin¡. RegiS~.r ondtreCl oddre•>in~ 
olln~< .-or '") J'O"orfu 1 bu 1 '"npl< lo 1n1plem<nl memory ''P'""'~ Th< bloc l. mooc >nd >tilch commo od• 
ln 'he Z-BU '" t\ I<OSL~n• of th!S 1 yp< nf •dd1ossin~ whc1c >u¡,m.>lr< rogi>l" i•IC,.m<nlln&, dec.r<mon,n¡ 
anJ '""'P>'lllf ¡,, b.·cn ,Jdo<!_ T!,c n<>l•lion for md''--'""8 r<gO>t<: ondne<l •ddJ<mns,. to put 
p>Jc"l hoY> """'"¡ ¡],, II.Jlll< of !he ,eg"' OJ Lhai o< '" be '""d " lhe pooow. Fo1 , 'ample, 1he 'Y"!bol 

(HL) 

>1'" ,¡,., th,¡ o ]o, e<ml e nL> ni L he 1 l L ro~l<lot .oro "' he '""'' " o p<>onw to o mcm .. ty looal10n. Often 
''"""' wol!f<•' •ddrc"i"f """''! 1<> •pecriy 1 t>bn opmnd>. lo lhis a o<. •he «[•"•' cuntcntl · 
P'""l '" l ¡,. IP~ cr "' dor purtoon ,¡ tñe "P"''"d whole the reglll or oont<nts "" >Ulomalic>lly onoren~entod 
10 """'" lhe up;><r f'<'llion oi the upOJond. 

. ' 
Bi1 Addre~aing. TI>< l.-1<0 <MI• in• • lor~e number of bJI .et. ,.,., ond ,.,, ln,Lruction~ Thc,. 
rOSIIU<Ioon> ,u,,. ... an} mcmor¡ l<•c•lrun or CPU re~i>lcr lo b< >¡><cified for • bu operotlon 1hrough •. , 
uno of thl<< P'"''""' >ddr<,.ing ln<>dc> ( ¡cgi<1 er. toji.J>I<r indu<CI , nd inde>ed) "'hile lhree blt< in lhe OP 
.:CO<!c <P<"fl .,.hJCh of lh< •'i¡;lu hll<" tn M m.ompul•ted. •.' 

• • 
ADDRESSING MODE COMBINATIONS 

'·l•r_, irSL"'"tion> indude 011 '" Ll~>" ""' "P"' 11d (>uCll " •lithm<tk m!l 1 ucloon> or lo•d1) In 
· :,..., e'"''- ¡~u '; C" ,; ,.J,Jre·•i"¡: n;,¡- he o•mrlo>} l"<l_ F,., <>•mpl<. l~•d .-... use im:ntd;>l~ .Jdre•••r•r 
''' >1 .,·col y L ¡,. '"''"-'' ""J "'¡:••'" 11 .~n<c\ "' ¡,,J ,. >o•J .rdJre,,: "~ L~ >po.ol y L l,c J eS1 "'""''"· 

----·---
• 
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5.3 INSTRUCTJON OP COOES 

nu, ''""''n clo" o'ob .. «rlo of olor /-110 .,,¡"'·''"'" <nd pro,·•dn 1 abl'> ¡,, "'~ 11" 01' cud., f or nery 
""''"' 1wn. In""'' al thr« ~>blc> tht or '"""in ,J1.dcd .,,,., ,,. idtnllc&lto thu~e uffe•~ in the SOóOA 
CPU. Al-o ,¡,.,. n " tht """"'hly bn l<>•g< n>r><nlon" lhal " u"d f or ooch H>ii•U:uon. All onmuciJon OP 
c<>dc; ,,, li"o<l in ho~Jd<t11n•l n<>"l•un. Sintle by!< OP :<>de• roquort '"" llex ch•r><"" whllt d~uble 
~~le OP codos rtquire fnur h<\ ,),.racle". The con~e.,ion frum hex 10 binary ~ ropoal«< her< f_or 
C' 111 1 '" '¡<'110<, 

"" Bin.ry De.:Un.ol "" Bmary D<cimal 

o • 0000 • o • • """' • •· 
• "'" • ' • '"'' • ' • • "'" ' ' • 1010 , . " 

' """ • ' ' • 101] • " 
' • 0100 • ' ' • ""' .. 

' " ' 
' • 0101 ' ' D • 1101 • " 
' • 0110 • ' ' • 1110 • " 
' • 01 1 1 • ' ' • 1 1 11 • " 

Z -.&0 JMtrucl ion mn<moni;:• cor••"' of "" OP cndo and uro, <>no o r t ~-n oprr.nd•. lnllnJ<!IOn• in 
"·h•ch the upor<nd" <:llp:,ed h>" no o¡><ra."\d. ln>lriJOIÍOru; wh"h ha-. on!y o~• log,col "P<r>n~ or ;O ose lll 
"'hith on< o¡.etand ;, "'''"""' (;urh ., Th< l og.iral OR >nstnrriJon) "' r 'P"Ientcd by J ""' ";rtnnd 
rn\I<Olen •<. 1 n•lfucriuns "h ooh ma)" h., o !><O ,·arylllg ~peundo arr rop~t'-<n!td b• !wo <>P< •and mnomonre>. 

LOA/} A:".'D Z::XCHA."GE 

Tahlo S.:l.J def.n<S rhe OP <!Ido for ¡IJ of !he S·bJI load lnW"Won• .mpl<menl'd on rheZ -~0 (PI). 
}ll•o ,),o., n m th15 ubio "lno IYP• of oddr<Sstng u sed for ea oh lmlructiun. Th< >O•U<.e of 1h< ~>'> 1> found 
un rho 10p hori.anL>.I ro" while rho d<Siin•lion u 'P<"f"d by lhe lofl har.d "'''""'"· For <\.llnpl<. lo•d 
r<glst<r C froon rep;l<r B "'"' lh e OP OJldo 4&H. In aH of !he t•hloi lho OP cod< Íl lp<Clf~<d 10 huadecimal 
nor.rion and the 48H (~0100 1000 binary) codo;, f<!th<d by,¡,, CPU frum lh• 0\lcrr.o: momory duans 
MI 11m<. docodod and lhen rilo "lil"" lran•f•' u aulamau<>lly porfnrm<d b>';th~ CPU •. 

lllc a>¡embly l•n~"·'~" flH><IlWOlC f11r lhir onrrr< ¡roup" l.D. foHu"•d \>) 1il< <'<•ll~:liOJl followed 
by :llo '"""" (LO Df.ST ., ~OURCE) )\ort lh•l ""'mi cornb;n>riun• of •ddrt""'8 onod<S '" po..,rblo. For 
0\0mple, lhr souJce m o¡"'""'"'"' o~d<!ro.,;,ng •nd lho Ó<'!!O>I•on m•y bo roJ:isl<r mdireot: ouch oslood 
tho momory )ocori011 po:nred lo by r<gi>l<r HL """h lho oonT<nB nf rtgi<lor D. Tho OP ood< for thio 
P¡><r>l ¡Qn ·,.ould be 72. Th< mn01nonic for lhiS load inSiruchon "ould \>< •• follo.,.: 

LD(IIL).D 

Tiro p•rrml,ole< .rnlind thr Hl mc•n• 1hor !he ~NM"" nf l/L "' ll<c•d ·<>' p1111llrr "' • """""Y lnc•Eron. 
In •11/. !<O lo•d inwu~lion '""''"'"""<he d«rinoi>JJ\l ;, "'"''Y<irSI<d fn"lt.wnh <ho ""•""' f"ll"""'g. Th< 
z -RO aW.mbly la,guoge h•• boen d<fonod fn1 '''" uf progr.•mrniflg. E"'Y In M ruclion " sel f dc>Cumonll"& 
,nd p1n~"'"' wrmen on Z-80 lon¡ua~e are '"Y 10 m•lnuin. ' 

·'"" "' lohlr 5.3·1 :l..r ""'"" Jn,dOP c<.<loorh:¡t "" ••>ilabl< on oh< ;t.¡o;o ~>e tv.o~yt<S Th10 is an 
ofn<itnr •~orbod IJ( mtmory 11\ ,¡.," ;, "" ~"" B. 1 (,. C ~ 01 .<: 1>11 ''"''"'""""' arr lr.lj'l<m<nt<Ú in th! Z·!!O. 
n' U> "f<on u rrliuO '"" J\<cl onns ,.,,·h •• mthno<l"' or 1--giC"lll •'P'''' ;,r., '" .. 01) 8-h 1 !1 wht.:h I<Wlts In 
brr l<r H1< ;n<>ry tJ\ rlll.,ll"" II>Jn ;, '' b.er·od wnh n '<"d !tl\1 rn<li~n ,:.,, '" ,h " il>·b no. 

' 
All io•d instJUOI!On• u•ing ~ndo"d addt<'""g f or !ilh<r rhe ><>U!.:< or d•>On>li<>n Joc.ti<>fl 

•-''"lli¡" ""'- ohr« byt" of momory ><"\Th tho •hud hyrt hoing th< disrio.·otn<"nl d." For "'mplo o lnad 
"~"'"" [ ~<nh 1h< ur.r•nd pom,.,t '"by 1\ "ilh"'" ,ff<tr uf·~ ~nui~ h• "'"""' ., 

IIH.IIX tb¡ 

-----~-----'-'-------
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'""" ,, ~o } or C<>de 
A•l \J. 

~·~ ü~ ll~>rlocconool opcr.nd 
" 

" 
TI,.• ~~ " nl<:>d<rl >dJ"·"in~ .n<o '""';'"" "' "'"' thr<t b: 10 '"'""''¡""'· Fur "'"'~Ir th< in" 1 UC1 ion lo 
¡,,_,J 1hr •<•un>ubl<>< ~·11h Ll" "P<r.nd m llh·nwry lnco11nll (,f'J:H "ould b< wruLm: 

. LOA,(bF.i~HJ 

A~d"" A ~ OP rode 

A•l '"" <order Jdd.r<!l 

A+~ h:f.h order •dd!eu 

Do< ¡.,,J lml"<di;M in'l fU( <oon> for lhO t<ntd 1'"' f'l"' ~-bÍI 1<~"\<f> ., .. lwO-b)' 1< :n>INCilOn1. Th• 

n '""· "'"' 1~.od r<g,;o<r H "11h <h< ,.,IL,. 16H "'""Id ~r wrill<n: 

LDH,.l(oH 

[,,dLn~ • mrmnry Jnoo!<u" U>ing mdnod .dd '""'"& f "' •he d"""" ion ,.,J "' ""'d "'" addro,.mg f or o he 
'""'" '"~""" fuur b)''"· For <>ompl<: 

,., 

LD{IX·IS).:III 

DD } O!' Codo 

·" J,.plJCCmeñt (-15 in 
"~r>ed two'o romplemenl) 

"i''"'"d lO lood 

• 

'• 

T •b io 5 .3 ·: 11"'",-." lhr 1 ~-hll lo.J opr•.1 1 iun< nm ,,,\,lo " '< ry ,¡,;oL,r '" tho P'"''""' une. ~Oll« 
:h:u th< <" ond<d ;Jdr<•»ng '•Nbiht~ "'"" •11 rcp<ier p>tr<. Aho notico 1h•1 '"&'"" iodor<O\ upoution• 
>1'""1) m~ 1110 ''"'' ¡," r"in1<r •' • th< Pl i Sll ond I'OP ""'n"t '·'"'· Tho mnom..mi; f<•r th<>< m>t runion• i> 
··i'L'Sl!"' ;n.d ··¡•(>p •· Th«< d.rfrr fr<>m t>!h<r 16-bil [,..,d, in thot tho <!.e k potnlcr,; >UI<•mati,;,[j) J<e!<• 

m.·11rod ,,,.J '·· ··,. 1:11•··.! :.• "'h h ,,. "P'"¡, .. .¡ ''"'" ,., r."P,,, . .¡ ¡,,.,,. rhr ""~ "'P•"'"''l'. ¡:.,, "''''¡>l' 
th.: '"'"''·""'"' ' 

·- -·--·---------
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.,._ 

' ' 

PliSl"l AF 
' ;, • •i~tl< b)- l< inst ru<IJOn "nh 1b< OP «'~lo of F5H. llñcn tha onllr"c!i<•n ;, o """""d lb< fono,.· in& 

sequence i•¡ener.,ed: 

' 
' 

" ' 
' 

" 
' 

" 

' 
' 

1 ,,,, .. ¡,;, 
' 

' 
' 

' 1 """ l-
' -·· ,.. 

(SP) 

(SPtl ) 

D:cr<nunl SI' 

lp {SP). A 

Ikc'r<L1l<L11 S!' 
ID ¡SP). F 

' 1---
A 

' 

' 

' 

' ' ' " 

Top of>t•d; 

" 

-~~~~"~M ' or- • • + 
' - 1 " • 1 1 • i. ' ¡, 
" • • - • • 1- ~ 1 1' 1 
" .. ¡ .. ¡, - " " • 

" " ~ 1 •• 1 ~ " " 1 l ,. 
.¡. " " • " • 1' 1 
• " • +1· - ¡, 

j n i ~ • • • 1 - • ¡, 
• 

' . ' 1 1 
1 ' 1 "1 ! 1' ' 1 

1 1- " 

1 
i ;; . +¡ . .. 

l . ' 

'" ' 

8 fllf LOAD GROUP " 
'LO' ' .. 

TABlE 5.3-' 

-~-----··-----·---------
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Tio< POI' Ín>IIU"'On "th< <\4<1 '"'"" of a PLJ.'li. Nolir. 1hat •11 PUSH 1nd POP in•truclions utdue 1 
1~ OH "~<Jlnd •lld lh< h1~h 01J<r b} IC i> •I~J)'S pu<!,ed rin.l >nd popp<d I•St. That Í1 O: 

• 
PUSil!l( '>l'USHBohenC 

Pl' Sil DE is I'USH D lh<n E 

!'U~I HL Í\Pl'Sllll then-L 

POP HL ,.pQ!> LthenH 

n .. '"" "'' '"'" """g r' ""dtd "'""'d"" •dd "'""8 f<>o the "'""' obviou~y requn•• ~ byt os o( data 
following rho OP r<>de. for r.dlllplt: · 

U! DE,OóWH 

~ tll he 

"'"'' 
Atl Lowurd<r uper.nd l<>>'¡;o>ler [ 

A • 2 ll1gh ordtr Of"'r.nd 10 rq¡!Sl<l O 

In,¡¡ '"'nd<d nnmrd,tot< or Hl<fl<led odd"s~ng mod'>. thelow order byte alway• appean. ri"t aft<t lhe 
OP c!'de. 

T•hl< ~.3-3 bm the 16-bü "d"''~' '""'"''""" ill'pienotnO<d m lht l-~0. (lp coje 08H ;tlow• lhe 
P'''~""""" to ,,. lt<h bnwe<n the t-..~ pm; of ,ccumulator flag r.gute" .. hile D'lll allow• the prO· 
fl""'""' Lo '" nch be o .. con !he duphc•" 1<1 of '" g<n<"l po" ]'UI< "g"""· Th<"' OP codo> ore only one 
b,·to "' lonsoh to ob>olutoly m'"'~''" ohe time """""'Y 10 pe1f o1m the O'Ch•nge so oh u 1 he duphcale 
o;,,, o.n be used to dfoct ~!) r • ., •nlettupt re.pon,..lim<>. 

BLOCK TR"SSFER A~D SE.\RCH 

Table 5 .3-4 lis!> the exlr<m<iy powed ul block ll >ll<fer in.,ructoons. AU O~i< in•truch?"' opera te 
wllh lhr« "¡i$1en 

1\L <"""" ro '~' """" J .. .-., ion. 
DE p.omto •~ 1h' Ü"II>IJti~n locolion. 

8C,. b)'l< "'""';.,_ 

M o" t ¡,, prn~· """"' ho1> inil 1.1h1<d lh '"' 1 h roe "pi,¡ m JO y nf ol '"' f,.w tnslrio .:1 1 un• m•y ~. Ui<d , The 
LDI (L~·d •n<l !~'-"'unl) iml o "rtiun m,,.., ono b) O< fwm lh< l<>o:aHun poont<d to b;• HL ·w ¡he local ion 
poinl<d 10 h¡ IJL Roj"" P"" HL ,nd Df: "' th'" ouo~matic.Jly in<r<m<n:o~ and are reody lo ?Oinr 10 
tho f~llcwor1~·. hrc;<lon> Th< by LO <Ouo:or (tcgiSI<r p<ir ~() 1> ol>o dect<II\OO!td <l Lhi> timo. Th" 10!\fUC· 
linn is >·alü>blo whon o:~ck< of dm mu<l be movod hui Othrr IYP'> of ptc>rr!liog '" roquorod b<tweon oocl1 
moV<. The LDI R (I.Dod. incr<m< ni an~ "P<Jt) in•tr"clinn i• on "ltn<oM of the LOl innrLH:Iion. The umo 
l<>Jd .nd on<remont operillon i> «peo: <d unllllhr b) " '""'""' rtoch"' oh o count of Jero. Thus. this ""11< 
m>trL•CIIon "" m<>'< '"Y hl"d .,f d ''' fr<>m on< ¡.,,,.¡,," 1 o "'Y othor. 

:--:m o lh•l •.no. 1(·-brO ''T'"" .re ""'d.tr.< ,;,_., of o he bl""~ ,-,n ~' up IU o:K bylt> ( 1 K • 10~4) 
lun~ ond" "" b< oM"d frum •OY hr-.<llun in'"'"'"'' on '"l noher lr>c>lron. Funhcrmor< the bloc~s o.n_ 
h, "'"lopp111~ >in ce !ll<r< aro ;h>uhrtol; M con""'"""" the d3li lh31 i• u .. d..in oh e Oh1ee r<gi•ler poi !S. 

Th< LIJil ,.,e 1 l>OR imuuooi""' are "'Y '""11•• 1~ oh< lDI >nd LDIR. Tho only d•lf<«n<:< ;, oh al 

'"!"'''' i''''> III.,,,J Df. '" ~ •. ,.,,,,,,,J >foer ""'l ""''' •u oh•J, hl'"'~ ''""rer """' f"'"' 1h< ¡-,.~0"1 
••ldrr" ,,f ,¡,,. '''"l'"""d bh'-. k ' rl]l<r lh"~ ol.o ],,_,.,,_ • ' 

------
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l611T LOAD GROUP 

·~· 
'PUSH' AAO 'POP' 
TAB~E 5.3-2 
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EXCHANGES 
'EX' ANO 'EXX' 
TABlE 5.3-l 
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RfC. 
I~OIH, 

"" iNj>OA 

·~ .. 
--

" '101' l•~dOO(>- IHLI 
~ ~~ Hl ~ 0[, o .. OC 

" 'LOIA." • loodOPfl-lHl.) 

" '"' Hl & o•. p,. OC Aoo"O """'OC • 0 

'"" 
'" 'LOO· lo.OIOH- OH\.1 

• "'' H< • o•. n., oc ----- -
" "lOOP'· ,_, 10<1----<Hll 

• O" ••• P<. O" OC, H'''''"""' QC • O 

... "' .... , .. '"""' o., O! : _,,., • .,,~.,,-

Roo OC ' "''" """'" 

B~OCK TRANSFER GROUP 
TABLE 5.3-4 

.. _, 

T ,¡,¡, 5.3-5 >P<<tfoes 1h1 01' cod" for lhC fnur ~lud, <OJ!Ch ioSLruotLt•>ls. The G"'· CPI {oomp"e and 
",crcmcll t) '"m?"" th• d"• m •he .ocu<~UIJI<>r, "tlh lh< con1enB of lh< !ll<l:>ory ]o;:.Uon poinud lo by 
''li<l<r llL Th< r<<uh of lh< comrart " "or<d in ~nc ~~ th< fhg bl1 < (5« '" 1 1t1n ¡,.O for a d01 aHcd "Pi• · 
,o>t oon of th< n,~ opr rol oon>) •nd lh< lll. '"b""' P'" " lit< 11 '"' romont<d ¡ud the byte wunw (rep<tor 
pa" OC) lS d<CJim<nt<d. ~ ., 

" 
Th< '""'"''"'" C'PIR" m<Oelr an nlen<ion of tho ("PI tnSiruction rn whkh tho onmpot< "I'P<at<d 

t>nlti <Uh<t• mltd; "ll\und tlr tho bvte «•nntor (r<g«t<r P'" BC) becum" >ero. Thus, lhló sin &le Jnstruc
""" "" ""d' t(,c· "'"" momor) for '"l ~-bit 'h'["let. 

Til< CPD (Com pot< '"d D<,·,emo nt) •nd CP!JR (("onrpor<. Dr.:remont •nd Rcput) •ro •imilor 
m su u" '''"'• thw 011ly Jtfftltncr bOln~ th•l t h<: d'"'"'""' H L • fw "'''' '''"'P"' ><> thot th<y <tarcl\ 
th< memOr) tn tite "I'P'•"" d 1 '"' """, 1 Tito ,,;,h " stortod " tho hi¡,h<st '''"'""'' ln the memory block). 

' lt <hould ho 'mrh""'d '~'in that thc" ¡, lnc l. tron <f<r >nd'wmporo inmmtonn• ar< oxtmnely 
puworful on >1 r ing nunircrbt.,•n 'rPIJ<atinn• . 

... RtTII\II;liC A;>.D LDG]("AL 

T oblo S .3-6 1 •m all of th< H hl\ "aiHnc 1" or"'''"'" 1 hao ''" b• P"founcd wllh tho acoumubtor. 
,J,n li<t cJ "' t~< inct<'l11<111 ( INC) •nd 'k"<mcnr (DEC) ¡~,~t\h'tion•. In all of tho« '"""'"¡""'· o>.cep! 
ISC .,,~ DI'C. th< >P«"Lfted 8-bJt ~r"""'" " P"' fuun<d ~<t~·e<n th< d.ta 111 1 he ''""""'!' Lor "'d t he 
'""'" ~.,. >r• .,,-,.,1 ;, th< tabie. The '""Ir of the ''P•'"""' ;, rT.ced "' th< """'"'"l.tm ~ith rhe "<<P· 
tion .,¡ wmr>~< (t"P) th.tl"'" !he •rcumul•wr ~n.ffec'<d. -\11 nf th<>e "~"'''"'"' >ff"'t ,¡,. fl>g 
r<gi"" •• • mul! nf th< 'P<Otfoed or<ra<onu. (S<-rlion 6 O P"""l•• oll of lhe dou1b on h<>w th< flag> •ro 
•ffected by '")' '"""''"""" t) r<t !Sr •nd D.I:C '""'"""'"' spenfy • r<¡ci,ltr m 1 memory lncattnn u 
bmh "''"'"' •nJ rl«tinollon ofrl'" ""'''· ll'hon tito"'""' up<r•nd i>•drlr<>«d """g ihe rndt< rtglOtm 
th' d"pl•cemenl m"" f<>llnw rln<"ly. Wnh immo•h•l• ,dJre.,ing the .ctu•l upcr.,d v.tll follow diroetly. 
For '"--nple tht tnmuetton: · 

ANDOJil ,¡-

' • 

Arld"""' ~ 
. MI~ 

.. : 
.... 
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., 
• 

... 
' INOIR, • • ' 

¡""' 
·--

" "' l •• "" Hl,O« &e -.,. v·•-.•·• ~•- ""oc 
" ., .. ,, '"'" BC • o "'"'"m"<> 

" " 
"00' 0" H l • OC 

" 'CI'o•· D« "' & oc 
-.--

• .,.,., ••"' nc • o .. ,..., '"""" 

HL .... ~lo._,_~ ......... ..... ,_ ... __ _... .... ... ,..~ 
IC ''"""-"'' 

BLOCK SfAACH GROUP 
TABLE 5.3-S 

-
A"umlng :hal lhe •c<umulalor c~nl•in<d the vol u< FJil tl10 re•ult of OJH would b' placed Jn <he 
•c<umulotor: 

A ce bdore "~''""'"" 
Orer•nd 
f<<IUJ! tn ACC V 

IIJIOOJI~F.1H 

00000JJI~07H 

{)()(l0001.1- 03H 

Tne .~dd ""'""' tiOn (ADD) P" form> o bin•ry .,dd bot ""'" lhe data i!l the .ourot loc.otion ar.d lh< 
d .. ,. m thr >r<um~]ator. Th< >Ubi,.CI (SlJB) d<><l a birl•'l' oubmetian. Whon the add with CJITy ">~ec¡{led 
{ADC) or the '"~""'' v.uh carry (SBC), ¡hen'•he c.rry na1 Í> aloo added ~~ >~blrat~ed re<p<etlve)y: the 
flags "''d deC!nu.l ad¡u>' in<truclion (DAA) in lhe Z-~0 (f<1lly d,.cr,t>t,d tn >O<IlOn 6.0) allol" anthmotio 
ororatoon> for: 

-
Tho" -.,. fove ~,,,,.¡ rurro~< "''¡,"'"''' """'" 1 "'"' thot ~!"'" 1 ~· "" ¡1,, ""urnul>tor o• carry n.g. 

Thr" ¡,,., .,. l1>10d '" "bit 53·7. Th< d•<im•l •d¡uu ,n<rruction can •d¡u" f<"r ;Ublraction a> wtll "add· 
>lion, L~u> m•' "·~ ~n> ,,¡hm<l>r "I''"Tioll! ;iwple. ),",,, ¡¡,., 10 Jllo~ fu; thh ~l''''"lton tht !la~¡.;" u,.,¡. 
'f¡,, 11,,. ll >01 ll 1 he ].,L >ri ¡¡,,,.ILC upu.uoo "'" > "'bl "'"· Tht !lt!•" ,,., .. ,~u].,,>r ()'.:~G J i"""''''lon 
fu"'" :l>e t ~o"> .o•rnrlc•L .col <•f thc n111nbor in t 1 oc ""''"''"'"'". F ,.,,oJ'• ""' ,. ,. ll .. t • <<><t '""' ;'"""'"'"' 
o> nn l 1 "'.;h·.Jed i11 1 loe / ~HQ >ill'-" thi> Oj'<t•UOU CJII b·o <o")y >< IH<\·•d ihr"u~lo ulh<J m>trtort ¡,..;,, ,,,¡. >S > 
lu~ocal ,,:--,n uf tite ,crumulo!or w1th mt!f. 

T • bjc 5.J.~ ll<t> oil of 1 he ) (,.bH •utl~l<IJ< Op<uti<>n; b<t l<<~n ! 6·011 ll"iJ""¿ y¡,.,. 4t~ fí;·< JIO\tjn 

,,¡ """"''"""' =•·dudm~ •dd '"'h .:•rr;- ,,.d •ubu•C! wod, '"'). A[)("""" SBC •ifw ,u of n,. na~< H<"' 
1 "<• f'' "')•> "11• i'lof) ,o),j: ·'11 ,·,), "·),O'''" "J'<f>'Í<•II> CJ! ".' ! .. ·r 1 1• bit >l Jl ).,,,•tic o>pototiom~ 

' 
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""'moiA<oo" •~. "" " --· 
c...,.,,~,., A«. '" " 
........ ,. ........ ~- " .,., ··""""-"'¡ • 
c ... ,.~ .. , c .. ., "" "j" '"c.,,,.,. se• " , 

------ ··-

"" ·~~·· -
lhl.) 

-
• 

" 
• 

• 

" .. 
• 

f.-
• 

. 

' 

GO.IERAL PURF'OSE Af OPERATIOIIIS 
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ROTA 1 E A~D MllFT 

,- -
~ .. 

- ·--

"' • " ---
"AI>O' " , , 

"' " 
" '" '" • " 

A00 WJrM CU~'r A~l> "' " " SH FLt.G& ·~ M ~ 

SUO W.rH CA.RY ANO "' " " SU FLt,GS . ,..,. 
" " 

INCRtM<~T ··~e· • " 
OlC~I.OoO[NT ·oot• • ,. 

16 BIT ARITHMniC 
TABlE 5.3-8 

--· 
' 

"' • " .. 
• • 

, , 
• " 
'" '" • • 

" '" ~ ,. ' ' -
" " " n . 

• • 00 '" n n 

• • 00 '" • • 

A nujor c.o¡»b>!l!)' of lh< Z.~O n '" abiloly w H>lat< or >hlfl ~>13 '" ohr .ccu>nulator, on) E<ner.: pw
po.e "S""'· 01 ony momory lq".>I>On. All uf lhe r<>t&l< • lld 1hJft O? codos Are '~""o on lahlo 5 J-9. Aloo 
included in the Z-80 ar< .ondunttio ond log•c•l •ILLfl np<!Oioons TI!<>' opcw '""' "" u><f ul "' an "tr<m<ly 
.,.;de r>o&• of •pplo<:Oilon> ondud1ng integ<r multiplicallon ond J1111>•>n. T "" BrD d1p1 rota!< IMUU.:ticn• 
{RII.D •nd RLD) ollo"' a dogot on the >ecumul•tor to be rnta~<rl ~oth 1he two d;p•• in • memocy )C>:at\Oll 
?UHJ!<d 1 o by ro~i>t<r p•ir IIL ('i<e (jguro 5.3·9) The>< uostruclioos •llow { ur effoc10nt BCD arithmelie. 

BIT .\IAJ\lPUl.HlON 

Tht obil1ty 10 '"· m<l ond tell j,¡d"·id11ol bn• tn • "~'"'' ur "''""''Y lc~,,tion is r.r<rle4 ¡n •lmO>I 
'" ry P'~l"•m. Tho" bilS may be nap '" • g<ner"l ~"'"""' wft ~·are "~'lln<, tnó>.e>tions of uiOtr.>.l con· 
IJ<>l condnions m data P"'-'d inl o n1M10ty l<'IC> "~"' '" tn.okc '"'"'"'Y ,.,¡,' llon tllUIO effLC ion l. -The Z-80 hu tho •biiJiy to «1, '"" or "" '") b11 ir, tlie •«lomnlator, any 8"•<til pmpoS< re¡¡iSI<r 
"" ""·~ m. mor y lo.,.tion "'"h a •irgle i""'U<tion. T •ble 5 .3·10 J., a the :'~0 in.nu, llun• that ore •»iloble 
for thJs purpose. Rejli>tet .~d,.,,¡,S can 'P""fy tho '"'"'"''""'"''"Y g<M"I purp""' rog"'" •>n "Juch 
thr "P'"ri<>n is lobo petformod R<¡:¡!Lor ¡,,~iroeT.tBd md<>rd ,ddr,•,.in~ '" <>OJiohle ro up<ral< on 
utrm.ll memory lt"'.>1ions. B" 1«1 <>pt,.ll<m• ><t tf.< lO! O flog (l) if the IO>Itd bot "o uro. (il.tfor to 
"""""" 6.0 for f urtf.or o:•pl.r.,tion wf ~.g opOIII>Oil). 

JUMP, CALL ANO RETlJRN 

Fogure 5.:>-JJ]j"' ,u ~(ti <e J"mp, c.:l '"d rolurn i11I!IIOCII~n< implomcnted 1n ll,e Z·&O CPU. A ¡~<1np 
¡, " branch in • pro¡:¡'"" wl "'" ¡¡,, progr.rn '"""' ,., a ],.,J,·d -. 11 h 1 loo 1 éo-bil v:l "' ao>pecof,•d b~ ""' d l~e 
thru av.ol>bk J~dlt»~og m<•do> (ln•mcdwo E" , . .,J<cl, R•l•lJvt "' R<;;i>1ot ludi<ect). :O.:ntt« th.•l tlt< juonp 
g¡oup b" "''''"¡ doff<rcnt "'"'d•tioliS tltol '•" ~< ''""f"d w br "'"' befof< 11•< jump will be Tl,_do. lf 
lh<" cn .. drti<m' '" nuL mot, >k Pru¡;ram mcJd)' cunti"""' w¡th tho no<l ,,·quonti•l on>l!uction. The 

coroJ,ti""' •re •11 dq><o•d•tot on •he d•t• '" !ho fl•g ro¡;i•Lor, {Rtftt to "''""" 1>.0 for detaolson th< fl•¡ 
"P""'~ The immrdi•l< o•t<nd<d oddrn>m~ i> u><d to jump lo •nY I0'-11Jon in th._ memory. T~iSm· 
,lrJ, .: 1~11 "'i"""' Lluco 1.·; In ( '''" t<' •red¡ th< 16-brl .1 tldro"] "llh tito 1• '" urder addro" l>¡ 1< f1111 
fu' lo-.. od by 11 .. · hi¡:.h '•J~t·r ,,,]J¡," ~¡lo. 
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ROTATfS ANO SH!fTS 
TABLe 5.3-9 

e:):::.- -=-:Y :-: 
E::----E"""::::J--· ::::' ·-

Fm cx•mplc •n unNnd,ti<>n•l Jump lo .....-nory loe&tíon 3E32H wo~ld be: .. 
Arldtc"' A ~3 01' Cndo . : 

A+l 3C !Jo~< ordcr oddteu 

A•2 3E Highorderarldr<A '' 

' 

. '. ,. 

·, 
... : 

TI" r<I.•IIH J""'P ;,,¡ rurt11•n ""' ""ly t\\" b~ 1 01, thc •••ron•l by le tS ' signcd \wo'• com?lomcnt d[l. 
plae<m<nt fwm thc exiS1 ing PC. TI¡j¡ disph<emont CJI' b• 111 Tho range o/ + 1 '9 to ·126 and i• m<ls~red 
f rom the ,;~¿,.,, uf r~e iMir<Jcli~n OP rolle. ' ;.' .• 

Tm,·c l)'p<> uf ro)'i>lcJ ¡ud!ro<t jump> Ot< ol;o ¡,.,lttUOil Tbe>O mstro,tio<l> "' unplemcnterl by lo>ding 
thc rc);i>t<r P.." IIL or one uf th< incle~ rq;t>le" IX"' !Y dir«tly !rlt<> tht I'C. lllll a.p•bility •llow• for 
pro¡;¡ a m l"'"P' to be o f on~llon uf l'""""' c>l,uJ,¡ ion~ • '1•. 

A a U i< • •prcio.J furm of • jump "'he!< tht •ddJ m of lhe by'< f oliOWlllg tht eall ill$\!u<:tion 11 :'); 
po•h•J onto !ht >1><~ bofo!< tht )Ump 1> m•rle, A rtturn mmucti<•r. ;, tho re.orst of • c..U boC.ust !he 
d.to '"' lhc lop uf th< ''·"' "P"l'f"d d"e~!ly in tu tho f'( to f0<Jn •jum~ oddrt>~ Th• C'lOtl and te!urn 
Jl•sPU<:O.,n< >Uow fur •imp]e •ubn•utir>< •nd imerru ~t lw><lhn!. T "0 >¡><ci.>l r<lU!II imtrUcli<>n• hi•• been 
ill<l"~'d in tl.e Z·~O f,mJy uf cum,•onenu. TI" ret Jln from in!orru¡•t Unlt uc¡ion (RfTl} >r•d tM 'ie~urn' 
f rom nan rn"'''~¡, Ílltorru 0•1 (RUS} '" IJ o. tcd iu the CPU ., >n uncundniur.il '""'" odontil:al ¡-,; thO OP 
wdc C91l. The d.1ff<r<tte< u 1),~¡ (R~TI) <On be u_l<'rl at lho ond of •n l!itorrupl ruuti_M •nd ¡JI Z-81) ¡,iriph<rll 
chop$ ,..,11 r<eogrtl(< !ho <ucu\Jon of th" """"<!ron f<·< rrop<r romrol of nnlod prtority O>ltrrUpl lt.ndlinJl. 
TCoJ> '""'""' i"n <• ou¡,led "J\h tho L-~0 p<"ri~hO!al ele,¡," impl<lll<ntatlon oim¡>lrne, tho norm>l rOIUin fH>m 
,, . ., :J """'"1"· 11',11" "" 1 ¡,¡, ¡,.,, ,.,,. tho 1 "1i,~·"·~ ,,r," "' "4"'"" wn,lld he '"''""Y 10 ,,r ,,,m lh< 
);o:·rH.,•!j:.sO<'l<< oh.; 1'.< itol<l'"i'''"""''' io,UI<o¡Jiet"l: ',,. e, .• •· .'· 

----~- --·--
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1 

i 
1 

1 

1 



n .... ble lnlonupt 

U>~· 
OUT n, A 

E<tabk !ntcrr<Jpt 

Return 

pte•ent intcrrupt befot< 
JOUII'l< i> ''11ed 

'nutúy po:tipl1era! that scrvia 
1outine _il complete 

'IN• "'""by~< .. que neo con !>e 1epl•<•~ ~,!h !he uno b;·t• El inm\lction <11d t;,e twu by re kETI instl'\lCtlOn 
rn tho ZSO. TI>i>;, imporl:rnt sinco unorrupt «r>ie< time ofltn mmt b, minbüud. 

' 
Tn faoJILt•te pw¡;um )too p con\ rollho J!i>tru<l¡Q n DJ:•n e c•n be u><d >J•·antogcuu>ly. This two b¡..,e, 

rola\Jvt j<~mp Jn>lnJClton dee<emcnl> th• B r<g¡>ter and the jur:>p oocurs if Lhe B r<OÜL" h,¡ not been doe< .. 
rnonted to uro. Tho tel•ti>< di>pl•cement is •~P'"'"'d IS a ,_¡gnod two's c;>mplemrnt numb«- A simple ex
•mple of ,¡, "" might be: 

Addr<u 

N, N • l 

~· 2toN~9 

~+lO,:\+ JI 

N • 12 

"" 
., 

NW 'JR' 

N~ ., 
' 

'"w -~ 

·- ·~ 

~[TVRN>RO" 
H.T 'RHJ' 

"''""~'"0"' I<ON "'A$U8LI 
I~T'R!fN' 

...,,._C[~UIN 

]muuction 

LD B, 7 

(l'orform a ••qnencc 
of inmucuons) 

DJNZ -8 

(l'.-tlnmuction) 

OMM!O. 
fKT. 

"'""nve 

... 
JI<OIR, 

"'" INOI~ 

-... 
oou 

!IX! 

,.,., 

o 
• • 
" ,, .. 
00 

'" 
" " 
~ 

• • 

,. 
• 
• 

• 
" 

~ 

• 
• 

' 

Conunents 

; sct B r<~i>l<r to t<>\lnl oi 7 

; loop tobo pcríormod 7 tOme> 
;tojHmp11_o_mNtt2toN+2 

m o 
• • 
• o 

• • •> " 
. 

. 
00 " • • • ¡..-. . 

-· ""0 
o 
• 
• 
• ',, 

" • 
• 

"""' •••• 
u 
• • 

" • • 

.. ., .. -
u 
• • 

.. 
• • 

r C.GO M A\'[ ..0R( 
TH ·~ O'.l >U"'~"
~lH" f0"01'C' 
.O>O .. DHOIL' Jll:t,P. CAll "'J RETURN GROLIP 

TADLI:5.3-11 

.. 
• • 

" • • 

" • • 

.:::¡ • •• 

' j 1 
' 
'il; 

' 
" 

' 

l 
' • .. 
• 

" 



• \;.,.' 
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T 4ble 5.:>-J 2 ~>1> tho eJght OP codes fo¡the rnurt in<ttuc1i011. Thio >nmuotion i11 >in¡Le byte eallto lfly 
uf tho eo¡l11 .~dr<'"'> hned. The Wmple mnemonio for t~est tJ¡ht "11' isoho sbown Thc value ofthi1 ill
wuctton "th•t f«~uently u1<d routiMl e>n be allod '"llh !J¡j¡ imuuction to minimiu m<moty ua&•. 

l"'J'UT /OlJTl>lTT 

~M 
-.. o . .,. (1'" 

-. " 

' •. , w • ... , .. 
' ' •. , • • . ..... , , 
• (M) lO• .. 
' • • 

~· . .. . ..... ... " -·~ ' - .. OITM' 

· RESTART GROUI' · 
TA8lE &..!-12 

--
' Tho Z.SO h.is an •~lcnsi•e "t cf Input and Oulput INiru<Lrons •• 1h~"'" tn toblo S.J.j] and t.ble 

. 53·14. Tho addtt>111l¡ of the in?ut or outp~t device '"" bo <hhtt ob.obt< or 1 tt;i"<r tnclill,:t, """g the C 
ro¡ister. NotiO! th•t in lhe 10g11l<f mdlre<t >ddre;slng mnd' d•t• "''" be ,,,mfomd bet"•M Lh< 1/0 ó<viCo> 
and 1ny of the in tema! rOJist<a. In 1ddiuon ei¡ht block lroo>fer in•tnKih>no hove b"n 1mplomen!Od. Th.., 
in<truotioru &re llmilor 10 1he memory block mrufero ·~cepl th•l the; ~ .. ,,¡;.,., pair Hl for a pointor lo 
!he memory "'"'"" {mllput comrn•nd>) or demn•licn {input comrn..nd>) "'hile r<p<ler B it u1<d •• • hyle 
co~ntor. Rep<ter C haldo the •ddreu of •he p<><l for wh><h the 111put or •'ulpul commo~d it dt>ired. Sinu 
regio1<r illo oigll1 bm in leng1h, th< 1/0 block 1r.osfor '"m'"'"d l•:ondle, up lo ?S6 byl<S. 

In tho ln<IIUCiions IN A, n >nd OUT n, A ¡).o 1/0 d•vioo ·;ddros.~ n ilppun in 11>< Jowor halfofthe •dd
'"' bu>(Aa-A7) while 11M JocumUialot conl<nt i> tr.n.fen<d in tho up~or halfof tht J<kll<a bu<. In •U "l" 
"'" indrrecl input Mtput inotnrC"!mno. inc1ud•n8 block 1/0 tr.,,r"' tht co"htent of r<8i>1<r C is "•noferror;l 
w lh< h•er ~-.lf .,r rh' ·.ddtt" t>t~< (d"·ite eddr<••l "hilo tht '""""' .,r ''~""' B ¡, l<a!Uf<IJ<d 10 the 
ul'pcr h.1lf uf ll,e .~di<" bu<. 
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CPL: ("0,\"TROL GROUP 

. . , 

• 
• 

• 
' • • ' • 

•~•ur ··~- • ' ' 
o 
o o 
• • 

' . • . • • ' • o • 
• 

O~J"-I~I'UTA 
. 

'"'""·""'" 
'ONIA'-INI', '"' "l, 

0"'·"'"4T"""" ... '"ll lNOlA 
,NO'-'"I'\1TI . 
"''"l.""'. . 
'I~CW-IN'UT, Oo< ""' 

"''"·"'""1"-·· ' , -_. 
INPUTGIIOUP 
TABLf 5.3~13 

.. 

·-o 

'"' 
~ 

• 

ROG. 

·~~·~-

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

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

" 

The fon•l "ble, i>ble 5 .3-l S oll "'" •t<>lh< ,;, ¡;eno10l P'"'PO" CPU 'ontrol ln>lrucl ion• The NOP" • do. 
n~<h:ng in<trueloon.. The HALT in>UUtl\on !ulpmd> CPC urention unL~ a <Ub .. quent ir.tetr upt i> recei>ed, 
whüe the DI ond El i!< u>ed to lnck out •nrl enohk in<mupt~ Th< lhr« '"'""''PI rnode command< w the 
CPU into •ny of !he three 1\>til•ble intorrupt «>pon .. mod"a< folloW>. lf mode UJO io >ti the inte¡;uplin¡ 
dO>i<e c..n onsm on)• in>\ructiun on the ~-''' bu1 and •llu" lhe CPU to '"'"'' iL. Modo 1 i• a >impWied 
mudo "'hero the CPU autum•1leaU~ exoout" o '"""' (R~TJ to loeation 003Sil >0 \h•t o o <'lernal ),ordwore 
i> roqukod. (Tho ~Id PC COni<Ol il pu<hed onto tt.o <1•<~). !>lude 2 i< !he m<> 51 pOwerful ¡,. th•t ii •U<>ws (.,. 
an indirect eolito •ny location in memory. W11h thi> modo lh< CPU for:i1> ¡16-bot '"tmOry addii" where·· 
the upl"'r S-b"' oro lhe <Ontenl of O<gi<t<r l •nd th< JO..:·er 8·bi" uO.Uppli<d by the inierruptin-( devi<e. 
Thi; >ddr<« pnin" to the for-.1 of \\',0 <equenti•l byt« in a t>ble wher< tho •ddrCn Óf the servido iiiútme io 
locoted. The CPU amom>tl<ally nbuirr< th< <llrtlng addre" iU'd perfnliros a CAtL tU thj¡ addii:Si.' ,. 

Addrou of .ntmupl 
,.,.,¡« routino 

. ,, "1~ ..... 

"' " 

{
' ~· __ j~ Point01 to fnwropt l>bk Reg. ,¡ 
¡. ),.up¡><r>d<lle.,. .:. J ~:· 

P<ripheul <upph<> )o,.er iddre" ,~, 1,, , 

' ' .. , .-,:, · .. .. .. ·- "-·' .. •.·:: 

·- ---------

3U 

·~ ' 

• u 1 
' 



. 
'· 

. 

·~" 

•guTI'- OUT"-'T 
'"'~l. c ... 

-OTIR'-OUTPUT, '"' "'· ''" ......... " 0"(1 

'OUTC - OUT"-'T . ' o.. "' •• 

'OTOA' - OUTPUT, """L 
& 1, AlP!AT" """ 

·-o •' 

-

; 

. ------- --

. . . . . 
RlGOSUA 

• • o ' o 

I ...... D. '"' ru 
.. 

. 
" ... "' '" '" '" '" •~o. " ... ,., 

INO, 

··~- '" IN O_ 

••c. ,., 
IN O_ 

"'" ,., ... 
'-y-' 

~"' 0""""''01< ACOA"S 

·~-

1 "''" ~-
<>UBLEINT '1011' 

fi<ABlEINT'Illi' 

1----
SlTLNTMOCfO -· 
... INT MOCO 1 ' 

" • 

. 

OUTPUT GAOUP 
TABU 5.3-14 

00 ~ 

" 

" ¡ 

' .. 
' 

'" ~-
'" 

" 

; 

' ·-
• 

' • ' • 

•o •o •o 
" " • 

. ~ ' ,., 

~~o .. 
• 
'" " " \",O,:~~c:,~,"~~~:'.~;'!~~:.~::a '' 

OlVICE "' A PQINrt A. '"' ,, 
;~oSCEllANEOUS CPU CONTHOL 

TABlE 5 3-15 

·' 

...• 
..• ' 

--------

,, '-
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.. 

'• 

. ~ur.. 
·~g-

I"Lj 

' 

•o 
~ 

• •o 
• • 
•o • 
<o .. 

·' 
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38 
6.0 FLAGS 

F•ch oftht IWD ¿~O CPU fl•g trSO>kJ> «ml.on"i' brto of informltron "hi<h .ro 1<1 or r<><l by 
,.,,¡""' rJ'U opcr~llon~ F<>ur of tho"' bit• '" '"l>ble: that "· lh<) .r< ""d » «mdniuns for jt,mp, <oll or 
'""'" '""ruttron~ for •••mple 1 jump r~>; ht d<>u<d only tf • >¡><'tJfl< bit in thellog lt¡i>l<l ;, .. ~ TM 
four test•~lo fl•g bit> at<' 

1) C.rry Fbg (C) -- -n,¡, flag;, the ""}' ftom the hrghest order ~it of the accumul>~or. For t\amrl•. the 
C>U)' flag wUJ b< set during an add lO.UUtli<•n where a c;,rry foum lh< hif-)1<<1 bit of tht acournul01or 
a gener>t<CI. Thi• flo¡ I! also '" 1f • borrow 11 f<D<IIl<d durin¡ 1 >nbtractíon inmucti<>n. T .... lhift 
ond rutate tn>uuctionsallo affect lhl> bn. · •• ~ · · 

2) Zero Flog (Z)- Th11 fbg is ~~ lf the re<ult uftho or<r¡¡tloolooded 1 le ro into the accumul01or. Oth<r· 
.,¡,. il ¡, , .. ,,_ 

' 3) Srgn Flag (S} - Thil Oog ll inl<~d<d to be us.ed wi th signod numbers and lt lo .et if \he reo~h 
of th< "P""'"" "'" n<~>tov<. Sinot bit 7 (MSB) repr<,.n\1 tM oign ofth< numbtr (A no¡;•ll>< 
momt><r h., • 1 Oto b>l 7), lhl< flog oto,., the Sial< of bit 7 in thi aocumulator, -, ' •.• 

4) P•my /O•·erflüw Flag (P/V)- Th" dual pu 1 pn.e flag indtc"" th< panty of tite re>ult m lho .ocutnulotor 
~ hon IO¡<Joal npewions O!< pedutm<d (;uch •• _-\NO A, B) and JI r<pse.cnto O\'ttflow when si~N:d 
t wo ·, C<>m¡>l<tnent "'>lhm< lto optrati<>n• are porf ormed. The Z.BO Ov<rflow flog indtcal"' tlul lit< 
'"'"'' oomplomont numbor in th< a«umulotor" in rrror omce 11 ho¡uct<ded thOmaximum p<>>
>thlo (+1 "7J "' os lo" th•n tlt• minimum pos.,blo (·128) numb<r th•n can be ropre .. ntod in two'> 
<nmpl<~nent notaHoo¡ For txampl< a~n>~dtr oddin¡: · 

+l~o~ Ollttooo 
+JOS • 01101001 

e- o 11100001: ·95(wrong)t1wrflo.wlusn«wod 

Htro th< "'ult "rncurr<CI. Ov<rflow hu occurr<d ond yel tltet< is no cmy lo indocote on eflot_ 
For thi> "'" the 0\etno"'' n,g "'ould b< «l. Al>o COL1>ider th< •dditron o( two n<pt"' mi m~ en· 

·5- llll JOJ! 

-16 ~ ,.--"""' c""oo"o' 
(' ~ ) 110 101) "' ·21 c<:rtrOCI 

:..:"""' th•• oh<"'"" .. ';, ,·.,rroct bul oh< <m¡ ¡, ''" s.o th•t ¡j,¡, n,f "'" ~utl>< ""d" "" o>'tr· 
fl\lw md•c>Lnr. In lhl\ l'·'" lh< t\l<rfl<'w \l<>uld nnL bo "''· 

F or lug•<>l Of''"'" on> 1 "'"'0, OR, XOR) thos n.i " "'' tf the P""l' of th< ros u lo ;, cvcn and " " 
te<<tofllosodd. r 

1) ll,,]f '""Y (H)- ThJS" the BCD cafly or boorow ,.,¡,,¡¡ fr"'" th< '"" signir>c.nl four bits of op<o3tion, 
1\ñen U~n~ lht DAA (!}~im•l AdjUSI lnS1ru<tion) tha no~" o;<d lo CO!ICCI lh< I<SU)\ of > 
P'"''""' PJC'~rd d<<i ,,¡ .odd ur <ub'tract. · 

2) Sobt "" Hag (~) - ~"'« lhr •lgorithm for O<>rrcctir.g 1\("() up<toliM> is doffor<nt fm addi!i<on <>r 
"''"''"ihn, ,,,, n"l'" ,,,•J '" •pe•ify ,.¡,, t;p< ut' '"''";''"'" ~·· '"'"'"d l><t so,,, tho 
0-\.~ Up.oJtl<•n ~ill \lo""'<<'(,, <llhcr oJJJii~n ~~ •obUJ.IrOn. 

• 

' 
'¡ 



. _, 

T ,b\< 6.0-\ )"!< how eoch flag bol io affocccd by"'"""' CPU insuuctoon~ In this u 'ole • '•' .,di<al<l 
th•t t~• in"ruetion d<><s no\ ehang< thc flag. an 'X' means th>t th< fl•g '"'" 10 •n indetcrmin•l< •me, a '(:J 
"''""' tl1•t ot ;, r< .. t. a '1' "'"""' ohot 1111«1 .nd the S}mbol T ondocotoslh•t 11 is '"' oi o<sel ¡¡cordín¡ to 
th< prov"''" di"u"ioll. Sote 1ha1 any inslrucbon not aproorin~ in thJS table dc•es j,ot affect ony of the fl•g~ 

Tobi< 6.0.1 includn • f!-.., >p<cial c.o .. , tl1ol mu;t be ducnbed for do!ll:v. Sotice oh;otlhc b\ork "'""" 
in;lruction sels1\.r Z flag ,r lh< la<t """'~"" op<r.UM indJCatod o match bet"•·•n th< •o urce and liLe 
''""m¡],¡or daLO. Also, the p•¡¡ty fl•g Í! 101 1fthe byte coun\<1 (rogisler pou BCI L> nut equa\10 1.010. Thl> 
>ame "" of 1 he l'<fl ty 11•~ " made w1tl1 !he block movo in>ICUC\ion!.. Anolher >F<eiol ,,,. l$ dunng blná 
¡npul or oul?utonotrucllono. hcr< the Z flag" u,.d lO indic.ol< lhe >tate of "!'"" B "'hich,; uocd u, byte 
;;ounlor, 1\otice thot when !he 1/0 blod mnsfer" complete, !he uro fl•g woU be re,.\ 10 • 1010 (i.c. B>O) 
while in the ca" of a block movc cornmond thc p.!Itly nag is t<set when t\1< opOratioo "<completo. A 11n•l 
ca.< Í> when the refresh or 1 reghter h lo•ded 1nto the ac.:umulaoor, tho intmupt en•ble f11p 11op iol<>aded 
ir.to tho ranty fl•g"' thatt\10 compltte otate of th< CPU an be ,.,.d •l •ny t:me. • ' 

' 
' 

i'l• 

• 

' 

• ... 

- ·~-----~---

' 

' 
' 
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:) 

' 

~~Do 

""' \0"• 

·~· O>< ~ 
•UD 00 ,. 

''-''HL" 

" " 
8-bol "'b'""· '""""' "''" <orry, <On>pm ind 

"'¡"' o«umol"o' 
~..o,.,,, "1'<'""''" 
And ,,.·, Mf.,.nt fiop" 

S-boL""'"''"' 
~-b•t d«.o«n<nt 
16-bn odd 

>!K HL,n 

KLA.RLCA,RRA,KRCA 
Rl "'·"'e m,U m.RRr .. 

~lA m IRAm.IRlm 

16-bot odO wot~ ""Y 
16-bn rull""' w¡t¡, torry 
RoLit< l<<omolltor 
Ro1oro oM Wft '"'"10n m 

RUJ, RRD 

'" 
Roll1< do~l lof1 ""~ "&h' 
D<<""ll od¡LI.It """'u!""' 
Complem<n> ""'""''""' .,., ""l' 

m 

~· CCF rompl<m<ol <iffl' 
1~ c,(C) 
11'!; 1'0, 01.111; OUTD 
l'<TR: ),'ÓDII,; OTJR; OTDR 
LDI,LDD 

Input "i"'" '"d'"" 
Bloek "'P"' »d ""'P"' 
z • oor B .. o.m.,...,,.z. 1 

!llo<ktroruf<r '"''"''"""' 
LDIR,LDDR 
CPI.CPIR,fYD,CPDil 

P,'V • 1 of BC -¡.O, oth'""'" P(V • O 

BJo•> ""<h '"'''""'""' z • ¡,r A •(!1tl. o1h""'" Z •O 
P{Y • lol OC,._ O, olh<"''>< P(V =O 

ID•,I:LDA,R n-,, '""""' of ''" "' """P' enoblt fiop-fiop (IFF) 
"<opotd "''o'"" Pi\1 fia, 

S¡mbol 

' ' 
' " 
• 
' 

• 
o 
' ' • 
' 
' • 
• • • -• 

Th< '"" of "'' hof locot>on > ~ '"P"d '"'0 lh• l fiq 

Sql1< '"''"""'""' 

~ .. ~ ''"·' fio; t•\ '' <'< ,.,.""'"' ''""""' • ""'> ''"" !>< ~~· of '" "P'"~' o• '"""
""'' r.,, t• t •1 ""' "'"' or.,. e,.,.,,..",.,., 
,,,, "'~ ,., ,, "' "'" ,, ... """ ;. ""' 
'""' " """'" n .• , r ''"' ,,, '"' ·"""'" <''> "''" '" '"'" r .. , '~•··•' "'"" ,,,,, •ff•" '"" "" 
'"'' ""' '""'' ,f "" ''"'" •00< '""~"'' <'J'•·"·''"''''" "" "" ""'' "" ""'""' or.o, """ lf ,,V 
o.;o, po<>, ?1\'•1 '' <ho "'"" of 1)>< Of<'"~" , '"'"· ti\ •O Lf ~"" • """- lf ?,'\' ""'"' """"~- tiV•l """'"""uf"'' .,....,.,. P'""""" .. Oo<ñ•--

"'""''> noo R•> ol ''" ''' o• '""'"" ""'"'"' ''"""'"' • ''"" lo>o •• • .., •• ''""' '"'" bo • of "' "'·'"'''''"'· 
.,,_.,,,,~, n.~ ~·, '' '"' ''""" ''""'"' •" • """'" 

'H '"' ' O,,,'" • <0 " '""'"""""' "'" <h• '"·"'' odJ•" '"'""''"'' LOA •lto P''"""' «>""' ''' ,.. 
'•" '"" •···" "m'""'" '""'""' ,,.,,.., .. """'''"' .. ~, "~>''•"" .,,. '"''' O('D '"""" 

Th< "'' " .~. • ''" "'""''"1 ·~ ''" "wll ol ''' ... ,...,. .,.,, .. , " ,., ........ ,, ... ""'""""· 
.,.,, n.," '"'" '' '"' •P'""'" .,.,, """ ~· ., """"'"""'· 
Th• fi>! H < ''''"' Oort. • 
p,v "" '"""' "''-"'"'' •• ,,. '"'!le~ "'"'' of""' .,..,...._ ... ,. "'' '"""" ~ ............ ,..,,, ..... "' "" ..... ,.._ 
'"' 0"' of "' ( "' "•""" •• O_~. D, '· "· L 
'"' ,_,,, '''""'" '"' '" ''' ''""" .,, ''"'" '"""' foo "' ''n"'·'" "'"••·'"' . .. ,. ''· .... '"'''"'" '"' ~· '"' '"'-' .· ............... '" ""' -""'·'''" .,. ""' ... ,, ''"""'" ......... '' -~ "· ..,,., ''"'"' 
...,, "'~ '" ..... <l::. m> 
LH>' <•l•< ",., .. <o, O»ll> 

,,, '"'" "'"""' '"' '"''",;o-...... ,"'"'",,,.,,'""""'"""'"'"'"""""' 

S•.•·--~.;.,-iY CJI' rU>G u.•(,~A"Ih)N 
Tt._;u o.O·l 
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7.0 SUMMARY OF OP CODES ANO EXECUTJON TIMES · 

Th< follo>wi"f• '<<'li"n ¡:a•,·• a <urnm•oy of 1 h< bhO ms.,u<tiun> >tl. Tht '"'""'""'"' "' 1<>~1C•IIy "'""~<d 
inl<> ¡;roupo ., 1huwn on 1 0bl" 7.(). 1 ¡)uou ¡:1> 7.().11 . E•d• IJ~ 1< !how• 1 he a~>c•mhly l•n~H•f< mnon"•~>< 
OP ,-o do, ''" ''''"' OP cudo, ¡¡,, <) mb~l•c up<r.li<>n, 111< cnn(<nl of lhe ll•~ rog"'"' folluw","g !he <>«u· 
tion of o• eh wstrucuon, lh< numb<t of byto> r<<¡uiood f01 ea,-h ln>trUction ''"di •• oh< nouukr ofmemOiy 
qd., ,nd lh• I0\11 momb<t o/ T ''"•' (<\IW•>I d<><lp<riD<h) re~wrod f<" tho leh;hrnf oo>d <HctJioon of 
••"h ln>11"clion. l•r< hao boon t•len lo 1nol< ••<h o.blo ,.,¡f·<'rl•n• lury Withoui ré~u1t1n~ '") cr<>>< rof<r· 
<r~ce ""ilh lho leo! or olher l•bles. ' ' , 

,. 

• • 

• 
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8 O INHRRUPT RESPONSE 

• 
Tht ~WP<'"' uf dll iulmupl Í> '" ¡JI"w f"rtphr:.l dr>'JC;'> IU '"'!'<;'~ U'U "!"'"' Í<.Ol 10 Jll "' dnly 

1 11.1nnr1 '"~ fUI;'< 1 fl< CI'U 1(1 ""' o ronpl•<"l "" ÍC< rOIIIIOC l:"••Jh thl> •:r>Í~< IOUI in• ¡, Ul' ;Ji>' e<! Wllh 

1 In· < X<h>"!:.' of d m, nr >1 .nn .wd ""' L!OI .rd ortn.H n>n, bel "'"" 1 he (!'U ""d lh< pe!l plle r.l. On" !he 
..,,..¡,, 10utine i> .;ornpl<'<d, 1 he CPU rol urn! 10 ll,r upor•uon f ro m "''hn:h 11 "'" 101m11plrd. 

l:'>f[RRL'PT I:.'I;ABLE- DISAIILE 

The l~O CPU hJ> 1 ~ n ;, touupt inp1n '· a sofl """ m"'' blr in1 orrupt >nd o nnr. .,., k•blr ir.<errupt. 
TilO non "'""'blr Ln<trrupl (:\\JI) oon "''' ~< d"•blrd by th< p~< -~rommor •nd 11 Wlil br •<e<pr.d ll.h<n
Oit! , p~::phrr~i Jn·i:-< J<~U<Il> iL Th11 int<rrupt i> ~:neoollr ""'"'d for V<r)' lffiJ>C"·>nl f "'"''""' 1h01 
'""" be "" iotd "·hen<> er lhey o.:cur, •u eh ,, "' imr<n~ 1og po"" fa¡]ure. The ma•i.able intw~p: {1 'Tl 
,. 111 ~" «IW ivoly rr.• bled or d ,,_,bled by 1 he P"'S" """" Thi1 .lt""' the P"'"""'\11" w dt .. ~le the 1nte¡. 
'"P' Jwinf p<!i<>d; "'h''' hi> pm~Jm ¡,,. timing ouml!all>l< that du not allow it to be mlot!Upled. In tho 
no rru the!t i> an tno~l< l11p llup {CIIliod Jff) th>t "><1 or r<><t by th< prn~wnm<! u•ing the E~ablo 
lntwupo (El) •nd D1"'blr lotlwupl (DI) in•tru<tion•. 1\"hrn tht JFF i1 r~t. '" on~<rrup1 con not be 
a<eopted b)· oh• rru. 

Actually. fo¡ P"!T'""' 11,.1 "i 11 he <tJb,rqurnll¡ e\pl•inrd, 1 he re "' t wu <'l&ble llJp ll<>p<, called 1~ f 1 
.nd IFF,. 

,O.Otually do-...bles inwrupts 
fwm b<Lng >C<<piOd. 

T<1n~o:.¡y ,;..,,grl<•<.:ion 
for1FF 1 . 

Th< >U! e of IFI'1 ;, u«d 10 wuolly inhJbU ont<rrupt• wh•l< Jff2 ;, u>ed » > lemp<"''" "<>r>¡elo<:al\01\ 
f<>.r 1 F F ¡. The purpo>< of >h•!Í•>g th< IFF ¡ "oll bt •ub><qLentl)· ••rlooned . 

• 
A r<><l lo tiLO CPU "'JI fo"' hnlh IFF¡ •nd IFF" tu oh< r<<"l ""' '" 1h01 i1Hmuph ,;e dl'ohkd 

Ti><;· <>n rhen be en•hled b)' •n El inil ruction 11 an~ lim< b}' 1ho pr~grJ:nn'' r. ll'htn JO El tll>lruolton " 
'"CUI<d. '")' pend,ng inoorrupl 1<que11 Wtll no\ be oc.:optod ~;ntil oft<r th< '"" ""'''0n followtng El hu 
b<tn nooul<d. Titis ""~le inSI ruol\t<n dcl•y ¡, "'"'"-''Y for .:.seo ~ hon o he full,n• ons inm<~CI\Or. " • murn 
11\SI ruc: "'" ;,nd '"''' 1:1p!' lllUil nnt ho •llo,.,:d un\ ti o he ro:urn ha • ¡,,.., <<>Lnpi<L td. Tn• El in<l rt1<110n ><ll 
IMh lfF1 •nd 11 re :o lh< t'll 1hlo ql\0, \\"hon '" on1<·rr11p1 ¡,J,,¡•plrJ b) rhc ('J'U. h<>th lf'f1 o:tJ JJ-'1"2 
"" '" !!qnaf icoll) rnot. JlliL<bJtong f urth,•r ttlh'" up" un:.! lh<' p~<o¡;!.Jotln,•r ., ¡,¡,., 1 ,, '"'" ' nc w El lllilfUC· 
tilln .. '><>le thJI fN ,11 of tht p"vioo• c;ws, IFF¡ ;nd I~F: .re •l"·~·~~uo) 

11>< purpo>< of JFF2 ¡, to '""' tho "''"' of 1 FF¡ when a nun ""''"Ole ir.wrupr "'-CU!i V.'heo a n~n 
""'' oblo inrorrupt " ""Pi<d, IFF 1 " '""' to P''"''" 1 fu 1 ''·•• ir,:"'""'' u no 11 '''"'~!ed by t~< p:o
~"'"'"". Thu•. •f<o< • """ m"h~lo tn:o rrurt t, .. bun .;T<¡-tod. "'"'~ ,:-;, ¡,," ""P'' .,, ~-·•t l«~ 0;.1 l~t 
r•'""u' "•" <>f IFF 1 11>• b«n <a>ed •o ohor th• -:<>mplo:. ''"' ofth< en· i"•' ;-""" t<' :ht ~<-r. ~.,,~,ble 
ini<UU]ll ,;anbo ''"""d ll JO)' limo. ll'hen • Lu,~ R<¡¡o>W -~ wo:fl R<~''"' 1 (I.D A.l)i;:!l!\\0\Lun uro 
L<>•d Res'"" A "'lih Regomr R (LD A, R) insl rwction ¡, OA<Culed, rhe ""e oll FF2 ¡, copiod into 1he 
p"ll) flagwho" it ron b<· te•1<d OT!lOred. · 

,, ,.,,,.,,J '""hod of '"''"'''~ th< ''"'" .,¡ ll'f 1 ¡, ll11u th< , • .,.,.,,;.n ,,r, Rcn:<r, ru•on '-:nr. 
\l••':.hl< l""""r11'iF.TSJ "'''"~·-"·'"·Sin, o tl~t- ·"""~'"''":, .. ¡,.·:M·,:._,,,;,_,'"'",,., : .. nt,• '"'"' -~' 
,,,,1,,. "''-llil•<' 1' <•·1''1'1,•1•·. ti~< '''"1'"1•··1 11·1': -11c ,,,,. ,,.r:,d n_,,, .,,,, 11-r 1, "' 1!1.11 1l1o .1 1'''' ,,, 11 F 1 
l"" ¡•• '"' lo lh< o<ecpb toe <JI 1 he """ \11,\•'..,ble n, 1.-rrnpt w11J l>< ,, .• '""'d ·"·" ,,.,,,,_1¡¡, .. 

--·-----·- -- ----------. 



F1¡:uro ~.0·1 "a '"'"m,ry of lh, cffocl of dLfftr<lll Ín<lru<tion• rm"lho lwo enablo fl¡p llo¡n. 

,A<tion IFF¡ IFF2 

CPU R<>ot o o 
D' o o 

" LDA,I • • IFF2-Pant)·ll•g 

LD A, R • • IFF 2 ·•Pamy lla& 

A<c.pl :-\'-11 o •• 
RETh" lfF2 • JFF 2-JFFr 

''•" ind,col., no ch•ngo 

FIGURE 6.0.1 
INTERRUPT ENABlE/DISABLE FliP FLOI'$ 

CPU RESPO~SE 

~"" \¡_.,J,ablr 

A. ''~'"'"'bble inlerr"P' ,.,¡¡ be <ecerted al Jlilim" ~Y lhe CPU. Whec lhis ""'"'"·:he CPU i~noros 
th< nnt m"nl<tion \ha l ol f<t ch., •nd in•"•d d""> o reo1lrl lo le<auon 0066H. Thu•. 11 beha> '' uortly » 
ti 11 h>d rt<t¡•td • rntafl inoi!U.:Iion but, it io lO a le<alion lhat ;, n<>l ""' J'( lh< S •oftwaro ,.,lar! loa
''""'· A rmar~ "m«ely o .all ro' spooir.c oddres> '" po¡e ~ ofmemory. · 

Ti;< \PU oan be ¡>rogr..,mtd lO resporu! lo \he m.,hbl< inlertupl in •"Y <H\C' of lh1 ~ p.;>ss.ibl< 
modos. ·"• 

• 
\Jode O 

Tin• m• -.le i< rd<nl •cal to 1l1e bO',fJA in1 murt "'r'"'"' •nodo. W,¡¡, llli> ""'d•. ti~< '""; rupti•·~ .¡,., ic. 
,·,,, pi•<< •n¡· ;,,.IIO<'lion on (),< d,, bu• •nd !he [PIJ w¡IT <•<CUI< it, Thm, th< inl<m.plint d"k' pto
l'od« lile n" 1 in" rooti<>n 1 o he "'cu"d jn.,-.d oí lh< momury. Ofl<n thi> "''11 be • J<·<t.rt inst ru<l i<>n 
,.,,., t ¡,, in te r111pling de~•;ce "nly n<ed <Uppl)· • <in~le by le Ln>lfllCIÍon. All """""IY, "'Y oth<r insl ruction 
•o;h", 3 by!< oallto any l"'alinn in m<m~ry cuuld h< <Xetllted. 

ÍM ~~"'b" ol dock :)•de• <'>'C«"'l' w '""''" lhi¡ Íll.,ruotiun i• : """' ~hJn llo< r.,Hmal numbct fm the 
;"'"""'""· 'n>i• t•,;ur• si neo 1110 {.PU •uto¡n,oiiO•ll) 0Jd< 2 woit ,¡,,,,, '" ''" i1ÍW rupr re.-¡><'-',. '".:le 1 o 
alh•w '"Tiimn: Bll\e lo impl,m•nt '" ox\Of<lal dais y ch.un f or prionly con\ "'1 S<OI itm 5.0 tllu•lr~l•s 1 he 
dotailed timing for on mtermpl r<>ponse. After lh< appli<OIIOO of RESET th• CPU will >utomatiQ!Iy enler 
interrupt Mnde O. 

\\hu thit om•d• h, ~con '<l<ct,·d by th< Pll·~'·'"''"", th< Cl'll ~ 1il1 ''•'•'"d '" ,,, ;n•crrupt by 
""" tin¡; ; ''""rt 1<> locall»n OOJ~H. TI'"' lhe «•pon« " iJemic.l 1 o 1h>t f "' • nun m;sLblo inl<nupl 
""•'Pt thOl lhe catllucotion ;, OO.lOH in<Je>d of 0066H. Annlh<r d•ffe«nc• !> thatlhe num~ft of C}des 
roquitd lO completo lh< t<mrl Í1•1l1U<IlOn" 2 moro 1h•n n .. rmol duo IU tho :"~ oddrd WIJI ''"'"· 
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llti> rn,<l• ;, •he• "'"" P• ·v.<rf.l inl<nu r• "'P""-"' •nod<, ll'rth a>it,tl< ~ brl by" frnm rhe "" r .ir. 

.ndiJC.:I ,,11 '''" bo on."lo lu lllt) m,¡n,,y IHc.,ic>n, ' 

1\"uh Ll,;, tllo•d<" Lloo I""L"·"'""" moi"""" a t,,bi, "' lh h1l '""'"'!'.-"hl""'> fur ""l' 11<1-'•n•pt 
"''"-"' rnurino_ "11oi• lohl, "'')' bo J.,(,"J •11) v.·]w,.· m"'""'"'). 1\'l><n •n intmu¡>t '' •<<t-pl<'d, • 11• hu 
pc•int<r mu" bo funned '" ubl;in lh< de<iO<d int<o otr~l ,.,.,;,, ''"' ""' >1» tir•r ,,rl,l~t" fh><n 1 h< IJblt. 
TI! e "Pr<r S bH1 "f tlli> P'"""' ;, '"'"''d fHl<n lbo NO'h'ul> uf 1h< 1 '"!'"'<'- lño 1 :<~i><er m u" h"~ ~<n 
P''"""'ly lu rJed wnh ¡¡,, dOiitcd ";u, by thr prH¡.romrn<r, i e.I.D I,A. \"me thot , CPU'""'' d<Jr! th< 1 
"'!"'"' "' rh.rt n "i""",¡"''d '•' '"o- lñ< luw<r eoghl b1"0flh< pn111l<r mn>l be !<qophd b) L'l< ""<'lrupl
•ng ~"·in, A u uallf, Urll' 7 hi ls ·"' r<~u,rod f """ 1 h< inl errurlwg del'><' " lh< ],_,, sign>foO•nl bn no u u bt 
, <oJO flo" i< r<qull<d ""''' lho poinl<l is m<d '" g<t lwo adj>c<nl b)'lt< to foom 1 wmpl«< 161m ""'e< 
rc>HO<fl< "•"ing >ddro" and tho •ddte'"'' mull a!" ay• <1"" in r.·<n lor.11ions. 

lnL<,. "P' ', 
S<[l><< 
Roul;n<l 
St.r11ñg 
,\Jdr<u 
T.bl< 

. >\ 
<kmcd ll•rl>ng oddt<" 
pc>inl<d '"by: 

J REG J BITS FRO>! 0 

L-'''''''"'''''"'''-JL'''"'''"''"''''''''j_J } 

Te.< fust bytt m thé tobl< is lh<l<><t s:;mfic1n1 (low ord<l) portion ofth< .d~"" Th< p:og:amm« '~"" 
uhWU<I)- foll lhi• 10bl< on "'"h th< d""'d <ddo<....,, befor< •nr tfllttflipts "' to ho •e<tpled. 

SniO lhal Lh>'tJhlc· t'Jn he chJn~<d al ony limo~)' the pr<¡~rommeo (tfi< i< <lcmd ;n Re.d.'ll'roto 
\1 '"'"') ) lo alh•v. di 1Tc·""' ]'"'Ph<ral< <o bo '""'lted by diff """' ><rvice , ~u"""· 

- .· . . ; 
Once !ho ion<o '"P''"S d<>·:c., fUp¡>lo<s the 1<>~ ro f"-'" ¡,,, Of tilo f""n:tr. th< l'Pl' auoo:.1J!!;:JII; pu•he• 

th< P"'.l'"'" roum<r <lnto lho "''"· nht""' lht "•flicg >Jdre" fr,m the '"hl• and de><>" :cmp In 11-d> 
.<dd"'' Thr»n"'-1< nf "'f'""'' JeqUlt<S 1 <1 d<>c:k pttind> o o ,·von~IOI< (7 to fel eh lh< In"" ~ hm f rc>m lh< 
rnwrupLil•g d"'•'', 6 1<> "" oh< prngrdln <nu¡)l,•r, ,.,~ 6 •~ nb'rJin 1 h< JUmp o dd ro>S.) 

:>.'"l<ll"llf¡c D-Ü pr'IIPI•<"I d<o·r;e< '11 111l']H,lo J d.:~, ch,m priclJJI} """""~' ;t~UO:ur< lh•l ''-10· 
m>' :;;,1),· •urrli« 1h< prn¡;r Jtntned •wur ro thc CI'L' cluri,~ int<11Upl "'~"'"' T.·J~r. ~rf<r lo :h: /.~t•-PIO, 
1..'•0-S 10 •nd L80-CTf: m>ntal< for d'"'''· 
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' 
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9.0 HARDWARE IMPLEMENTATION EXAMPLES 
• 

. ' . ' 
This cba¡>l<r j; Jntended lo '''"'., • b,Uc inlr~duclion to unpl•mrnlin¡ >)'OI<ml "'lt~ 1he Z80-CPU . 

.111.\ I"!UM SYS fF.M 

F 'S"" ~ 0-1 i> o di,grWJ of • '<!)' !impl! Z-80 •l•t<m. Any Z..SO S) <ltm mu01 indu~ shoo fclt""·mg 
five elemen": ·' 

J) fl'e >DI! pü\\<fSUppl)' 

2} O,.;oll"o' 

3) MemO!)' d<'i<<> 

4} 1/0 mcuils 

5) CPU 
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'""'' DATA , , 

FIGURE 9.1).1 
MHIIIMUM zao COMPUTER SYSTEM 
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5m<"< the lSO-Cl'U vdy requir<> a llf•ti< !' •olt '"~r!Y, JM>I sm>li<Y"·'"" ""k imploo~<n!ed C>mg 
'"11)' this •in~e supply. 

Tho o"'ili>I<Jt <•n be very >imple oin<etho only ••qu'l~tm<nl" lhotll bo • S voll "l""' "''""· For 
'Y"'m' nol wnnit~g al full >po<d, • <lmpl< RC osclll•lor '"" b• U><d. 1\h,n lh< CPU a opÚ•I•~ "'" lh< 
hi~l,osl r~<.,blt frequenoy. o cry•l•l "'"11" or " E•n•• .olly rcq"irod b'''"" tk >)"•1 "" lir.lin¡ "rll nol 
,,,¡.,.,!< r 11< Jt!ft 01 Jlll<t thar "" ;<(' n.:¡~-o,;. "ill ~·~'""''. /1 <f}'Sl>l h:iil•lt" ,: '" l>e m•d< fr'"'" in><r<cno 
.. r>J • [,·"- •'is.r<tt cumpon••na or "rur • ...Jilhic cir.-utl< <ro ~ i~d¡- :<oil,~lt. 

The "" m•l n1tmof}' can be •n.1· """"" of 1<•ndord R.-\ \1. ROM,'" J•Rml. In tbr• ,; 11\plc ,. '""PI• 
wo "'" 'hll~n o >11.~1· ~K bit R0\1 (1~ O¡- ~es) being u1ili1td ·'' lhet,¡j,. II'OHWr} 'l'""'· Fw lhli 
''"•"'rl• '" h '" "'"'"'d 1 hdl th' /.·S O ·,nternJ 1 re<""'' '""O¡: " niuo , .. ,.,,;,., '"ft,,,,."' Re>J '1\'ri '' 
""'':-''";h.,'''-'"'"' R \~1 "''"""l';, ""' ... ~,,;,.-rL 
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' 

f' <'Y comrultr 'l'"<m rcq"ire. 1/0 .:to.:ui!< 1" o!:o~ i< to inl<rf•e< 1 o lh< ''re•l wOTid ... In th,. "mplo 
e>al~ple l\ """~med otw tbo ~'"P"' "'" 8 ~11 '"""<>! >eCI<>< ,nd lho input i•on 8 bil stolusword Tho 
"'1'" L dala ,·,.uld be ~·••d uno o the ú" a 1-<J< u,;,g "") "'r.d.rd tri ·11•10 J,,.,, v.hile tho uulpol d>ta could 
be I,Tched "1th any type or" •nddrd rn. l"ch. For ,¡,,. c'<onplc '" haoe u"'d a Z80-PIO fur lhe 1/0 
ciroun. Thi• >irlglt ""'";¡ '''"h•• '" '~' d•l• b"' ">h<>\1 n •nd pro•·id<> lhe roquiled 16 bm of ITL 
.:ump011ble 1/0. (Refe1 1 o lhe lOO-PJO "'"""'¡ f"' deo,¡¡, con the Op< roti<JJl <•f thi> circuit.) l'.:otioe in th" 
<>omple lhal wilh only three !.SI cir;:uus, • •ilnplc "'cili•IOr ond • lmglo 5 •oh p0..<J supply, o 
¡>olv.offul corn~ol<r hÜ b .. n •mplemenlod. _, ,~ 

• . .•. l 

' ADDI:-.G RAM 
. 1, 

\lo" .:vmpu1er 1)'>1 ""' requi" •omo amuunl of "' lern¡] Road/ll'fll< momory for dO!• "O" X' ar.d 10 
•mplm1rnt a .. .,,,k." figure 9 O.:! j]],w.lt< huw 2S6 by:e• of ll•lic mtmory c.n be odded 10 lhe pr<vooO> 
e-.mplr. In lloil .-.mple lhe n«nomy opo<e l$ mumed lo ~e o•¡.ni"d., follo"'" 

""0·RÓ tt, - .. . ., 
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1< • 1 

""" 
.... , 

.. 

• • 
IKby,,,· 
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03FFH 
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04FFH 
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FIGURE 9.0.2 

- Ah M" O 
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ROM & RAM tMPlEMENTATION EXAMPLE 

"o• A7 

00 -ci~ 
"'". 1 

"" . ., 
•m "• - .... , 

. 

In tbl ói'~""·' lhe •dJr"' >?''' ;, dom,bed in he•i~o::im;]n010lion. For :~;, <'· n,~le, .~J•e" hil A ID 
"~"'''' the Jl.Q\1 •r•<< ft"m the RA.\t >P<« o u lh•l n ''"be ,,.J fur the eL F ·clt,;l f.,,,¡;,m. For 
l<!gor ..mount> of exlernll ROM or RAM, • •implo 1TLdecodor woll be requLred lO ¡,,m the ch1p .-lecll. 

MEMORY SPEHI CO.'\IfROL 

f,, u'<nY •< ,•lk•l i•·n•. i1 In•) ~e Jnl! .~le In n.e ,¡,," o:t<m-.li<> :o •' .' ,,-o ''""'· lloo 11'.\1 T !in<" vn 
lhe CPL! _,IJ,.,, > tho l-,<.0 l<• Uf'"'''- "-l1h ;.ny >i"'•d ''"''""'Y. 8y ,.(, 1; ;n • ~"- \_ 1<• •;<;j,,n 4 you "¡)] r,. 11~, 
•h•l th• m<loOT} """ tnno ~<quir<m<niO '" m~.t «•<1< do,in& lh<• M 1 <'' 1• ;,,,, ru,·; ;,,n fetch, All ••lh<r 
mcmury .c<ess<> h"e •n odd1l!on..J ~'" h•lf of • eh-el. .:)do ¡11 h< """•Pk1c·d f<., lh" '''"'" ;t mo) bo 
~<•tr•hle in 10me >pph,·,oti•m• tu ,Jd cono""''"" to 1he \\1 C)·<l• '" th .• t •1•'"" "'''""''¡"'"'"be oJ>rd, 
f:.""• .'' 0-3 ;, '" ,.,,,,rl.- ,¡, ''"·rle d'"'"' ,,., -,· ,11 .,., .. ,"t·l"io ,¡,,' "~ r~.'· ':,,.,," '"' '" oh ... ~,d lo 
·' · 1 .: •.:.,lo .,;, ''"" '" ·''·) , •, , ·') ··;<" "·.:., .. n ¡11 !- :••·< ''O 4. 
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FIGURE 9.0.3 
ADDINGONE WAIT STA TETO AN M1 CYCLE 

-••• rov r•v ·~ 

""'" ' ' ' ' ' ' 
~~ 

'"' ,.,. 
' L oe- ' o 

t " 
L 

..,.¡ot_ ___ _ 

,,.-,r~ 

FIGURE 9.0.4 
ADDING ONE WAIT STA TETO ANY MEMORY CYCLE 

.~· 

1.'-! (R F ACI.\:G DY.'\A \tiC \I['10RI E~ 

This ><ction "'""''ded on]y ID'""'" & btief introdt"lion to mwfocin~ d}n.<mk memone•. Ea~ 
1r.d'¡v'¡d1d dynam1c RA \l ~" ,:Jr)'Lng ,peOinoaliun, that WJII rr~uire rnonor rn<>dJnco 1 ions lO the dt~rnption 
J>i"n hore and no attempl 11 ¡ll be mado in thl< dn<Uil\On\ to g:vo delaJI> fut Jrl)" p<rt>cular RAM. S.p•'"'' 
·~ti;, 11io~ nolc"< ,~¡o~ ir.¡ huw the /.~O-CPU ,·,n bo int,rf •• ·e¿ 10 mo!l pvp.,!ar d~ e< mi< R-\~¡·, "'' 
,,.],ble f101n Zil<>g. · · 

Fo~ure 9.0-5 !llustr.t., the l<>gic n«•«•t)' ti> interf>oe ~J< by1es of d¡·n•ñut RA_\1 U,;ng l S pin n: 
Jyn•mir mtmom<. Th,. fiEUt< '""me< thn tho RA"''• "' the only mem<>IY Ln the >)"st<m ,o lh~t A12 " 
u<td lo ;o]ecl b<t"' e<n th< t~·o p•g" of 11\0mory, Duri ng l<fr<<h timo, all nL<m<•IÍ<> in tht >y<l<m mu<l be 
to.<d. TI'" CPU pm.,d<S 1 ~" prup<r refr<;h ;Mr.,, '"' lm<> A O lhr<Htgh A6. To d<! ,,.'JL li<Jn.l1 m<m•JrY to 
'110 '·' Ll< •n il L< "'''"''" ry 1" uJ! 1y r<pl.••• 1 he 1 wo p tn 1~101 <op<r:~~l< nn A 1 ! " i 1 !• ; .J.-wJer rh '' "~"'"''' 
• •n .. 11 '"~""'d ;,jJ "" bi". For l•r~or <.•i<l Cln>, bufleri11¡¡ fur the •ddt ,-., o~d ,¡.,, ~'·' ;, ''"' .ll•'l<t!•lly • 
¡oq'JÍ!<d. 
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INTERFACING DYNAMIC RAMS 
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10.0 SQFTWA~E IMPLEMENTATION EXAMPLES 

IG.I METHODS OF SOFTWARE IMI'LHtE~ATJON 

Sov.,,] dJffe rent 'pprn,dl<< "' pm"ble in d<,<l"piJlg s!lfl~·oro for 1 he l-80 { FJgure 1 0.1 )- Fim of 
•11, A>~ombly Lon~"•g• o< PL/Z n>oy b< '""d a. lhe '"""" langHJge. n,.,, l.ngu '!'<' '"'1 thcn h< mn•· 
IJI<d in Lo moch in< 1 J '·~·"'b' <•n a comnt.,,·,.¡ limt 1hor ing focility uslng , "'~''"", .•~ler or crosH<>mpiltr 
or, '" the o•" .,¡ ,.,emOiy bn~l'"g', th< t •anslol LOO « n b< •ccMrplhhod on a Z-hO D<1 el,,pment Syolom 
us.ing • r<lldenl a.!.<mbl<r- FLna!ly ,lhe reoulung m,dúne codo can !>e d<bug&od .,~,., on a !ime-lharing 
f"'li:y """i a Z-80 oimulalor or on 1 Z-80 DOI·olopn,.nt S¡·<Jtm ~<hich u,.1 a lB O-CPU dirtc~y 

"'"n•~• ....... ~"" 1 ""''""· ~ o< "' l""""" t.A~ClJ•ci snUM 
MACHI~! .. ,..,. ......... ~ 
u.""u•o• 

~~'LllOROlH<R h •OH <Fv•c .,.,uc•roR 
A~GUAGE ~AOSICDWII.U . 

fiGURE 10.1 

In "lectm;; o'""'" lollgu•ge, !he pnm•ry f•<l<>" 10 bt <on>id<Jed '" tlant) .rnd ''"' of P"'tr>tn· 
mins ", ct>d< offici<ncy. 1\ htgh le,eJ ]anguog< s LlCh >> Pl/Z wil h 1" madtine tndope ndenl ccmmucl$ " 
1) rically bet ter :or ~ únr.ula!ing and m•mtaintng •l¡:onoÍJ!n¡, bu t the rtstlilin~ m.chi tl< rode ;, usually 
'"""'" hot lel> cffidom :h•o "'hat < '" he wrimn d ir«!ly in "''mbi)' ¡, lltLJ•g• , Tite<< 1 r . .-leoffo oan uften 
b< 0.11 .r.ad by com~•int r.g PL/7. and ""mhl)' lansu•r• 1 ""'"'"'· iJentifying thco<e purtwn• o f • m~ which 
"""' he npr ,m 17d o~nd w ,;, tn¡: tic ern "' ">OJnbly ¡, n~u"~' ;ubt '"" tnes. 

Drcj,IJng whet~t<r to ""'a '"'den! or """ u..:tnhlcr i> a rn•rter of ov>il•br!Lt) ond >h<>,!·lefrn >S. 

l0n¡-tt rrn "'pensc. 11-'ht!e the m ti ial e .pendJturo lor • d"·elopmonl syS1em " hooh<r than ¡J-.at for a timo· 
•ha no~ teron•"'l, th< <o•t of an indrvidual aS<embly u1ing • r<M<nt uS<mbler i< neglt~obl< "hile t)-,, samo 
''r<''•T'"" on > ti:noCat1n~ syst<m i> r<lath·ti)' "P'nsive on~ •n • .!turt time th11 <o<' ,,-, <<;.'',¡ th< <ot>l 
''"\ ,,¡. J<\'<\op:-:wc.: '''"m. 

Del'>ug¡:tn¡¡ un • dc-ol";tment >)SI<m"' • >ornuloHJt "•h<> • motl<r of ,, . .,¡,¡,hty ;nd nponse oom
bio<d ~·i!h <>P""' L<m•l ii~<hty ond fl"•b•lny. A< with tlle "'"rnblr r•o'""· Mbu!Zing " ¡.,, < 'f'<">h< on 
o ~<'<1<-rm<nt •r~~<m lhan ot1 a simulo tor ovotlobl< thmu&h !lmo-il••un ~- ) n o Mi tion, tf.o f.delt ty of lh< 
''~" ,1:1 ~ •n•-l<OI•O'Or.l i< P"''"'d t~r~u;h real-lirn< ,,.,.,¡;,,. nn o z~O.('I'U .~d by O<>llnec:ing th< !rO 
• ;,• "''"'01) <Oiq<m,·"l< o.~ich willriCIUl)Jy h ll'<d in tl« J''O~~cti"O ¡y,;rm. n,e <•ni!' ,dvar.to:;< 10 
:1;: "'' of a,;,-,,~""'" \h< r,n~• of '"""" u·hi.:h ""Y¡,, •<\•'"~ ¡,., ><rch .:el•", Ji<>; rru.<du"; •• .,.,,. 
"E -"~ ""i:>g boe.< roir.l>. n,¡, f!o>J~r!it)- ,,¡.,. bo"""" a >uf¡,.·ar• '"''"l•llwr o;n ><bio" •ny dogre e of 
'"'"Pl<"'Y Ul it< inl<rpr<tai!On of m .o hin< wslructions wi·Jio d evo!Qpn>enl sy•tern procodur<> h>'< hard· 
u·ue lirniutioo• >JCh •• the "P""Y of lhe r<ll·lirn< Stora¡o '"<>dule. th< nurnbor of ~r<aH>oiP! regmers 
aod th< pin conD.:""tion of t~ •• CPU. O..spno •u eh hord~ •re l.n;itali<'n•. deb<>¡;,;<ns "" • de .. Jo ptn<nl 
>) "''" \s t)·pic''·Y more r' oducl ile lhan on • ¡im"l""' b<''"''' uf the J,. '' r '"''"el ic•n Tll>l " ,-. '"'~le 
~;; ~ "" th< pr. ~,.,,,,m,; >nd :h< ><>1],cnlic "'' ,,¡,,,., <•f l11> P'"i'arn. .1 

' '------· -----------~- ~·--
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JO.! SOfTWARE fE\ fLI.:tS OffERfD BY nlf Z~O.CPU .. , 
n .. Z.SO inslrU<Ii~n ,,¡ pro1'id~5 the usor "'"ha lorgo ind OÓ;,iblo rfP"''ir< ofopor.llons wilh whrch 

lo funnul•" ron! rol ufthe UO.CI'U. · -

fl-,c prnnaty, au~rli•ry ond indu r<g>ll<" c.n bt u<ed M ¡,old the ir¡¡ume~ls of •lllhmetl< rnd logjcal 
upe!dli0n•, m lo fmtn nl<1lwry •rld ~·""· or as f•sl·icCe;, ;torage for f requontlY u><d dou. 

lr.fu,;,almn oon b.; moved dH<Cii}' from r<gi>ltr lO rogistet: from memory 10 m<mury; from memory 
!<> re~i>l<rl: l>t from rog.U<Jl lo memory. In oddotion, r<gi!t<r con1en1 • ond r.gi•l ii{mtmozy con!<nl> .:on ·. 
b: .-rhangtd wlthout using lempor>ry stor>ge. In parucular, tht <onl<nll of primO' Y •nd '"'>.il•ry r<gLSI<~s 
nm be c~mpleiely e•d,ng'd by "'cuhng only two ill51ruciJOns, E..X and EXX. ThJ< re¡¡ii!Ú exchange 
rrur~duJO o:m b• uS<d 1<> ''P'"" lhe ''' <Jfworklns rogJ•ten hor.,·oon d¡fforon! Jog.c•l procodure1 or 10 
e>pond lhe ><1 of ••ailoble registol'l in 1 singlo prO<edure. · · 

" 
S te> ni< and rolriov.J of d•ta b<iw'<n P"" of rog«tors and momory <Jil be controllod on 1 Tan-in 

ftrst-<>IH ha•i• lhrmlgh PtiSH anrl POP instru< Lions wbJCb utihle • spwal .r >e k P•'in IOf I<JÍSI or, SP_ Thi1 
st.cl: "~istor " .,-¡ihble bolh 10 m;nipulate dato and 10 '"t"'nam•ll_\" "ur' ond :<1 ;í<> e oddros<O> for 
1ub1 n~lino linbgo_ 11-ñen • su~roatino "co.ll<d, fur namplt, tht oddu·u f<>!!o"in¡ ¡ho CA LL 111>lructiotl 
11 placod on the 1op ofth• push-do"'n >toe k poi~lod 10 by SI'. Wh<n ¡ •ubroutine roturn110 tlio callin1 
roudne, 1ho •ddtm on rhe top of tho mck i< ""d '""' the prngr•:n connltr for lh< •ddrto> of tho next 
lnst ruotion. The 11ac~ poinw " adjumd auromat">.lly lo ronoot tilo cun<n t • '1op .. ,,,(:k Po•ltlon durin 1 
PUSH. POP, CALL ond RET in¡trucrlonl- Thil me~ m«h•nilm allow• puoMown da!J Ulth and S1J~· 
rou!Íil< colb ¡o O e ne<led 10 ony prltticll dopth b<:cou« tho nack lfea cm potr~noliY b< 11 lart< u 
momo') opoce. 

Thc •oquonoe ofinmuction <>«ution un be controlltJ b)' .¡, difftrent na ¡;o (corr)', '-'"'· "i"· 
p,arit)' /ol orn""·, add-1Ubllac1, holf..:aery) wh>cl! r<noc1 tho J<IUI!s of lnthm<tic, lcgiool, \hifl and compare 
inmuotion•- A f"' lho eucurion of ln tmrruction ~<ht<h "'" • na¡, thi! no¡ u.~ bt "''d to control a 
,,,r.Jluc•nol jump or rtturn in.trudl on. Th••• inmuwon• ptOI'Idt lo¡:"' 1 '""1 rol foil'""in¡ tho manipul•· 
1 ic•t1 nf ,;,,~1• b>t, tL¡¡Ill-btl by1e ( ur) •ixtoen-btl_dot• q,u•ntitio~. • · 

A fu U .. , cf logieal optr>tiMI, iM1udin¡ .-\. ... D, OR,XOR (e~dus"' ~ OR), C!-'l (,\OR) a.o~ !'>EG 
(two"s complo:nonr) "' avaiioblo for Boolean cpomio:u bel\•oon 1~< accw-r.ulllo: a na 1) ¡JJ othor cigln-bil 
re¡¡is\01'1, ~) memory location! or 3} lmmtdlo10 opor¡nds. 

In oddi~on, ' fHU 101 of JO. tl ""'"' ond lo&kol >hJfls in I>Nh di""t'L'""' "" ",:Jablo "'h"h O?< rilO 
on :h' «Ut!<•n:o of .JI oi~h~·b!t ptllll•ry r<¡;;t•rl or dlro<tly oo ••'Y "''rOO'} ),>.:ali,,c,. The C>fty f..¡ c.n b< 
inch:~•d M <i;-npl} «1 b)" lh•,. shlfl io>IWdlOOI 10 provide bolh !he""¡"' of>hift 101ul" •nJ 10 Hnk 
I<gi<l or/rt¡isiOt or t<¡¡istor/m•mmy 1hi ft opor;itions. 

10.3 EXA.\JPLES OF USE OF SPEC!AL Z80 J'\STRUCTIONS 

A. L•t ~~a""·"" Tbt J nt:ng ~fd•u in m•mo')' 11JttinB llle>cation ··OATA""b "' bo rnovod i"to 
""'''h<r ""' or "'"""''Y ,:.,ting 11 location .. BUffER" and lh•ttho <u in! 1<n~oh ;, 737 t¡ too. Th" 
opO!•tion can be acoompl"hed u follows: · 

LO 
LO 
LO 
LDIR 

Hl ,DHA 
DE, Bl;fFER 
HC • 737 

'. 
;START ADDRESS OF D.HA STRNG 
; START ADD!!ESS OF T ARGET BUFFER 
: Lf . ._Glll OF OHA Sf'<l'-'G 
:~!UVE S fRI~C . "lii.A'-:Srr0o( ~l[.IIO'l.Y I'())'(Tr!J 10 
; BY HL J'\ fO ~IH!OR'i !.0[ A TI OS J'úl'( 1 <.O !O ~y L!IO 
: J:<.:CRH!l~T HL A~D f\E, DfCRIO.~!l:.ST 11C 
; PROCESS L~TIL 8C ~O 

• 
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) H ).<1'< '"""'' 11~>1 o s:ring ir, r::<mory •tallirl~ •<l<><•liun ''DATA" is lO bt mo•td into •n<>th<r .,.. 
uf momO') >l•t tírog •l luc>livn ·-~LIFF ER '' unl!l an ASC'!I S oh>rool<r (u~d •• si rm¡ delimrter) j¡ 
found. Ltt"• ah~ auumo th>< •h< "'"imum stringlon¡th ,. 13~ clur•cteu. Th• opcntion can In 
pcrform<d .ti fo]low" · 

,, 
'·' " " LOOP·.CP 

loND: 

" '" 
" 

HL,DATA 
DE, BUFFER 
BC . 132 
A, 'S' 
(Hl) 
Z,HiO-S 

PE, LOOP 

; ST.~R 1 I~C M>DRESS OF 0,\ T.\ STRJ~G 
: ~TAk fl.'\G AtlDRESS OF TARGET BVFHR 
;."!AXI'-1LII STRING ll -.:crH 
: Slll.l.'>G OtLIMITER C'ODE 
;('O~IPARE .IIEMORY CONTE."TS Wl1 H DEUMITER 
:GO TOE ti: O IF CHAR.~CTERS EQUAL 
;MOVE CHAR.O.CTER (Hl) toCO!:) 
;l~CRBtE!-T HL ASO DE, DECRE.'>!E.''T BC · 
,COTO ''LOOP'' IF MORE fHARACTERS 
; OTiiERW!SE, FALL THROL:CH 
:NOTE: P/V FLAG IS USED 
, TO INDICA TE THA T REGISTER BC WAS 
: DECRHIESTEO TO ZER.O. 

]9 byte• •r< r<quirod fu¡ thi> nper&tion. 

C. Lelw a"u<n< that o 16-dt¡;t\ dedmol numbrr rr~reS<nled in p•dced &("0 forma! V""" 11(:0 digit~' 
b)t<J h"''" ~· ollifl<d., •huwn in the Ft¡ure 10 ~ in order to mechani•< BCD multiplio.ation or 
dJI •~ton. The <•pewoon ron he '"·omph<lltd u f ollow" -

" w 
XOR. " . 

ROTAT:RLD 

l\;C 
DJ~Z 

HL ,DATA 
II,CO~T 

' . 

; ADDRESS OF FillST BYTE 
; SHJFT COLi.\"T 
:CLE,I.R. ACCUMlJlATOR 
: ROT ATE lEFT LOW O ROER OJC,!T ~~- ACC 
: WJTH DICITS IN (HL) 
: AD\' A'CE ).iE.\IORY POl~TER 
:DECRE.IlE'>T a ,>,.\'0 GO TO ROTAT lF 
:a JS ~OT ZERO, OTHERWJSE FALL THROUCH 

, . 

. , . 

• < 
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1 
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1 
' 

D 

' . 

• 

Ltl "' ><~umo rhal one munber i•to be >llhlr>c;od fn"n '"olhor •nd a) lhot ~><y are both rn pad.od 
BCD fo,.nat,"b) lhl[ Lh<) '" of <qua] bu\ '·") "'t lcn<tfo, ond t} lh>l lho ,;,ull ;, lo bt "wed 1n !he 
lonlion of llo< minuend. The op<"llon can he aC<r .'.rpl"h;~., follÓws. · 

" HL, ARGJ ; ADDRI'S~ (lf ~~~~-llENO 
LD DE , ARG2 ; -~DDRfSS Of ~UH fRAHEND 

" O, LENGTH · 

"' A 
Sl'HDlC:LD A , (DE) 

; LENGTH OF rwo ARGUMENTS 
;CLEAR CARRY FLAG 
;SUSTRMié~'D IOACC 

'"' DAA·'; " 
" INC 

'"' DJ~Z 

A,{HL) .,, 
(Hl), A 

"' oe 
SUBDEC -1 

; ~L'IITRACT tHLI FROM ACC 
: ADJl1S f }:ESI'L f TO DECI\IAL CODEO VA U: E 
;STORE Rl;SliLr 
; ADV A)\l'E ~1 E~ORY i'OlNTERS 

; DECR.EIIENT B A_ 'ID GOl O 'St.:BDEC" IF B 
;NOT ZE~O, OTHERII"ISE F ALLTHROUGH 

17 byt<o ar< r<quirod for thli opttilion. -, 

10.4 fXA.'>IPLE.S OF PROGRA.'.t.I.ING TASKS 

A. The f"llo~in~ rr•'&'""' rora on '!"Y ofnumb•" -.oh in th< ron~ 10 C5S) into l<O<od:;.g ,>rJ<r u"ni 
• ;l,ndard "<h•os• •onlng o:g<orililm_ 

'·' 

' ' . 

• 

' 

., 
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úJ/::1¡76 1!:14:37 .~IIBnLE IISriNG 
LOC 081C'ODE SHH SOURC'E~TA'IE~IENT 

. " .J. PAGEl ·-. 
••' ST A!I.'OAk D EXCII A)\GF. (I!U~BLEJ SOR r ~OliTJNE • • • 

' e• 

' .~TE,\TRY: !H. t"O~'TAI~S ADORE SS QF llM A 

' C COl\ fAI:\S NL'MUER OF fLI:'IESTS TO BE SO k fEO 

' (i<C<Z56) '"~-• 
' AT E>.:IT: DATA SOI<TED IN AS\E....-OING ORDF.R · 

• 
' L'SE OF RECISTERS . , ,. 

' 
" REGJSTER CONTE.'ITS 

" " ' TE,IIPORARY Sl ORAGE FOR ('A !rULA f1Q_o.;s 
H ' ('Q¡;,\:TfR FOR DATA ARRA~' 

" e LE.\GTH OF DATA ARRA Y 

" D F!RST ElB1E\T 1~ CO.'.ti'ARISON 

" ' SEC0.\"0 HEIIE:-.'T J.\" COMPA RISO.\" .., ,., 

" " FLAG TO ¡;-.OJCA TE EXC'!M'\GE 

" e lr:-.'I.:SEO 

" " I'OJ:O.'TfR L"TO DATA ARR~Y 

" <Y t:.\"USED 

" ) """ :'221>00 " SORT: U> (DATM.HL ;SAVE DATA A~DRESS 
0003 CBH " LOoP: "'' FLAC,H ;INJTIAlliE E\CH.\NGE FL~G • 
""" " " U> ' ' : INJTL\LIZE LE"-'G fli ("OL'!'-TER ,..,, o; ,, 

"" ' :ADJl'~f FOR TFSfiNG . ., 002~2600 " en IX,¡D~TAl ; l:O.'JTIALI%E AR.R.A \ POL\'TER 
O~OB DD7EOO '" ."EXT. w A, ¡IX) ; FI~.S r HfllEN f 1~ COMPAf<JSO~ 
OOOE ;; 00 w "·' ·, TF.\IPClR.\RY STOR.AGE FOR fLE.IIE.\T 
OOOF DD5EOI ;o w LO.'üi) ; SECú.\'D F.Ll:llf.\ f 1\' CmiP~R\SO~ 
(101:! >3 " <;1: B ' : ('Qii PA Rl ,.1,\' ~ 11: ~ 1 '1 O S FC 11-" D 
Oll 1 3 -'-'·Jil ., ,,, " :>.C, .\0!-'X-S '.IF ~I)(ST ~ <.i•t'ú~O. -"0 JI '-lP 
<JOI 5 0Di:"OO 33 w (IX), E ; f.\'Cii.o,\GE AHRA l EOLE\il:-<TS 
(10: 8 007:!01 " w (IX+I),D 
<YJJ B C'BC4 " ;H FLAG,H ; kECURll r.\CH,\NGE (J('('\IRR~D 
(•,l 1 [) !)))23 " ~OEX: 1\"C " ; POI~· f 1 O \'1:), T DATA l'J.f'.'.f.ST 
GOJF I(•EA ;; DJ\'Z '\'F. XT -$ ; ('Ol':-.· T ,\l. '·1 BioR OF C0\11' \ ;.: iSO\'S 

'" : IHI'I:.\1' 1 F :.lo RE IJ 1 Ll 1" 11 it~ 
UO:'cl lB-14 " "' Pl.AC. H ; [)1:[1-.R '.II'I.E 1 F tXI \f ,<, \ r;E l!( Cl1 kR loO 
00:3 :'üDE " " ~l. 1 OOP-S : CON TI\' l.' E 1 F DATA tJNS(JR'I <:0 
0025 " " RET : OTii 1:1< 1\'J,F.. E'<l'r 
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LOC OBJCODE STMT ~Ol'RlfSTATF.I!E~T ,. -: 

•. • •• ' . • •! ' • 
0000 

• ... 

"""' 0000 

'"'" i1W4 
(I()(J,i 

""'' """ 

liJ<.IE 

"""' 00,0 

"'" (<j 1 ¡ 

' 
' 

:wooo 
CBJ9 

" 
.1001 

" 
" " " !üFS 

" 

' ' ' ' • 
' • 
' " " " " " " " " " " " " 

·" " 

--··-

MULT:; U."SIGNED SIXTEE ..... IIIT ISTfGER IIULT!Pl'l. 
• O~ E~TRA~CE. '.IIUL T!I'LJER 1:0.. m:. 

• 

MULTIPLICA.\DIN HL . . . 
O!>: EXIT: RESULT 1~ Hl. . ' ' '• 
REGISTER USES:-. 

" ' o 

' ' e 

' 
w 

"' w 

"" "' 

. . 
HiCH OROER PARTJ.U RBULT 
LOII'OROERPARTrALRESULT ., 
HJGH ORDER \!ULT!PUCASO ... 
LOW ORDER .'.tULTIPLIC A.\'0 
COL/1'TER FOR .~U~IRl'R Of SHIFTS 
HIGH ORDER BITS OF \ILIL TIPliER 
LOW ORDER BITS OF l.!L'LTIPLIER. ~ 

B, 16; 
C,D, 
A, E; 
DE.HL: 

,\'l!MBER OF BITS- J~ITIALIZE 
MO\'E .IIL'LTIPLIER 

MLOOP. SRL 
HL.O: 
e, 

.IIOVE .111 :t TIPUC.I.\0 
CLEAR P,IRTI-11; RI-.Sl"LT 
SIUFT ltL'LTIPit!oR KtG!IT 
lf.\ST SiG\IfiCA \ T BIT IS 
IS(ARKY. 

]'1.0.\DD 

'" 

EX 
·ADD 

" Dl~'Z 

KET; 
e.-.: o: 

:o-.:C.:-.'OADD-S: 
HL.Df: 

DF.,IIL: 
HL. Hl: 
DE, HL 
.\llOOP-S: 

IF .\flC\RRY. ~¡.:¡p rJIE ADD. 
f.J. ~f .. \/) :J \11 'L rtr l. IC ·ISO 10 
PAk rt.IL RI·~I'L T. 
~lll rT :,¡ Ll. 1 ti 'l.IC .~ \'D l H' T 
BY .11 IIL riP L Ylr>-G 1 r BY T\1 O. 

RF PEII T l'l'Til ..:o \!Oi<E IIITS. 
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12C 

L30-CPU 
INSTRUCTION SET 

AOC HL,,. AfiO w:·~ C.lrty Rog. ~oir ., '> Hl 

AOCA, o Add ..,,;~ c•"Y opotOOld • t.• A a:. 

AOO A, n Add v•l~e n lo A ce. 

ADO A, r A-Id Rog. r to Acc, 

ADD A, lf'U Add 'toc•tion !HU 10 ~c. 

ADO A, 11 X •d) Add loco !ion (1 X· d) to Acc. 

/,fl(l A., (IY•dl Add lncotion (IY•dl to Acc. 

;.oo rx. PI> 

:..oorv,,. 

A~O o 

BIT b,IHU 

iliTb,IIX·d) 

BITb,(IY•dl 

"' 
"• 

CPOR 

CPIR 

•. l 

¡,·.A 

' <:" ,,, 

Add Rog. pair pp to IX 

Add R~g. p•ir rr to IY 

Call ><JLroutino otlo..,.tion nn if 
cone'.t"-'" ce il tru• 

llroo,dition•l coll•u!>rootinl ot 
looation nn 

t: _.,.,. r•'<t ;, '!\iun (IR) •. , -¡ f «. 
d··;r -'''"" tll .,~a e 
Cc;r>¡o>Oe :o;a:ioto (f{U and l.cc. 

rlo><"mont HL >nd ~c. "·r••t 
• •m ti• Jt>o 

e •. ·:'"'"''··otio" !Hl.l o .. J ;..-c.. 
i•.cr-,.n~nt HL ond dM:ttm•nt BC 

Co<;,¡we looation IHU and Acc:, 
i""•..-.=nt HL, riO<,<<,•o•H BC 
·· ;. -• "''"i8l:"O 

., ~~ 

••·.· ,. •. "•c1m 

OEC IY 

OUss 

o• 
OJNlo 

" 
EX ISPI, HL 

EX ISP). IX 

EX (SI').IY 

EX Af, AF' 

EXDE, HL 

HALT 

'". 
~~ l 

'"' 
IN A, In) 

INr,ICJ 

INC (HLI 

INC IX 

INC IV 

lt~oC r 

:·c .. 

"o 

"' 

DP<.<fmont B ·~d Ju,..,p 
rel.ti>~ ii BfO 

70 

hchan¡¡e tho I'X:•tkln (SP) ,·.,J fll 

E.~ho"~ tho locat ion ISPI • ' ·X 

' E •dlOngo tho location (SPI · :., ,,, ; Y 

E•ch•nll" lho con:en10 ol AF 
1nd AF' 

hchanJIII t~ con'""" ol OE 
MdHl 

E•chan!l< the contenh of BC, (lE. 
HL with contento of BC", DE', "L' 
••>Peciivcly 

HAL T lw•it fot intenupt"' t~>ct) 

Sot in!Or<uPt modo O 

s.t inttl. ~pi modo 2 

lo•d the Aoco. with input lro-..J 
d.,.ico n 

lncn.cont location IHL) 

'"~""'"' IY 

~··_, ... ,.,,,;, :-: -~-' 

r, ... , . "'" •. J • ·' ... 

lo<·d lxoliun IHt: wolh in~ ti 
ftom ~<>1"! IC). ¡{, •t·onent HL 
•• ~ 13 

._.,' : . " .. -::·.: ., ·--
:.,,'" ;-·~ri :.-:1, ·'· __ ., ., "' ;:r. 

lu ,j 1 .e;"'•" (HI,) "ith i •1• ...... ._,· 

• 
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JI'(Hl) 

JI' UXI 

JP HYI 

JI' a:, M 

JP c. • 

"'' 
JP NC, o 

JR NZ, o 

JR Z, e 

LO A, (~CI 

LO A, (DE) 

LO A, 1 

.LDA,I..nl 

LD A, R 

LO (8CI. A. 

LD(DEI,A. 

LDIHL).n 

LDHL,Inn) 

LOIHLI,r 

LD l, A 

LF IX,"" 

LD IX, lnnJ 

ID(IlPdl,n 

1 'J ti;. ';¡. ' 

LO IY. nn 

l D IY, ¡,,,.¡ 

., ~:-." .,_ " 
• 11 w:- ·1., 

1 r .. ~ l~oati011 !Hll '-"lt~ ir.put 
hom I'C•I (CI, io.or•.-nent Hl 

o··~ d.•oro;nont 8, ••i·""' unl~ ,., 

Un:o>ndltivnol Juo>¡o te ( 1 XI 

UnOon~il """l J"'"P to (1 VI 

Jum~ to 1<..:.-tiCil nn ~ 

<o,~ilion re is '"-'" 

Unoonditi .T-<1 )>mp 10 lco.otion 

•• 
Jump rolotiveto PC+o it tOiry•1 

Unoondilioo>al Jump reloti•• 
t<> PC•e 

Jur_np ••'•'-"'" 10 PC 1 e il oarry•O 

Jump ¡e/atj, o ro PC+e if """ 

'"'" IZ•OI 

Jump <elati>elo PC+e rl z.,-c (l•11 

l~d Ac;;. wilh location IBCI 

Load A o<:. wilh l<>c•<ion (O Él '• 

' Load Aoc. wilh 1 

Load Ace. with loc~tion"" 

Lo1d loealion (DE) wtth Acc. 

load HL with l.•o•Lion (nnl 

Load IX wolh locotion (MI 

l o•d IY "'ill, '····,ti"'(,,.,¡ 

... .,., 
"" ... · .... "' ; ·, .· ,;. ' 

---------

. 

LO (nN, A 

LO (nn), <Id 

LOinN,HL 

LO (nN, IX 

to(M),IY 

LO R, A 

LO ,, (HL) 

LO'· IIX+dl 

' .. 
LO '· uv~<O 

LO r, n 

, LO rJ 

LO SP, HL 

LO SI', IX 

LO SP, IV 

LOO •., 

LOOR 

• LOJ 

LDIR 

II:EG 

"'. 
OTDR 

OTIR 

rurlcl,r 

:·.•Jr 1:1, A 
úUlO 

load loeation {nnl woth Acc. 

Lo•d lccatiM (nnl wnh Ro~: P•''' dd 

L<><od locoti.on (....,¡ with HL 

l""d l<>c•tion lnnl wilh IX 

.. ' 
load locoticn (nnl wilh IV 

load R wilh ....,._ 

' lo•d. R~. r with !oca,.on (HL) 

l""d R~ , wiUs loution (1 X +d) 

' lc;od ¡;..,_ r with !cooti.on IIV•d) 

Lo•d Rero-, with yalue n 

lO«:! Reg., ..;ti> R011- ,. • 

Load SP with 1·11. 

lood SP with 1 X 

Ll>lld SP wllh IV 

load k>caticn lOE) wilh !<><Ilion 
(Hl), dec.-emont DE, HL ond llG 

' 
lo•d IC<:ation (DE) with loc•ticn 
IHL), de«omentOE, HL lnd BC; 

'"f><'' until 9C•O 

Lo.d l<>eatio".:oEJ wirh IO<:oti.on 
(HL), int'"'~nt DE, HL, 
deorou·.ent ac 
lo<d :oo>.,;on IDEJ .. ;,~, l~o,:i.on 
IHL), in-:,.rn•nt OE, Hl, 

d•cremon¡ ac •nd ··~··· until 
BC•O 

Lo;iool 'OR' Of Op<'•~d, ~nd Ate, 

L~ad oulput p..r\ (Cl wrth 1<-<•tion 

1111.1 ~ · . "'"'"' HL ond B. "i :ot 
....... ,, o;.--0 

l~-<1 ,, ':¡:o.n """ (C) .,; 1, ' ,_ ,,¡"" 
IH ll, in«""'<· ni Hl, <l!'<"'"'nt 8, 
>e~e" u Mil 8• O 

~-· 
lu.'<l ~ ": '"· \ ;•Qrt <t;) .,;: '' ~ ·. '). r 

V:-·:,.J,~·:, ,,¡,._¡,_;;~ '·•· 
L¡,.,J ""'•'J' pvrt (CI ,., ·:~ lv<;•ivn 

IIILI, d<""·'""' HL •od B 

.. , :< .. · ..... · :· .. , ¡rr -_ ::1. : ·=~- -· · ,, 
.. ' ",, :u. ' ' 

' 
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.. '• ,, . · 1 '< .,.;rh '''P.,¡ """k "" Rotal< t<¡¡IH 1~<"""''' _.:.,·, •' •' .n 

;,¡p IY 1 o,d !Y ,,ith top ~~ •tack "' Rot••• riglu A ce. th~ ·-~ · - ··v 

PO? qq lo•d Rog. l>':t qq Wl!h tüp <>f ll.ck RACm Rcl•te op•rand m <iohT (.Í«~I.r 72 
() PIJSH IX load IX onlo <1..ck ARCA Ro•n• ri¡¡ht ~'""'"' Aa;, • 

·~ 

PUSii IV Lood IV onto stack "' Ro talO digit rig~•l """ ldt bet"'"''" 
Aet:. Md tocation (HL) 

PUSH qq l~d Reg. p.oir qq ont<> Slack 

""' .Rost•n to locoti<>n p 
RESb,m R.,., a,, b of oper•nd m • 

"' ~""'" looon <U))routino 
SBC A, 1 Subt""'t op.,and • ftom Ate. '" ' ._carry 

RET ce Rerurn 1 •om ><>broulir>O ¡¡ <ondilion 

ce ;, """ 
SBC HL >S .'Sublroot Ret. P•"" from HL <,o!h 

·'' '"" HETI R"'"" lrom in<oro"Upt 

~· 
Stt carry fl•gfC•H 

RETN R 01urn from """ ma.J< •ble inttrru¡rt 
SET b, (Hl) Sot Bit b of l<>caüon (Hl) 

'" Rot•t• Ioft throu¡¡h cotl)' operond m 
SET b,(IX•dl s.¡ Bi'l b ollocati~n (1 X +d} 

"' Ro tato l<h Aco. thrw~ carry 
SETb.IIY+d) S.:1 Slt b oll<>c;;tion (IY"t<!) 

RLC IHL) Rota" loco\ ion 1 H L) Ioft ciroul•• 

RlC IIX+d} Rot.ulooolicn IIX+d) left circulot 
SET b,"r Se¡ Silbo! Rog. r 

.~. S))itl oper•nd m Ioft orit~~'"'i< 
RLC IIY+dl Rotatelocotion (IY•dll•ft circulot .. 

SRA m ~hift orerond m ri¡;ht ori:hma:;.: 
RLC r Ro"t• R··~. r Ioft circulo< 

SiU m Slolft Ope<•"d m ri;~t lo~ical 
RLCA Rcta!ll•ft cOn:ular A<c. ' • :) sua, Subtrocl oporood • frc<n Aa:. 
RLD. Rotor• d·,~;, left ond ri~ht betweon ~· 

Acc. aod l<>cotion 1 H l) ""'' E.clu•i•• 'OR" <•)'e.·•·'d 1 ond A«:. 
" 
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1.0 INTRODUCTION 

· The 7,~0 P.lr.lllel liO (PIOJ Cn,un i> • prug¡Jmnr•ble. two por! d•-.c• whrdr pru>Od~• a TTl 
'"""P•tLhlo in 1"'-''" hel "'"''" pt'lphotJI ""'•<'lnJ lhe l>«l.CI'tl. Th< CPt: ,,., ,onfi~ure the ZSO-PIO: 
1<> inrell'_..;., ;ojlh" v.rJo 1.111~ uf p<nphetJI do"''' v.uh n<> o>rher e<<em:lllogi< requl(ed. T;pr<al p.:riph<1ll 
de>ie<< IIIJt "" rullr .:ump•hblo "'"h IM Z~O PIO in. luJe"'"'' k<yb~ard<, paper U¡>< ro•d•" and 

' punch<o P""'"'', PROM p r o~r "'""'"'', e te·. 1 he no-PIO u t>lru• N ohonne 1 •il~eun ¡ole depi<lion [u,d 
tedw<ol<>~y and i< P••k>ged in • 40 P<ll DW MaJ"' ''-'""'' of the Z80-PIO iadud<: 

• T "" indel'<noJenl 8 bil bidLTectiunJI¡><npherJI interfa.:t f"Jfl> witll 'bnd.hok<' da~ tr>n>IÚ 
con u u! 

• lntmupl drL><n 'hand,t>•ke' fur fut '"P""'" 

• Any "'" of four d""""' nwdo; of rlper.riun moy bo >Oie.;t<~ for o pun induding: 

By!< uutput 

B; te input 

B} le btdirecti~nal bu• 1 AvaJiablc on Purt A only) 
• 

• 

• D>i>Y <hlln pti~d ty tntemtpt l~gic included te• pruvtd< for ault><no ti.; mtertupl "<Cionng wothou t 

'""",¡¡ lugi-. ,, 
• Etgh t outpu;, ar< cap.tb le ot' Jn.ln¡ Darlingrun tronoi"o" 

• All tnput< JnJ out puto rully TTl compJlibie 

o~, u 1 ti« untqlle treature• uf the Z80·PIO tltll "'P•r '''' 11 from oth" int<rf '"' oontrolle" " th•t ,u 
datJ u'"''' r b<l" <<Ol th< pmphe rol de•·ke and th.o CPU 11 ><•omplioh<d undor rotal interrupt oontrol, Th< 
tme:rJpt lo,¡": uf the PIO ~ermiu full uuse of the effictent lnterrupt capabUm .. af th.o Z80.CPU durwg 110 
tran.fer> Alllo~; "'"'""') 10 implement • fully n<>ted interrupt mue tute'' included in the PIO 10 th:lt 
lddllll>r.JI "'""·,a ar< not requore~. _\nuthor un•que fututo uf the 1'10" that it c•n be pro¡¡rammod tn 
int<rrup! th• CPU on the ocn1rrCn" <lf !~ecttled S litUO cundJtion• in thc poriphetal dcv"'· For exomple, 
th• PIO can bo pro¡;rammed tu onterrup¡ tf ony •peoifi•J perlphcralal>rm <Oaditium $1\ould o.;,·ur. Thi• 
interrupt oop•bilny red u e« the ¡""!uwa of llme th>l thc proceuor mllit ~peru1 tn poliiag p<riphual >lotu•-

• 
• 

• 

• 

----------- -·----- '---

75 

' 



o 

o 

' 76 

2.0 PIO ARCHITECTURE ' . 

A bl'"'~ di•gr•m of 1~< 280 PIO ">hown in Fi&urc:! O·L The inltrnol muo tu ro of th< 280-PIO 
"'""'', ni ; /.~0-CPt.: b"' inl' rfJce, inrornal controll<lg", Porl A J/0 log¡c, Port f1 1/0 logic, and rnterrupt 
curnmllugk. The CPU bu< inlOrf>r< log,c al!ows th< PIO ro inlerf>.:o drroctly to lhe Z80..CPU ,.¡¡h no 
Oth<r nl<lllJI lu~k llov. cvor. 1ddr<1< docode" •nd lur line buffen may be requircd for br¡¡. 'Y"•ms. Tlle 
interool contrullogi< >)nchroroi«> the CPU dato bus ro the rori~erol devio. mrerface• (l'on A orn! Port 8). 
The two 1/0 P'"" (A and B) ore •irtually tdenucal ond are u .. d to interface dircctly 10 pttophorol do-lC<I. 

. 

·~ "' • •• • ~ 

'""• 

.. ,. ... , "" ""'"""' • 
·~· ~ 

'"""""' '"' 

'""""" ... 
"""'""' • •• 

~~CURE 2.0.1 
PtO BLOC)( DIACRAM 

• , ..... .,. "'""''" 
} ... "" .... "' 

• 

' ' 

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

Th< Porl 1/0 IOStC is compo..,d of 6 rogi"'" witil "hand•hake" <On<rol logk •• •hDwn in figure 2 0-2. 
Th• reg:i<ttro inclu~e: an 8 bit d•" inpu 1 "lliiler. an 8 btt dota out pul roglster. a 2 bit mode con <rol 
regtster, an 8 bit m~~>k rt¡i¡ror. an 8 bü rnpul/output ,.leer r<&iOLeJ,II'ld • 2 btt muk canuol rc¡ilter . 
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FIGURE 2.0.2 
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Th,• C-hn '""d' 'OHiwl r<~l•ler ¡, lo<ded b; thr CPV tn •<hL lh< de<.irtd ~per>t1ng morle (b;- tr 
""II'LI L, b: l\' "' pL1t, b) 1< bLdu,•c11~nal hu<. uf b01 <Onlr~l mode J. -~ 11 d>1a tron;for l><ll<<en tt,< p'fiph">l 
d•'' te< aod th< O't' 1> ¡,.;hir><d thmugh thr d•ta in¡>lll ""d d>" ""'P"' ocg,.l<n. OJO> tnlf b< """"'"in tu 

th< ""'P·" rtg'"" b; :l., CPU'" "'d t•;¡-:\. '",~,.CPU rrom thr i11put r<fi\ler 11 ony trmo. n,, h•nd>~•l• 
1 : ,.., , • ,,., i> 1td "ith r..:h ¡•n!l '" ""·d to """'rol thr dotJ ¡¡ ,n ,r er ~ti,.,.,, th< ¡>¡Q ond thr p<ri¡d,.,,l 
d,., ,,, 

Tilr S-On ''"'~ '"~"'" ,,d the S- Oi 1 tnp(OI ·.,,nput >tlr.:r' 1<'~'"" '" Ll><'d tllll).. in 1hr btl cotdrnl 
mOdf. In tlus modr Jll) <'f thr S ¡><r:ph.,al dJ1a "' •""""¡ b~> r•n' C.n h. pr<>frjrnmed h> b< '" 11.pu1 or 
an ''"'F"' a> <pt.:ofood h) :lt< •<i<ot legi>t<r. Tho n>•>l J<~tlltr Í> ,,...¡ tn tlu,mode m <<m¡un<tio;; ""h J 

•f><OtJI unmupt fr>tur< _ Thi1 (,'""" al'•'" > "" tnt<rrLtpt lo be ¡:on<ut<d <1hen •ny or all of the """'"'''" 
pim "a~h J tpecif"d """ (tllh" high or low 1 TIJ• ~-btt '"''' <untrol r<&i<t« >pectfl<'s the '''"' '"" 
de<n<d [high orlo~·¡ ond tf the interrurt >hould bt ¡tnorattd l'h<n al/ unr.tasl<d pin< "" o.:tl\'0 (ASO 
r••o,J,.i~n 1 '" when J'l! unm>tLtd pin ;, •'"" ( DR condt!ton ). Th" fraturo rodtu:e> rhe l<~Uir<m<nt for 
íPl \ ""'" eh <ekt n~ of t he rmpherol b)' allo"·tn~ on tnT<nupl lo b. aut~m>l ically gen<r'< r<d "" >p<<tfto 
J.h'"Ph" ,¡ '"'"' <• •lldit "''" r nr O>.>mple. in a 'l'""" wtth J alorm .:t•ndtliM,,' an inttmopl m o;- be 
~"'"''''d of on)' onr '''""" ur tf ,¡¡ th•rr o.<uc. - · 

Th• itll<r ntpt ,·o ni a•l ln¡;to "'"'"" lt-<nd 1« all CPU in trc<upt prohtCOI fo1 nÓS1ed prtorHY i tH<irupl 
'"""u re.. Th• r• i~ri t¡ Gf a n¡ d<VK< ;, d<l<'rlntotd br ;,. ph)"""" ll~c:uiort in • dai!) ohain conft,.utauon_ 
T~o Jm., '" pro1id•d in "'h P!O to r~,m lhi• d•i•f chain. Th< devt~ do..-.: 10th< CPU h" •he htgh<>t 
ptt"ril)'. ll'tthiH >PI O. Pü11 A ¡nltrrupt> h•>< hi~l-,er prioltl) 1h•n tlto,. of P<>rt B. In the bytr m pul, b~" 
"" 1 p~l '" b tdJJ<etwn¡,l mode,. an in lmupt cott be ¡:rner Jttd "henover ' no~· by lO tramf<r ;, reqt,t!ted br 
the j'<ttphtraJ. In thr bit contiol modo •n intmupt '""be gonerottd whon the ptr1pheral >!lila noa1ch<1 l 
prngrammtd -.lur. Th• PIO prO>· id<! for rcrn?l••• conuol of nr.~td inwrup". Tl>at ;,, io,. .. r priomr 
d<•i«> ma,v nol tntrrrupt Mghrr prionty d"'"" lh•' h"·' no• had thm tntorrupt ""''' routir,o oom
pir"d b)' tht CPU. llt~her pttortly devoc" m•y "'"""P' th< 1<1Vtrtn~ ol IOW<! priority devic••· 

\\')len on iniO<tiiPI is occeptcd b_,. th< CPU in mode :!, th< tnh·trupting de vice mu5t ptO>td< >n 6-btt 
,,,-,,upt -.ctor for tht (PI.:. Thi>ve<lor '' u><d 10 fot m o pointer tu a I<•"Tton in tite compute! me mur)' 
"¡,,.re 1ho ,Jdre" of 1 he '""""PI ""tOO tOtt t.r.< i> l~><>t ed. The B·blt "'"'" frotr~. tll< iot<rruptint ¿,v.cr 
f,,,m, the l<a•l >igntfiO"nt ¿ bia cf the ~ndie<01 puinter ,.hi!< 1he 1 Rr&ist~• m,¡,. CPU pr,<idt! th< mosl 
<i~nift:ont ~ btl> ofth< p~im<t. Each port (A and 11) ho• an ;.depondeno '""""P' ""<101: Th< '"" 
,¡·ntnc•n• htl ofthe <«>ot "•utomali<iliY m"' o O "'ithw the PIO •inct 1ht poitttor must p~tnt "' '"" 
,,dJ'•""" tnemoty lu-.tton< for a "'mpletr 16-bti ,dd««. . . . 

Thc PIO d<ccodel lhe RE TI IR <lunt f 1om irMtru pi) in>lr"'""" dire.:tl.< from tite CPU d>l< b '" ,o 
th" ""h PIO in the ,¡-·stcm """"'' ot alltt'T'<> whother 11 ,. boina ..;,·,.tetd b)' thr CPU tnl<rrupt "'"" 
r<•utin• "itltOUI any othor communicatton "tlh thr,CPU. . . . 

•• 
.. 

.. ,, • 

•• 
. ·' .. 

77 

1 



i 

Í\ • 

3.0 PIN DESCRIPTION 

,\ Jiogo un <>f <he Z"l-1'10 piu ""nrjgu¡J!Íon LS ,h""" in Fi~ureJ,0-1. ThiS s<eti,>n d< .... ub<> !he 
fnn.:<iooi ,.¡ ""' h pi u. 

BIA Sol 

CID Sol 

• 

lORO 

l~O-CPU )l,, Bu, lbidir<, !Oouol. lmlil<l 
Thl> bus 1> US<.l r~ uansf<r all do!l and comn~>nd> b<t"''" 111< 7../lQ.C"PU m~ lh< Z80·f'IO. 
Uo '' th< ~o,, ,;g,,('"'"' b"ol oftb< bu• 

f'~rl B orA S<tecr (input. le!Í'< higO) 
Tha pin de11nes "-hich pon "''11 b< '"""'d duun& a data trans:or bww«n th< ZSO-CPU and 
the Z80-PIO. A low 1"<1 on thl> P"' ><ltc,.Purr A whil< a hi¡l11ovol,.l«!5 Port B. Of!<n 
Addre" b11 Ao from rh< CPU,.,¡¡ b< u1<d for this ><lo.:tiun fun,•uon: ·• 

CuOLtrol ot O>t J S<icct (inp\1!. """" hitll 1 
Th¡, pm defLnes tl><type ufdatJ !ro~r!IIÚlobe p"furm<d bttv."n <h< CPU Jnd lh< PIO. A 
his/1 k'<l un this pon duung a CPL" """'' to tn< PIO canso> th< Z.8Q dlt> bu> to bt int<l• 
pr<t<J ;o 1 <<m<n:tl'l(/ for !he p~rt ><'l<.:ted by !he Bl A S<l<ct lme. A low lev<i on lhiS Plll 
"""'"' ri1•< he Z.80 do~t" buo is beiog used !o IIJn•f« do!• b<!Ween tito CPU and tile PlO. 
Otl<a Addt<» bit A 1 ft~m th< CPU w1ll be u<ed f~r !h? tUMtion. 

Chip EnJbk (Lnpll! . .l<lhe low) , 
,\ 1~-. !o"l on tho< p<n enubl" the Pi O ''' O(<<pl <~mm•nd 01 dJ<a <nput< fr~n> lh< ("PU 
dtumg 1 woil< C)dr orto tranlmr: do" lo th< CPU dunng J reOd ,;yde. Th" SIJ'l.ll is 
¡enecolly J dtc<>d< o>{ (~ur 1/0 po!t number> lh> t tnc-omp.,,. port A Jnd B. don .lnd conttol . 

Sy>!<<l! Cl,>ek (tnput) 
The no.PIO "'" the '""d"d Z.80 syotem do.:k to synchron<Z< '""'"" >ign>b llltem..Jiy. 
Th""'sin~iepilot.<.:l\lc~. , ··•'• · . . 

\locilin< Cydo On< Sr¡¡ul f¡om CPU (input. active lo"") , 
Thl> <i~.oll ftom rht CPU i> us<d u> syn.: pul t.< lO ~onlrol sevet>l Llll<ln>l PIO oper>L~n •. 

Wh<n ill" ''''" :ond th< RD •itn•l is ''''"'. th< Z80{"PU;. f•"hmg .,, inotrU.:l1on from 
m<""")". Convo "'IY. when Mi" is '""'' ond TOR?f io lCii". <h< CPU 1> ackMwl<dlti,g on 
rnl<rrupr. !ti addLtoon. the .'rl 1 oi¡rul has lwo orher funwon> "ithlll !he 7.SQ.f'JO ." 

l. o;¡¡-,,nchmo[I'<S th< PIO mtmupt !ogi.:. . •' .. 
• 

' llñ~n ~ <X<OrfS ""hool Jtl o;;ti'< RD o'1 IORQ •ig:1llth< P!O !ogi,· oai,,., J """' .,, . 
lnput!O(!u t R<qu<>t lrum Z~O.CPU (<npul. >etr.e low) • 
The !OR llJr!ol is US<d in .:oujunction WLth :h< BIA St!e<:r. C{D S<le.:t. C~. and Rú sig<.Jf, 
<o lransi« 'umn••nd, lnd .J.11J botwe<n !he Z80.CPU and lho ZS~ PI O. 11-ñ<n Cf: RD-<nd 

iOkQ ar< '"'"· t~ort '"~!'"'" by !I'A "'"'!l..!!!""f<l ""'"' 1~ 1he CPU (• ,.,d uper>th1n). 
Co<" or..,ly. "'h<n CE" and ~RO,,. a.; :i" bu t R D " '"" ••ti><. th<n th< pon addre>><<l by 
B ·A v. ill bo " ""'" 11110 f:un1 lh<S!_l.:.." Llh~h<t dJt> 01 .:untrul In fur¡n•ll•'<l JI 'P'"f L<d 
b: 111< C/D Stbt ;,~.,,1. Alou.tf IORQ .lnd \11 ar< JCII"< «mwlllr!euusly. tho CPU LS 
Jd.ao'<l<d~'"3 on m<errup< and <h< u't<trup '"'8 poli w•ll lUtOtnJI <ellly pll<< itl int<rrupt 
"''~' ur• tho CPL" dJtJ bu> ir" 11" lh< ),:¡he<l priority d<""' roqu<i!>n~ a.r intettUpt. 

R<.<d Cyde Sratu< from the Z~O-CPU (<npul.arti" low) 
lf RD 1S .!OlLL<"' \\FI!ORY Rl-...\0 ~ 1:0 RfADopt1•11on Í>•n P"'l:'"'· TI>< RO 11gnJI ;, 
u1<d w,:n B¡ A S<l<ot. CJQ S<!«l. CE. and IORQ <i&nals 10 trJn<f<r dota f1om rhc ZSO.P\0 
lo thr UO-CPU. 

~--------

--



1 El 

1>- T 

---
A STB 

A RDY 

El STB 

ll RDY 

lnltu~pt En•ble In (mpul. IOIÍ"" bo¡.h) 
Thi1 si goal i> u_.d lo form • l"l~rit) ioll< orupl dal!y Jlain "'h<n m•"< th•n om mt<rn:pt 
dri"n devoco i> being usod A high 1<~•1 un,¡,,. pin mdicaiO! lhal n~olhor devicu ofhigh<r 
priority "' beong •ervo<:<d by • CPU onl<rrUpl ><rvJ<< rouline. 

lr.!rrrupl En•ble Ou1 (oulput. oclive b•gh) 
Tho IF.O "gnal "lh< othcr Olgn•l r<qulr<d lo forma daozy chain pnOrOI)" ><:heme. 11 islugh 
only d IEI os high and tM CPU i> no1 """idng an on1errup1 Ioom thi> PI O. Thu; lh" 1ignal 
biMkl lol'er priority devicO> from mo<Oruptin¡ while • hogher pnorit) dnke i; being 
S<J\oCed b¡ lll CPU '"'""upt ,.,,¡,., routine. 

ln~trr'!ci..R•qu"l (ocoput. opon drain. O<IIV<I~w) 
"'h•n 11'-'T i> '""" the ZBO-PIO ;, requ<<lin~ ..n intmupl from the ZSO.(PlJ. 

' 
Poo 1 A Bus (bidir<ctionol. :ri>U!<) , , 
Thi• 8 bu bu• i> used to ¡;an1f<r dlta ,ndiO< "''"' <>r <'Onlrol onfo<maliOn bel,.«n Por! A 
of lh< ZSO-PIO arrd o perLrheral de,-;.,.. "o" thele&51 !iiamfican• bil of the Pnr1 A d,¡a bu>. 

Porl A Su.,b< Pul>< from Poriphoral D. vice (onpu1. aclivt low) 
The m<&nin~ of thi> <ogn'll depond, on th< modo of cperatoon ,.¡ect·.--d for PortA., follo..-~: 

) ) , O"'?"' mt>do: The poun .. edgo of ohiJ otrobe " ; .. ued by tho p<llphuolto 
ae,nnwledgo th< rtceipt nf dota m•d• ovoilable by the PI O. 

:!} Input modo: The ltrube ;, l>IU<d by 1ho penphud lO load dall from th.t ponph<ral 
imo lh< Pon A Input re¡¡mr. Dat¡ isloaded in lO th< PIO "hen th" •itnal is >cti"". 

3) BidlT<Ct>on•l modo: When th" signall> ••ti". do u frnm th< P~rt A ""'PUl re¡i<1<< 
" ~.red onto Pon A bidirocuonal da" bus. Tho Jl<l<il ""e edgo of the "robo 
oc•nowltdges lh< roc<Jp1 of the data .• 

4) Conlrol mod< The 11r0bo " tnhtbolrd lnitmally. 

Regi>l<r A Rtad)· (oulput. ooli .. high.) 
The meanong of lhis OJ¡¡r>'ll dependo on ti•< moJe of OP""'"" >el<cood for Pool A as fnlh,w¡" 

1} Ou1pu1 mnd.: Thi• •ignal K'"""'t"' 10 mdJeal< 1h111h< Pon A ou1put «g""' has 
bter. loodod and 1he poripho"l do u bu¡;, Jtobl< arrd rudy for t"mfer to !he 
¡><r•¡>hcnl d<.,c<. 

2) Jnpu1 "'""'' ThlS !lgnal ",,,;,., whon 1he Pon A inpul ,.gomr i1<n1p1y •nd ,, 
r<,dy to '""P' dal• fwm lile peripher;,l devic.. 

3) El•diroc:ional molle. Thh si¡,nal i1 '"'"' "'hon dar, u o.ailable on 1ho Pon A .,..¡put 
reg~>l<r for ,,.,.r., to th'ñf¡jip~<r•l de vice. In 1hi• mod< da ro;, not placod on •h• 
Por! A dato bus un:'>l A "octwe. · . 

4). ConTrol modo: This •ignal is dl>abl<d •nd for.ed lo 1 low "al o. 

Pon B Bus (bid irecuontl. tr"tll<) 
This 8 bn bus Íl u"d 10 l!ansf<r daiJ 1nd/or IIIIUI ur o<nllrol inforrnaliOn hotweon Pon B 
of tilo PJO ond • portpheral dooico. Th< Pon B d&l> bu>;, copo bit ol supply.,¡ 1.5ma ~· 
1 .5V 1<' dm< D>rling•on '"""'1or1. 80 i1the 1<"' si~noficonl btT of the bus 

Pofl B Str .. bt Pub< from Peripheral D.vice (tnpub '¡j"11vo lo"'") 
The me.nong <>f lhl> si¿nol ;, similar tn lh•t nf A "-"o!h th< follo.,;mg •~cepllon: 

In 1 h• 1'<'11 A bidlf<Ciron•l mode th" "~"' 1 ><robe~ da10 f '"'" o he p<flphe"l d<>·ie< 
onro thr Pon A input"!"'"· 

Re¡¡ister R R<1dy (OU1pU1, .o ti,·< hogh) . 
Tho muning of '~'" "¡;nal ;,.,mil., to 1ha1 of A R<>dr •ilh th< follo" m& e.ccptio!!: 

In ¡he Por: A biduw•unal modolhi;,i¡;n•l o< high ~h.·n 11" Pvn A mpu: rt~l!l<r o> 
<nlply and r«d]o" 1 o <CC<pt dala froon lh< p<riphm 1 dO\"Í<e. 
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4.0 PROGRAMMING THE PIO ' 

TI" 7 <;().p¡O '"'"'""''" .rtl; ont<" l ro;ct m'< wh'" po,;,., ,, , pphod_ Ttu., 1~¡cl st•t• podorrn. the 
folln~ in¡¡ fu •>c1 i•.Hl, 

1) Jl.rth purl Ol.<>k r<~i,tcr< "'' r<><IIO inh1bU o\1 p<lll d11> bitl. 

Port J¡r• bu. hne• "' "'' too hr'h impedon.:c >lato and the !kody ''htnd>hoke" .,gnols ore 
'""'""fimo,·) Mod< lis aulomJii<•lly sdoctod. 

l) Th< vor:<>>r addr<>l r<gistm >re>wl_ IO'l<L 

~) B<1th pnr< 1nttrrupr en.ble flrp no¡>>lr< r<>tt. 

S) Borh port ourpur r<¡mer> '" rt'><L 

lo •ddhhrro to the Julrm>atrc P""'" o~><l. the PIO con be r<S<I by !!![~lyrn&..:!."_ MT <l¡¡nol wnhvul 
th< pr<><ne< of • RO or IÓii.Qll~r~:~l. lf oo RO or IORQ a deU<ted dunn;¡ MI tlle P[Q wal er.rtr H>t to>Cl 
""' imn•oJi>~<l¡· •fw the .\JI >ignol g<><> "'"'""- Tht purpo>< of th" ""''"u> .t!.,. • ""~k e>.terr.•l 
g>tc tu ¡:onerato 3 ""'' "itll->ut• p.>~-« do"n .. qu<nco. Th,.appruoch "'" roquuod duo 1<> th< 40 pm 
podo~.,,~ hmir>tiOI!-

On,·o th< PIO ¡,., <nl<rod lh< inl<rnal '"''' <!OU rt "kdd lh<re Un !JI th< PJO re"eivo. • 'gntro! "crd 
fr<>m rh< C?t.:_ • 

~-~ LO.-\!W\G Tt!E l."TERRllrT VECTOR 

''rno PIO n>< b«tr J":¡;n<~ ro op<roro with rho ZSO.CPU u5Lng üre modo: rnrerrupt r<>;><>n!.t. Th" 
moJe requue> lh•t "" ir. '"""P t V<' tor bo •uppl ied by rho in"rrupring do>ico Th,. ve.;lllr " ""d by rho 
CPL' ro forrn :he >dd"" iot rho in<ertupr scC"k< routin< or ''"'pon. Ttú• '"'"'" pl30ed on tho Z.~O d,l.l . 
o u. Jurm~ '~ inl<t rupl oc~ no~ lod~< -~do by tho hrghe.t prioriry d..vrce "quo•lmg ,,,.;..,, at thlt rrm<. 
(Ro:er ro tho UO.CPU Techno<Jl ~!anull ior dot>rll on ho., on mterrupt" •«•i.:ed by the CPU). Th• 
do.i"d int<trupl ""'"' "loodo.l in lo tho PIO b)' wdrin¡¡ o conttol I',Otd to thc do.i"d p<>rt of th< PIO ~ L\h 
tho folluwing f<ltnlJt: ' ' 

o; Oó D> DO D' 

v•l"kol · 
L •13n1r,., thJ> ~omrol word "an onr<rrupt 

,..ctor 

Dú "u"d o o thi> <JO< J< a 0>¡ bll "'hi.;h "'h<ot ¡.,,. "'""' V7 tht•J VI to be laad<d 1010 the ,-ocror r<¡¡111<r. 
At onr<rrupt a.; •ouwi<Jg' r im<. Lh< ,.,"~' vf th< in" rtur(uL¡ port will •PP'" on th< Z.SO dota bu• ou.;![y 

» >il''"" Ln tho furmat >b<>''-

81 
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4.3 SEl~CTI'G .~.\· OHR..I 11:\C \JODE 

p,.,, A or lh< PIO n>a) he o)'"""d on .ln}' of f~ur do<1in<1 mod"· ~l·odt ú(oulpUI modeJ, ~nde 1 
(mpol modr). \Jode C (bid"''"""'¡ m"d<),.nd \lode J (conl<ol ;nodo]. Smr lh•• lh< modr mm•~<rs h>>"t 
bren •d«lod for nw<monio "Vl'f"'•lli:o: i e. o-Oul. 1 •In, =•Ridur<tiunll. Pon B <>n Opt,.t< in ony of 
lho•e ""'d" '"'P' Modo 2. 

Th< m"de of optr>ti<•n "'"'' b< omblish<d b"" rilin~ a conuol word '" th< PIO'" the fol\~"'"g 
follnOI: 

" Oó "' "' 00 

MI ¡ MO X ' 1 
'--v------' 

modo w01 d si¡nofieo mode word 
lo be ><1 

B1h 07 and 06 fr~m tht blr.o!) -:n.i< for lh< d.,n<d mode o;:.:ording lo lht followins l•bl.: 

"' o 
o 

"' o 

o 

Mode 

O (ou1pu1) 

(mpul) 

2 (bJdi,.clional) 

3 (,ontroJ) 

S<l~!ting ~o dO O enables .,,y dot• "'rltten 10th< pon oulpul "S"'" b) the CPU tobo enobled onto 
:h, por! dlll bus. The conl<n" of the outpul regiuer may ~t ohanged ot •n) Hmt b) 1 ho CPLI "mply by 
"'m:og o r.rw do u wor~ 10 th< port. Aloo tht cuuent contonu of the output r<¡J>ter. mty be read bock to 
tht Z60-CI'U ot any ti:no thro•J¡;h the '"'"tion of •n mpul in•trucl!On. 

\\'llh ~lodo O""'''·' d.to "fli< from th< CPU cau, .. the Re•uy hondo~ake lin< ofthat port t~go 
]tJ¡h 10 n~ufy the ;><liphtrlllhat doto i< avai]oble. TIIl! <ignol rtmoim ht&n Ut,lil • <H<*>< lO ""'"d ÍfO"" 
the p<r.~htr>L Tht ,,;n¡ dgc oftho •trobe gon<rOt<• •n tolmupt (tf a h.-""" enabl<d) and ''"'" tht 
Ro.dy !tne w go '"""''' fhJS '"'Y >tmplt handlh''' 11 >imt]" to that ""d in many ptr.phenl de\ ice•. 

se:«tin~ Mod< 1 P"" thr poli '" to tht input mode. T o <tan h•nd-.ha<e operatian. the C'PU moJel)' 
ptlf~rnl< •n input r<ad optr>tion fr""' the ¡>arl. Th" """''" the Re>d)' h"' to the ptu~h<nlto ••r.nofy 
thot da U <hould be lo•ded tnl o the empty input rtgtll<: _ The pt11pheral d"'"' tho n <ltObt! da u int o 1 he 
pun ioput teg"'" osi.1g tho !110\t< lino. Ag,.n, 1ht rmng ed~< of the <trubt ""'" •n mlemtpt "GW>l (tf 
il ho~< b"n on•bled) ~nd dueto''""' 1he Reody •i~nol Da" m• y be >ltoJb<d in lo the inpu! regislor !<S'fdle" 
of the "'" of tbt R••dy •ign•l if ''" ;, ,.;.,n to prt>ent • d•u 0"""" c~nd!!ion. 

'.lode: "a b,dtrt<tinn•l dota "''"f" m~d• "hith "'" •11 fou1 hond•hoke hn•• Thorefor< only· Pon 
A lnA) be ""d fur Mod< 2 op<r•ttun. \1odo-¡ ortr•tton u~• thePon A h•nd1hako .,gnah for outpul 
wnttol ood th< Port B hand!.hAk< <ignalolor mpul controL Th1'>, both .\ RflY "'d B RDY m>y bt oclt>< 
'imult;,ntnu~y. The onl)' u¡><raiJM>l dtff"'"" btt,.t<n Mod< O •nd the output portian of Mode :" lhot 
dJtd fr<•m lh< Pon A output r<g«ltt J! •llo,.·rd on to lh<po."l doto busonl) ~·hon ASTB os oc1tve tn <>!d<r 
tn orh ;,." " Ord "'"'"'"] .op• hihty. 

II<>M) Of"'taUon io intend<d fut "'"" ond <utmol •¡•plications •nd Joes nol utthle t!ot h•nd>!Uh 
>i,n•i•. Whcn ~todo J J! "'''"'d. the nut wntrol ~urd !<nllt• \he PIOmuu defin< ,.¡,¡,h ofthe pondat• 
h~> lmN "" "'he '"P"" '"d "hido •ro o>Jtpun Tite f~''"'' ofthe ononrol wurd" •h<w.-n l><l~w: 

-------- ---- -------------
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lf >OY bit" 'ICI '"a on<, !h.< ro :hc '""«¡>.>nJtng d"'a b,, line ~ i'\ i>< ul<d U'" input. Con•<"'-"1;·, jf the b11 
,.,.,.,,thclm<~<dlbou••d••>nourpU[, · · ' 

O.u;ng \I<>Je ,1 <>p<ration t/1< "rub< ~sn>l i> •¡nurod oncl lh< Ready lin< "held In"·· O.t• ma) be 
.,,;non ru a pun ur ,,,d from 'r"" by th< no-CPU" any tirne dunri,M<>.i< 3 "P''"''""· Whe10 r<Jdiag 
a purt, the dJt,L returneJ lu th< C~U ;,,¡¡ bunmpn"'d of mput data fr<>m port dJI> bu;~"'' :U<igtled •• 
mpu" plu< puit outpul r<,;ht<r d>!l from thul< hn<l a.,i¡ned asoutpun. 

44 SETII."G THE INTERRUPT CONTROL WORO 

The intetrupt <or"'ol "''"d l~r <>eh ¡>o.>rt_ h·., thc follo~<ing formot; 

D ' " o• - 00 -
úwbt~"'' :"DI "•" ""'' • ' ' ' lntmu.l o~ ' w• tvllo~, 

Olj!nlf>eo 101eorupt Nnlrol word 

JI b11 07~1 th< tn!«rllpl <noble flip flvp ofthe pu<l i> !<l :md thc porl ""'Y gonerole an int<rtUp!. lfbrt 
D7•0 !he <nJblc• fiJ~ ;, ,.,., ond irnarupti mJY not b~ 3<norot<d. lf on ont<nupt i• ponding "'"'" th< 
enoblo fiog i< ><1, " w¡ll thon b< on;ill<d onto th< CPU intenupt roqu<>t lino. g,,. 06, 05, 1!1d 04 are u>td 
only """ .\krd< J op<rJtion. Howe•a, .. tung bit 04 ~( tho tmcnupt control word during aoy modo of 
oP''"''"" "LII """"'"Y pondin~ mt<rruptto b• r<><t. The<o th,.e bit> aro u•ed to ;¡ltow for intorrupt 
oporJtiun m Mud< J wh<n Jr.¡ ¡roup of lho 1/0 ltnn SO lO -'<rtoin defin<d oto! es. Bit 06 (AND/OR)~ofor.<> · 
thc lupc.ol o¡><utiun to bC p<rfr:mn<d in port morjtorin¡. lfbit 06-1, an ASO function is ¡poclfied and if 
Q6q), on OR function t> >pecifierl. For <>.~mplc, iftho A:o;D funotion i• •poctfied, o\1 bils mu<t go to 1 

op<dfkU •tatd•ofc•r< •" uuerrupt will be ¡enera,.d wl~lc thc OR funotion will g<Mlll< an Lntcrru,.. if 1ny 
•p<cifi<J bl! goo• to theo.:ti<e •lltc. -

Brt 05 der1r>eothe >.:tJV< pc•brity ofthc purt d•ll bu• lino lO be munitured. lfbil OS•! theport d•b 
Ion.• are mu!!itc>r<d for' Oigh •t•« "·hilo ,r Dl 2 0th<} "'ill b< murtitored for •lo~< mte. 

[f bl! D4•lthe nt<t oor.trol wod 10nt '" the PIO niust d<fine o mJII. » fulluws: 

07 Do 05 04 OJ 02 DI D<l 

1·~1···1···1·~1·~1···1·,1···1 

• • 



5,0 TIMING 

5.1 OIJlPL:T .\fOllE (1101\E 01 
' 

fJg"''' 5 0-1 ollumar.- th< thlrln~ '"~"Íli<J wuh M,,.¡, O Optr>tion. An oulpul ~y el< is alwoy• •romd 
by th< <«,\J<iun of >n ou tp<ll imlfu.:tr<rn b~ th< (PL'. A Wk • pul"' il g<n<t>l<d by the PIO durin~ , CPU 
1/0 ""!< <>p<<lll•>O and i; u<,•J 1~ l•"h.t!)< d,¡; from th' CPL dat• bu1 rnlt> lh< addr<>std port"~ (A or 8¡ 
uUI?LJI ro~imr. Th.- ri5ingrdg< Q( lhe WR• pul" tOen roiiO> !he Rr•dy f]Jg •fter th< nexi fallin¡ed~< uf-1> 
<u illrli.:ote thar d"J "av>rl>ble for th< P<rtpher•l de>kt. In m.i<llyot<:m< the min, edgo oi the Rt1d;· ¡ign>l 
.:•n b< U>OJ 4<" btching ;i•rrJI in tho p.npheral de,i« if d<>ir<J. The Ro•dy •i&~-,1 wUI remain acttve until: 
fl) a P<'lilr'< oJ,¡< h rccei~<Cd frum the stlobeline indio>ting that the periph<r>l ha; l~hn the dato, or (") 
tf olr<>dy 3di•<. Re•dy .. ¡¡¡ b.: forceJ lu\Oo' 1 ~<S> C)'d" •ftcr theleoJing ed~c uf IORQ if the port"> o_utp_!!l 
''&""' i• "riHen into. Roody v.11l return high on th< fim fdling tdge of4> lftu the U>iliog edp uf !ÓRQ. 
Ttm ~<>Montee. thot Reody "low whtn por< data'' chang1ng Th< R"dy >ignal wtll not go inacti.,.. un ti! a 
follm~ ed¡< uccu" un the do,• k(-!>) !in<. The purpu>O of deloying the ne¡atL'e traru.itlun of th< Re,.dy •ignol 
untol afltr a n•~•tJVe dock t"n•nion i¡ that il allows for a ••ry'sinople generation ..:heme for the ><robe 
pul"- 8>· merely connoctong the Rt>dfline te th< Stru~ l;ne, > •trobt: wllh • dura<i<>n of one dock P<ri<>J 
w1ll be ~<nor.ted ·~i lh no ut htr lugtc r<qu~ted. TI>< po>it;« edge of th< >trobo pul« '" lomdtically gen<r ol<' 
;n [\') "4U<;t ,r lh< intenupt enJblo Orp flop h.t• been stl and thi• dovioo ;, the high"t prionty <k' ice 
rtquestrnJ an m«U<>pr. 

lf ¡¡,,. PIO Ll not iro a ""' "'"· the output rtg"ter m•y bt lu•deJ btfore muJe O is >tlecud. Thi> al] o,_,_, 
the por< outptLtlme<to b<cunte J_.:ti•• 10 J <>«< deilned •tJte . 

' .~~~~~~~~~~¡~~~~ n· ... _.., 
"""'· .,.o, 

"' n·.·~-0< 08·1000 

FIGURE $.0-1 
MOOE O lOUTPUTI TIMING 

S.2 J~l'UT MODE ~!OOE 1) 

F1~ure S.0-2 ollumot" the ti mm~ of on input cydo Tho porlpheralml!iat" thi• cycle u• in¡¡ tho <trube 
l!ne ,¡,., tho CPU~ .. p<dormd • dU> lt•d- A le" lovel <>t1 thi> line loJ<i> doto m tu tho p<>rt tnpul rogi•t•r 
zr.~ •,!--e ri<ing <dge ~f the <tro>bt lio< ''""te• the "tnt<rrupt rcqueu lin• (1ST) if the intomlptenzbl• ¡, stt 
Jnd thi< ;, th< ¡,,ghest privrity req~esting de>'i'<. The nO<t falling odge ,¡f thc dock line (41) willthen ,,,.,¡ 
th< R<Jdy lir.< toan In" ti" otJte >ignlfyLng that the input ro¡¡iU<r 11 IUII and fur:h<r lcoding muot bt ' •· 
L~l\!b,t<~ until th< CPL: reoJo tho dlt>. Tht CPLI v.illtn the courst ofu. int<rrupt str>lco rourint, rtld th< 
dat• frunt !he inl<rrupt'tng port. 11-lten llu• occuro, tho po<itivo edgo from th• CPU RO •i¡¡nll .. ;U ni" th< 
Read; lrn< with the ""'low ¡uiog mn>itiun of4>, indlc~tlng thot new doto can be lo•ded in tu th< P..!Q__ 
lf alr<J~Y a.:tovt, RtorJy ;;¡ll b< fon:<d low cno ond on•·half 4> perl<>dl. foll<>win¡ tht le3dJng od¡e cf IORQ 
durrn~ J rtJJ ~fa PIO p<>rl. lf the uoer mol><• d>t> in lo the PIO only wh•n Rtody i< ho¡lt. th< {Ot<td noto 
of R<JJ¡ wtll P""nl in?ul rooi>ter dau fmm ch•n:~orog whil• the CPU i; reoding the PI O. RtadY "ill gu 
high ,g•in afttr the tr.dtr.& tdg< ufth< !iJRQ •• pr<'iuu¡ly d~r.:nb<d. 

FIGURE "i0.2 
MOOE 1 lt/I¡~!.!T] TJ,·.:¡f;G 

.-·-·--
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5.3 BllliRfCTJO .... AL ~100[ p!ODE 2) 

n,, ñwdt is m<'I<1) a combinolio.i o[ Modo O •nd \lodo' 1 using oll f~ur h•ndshake line<. S1ne< it 
rOquue> a ti f<>ur lm.,, 11 is 0\"oilabl• cnly o" Pon A 1\.'hen lhil n•odo" Ú><d cn Pon A, Pon 8 tnuu bo <el 
lo thr Bit Control ~lod<. Tho mne intorrupt '•c•or "'1ll be mumed for a Modo 3 'rnrenupt on Por! B .md 
.n input n•mfer in~ráu~¡ durmg .\lodo 2 Opt~>tl<>n of Pon A. Ambigui1y ;, o•oidtd •fPort 8 i< oper01ed 

• in • polled modo ond rho P~rt R m><k ,.g;.,., ;, wl ro ii.hibit all bin. _ ' . . . . 
rigure 5.0 3 rl!u" '" ,., 1 h< lLming for rhis rn<>.l<. Ir " almost idonti"l ro rhat pre1 iously Je"ribrd for 

M<•d< O and Mode 1 with !he Pnn A hand>hakeline~ u<ed for o'ulp•n con.,o\ •nd the Pért B!Jnes "''d for 
input conl rol, 111< dJ fferon<r b<1 ~<en th< 1"0 m<>d<> is thaL, in Modo 2, dol• rl •~ov.od out unto th< bus 
onl)' "h<n lh< A •uob< il lu~·. Th• ns.ng <~¡e of lhi> moho can be u.-d to l"oh the doto inl~ th< ¡><llpheral 
<~nt< th< d•u will r<main mbl< unltl afltr lhn od¡<. Th< in pul portron of -~lc•d< 2 0~11" id<nliC311)- 10 
\lod< l. -"~te 1l1>1 both PortA ond Port B mu11 hav< their íntorru~to enahltd 10 aehieoe at1 interrupt drivcr:t 
bodrr<ct•un•l transf<r. ' - ' 

• 
• --.. --------¡_ 

•••• 
. .--¡;;; 

·"'"' 

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

' 
.,. ' _, 

, , rr 

. F!GUR( 5.0.J ~ 
PORTA, MODE 2 j8tDIRECTIONAll TI""'~G 

" 
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Tht r<riphoral ·~~ot g.,< do u onto 1 port do ti bu. whil< A"STB is •ct!..•!· Bus C<lOt<ntion ¡, ••~ided 
if thr periplleral u.et B SfB to gate Input dJ!a unto the bu•. Th< PIO "'" ,¡¡, B SlÍÍ low le;ti lol.tch tlll! 
d>~•· Th< PIO h•s boen d<.,~n•d "·ith • '''o hold time r<quiromenl for th' dou "'~'" la!ohing rn •lli• modo so 
lh•t this >1m pie ~>ling slruetur• "can br U'<d by 1h< prtipherol. Thtt is, the d.1u c.n b• 'disol:llod from d"' bus 
imm,ó>tely anor 1h• >orobt ming edgo. ~ 

S.4 C"O~TROL MODE ('>!ODE l) 

' TI>o e~ntwl mode doeo not utili•e the h<nJ>hok< <ignols ando nonnal port "lit< or purt re•d ... n be 
e>ecut~d •t <OY 11m<. ll"hon ~<riting.lht da ti wtll be l>t<hed in lO output "gitt<rl with the <an;e 1iming '' 
Modo O. A RDY will b< fut<td luw ,.·hor,over Por\ A Ü operoted tn ).!~de 3. B RDY will be held lo"' l<'h<f><~r· 
Poli B i• oprrll<d in .\lo: o J Lr.len Port A is in Mode 2. In the buer "'", the ,ut< of B RDY will n,.t bt offect<d. 

Whon t<OJing the ?JO, lh< dJ!J 'teturn<d-lo lhe C"PIJ will be oompo«d of outpul J<gill<r dota fr~m tho<t 
port data Hnos '"igr><d JS ~utpuu •nd input regi<l<r data from tho>O port <lo U !in01 o"i¡ned., ir. pul>. Tht 
in pul regist<r will (0n1ain dota which ,.,.., pr<scm lmmediololy, prior lO the fallinK edH< of RD .S.e fi¡ure 5.0-4. . ' 

• ... . ., .. .,, 
.-.--. 

o,- o, 

~ 
"'""'"'"' 

1 
,. 

__ __,c;g)---'·--·"'c-· -

··~, .. -..... ~•·y-·- 'L,.-::...,. ... ,."0<'"" .~ 

,. 

-.1.:•-------·--· .------·------
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M '"'"'"P' w;~l b< ~"~""''~ L(LB!'ftUf'" f!<lm thc p~f1 >!t tn>bl<d ond the d1ta on thc pon di!• lin<o 
.,,¡,¡¡ ·. ¡~,.. :.,~;c;l <'1""'"" J<tla<U b) rho ~.tln rH.¡<\. •nd 2-bLI rnask ;;ontrol r<~i>!er<. Anoth<r im<rtupl will 

n<>l be 6"''" ,¡,d unt:l r 'h"''g" "''"''in rho """'uf the lo¡¡ic¡ltquotion. A Mo~e 3 rnterrupl Wlll b< ~onor
•ted clnl)' if lh< reoul! of' \J<.>Jc ) lo~oll U¡><r>tion dun.;os fmm fah• (O true. For uample, J><time that lh< 
lllod< 3 [,g.c>l eq<>•tion ;, Jr. ''OR'' functiun. An unm.-:.ed ¡><>U Jat1lin• b<<omo:s achvo and 10 inl<rrupt i> 
requ":d. lf , "'-'<>ncl unc.u,keJ jl<l<l d>t• Hn< l><cmn"' ""'' ~oncurrenll~ with rhe fin;t, a ncw mttrrup< WJII 
nut b< rc~t~e~:oLl \mee J doJ<~g< '" th< "'"1! uf th< M,,.¡, 3 logoc;l upe:•tion h•• not O<<umd. 

lf tilo "'"h nf • logr,al up<rali•l" b<con~<> !rU< immdutel~ prioc loor dudng MI, ¡n inl<rrtJpl l<'ill be 
'roqu«I<J afr<r !h< lrJLhn~«l!J' a[ ¡;:ff. 

6.0 !NTERRUPT SERVICING 

Sumo rim< afrer •n i"r"rupt io «qu<>«J by th< PIO. the C~I.J wrll >Ond aut atr <n!erruptac~nowl
<d~o (\IT and fókQi. Durru,; rhi• lin,. th< in<crrupr I<'J:I' of the PIO ~rll det<r"'ino th< hrghe<t prionty 
pu11 ~hi<h ¡, r<qtr<>lin, lO <fll<rrupt. (Th"" i>mply th< JO> ice ..,¡¡h 111 !nterrupr Eubl< Input hi¡h :>ud 
1!< ln«rrupt En.bl< Oulpu 1 lo"). T n rmure th•l lho d3lSY chnn on>blo !inou,biliu. de•ic<r ;r< rnhrb>t<J 
f10111 .;hJrL~in~ ¡h'" ""'"upr «G""' >1Jtu< wh<n \¡[" """"· The hi¡he>l pnor'L!y device ploe<$ rhe .:on
/erl" r>f 11> rnterru~l ""le>' "~'""' •>•rlo Lhe Z80 d.tJ bus Jurlns orH<uupr >cl.n•Jwied¡e. 

hguro 61)-1 rlluu!Jl<> th< rrmrn~ ·""'-i.t<d ~·ith int<rrupt nqu,.rs. Durrn¡ ,\11 time. non....
'"''"urr ''~""'" "'" b< gener.11<d. Thi< giws rinoe far th< lnr En.ble r.it-~•ls lO ripple rhrouglr up tu four 
PIO '"''"'" Th< PIO wirh 1~1 hig.h •nd lEO¡.,,. during I~TA wrll place the S.b¡t interrupl vect~rafthe 
JPPI'>)!IiJL< purl on th< d;IJ bus ll rhi• Irme. 

' 
'"' 
lORO 

'" 
"' 

lAST T 
su. u 

IO~OII.NOMi INOICATE 
INUR RUPT AC I(N0Wl e OC! IONY Al 

'' 

FIGURE 6-o-1 
JNTERRUPT ACI(NOWtt"OGE TIMING 

!1' .111 '""""P' r<~r";t•d b)' lh< PIO ¡, ockn<lWI<dged;the requestiirg port i< "under <l!f\lc<'. lEO of 
rru; pull v.11i ,.,,,.¡ir law unlil l r<!Urn ftum inr.rrupt rnuruotian (RE TI) is e.«<Uted whrle IEI of tr.. ¡>Ort 

"hi!Oh. ]f '" int~r<Upt "~'"" "n~l •<knov.l<dg<J, lEO ,.i!J b« forced lúgh for OM ),!] cyd~ •fl<r lh< PIO 
de,-ude• lh< J;>colk ·~o·. Thi; actmn Jólla<ont«< lh>trhe rwo byt< RETI irmfu,tion" d<cad<d by the proper 
PIO pml. S.e Ftguro 6.0-2. - · 

' 
Figur< 6.0-J rllu<tr.ll<> J typi<>l """d in«rr""upt "'q•;enc. rh.r <ould occur wrth f<><11 par!> c<>nnoct<d 

in th< d>rsy ~tui.,. In thi, .. "<"'"'' Porl CA r<qu<>l< and L>;¡t3nt<d >n illl<ttupt. 'olñtle lhi> por! is h<rng 
"'"'"J.' h'r~or piL<><'IIi P"" ( 1 B) r<que"' and ·,. gtJnt<•J '" rnl<rrupt The .. ,v;,:, rouHn< for th< hr¡:.h<r 
prrol<ily port is cnmpl<«d a<1d • RET!tn<tru..:!r<l<l "'"cuted lo •ndo<>l< lo rhe portlll>r i¡¡ rouriner> 
compl<l<. ,\ 1 ohr> trme th< s<r~·i,·• routin' or th< low~r pr iorilY pml io compl• "d, 

.--'''-----~------- ---·---- -----
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FIGUAE602 

RETURN FROM INTERRUPTCYCLE 

HIGH~ST PRIORITY I'ORT 

{P RT1B '"' 
,. ~ PORT ,. liT 2B 

i Hl "' "' "' "' '" "' '" "' '" "' '" "' 
1. PRIORITY INHRAUPT DAISY CHAIN BHORE ANY INTERRUPT OCCUI1S. 

' 
. UNDER SERYICE 

i Hl "' "' " " '" "' "' '" "' '" '" '" 
2. PQRT 2A REOUESTS AN INTERRUPT ANO IS ACKNOWLEOCEO. 

UNDER SERVICE' SEAVICE SUSPENDED ' j Hl "' " " " 1 F.l ,jEQ "' '" '" '" '" '" 
3 PQAT lB INTERIWHS, SUSPENDS SERYICING Of PORT 2A. 

' ' 

SERVICE COMPLETE SlRVICE RUUMEO 

j Hl "' "' " " "' "' '" "' '" '" '" '" .. .. 4. PORT lB SER VICE ROUTINE COMPLETE, RE TI ISSUED, PORT 2A SERYICE RESUME D . 

[~~=~~~~~G~==~l . sER VICE co~PlETE ~re1 reoj "'' jtet tEO~~IEI JEDI Ht ltEI 
5. HCONO ''REH' INSTRUCTION ISSUED ON CQMPt.ETION Of PQRT 2A 

FIGURE 6.0 3 
DAIS Y CHAl N INTERRUPT SERVI<::INC 

lfO~ 
SEAVICE ROUTINE, 
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7.0 APPLICATIONS 
' . 

7 .l E.\ TE:'> !JJ.\"(; THE 11\TERR UPT DA lSY CHA IN 

Wolh"uo "'' <<l<r~al h>s'"- a m>'""""' uf four Z.OO.PIO diVl«• may be daisy ch.. in«! in10 a pnoruy 
onl<r!~pl ;rru«ur<. Thi; hmU3!Í<>n " r~irtd "' do.u ¡he inlotru_Et <n:lbl< sutus (lEO) rippl"' lh<oug.h <h< 
enl '" ch0111 b<r"' "" the beginning o f ~11 , •nd the beginn tng of !ORQ" dunng "' in!<rrupt oc~nowled~< 
cyci< s,,.,, lh< Lnl<rrupl <nable >l>Eus canno1 chang< during MT. lh< vootor addr<>> relurnod h> lh• CPU 
;, "'""J 111 be ltorn lh< high"' p!lority d.vk< wh>eh "qu<>l<_d ~~~ interrupt. 

11 m~l< thaol four 1'10 d.-oc-. ntu>t b< a<~ommod>t<d, a ~look-ah<ad'' mue! uro may be ......:1 as 
"'""'" m Fo~u« 7.0·1- Woth thi, te,hn•quo mur< than tbry P!O'o may be duined togerhcr "-1111¡ uandord 
Tlllugi<. 

' . . .... 
¡:LJ ,---- ) -

.. ' 
;:¡ 

• ' - ~ -• .. . 
''·' 

. . 
·¡_ r;;; r.;o r.;; r.;; '"' "' r.;¡- Ir,;;-

'"' ,, "' "" "" ",, ~ '" '"' .. " 
.JL'!Ln: lí ,'?< '7\ . 

'"]---- . .,. ,,. - . .. • • 

FIQURf 7.1l-1 
J. METHOO Of EXTfNOING TH,E INTERRUI'T.PRIO~ITY DA.tSY CHA,tN 

' . 

12 I¡Q OE\"ICE ll<o"TERf..\CE 

In ,¡,¡, <'.lm~l'. lh< 730-PIO" oonn<O(<~ lo •n J/0 "m•inJI ~ • .," whkh ~ommunicot« ovor on . 
8 b" P"Jii<l bidire.:tion•l dot; bu, 01 ollu>trlte::l ·.., f\gurc7 .0·2 . . '.lodo "! op<rati~n (bidir•ctionol) i• selo.:ted 
by ,,.,d,ng lh< r~llowio¿ con11ul v.·ord to Por! A: ·- ·- · · , 

"' ·o¡ DI• 00 

[:_J,_o i_x _ __¡_x~~~=i] 
·• Modo Conuol 

.· 
•• 

,, "'' 

• 

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

FIGURE 7.1).2 

EXAMPLE 1/0 INTERfACE .. 

' • • • 

• 

"nt. lho P'"l'" ¡nlerrupt ,:,clor" loaded (referto CPU Manual fcr del"'l' on lhe opor~uon ofthc 
inl<rrupt). 

m "' "' m '' 00 

V4 ¡, V3 o 

• 

lr.ttr!_LP" "' •h•n onobl<d b)· th< mm!•dv of the fint m of1or th< intrrr~rpt m"d: .. ord ""' nnl•" 
1h01 M 1 dcfon<~ •n rn<or1~pl "'"""'~ cyclt. Jf a mask fnllows !he llll<rrllpt modo word, IOI<trnpa >r< 
<n•bl<d b; 1 he min3 edge of 1 h< fLrU MT following the «Hin! of tho '"'"'. . , 

•• • •• 
O.ta con""" b• tr>mferrod brt""''" 1hc ¡><rJphtral ond th< C:PU. Th< "ming for lhi• tr~;¡., ;, .., 

d<>w~ed '" Soclion 5.0. ,. 

_ .. 

---·-----

• 
' 

--------
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7.3 CO.\TROL 11'l[RfACI' 

A 1' pi< oil con! rol "'"d' ;pphc>t<on " ,/lu"" le~ i11 Figure 7 .0-J. Suppe»e Jn indumt>l pro'"" is lo b< 
nwn"u«d. The "''""'"''' of >ny abth.>rmill oper•lm~ cond•toun iota be rt¡><.>r!<d lo> Z80-CPU baS<d 
COI!Ituls;-st<m. The pro.:o<> control :md 0111ois word h>< thl: followU.¡ form<r: 

Do 
r' T"'" s,.,. .... O• .. , 

/'ow<t 

---

ll . ., ... " 

p"~" "" '"" F•~"" "'"'""'' l •m p. ll< ..... 

~- ••• ~ •• 

' ' 
l»"O • 

Pt<Uot· 

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

. """'" 
~· ., 
•• 
•• 

... ,, '"' 
lUAN CN ""'"-

.... ·~ll .. ,.._ 

"• --{)»-----""'' ••oo •• ,._ 
"" 

AOOR"S 
O<,Oo>R 

•• 
' •• 

~ 
., .. C!O ~ 

. 
FIGUJlf 7.0.3 

CONTROL MOOE APPLICATION 

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

. 

'""""~'"'-
J'ROC( .. "G ....... 

. 

Th< f'lü m:. y be o!.td u foll<>w>. fi"l Porl A is 101 for ~ade J Operatoon by writon¡ !he followin¡ contr<:>l 
word 10 Pon A. 

DJ DO 

X X ' ' 
l'rh<n<vet \IoM J " .. l«ted,lh< ne~t control word «ol to Lh< pon mu¡t be•n 1/0 scl«t word.ln th:s 
u,n, P• "• ,. hit 10 lel«' por< daiJ ¡,., AS, AJ >nd AO as inpuiS and so <lt< f<>ll""' in1rontr<>l "'O'd is 

"'"'""' 
o.• DO 

o o o o. o 

DO 

o 



- ~n inlt!!Upl con1r<>l wo•d ""'",.ni 10 lh< pon: ' ., ., . ' ·, ' 
"' Oó "' " " 00 " DO 

' ¡-.l < ,, • 

o o 

&.bit o• A,\iY< 
~· '"'""r" ~...,, ••• Follo•·• lnl<tfOpl CMl<ol 

" o; D< " "' " DO 

Seltcu AS, A.' aod AOtobe munituted 

l'>~w. ,r, "n;or put•a high ]ove] un lino AS, A3, or AO, an intonUpl roqu<<1 >di t>< gcneratod. Th< mul, 
"'"'d m•r >olrot •nr <Dmb•n.,wn ofinputo or outpu1S to oau•e on inte~rupt. F"' exampl<, if th< mask 
'"''d JhCII< hod bern: 

Oó " 
o 1 ' o 1 

A .. un1o thal tht follow•n¡ P'"' ouigt.rnen" .ro 10 be Ultd; 

EOH~ Pon A Do~a . 

EIH~run a Da1o 1 

E2H~ Pon A C conLrol 

E3H~ Pun 8 (' un~r<ll 

.. 
DO 

All putl numhr> are ;, ht"de<>mal noli\10n. Thio P•••icuhr '"i¡¡>omtnl o f pOr! numb<n ;, <vn,enient 
,¡,;" AQ ofth< addr<¡< bu>"''' bt u,.d., :h• Po,¡ B/A Seiectond A] oflhe .~dr<" bus oan be mtd., 
1he Conlr<ll/D•" Sele<1. The Ch•P Ellabl• "'·o¡.Jd be !he decodo of CPU •ddre" brls A7 thru A2 (liJO 00). 
:O.:ot< th•l tf MI}' • fh p<rrph<ral d<•iceo ''' b••~>& us<d. a Chip E noble d<ood< rn>)' not b< rcqrmtd sine< 
a hr¡;h" ord<r addr<f> bn ooold be Ulo!d direclly. • • 

" 

' . . .. 
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PAOGRAMM/NG SUMMARY 

l.O.>.IJ INHKRUPT VlC IOR 

¡;,¡ ~, V> V. " " v, 
1 

o 

SET ~IODE 

M' MO ' ' 
~ '"o Mud< 

o o Outpul 

o ' Input 

o Bo d no;: liun.1l 

B" Control 

Wh<n sele.;tin¡¡ \loJe 3. th< no~: "~rd "'"''"' lh< 1/0 Regi>IOr: 

·' l/0- 1 S<<obillú Input 

1/0- O S<ll bit 10 Output 

92 

1 

1 

8.J SfT 1"-HRRUI'T COSTROL 

-
'"' ... ~[)' H>jh/ 

""' • 1 J o ' ' ' En·bl< " ~- Follo~• 

li><d tn .\!oJo 3 only 

Jf the ··m,_,~ ¡olio ... {' bl! io hi¡h, the nut con!tol word wnt<<n to the poct mustl>< the mul:: 

~lB~ O, ~loolilo>r bLt 

~~ • 1, .\ll"' OL[ frum being m•Jrutu«J 

Aho. tho onterr·•pl o.t.1bl< tl•P tlop of• poJtl "'"} b< ><1 ~~ ''"'' with<>Ul mod1f)tng the r<ll of th< l<l«rrupl 
onn ~rol "'0<d b 1 u>ing th< follow,ng comm,nd 

-------------------
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s,,,,,,. ''""•'"'"'' 
~--"···0-· '"''""'' 
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D.C. Char:•c~t>ri"tics 
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General 

."rRt•Cfi'RF- . fn·d l«hnoiO$Y 
• ,\" channel " « ' 
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lotoon· " ·r· on-~a,. • 

• ~0-pin DW l 
•• f 'V~o)\'"'"PPY •S·n~•- ' r, 

~ cjV<eoc. 
• <;in¡lc-pua> TL '"mpaoiblo 

d outpu\5 1 • _._ 11 inr.n• an 

~-(.Hl'R(S ·hannols 

----
lnformation lO U 

.... 

<h~d CR<:e codts in n ~~n~raoo and rammod \O 
Thc Z80-SIO <a odc and can be P;~: de• icr a),o 

any "n<hronou~ m n •ariou• m<'d••· h channol•. In 
·hrd ·data ir.oogm¡ :,m <ontrOII in bot «d~d, the 
' f for mou 1 aro not n ~., faCJU\ts ~.,. ~ontro • r "'"""' o.o. 
" · ,.here '" f ••nora ·P ~-applic>uon• be u•<d or 

~- control• can mouem 

ratt ,, . 1,,, quadrup ·,"' dala '"~" • Rece\ bl . ~uffnod. 
mmer d~u ~ . . . "} 
.... ~- Ul f<O!UT<I. 

• :-o<ynohrrono 8 buslchdt4(!ft 
•S"6"7or ··-. · 

l>urr~rod; 

• l·l·~~rl.,opbon_ 
• d no pan!) ;tJ~ 

, E•en, od or ~ ciock m.;> -• .. _ "3~and :... 

d full duplo' ' d .. · • y,..
0 

indt·pon '"' · . ""·nohronous mn · 

·, -··:·":"::"""~'":' __ ·· __ - ____ :_ ____________ _ • Da o~ rato>'"'·' n~ 

--- Ji--~~~~~:·::.:·;~"'' 
---

, o<1~r-" 16, J<' .- d dto~c¡;on . l
·oak g<ncrauon an . • error d<~c-<:t,on • · nd framon ' Parity, o><rrun a 
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• 1\ina<o ')nchor>n~u• fcd\Uot>: 
• lrH<·tn•l or c•tcmal ch>rM\Of ,)1Choonization 
• Or.e "' t~o >)OlC eh'""''"" in <c¡•araiC regi>lerl 
• ,\LJ\nnl~tic •}nc ch~racter 1!>\<rtion 
• r •e grn~ra1'1on lnd chrcl.ing 

11 lltlt e and IB\1 'u' e f '"''"""' 
• Alx>rl <r<¡u.·n·• ~·-•"·rati!>n and drt.--lion 
• Alll(>nlalk 11'!0 in<orlhon and dol~tion 

• Au1omatic 03~ in•rrtion hr:•-.on "''""1~' 
• Addr<>l fidd r<C<'~nition 
• 1-f«ld residur handlina 
• \'alid <r;:-oi•e m"">age• p<ot.--ted hom overrun 
• CkC' generation ,,nd <hrckins 

11 Separa1e m<"lcm eonue>l input> and outpim for bo1h 
ch .. nnel> 

11 nC-10 or <'kC-CCJfT bloc~ cheü 

11 Oaiq-e~"'" pricon:y·;nioirijpi loik. Prco,idO:,~uiO
:· # r..; : ie inl "" "pt , "'tbring ·,;;¡¡houl •'••rni.II011id' 
11 'lcodem ""'m can be monitored 

Pin Oescription 

D0 -D1. S•·¡¡~m Dattz 81<1 (bidi1ectional, 3-state). The 
-"<lem daoa hLJs traosfers data and commands bot..,een 

-· the (PU and th~ Z80-SIO. Do;, thel:~ut •i&nifi~ant bit. 

11/ A. Cl;ul:llel A Or 8 Selecl ~input. High ><lcct! _C.:h!l_n-, 
l¡~~ 11). Thi• tnput denne• "'hich channcl ;, a«,,.d 

dur1og 1 data transfer hetween the ceu an~ ''·' 
7.80-SJQ, AfldrcS!,hL: ~ from lhe CP::,i¡, ;:f:en u'<"<f ',-..-, 
_#l_e;~]~lon_funct!owo • ----~·--'···-- · 

t:!l). Control Or Dt>lo S~/P(I ¡;'ñ,,ot, Hi~h '<o:¿c\.1 (',,¡¡ •• 
¡· trol)¡ Thi• inpul de{jne> the type_of inf.ormation l:anl-

ler per(Oimed bwHen the ep¡; ""d the ZS0-~10. A 
-li~h·a'(thii input dui-iñ¡ a áti ~<ritC'to the Z80-~l0 

ca""' the inf"'""'linn o:on the dat• bu• to be in•,·rpoo'lod 
a<~ conomand fo1 lhc•·h~nnrl ;cle<lrd b~ 8'~- A l. V"' -•t 
uü rnunslhotth• iMo[mititm on thr d•la ~u'{,~,,,_ 
1\Jl<lfeu b[!_fu ''· '?f)"~~til . .[,ó_::)hl¡- n •• " lion...,-

"CE~ C.IIIP Eoob/~ (input, a<li\e Lo,.,). A lov. k' el at 
thi• ipp'Ut ennbl~ lh~ Zli0-SI0 LO ae,ept C<'Hr.w;nd or.~. 

•· .. data ill2!t~>.fn;on the CPU during a'"'" <:)d~:Or to 
· tran<mit data 10 the CPU during a <ead c}<l<. 

~- System Clrxk (inpu.!). The ZSQ..StO u>e• tho •land
ard ZBOA S) 11cm Clod to ~~nch<onize inlel nal •i¡¡nal<. 
Thi< i¡ a <in~le-pho•e cl<>ek. 

'' 

Mi:.¿¡tzCju~~-Q'Cli-Ó~e- r,Dptn "!!:2"' 'Z ~C>· e P u , a.: ' i ' ~ 
low). When Mi i• a\:tive and ~o ;, also a\:ti•·~. the 
Z80-CPU ;, f•t•hins an inmuction fr('m rmm0<}·; "hon 
;;¡¡ Í! active" hile IORQ is al'tive, the ZSO-SIO accepl' ;;¡¡ 
and lOlQ asan interrupt ad;.nowle~¡e if lh~ lSO-SIO" 
the highe>t priolity de<ke that has intmup!~d !he 
Z8Q..CPU. -

-. •IORQ •. lnpul/O:.upul Req~~~ _íinpllt from l'l't)','"'.a<1i« 
Low), JORQ iSu;ed in' conjunction o.ith a·~. ciD, IT 
and RO ¡o tromf<r command¡ and d••• bei\Leen tbe CPlJ 
and the ZSO.StO. ~<_n-~ ".0. ."nd .. •ü~Q--~~ .•!1 "'~'e:: 

'" {' 
.r-----~,_ .. _ "" _.,_______.,.. 
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' 

th< .~ ... :or,,; .o-h':~d b•, ~· <tr.•·. f.r~.:.:a ;,_, :h: C}'L (a 
r<od opcr:ctiron). \1 h,·n t~ Jnd ii'i•0.Jroactilt', but RD io 
in .. cli\t', ;he ci.•or,ncl ,,·l.,>cd b• ~ .\ ;, "-'rit••:n lO by lh< 
( n· "ith r•:hn dota or CMIIOI informatinr. JI •pcciricd 
by e' ii ,, ' '"<ntioneJ prr• iomly, i f iORQ and 'iii are ac
li\0 ,;lllull.ln<"(lU<Iy, th< CPU" aánov.lodgins an intot· 
rupt and the ZS0-510 •utom~tk~JI¡• piares ns inmrupt 
~ectot on th< CPU data bus if it is the hish<lt priority 
Jcdce '''l"'''tins an inl<rmpt. 

ii.D- Ro'<lrlC.odeStcLuS, (input from nu, actio·e L0\1'). 
1[ "O i>.<eti\C, a memor¡·or t•Oroad oreration is in pro· 
grt<s. ¡¡o il ~·•d ,.¡¡h B'4, CE and illiiO to<tran¡(ef dal.l.• 
fr¡¡m rhe Z~~-$10 1<-',the _e~:_~·-

ifE~T-i. R~w (ir.put, ae~i•e Low) .. -\ low iíillT dis· 
able• bath r<.:eiH" and tr•n•mitten, forces T•D.o. and 
T•DA markins, forc., ¡he modem conuol• High and d'r<· 
able• all intorrupts. Th~C<>ntrol r<&i>lt.rl ¡nu•t.k; ~ 
"'""""' a frer-the /.!!0--SIO. is .!!~~-- ·"-"~ ~~f?!t .f!!t~
tr.oro>mitte~ or reui"ed~ 

lU~ 
1 ('\\), .... ~.:'ft~h• 
r>~llo.t.,r Le"'-• 
\i·~li'DYA, \\'/RO~'B, ll'au/Re.:Jd)' A, Wcii!Rr~d 
r~uJr:¡t~,f!.PS!' dr¡¡j(l.\'.lt!'ll p¡oju¡n .. rted r.,, w~,, r· __.. 
tl<'n, '¡fr¡,en High and Low "hen pro¡r~rnmed 'r<'lt 
Read) function). The.,. dual-purpo .. <>Utpu!l lila¡ bt 
pr<>grammed a> Read¡· lines for a 0\t~ comroll'f oras 
<\\'•illino:.-ih•( >yuchronile l'lle <'"'-' to the ZSO-SIO ~~ ta -· • 

,toy<. The '~'~' state is opcn dtain. 

ÜSA. CfSB, Clror TO Send {iurut<, adi"e !<•..). 
\\'hen progr.omm«l as Auto Ena"bl.,.., a l.o'-' on thc•e 
inpul$ enabl<> th< rc•J><'C1Í"e tran•mill~r. 1f not pro· 
~rornmed d$ Auto Enable~. rhe•~ inrut• may be pra
~rammed U gcner~l-purpol< input<. B~th input< ;.re 
Schmi:t-rriuor bu(fcred ro acrommadate IIO\\-fÍlCtÍm< 
inpurs. The ZSO-SIO dete.:t¡. pulse• on tho.e in~uts and 

t; interr"pt~-j'hO _s:l'li- oll borh logk lo• el rr~''"tionO: The 
Schm!n-mgger inputs do not ¡uarantet a spedfi<d 
noi«-le><l margin. 

[ []. lnt~rrupl E n.Jbl~ In (.inpu:, ae~i•e Hi~b)o Thi• 1ig· ilCD.o\, OCDB. Data Carrier D.otect (input>, a,·;¡,<" 
·,;:iri\ u•od "i1h tlO 10 forma ptiority daisy chain "hen Lo")- Thtse signa!• are similar ro the en inputs, ehept 
therc is nwre than one int<,upt·dric·en devicc,- .-,. Higl¡. the)· can bt modas rec~i><r enabl~<. 
"" r~i< lint :n<!kat~ ¡hat no .othet.devic• of lti¡lter prt· __ __ __ _ . 
<>rit¡· is bc1r.g • ~" iced- b·).-a 'i;,P!-' .i.~!5rnjp( •~i,·iCe r'oiriirie.' ''"'<"R; O.o\;- ÚÓB. R~rf,;.,.. DD'ro~(inpul!, octi >e High). 

lEO. ln~nc¡~pl E11~b/e Out (o~¡put;"3ctivf'Hi¡J\). lEO 
i< High ~OI} if tll ;, High and the CPIJ is not s~rvicin¡ an 
iotc"~PI frc•m lhis ZSO-SIO. Thus, this ;ignal block• 
lo"« priorit; de>·ic"' from intorruptin¡ "hile a hi¡hcr 
p:iorit) dc>i<"e ;, ~cin¡ S<r>icrd by it> CPL' interrupt ><r

•i« ra"tine 

t:'o T, lm~rrupt R~q;c<JI (nu:;-ut;• o;><n drain, activo 

r 
'"j '"' "' 
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G>.DA,'..T.t)R. r,~,.;,¡t Diií:i (o1ri¡:wts, active Hiilt). 

1 R>?'-;{~ R.(;&. • lll~cei>'e/ Cloc-L-' (inrut>). See th~ rol
lo«·ing se<tion on bonding optiÓn•. The Rccei~e Clo; 
~aY bi 1; 16; 32 or 64 time\ ¡l_>e.~ata rate m a>•~.;ltr..,_..' 
f'""~S'd!9-. Retei>< data i< sampled on thc ·,;,;ng' •dge 
of Rol:. 
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1•<'\, '"'ll.' ,l,.,,,m;l!•'</,¡(•<':;••<•1. •OC
. ,. . ., ''" ¡,.,,,din!' Pp<i<•m i .. •". ·:, ,_,_,,, .,,,. •'. , 

.··· ,,_ .:: ,J,.,~, l:"l~ :.,.l. 11·. t.'''·. 1 :.-: .. · ..• ,.~ .;3 
'~'< 'Jh n•"hipli~r fN ,;-,e ua~•a:i\1<1 ""d \M ... ,,··.o:~ 

• •""' :, d.e "''·""· Bt•Th <Po f;é ~r.d ;.>f in~ul• dlt 
...___. ~-~"·IÍII rriaer hufr,•rcd fur oda~<·d ri•o- ·,,J:fall-tim< 

•· ·¡"i'''"•"" (na""¡"' <narsin is •r.cified). hD ··h"n2es 
""<he f:olling l"dF< of T•C. 

R fs.-.;, 1< f;íi. R~qu,•st To Smd (o•Hpu:~ .orti•d o~¡.. 
1\'hcn o he HT< bi< i1 '"'·<he mou<Plil goe> lo~. Wht'.l).• 
thc H~~ hO: h "'"'in th• ·h)n,hwn<'"' modc, ol!e out· 

',-:.1 ~:.,, •;;gh af!or the liin<mi""' ;, =•~pty. ln"Syn·;t 
d1tonou• mode!. o he ffi ;>in mic<l} róllows o he <la le of 
:he •rs hil. Booh pin• can be u•~ "' geneoal-purro•• 
• •u:ru<s. 

])) R\, j)f"Ríi. Dma Terminal R~ady (~u1pu", acti•e
l.cw), ~<< n<'le on lxln~ing option1. Thci c-u"tj:iui.- fiil-:' 
itm <he ¡tale ¡>JO~r>mmC"d into lht PTR bn. They can 
~~·o~< raPlm<d al grneral-purl'<>•< oulpull. 

~\ '· ,~¿-¡¡_ S)nChmni;;ation [ln~u«loulp<!5 
""'' Tt.r,t pino can actcither as input> or out· 
ru~>.', A5~nc~ron<>u< Rc~ei•t moü,_they are10.::. 
r""'! ;o;, 10 05 and ~o; In ohi;·mo.-lo, t'he lfansi· 
¡;,•n; c-n .·.e line< affoct the Sl~<t of the S)nc/Hunl 
•:a<IJs bi1• ill ~Ro. In thoE><ernal S)nc mc,dr, lhe¡clin« 
ál<<' ,,.., "' in;>ut<. \\'hen ••torna[ s)'nchroniza¡ion is 
.o~h:.-rd, SP.C m"'' 1>< ói~•n Lo" un thr «coñd rhing 

• 

<dge <'f R af1<r that ri1ing ed~e of a.c or. "hich thc 
~:d>t hit <:>f <h• S\nc chorocl<r ""' oecei>ed. In o<her 

._...~,.,~ •. aftcr <Le •ync pallern 1! <ICT«ted, lhe o.lernal 
¡,.~,, mus¡ ... ;, for '"o full Rocci>r Clock c;d~ 10 aui· 
•a oc o he SI>,( input. Once~ is forced Lo", il i> w1se 

( ··-~ ' 
O, • ,M,_ 

" 
o, •• 

:;· ¡ ... • ·---"::¡ . : ----' 
' ' ' " • 

¿_ 

•. . -

.. 

• 

:; ::1". 
'"---.--~ 

1U3 
L(l kccp it Lu" Lmll[ :Oc 1 l'L" ."' P ·,\,"· ., •.·'· 
L·~ic lh"l ')"- ~rnnitatinn h,, hc-·o i<'•< ;or; ,.," , .... , . 
'·'f"" ahlllllt<' •:arL Ch .. •acter >•·•·•cbl~ ~-c~in<, n :he 
ri,ing edgoof <.e that inon,od-•'d) r•• ,,b 'h• foil"'~ 
edge of flNC in the E>t<rnal S;nc m.>d,• . 

" 
" 

In tho lnl<rnal S)11chroni1¿oion mo.:l< ¡_\l<>n<>>;nc 
'"d Bi,¡ncl. ohe<e p1n1 •ct a< ""iru<s <l<at aro otli•c 
,¡" 1 ing 1 h,- P'"' of 1 he ro•cci' < dc>c • •' •(' "·' de in ~ h ~<h 
<;no char4<"1<rs Jt< oecc-rni>ed. Thc ~)OC con~i;ior~ i> 
not lalche<l, SO lh~•< OUIPU" M<: :UtÍ<C C3C~ <imo 1 ·,<OC 

pJ!Iorn ;, <«<>Bnil<d, tesard:.S.. of ch.""'''' ~-,· 1:1 ~a
fie> . 

.... 

90'-DL\G OI'TIQ;o.;S' 

Tho c<>nmai~l> of a 40-pin rada~• müe it impo,il•l·: 
10 brin& ouo 1ho Rec<l>< Clod•, Trall.lmil Clock, Daq 
Termioal Ready and S)·nc •ignals lor l>ooh channel• 
Thcrcfore, Channel B mu" •~<erif•<• a sigr.al or ha>e 
1wo signals bondod loi<<her. Since u>er l~QI<itemcoltl 
•·ary, lhr<·e bondin~• opliDnl are offorcd: 

• Z80-S10/0 ha> all four sisno\,. but t;{¡; «<d "f,('j¡ 
are bonde<l <o~othor (fiJ. 1). 

• ZBO-SI0/1 •amfi«l ¡j'¡'¡;"f¡ and ~eep> T.Ff.. "'' B 
and s6CB (fis. 2) . 

. • Z80·SI012 <acnf<C<> ~ and ¡«p< 'f,"rli, k,"fil 
~nd ñiiii (Fig. 3). 
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Archirecture 104 

Tbc dt1ice inl<rnal >lruclurc includ<s a ZSO·CPU inter
f•••. inroon.tl ,·onuol and ini"fupt logic, and '"'" full· 
du¡M' channels. A'""-ia•ed ~<ilh ••eh channd aro r.ad 
•nd ~"'' rc~i"""· ond di•,·rele "'"'''"' and >Lalu• logic 
lhar 1'"" id'> •he inlorf•c< 10 modorn1 or 01hor ''!<rnal 
de, ice•. 

Th< rc.od and \\tite regi<ler gre>up includ.-,.fioc 8-blt' 
"'"UQ] r<,rilie,., i"'J ;pc-charader r<gi>ler,¡_ and'jwo; "' - ' -.. . - ' . ->i~lc; n·;l><<rS. The 101<11Ur1 >OCTOI :> 1\TJ!ICO '""' an 
á~clili.•r.~l S·bi: rcsi<~<r ¡Writc Rogi>1cr :')m C'hannd B 
that m•; toe r<a~ throu~h Read Re¡i;ter 2 in Channel B. 
The regi>I<T5 for bmh channels are dosirnaTed in 1he 1ext 
•• follows; 

~":><o-;< R1 ~ :___ \\'rile Rc¡>sTers Q lhrough 7 
• .. kk<'·<><1 - Re~d Jtegis<"ef"• Óthrough 2 '-

Tho ~it ""ignment and funr:IÍonal 8Jouping of uch 
rrp•l<r il eonfisured 10 simplify and orgamu the pro
Erammin¡ p10een. Table 1 illumales the function• 
""igo~d tn uch ,,..d or IHile regi•ter. 

WRI 

----·-·-= 
~~~'""' 00'"'"'· CAC '"''-~"'"· '"'"oli:•IOon com- ¡; 
m¿nd• lor 1no '""0"' rnMoo. etc. 

------ .. --~ 
To•n•moiiAeceii'O rn••cell•noouo paoomolo" •nd¡ 1 
~~~~·- .. --------- ---- ________ t' 
r:·~~m_'l ~:'~~~:?.~~~·-~------- __ j 1 
s 1nc <~""'"" or SDLC .Od•e .. loold t: 
S,no en;, ~o •• ;--;;solc-;;;;¡,-·· --------- --~; 
'"·- --------------------------~ 

(•) Wr"o "•~'"'"' runcllono 

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

... ---- ·-------- -- ----------· 

Th< l~gic for bmh channel• (110\ides fnrma\1, s)'n· 
,·hrorli;;¡ion .1nd ,.,¡,Jotion for dala lran,bred 10 and 
frnm lho <hannel inoerfa<<- The moMm control inpu" 
Cita< 10 ~~·nd ¡Cr~r ;,nd Ddta CMrioo Der<CI uX:o1 are 
mc•~iLOf(·d b) lh< di"-rote control !ugk un~er !'"'-"""' 

' 
eomurl. All the modrm .:o~trol 'i!nal• are.tener~l ~ 
pose in naturr and can be u•ed for f~nctions ollu:r lhon 
mndom ronrrol '· • 

For ~ul<Jm.llk ir>L<rrupr·,...,,orinri. thc inr~<Jupt c<>n
lrol Jneic de¡crmino> "hi.:h ch~nrocl and "hi,h dc'i•• 
11i1hin !he channd h·,. thc hiEhC>I priotil)'. Pri,.>rio; ¡, 
fl>ed \\Íih Channel A a"igncd a higher priori¡¡· tb•n 
Channellil: R<;;ci,c, Tr .. n>mit ;uod E"erna]/ so~tu¡ in· 
tetrupl< aro prioritiud in lhar order -.irhin ,,,h chan
ncl. 

Dala Palh 

Thc trammit 1md re,-,.¡, e dala pa<h for each channol ;, 
sho,.·n in Figurr 4. Tho rccei,cr ha> thrcc 8-bit t-uffcr 
registe<> in a flfO arraogcment (10 pro,·idc a J-bne 
delay) in •ddition 10 the 8-bit r...:ci>e >hift re¡ilier. T~.;, 
arrangemcnt ercale. additional timo for !he CPU to ><r· 
vice an in~errupl a¡ the beginnin¡ of a block of high
•P<•d data. The ,,,,.;, .. error >tfO <lore<; p.or'lll and 
framing erro" and Other l)j>e> of Slalus info¡ma<ion for 
cach of the threc byte< in thr rcceive dala FIYO. 

1 ncoming data i< rou~rd thro¡¡~h <'no of >c-.ral pat "' 
depcnding on tho modc and chara_.., lcnwth. In 1he 
As;nch1onou• mode, •erial dala i5 <ntered in 1he J-bit 
buffe• if il ha< a character length of '"''" or <·i¡hl ~'"· 
or is en<ered tn the S·bit rcccive ;hif< res1>1er if it h"" a 
leng<h of fi•·e N >i' bilS. 

lo !he S)nchronnLJ> mode, h•'>•c•·er, 1he data p~1h" 
determined b) 1 he ph ""' of Lloc «<'01• • pro,-,.,. curren< 1) 
·,n or.ralion o\. S;ncilrnnou> ¡:,,.-., .• o~cration be¡:in< 
"'llh the r...:oi>el in lh~ Hun1 pha,., d"rin¡: 1\hich o~-o 
rc<'fi•er •carche' !he incomin~ data <ore~m for a biL tai
tern rhll n1a!Ch<> lhr prcpr<'¡rammcd wno ,:harac•en 
(Or n"t' in 1 hr Sill (' m ('Id e). 1 f 1 hr de• ic·o ¡, pr<lsrarnmcd 
fo¡ Mnnos¡-nc Hullo, • mal<h i; made "i1h a •ingl< >)nc 
charae~er .,o,od ;n 1101. ln Bi•yne Hunl, a match i• 
made "ilh dual ''"' characrers "orod m "Ro ~nd "•· . 

ln eitloor ,.,,,e tho inc·<>ming Jala~'""" lhr<l"fh 1hc 
roceiw s;nc· oegi>Jcr. ~nd" comp•r•d •oainct lhe rro
~~~mmed •}nC rhara,:tel in \\'KO '" ""'- Tn lho ~!ono
<¡nc modc, a maiCh hel"'<cn tho l}n< chara,ler prO· 
~r.1mm<d inl<' ""' dlld the chardcLOr .ll><mbiod in !he 
receilr <)O< rrg.,LOr r.••bli;hc> •;-nchruni>aoiun. 

In the Bi<)nc mo<le. ho""'"• incoming J"a -
•hifl<d 10 thr rcc<i•c •loif¡ ro~"T<r "hile oh~ n1•,¡ o•ghT-" 
~i11 "f the m~»•g< aro ~"••nbkd m thc rc·1·ti« •)nc 
r ,-gi>Ler. 'fh,· "'"l ,¡, hol" <en ,¡,e ~l•<mbled , ¡,.,,.c<cr rn 
ohe rccrho "n< ·~~i>l<<> .. ;¡h thr pro~r~n· 1 n«! '.'no 
,.~"' "''' <1 on " "' ~n~ " k; e"abli•h<> '-' n,;h, o>n"-"io>n. 
n ' < ', ~ o,,.,' ' ""'~ ;, <''"~';,¡,<"<~ ;~_.~,.;"" •'·'' ''-'''' __ 

•• 
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P"''"' lh~ r<e<i•• ~ync •~ti<lor and direcll) eoters lhe 
)-l;>i¡ buffer. 

ln lh: SDl e mode, incomini da<a firsl pa,.nlhrou¡h 
the '"'<ÍH ;ync re¡i11er. "'hich ennlinuoull)' monitors 
1 he rccoive data mea m and ptrform• 1cro dele1ion when 
indicaled. U pon r...:eiving fhe contiguous ! '•, the si•th 
bit ;, in•p«ltd. lf the <i•th bit i• a O, it i1 deleted from 
rho ddr> mcam. Lf the ,jxrh bit i; a 1. thc •••enth bit is 
im¡><ctod. Jf that bit is a O,>. Fb¡ ••quence has Mtn 
r~••~>~d; tf it ;, a 1, an Abon ,,qutnco hi• Men rt· 
cei-.d. 

' 
Thc reforn>alltd dato entel' thc ~-bit huff<r and i• 

transferrt·d to the rorci•e •hift rcgi<tor. Sote that rile 
. _. ~DI.C rccci<o ororation al•o ~c·~im in the Hunt ph•~. 

dunng "hich thc ZMl-SIO trie• '"match thc a;~mblcd 
charactcr in 1~1< te<ei>< 1hift f<"gÍIIcr \OoÍih tht flag pat
lnn in W~7. Once thc flf>l fl~g chatat'ler i1 rccogni,cd, 
all <uh'C<)LJcnt d;"a i• routed thrnu~h the '"me path, 
rc¡-ardl<'' (lf ,·h:,mcter lcn~lh. 

--------~ 
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Although the >am; CRC chOc~er ;, u~d for borh ~DI r; 
and ¡~nchronou• data. rhe dar<~ p.lth'taktn"for c;,ch 
mode Í\ differcnt. In Bi•yne protocol, a b)te-orie~to~ 
nreration requit<l thar rhe CPU dC'Cide to indude tho 
data characrer in CRC. To alto"' the C?tt ampletimeto 
makc this dcci;ion, the ZSO-SIO pro<ides ~n 8-b•t 
del ay for I)'~Chton<'m data. In t~e SDlC m<>de. no delay 
i1 pro•idcd si~ce rhe ZSO-SJO eontainl logic 1hat deter
mines thc b)I<S on whkh CRC ;, calculaled_ 

• 
The lfan•miner ha• an 8-bl! tran>mit data rooi""' 

that is loadrd from th< interna! data bu< anda io-b" 
ttansmit 'hift r<!i•ter that ca_n M tOadcd f•om "~•. "~' 
and the lfansmil data register. WR6 and "-R7 <Ont••n 
•yriC charact.r• in 1hc !l-1on6>ync or Bi<¡nc mode,, or 
add'"H field (on< :~ ... acter lonf) ind nag '"P<<ti<dy 
In tti'e ~D\C mndc. Duriri~ S}nc-hronüll' non~el, iufor
m.\lion containe<:L in "kó and WR7 ;, loadod into tilo 
H.tn•mit <hift rc8ister at the beginmng of 1he me"a~e 
and, a1 a time fillcr, in the midJle of thc "''""'" if a 
r"n<mir Undotrun eondition oc,·u,.. In the so.~ 
mode,lhe n:t~• "" loadod into-th< trln,mit >hiftr<giS
tcr at !he hcgonmnr ar;d ond uf "'"""ge. 



,,<)néhr~m>m dala in l))e lran<mil <hift re$i""' " 
f<·rrr.ol:t'<l ,..¡,¡, <1ar1 and "ni' bit. .,,d 11 <h1fted out to 
the ''·'"'mil mtJIIIrle•or Ji ¡toe •d<'<"led dock ralo. S;n· 
,hrn""'" (\i<>nO<)OC or Bi>)nc) dala is shiffed out 10 
1ht lr.tn<Ulit muhirl<\<r and •ho to ¡he ve ~enorator 
a• lhe x 1 ~lock tare. 

'IILC,Hfll C" <IJta is >hiflrd 0111 ''"'"'ih 1he 1010 inser
(ron logir, 1'-hich il di<ahl<d ~hile 1he nags are ~cing 
'""' For all mher ficiJ< (.1ddJcs1, ,-nn~rol Jnd framc 
chc•c •) a O is ir.-rnod fe!llowi 11& r;, e , , "" i¡;unus 1 '¡ in tl1e 
dJia mcam. l"hc nc ~cnu•Wr re1ull fm '<llLC" data is 
also rou1ed thoough ll,.uro Íll<<nion logic. 

Functional Desrription 

Tho functional capJbilitits of lhe Z.SO-SIO can be 
de<cribed from ¡wo different points of •·iew: as a da1a 
communi.:a•ions de•·ice, il transmils and rocei><S serial 
data. and meets th~ r~quiremems of ••rious data com
mun'.•alions protr><OI!; as a Z~O famil> ~ripheral, i! 
intrrac11 "llh 1he ZSO-CPU and other Z80 ~riphcral 
circuiiS. and 1hare1 1heir data. address and control 
bmscs, as ~•11 as ~eing a parl of lheZSO inlerrupt Slruc
"""· As a pcriphcral 10 other microproce.,ors, the 
ZSO-SJO off e" >aluable futuro• ¡u¡;h as non-'<ctored 
intcrrupts, rollina and simple hand¡hake capabilili«. 

The r;r\1 r~r1 of the followins functional dCSCtlplion 
do,cnh" t he i n1 oraetiun b<t" ecn the e PI! and Z80-SJO. 
the <eoond rart inlfoduces it> dala communications 
capab1lirie•. 

l/0 CAPAJIIJ.lT/t:S 

Tho zso.sro offer; the choice of Polling, Jntcrrupt 
(' •"m<d nr non-> eel<>red) and Blnü Tranofer modos to 
¡ransfer data, 113\US •nd control informaJLon lo aJJd 
from :~e CPU. Tfe Block Transfer modo can be 
implemrntod undcr CPU or DMA control. 

Poflin¡. The Polltd modo ••oid• in,.rrupts. Status 
regi<l<r< RkO and R~l are updaled at >ppro~dale lime• 
for each funclion boina ~rformlld (for .. ample, eRe 
Error Slatus •·alid at 1he end of1he mes<a¡<). Allthe in
l<llUpl modc• of thc ZSO-SJO musl be disabled to 
opcralc th< de> ice in a poHed en< ircnmcnl. 

Whilc in iiS Polling '<QÚence, thc (PU e•amine• lhe 
'"""' conlain«l in AkQ for tach channel; 1he RAO 11a1u< 
biiS '~'"asan ac~no"led¡¡e lo 1he Poli inquiry. The 
1~0 HO status bi10 Do and D¡ indi,·ale th~l ~ r«ei>e or 
1t~n<mil dala lran\f<r is no<<lod. Th< ""'"' al'o in· 
die"'<' Err<>r or olh« 'r<'cial 'talu' <onditions (•« 
"ZiiO·SIO Prügramming""). Tho Spe<i•l Recei>e Condl· 
1ion ""' LJI conl aineJ in ~A 1 do<> not h"' o lo he rcad Ln a 
P~lling ,oqucnre b•''""'" Lh< "''"'bits in kRI ore ac
rornr~nied by • Recei<O Char.1<1Ct 1\lailable >lalul in 
••o. -- ·-·--· ----~ 
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lnlercu¡>l>. The 7.80-SIO offen an elahm":< imerrupl 
<cheme to pro,·idc fast in1errup1 rcspon'>< in roJHi:r.e 
applications. As mentionrd carlier. "'Ct::ini."et. s'ri:;;ís!h~ .:> 

._,. "'.and RRl ~o~,..,~ ,the m:crrupt :Vei:IOr tha\ poinl• 10 
\.Jn J~$fU?l "'!:':i~• rO,Illin• .~~ ~~~~ .'.Tiemor¡. T <'> s<n 
"~~ranonnn bo111 chonnels and 10 ehminaiC 1he "'"'"""..: 
>iLy of ~rilin¡ a >lalu< analysi1 routine, thc Z80·SIO can 
m~dify 1hr inle1rupt •eCIOt in ~~~ID it roin11 dirocllyto 
one of <Í8hl iniCitUpl >Cf\Í<"< romines. Thio is dono 
un.ler prn~'"'"-""'trol by ><ltiOJI a pro~r;¡m hl! (11 ~l. 
n1¡ in Channel A callrd ""S!olu• Affoc11 Vecwr." When 
oh" b11 is >CI, lhe io11nrup1 •<Cior in 1.\~l is n,odifiod 
according 10 lhc a<si¡•ned priori1y of 1hc >arioul in•••· 
n1~11ng condition<, Thc 1abl~ in lhe Wri1e R<11""' J 
dcscription (ZSQ . .,JQ Pro~rammin¡¡ ser;tion) shows the 
mod1fka1ion delai!•. 

Trammit inlerrup¡s, Rocoj, e inlerrupl$ ~nd E>lernal/ 
SiatUS inlorrupiS are ohe main oources of imerrupa 
(Figure 5). E•ch inl<rrupt •ource is ~nabled undor pro· 
~r~m control "ith Cñannd A ha• in¡ a higher priOfl!)' 
than Channd B. and wi1h Re:<iver, Trammi1 and [>. 

ternai/Stalus in!<trupt• priorililed in 1hal ordn "'ilhirÍ 
each channel. When the Tran¡mil inlerrupt is enabl«l, 
th< CPU Í$ interrup1~ by the uansmit buffn becommg 
empty, (This impheo ¡ha¡ lhelraOlminer muSI ha>e had 
a data character "finen into il •o il can become emply.) 
When enibl~. !he recei•er can imerrupl 1he CPL: in one 
of three ways: 

• lnlcrcupt on (m recei•e charoctor 
• lnterrupl on all recei>e charactetl 
• lnterrupt on a Specia.l R~oi-. condllion 

lnt<rrupl On F11s1 Character i1 IYpically U>ed "'ith !he 
Bloc~ Transfer modc. ln~errupt On All Reccive Ch•rac
'"" has the oplinn of modifying lhe imerrupt ''tctor in 
1hc evcn1 of a P•fiT) ertt>r. The Spcdal Rccci•·• Condi· 
tion inlerrupl c~n oceur on a r;haractcr or mt»as• bam 
(End Of Fram< inlcrrupl in ~DLe. for c'ample). The 
SpedJI Rtcei>"< condition can cause an inlcrrupl onl~ 1f 
lh< ln1orrup1 On Fir¡l Rrcehe Characltr or Jnttrrupl 
On All Ro,·ei•e Charaelers modo is selec1ed. In lnt<:r· 
rupt On Fim Rtcei« Charocoer. an in~errupl can occur 

· · from Spe<"1al Rece·"" condltion5 (e~cept Parit)" Error) 
after lh< firu rr~ive choracler ln1er1'u¡)¡ (cumple: 
R~eiH O>ercun inlerrupt), !, 

The main function of !he E' l<rnll/Status inkfl u pi is 

• 

10 monilor the •ignal troositiom of.the ns, 1X'D and 
~ pim: hn"•' er, an E•ler na 1/S!Iiu, ínter rupl i< al<o 
causcd by a Transmll Underrun conduion or b)' lhc 
dele<lioo nf a Breal. (A,)nduonous mode) Of ,\beorc 
(5Dl e mnde) «qucnce in the data slleam. Thc intorrupl 
e•u«d b) thc BreaVAhcrt «Qucnce h"' a '~'<"'"' 
foa¡ure 1ha1 •llo~s 1ho :.'.B0-$10 lo inlerrt•PI "hcn ''"-......-' 
BrcÓIJAbon,,cqucn.:e i< <k·oe,¡«l or lernúnalcd. fhi> 
fea¡ur< faoili¡ai<S !h< pH•por l<·rminatJOn <>f ~~..- '"'""' 
me"a~c. cwrcrL inili.tliz•oion of lh< nc11 m<"·'fC• and 

.the """'"" 1iming of ohc Brcd/,\h<>rl <nOJILi<m in 
c\lc:r.al l~gic. ,. .• .------· -- --~---



• 

1'1'1" ll\1 \ IU"''~ Tr•n•l~r. Th~ Zf.O-SJO ~rmr•lr• a 
lllo•.-J, TI"'"¡,., rrr{'ld< 1<• ,,,,.ornmnd.11~ < '1'\J p¡,,, • lt4(ll· 
:-., ¡.,,,.¡;,,.,, .urd 11\1\ c<>nl•<>llrr> 1/f>O [)\JA w 111lror 
dc·•i:'"'¡. J"hr Bl{'lck rr.11"ftr modr U«l thr .¡;:.¡¡¡:, 
¡¡¡ ~of •''"f'UI in conjtmrtion "i•h 1hr Wait/Rrady bi11 
of \\'"'' Rrg"rcr 1. roo •I'"'Jr/jf"(ALll ourput can br 
d<firord unJrr •of1" >r< ronrrol "'a"' AIT lino in rhr <"P\J 
Bi<>rk r,,;,¡,., modo or "'a R~IO\' hnr 1n rhe 0\1A 
Blnd Tr~n•fcr m"<k 

To a 0\1~ wnrrolkr, lh< Z.W-SIO ~I.•D~ ourpur 
indi,·al<' 1hat lhe /.80-~10 Íl rr.rd)' 10 rran•frr data 10 or 
from mrmory. Tn 1he <'el", the "AIT nu1pu1 indirole• 
lh<>l rhe ZS0-~10 ·., nol rrad; w ICOn>f<r dala, 1hrrrby 
rcqur11in~ lhr C"l' 10 ""·nd !he loO cycle. Th< prO· 
gr•nuniHV {'1[ p¡,, ~. 6 and 7 uf \\'ril< Rr~i•rcr 1 and rhr, 
ln~ic ""'" of •he ''-'ll·RE•DI hn< arr del"incd in rhr 

, . 

J 
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Wri1e Regi.rrr 1 de,,·rirrion (Z.i!O SIU l'r<>¡''·''""'··'·'' 

•.i<ocrion.)' 

... 

ll .. TA CO.~l~tli.\JCATIO.\'S CAPA llll.! fiES 
' .... 

In addilion ro rlrc ,,(> cap•billli~' prniou•l¡ di•c'"'<J. 
the Z$0-SJO pro,ide• tv.o indtpcndrnl full-dupln 
channel• •• ~•11 a, A•¡n<hronom, S)nrh"lnnol o11d 
'O te tHDl (J op<'rational modn. The~ mod•• fa;:ii;IJre 
lh~ irnplemontarivn of cvmmonly used dara ú>rnO:IlOI· 
C31Íon• prOI<ICOls. • ' ~ • 

fhr 'f'ttific r~ature< ol the<e m<'deo; are dO"<criPrd in 
the follo~ in~ •«lion•.•fo f"""'" thc indorendcn<:e 
~nd complrlent" ol ~ach <ec~ion, >ome info,malion 
common 10 all mod"': ¡, rc~al<d . 

. • ,., ' "" 
,•·. . .• . 

·. . . ... ,_. ' 

• • . . 
"" 

' . ' . 
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'"'"' urt• .• re mod, h<·cou•c" •r<• ;,,¡ '""'rrllpt '<Ctor ;, 
~··n.-,.w·,i r,, the•o condlli<>n>. 

\1 ~ .. k 1 he F. 'i<t n>l/~t.ltU> interrurt ;, <n" l'.lcd, brea l.. 
dctwl"'" '""'"' .n intcrrupt '"d thc B1eal. De!rcted 
>~aw, <-io (••n, r>;) ;, !ot. fhe Hr,•al. De~c<t<·d intorrupr 
<houl<l be 1" r•dkd by is<uing t h< Ro> N E>ternall Statul 
lntntLJpl ~nmm"nd ro 1he ZSO-SJO in ro;pon;o to tho 
finrllrr•l. Ort.-,ctod intorrupt that ha1 a Brea l.. l!atus of 
1 (Hn, O;). The Z~O-SIO rnonil"" the J<c,·oi•c D.ua in
rut .1nd "ai11 for the Brea J. ··~•-cnce ro trrminate, at 
,·hich r~irn the /~ü·SIO imenupt¡ the ('PU "ith th< 
llre.ol. <tatll< <CI 10 O. Tho {'Pl' m USI a11ain iosucthe Re<ct 
E' rernal ''>taTu> 1 nterrur•' cummand tn it¡ interrupt ~•· 
' ;, e , oc tino to re in it iallle the breal Mt..etion logic. 1 

Thr Ell<rnal/Statm in!errupt al>o monHor¡ th~··· 
<tatu~ of iXD. lf ¡he oco pm becomos inactho for a 
r,·riod gr<>ter than the mínimum >pecified pul;o, width, 
~n inwrupt ;, ~cneratcd "ith the DCD il~tu• bit (R•o, 
DJ) •or to l. No~< that thc iXii input;, in1·<ncd in lhc 
~KO "atu> regi,ter. 

lfthe •taiu<l<i ... d ar¡..,. thc data, lhc <tfOf data for .. ' 
tho nnt "ord ;, aho induded ;r it ~a• been <:•d.ed lll· ~ 
thc buf[.•r. lf «nora,OM iie perf(lnud rapidl¡.-<-ño,~h: 
,'o t he n<'\1 e~"""" ;, not' )<1 to~i' ed, thc ""'"' ~esisJ . ·- - ' 

,, 

l. l.!.. 

C!'' rom~iru ,·alid . .J"n nccption "'""" "'h<n ohe lnttt 
i'Li¡;t o~ 1'\r.>T Charac ter O ni 1 modc ¡, •d«t~d. A 'P<'<''a 
int 1·rrupt inthi• modohold> thc error J"tJ and thc ,~ 31 
HC\01 it>elf(c<rn if rcad from the bulfer) lllllil ¡t,,. (rrot 
Re'~ command i~ i>1ued, Th11 prt•cnB furthc 1 ~atl 

.. from ~ctoming available in thc r..eoi,er untilthr R<•et 
rommand is il>llfil, and allows CI'U íni"lfntion un thc 

.. chara.cter •dth · th; error e, en· if D"A o," ,block tr~n•fcr 
tet:hn•ques are be1ng u1M: 

1 f lnterrupr On E• ery Ch• racter Í< -.l...,tcd, thc 'tnt~f· 
rupt ICCtOr ;, dtffer~nt ifth<r< ;, an <tror •tatus in iR t. 
1 f a ~ ccci' er O•crrun occurs, thc' mo,t rt<~ni dar~"' cr 
ucehcd u load~d into !he ~uff<r; tho 'harattet Pr<· 
<:rding i1 islo1t. Whtn !hech>racter that ~.3, bren,,¡,. 
ten over thc o1hcr characters h read, thc ~.,,;,~ Owr
run bit is ''" and thc Special Jl.ccci,c C'ondition '~"'" ;, 
r~lurned if Status Affecn Vo<ror is cnobled. 

. fiñ, ·~-:-,;óiÍ;.:! -~.~,.¡;,;r,me~~t, t he:"-Re~,,¡, e. ('.ho ·, ;1c1 

t...A•·ailabl~ h'tt (~u. Do!;"!"'': be monit<)rt'd -~ :~e 
48(1-'CPU can ~now ··•'hen lo •~•d ~ <·hJra::er. Th;, ¡,, ,. 
au'tomatically ,.._,;, ,.Jion·tho'recch• buffc" are ••·•d. 

.·To pre,.ent o•e..,.riting data in polled opcrati(lns.·thc 
uansmit buffer •ratus rTtust·be ched.rd hefore ~":in• 
inlo the ll~n•mincr. Thc Transmit Buffer Empt) bit;; 
•ctto 1 ~<hcne'cr 1hc tran>mit .~uffer ;, cmply. 



Synchronous Operation 112 
--------------

B~fmc d<•cri~ina >¡n,·hronou. lran,mi'>ion and rt~cp· 
1Íe>n, 1h~ 1~.ror I)P~> of charo,·ier ')'nrhroniJotion~ 
~10IIO' ¡ nc. 13i>) nc ~nd E~ler nal S} nc -require <onte ex· 
planation. Th<l< mode1 u•e the x 1 dock for both 
T1a"'""' and R~cei•e op<ralion>. D~~a ;, •ampled on 
1h,. ri>in~ fd~e of 1he Rccei•e CI<><:J. inpul oR•CI. Tr;¡¡ns
minc1 dala """'ÍIÍc>n' occur on lhc f•lling edge of 1he 
Trammn Clod, inpUI ,u,. 

Thc dlffrren,•c> ht!"«" ~OnO!)M, Bi!¡nc and Ex
r<rnal S•n< ""in 1he rr.annor 10 "hi,·h 1nilial <haracter 
¡vndu,,;,;,,,:ion ;, achie•ed. The rn~de of Oporation 
,;,u,¡ bc >decttd lxforc >ync characlcn arc l<>adcd, 
h<-<au<e ¡hc re~i•t<" ar< '""d differently jn 1be <ariou• 
me>dc•. Fi~ure 7 sho"s the fNmat• foral! ¡bree or thrs. 
>)OChJMO<J; mOdo>. 

~IPn<>;) nc. In a Rrcrht Of'<"ration. matching a <inglr 
'·'"' chorartcr (S-b"n >)nc modr) with thr programmed 
'l"'" cbr~cter •torod in""~' implie. character synchro-c 
m<>tion Jnd endble¡ da1a transfcr. 

' Ri''"'· .\\.u,·hin~ tv-o contiguou> ·~me charactcrs 
(!6-hit ""' m<>de) "ith thc p'ogrammrd >)nc charac. 
,..,. <1or;d in "~· and "R' unpli•' characrtr 'l"J\Chroni· 
;;¡¡,.,>n. ]n b~th th< \Jano>)OC and Bi1yr.C m<"tdos, ID(' 
¡5 "'rd "' an output, dnd is a.;ti•·e for th< part or the 

·.~<e<i>< doc> that deleca tho sync charar1er. 

. ' hlorn•l S¡nc. In thi• mode. chatacrei •ynchroni73ti"ml 
is o.tahl.,hrd C<lrrnally; ~¡, an inputthat ind•cat .. 
•~ternal charactu S)nchronization hu b«n a.-hir•N. 
Aft<r thc s)n< paurrn i¡" drtectrd. the e\lrrnal logic 
tnu51 \\OÍI for 1"0 full R<"eÍI<' Clod C)"d<S lO o1CIÍ1ale 
the 11 "1 input. rh• S\ '•(' input mmt ho hrld lt>" untd 
chatacte• l'""chrnnir•tion is lnst. Chara<:lcr a"<lltbh 
bc¡ins on thr ri>ing rd~c of Rth.it p¡ecN~• th~ fallmil 
edl!• of ffie. 

Jn oll ca.t> ~f¡cr a'~'"'· th< '"'"¡,., i> in 1h< llum 
ph•.e, duting "hich lhiZ8(1.SIO lool1 ror ,hor~'"'' 

·•¡nchroni>ation. The hunt"Can ~~gin "ni¡· ~<hen the 
,.,.;,., i1 en•blrd, and data lt>n•fer can beg1n nnl) 
~<hrn chara,•er •yn.:hroniz.a"tlcm ha•'~en ach,.><d. lf 
charaoter •¡·nchtoni>ali~n is lo1t, the Hunt rhJ.e can br 
re-rnmed by "ritine a wn~rol ~<ord "ith 1he f.m<t 
Hunt Pha•e bll "' (WRJ. o,). !n theTran•mn mnde. tOe 
tran>m"mrr al,.ays >ends th~ programm•d number M 
sync bits (Sor 16). In the ~tono¡ync mode, th• trans
mitter• transmits from WR¡· the '""'"'' compare> , .. ' a¡ain.sr ""R7. 

In th~ Mono>¡nc. Bi>¡nc and E.\l<rnal S¡nc moJe•, 
""•mbly or ,e<ei•~d data continues unlllthe l60-SIO b 
,.,.,, or umil the ,.,,;.,., is di<abl«< (by oom¡nlnd or 
b)" DCD 1n th• Auto Enablcs mod•), or until th• (Pl" • 
the Enter Hunt Ph~"' bit. · ---
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. ' . 
,\focr initi•l ')JJ.Iu<>nito11<•n ha< b~en ••hi<•<od, 1~< 

"pcr.Hi<•rl <>f 1ho ~lonO>)"'· lli>¡no anJ f<lcrn.1l S_,nc 
,Po<1c> ¡, ~1111< <irnilar. An; dllforcn(o> '"'' >~o,ifird in 

.. •h• f"ll""'"" ••• r. 
T•bk 4 <how> ho" "'kl, "~· a_nd "•• ~re u"'d in 

,ynchn>nous rr<<I'C and lran,mll OpN•twns. "RO 
ro•n~< lo Nher regi¡ten and issues •ariou> rommands, 
"Rl defines ¡he inrerrupl mndt<, WRI SIOJ<I lhr int<r· 
"'"' •·ec·iur, and \\-R6 •nd WR7 <IOre s¡nc charac·1ers. 
[;,t.ir S illu•ua>osthet¡·pic•l pro~1am \lcp~ lh•t implc
"'""' a balf·d.,plex Bisync uan•mn <'perauon. 

··--------
Synchronous Tn:msmil 

l SiTIA U V• TI OS 

The """m program rnu>l ini1iah« the lran>min« ,.¡¡_h 

¡ho follal'ing I'"'""''""TI: Hdd or """ parily, >< 1 dock 
mode, 8- or 16-bi< s¡·n• 'har•e~er(<), c•c polynomial, 
Tr.n~rnitter Enahlr<, Rr:-que<t To Send, Data Terminal 
Read¡·, mterrupt modr< and !ransmit charaeter length, 
WR• pararnete" must be inued before WRI, ''-"l, "'Rl, 
"R' and "~1 paramete" or eomm;mds. 

One ol 1"0 pnl¡nomialo-CRC-t• (X16 + xtl + Xl + !) 
,,, SPLC (XI' +XIl+Xl+ 1)-may b~ u,ed wüh syn
rhron~u< modos. In either case (SDlC mode not 
··eJeC~«l), the e oc trnera•or and chc·d.er are tts<'lto all 

-._J's. In the tr•nsrnit initialiuuion prt>Ct<l, the CRC 
-~nera10r ;, initbliled by mting the Reset Tran<mil 
CR(' Gener~tor eommand bits ¡woo¡. Botb the tram•
mine< ~nd the r<r.i><r uoe the same polynomial. 

Transmit Jnterrupt Enable or \\'ait!Rudy Enable 

BIT T '". 81T o 

oo. ,.,_ ;ansc~"" ... 10 • R, 6 BITS C""R ~uro. 

01 • Ro lMSCkAR EtiAIIlES 
ll•R,aBnSCkAR 

113 
e•n be sel«1ed to 'tran•f« 1he data. The E>trrM]t<;tatus 
interrupl mode is u,ed to monnor the status of tbe 
CL E~R TO ~E>;¡¡ input as well •• the Tr•nsmit Under
rur./EOM b<eh. 'Optionally, the Auto Enables lrature 
c.n be u-.d to enablethe lranunilter "he o crs is aeti•e. 
The first dar_a ttansfer to the Z80-SIO ~•n l>egin "hen 
the E\lerna!/St3t~• interr~pt oceurs (crs st~tus bit •••1 
úr lmmediate!y fol!o~<in¡ the Transmit Enable rom-
mand (if the Auto Enables modo• )¡set): · • 

Transmit data is held ma1kina afrer re>et or rf the 
trammiuer i1 not enabled. 9rnl maY be rr,,¡rammed 
to general< a spacin~linethat h<-gins"' "'""a> the Stnd 
9reú bit Íl >et. With rhenansminer full}· initiali:ed and 
enabled, the default condition is combuo~s transmis
sion Óf the S-or 16-bit syM character. 

DATA TRA."\~FF.R .-\."\0 ~TATUS ,\10.\ITORI.\G 

In this phase, those are se~er•l eomt>mali<>n> M inter
rupts and WaiiiReady. 

Dota Transf~r lJ>in& Jnturupls, !f the Tran•mit lo<er
rupt Enable bit (WRt, o1) isset, an interrurt ¡, ¡;.;,entrd 
ea eh time the trarumit buffer becomes empt}' .. The i_nter
rupt can be lati•fied either by writing another charaoter 
into the nan¡miller or by re>etting the Transrnitter Jn
lerrupt Pmding latch with a Ra.et Transmitter Pending 
command r-vRo, CMo1¡. lf the interrupt ts <atisfitd ""h 
this cornmand and nothing more is "'''"'" in•o the 
transmitler, thert can be no funher Transmit Buffer 
Empty i"'-"rr~pts, b«ause it i• the prrx-<.-s; of tbo b~ffer 
becoming ernpty that ca u'"' the intorrupts and the h~f

, fer eannot become empt)',.hen it is alr~•dJ' rmpty. Thi< 
situ>tion 'does cause a Tiansmit Underrun condition, 
which is e>plained i~ the "Bi$)'110 Tn:n<mít Underrun" 
s.tttton. ... " 
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lhto Tron•l•·• l'•in~ "~lf.'R~~U\. To th~ CPU, the 
am-.uon of V.-¡¡[ indic~ttl lhal thc %:$0-SIO ;, no1 
read}' t~ •••~pi d"'• .1nd 1hat 1hc <Pl' mu<t ~XIcnd the 
Ot•l l'"' <)'>!<. ro J O"~ controllcl, u \DI indi<ate; that 
th< 1ran•mit ~uffcr i; .enl]ll)' and lhat the i.'.RO-S!O ;, 
rc"d~ to at·rcpt lhe ""'t dJia choJO,tcr, lf the data 
•haramr i> n<11loadcd into 1he ZW-SIO by ibetimcthe 
tran1mi1 1htfl re¡;i\\.r i< tm¡>l}', ¡he Z80-SJO emet< thc 
Tran•mir Underrun condition. ' 

IJ;·~nc Tr•n>Jttil Und<rrun. In Bil)nt protr>col, filler 
chara.:,.,. are in•erted 10 main1ain l)mluonization 
"h<n lhe ii-ammit:« has no data to .. nd (Tran¡mit 
l'nj~rrun eondition)_ Thc ZSO-SJO h31 Tl•o:>,prosram
moC.Te ~p!i(ln< for <ni• in¡ thi< si1uation: it can in .. n 
'-'"' ,·llara.·ler>, or it can ;end the CR(' eharaeler< g¿ner
aitd 10 far, follo"•d \>Y 1ync charactcr;. 

rh••e o¡>tiom arr undcr the control of 1he Re>tt 
Tran<mil UnJcrruMfO"' co:>mmand in v. RO. Follov.ins a 
chip or chanoel re•ct, the Transmll Undcrrun/EOM 
Hatus bit (""o. o6) ;, in a m condition and allow• the 
in>ertion C>f sync characters v.hen 11lere i< no data 10 
«'nd. c~c h not cakulated on the amomalically in«'rted 
>ync charae~trs. When the CPU dettcts tbe end of mes· 
sage. a Re«t Tran<mit Underrun/EO'I command can be: 
issoed. This allows CRC te> bc >ent "'hcn tM trammitter 
has no dlla. In lhi< ca ... , thc ZW·SIO s<nds CRC, 
follo..,cd b)' l}nc charactero, 10 tcrminatethc mtnag<. 

Thcrc i• no res1tie~ion u lo "hcn in the mcsu¡ethc 
Tr~nsmit Undcrrun/EOM bit <:an b• rc<et. Jf Rcut is 
i"ucd afttr lhe f<"t dalo •haroCI<r ha> b«n loaded 1he 
16·bll '"' is >cnt and follo,.ed by >ync character~ thc 
f11S1 time !he tran•miller has no data 10 ¡cnd. Beca u .. of 
rh< Transmit Undcuun condition, an E>1ernal!Sta1u1 
intc"upt ;, ¡en<rated whcn<v<r the Transmit Under· 
rur./eo\1 bil ~ccomcs set. 

1 n 1he ca>< of sync insenioo. an inl err up! is generated' 
only af1cr, thc fir>t automatically in•erttd sync character 
¡,., b<cn load«!. The stalu• indicai<S the Transmit 
t.:nderrun/Er,-.¡ b:t and th~ Trammit Buff<r Err,pt~ bit 
••• ;e¡, 

In th~ CJ>C of e~e insenion, th., Tran<mit Underrun/ 
<O"' bit i¡ ••t and tho Tran•mit Buffer Empt)' bit iJ rem 
\\hile CRC.i< bcing >cnt. When eRC h< b••n complettl~ 
. •ont, the Tran1mit Buffer Empt)' •tatu• hit i1 «1 ~nd an 
rn•«rupl i< ~<nera<cd 10 indi,at• 10 lh< CPU lhnt anoth<r 
me,agc un brgin (thi•·int<rrupt ""'"" be.:au« e•e 
ha• beon ~ent and •ync has b<rn load<d). Jf no more 
me""~•s·are to be: ¡ent, the progr.om can 1<rm1nate 
tran<mi"i"n by •••euing RH, ar>d disabling the 
trommiuer (\\Rl, D,). 

Pad chat~Cirrs m ay be srnt by -.u in¡ 1l1e Z&O-SIO to 
8 bit s/,an>mit charact<t and "riting ff 10 thr tran,mit
l<r "hile ('RC ¡, bc:ng ;e ni, Aherr.ati•·tl), lhe l)nc char· 
acl<r< ,·an be rcdefinrd •• pad ch.t~CI<TS durong thts 
ti1nt. Th• follo~ing e>Onrplc i> includo•l'tn danfy 1hi1 
¡:ninL. 

The l60SI0 inW<UP!O wllh IM Toon.,..H Bc'leo lm~1y bi1 
><1. 

Tno c.., •eco~oi>eo th~t ll'le tnl enarocw '"''o! tOe 
me•"'" na• at>eoo~ bun """t to the .;:ao-soo 01 0,a,.on•M 
tne '"'"'"•' ~·og••m o1o1uo. 

~ 

"'o rotce '"" zeO·SIO 10 ••nd coc. tne <Po;.,"., tfl< Rooet 
TroMmot U...:eaur'lf•o" loleh commaM .~.,, •od soH>hn 
lhO '"'""UPI ""h lhl ~out T<On!lll'lll l.o¡•aup\ P.~>n~•ng 
oommOf'G. Hn•• ec.mmanG pre•enl$ lhe 18D SIO !oom <O· 

ou<ll•ng mooe ~ala) Becacse ot '"- "'"""'' und<«un 
couuod by'"'' commaod. 1~ Za(l.SIO .,.,.,, •endong c•c 
Tho 280-610 also cau••• an E>torn•IIS1otuo in:~"~~• "'th 
tM Toonom•t unowuni<O,. llllch sot, '• 

Tho """ oat•sf•es ""' in1e«upt by lcoding PO<I cM<a<leiS '" 
'10 In. "'""'"' bul!or ond osou•nQ tno RoH1 f>:e.o•J.'St•lus 

ln1o"uPI eommond. 

Wi\h thoo oeeuence. c•c •• lol\o"'O<l by • P•~ cha<aC11< '" 
stooo ol • syno cna .. cto<. Note "•' IM lBO S10 wilt '"'"'. 
<uPI wrlh • Toan.ol'll BufiO! ~mply intt•ruot ~o.n <•: '' 
co,.,plol01y .. ntand tnottno pad cna•oOloo oo1oodod inlo 
tno uonom" sh•fl !•Q••'"'· 
Foom th\o Po•nt on "'" vu con •end mooe P•d <·'•••<:11" oo 
S)OC charOO\e<O. 

Bis'nt CRC Con~r•llon, ~11ing :he Trar.<mit <•e 
enablc bit (" ~~, o,¡) ioitiat.,; e~ e ac;umula1ion "htn 
the program oends the fiist data cÚractcr 10 thr 
Z80·SIO. Ahhough th~ ZSO-SJO aulomatically·tran!· 
mi¡, up lO No ;ync character; (16-bil l)'nc), ,, i; ,¡,, '" 
oend • fev.· more syne ch~racter> áhcad of th~ me«>~< 
(bc:fort ena_bling Transrnit C~C) 10 •mute •Jnchronir•· 
tion attht ttcei'ling end. ' · < ·-Th• trammi1 CRC Eroablo bit can b• changod on th< 
fly any time in thc me"8it lo indude or e,dudt a ¡>Jr· 
ticular data charaeter from CR< arcum.,!a~ion. Ttrc 

,Trantmit eRe Enablt bi! should be in thc rlesirrd .:ale 
whcn 1hc data character is loaded fr(lm the aansrnit 
dara buff<r into the rtan.,.Pit 1bif1 re¡i<tet. To en•ure 
this bilis in lhc pwper >late, the Tran>mn e•< Enabl• 
bit mu¡t be i>surd hdore scndi~ the data charactor '" 
the Z80-SJO. 

Trarumlr Tt~n;porenr Modo. Tnno¡>arent mode (Bi· 
¡ync prolocO\) operation is madc pos.<iblc by the abilit)' 
10 chant< 'T!ao,mil r•c Enablc o:>n tho 11) and by lhe 
oddil ionll <Opabili:¡ o:>f imerting 16· bit <)·nc charaCI•"· 
Exclusio:>n of DlE ch~tactcfl from CRe ca!cula1ion can 
be: achie•ed by disablin11 cae calculalion immedia1el) 
precOdin1 1hc OLE character transfcrlo lhe Z80-SIO . 

In th .. ~"" of a Tran;mit UndCrf!ln condition in tho 
Tran¡par<nt modo, a p.air of Dtf ~~~chonct<r> ale 
scnt. Th• ZSO-SIO can l>c progumm~d to scnd tht I>I.E
SY.~ 'cqucnce h) loading a OL~ character into" R6 anda 
sync cllara<ter into v. Rl. ·' ,. 

Tron1mlt Trrminatinn, Th< Z80-SIO ;, er:¡uip¡>ed ~ J. 
'!'<Sial wmir.ation fealurcthat ma.inlain; dala int•·¡;;-:~ 
and •aliduy. lf lhc tr•n>miutr i~ disablod ,.h,]< "dol.< 
or S)'nc charao!or ;, heing ;ont, thal ch~••ct« ;, ""' •• 
'"ual, bu1 i• folla"<J b)' a mar~ing lint <a!hcr lh~ll <'~C' 

__ :":'_':)"' ,b•r·~~~-'_·_\\'h<:: ~·~,~~·-m_;_,_"_'_;_,_"_'il~d, 1 
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ffiCCJIC <O<IltOI <htotacltJro¡. 11110 •--.:o•••;>l 
CPU. • -

T• \JndurnJJ\IEO" ""''""'"" """"' 1 '"' 
mol un<lo~U!> (SynC 000<00IOO be,r>g SeMJ 
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free <r~n•mi<<Ít>n. ¡Solt lhJI !he rclu]¡ ;, •alid oniJ ll 
Lhc .r•d "f oc coloulal•on. lf the re1ul1 ;, r>a'llinod 
hdnr< 1hi• 1i111e. 11 u«:>lli) indi,-ale< an o~ror.¡ The com· 
,ari•l>n i• m,,de '<llh e~.:h IJan<ftr and ¡, >alld <>ni) a¡ 
'"'"' a• 1hc <:huacter rom•ln¡ in tho Jr<"OiH flfO. 

Follo"ing "an •,~mpk of lh< c~c ,·hec~ing opcro.
tion "hon fnur charactoa (A, a. e and D) are rtceived 
in 1hat o1der. 

Cha•ocllt A IC•d~ on!O bul!er 
Ch••••••• 6 <oao.-d '"'"bu U•• 

lf nC ¡, di<abled N-foro e is in tbe buffer, CRC is not 
oakula<«! on a. 

>.f1ere islpadcd. 1he CMC/Framing Error bit •hows lhe 
result of the comparison through characl<r A. 

ll'i 
Cn••aclor D loodoo lnto bullor 

A flor D is in th< buffer, tho c~c Error~¡, <ho"' :h< 
''"JII of tho rompari<on 1hrou¡h eh••••••• 11 11htth<t or 
no: B v.as includ«< iilthe CRC calrulations. 

Duo to th~ •~rial natur~ or cNC c:tlwlatinn, th~ 

R<eel\eCicá ¡¡¡;{'¡ musl c;d~ 16times (8-bil ~<1~)" plus 
8-bit eNe shif1) aftor the so<ond CNC" chati<e~<r ha; \loen 
loado.:! into the rereh-o buff~r. or 20 tim~> (thc pre•ious 
16 plus l-bil buffer delay lnd 1 ·bll in pul dda)) a fiCr 1 he 
last bit. ls 11 th< R.o input," bofor~ CRC" ,_.kulalion is 
complete. A fa$1<r exl~rnal dock can be ¡;.HN in1o th< 
R•.:ci•·• Clo'~ ¡npul 10 supp\y the rcquired 16 C)tlcs. 
Tho Tr•n•mit and R«:ei-. Oa•• Path diagrarn (FiguJe 4) 
illumal~s tht various points or delay in rhc CRC pa1h. 

The t¡·pical program ""!» rhal imrlcment a half
dupln Bis¡n.: Rr<"rive modc ar~ >ilusl<a",N in Tabk 6. 

· The complOTe set of commal>d tnd >tatus bit definiticn• 
- '":'" cxplained u nder. ··zso-SIO Pro&rammin&-., 

·' F\mCTION TYPIC~L ~ROGR.o,lr! STE~ 

I,.ITIIILIZE 

---~ 

•• ,· . -

Wf'lo ~·~n< ¡N'O"MATOON. 5YNC '-'OOES INFOI'...,TIOf<. • 1 
CLDC• "01)1: 

Wl\3 S>..C Co<A'I-OCITR L0A0 INM<B<T. ~fCErVf CRC E••aE: 
E'"TE" MU~T loOOOE. AU10 EN-ES A<CEIVE CM.........:Tf~ 
<O~CiTM 

.. 

W.,l Sl AlU5 MI fCTS VECTOR ó>TE~~>l rNTER~~-· ~'-"Slf. 
~· CEIV[ JNTE~~UPT 0.. ""ST CJ'I.~ACTER O~Lf 

" 

. . 
•• 

.. 

S1!"ot tt.•••<=~•r load "'h•brt 11fips •" '"" 
teodong o~.-.: d"!&r•<:l~ al,.,. t:.oo;¡"""o~ 
w 1>o "'""""~~' Ao1o Er.a:>n •""t.n 
t'>e ,..,...,, 10 K<e;ll o<'a .,..., ohf' tne 

~ "'~"' " oar ... 

tn '"" .,,.,...,, mo<kr. oo~ '"" ¡,..,, """" 
o¡--nc o..u •""'•<ler '' ~<•o•'•"•d oo """ 
CPU All S~L>Eor"lt 0.:0 ,. 111"11•11.-rl 
on • O>U "-"•: t.o-~e"'-" S,.Cal Ao 

"""& eon,..., """""'"" .d '"'" .. "-'PI 
~'>e CPU. Stltvs "'"""'' V"""" uuo:~ ., 
C~BDI"il'f-
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-----
SOLC (HDI.C) Operation 11~ 

Thc :lkO-SIO ¡, cArabl~ of h•ndf.ng !>o1h High-le><l 
S)n~ht<,nnus Dala Un!.. C\'nlrOiiHDLCiand IB!\.1 S)n· 
chrnno"s Dar a Un~ Cnn1rol ''DtCJ prolo<:ols. In lhe 
follo"ing ""· only ~DIC i< 1dcrr...J lo b<-cause of the 
h iEh d<~ re< of ,jm'ol.<rily \>el\\ c•cn SOLC and IJOI C. 

fhe so,.,- m<>Je ¡, <••n•ideral>l) d,ffcrem than Syn
<hiOn<'U' Bis:-ne rnllocol hcc>u>e it ;, bi1 orienled 
r31her !han charac1cr or\(nocd and, therefore, can natu
ral!) t.andle lrdmp•rcnt upore1ion. Bit orienlalion 
mJI<> >LlJ e a fl<\ible p">IOcol in term• of me<>age 
icnt•h ""J bilp<!llerm. fhe Z80-SJO ha• •••·eral buih-in 
karurc> 10 han die • ariable me" a~e len¡:th. D<1ailed in
fOlm~liOn wn;,crnin¡ SO<C" prmoool can!>( found in 
lilnarure rul>li;hC'd on thi' >uhjocl, ,u,h a. lB.~! docu
m~nt GA27-3093. 

' ' 
The 'DlC me"a~e. rallcd lh< frame (Figure 8), Íl 

orcned and clo><d by fla¡¡l that are "milar to the sync 
eh~'"''"' in B~>I'OC protocol. The Z80-SIO handi<S the 
1 ran•mi"ion and r«O!Plil ion of 1 n.t flag characters thar 
ma1l. 1he besinnins and cnd of the frame. :-;"meth"at the 
ZSO-SJO can recei>e shaJed-lero flag•, but c•nnol r'nn•· 
mil them. The S-bn addrus field of an SDI e frame eon
t~in~ 1he ,,.,_·ondary <lation addre". The Z80-SIO has an 
-"-Odr,•" Search moderh~t recogni>e• !he -.;ondary <ta· 
,;,,n oddre" <o it can accrpt or reject !he frame. 

Sine< ; he 'on;rol field of the SDlC f rame is tranl;ni
ent 10 the ú0-510, n is >implr rr•nsferrcd to the CPU. 
The 1.~0-$10 handle• the Frame Ch.-el. "quence in a 
m•nner thao •impl1fies the prn~ram by ineorporating 
fc-otLJre• <uch aSini•i•lizing the r•c genrra1or to alll'•, 
re-.rnn¡ •he c"c ehed.er when the opcnint na~ Íl 
doL<Cicd in the Re<ei-. mod<, and •cndin¡ tho Fram~ 
Chcd 1Flaf •equ<n<"e in the Trammit modo. Contro!ter 
brd,.~re ;, >inoplificd b¡ automatic zero in1enion and 
Jci<tion lngic cnntaine<! in the ZSO-SIO. 

Tablo 7 >h~"' the con!enl• of" •J. "'~' and 11 •• dur
in~ <;llt\ Recei•e and Tr>n<mit mnd<l. \>Ro point; to. 
n<her ro~i""" and ÍI<UU •anous command•- WRt 
dcf¡nc• the interrup• modo<: "R~ >toros tho interrupt 
·~ctor. "~' •wres the n•¡ character and \IR~ the sec
ondar¡ addr'""· 

-SDI.C Transmil 
'· 

' 
l.\ITIAUZA fiO.\' 

,. 
lile S¡nchronoul opera1ion, the SDlC Tr,.nmit modo 
mu<t b-< initiali,od ~ith the follo,. in¡ r•rdmeter~: SDI e 
modo, SD!C pol;nomial. Re<¡uoot To Send, Da1a Tor
mln31 Ready, a"mmit chatdC!er lcn¡th, rran.,nit in!<r· 

'· rupr modos (or ll'ai1fReady functinn), Transmi1 F.n-
ablo, Auto Enable; and E>rernaltStll~l intctrupt. 

r· ~lectíng the ~DI.C mod< and tM ~OlC pohnomial 
'"enablo:s-the Z80-!>IO lo im~~liu rn... CkC C.cn~~ator to 
' al! l's. Thil ;, arcomplish('(! b¡· i"uing the R<><l 

Transm'" nc G,•neralnc command 1w •ot Refer '"tilo 
Sy11chronous Oper•tiun -cction for more details nn rhe 
inlerr_Upt modo:s. · ·' · . . 

After 'reset, or "hen ütetra.mmiliiiT il; nnt mable<!, 
the Transmi1 Data ootput is he-Id marldn!. Br~ak ma) 
be progr•mmed ro general< a sp.ocinJ lin~. With the 
tran¡miller fully inilialil<O\I and tnablcd, cominuou' 
pags .••~ lran>mit ied on 1 he Trammit Data nurput. 

An abon ••quonce may b<o sent b¡ il•uing rhe S•nd 
Abon comm~nd ¡w~o. OtQ_;.>. Thi1 causes at l~ast ei.!lhl, 
but leu !han fourtun. 1'5 lO be <en! b<ofore th~ i'LO• 
ro•erts In continuou, flap. h is po·nible •har th~ Abmt 
sequ•nce (t~ght J'•J could·follow up to fiH cnnrinu~u• 1 
bits (allowed b¡ the roro in••nion lo¡¡ic) ond rhu> ''"''" 
up to thineen 1 '• 10 be <en!. Any dat• being tran•mil!ed 
and any data in th< trammi! buffcr' is lo!t "hon a,-, abof! 
i1 iuued. · 

Whon re<¡uir•d. an ox1ra O is autorr.A:ica!h ir.-<rt•d 
"hen thereare fo>< comiguOU> 1'1 in the dala "'"•m. 
Thi1 does not apply lo flags Or abom. 

D-' TA TRA.\SFf.R .-\~0 STATUS .\10.\HORI.\G 

Th01e are •e. eral combinations of interrop15 and 1he 
Wait/Ready function in the Sloc modo, 

--------------~· 

..... ~ 
11 ·• 

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

' ' ' 
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n ,, ,_, T.,,,,~ :r 1 ·,¡,~ ~ '''""P" lf r ~~ rrftn<mor lntffc' • 
•-·1'' r:o: ,:·le ~ti¡, •e;, ,,n int~JTUt'' i< ~<flC'M'<1t,fch1ime " 
;C. e '·aff ,, ¡,,.,; -' '' '"''•''·l· Jh< imrrrurr m a¡· he ,.¡;¡. 
¡,.,: <llhr b¡ ~;•ling annthcr ,¡,,.,,"-'"' iJ>tO the tram. 
''"'"'' ,, b)' '"'·'llnr rhr Tr""''·lll ln~errupr Prnding 
l"t.·h "ir h ~ R<·•~l T r 40<mirw PendOn~ C('ltnnt3nd rv. Ro, 
nw1 1. Jf rhe imetr";>l ;, •ati•~rd "-irh lhi• ,-ommand 
""d no1hing mo;< ;, "ritt<n iniO th< trJnsm'olrer, there 
••• no fotrlh<r ¡r;,n,miurr in~eiTrort<- The r.>ult ¡, a 
Ttan•mit Undcrrun wndi1in1L \\'hen ar."1her rhara~rcr 
;, "'illro and •<ni out, rhe tran,milier can aeain 
:.r.0mr rmpt)-' and inrerrupt the CPU. follo"ing thr 
fla¡;, in an >Dt.C operarían, thr 8-bi1 <iddrts• fidd, con-
:rol firld •nd information fi<ld may be sem ro lh< 
/>0-SIO u•in~ tht Tran<mtl lmrrrupr modo. The 
1:>0·~10 1ran.mir• rh~ Frame Ch<'<'k •~qurná using the 
Tr~n>oni1 Underrun fe<LTUt<!. · 

\\'hen thr tran<rnittor is fir>t ~nablrd, i! is aJready 
ompiJ and nb' iously can no! rh<n b~com~ rmpty. There
foro. no Tran>mil Buffor Empty interruprs can occur 
until afror tho f"" data charactor is "Tillen. 

Wh<n ¡he rran>millcr ;, fint enablcd, ir Í> already 
cmpiJ' and connot thcn !><-come empl). Thrrrfore, nc 
Tran<mil Buffe: Empty in1orrur11 can nccur unril art .... 
1hc first d3ta chract~r is wrill<n. .. 

D•lo Tronlf<r l'•lnK WoiliRoad)·. Jf the Wait/Ready 
function ha> hcen <rlrcled, w~tT indicaros ro th< CPU 
ro at 1h • 7.~0-510 is not rrady ro ae<·ept lhr data and rhe 
l'PL' rnu>l <>t<nd the 11D cyct<. Toa D'-1.., controlle>, 

,, ~E •DI indicate• 1 t-.at rhe traruminrr buffer ¡, ompry and 
r~al th~ ZSO.SIO ;, r<ady te a~crpl rhc ne>t charuter. lf 
the data charactcr ;, not lOildrd into th<Z80·5l0 byrhc 
1imr the rran•mi1 lh'ofr re~·,srer is cmpty, the Z80.SJO 
cnl<" rhr Tran•rnir L'ndcrrun condition. Address. cOn
trol and information firld< ma¡· be tramfcrred ro rhe 
Z80-SJO "ith 1his mode using rhe WaitiReady func
tion. Tho l!Q. ~ 10 transmi" th< Framo Chec~ •equem:~ 
u<ing thr Transmit !Jnd.rrun f<ature. 

lltT 1 '-~· BIT & BIT & 
,¡, •' 

BIT ( 

"ll l.C T<~n,mir t :nrlt•cnr n/f:nd Of .~h"•~~- SO(( -1'> < 
P<ntocob do not ha' • n<o' i<ion• for f tll eh" r .•<«" ~ ir h

. in a mc"•St, Thr /80-SJO th~rcfor< a u lo'' n" ir.olly 1 cr· 
minare< an sote frame "hrn th< trltJ'ntit d.H~ ~,Jffer 
and outrut ,hifl rcgisrrr ha1e no more b\1' 1<> •end. 
doe• this b)' finr -~nding !he rwo b)'l<'> of ('~( •r/t:,....-' 
follo"ing the'" ,.j¡h one or more flas-;.-This r~,·hniqur 
aUows nry hi¡h->perd lTinlmissions undcr 0"" or CPU 
block 110 control "ithour requirina rhr CI'U to rr>pt>nd 
qu!ckly ro th< rnd of me<Sage ~\luarion. ' 

Thr iction th~tthr 28().510 ll~<"'i in th< underrun m. 
uarion dcpendi on tho <tal< of rh~ Tran~mir !Jndrnunl 
E0'-1 cornm•nd. Fcllo .. ing a rc>or, the Tran,mil Under
run/E0'-1 sra1 u¡ bit is in 1 h< ser st>l< and pr"' rnu rhe m
srr!ion of cae char•ctrrs during thr rime thr1r is no 
dara 10 <rnd. Con>rqurntly, flal! charaCloTS are'""'
The Z80-SJO br~in• ro "'"d rhc: r r•mr a< da1<1 is "rinrn 
intc th< rransmit buffrr. B<r"""" rherime rh< fim Jara 
byt< i¡ "'ritton and the end of thr mr<>age, th< R<'tt 
Tran,mir Undcrrun/F.OM command must hr i .. u,•d_ 
Tl•us th< Tr•nsmi< UnderrunllD't .,aru'• bit ;, in the 
r<-<et .rate al_thr end of thr mt<>.a&< ("hrn und<rrun oc
curs), whkh automatically ••nd• the CRC characters. 
The •onding of C"RC ¡¡¡¡ain >ftS 1he Transmit1Undcu1Jnl 
EOM <l.aiUl bit. ,, 

Alrhou¡h therr is no rrstriction as 10 "~·'" rhe Traru-
mn UndcrruiVF.OM bit can be rose! v.-ithin a mr .. ag<. ;, __ 
i¡ u•ually rete! af¡=r thc firor data cltara<ter (>~co~dary ·
addre") i• senrro rho Z&O-SIO. R~senin¡; \ht_; bit allo,., 
C~c •nd fiagl ro br sen1 wllrn thrrc ;, no data '" ~cnd 
"'hich gi>es .,dditional ttm= ro the CPU for rocneni•ing 
the fault and ttsponding v.-ith an abon command. B' re
serring ir a¡Jy in !hr m<"!.ag•. lh< omir< me«•B• ha$ rhc 
ma\imum arnoun1 of <:"fU response limo in an unintcn
tiona!rran•mit underrun ;;tuation. 

BIT S ., BIT 1 BIT O 

00 ~ 11.. ~BITS CM~ 
E"li;AH!,fo/T 

.,, 

... 

10 • A• a BITS CHAA AUlO I.'OOE iiF 

Qt • P., 1 Sil S C"AA ENABI.ES INCOMING 

1 1 • 11> 8 IIITS'CHAR OATANOT 
NEEOEO¡ 

• • ' . 
Sfl~CTS SO!.C 

o'" 

00• TdBilSiOA 
US5¡ C""R 

'0•hE811SCHAI! 
01 ¡, ltlllSCHAA 
". r.sensc""" 

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

~' 

o 

... cw.: 
r::m&E 

o 

ADOAESS 
SEAA~ 

··~ 

o 

o 
SHECTS 

SDlC 

·~ 

" • ENAB,E 

o o 
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1.0 INTROOUCTION 124 
TOo ZSC (,,.lnl<• Tomo, CH"Uil {CTC) 1< a ¡>IOSoinnOJbi< -;om¡><>n<nl wolh fou1 indopendent <hlnn<h 

th•t pro"d' ""'""; ,,~ >rod tin1ing fu.,.;tHm> for mkt•>Compuler •YSt<m• b•~<<l on tho ZSO·CPU. Th< CPU :J 
,o{,"fl "cnnfi~ ''" ti.< CI"C du"nels lo • 'P' ,.,. und•L!';~dou> mud« and '""~ill<lni" rtquli~"-4 !;lnUdac' wilh _• 
• wed< '""~' .,¡ ,Jc ,;, " jl1 mo>1 ·;ppl;.;, tinñ•." lmlo or nn extorna! lo¡¡¡c io roquirod. Th< ZSO-CTC uliliu• 1 ~ ~nañn<l .,]¡.,,n ~S->1< d<pl<lion ¡...,,¡ l«hnnlogy and is pocklgod in a 28-pm DI P. l1>t ZIQ:t;:Ief"lui,._ 
.oni¡ J .ir !1' ~ IL'I! l"l'ply •nJ a on<·~I~J!<",S .'o.>H. ~~~'r.~Major [O>lUIU Gf th< l80-CTC indudo; 

• AJI input< '"d ototput> fui!~ TI L compatible. 

• EiCII e~"'~""! TJ-Y.~ ... ~.~~-~ ~';' •. ~!'"21< in •i~~~ ~C~ou!'t.•!.M.~<. OL"Jl<n<r .'Jo<!!: :1 
• Used in •ither modo, • CPU·t<>doblo Down Count<r indica tes nu.mber of counts·l""t;G unt~ zero. 

• A,ftm~ "Cóñi.tlnl Rogator c.n -~~~~'!!~~~-~.111<134 thO:DqWtl: ~! al !=~nJ:Yie> in -r.,unl<t ond 
T IIll<f MuJo. • · 

• S.:le;:table positive or neg>IÍ'"< IIi¡ger init;,t« time operatian in TLmer Modo. The "m< <nput io 
monitor<d fot .-ent caunt• in Count<r Modo. 

• Thre< e ha nnel• h.-·e z, ro Count/TLmeoul outpua cplble of drivm11 Do.rli~¡ton tran>i•to<S. 

• fntefu,pts moy be pro¡¡rJr.•m•J to occur on thc u tu count cor;dit¡cn in :m y cll>nne!_:..:i .. . .......... ·-· ... 
• p,;,y chain priurity inwm~! lu¡;ic induded !o pro.;de fo1 Jutonutic intenupt vectoring wllhout 

exterl\,1! logic. 

., 

' 

--·-~ ~---~-----· 
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2.0 CTC ARCHITECTURE 
12ó 

2.1 OVERVIEW 

A blo'k di•g••m <>fth< 7.00-CTC n 1huwn in f,g.,re 2 O. J. Th<¡r.oorml 1\rueiure oftho ZSO-CTC con
,¡.,, of, z~o CPU~"' inloif,a. lnL<rn•l Conlrol Logic, four ><a of Count<r/Tim<r C"h•nnel Los~<.'"~ 
lr.l<;:upr Conrrnl Lo~i<. Tl>e four ind<pondrn! counler/timtr eh'""'!• >re >d<nlofoed by sequtnUII numb<" 
frum Oto 3. noe CTC ¡,.,oh< <•p>bilny of g<ner•lm' • uniquo int<""P' '1'tlor for .,,h "'~"'" <h•nnel 
(f n1 '" wm•ti< "'"'""S 1•> on inl<rr upt ""ice ruutino) Th< 4 rh•" neis "" be conn«l<d '"'" f~ur con· 
1 '"'""' sloL> 10 lh< <1 and>r<l 7.80 puortl )' eh• m with eh• tonel '"·" ''"' O il.vmg lhc highe" priotll)". The CPU 
~~· 1n,tf>oe J..,gic allows lh< CTC d"·iee to inlerfart dircCII)' to th< CPU "'ilh r.o olher <XI<mallo~ic 
H,•"~'"· port >ddre<' cleon~ers •nd/or !in< buff<rS r..a} N J<quired fot ¡.,g< 'lll<ms. 

''"'"' Á. ><•n<nc" """" '' 

"" "'" " 
l0'100L 

lff '"""'"1 
1 1 1 "'""' n<><"""""'"" 

l 
'" l ' ( "' _/., ~/loOOOL'Tr"cootlo 

' 01 ,, ''"""' '"' '" 1 r'í '""'" 1 
"" '"'" . ' ''"'. ,.~ ..... 1 

1 Fft"""" 
• 

L'l'F.b...,. ""0 ( o, " ""101 '1 ' 

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

' 1· """"1 l'l••"'·"' l O'loOL 

"'" -'""'1""""'' ! . 
fiGURE 2.0.1 

1 CTC BLOCK DlAGRAM ' 
' 

--

\ 

------ ------- ------- - --
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2.2 STRUCTURE OF CHANNEL LOG!C 

lile •""''ure of ~"" "' thc f<>OI '''' nf C<>uu«rjTou><r Chollnollo>~i,· ¡, ''"""" iu l'tg"« .:: 0-' 11"' h't" 
¡, '"'"PUI<-1 of ' r<~i1l0<o, 2 CClUOl<r> ,,,¡ <Oil!rol lug" Ti o< rog,.l<r> JI< '" S -bit T 1111< (\mo<J<Il Rc~io:<o .1 uJ 
"'' 8-bil Cl'""'"! (onlrul R<~Lokr. 1 n• <nuÍII<m "' on ~-bio CPU-roodo~l< ú""'n Coun l~f ond :m S·b11 .o' p,¡,.,,,.,_ 

<~•"'' "~' ro'l•<>• 
RlC"T!" CO'ST'~l 

·~"'"'"' 
UGr<l>" 

""'"' """lo 

~~ L 

1'1'"·'" OL< cE 
1 XJ 

"--A 1 
_, 

'"'""'" cou~n• 
,. 611>1 ,,.,,.,, 

/ . '". '"' "" ... ~ .. '"""''" " 

... 

FIGURE 2.0.2 
CHANNEL BLOCK DIAGRAM 

2,2.1 THE CHANNEL CONTROL REGISTE A ANO LOGIC 

/ 

UROC 

Tho (h,nnd Control Reg~>:<r (8-bi•)•nd Lo~-< IS wrill•'l\ lo by lh' CPU to seltct ihe mo>Je< and 
'"''"''''" of lh< ;;hJnn<l. Wnhin rho <ntirc CTC d<•i"' IILO" ''" fvur ;uoh "~"'"'• cnrr«punJ:n~ tu th< 
four Ccunw'Tir.I<O Chlnn<l<_ 1\;,¡,h uf th< four il b<illl v.rotoen •~ d<?<"~' •m <h< <n<udin~ uf :wu ,h;nnd 
"'le" onp"' p;n,_ 'CSO;nd (~1 (u'"''l~- >IT>.:heJ t, .>,0 ;nJ \! olth< CPLi ;Jdr<>; bu\¡. llu< i< •ltu>tr•t<d '" 
th< lluth t1b'< ~du": · 

' .;-- . ,-;;~- r,;- ' 
____ _1 ____ ¡------o-- ) 
--.~~~--- ·---~--- o .. ·' 

'" o 
Ch 2 o 

'" 

' 

. -- _. 

------ ---~---- ----------- ---
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2.2.1 CONTII\'U~O 

•• ·. 

-· •. •H; 

• ' . 
12'1 

¡., ,¡,,. '' ,,, 1 .,¡ ,,. •' ~ "'' ,. >- n '" ~· <•t!Om e. eh Clwonel (Mlrol Regist<r, bit O ;, •lw'J'I .. ,, •nd t~• ~,¡,., 
j ~.,. '" l""t'·'""''"' , ... , :' -' ;,he• ,,,,.., •. ,, >he rt .• n,.r. "'"'"'ing mod« •nd r" r ''"" "'· .. ihown ir. :he 
J•·•!''•"' brl""'. ¡F,., .. "'""' ,. ""''''" ''"'""i"n <t< ,,,,;,n 4 O: ··ere Oper.lins \J.>dos" :md ,.,,;~" ;_o_ 
''( lC 1''"'""""'"3-") 

o, 

I~'TERAUPT MODE 
t~ABLE 

2.2.2 THE PAESCALER 

CHANNEL CONTROL REGJSTER 

o, 

RANGE SLOPE TRIGGER 

USEO IN 
TfMER MODE ONLY 

LOAD 
TIME 

CO~STAtiT 

. 

' •. •' o o 

RESET 1 

t>;cd m the Tm1cr Modo onl¡, thol'ri'iC;1;;;; 01!"\l-bn dome ,..¡,d, """ b< prng,aq,¡nc'O'b~ rit• l'Pl' 1 :> · .~ 
, the '?'."·"•1 C<m!-'91 R;smer _¡o clil'ide m input, ti~•- sy_,,_.m_fl ,,;,:~( 4<), ~J · ió "' 2.1..,,11,~ out pul of the PI<
,,.,,., "<lo<'n ¡,~., "' .nput to clod .. lite Do .... n C'ountor .. wh"h onniolly, '"~ "'"'!' ltme n dod,s du"n to 
"'''· ¡, ,¡,,;ded •Ute>m>l](">llr w1th th< "'"""" uf the Tomo C";~"'""' R<í""". br tffect .'~"•1'""' dh idet 
th< S¡"""' C'lo¡,;. b} m addnional factor of :h, time <On<Unt.l;•esJ time t!J• Do.¡., Countor ;:o-~,.. '.lo O t.~~. 10 ,• 

. .,<O, :a output. Z<ro C"c•um;L-noont (ZC/TO), it pul1<d llis)l. · - .. -· ·- · ···-- .- . __ , .. -- - . 
·-- .J 

2.;;>.3 THE TIME CONSTANT REGISTER 

n,. T ""' C'c•n"'"' R<gi>ter ;, •n S-btt r<~i<t<r, ~<ed in b<oth \ountor ~h>Oe o•od Timer ~l<>de, jiio~<oc.m;il" 
b) o ioe C'P\ 1 jun •fter th< C'h>:tnel C'ont r~l Wor~ ...,, b "" llll<>ct tom< •~n•nm • :.1"' ~f 1 tl:r~n:;h ~56. Tha 
"'~"'''' ¡,_,do the P"'&'·"r.r.ted • •lue '"tu the De>wro C ountor "l10f1 th< CTC i< fu<! inill•'lt<d aod otluad< th< 
S.,:H' ,.,¡,, ml O tho Do"·n C'u .. nl<r OUh•matblly "ilene~·tr lt CO\J nts down lh<O<Úifr 10 >or~ 1 f 'o 001" 1 '¡roe 
"'' •l.onr "I".>Jod i0110 ¡];o T1n10 Cumt•>ll R,~j¡¡e¡ whilo o d101100l il countLns "' t.ming. th• r"'""' duwn 
'""''' >'rll ho < 011opk•e<l hdOI< the now limo comtant ;, lo'd'd Lnlo oliO Down fo~Jn!er, (Foo dttoll¡ of how 
' 1 o:..c '"'"'·' nr " ~ "'"" to • CTC cloonn<l, "e "''ion 5 .0: 'TTC' Pt<J~rammtug.") 

2.2.4 THE bO\'IN COUNTER 

Th< D''" n C<•urMr " '" 8-bir regi<t<r, u"'d in both {' ounl<l .\lude .nd rom<r \lodo, In•~• d 'nol i&ll", 
~nd btrr "'loen ot coun" do"' n ro "ro, by ¡t.e Tome {''!""""' R<P".<'; :!"1-' ¡:;,_,...., c...~,,., ¡, ,Je.o<m,·;;i i'd 

~· I-J ••oh nwc.>l <J.,,¡. <dg< ontbe e~~ m., ~lodo~ ~ln tho Tirr,<r .\!r,ue,"'br 1h• oh ..J.. ~utput o/ the rre· 
~ •;.]<r .. \1 '")' ti m'. b¡ porfn1ming 3<omPió 1.'0 R"d 01 ti" pon •dJr<!! "''~Ptd ro Lh< "1.-cled l'TC' ¡~,';;'ncl, 

11"' Cl'lJ "" ''""" rl" ccon """ nf lhh r<~_im r .nd obooin the n omh" of '''""'''' V'/.<10. An} CT(' _..¡ . .,,,,¡ 
m•) h,· P'"1"mmod '~ g"""" ,n onlwupr roquon "~"'"" <•eh 11m e th: wo, ·>'>01 i< ro"h<d. 

1 n ' 1, ,,,¡, Q. 1 , .nd C. ~loen '1>< , e ou ''""" , un,l i 1 ¡,,, ;, oc.rl ,.·d, • ,;¡;Jlal p11l>0 •I'P' '" • L tb' <• •ot .,. 

p.>!·din¡; LC'j lO pin. Duo lo p><' 'E" pin ILIJH[411cl!", lw""'", ch>nn,l 3d""'"" l.,;e lhil pin •nd "'m> y 
b' ""'rl "111}' '" •rp!o~'tions ·•l«oe thi• ouopul pul« 11 no' requiord. 

-·---·-·---

( 

( 

e 
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2.3 INHHRUP1 COr>:TROL LOGIC 

lile 11\ICCI ·'1'' (\,llll-'1 1 •':'' """"'' tiiJI lile' Cl ( .111< ill Jc,.,C\1.1"''' "ith hO ') >L<IH ihtCor:<p¡ i''"''''") 
t'<>i n,·,:c,i l" '"' Lt: 111 h'l '''pi HL~ .,,J 1<1 "' n ft•'l 11 inw o u ¡•l. TIL< 1" i"' LtY .,,- "" >) <h'IIL J.:1 ic•e " J,·¡,·, 111 11 ~e J h, ._..' 
ill ~f',) '': 1l h·,¡j,,, in .1 .¡,¡,~ d1.1HL 'nnfLgllrJII""- T"" >':;t,_l ILue< ([!-'[ JuJ 11'()¡ "" l'""'tJ,•J HL f1C ,l:I<C<• 
1" ¡'~"" rbi, ;:•>1•''" J '''· <ILJin. The Jewe d•H<>L 1<> tbe (I'LI hJ• th< loi)IIL<>I poiunt): willl, liLe Cl t'. """'-
rupl p1 "" i 1) o; ~«Je ,,., '" 111<J by chaunel nwubOL. w1 ti, ,1," 11Lel O 1,,¡,~ hi~l1c<l poi,, ity d"" 11 tu , ILJLLnd 3 
"hioh ¡,,~, the In",,¡ pr iu•i" _ Th< P"'P"" uf .1 (TC -~,.,,.,r.J ,,¡,•., u pi. "' "itl' Jll) .,,¡,.,, p<tiph<L JI Jc•·i,c. 
" lu ¡,, :' the CPU w "«JL< Jll in«n upt !<ti' k< ru<~ IILL< A<e<>o <lLLl$ lo /.SO >)''kiLL W ter "'PI prvtv,·.,l_ 1""'" 
r• i"rLI) Jo,¡," '" ,hanrL<i• "'~l nut inteo m pi l\1~¡,., I"L"'") do> ic<O '" <hJ1>11d• thJ 1 loov< oli<JJ)' """""f'I<J 
'JnJ lwo n~t luJ th' ir int~rrupt '"'"'< rvutin<> c•onLpl<t<J. \ ¡,,._..,, hi~h p1 iu!Lt)' J«·i.-..:> m ch>o tLd> "'") 

tnrouupt th< ""'""'"g of lower pno!Liy de>keo "' ~h.1onel<. 

,~'t <:'fC ch:rnnd--~ b< ¡;a¡rlnu-ro;d ~o. '"'l"<jl .:'!' in«u "~' "'"'' '""" t~ [)o,.,.c.,~ul« ,.,d..,. ~ '' .,.., 
'""'"'' ol "'·"- no ulilire thll I<Jiur< re;rric:< th.~nr.. <.'1'1' b• ¡Hn¡r.moiol<J ¡,, il!l>frupt r:h><f< z. ~ ,;. . .,., ""'" 
.1t~« thc• '""'"'P' rc-¡u<•;, th< CPl.i wol! <o:nd out >n inleuupl ;clnv,.I<Js<. ""J 1he CTC• lnl<nupL C.>n:O.ol 
l~'i" ,.,lf J< """"•< Lh< ó:i,¡hc ·1-;¡tiO!!I) chonncl whkh ¡, ¡e~u<<liLI~ Jn \nt<t!Upl "ir hin thc CTC Jeq.:c _ n .. , 
11 the C1 C'< 11 ! ULpul io ,_-.,-., inJL<ltm~ tha 1 1< h.1< priuril• ..vithin th< >) """' JJi<)' eh• in, it "'ili pi,¡.; e "' 
~-bit, lr.t.:r:upt Ve,,,,, ~" tho 'l "'"' dJIJ bus_ T-.. h,.;..!lj•l<r 5 bl.~~li.l,.):<¡::.or. ~ ~ k..to·.:J>.:.:.I'.~ '''·'~" '" _ •• .,. 
(' ... C1'( ;w!;,,-~, ~'" ui d•o C1C_ ntiluol p.v~oa~Lmirt r'"'">J· IIÍ< n<" '"" to"' v.oll b~ p<OL•ided b• <he 
ClC• ln:e""l'' C'"" rvl L·'l!'" " .J 6;.,,,~ c:1~ •~"<'i'ondi"t '" th< lll~h<oi·P""' "~ .:f,nnd ce~ue.:ut¡; JH 
'"''"u e<: 1i1ul!¡ ,th< luw-n.·d..•r bol uf 1 h< """ • '" 11 o!"•l ' t>< '"'" •«<•rdu•g tu ' """""""" Jc>.:nh,·d 
b<IO". 

---
INTERRUPT VECTOR 

o, o, o, o, o, o, o, 00 

C::::l ,, ,, ,, 
" ' ' o J 

' ,, 1 
o o o 
o ' ' ' o ' ' ' ' 

Thó• inl<t!Upt ''"'"' ;, U><d l~tin'\'1.1 [>Oin<~r lo o~.la.coti•'>f> 1h 'mor:'.o•~ "hore tto· :ld.!''"' o! eh: wterru;< 

"""'"' ¡~ulir.e " "~"-" in ·~OI~:_lb,;:'i '"o' '"l"'"""'' l~< l<011 1iylitk '"' 8 bits, whtl< lh< CPU r<:J, <i« 
t. .:l>ñ)<.1" of lh< 1 r<:~iiw tU ¡><O'i~< th,<.m<!>l ,;~mfi<ont 8-bir. uf th< 16·bil puinr<r. lJt;; ~JJ,.:,;; '·' '""'""'~- _ 

...,oriid' Í<>,. ill'Cñ"t>in !t.< lo;o,...{,,d<i b}.~;:rr.d t& n<: ,,-M!!-'I.c•l :id'JitU' .. ltícOn<"!•~ !!•-:.l!iih:!i\·::,;. ~ • :~ _,;o o; 

lddr<"' wllido tn <u m .:untoml th< tirot op.:ode oftl1< intmU¡>II<fVÍC< r~utin<. Thu> on mO<l< ~.l •.ngie ~-bi< 
•"':or ''"'<~in Jn '"t"r'ptóo.¡ CTC """ rosult in"" indit<<l ~oU 10 ""Y memcry looot\on. 

Z!IO 16·BIT POINTER (INTERRUI'T STARTING ADORESS} 

l REG 7Bt1SfROM o 
CONTENTS PERIPHEHAL ----

'VECTOH 

'------------
...:, . , 1h~t:> f• :, 1~0 """'" c::~~-,nti.in ~h•l >11 'd :!co;;.:, in ,'h'•. iiLr~rP>V.' ':':"0~( rautir.e ···~T• ,¡,,ulJ ILJ ·.e . l 

f., t,,~o_(l~':',.~'d" _bY_'' '" Jn :·:'a "''~':"'~!" "'"' 1~1) . l'LJ 1 !!'~_Jv:t;_,l'.'.~_.:.' }>¡ _!< ,1n ._Li!S,M,•,!_jl.'~l'!c~'t ~JC'Jt '''." '"o;,. 
""•ll•in·, "hklo ·~tll ,¡.,.,:•• ~, "dd so tha< lho "-"' ;:,;nmc,nl bt! nr :m y onle!! "P' , ec 1or .. m '['l."'Y' ~~ "'-'". 
il•n•• th< I<W •itnifi,;Jnl b11 uf '"Y inlertupl "'!>" w¡ll ''""Y' b< ""'· 

Jhc RL fl !!\.>!!'!"""" t~ u"'J ',' Lh< "'J qf HL) .""' '.•.upt «¿ '''~ '"''!in~ Lo.'"'!;,¡, .. ~ ¡¡., .L ;..:, ,¡,,~,, j 

"""" :,}::10 ll_ O ''" p<uP~' ""tl.""! "' n~ ,:d ~'''''"Y '" :", "l'' ha=>dor,~ n,. 1 Tl ".'""""~' ofoc ,, ,: ''•" ~ .. r .1 • 
{. bu> Jnd J"•JJ<> ti,,. onmdC(Lon ,.¡,," 11 ~•""'' n•u• lnc C'TC' 'honne1 c<JrLLr<>ll•>¡:'" 'NLII ~n,,.,. "'h"" rhe (1 \. 

h,. .:ompl<«rl '"'"Lng '" inttrrupt, w!lh"u t '"Y furtl1" '"'"'"uniC>!Lon w1th 1ho CPU b~,.,~ nccc,\.Jry _ 

---- -- --------------- .. ----- ---------

0 

.. 

--
----
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10 ClC;.INütSCi\l~fiON ' . ·-·' 
~ ~ •• ,.,, ... r >k l.'ú-( re riro" nf>f''· ""'"" <ho~ n '" fi>"'' 3 O. l. Thi< "~""" ~ •• .-,;~,. l~.r ft.no """' 

"f.,,¡, rm 

u; -oo 
D•ü-fi'U D.to Bu; lbo-doroctioo-•1. HH:•t~j 

CSI-CSII 

n.o>< rin• foom • ~-bn bioary •dd1r" cnd• fm wleonn! onr of thr fou1 indrprndtn• CTC chor.nrl• fo1 
'" 1 O \\"me or Rc•d- {Set uu:h ••hl> h<low.) 

---

"' "" -

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

•.· 

,\ ivw le\ el o>n lhi1 r1n <<'¡,bl" 11" CTC lo .C<<pl <:.>ntool wordl, lnt"'"~l \'«""'· ur tim< '"~''"'' ~>1> 
"'''~' ¡,,, the Z~O ]),¡, Bu• during an 1/0 Wr!l< C)cl<, or 10 1r>~l$mlt 1hr NJMnl> uf the Do .. ·n C~unror 10 
,¡,. {"PU dunng an 110 R-.d cyd<. In"'"'' opphc>tiun• thi< •i~n>l b doco.!r~ from th< S ltlll •!;;nif''""' O in 
<1f 111< •dd:." bu< for ony of tht four 1/0 pon oddrtml tb: ,.. map¡><d to lhr fo•ur C<ounler,'T!mlr Ch3noob . 

Clo•<~ (~•) 

S•<~em(locl (inpul)) 

• 

TllJ> Slnglo-rll"' <l"ck is n><d by 1h~ CTC lo syn. hr<>nil< "'"'" ~~~n•h on 1<1 "'IIY . 

•• 
\!."·lunc Cydo O;lO S;~.,,¡ ¡,,.,, ( PU (in pnt."ooll'O lo"') 

""l"n \fl "•cliw •nd lhe RD signa];, activo, !loe CPU IS f<ioltin~ an in•l!uo:iwn fJum n><mo!)'. 1\l"n 
~11 "•<li'e ond !he IORQ >1¡;1->l" '"ive. !he CPU" ockno~lerl¡;1nt •n inleooup\, .<leoling the CTC In rb" on 
lni·-""P' V,•roor ~~~ lhe LSO D>1• B'" 1f io ha< dail)' chain P""'"Y &lid une nf lh tl¡d!onrllhol '"'!""'•··! '" 
in"rrupt 

IORQ 
' 

n" H'i'R"ó ,•¡;nal ,, n .. ·d ,, ,· .. njun<twn ~ ,,, t!" \"'E •nd id'\ ,,,,,, ¡, , n "'""r" d", ,,d C"L.no•'l r '"" ,, d 
\\'," d< b,., .. ,., n ti" ZSO-CPL" ,,d 1 he ''TC Du ""S > C 1 ( \\', n e f< ,¡,. f( •H (} ,, ••d t\': '":m l<< l1 '·'' oo, J '¡¡1) 
'·''""· ll1< CTC J,.,., "~' ""'"'a>; ,-.:ll1o o..1i1e "g"al. jp.;, "l g<'l;,., oti1 ¡; i11 •'"'' '''"'nJil) (,i,m ,;,, i1"''''' 
,,f • '.chd d) "~nol. 1 n a CTC Roa~ C• ,·:e, k\ ifQ. [[ ·'" ,, ~Ll1n1<>t t>r "' : ;,. '" pb"e o 1" ,,.,,,.,,. ".' ': ,, (),.,. n 
(\•un:er <'1• lho /!;(1 lJJlO !lu1. lf fO¡¡Q ·"'d Ml "'" h·Hh ""'·tilo t'I'L' il 1·'-' ,:,.\d:·,n¡. '" ir.;clll.r< •c,;;l(·<l, 
""' ·'··; •·1···· ... ,,,¡,. •, ., .. """' ,. ,,, .... , ;·' .- , , .. • "''"""' ._,.,, ., ..• •1·,. 7•n 1101o ~-., -- - --·-·--------- - ----·------·-------- ·-- -
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3.0 CTC PIN LlESCHIPIION {CONT'D) 13\J 

'" R"J Cy~le $1JHJ> llmll th< CPU (tllp<lt, "tlv< lu~·) 

Th< Rli <ign.LI ;, "'d iH ;nnjurlcli•"' WLih the m~<.Q lnd CE ·i~n>l! '" ""'"(<r dato ""J Clwtllel Collllrul 
Wot J, bet ""''" <!,.- i'.i<O C P lJ -•IL<I th< CTC. lJu" ng J (' 1 C W "'' C¡ <i<, JO RQ ""J f';f n>u•t b< I<W< md Rl'l tal"'. 
The CTC du<' ""' "'"¡" ">pcrliic wriQ· >~nJI._ ""« •J g<ll<rJting "' uwH irll<roLJlly rru"' th< '"'""" "f, 
••lid Rll.,grlJI. In a ClC R<'d (¡~1<, ~ R , ('¡-_ JnJ iUi mu>l bt octi" In pi><< th< cont<nUofth< Du"n 
Co"""' un tJ·,, Z8ü [).JI> Dn•. 

lfl 

lnterrupt En.~l< In (ll'f'"', """ hi~h) 

Thi> signJI is """ Lo h<lp fur¡n J 'Y"•m-wtde tnltrrupl d' i>Y cho.u w[oi<h e>labli">lt<> pnufitie, 10hen 
mu" th.1n une P"ipli<r-ol Je~i" 10 the ¡¡mm h•• interrupting.;op•bihty.·A hlgh leveton!h" pon todioll<> · J 

t: · th<t nu uth" Lntwupting rl" i"'' o f. h~g~~r Y.'~~!>l) m 'h:'; ~' isy ~hoi~ ~ '~:~<u•g.~~··icOd 1>!. ~h<}JU-CPU. · -

'" 
In <Oitllpl ~ r,Jb0< Out (o u 'P"'· Jd ''' h1~h) 

The lEO sig,ol, '" <OOJon.:ti•>n witll IEI, it us<d to form' symm-w1J< irll<rrupt priorJiy dJi1y .:hJm. 
lEO;, 1-.tgh ~ni y d 1~.1 it high JOJ th< CPU" not servio•n& .m in<errupt frum .1ny CTC' dt.rnnel. Tltus liti< ;ig
r.JI bloá> 1~"'' pnor>ly d<•tces from ln!trtuplLng whil< a high<l prior. ty in ter rupting d<vice is b<r 11g ''"'l.:<d 
by th< C?U. 

... 
11\i 

f lllt<rrU?l Roqu<;t (<>utput. op<n d"'"· o< ti>< low) 

•'Thi• sisn•l gne< rrue wh<:Hn)' CTC.channel ,.hoch hu !>un progr.mmed lO enoble in,!errupt• has a «r•r ., 
_ c~ur.t .:~r.!i ,;.,e, iiJ i:> Du"!'. ~o_~n~<:¡ ' 

• 
R"<t (tnput.octi•< low) 

r , • • -- . 
'1hil ''""'1 ""P' •11 <hl~O<!l f10m oounting or.d ""'' d•nnel intorrupt en>bl< f;>iti ti>oll o~n"ul 

<<¡¡i>l<'l, thefOb~ d"Jbling CTC.gener lted inlet rup 11. Tho Z.C/TO lnd fST o~!puts :¡o !o their '"""'" .. """'· 
lEO rofloct> !El, ond the CTC's dat• bu o out pul dri'''" go to <he hi~h imp•d•nco "'"-

CU.:/TRG1-CLKl1 RGO 

hwn•l Clo.:1< ,'T 1m<r T ng¡¡er (input, u«r·l<lect;ble oc ti>< lugh or lo~·) 

Th<l< JI< four CLK¡TRG pino, corre~pondrr.~ lo the iour ind<?<nd<."' CTC chJ~c.<h. In th< Counter 
MoJ<, .-·or¡ >e ti>< edge on thio ¡>in docrem<nto th< Do~ n Count<r. In th< T1m<r \l<.>de, ln >ctive <d~c on thi< 
pin initi>l<> the llming fundJon. The US<t ma~ "lec! th< "''"' eJg• to b< t.th<r rio<ng ur f>lling. 

ZC{TQ! .. AC,'lOO 

7<ro Cuunr/1rme•rut (output,,ctivo h1gh¡ 

Thor< ,,. th«• ZC/1 O <''"'· """"i><>"d'"& tu C'TC ch•nne\o 2 th'""~h O. ( Du< ,,, pr '''"" ?"' limit-'""'' 
ch•nn<l) ~" n<> ?.CITO ptn.) [n elthor Couc.t<s M<>d0or.Ttm<r \t<><l•.'w~<n !he ()).., Co•rn;, d<.:O«J: .. :;,t.i :~ 
'''" •n ><~•• ~ig.h ¡~ill¡¡ pUl$< 1pp<its al tlm ;>in.' 1 
t_ .. 

-··--·-
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:J. O t; re PIN DESCRIPTION 
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4.0 CfCOP!-'f:t11NG.\10'•~S 

'" " 
.\• 1,. "··· ,. .o,., 7 •0-Cl e " ,,. ;, '·"·1< !lr•.-J • ' _. _.,,.,," ~T.,T:"l p~:; ~" t: \C ¡, , """"''" " .o~-. ~l<f,•~ · 

"'' :~·:. '•' ,_.,, t-_.,·,. "'"''':"~ '" ::c.an~.' (1,,,. •. _¡ C.·nn,fii',"J ,,] • ,,,.,. -'"''''''" ~-- • "'"~ aou•: 'e< 
., ·•t'o··, '•' 1110 .;•¡•. ;pr'J[< '·'~1•''" ni LhJI cfw .. ;:!, rwlf,:;, :: J,,; diJn<ld ¡,,, """ r<J!:IJ,Ha,•l 1~ e:·: '-f< 
'''"' · ''1'' •• '" l"l<r~"r' v,.:;.,, ~ 1d 'm~•• ~< "'""'" ;o :1'" (' 1 C• lnrwu~t C.>o>t· ,,¡ l "S'". 1 f' '" lurt~ .• ·: ' 
J,•· •rk :ci01 .,; "··"'"';u · crr Pr"!l""'""''g."'J 1\1,"' rh-:<TU hJ< .. ntrtn ,¡¡ ollh<O< wor~• '" tl;e (lC 
;ll ;,-r,_, ''"'"' ;1; , il b< ~,.,~, ,:,.rnd lo< iwm<diJ<• ''f'<''""" in «lh" tht C """ '" \I~J< '" ti·,, 1 '"'''' 
M~o • l 

• 
4.1 CTC COUNTEK MOOE 

In rlu. ~• .~, ih< CTC '""r.h <~!!•'' ul th< CLK,TKC 111put. Th< Coun<er ~loJe i\ pwgr:¡""',.d !cr > • 
el· .• .. ,¡ ,.. :,"' it; Ch.om•'l CDto:1nl 11 "' J ;, wr:u<o wil11 h11 6 1<1. Th• (luru,el' > hlwoal (loe~ ICL K 11 RGI 
•n¡•-_t ,, 0 .,,,,-.o:eJ '"' • ...:de,,,,- uo~··;ing <dge>. '''" <JciL, in ')'H<hroni?JII<HI w11lo <lo< ""'' """S ecl¡' A 
•:• < 1!1c• ~) Hc:n n"k), the ]l .,,, Cown!<r (\\ioLCh "" ;,.,;,¡¡,,j "'"¡,lit< timo""""'"' d•<• wurd at <h< '"'' 
of '") •'·i"'"'''' .. ,. d"" u '''"'"·"g) " ~<<t<ta<nted . .t.!thoug!t th<l' " "" 1<1-up time• r<q""'"'"'" b<ll• «" thc· 
lti%'riu¡ <J;' ,.,- th< f."•·rn,¡ (l.,cl. '"J 11" m in~ <Jg< of ·~. (CI.,.;k), th• [),,,.., Cuunt<r ".11 not be Je,re
"'-"' '' :! '""': ,;,, , .. ¡¡. •'-' in~ <t> P"''" ($.<; lh< ~-tram"" 11IC ¡.;j rn «e <ion S.J. "".t. C. Ch,r;c<eri«ic'-"\ ~ 
clu•o!'<l> > 1 '"''"¡ Ch;l. on¡ .. n " pr< P="t""'""'J b) bil ~ ~f lh< Choon<l Cn111 rQI 1\'orJ ''' trisg.:: '"' J'"'" 
OL• · [lrt,; <c'•i :,'1\Ce WL'-'' ~jo l.,-. J hi~f, •>< o lu" ¡¡<>in~<~~<. 

In '") ut' ÜJ'"'·'' 9, 1 . ur : _ ""h<n liLe Dow1\ (o un 1er " •ucce<>i•·ely ~"'"'"'''""d Ir~ m <he orL~Ln•l 
[L;•c< .;,,.,.;.,,; un<LI iin;ll; it <<".h« ""'· th< ?ero> Counr (ZCíTO}out?ut pw (ur lh~t ,·luna~l .... ,:¡ ~< o.rkJ 
'""~ l,lri~lo) (1!,•"' '''. d"' to r•.:l.>s< pin limilo liotl>, dwtncl J de><• no¡ hJ\' th ;, p;n JnJ '" '"'~ ,,¡l b' 
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u~·O i" •ppli.:. 11 . .,,. ,,¡," ti,¡, '""? ,,, P"l"' ¡, not roquir<J.} F"!lll<r. oi th< ch;nn<l ho. b~"'' "' ?« ¡>ro>~r Jm,,.<.' 
b• '' 1 7 ot" th< Cho:t•-:1 ("""" l t\ord. '" in:t.'tU¡>t l'·i"'St ""~"""" woll be l'-'""'"J. (f' ur m'vro J,•: "''· ,., .. 
'"'"''" i O. "CTC lnt< .. t•;•: S•'"i.;in¡;.") 

.-l. lhc ,¡,.,..- "l<quo" '"' ¡, ?' oco<dons. th< ''''' , •>Onl '''nditioHl JIIU "'"'" in th' "''"' """ t<lo , : ',,¡' 
the o.,,- 0 Coll".<er "' lh ¡¡,,. ,,,~.,, ,¡ '"'"' """"'" 1 Jl" "u<d ;, th< T '"" Co ... o.no R<~i•w. Th<r< ¡, no• '""'' 
ru;o·¡.,,, -n :!« ¡,·~c,•r.:r ,,,- """'"'"·¡ do,.n·cour:ti:>~. lf th< Time Con""" R<~i>l<! ,, writt<n ru wLih" """ 
ltr.'' ,.,,,,, "' L J n t wor' "liJI< :ice: 0<>" n Cou1Lt<r " d'"'"'"'" '"t '''" ?"'"'" .oLml "oll bo <;>nwf<:,·J ~d.• 
th< "'"tOn>< .<ln•IJ•It v.i:l be I~;Jed into th< Or.>v.·n Cuunl<r. 

-~ ...... ·~·---

/f ___ --
V.----. 

"'""'""•" . . . 

1 -
---·-

'"""' [QltOUl 

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

··:·: ..... r~ .. 

.. ~. 
tOMI"I 
Off.JSH• 

"""' 

FtGtlfl~ 4.1·0 
CHAM<! l Colt•Nl t ~ MO:.' ·' 

• 

. ~ .. 
""'"' ' 
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1 ,. rr- ... ,,, .. :llgi¡,,,, ... L::.: '"·"'''~'•O''·~· .. , '''~•·:·''"" ··' ~-· ... •.:, r¡,, 
1, \l ' · , , ... n·;: ,L,,, "' G·.• .. · ("'"" · ,¡ ~~--"~ ·,. ~r:r ,,, ~·,_¡, ·,:: '- .. e., rr., ,l,.o-
"·: .. .,, '"'·' -: • ,, _,.,,,,. '"'···••l•nfti• ... ho-od"n ¡¡,, S¡;'<l'l("j,,,¡ l'""'d n:o C;.>J.·¡.or: ,,\, n :'•d 
; · · ,., ~! • -" :. . "·, ,- , , . ·M". tho f' ·•• .. '" .,,a L!,, n. wn r """'", )), I''",J"'~ ""' Lhc ,- · . ,~"''' " .. ned bt .' 
'" ••.,-e; ,, ,,..; [,.,,,,: IL,.od. d;c r.o•-•1•- ,¡"'ó" :l.t ~)''"" C!,,.l ~: • f'"'" .,f ,,¡_,, lr. a: C'~- n,, c·:t., 
, ··' .. _ · _. :·. ':r: -· .... ,,. ,.~"''.>-e' 1· ~,;,;,."''he Po•··" e~"~'"'•"'';.;,:,,,,.:- b>; .. •-•" ~"""'"'~ 

-.-•. ">: _ '"'"'·~· ,.,:¡z•• ""'" .. ~ ; ,,.J :'Oto . • <, "' tll< ( '•!'"" \lt.,Je. tt.e IHP<-<"• ,., :e: ;, :;, ': '""'''!h.'• 
, ,, • J< .: :.- ,,,- !' H'C '.:Our.a; al r.di ,o¡a-.uuili ,~;,jj¡¡·,,.; .n~ oryon•i• ~ ,· .. ~:'~''"-'A ''-• '' · .-~.,...,.'. 1~t •, 
. ¡, .;.; .• : _ T ..... Ow: , I.C,'I C) ~ulp•l·/ wloi,/, ¡,. ·;,..._.,.¡put •·> oh< (.,....<> r.,u,.,., J ;, ¡;.1-d, <<' ,;; ;., ;r, ~ ~r~· ~ 
'·• -. '- _¡,, ~f "'"' .. 1-'<' j~J ¡<].'" b_l' '·~' ;:.Q_d.uo:l,. • 

¿•o,,•''') 1 1 •P•Tt 
--~"·· - . 

~,., '"' ,·¡~-~ roc:nd. i•.,. tho P"<caler r.uur of1 6 (,;. ·:~~ ~ .. .¡ 1'(' ;.; ;he ¡>:e-"¡i'.:(;~-·-·~ .:J tbo ----- -... ,_-_ ..... 

. . ,- - -
' ~" ~ ·•~ ;k Cbr.r.,•j \<Jlll"ol \'.'"'~"pro ~'"I'>r":'m«l 1<· <tlor-1 1\i.<ll"; ;;; ;écf wo!J h """ ,.,o¡,-L;¡_,•.;• 

1 ,;u •t.·tL "' ~·loc-t 1·" ll w,ll O< iolll!O 1 <J wotl1_~ 1 'il'O:" ul!¡ <cl!: •: IIL<- ;:,,,.~~]"• f>Jmr T• ':!.!'"' ¡LL,_;, T II.G! ,r.¡-·.Jr. 
lf'-:· :: " '""' J,, ,¡,.,<, ""'"'"''i'""ll' ~'i:t"' ~;:''""~" ,;, :_!,~it.:r'n ¡;¡!he O' V e! .:o_ :~uo"-Jr•¡: ;i.e ,¡;o 11:rirr 
,,_,,h;n, "<;<le th>l '"•d< U>< rirn< .'-"'J~:>nlj>:• woid 10 lh< <i_!!~[ltl. lf \111 3 i1 "' rl>e rinl<t "t><ri~• u¡><13·."ron 
'"• rhr •,-c.:~nd ,r.nro•Jws ri<in~ tdg< of oJ>aft<r (loe n:ner T!itt<r edge j¡;Jio,••<nf 1h< : ... ~mg <>f rl.< li!tlt 
, .. ,., ..• ni ,¡_,., o.<•rd. lf "" \ion• """"'"1 d•t> word ;, ro follo><·tl.rn lh< 1irn« ~'~'N •'?<''•'Í"'' on ;1,, ''-''"~ 
• '""·,'o:lf ,;,,,~ .-~;r .,¡ q,,~'"' lh< Tim<l Tti!!!<< ·~~· follo"''"i 1hr cuntrol "'''~ ,.,,,..;:. ck: ¡,,. ~ ~: =~-' _, 

. e: -'·'"' e"'''"'' w .. ,d " rr,··r''-'f'•<nm<il to 5<lect wh<~h~ lh~-T l'll"' _T n~¡¡ • .-; ",¡; :.o ,,.,_,;;, • '• • .-•. r._: ,., 
,.-,; ... , ... _;,,_ ,\lti<N;;I. ,-,.,. " no> 101-ur re.¡tn;imtlil ~;¡;.,,,r. lh< •"¡' • •da• of ri-.t Trm<r Tri~·~·· ,,,¿ :],, ro •1 

1 ¡.,,~- •~Íc o( 4•. 1:-tho Timer T:i!:ll" e;lgo ocou" c].....,r 1h1n • I)IWi•~d I~Í~ttn·,¡m ,.\·up lim< '" lh< ''''"~ tO¡t 
of ~·- ,,, o,wn (,,.,.,., ,.]1] nor b<srn Oe<romen1ing unlllthr follo"'"l """S tdge o' ot> IS« rh• •'''""'"" 

-· rs(TRI "' '"""'" S.3: "A C. ""'"'l<li"io>".) 

1: '•11 "i •n :!•• !"l~:m::,•l Cc:r.t:ol 11'.,,~ """'• tl;¡r.· J<IU·Co>U<II ¡· .. pJirion in lh< Do·~n C,·ur.tt!. t,-,,;_, 
""''"' ~ .1 p:d•o' JI 11>< _:,.,.n,-:· • r "'" Out pon, o"'J~ bo ""~ '" rnlli,o 1' •n ii•'<IL u pi "''!'''" .equ-r _.- ( F ur 
,,,.,,. Jtrzrll. "'' "'""" i.U. '("J(' lntmupl S.."JCÍnB-"·) 

-· --· -~----- --~~·----· 

• ,--,:.; ,~;:--
IL~t 

''"""l ""\!'" """"a •'l>lOC.K" ""·""" .. liT" ,. •rn• 

L 
y ¿.:; 

¡;F ·- ' 

""""' "'" --· . l0.? . 

·f··.·:.:;:· ' ~- -~f.! "" - ' .. -· -~----, "'""'" .• ' . .,rs, 
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5o e re l't;or;r .• ,_:_,,..11NG 

l' ! • . .- .: h'.' ~1 r • .! -"'"": -, ... ' • ;·.: ·; ·"": ;.,, '" 1 ¡,.,;,~ orer ,,,¡~,,, ' 1" ..... ·: 1'. .,., :. : "' .. ,,¡ , •·1 , ' '"'" · 
( ·"·V ~:·.e·'~";,, .. ,.; loe-..,:.,.",'" i' '·y~~.· (1 (; n"'" wur•l\ .otll b' 11"'·.'.1 in :1 < r!OJeHc] (~"''"[ 
~--. •:r JIIJ ·:,, T""'' [,..,,· .,,- l>.<.;i,:.:o ,¡lit"' clt.tnt·d. In .I<)Jiti""· ii •"1 ,_.;' lh• :'.·"' .;l,.,.nd, ¡.,,,, ~.,., ·" 
~· .. ,:. ,.,.,, :J Ht!: ~" ., ,,- r!.c::• e"'"·": e~"'·"' ·¡,,.,.;, ,,, «<•hl• '"'""'~". '" r,,., .. , ~ · V• ,.,,, m·:,, ~e ' 
., •: :.;: :, :: , "'i'• "'' •.:.: ; . .-.... <. _ '" ''" <:'i (, D"c ln Jli[•>Ol ""'' f•atu "' in d,e i 'Mrrupr CurMol l•'11•". d<l< 
1" <·?t .• ,; · , : ,,,.,,¡ 1 '"•'<, u¡lt V e,¡,, «:! :,, .• , fu< >11 fu u• chollt:cll, 

5.1 lOADtNG TI'IF CHANNEL CONTROL AEGISTER " 

T<> ¡., tJ o C'lo.·t:.•:l (Mllrulll'ord, lh< CPIJ ?'<f•Jrm• > nn:-m•l 1.'0 """«que neo 1C tne 1"''' ,¿dre" _, · 
«'r.o,,, ... :, .. , ,,. ·:·: !<·.:o,! C!( ,:h.un«L Tw~ CH: mput pi01s, nant<l) CSO md (SI.><< U.S<O to f~rrtr a 2-bit 
bitw¡ .l~Jr-;,, ''' .ok.l ""'vi fúur o:hanJo<l< ..-nhm 1hc d<•ioe. (for • l!ulh lJbl•. <.:<<.:el ion 2 ~.1' "TOle 
(h,; :-·1 C<>nlwl R<Oi•'« ,,! log'c"-) In many <)- nnt >r<hit<cture·., th<"' ''"" '"!"'' P'-"'->r! :o~r--•~•o~ :o~ · 
Ad•l•<>> 8•• lin<• .\0 ;~,\ '1, ,.,,_,,,;-,oJl- . .u d.•• rho fuu< e~anT'<h on 1 1';1<' d••l<~ wm oc:o¡;y e , :;~.¡•>m'" 

. 1,'0 ~~a ¿JJr}'>"'•· A:-~''- "'"'"" •~ • CH: :hoc1~d ,.,¡¡ bo Ull<r~O<t<d o. a Ch.mhel Cor.trv\ llurJ. ;uJ l~•~<d 
· "''" th< Ch.qne: Contr.:~l R:.;l""· '"bit O is > logk l. The ~ther "'"'" bil> of thi< word .. ¡,,, o¡><:oricg 
"'"J., •nd conJotL<•n<" '"''kJtd ''' 1h< ~·>t•.ll'l• belo~. Fol\c"ii•S th< ~iagrom the mu"ing cf <>eh bit v.ill 
be di'"'~'><·l in Jetlli 

"'" (0""" otr.r<n• 

"""" 

,,,,,,,;,,,,,,,-------

--
" ', . " 
" 

---------

O<"' l ",,,,. r 
·:.:."~ _, 

.... ./ 

f!GIIér: ~- 1-0 
CHAi.M_I f.L0C~ toLA('"l~ •,: 

---1 



:>. 1 1 QL_:)I~,.; fHE Clif.'Wf.L CONl ROL AEGISTER ~CONT'D) 

,, ,, 

-----

Tloo , 1 '""'"1 ;, , nablrd 1" ~<noo.ol< on 1n1eroupt ~<·<¡toe>l "·g uence <>'O!' Iom< 1h• D<o" n C """"' ""h" ' 
" ",_, "·'"' c. •LIJII '"". Tn <01 lhi! b1l In 1 in any of lhe f<>uJ lll•nnel Con!Jol Rq'i" "' n,•co,.ila><s 1~01 '" 
11' 1 ,. 1 o "P' \'oil '" "''' • he "rll len lo 1ho CTC bdm< uperalion begins. Cb.nr~rl "' tmll pi • "") be pt<•11, 1\lll<d 
'" <'olhc·r ¡·"""'"' ~1 .. ,1, "' T11ntr Modr. lf an upd.,ed Cl1annel CoolloOI ll'<lrd is """'" W a <llonnel ,:•o,• O\ '" 
••P·''"""'"· ",¡¡,bol -; "', the iniCII 10~1 c•nablr "loction l>'oll nol be r<IIOatl;"" '"a prrú'~"'t ''''', nunl 
''"'d"i"" 

i:.t '~O. 

;:,6~1 

(", ·•nno·r \;,.,ro •do"ed. n.o 1),," n '''"""' " d,.,., ... ,,.,,d bo toodo <: 'ff" ins ,-J~• of the f" m'oi rr~c;. 
r<'l ¡.;, fKI;I '"•""'- r:.o p,,.,,,¡.., '' ""' n<rd. -

JJ:1 t •.• a 

·r,.,,,, ,¡,..¡, ,,;, •. •ed :• •• ·J', '· ·1·:• "rl,.,\,nJ b) ,¡,. S)'kn' (l.,,, 1•. ,,,d rilo ""11'"1 of ''" Pm,el" '" 
'"'" ,.¡,_,,, :[,, p.,,,., 1 '"·'"•''- rr,.. '""1"" of'1l" D··~n '"""'''' (tJ•o ch.ul•":",/.(¡10 \OUipurl os• "'· r .. rm ·• 
1' .:oc 1 ...... "' ,,,,.,..J "''"" l•) ,,,, i""J""; ' 

~ heo. 1,; " ll·, 1''' i•od ·•i \> _,,.,, < '1 .. , l. ~'. 1' 1> !loe r .. -.· ,1,., Í.oCIOI of 16 "' :0 6_ .• tod T(' i$11 .,• i imr ,..,~¡l'nl 
oi ol • "•••d. 

111,-,,, ,•0 '·'· ¡,,.,., \¡,.,,,._ . .,•, ,¡•·oo.·•l··• ;'oclnr ;, ·~ ' 
-- ' ---- ------~--------- -------· -·---

' 

' 



- --·-····-· ·-·-- --- ·---·· -------- -.-' 

" 
t 
... "]"""""""" ... -]- -~-- ·- -·---·-, LOAO I'~'~:-~.'.:E' 1. :·HJR:•:,~;; SI.OPE TRIGG"'R' 11M!' 

M~ ~O~SfANf ------ ·-- '-.;_JJ" - ~ 
US~OIN USEOIN 

Tlr,IO::! ',\(:DE ONL Y TIME A MODE ONL. V 

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

·, 
cot 1:-.-1 r R 1101 J!: . 

B11 J•O 

T!MI-.R liO!JE- ""5'1"' rdge lrLI.ll<! ,.,m tinl<r oporot"'"· 

COUJ'l J R. MOill' n<~J 1 "' <dg< docr<m••c," th< du"" <Oll n«í. 1 
! 

Hi< 1 • 1 

1 ir>><, llc•.J: 011::. h"mJ! <ri~<r i> V-tll·l i'or """in~ tim<l• opew '"" lil<r """,; ,J~: ,¡ T' cf 111< 
mo,;hin< .;¡.;!< fullll~;n; !h< or.< !!latloJJ¡ th' IIIL • '~~,IOn l. TI" P"''"'" i• deueme·Lt,•d "duc\, c~d" 
low lflh< '''''P 11m<" n1<t, nth•r~•i·e 3 .:le>, k cycl., · 

T1n1<r )I·Jd< On:y Tm;e' ~•g'r.; q><Wiuu ~n ti« ri.in¡ eJ.;' ~f T, of :he n".;!:ic.< ._,-,;~, r~a.,~;·,s ,¡.,. 
or,e :hit 1""-d' :he timo .;ono'-lnl. · : • 

\ 
T~< :·...,, C~l"""·' !"• •~rJ ~~~ t!;e Tm1e Con>tar.t ~•g:uor "''1! ~· t~t Ot<l ·~urJ """"'tu tn'-> 

,+. , .• ,!. ¡,· lrl "?~"'¿ (1• -.. _.,,; C'cc.:r~l 1\"urd >".d ILm< «Jl'I¡L~111 ~l" ._~rd ar< "-riU<IL too ch><l~<l ,.¡,.;, Ll ¡, 
JI" 1-i¡ m "P'" "'''" . :":; [),"' n e oumer ,.,¡¡ 'un«nu< J<cronoo~tin,¡ lo "'~ ber~" ti•< n<" lin:c ""·•'" • ¡, 
lw~<! ·~¡ • it. 

B.t=•o 

~-~ ""'' """''•'" .);:; "0rJ Íu r •1· : Tur.< e OIL•U'II R'J"'" Llouul•.l be nr<•" ·: ~ '" f.,llu,.. Tn P'"1 · ''" 
b11 = "' :h•, :•'< ., ;•1 _., ''"' •hi· ChJ•Il><l e'""' -1 W~r~ ¡, lnl<n·.'•·l '" upJJ<e 1l•o "''"; of; d ,,,_,.1 ,¡." '·, 
Ll1 ••;•<· .• ·,, · ,;.,._: '·''"'·" ' ·•" ",¡"pe:"-' ~"h«-t:! '""" •l.1 ?'"!""""d ·!·'·' .,,,J in Ll·c Ttc•-; Cvo,r.,· .. 
R.·¡;·"'·"~'''' h1.: 11· ''"' Choon<! C:·:(L·•' 11~,, '""'f¡_.,¡¡,,. '"'1¡ ~-'.• ~r,..,¡,,,~ '" 1¡,, Tu"(.,,,"· 
R<~L·'''. 

k:: 1 ~ 1 

. ,_ 
• 

io:., •« ,~. .... 

B.1 1 ~o. 

" - . ' ' :' ,- ""' .; ,.,. -
- J! ... _, .. ,,, '""'"' ,., .. 

:' 1; •, . "=], •. ,, 

;· , > .1- ·i"j ll•¡, il ""' J ''"'"'1 •"1• 'lli-'IL [Jp•>IL "-[ilir¿ o• '" tiL"> 

: .• , •. ' ·' '''· "'"'""· """' ,,,,,,. '· .,,, '"'' -"-'"'"'1 ., ... ., .. : 1<; 
1- 1 <'e ,•, ,,·.,.• ,.,;¡ro· .. 11: '•1' • ,·;, .. , -~ !,w[·og _. ,,, 



_, ,,., .. _ .. ,, "'l' '"' '-···;" ,. :-,,¡,¡,., r,. ,. •.: •.:, C·.··•n:cr ._.,~, ua:: ,, ·-: -. ·· .: ~--· · 
, ,. -! h ,., ;::; .'r •. '" • • •' o T:.,,: : ,,, ' :· · ;i<t" :·¡ th< LPl . r~" ~ ... " : .. ¡;¡ be , 'i"· :! ·o. ;:.: -'•: 1 ·O 
11ri;o hJ thi> d ...... ,.; f,.¡;,,.,;,, "·" I,L -~,,¡ <>f :h< Coor . .-1 C·•::uvl U: u:.~. ,•.o"d•d 1~.: "" : .. r •'·• r -hnol 
Cnn:,,: II,.,J ",.,;·~;.< l:c," --~··"•"' J.r. "'"'~ ,,,. ~ .r.r ~1:'1" • ·•lut 1~ :1,• .• : ;;: ;.:- '): JI <is'n ~11> 
.:; 1),, '" 1;! "<' ¡, ro•. ll " i!ll~-lrW ,·ó " :.'" ~, (0 O ::.Ji. <Ool<;,n: ~<lo \•O!d " h• od<J 'O > .;e olln') ,;,_,d) ln 
•-; ""'" •n, tloo ).;.• ~n [, .• ,,,., \<.]]] ,,,,._:i: " ~"' , .. ,_ nrillf lu aro "od ul o 11•• nr ·' "" < <•"'">n' i• lwd•d fo "m 
il'< T ,.,, (\or.•10 "' ¡.:,¡!ol<t r ~ ¡¡., Dt·"' n (c.,onltr. 

------- ------------------
TI'AE CONSTANT REGISTER 

oo 

TC4 .J rc3 ___ 1- r_'_'_c__'_" 

--·----~~--~~~~~~~-

·---- ----·- ------------------

;; '"'J ",,.,,. 
'''·""" "·''''·" " """ 

.. , "' "' - ·-··~-- . . - ·- ---· ~--- -_ft 
----- ··--·---· 

' 
1 

11~1 

"'"· 1'1 

"''·''"" ,, •O•• 

...... 

e;• <'..:\f l ~l. OCK OV GRAM 

J!O<H(>t" ¡,~"'ll -. 

~---
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lh< '"' é 1 e h." 'o:c•• J<o:_:o ·J '" "'"' ,. : .•. ,,~, t'" 7.00-CPIJ pr •Y -"''·"'d f"r muJ< e '"'"""~' "•;'•'" ,, 
U o~-" th,• r<.,•m-.::><':ll, "' r:d, <':"J,-, "1"" .t (1'( ,.¡, """1 roq1•·: ::; "' '""""?' "'"] ;, •·~<>•'·' k~,;,J, 1 16-0il 
puilllo': lltW<I b< ,-,,..,,, l 10 ubl •i11 d ""''' ¡•<•ndi'l~ '":•rf!UI'I ''"'"' ruuti•" ol.llltO~ J~jr«o ir<llll J :J~i,• itl 
."''"""''. 11•,• "P.•cr 8 <>"'"{ lh:> p•.-ir".- ''' P""'~:,J b)' th< CPl·'; 1 re~l<l«.•od :1" :o,.·<: S ~it> or' <e·· -

:~· •1110: '<< ;:•·,~;!.•.: !:: :!>< (11" Ln lile'""'' ofJo Jo:<CliJ;ll Y"!'" uni~u' lo •11< porÓicul;r chJnr:: ~-J~ 1 

'' ¡; .• : .. " e --~· (F ... ft:•:io· d•l;jh ,.,_. ~·-"···~ 7 o- MCTC 1~!!.-u~: s,,.,,iof'.) .. 

tNHi'IRU~T 

SF.RVI.::E 
ROUTI,\E 
STAP.Tir<-G 
AD[)RfSS 
TP.Blf 

MODE 2 INTERRUPT OPERATION 

O.:oired Uarting o~dNIO poi~!ed to by: 

1 AEG 7 BITS FROM 
CONHI>JTS PERIPHERAL 

o 

---- -----··-·----·------- ----

11:< ~-,.,. '-"~<' 5 ""' .,- :t;:,J:::":uplV<cl•" OlUII b< wnlt<~ tu til' Cl•; in .J"""~" ¡:.n ~flh< ~ 
irli!t'! ~~~-- : "'"':.:~ .: ~·- "-. :. ''' ~o '''· th• CP\J m u'' w'r,to t;,.th~ 110 . '•''' oJJro;, ·cur[e;p.m~•"> 10 ir. e CTC 

-,h.1nnd O. ¡u•: J> il "oul~ if ' (IIJnn<l Cont r0l Wurd wore bcong "''"''" to th•t char.nel, ''-"' r t~ar ~; t p .o!·; 
.:t-_. w-:oJ :.-._,~ '"·"" ''""' •. :,tJ:.o 1 O. {A< «~btned 1b<>>< in "don ;_¡.l! bil '.) ot' '<vrd ,.-rl<t,•n t~ _. 

:!:duo<:"''""' to 1. th< wo•~ "'"~1;! ~· ir.:.r~••t•d "• Chonne! Con"c•l tl'úr~. "' 1 O,_, ~1: O "~nú th< 
en: tolo; l tCe '"'""""0: wurd into th !r.termpt Ve""' Regi.ce:.) Bi" 1 1nd :. h<><><'•<l, >:< ""' ~,.-J "h<c. 
io• ~-.o~ <hi, '' .t "'. A; ti>< ""'" ,-hen tho inwru pu ng <h<nn<'. "'"" ¡> :.< ti •• 1 n'.« rupt \'.o''" on th< l~O 
D;:, Bu!, rho In,, rrupt Cunrrul Lo~i.: of lh< CTC ouiO!IlJii.:.lly supeli" J b;r,J:) cuLi< m btts 1 ooJ : td<n 11· 
f¡-inj "hL.:IL .,,- Lh< t'uur CTC .;h>"lnel> Ll to <>< "'"'"~· 

-----·---
INOERHUPT VECTOR REGISTER 

11\TERf<:JPT V~CTOR REGISTER 

D; DJ o, Do. 

O O CHI\,\;1\EL O 
O 1 CHANI>SL 1 
,1 O Cf!ANNEL 2 
1 1 CHANNEL 3 IL<>w•.·l p,;~.,;¡) 

'----.- -----~------·--- "-~' 
AUlú'.11\TIC'-LLY 11\SF.RHO 

BY Zé:~·CTC 

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

• 



¡jQ CJCTIMING 

'- Th< '"''"" •¡.,,. r "'" ih< '"~in¡ 'obli<•" -lur, '" :1" 1<11. •"' CTf pin1 e,_, '''" !oiiQ•-in~ 1) ,.,., of 
>'j'<'l.l\i"n Wrllllo! • WUIÓ \U 1h0 ('1(, I<JÓi«g d W~ld (r"'l.l)" ( j('.C<>Uio:i:.¡. J, J lirnirog. [i<OW),,,. 10 1Im 
,,,,,,,,,,,,, bo ~ ... nd lirring d,·,gr•"" rll<l<llg ooinl<l''·l'' ,,.,iri"g ('"""" 7 01 .. nd an A C. r,,,,;-,r Di•~rom 
,,¡,;,¡, •;•-~ou"riO~rl) '1'""~"' 11"· '""¡"~ r<IJii .. ·o<hlp< l«dt•n ~.4). 

6.1 CTC \".'RITE CYCLE 

F>g'"' ó 0-1 ,¡¡,,¡, "'" lhe 1 i101in¡; "'''' IJ<ed '' 11h 11" C'JC '.l'nle C; ,·le. TI. i1 l<9"'"'" " >FFli.-a~i< to 
j,,,Jt•r¡; <'llh" d O,,nnd (" t'OllVI ll',.,d, dO lnWrtLpl \"<<!01, m > lin,_ <Un>,nl d•:> "Wd. 

In <'•o «q•" n« >hM·n_ ~~m¡; dnü <)do T ¡ . 1~< ZRil-CPL' ~rqo:"' f<>r 1he 11 rile C) de "llh • fall.t 
lhr~hl>'~nal" ('TC '"~'" pm ~ (RcJ~) Sin ce,¡,, CTC n,. no "P•"'" 1\'ri~< ''i'·'l 11rpu1, it E•"""" '" 
,,..,; ""' ,.,11; ¡,.m ,¡,, ¡,¡,. RD ;,,,._ l.al<'r, d1>1m~ cl.,c\, r~·dr h. >he ZSO-\'Pl' '"'""" thr w,,< ro de 
"'"1' 11 ,,- (lnw 1 ">'"" " C 1 C i '·r'" ;•<"> '¡ {iRQ (liO R•·~uo•« J ;nd ct (CI r~r 1:: .. ,hf< 1- I:O:o\0: ¡:n m JS1 br l'o !" 
"' ,!i""'C''"I' 11" <)<1< ¡,,, an "'''""P' >án<•~kd~e.) ,.\1,,, '' tl,i1 limo': h•l hlw) cnd• •P?•""" CTC 
inr"" CS 1 ood C~O !CI'"""'' S,· Jo- 1 1 •nd 0). •P•~,r; '"~ "''l"ch ol the lour ClC 'bnn<l• i> being "rinen 10. 
and th.- "'"~ l••ing """''" ·~r<m un'"' L~O D>ta Bu>. ~o""'~ 'hiog" «'d) fo1 the "ord '" W hlChed 
in lo 1~-• •r~n•rri•l< CTC rnl<:llil r.giSlcr tn •ynclatmiuticn """ !loe ri>inG <;ls• brgmnin~ dod.. <1rl• T 3. So 
"ldill .. llJi """ '"'" ,,. ali<•l'<d-

--·--------------

CTC WAITE CYCLE 

rbR(J -··---.. ---\_ __ _;----·--
------,, 

----- __________ .. ____ - ----- ··----·-- ~--
M' 

DA 1 A 
·-v-· _ _}\ __ -

- ..... -·-·- -·--------

X ----
... -· , __ 



6) ClC k~AfJ CYCLE 

f '0'''< ó O·~ til"'''"<> tht :im:~g '''""''<·! ~H!. the CTC R"'~ C;-d<- Tlu< ''·1"''"'" "~,,l '".' to;.:e 
thc (I'U f<J~, :he C'"'"'" """''"'"'! lh~ D~~n (,>u'>l<L D~nn; .;[""\, .:~ .:1< T ~· 11>< 7~(1 CPC tn>tiJl<• <h< 
~,,J ().:1.:-,;;~, '""' q- ,¡," •neu< ;>i"' RfJIR,·,~J. IORQ 11 O R•q1«ol), Jnd n: (Cin;> h;hl>•. A!I•>JI 
lh" lld" J C b;< bin.lt) "'"k ;¡;•eH, JI C1C inp,.loC.>I ,,J(SiJ tCi1 .. nael ~cl<.t 1 ·'"J 0¡, >?<.:lt')in~ ~lo ~el> 
"' L[,· f,>u: (ll- e' ,,,.,,·:, ;, hc,>l,l" iJ :·''""· 1>-·•" 1(1 1111>>1 ho· (JI"• Id Ji"'ll~.lhh 11'>' qcl< frorn J<; iiLIO'• 

rue• ''''"'-k!:: 10>• ''" '"' ·~·J~< .,; Li•< C)ck 1:; lh' »l>d '""""15 ufth< Du~•• C'ounler o<vfllt< mrn~ 
<d~; ,,¡ .:)<!< 1: ,..,¡¡ b.· ,,,ilohlo un th< 7.30 O.>l> u.,,_ C'o •JdttO<•n•l ~=i: ""'"'" Jllo~•J-

~--- --------
CTC READ CYCLE 

1 1 1 2 J.,y• T
3 

T 1 ., _f~L_!LJL_fl___J-L_ 

X CHAN.\EL ADDFHSS X 
--~ -----~'--

iO Ro 
-----, 

---~- ~-
---

;;¡¡ 

O.>.iA ~------

• AlJTOMUI e" e' Y ,,.,., ~ ' "-" a v zao e'" 
--~- ____________ __) 

' " •"' . ~· .. 

• .. 

--

·: .. -~.~ .,. ..,.,... 
-~~-~- ~,;é:':".:-1:!.:__~- --~- --



1;3 CiCCOUfi:TINGP.:DTH.'ING 
141 

¡, ti•< r,.,..,,,, 11 .. 11<. ti .. ,·d¡l' l·'•u•g, ligo i< o<Hh ,., ;¡,¡, ~·-•"•P'•J ~o .. n: tk, .t~onall,.,~ .• ,,. .on· 
u,·,·to·d t" pto CL!o: · IIIC olrcorn>o'"" tloc Do·• ~ (•·un><> io, · :• "·1 • ""> ,, i;.on ._,.¡,¡, !)-., ~, ''"" ('1,,,~ •1> ,\, 
•:~<~fi,-.J '"' oh o A e (1,,,.,,,."''"'' tS''""" Q.J J thl> ru.:- 'Rí. r"''' .,,_,,¡, ... • :· :·•immT, ,,¡G;h '"' >h< 
111im·11¡;m ¡·,-• ;, ,¡¡ m"'' .,, 1 ~< : .--. tl:on "'ice 'loe !) >I<UI <1,¡1, :•nw<l. , lhliougl• 11 ,,., " "" •<: · .p !lm< '"~"ue
'"''''' ;., : "''" 1ho J<ti« c,t~,- nf ,¡,. ('] J.:¡TIIí- "''d 1110 ~'Í<·E e~g< of ~· ,¡ lht Cli-:. TRG dg< '"""" ,¡,,,., 
tlo '" .. 'i'• ,-,r-,cd n\HlÍrl>om 1:"''· lilt Jeutl'n<>ll ofll.r Do~n (ro••nlcr 1•ill bo .~.-:,;rd one<;· :, of<!'. lmon<d· 
'"'']) Jf!r~ •ho J,,•,,•n><nl ,¡ IL< [),,.,, (<\UO\tr. ] 1~ 0, th< 7.(00 ouopul ",•u'"J IW<. 

¡, ohc Ttmco ~1oodo .. o ru!"' lrÍ¡;j!<r (LNt-<el<otabl<" oilh<ncti·,c hi~l. m.,,,"¡,,,.) olllt< (LO: rRr. 
P"' , .. ,,¡,:,-, J '""'·~ f""' ti<•n ''" th• ><·o.•nd !u<er<dmg ,.¡,~ rd¡< uf <1>. A< tn the ( nL<nl<r '-!·•do. \hf '''''' ''"~ 
r-•h" ,:,,,., •··d .>) """""'""]) ou.t rr.u!l bvo: • mommum "idth. TI•< llr.tin~ funCl!o~ "im:b.,·ci '" ') """~'
'·''''" "nh <t>. '"~, millio'n•Jnt ,.t·ur l>n>< "•<quiad ;..h•<en th< oc<h< <dge of:nc CL!o: 'JRG onJ ,i,c 11<\\ 
"""'' ,-.J~o "' ~·- lf tho ru.:nRG <<lg< occu" dc<er th>n thi•, th< Jniti•""" ofdo< tim<r ¡,,,,;,,. ,.,:¡ b< 
,_Ir!. • r<l ""' C) ole uf <1> • 

,. 

INT!;RNAL 
COUNTEFI 

lC/TO 

,,, 

"'l~R~;AL 
II<~.ER 

.. 

CTC COUNTING ANO TIMING 

•.' -----

__ jl[__jl L__jiLrL 

--~ROC~UNT \, __ 

--~ 

L_J c____;í_l _ _ll__jl 

__ ___f 

r::- ... ---------
_J ~ T ART lt:.:t"IIG 

_____ .. __ 



14~ 
7.0 Cl'C INTf".!'lRUPT SERVICINC', 

f, -¡, ClL dlJ'm·i "": o.· •>1<1t~i.luJII) I"•';<J•'"'"'d lo> 1<~"<>1 '" in:.•,n•r: "'·<•) ""'",,,o.'""(', • .,,,, .. 
o<, ,_l:e: _¡ _.,,ur 1 "' ,,. 10 Th< o''"P"'"' ,,¡ .1 Cl< ·g<'-«.11<.\ '"'"'"1". l' for JO) ••<l1<o p« ipho.,l J,.,.,, .. ¡, :" ' ' 
,,,.,. '"" r¡•c '" ""'"" "" i•11 "'~P• "'" ¡,,. r<><~lin< y,, uulíl< rhio f""" ,. <k• 7..\0-CI'l 1 "'"" b< ""''"''"'"'•' 
lor r;ouJ": '"'•''"'P' '"'"''"'" t:nJ<t 11« 1<;1',;,, • .,,,,,, •>flhi> n>uoi<. ~lwu J CTC',h,¡roud <•'•1''"'" '" i.,:«-
ru~( .,,¡ •, "''"-"'l:<l'""!_o 11>-hu V""'"''""'' h< 1""""'' Lo> obtJ,IJl ·' """•'>i'"""'"g inl.-:llll'' '""'"' """"" 
''·''''"l' oJ '"" l11•rn J <J~k i11 lllo'HI"'l· Tbo' 1""•'1 i bll>uf lh< puiUI<I JI<' P'"'iJ,·J b) Llle(J(" ¡ro tl"'l""" 
ru '" ¡,,,.,,,,,, Ve."l•'l """1"' '" <1>' I'J<Iiculll oh"""lrh" ''~'"'>l<ol ti•< """'"f'l. (For lll<ll"' ok•.OII>. rc'o: 
'" ,-1"1''" ¡;;o"' ,,, .. niJ CJ'l· r "¡,,·,,-,,¡ 11,,,.,,,1.) 

111< C1C> [no<<eupt {'o.-111,[ [•1¡,,· Ln><ll<> !lur itlc" in><'~"'""'''' '-Lih hO >)SIOU1 iuh·ttupl pru<<>C,•I 
lu1 """J P""'"~ in«r <Lpt J nd p1o[><t r<IU rn ( """ ÚLI<rtup<. lhc po i<>tJI) <>i on¡- S)''""' J<vi,·c ,. Jct.:uuincJ 
b) "' ¡>lt)si<:.' '"""'"''in, d1is;- ch•i•t<<>nft~ur .. tiu"· r .. , •i¡n.1llin<' (IF r,,.J lEOI "" p,,.¡J,d "'rl« C'TC 
mJ >11 7 •O ?<'";'''"'JI cl<• i.;e. '" fumt tlor ;¡- >l<m d>i"- dtJin. Thr d<•i« ""''"' <u 1hr CPU ¡,,~, tite hi~lrc>t 
P"· '' i1¡ . "-tllltn ol•< C'TI:, Lrt«: rupt prioul)- os pr<J-,t« noiu,J ~) <l ,,,,nd ntu11b<r. wnlt cloJtLn<l O h.1• in¡: lti~'t<>l 
priur, 1)', ,\.;c•>rJI n; ''' Z~O >) '''"' i01 l"'rupt P''"''''o¡l_ lo" pt '"' 11)' d« "'' ,,, chJHtld' '"")' nut ¡,,,., ''i'l lugho• 
P""' i;) ,J,,.¡,., <Jr ,luc,llcl. IIL t: ILJ>O ;ir<JJy '" ""upt.·J .tnJ nut l"d 111m "'''' rupt ..,,.¡,. ""'' ,,,., "'""plct<J. 
¡¡, '""'", luglt prronr) ~"''"' ur ci>Juncls r.•·•Y i"""" pt the S< ""ing ul' 1 ""'"' ¡>1 "'"') d<'l'lc<> •" d<J;In<l>. 
(F,, fL<(l 1><1 dct01h. '"' "'""m _: .J; "l" tmup r C ~ntwl L<>gi_-·.) 

' 
Soc 11•'11> 7 .l >lld J .2 b• 1"" dl"•llb< lil< I'Uillin"l liiLWI~ rrl 01 t~1LJ11ps <1f 11 « rdc>JlLI ('T {' PIL'> 1 o>r lhc• 

lnt«r "P' A'~nu~ 1,- !;•' {'yd< Jll,; 1 1"' Rctunt frum I<Lt<rrupr Cyd<. S.ctoun 7 .J bdu..- J¡.,;~'"'' .t <ypo.:-JI 
<" :nrl< ,¡ dJi•y ,-¡,,in """' upl "'""'"~-

7.1 INTERRUPT ACKNOWLEDGE CYCLE 

F1g''" ~O 1 tlhhtr.tl<> tlo< llrtLi"~ J<<uciJI<J v.1th ll" lntorr"l" Ad;no..,loJ~< Cydc. S""'''"'"' .tlt·:o "" 
m:,·:"'l'' " «~''" .r,•d b} ti<' CTC. 11>< CPU woll '""J uul '" onl<rrupt "'"""l<dg-' (M 1 Ju,J f(j"lfi) > T-> 
Lfi>'•« LIIJ L 1 ~· d.ti>)- .:flJL'->_:_nJ 'le lin" IIJb1IL1•, d>JiLildi JI< inhibi L<J 1 ¡ "-"' ,1 O'J<O~iro!t_i_!_><or ll• L<o llr ¡•l «'•i"'"' , -. ,_./ 
"""" ~h<" ~TI "_¡et:·.e .~ll Li "'"''' .tb""' twu du,~ o:ydo> <Jrh<r oh.m lQRQ_ Jnd g\) 1\loi!.C lo J,,,.,~""'' 
1h< •) _,¡,. ¡'¡u m '" irhi:L<Cl>on :'~o.;h, Du"n~ ¡¡,¡, tin>< lh< inwoupl lugt<' 11f lh,· C'TC will JcrcrotHIL•' lhc l•i~hc,o 
pr ¡,., i;¡ ~lun1•d '"<i"'"""~ ;n <fil<lrUpl. l( <11< C'TC lnl<rrupt En•blr In prt 1 ll ~ 1 ! ¡, ""¡", 11 ,,., lh< hi~!,,;, 
p1 ¡, ,, Ll)-' ont<: "'P""~ chJnr_,l ~ uhin l~r CTC' pl.J,e; il' ln«tr·•Pl Ve<tm "'"'' ti« U<! o Bu1 wh«r iORt'o g'"" 
OC! ti<. T"U "Jit <;,'e, (T 1\ •) lr. >uiOU1Jii.:.1Jiy inkJl<d al <hÍ> !Lmo lll lil~" <h< Jll<y dwin N "-'h!i?c_ 
Ad~llh•n;l •>Ll ,,_,,_,; '"")' b• •Jded. • 

INTERRUPT ACKNOWLEDGE CYCLE 

• 

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

_ _____/ ,, 

--··- ---------

'" 
DAlA 

-----



• • 

F '<'"'' -¡ ~_., oll•''" "'" :be auw,~ "'""¡ '"d W>l h 1),, R f TI ln<Huctbn. nm ia<tru;¡¡,,., 11 .,,.-d O! tl.f 
,.,.,¡ IIÍ ,J•t ¡, 1<'1 rup' ,,¡ • i"· M<l "" ¡, i¡¡; l:.j¡t< :ho .J'"l <~--· i1o , :o¡,h)< hn<> for f'l <>ptr '""""' "( IH'<t<d P". 
"'"l "' 1< o< u~l 1 '"odh"~- Th< t 1 ( J,.,, oJt! th< t ~·o-b; 1< lllo fJ c•<l< in1<1 n>lly ond .itotrminn ,..¡,. 1 hot 11 u 
ll•l•r•do·d fur J ""''"d ~~ ··•¡: '' r~i,ed. 

~.-- -
1\f.,•r• ,,., cr.rl 1.~0 pni¡h""' c·luc> ''' in th< -C::.'<-'' ,·llOon h',l "ill bc.:.-'"" "'" • '"' ::, r : hip "' "r: ly : 

···'•• "'"''" ,. -_,, on !:.VI 1 <J,"n-1• '• d, onci<l Jf <he r~!iu:•""' "rcnde" ~!)11. thr ?" p~··ril bo:no "-" '"~ 
·,, :;. :O· i ,,·. i•i«<l "''~ '" 1 fO "1ll t <enme ,,,¡,.,. Acido: ¡,.,,.¡ "011 "'¡,, "' >11<•" ed. - '· 

• 

·--------------------------·-
RE fURN FROM IN fEflRUPT CYCLE 

.,. 

"' 
,--------

'-----' 

"' 
-·-------,-------
--------~--' 

"o __ ___r--·--- ---

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

---- -------- ------------------------------ -- . -. 



,~ 

• 

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

~--=0~ JJ.I \~lS l :M~HJ JO NOij.¡ 1!~\0~ ~: ~¡=~~~::r,-~1:~,~-~~ ~~--C ~n~J:· ~ 
/ -~~,, 3 IH ~~ '

1
'¡," E~ ij,H E=~:~lm: HllO~~OJ J:)r~~lS 

OH\'nSJ~ JJI~~lS lll~N~HJ 'OJnSSI .. lllH .. 'JJ31~1'<3J l"<llnO~ :lJI~blS 1 -,J~·;~HJ ~ 

··o-,fJ• __ 3 01 (0~~~~~-=~·-hl·;,· .. -_-__ ;~~ ·;-"-; 0'>~053~ lJI~~lS JUld~•OJ lJJo\~lS 

llm~~HJ JO ~~IJIA~lS SO~;"SnS 'Sldn~Hl!Nil ll~¡~-,HJ [ 

·o·¡~~l~--3 ül rl lll] 01 E-~JJ IH--{~~-=~-~-j--;: 
OJO'.JdSOS lll~~lS lll~~l$ HlO~O 

Ol~DllMO~~J~ SI O~V ldO~~H\1 'r SJSJD~i~ l IJ•;~oHJ l 

_ __jOl~--;;;L-+3, ,¡,¡-E-ll]--Jo;·, ---.~~----.. 01 l ~01 IH' IH 1 .:::J IH ' 
-lJI~HlS HOO~O ···------· ' 

S~nJJO JOnHHlJ~I A~V lHO!Jg ~I~HJ I,SIVO C.¡P.~Dl!';l Ali~CIHd 'J 

-FH t0JI_3-rn-E.I __ ~J] IH ~-;~_3-;;·{~3;··_ -· __ ·;·li· IH 1 
( ll>¡\t'HJ 1 I)'IN~HJ l1l~.~~Kl 0 llt,",'"~l 

1JN~~Hl Ali~OIYd lSlh~IH 

!)~II:JII\H3S _l_dn!;H:l3HJI 1\'1\"H:J ASI\;1'0 

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

P·''"IJ'"''' i lit ,,,.,,,,,, >1: 1·"''"'1' Ái""'"l "'"'1 "P J0 '' "''"' "'"" '~ll'"'"" '!'11 •'<' 
·'"Id'"''-''! """'•'' <11 '"1' 1·'"""1' "P ¡•u~" "; T'""'''''" ('i"'J>r-.,,,, . ., '''' ¡:-é : . .''' ''') "'''·''"'~'"' 

llil! r f"'' r-•t.•¡d"'"'" ,·''""''!' ''' ·~:'d "'i'"l o.p '·'.i >•l!" '"·'""·"-''U -~'"'·" ¡ .. -,,,, O'. cur ,,JnJm<H 
1 ¡.•:,l>rlj' (JIIL ,J ;:.•¡ill¡ 'f'OCI\·,-., -'ul>q '! ,,,lllfL¡.'<IIII '! ::\\ ·:•,•J" ;.,;.:·.f ': ]'oiO •¡..'r-.:>;UI: J'llt;rLp 

': J<!IL'• \ ·' <1' i' IJ 1 -\ 1 _) '111 '" 1:1.'0 O ; rLH '1'!'1111 o_ '·"' ::>' ](!1\ "'' ll ¡ •'!"" ,• :•!Ó; 1 1 '' 1 r • .>Hlll l ·O e "' ,¡1-¡ 

/ -!:li>ii:Ji/,:E'S _¡_,ln<J;nl.l\'i ,\ii'V'H:J ASI\10 r·L 

H1 -6/ 



"O t.P.~,QI.Ulf: IM.\I:.turv: RATINGS 

1- -; '' 1'-<" b•u 
., ,.:.- ...... .. ~·e '• •ú' e 

o,j'(·,.,, I•G'r 

\ .. •-.,. r>o- ,_., "'''"'''' 
""'~" ¡,.r.,,.mo 

r, .,., lh-·r""'" 

8.1 O, C. CHARJICTERISTICS 

~~~-e~ ~ ... ,., . • .. -,- -· -
1 '~· '"""' ·- ' 
1 "' ' :;',~· ' ' 1 ' ' 

. 

1 
' 

1 ' ª i ' " ' ,,,, •_•:: . " ' .. 
' ;-:.:;~.:z;.~, ' .. 

' 

-

·e,.,, ..... , 
~-..,,.., ,to,,, <'• .,. '" ,,, e>J« • ~~"'"' M"im..n 
"'"'" ,.,, '"'~ :~m--•~•" •'•"''' oo ,,,¡.,~, 
1' ,,. • ., • .,, ,,. -·r ""'' ''"'"""''·'~ ,..,. .••• ~r 
,,, "'''·'" "''" ,., "'> . ''"" '""'"""" -~·-·· '"''" 
''"'' • ' -~ '" ''" · ·r" • " -•• : "" '"" , or '"" 'r<" ''" " , 
,, "'' "•r'"' f•r•"'"' '"" ""'"'• c. • ,.,,.,. ""'1 
'""''"""'loo""""'" P"" d> "''' •''"' ""'"" 
"•bOI<y. 

"'" 
,., ,, 

~ ~:': 
~" 

1oc''"'" 
IQH • ·2'n "" 
Te· •oo "'"" 

' v 1,.,•oooVcc >~--
:<;:;~ ' " " "" 

Vouo·2•••Vcc 

' " ' ' " " ' [;::;.',:o ., .. , ' " 
_, mO 

-

"'" 
~-

""'' 1 '"' Cond•hon 1 Mo• 

l 
'" -

~~! -1lo" 
'col 

___ --·-------------L---'~--- R¡n•l9ln 

8.2 CAPACITANCE 

TA,15"C,f•l ~1Hz 

,-.. '"_---~- ...... ,... L- ... ___ J--::;-,.-f~ - ~~.;, .";;:J 
• <ln<•r.,..,,.,.. 1 10 of c ........... ~r.n• 
·¡.----- lnpo•<"~-¡;.,,."" -~- -)-· ··-;¡:-·-· "•'•'"'"'oc,,. .. ------- ---
o~':!___ --~-'-"-'-'-'-'-'-" -~·~- -- ---~ -- ---- ~~ . - ---- ·-· -

145 



8_3 A.C. CHAnACTEfliSTICS ZBO-CTC 1.4b 

r 
1 
i 
1 

r ,, 
r 
1 <00 

' 

. ,. 
,,,.,, "' ............ ""1" ... :~ ··-;,-: U••l ! Co." 

____ ,__ --·-·---- ----- -- ¡_ _, 

. :::::: l:~T~.:~:::~:::.:=-· _____ J~: -~--,:u__ . 
1 

·~ LA_"_'_~'."_'_:~!".s~:·:'.'~~" __ -'"'" :i o --L_"' 1 i. 
,,_,_::~·.- :~·~,";,.s~v":,~ 1:.::_~~~~" 11,""' '"•" "_'"_o""''"' Rooo ,''_"_

4
--- --· 1 -;;-T---.-.·¡ 

-,O;,i()¡- o.,, 0"'""' o,, loo~• "''"'O <"'>• ol ~O""""'""~ -- osO-~~,-~--- ·1 
e"'" 

,, 101 

•s'' (11 

'"""01 
'Ot 11 OJ 

'DMIIOI 

Dm """" ''"'' to 11 '''""' €o,, o< " D""""' "'"" •• M 1 
C><'< 

Oot• Q.,t,..ol O.,., ,,,.., '•"'"" Fo>¡< o< 10~0 o,,,..., 
o~T ~ C"'' 
o.,, to """""'G B•• IOu·~o< a"""'' o.,_,.,.,'""''' 
lE 1 S•·•" T '"" ro ''"'"" Eo,, o! 10~0 O"""' INT A 

e"'' --- ·-
1<0 D•· o·, 1 ·'"" loo'" R,r "'l EO;o> o1 lEo 

J EO ""'" T "'"' 1, oor ' '"""' Co,,. ol 1 E r 
lEO D•'" "<e"". r '""'> E•<o• ol MI ''"'"'""' 0«•""'"' 
'"" >· o• •~ \111 

no 

'" '"' 
"' ... 

1 

' 

131 

"' 1 

! •D"C -;; .:~~~- [_ ·~-~~-~:~~~-,~~·-·~~:~"1 •... ··~~:~~·=-R .. ~·· ~~L- 200 L__ t--~~--
~" 

' 
' ~ 
1 ~-' 

l ,, 
' 1'~' 

1 

' -

1 

>s->1"11 1 M<S-<oDT•o .. ooR><-• .. E"'>•~<·•Ow ... <~TA<I•Ml ;>lO - • , 1 ·¡ 
• ·;;-, 11>011 ~~:~~~"·;-, ,;;::;-;-~ ""'"1 E do• o> .¡, Oo'""l ... :. O•·"~.~-,, •••. ~.'."_-_~_~f-,·,·,·,·~·,·,~,·, • L -~.- -~ 
;~~~ ¡-,-:,, ~-,"-,·,·.·.·,·,·,·.·.,, 1 '""' 11 '''"' E o,,, o< CL K iTIIG locl•l·l • lOO 1 1 e, .... -. 

'D·•"'' ~-~';·".::.::::·.•.'-".~':~~=--"-'----'- --------1- ___'!:_::<:' .. '.~.. 1 J.o .. · •.· 

•ciC~i Clo<'Po•-oJ <<cll·l Coo" 

11 " CIOL• '"" '"~" ~• .. ood ''" T•<n<l 
osiC~l Croe, S•"•P T·n•• <o A'""'l ~o,; o< -• <o• ,,..,. .. ,.,, Couoo 

<siTRJ T•"}'l•- S.ruo r,..,, ro ""'"9 E o,• o',.'"' E"""'"'ll o< 
"""', ,, oft '""""'"• R,.,. '""" o< ·• 

c .. ,.' '"" '""'' "'¡" '""' .. ,, • ., 

"" "" 
<OO 

100 

, ........ ·-· "" 
1 e, •• ,. ..... , 

T '"'' • '•' 011 ' ' 

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

""'~ 111 •e • •_,<·~~' · -.-,•.:Oc< ·o, • 11. 
121 '"-'""" ~- o¡ ~. 10 ''" loo '"'" !oO pF ""'""" on lo,O,~J. 11)0-o' "''"'"""' ID< Oa" 1<0<1 ••d 1 00 o' lO< '""'""' Ion" 

111 '"''"" ,,,, "' 2 "'" 'o• •"" ro o• '"""•" '" ,,..., '"· roo "' "''""'""' 
1' 1 IITm "'"" b• ~"'" •••• '"'"''" .•.• "' 1 d-x' "''" 

OliWUT LOAD Clf-ICUIT 

" ,, :"'"""" .... 1 
• • 1 1 

r <r-· 
,., -·· ""'"'"'>"•"'"·" e, ,._,,,.,.. .,, • ··• • 

--------- ---·----------- - . 



141 
----·-- .. , .. •• 

ce oc~ '"ce- .6v ,45V 

OU,.lJT "" "" 1'-eUT "" "" ILOAT ~" o O 5V 

1 ¡• l~":>il 11 l] l)lW HITJ 11 

' 

1 
' " ' ----\) u-----

1 ""1 :-... :., 1 . 
T''i:::til__j_¡r 

1 
--1 ·: .. ,.101 1- 1 ¡•- ,,101, '•AIOI -1 
1 ' __ !y 

1 

' 1 
1 1 ' 

' ' 1 

1 
--t~0IOI-
1 1 

\''""~1¡-
_/ 

•·'"' ,,...., " 1 

"' -
-

1 -0 l,~E;IJ· ' 
1 

~ 1'""1101 ___¡---
----- --' 



8.5 A.C. CHt\?.,!,CTEHIS IICS ZBOA-CTC 
~ 

[ ' ' 
1 ,, 
1 

r" t' E. '" 1 

r 

' ., 
,..,¡.¡ .. , 
,,,+·_: 

' 

·-
'S->,~, 

'0"''0• 
<s~IO' 

•• 
•• .. .. .. .. 

.".'~":..' .'.:.e_,_·:-·-------~-~0~~--c--+- ---~--~=--+---+·=~ 
Oo·o 0•"<"•' O•'>v l•o~ "'"'"" EJgeaP !ffi 0"""0 A"O liiiJ 1?! .. 
e"" 
o,'' $>""> T•rr< to A''"'" E do• ol <O 0"""9 """' o< MI !>O .. 

. 

1 
o0 e, evo'• 

-l 
: 
r 
' 

,,, 

1 •r . 

L 
' ~ I<C~ 

•, 

1 ~" 
' ' 

' r 

l 
1 
1 

's''"' 

"DHIIO> 

'OLIIO' 

'"'-'"0• 

_¡_ •s.,I=•J• 

1 •e:e·, __ ., 
,,,e,; 
•siTrt· 

D•oo Oomo· 0•'" Foun ''"'"' E<>J< o' tOAC O"""" 
·~;"e"'' 

D•-•1 w Flo.· .. ti 6" lOo<~"' g""" D•.,bl• T""~'''~----~-~~=-+--'''"'~-4-~'-4------r ,-,:-,- S•:·. c. -;::-,;,:~;;-;:;;t,n,¡"'""Eo1• ol ÍÓRO O•x• .... I"T A 1 40 

,,. .. - ... .. .. -·c--:cc_----f-- --+--:-=-----1--
•<··o·,,r~··''"" ~""""~do•oiiEI u;o 

i?l .. 
1 .. __ _j .. _j -.. IJ! 

1[0 0•' o; T""' l•c"' F•-<•"9 H,< of IEI lXI .. '" lE~ O•" ''""' ''"'"~ Ed;< ol G Unto··"~' a.,,..,;,.. 100 

'"" P'""' •o ;;iil 
.. '" . ---.. 

1 "' 
1- --
1 10"::! :':""":,.,,<o""--'' Edo• ol •> Qyn.-.g Ruo ~· 

r E~;.::' :.m. ·~ A"'"-.~,c,c,·.-.c, -.-~.c.-.--.-~-··: ... ·.~.·'--·~.-~.··,·~·--~~j---~~.~~·~-~~~~~~~~~~~~~~~jl:~~--~-~~~¡1-- ! 

1-,-6-i.;:;·;,;,--:-,-,.-.-,.-,-,-.-,-,,·;-o::;,~R,.do<MI 1\S no ~----·.·~- -fi 
C><• -- -~_j 

·¡·,·'-~-~ -~:_,',' 
0
¡,,-, ·,~., "·•·•~ '-~•• ol c~><rTRC 12tcl.>o • ,.~ 1 j Coo~t<· ·''"'' 1 

.. • ':'_'..'::>:::..~·•·-.¡ <o¡• o! o <ci.OI• \.le HT ::..:.:.~~! 
C'«' ,, . ..,. 2oc;<'¡ J Co"""' \lo.J• 
c;o.• ,._, ;, ._,. """ ,,-~ '•" T,.,,, 30 

C'o<' 'i··~o T.~, to "'"·'i EJ¡o >1 > 'o< ,....,.,_,,. Coo~t 1 JO eo,,., """' 
T<o;,•· S<•"p ''"''lO R" .-.,¡ E;~óO o! 0 lo••·•bl;"i ol IJO 

'"~~--l e_,..,._., on Foil-in¡ R,, "' ;'O¡;o o' O 
C>o·'· ,-~ ,-, ..,,. H,.~ P,>,.W•dto 

'" 11! 
ll! 

1 >w(CO~• 
L_ __ _ 

l
l~;;,;;. :. ,. ~. •,, ;.~-;,,. ~-.~zc~r0 ~.;-

zc¡ro D•" T r • ,,,_.,, ~ 1'"; f'>' otO. ZCITO \..,., 

. - ----- ---- -----
•c·-,.,:·1'-<• ',;•·t:•·•,••, 

,., eo •• , •. •• a 
''"'" M><•• 

loe• '•' • <)•'o • 01 "C "'•'< 
0 

O< ''" Ó•) ' ' ·'<• • "" 0-,.,cj •"i COO ~· ~,_,_,., • b "''' '•OO!OOd 100 p• lO• 0>" "n' '-'· 
'''""•'" """ D' '; ,-;--;-;; !o• '000 i"ó;,F;;;,.,._, .o lo!donq, 100 pf-;;;;:- .;;:~--.. - - ·- --·-"-
¡;¡¡:-:;¿ T me>< C• ¡o ''" <.,- ' r•oro "'•-- v/ J el~ < ;oo'>, 

OUH'Jl LÜADCIRCUIT 

r r 
1 
" <J-I '-, 

@ ,...,_. 
1 

¡'• .. , -' "-" 
• ' V,., 
'V '"• 
V'"· 

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

-



•, 
~

' '-' - ,1_ 
. ~- ._ .. , ', 

'•• ···'""r- '': .. 1 ...... . 
• · nnA e oc· r .•.. -.,, 

' .,, . ~- :e__·_::~: ..•. ....... ~:.:_ . :: __ ,_ --··· 
...... ·.: ~ .- :: J:.=-:: ::~: ..... 

- . .. " 

~ACr(I'H_t <JUILINE 

• _,O. U '. < :,_, ,, , •, "' •-'e!_rLU-' .O ' 

1 • ___ _J 

' ' .. 
"'"' -,. 

' 

,_ 
' -- ~ =-= -~-· ,.,-,-,.:n::r~.r=-.=- - -. '"" ~ ·- ·- .- . -~"~~ 

1 

:·w~rh~m1"~~- :,·- +~~--~. 
""- - .. -"" -, 

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

--- . ___ , ____ ··------

• 
~- " ·------- ----------------

On!¡·oi<l¡! !ufurmatinn 

e e,.,.,,,,, 
p 1'1.""; 
S ~~ ,,,¡.,J .•l··;•,;.o" ro 71(C 
F. ,._, ,.. '",,.u ; v' ;-;;__ .-:o• , " ~;' e 
11 '.lil""' 5V,IIY,;,.j5' '" ICI'(" 

------ ______ , ___ _ 
- ·------·- ------

Z80-CT(' CS (C<raollc -SOJnd:.rd R•n¡t) 
I.~OA-C"Il' I'S (PJ,'<ic -S: .-11UJrd R""'<', 4 1: lll) 

----------------- ---- --···---

Zl LOG hO 111(¡10(0\H'UTER SYS fE~! C011PO:\'EC\ f fA.\! 1 L Y 

• Ll-0 . ZS0.1-CPU CL"TR,\L J'ROCESSOR UNIT 

• J:"O . 1:-<0,H'lO P_\R.\I.LEI. l/0 

• ¿<.()_ l.bO.\-OC (o u:-.· 1 ER/Tl\1 ER CIRCUlT 

• LS0./.1'11.\-11\11\ fllRECf \IE'.IORY _-\rnss 

• L!-0. 1.:--.o \·_\lO SERIAL 1 rQ 

• 1.61 o~ 4K, 1 Sl\II(R\\1 

• 1 /-¡ 1 1 (, lbK x 1 11),'\.\\IIC R.\\1 

-----·- ----------------

j 

. j 



DIVISION DE EDUCACION CONTINUA 
TAD DE INGENIERIA 

l/HRODUCC/ON A LOS MICROPROCESAOORES (Z-80) 

' ' 

DATOS TEC~ICOS 

ABRIL, 1983 

Po'ado do Mm•ria Callo do Tocui>O 5 "''"'' .,·. "'''' • .,,_., --o "" - n ' • 0 ' ' ~ "' ~ .., ·""""" ·'"~"""" """"""·"·. oo.: 1-4010 Apdo.Po, .. IM718~ 

-------------- -------~ ·- -~ --



ZSIHIO 
ZSOA-PIO 

The Zilo! Z~O product lino" a <ompl<te ''" of mocro
oomporer componenu. d.-elo¡nn<nt syste= md •~ppon 
,.,,-,_ .. ,,._ Th< VIO mJOroo;cmpul<r oornp<Jnont '" inelude. 
:lll of lh< "":um n.oesury ro burld hr~-poriormanoo 
ffilC!<><:ompuler 'Y"'"'' wuh "nually no oth<r IO<¡lC ando 
""·'"'"'""' nomoer ol low '"'' "andord memory olemenu. 

Tho Z.&l p,,,Hell/0 IPIOi lnr<rface Contmll<r ~ • 
~r~grammtole, r.-o P"" d .. 1oo wtuch pmvtd<s TTL com· 
?'"bit lnl<rtoc:n¡¡ b"'"'"" penph":ll d.-·rc" ond !he 
L'IO-CI'U _ Th< Z!I).{:PU configur .. lll< l.8(l.PIO to 111tor· 
iaoe Wttll >t3nd¡rd p<nph<r.¡J levrcu oud. os !>pe puncho!, 
p nn « "· <eyboard<. e te. 

Struc1ure 
• ;-;-Chlnnel Sillcon C><e D<plo.ron Lo.d oe<:Onolo¡¡y 
• .;o P1n DIP 
o StniJe 5 •Oil 1upply 
o Sinpo pha>e 5 volt dock 
O T"'O rndependonl ~~11 bodirec<oona] P""lphtraJ JOI<rfaco 

¡><>m"'"" ''h•ndshake'' dato <ran!f<r control 

Features 
• lnr<rrupr dnvon ''hand>hoko"' for fut ,.,por." 
• Any o no of <ho followm¡ mod" of op<r>lron ""~ b< 

,.¡,,,.d for "'""' pcrt: 
By!O OU!put 
Byt< onpur 

• 

Product Speci fication 

Byto bJdoroct,onal bu• (>•><hbl< on Pon A only) 
Bll ~odo 

• Prn~rommoblo '""'"'P" on p<opn<ral m tu¡ condll!Ons 
• Dmy cham pnonry Lntmupt lug" tnduO•d Lo pro"d' 

for automoiJC mr<rrupt vooto""l 10tthuut '"<tn.J lu•~e 
• Eoght outpu" ore O>poble of dnvrn¡ D>rli:rjtun • 

tran11Sto,_ 
• All Lnpua and outpua fully TTL oompotoblo. 

-
PIO Architecture 

A block ~ .. gnn ofthe Z80-PIO" ~ .. owo tn lr¡¡u« ¡_ 
The 10 ternal """""'' oi dte Z8().fl!0 connm of a 
ZSO.CPU bu• umdoco. mtemaltontrolloOI<. Pon A 110 
lug><, Pon a 1/0 lo!J.<. ond Ultorrupt controllogJO. A 
typLcal opplicatlon m1gh1 U>< Pon A., tht da" tran>f<r 
ohannel and Pon B for the Slatus ond oonl!ol montlonng_ 

• The Pon 110 logre "comp<>~otd of 6 ,,:SI""' Wl!h 
"lundshakt" o~nt.-oll"%" .. ,nown"' fi¡ure :. Tht 
ro¡¡uter> ·~dude: an 3-bLl m pul ro¡ntcr, an 8 ·bLl outpu1 
f0gl1ter, a '-~tt modt control rt¡~Stor, In 8-btt m'->k """'"'· 
m 8-bL! rnp~!loutput "''"" "'i""'· ond 1 ;.bu muk 
ccnlfol regrmr. Thol»r thr .. •<&>~len 110 u .. 4 only "'htn 
the ¡>orl h .. betn prog.c:~mmtd tu operott 11\ t~ brl medo. 

FIGURE 1 
PIO BLOCK OIAGFIAM 

. -- ----~::::=:--=:. ::::::--::::=-. '======-=-=====----=='---



• 
Rt'!!i~tcr J.k..cript ion 

11~~• Control Regu,.,-: bUI. looded by CPU to >el<« the 
0P"'""! modo' byto output. by<t tnput, byte t>Kl.~rec· 
!JOnaJ bu>'" 011 mode, 

O. L> Output Rell"" t-~ bt "· potmm ""' to 1>e transf<rrect 
"""' the CPU tu ¡he ponpl\ml 

Ü31llnput Rogmer-~ bn>. ><eep" J>!a f1om the p<'t· 
pheral tor tr>ntfer :o tOe CPU. 

~"" Con"ol R<i!""-: Ott>.lo•d<d by :he CPU tos¡:><«fy 
:ne "'"' ""' ihiSI' nr low ¡ ol '"Y penpheral Go><ce 

. --"' ~ 
Ollfi'Sl 

il 

l 
1~"-L IOJ$ 

(( . • -· 1 
COHTR<K -· "' Fe "' "IIT$1 " lfr<J 

R 

mt<rT3<0 pm> thot "' to be monuorod >nd. ,¡ '" urL<r· 
topo ohould be ~'"'""d wh<n >11 unm.,hO ptn> •" 
"""' 1.1~0 cond LHon 1 or, When >llY unnutKeo i"" " 
><<1'< IOR condrt o un J. 

_1{.,;, Re¡t.,<r-8 btl>. luaded Oy the CPL' to ct<«rmrre 
~1\tch P'"rhe"l devrco rntemce pm• '" robo munr
rored ior th< tpwllod ""'"' .:undt<IOn. 

lnpuu Output S<i"l Re¡tSlor-:; l>i!s. luaded 1>~ :he CPU ro 
olio"' Jny pm ro be •n outc\11 or 3n m pul dunn~ ·,., 
mod< Op<:.lion . 

. 
~, 

~" 
~ 

"' """'" 
~ 

E>IUU: 

1 D<TA 

~"' 

f? "' 1! 81T>l 

f;> , arr vo ous 

( DATA 
Á 

-~ ~ 

" '"'' 
• 

1 1 

Rl•DY i ~-· L.. '-'~·lii'T- SltAJ<I: ~-

-~---

~·,..'" '"' .. -"' _,, "do• ~~~'"" ol,. 
~'""'" # ¡¡,. ~'-" 110 ,_ 1• <o '"' ,....,-,,. """' 

FIGURE 2 

A TYPICAL PORT 110 6l0CK OIAGRAM 
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Z80-PIO PinDescriplion 

'" ¡' :.::· -· 1 -
' 
·-···~-

.... -- "" 
' 1 
' 1 ' '• i_., 
' ·-' 1 ' 

' ~j 
"" 

O,·Do 
BIA S.l 

CID S•l 

" 
' 

ZSQ.CI'U Data 8U1 (bnilrKDQruol. lmlU<) 

P~n 11 orA S.IO<l (input. ICUvt rugt¡) 

Con !lo! or O.a. Seloot ("'~"'· a<:tJY< high) 

Clup Enablc (mpul. mwc low) 

Sy>t<m Clock (LnPUI) 

Timing Wa...efonns 

IORQ 

"' 
IW 

'"' 

"'" 'o., 
IISTB 

B RDY 

OUTPUT MODE 

i\.11 ou<pul cyde os alw•Y• >torted !Y_ <llo oxecul!On of an 
outpu t •nmuc<lon by lhe CPU. n,, 11m" pul« fmm the 
CPll 101cheo lile dala f<om lile CPU doto bLI> '"'' the 
S<ie<l<d p<lfÚ OUIPUI «l';<'lt<. Tho wnlt pul" se(! the 
rudy flo¡ ofw a !""' g<rmg odg< of 1>. Lr"ldl<alrng data " 
avallaOJe. Ready '"Y' acuYC unul :hc·pouuve od~ of the 
ntot>o hno 11 <«:<IV«i mdic:Oil n¡:lhal <lo!> '"" rll<tn oy lh< 
penollm.l, The poutivt edge of lltt lllobc pul>< i""'"'" 
1111 ¡!;;¡ rf U.c•n«rrupl <nablc ffip nop hu b<en '" 
and •f lit!> dev¡ce h .. the tu¡hnl puonly. 

INPUT MODE 

\\lhen STR08E goeo low do !.O LS loadtd 1010 lht 
select<d poli m pul <<¡;!>l<f. The nox1 rrung edge of s:robe 
"""''"" fS"T jf :lllO!rup< onablc LS '" ond '""" lht 
tu ¡he" pnonly reqU<sung d<YJC<. Tho followon~ fol!lng 
edp ~~ .. l<S<ll R<>dy 10m rnocl:ve ltote.ln~>cotrnt thot 
lile onput "1""'" fulllf\d tilllr\Ol ocotpl '"Y moto dat• 
untd tho CPU oompl<l<> a «ad, When a <Ud " oompl«e 
lile posrtrve edge of RD wtllsel Rudy 01 lht n<>llow 

gorn¡: 1 ""'"ron of 4> Al th1> ame """ do u <on b< loadod 
onro !llo PIO 

M<::::- ":1 ~ 
-~---·--------. .-, 

•· 

~bcrunc Cyd< Üfl< Síptal !tC>m C?l.' ""P"'· 
actlvtl~w) 

Input/O..tput R<quut (mm Z80.CPIJ 1 Lnput. 

''""" low 1 

Reod Cycl< S <a tus f<om <llc Z80.CPL' (Lnnut. 

""" lowl 

ln«rrup< Enoblo In ltnput. """" "''~"'' 

!nt<!Tllpl Enab•• 0>:.1 (ou<~"'· """' n•s«l. !El 
md lEO form • doiSY do11n :onn"ncn lor 
?nonly mt<rrupt control. 

lnl<rrup: R<que>t (outpul. op<n d"'"· ..:11•< 
lnw J 

Pon .0. BUI (bLdi«monol.<n"""l 

PortA Sl!ob< Pube hom Penph«ol O.V!co 
(m pul."'""' low) 

Regnter A R"dY (OUtpul. :o;uvt «•ghl 

Pon 11 B<n (btdtr<OUonal. l!tstalt) 

Pon B SttGI>e Pulso from Prnph<ul De me 
{Lilput,octJvolow) 

Rog¡>tO! B Roady (oulpul ,>Otlvt hlgh 1 

-·-"""-

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

------



Timing Wau~form.s rcon ..... , 

BIOIREC1IONAL MODE 

Tf¡¡s :> • oombtn>ttUn of modos O <nd 1 """S oll four 
harH>lhako lm" and th< 8 PortA 1/0 lino>. Pon B mu" be 
"'· to th< BLl \.lodo. Tr,o PortA han<hh•k• hn!l oro usod 
fo1 ou:put connol 1nd the Port 8 bn01 .,., 1110d fo¡ mput 
'on¡:oi. D>!l " allowod 0111 onro tho Port A bul on•y wh<n 
:\SW" low. Th rutn1 tdg. of •.tus >ttobe Cln be ""d to 
lo:;:,, t!l< d.ol> 1010 t)u ¡><~phocú. 

JUl..fl .. fl}iV1 . .11..f1.El.Jl.Jl...í : ... fl..FL 

.... 

• ••• 

91T MOOE 

Tho bu modo does no1 uuJ¡u li"L< h>ndWk< ugn.W 
11':0 • ,,omul pon"''"' or ;><>"lOad"" be uo<uteC" any 
''"""'· ""hon "'"'"''· th< d.> u wdl b< !.tchod lOtO !/lo 0111¡mt 
""''"'' wuh :he um< """"! '-' th< ou!pUt modo. 

'l<'hon rta0Ll1g !he P!O, tho d•r. m·"rnod lo tho CPU will 
be 'O"'P""d ol outpU! regt$t<t da" from thoso pon data 
'"'"'""!"'d., outpua iiild ¡nput ''>''"' d•u from thOS< 
pon dot• hn" '"'Pl'd l:l mpuU. Tho input regill<r will 
oont>.Ln d•u "lti:/t wu proscnt ür.modLitoly pnor to lh< 
~zl!·.n! odgo oí RD. ,o.n onto:rupt wdl b< gonerued ¡f 
"'""""?" fr>m tno port >r< en.oi«l a.od tho d.> U on the 
p<lt1 clit:L lin" .. tlliy th< lo¡;t<aJ "<j\11UOO defllO<d by th< 
0.0 n "'"'" ,n:; 2 -bn m<>i< control "~~''""· 

-· ....... 
•• 

..... 
··----...... --

INTERRUPT AC!<NOWLEOOE 

Du=~ .111 tLmo. p<nph<ral conuoll<!! .,, ¡rtl\Jbi r<d fram 
,,._.,¡¡:ng theu Hllo:rupt <n>bl< """'· p<mtilbnJI the ~ 
E:""" «VW 10 nppio throu~ th< dOL>! Ó.1tn. llte pon· 
~!'.e ::al ...,,¡, lE! ho¡l\1.114 lEO low Cunng iÑi'A wdlpl>e< a 
;."f"~ro~md B-<u: int<trtl?' ><ctor on <1-.c dota~ .... ., 
<h:o :e-no. lEO" hold low untJI' roto m lrom "'"""P' 
/R.ETI) m>trucuon" ex«:ut<d by >11< CPU "'lul< lE! 11 
''!Jl· Tho '·b~te RfTI in>truclion u d•oodod tnternally by 
ti'.e P!O lar thu purposc. 

RfTURN FROM INTERRUI'TCYCLE 

lf •ZOO pmM<ral d<V>co ha. no int<,..,.Upt pend.in¡ .,d 

z= .... _ . ..._ .. _ 

_. ""' andor ""'ce· thon il> lEO~! El. lf it ha. 1.11 i:nerrupt 

•~"" "''"'" (i.e .. n h .. alrudy lll<etrtip«d and "''""'d 
.,, c,t<m:pt oobo ... led~ 1 thon il> lEO i1 >!woys lo". Ln· 
. -~bJlLng !""'" ~nonty du.ps from mtorrup,.,¡. 11 11 hu 

• nri.s1..r1 .. sisi:_ri .. r1.JUL_ 
.,, c"<mi?l P<~""'-g "lucll h:u not yot boen iáMwlod;eJ, ., 
lEO w;JJ be [ow unJo""' "ED" i> d«:odod .. >11< r"'t byte 
al a :wo byte opcod<. In tlw case, lEO will go lu¡h unt.ll 
<h<: ~«t opcode ~yt<" decoded, "'h<r<Upon ti wtil•g;w¡ 
¡;o low. lf >110 "<ond ~yte ol tho ooc<>de "'" • "40" th<n 
e 'Lo opco& "'" 1!1 R!TI llli!IUCt:oil. 

Aft<' .,, "'ED" opce>de a dec~><:•d. on!y the pen~heu.J 
~'""'' wiu:n hu Ln!<!rupted and i> o~m~tly undtr l<rvtC< 
"-''i! hilve m lE! iu¡h :tnd tU lEO lo.,, 11'.11 d<>'IC< a the 
lugMst ?~Onl)' <!evtc<'" the dauy oimn wilich h11 teCoLV· 

··--Gf-----18}----

e~ 1.11 LILterrupt oclutowlod;e. Al! ottter periphor.W havo 
IEI•!EO. lf th< next <Lpcode byte docodod i> "4D", thll 
pon?h<tal Mvtce will "'" tU "LILlemipt under """""" 
con<buon. 

" 
_______ ...J 
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PIO Programming 

LOAD INTEIU!.UPT VECTOR 

Th< Z80.cPU roqu''""' g.bn ¡,mrtup! vt<!Or b< <Upplied 
by lh< ~O!OrrllpUn¡ deVJe<, Th< CPU fcl'll!1 th< odd.!<u ior 
~.,, "''""-'P' ><M« rouune of the p<><1 u'"'l !h" •oo::or. 
Dunn~ an "'"'"'PI acknowl<dg< cyde !he voc:or "placd 
llr. tho Z-80 <ht> bU> by !h< high<SI pnonty dev1oe r<qlJ.<"· 
.ng >e"1CO al tho1 (liT\<. Th< d<>J!<d inl<m>pt VOCIOf l! 

loo de~ Ln to the PIO by wnang a control word tu 1he 
dos~red pon ol <h< PIO wnh the follow!fll formal. 

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

SELEC!ING AN OPERATING .\tOO[ 

• 

Whn ;elecung ll\ openo.an¡; :node, !he 2-l:>ot modo con
trol""'"' a,¡,, to one of four •·alun.. Th..,. two b>tS m: 
!he moot "PPÚ~Cant boto of the "SU"', blls 7 ll\d 6; b1to S 
and 4 a:e not uscd wtule boto 3 !hrouglt O l!C :Lll 101 to ! lll 
10 indb" .. ,., modo." 

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

Mooo 

Ou1pu1 

lnpu< 

Bldl~CtlOn.a.l 

'" 

"• 
o 
o 

' ' 

" o 

' o 

' 

......... -~ ...... 

?>!OOE O OC!lve mdicil<l L~at data" lO be wrLtten from 
L~< CPU 1<> ~~ penpher:Ll . 

.... ODE l acuve tndiootes :Ita! <h10 "to b< reod !rom 1~ 
perrpneno.l !o !he CPU. 

~ODE ; allo"" dato tobo wnt!<n 10 or reo4 from rhe 
i"'"?h•n.J d<V>«. 

MOOE 3 LS •n«ndod for '""'' >ttd control oppliat>ons. 
Wlt<n ><le<t<d. th< noxt oontrol word muSI '" thot/0 
Rog'"" to 1ndi<;:~" wluch lme• ''' to be input ond 
wluo.'l li.~<S lf'< 10 be UUtput. 

110 • 1 stto bu 10 lllPU!. 
110 • O sm bu to OU!put 

00 

INTERRUI'T CONTROL. 

Bil! 6,5.4 

intertupt eooble" ..,,_,Uow•n¡ 
1111<nupt 10 b< gen.,>l<d, 

,.¡,.,,., lh< <na!> le lb.¡"'"'' ond 
Lnterrupts moy no! be ¡<n<r>l<d. 

m U><d '" lh< bn modo ~n1mup1 
oper:Ltlon>. omorw~< lh"' ,,. 
dior<slld<d. 

S 

BnsJ.::.J.O "~nlfy thlt !hJS eomma"d word "on 
mterrupt control ,.ord. 

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

!f lile "rn.l>k follo"""~~~ 1> hi¡h (Do: • l). !h< "'" 
owurol word wrmen !o tite pon must be lh< mol~. 

" ~ ., ~ " " " • 
"' ~··1 "'• ..... ¡ .... , 1 ~·, 1 .. , "'• 

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

"~"""''" '"""''' 

Th< '"'"~"P' •n•ble nlp-ncp of• pon m.1y ho"' or 
rn<! wuhout modifylfl& the rur of tho ""<lrupl control 
word by !he followmg comm.and. 

"' "" "' r>o oJ o' o. oo 

• • 
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:\.C. Characteristics Z80-PIO 

' 
r .\ • o• C o o ;o• c. 'lec • •l V ~ S~. "nl•so olil<""'" no<<d 

1 ·-· 1 ··- 1 ... _,..., 

' 
1 ' ---' ....... o.~· .... ~--<>-"'"' • 

1 "'••u "-'--·"""''-
'--- ' " Q~00M ..... ,,.,_ 

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

c-... .._""'....,. r- •• •~.., ,.,. ,. • o~..,'"" 
~ ~~ ... ,_ 

1 1 "" .,, ,..,,_, __ • ...,, ..... 1!! 

' "'"'"' 
,_,. ... ,_ ... _,._ ... .,._. __ ¡;¡ 

••• 1 ·-
1 

., .. ,, O,y,_O...,_ • .....,..,. .. ~_ ... ,. ,,., 
,. '" .................... _,_..,._,,_, 

" ., "'" 1 '" ........................ ;m;a,._ .... , ... 

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

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

~ 

1 
"" ..•. ~-r-.wo.....,..,.,oa...,..o-·-~ ·-

" 1 ..... ,. 
1 

"' ~o<uor ... .,o_,o..,,.oo.-,~•••101 
1 ... ~-· 

" ' """"' 1 
lb .............. _,,_ ......... _.¡;¡ 

1 1 ··-
! 

1 
" '"'" 

__ ..,_..,r ... mo...,..,.,,m;m _, 

! "'"''" 
__ .,_,, .... -. ............ ~ 

~· 
, ...... , 

"'' ~ .. , Oo.,mOI_..,_ttn.,._o~..,o.,. .. 

1 

1 

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

' 
,_,_ .. 

1 ~ 
1 ·- 1 

--~ ~ 

' ~ 
1 

'<:n1'l 
1 

.•• ,_ , __ ,_, ..... l'l'llm 

1 " ,r,; 

.,.,_.,, _____ .,.. .. _,_ 
i ""' 1 

"'" "" •-•-r .... ._,...,-,,>3J:ll 
""' '" ... , ..... ·- ,, __ •~ ......... fi'aQ 

• "~>·• ''·o" 'oc' .. ,~ '"' • ~ "'" • m.'""" """· ·•.., 
"'-~~· ... --~ ··~ ""- .. -· "'"'" 

Capacitance 

TA•!5'C.I•!.I.Ui> 

,..,..,.., .. 
Cl<>.o ''"'"'",.., 

''""' ''""'·'"'' 
o..,,p" ,., .... ~"' 

'" ••• 
" " 
' 

,, 
'" " 

1 

1 

1 

1 

"" 1 
~ 1 
'" 1 

'" 1 

' 1 

•• 1 
' ' 

" 1 

i 
'" 1 

•• 
1 

'" 

--
•• 
"' 

. 
- 1 ... 1 .,_,, .... 

1 

"' -- -- -" -
1 ·- 1 

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

'" ::1 '" •• ;11 ,, ..... - "' 1 

1 - 1 

1 - 1 

1 - 1 
1 1 

-- - '" - ·- ·'• ..... - - '" 
1 - 1 -- 1 - 1 •• -,. - :01 - e, ... ,. ,. - "' -
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r .. ,o;...,,.,. 
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·\.C. Timing Diagram 

-----

---
CCOO< 'N 
w~• . '·'"" 
-~· >.OV 
FcOAT '" 

' ·' l. .... "_ ,_..;¡_..Ji-·· 
...._~__: ¡---:-~· ce•-1 '·"'" ,·;-:__ _____ _ 
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1 

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

' 
1 

' ...... ....., 
"' 
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"" 
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Absolute \laximum Ratings 
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D. C. Characteristics '" · ""•• 
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"' 

l'o<k>ge 
Configuration 

.. 

" 

"' "' 
"' ' '" " 

" 

Package Outline 
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-ZSO-DMA .. 
ZSOA-DMA 

Zilo¡"> Z80 moc,ocomput<r ;m><lw:t 1m< oncludn a lh~d 
~'"'"""" LSI compoc.eot sct. do><lopment 'Y"'"'' •nd 
support soi<w;re. The componont ,., ondudes 1il rhe lopc 
=cwu neo..,.ry for tho U>tr to budd lu¡¡.~ perfocmanu 
mlCC~omputer sy<tem• Wlth 1'\rtu.lJiy no u torna! Jope ond a 
mm1m>l ""mber of "'nd>rd low-<olt momory c<>mponenu. 
The Z&O.DMA (Oút« Me!110ry A<em) '"'''"' 11 • progu.m· 
m• o lo smslo-channel d<>lCO "lu<l'. proV!dos all addre ... !lm· 
"'g and con:rol <1¡¡nol.l to offect the tmufer of ~loci<l of 
<!>LO bel"'«n '"'" ¡><>m w1thm a Z8Q..CPU ba .. d symm. 
Th«< por" maY be ottll<r sy•«m m.lln memory or any 
<ymm ¡><'lphel1l l/0 de>!oo. The DMA a.n ilw ""'" a 
block of j.at¡ foro putleulor by10 (bot m.,bblo), Wlth or 
W1tltD<JI , >~mult>n<o"' tmllfer. 

Structure 
• 'l<h•nnoi Sil10on G>te O.pleuon Load Tedrnoln¡y 
• .;o l"uu D!P 
• Smgle 5 volt •upply 
• S!n¡te ohuc 5 •olt dock 
• Sin¡le chann<l. two pon 

Featu~ 
• Three óssoo of oporauon: 

- Tr>ru;fer Qnly 
-Seo.rc.'J Qnly 
-S.:I!ch-Tnn•for 

• .\ddrru and Block Length Repston fully buffe,.d. 
Volun for nut opo.ation m•r be l<>adcd "1thout dls
tutbing e~'"'"' vo.Ju.a 

• Du.oJ 1d~ressos generued durin¡ • tram!er (ont for rud 
pon 01\d one for wnLe). 

... .. 

11 

Product Specification 
OCTOBER l9ii 

PRELIMINARY 

• i'T<>¡¡r2Minllblc data u=ofel1 and ,.ore~"- :¡utO<n;IDC· 
a.lly lncremenung or de<remenung tho port •dd""'' 
from prognrnrn<d OIUll:ll odd,......s (the~ ca.~ abo rem:o:n 
find). 

• Four modeo of opemwn: 
-Byt,..H·t1m<: One byu """>fwed ¡:-cr requnL 
-BunL: Conunu<~ ., long os pom "' r.•dy 
~onunuoou·. Lodu out CPU unul upor>llon comp!m 
-TnmporenL: Stub t<fresh cydeo 

• Tirmna m•r be pro11ummed to mmh <he ~<><ed u< ••Y 
pon. 

• lnL<nupu an Mueh Foo.~~d. End of BlocK. or Roady. 
m•y ~· pro¡tammed. 

• An enure pn:otous opcr.~uon may be repo•L<d automat· 
ic.Uy or on comttw'ld. (Aula reswt or Load) 

• Th< DMA can ugo..o.J "'hen • speafred nu:nber of bytH 
hn b;:en Lr.lnsfetred. ""1thr>ut halltng tr>.no(e,. 

• Multople DMA 'o oauly 'onft¡¡ured for 10<411118 ptlonty. 
• The channel !llll)" 11< e!Ublcd. di,.bied or ,..., uc.drr 

softwl!e control. 
• Complete cllannel ""'U> upon progtlm !CPU) t<oueo<. 
• Up to !.25 nlepbyte Searcl! or T ,.....;"' R.at<. 
• Da1>y<ho.m pnori<y in<<rrup< >nd b"' acloowledg< In· 

ciu<led LO pro•tde •utorn>Lic inwrupt .. e~onn~ .,~ bu• 
requeot control. "'"hout need for addttronal <U<r1LII 
lagic. 

• ITL compaublo 11\puu ""'- <>u.tpuu 
• The CPU ;:an rud cu=nl l'ort coun<ers. By¡e CDillliOI. 

or SUiuo R.e¡uter. A m>Sk byte can b-t: ,., ""rucir. <l<ftnH 
-..tUclt :OJUI<ts can ~· """'"d duM~ 'ud opcn.uom. 

DMA Interna! Block Diagram 
"• <m•·-·•'- ~ f1g.l 

-------------"-'~~-'-:-'"··'e_< __ 



DMA Archill:cture 

A t>iucA 4u~;,m o1' th< Z30 D~IA " oho"n 1n F1~0re l. 

rr,, '"'""'1 "'"""'' '""'"" ol ,¡,, lollowLn¡ '"""'"Y: 
o &1 lnl<r/oc•- p<ovodO! diiV~I •nd IOO.IV<I '"'""'~ «> 

'""""' Lo •he ZHO-CPU Bu1. 

• C<>nu-:>J Loroc•nd Rqmt"- l<t lh< da ... modo •~d orh" 
ba11c con1rol P""""'" ot the DMA. 

• -lddr<ll. B•rt c""m •NI h<ú• Cin:u<lr)•: !e"''"" •h• 
?'"~""' por< aadrc,.., lor •he ltld •nd WIL!< op<raLLUr.l, 
""h ?lovoo;on• lor >n<remenun~ O< d•cremer.unt 1ho 
add,.., Wh•n ¡oto by lOs rem&lll 10 be handl<d. the bytt 

count '"'""'Y '"'' • flag >n the """' reg¡""· Pul« 
:.rcuotl}' ¡eno:ot<l • ?Uh< uch '""" the byte countor 
low" S-bm eqwl the p•oi"' <eg. 

o Tornmg C.t<"~ury: .!lo..., tho u.e; to oomplot<IY 1pcc1fy 
th< :<ad¡wlue umm~ for both of th< ,hannoh" >ddmsed 
;>orts. 

• .11RIC~ Cirnl.ury: holea !he match bylO >nd • mas< 
b)'\0 ..-fue~ Jllows for !he 'Omp>r""n of onlY cem.1n 
"'" ""'h'"- !he byt<. lf • m>tol\ is •nooun!<re<i dunng a 
5e•1Ch or Tr>n1f<r. thts drcut!ry 1<:0 • flag m tho otatus 

''IÍ""· 
o !Ni ami fJfJSl[lJ Cvcuttry: LndudeJ • control regl3• 

ter •luotL spe<~fo<s lh< condiliCns under which the D."iA 
"" ¡en<r¡l< '" tnt<I1Upt: pnomy •nct>din• lo••c 10 ,.,¡,CI 
betwoo; th< i"neruion oi on TÑT or '§1J'SRQ ourpul 
undor thue condtllono; ond ., Lnt<rrupt •«tor r<p>t<r 
fotautomatoc """""i to tho ini011Upt servt<e routine_ 

o Sl~tu< Rqu<tr: hoitll CUI!<nt status of DMA-

Register Description 
The foUowon¡¡ DMA-rnt<mol rep>IOn are av.Uablo to !he 

~ropv.¡mer: 

• c.,.,,,¡ R""""" f-lold DMA cnntrolonformauon: •uotL 
JJ, when to ln!U>IC., onternop< or pub<. ~hat mo>dt or 
d:w oi "l"'"'"on to perform, «<. (Wn<• Only) (8 Bil>) 

o '""'"( R•~<>rcn· i-!old reat1/wnt< <imtng pl.->tll<ten for 
!he two pon<. (Nn<e Only) (8 b!UI 

• -''""""''' 1 ''""'" R<"Z""' · f-lolds lhe 8-I>Lt "'"'"' th.!l..JM 
DMA will put onto tho data bus alter recemng an lORO 
duc.n~ an Lnl<rrup< ad<nowledge .. quonce if i! LS lhe ltigh
est ?Mrlty ~'""'' '"qo=llng ., mterropl. (TltLS rep><er " 
r<adaolt oniy dunn¡¡ ullorrupt aci<nowloclg< cycl.,.) 
IRead/\\'ntt) (8 bou) 

• 8/"c!. L.-lgrlr R••grsm: Cant=> total bloc~ longth of 
d¡to ta O< .. uol\ed Uldlor l<~rufom:d. (Wnle On(y) 
(16 btt>l 

• Bo-~e C"'"""" Counu numbor of bytes tr;msfwed (or 
'"=~<Q). On a Lo><! or Cont,u< thc Byt< Cown<r 
U ,. .. , to ZotO. Thtr<:tftO!. <ach 0yt< tr:tnsf« op<r
OtiC~ "'"~"""" Ll until Ll m.uch., lh< ccntonu of 
:he Block L<n¡¡th Ropster, 11 w-h¡cl\ llifl< End of Block 
u ><t "' the natw lf!P'II<r md openuon i< S\lll¡>ended 
:f prog>rnrned. Also if sQ p1ogr:unmcd tl;.c DMA wlll 
renerm ., ini<""P'· (Rud On!y ¡ ( 16 biu) 

w C'""l"''~ R,·gu«,. f-lclds the byt< for "'hach a m•toh u 
O.mg wugltt IJl Surcl\ operauons. [Wnte Only) (8 bm) 

• .114<-1 RqrstCt' Holds th< ~bu muk to determino whio:h 
b1u m lh< comp= r<p>l<r m to i>e o..mumd for , 
mat.: . .' .• (W~,. Oniy )(8 bJU) 

¡ ;¡~ 
o ,\/.,'' '"'' , 1 dJ,,.,_, R <"~/< l<'" 1/', '" 1 ".,,¡ /'," 1 /, ' tlul~ the 

stullng ,Jdre""' (upp<r •n<l Jo"" 'bml 'Ur th< '~" 
pom mv,olved on T=Sier "~"''•"""'· in s.,,,, llnl• ''1'" 
"""""'· •lr<i)' ane pun odJress "''ouiJ h•>e ''' Oe '1'"''' 
¡;,,¡_ Onlv mtmory ~~~~~m~ .u.;,,.,., 1eOULre nuth u~p" 
'"U lowor 8-Ms: 1/0 pom "" ¡eneaiiY od"'"'"d "'"h 
only tne lower 8-bots, rnd in tlu.l e:"' th< odd:e" <on· 
t:wled '" tht ropster " , ¡ene;ally rutd odO~en. (ll'nt< 
Only) ( 16 bm ooch) 

• .1 e/llt~U (;,,.,,., f P"" . 1 JIIJ fo., 1 111' Th<>e 'J''""" 
m loadod Wlth tho cont<nu of <no cott<lponWn~ Sl:l.rl· 
me Addre"' Rep.,en ..-hene•er -'euthe• or Tr:uulen are 
tnmattd Wlth • Lo•d 01 Ccnunuo. Thoy are "''""'"""d
oecren.tnted or ~emilil fllltd. u ~rognrnm•d. (Reod 
On!y) ( 16 bou .. clt) 

• p,¡¡,.. Cmllml Rqll'!<·r- f-lold• ptopom-mcpiL<O len!lh 
("' byt<,¡ oj block ¡fler wlucb the DMA WLÜ ptOvlde 

• "!P'oiü~'P!Q on tho TÑ'f pm. tSi:lco <ha ottun whLle 
bcth B llld 8lisAK ate """"· thc CPU will not 
mterpr<t tlus Q m ini<ITUpl requ•"- !notoad. th< Slpu.l 
t1 osed to ccmmun!~>l< wtlh a pcnph.<rol liO d<VI«-1 
(Wnto On!y) (8 bits) 

o Sra11t< Rt·~ulcr: .\olatch, End of Blocl:, Roady Actt•<.ln
torrupt Ptnding. md WnlO Ad~,. ValiO b1t> ;nruc:ote 
the"' functiont whon ><t. (Ro•d Oniy) (8 bitsl 

:\-fodes of Operatioo 
The DMA m ay b< progr>mmed ! or one uf t'our mod<l or 

op<~twtl. (S.e Comrr..,.d Byte "B). 

o iJylt o/ o"'""' control os r<tumod lo the CPl.' oitO! e>eh 
ono-byl< cydo. 

• Bunt: ope<atLon contmuu u long >S th< D"iA's RDY 
input is >o:Ove. indioung that tbo "''"""' p<~t '' t<Ody. 
Control retums 10 lhe CPU when RDY " imctove or at 
ond of blocl: or a m>tch ,¡ 11! ~rograrnmed. 

• Co~trmwu•: tho entll< Seorch ondlor T"""'' of' block 
of d>ta LS compltted befar• control "rolurood lo CPU 

• Trt:n<pottnr· DMA op<r>llon occuro dunng normal m< m· 
ory ,.¡,.., tlm., w-nbour vmblo los:; ofCPU tLm< 

Classes of Operation 
The DMA h.u thr« d3S><• o{ operol!on: Tlot,.for a ni'. 

S..uch On!y md > 'combinod Sureh-T:msfer. (~ee Cori-.
mUld By!< JA.) 

Du<ing • Tnnsfer. <l-Ito LS ro,., read from en< pm: ancl 
thon wrinon to !he oth<r port. byto by b>t<. (Tho DMA'< 
rwo potts.,. 10rmed PortA llld Pon a_¡ Th• P"''-' may 0< 
pro¡runmed to be .,u,.,. rystem mWI memory o< por:ph.r
al l/0 devoc.,. Thu.s. 1 bloc~ of d:oto might bo wnHen r'rom 
1 ¡>en?hcral <o :>nothor: or it m~¡IU i>e wntt<n irom one 
m• m mWI memory to ano<hor; 01 from a penphon! 10 
INIII a-.emary. 

Dunn! a S. >ro h. d>!O ~ r<3d onlr. ond .:on-:plt<<l bvoe b;· 
byr< a~JOII ""~ DMA·tnternol r<¡ll!m. on< al ~l:ton .~n
'""' , mat:n o~oe :nd th< ooher ln optlonol mn~ b•t< 
whtch Jllow' onlv cerooon btn tO be ,omp"d- [¡' '"' b'1< 
of .. a!thtd d"' m>tch ... l DMA·<ntt;-nol st:LlU> "" " "" 
tf p1ogr.1mm<d to do "'· lhe DMA wtll thtn •osp<nd optr>tLun
and/or g<n<r>~< on Lnttrropl. 

Tho <haró class of opcr>toon ts , .:omotn<d S<>rch
Traruoítr. In •uch •n op<r>llon o bl"á ot d>t> \S ""·><<tr<d 
as dt<cnb<d •bo .. onul 1 march 11 :ound: t!O<n_ " In J 

Seo n:h Ool y op<f>IIOn. lh O """';" ~~"•"Y h< 'uso<no,,¡ ond' 
~~ :Ln ontWuPIII<n<ratod_ 



Addressing 

Tho DMA 's >ddro..,lllg of pom "ouhet fixed or S<ouon· 
~¡J, L<lCromenun~ ~~ decremontin~ from > mn<n¡ :tdj""· 
Th• lenglh of lh< oporauon ( nLII!lbu of bym) '' •!"'ollied by 
tilo progruruned c~n«nts of • bluck lengrb. repot<r. Tho 
DMA cm oddreu bl<>c~ leng<hl of up ro 64K byteo. Dunns o 
mtt~fer ""0 ,.,..m, port tddre ... s m genotatod. one dur· 
m¡ the Rood qcle ond one duM! rho Wriro cycle. 

Z80-DMA Pin Description 

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

. .. .. _ ... .. ... 
• . .. .. .. . .. . .. ¡ .. • .. ... J ....,_ -· .. -·- """' .. .. ... }-- - •• "'"~' ""'" .. ... .. ... 
• ... f"·--·-.. • •• .. .. - • 

.-\,¡-A¡¡ Sy.,<m AJdr..., Bus. All soxt<en of rhese prnl;ue 
u«d b)' rhe DMA ro addre" symm moin m<m· 
or)' or >.n 1/0 por\ (outpul) 

0.,-Dc Sy•tem Du.a Bus. Comm411d1 from !he CPU. 
DMA ""w and da~ frnm memo')' or ponph<r· 
tls = lfUISf<=d on tnue ln<t.:lto puu (onput/ 
ourpur) 

-5V f'ow<r 

G~D 

' 
Grnund 

Sys:<m dock (rnpul) 

DMA Tuning Waveforms 

DMA Command Wrile Cycle 

illU>Ir>l<d here u lh< l.;;ung l..O<l>t<d Wlth • command 
byte m contr~l "'" bems wntt<c. to lite DMA whtdt "ro 
O< looded lnto ,,.,..¡ f<;¡Lite". z;o Output m<trueuon• 
.otufy tt~• !!t:ung. 

DMA Register Read Cyde 

Th!S llrr.rng " used ·~h•n a rnd opemion "porformed on 
tito DMA ro """' !he oonrenu oi the St.aru< Re¡l>tor. 
A~dn,. Counrer or othtr readabl< """""· Z80 Input in· 
<truouons '""'fy rhJ> lrmong. 

Operating Sequence 

On« the DMA hos 

"" "" CE/WAJf 

"" '" "o 

'" 

" ' "' toa"hi~"sroro 

Moci'L1n< cyelo One ugru.l from Cl'l.' ""?"' 1 

lnpu!!Ourpur Roqum ro onu trom me Sv!tom 
Bu, (mpur/ourput] ' 

\lemory R.EOuest to dio S)'srern Bw; (inpur/ 
output) 

RooD to •nd from die Sy,tom Bus 1 rnpat.output) 

WR!te ro :urd lrom rhe Systom Bu, HnpuUoutput] 

~En:lble: :ru>V also ~omrr med ¡o bo 
WAIT dur.ng lime when BAl" low ''nout) 

BUS RoQu«t. Requem conrrol ~~ tne CPU 
A~dreu Bus, Dat> Bus and St:tu>IControl BU< 
(mpur/outpm, opon drun) 

Bw Acknowied~ In. Slgnob thar the ~""'m 
bu.., ha"" boen released IOr DMA con11ol 
(input) 

s,.. Ackno"ledro Out. iiAI >nd l:Ul form o 
dauy-cl!otn conne<tJOn for sYst<m·w•d• pnoray 
bu• control loutput) 

INTtrrupr request (output, O!"'n <lnut) 

lnrorruot Enoble In (mput) 

!nterr~pr Enable Out. !El ond lEO (orm , d>ts). 
<hiln oonnectton fm •yorem·wtdo prtomy rnror· 
tllpt 'onrrol (ourput) 

R.,oy " momtored by th< DMA to dor<1m1ne 
when • peupher.!l deV!Co """""-"d wuh, DMA 
pon " roady for a toad or "'"'' """""'on 
(rnput. p!Oi!ll1'1mable :u aeuvo h¡gi¡ or lowl 

~ .JLJL ..... FL.IL. 
' el" \1J.... __ .:.. _______ , 

... 

'-'~~ !L; t:: ----------------------------·----



Dt\IA Timing Wavefonns 

STO V!emory Timing 

Tiw tumn¡ "«lctly lho ,.me .. "''d by ttle ZSO.CPU to 
"tm lY>l<m mun mrmory, onhor m • R<>d or Wnte 
op<!O<lO!l. Tho. DMA wdl def>ult to thll tumn¡ alter l 
;>Owor-<m reset, or wheo o Roset or Ro .. l Timirl~ cornm>nd 
""'""'" to tr: ond ~nlm otherw"" ~ro¡r>mrned, will uu 
''"' turun~ dunn¡all r ranof<r or Surch opelltrono mvoiY>ng 
l''mm motr. me!:",Of'. Durmg th< memory Read p<>rtron <>f 
o ll'1nlior cycie. dou "!otchd m the DMA on :!:o "'P"'" 
<dp oi oto dunns T l ond held into tho foiiOw\ng Wr "' ey<lo. 
Dunn¡ the memor,• Wnto ¡>cmrott of, ttanofer cytlo, dora 
"held from che prov10m Rnd eydo u:d ,.¡...,.:¡u the ond 

or "" ?"""' oyclo. 
:">'OTE: The 0M A " Mrmally p«>gr>mmed faco J T -ovdo 

dur>rron '" :r.emory tran .. ctLons. But WAlt " 
,.mpled durmg the nogot!Ve "'""Uon uf T1, >nd 
if il " lo'". T' wdl be '"tended onother T <¡~ele. 
dun.~g wr~ch WArl' will 'i"'" bo wnpled. The 
durauon of o momory tran .. ction cyde may thll$ 
be llldeiimt<ly extended. • 

SfD Peripheral T~ming 

Tiw tlmll\g i1 ideniLcal lo the ZW.CPU'o Road!Wnto trmlllg 
<o 110 ?<n¡>no,aj dol'laS. The OMA "'LII deiou.h co thu 
"'""'i of10r • P"""''"'" r=t. or when o Reut cr Ro"' 
Tomlllg command i1 wntl<n to ic: and unl ... othorwue ¡>ro
¡.~d. will = lb" tunong dunng aU Transfer or S...rc.~ 
Op<:~>trons ttivQII'ln¡ I;O ¡><npherals. Ourmg ~~e 1/0 Ro1d 
~r o lall1!er cycio, d.aa " luoned on the noptrve edge of ~ 
1ur•og T¡ an~" 1!-,en held uliO the Wnco oyr:le. [)un,g an 
I10 Wnto, data" hoid from the prevwu• Read cyde untol 
li1< end of \J\e Wnt< cyde. 

~OOE: 1~ WAIT ~ low dunng <he negato'"' l!3R!\Ilon of 
Tw•. then Tw" wUI be oxtended onoth<r T-cyolo 
and W,>,Jf w!U apUI be umpied. The d•r>rron oi a 

penpheral '''""'"'""" cycle may tt.lo be ond<flnrtoly 
""nóea. 

Variable Cyde 

Thovan.~le fe>!ure oí eh< D.~ A allow> tla uur to progrom 
th< DMA't memory or ¡><nphoral tran .. :rton """"i lo l'alut" 
<hfferent th>n 8"'" aOo•e tn tl>e n•ndard do:ault ~oagromo. 
Tiw permm :he <i<<lglle! lO 1.1~0< ha ttm"'i lO tho p11ticu\.ar 
re~ou«men" of h!l •yotem componer.", •nd mu.rmu<> thc 
11110 """"" "" wh;le eltminatlllg ntemal "&"al conditton· 
'"~ l<>g«:. Cye!e len;t.~ <3R be one 10 foor T<)lcl., (moro ú 
'lr.J't" uud). S¡g-r.aJ tlmUl~ '"'be V>.ned IS d10wn. Ounns 
a UanrJtr, dat> will be latchtd by tho DMA on th< dock erlgo 
'""""i th< m:ng •~g< of 1m •nd w:lil be held on the dat1 
''"" """' the <nd of t.'le followtnJ WrH< cye!e. 

(S.o T lffiUII C~nrrol Bvto, pogo 7 .) 
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DMA Timing Waveforms ,e~"''""") 

O~L\ Bus Requnt and Acc~ptance for 
Byte-al-a-Time, Burst, 
and Contiouous Mode 

· Rood~ " umplod on e>ery ristng •deo of <1'. When it 
" found lo be """"· tho foUo""{cfs/tQ'~ edge of <1> 
"'"""" tiTJSR'O. After tocejvin¡ lhe cru w!ll 
gt:IIU a JUSAK "Ok.~ "''l.l bo C<mnecttd tO r;¡] etther 
duec:lv or through the Bus Acknowledgo Da~•)' Chau1. 
When ; lo"' u dotecld on IIAl ("""plod on <"<!)' n•<ng 
·~~ of <;>¡, L~< no u """r e<l¡;o of <:> wll.l '"" :111 acu•e 
D\!A cydo. 

0.\IA Bus Rele~ al End of Block 
fur Bunt or Contiouous Mode 

Tl!lun¡ for End of Bloc); aiHI DMA not pro!l"mmed 
for Auto-rntart. 

DMA Bus Rdea!i<! witll 'Ready' 

for Bursl and Continuous Ylode 

Tile DMA V:LII n:hn~uW. th< ""' oftor RDY h:~> gone 
;nocu .. (Bum mo<io) or >.ft<r a.n End of Bloc~ or • 
)olat:l: " found (Con~nuou• m<>de). w;th RDY "'""".,· 
the DMA ln Contlnuom modo " rnocu .. but m:untam• 
c;mtr<>l of tho bU> (~ low) antll ti-.e cyt!e i> rt· 
•umed when RDY goes >CtrY<. 

DMA Bus R~l•:l.Se ror Byte-at-a-Time Mode 

!n lh< Byte "'od' ~~· DMA will roJo.,. ~ on 
the nnng edge of <fl prior to <lÍo end of oach Rnd cy. 
clo l!l Seareh Only or eacb. Wnte 'Yd• in • Tr.nsfer. r<· 
¡udl"" of the 513« of RDY. The nul bus ;oqum will 
come ofter both ~ aiHI m .... rttumed hiP,-

0:\-lA Bll5 Rdease with Match ror 
Burn or Continuoll5 .\'lode.. 

l'.'hen 1 .11a<ch " found >ntl tho DMA is prognmmod 
'0 ltop on Com?lte, tho DMA porform• :111 opem:on on 
th< n:xt by« ar.d 11\<n ,.¡ .. ,.,bU>. 

• 
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R~:.~dlng from the DMA Infernal Registcrs 

S.von ttg>!:Or< m "u!>olo ~n the DMA for ro>ding. 
Thc:y .tr" a btts oi-the !t>!U< ro~<or. lile upper llld lower 8 
~.u of lhe blO<k iengtll ttpner. >nd two port addrua ttga
t<f>. 

Th,... "' ova~•blo to b< read S<QUOntiil]y: "liUt, BLK 
Lcwe!. BLK Upper. Pon.\ Mdrns lowu. PortA Addrns 
Cppo:. Port 8 Addrrn lowor. Pon B Addr'" upp<t. An 
. n:<r<u.l ;xnnt<r potnu 10 <t<h r<¡¡i>t<r m tum " 03<h READ 
:1 ><cor•qit>l\ed. lf , ""'"' u nor 10 ~' road. ti m.>y be 

Programming the DMA 

P':ov¡Ou> "''"""' of th!S spe<tfio:ttton han :n<!Jc01ed the 
"'""'" iuncttons •nd medO> of lhe DMA. The dia!fliilO md 
""'"' ~ele,. '"'U "'"""" how the OM,\ Ll p<Oj,.mrned to 
~eleCl """"! Lhose funottatu >nd mode< •nd to adapL tts.elf 
10 Lhe rcqwomon" of tho Ll'l<f fYSlem. Moro domltd pro· 
s:am:rung mform>uon " avallable b 1.~0 ZIJO.D.'>IA To.:h· 
~u:a/ """""al. 

TI•• ZBO·DMA dup may bo in an ··'"lb lO" uate. tn whiclt 
u e<~n gaon oontiol oi th• sy~<<m busa '-IId dttt<l the tr:lrl'l· 

ftr af da u bo<ween tu port•. or in 3 ·"daabl.-· >toto;when 
" connor pin con:roJ of !he bur. Program c3mmand> can 
b< wr.t!<n to 11 in oi!h01 '"'''· ~ulwrt\!ng a comrrwtd to it 
auLQm>'lC<Illy pu" 11 m ttle dWble ""'. willclt " m.tlniiln<d 
un1tl on onablo command ~ ~>~ued 10 the DMA. The CPU 
"''"'' ?rcgum H lfl aól'ltnce of liiY da<a search ar tronsfor by 
oddr=o u 01 :m !rO pon and ,.nrli.~g!l a ••<;uenco of 8 
bn com:nand tlylt< ,.. tho <yJtom dara bu• U'ltnl Outpur 
1nsrtucrionr. When o he DMA Ll powerod up or rem by any 

Command Byte lA 

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

..... r ..... 1 ........... ~¡·..,, ,., ....... -¡-,, .. 
-- -

e, Co 

' o 
o ' 

o 

D: • 1 

Funcucn 

Not odlowod. tComm¡r.d By<e 1 B) 

TtlmferOnly. 

S.arch Only. 

S.o:c..~ and Tr.,sf". 

(lyte lA 
oannot be ()() 

Pon -~ " r01d from. Part B" "''"''" 10 (unle'-' 
the s,.,,h OnlY Medo h., b"n "l<ct<d. :n 
'"r.":h '""'Pon B" ""'"'"' addreuedl-

Po!\ a is read fr<>m. Por: A""'"'"" '"(unJo"' 
th• Searc.'> Only M<>d< hiiS beon "i<:L<d. '" 
•illch "'"Pon A""''"'' >ddre:=d)_ 

• 

e~duded by prog<lltlm.tng o O tn lho Rnd Byte. Tho 
mtomaJ ?<>Lnl<' wtll •lup '-"Y to~l<r not progr>mrned ~tOt 
• l in the Re>d BY"· Aft.er o Ruer ora Lood. R<><t RD 
m01t be """ 10 >el !ho tntemaJ ¡>ollll<t pO!nUng to tl\e 
nm ""'"1 programrned to bo rud by tite Re>d Byt<. 
Afte1 RD StotW. the prunter wtll be pcint1:tg 10 the ''"'"' 
tt¡:mer r<prdl•" of rhe R .. d By10 ""d th• next rO>G wtll 
bo from tho !t>1U1 "S"''"· Tho rouo ... n¡: ttod wtil "' irom 
!ho roguur pomted to befo.-. RD S tal U! . 

m<>m. the DMA w,ll automottcally ~• ploood Lnto • drublo 
sute, 11\ "'ht<h tt oan !IIll.are nelthet b,.. roqu<IU na< dotl 
tunsfen nor "'lenupu. 

The comm•nd byre> conl>>n inform>tton oo b< l~1dod 
tnto the DMA"• control and other r<J~It<n and/01 miorrna· 
uon to altor tl>e '"" cf lile dup. ,uclt U an E""blt lnte:"'pt 
comm:rnd. Tho command struotutt 11 dtSI&no:d so tl-.>t "'" 
tatn bttl '" ..,me commond¡ O>n De,., to alet1 Lhe DMA to 
••P«• tilo ""' byr< wnll<n to u ro be ior • P"lloulu 
lllL<mal "'ll'""· 

The foUawmg dio¡¡rams and oh:r.rts J.l"' th< functogn oi 
"""- bit tn the = diff01onr command byt<s. Two oi th<,. 
are doftned 1.1 beml! frcm Grcup 1 . :uu1 ,,. tenntd oommand 
byt<s 1 A and 1 B. The"' Gtcup 1 command! Cgnt"n tOe 
most butc DMA ,.t·uo informanon. Th• olhet iour ore 
a.to¡onz<d 1S Group ~- ULd ue terrnod oomnu.nds ~A. ~8. 
2C ULd :o. Group ~ wordJ tpoctfy mere detoiled "''·up 
informatton. 

Command Byle lB 

" 
' 

o, • 1 

O, •O 

D¡ • 1 

D¡ •O 

Dt • 1 

O, •O 

' " " •• " •• .. 
¡,-.. ..... 1'!.=" .. 1'"' ... 

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

Adót<,. fcr tlm port lllC<emenu oite: <><tl by Lo. 

Mdreu far thJ> pot! dern:ment> aiter <1<1". ~Y". 

Thl> ~on addie,.., an 110 peripheral. 

Thl1 pon oddre,.., main memocy_ 

Th~> word prognm1 Port A. 

Tius ward pro~r>m> Pon B. 

Command Byte 2A 

" " •• " " •• ,, 
" 

"""" ·~ ' ' 
...... .. .... 

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



Programming the DMA tCon<ono .. l 

Command Byte 2B 

' o o 
o 

Command Byte 2C 

"" Conllnuous 
Bu m 
TC>mporent 

•• - - •• ' ' 
., -

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

Spectftt! Grocp 2 Sp<crfi., Byte ~C 
D5 - 1 -\utomoti<:>l.ly repnn entire optn.~on whon •nd 

ofblock" rucho<!. 

No otToct. Ds ~a 
o, • 1 CE •nd WAIT mulnpio"d on gmo em. 

O, •O CEonly. 

O¡ • 1 Rrody """' hi¡;h. 
D, • O Ready acu,. low. 

Command Byte 20 
,, - " " " " ·- ' 

" ' ' " ' 
~ 

Spoctfi<S (({)up 2 Spoctr.., Byto 20 

"" '• ,, ,, ,, 
'" " o o o o ~-· a o o o ' Rex1 Pon A Totruns 

" o o o RoJ<t Port B Tommg 

" o o ' ' ~· m o o o Conllrluo 

'" o o ' o En•blo lnl 

" o o ' ' D1.1.ible lnt 
~ o o o o Rrscr lnt 

" o o o o ' Enot>le DMA 

" o o o o o Dl...OieDMA .. o ' ' o Reod Byto Follow1 

" o o o ' Re"'t RO 

" o ' ' RD Status 

" ' ' o o Forr:e Reody 

"' o ' ' o ' E,...blo MI" RETI .. o o o ' o Resct Stotuo 

Command Byte 20 Sununary 

R<><< Ro!OU •IJ LntottUpt ClrCULlf)'. dt .. bles 

Rn01 Ttmll'., 1nrerrupu atod bLIS "G· lo¡1-:. 

~ or B· R•.,t• "'"'"! ,, '"'" A o, aro 

le ros B~te Cuonter :utd loo <á S<><ilO! 
Add!<U for both Porll. 

Rese<S b}l< coont<r only. ~~dreues 
conttnue from P'"'"' loca•on. 

Eoable lnterrupt. 

DtSOibl<lnl<rrUpl. 

Re.ot lnterrupt: 

hrm"' Lnl<rrupt 10 ucour. 

lnl:!b"' <n<errupt from """"'"~ 
Resc<S ond d!S:L~i" :!11 cn~<rrupt W· 

cum IS>m!lar to RETII. 
b..obl< DMA. 
D=ble DMA: 

Read By" 
Fou.,...,· 

RDStatos: 

Fo!CO fteady: 

Enoblo 
after RETI· 

RST Stonu: 

Read Byte 

" " 
""'1 •• -· mo .... " 

Ove:ail enaole 01 dJ>•i>lo ior ¡JI o<>e'>· 
ttons •~copo inte,upos: .!o« no< ""' 
>ny iunc,ons. 

~"'""'"<o DMA w!ll <oo¡;¡¡n l rn.:as• 
oo prognm ,..hich rt><l>eie "!""" 
"' to be ,.,d . 
~U< te>d wUI b• from 1st ,..,.,.,se< 
os readoblo by mponso m.sk . 

Nnt rud l>dl t>< t'rom """' "!!""· 
Roody w!ll be COIU1derod "'''',..,,d. 
1"' of th.e Slll< oi txl<rn•l RDY- pon. 
U"d fo< M•m·M•m oporatLon< where 
no RDY S![¡ll>l "n«ded. 

DMA Wlll not ltque!l bus unnl aúo: 1l 
Oas rec01•ed • R.ETI. 

R<«U Motch and End ot Blo'k """' 
bm. 

' " ., •• '• ... _ .. ..... "" 1 '"' --· -· ,_, -· ,_, .. ~ .... .... -· "'"' '""' 
A 'T' in an "" '""" 'lubles thll « ' ~ 
lnterrupt Control Byte 

"' 

" ' ' • " ' 
,_ 

• -~~- ""~ ~· .. ·- ~ ...... ""rn ..• 1' --"'"' .. ~m- ~ ...... '"'" ,.,.,. 
""'b"l M••"• 

" -- ... ,_ .. ~ ---.. .. 
• h1t o " A 1 m p s 100 se«cu the op!lon. 

Timing Control Byte 

" ..... " ..... 
,, 
o 
o 

" 
"' -· 
'" o 

' o 

'• " 
"' -· ••• ... 
Cyde l.<n!Ül 

" 
,, ... '• ... 

" 
~nM,.. .,, ... 
••• 

., 

1 '• 

A 'i)" LO D~. DJ, 06. or D7 wc[J <>u.< <ll< 'Or«<p..ndin& 
ccn1;ol s.~gn>l te ond ..,_ doc~ "-""' t>eioro th• tn~ ot ti" 
'Y"le. :O.:oto: t~< tot>l oper>toon (R0od ,.; w,;;, LO Tror!· 

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



Programming lhe DMA tcoo, .. _, 

.\fao;k. Byu, 
A wo '" ' pven b!l ¡>o>ition w!ll cause • comp;ro tobo 

;>etiormed botwr<n 11\.tt b•t po"Uon in the <ompue wcrd 
t<p>l<t and th< <>m< bll P'"'"on ltlthe data betngroad. 

.'\llatch Byte 

rp to. Ut •..ttn word to bo compared toDo - {}; dunna 
, ,.,d. S... MA5K BYTE 

Statll5 Byte (Swu¡ BiiS Activ<"-Low) 

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

Pu~ CoWit 
T1us 8-bu wcrd is loaded uno a "IP·"''· Att.l< comple· 

hon of <>eh operauon, the I"Ogl$lor " compue~ wtL~ the 
'""'" S-btts of lhe by~< coun<er. When a com?>'''· lh< 
1NT lino is pulscd (but no intetmpliS ~n'loted). 

IDierrupt Vector 
ThiS S-bu byte a .upplied to lhe CPU dunn¡ l~tmu~t 

ac~owled'" tf tho DMA 11 thc lup..t pnonty mt<nupt· 
ill8 doVIC<. 

!{ bu 5 of th< lntemJpt Control BYl< f,.. p. 7) lw bftn 
''" and tho DMA h .. beon pro¡¡romm<d to •ntorrupt en " 
pven sl.OIL!J c<>ndluon theo D1 itld o, of the ve::or wdl bo 
mod!f10d .. foU<>W~: -

Vector BLIS 0:! 0¡ 
O O M on RDY 

o ' 
' o 
' ' 

M¡tch 
End cf Blk 
Motd>. End of Blk 

DMA Progn.mmlng EJ:ample 

The ioUo"'"'l enmple wdJ "'low how 1M DMA m.oy be 
;>rogrammed te !tansf<r d.ita from a pe11pherol (Po« A) lo 
:r.emory i1'o11 8). Tho ta~l< ofbyt"' maY bo stored ln m<m· 
ery utd tnnsftrr<d to lh< DMA wnh ut output in1tru<:lion 
<U<h..,. on OTIR. 

~ 
1 ¡ ' " 

~· 
1 

" c-.. ......... "''"'"' ..................... ...... '""'' '"""" '1 , ............ " 
¡.,,.,o~~'"'"" ...... ..,. 

1 ' 
¡ .. 
' ""' ' 

1 ,, '· 
' ·-· , 
' ~"'"' 
' 

' ' 
• 

' 

' 

• 

,,;. 

.. ;,., 
• 
• 

• 
To reload :!Le .,_.,. •dt1rnse< 1nd block kn¡th for ¡ 

ou:.equont o<~<r>tion, only two bytes •~ tle'Oded. 

l. Corn=..•~ byt< :d l 1 00 l l 1 1 CF 
R<looW pon •ddl<..., Load 
illd t:l<KI< l•n~lh 

"'"' Penpherol 
A.dd:us "X"SH 

Dota Flow -Block LenJih 
IOOOH Bytn 

Po" a 
J.temory 
Slaltm~ AJdr= 
l030H 

READY from th• ponpkorai,. •<ll••lu&h 
Memory adtlr= lltcmnC'flts on .. eh wna 

o, o, 

~.: ... l.:::~~':.... 
···~· FOliO•• 

' 
' ' 

'": .. ..: .. 
',::::· .. .: .. 

' ' 
·.~ '::· .: 
• ' ,; .. 
• • 

<N~!CE DMA 

~ CCmmill!d ~~te :d 
Enables Ol.1A. 

"' o, "' ·'· ' 
.;~ ... 

' ', " 
' . 

.~ •. ". 

.;, ' 
" ' 

' 

' ' ' -
" 

' ' ' -
" 

10001011 

En.ble DMA 

~ 

•o 

.. 
<o 

::IE 

" 

" 

1 

--- -----------""'~::_"_~:2.._ ___ _ --------



il 

o 

' ' Lr 

o 

Absolute Maximum Ralings 
Temp'"""' Under lit" 
Stcnge Temcentun 
Vclta~e On Any l'm ""'h 

Spe<Lr.ed oper.MI r;rnt•
-t>S'C te ~150 C 

"Comment 

Sil<""'' obo•e thost 1:<10~ under ".O.boolu" 
Mu.~mum R.11U1C moy _o>:u< p<rm>ntnl 
damoge to tt.e do.,co. 11m ..o a uro u raung 
onlY &nd funcuon>l oper>tJon oi the d<VlC< 

R<op<et to Ground 
Powor Dl$1.1pauon • 

-0.3V lo •7V 

uw 

All AC •nd De clmomm"" r<:mlln 1he .ame f<>< 
lhe milit~ry v•d• l'l"""'P' Ice-

al time or >ny alh<r cond.mon obovo tho" 
md!ca1ed m t.'le oponW>n>l s.teUons of ¡hu 
,poafocauon ti not ""plieé. hposu!< tO 
abooluto muunum ntmg condii!CIIl for 
extended pertod> may uToct de11ce rehaóolny . lec~ 200m A. 

• 
Z80-D!\1A D.C. Cbaracteristics 
T,•O"<•,'O'C '" .,.,,_~ .. - ....... 
1•- -· •• ,, ¡ ... _ ·- ,_, __ f 
·- 1 ""' ,.,., ... ·~ .... " .. 1 •• , • 1 
·- '···---· ..... 1 ·~· 1 1"«"-'\ • 1 1 
•• _ ....... ~ ... ' •• " • 

1 '• 1 ,.,., - ..... ~ " •• • 
1 '• 1 o.-~· C.• .... ~ 1 .. • ..... ,~ 
' '• lO.·---..... 1 ,, 1 1 • 1 ...... ,.~ ' •• ,,_,..,..,,.,_, 

• • .. '<.""-
' 1' ... " L.n .... ,~-~· 1 " .. ·~····"cr .. 
' '•• 1 ,~ •• c. .... ..._,.-...... 1 1 1 .. .. ¡ ...... """"' ' 
1 ·- 1 '" ... """"'"''"''-a'""' j 1 "" 1• 1 • ... ~-··· 
l~ ., .. 1 "'" ... '-''""'~"""" ...... - ... .. . . ·~ . ""' 

" 

ZSOA-D.\IA D. C. Characteristics 
T • • O'< '" 'O'( "cr • <• ,,. ~ .. ~,_- """"' - - ~ l'- - ·- ,_,,_ 1 
i •• 1 n.. ................ 1 "' 1 1 • "' • 1 1 
. l. .... 1''"'-'" ........ 1 ., .. 1 '""''-' • 
' "' 1 ................. •• ,, • 
1 '• 1 ,.,., .......... " ~ ' 1 
1 ... ¡ ....... ._ .... .,. 1 1 " 1 • Ir,·•- 1 .. ,~ ......... ,_ " 1 • .......... 
~ 1 •·~· .,.,., <~-· 1 .. 1 '"' 

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

1 r.~u..co..,.,.,_,.,_,.,._,l 1 1 .. 1• '""'"'"•"crl 
' . ,. 1 

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

1 ... 1 "'" .......... ,·-···-·-

' 
1 1 "' " 1•··~·'« 

Capacitance • Load Circuit for Output 

--
s, .. ,.,, 1 u... 1' ·-~·~ -" fo>f Cmo4•toon =:'o 

•• '• 1 Cloc• C<P"'"'"" " 
,, 1 u,,.,.,,Q Pino 

e,,. 1 loo•• C;o=ton" ' 1" " 1 R•"'mod to G<Q•ooi 

Cour 1 O.tiKO<C•~ .. 1 •• 1 

1 

t" 
l .. K] 

'" 

"J: -""• "" 
"• 

. "• ¡ " . , ..•. 
'Z 
'Z 
'Z 
" 



1 

1 

.-\.C. Charactcristics Z80A-D:\-1A 2 z 
~--~~------------~------~ 
ll!OA-DMA :r¡ > P<npbtral 0<VlCC (lnacnvo S!1to). 
r" ~ a•c 1o ;o' c. Ver.~ •SV::S~. Uniess ou..,......., l'clod 
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zso"-cTc 
Z80A.-CTC 

The Uo~ Z.S0 pr<>ducl hll<! ls • complete Ut of ot~cro
:ornput<r compooents, devtlo~ment ~ tt<ms and support 
>ofrware. Thc ZSO rmorocomputer compO<I<nt ''" Uu:lu.da 
a!J of ll'le 4m.llts nec .. ury te bLilld tughopedorm>n<:e 
'Tiicrocompu«r >Y"<Ill1 W'llh .,muHy no othor logic Uld 
1 =um ownber of1o10 <oot11andonl memory demenu. 

The UQ..Cou.cter Tlrn<r Cin:wt ICTC)u a pr~ble, 
iaur clwlnei de>1co th&< prOYidtS countllli and Umllll 
funcUoN fcr the Z80-CPU. The ZBO.CPU confiJU!e> 1M 
Z8fi.CTC'> [O<Ir inde¡>endtnt cllanneb to cptrtte undcr 
'lnous moda and cond!Uo"' .. rtqunod. 

Structure 

• N-Channel Silicon C..L.o O.pi<:UO<I lood Te.:hnoiOI)I 
• ~8 Pln DIP 
• SínJ~e S •oh supply 
• Sin¡¡Je p1W0 S •olt clock 
• Four tndeptndent prcgrammablo 8-b!! countor/16-{nl 

llt:><r tharulels 

Fea tu res 

• Exh ch.annel "''Y be .. locted to aptA!! m euher a 
counter mode or tlmcr m<>de. 

• ~le cnt<rropu on counter or umer """'· 

1., ..... 
.,. r:.•o • Cl>I'<TIO< 

1 1 1 =' .. 

~··· ~ • '"' 1"''""""'"' 
(O'TOQC • 

•• 

~ 
~ = 

' 
IOT( .. urHQ".-TOOl 

'"'--' 

Product Specification 
APRJL 1978 

• >\tune CO!Utant rt~1ltet amomauul\y l'ioad• 'M 
down counter ¡¡ zoro •nd the e y el• u rere,<d. 

• Readable dov.n counter ondkateo n~mber oí <ounruo;o 
untill"o- , 

• S<let<Oble 16 or :5b d<><k P"'OC3.ier ior n<n umor 
chonnel. 

• Selecu,ble J""'UYO or ne~orive tngg<r mov '"""'" nmer 
Opt<>UOn. 

• Thr<e chonnolsluve uro eouot/umoout oul?Uts <>pool e 
ol dnvlng O.rlinf!.on tranmton. 

• DU.y cha1n pnonty mterrupt IO!II< 'rnciuded lo pro .. de 
for mtomam int<rrupt nctonn1 v.nltout e~temallog¡c. 

• Al11npuu ond ou;puu fully ITL compouble. 
• O...tpuU ditcctly c:mtp.auble W\lh ZSO.SIO. 

CfC Architecture 

A block r!iogtWn of tite Z80-CTC is V.own 1n t1~urt 1-
Tho intemal ><niCtU"' of tite Z80-CTC corwots of • Z80.CPU 
bW; rntorface. íntenul eomrollog~c. four counttr ;;..,_._,n<ts. 
ll"ld lnterrupt cornrnllopr:. E.och clrll"lnel hu"" '""rnrpt 
vector for •utomatic imerrupt vootonn,. ond mretrupr 
pnonty u dere:nuned by dtannel numhoer wttlt olt.onnel ~ 
hovill¡th< hi¡¡hest pnonry. 

The chonnellopc" composed of" reiJimrs. l counrors 
ond control logre u-"'own in n¡p.m 2. The re!;'>ter• rndw:!e 
on 8~11 time comWtt "'P>"' ond., 8-lllt o~onnel conuof 
re¡¡~""· Tite counl•tl rndu<ie an S~il "''"-'~le do., 
couruet Ud on 8~11 pteSC>.ICl. The prnc.al<! m.ay be 
prognmm•d lo diVIde <h• sYI«m doc~ by eitl\0! 16 or ~56. 

/ lUO C'OIJ•tm~<otrr O 

IF(··~" c'U>;<ffOICGfoO 

J. <>;JtO <D<l..--r:rr~•o•ot 1 
, ........ 1 

cr.no:;• 'T1lr<:GU 1 

1 fr:"""'" 
'>RO CO<l~T·t1-'0UT : 

CU>C<•TOICCU: 

.~ c ...... J 

U><'"Tlll."""'' 
FIGURE 1 :¡ _ __,. 

CTC BlOC!( O!AGRAM 
.. -

,.~ ... ;; -'lO 



Channel Counter and Register Description 

Tlmo Comtmt R<¡ist<t" - 8 btu, loadod by thc CPU to 
""'ttoli" 111d tc·load Down Counter " • '"""' ol Z<tO. 

Channo! Con <mi ROJi"er- 8 ~Hs,loadod by tht CPU to 
''''"' 1110 mod< 111d <ondiUOIU of <honnel O¡>er>tton. 

Down Cowner- S b1ts,loaded by the Time Con•Wlt 
Repstor W>d<f pro¡¡ram eonuol VId >u<omnu:ally " • 

• I'USC•t.n 
<Oorm 

eounl of :<ro. At >O)' "n-~, the CPU '"" reld th< ou:n!l;t 
ol cQuOIHO·go unul > :oro eount. Tha eoun1er " de 
""'"'""~ bv the ¡>IOIQIOI rn tlrnor m<>Q< •nO. CLKJiRI(; 
'" o<'untor m<>Qo. 

f'loncoler - ;; bot counter, dlvtd01 ¡yuem dock b~ l ~ or 
~56 lor docromonung Down Counter. lt i• w.ed m nnwr 
rnod< only . 

FIGURE 2 
CHANNEL BLOCK OIAGRANI 

Z80-CTC Pin Description 

• " " CLKITRG¡ Channol 0 External O oc k'" Tim<t TnO,!er ···-¡ • " -· (Input) " " • -.. ,. " ... .,. .. , - • """'' ,._,. CLKITRG¡ Channol 1 E' tem.J C:ock or Ti mor T"!!' r • J-• • ...~..,, (Input) 

" ~· 
• - • CLK/TRG2 Cha."nol ~ E•~<rnol Cloá or T!mor Tu~~~ 

1" 
.. V~O, 

~ ¡Input[ 
~ "' -::: ;;, ·~ 
"" ~:.:, " CLX/TRGJ C'nannol l Ex te mol Clock or Ti mor 1"!8" 

(lr.>ut) - {. " •• • ·- •• '""'"""" .. •• -·- _, - ZCITD0 _'hunei 0 Z<ro Coonl 0' ltmooot 

\~~r ~~;"¡ 
(output, """ ·'"¡¡!1) 

------ -----



:Z~SO~-~C~T~C~P~;n~D~e~sc='~;p~t~;n=n~(c=n=n="=·n="='d=)c_ ______________________ ~-----''' 

ZC/TO¡ 

ZC/TO' 

CS¡ - CSe 

07-00 

lORO 

Ch•nnel 1 Z.ro Count or T1meout 
(ourput, 01:111"' tu¡.h.) 

O!ll1nel 2 Zoro Count or TJmoout 
foutpur, acu .. lu¡.h.) 

Cho.mel S<le<:t (irlpur. aou .. lu¡.h.). The>o 
foTtn • 2·brt bro&ry a~d""' of lhe chonnel 
:o be occe ... d. 

zgo.cpu na,. Bus {l>rduectJonaJ. '"""'') 

C"!ll? E.,.blo (rnput. ''"'' low ¡ 

S)H<:n Clock (inpur¡ 

M•dun• Cyclo Ono SrsnaJ from ZSO-CP!i 
(inpur, ocu•e !ow) 

lnput,'Out~nt Requost frcm Z8().(PU (trtpnt, 
acuvo lcw) 

Timing Waveforms 

CTC WRm CYCU: 

Qlumated nor< is the urruns for lc•ding a ch111nel «>rUrol 

wOTd. ""'" ccnsrmt 111d intcrrupt """'. No "'"" stote• an 
.Uowed for wnung to !he CTC c!her th111 !he ourom.otitally 
nt><ned IT,. '). S.n" the CTC doto nor reeoi•• a •¡><afl< 
wnte ..,gnal. h m:<m.ally g<n<t:a"' ill own from the lock of 

'" RDorr;naJ. ' 

CTC READ CYCU: 

lli\Uttat<d he";, the ~m.Hig for reoding • channei"l 
Do""' Cowaer wllen rn Countet MO<ie. The vaiue ~od 
ooto the d.ato bus rollo o-u the numbor of oxtem.aJ clock'o 
nstll~ «13•• pncr ro the mrng edgo cf cyclo (T' ). No "'"' 
.,.,., 1tt .tllo-..ed lor ru<lilll the CTC other <han the out<> 
mautally in,.nod fT,. ')-

• 
• 
••• 

-
• 
• 
••• 

Road Cyole Srat\11 from the Z80-CPU (<nput. 

""'' :Q ... ) 

lnrerrupt Enablo Out (ourput, "'"' tu¡.h.) 

!El .nd lEO form • doay ch¡¡n '"""«"<>" 
for pnonty mterrupt control 

lnterrupt Roqueot toutpur. Yp<o drlln. 
aouvelow) 

RESET ""P" >il channei! l¡om :ounrtng '"~ 
,.,.., ohannel rntorrupr <nable bm rn all 

control "~"'""· Dunng t<S<l umo ZC,I'T00.:~. 
1111d INT ¡o ro 111< mactive '"'"'·lEO ronocn 
the>ta" cf !El. and <h< dau bw; ourput dn .. " 
go to 'Lie hlgh imptd:mco note (onpur, 1<~,.. 
low) • 

-
... , .. ·, .. 

...II__Il__JL.JLJL_ 

X -·--·· X 

• • 
INTERRUl'T ACK.NOWLEDGE CYClE 

Somo lime alter an rnrerrupt 11 :equemd by the CTC, the 
CPU ,.,ij 1<nd out on '""""P' ocMowled"' IMI llld IÓRQ) 
t>Jnn! 11m rrrne rne lllttr:-upt )ogtc of the CTC wrll ~ctenmne 
tho hrgh<" pnonty cóanncl wluch 11 requo•ttn• on rntorrupr. 
Te in>u« rhar rhe d.,; y cn.,n enabio lrnes "'"~lrze. chonnelo 
m rnhrbrted from cll•ngm~ tilo!! mtorrupr requnt ""'"' 
"'ll<n ¡;¡:¡ "><ttvt. lf tht CTC lnttrrupr Enablo !npul UE!l 
u ocrr ... th•n rh• IUglte" ¡mort<Y lllt<rruprrns oh•nnel 
pl>c'! 'he cor.ro~ts of ia rnrcuupr ••etor "!"'"'ente tht 
D:rr 1 Bu! wn.c. !ÓRQ goes '"""'. ~ddirron>l wart cydes 

'- "'' _. 

• 
•• 

-~ 



1iming Wo!.feforms (conlinued) 
~~----~~--~-------------------------2'" 

RETURN FROM !NTERRUPT CYCLE 

JI • l80 p<nphet.ll d<VIC< h., no tn<errupt p<nding and LS 
oo• ll.~der "'"'"·~~"""'lEO • !E!. Jr it nao :m lllterrupt · 
eader ''""'"' ¡;_._ it has already llll<rrUpterl and "cemd :tn 
Jl"""P' ackno,..led¡e) rtten itiiEO ".;lo; ayo low, lnhtb\1· 
.ng low" pncrrry chtp• irom llllerrupung_ lf 11 n .. an Lntor· 
c"i'' p<ndkn¡¡ "'hkh h"' nor yet been adrnowledged, lEO 

• 

• 
• 

.,11 be low unl.,. an •·E[Y";; dec<>dod >Srhe firSt byte of a 
c~o hyre opot><!o.ln """'ca,.. lEO wtl! go lugh unt!l the next 
cocode ~Y« a ;ecO<lea. whereupon 11 wúl •p•~ go low. lf 
•h• ¡econd by« of the llpcodo ,..., a "~D"' thon the opcodo 

o,-o, ---<GJ 

"' 
.... '" REn Ul"'"""'"· •m 

After an "ED" npcodo "decod<d. only the pertphoral 

"'"''' '"h"h ."..u tr.l<rropted and IS c"r:onrly und<r "''"'"" 
~,u ha ve m lE! hLS]! and m lEO low. 11w dol'!e<" the htgh
'"'' pnon<y d<>"'' 1t1 !1\e <i>.ISY ch:tm wbch has rec., .. d >n 
"'"""P' ociUiowied~- AU oth" penphe;alo ha-. lE! • lEO. 
!:" the nexr opcodo byto decodod;; "40"'. Llu. penphoral 
a<"l« ,...¡¡ ""'' ill "'tnrerrupt under !e mee"' condttion. 

Wau cycles are aJJowed ltl the ~~ cyo!e•. 

-------------......1 

DAISY CHAIN INTERRUPT SERVlCING 

mu:mote~ at 11;1\r i> a ry¡n<:>J n01Led inttrrupr "'~""""" 
wn>eh rn.1y occur"' the CTC. In rh~> J.<quenoo chumoll 
:r.:orrupu and u ¡ru>:<d !etvlte. Wlnle thn channel 11 l>ttn¡ 
•emood. hi¡h« pnor.¡y chonnel 1 intor:upu and is gr.mted 
"''""· Tho mVIct rouLLn< for the hrgtm pnonLy channel 
~ oomplorod anda RETI insllucuan ;, execureo ro tndr<>L< 
:e <he channel thaL m ro u une 11 complere. At thu tlme the 
;e meo roul]ne o( lowtr pnonry channell 11 ecmplered. 

" 

" .. " 

' 

" 

CTC COUNTING ANO Tt:>IL'IG 

In th< counL<t me>ae tne '"'"~ or fallir.¡ td!< ol :ne CLK 
'""'" <>.""'' <h< counter 10 be decromentod. Tho edg. ~ 
:m:tc·d ro<oily uyn;:.~roncw.ly and mo.sL ha .. > mrmmum 
CLK pullo wróth. Huwovor, Lh< countor" ·~nc.~ronous wuh 
t> tr.o:efore • J.<!Up ,,. .. mtl!i b< mer wr.en tt :.o ~e~r<C \o 
;,ave !he oountor dec:emenred b~ the noxl rr11ng ed~• of 4>. 

In tho 11m" m<>do the pr .. coler <r.>y l;te enobied by' """! 
o: tal!<~ <do• on Lh< TRG mput_ Al •n the counter modo, 
c'r< od~e" dotooted rouUy Olynchronou>ly and n11111 hove 
':-r.:ntm"m TRG ~ul>O wrdtn_ How.ver, wl!en ummg" Lo' 
""' w¡th respe:r ro the <um iuin! <die oi 4> • ><IU? LLmo 
"'""be mot. no pro=.ler ooun" n"n~ edges of .¡._ 

"" 
-.-

:"· =====~,-"-·_·-__ " '-------

:. _ ___/ __r.,~== ..• ,. - ,,.., ·~··· 



CTC Programming 

SEU:cn..¡G AN OPERA TING MOOE 

Whon ,.le«mg o channel's oporaung moa e. M 0 a SOllO 

10 tnd.Jooto 1h10 "Oid " tobo """d in ~< ch.&nnol COnllol 

''~""· 

¡¡,,;.0 

BL17•1 

Btt6•0 

!lu5~1 

Bo¡l•0 

Botl~l 

BLll•l 

(hannel on«rrupn •n•i>led to occur evory 

"''" Down C011n1or reKh., • count of zero. 
S<tton¡ B" 7 don notlet a proctdlllg counl 

oi zero ''""' on tn «rrupt. 

Tomer Mode- Down counter a <1<><~•~ ~y 
tho prescal<r. Tho penod of th< counter ": ,,.p.-z:c 

<e • rylt<m clt><k penod 
P • pmcalo of 16 or 2ló 
TC • 8 brt b•n•ry Ptol'ammablo ume 
corutant (156 "'"'1 

Counter "'odo- Down Counter" ci<><ked 
O y <>temal d<><k. The pmal<r li.not used. 

Ti mor Modo Only-S)>l<m docl< 4>" d!V1ded 
~Y 16 on prosc.lor. 

Ti mor Modo Only-System dock <fl a dtV1ded 
by ~56 on pr=al<r. 

Tomor M<td<- nogo11ve odg• <rtgsor ttart> 
\tm<r op<ranan. 
Co~ntor Modo- n.-g3tt'<t edgo dommon!S 
the down caun'"· 

T=" Modo- '"""'ve od¡o u¡gser m.ru 
urner opor>,.on. 
Countor Modo - P"""" odg< do:romon" 
tne d"""n oountot. 

Ttmer Modo OnJy - Ttmor begut• operomon 
on the """i •dS• of T ¡ of lhe r:~>cluo< 
<ycio foil.,....tng lito ene that load• the ume 
con><ant. 

Timer Modo Only - E.< te mal tti!';l"• "qjid 
for stamng tuner opm.tJon ofter """8 ed'' 
of T! of tho machwe cydo foUow1n¡ tho 

"'" L~at l<»dl <ho tJrne COnll1nl. Tho Pr<· 
><>ior,. d«tomenred! dock <Y<i<> ¡.,., lf 
the ""'"P li;ne "me t. otherw>"" .l dock 
<)"el ... 

.. ' . 

BLtl•l 

Blll•~ 

,, 
.>;o ttm< conuont wtlltollo .. the '~'""'¡ 
control '"ord. One ILm< constlnt "'"" be 
"''""" 10 tite <hannel 10 inrtut< operatton. 

The ume constont for the Do"" Countor 
will bo th< n<~< "0!d wntten 10 the seloctod 
eilanne!. lf 1 "'"' oorumnt ulo>d<d wlltio o 
dunnel ti counttn¡¡. th< pr<tent '0"01 wtll 

b< complerod befar< lh< now ""'' .:onuanr 
11 ioadod tnto tho Down Counl<r. 

Stop op<rauon. lf Bit! • l chonnol wtll 
tuume operatton altor looding' ;,me 

eoruunt. othe....,.. a """ oontcol """'d 
must be lo•ded. 

LOAOING A TIMECONSTANT 

AA 8-bu umo eoruUnl a lo.dod into th< Torno Corutant 
registor follo...,ng a chan.nd control word wrth bu~ Iet. All 

'""'" rndicate o U me eonnont of ~56. 

• • • • .. .. • - .. •• •• •• •• 

LOADING AN !NTERRUPT VECTOR 

Tho ZSO..CPU r<~mrn that an 8-bit tntetn:pt veClor b• 
mpphed by the rnterrupung ohmn<l. The CPV form• lito 
•ddres< for <he inttrrupt """'ce routm< of the channel 
usm~ thu vector. Dunnt an tntttntpt >eknowltdr:< cyde 
lhe vector 15 ploced on th• zgo Dota 11m by the htgh<" 
ptionty ohanncl roqutsunt ><M« 11 thlt nmo. The deure~ 
tntorrupt V«tot "lo11jod rnto tite CTC by ~~~'"~ mto 
channol 0 wnh a zero m OO. D7·DJ cont"n tite >lord on· 
rerrupt vectot. D: and O¡ .,, oot =d ut loadln~ tho •«tor. 
Whon th• CTC '"P""<b to on tnt<rTUptO<kno~i•dF. <~01< 
two bit! oontaln tho bonary eodo of th< highen pnonty 
channol "'hrch rtqo.ated <he onlmupt ond De '00tlln> o 

l<ro """ IM •ddr..,. of thetnterrupt '"""" routtn< llorts 
ot an "'" oy10. Charurel 0 " rho h1¡h"t pnomy ,honn•l. 

• • •• •• • ,., ,. 
.. •• .. . . 

---------



A.C. Characteristics ZSO-CfC 

T A~ o• C <o iO" c. V o: • •1 V~ S'~~;. unl:,. otlt<r•m• notod 

~-· 

' 
~::: ..... """''"·c ..... '"•" 

••• 
~ 

'" 
c~•low ;r; 1~0 
1 ' • """"' "' " ••• '""" ••• 1 " 

A"d e,.,, 
~ ... So<"" T" ~• m A,.,.,. ;.,.. o! <> o., • .,. """ o• '" 
e, .. . 

•ooiDI Duo Ou_, Oo<ov '""" ,,.,,.,. Eoo• o! lORO""""" 

... 

.. 1 21 

•• 

'" 

:-.. , --1-':'~~-.. ~-t-1-;oo .~'-+=-: +1 ----1 

''"' 

' 1 lOMO 

' 
1 zc;.,.~~ 

·-
'" '" 

1 100 ""'''" T,,.,,¡,.om Af!>''l Eooool IEI 

lEO Dfioy T" .mo ''""' F~"n; ~- ol IEI 
100 """" ,..,.., ......... ,,, •• '" u ......... """""'"" 
"n "''"' •• ¡;¡;¡ 

'" 

•wlCTHl Cloo:k ••d T""'" H,on '""' w.,1n 

tw!CTll 1 el<>< k"'" y,..,,.'-""""''"""'"' 

' 
':~e 

'""'"'" -··.,. ~...., '"' ucn 10 oF •<>ero,.. '" ,_.,"9- 100 0F """'"'"' 
;!'EID "'""., ..,,,. '"'o"'"''"""" ol l "''" <"Yd.,. 

OUTPUT LOAD CIRCUIT 

'"· .••• '""'0"'""''""" ,, ... •' "'"" .... 

'" 

1 ,,,., 

'" '" 

" 

·~ = 

·~ 
ooo 

•• 
•• 

•• 

.. 

'" '" 
"' 

'"'"' """' 

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

100 •' .... """""' ''""· 

·-·- ·-
. _:!:, ______ _ • ·---



A.C. Characteristics ZHUA-CfC 

T,o. • o· C 10 10' C. V ce • +5 V: 5~. unl<>l o<h<rw"< no10d 

~-· 1 s ...... ~ ............ • •• "" u ... c-.,..,.,.-{ 
• c~oe.,.. ... = "' "' ' 

' '"""' CI<><O ""''" "''""'" 
Cl<><k ~ .... "' = " 

1 
...,,..._, Cl<><k Pul'" ..... ,.. C!Qco Lo .. oo> = " 

' 
t,.. ,, CIO<O ~''" '"" "•" T '""' • "' 

1 1 A•• ~ ... r ...... '"' s-,,,.,. s....o r ... 1 o 1 1 1 o o" "' ' 

1 
<s.!CSI 1 Co"""' S.,., So"'O r ... o '"~""'"<~o ol,. OU""' ~ .... j ro 

1 1 "' 1 ' cs. a .... o•w,,.cveoo ' i 
<()AIOI ouo O..a>o" 0.1 .. '""" ""''"" Edil• ol lfO O un...,.,_ = "' 1 

~~· ; 
e"" ' 

•s..IOI O. tos.-'""' to ~"'"~~E..., o<,. o.,,..., w'"'"' Yl ro "' 1 
OQ-o, Cv«o 

•o 1<0I o ... o ...... o ..... '"""~ ........ ( ..... ,o .. c Ou•"O oro - "' INTAC,<1o 

"'101 D•IOv"> "'"'""" B"' IOu<Oul Butf01 0•-• '""'' o >O -
'" 

<sliEII ltl So"CC '""' 10 ""''"O Ea,. ol lOAD QU""O INTA 
1 

oro 
1 "' 1 c .... 

IQHIIOI <EO Oo<o• T""'"""' "'"'"" <<>eool ISI oro •o '" '" 
•ociiOI oSO Do<ov To""' lcom FOI""'l e,.., of <El oro - '" IQ.I<IIOI lEO Oolov <•~ "!"'"" E<>eo of Mf ll•t•""" "="'"""' oro "' '" 1 '"" p,,., to M11 

IOAO 
1 

<s-oi<RI oORÍÍ .._ ;..,. tOA o • ..., E ..... o< o o..,.,.~- oo 

1 "' 1 - 1 1 
"''"' C.«o ' 

"o 1 
•s•'"" '"So-r.- <o Ro~ .. E<>eo of. Oun .. INTA <>" .. , • 

1 - 1 e,.,, 

1 "' 1 
...... 01 AO So""''"'" to Aloo'"i E ... o ol • O..• ........ "' MI o" 

1 - ' c .. ,. 
' ' 

'"' 
•oc~ liT! iÑ"l' O"ov :r;,., """'"'"'""f ... o< CUFTRG 

1 
llci•I•IOO C...·--· 

1 ,.,_¡¡n .~,....,. r..., ,.,... ~"'"'~ .. o< • •c<•l • 100 , ............. 
<c<CKI Cloo:o ''""" "ll(;l+l eo...- ..... 

1 
'•· ,, Cloe• '""T ..... "''"""" "•" .,.,., • 
<siCKI e•<><• s.r ... """' •• "''"""e""' o< • ,,. ,.......,,.,,,. eo •• , "' c... ....... _ ,,m., y,,..., S.....""""'"'"'"" &ooo< • ,.,_,,.,.., "' r .. ,, ., .. , ' 

C~KITA"c-J • ._,.,,, folo_,"O R"'"' é ... ot• 1 
<wiCTHI Cl<><k '"" T".,.,. ~ ... '"'" W"'<ll ~ eo •• ,.,...., 1 

1 
'""" ........ ' <w<CTLI Clook '"" T ''111" l.- ""'" "'"'"' ~ eo.. ........ 

1 r . ..,,.,oon 
•o~IZCI zc•ro oeoov r,..,, '"'"'R .. ,,. ed .. ot •· ZC!TO ~~ ... o~ eo.,., ....... 

1 lCtTOc-¡ 
T,..,, .... " 

'OL(ZCI ZCITO Oooov T""' ,....,,,.,"'11 ""'' of •. tC!TO Lo" o~ eo.,., ...... 
r....,,...,., ' 

....... 11 1 'e • t,.,<4'HI • <w<4>1.1 - o, • '<· 
í21 '""' ... ""'"..,. ro•- ,,.. .-110 oF ,,.,,_ '" r-.,... :¡goof ........... ,...,..,. •-""' reo"",..._...,.,,_ 
lll .... .._ """"' .... 1 ... ,,._, 10 •• '""'"- •• ·~· ,or¡ ............... . 
[41 iffn"T" "'"" <>o '""'"" lor o "''"'"'""' of l «<><k....,,.,. 

OUTPUT LOAD CJACUIT 

••~r•o••""''"'""' ........ .,.. ... ~ ... 

.. ~ .. ,. .,- ------



:\.C. Timing Diagram 

• 

" 

"' 

"' 

-i'>'C<It-

CU<I Í'COUNTE~ MOOEI J L 
,.~ < _,1¡TR1 

~!)., 1 r:--~'--, 
liTI,.ER "ODEI 

1
[ 

TJ/T" 

1 

• ., .. ·-o·· 
C~OCK vcc • sv "" OUWUT ''" •• 
tNPUT l.OV •• 
FLOAT •• •0.5V 

T.,TJ " 

~~ ,'"ICSI ;~.------

' 

' '¡ 

, ..... 1101 

1 ' ·r 

--------

T'"'¡l __ -_"-¡i-'~c'_~',1¡~----'----~ 
-- ~==----------
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P,okage 
Configuration 

Package Outline 

• • 
• • • • 
• • - • 
" • 

• 
" " • - -·-· 
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Z80~SIO 
ZSOA-SIO 

The Z80-Sl0 (Serial lnpuJ/Ou!put) i• a dllaJ.channcl 
mult>·funroon peripheu.J componen! dO:IiJIIed to sailify 
a wtde variecy of omal d>.ta communication¡ requ.ire
menll in mkrocomputer syotelll.l. !1.1 b"'ic fun~oo;, o 
••na.l-1<>-parallel. pantllel-•o-•enal con~o:ner/contrcller, 
but-wuh•n tha¡ role-it es ccnfigurable by •ystems 
oC[!w.Ue $0 iiS "penon&lity" can ~ cplimizcd for a 
¡iven ¡erial da'"- communict~tions applicatioo. 

The Z!IO-SIO i• capable of handling .. )nchronous 
fonnau. oynchronous byte.orienred proux:ols suclt "' 
!B .. Bllync, md synchronous bu-onentt<l prctocols 
5UCh at HDLC ltld SDLC. Thi• venatile dcvicecan ab.a be 
use<! 10 mppon virn!ally auy 01her Knal prouxol for 
applicauoru other thu da<a communications (a.uate 
or noppy disk intufacos, fcr examplc]. 

The ZSO-SIO ca11 ¡eneme and chetk c~c codeo il1 
;ony sy10chrono<U Plodc and can be progr1mmcd 10 
check data inte¡rlty in .ar:ious mode:~. Thc dc...;ce also 
h&S !acilitles for modem. control! in bo!h clwmds. ln 
applicaLion• where Lhese con!rob are nO! needed. !he 
:nod<m control! an boe uoed fcr ¡ener.ol-purpou uo. 
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Product Specification 
AWGUST 1978 

N-c.hannel !tUccn-¡ate doplo!lcn-lc,o,d te<~nclo'iY 

ol().pin ow 

Single l V pow<r >u¡>ply 

Sin¡le·ph;uc l V dock 

...U input.! llld outpu\.1 m. <ompatible 

Two indcpe_ndrnr full..du¡>ICJ< channeb 

Data raLos in 1ynchronmu or isoryncltronoU> modc:s: 
• 0-llOK bus/>e<:ond wun 2.l MHz sy>tem clock 

"" • I}..S!IOK biulse<:ond wiLh 4.0 MHz sy>Lem clocl: 

"" 
ll.e<elver data rcglStcrs quadruply bufferul; =· 
mmcr doub[y bulfered. 

1\.>ynchronou.s fcatures: 
• 5, li, 7 or 8 bl\.1/chanc\er 
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• l. 1 V: or 2 s:op bn• 
• E••n. odd or no paruy 
• ~l. xl6, ~l2a.nd x64clockmodos 
• B=k gener.mon and de<~on 
• Pu:il}', o•=n ad framit!¡ error d<!~>On 

Birtar1 •ynduonou> fealuros: 
• lt!ler1J.31 or <xlemal c~er •ynchrcnizaticn 

• 0..., or '"'" •ync ch¡u-acters ~~ oeparale regi11er> 
• Autom.atic •ync cllanctc i~rtionldel<lioc 
• nc generaucn and checkin¡ 

HDlC a.nd SDlC fealur<S: 
• Alxm: •equence ¡enerauon and deto<uon 

• Autcmotic "'" ms<rt>on ano deletion 
• Au<omnic <1a¡ ir......uon boetween m...,ageo 
• Addros• neld recogl'lition 
• Support for one 10 ei¡hl bits/cllanc!C' 
• Vllhd recei•e me.•a~ ¡rrot~ed from O"<!TUII 
• ClC ;¡encanon a11d checld.D.g 

lnt.rrupt fe.a!ur.,: 
• O.....y-<:iwn inltmJpl loilc prcvioks ~utoraa<ic 

interrupl vo<:!Onog Wllh no ex<omal logic 
• I'Togram.o:Íáble imCriupl •mor 
• Staru> Aff<Clll Tn1crrupr Vec-.or mode for ¡,...¡ 

inle!TUPI proc=a 
CRC-!601' CRC.CCITT block framecheck 

Sep~ modem coo1rol inputs a.nd ourpuu fcr both 
c~aonds 

)olodom '"'-"!5 o:>.n be moni1om:l 

' ··~ " -· ' • • -----;;--'1 " ~ 
" ·-• ., ____..,....., 
" ::;· i ., ------¡¡----: '" ··- .. ... 

' '• :±::J ..... 
~-'-' 1: ::l_, ' 
a~ ~ ~ J'"'-' --~-¡¡¡ ~ -=.-< ... -----'--1 ... ~ - . .. ---!!..._ 

"_,_J 
-~ . ........., 

' 
:::!: { 

.. --!.......! \-··- • ---+-' J--- • 

1• i· 
" -

• 

0,..07. Sysrom Dato Bus (bidirec!ional. l·"ate). Thc 
•Y•lem data bu• rr=fen data and comman<U bcow .. n 
the cru a.nd the ZW-SIO. 0.:, ~ the lea.st •igmf<c:uH ha. 

BtA. Chairn~/.,1 Or 8 Slr"n:r (in¡nll, High "lecu Chan. 
nd 8). Th" inpul dof<ne. whioh channel is acce.,cd 
dunog • data uansfer ~~w~n the CPU a~d the 
ZW-SIO. Addr.,, bit Ao from 1he CPU i:; ofteo used for 
the se1ec1ioo funcrion. 

ciD. Con~ rol Or Dato ~ln:t (iopu!, High ,.¡<Clll C;:,n. 
trol). Thos input defines !he 1ype of informauon trans· 
f<r perfcrmed berw=n the CPU ..,d lhe Z80-Sl0 .. '1. 
Hi&h al tru.. Input dunng a CPU wrüe 10 the Z8Q.Sl0 
ca= lhelnfcrmatioD on !he da1a bus 10 be >nterpre!e-d 
u a command for lhe channel!<lec<e-d by at.i.:. A Lo'" at 
CID means lhallhe inform.o.tion oo 1he data bus;, data. 
Addreu bit A¡ is afien use<! fcr lhis fullC!ion. 

ff Chip Enabl~ (!npul, acti•e Low). A lo.., 1....-el at 
lhis input enab]., 1he 280-SIO 10 accop¡ command or 
dat.a input from the CPU durin¡ a ..,nle cycie, or to 
transmu data lo the CPU dunn& a read cyde. 

+. Synt;. CioÚ (input). The Z80-SIO "'"' the stand· 
ard Z80 System Clock te synchronUe in1emal "gfl>.l•. 
This ~ a sin&J,..ph""" dock. 

MI. M<ldlint Cyr:lt Q,~ (input from Z8o-CPL:, acuve 
Low), Whetl ;;¡¡ is activo a.ad ii'l is a!Jo acuve, !he 
uo-cPU is [t!chi.Dg ""insttuo:tion from mrn:~ory: wben 
¡¡¡~active while tORQ is active, !.he Z80-STO &a:ep~.~ ;;¡¡ 
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__________________________ .1,,_. 

and lORO ;u an intcm,¡p¡ acknowledge if !he 280-SIO is 
the hlghesl pricnty device thal 11.1.$ in«rtupted !he 
Z80-CPU. 

IORQ.- l~put!O..tpur Rftl'l..SI (input frcm CPU, active 
Low). 101<6 ;, used in ~o:m¡une<ion with BIA, C/5, a! 
and m to nansfer ccmmands and <1&1.0 bo:lween the CPU 
and theZSQ.SIO. When CE, rD and lOiiQ are allar:úve, 
the channel sel«:tcd by a'"- lrarufen data <o the Cl'U (l 
ra.d o~tion). When CE and iOi\'6 ue aetive, bur iW is 
tnact»e, the channel •elcctcd by lilA Í> wriuen to by !he 
CPU""'" ..:th.er data or ccnuol intoonauon as~ficd 
by c1iS. Al menuoned p;eviou.sly, if lORO and M 1 are ac
uve !Ímul=eou.sly, the CPU is acl<nowle<iJtnB an intor
rupt l%ld <he Z80-S!O automaticaily places iu intorrnpt 
vector en !he Cl'U data bu.s if it i.s the tli~O$! priority 
d..,;,... roquOlting an inLemtpt. 

RD. Rnd Cycl• Sta/Id. {input from CPU, ac".ive Low), 
!f RO i.s active. a memory '" 110 rcad opmuion ;. in 
prn¡r=. iD is Ulled WJLh 111;;, ff and iOW te 11an.sfer 
data from th~ Z80-SIO 10 tll~ CPU. 

RE.SET. Ruel (input, aotive Low), A Lnw WET dis
ables bot~ rec~"~" and transmitt=. forces T•DA a11d 
T•DB !llarkta¡, foroes thc modc!ll centro!> Hi¡b and dis
ables ..U mtcrmpu;. Thc control rc&i>ton mu.n ~ re· 
wnttet> after !be Z80-SIO is ro<:t and t>efore d.ata is 
trarwnmod or m:ci•od. 

ID. /t!!utupl Enobl~ In (inpul, ..:ti•• Hi¡h). This Sll
n.a.l is u.od with lEO to fonn • priority dai$y chain wheJI 
ther~ is more tho,n onc interrupt-<iriven dMce. A Hi¡h 

,. 
:._;L- ... ' 

• 

on lhl$ linc indkatcs that no othcr dc•icc ot ht¡hcr ~ri
cri<y is t>e:ng ..,.,..;.cd by a CPU intNTU~'"'"'ice rouunc. 

1[0. lnt~rrupr EMtl~ Out {output, acu>e Hish). ttO 
i< Hig~ only if tEI io Hi¡h and thc CPU is no1 1crvicin11 an 
im~pt from thio Z80-SIO. Tbus, thil 1i~n.al bloc:ks 
lcwcr prionty dcvices from tnlerTUptin~ whtlc a h1ghcr 
prionty ú..,.ic~ is b~in11 oervicul by 110 CPU intcrropt =· 
vtce routinc. 

l!'o'T, lnt~rrupt R~u~sr (ou<put. cpen dra•n. >m•~ 
Lo.,.). Whcn thc Z80-SIO is re<¡ues<iog on int~rrupt, 11 
puJ1¡ iÑT Lo.;. 

• W/RDYA, WIRDYB. Wau!Rmdy A, Wa11/RN<iy B 
(outpuu, open drain 10hcn prognmmod for Wa.t func
lion. dn•cn H1¡h and Low w~cn prcl'ammcd for 
ll..ady fu=ion). Thes~ duai·PIIIll<>l~ cutpuu may t>e 
PtOiilllmmcd .u R011dy lines for a DMA ccntroilcr or .u 
Waitlines tha< syno;hroruz.. th~ CPU 10 thc Z80-SJO data 
ratc. Thc resct suuc is opcn dt'ain. 

ffi'A, ffii. C/eor To ~NI (inpuu, act,.c Low). 
Whcn pro¡¡rammod as Auto E~ables, a Low on thcsc 
inpuu ~bles lb~ respeet¡V<: trarwnincr. If ~Ot pro
anrnrn<:<:l u Auto Enables. thcsc inpuu may t>c pro
¡ramm<:<:l as ¡ett~rai·plltpOK inpuu. Both inpuu are 
S.:hmin·muer burfcrcd 10 aceommodatc •low-rUcumc 
li¡ualo. Thc Z80-SIO dclecU pulses on thesc inpulS and 
interTUpiS tt>c CPU ~n both IOI>C it>e! ltatUt'.lOIU. Thc 
S.:bmin-trin,.,. buffcnn¡ does no< ¡uarantC< a spcdfic<l 
noi.so-l""c! margin. 
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===----------------------------------------------'0 
DCOA. OCDB. Dala Cam~r Del~/ (iaputs. acuve 
l.o"'l- Tht:'le pins funcuon M ,.,eivor .-nabl"' if !he 
i:SO-S!O is ~rogrammcd for Auto Enable3: othnwise 
they may De u•ed ;u g<ncral-putpo« input p1ru. Bcth 
p•n• O!< S.Chmnt-trlu<l buffcred 10 >C"~ommodatc olow
"""mc u~Mb. Thc ZSO.SIO dcttt:U pul,... un lh.,c 
v•n• ~nd •nterrup" Lhc CPU 00 tx!th IO&JC leve! trarui-
110!1>. Schmlll·m¡gcr tmtrcnnc doe~ not ¡uar:unee a 
spoc•f•c no~>• l~el margm. 

RxDA, RxDB. Re<:~1v€ Data (inputs. active Highj. 

'hDA, TxDB. T'Gn.<mll Dara {output>, acuve High). 

--- ---RxCA. RxCB. R«ClYCT C/rx:i<s (inpuU). R«eivc data 
";ampled on <he ri>Lng cd1c of a.c. Thc R""•nve Clocks 
may ~ !. 16, J2 or 64 umes th< dara ratc in Ai)'II· 
'hronous mod<:!. Thesc docks may !>e driven by <he 
ZSQ..CTC Ccuotor Timor Cirouit for pro¡rammablc 
boud ratc rencrallon. B<llh inpuu are Schmitt.triggcr 
buff.,-ed (no noi<e ¡.,...¡ m.ar¡¡in ¡, specifíed). Sce the 
follo"'UI& <e<:uon for bonding aptions. 

T•CA, T•CB. Tr~rummu Clocics (in~uts). T>!) 
changn on thc falhng od¡e o! T•"· In AsynchronoUJ 
:noo. .... !he Trarumin,.,. CIO<:k< m•Y be 1, Hi, 32 or 64 
""'"" :he d3ta rue; how..,.er. the dO<:k multi~licr for !he 
~ransminer and <he recei~tr mUJt be !he .ame. The 
T~mit Cl01:k tnpuu are SchmitHriucr l>uffered for 
:elaxed rue- and fall-nme requirement:i (no noise ¡..,..¡ 
..w¡:m is specilied). Tnnsmiuer Cl<><:k.s m&y b<: dnven 
by the ZBO-C"TC Couotcr Timer Cirouit for pro¡¡ram
m..bie b.oud nue J<ne:otion. Sce t.be foUo"'inS =tion 
for bondin¡ optiOJU. 

RTSA, ffii. R~t!St T<> ~"d (Ou<puts. ~cti~e Low). 
When <he K"P.i bot u'"'· the ffi out~ut g~ Low. When 
tho •TS b" u roset in the A.syru:ttmnous mode. !he out
put goe. Hi¡h after rhe t~miuer is empty. ln Syn
ehroncus :nades. the m pin strictly followsthe !taLe of 
:ho RTS bLt. Bo1h pirn can be uoed u gmcn.J-purpose 
outpuu. 

OTRA. D'fii"i. lkt1a T~tttllMI Ready (OutpuU, •aivc 
Le,.). Sce note on bon<!in11 optiom. These o~tpuu fol
low the •taLe programmed iMO !he DTK bLt. They can 
Wc Oc programmcd., 8Mtral·purpo,. outpu~. 

~Y:O.C A, SY.'IC B. SyllclrnMiuJtio" (inputs/outpuu. 
acttve Low). These piru~ can aa atiler u inputs cr out• 
pul.!. In l.'lc Asyncttmncus Ro:O:ve mode, lh<y are in• 
puts •imUar LO ffi :u~d OCO. Ir. tbis :node, <he tnL.noi
,¡oru on th= linos affect the state of the Sync/Hunt 
stanu lnu ID u.o. la the E>rternal Sync mode, !llcse W.cs 
a!>o lCI u inpuu. Whon externa! wnchronization ;, 
ac!-~<>cd, SY"C must be dnvm Low on the secoad ri<:in¡ 
ed~o of lt.>:C after lhat rioing ed¡• o( lt.>:C on which the 
lut ':>it of tbe sync ohua<.'l<r wa.s rec<:ived. Jn ot.bcr 
words, alter the <ync panero ¡, det<C"1ed. the aternal 
lo¡pc must Wl.lt for lWO fuU Reuive Clock cydcs to acti
•ate !he sv,..;; input. Once il'ÑC ¡, forced Low. \1 u,......, 
te kecp 11 Low until :he CPU infonn• the e~temal 'fl!C 
lo¡¡c l.hat synchronization has bcen lost cr a """' m<$-

sa¡e is abo~t 10 start. Cllaracter "-"<mbl~ begtns on :he 
risong ed~c of ¡;¡: lh<lt ill".m.-<IÍ~tely J)re<:.-<1" the faH1ng 
edge of ~in rhe Externa! Sync mode. 

In rhe lnt~rnal Sonchononnon mode ¡Mo""""" 
and BLOync). thet< puu a.""t n outputs rhal are •""" 
during the pan of rhe r«:etve clock !I!.>Cl cyde tn whoch 
•ync character> are "''"8nizcd. The syru: conduion 11 
not la!ehcd, 10 thcse ootpuu are active .ach lime a sync 
panem is re<:o¡~tZ.ed. reprdlcss o( chan.cter lx>ur.d.a-

""· 

The constrainu of a 40-pln Package make it tmpo.,.ble 
lO bnn¡¡ out the Recetve Ood. Transm.i¡ Cloc~. Dato 
Tenrunai Ready and Sync <~¡nab for lx>tb channdJ. 
Therefore, Chann<l B must sacrifíce a •ignal or have 
two si¡nah lx>nded to¡ethtt. Stnce ·u..,. requiremeou 
vary, three bondtng oplioru are offered: 

• ZSO..SI0/0 hu a.ll four •i¡nab, but hcB and ~ 
are bonded tog<thet (Fig. 2). 

• 280-SIO/l <aerifíccs DTRB and kceps fiCi. ~ 
:u~d .w¡;;¡c;¡ (Fig. 3). 

• ZS!I-Sl0/2 stLcrifi<:cs SY"CII :u~d kcqn Trt:B, i;Ci 
and DTRB (Fi¡. 4). 

The devic• interna! >ttuCIU"' includes a Z&O-CPV in«r· 
face, imernaJ control and intorrupt log1c, and two full
duplex channeh. Eaci! ehannd contal"" r.ad and wnte 
rogisten, :u~d dlscrete control and statw log10 t.hat pro
•idcs the interface 10 moderru or other extemal devices. 

Thc read and wnt• re¡1ste. group includcs fíve 8-lm 
control regi!<<n. two sync-<.1an.cter 'eguten and two 
status registen. The in<<rr-'P' vector u wrineu inw an 
addirional 8-bit re¡ister {Wr:te Register 2) in Channd B 
that may b<: read throu¡h Read Regi•ter 2 in Channel B. 
The rc¡LS<en fot both en.ru>d> are desigL"LOted ia the tc>t 

u follow.: 

WRO-WR1 - Wn« Regulen(} t.brou¡lL 7 
~RO-RRl - Road Reguu:o O <hrou¡lL 2 

Tho ~it a»i¡nmenl and functional groupin1 of each 
rc¡¡¡.;tcr ¡, confígured to S!mplify and or¡anize th< pro
grammin¡ proccss. Table l bts 1he lunetiOM ustgned 
to each read or "'"'" re¡;.,,.,.. · 

""' 
Tr..,om•U~O<e"o but!O< O!OIYO. tn!emJO! ""'"' oM 
"""'""' ., .... 
SOKIOI Roeo .. o Con~H!on "otuo 

-______ :~~::~:::-:-::::::::::::::::---::::::::::::;.:.-::.-::-:::-~-::-::::::::::::::::::::::::: -----
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roaruow A>si,,_,. o/ Rdd- Wnto 
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The !ogio for bott." ohannc!o pro,ides rormau, •rn· 
chroniz.atio11 and 'alidadon for da<a <ransfcrrcd 10 and 
from lhc ohannd in1<:rfae<. Thc modtm oon<ro! inpuu 
Clear lo Scnd ICTS) and Dala Carrier DciCCI OOCO) UC 
monitorcd by lhe discrtte controlloa:ic under prognm 
control. AU lhc modcm conuol signab uc general pur
posc in nat~rc a.nd ca.n be uscd for functions other !han 
modcm con<rol. 

For automatic intenupt vcc1onn1. thc on1crrup1 con
trolloJic determines "'hich channci and "'hich dc•·ice 
w\lhln <be channcl h03 !he hi¡hest pnnri1~. Pnon1y i.l 
f1.1<cd with Chnnd A u>igned a h1Jl¡er pnonly lha.n 
Channcl 8; Rece~•<. T1arumi1 and E.Jncrna.IISiatw in
tcrrup!J arc pnoriúzed in <ha! ordcr Wlthtn oacO chan· 
ncl. 
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The tr:llnmn lnd ro:owe data path illustnued for Chao
~d A in Figure l " identkol for both channel•. The 
roc01~er ha. thr .. 8-blt buffer re&i>ten in a FIFO ar
cangement in addition 10 the 8-bit receive shlft re¡ister. 
This Kheme <:reat« 1ddilional ume for tlle CPU to s.er
'ke an interrupt a1 the be~innin¡ of a block of hi¡h
<;>eed di.ta. lneomin¡ dau ;. rout<:d tllrough one of 
•••eral pa1h• (data or O<() dtp<nding on <he •eleat;d 
mode and-io A:synchronous mode<-the chan.t;tr;r 
ie~glh. 

The <rarumiuer hu "" 8-bu transmot d!!a r<gi.s"'' 
:hat i• loadtd from the mtemal data hlU, and a 1Q-bit 
"amrmt sh1fl re¡iJ1er tbat :an t>e loadcd from the •me 
enarac« buffero 1wu and w~n or from rhe :r:uumll 
:Jata regmor. !kpcnding on the operational modc. aut
¡oinl <iata ,. rou1cd throu¡h one of four ma.io p,~ths 
bdore 11 ;, transmiued from the Tran•mit Data Output 
(h0>. 

The funotional ca~bilitiCI of the UI0-$10 can be 
describe<! from two diHcnn! poinu of view: u a dar.a 
comm:mica<ions devi<e, 1t t=miu and rrcci-.:s ~rial 
da!a, and mee!> the ~ultemenu of -.rious data com
mun>eauons proror:oi>; u a zao famtly peripheral, it 
tntencu wuh the ZBO-CPU and other Z80 penpheral 
circuir.. :ond •!tare:< the data. addr= and control 
buues. u well u beior a pan ofthe Z80tntem~pt sti'UC· 
:ure. Al a peripheral 10 o:her mtcroproc.,,ors, the 
zro.S/0 alfen valuab!e leatw-tS >u<h u non-v~ored 
tntcm~pts, polling and •implc handshakc oapability. 

The nm pnt of thc followt,. functiona.l description 
describ"' the intoraction bctween the CPU and ZSO-SIO; 
!he se.:on~ p1:1 introduce> its data :ommunications 
capabthtt ... 

Tbe Z80-S!O off<n th• clto><e of Pollin¡, Jnterrup! 
(•«tor«f or non·•=oredl and Block T=fer modesto 
transfer da<>. "'"" and control inlormauon to :ond 
from the CPU. The Blor:k T~fer modc can be im· 
plcmemed under CPU or DMA conu-ol. 

Po!Hor. There are no intm-uprs in thc Polled mode. 
Statoa re1J5len RRO and lRt are updated., appropriate 
<imcs for .._,h funo:uon being I>C'fformed Hor cumple, 
nc Error «atoa valid at the end ol tite me>,..ge). AH 
thc intm-upt mode> of the ZSO-SIO m<Ut be disabled ro 
operate the device in a poll«f environmont. 

Whilo <n iu Pol!ins scquenee, tho CPU uamtn., the 
«orus oonta1ned in ~Ro !or each ehannd: rhe no st.at<U 
blll ....,e ;u an ac<nowledge tO rhe Poli inquiry, Tite 
'"'o uo >tatos bt<.S ou and 0¡ mdicatc that a d.at.a 
traruf<r ,. needed. Tne su.tuJ &bo indicates Enor or 

--------

other special ""'"' cnndttoons (sce "l'!('~SIO Program
mina"). Th< SP<<ial R<e<ove C ondtnon na tus cont•onrd 
'" RMl does not hove to be re:>d on • i'ollini oequcnce 
because the >tato> bou in R~l must be a."::mpome<l bv a 
Recerve Cltaracter Avatlable "atus m n.J. 

JniHn~ptJ. Tite ZSG-SIO offen ao e!u>orate in!errupt 
"'h<m< to provide fut lnterrupt r.,pa,-.,;e in real·l•me 
applicauons. Cltannel B regmers "'R; t...;d •~2 oontatn 
tite intetTUpt vrctor tllat poinu to at: :Z:etTUpt !ef"oCC 
routtn< in the memory. Te se,.,.ice o=attons m both 
chann<is and to olrmrnate the n.,.._s::,- of wnl!n~ a 
starus analysis routinc, the ZW·SfO ce modify tite tn· 
t<miP< •<ctor in U! oo it poinu di~:- :o one of e:~ht 
intem!pt '""''"" rourin.,, Tltis is don: :.:nder pr011ram 
control by <ttting a program bir ¡wRr. :>:• '" Chann<! B 
cnlled ''Status Aff..:a V~or. '' WlteD ""--" bll is s<r. !he 
JntetTUpt vector '" WRl is modili«< """"ort:ling ro rhe 
a-»i¡ned prionty of the various intcrr-.:~..:~8 conoition.s. 
The table tn <he Write Rqis«r 1 d"""";:"'on (ZSO·SIO 
Pro¡ammtn¡ sectionl >how• rhe moc!::'o:::uion detati>. 

Transmi< intetTUpU, Ree.,ve intcrru~:.> and Extorna!/ 
Status intem.prs au the main oour= ol interrupu. 
Eaoh interrupt murce is enabled undc: ;:-ro¡ram control 
v.ith Channel A ltaving a higher prior:r: than Channe! 
B, and with Reco!'er, _Transmn anC ~temal/Status 
inle.'TUpU prioriuzed in that order W.u'= .ach cltanne!. 
Wlten the Tr::uumn rnterrupt is ena;;i..:t, th• CPU ti 
intenupted by the tr:arumit buffer ~ommg ompty. 
(Thj,¡ impli"" tbat the u-attsminer mus: :::.tve ltad a da:a 
cltaracrcr wrinen into it"" it can beco:: e empty.) When 
enabled, the re«iver can interrupl ttc cru io one of 
three ways: 

• fnterrupl on th< first rccoived ohat-act...-
• lnterrupt on all received charactc:-. 
• lntm-upt on • Sp«i.l/ Ree<ive ~con:;;uon 

lnrerrupt On First Character io typica2y <Ucd with the 
Block Transfer mude. ln!Hn~pl On A:: Rec<ive Charac
rers has the optton of modifyin¡ tite t::u<:m.~pt v<ctor tn 
the ""ent of a panty error. The Specia.l ;¡,eceive Condi
tion imem~pt ca!l occur on a oharactt::" c-r me:s.sage basis 
(End Of Frame inrcrrupt in SDLC, fo-! example). Tite 
SpeciaJ Reco:ivc <Ondition can o:ause an :::tterrupt o ni y if 
tite lnrerrupt On Firsr Recelve Citara= or lnterr4pl 
On Al! Reeo:ive Characters modo is ,.]=e:!. ln Jnterr4pl 
On Fint Receiv< Cltaracter. an tntom,l;-< can or:cur irom 
SpecraJ Reco:ive condiliotiS (exoept 1':!..7.)' Errofl afr.,. 
the lint re<o:ive charaC!er intetTUpl u::umple: Rtc<1ve 
Overru.t~ interrupt). 

The mrun funmon of <he Extemal:S<ótloo interrupt is 
to monnor thc si¡p>al transirtorts of = ffi. OCii and 
ffiC pins; howevcr, an Extomal/Stat::.o :nterrupt i1 al1o 
cauoed by a Transmtt Underrun =c:Ouon or by the 
dctection of a Break (A.Jynchronow ::odel or Ab<ln 
(SDLC mude) oo:¡uenoe in th< dara strQ:::._ Thc int<rrupt 
caus.d by thc Br ... k/Abon scquena =-<a sp«ial r ... 
turt rhat allow• the ZSO-SIO to ir.:.=upt when the 
Break/Aban sequencc Í!l detecred or ,_..,.,inated. Tht> 
featurc facilita< .. the proper terminat::é'o: of the cuo.cnt 
mcssag<. correr: tn!lializauon of :he::= m ... .a~. and 
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rhe acrura« tim,ng ol rhe Break/ Aben oondirion in ex
r<rru.l lo¡ic. 

CI'U/DMA Block Tnu!er. The ZBO-S\0 providt:s a 
Block TI'11Ufer modc tG aca~mmodate CI'U block rrans
fer functions ond DMA rontrolle"' (Z80-DMA or orher 

Thc Block Transfer modc the w:;;m 

' Block Transler mode or ;u 

Block Transfer mode. 

"" .. 
in the DMA 

Toa DMA controller, the ZB0-510 READV in-
dicar,. rhat rhc Z80-SJO is ready ro r or 

thc Cl"\.1, tite w...n 

;~:~.::;~~;:~;;Jnot ready ~ te cnmd 

Jn addition ro thc 110 c:apahilities previously dis<;ussed, 
the ZSO-SIO pro,ide:s t»o indepcndenr full-duplex 
channc!.'l thar c:1n be programmed for use in Asyncl!ro
""""'· Synchronous and SDLC rHDLCl modcs. Thcse dif
fc1"0nl modes are pro•ided to facihtate the implementa
ríen of eommonly ~ d.ata commuili<atio111 prorocoU. 
The foiiOWlol is a <bon d..rnption of thc data rom
municarior.s prorocols <upported by tbc ZS0-510. A 
mott dor<ailed uplamrion of thcse m<><ies can be found 

0 in the Z80-Sl0 T«:l!nrcal Mon1111/. 

As1ncbronous Moda. The ZSCJ..SIO off en tr•n•mi<Sion 
and reception of r>ve to ci¡in bits pcr cnaracter, t>lll.l op. 
tional even or odd parity. The transmitter oan sU¡l¡liY 
one, one and a hall or two orop bits per character and 
can provide a brea< output ot any time. The receiver 
break do<ecnon log.ic imer-r~pts the CPU only at the start 
at~d rnd of • r.-;;nv~ bT ... k. R=pt•on ;. protect~ 
from spihs by a transicnt sp1~e rc¡ection mechanism 
lhll checks the signa! one-h3lf a bit time alter a Low 
~el ,. d«=«~ on the R<=•e Data input. JI the Low 
doe:s not ptrS.st-as in the case of a tron,,ent-the char
acter assembly proces.s is nct stan~. 

F~ing erron and o•emw ctTors are de<ect~ and 
buffer..! rogc<her wnh the ~aniaJ ch~ac:er on which 
they occurrod. Vec<orod intcrru¡>IS allow fas! ><:rvitlng· 
ol ctTor condi<ions using dcdicatod routmes. Funher· 
more. a butll-in checkin¡ proc= avoids intctpro<in¡¡ a 
lro.nnng ctTor as a new stan bn: a frar<Un¡¡ error results 
'" the addition of one-half a bit time 10 the point at 
which the ><arch for thc nc>;~ """bit is l>e¡¡:un. 

Thc Z8().SIO does no! requ11e symmetric Tr.uumit 
and ii.<Oci•e Clock signa!>-a futurethal illows it 10 t>e 
used wi<h a Z8().CTC or any other dock sourco. The 
<ransminer U~d rco.,ver <:an handle data ata rote of 1, 

1/16, 1/32 or 1/64 of th~ clock rate suppl1ed to the 
Rece1ve at~d Transmit C\ock inputs. 

In Asynchronow modes, thc :;y¡:¡c ptn may be pro
grammed for at1 input cllat can be w.ed for functions 
such as monitonn¡ a nn¡1ndicator. 

' 
Syuhn>mol1> .'ltoda. The ZSO..SIO suppem both b)'IC· 
oricntod and bic--orient~ syn<:hronous commun•cation . 
Syncllronous byte--onentod protocol> c:l.n be h""dlod in 
..,.en] modestll.a.t a.llo'" character synchron1u.Uon WJti\ 
an 8-bi< •ync chan.<:ter (Monosyncl. any 16-btt svnc pat
tern (B,.ync}, or with at1 utcrnal sync ug~al. Leadin¡ 
syne: charactcrs c.tn b<: r<mo•od wnhout intc.rupting <he 
CPU. c~c checkinr¡: for synchronow byte-oticnted 
modes ¡, delayed by onc .:harac!er time w :he CPU may 
disable c~c checkmr¡: on S[l«<fic charat!=. This pcr· 
miu implemenuuion of protocolo such as tBM Bisync. 

Both CMC-16 (Xl6.¡.Xtl.¡.Xl+\) and CCITT 
(Xt6+ Xll+Xl+ 1) en-orcheckio¡ polynorruab =supo
poned. In all oon-SDLC modcs, thc CJtC ¡cneratOf" io
itial~ to O'•; in SDLC modes, it i$ inicialized to l's. 
(This me21U tllatthe ZIIO.SIO anno< so:ocratc or -.~eck 
CRC for tnM-compatiblc sofl·$ectored dlSI<S.) The 
Z!IO-SIO also. providcs a feature that automaticall~ · 
transmiu CRC data when no odser da~a " av;ulal>le for 
<r>.nsmi,.ion. This allows •<1')' hiah·•~ ttamtni...•oru 
under DMII contrQI with no !lted for CPU interveotion ll 
<he end of a mcssa¡e. Who:o tbere u no elata or CRC <o 
send in Synchronous modcs, !he transminer in•cn.s 8· or 
16-bit 1ync charatl= reprdlcss of tbe Pt081'1mmed 
<:han.ct:r len¡:th. Su:ce the Cl'U can read st.atw informa
uon from the Z80-SIO. it can dot=nnine <he typc of 
t~mis.SlOO (<ilota, CRC or Syn<; <:haract..--.) that t> t.ak· 
in¡ place at lJiy timo. 

Thc ZIIO.SIO IUPJ>Orts synchronow btl--<>nented Pf'O
tocols such as SDLC and HDLC l>y pcrform1ng automaric 
flag srndin¡:, uro iruenion and c~c 11cneratioo. A spc
oal command can b<: w.ed ro aben a fr&me in transmis
sion. Tltc Z8fl..SIO automatically traMmn• th< CRC and 
u-ailina nas wben thc tranunit buffer becomes tmpty. 
AII intrrrupt "'am• the CPU o{ <his Slatus chane• «> :on 
al>otl may be i.sucd if a trarumiller underrun has oc
currcd. Onc te Clllhl b1ts per chanaer can be '""'· 
whicll allows trarumisoion oC a mcss.age e.uc!ly as 
rectiv~ w1th no pncr ioformation ~bout the charac:or 
s<ruaurc m the informacioo field of ~ fraznc. 

The receivcr automatically synchroniz~ on the lcad
;ng na~ of a frame U~d pro•ides a synchromzation "1· 
na! that can loe prosramm~ lo interrupt. In addinon, 
an interru~! on thc first re<civ~ charac\cr or on •'•!"' 
charactc: """ t>e sciectod, Th• re«1>cr •utomaucall) 
deietes all zeroes mscnod by th< trammutcr dunn~ <:har. 
aner as><:mttly. U al1o calcular .. and •utomatitoll' 
ch.cks thc CRC to •·alidate f~e muumission . .-\t th~ 
end o{ :ran1miss1on, the status of a rccetved frome is 
available in the statu.\ regl$\trS. The rccewec <::111 b< ~!('• 
¡ramm~ to sean:h for framcsaddr=d te only • I!'Kl· 
r,~ wer-scl«:table addr= or te a globo.l broodcast •d· 
dres.s. In this modo, framcs tbat <ID ~ot match tiJ< "'~· 
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«;ccted o< broadc3.$t addrcS< are isnored. The Addre" 
Search mode prcv1d., for a sinJ)c-bytc addr"lo$ recol
n!z.ablt by thc hardw;u"e. The numl><r of addr"'' bytn 
car. oe .xrended ur>der software c:cntrol. 

Thc ZSO-SIO can b< convenumtly uscd under DMA 
:entro! te prcvtde hilh·<pred recO¡mon. The Z81l-SIO 
<•n intOITUpt the CPU whcn the first chara.:ter el a m ... 
1a~c ÍS reCCIV«i. The CPU then cnabk< the CM" lO IT:u\S• 

;., :he .;:esu¡e te mcmory. The ZGO-SIO then iuues an 
End Of Frame in1crrupt and the CPU ~hecks rhe stllllS 
of the roceived m .. s.o.ge. Thu<. theO'u ;, fr«d for orher 
""""'" whilc tne m<:~<agC " ~~~~ received. A <imilar 
,c~cme o.llow• m=•s• rr~n•miu•on under DMA con
trol. 

To P!Oifam the ZSO-SIO. the ,YSI<m pro¡¡ram flm 
, .. u .. a .s<n .. of ocmmands thal irutialize the basic 
mode el opctot•on ;u¡d then other command! that qi!IJ. 
iiY conditionl Wlthin the <dected mo<ic. For aample, 
<M M)'tÍchrcn01a mod<. cluu-ac1er len¡¡.b, dock r.~.tt, 
~umbcr of stop bns, oven or odd parity are fir:u '"'· 
~~eo the interrupt modo and, finally, reectver or 
:canomin.-r enaole, The WR• yanm.-:ers mll.'lt be issucd 
befor< any othcr parameters are i!sued in the imualiza
r;on rou<ine. 

Both channei> ccntain command regi>ten that mwt 
""'~·o~r.unmcd vta the system program prior to opcra
tion_ The Cltannel SeJea.input IB'AI and the Control/ 
Data input ,e :o¡ are th< command "'""'""' addr=ifta 
control•. and are normaJiv controllcd by the CI'\J ad
dress bw. Fi¡¡ure 8 tllu.trates tbe timin; relauon<hi¡n 
lcr ¡>rogran::¡ri¡,¡; the write !'elist=. and tr.:ufenil:t& 
~"' aod swus. 

The Z80-Sl0 cont:u!\3 eight ~tero ¡wli.O-WR1J in 
<"'~ c~ann<l that are pro¡¡rammed >«P""'tely by 
;.'.< syst= ~ro¡nm 10 cocfi¡¡ure lhc funcnon.al 
p<:nonality ol the channels. With the acc¡>uon of 
WRO, pro¡;rammtn~ th< wme re¡isten requiro:s two 
~V! ... The /lm b)'l.c ccnt:utu ~ btts tC.,.."'J tila! 
¡>mn< te the ~le<:ted registcr; lhc !ccortd byte ts 
thc ¡01ual Control wOrd :llal Í> writte:t imo !he 
regmcr to confí¡urc th< Z8~/Q. 

Wko ;, a lpec~al case in that all the basic com
mands <~[),¡---CMt>l) can be ac:c=•d wuh a <tn¡le 
byte. R.,.., (intcn>al or e¡¡¡cmal) íniualizes thc 
;x>in:er bits D,¡o-0¡ te ¡x>int ro WM. 

-;ñe Z80-Sl0 oonW::IS tht« rc;utcr-1, U(>.Ul (Fi¡un 
6). tnat can be '""d to obt.ain th~ •tatus informatton fot 
<ach channel (exoept for Ul - Channe! B only)_ Th~ 
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>tatu• informatton indudc• <rror ocndittoru;. int<m~pt 
·~ter aod "andard commu'>ications-intcrbc: ¡ignal>. 

To rcad thc eont~nu of a Kltc<ed read rcgmcr 
othcr than uo, the •Y1•= pro¡um mwt fín: 
write thc pointtr byte ro WRO in euc-tly the •ame 
way a> a ,...;,e <c;:iltcr opc:rauon. Then. by n
C<:Utlnll an tnput il'lltructton, 1hc conten<S of <he 
addres•cd read rcgi>tcr can be r"*<l by th~ CPU. 

Thc '"''"' um of RM and UJ are careiully 
¡roupcd to •imp!ify '"''"' monitorinc. For c~am
plc, when ¡he interrupl v«:tor indicatc! rhat a 
Spec~al R~eive Condition tntcrrupt h&S ocr:urr«::. 
a1.1 tM appropriatc cm¡r b:u can be read from a 
"nglc rcgt!ter ¡RR 1). 
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----------------------------------------------·· 
Rnd Cyclo. Tbe túnin¡ ,.;pa~s ~ted by • 
Z80-CPU i~put irutru<:ticn ro tt;ad a Da<& or Staru.. byte 
lrorn <be Z80-SIO are illu¡U"atod ID Figure Ba. 

,, ,, '• ,, ,, 
• 

" I;>IA~NflAGgR!&.I .• , \; 
" 1 

" 
~u• '"' 

Flp.N k. R...t C1c:lo 

tnr...,pt Acknowledg~ Cyde. Alter receiving o.n 
imerTUpt Requ<SI s¡snaJ (iÑ'i' puUed Low), !M 
ZBO.CPU !<:nd< .t.n Jnterrupl Adnowledge signa.[ 
¡;¡j l!ld IOiQ both Low). The dalsy-chained ínter· 
;,:pt ClrctiiLI dtWlT!ine :he bighest priorny !Dter• 
ru;>t roquestor. The <El of the highen prionty 
¡><:-,phero.l U tmninatod High. For any periphffil.l 
tha1 n.... no 1nte.'TIIpt J)CJiding or Wlder ,.,.....;.,, 
IEO•IEI. Any p.,-iphoral tiLa.! d0<:1 have an Lnlm'Up! 
po<~d.iq or under lttY:ico torces iu tEO Low. 

To insure stable condiric<U in the daisy chain, 
Lll 1.111rn-~pt stotus oi¡nals ...-. preornted from 
,;han&JDII ~><il1le ;;;¡ " Low. Whrn IÓRQ is Low, !be 
~;;;he>! priori~· int<trupt requestor (tlle one wit.b. 
<El Hi¡h) pl&e,. iu intorrupt •ector on the data bus 
and oeu iu inu:mal interrupt-under·>ervice latch. 

,. 

" 

:~ 
-------------,---~--------

-----------

"" V!CTOA 

Wrire Cyde. Fi¡.,re Sb illwtrauos the onun¡ and data 
si¡¡nals genen.ted by a ZSO..CPU Qutput tnstructLQn :o 
writc a Data or Conucl byte intQ !be ZSO..S!O. 

,, ,, '• ,, 
' ., . 

" 
IOHQ 

" 
., 

on• " 
nf"R lb. Wnto CJ<lo 

Return frum lntemopt Cyde. Notrllally. the 
ZSO..CPU Í$$110< a RETI (P.ETUrn frgm lnterrup() L~· 

struction at !he end of an intem.tpl oervice tounne. 
RI!TI ;., a 2-byte O¡I('L)de 1~0-001 that rose" the 
intem.tpt-under ... rv:tcc la.t.:h to terntinate the in· 
temlp! that has jwt beon priXeucd. This is ac. 
complished by manipulating the dai>y chain in the 
foHowi.n¡ way. 

The normal dai<y c!Wn opuation can be use<! 10 
detecta pend.ing intem.tpt; however. il annot di<tin· 
guish between an intcrrupt uoder suvtce anda pcnd.ing 
u!l.l<:knowlcd¡cd intemJpt of a bi¡her pnonty. When
"""' "'ED"" ;., de-codee!, thc dai.y chain ;., modifled by 
forcin¡¡ Hi¡h the lEO of any intem~pt that has not yet 
l>«n acknowledlled. Thw tt.e dauy chain identiflc:s the 
device prO<tntl) under .lervtce as the en! y one w11h an !El 

'" :::=.::_-_::r-------+----

"' 
F""<e<&re 3d. a.,.., from lnl.!.,.,.pt Cr<l< 

------.,.-•¡· 
--------~---



~-----------------------------------------------------------------------------------------------''1 ¡ 

Hig/1 nod an lEO Low. Jf the ne<t O!><'ode byte¡¡ "<o,·· 
üte interropt·under-"'f'li<e latch is , .. .,_ 

The ri~ple time of the interrupt da.iJ) daio (both the 
Hi¡h-to-tow iU!d the Low-lo-Higlt tran!>tiOI'I.1) timits 
the nmnMr of dtvi= thln can be p'"<d in !he d.Wy 
ch,.,n. Ripple time oan b< impro•ed with cury-look· 
ahead, or by extendto¡¡the intorrupt actnovrledJe cyde. 
For ÍW1her informaoon oDout techruquCI for i~reastn¡ 
the numbcr of da!5y...:ha.ined de..;c<$, refer 10 Zilog 
Applicallon Note 03-.0041-01 (Th~ Z80 Fa mi/y Program 
!ntern<pl SttuciW'O). 

Fi¡ure 9 ,Uustrlt<S tbe daisy cha.n confi¡uranon of 
interrupt circuiu and their behlvior woth ocsted inter-

' 

¡- -~ -'" '" r- '" '" - '" "' -r-

'upt> (an wterrupt that is interrupted by anoth<e "'nh a 
htgher pnonty). 

Each box in tlu! il!w<ralion could be a •e;>Mate .,;ter
na! Z80 peripnen.J circuit with a u.str-defined ord<r ot 
interrupt prioritl.,, Howev<T, a similar dauy cham 
¡rruot~¡e ilio exhu in>ide rhe Z80-S!O. "'h"h h:u li.1 
int<rnrpl lcveb w•th a fixed ord<"r of pncn<1cs. 

The cu• iUU>Irated occun when the uansmmer oí 
Channel B inrermpu and ;, ¡ramed ••rv•ce. While thi.< 
iot<m~P' ;_, bo:ina oervieed, it "' inu:nupted by a hi¡lter 
pnority interrupr from Channd A. The "'"cnd imcrrupr 
;, ,.......;c!"d and-upon complction-• ~E TI inJ!ruction ;_, 
exe.:uted or ¡ RETI commUtd ;, """"" 1nto 11te 
ZW-SIO. rosening t~e intemJpt-under-.erv•cc latch of 
thc Cltannel A interrupt. Al this time. 1hc ,.rvice roune 
for Chann<l B ;. rcsumed. Wltcn ir ;_, compl<1«1, 
aJIOlhcr AETI irulrucllon ;, execut«< 10 comple~e 1he <O
terrupl ICI"VlCC. 

·~ ·~ -~ 

'" "' f- "' <O r- " '" f-
1. P~IOFUTY ~~~AU~ DAIS Y CHAIH BEFOR!ii: .lNY tNTERRU~ OCCURS. 

i:: "" ' ··~ ··~ ·~ ·~ 
•EC j '" ,<O - " 

., f- ., ., f- '" 
., f- •• '" f- .. 

~ 

2. CHANNEl B TRANSMI'T"TUUtNTERRUPTS AHO 15 .lCKNOwt.EOOEO. 

i:: 
'-"""'R 5""""'E SERVICE SIJS ... Nco;_O 

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

., - .. ~ 

~ ·~ ·~ ' '" 
l. E.XTEANAI.ISTAnJS OF CH.lNNEl A IHTl!ARUPl'S 5U5PENOINQ SERVICE O~ CH4NNH 8 

TRANS-I<Il'TEJI. 

L:-: !El - - - -~ 

"' - "' 'EO f- '" "' - '" '" r--- '" '" f-,,. 
•. CHANNEL A EKTEANAUSTA'TUS ROUTINE COMPLI;TE. RETttSSI.JEO. CHANNEL B 

TRANSIIIITTEA SERVICIO RESUMEO. 

i:: 
. SéRVC( c:o-cETEO 

••• ~ - ·~ -"' "" ~ "' '" f- "' "" - "' "' f- "' " -
5. CHANNfL B TRANSMITTEA SEA VICE A0Ul1NE COMPLETI;, SE CONO RET!ISSUEO. 

fipl'O ~. T}'Jibl l•Wft>pt Soqae•cc 

. --- -~---·----
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Type O lkmding 
Type 1 Bondina 
Type 2 lkmdmg 

Corami~ P•ckagc 
P!astic P~c~a¡¡e 

E=mplc: 

Z80-Sl0/l CS (TYJ>I' l bond1na;. ccranuc packa~•. 
•tandud rango) 

ZSO-S!0/2 PS (Typc O bonding, plastic pachgc, 
standard ratlJ<I 

S Sw.dard Rango (5Y, =S 'lo, o·c to 10"C) 
i:: Extonde<iRango(SV, e:: S-.. -.SO"Cto85"Cl 
\i Militar)' Rango ¡sv. ±l0'1o, -ss•c to ¡zj•q 

= '>IIOWEST 
s. .... l«h ,.,,,., ....., .... '""- '"''" Hoo. In<, ''"''· '"-.,,,_,,., .... ..... ......... 
~ ....,..,_,uor .. , ...... "' TELOil .. rll"' ,.,,,,,..,,,, tL ""'"' 

''"""""'"""' rn m"' 1000 

. \!IDA TLAI'<TIC 
,.., ...... , ... 

''" '"''" 
'<ORTH CEr<TRAL 

z. ....... _ 
"""''""'""' (mo., •oOo•n loloo. '""-...... , .... _ ~· "''" ""' """' .... -,--,, "'' '" .,. coo .... -. o,,.,,,. 

,.~,,, .. ,..,, 
-,--,, "' '""'"' TWX"O .. JI10Jl 
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ZSO~CPU 
ZSOA-CPU 

The Zilog ZW produotline "a cornple" ,., of IIUcr~ 
computor componen u, dovoiopment ,Yil<rnl .,d oupport 
sofrware. Tho Z30 mmocarnput<r cornponont S<! includes 
>ll of the CU<'Jl<l ntce>.Ury to 1>\.rld lu~rfomwu:e 
mJcrocomputer >}'S!Om> WJth vi!t.Wiy no olllor lo¡ic anda 
mrnunW!'I nurnber of low <<>St otondud memory olemen"-

Tho l80 and Z80A CPI!s uetlurd ¡:enera~:on sil'l¡le clup 
m.<roproceucn wl!h UMvaied computalioruol power. Tius 
l:IC:eued eompuuuDnai po,...r T$llts in lugher ry1tem 
through-pur ond more <fflcient memory utiliuUoo wh<n 
c~mpored ro ><cond gonerauon mioroproc""o". In 
•c!dloon, <he ZBO and ZBllA CPU's u. .. <Y .,,Y te imple
rncnt IJllO a ;ys«m b<Gause of their !ll\gle voltage roquue
<~><ot ~us ail ourput ~pul• are óully dccodod md tuned to 
'""""¡ sWldam memory OT penpheral ClfCUl'-'· The CII'CU!l 
"unplerneoud """!m "<tu.onel, ion implan«d, .Ukon 
p.te MOS proo=. 

Fi¡ur< 1 is 1 blocl< diogram of !he CPU, Fig>Jr< ~ de<».ls 
L.,. >ll«mll re¡¡ster c<>nfi¡ura<ior: wb.tch contllrto 208 Ms 
of Rnd!Wr>te memory tlut "' acco.Ublo to th< progum· 
mor. The ""'''" includol\00 "'"ofr:U; &e<~<~ purp""" 
regatcr:; th&t rnoy be =d tndtVIdw.lly u~.e¡t "!l""'' or 
u 16-bt\ t<g~<~<t p .. n. Thre m abo two ><11 of accumu
luor ond flaM regutm. The proparnrntr h"' oot<U to trthor 
ltt of,. .. m or alttmoto :OJ"'<n tlt.rougb • VOUP of <X· 

c.'>ul' rnmucuons. Tim Utonut• set allow, forogr~d/ 
boci<¡round modo of opor>tion or moy !>< '"'"''d for ><')' 
fut ln<errupt •••¡x>n><- EKh CPU o!so eonlaliU • 16-b.t 
>W:k p01nter "'luch pomuts nmple tmplomontU!on of 

• • • 
1 1 1 --. 

• •• ---
Z80. Z80A C?l,! 8LOC10; DtAGRAM 

® 
53 

ProductSpecü1cation 
MARCH !9i8 

multtpl< ¡ .. ,¡ tnterrupt>. unhmned WDtOUUn< """"' :llld 
Jimplrticatton of m lO y typ" of don ,,.ndlrn¡, 

Tho two 16-brt tnd•~ ro ¡¡a ter:; allow tabullr dato mampu
latron :rnd euy unplomentallon of relocanble codo. Tho 
Rof,,.,, r<pster prov"l" lor autom•ttc. total] y tronspartnt 
refrtsh of utomal dynmuc memonn. Th• l re¡attr ":a.:! 
rn a poweríul rnterrupt ros¡>on,. modo to iorm tno uppcr B 
bru of • petot<r te • rn«tntpt ltrttce >ddr<u "blo, wlulo 
the "'"'ruphng doY\ce suppilu \he lo..-or B btU of th< 
pointer. Aa indlt= ull is lhon modo \o \hil ltM<O oddrn... 

FEATURES 

• Singlo clup, N-.:lwtnol Silicoo G•to CPU. 
• lS8 ~'SHuction•-O>c.iudn all 78 ofth< 8080A lnDNC• 

uons wtth total .of!W&r< compllibilily. Ntw 'mtruc
llons lttcludo 4-, g. rnd 1 6-<>tl op<n.trons wtth moro 
usofuJ oddtusrng modn mch u tnd«od, bJL ond "'b.tt.-._ 

• 17 intemll rt¡isto11. 
• Thr« modos of fut tniOtnlplmpo""' plu> • :IOn

muhblo mt<mrpl. 
• !)¡,..ctly inarí•cn mndard op«<< st•uc or dyoamrc 

memonn Wllh vmually no oxt<mal IO$lC. 
• l. O ¡¡s rnnrw:uoo <X<C\Iti<>II>P'<d. 
• Singlo S VDC supply md !lf.llll<-ph.uc S volt Cle<~. 
• Out-p•rforms uty olh•r ""¡lo clup mrcro;omput« ut 

4-, S·, or 16-bit ¡pplicall<>no. 
• Alll'lll' TTL Compoublo 
• 8ut1Hn dyn•trUc RAM ttfl'flh. rucu1try . 

Z:SO, ZBOA CPU REGISTERS 



Z80, Z80A-CPU Pin Description 

ZBC, ZBC.O. CPU PIN COI'IFlGURATION 

,, 
(Maclune 
Cy<le M<) 

MR.EQ 
iMemory 
Roque>!) 

!ORQ 
:Input.' 
ÜU!¡>Ul 
Re~""') 

'" (Memory 
R"dl 

., 
{Momory 
llir¡l<J 

Tn-<l.11t ou <pul, oc~>< tllgll. A(I·A ¡S 
con!lotuto • 16-bit addre:<> bu>. Tho 
add.r<" bus pro"d" d-.< add.-.u for 
memory {up 10 64K byt") data 
•~<-'unF• and for UO de"ce daa oxch.na••· 

Tn-<r:Ue lllpU1/0Utpul, """" O.gtt. 
Do· D; con•u<uto llll 8-bu b!~cuonal 
!lato I><U. Th< da u bus'' u .. d for data 
<:u:lWlr<• .. ,eh memory nd !/0 .r.,,....._ 

Output, active lo...-_ M¡ indkateo ~lthe 
curnnl nuclune cyclo,. lh• OP oodo 
fetch cycl< of an m:;1ructoon e~ecutoon. 

Tri-<'-llt ou1pur. acuve lo,.. The memory 
r«¡uul "gnaJ md.Jc.ote, lhot tllo addrrn 
b110 ~<>da a vaJ¡d addreu for a mtmory 
,,,.d or memory Wnlo operltlon. 

T n-<<>~• ou1pu t, acllve low _ The IORQ 
llgnaJ 10d!Cil<> tllat the lov.er half ot !he 
oud= bus holda a vaJió 110 addm• for 
a 110 teod or wnte Operauon. An JO RO 
~:p:.a!,. abo s<n<r.Ue<l when an 101e<rupt 
,. b<m¡ ad:nowlod¡ed lO U".d.Jcole Lllll llll 
"'"<rupt '"ponx v<c<or can b< placed 
011 tilo !la'-l b<U. 

Tn-<t>te outpu1, .e uve low. RO il>G!oo '" 
that tne CI'U wa.~t< to ,,.d dat.a from 
memory oran 110 de\1c._ The oddre"'d 
110 de..,ce or memocy <hi>Uid u .. """ 
"~aJ lo gale da'-l onlo •.ho CPU doto bu:.. 

T ~__,_,.,, out;¡ut. •c¡¡vc low. WR md=l<> 
tl\01 the CPI.i dota bus hold• val•d doto lO 
b< o: ore~'"'-'" oddro.,.d memory or 110 
devoe<. 

RFSH 
(Refr<<II) 

iiAL'f 
(H.tlt m te) 

W.O.IT 
{W11t) 

"" (lnterrupt 
Requut) 

SMI 
(:-<o~ 

.l!ukoble 
IIII<rrupt) 

'"'' 

BUS RO 
(Bu• 
Requett) 

BUSAK 
(Bu• 
A<:knowledgo) 

~\SE··?-56 

Ou1put.«ll•< lo"·· RfSH,nd=<>l" lh>l 
tho k>wor ; b"' of the addtou bus ;:on• 
t;un o r<lrc•h addto., for dynamoc 
memon" ar.d th: CU<Rnl MREQ st¡n•l 
<1\ould be u,.d todo a rofreoh r<ad to all 
dyn¡moc m<monu. 

Output, ¡ct¡vc low. HALT'indic1l<O t~¡¡¡ 
the CPU has e~<eutod a HA!. T so!lwO!e 
Ln>lruel!on and 1> OWllton8 mher • aon
:':ll!kablo 01 a m"kablo m«rrupl fwnh 
the m"'k <n>bled) b-<foro op<rat~on <>n 
'"umo. Wlu!e h.tlt<d, lh< Cf'lJ execu1u 
:-<OP'• to mamlOllt memory r<ftc<h 

'""''Y-

:,·¡ 

Input. activelcw. WAi'f UldiC!IOS ro the 
l-80 CPU lhlt lh< odd:eued momory or 
110 do\1ce-s ate not rndy for' dat.a 
:ransf". The CPU""""""'' to •nter w¡¡t 
""'" for as long u duo SI!OaJ " ocHvo, 

Input. acuvolow. Thelnl<trupt R<quut 
"gnaJ "'I<Mnted by 110 dty¡ces. A 
:<quest w.U b< honor<d ot 1he ond of the 
curren! omttu<:tron ,¡che mtomaJ sof<· 
..-aro contro!lod "''''"'!'' enabl< flip-nop 
(IFF);. en•blod, 

Input. OCl!VC Iow. The non-mWable """"m requost hne 1w • Jughe, pnonry 
!h>n! ¡r¡d" aJIVlyo rocOgn"-<d a< tho 
ond oi tll• curren! mstnscuon. 'lldepen
dent of the !lo tus of !he ontorrupt<nabie 
fup-fiop. SM'f aulomobc.ily foro<> tilo 
Z..SO CI'U to restan 10 lor:.ol~on 0066H. 

!r.~ut . ..:t!Ve lo,.. R.ESET inuoo!iz" <h< 
CPU u fono..., ,.,., Lnterrupt •n•ble 
fl¡p-llc~. cltlt PC ond regnte" I and R 
.,d ''" ¡flto!r'Upt 10 8080A mode. Dunng 
,...t tune, the oddreu and do ti buo ~!o 
a hogh un podan e<"''' and aJl con <rol 
out¡rul 11gnwgo to !he ~-,acuve ><>«. 

Input, ICttVO low. Th• bu. toque-st •;gnal has 
• hi~er ¡lrtonty !han ¡:¡¡;;¡y ¡nd "'.tlv.a~• r«· 
ogntzed at !1\e end of che oun<nt m>O~!Oe 
;;yelo ond u used lo requeu tlle CPU •~d:u• 
bus, dato bus and tn·•ta!e outpU1 oon<rol 
>ign.tl• lO go to • high 1mpodanco ""' 10 
thot olhor do""' <Oil control lhu• b"''" 

Out?Ul, •otlvo lo...-. BU> ..:l<no,.lod¡e u 
c>ed <o mdoO>te to Ihe roqu"tong d'"" 
1ho< tho CPIJ •ddre" bus. dau bu• 1nd 
!n·<t>te con! rol bus "gnaJ• ha~e b«n "1 
:o""'" ¡,,¡;t¡ t.--::podo.~co "'" >nd_tho 
<~tom&l dev.oe con ntiw con !rol lh"' sognaJ> 

-----·----- -------



Timing Wavefonns 

INSTAUCTION 01' COOE FETCH 

Th• progrun tO!.Otet oon«nt II'C) "plaood on th< 
oddr<n ~us nnmod1.at<ly ot <ho ""'o( <ho "'e! o, One hall 
<IO<k !U'lO ilf<r ~ 100! OC1LVO. The falhÓ¡ edge of 
.liREQ an be used dtte«ly os~ dup <noble to dyn.,.tc 
memonO<."!fD when oc!!"" tndical<! lhat the memory 
d.au •hould be onai>led ontQ tho CPU <Lata bu~ Th• CPU 
wn~le. datl "'"llh tho "''"8 odg< of th< dock "ato T 3. 
Cloü t!al" TJ >nd T ~ of • f<~ch cydo '" u>ed 10 refte.tl 
dyn:rntoc memoroes whlie tho CPU" "'t<m:tlly doood.Lng 
.,d execuBng 1h< tn.mucaon. Th• ro fu .t. C<lntr<>l •Lgnal 
"irrSH Lndl<JI<> th.t • rofruh read of all dynamrc memoro .. 
;hou)¿ be a<<omph<i!oa. 

• 

... '" -• 

.. ... -

! " 1 • .-·;•-"o ,-,,-, "• o 

~~~ . . . . 
·····~-

::: .: :_: :.r-;.·::_ -: : : ::. -::::: ~ :.:-:.-:.:-.-:: 
..... -· 

MEMORY AEAO OA WAITE CYClES 

IUU!tra<od he ro LS th< tomillg of momory tood or "'"me 
cyd"' o<her <han ., OP cod.o fotoh (M¡ cydo ). The MREQ 
and iü5 •ipool• "' ""d ouctly u in the foto~ cycl•. In 
th• ::ase of 1 memory ""'" cycle. tho MREQ >i>o becom<s 
actm when tho oddre" bus" •tablo"' !hat L1 can bo u10d 
du<etly "1 clup <nabl• for dyfllmtC memoro". Tho iiiil( 
hn< "acuve "h<n da<> on the da u bU'I "Slablo se that it 
CltL be wed d.Lreot:y .,, RJW pul'" 10 vortua.lly any type of 
«moconductor momo ')l. 

~ '" 

• 
• . .. 

_ .. _ 
·-·-· 

... 
' ' ' L :::.:::.:.-.T"T:::::::::::::::::::::.-_-:::.r""""""T..:=:::.::::.:.-: 

INPUT CA OUTl'UT C'I'CLES 

lliU>I!>ttd hen u tilo llmlng for rn 1/0 ruó or 1¡0 wnlt 
operatn>n. Nouce that dunng 1/0 operauons a OlllsJe '"''" 
"'",. au<om>ucally insenod (Tw"). Th< reuon fcr thu is 
th>l dunng 110 opor><ions ohis ,.¡,..!la« allo"'s •ufflci<n< 
umo for an 110 p<l!t lo deot>dc !1> addr<,. rnd ootiV>.t< lh< 
WAT'f lm< JI • w:ut" reqwt<d. 

-.. ..... 
... 

..... 

J-{J-~:.J-:~.J-;~_j ... ;_ 

• 

'"' 

INT'EAAUPT REOUEST/ACKNOWLEDGE CYCLE 

Th< tn1<rrJpl Slll!'>l" .. mple<l by tlle CPIJ WLth tll< 
:umg edg< oi tno ].,, dock ot ti1< end of •ny tn!lt\I<ILOn. 
Wh<n rn ;,torrupt is a~epted, • •pocool .1.1 1 cyclo l! 
gen<rated Dunng t!m M 1 cyclo, th< WlfO 11gnal beccrnc• 
acuve (Ln<t<ad of ~) to ;,rucot< that tlle tniOrrupung 
:lovo:e czn plac< an 8.;,Lt vectm on the dotl bu!. T wo waot 
""" (T"'•) '" >utorr.aucally adoiod <o th.s cycl< sc that a 
nppl< prionty tniOrrupt !<heme. >uoh "th< en< us<d on the 
ZSO ¡><nph<ral conl!oll<n, e>n be ouily omplemonted. 

[ _______ _ 
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280, Z80A Instruction Set 

Th• f<:llo"'n("' ",<Jmm.¡ry ni \h• 1-~0. lBOA on>!ru<toon 
;o: ·,no...,n¡ <he u«mbly l>nsu•s• mnemoru" ond th< ,y m. 
oo:,; oP<"Uon ¡><rfom•d by the trtltrUcuon. A. more d<· 
:>Jied hu~•g ap¡><m"' o he ZM-CPlltecM•cJ.l manuo.J. and 
:~>S<."t1oiY lonr••s• ?royamrmnl ""'nua.l. The •mtruct,onl 
"' '-'''dod llltO the foilowm~ "'''!l<lnes: 

i -b" loo:h MJ"ellaneom G roup 
16-btl lo•~• Route> and S!uf" 
E.<changeo BLt S.t, Ruet >nd Tt" 
·~,:no<y Block "'o''" Input .. ,d Ourpu1 
\le:norv Block Search" Jump> 
;,..,,, lntl'.r;~e~c utd IOOJC Calls 
1 o-btl mtl'.r:1"JC Re mm 
e;..,.,,¡ porpo" A<="mul>tor R<r~rn• 

& Flag OperatLonr 

Ir. tho :obie the foiloWU>i termrnology ;, o .. a. 

O " • ~11 nwnt.er"' ur~ 8-blt re¡;~>l<t or memory 
locot1on 

e: " !lag c:or.dJtJon ee>de 
~z • -on "'o 
Z " uro 
.'>C • ·'~" :orry 

e • ""' PO " Ptmy odd or no o,., now 
PE "' Ptnty O'l<n or o .. r now 
P ., Po""" 
.11 "' 'Óeg>ll>o (m1nU!) 

~nemonio Symbolic Opontíon Commen" 

LD '·' '-' '• r. n. (HLJ. 
(lX..,),(IY••l 

LD !1. r '-' d"'(HL),r 

. (lx...,¡,(IY•e) 

LD u .. 1 ,_, ~ • (HL). 
(IX~). (IY•e) 

LDA.r '-· •'"(BCJ.(DE). 
lnnJ,I.R 

LD! .. ~ ó- A d ;¡ fBC). ID E). 

' 
1om\, l. R 

LD J~. M do -nn dd:: BC. DE. 
HL. SP, 1.'1:. IY 

LD dO. In ni :id -1nn1 dd,. BC. DE. 
Hl. SP, JX,!Y 

LDoc~< . ., b~¡-r:r "" BC. DE.. 
HL. SP. IX, IY 

LDSi' ... SP-" "• HL. IX, IY 

Pt:SH" ISP-1) - '"H; (SP-l) - "L .,~BC.DE. 

HL. AF. IX. IY 

POP:d ddL -(S!'l:ddH-ISP•l) dd ~ 8C, DE. 
fll. AF. IX. IY 

E'\DE.IIL DE- HL 

EXAF.AF' AF- AF' 

[.\ \ 

(:~)-(:'i) 
Hl HL' 

EX ISPI,., ISPI- "L' iSP•Ii- "H u,. HJ..I)'. :y 

------·----

• -

-• 
' 

' • • 

' " "' 
' • 

' • 

" • 
"" • 
' • 

·:--' 
>ny Hui ""''""'un rogn<er ur m<mury loc>H'"' 
•ny 1 o-bu d<SI!O>IL<>n re~nter or memo .y lncouon 
8-ll" $1gll<~ =·r compiement d•'l'iacernent ""d '" 
relato•• jump• utd •ndeud •dd "'~"~ 
8 •pec,a.l c:>.llloaiiOIU on page uro ln deOim>l 
noUHon •h•,. .,, Q, 8. 1 6, 24. J ~. 40. 4S .,a 56 
.,y 8-ll" b•nory nwnbe: 
ony 16.;,11 bm.ory numb« 
any 8-bLl ¡¡<nota.i purpo>< reg:ner 1 A. ll. C. D. E 
H.oru· 

, "' ;rny 8-bot wurco r•gt•W or memorv lo<>IIUn 
!¡, <! a bll '" •. >pet>fic 8-bn r<gtrtor or memory :oe>IIOn 
" "' any 16-l>n <ource regater ur memorv IOCOIIon 
!Ubse~pf "l" -:' <he lo"' ord<r ~ bm of o 16-l>LI r•¡¡t•W 

,ul>lcupo "H" ~ !loe lugh order 8 b•u of • 16--bn "!!'"'' 
1 ) ,. !loe'""""" wnlun ohe 1 1 are to be med 1!' 

po•n<U· oo 1 memorv loc>toon or 110 pon o:11!!bet 
8-b,t ''~"''""''A.. B. C, D. E. H. L. 1 ond R 

16-Im "1"'" P'"' &re AF. BC. DE .or.d HL 

!6·bll "P'"" "< SP. Pe. IX ""d IY 

Addrer:rm¡ Mod<> omf'lemented onclude combinaH<>n> ol 
the follo"'Ltlg: f~diJfO lnde~<d 

lmmediate ,.,ended R<iJ>t<r 
:>lodifl<ll Pt¡e Zero fmphed 
R<lallv. Re¡ater lndmct 

. hiended Bot 

"'nemanio , Symbo~c Opon< iOn Comm011U 

'"' (DE)- (HL). DE- DE~ 1 
flL- fll+l. 8C- BC-! 

tDIR rDE) -IHL). DE -DE+ 1 
Hl-HL•t.BC-8C-! 

. Re pea~ un111 8C ~ 0 

CDD (DEl -IHLJ. DE - DE-1 
HL- HL-1. BC- BC-1 

'-"" ('DE) -(HL). DE- DE-l 
ftL-HL-l.BC-BC-1 
R•p•oo on111 BC =O 

"' A-iHLi.HL-Hl•l 
BC- BC-1 

CPIR A--iHli. HL - HL • 1 A..(fil¡se" 
B(' - BC -1. Ropo o o '~' ~op onl< 
onuiBC•OorA•iHLJ A" not aifee~ed 

"" A-IHL). HL -HL-1 
BC- BC·I 

CPDR A"'HL).HL-HL-1 
BC- BC·I Re pe>< 
uollf BC• O orA • IHLI 

WDo '~-A•r 

,oc' A-A•r-CY CY" the 

sus , A-.>.. - r C>rl)l 110~ 

'"'' A-A-•-CY '"'·"·•HL> 
~o. A-.IA> tiX...,I.LIY•el 

"'' A-~" r . -
XOR> A- A. •' . 



• 
• 

'" 
I!'C d 

'" DECd 

• • 
• 
' 

' 
• 

ADDHL,u 

AOC Hl. u 

SBC HLss 
ADD IX. u 

AODIY_., 

DEC dd 

"' 
;. Cl'L 
':J r;EC 

~ CCF 

"" 
"' ~ HALT . " 

j El 
" ~ IM o ¡:¡ 
• ''" "" 

"-' 

~'· 

~· ' 
;;; SLA s 

• 
- SRL s 

' 

" 

HL-HL~" 

HL-Hl•ss+CY 
HL-HL ... -CY 
IX-IX•:.s 

lY-IY•" 

dd-dd•l 

dd-d0-1 

(O"""IU A COOI<OUllliO 

~aok<d BCD follow111¡ odd 
or otlbtnc~ 

,., 
A-00-A 

CY -CY 
CY- 1 

:-lo opon.ue»• 
t'.a!t CPU 
Dlsollle ln!'rrupa 

Enable !ntorropu 

S.r "''"""~''modo O 
Set mtorru.:r modo 1 

S..t """""P' modo~ 

s~r.n(HL) 

(JX+o),(IY+e) 

d • r, (lit) 
(IX+o),(lY•e) 

}··""·" HL.sP 

u• OC, DE, 
IX,SP 

"• BC, DE, 
IY,SP 

dd•BC.DE. 
Hl,SP,IX.IY 
d4•BC.DE, 
HL,SP.IX.IY 

Opcr:o.n<ls mU>I 
bo m pocked 
BCD rormu 

S080A modo 
Cal! ro OOJau 
lndrrtC'I Cal! 

,,. r.(HL) 

(IX+o),(IY•e) 

.llncmonic 

SET b. • 

OT!R 

""' 

"' JR kk, < 

"" 

" 

(HLJ-lC),HL-HL•I 
o -o- 1 

(Hl) -(C),Hl- HL • 1 
11-8- 1 
Rep '" unt~ 8 • O 
(lil.) -(C),Hl- Hl- 1 
~ • B- 1 
f'-ILJ -1 Cl. HL ~ flL - 1 
B~ 8- ¡ 
Reput ~nttl B • O 
(n) ~ ,\ 

{C)~' 

(C)-(Hll,Hl-HL•I 
B-B- 1 
IC)-(HL). HL- Hl• 1 
B- B- 1 
Re,..1t untd B •O 
¡C)-(HLJ. fll- HL- 1 
b- B- 1 

) -Hl-1 

- B - 1 

"M 

lf condot><m ce IS tna 
PC- nn, <be eontlliU< 
PC-PC+e 

lf «Ot<lltlon Kk IS truc 

PC.- PC • e, <be """''"'"" 
PC ~..,. 

lf condmon .x. ;";';;; '" 
<OIIttn ... cb< • 

Comm"'"' 

Z is uro lla¡ 
"r.IHLJ 

riX .. ),IIY•ol 

" 

{
NZ NC 

~ ' ' 
• HL. IX, IY 

{~~ ~ 
(' 11 
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Absolute Maximum Ra!ings 
, ....... , ... u ........ 

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

,,..,,,., ... .,~, ....... 
...,.,, •• ,~"<; 
<),JV" or> 

ZSO-CPU O.C. Characteristics .. 
" 

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

,_, So·------·-.. M•~"""" .. ,.., .. "''' ..._ """"'"""' ....,.,,,.,.., .. Tloa~u""~''"' _ ... __ ...... _, 
~ ,_ .. .., ..... _____ .. ... ............. __ ,_.,_ .. .... 
,_,..,.._G ..... -.-._ .. ,, ........ __ ~"'·'-""''"'' ... .-.. --· '""''- ...._, 

.... 1 - ~ 

,,., __ 
, . o 

'•or i <••• "'"' "'"' ""'' ... 
1 '" -~ V a:•.J o 

'" 1 ..... w.. ....... ., u o ... 
1 
......... ~ ... • o, o 

'oc 1 .,,,.., -~ ....... ,. o 
1 'oc"'..._. 

o~ o. .... """'""" " o 1 IIIH • ·l>OoA 

'rr 
._,...,..,., ___ 

•• -... ,.,.,¡..._, ...... " -1 v1~..,,.v,. 

! '""' 1 '"~ ... o..,.. ........ c ........ .,~, 1 1 " -1 "oUT"'""'« 
'coo.. ' fo '-- 0.•••" ·-( """' ~ ~wl 1 ... - "oUT .. "' ' 

! 'co 1 "'" .......... , ...... " ·-- ... - o..:v 1~..:v .. 

Z80A-CPU D.C. Cbaracteristics 
• •O<o•'<l'l V ••V·•,,_....._.,.,.., .. .. .. ··- - - o., -1 -1 r-e--

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

,., o 
1 

1 '.,. 1 ''"'"~"""'' "'·•· . 1• .. -b V ,.•.! 1 o 

1 •,, 1 ..... •·· ....... •• ,. 
1 

o 

' '·" 1 ... ~ "" ....• '" 1 o 
1 

o .. 
' . ., 1 '""'~" •·· .. .,,.. . 

1 1 1 
,. 1 o 

1 
'o• ., ,,., • 

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

1 • ~ -
1 '" 

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

1 ..... ... ·--~ "····· ....... 1 ""~" ....... 1 1 1 '" 1 .. 1 "o<•r":".:" .. 

1 '"" 1 ... ~-" """"' ..... , •. ' "'"'" ....... 1 1 ''" 1 .. 1 'o<'T"''" 

' '"' 1 OJ .......... ~ ... -.,~m"l.,..."- 1 1 ' "" •• 1 •e•,. <• .. 

1 

1 

1 

1 

1 

1 

1 

--
·' 

""" f~ lOD·<'O'U •1 >e '"' D< •"''-""""' ~-• •o• 
-•w•,.-~- .... ~.-~1,, 

'·•''"-'•• 

,Capadtance 

~r" • ll"c. r • ¡ ""'· 
uoon .. IW'ed pm.! !OlUmod lO JOOun• ··- - •• 
'• '"'""~'""'' " 
'•• ,.,..c., .... _, 
COl"T ""''"''-· " 

ZSO-CPU 
Ordering büonnation 
"e-c ... .... . _ ..... .. 
•~•oo•..,.>V•>'Io'oo,.·c 
._ ... , .... ,v ............. , 
"- ........ !V""' •11' lo t:.'C 

Capadtance 
T-,, • :l"c-. r • ¡ >~H<. 

, """''""'.,.. P••• "'"'""" '" ,oouod 
'¡,,..., - 1 " "" 
'• ..... ,,,_ ...... 1 " " 
'" ..... ' ., ....... 1 • 
< ·~, ""·~--·-"-· 1 " • 

z..IDA-CPU 
Ordering lnfonnation 
,~·_, _ 
··-·-· s~¡o ...... IV<l<O'oo'Cfl: 

-"-
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Package 
Configuration 

u.sru~ 

"""""' ............ ""e-""' o"" 
"""' ....... oL J>IOl 

= "" "' "''" I'•X 1\0'lO<ll> 
...., ..... o.. ....... ,., .... ,..~ ...... 
Fon ............ fl. mot 
I'Ll )O!.,, 1110 ,...-x no"'.,.,. 
""' ............. _, ,, ...... - ..... 
"""""'· fl. , ... 
IU !OJ m "'>O 

""""""'"" ....................... ,,. .............. 
... ..., ... .., lll1'1 
TU >Ol ,., !lOO """ ,. ... , ... 
""'"""' ..._.,""' , .. ,,.. ..... , 
'"'"'""" ·~ ..... ""' "'"' ::u ... , ..... 
.,.... lt001!1111 
'u.!! .......... _ 

~ ... , ................. 
do"'"·0""' V.U.o, Po ,_ 
,.., .. :u"'""' 
,...... l\0 .. 1 "'' 

'·-· ... w ... s ... 
'""~o.I<Y 1010> 
TtL ·¡o""' J<JII 

USTI:~,. R!<l!DN 

Uloe. !too:. 
16 OodoOo c.,. Roa4 
So !;¡¡,""" lo\to Oliól 
ITl611M1217'l 
rwx 110 J.07 6660 

-~-,. ............. 
""""'"'cr Ot:!T 
IU :<O ll, \<60 
l"o'X ""'tn m• ..................... 
"" ---· ,,.,...,....u .. -<Y ll7ll 

TU "'"' "" "'x m m""' ........... .... _, 
o .. ..-._._ 
................. """' 
TU "' 1111100 ... x 110))]0'!9 

................. ""' 
"''''"-·-como .. ~• OJOt> 
TU lOI lOO'""" 

"'" no'""""' 
MIDWEH'[RN 

""'""'' Elo""'""" !IOG.-.oo,._ 
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The /AC66.ao:J =tepro..'OI5:KI'"' ho-.1:18ci ~• o 54-pm 
pc:d:aqe that allowo th• use oí sepa•ate lnon· 
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=<> tun" m"""'m=:n¡¡ buo t.'>~"UOh-put 

PIN IDENTIFICAl'ION & DEFINITIONS 
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TYP!CAL CELL GEOMETRIES 

HMOS '"'" [] . Po~ S• 

D N-@ Vss 

gEJ N..-@ Vo~ 

o N-
HMOS AOVAJI<TAGES 

C•<':~,¡ oens.r-K """" Slan'j¡¡{d NMOS 
NMOS • 4128"' Per c~l 

MMOS • 1~2.~ .. ' Per tefl 

SPee<l·(IO'Wer ~roduci low times 
:>ener tnan $Wl<!.,.c NMOS 

NMOS - 4 PICOJO\JL.ES 
HO,QS • 1 PICOJOULE 

~ Metal 

.~..ci·=""" ll'l..,~c~nc\:c:tor ted::nology :"!aVe pro
·r.::e<i th11 ~¡J¡:y tn pul on asmgle silicon clup. a 
:::.:c:op~r cr~IKm = orc!erol m~ruC .. Illg-ber 
"' ~ri>==.ee and =wt comolou;ty than has boten 
~reVlou:dy avc:Ic:ble. 'i1uo MCbSaXJ lS the first ol e: 
:~•ly d =..':! VLSI=to;;mxesac:s !rom MotOTOle<.ll 
combu:es st~l-!h<Km :echnclc~ ond acivaru:.d 
'''·'"""..::: éeslc¡n tec.'u-.;c;ues Wl:.!". <:<::~puhor soencn tn 
c:o;,eve cm a:-e.':!1tecrurclly cdvrmced 16-bn m.u:ro
>"ocess<:r c:m~e:...:r.g over 6&:00 cctlve dev::C90 en c 
>.:,=en ci::~p. rr-"' :,¡;¡;,_ da,.rty o! =ve elements 
c.-oupied Wlt.':! = order o( mo¡¡n¡ruoe u::~e"' peor
=~=.c:• cver L"-& cr.c-.r.a! MC6BOO ts the din>(;l '"uit 
:: ~.ilic:=t criV'::r!CBO m S</m!Cor.ductor :echnoloqy. 
Acv=.ces .. .U:.~. Q Cry ?!...ASMA !ttc,~,mq, P"'IOICIIOr. 
pr.n~. and HMOS IHLgh deru1ty short channel 
MOSJ c::n:t:.:t deSl;n teóruqu..,. !F 'Q!.:r10 ll ilcrve Pl'\0-
•.;d..:! a scm.,"';d <e;:h.">Olo<;"Coi b<:r..e tha! fl.as allow..d 
Mo!Crdc o sy:<te::'lenqmee~. ccmputer soen~W!> and 
:::clorc.:::c •tnC'-"'"'"' a lc::v" d~ el :r.ncval!ve 
f:-....dcrn. Tne 900!.:1 at <lPPlY"'lQ' ti= <nnovallve frM.
:0::> to =;w-~.....,;on ~et<J mcioo the =~
ser o>as'f te UM. :::ere rellahlot and more Uaxilile lor 
~pi!=o~ . .,.;,.¡;,. :::::=-.~ ;>ericrm=.:e. 

T:~e rescc:.."C'es c:vm!ahleto the MC58000 usBr con-
''" d ~'>e lollrr..,.,nc;: 

· :n.;,, dc-.a =d :::ddr..:s:s <e<;~S:el"' 

• !6 J:l'"9"1-byta dlrec! add:'-'SILZ'lQ' '"'"·"" 
• 51 pc-rt.J! lnSII'" .. u:uen types 
• cpemoor-JO on Sil< ca.n oicm typM 

• cernory :::appeci 1'0 
• 14 ccd:e=nq_modes 

?<:ttlc'..:.;ar ernpl-.= hes be-e.t .-.ven te lhe cm:!ute<:
""'"' to rncl:e Llorthoc¡onal (reqular) Wlth res~ to !.'t& 

'~!St<trs, :ru.m:c:ons (~ncludm..- aU addreumq 
<Podes), and data types. OMhcgonal.lly :-:;cl:,.. the 
cm:!u:ec:we ecsy :e~ anci p.OQ!Wll. =<::- :n !.'le 

pmc'"". r..duceo bcth the time rGqlill&d 10 ~·• pro
W<uns and the spac~t rt>qUlreC:I 10 Ol(lre proo;¡rams. n-.e 
r.et reouh :s a great reciucucn 1.:1 the C'OSI an::l ,U ei 
developmq soítwcre. 

Hlqh sy~\e= throu¡¡hp<;t (up 10 :m CIOQ"l'eQ"ale o! 
:wo :rullien ""'11'\lction anci datct wor<:l :ran.siero per 
sao:oncil ,. achteved ev.n WJ.th readtly av<lllable 
s<emc!ard prociuc: merncrtH wtth compc:,:c:r.·"'ly slow 
arxea 1:1me1. Tru. deS!Qn flelUbtltty o1 the Cata b~a 
allo~ \he m.tn."'lq ol slow and lao-t memcnes or 
;>enphernls wtth the proc:ouor, autcmattcd!y op
tlmWnQ the rransfer Mte on every=eso to i:eep :~e 
'"JfSiem o¡>err:=""..ng el ;.>IKlk etbo::.ency_ 

The hcrdware d"siqn ol the CPU was h..avtiy Ul· 
fluen<:ad by e:! vanee~ mc::!e in .:>ltware tec:U,cloqy. 
Hi¡¡h leve! Jan~""'" c-cmptl•~ as well as cede pl'\0-
ducad from 1'4:1h \,.V81 \<:n~ag.,.:nuotrun er::<:ler.tly 
or. the r.ilw "'"nerauon !6--btl and 32-bt! m.tc-roproces
sors. The·MCSSOOO supporu lu;¡h leve! l=quac;es 
wtth ' b col1SIS!ent arcll: tecture. m ul upl& reg :stltrs =¿ 
stacb., lar<;re adciresstn¡¡ "'""" and iug-h leve] !an
guac;e or.ent&ci :."lS!:'!:::<,<;r_. a.lNK. UNUNK. Ch."!( 
etc. l. Abo, operaunf,' systems for controll:"c; t~.e 

oot:wareoperrmn<¡ e,-,vu-or.mentof the MCsaoro MPU 
are su;oponed by pavt.le¡¡ed lnStroeuon.s, mecory 
m=a¡¡errent. e: ;oc:...,rtul ,...;toreci multl-levul :nter· 
t'..lpt "nci tt-:p strÚ.c:we. and apoo-cú:c l.-uu-J<:tto,.._. 
rEXG. LDM. STM. TRAP. etc.!. 

The pn::cessot al:¡;o ptovtdes bcth hc:rdwore anc: 
soitwore :nter!ocb for cul!t-¡%ocessor syr.e:ns. Th .. 
CPU düp cor.toua bus aúnlratlon lOQt<: fot a shc:r&d 
bus ar>é ahatood :nemory "nvtro!l:::l•nt (ai-.a:-t>d ...-¡::, 
other MCO&lOO ptocessors, DJo.'..A cievtcea. etc.). Mul· 
nproc:essor ~'"""'<:""e ci3C support.d "'71!.~ "'i:ware 
U'l:ltro<:ttons ITES7 at'..l SE!'. TEST c:né RESE':". etc.). 
The MC68000 offe'" the m=.~.:m !le~:!:tl.t:y lor 
m.t=pmo:essor x-~ci r-:.:it.;o."'Cessor "Y''~r. .... -

MSE C-4 
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-:'he 1~ ~er.ble cod,eS>mo;:modes, shownJr. Toblel, 
:::c::.::e hve = :ypes; 

· :<~"" DJ.n~Ct • lmmed!ate 
• R~ter !r.dl.rect 

• Pro;=• Counter Relat:v<o 

~.,=::Jded _., tbe cdd:IKS!ll<;¡ modes !S m .. ~op<:bility "' 
e:: ?:>:<t·J::<"""'-,."""<0- ?re-<i.oc":e<::ennng, Olfsaltlr.g 

""..:: !,.,~=-
THE INSTRUCTION SET 

7he MC680GO Jnstn.:cnon S..t ts r:ó ond !uJ.l c:s eV\
=~r.ceci by the 61 dlll1lnct. typos shown ~ TciJie !l. 
Spe:-.ci empi'Jasts ¿u,.-,¡;¡ the deSl<;l': "-~ been o;:1ven 
<o "'" J."'lStn.:cnon ..,t s su?port ol muc:ured h''O"- leve! 
::::.:~• ±ct !c:±!C!& ..,...el~.,¡;¡. Ecch 
::-.s::"'-l::-~n. -.th few uceptmn.o, opera!,.. on byte•. 
-...cr=. c.,.,¿ ;,n¡¡ words and = L"ISL."'-lCC::or_. e= use 
=~··:' of thot 14 dd:es:ung modM. Combuunq cmm.:c· 
:~;: :ypo-s. dctc r,..,..,.. =.d ar!ci.~"'lQ mocies. ovar 
~OOC useru.J 1..:utn.:C"~n.s arn PI oVIdecL Theoe ,ru;truc· 
'"'"" rndude s~ned and unSl.,"'!e<i mult!?l'f =d ¿¡ • 
. ..,¿,, 'qu¡ci:" cnth=let:e cpen..'t!Ons. BCD cn~-ml&!lc 
<:nd uter.cied cpera11on. ltruo.,..h :ra¡:¡s). :'r.e pro
=e~r c3rs L'>e r.;os: CO<r.Pf<!hans¡•_.. <md n....-11::18 
~-.sm.:cn.on oet ol cny m~croprocassor ol =Y d=. 
~e tociay. Add!~er.dly, it's 1-..ighlyor~'>ogona!. 
~r~pn&""'f ..uc=ded sttucrwe ;>r<>VIdeo a ocund 
~erioie bcue !er t.'uo b~~re. 

REDUCED SOFTWARE C::OST AND RISK 
Adv=ces tn V' t..S! sam!C<lr.ductc.r •echnolo<;y havw 

r,..clt..C l.'\ a ~W:.' reducnon 1:1 the cost ol C0-.:1· 
~~ter i'Jarciwcrre J.'l receru yea;:.<. The MCS8000 auc:-o
p~s.q:r, !er e.:t=¡::ie, ¡>re•·de• ,...,_ a S!n9fe rnte
¡;r::ned ctrct.t!l ¡x:rdag.o com?uan<¡ power tha: ¡uot a 
Cec::de "'"" wc"-'d :-.c:v. ::..en three or bw c:der:s oi 
rr.=<;n;~de :nore 8x;:>BilSl""· Sofmare cost!l dunnQ" 
~-.,_, oc:r.& per:od cin:::& t.ave. :no percenta¡;¡e ol total 
S',iS:em :=o· .. ~"\C:"~ S!g~on~y. Th"' has be<.n 
""" ~r.=>CC"*'y to ;::-.:lat:~n c-.d ,;,. i~r rnt.,nstve r.a
~~re ci p:-oi;:-=<~:~...,.-. Wtthout •lo;:tlll!ccnt =lutooc
~ci cdvan=.,. m o::,;puters. tlu! mond c::::n 6o noth· 

:::e; ::,'-'~ "'"'""""· One el Mo10ro!rú :naJOr g<><llo. "' 
""veloptngt~.tS n&w rr,H;:-oprocesser h"" beer. to re
~:.:~ ~~e=ts d se!:ware. Mcr;y ~--.,ovauve ~earurn 
:oc·<e been tnc~rporatea te mair.e proQrammtr.Q 
ecs:er, f<::s!er c-.d :::ore :ellabl". 

k Or-~or;<:na! !8-3/T MPU - T!te i'.lQ'I-~7 on.'»;;-cnol 
or requjar strutt~r" oí the MC68!100 :n;c:-oproceosor 
-;:-t'<niy r=¡::4!<es Loe arlon r&qt.:t:-ed t:> ""''" pro· 
,..-ams 1:1 Ass&:nbly Lo:nguac;3 <::> well as tn ¡.:_,gh 
:...woi '-<:n,.--ua<;""· G-pen:r.::ans on :r.:.,.,.er de"..::: ~..,_ ..,.,... 
"''""' artci ::-.ea:cry cre rnd&pend.>r.t of the data :l$eil. 
Separc~e ..,.c:d =~ccans ~'><:: opercte en Oyte 
t=-!ottl. wcrd (~f>-bttl .,¿ lonQ"·I<'Od (32-bttl :nt&ger:s 
""'" no; necess=r. The ¡::rogrcm"'-"' mereiy has lO 

¡o 
remembe: ene mr.e.nor~c tor each type oi =pe:c:nor. 
artci then Spe<:'jy CC"'..;¡ st::a. saurce cdC:as.s~'lc; mode 
ar.d dastlntltlcn a<.'dr"""tn9 :necia. Ths Cta• Ctelpecl 
keep the tolei nun:.b.r of :..'1.Stn.:ctton rnr.err::or~c:::s tor 
the M60000 !o an ..as:! y remembereci. yet e<orr::plete, 
6! ty?es. ,.¡,..,.., lewer !ho:n an Motomla·s ~~CSSOO. 

Tha dual operand narure oí many oí the ~'1.Sm.c· 
no"" ~ti y ~.,crnase5 the tla~ty anC ;x:..-er 
of tlu! r.ew Motorola rrucroprocessor. Cons:s«oncy 
CQOU\ ¡s ma:ntc!J.'led Slnce c/1 dato: te<¡l"'":s c..;é 
mea:ory locrrnon. may be etth•r a sowce or des:.:;o. 
tton íor mut opernttons on li'oi<>Qer data. 

------'''-''':.'-"(e::-fe_, --- --------1 
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~Lo:-o¡)I'Oo:ftSOt VLSl o=t t•clwolo<¡y 15 acivanc
:.::;;; e: :l."!. e""r ~U>Q' ral•. For e=ple. t..i.a 
!-~==~CG!c: MCóaOO -on~ mtroduceod ~., l974-
r.c:s ~vo;v...:: ,nto a num:<>r d mo·e acivancad proa
~::-..o. ::'US '"-oiutton i-.cs been :Jonc ,.,.o patt-_,., ~,. 

:::=-::! !\.:.:>encna:!ty, ..-ith the MC6802 and MCSSOl 
m:::-~com¡;ut•"'- =:i mc:-ecsed ;>er!or.nance Wlth 
u,., MC62A!XJ. MCSSBOO and MC6S09 lnlc:l:lp!IXGO· 
ocn. ff:gure 41 The sound. -n pl=nooci, arc!Hu>c· 
r~::l ~pro V>¿,¿ 'rrr U>.=~ MC5800 nor:de ;t 
po<S..Cle :o develop theee Lrr:ptove<:i ;:ro:!u<:t.:s wn.Je 
tci::;v; hill ::dv=tcqe el th• mq¡or spo>e<i <md den.s1:y 
e::::cnc•::::en:s lo NMOS \ILSl. ':'hts wcs Ce· 
<:e:!"-~~•h&d wbls mr:¡.."ll<llrur\Q ~ cnpr..clkianted 
¿e-;r..., oí e= ::-. p;:~ :y c~.d co r .$1.\.1ency W1L':I the on;;
tr.cJ ~.fC0800 M?U 

s~-..:larly, e ::O'"lO: :onside:-<:!lc:l 1..., :he d""":Op
::>e"l ~~ th<> MC6&0J =c:"C;Jroct"S110' hes 1:-on to 
~,~·.nce a g:x:.i. ao~d. but fle,k>le, ixl:se !cr ""'""" 
e;r.ens>hob.:y. Sevoorcl =~luree..t:al coru:ept:¡ !leve 
been :TICO'PC>tCl&d Ültl"t wtll allow Üus cdva:~ced 
¡:or:>C :o::: :o :o& '"·-':::::~C0<1 as s.~m..<:<m<:i u:::ar tooc!:.nafoq .. 
tc::l ~:iv=~ :::n1 !nc:de. For e=ple. th. b'On.!y 
or.r.~nai m.;cture ol ü:oe CPU c:!lo..,. operano~ .. on 
8-io::. l&.bn c:r.é :¡z.::,, :::">qers ""tflo·~: :he n......O for 
ccn=<:tftl\a!IOn ol "'"11!St&"' or ::nulnp!ex:na o! Ultam::l 
d:c ÍoUMS. lm• ...,...Jlcr str~c-:u;,. o!"',. CPü l•nd.. 
t:s.eli le ::< =r,. ccflSl<tent. r"<klbl" ¿,..,gn that c:m be 
ecr.ly e"P<=ded. 

-=-:,e MC6&0CV tn=rpora:es e Orop::etc:rry e:ulll· 
ievei :rucro·pf09r=r.,ed !tn.:ctu:e that allo~ Sl;l· · 
==·' ve~:y :.:1 :he l::".¡¡l&m .. ntat:on el t:;ztnJc. 
tor..s. c., lact. moa L';c:., on....,.t'O hth of th& tnwuctlon 
c;::-=e "'-'"P :~"' beer. .. , as'de :spec..ilca!.ly for tm· 
~ie::e::.ta"""...<:n e: ~=• :r..:;uc::on.s. Ir. ~~ .. "'-'""-""'· 

-

,.. 1 

~ . . -~ -
-·-·' 
" - ,- ,__ 

' " --
........- l.!:lpl•m•ntat!on al :nstrue~~on.s not cunen~y ~., 
the =ttuC!lon set "'po=bf,. throuQi-. the o.ae ot tl".e 
TRA;> !nstn:CIIan. co w•U es !he hard"""'e '"=>' ---

MEMORY MANAGEMENT OF 
LARGE ADDRESSING SPACE 

Th• •ver-ciecreosln\1 costs ol semtconcl"ctor 
memon .. 1n cc!":lbmaror, mth !M UH olluQ-h :e""! 
lonQuoQ"M c:nd sopl-..1.$~=teci dl$C operattn11 S'f"!ll;,riUI 
allcw Motorolc"o new q•nero:ncn al hlg-i:l p..rior· 
mancltrr-.leroproce...,,.,. ta be <.lHd m compi•"'· <r.em· 
ory mten.stVfl apptlcat~ons. In orciet :o rt".Ht the neecs 
ol Sl.lÓ cppl!=ons. the MC680Xl IS =;:o:.b)e ol <iJ. 
18Ct.l y acidre .. lt\Q mote than 16 !tle<;l<l·byhts of mem· 
ory. n-..1.$ !a:ve ruic:!....,a space tS d..t.ct..'y <lCC<tSSe<: =d 
manCQ<>d "ry alfictenúy en a word or byte bcui.S 
s~nc. operand =• IS :r¡>EIC'.!Ie<! by th• <nstrurnon. The 
'.lS<I o± IJp;»r Dala Strote illDSl c:md Lo..,., Dc:a 
Strobe ILDSl otgncls alfo·.,• ooasy ~ to ht¡¡h oraet 
bytes. low o:rder bytes, Ot words. 

S..""ral add!oonal WW~/ul l.atu.res ar& proVIO:a-d 
that allow the prngrommer lO •lho.•ntly 11:1an<::ge 
memory t=qe. Po...,rluJ ~~:~ .. mory addnos:JinQ' "laCes 
ruch a.. Reg¡stsr l:;d!rect. !nde%ec:!. Shon and Len~: 
Ab:s<:>h:te, ané P:oqrnrn Count•r Rel<:t:.ve a!!~,.. 

well-ordered ='""' 10 sp9Cib.c m•~ry locanor.s. 
Th""" adci;.,..;nq mocies allow e=y ruid;ess cak-J!a. 
llons ffieQ,..,., L.,d!rsct c:nd i:,de:teci). d!rect c:c~ess :o 
memoryloamon <Si-.on cnc:!Lon11 Abwlutei=.C pos:· 
aon Jr.<l,.pendent or reloc:r.:bie coding 1?:-oo;-ro:;:, 
Countar Reiat~ve). 01 ~""'"•· the Pt&-dec-:"er:-.en!." 
PosHncrerne~.t Reg1.11er ':.nci:rO<;t Aci<!r....stnc r::oCes 
clac c:llow e!ilc:en: !l'l<=."laQ""!l'l'"nt of dmc ~, ::::>e.,ory 
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~ per=mn.;; the p~r 10 generme ao. ma:ny 
ao ~¡¡¡¡htconcu:antatacl:sorqueueo. Anctherleature 
thcn allowa tl-.e ~ to IIICmCIJ• !he ,._.. ol 
<~>"IIIO'Y 1S the CHX lCheci ?..qmer Aqa!nBI Bounc!ol 
lnstrucnon. ThiS inatn:..-Dol:. perm11S the software 
~mplementanon nl o: b~ memory proteetionl 
m=oement =•· 

Sl1ll. cmother st,.-mhcant 18=.,.. p:oVld-.1 in the 
MC580CYJ-ltlle:'Oproceasor 111 !he dis=on betw-n o: 
USER a:nci o: stJi'ElMSOR !QOda. "The SUPERVlSOR 
mo<J, ¡:-.m!IS "'"".au> ?<Ol8<;-teci op«C.llons ..,thin the 
,_,. or ~m. Of particular Lntareat 1:1 that c:n 
er.erncl Memory Mana.;ement ~ntroller coy be 
lJs.d wltan the prc:o """' Ln the USER coda 10 
=..aQ• U.. Jo:r¡¡e addrns ~ br th.. p:uo;¡tm· 
:n«. Th" controU..r"o me<N><Y ~ment opera· 
tons aroo tro:r!Sp0l'81li 10 the progro:mmer when In tb.e 
üSER "'""" o:nd =n be c:hOliQ"-.1 or \1p:i<r'..ed nnly m 
the SUPERVISOR rnode. Th& Metn0ry Man<:!¡;¡ement 
CntttroU.r ¡:¡ro""1C!... both tna!I<:C&ment oi o: vmíable 
number oi vano:b.ie ot:e """'''<Den1S !Memnry &oqmen
taaon) anr:! dyn=e ca=Qement ni multHask 
:nemory reloc:o:uon cmd prntec'J<:m.. The Memory 
Mano:<;¡emem Co:ntrnUer I>OQ"Ulale!i =ess 10 rtnra~ 
sec¡menl! thcn are r:lacll.<:<I!ed to reo:d cn.ly date. 
reo:él...-r.ta da!o:. ProQim =de and protlic!ad data/ 

"""· 
REDUCED CODE OENSITY 

AND IMPRO"Vím SPEED 
W1t.':L thear:!ventallow= very h~Qh<:!e<U~ty vtSl 

RAMS <md ROMS. ,¡ mic¡¡~J ir.correclly be a==eci 
that m .. numbllr ni hyt.~ al code neec:ied tn uecute o: 
q.wn ;¡u:>¡¡t="' no lonqet rmp:>rtcm.t Code den.o11y. 
however. "' v.ry =n=l. slncQ =oproce.sor •;::.ed 
1S "-;i-Jy dependen! \l¡>Otl tha r.umbotr oí eucut..d 
1."1S!rUo-..Qn word:l. Dur.n¡¡- the early d.evelopmer.t ol 
Motorola's MC6SOOO m1ctoprocesoor. &%tens¡ve 
s:-.ld.!e• .,.,.,., ende o! :he use al :ns::uc<iot'-" and 
~·mees o! ll"1Stl1;<:!10!l:l u~ many Cllctoproceosor 
appij=o::.:~. n:- .:ud.! .. !d.n:>Íied r.ot only Slatl· 

cally troqu .. nt >:" .. lruct!Ol1S but o:lso dyno=-.-ally é-• 
quent 1..-.smlc<ions. m.e <:lyno= lrequency al in

•=ns "' o measur. oi how ehen an lt"-"trucnon "' 
..:ecute<> .,.n,¡e = lr-eq>1811C"f "'" meaoure o! how 
otu.n 11 OCt:Ul>l :r. o ¡>!uo;¡lrml !isttnQ or 1S er.ccunltOted 
by <::::: ODUmblerl. The m<J)Of contrtbuter 10 the In· 

-~-·--

. 1) 
CT<><ISed efucency, as a rHU!t oi the $luCJe•, la !he 
hlc¡¡-hly requ!aror Nthoc¡¡nr.ol s:ructure of me a:-dutee· 
t\!re. The cons1Shi"1CJ' of me orcluliiC"t\lte. !nstrucllon 
Nt. o:nd O<!~ mod" s¡g:·uflca:uly ;eciuce~ the 
number ni!IlStruct!ons needed to occomplioh o q.ven 
ta3k_ Mdlllonally. rnany =ctlons hove O....n Ln· 
cluded to specflcally \mprove code C:enSlty ond 
opeed. for nornp!e, smgle W<J.-d Add ond Subt1"1le1 
lilStl"UC!!Ons U$il"-Q Owd lmmed.!a1e addr&Ul-;¡;¡ ailo .,. 
ka!. small volue anthmell<: operat>Qns on dc:10 reo;>~· 
te"> oru> rr.emory. }. Loaci Ow<:k lmmed!c:te rl..DQ) 
ptoV!des m .. obility !U load o llllall lS--b!tl ru<¡;ned W<Jtr:! 
u:.1:> nny r...-.ster rn a SlllQ"i• W<Jrd oper=on. !n order 
to :mprove :he :rn.ed o1 loop ope!"OIIOr.s, <: Sl."lQle 
W<Jrd uutrUctlon óor Decrement Count by On• and 
B=h ,! non-:ero lDCNTlla lilcluded. Of ~o~. the 
TRAP: Store Multlpl• RIOQ1Sieno (srM), Load Mul~ple 
Req~Sten C!.DM), lJ.nk Stac:k (l.lNK), t;;>\lnl:; Slac~ 
(1JNU::J and Check LiiM !CHKl tnstrucnnns 51qnl.!¡· 
ca:ntly noduce cede r.oquu.menu i:lr !UbrnuunotS. 
opet<rtmg- system =ll:! and ~ operot~ona. 

Other lnmuct!ons that help reduce codinc¡¡ ,..,. 
qwrament::l and llllJ)roV<I perbrman.:. al anthmellC 
opem!lons are Sign.-.::1. ond U=o-ned Mul~ply (MU!..S 
oru> MULUl. Signe-i onr:! UIU~Qned O!Vlde !D!VS ond 
DIVUl, BCD Antbaai!C !ABCD, SBCO. ?ACK ar.d 
UNPKJ"" -u o:1 :he Slondard b¡nary tnteQer opern· 
lions. In arder lo 1mprove !he e!!iceOC'{ d :ccvmq <>r 
II"On:i.m.ng da!o:. o po.,.erlul MOVEda!a lil.Sttucnon 
flcol bHn inccrporated that allo..-. !he ttt:nsiot o! 
byttos. W<Jrc1S and loru¡ word:i anci opero:te.. in all 
dala oddresatnc¡¡ moda-l. Thw: rec¡¡later-to--r~r. 
rec¡¡lster·to-memory. memory·to.·reglstoor 0 r:d 
rnemory-to-memory m:nsfeno are pen:lll!led. 

In ar:!dilion to the p:> .... rlullilStnlC!IQIIS !ha! proVI<ie · 
a sub.l<mOal ltnprovement m pnx:eaor ~;,;o...-h-pul, 
numernus orclut«'.um) t.orur.s ~tlyreduoo 
me e:ucunon ttme• for all!MtnJCbons. The ""porttte 
l."!On-mu!!lpluecil oc:!d.--na a:nci dolo buses. ¡nsttu~· 
non pr•letch P'"'"l¡n" o:nd 32-bll mltOmol reo;t~<•ltl 
ore mo)C>t contnbuto"' to the processor" s unequoled 
p41rio=an<:e. A3 an •=pie of l'w pttdcrm=ce 
~ilir¡ o.! the MC58000 Tabla m a:nd :he accom
panymq gr<:phs lil fl~es 5 ond 6 """'".:r-=e ~';,a 
BHCU~on tlmeo lora number oi comcon mstru<:":IOnl. 
for C<lmpanson pul"pOIS<K. run.!ar Ln:o=cnon"' ¡:ro
)'lded for Zilog" o 2-8000 m~eroproceosor. lt la"'"''"'"· 
,_--Q 10 nol<l that tb.e MCSSOOO has s¡¡¡¡m!¡c:mtly to!ler 
e%ecutton ttm&S. 

• 
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""""" MICROPROCESSOR 

RESET 

"""'-' 
""' E 

RESE!' 

P\voof'l 7: • plo ol MCIIOOO In-c. Corln...CI..,.. IDr 11C3tt1 Pwi ....... l wu ... • ....... 

SOFTWARE SUPPORT ANO 
MC6800 COMPATIBILITY 

ihe sys18m ~IHS on<' pt~!'! <aU:1g the 
MCSBOOJ In = <J?plicat!.'<t h<Ive <n'Gil<ll:ie e ccm
p!<tte. compa!!l;U sys!em oi hardwcmt and scfrwore. 
n,. "'""""""ace cr "' "'"f'POnad by a fulll'ml040 of 
ootnrnte ~,.!opmeru toc:.O indudlnq dlsc OporatinQ 
""""'=· d.bug- dda, o:s.mblef'l, <md luQh ]IOV&l 
l<:mqut1Q1H. In add.i~on. a tran:slalc< will allow !he 
~nt M5SOJ f<:nnly UHI" to oonwn utsang pro
grams 1::1 ru:1. en the MOiaDJ Wllh e =um of 
~r mtoo,.nuon. 

The =rei-.11 pl=nmg oJ thlS n..,. =~ 
pmvtdeo a :rupetw~ oí the ~C6800 ll'lsttul:t!on ..,¡en
har..:.d by !he at;!d;uon ol ~rore and largar ~·""· 
powerfu.J oi'ÚIOQQI!d r.ructunt and mcmy fienble aci
dress!nq mod.,._ iius allo..., .tbc.nt tt<msla!lon al 
e:tl.rong MCSSOO prc>Q1'~tna. whlch ec:r. theo be 
!-.uth.,. op~~um:ed by ~ full adV<XntaQe oi !he ver
sanie and po........f...ll faoat-.u• oi the MC6800l. 

Th:o cano/u! plann!ng ol sl:nl!antles ·c.o-n the 

MCóSOOO and the MC6600 do... I!Qt slclp at o<:>ítwt:re 
<:<lmpatihilllf (by tmn•l<tt'on) b»t aJso e~tend.s lO 
penplwr<:d ccntroller mt.IÍOdllq. Mo!QI't>la'o ~n
"'""' bn. ol lntelligent M6SOO lamUy penpherclo 
(lndudmg the MCS8S4 Adv~ Dala Link Con: 
troller and the MCó848a Gan-=!l'ur;>ose ln!MiQce 
Adapter) ~=be dlr.ctly CUid easlly mterlac.d to the 
MC68CDJ.. nu- ""'nailiMI; Enab1- !E'l, Vaild Mem
ory A.;!dr..., NMJ. ;, anc1 Val!d .._n¡>Mral A.cidreo:. 
!VPAJ are proV>aod to atmplify the tnt•ri=• to 
Motcrola'o stand nU MC681:XJ penpheral:a"" oho.n.., 
fii1Ure 7. lnterfot:-<o le the new MCó80IE l&ngle Clup 
Froot wrna'nle Contro!ler) IS ~ p<'8S>ble. allowtng 
user UDplementatlon ofspe<:>Wized !npUI/outputturu:· 
llons. In add.!tlotl. the MC68000 11 &Upponed by 
untqu• penphet<:t.l controilers ~ el = Qd. 

v=ed crdu~e =rop¡w. lndudmQ e 
DMA ControUer cmd a M.mOlY ManaQ".Clartt Urut. 

Th.e MC&eOOO 1.1 not JIU! a com~•nt. By a wuque 
blendo/VLSI ~- ooftwaraetlQlneennQ cndo::tr-
lul planrunq. the M::;s(K)l) na Motc,.,la"s Advan.:ed 
Comput•r Sys~e= on Sllicon. 

' 
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Requlo.r, ""'Y·IO·UM 4rch1toteture. 

l~.m1JC!!M Ht me,. pow!trlu] th.:tn many 
=n!COII!IJ'.IIII'n , 

D1r&Ct.iy addreuat 8M bytes. 

Eiqht UMt-..,locto.ble oddrentnq modas. 

Seven do.u typeo that rcnqe mm. b!ts 10 
3:2-b!t lonq words &nd word ol:ttnq:o. 

System and Mtmo.l operobnq modes; 
MIP<U'O!e ......de, do.ta and ot.ock op<~CQ. 

n,., Z80(l(1 ti on 4C!Yanc.ci hlqh·end 16-blt 
ln!Ct'Oproc&nOr thet 1?4111 o Wlde vanety of 
applicat!o"' ranqtnq lrom Jlmpl• r.and-o.lone 
compuhlrs ko c:omplu p.4roll .. l-proo:eu1nQ' 
qste!lll. r....ntio.lly o ,.,noltthtc mln!c:>mputer 
c•nrrol procea1nq unl!, tOe zaooo CPU il 
ch4rac:enzed by .m JMto-~C!ton- mono 
po"Weriul !han mony muucomputers; resourceo 
.iliundo.nt ;n req11ters, do.t~ "fpee, acidress1nq 
mode. and oddreuinq ronqe; ando requillr 
orchJto.:::ure •h.o: enh.lnc ... l.hrto.lqhput by 
ovotdonq crlt!cal bottleneds such .,. lmplted or 
cied!c.oted l"<'q1sters. 

CPU reso~rces tnclude ¡Ut""n 16-bit 
<;l@notrol·pur¡>ose ~""'· teY<!In d.oto typn 
th.:tt '""'1" 1-om btJ to 32-bn lcnq wordo and 
woni str!nQ'I, and etQI>I u..,, . ..,¡ectoble 
oddr<t .. 1f1Q' ,.,¿eo. n... 110 ob.slll>ct inllnlctlon 
:ypes con be c:ombmed w¡th th10 vortouo do.to 
typ<>• and oddr .... inq mocies 10 lcrm o po"Weriu! 
oet cl414 lllltl"uctloru. Moaov.r, the m•truc
~on .. 1 e~1ts o hiqh ~el. requlanty: 
1nOII JP.strucucns con ~ .. 4ny o! the hve ,..,., 
AddreuJnq o::od ... o:!d 12n oper~t• on byte, 
word oU1d lon<,¡·word dat~ type¡, 

The CPU can o~role In e1ther syotem cr 
ncnn.o.l <ne><ies. The difhnCUon between there 
two modeo ¡:..o,.,to pnYI!eqed operat:.oru, 
L~ereby ""~1nq opotallnq •rstem orqanlza
t!on and Lm;>lament4tlon, M~lbproqratt=~nQ" ,_, 

MSE C-13 
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Z8001/Z8002 CPU 
Central Processing 
Unil 

Product 
Brief 

Auqult. 1979 

Sop!usttcated 1nterTUpl structure. 

Reoource-oh.onnq c..pabdlt!eo lor 
mui!Jprncea¡nq o,.U.111S. 

Muhl·proqt&.:~UNnq and compder ouppon, 

Memory mo....._qemant 4nd pn>hlctJon pro
Yidad by ~10 Mea>Qry Mo.noqement Urut. 

32-bJI o¡>orOI!Cill, 1nc\udinq O!qned muJt>pJy 
ond d!v!de. 

Z·Buo COJnP4tlble. 

1\:¡>¡>0ned by the "atom~c'' r- lUid Set 
lnotrua!on; mulUprcceaolnq by a cornbonatlon 
of kr.struCUon and ho.rdw.,.., ieotuno: and com
pll..,.• by mult!ple otad:s, spe<:>alinstruC'Joru 
ond "addreu1n~ moda. 

• -• -- --- --~ • • •• • •• • •• • • • - -· • -- - • • ---• -
• -
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Th,. ZSOOO CPU il ollere<! 1n :;w., vemo"": 
:he zeoo¡ 4S·pon ""'<'mec.ted CPU and the 
ZS002 40·pln non·oeqrnent.d CPU. The <r.atn 
ci!!lerence betwHn the lwc ts '" add:eaotnQ 
range. The zeoo¡ """ d"ectly •ciare., SM 
byt"' ol memory; the Z8002 d.lredy addreueo 
64K byteo. The twc operaunq modes-oy1lem 
end nor=l-end tl!e dtJIIrn:tlcm bottween cocie. 
d.!ta and 11ed ope.<::ea wlthtn each mocie allowo 
memory e•tenstgr; uo lo 4!3M byt"' lor the 
ZBOOl and 384K b~.rt~o lor lhe Z8002. 

To mee• :ne req-~l,~:nento ol com~lex. 
memory·•ntens1ve ~ppl1Cetlono. "compOmon 
m•morr·m.oneqe<r.<ml dev1<:11 11 Q/!ered lor rhe 
Z800l. The ZSOIO :~emorr Manaqemenl Ümt 
1Mn40"" t~e IMge edci'"" ,..ce by prov1d1nq 
{..,tureo •uch .u seQment ,..,]cco.tJon and 
memorr prol,.cllon. Th" zeoo¡ can be u><!d 
w1lh or Wllhoul the ZSOIO. U u~ by i!Mil. the 
ZSOOI mil prov1deo en 9M byte d,rect addreu· 
,nq rano;e. extend4ble lo 48M bytM. 

R.ogist• Or¡o~tiO<L. The ZSOOO CPU '"a 
reguter·onomte-d !:'<lc.~me !Mt nao SIXtee:~ 
lS·b•t qeneral-putp"l>e req!Sitln. The Z8002 
CPU h.., one otee~ pcnnter ,.,.;;1ster. and the 
Z!IOOJ M.o two. 

St<:~cb. The Z800 1 ~né Z8002 can use otad.s 
loc!no-ci anywhere Ir. cem=y. Two l:!:tplied. 
otaü po1ntero ore avallable: the oyS!em ""d 
pomter ettd. the :~=al liad pclllter. 

a.&..!t.. The Z8000' CPU oontanu a counter 
that can bot used 10 reÍrMh dynar.11c memorr 
eu!om.otically. 

l'r-ogr<:ll!l $tatuo; R.¡ois!e ... Th10 .;~up of 
su:.rus ,.-eq1ote" cor.I<I.1:U the praqr""' oount..,.. 
llaQ•. a.nd con\~) b t• These are aulomat!c:olly 
HVed when an tn>errupt or trap occuro. a.nd a 
n .. w ot..tuo group lo l""dod. 

ll:!.t..........,t <md Trnp Struct1aN. Th" CPU ll.lp· 
pcm three :ypooo ol !n1erruplJ: ~ectored and 
nonvectored ""'-'Wle. end MnD>a•hble. 
The,.., ""'" four trapo' system ca!J. 
un1mplemented lntlnJCilon. pr~v•leqed truJlnJC· 
tlcn. ar.d oeqD>,.nt.!.tmn tr"~· 

Data Typeo. ZBOOJ l~.slructlom can operate en 
b1t1. BC~ d!<t111 (4 b•U), bytes (9 bits). words 
! 15 b11>l. lonq wcf'ls (32 imal. byte otrmq• end 
>tOrd stnnqs up lo t'-4K bytet lon<t. 

s.g.,.eaJ- cmd Memary Mema~ 
meat. The ZOOOJ con C:lrectly a~•• BM bytes 
oJ <>dé,.ra >pi!CIII, .lSt:><;l 4 SIIQ;t::<rnted aclci:us· 

,, 
tnQ 1áeme. lt::;:>lemenlecl v¡a th lSG!O Y.MU 
Memory Ma""Gement Un1l. The SM bytes el 
ZBOOl addre., op.,ce" citv•cieci mto 1~ 
relocatable '"""'""" ol up te 64K bylel e~ch 
ihe addres..,. entero-ci 1nto ln>tru<:Ucru ano 
output by th" CPU 1n nacut!nc;t them are 
iOQJCQ! MdreiHI. The MMU translateo the•~ 
Joq¡cal addrttael t'nto addrfl ... 1n phyotcal 
memory. Th10 proce11-relocaiiCl\-LS 
lrar.•porent ro 1he uoer soltwa .... 

AddrMdllliJ Mod ... E:qhr addre .. ,nq meo~• 
u" p~vuied 1n the ,,_.:n.H;tton sel: R""ISt~r 
(RI. lmmed.ate (!MI. lnd!rect Req11ter tlRI. 
D~to-ct AcdruSll !DAI. [ncieud (XI. Relato•" 
Addreu H'\A). Base Addre•• (BAI. ar.d ¡¡,,., 
lr.de•<Ki tBXI. 

IDpu.<IOulpul. A .. , C,¡ lJO tnstrucnon:o per· 
lorrrl!l 9-bn or 16·b•ttr~n>lero between CPU 
~no:! 110 de•·•cea. 

MulUml<:<oproc~ Suppon. A PI'" 0! CPU 
p•~• ,. usad m con¡unCIICl\ wah cena:n 
1nstruct!ons to coordlnate mulUple 
m•~~oproce.,•oro. 

r....tructioa S.t. lhe ZBOOO M.o 1n lis reper· 
lo!re tl!e nlne Cllleqonea ol UIIINCIIon:o lollow
ln<¡: 

l..o<od and uchano;e 

Anthmellc 

Coo>o 
PrQQram centro' 

BU rnan1pul4t!on 

Rotate and sh!.lt 

Block transfer and stnnq m<Ln~pulai1Cl\ 

lnputloutput 

CPU control 

Slatuo; !..la ... Se...,n p1n:o ol !he ZBOOO ...-e 
d..O.ooted ~o the ,..u.mce of ill!l.lu• mlonnauon. 
Three are the lunct1'>.1 select llnft Reed!Wm ... 
Noml4ll!;yotem. =<.! Byt,.¡Word. The other Jour 
hnes (Sío·STJI 1"""" codeo d.noun11 type o; 
operat..on (proc¡"1"4l.> or 110 rele..,nce. date or 
otack meD>ory ~"''·<:Ir lllt•rnal operauon). 
acl:nowledqm<t external requ•ll (oeqment trap 
or :r.te!TIJptl. Gncl i<Uh41mQ memory ..,freoh 
cycleo. 

: I'OE C-14 
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Zilog 

' 

DrM..!!:lc oe.;ment r.loc.o.tlo.., ....,k.,. .altw""' 
<>o:!c!resa. lndepend.nt of phy11c<>l memory -...... 
Soph¡sttC/\Iod <>CCHI v4lida~on pro!~ 
,.mo.y UMS frQln YMYthcr~zed or urun
tent!on.ol Gccess. 

MMU <>rchltooc!IJre SUpPortl mult!proqram
IIIIZ\Q synems. 

O..:hnu>;~ nemcry oo:ots couplocl w1th the 
!n<:T .... IIlQ ¡'>.lwttr of !llJCfOPfOCHIOr> Ma 
accelerat~ &e 1.:se el tuo;h-levBli<U>QUa<;n. 
oopluo~c4t.cl operaunq oy>te1111, ccmpLu prn
qro~:~~~ <>nd ~"V• Mta boses In mlo:romputer 
tySierm. n,,. ZSIXll =oproc;_.,- CPU NP
porn th~ ~ wllh an "'Qht meqabyt" 
dllooct 4ddt ... •?<Ice 41 we!l as 4 nch alld 
po,..,rlultrutruc:•cn set. The Z8010 Memory · 
M=.oqmneru Un11 (MMU) proVldft llenble <>nd 

.. -- -- • 
~. -- -.. •• 
~ -" •• -- •• - -- -·· -- - •• - -•· • - • 
= ~ - --• • • • • • 
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Z8010MMU 
Memory 
Management Unit 

Product 
Brief 

Prelimiuary 

Auqust 1979 

Su:cy-four vu¡abf~Sized ..,.,,.,.\J !rom 256 
lo 64K bytes C<>n be 1114naqed w1thtn "\0141 
¡::hy<IC4ladciress s¡>6C.. ol 16M <>rtH; <>11 64 
o..Qin*nlll "'" r<>ndomly acc-thle. 
Mulllple MMU, =<In ouppon ..,verollrans!a· 
hcn t..b!es 1~ Hch el th. sLX ZBOO 1 add.ress 

'P"'"'•· 

eWc•an\ •upport lor th10 larq• 4ddr&l> '""U 
by olfe!'ll'IQ ciyn4!nlc ~~ reloa.tJon u w•il 
es numerou• ¡nemory·protecuon le.orure•. 

The p.nmary memory o! " <:<:>mpUter " one 
of 11:1 tlll!l¡or rt~•ouro:es. Ñ •uch. the monoqe
ment ol thll resourc:e b.cmn.s 4 111410< con· 
cern es del'll6tldo on tt lncreGSe. Th .... 
demando uue from mulcple u-n (or ~::ulttple 
t .. U wtthln e dedi<:<>ted cppllcohor.). the need 
to 1n.,....., .. oyttem tnteqnty by lmut:nq ~.,~ .... 

-~ • • •• •• 
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O .. cri¡>tlon 
~é:~r.:.c.u•d) 

:o var.ous por.tons el t!oe <r.ernory, ond lrom 
:he c.O'ed te otruct'Jre larqe, complu pr<>Qrams 
onri >Yitems. 
M~IHple t .. ks Icor usero) ol o syotem tMt 

cu, res1de anywher~ m memory ore co)¡@CI 
relo:atob/e. GeMrOJlf, oyste!r.s ln whoch oll 
tools ore reloco.tob!a cH<tr ~' ~"'"'"' lle.,b!lity 
tn respo~dtnq te chonqonq system envtrcn
ment>. Anotbr o.:;p&et el mult:ple-took env¡
rcnments 11 silann:;: •eparat• tosU can 
ueo.ne the sorne pr<>Qrllrn en ddlerent &14, or 
>everol toob mey exec-"te ddlerentpr<l<¡-<omo 
U<lnq the M!:le d4to. 

liniortutl4te¡y, o proi:Jlem thot ~'"" tn 
<r.u!nple-took 1fll~llll <1 tho\ ci S)'llem mteqnty. 
Tooi;., mus! be prot,>Cteci lrom unwontad :n:~r
oc:.eno wuh ether •.ooi:s; u.er tash murt ¡,., 
proh>btt..d lrom .,_,;ormtnq operotlnq oystem 
fur.c:>en.s: and us.-r Msio muot olso Ce pro
tK'.e-d from lhems.olves 10 they connot overflow 
the "'""' ollott..O 10 rhem. 

In oddtUon le t.·eoe ccns>detotlons, ouppert 
tor the"áeltgn onci tmplemoontollen oí l.orqe, 
ccmplu programa ond oystems 11 <tsell on 
Importan! ccnsrderat!On. Moriern trendo ~re 
to,.-~;-ci tbe P4f1tti<>ntnQ e! o ccmplex wi. tnro 
...,.,u. ¡¡mple, sell·ccntatn..d •~bt .. ,U l~at ~ov8 
we!J-¿.,hn.d ml<lrface>. Beco""" ~iese 5ubtoslt.o 
'cnterac:t wtth Meh n\her. ccmr:t•Jntcauon 
betw""n them must be C4telully eontroUed. 
M8mory·llldMQ<t""'~' syslem! can olfer ellec· 
nve selunoll5 for ·mplemenun<; i'""!e tj'5lems 
mo:::i~lerly ~Stqrwd. 

The ZSOIO Metn-ory Mon~ernent IJrutsup
pcru m~lttpl.,.p.-c.......,. ond lorqe modular ocft
""'" ¡yotems w¡\h dynanuc oeqm&nt relocotton. 
Fu:nar.:te ... ti enM.nceo syolet:ll tnteqrlty Wlth 

. 

~--
• 

' 

,. 
protec:ton ieatut@•. 

Relocali<>ll· Dynom¡c se<:¡ment reloc~l!or, 
mokes user sottware aciar ... oes tndepenaent oi 
the phyS!cbl merncry oddreOHs. thereby iree
lnq the user lrom 5pec:iytnq whete <nlormotton 
,. oC:UdJiy locoted tn the phyStcol memory ond 
provtdtnq o flntble. efftctent methoo ier oup
por!>nq multJ- proqran:..-runq oyster.u. 

The Z-MMU u.., a translohon toiola te 
tratutorm the 23-bu lnqtcol ociatesses lrcm :he 
ZBOOJ en: onto 24·bll ocidr .. ..,. ter the 
phys¡cai m"mcry M"""'l"f seqments ate 
vartoble on <IUI lr<:n 256 bytes lO 64K. tn 
lncremenl> oi 256 :Oyte-tt. Paon ol Z-MMUs •uP• 
pcrl :ne 128 se<:¡ment nu,¡,.,rs ~voli4ble lcr •r.. 
VOflOUI Z800l CPU ocidresaJpoceo. Wtth:n "" 
ad<lr<!S> 1po.ce, any number el Z-MMUo c~n be 
uud to 4ccommod.ate mulnple tr.,nolonen 
tableo fer oystem onci ncrmal operaunq mO<les, 
orlO oupporl more sophtstlCOt..d merncry· 
mono<:¡ement systems. 

S,..te111lntegrlty. Z·MMU "'emcry-protact>on 
lutures ..,;equord m~mory .,,.,.. ircm 
unauthonz..d or un~~teno!eci occes.s by 
ossoctollnq spectol access restncttono wtlh 
eocil oe<:¡ment. A se<¡ment :s asstqned a··.,.., . 
oonality" cOnOl>ltnq of severo! ottn.buteo when 
11 ts tnm~lly entere<! onro •h• Z·MMU. When a 
memory rftferenca ts =de, th~ attrtbure• are 
ch"Ckeci o<lotnat the otatoa ll".lemtonen •up
pli..d by the ZBOOI CPU. U a !l'11Sm<tt<:h oc=ro. 
o trap ;., qen.,roted cnd the CPU ts tnler· 
rupt..d. The CPU C4J1 tben che<;k U.. .totus 
'"""'"'"' 0! tM MMU te determtne the cause 
ond take opprcpnat~ OClJcn to c:crrec-t th• pro
blem. 

~ 

-
~ 
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• 
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\ 
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Ccmplel< olove !l:>lcroc<><npute<, fcr 
dutrlbu,..¡·proc ... rnq Z-buo use. 

u.,..tct..d power ol Z8 erdutecture, 
!!llll'u<:llon Mt. 

ThrH pr~r..mm.s.ble !JO por!!. two "''th 
2-wtre MndsMir.e, or any oombiM.tiOn el 
data and c~ntrol llne•. 

Slx leveit ni procnty •ntem>plt to Z·UPC. 

Th. Z-~ Umvemll ?eropherel Controller 
!S e d.!.otnl::uted l!lJCl'OCClmputer th4t perlormo 
th- th ..... bu1c tnterlee>nq !undtc!ll ,_,.,., to 
lflterlace a CPU •nth P"">'herelo: doonce con· 
rn:>l by RQ),{ . ....,,de¡,t tntemelJCitware, date 
ma111put..uon. ouch as reformalllllq or 
enthmettc, ene! d<tte bufier1nq In mtemol 
r~n. 

The Z-UPC os smlller lo the ZS miCl"ocom· 
pulM 4lld 111<'1 !he Z8 lnstJ'Uctlon s.t. Unóer 

- -- -- -- -- -- -- •• - ---- • • - • 
~ • • • 
~ • ·-· • ................ ·-· • --· - ) • • • 
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T.,.o proqro.wn4ble 8-btt counterltlmerowtth 
6·b•t proKC:~Iero. 

256 byte reglStor lile. eCCRS!ble by both 
<III>Sier CPU .. nd Z·UPC. es elloc..t...:l by 
Z·UPC p1oqr4ll'l. 

2K byt .. ol en-chip proqram ROM lor eíh· 
<:te<>ey. _.....,.bltty. 

proqr"--II control. !to W.. 8-l.ine !10 porto""" 
be 14Jlored lo !he~ alt'- u .. r. Per:n.o· 
nantly conliqured 41 4 11nql•ch!p control!.or 
""th 2K byteo ,-d intern41 ROM. !ha Z·UPC 
ex&C\l!M trut:uctio,. •n 2.2 1"' """'"Q• uslnq o 
4-M.tb doc:liOUrc:•. !t. ~ter hle CODt4UIO 
256 byteo, o! whl.;-h 234 are qen•rol·pu,.,.. 
r&q~S!ers, ¡g ore stotus and ccntr<>l ,..,.,.,. ... 
4Dd lhrn .,.. pot1 r"'óJll!en. 

~--~~· ~"''"~ ~·"'•"'-e~--·--·---------~---~-



D-.:ript!o11 
iC~r.1:.~u~) 

·----

7~@ Z-UPC Uru~r>41 Pe:i~~-era! Contcoll~r 
,. or. cntolhqanl de~oc~ that qenerctes all the 
cor.tr~l 5>gnals pur~oñera! dev:ces ne-ed. 
Because ot d""' atl-hne crithmet>c, trarulotas 
doto oelore trorunm,>nq, ond <,uifers deto, the 
Z-UPC unburde"' the moat•r CPU, therei>y 
¡ncre<t5lnQ the ov~roll s.,..d ond eif!c,.oncy o! 
the oy.,em on wh1ch 11 reO!<:\••· 

Bo...d upen the ZB m•crocomputer orchuec
ture, the Z-U?C olle" lost executoon l>me, elh· 
c:ent use oí m"mory, ond ~<~ph:st>cat.,cl '"'"'' 
"'"'· 1'0. and b1t =n•p~la~on. íts powerluJ 
ond extetuHVe •rutruC1:on WP"•· cmnbm.,cl wllh 
"" eii1cter.l ltltem.ol reqiSler oddremnc¡ ' 
scheme. ~ot only '~ Proqrom execullon. 
but olso ~!!"c:~nuy _..,._eh proc¡rom onto the on· 
c~>p ROM. 

A '--':Uque ch4rc~1erut•c e! ~~e Z-UPC ,. 1ls 
rllqlSIOr hle, wiu:i:t contotn• 1'0 por! and con
•:-cl i-equters lh<tt c.on be eo:eued both by the 
Z-UPC proqram e;lci by LtiiOOSOCIOI.,cl mooter 
CFti. -:ba rest:ÍU '-"byte "lhcoency, pro.;rom· 
mmg ell•coency. ond oddrea space effoc•ency 
becouoe Z·UPC ir.structtonJ con operote ci:rect· 
ly on 1'0 doto wlthcut movtnQ ll to ond lrom 
an ~~<:<.unulator. lt ~loo al!oW'II th@ Z-UPC """' 
to ~Hoc-ete •• doto 'oulier betw<Mn the CPU and 

---~- .. -~,., -

-
r -

" 1he P"";;¡her~! oU ,....,,,~, sp.oC'@ not 1~ ~se os 
occumu:oton, .:oor8!1• poonters, 1ndex req;o· 
terS, or 5toá. ReqlSiers ~ot uoed os buíler are 
¡¡rotected og4Lnsl CPU occeoo. The re<¡1>lar hla 
15 d!vtded :nto 16 qro~ps o/ 16 worbnq '"'1"
lers ecc!:t. A r<tQ15ler ¡>oLnter uoeo lost. •hart· 
lormot onstructloru to ocCesa eny one ol th•e 
qroupo ctutdly, raou.t>nQ tn lo!l ond HSY tooi. 
ow<tchtn<;. i'wo--..-oy com:nunu; .. tlon bottw""n 
the most&r CPU cnd the re<¡llter hle 11 
!acLI•t~ted by or.ot~er po•nter th<tt postt1ora 16 
"''erloce re<¡lSters onywher" w1thm the re-Ql!ler 
hle. TheH '""""'"'ore occessecl curectly by 
both the mooter CPU onci the ,¡.,~., Z-UPC. 
Fo~r more r<tQlSt..,.., Slmolorly aCCMSeÓ, con: 
·¡ey eon:rol ond li!Otus onlorm<~non. 

All 01 the Z·b<Jo'o do"y-chotned pnonty 
m:errupt rySiem con bot unplemented 1n th .. 
Z-UPC under witwcre c;ontrol. or th" Z-UPC 
con be proqrommed to lunct!On Jn o poUed 
env¡ronment. In oU, •he Z-UPC h4S 24 ptnJ 
t!:tot con be dedlcot-.<1 to 1'0 !unctJOno. 
Groupe-d loqocally uno threot 8-lme port., they 
con be ~roqromnud m mony comb,...,_hcno ol 
tnpu", o·~tpulo, end btdn-ecllon...l l~nt~~. w1:h or 
WJthout 114ncioho.k10 ond w1th puah-pull or open· 
drctn outp~tl. 

"":: .... 
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T wg truie¡><tndent s. ¡,, double-bul!ereci 
btdmoction.ol [10 por!! pi'J• .o spo>ct.ol· 
pu!"j)OS< <1-blt 110 ¡:>OI"t. 

four ha·t<:bho.h mode• :ndudlnq IEEE-48B. 

W.o,IIR:t<".¡uest ltn& lor h11;¡h 5pot<>d d~to 
lran~ler 

The ZB036 CIO Caunterlt!mer anci Pare.Hel 
VO element 11 o qenerel purJ>O"' p<mpherol 
cm:ut! tho.t ""hsfte1 motU counter/tomer ~nd 
po.rollel VO neecio encounte,....; •n ryotem 
del!gnS. T!uo ver..,ltle devtce contems Ll\r.,. 
ve porto end """ <:<>unterltlmen. M.ony pro
qrat:nmable "P"""' tatlor tll conltQUrotlon te 
spo<:LhC eppltcahO!II. The use of the dntc.o llt 
slmpltlted by mo!:lnq •ll•nlefndl ,,..,.¡,.,.. 
(<><>""""-nci. status. and d.ot.o.l '"d4ble end 
(ucept !cr otatus blls) wrtl.ohle. Also. ""eh 
r-eg,.ter ,. .Jtven >11 own untqua .oddrfto >O tt 
can b.t 4CC6osed dtrec!.ly-no spuctttl ...:¡uen· 
,,..¡ op<~ra!lono are noqutre-d. Th8 Z·CIO,. 
d"'•ctly Z·bus compo.ttble. 

E.éar 8-btt IIO pon" cm !)<!.o ho.nc!sho~e 

• .. 
• " • .. 
• " • ., 
• •• • .. 
• " ( • _, " • - .. 
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Z8036 CIO 
Countlir/Timer and 
Parallel 110 Unil 
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Brief 

PrelimiDary 

August 1979 

:n,..., 1ndepo.ndent 16-btt coun:erS. 

A~l ,,..,,,.,. ,...,d/wrote .ona 6rO"C""J~ 
aocirtl.,.oble. 

fie:cble pottem recoqntUon loq1c. proq,om· 
mable u l6·mput •nterrup! contrall .. r. 

byte pon ora bu pon. In :he""' mode. cio.t.o. 
rllre'ctton :s proqrorrun.oble btt by btl. In the 
Mncishake m->de. the por.s can btt Input. <•,u· 
put, or b!d!."ectloMI. •nd tlwy m.oy :oe hn~ed 
lo for.n 4 15-blt port. Tbe four hanc..shal.e 
modeo 1nclude IEEE-488. •nteriocl:eci (ior 1nter· 
!.octnq to .o Z-UPC. Z-FIO ar 4ltother Z-C!Ol. 
strcbed and pul...d. The pu!Hd modo. conn~ 
one counlerlttmer w1th the hendslt.oke ioq1c !cr 
mterl~c•nq • mKherucaf dav1ce 1UC~. a• a 
¡mnt.,r. The 4-bll port pi'CVlde< hen6il4le 
<><>nti'Cls. 1pec1.ol controla (W~u/Hequeot) or 
q.meral-purpr"" IIO. 

The =nter.'timer oectlon <><>nt.o.tns three 
!6-bl! e<>untH;s, n.o of wh1ch e4n be >Oitwa,.... 
·,-onJ¡qured .u a 32·btl counterltuner. Up to 

~ • ~ 

~o· • ~ 
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!o~¡ [¡Q hr.es for each cour.ter ~re av~tloble 
ter <'<rec: extern41 cor,:rcl 4nd s:&r~s miortM· 
"cr .. All cou"-tero r.ave a proqramm<tbie output 
.:i~:y cycle. cont;r."cus or Slll<;!e-cycle opoor
""'~· and the coun:1ng proce<1 co>n be pro
qromtne<i 10 be e1tl-.e~ "'tnqgeMd or nonretng· 
qere<i. 

F•<;u~ 3 ol:ows how ll"le Z-ClO" used. The 
two general pur..,se S-bLt portJ are OLmLiar. 
rney co>n be pn:x¡-r&m::ted .. handsh.ske 
o,-¡ven. cioubie-b\lffere-d ports ltnput. output. 
'" 3odl,...-;1tcnal) cr .. contr-cl por1s "' -.. noch 
t~e dLrecttor. oi eoch bit" LndlVlciually pro· 
''""'"'"ele. !'o!"! !l cor. also be spec".he<l to 
~rovtoe externa! access ior t-..o oó lhe counter/ 
''"'"'"- Eacn pan mciudes po.tte= r~ccqnt::on 
loq1c allowtnq tnterrupt generotton when a 
•pe-<:tlted ¡><onerr. ,. detected. The ¡><ottern 
recoqntltor. loqtc can be proqrammed •o th.st 
L'.e pon lunction.s :tke a pnonty tnle!Tilpl con· 
troller. 

To con::-ol :h..,e cap.>btltltes. "och pon ccn· 
tam• 13 req¡>lt!rS. Three olti"le,_.,, 1he mput. 
O<Jtput, and ou!l~r t"QO!tera. ore C:..ta pat.~ 
,..,.,.,.,,..,_ Twc o:ften, t!l.e rnocie >¡>e<:t!tcatto:> 
&r.d Mr.dohal<e s;oe-cth=llon regl'lGt!. dehne 
the II'10cito oí :he pon and opec:ly what hand
sheh to ~oe. ~ 4ny. The reierer.ce pattern lor 
L~e ¡:t<trtem recoqn!ltcn loq¡c 15 domneci tn 
lil.-..e re;¡lst~n, the ¡><oltern palar:ty, ¡:t<ttlern 
t:can.smon. 4!ld ¡:t<tttern ,...¡-_ reg10ters. The 
cietatled characte:""':s o! each btt ¡:t<tth tlor 
eurnple, the d.tr...-.11on o/ d.ot4llow, or whether 
~ ¡><olh 15 tn,erU.oq or nontnvortmql are pro· 
9""-=ed ~>lnQ ~ie .iata ¡><oth poianty. data 
dlrectton. and sp=tai VO control regt>ter>. 
Thd pnt:~<~ry co•.ttol and 1t.otus !:tr,. are 
<;rcuped In ~ •u.<¡le r<>;tller so th<"lt .olter lile 
pc.-.s are conl¡qt.:~ trutLo.Uy. o~Jy !tu> regtster 

--
" • - -·· .. "" -
, .. ··-• -

'" no-ed ba occe,.ed o:ten. One r~q11ter cOn\aL:-t> 
the tnterrupt 'ectcr 40soc:ar..C .,,¡h uch por:. 
To lacdLiale ,,._,., .. ~,~~llor .. th" pon logtc" 
ci"'ig;,""" 50 1:-tdl ·J a ca¡><oOdtiY oí !he po<t LS 
not n•q,,..-..d :he ~LSterS ao><><::ateci Wlth tMI 
Cdpabtltty "'" L<;¡nored and n"d not be ¡::t~· 
gramme-d. 

The honcuon ol por: C depoonds upo."l :)-.~ 

roles ot port> A &nd B. Porte provLde-s ;.,ar.G
ohúe bes /or th" oth"' :wo when requ10ed 
An-¡ b1:s oí pon e not so used can bot ~"'"os
I/O hne• or os external access to the thtrd 
co:mter!ltmer. 

3es!Oet the data t"\¡>ut dnd ou,ut r<"<¡t5let5, 
:hr"" re<¡tSters ~r~ """"'""· The,_., •pec:iy :~e 
detaLlo :oi -e~ btl p.oth: C:..:a path poi&rlly. 
Cata Ctre<:t:on, a.td spect~l !10 conn-ol. 

The !hree c-ounterrt:mers "'~ oll odenttcol. 
E..ch "'comp01ed o/ d l6·btt down·countet. d 
16-!m ~tme coru:ant req•ster lwhtch holcio ~ha 
value loaded tnto lh• ciown-counted. a 16-CH 
curren! count reqtoter (u..,d lO read :he con· 
tento of :he ciown-cour:rer), and :WO 8-ba 
regtsters loo control and ot.otuo (the mo<le 
oeiect =ci c-ontrol reqlSters). All ~i"lree si:ere" 
c-ommon vector re<;;liler. 

2-oci: counter'll"'"' c~n be program."neq ~• 
e1ther count~r oc i•mer. Up lo iour por! [10 
!mes c~n be cies·<;¡t!<lled dS axterMl occe., 
lineo lor Lt. The !me• a~: Counter Input, G~1e 
Input. Trt<;Qer Input, ancl Countet!T<mer 0..1-
put. Three ddle~nl co~nterltLmer output ci~ty 
eyc]~ ""' av&tlable: pul..,, one-shot, or 
sq-uare wav ... The operellon ol tite counterl 
~ur.er c~n be spec!ILed to bot etther >~nole cyc!e 
or c-ontmuouo. The counllnQ oequence r::~y be 
"''"~"redor nonnotm¡<¡er..;l, under pro:;rem 
control. 

- • 
' -•• ' - :-· -- ¡~ ------- ¡L -:::¡ • 

- 1 --
-·-· --

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

' 
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DM<:ripdon 

T"'o llldepenaent, O te 1 M"""bot·per· 
~n<:l, fuU·;iuplu channels, each .. ,th "' 
o..-n quarlz :ooc\llatcr, boud·ra!e qeneratcr, 
and rllq•llll p..,se-1od:otd ioop lor clock 

' Mul~·pro!<;><:o] operatlcn under P'""'""' 
controL 

Asynchronc.us mode "''h S toa bno and l. 
1 '1'1. cr 2 1!0p b"s per chara<:~er; proqram· 
mabla dock lac<or; brw.< detec:t\On and 
~•nerollcn; p.oroty, cverrun. ond lramm(J 
error ciet&el!on. 

Loco! :oopb<td >nd autc·echo modeo. 

Tho z.scC S..nol CommunLcotlon Controller 
,. o d""'l-cha.r.nel. mulll·prctocol dota com
munrconon po:npilerol !or Z·bu• use. h,. 
>Oltware-ccn!><¡ured to ..,usly a ... ,¿. vot~ety el 
... rral commu•uconon appllcotton•. lts bo51c 
funetwn,. somal·to-parollel and parolleJ.ta
senal ccnven10n. Ha ... ever. &.e Z·SCC olsc 
e<mtams 4 tepeMotre oí"""'· >aphatu:ated 
mtemalluncttons th~t mLntmtze the need for 

• ·-- -- = 
' '· ,, - ~ 

1---~= 
~ ---· ~ ',_ ... ~ 

·t---Ia -
1 

- ·-~ -~ = 
1 - = = ~ 
1 • -- ~ -··- -"' -

1 1 ... --

Z8030 SCC Serial 
Communications 
Controller 

Producl 
Brief 

.Prelimina:y 

Auguat 1979 

E~Jynchro""'-'• mode w¡th Lntern.ol or e<ter· 
nal á.aracter synchron!Z<II\cn en on~ or two 
sync cha.ractltrt and CRC q•neratlor. ond 
check\nq "''th CRC·I6 or CRC·CCiTT 
P"'""' te etther h or Os. 

SDLC/HDLC mode "'llh ccmprehen01ve 
lrome·level control, automat\C zero tnsemon 
ond deletmn, :.¡,,.¡¿ re.,ndue hancilmq, aboM 
Qen.orotlon anC ci.otec:J.on, CRC (J"Mtatum 
ano' chec::Unu, and loop mode cpere!Lcn. 

?roqrommobl.olcr NRZ. NR.Zi, or FM 
cod.nq. 

externa] random ]oqtC en the ctro:cut oard. 
The Z·SCC h..ndl.., a.ynchrcnous lar:r..otl. 

syr.cilrot'IOUS byl.o·onent"" protocols S10Cit 41 

lBM B11ync, and syncnronouo bn-or.en!ed pro
tocolo 1uch ao HDLC and U!M SDLC Thto ver
""ttle d.!vrce olu- supportlt Vlrtually any cther 
seno! Wta translcrr applic4ttan (CO""'tle or 
d.sket•.o tnterfac~, lar eun:pleL 

The dovoce un qenerate ond ch<tck CRC 

• • -- • -• • •• - " -• • • 

'l • • . ' • ~ 

;¡¡¡a ' • ~ 
••• • • --·. -·· • -¡;:;¡¡¡; " - -• 
~ . • ~ 
~r • ~ ...... " " ••• ,... " • =--a·· • ·-¡¡¡¡ 8 " • -~ " • ~ 
oao. o" • ~ - • " -
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Vfi<:"iptloD. 
1C:c_,,_,..,¡¡ 

~:oé~s :e, •q sy~c~ronous :::oCe ~m:: c~r. :,., 
~•oqrorr.;..eci ~o <:neá aat~ 1:11e-qr:ty tn vartous 
t:'.od•s. h aiso Mo iacllLIIel lor r:Lociem control, 
:n 1>01h óann&is. :n apphc.otlor.s wnere theoe 
<:or.tr<>ls a,.. not n....ded, th ::>ociem comrols 
car. be ~SB<i lor qeneral-pu~ [/Q, 

As LS standard omonq Z1IOQ penpheral com· 
;xm~r.a. the Z-bus ciatsy·cho1n ml<trrupl 
~e1rorcr.y "supp<lrt.,¿_ 

The Z-SCC ccntl;n.s the necesS4ry :::ul:i· 
~iexed aociresslcla!a ouo 1nterfac:e w¡th s"obe 
and ch1;> .elect l¡nes lo lunctJOO. os o Z-bu• 
~r1pi'lerd. !t i~chJcie• tnter.>ol control and 
~~1e.-rupt loqw. :wo iull-ciupiex Ótonnel• oM 
twc boud-role q~neratoro. A,.oc:o1ed wa, 
""C-~ :ho".r.el ar~ severo! reae ond •mte 
req:.s:e:-s icr mode c~~trol as well di the l<><;1C 
~eceU~~ry lo ontertaca te "'oae= 01' other 
externa! cev1COI. 

-~ 

•• 
<~;::;¡_~·:··:·:_~ 

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

'""""" ""'""' ·-

1'1<¡-~re • •howo ;,ow ~ Z-SCC c.on oe con
r.o-c:e<l w:~·. ch~~r,el A proqra,-_meci !or the 
Sync!-.ronous Dat~ Lmi: Control (SDLCI loop 
=:ocle. iu:-.c,on¡nr; .. a ....:c,.,do:-y motmn. ll 
!ffill :r FY. :od:ng lS ~..,¿- ~e oled li~""' a!'@ 
re<¡uoreci becaus.- !he c!od can i>4 rec:overeo 
;;cm the rece1ved dota, u•mq t:-.e Z-SCC'• on
c:-.!p dtq,.al ;>hao.e loc:k~ loop (D?LLJ. 
Anot.~•r Z-SCC (not shown). ;::coo;r~rr.r.:ee lor 
!he SDLC I:'\O<le, would b. t~e =~nt:olln;¡ , ... 
iton. poJILr.q th loop for lrahLc. ihe bq~r~ 
;hcws a typ1col, a;ynchrcnous s~'lol poOl 
Se,r.q •e:-'ICed by chonnel E ci tl:e Z-SCC. lt 
couiC 1'"" •• well ou~poM anoti-.er •ynchronou1 
a.>IO l1ni:.. cr evcn a ht<;h·•peeoc hn~. tran.sfer
""·Q" ciotd ·;¡a _. Dr>iA controller. 

'' i'he reod •~d ..-r::e req11t~r <;:-~~P :cr .,,o,, 
~~•n"-"1 .n:!ucies eLqC.t control req,.te" :~o 
sync-ch~r~c:er reqnter>, ond iour ., .. ,,., 
r~qlSI<>rS. úch i>4uc' rote Qene:-otor r.as :·,.o 
,...od/wrote reqiOiel> !or '=oi<Jmq :"-e''"'" oon
"ant tM: -:::~'""'"''~' n.oud rate. A01oc:ta:e~ 
wolh thG Lntetrup'. loqtc t> a wnte reQt>ie: 'cr 
tnterrupt vector and ~~"'" reod req1sters: ·:ec
lcr "'''h sto!~s. vKtcr wlthotot s:atu$, ~r.c: :~:e:· 

rupt pend:..~q "~'"'· 
The loqtc lcr both ~Mnr.elo prov1cies :cr'l!at· 

l1nq, •póronJZahon ~nci '14lldatJ~n lo: ~~lO 
~•nsfem•o :o and frc,-. the c~annel lnt~,:~~"
T~e <r.ocie::: control 1t:OUts ore n-.onlto,..,..; c;;y 

:.~e ccntrelloq¡c uncier proqrarn ~or.troi All ct 
lf-.e moder:t control "qnal• are qeneral purpo.., 
~~ !14ture ar.<l CptJOr.e!ly can ¡,.,use-a icr iu:>C· 
~cns o~~~r than :::odern controL 

•~••n !<:==='· ...... roo • 

_., 
•• 

----.... _ 
• 

--....... • 

-· 

• 
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ZSO~MCB 
Microcomputer 
Board 

>, •• " •• 

J 

Product Specification 
APRJL 1978 

The ZSQ..MCB Microcompu¡er Board is a complete >mi! e board computer wilh iu own·seJf·~OOta!ned me m· 
orv plul senal and paraJieJ l!O pom. Jt fnt.,res rhe use of !he ZSO.CPU. Z80-CTC.ZBO·Pl0. Jnd Z~ 116 de· 
'!Ce< ¡h~r t.ave become !Unt'ard comp:Jnents in :he mlcrocompu!.r 1ndus1ry. 

CONTROl 
BUFFER 

~SE D-3 
- ~~- --~ ~· ------

USART 
SERIAl 

"' 

- ------

TTl BUS 
OfiiVERS 

___ .. ____ _ ----



Descriplion 

Th, ZSO-!Ioticrocomputor B.o.ard (MCB) is l modulor, 
no!k.¡,o.,o oompul<<· h is .:O,¡;n<d uound th• Zilos 
l80-Cf'll .,d •mplor• Ul on-bcard OC connne< to .Uow 
<>p<rltmn from' ¡¡n¡le •5 •oh p<>wor tupply. Th.is boud 
O In~~ fle~ible, &nd CUl bt CIUIOm:ud by thtU>Of ÍOf 
!¡>=!k ·~pji<>.tJom. 

Th• bw< oonligun.non conwt> of the ZSO.CPLJ. 16K 
byu, of ,;~"'''""'RAM. P'""'"'"" ior "!' 10 4K O~tes of 
PROM. ROM. 01 EPROM. b<>th pu,.llel.nd ,.riall/0 
p<>m. 110 pou docodef', and • cryu.o,l contro~od clocJc.. 
lh< pon.llol po!l is unolomon10d '"'lth the Z8G.PJO w¡th 

Fea!ures 

• Z80.CPU stnglo..;hip n-<hlflllel proce.,.or wtth 158 lll· 
SITU<tions llfl<luding all of tho 8080A"s 78 mruuciiOQS 
"":l\ total lOÍI..-ue compatd>ility). /'<o..- instTU<OOI1S 
t"tdudo m•mory-<o-rnomory blook trmsfen, 1/0 block 
tnr.!ion. !6-bn anthmo~~~;:, 9 rypn ~~ '"'"'" ODd shú¡¡, 
tit "'""'pulacoo >nd mony n•"' oadr=g modeo. 
(S.ol80-CPU Prrxtwcr Stu:iflamar. for spe<if¡c dttllb.} 

• 'dOS EPROM. lia<>blo bipolu PROM or mqkod ROM 
for ._...,-, P"'Jf""' ""'"'"· Zilo¡ monitor softwan,. 
...U.ble :n !K. and JK byte ~"'-0!11. 

• r,..o memory P•l" d...,oden whic!t ulec~ J6K drnunic 
RAM or •K byt., of ROM.Strnpp.r.g opnons Cln rolo
<>te~~= momoneo lflto any ,.Jilli"DI of tho 64K >dd,.ss .,. .. 

• Pn>gnrnrnable full dupln>tnol.liO port ""lb. RS-::J: 
or C\lrm;l-1""1> ittt<rf""'· ~ bt programm<d to op<r· 
11<" 14 "'P""'" b•tld r:ites from SO O.ud lo J8.4K 
b•ll<!. Un opome ll>!OS ""Y a>ynclu= or <yncilro
now pro\O<ai. 

• Modom control li~ 1m:ludlng Roqu011 To S.nC llld 
Gnr ; o Send ll< prO\o"ldod with :1\o RS-232 "'""""'· 

• A ,.P"'" rc•der cont•ollin• t. a•o.Uoble for t<letype 
<.r:rmmal• not «¡uippod Wl!lt ¡u•n:nmc !<1det C!lfltrnl. 

• lJru•tru.l pualltl 110 can 1:-e prognrnmod lo dtfm• IJIY 
d,jrec:~oo rnd d.lt>.·lroufer clw-..u:nsucs for '""' 8-bit 
poru. Full flo.Utnlity"' buffenns md temtinal.ing tho 
puo.llel poru;, provtdod by uncomnutted drl•••lt«· 
=tion d<Y~<e locollOni. 0¡1:1 tr:ansfo• ca be ao:corn
plli.'>rd under fullmterrJ¡:< control. (See ZBO.PJQ 
l'r<>da&t S¡Hl:rficatil;m fo< tpecific decaii<.) 

' . .¡ 

'"'" !OI<rvod foc U><Hppiied do•er :mdlor '"'""'' lo~o. 
Ono of the foo.u time<> in the l81).C!C is oaed "o boud 
"" ~enecator f(lf tho l<nol inlerf•c• irnplomented ...,,¡¡ >n 
S:S 1 USART. SUIPl""8 opt\Ons tre >'<:uloble for ,.Jecting 
..,,.,¡¡ memory ond 110 pe<! rnnfigun.tJons. "nnuW .,,,,. 
face !o<:ilomeo. illld openonng modeo. &puwon of tho ar<l 
"nudo p=iblo by feodln¡¡ all buffored >dd<<"· dat>. >nd 
conuol w,., 10 l 1 2:!.-pm od~e connector. iwo .. rstons 01 
morutor •oft,._ (IK an-1 3K byte!) ue ••iul•hl•"' :,poi•• 
PROM• for !ru<rtlon into th< iour !4-pin PROM •ocke<J. 
allowtng •oft ....... debugpng :md tomunoJ lfltert:>ee 1 nv. 
CRT.or<icl). 

• l80.CTC inCiud., four progr:ttnmable oounl<r."llmet 
CI<CWI <h""""h.. lt U usod"' tho proyamrnoble Doud 
ca<• (<notiiO<: oddtuona! chonneU can be uud Ol rcal· 
tuno docl:l. (Seo Z8().CTC /'roJucr S{>«rfi<at¡,.>~ for 
sp<Clf!J; dttiult.) 

• Switdtd"" lite board con be rold by tho CPU fo1 .. ,. 
iota opuon•. The scf1W1ro p""1dtd r.n t1t< st><><brd 1 K 
bYI< mmutor cm rud 111.,.. '""'che> an~ ,., !be oom· 
mun!Cauon f,.quency 1~ my of 14 common m., by 
prograntntin¡ the CTC. S..,tclloo cm ilio be =d for 
olhor sinulu funcuoru. 

• Board O<lnloiru 110 port od~a docode" wluch can 
docode n uni<¡ue conttguou.s pon oddm .... s .. er:.J 
of 111 ... are usod to ...,Joct tho chann.J• of tho USART. 
PIO md CTC • .o.:ldiuoool docodo<l pon l<loct "S'l¡j¡ 
.,.. .,..w,¡, for van~ penphr~ 1111<:tted 10 tho 

~·= 

• !9.660SMJ-ti: cryn.ol <>O:Illacm dt.,dod to ;!.4S7M~ 
lor Z80-CPU open.11on md di<tdoble by zso-crc 1o 
pi"0>1dt tlut ,_.,.¡ 1/0 boud "-'" or my other duirod 
l)'ltem froquer>r:oes. 

• Bu• dn"n •ro prorided for momory and 110 up:u>· 
sion 10 oth<r board> tlu.t an 1 pon ofthe >tnn. 

• JK byto monitor ..,¡,_,.. ""' l<muoal hmdler. [ood 
md pur.:h rouun .. " ... u as .. , ~:~d dUplo. y momory 
omnmmdJ. /1. Go command b<~t"' e1eronon of ,.., 
prn~>S.. Th<re ate debuR ardo >Uch a:;"'' 1nd dupl>y 
rtgute<> and brul:pomu. The 3K by~< """"" \:lchd" 
• n"''PY duk conaoU" :u>d ~n mo,. dobu1 ''P""I'Y. 

1 
• in·.,lle buffo" on all <bta, addoea md contrd Jin.,. 

• Ono non.-n.,ic.tb'e mr! thr« rr.,.huio ""'"U¡>ts. 
_ '''~E-~.-Lr __ . -- --- · --- --· ---·-----



( 

e 

Z80-MCB Block Diagram 

" 

· Summary of Z80-CPU lnstruction Set 

ADD R.EGISTER/MEMORY/VALUE TQ A/WlTHCARRY 
AtlD R.EG!STERPA!R TO ;;1./IX/lY 
AOD REGISTERPA!R TO HL \\IlTH CARRY 
SUBTRACT R.EGISTERJMe.tORYfVAL\JE FROM Al 

W17H BORROW 
SL'BTRACT REGISTER PAIR FROM HL WlTH BORROW 
CEClMAI. ADJUSi 

ANO REG!STER/MEMORYfVALUE WlTil A 
OR R.EG!STER/MEMORYfVALUE \\IlTH A 
EXCLUSIVE OR REG!Sn:RJME.'•!ORY {V ALOE \\11TH >. 
COMPARE R.EGISTER/li!E.\!ORY{VALUE W11H A 
COMPARE/INCREMENT/DECREMENT/HL. DECRE· 

MDIT OC/REPEAT 
INCRE\!ENT/DECREMfNT REG!STER/REGISTER PA!R 

ME.'.IORY 
COMPLE.\1ENT Ali.'S/l"S/ 

LOAD R.EGISITR/REGISTER PAIR!ME."'ORY WJTI{ 
R.EGISTER/R.EG!STER PA!RIME.'.\OR Y (V Al..UE 

LOAD lOE) WITH (HL).INCIDEC/HL ANO DE, OEC 
BC/REPEAT 

ROTA TE RJGHT/L.EFT.CIRCUlARITHRU CARRY/ 
R.EGISTERJMEMORY • 

ROTA TE RIGHT/l.EI'T DIG!T 
SHII'T REGISTERJ~lE.'.IORY.l.EFT AR!THM.ETlC 
SHIFT REGISTERJMEMORY, RlGHT LOGICAL 

' " 

SET/R.ESET/TEST BIT IN R.EGISTERJMEMORY 

CALL SUBROUTINE IF CONDmON TR.UE/lr.'ICON· 
O!TIONALCALL 

,-

JUMP !S CONDITION TRV"E/liNCONDlnONAL JI./MP 
JIJMP R.ELATIVE lF CONDITlON TR.IJEJUNCOND!T!QN. 

AL RELATIVE JUMP 
JUMP TO(Hl).(!JI.l,OR (!Y) 
RESTART CALL 
EXCHANGE R.EGISTE.RS 
EXCHANGE REGISTER P A!R ANO ST ACK 
R.ETURN FROM SUIIROIJTINE !F CONDITION TRUE/ 

UNCONDITIONAL Rl':rURN 
POP{PUSH Rl:G!STER PAIR FROM!TO STACK 
SET INTER!I.l."PT MODE OJJ {2 
EI"'ABLEIDISABLE li"ITERRl.1PTS 
R.ETtJRl'f FROM INTERRUJ>TINMliNTERRlJPT 
DECREMENT B.JUMP IF 8 • O 

INPV'T/OUTPL'T REGISTER 
ll'PVT/OUTI'UT. (Hl), INC (DEC) HL. DEC BIR.EPEAT 

SET/COMl'LL\lE!"<T CARRY FUG 
NO OPERA TION 
><ALT 

_~SF._D-5 ___________ _ 
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lh Z80-.\\C8 can b• ,...d IJ\ mm~ applications tra
<!tucoally no< ••lilabk te <in¡le mlerocompu~<r boudo
Mm~ of lile funcnon> p:C'IIously porfonned by •~t•nW 
tu:dworc ut no,.. Lmpl<mtnLed in tho ZSO-CPU 111d port
pi1<r2l<. Tho perfcmunco por unu boud arealw booo 
V''~" opurr.ittd, thw olilnlnallll~ tht need fe• u m. 
o>rd,, card c•ges, bac~ plvloo. ond eoM«<on fcr I'WIY 
:aopbcou<>no. TI1< ZSO-MCB c.n b• u"'d for m:u:hm• ccn
liollon. =tomllt<l sm>IJ tnWMSS c.>mpu<o,., :u.nomal!d 
'"" stmd.l, '"''onuzod osu ..::qu.:,uon syo:om1, P""'""' 
control <)l"oms. commlllllc•l!ons or dO>play controU.rs, 
mul"proceuor syolems. >nd wor<l rrocownt •ymms. ¡wt 
10 o>m< a f<w. Tho cli>~ bdow Utc,.. !lto Z80.MCB 
U>< O WIUI th• Zilo& ~idoo Duplay llo11d lO confii"" iUI 

umlll!'"' "":'"!.' ¡--

~~-LJ4t __ 

'""'"''""'T"nunoiCon!lfiiMI«>m U U 
......... U..ploy ...... oncl "11"""""'" '"":;"' ---

Pin Assignments 

.'>ICB- PIN OUT (COMPONENT SIDEl 

' ·• ~ 110 SUB GROU""'-

' .. " RFSH-

' .. ~ AODRESS BUS 13 

• IOAQ- T, AODRESS BUS 11 

• DATABUS5 " OPEN IZ 21llPUll UPI 

• 20mADATA " OPEN IZ 201 

' RECEIVE DATA '" OPEN IZ 191 

• OATABUSJ " OPEN IZ 181 

• MASTER RESET ., OPEN IZ 171 

" MASTER RESET- " OPEN IZ 161 
n CLEAR TO SENO u OPEN lZ 151 

" DATA BUS 6 " OI"EN IZ 141 

" DATA BUS4t ~ OPEN lZ IJI 

" REQ TO SENO " OPEN IZ 121 

" :olMIT~D CATA " OI'ENIZII) 

" t.IEM SELIN .. OPEN lZ 101 

" DISK CfT "' OPEN lZ 9) 

" ''" " OPEN lZ 81 

" 20mADATARET " OI'EN IZ 71 

~ TTY TAF€ CNTL RET ~ OPEN IZ 61 

" MEMDRYSELDUT ~ OPEN IZ 51 

" INTE IN CTC " OI'EN (Z 41 

n .,_ ~ OPEN IZ 31 
~ USERSTRBJ " OI'EN lZ 21 

" DISK STRB .. OPEN lZ ti 

" AOORESS BUS 7 .. .. 
" ADORESS BUS B 00 •• 
'" IOWR- " .. 
" AODRESS BUS 5 
~ AODRESS BUS 6 NOTE: Opon P•n> .,. do! ~noble 

" RESE'T- b'i "'"- Ono " I>YIIod up !of "'' 

" ADORESS BUS 15 u o"'"""' lo• ;ntern.Jp< o~ollle 
~ 110 SUB CROUP 2- <llt'•v cn.,n. 

POWEil SUPPL Y: +SV OC ~5%. curr<nt: 2 ampo 

mu ¡ .. ;,n l PROMol 
CONNECTOR: : 22-pon O<l90 1100 mol <poco~gl 

AuguPN 14005-19~1 
SIZE: l.en<;th, 7,7" 

Doptf\, 7.5" 
Sp.o<tng. 0.5'' con<on 

ENVI RONt.IENT Al: o•- 50' C lomporoturo ""9" U~ 
to 90% num!dtty ,.,tho..t con· 
donutton. 

MEMOR'I' CAI'ACJTY: u; o.- 16K DVtOS <>vnomic RAM 
1>1uo up to 41< bvtt'l PROM. ROM 
or EPROM. E~oand.bi• ~y o>o 
ol Z80-RM8 16K RAM ooa<d to 
&o~ te: tlvtt'l ol ,.,.,n mtn'l,.... 

1/0 CHAHNELS: S.nol 1/0 ~"" wom Rs-1320< 

20 "'A"'"~' lo<>P intorfoco: 
T.., 121 <oltv.or. contigufoblo 
bldinctlonol S.btt ~a<ollol 110 
pom. 

!'-ICB - 1'1:'1 OUT (SOLDER SIDEl 

" '"' 00 
,._ 

~ "o " AODRESS BUS 14 
~ "' ~ 110 SUB GROUP J-.. ITYTAPECNTL ~ 1/0 SUB GROUP 1-
~ -SV E:olTERNAL ~ ADDRESS BUS 12 

" -5V EXTf:RNAl .. AOORESS BUS 4 .. 0ATABUS4 " ·-.. •12V EXTERNAL "' ADOAESSBUSJ 

" +12V EXT'ERNAL '" ADORESSB\JS2 

" 0ATABUS2 "' AOOAESS BUS 1 

" -t2V EXTEANAL •m AOORESS BUS4t 
~ OATABUSi '~ 110 GROUP4'-

" DATA SET READY "' 1/0 CROUP 1-

" DATA BUS 1 "" 110 CRDUP 2-

" DATA T'ERt.l. RD'I'/ "' 110 GROUP 3-
XMITCLK "' 110 G A OUP 4-

" 20mA RECV. REThi.l >OO BUS RO-

RECV. CLK '" NMI-

" S'I'NCOETECT "' PIO INT'E OUT 

" INT- "' SERIAL CLK IN 
m LINE SIGNAL OET. !ZXI 

" 20mA RECV. "' HALT-

~ USER CIT 3 '" INTE IN PIO 

00 ROM SELOUT '" . ,_ ,. USER RTC CfT "' 
,._ .. MAQ- "' INTE IN SER 

~ CTC INT'E OUT "' %4> 

" 2)( SERIAL CLK '" WAIT-.. BUSAtc:- ·~ O>! O 

" AOORESS BUS 9 "' , ... 
00 lORD- "' O>! O 

" AOORESS BUS 1(1 

" AOMSELIN-

¡ . 

--·----- -- --··--- ---'"·=~'"-------- ----·-- ----
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iSBC 86/12'" 

SINGLE BOARD COMPUTER 

8086 16 bit H-MOS mic.roproeessor 
central processor unlt 

32K bytes of dual-port read/write memory 
with en-board relresh 

Sockets lar up to 16K-bytes al read only 
memory 

System memory e,;pandable lo 
t megabyte 

24 programmable parallel 110 Unes with 
sockets lar interchangeable Une drivers 
and tennlnators 

Programmable synchronousl 
asynchronous RS232C compatible serial 
interface with software selectable baud 
rates 

Two programmable 16-bit BCD or binary 
counters 

9 revels ot vectoreC lnterrupt control, 
expandable to 65 levels 

Awdliary power bus, memory protact and 
power tan interrupt control logic lar 
read/wrile memory battery backup 

MULTIBUS lnterfae!l lar mu!limaster 
conflgurations and system e_xpansion 

Compatible with iSBC. 80 lamily single 
board computen., memory, digital and 
analog 1/0, and perlpheral controller 
boarós 

1"!>. ISSC 86112 51"918 Boara Comout~r is a mambet el lntal'~ ~omplete llr.e ol CE~ m•crocomputer systo·TT,. w~icn 
take 1~11 ae.ar.tage el lntel's [SI t&:nnolcgy te prov,de ...:onomical Hll-<:cnta•ne<J eomouter tlase<! &eiUIIons lcr 
CE~ .tpc!lcal•one. The iSBC d6112 la a completo ccmpul" sys~em on a ••ngle 6.75 x 12.00.incn pnntft<l elr<:ult can:!. 
The CPU. systi<TI cloct, readlwrite m..,..,., """volatUe reed only memory, 1/0 pOrtS and dnYe~ sen,.¡ commun~o 
C<~tlons intert-. pnonty intetrUPI loqlc atld Pf'O<lrMT!m.IPie timOf11, all resido en thu t.oard. Fun MUL neus inlertace 
loglc ia •nclude<J te olter com~tlbillty witn lhe OEM Mlcrocomputer Syotoms tam•ly el Singlo Board compute-s. 
uPllns10<1 memory opllcns, dlg1tal anC analog 110 e•P8f1SioTT boards ano perlpneral co~trollers. 



iSBC 86/12'~ · lll 
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FUNCT!ONAL DESCRIPTION 

Central Processlng Unlt 
The comra1 Ptt>Cessor lor tha iSSC 81!/12 ls lntei'S 8086, 
a power!ul t&-<llt H·MOS devrce. The 225 SQ- nlll cn•o 
eomao~s 29,000 tran•rstors and nas a cloci< rile ol 
5MH:t. The ucturecwr~ oncludn tour (&) 16-bn byte 
aodre•sallle data regosters. 1wo 121 16-bll mamory oass 
oomter i~osrers atld two 121 l(i.bU rnaex '"''sters. all 
iCcesse<l ov • total ol 24 o~ra.na aaatnsrng mo<les 
~Of comPIU data Mn<lling .u>d very llexrble memory 
lddressrng. 

tnotnE~ion s.t - The 8086 lnstnJC!Ion rep@rto~re •n
c1ud" •a11aole lengtn instruct•on tormat {>nctuarng 
dOuOie ooora.n<! inotructronsl. 8-blt and 16-bll .,gned 
an<1 un01<¡to&d amnmetrc operators for l>lnary. seo ana 
unpacke<l ,t,SCtJ <lata. ana rterati"" w001l and byte 
stnng man•oulatJ<)n lunctrons The 1nstructr011 se! ol 
me 80B6 os a superset or the !1080AISOB5A lamLif and 
,.,¡n .-a•laole scttware toola, ;>~QQratnS wnnen !or t~e 
B080A/80!l3.o ca11 be •u•ty ccnver111d Olld run en t~e 

BG86 ~rece"""' 
' .\reii~KIU'II Fu¡ur.,. - A &-byte •nstruCtiCn queue 

;re.,~e• ~r•tetcn•nQ ot seouentiat lnstructlono and 
.;an reduce the 1.2~ sec minimum instrucuon cycle to 
-ro nsoc: by hav•nQ tne instrucllcn already in the queuo. 

't.:' 

TM stacl< orl&nted archltecture !ac•lltates nestll<l suO. 
rout!nea anll ce><outiMS, '"nuant coae """ powerlut 
interruct t~andl•ng. The r~emory e•~;ana~cn apa.Dllllln 
o!lar a t megabyte actdre•a•ng ranoe. The aynam•c te
location scheme ollcwa •••• in s&gmentation o! ouft 
procO'IIure ar><l data ter ethcient mtmcry uiOI<:.ahon. 
Fcur s&gmenl rlg•sters lCO<II. sta<:l<, <lata. a•!r&) con. 
ra,o orogram toaded otlset vatue• wh•ch a,. us..O to 
,a o 15-1>11 addruses te 20-bit addttsoes. Each reg•ster 
"'""" &IK·bytu at a time ana ac:uvsucn el a sDec•llc 
r~•ster os controtled ~xpliCitly by ¡~rogr;¡¡m contrOl and 
is "'"o selected imptlc•tty by speclhc 1unc11ons and 
.nstrucuons. 

Bus Structunt 
TM tSBC 116/12 nu an tn1ernal bus !or cemmunoc•nng 
"'''" on-t>c.ard memcry ano:! 110 cptocn~. a s~11m bu~ 
{IM MULTIBUS) lor fl!/erenclng addulcnaj memcry and 
110 cpt<ons. and t~ •• dual· Den t>us wn,cn allows acoess 
lo RAM !rom th• on-!Xloar<l CPU &nC the MULTIBUS. 
local (en.tx>arol •ccesses 0o no! te<IUI!ll MULTIBUS 
ccmmunicatton. mel<1ng tne system bus ave.leble lor 
use by other MULTIBUS maaters (1.&. QMA, dltVICU an<l 
otMr Single t>card CcmPUII!'S translenrng te ..:idltiONII 
sys1em memory¡. This lea•ure allows true paralleJ 
proces .. ng '" a mult•cro~essor envlfonmef1t. In ada~ 
tlon, tne MULTIBUS tn¡erlac& can 1>1 used lor lyotem 

- m ... ::::J --""' 
!'?) ., --s- " --- _, - ~ ···-
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ISBC 86/12"' 

upansoon 111rnu~M tne use el otner &. 0110 16-011 •SBC 
comcu1e~. mernory aM 110 upans.cn boards-

RAM Capabililles 

. Tne oSBC 86112 ccntalns 32K-bylU ot dynomlc read/ 
wrlte memory usong lntel~ 2117 RAMs ~owe< lor the 
011-Deard RAM and retresn corcuoli'Y may be cPliOnally 
~ro••Oed on an au•IHry power bul, a11d memory pro
IKI logoc ·,, includOI<I lor RAM batlery l>ackuP requore· 
ments. me iSBC Blll 12 contaons a dual pcrt C<>ntrcll•r 
wnocn a11<»<-s accns lo the on-board RAM trom 1ne 
oSBC 86112's C~U ano lrom any clher MULTIBUS 
muler .,. 111e system bus. The oual pcrt ccnuoller 
allows 8- ano 15-M accesses :rom lhe MULTIBUS ano 
one on-~d CPU transters data 10 RAM o- a 16-bot 
cata patn. ProOfltoeo nave been establlshl!d sucn tnat 
memory relresh ls guaranteed by tne ""'boal<l relnosh 
1og1c an<1 tnat tne cn-tocaro CPU nas prtcnty over 
MULTIBUS requeots tor accn• te RAM. Tne ouat·pcrt 
controller includes indepeMenl addnouing h>goc lor 
RAM access trom tne 011-- CPU ano trcm tne 
MULTIBUS. The en-board CPU will always acceao RAM 
5lllrtln~ at locatlon 00000~. Addreu jumpera allow on
boara RAM te be locatea S!arting on arty 6K-byte 
boull<lary wrth1n a 1 mr¡ogatryte adoress range lor ac· 
ceoses trom the MULTIBUS. In con¡unctlon wo\h t~ls 
teature, troro ISBC Be/12 has tne atorllty 10 ~rotect 011-
bo&ro memory lrom MULTIBUS accus te lllly COI1-
ti~uous BK-tlyte sr¡ogments. Tnese teaturea allow mulll· 
~rocusor syatems ¡g ee1abllan local memory lor eacn 
~r<>eassor ano snater:t system <MULTIBUS) memory 
C<>n!lgu,.,.trons wroror. l~e total system memory size 
c;ncludtng lOCal cn-t>oal'(t memcry) cart excHd 1 me¡¡• 
byte wi11101ft aodreuon~ ccntllcto. 

EPROM/ROM Capabilltles 
Four ooc•eto are providea tor Up te 16K-oy¡es el nor>
ooi;atlle .-....:! cnty memory on tne iSBC !16112. ROM 
mav be aooeo in 2K-byte HICrements up te a m .. rmum 
ot •K-byte• by u.,ng lnlel 2758 electrocally ~ro¡¡ram
matlle ROMa (E?ROMS); rn •K-oyte Incrementa up to 
8K·bytes by usong tnt•l 2716 EPROMs or lnlll 23teE 
mui\ea ROMa; cr In SK-byte Incrementa up to 16K· 

~yteo by uson~ tntet 2332 ROMa. On-bcard ROM os 
accused voa 16 bit aata pat~s. System memory SIZe os 
eully expandeo by t~e <lddltoon ol MULTIBUS ccmpat
lblt memory bo&ras avaolable in tM iSBC 80/1!-6 
lamoly . 

Parallell/0 Interface 

The oSBC 86112 contaons 2• programmaote paratlel 110 
llnes imptemenoeo us•ng tne lntel S2~~A Pr()Qrammabte 
Penpneral lnt..-tace. Tne system oottware rs useo 10 
conligure IM 110 hnes in 1ny combonation el untOI· 
rectlonal oncutlcutput ano bldrrO<:trOnal PCrtS ondocattO 
on Taole 1. Tnerlllore. ¡he 110 on1ertace may t>e custom
tzea 10 meet scecrftc perlpneraJ reouoremants. In crae< 
le ta•e lull adYantage el tne larqe numMr ol pessoble 
110 centiguranons. socketo a"' prO'IlOed ter onte<· 
cnangeable 110 line anvars ano termonalors. Hence. 
lht lloxobillty ct tne 110 'nltrlace rs turtner en""nclt<l 
by t~e capablllty cf selec1•ng tne •oorcpnatt combtn• 
atlon of cptlon.a.t line onve~ and termrna1crs lO ~rovrdt 
1ne reQuirOI<I ~in~ current, I)Oianty, &M arovetlermon
atlon cn.ractenstlc$ ror eacn applicau<>n_ The 24 pro
grammaote 110 lln" artO slgr>aJ grouM tlne~ .,, 
btought OOJt toa 50-p!n <ldge ccnnector t~at mates wnM 
tlat, woven, or rnund cable. 

Serial 1/0 
A pra<;¡rammable communrcallcns ontertace u~mg tM 
lntel 825111. UniVIflal Syncnronousl,.syncnroMu• A,.. 
ctr>e<ITranam!ll&r' <US&RT) is contatned en one rSBC 
86112. A oollw""' aelectable uuo rate gtnerator 
provldes the USART wltl1 all comm<>n ccmmunrcatoon 
freQuenclel. Tne USART can t>e prO'¡tammed by !Me 
system :~<~ltware to $tlect tne de01red ,\Synchronous or 
synchronous •enal data tra11smrso1on tecnn,~ue ¡in
Ciudlng IBM SI.Syncl. Tne mOde of o~>e<allon ct.e .. syn
cnronous o: asynchronous), dala lormat, contrOl c~ar· 
acter lormtt, panty, and baud rateare all under pr~ram 
control. The 825tA previdas lutl duplex, dOuble bulfereo 
lransmtt anct ""'"'"" ca¡>abrtny. Panty, ~ve<nm. artd 
r"'mrng error aetec11on aro aH incc,..o,.,.tea in tn• 
USART_ Tne RS232C compatible interface on ucn 
boaro, In conjunctlon wtth tMe USART, crovooes a 

1 MCI<Ia el Opantlon 1 
Unldl..c~loruol 

'M Llnes 
Input OuipUI Bldlrlellonal Conlrol 

lqty) 

u"'"'' ~-· Latched u•- Strabt<l •w-
' • 1 ' 1 ' ' ' 1 ' 1 , 1 • 1 ' ' ' ' 1 1 

' 1 • ' ' 1 ,. 
1 1 • 1 ' ' 1 

,. 1 

1 

- . .i 
!_ ...... Ql _,l '""" .. ,_ .. aa O COOI'Ol _., ~- '"""'""" 1 O< - 2 ... ,_ .... O 101""00...., .. - '"""' "'o 10'<1'>00 .... 11-O•.OO.I ¡ _, '"'""", ............ .,.,,,.,..., --

Tal>le t.lnpu1/0utput Po" MOdu ot Operatlon 
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ISBC 86112"' 12 
dlrec:t •nterlace 10 RS232C compatlbl& termlnab, cas
unea. ;ma uync~rcnous ind syncruonous modem1. 
The RS232C com!llllnCI Unes, unat data llnes. ano 
11gnaJ crouM line ue brougnt out to a 2& pln edce 
connec:tor tila! ""''" w•tll RSZ!2C compatible flat or 
round cacle. Tht •SBC 530 Telttypewrner AC!apter 
prov•des tn ootle.ally itolateCI interlac:e !or tnoae 
syotoms tiiQuinng 1 20 mA current loop. The .SBC 530 
may be uaed te 1nterlace the oSBC 86112 lo teletypeo 
wrlters or otner 20 mA currentlcop tQuipment. 

Programmable nmers 
The oSBC 86112 ~rov•<les tnr"" mdependent, lully 
programrnal>te t&l>lt mt.....,l.l mneral.....,t countera 
utlllzlng the lntel 82:!3 ~rcgramm.Oift lnteNal Timar. 
Eacll counler is ca¡J&tlle ot ooeraunc In elth" BCD or 
b1rwy modas. Two el tMse tlmMSICOut\tftra ara aval~ 
&Ole to tM systems dnicner to cenerate accu!31e lime 
1n1ervaJs under sollware control. Routlng tor IM OUt· 
puts at'ld gateltnggor •nouts of IW<> of these countera 
oojumper aelectatlte. The outPuts mey be independentty 
routtd to tha 82~9A Progr8mmabte tntem.JPt Corrtrotler 

Funcllan 

lntam.Jpt on 
terminal count 

¡;onerator 

S~uare-'"""" 
rare gMa,.,.tor 

Sottwart 
lfl~g-
31ro0ft 

Hardwart 
rr1~e..-a 
strotoe 

Event counter 

Operatlcln 

wnen t&rminal count ls reacl\ed, 
¡n intem.Jpt t8<1UUI is generated. 
Thoo luncuon is utremety uHiut 
lor generatton ot reeHtme cloc:~•

O"'Qut goeo lo-.. upon rec:.ipl ol 
on utemat trigger edge or l<ltt· 
wore comman<l and retums ~lgh 
"'""" temuN.I count is reacned. 
nua tunctlon is retnggeraPie. 

Ol•ide ~y N co~nter. The output 
,.¡u ~o to-.. 1().1' one input ctoc~ 
Cy<:le, at'IOthe p1n0d trom one low 
go•nc p~tse te tne n"xt is N times 
tne input ctoc:~ pertOd. 

Output will rem;un htgn un!ll one
natltl1e counl hu been completad, 
and go tow tor tne otner hall ol 
tn• counr. 

Output rematns h•gn untll aoll· 
ware leida count IN). N counts 11· 

te< count iS loeded, out~ut coes 
IOw lcr one rnput CIOCK pertOd. 

Ourput goea lo·" lor one clock 
¡>anOd N counts alter rislng e<lge 
counter Ulgger tnput. The counter 
is retnggerable. 

On a jum¡,er serectat>te W.S•s. tne 
clrx;~ •nput becomn an input 
lrom tna axternal sy,¡em_ CPU 
m.oy re~a 1ne number ol evemo 
occumng aller the countlng "Win· 
dow" has been enaiJied or on 
int•rruPt may De generate<l atter N 
events occur '" tne sysl...,. 

Toble 2. Progromm•Die nmor functlorrs 

,,_ 
and to the 110 lona dr~vera assoco~l&d Wl\h IM 825~A 
?rogrammaPie ?ott~pn- lntertece, or may be route<l 
u onpu\S to the 8255A cntp. Tne gatelt11gge< inputs 
may oe rcuttd to 110 term•natora assoclatad woth the 
8255A or u output connec:ttorrs lrom lht 8255A. The 
thtrd int""at t.mer in tne 8253 provides tne Pte><ltam
mable baud rate generBtor lor tne tSBC 86112 FIS232C 
USART Hr1al oon. In utlll11ng tne ISBC 86112. tne sy,.. 
tems aeotgne< somply configures, voa sottwara. tacn 
tlmer tndependently to meet system ra~uueme~ts. 
Wne,..er 1 glven time delay or co~nt 11 niMded, ~olt· 
wara ccmmana~ to tht pre><lrammable ttmerslt•tnt 
countera select the ~es•red lunctlorr. Saven functtons 
are avallal>le, u snown In Tabla 2. The contenta ol 
.. en ccunter may be read at ""Y time duflng system 
ogeratton wotn Simple re~a operatoons lor avent cQ<Jnt
lng appllc.al•ons, at'ld spe-ct.al commat'lda are ,ncluded 
1-0ttlat the conlltllts can be reed ··on the tly". 

MUL.TlSUS and Mulllmaster Capablllties 

Tlle MULTIBUS lettures uyncnronous aara translers 
lor t11e accommodal•on ol de.,cn woth varlous ttansler 
nlteo whlle maontaln1ng max1mum througnout. Twenry 
~dd""'" Unu and sl•teen upan.te Clara Unes ellm•l'\&te 
!M neec:t tor a<ldrenldata mulllpla•lngid...,ultlplextng 
loglc '"'eo;j In other systems, and allow lor <lata t11.nafer 
ratas up te 5 megawctlla/sec. A taoiHie t1met ,, in
ciudad in tha tSBC 86112 wh•cn can be uoed to g•""'· 
ate "' lntam.Jpt 11 an ICidnlstotd dev•c.e does not 
1espond withtn 6 maec.. 

Multlm••ter Capablllliee The iSBC 86112 is a lull 
computaron a !Ingle boUO wotn re1-0urces capable of 
suppc¡f11ng a great •ar•tty ot OEM sy~tem t8<1u•~ 

menta. For those appli~atoons requlrong a<ldlttonai 
processmg capacoty ¡nd tne t>enellta of multiprocesslng 
(l.e.. ....... rat CPUo at'IO/or controll~tra log1UJty snanng 
system tuko through communtc~tlon o11er tne system 
bus¡, the ISSC 861 12 provloes full MULTIBUS a.rtmratoon 
control log•c. Tnis control IO(I•c allowl up to three 
ISSC 86112's or other bus mastera, tncluolnq ;sac 80 
lam•ly MUlTIBUS compatible 8-blt smgle bOard com
puters, to snart tne oys,.m bus In sen•l (dai~y cnaonl 
¡¡r1onty l&31!1on. ano up to Hl masters to snare tne 
MULneus wltn tne adO•tlon el an t•t•m•l pno111y net· 
worl<. The MULTIBUS arbltration logoc operates syn· 
cnronouaty woth a MULTIBUS ctock tpre...,de<l Dy tne 
ISBC 86112 or optlonally pro.oOe<l dlrectty lrom tne 
MULTIBUS) wnlla data la t"'nslerrtd .,, • r.anosnake 
b<Uween the muter ano slaV<> modules. Th•s auows 
dlller<~nt ·~~ad controllers to shere reaources on tne 
same bus, and transters v•a tne bus proceed I.Oyn· 
ChtoriOusty. Thus, transler ·~ is <!epenaent on 
transmmmg and rece•••ng aev•cn only. ThJS OeSign 
proventa alow master mOdules lrom beong nanaocappee 
in t~e" attempts to g8on control ol tne Oua. DUt aoes 
not r•stnct the speed et wnocn !aster mOdules can 
rransfer data •ia 1~e oame Duo. The moot ot>v•ous appli· 
cat•ans ter tne master-slave cap•co11t1es ol tne ous are 
multocrccassor contigur1Hons. high speea direct mem
ory ..:CIS$ lOMA) operatlans. ano M•gn ~oeea pe~pMrat 
conlrOI, but are by no means llniltad ~O IMUe tnr.te. 

• 
·------------"o_::: __l!:-_,_1_ ·---- -------

• 

1 
• ; 
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____________ IS_BC86~11~2=-'·~~=i~==-==~~~=;=.;;=~,1 

~ Modt Operatlon 
FYity n .. tooo tn~errypt requnt tont pnornou 

flxf!<l ti O u ntgnest, 7 u towest 

Eoual priorlty. Eac11 ¡...,,.¡, alrer 
r&et..,ng ,.,.Ice, beo:ornes tM 
towest pnorlty leve! untll next In· 
terruot cccurs. 

lnterrupt Capabillty 
Tn.. oSBC 86112 pro>"ldts 9 ...:tored '""mlPt levets. 
The nigMst ""'" ts tht NMI (Non-MaskaPte tnttmJpt) 
ltne wnocl1 os dlrectly Ued lo tne 8086 CPU. Thto lnter· 
rupt cannot ~ tnh•b•ted by sol!ware and is typlcaJty 
usad tor s'ognaJiing ~tutroPhic eVflntstt.e., I)Owe< lai~ 
urej. On servlcing thio lnterrupt, program conH'OI wtll 
be ,mpticuty transterre<l tnrougn tocatoon ()(l()Qa~. lñe 
lntel 82~9A Prot;trammaote lnterruPt Controller (PIC) 
provodn •ectonng lor !he noxt eoght onttrrup¡ l...,ls. 
As ohown in Taote 3, a oetecllon of lour Prionjy proc
.,...,,n~ modu is avaolaOie lo tne systems designer for 
u:s.e in oesognong requnt ~enong conf19utatlons 
to maten system requtraments. Operattng mode aM 
pnonty assognments may l>e r~<:onllgure<l <:lynamicatty 
.,. software at ar1y !!me dUnn<¡ system opera110<1. lñe 
PIC accepts •nterrupt reQues10 trom tne progr<~mmacte 
p;or:aileo aM unat 110 tnterlaoos. the prot;tramm..Ote 
Hmers, the oystem but, ot dorl<:tly 1rom penpn-..J 
"'lUtPmenL The PIC then aetenntnes wnocn el tne 
incomtng reQuests io el tne nignest pnemy, deter
mmes wnetner tnis request ,. el noohtr pnonty tllan 
tl'le , .. ,, curren!ly beong servtce<:~, ar1d, 11 a¡¡proprtlle, 
oS$ues an mterrupt to tne CPU. Any cem!l>natlon ot 
interrup¡t...,ts mey be m:aakad, .,, SQhware, by storong 
a singje l)yte in tne inle<ruPI mas~ reg¡oter olthe PtC. 
The ~C genarates a unique memcry addrass ter ucn 
inten-upt "'""'· Theoe addresseo are equally spaclld at 
4 Oyte lnteNals. Thls J2·byte bl<><k may be!;ln at any 
:12-l)yte bounaary in tne IOwe$1 tK-bytn ot mtmory, • 
and ccntains untque instructoen poi~t•,., a~d ccae 
Sf!9ment otlset values jiOr ox~nded memcry eper. 
atJO~) IÓr aacn interroP! 1 ...... 1. Alter acknowted¡¡-•1>11 an 
r~terruPI and c~t.tJni~q a devr~e identl!ler l)yte.trom 
tMe B259A PIC, t11e CPU wrll storo its otat~• llago "" 
t~e sta~k ana e~ecute an ondll1tct CAL..L lnstructlon 
~nrougn tn. vector lcc.allon (<lert•lld lrom tt>e d.,.tce 
'·.i«>tol"" to tne lnterT\Ipt """''e' reutln-e. In systems 
r '-;u•rlnq odCittonal lnterruot 1....-ets. stave 8259A PIC's 
-.·.4 be rnterlacoa .. a tne MULTIBUS, 10 gene<ate 
. • :.¡;too"'l •~ctor lldaruaes, y•el<llng a tot.al ot M 
, . .-,.que tnterrupt le•els. 

lnton-upt ~eQIM&I Gen-tlgn - lnterru~l reQuUts 
may on¡¡-tnate rrom 16 sources_ Two iumper ·leteotaCJo 
interrupt rec¡ueal! <:an be automatlcally ~oneraled Oy 
!he programmaCie PenpMrat thlerf:ace when a llyte ol 
onforrnauon is t&adY to be translerred to tne CPU (r.e., 
rnp~l ~uller •• lull) ora byre ol •nlormaiiOI' hU Ooen 
translerrec to a o•nchar:at de•ice (l.e., output cuHer io 
ltmPt)'l. T .. o rumper selectaole intetnlp! ro-q~ests can 
De automa!Jcatly generatf!(f Py tne USART wnan a cnar· 
acter is reacv to Pe tranalerroa to the CPU ¡t. o .. rece!Ve 
cnanneo Ouller ls lull), er a cn;¡racu..- rs tee<IY to De 

transm•ttll4 (I.<L, uansm•t cnanner data cultor '" empty). 
A ¡umpor solectabte requut can atoe be genoratad by 
ucn el IM prcgrammablf tlrner!. Er!lhl addlloanal 

"Note: lñe llfst 32 vector IOcat•ens are ruerve<l ~y 
lntel ~or de<located '"Ctors. Usero wno wran to maln· 
tarn compall~ollty "'''" pr<taent and luture lntel prcd. 
uets •nould no¡ uae these loca11ens ter uoer-dehne<l 
vo-cter ~adras ses. 

"Auto-rotatlng 

Specollc 
pneroty 

Polle<l 

System software an•cn• lowt•t 
pnomy leve!, ~noruY ol all otner 
tevele l>a.sed In oequtnce numer~ 
ca!ly on tn" usignment. 

System software exarnones PriOri· 
ty..,ncode<l syotem '""n'UPI st•tus 
•oa onterrupt stttus '""'~ter . 

lnterrupt re<~uut l<neo are ••1.1la1>1e te tne uaer tor 
dimct lnterlace 10 user desognattt<l penpnerat oe .. ceo 
vla the system bus. an<:l two interT\IPI r~<:uest llnes 
may be iumper route<l dlmc!ly lrom pertpherato .,. tl\e 
l)arallel 110 On•erilermlnator sec11on. 

' 
Power-Fall Conlrol 
Control l<><;¡tc ia atso inctuafl<l 10 •cupt a ~ower-latl 
lnterrupt In coniunction w•th tn• AC-tow slqnal trom tne 
ISBC ~ Power Suppty or o-qutvaJent. 

Expanslon Capabilltles 
Memory and 110 capaciiY may De exP...,<Itt<l an<t ad<l~ 
!lona! lunctoena ad<IQd using tnttl MULTl8US comp&lr· 
ble expanslon bcards. Migh oPfMid rmeger and llcatong 
polnt &nthmetic capabilities may o.. addlld ~Y usong 
the IS8C 310 Hlgn SPH<I MathematiCS Unrt. Memory 
may be excanatt<l to 1 MegaC)'(e cy a<ldlng user specr· 
lled ccmctnatrons el RAM I>Cards, EPROM llcanl!. or 
ccmOinatlon ~ds. lnputJoutPU! capacrty rr-.ay De rr>
creaslld cy aaatng dtgotal 110 &r><l anatoo;¡ 110 exp;on· 
srcn boards. Mass stor:age capatlrllty may Pe achr..,.ea 
Oy addlng smgla or ooubla <tensrty disl<at!e centrOitero. 
Modular expanda!>le backplanes &n<l <:anlcage. are 
a•8•1ab" to support multiCoanl sy11ems. 

Note: Certaon oystem •e•tnctoons may 1>ot oncurrlld by 
tne onctuston ct oome ot !M iS8C BO tamlly o~uoos In 
an 1SBC 86112 oystem. Consult the lntel OEM Micro· 
cemputer S'f'ltem Conloguratron Gu•<le lar spaclllc 
aata. 

System Developmenl Capabilltles 
The aevetopment cycte al oSaC 86112 prO<IuCl> can be 
atanofrcantly rf!(fuce<l cy us•ng tne IIOP""' aos< ba"d 
lntellec* series mocrccomputer developmenl •vstem•. 
The AuemCter, Lecatong Llnl<er, LIC"-'Y Manager. Tul 
Editor anct sysurm menotor are all oupperttt<l ~Y t~• ISIS. 
ll diSk bastt<l oparattng oystem A monimum ot 64K. 
Oytes ol RAM ,. nee<led In tne tnt•llec sysr•m to ouc· 
pon Pfllo9tam aevelcpment ter IM iSBC !16112. To 
tacoli!ate con•eroion ol BO&lAisoa5A auemoty tan
guage programs oc run on IM oSBC 86112. CONV-86 is 
a>a!laOte under ¡neiSIS.II ci>eranr'g $)t!tem. 
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lnlorfa.o. an<l E>eQ~Ii<><l Pockago - T~• oSBC 957 
lnlerface and Executoon Pacjcage auowa lhe lmellec 
uaer 10 on1ertace an oSee 86112 aystem to tho <leveloP· 
nlflll sya!em. lnclu<leo wnn !he ~ackage ;ore 1ne neces
so.ry c.aCies and software le allow tnonoler of lile• 
betw...,n tne lntelloc sy,.om and IM 1SBC 86112. 
AddiUonlfly, lhe lntelfoc user can accns 1 sys.em 
monotor Pr<)Q~m (IUPPII&<I on FIOMsl reaodenl on th& 
,sac !6112 whoch aolcws occeu to wcgr1ms loaaed 
m te lhe oSBC 86112. The system mono l.,.. •nchiCies com
m&l'l<ls te uamone and mocMy t<> mem<><y, regoot•rs 
aM 110 pcns. A<:<II!ICMJiy, braai<poonls, searcnes, and 
Othor uselut cpera!IOM are includOO lo somplity oo!l· 
war. dOCug, Us&a in con1unctoon ..-otn IM oSBC 957 
Package, 1SSC SSI1< ex ... utlon o•cl<ageo are ollered 

SPECIFICATIONS 

Word Slze 

ln1!ructl011 - a. 16, 24, or 32 bots 
Dlta - 8, 16 bilo 

Cyele Time 
lloslc lnslruc!ICWI Cycle 12 ~$00 

400 nsec: I&M~m .. 
instrue!lon in t~• (!Ueue) 

••• 
-.o Jnot"'<!"" ..,.,., •• Oof"- .. lhO , .. '"' ....,n.o<rl<>n ,..,. (Jo.. ---
Memory Addressing 
On Boan:l f!OIIIIIEPROM - FFO:JC-FFFFF~ (usmg 2758 
Ef'l'IOM'at FEOOO-FFFFF~ (usong z:l16E ROM's or 2716 
EPROM'$); and FCOOQ-FFFFF~ (usong 2332 ROM's). 
On-l>cor<l RAM -32k b)'le! Of du.&l p.on RAM.CI'\J AC· 
CUs: 00000..()7FFF~. MULiTBUS ACceu os jumper 
selectallle lor any 8K·byle bOundary, b~t not cros•ing a 
121!K byte Coundary. Accus ,.,.. 8K, 16K. 2•K. or 32K 
~)'leo may !le selectit<llor CPU""" Otlty. 

Memory Capacity 
On-8o8t<l"""' Only Memory - 16K ~ (oocketscnlyJ 
On·B""r<l RAM - 32K t>y¡eo 
011-Bo.r<l Exponskon - UP lo 1 megat>yta in uaer 
•pecrlie<l comDor.auons oii1AM, ROM, and EPROM. -"- "'"' '""''""'!' ""'' oo - In 21<. •1<. o• ""·""• '""'"""""-

1/0 Addressing 
. On Board Programmabll 110 - ~ ~" 

' 1 : 1 l 
, __ 

o ... ~-....... ca 1':... ) ce 1 " ~- ... . ~ " 
1/0 C.apac!ty 
Porallel - 21 prOc;¡rammal)ll hnu tJiing ene S2SSA. 
S.rtai - 1 programmo.~l& ¡ine usong croe 8251 A. 

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

' 

wnocn inchn:le addotoonal naroware sucn as the ISSC 
560 syltem chusos lO moun¡ an<l powar tho oSSC 
86/1 :¡ ter prcgram development. 

Pl/M-10 - lntel'o nogn 1ove1 programmonq langu1ge. 
PLIM-&l. lo also avaolaCie asan ln!ellec mocrocomouter 
deve-~Qoment sys1em opnon. PL/M-&l PfO'frdes '"" caD;>
billty te PfO\ltlm In 1 naturll, ~•gomhm¡c llngu•a• ano 
olom•netn lht nelel te maneg~ r&giSter unge er oll~ 
eale memory. PUM-811 ~roc;¡ram~ can ~e wf<Uen '" a 
mu.;h snoner time ¡han usemOIY lan~~age POil"ms 
ror a goYen aPPIICallon_ f'UM-85 rnciudes bYie ano 
wotd, integer. peinter aM lloa11ng po,nt (32-blll cala 
m>eo an<l also •ncluce-s concuoonal compolatoon and 
macro leature• 

S&rlal Communicatlons Charact&ristics 
Syncht0nc1<11 - 5-8 bll cnaraeters; in•.ernal or ,,,.,. 
""'ChalaQer synchmnomoott: au!orNIIc sync onaerto011 . 

Atynchr<>nous - 5-B bll cnaracters; break character 
generatlon: 1, ll'it, or 2 stop bus; lilao star¡ bll 
deiect/011. 

F-..,ii<~O! Uud R.,oll411 ---· ......... _, ............ w ' _, 
'" 

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

.... __, ... ..,..., O. 110 wnto ol ............. ,. '"""'' "'"'""""'"" '"""" 
10 ......... _ .... ~ ,.,_ 11. 

Jnterrupts 
AC!dntSO .. lor ~5aA P.egille" (Hex nOIITion 1/0 ~e
dren space) 
CO or Cl Wnte: lnoHalinuon Comrnan<1 Wor<l 1 (IC\Nll 

ana Operauon Control Wor<~s 2 lnd 3 
i0CW2 ond OCW3l 

Fleac:l: Status and Poli Fleg1slers 

C2orCB Wnte; 1CW2. 1CW3, 1CW4, OC'N1 (Mas~ 
Regost~r¡ 

11ead: OCWliMask 11"1jlS1er) 

~-....... '"""'"' ...... ,. '''"' ""'"""'""'"" ""'""'" .... , ... 
..,. """ ....... •' '""''"' w .... ••''"'""' w .... ,.,,., ...... "'""""-

lnllrruPil .. els - 8085 CPU mcluoes a non-mas•a~le 
lnlorruPI (NMII •nd a mukabll rnterrupt IINTR) NMI 
•nterruPt is ~rcvided lor catastroPhtc ovents sucn as 
p.o..-er lailure NMI ~torac:t<lres•'" 00008.1NTR-,n1er-

;;. '!''-------------------·· 
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tlJP! í$ ~"""~ by o~·Ooaro 8259A PIC. whlcn provrdu 
B·M oaeml!ler el imom.J~tonQ devoce to CPU. CPtJ mul· 
lrptin i(!enuroer ~Y lour 10 aenve ve<:tor aad~n. 
Jumper• utect rntom.Jpts !rom 18 sources wotnout 
no¡cessoty el extemaJ hardware. PIC m.oy De pror;¡rammll<l 
to accomrncdale eag .. sensu•~ or 1ev11~1en~ou.., lf>. 
~uts. 

nmers 
R"!!ist&r Aaa .. ues (H&x notauon, 11 O adarass ~pace) 

06 Control r~oster 
00 Tlmer O 
D2 Timer 1 
D4 Time< 2 --. ..... 0 .... 

ln~ut Frequenciu 
Relorence: 2.46 M H:¡ :t O. 1 % (0.04 1 ~· poned, ncmintl); 
1.23 M!-<z -"0.1% !().81 ;,S potftod, nomonall; or 153.60 
kHz :0.1% (6.51 ¡.s petood nomona~. ·-
·--""""' "' ·-M<oeto<MO. E ven¡ Aate: 2 . .o6 M Hz"'"" 

Outpul Frequencfos/Tlming lnttnals 

S<""''TI"'"'c"""'"' 
1 

cv•n'""'c"""'" 

·-~ 
rr ... Tlm ... c • ..,_ 

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

'"'""'"' .,__ 
'"" .,.,, '"' = ' 

-·~ ..... ''""""' ~,.., ~. "''"'"' 0 0<'00311 M< 

So..,.. ... U.>•• Oll.OOM< ~"""""' M< ,,,...,._ ... 
5QIIwUO 1 ., •• <>7.1 "'' u• ' '"0110-,,., .. 
~"'-'" '"" <>7.1 '"' ·~ ' '"''""' ,_ ·- - ,_ ...... , -

1 <<>u••" 

lnterlaces 
MULTIBUS - All S.Qnalo TIL comp.atJble 
Porallel 1!0 - All srgnats OTL comp.attbte 
lnlelnlpt Requea!O - All TIL com~tlbl~ 
Tim~r - All SlgMio TIL compall!ll& 

' -...., ... , --
30110 '"' 

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

-

S.rtatl/0 - AS232C ccmoatr~~. data N! ccnllg~ratton 

System Clock (8086 CPU) 
5.00 MH:-" 0.1'4 

Auxiliary Power 
.O.n au«liary pawer Ous 11 prcYOde<l 10 allcw separate 
POwer 10 RAM tor systemo r&Q~If•ng cau'ery oackup ol 
reaa¡wme memory. Sele<:tiOn el tnis au>ollary RAM 
POwer bus is f!W)O Y1& ¡umpel'$ on tM !lOara. 

lo 
Connectors 

-- ,_ 
''"'"" ....... c.o-.e. ... •• ~ 

h• • 0.\!0 ctiCV"ffiIE<l.OOO~I 

"""'"' J/0 1 • " 
, .. ,..,- ... 

1 TI "l111~ 

SonotiJO 
1 • " 

3M :l•UOJCor 
1 TI M312t1, 

Memory Protect 
An actrve lcw TTl. comp.atlble memory prote<:t sognal ls 
brougnt out en tne <lY>~IIary conneetcr wnrc~. wnen 
anert!>r::l, atsat>les readlwnte acceso to RAM memory 
on tite t>cara. Thlo Input rs pro>rded tor tne prote<:trcn 
ol R.o.M cont&nts duf1f19 sy&tam PQWer dc'"n oequences. 

Une Drivers and Tenninators 
t/0 Dri•en - Tht loHow•ng lrne an..,.,... are alt com
~tlble witn 1ne 110 anver socket3 on tne iSBC 86112. 

- -- Sin< c-...."""' 
-~ 

,_oc • 
-~ • 
-~ • " -~ 

,_oc 
" -~ NI.OC " -~ •• " -~ 'oc " -~ " ••• 

l • '-00: NI • ___,,o;: OC ~ - «MI..,O< . 

Pon 1 of tne 825.5A hao 20 mA tOtem·pela brdttectionaJ 
dli,.rs and t k<1 termonators. 

110 hnnrnators - 22011/l:!Oo dlvrder or 1 k!l pullup 

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

Bua on...,... 

·- '"''"" T"'""' 
T"''"'• 

Physical Characteristlcs 
Wlcll~ - 12.00 In. 130.48 cm¡ 
Heignt- 6.15in.(17.15cm¡ 
Oept~ ...;. 0.70 rn. (1.78 cm¡ 
w~¡gnt - 19 o>- (539 gm¡ 

• • 
" 

MSE D-15 
---------- - ----------~------



ISBC 86112"' ______ ::=; __ ~--

~- ••• 

w ~-· o .oc ., .. 

,. 
~-

,.., .... 
... -·· o.oc .... 

~ . ~- 1.0C .... 

' '" ~- ··--1. eo.. ... ___ , __ ...,,.,{.....,...110-.-
<10•'"'"'"""""-

2. ~· ""' '""'"""- '""""" Oor ~'"''"'' ROIM~P·O ... riO _..,..,o, ... ,....,..._ 
1 ...... .._._ ..................... ...... 

<. o.... ""' ,..,,..,. .., • .,. .,. ..,,.,.,..., ...,.,, ~,.o,. 110 ......... ..., 

100 '""""'"''''"" - lor •Sac: ""l •• '"""''"" '" ...,., -

S. '"""""' ..,_ ._,,,.. lof """ IIO,.IE1'AO .. ctoos. - 1/0 

'''""'""'"' '"""''"" '"' 10 riO """' "'' ,..,,....,. '"""'' '""· 

OROERJNG INFORMATION 
Pan Numbar Descrlption 
SSC 86112 Single Boar<:t computar 

wotn 32M. bytes F!AM 

"'-
AEGION.I.L. s.t.LES OFFICES 

~·· =ro,.,.,~· 

1001 E..,"" StoN! 
Su"o , .. 
Santo""" IVOI 
Tor. fTI" US.Ol8o<> 
lWXo i10.Sf$.1 n• 

~· QHIO 

'"'"' Co~. 

MID-W!IInJ!H 
ILUNOIS 

'"'" Coro. • 
OQQ Jo"• aoul"''" s.,,,, = 
o .... ..,.,. _,, r., 13121 ,~,o 
TWX; ~HI-6!1•5881 

ATUH"!lC 
MAIUC>!UlnTS 

'""' Co"' • 

Env!ronmantal Charactarislics 
Openllng Temperatu,. - o•c te ~·e 
R .. &Üft H umi<IIIY - lO 90% l•i•thout con<lftMiHOh) 

Relarenca Manual 
960011•S.A - .SBC 1111112 Single Boan! Comp.,oter Hard
ware Relerl!f\Ce Manual (NOT SUPPUEO) 

~lerence mo.nuals are snr~P..:l wnn eacn prOduct only 
il daalgnat..:l SUPPUED (s.,. abcW>~ ManuaiS ma~ tle 
ordereo:l from any lntef sales ,.preuntato•e. dlstributor 
olllct orlrom lntal Uter•tu•• Depanment. 30M ao .. ers 
A•enu._ Santa Clata. Cahfom<e 950!it. 

O<nRSEA.S 
MAAKEllNG OFflCES 

ORiecr 

'"'"' Joooo co'""""''"" • 
Flow" H"I·SI"""'"<no Eool ftOg. 
1·2'1-0. S.o"mwo'. sou;o""'" ·-·54 ... , Kl31< .... f211 
TELEX; Tl1·2f<lfl 

EURO PE 

'""' •otomat>oooo• 

11:11> """" ,..,. SI_, 
Oo)'l<>n....,IS 

1U a<uoneo """"·S.... t._. """ "" """''" 1 ••• ,,, 
......... 1 

1o<o <51'llOO·>l>O 
Tl"LEX; >N-oo-< 

c. .......... ,.,. 
... ,.,, ..... 15'7 
1WX' 710-30:14333 

,\!SE D-!6 

8-ttiC .......... 
... 102) 160 :11) 10 
TELEX· .... ,. • 

"I'Teld A~dlcatl~n "\.o callo~ 



1 

1 
1 

1 

1 
' 

1 

i 
1 MSE H 

11 

INTEGR4TED 
CDVifUER 
SYSrE!'IIlS'" 

MICROPROCESSOR OEVELOPMENT SYSTEM EXAMPLES 

1 INTEL MOS- 11 

1 TEKlRON 1 X 8001 

AllmoiooloOo e.,.,,;,..., "' '"''"""~ c.,. .. ,,. s.,,..,.., lo<. No1 10"" "'"""""" wh"""' p<loo "'""" ""'""' 



' 

INTEGR4TED 
CD111FUfER 
SYST&'VIS'" 

' 

THJS PAGE JNTENTJONALLY LEFT BLANK. 

,_. 
o:-

~MS~E~E~-2~----~~~~~~~~~~~~~~~==~-----------~ 
All .,,,.,,.,, <DP••Ioh• "' '"'"~~'""" """''"''"' s,,.....,, In<. Noo o o''" ''""'"'"><~ .,¡,"""' "'"" "'"'"" "'"'"'' 
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MODEL 240 ' ' 
INTELLEC" SERIES 11 

MICROCOMPUTER DEVELOPMENT SYSTEM 

Complete microcomputer development 
center lar lntel MCS.SO'", MCs-asn', 
MC5-86"", and MCS-48"' mlcroprocessor 
la mili es 

64K bytes RAM memory 

Sell·test dlagnostlc capablllty 

Built·ln interfaces for high speed pa¡}er 
tape readerlpunch, printer, and unlve~al 
PROM programmer 

Integral CRT with detachable upperl 
lower case typewriter·style tull ASCII 
keyboard 

Integral 2SOK·byte floppy disk plus 
7.3 milllon bytes (expandable lo 15.6M 
bytes) of hard disk storage 

Powerfut ISIS·!I Diskette Operating 
System software with relocating 
macroassembler, llnker, and locator 

Supports PUM, FORTRAN, BASIC and 
COBOL high level languages 

Software compatible with prevlous 
lntellec systems 

TM Model <.O ln!eilo-c: Se<oes 11 Microccmputer Oevelopment System is a ccmpl&!e center lor IM Pevelcpment ol 
m•cnxcmputer·oas&<! produtts. 11 includo~ a CPU. 6•K bvtu ot RAM. •11 ~ytes ol ROM memory. a 2000-charaorer 
CAT. a deia<:flable Jull ASCII keyi>Oard, &nd 2:50K-byto floppy dlsl<ette onve. A ~•rd disk au~system prcvooes o- 7 

mi Ilion bytes el cn-rine data stora~e. Powerlul ISIS.II Ollkette Operatln~ Svstem software allowa rne Model 240 to be 
us<>d Qu•cl<ly ano ofllclently ror assembllng anCior c.cmp•llng and debugg•ng programs tor lntel"s MCS-80. MCS·85. 
MCS-86. or I.IC~ m•croproc .. sor tamolln wll~ut tne ne&r:tiO< hendllng paprtr tap.e. ISIS.II perlorms all lo le ~aMIIng 
operatlcns.luv•ng tne user lree te conc•nrr~ta on tho dft!ail$ ol h•~ own appiiCAtoon. When u$ed in con¡~ncl•on wHn 
an opllonal in-c~rcuot omulator (ICE'~) modula. lhe Model 2.00 provodu au lhe nvowaro aM sol!ware dovelo~tnl 
loolo n.ce»ary for 1M rapod devolopmel\t of a mocrocomouter-llo.sll<l prOd~ct. 

Tno loiiOw•n~ "' '""'""""' ollntol Co'ltoro<IOn ond '"''' .. ~•¡;¡ ""'• oo do><"OO lo~ol ><OOu<tt "''' '""'' '"" 10<. '-'""'' ,.,.,., •. 
""'"" .. ""'· "C'"'""'· ""'"""'· P~O .. <rr. ""<40) ,.,. lot"•••>JO"., ''""'" P•o.,-wo" MCS •CE. tSSC. ~·P. •CS. ooa "' ""'"""'""" ol 
MC>. OCl .• ;se or .es w•ln o""'"'""'"""" . , __ ,. , · 

~-----~-- -~ -- ·------- ---



MODEL240 21·1 
---------------------------------=~-------------··· 
FUNCTIONAL OESCRIPTION 

Hardware Compononts 

The tntellec Series 1! MO<let 2~ i$ a pac~aged, ~ignl~ 
1ntegratM mlcrooomputer cevalooment systom consts
tong el a C~T cnuals wlt~ a 6-alot cardcage, .oo~~oer 
suppty, lans, ca~eo, smgla floppy Ols•ona en••· &nd 
t10e prlnted c.rcurl caros. A oeparate, lull ,f,SCII 
keyi;>Oard is connected wotn a cable- A lrelt-5tandtng 
Pedestal nouaes tM Mrd Otsk dnve along wun a 
••oarate power suppty, rano, an<l cableo ter connec!lon 
te tr.a matn cnas01a. A blot:k oiagram el tl'le Modll 2'0 
io snown rn Figura t. 

CPU Corda - The "'""''' CPU caro ccntarna as own 
mrcroprocesaor, memO<)'. VO. interrupt and Pus inter· 
taca c.rcurtry tasnronecl lrom tntal's lltgh tacnnotogy 
LSI COr:1~0lllhiS. IVIown u IM lnteo;¡rat&d procenor 
t>oerd [IPSI. lt occuorn ¡na llrst otot in tne carocage. A 
$econd slava CPU card ,. rasponsrble lor all remarno~g 
110 control includlng the CRT ana oeyboard intO'flace. 
Thos cara. mount6CI en tne rear panel. also contaons rts 
o"'n mrctoprccesoor. RAM aM ROM memory, anO UO 
ontertace roorc,tn~s. rn etfect. c.-eattnO a aut "'"""""'' 
onwonmant. ~nown as the 110 ccnttolter (tOCJ. tne 
sta•e CPU eard communocatu wttn tna IPB over an 11-~it 
trdtttctronal data Ous. 

Memary and Contra! C..rd~ - In addltlon, 32K bytU el 
RAM tOnngot>Q the total te 64K ~ytnl is locat6CI en a 
separare card in rne maon cardcage. FaCtlcater:t lrcm 
lntel's t6K RAMs, rna Matd also contains all necuaary 
aocrns oecodong and relresn toorc. Two adclti~~<~al 

boaros in tne carocage are uuo to controltne nera diSk 
dmes. 

E.<ponsion - Two remaon•no stots In tna earocage are 
avarleble ter system &xpansoon. Addtlional oxpansocn 

ot ~ slets can be acnre•&O tllrougn tM aaouron ot an 
lntellec Senes 11 expansron cnassro. 

Systam Cam ponents 

T~e ~urt O! tne IPB 11 an lntel NMOS 11-brt micreQfO<U· 
oor.1ne &080A·2, runnlng ai2.6MI-tz. 32K bytes of RAM 
memory are pre•IO&d en tne tx>aro us1ng lnt~t IBK 
RAMa, 4K el ROM 'ro prooidotd, pr~progr¡mmea wltn 
system I>OOISirap "saii-IUt" alagncsucs ana tne 
lnlellec Seroe• 11 System Monrtor. The org~¡.le>&l 

v~ctorer:t pnorny inttrrupt s~stem allo"'s rnterrupts to 
t.. tnoi••Oually maokea. U:llng tnteJ's •eroattle 8259 
i~torruo! controlter, tM onlerrupt syattm may ~e uaer 
programm&O to respii<\Q lo onal.,dual n...,ds. A saparate 
board p""'rdes an aoatnonal 32K byle• ol RAM. 

lnput10utpu1 

tPB Serial O.annela - The lfO subsyotem on tM MOdal 
240 conoosts ot two parta: the IOC carO ano two ••nal 
c~annets en the tPB rtselt. Eacn se" al cnann~l is AS232 
compatible anc! •• capa~la ol runnong asynchroMusly 
lrom !lOto 9600 baOJCt or syncnronouaiY irom 150 to 56 K 
oauo. Bom m ay t>econnecteo te a uaeroetoneo data set 
or tsrmrn&t. One cnannel contalns cunent lOOp 
aoapters. Botn c~annels are impteman•ea usin~ lntll's 
82~ 1 USART. ThU'¡' can oe programmattcally selectea te 
parlorm a •arlety ol t/0 functlons. Baud ratastlectoon os 
accompllan*l programmatlcatly tnroUQM an tntel 823-3 
lnlel'lal tlmtr. The 8253 at80 HMrS as a real-tome ciOCk 
tor t~e enlrre system. UO acttVoty througn botn "'"al 
cnannels is srgnat*l to tne syot~ tnrougn a secono 
8259 onterrupt conlroller, cperatlng In a polla<! mode 
nest&O te th& pnmary 8259. 

IOC lnterfoe• - The remainaer al system uo actl•rty 
takes place in the IOC The IOC proyideo rntertace lor 

~V"'" t. '"'-''"" S.rloo 11 Modor 241l Mtcror:o"'outor Oo•olopmont S¡llom ~lo<l< Ologra;, 

MS~ J:_Lr __ _ 
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MODEL 240 

•~• CRT. ~oyooard, ana stand~<d tntollec ¡>e<ophe<ala 
inol~dln¡¡ pronter, nogn spe!ld paper tape readorlpunon, 
and ~nive<Sal PROM pr,..rammer. Tht IOC contaons <IS 
own inaependenl mocrcorocénor. atso an B080A·2._ The 
CPU controlo all 110 opo<attons as well u •~oarvioong 

communocatlons wolh lho IPB. 8K Cylto of !;lOM ccntaln 
an 110 control llrm"''''- 8K bytes ol RAM art ~sed tor 
CRT sCuHm refresh storage. Thne do not OCC~py opaco 
'" lntellec Seroos 11 ma•n momory sonce the tOC io a 
totally onoepenaent mocrocompui<H subsystem. 

Integral CRT 

Oloploy- The CRT t! a 12·oncn ruter sean type mon.tor 
Wltn a 50/&IHz verlfcllscan rato and 15.5kH> honwn· 
tal sean rato. Contrels are pro-.oeo lor brtgntness ano 
contras! ao¡usrments. n.o lnterlact to tno CRT 11 

pro-.ded througn an lntel 8275 stnglo-chlp program· 
mabto CIH ccntrcller. Tho master prccessor on the tP9 
translors a cnaracte< lor dospoay ro tht IOC, whe<a otts 
storiKI m RAM. The CRT contreller <UdS a tina ata llnot 
•nto ots lino buffer tnrcugn an lntot 8257 OMA controller 
and tnon leiKls ene charocter ata toma le lha cnaracler 
genarator to QrD<Iuco tne yiOeo signal. Timln¡¡ ter tne 
CRT control ls I)<C>ldod oy an ln~ol 8253 lnlerval tome<. 
Tha scret~n display is rormatiiKI •• 2'!5 row-o ot 80 enarac· 
tora. Tha tull ser ol ASCII c~aracters ls <lospla~. 
includlng lo- case atp~u-

Keyboord- Tha keybeard intlr!aceo <llre<:Uy te thaiOC 
prccessor •ia an 8-!l!l aata bus. The l<eyboard ccntalns 
an ln\al UPI41 Unoversal Pflropl'l&ral tntor!aco, wnlcn 
ocans the keyboard, encMes ona charactors, an<l 
bulters the cnoract&rs lo PrP•Ida N4o.ey rollover. Tha 
keyooar<l ot:~-eU is a nogn quallty ¡ypewmer st)Oe key· 
boara contatnin¡¡ lhe lull ASCII cnaracler ""'· An uQperJ 
lower cue swnc~ allows tne systom ro tle u.aad IC< 
document preparauen. Cursor control keys ara aloe 
provodea. 

Pflriphoral lnterla~o 

1-- UP141 Unoversat F'eropneral lntaruc• on tila tOC 
ooard prcvodao lnterlaca ter Olhe< standard lntellec 
perlenorals onctudlng o primor. hiQh opeM peper 18¡)1 
readar, l'"gh SPIIKI paper tape punen. ana uno-..-1 
PROM prd!lrammlf. Communlca1ion tlelween lhl IPB 
and IOC io maontaon!ld over a separalo 8-blt 
bodlrecrtonal cata bus. Conneclors tor the tour devlces 
named above, as woll u thl two oartal cnannols, oro 
mounled dlre-ctly on tne IOC 110111. 

Control 

User control is maontaonea rnrc-ugn a lrent panel, con· 
SISimg el a pewer ow1ten ana iMicato<, resatlboat 
swotcn, ruMhalt hgnl. ana eignt onlerrupt ow•tches and 
iMicalors. The lrent panel circmt board os anacneo 
d~t...:tly ro tne IPB. atlow1ng tilo t•gN onterrupo sw,rcneo 
oc connect to tne prrmarya25~. u we~ u torne lnt•llec 
Serou 11 bus. 

Oltk Systom 

Tl1o tntolle-c Series 11 Hard Oisi< System p<e.oou dl<ect 
acceso oul~ Storage. •ntelllgant controlle<, in<l a e••" 
Orova co"'aonong ene lixed Plaller and one removallle 
catlrtdga. Eacn provodes 3.5 mllllen by!es ol stcrage 
"'''~ a data tranoler rato of ;t~ Mbotshecond. n.e 
contrcllor io implemente<! woln lntel's pcwor!ul Seno• 
3000 Bopclat Mlcroccmputar S..t- The ccntreller 
prcvooes an int...-laca re tilo lntellec Set~es 11 system 
bus, as well as supperllng up te 2 dlak dtlves. Tho d10i< 
system <.corOs all data In Oouboe Fre.¡uency !FMl on 2 
surtacas par planer. Eacn ptauer can be wrne proroculd 
by a !ront panel swucn. Tl1e d1Sk system •• capable 01 

pertermong "'' OUiorent operatoono: rec.aflbrate, seek. 
lormattrtck. "'""data. road dala, and veroly CRC. 

Olslo C<>ncrcll« Boam - The a"" conttollar consosts 
o! two t¡oaros. 111a cnannal board ana tna mter!ace 
board. Tl1tse two PC boaras ttsodl in "'elntettec Senes 
11 sysrem cnahio and ccnstttute rna d•sk conuoller. The 
cnannet bOtrd receovu, decodn ano tespenoo to 
cnannet comman<ls lrom tna 8080A·2 CPU'" the MD<!el 
2..0. The ,nter!aco OCian:! previa .. tna dos" conuoner 
wllh a maans el commun•callon wotn rne dtsk drwes 
and wlln tnt lntellec oyS!em bus. The mtertace board 
•alldatao <lita durlng reaos u01ng a cychc rlt<lunoancy 
cl'oeck ICRCl polynom1al ano generales CRCoatadurong 
wrlla operallens. Whon rne disk contreller ···~"""" 
acceu to ln!allac 1y:mm' mernory, tl\e cnannet t¡oaro 
requasts and ma¡ntaJns OMA master control ol tM 
sy!lem bus. ano generalas ltle aporopnate memort 
ccmmanQ. The channel board atoO ackr.owll!'<lgn UO 
commanas u ra<:tulreo by lhl lnlellec """- In addotoen lo 
SUQp01'1tng a oecena df<va. t~e dlak o:ontrollar may ce· 
reSida wltl'l the lnlet OOuCIMenslty ccntteller to altow 
up to 17 mllllon bytts ol on"tne storage. 

Floppy Olak Orive 

Tl1e floppy dl$k aro•e ls controlled by an lntel 8271 
stn¡¡la cno~, pro;rammaole lloppy disk controller. lt 
tranofars aata »a an lnlel 8257 DMA conttoller t>&tween 
an IOC RAM bullar and tne Ol$11alte. The 8271 MndJ•s 
raaaong and wntlng ol <latl, lormalllng ol,.anes. and 
rudtng St•tus, all upon appropnate ccmmandt trom 
tne tOC moctoprocassor. 

MULTIBUS'Y CapebiUty ' 
All tntellaC Set1es 11 models ímplament rna •Must'Y 
otandard MULTIBUS. MULTISUS enableo severat bus 
mastars, sucn as CPU and OMA <lavoceo. ro snare IM 
bus anO memory t>y operatong at dlllerant proollly levoJS. 
Rnolultcn et bus txenangn lo synchronJ>ed by a ous 
clocl\ signat <lertved inoeoenaantty lrom procntor 
ctocks. Readlwrote tra~slt<S may take pt•c• lt <atoo ~P 
te 5MHz. The buo struc:ure i!oulla.bla !er use wt~h an~ 
ln!el m•crOCQmpurer l.1mlly. 

-------------
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SPECIFJCATrONS 

Host Ptocesaar (IPB) 

RAM - &-IK (sysrem mon•tD< OCCU!><t>S 62K :~""'ll~ 64K) 
ROM - (K 12K 1n m(mnor, 2K ;n ~Ootldlagnostld 

Disk Orive 

T~ - S44Q too toadong c.artr.Ogt ono one tl•ed platter 

111clts per indl - 200 
Mtcl!anlcal S.ctors p•r Track - 12 
P..<:ordlf>O Tecl!nlque - douole lre<¡ueney !FMI 
Traclcs J>K SuJ1act - 400 
Otn01ly - 2.200 biiSi<nCh 
Bita par Traclc - 62.500 
R.eardlnv Surbcn PK l'lener - 2 

Disk Systam Capac:lty 

Ptr Sur1oce- 15M bits 
Pw Plan.,-- 29M l>its 
Pot o.tno - 59M bots 
~r Drl•• - 7.3M bytes (lormallt<l) 

Disk Performance 

Dlok Tunller Rott - 2.5M bo!SI&ec: 
Olail Syar .... Ace.u Time -

TraCk to Track: 13 ms mllll 
F<.t~l Srro•e: 100 ms 
Rotai•Ot!al SPHd: 2,400 rpm 

Dlsk.Ua 

Oloicetla Syot*"' C.paclly - 250K Oytaa (lcrmat!t<ll 
Dloketlt Srst..., Transltr Rote- t6CK Col3/oe<: 
Olohllt Systam Accaat Tlme -

Track lo Track: 10 ms max 
"•er•ll• Aan<1om F'osltocn•ng: 260 ms 
Rotallonal 5Qeed: 360 rpm 
A""rage Ro,atlonal Latency: 9.3 ms 
Aecoroln~ MOdo: FM 

l'hys.ieai C~ar;¡cteristlo;s 

Wl~th-17.J7h(4412cml 

liol~hl - 1~.81 in. (40.16 Cml 
O.~ll"l - 19.13 in. (<8.59 cm) 
Woighl - _73 lb. (33 kg) 

~..,boo<d 

Wl<lth - 17.37 '"· (44.12 cm) 
liol~ht - J.O in. (7.62 cm) 
Dopth - 9.0 '"· ¡22 as cm) 
Woig/ll -; 6 lb (3 <;) 

Dio~ D>i•o an P..:jootol 

Wl<lth - t6.5 in.(~7.0 cm) 
liolght - 34.0 '"· (66.4 cm) 
Dopth - 29.75 '"· (75.6 cm) 
Wolghl - 202 lb. (92 kg) 

ElltctrtCII Charac\ltbtlcl 

OC PQWit Supply 

Vol11 M" 
S.,ppll-.1 SuQPIIO<I 

• ~ d% ~ 
•12"' ~.,., ,_, 
-lh~'lo " -10%$'1'. " •15:~\lo· " •2•~5~.· ' ' 

~01 ••.,••~•• en lluo. 

Typoc:~l 

1 
$yo 1om 

Rooui,."'""'" 

"' ' ' " ·~ ' ' ' ' 

AC Requt...motllo lor Mointrorne lnd 2 Dn• .. -
110V. 60HZ- IBA (Malnlrame- 5.9, 50ucll drove) 
220V. 50 liZ - 811 A (MaoMrame - J. 1, 3.0 UCII <lto•e) 

Ell~ironmenlal CharacteMstlcs 

O!Mrotln; Tomporoturo- tO'C to l2'C (OO'F) 
liuml<llly - 20'\', 10 80% 

Equlpment SIJJ)>IJI-.;1 
M<>d&l 240 ChU$10 
lntogr&ls<! PtO<:ssoor Board (IPS) 
110 Controll"' Boor<!(IOCl 
32K RAM lk>lr<! 
CRT ond KeybQard 
One Hard-0111< Dn•l. F'edsatat Mo.,nted 
Her<! Ol•k Ccnlroller (lwo boardsl wttn CaDIU 
AOM·Reoodant Sy$tem Monotor 
ISlS-U Systom Oiskett• wotn MCS.eciMCS-& 

MacroouemDter 
Ole~ C&rtrodg• IDiani< 5440!ypel 

Rele.-nce Men"111 

9IIOOS5a - A Gu•d• to Mlcrccomputer O.•elopment 
Sy.rem• (SUPPUEOI 
915005511 - lntellec S"""" 11 ln~tatletlon &M S•"'•ce 
GuiCe (SUPPLIED) 
91100301' rSIS.U System Uoer"> Gv<<le tSUPPUEOI 
11005511 - tntolloc Serie• 11 Hardware A&llfance Man
uel (SUPPUEDI 
~~ - 8080180& An•mDiy Language ?rogram. 
m<ng Manual (SUPPLIEDJ 
9MCI292 - 1515-11 8080/SOM A,oa&mbler Oparato~ • Mon. 
ual (SUPPUEDI 

9$00S05 - lntelleo Sefleo 11 System• Mon<IOr Source 
U•tlng (SUPPLIED) 
980(155-t- tntenoc Seroes 11 Sc~emotlc Drowon<¡s tSUP· 
PLIEO) 
98001'3 - Haro 013k Subsystom Oporotlon ana 
CheckOUI (SUPPLIEOI 

Aadlt<<>nal manual• may be ordere<ttrcm any lntel sales 
representattve or dlstnbutcr Olllce. cr trom lntel 
Uterature Oooaf!mont. ~ .. Sowers A .. ñve. Santa 
Clara, Cal•l~rnla ~5051. 

' -' 
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OROERING INFORMATION 
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MOOEL 240 2 3 '2) 
--"-"--------

,'~um,_,. O.oettpllon 

MDS-<40" lnlellec Senes 11 MO<Iel 240 Mlcrccompuler 
O..vetopmenl Syslem (110WtiOHzJ 

MOS-2•1• lntellec S.toes 11 MOd~ 240 Mlcroccmputer 
Develooment System (22QVI50Hz) 

··.,os• •• '" a<ao""'l cooe only. o no " n<>l uooo •• • oroouc:: 
"'"'" cr "'"""'"''· .,os· ,, o '"'l'''""" , •• ...,.,. co 
""'"'"' DOlo Scoonon Coro 

________ _,M:::cSF.'-"f'-'_-7 

)3 



24 

• 

IISE E-8 
-------------- -------



Teld:ronix, 

~ultlplo Microp«><ouot Suppo<! 
ln-P.ototroo To"' on~ ~•l.ollon 
Roo~ Timo Prolo,., .. AnoiYiot< Op<o.., 

" 8001 Microprocessor Lab 
Data Sheet 

Tho IIOQI Mlcroorooo,.or Of•oloo""'"' l.,oo """""' o/ rno IDO! .,...,,,..mo '"'" t~K ot Pro
SI"'".,__,..,., MictOIJ10<o,.or Suot><>" Poou~u ..-o , • .,,,~lo •• •"'""''· ~ "'"'"""'"""or 
SuOPMI Poe>o~o mCIII<too on omulo<Of ROU, ., omv~oror ll'OCOUQr. OA6 o f>rOIOiy:>O """""' 
"'""-- rno cr~roo e"'"''"'"''· cr~tor TTY r.,-mmal. LPI:OO !Jno """'"'·"' <e241«ltj 
Comp.,l"' 0<0p/oy r<ur11n010 /Uo rooomm.,OoO OPriMO! ~Jpil<t<oJ.. 
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Ptogram Momory Modulo 

Poogolll'l ''""'""' CCn.,ou ol IU ~Y10I ol 
AA"'; •1 •• upanOa!>oo 1<) 6<~ ""'' woll\ o,r 
tfonol 1 61( byiO PtO{¡IO<!I -'l' """'UIOO. 
PoQ9<1m Momo'Y moy ~ ocuoMd !>y 1/>t 
Sysoom Poocouor or tno Emulotor Poocoo

'""-
SrOiom Communlco-. Mo<IUO. 

n.o SyOiom Communocouons moouoo oro-
"~" tnroo A$-Zl2< '""'~""'- pono roo 
'"'""''' w"n ''"em poropnoooll Two pom 
aro oo.,gna~oo lor oucn OOIIP"-••" '' 11\o 
TEKTAONIX LP6100 L<r>O ""'''"'; ono ,. 
"""'V"""" os • communocatoons oon lot ... 
""" a ""'"""'- 5o.uo , ... ,. >elo<<&!>lo loo 
oacn """ .. ¡;Q, 300. 61Xl >lW. o• ZoiOO. 
Tho momooy mooomg looMo IOCOtOO •n 11\" 
modulo oOJo,.o <ho "'' 10 ""<el momory 
IUOC1<0no lO piOIOOypo momo<y 01 !001 Pro• 

~·.,., "''"'""' 

' ' ' ' ' ' ' ' 1 

' 

• 

4 

' ' 1 

' ' ' ' 

..... --·---
¡..::;:.=-

i) 
·-~ 

' ' ' ' ' ' ' ''-'-¡:- ' :--(--.J 

)~-1 --·· ··-- • 
' ' 

... '·- 1 • ··- ' ' 

Z'i -- - - --- " -- - - --- n n n n n o n n n o o [J D n n O n 
[ --- ~1 :: -~: " 

' " - 1 

:: " ' ' " ' - 1 
" " " " " " " - 1 

" " .. 
" " 1 -- 1 ---- 1 

" " " " " -- 1 --- 1 

" " " " 1 ---- 1 

" " 11 " " " 11 " [ 
u u u u u u u u u u u u u u u u u 

Buo Orgorolutlo" 
TOo OoOug onO Fr<>nt·Pono< lit) moOUIO O<• 
VI<:OO ,._ !001 OuO 1010 S,otom ond Pro~'""' 
... ,....,,_ Tl>o 1 DCH<no bOl <O OOOOM>Olly .,,_ 
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6800,6802,8080A, 
8085A, and ZBOA 

MOU 1" '"a hlgn levellanguage oe
signec spacLILcally lar use'" 
mLcroorocessof"t¡asao oesu;¡n. liS 
paremlangua¡;;e •s ANSI M•n•mal 
BASIC, a w•Oaty useo ano well un
aerstooc P<OQtiiJ"I"\iTI1(IQ format. 
~.::lU,. oHers many ennancements 
oi8ASIC that make Ul1s new lan
guage an extremely etrectNI! ca
s•gn tool, wll•le reta•n•ng Lt'.e ad
•antages ol s•mpiLC<ty and easy 
··eam•ng touna on SASIC. 

One essentLal advan~age ol MOU"' 
is t~.at ~uses a comptier •nsteao ot 
an •nterpreter. Eacn program 
statement is translaJS<J to mac:"lltle 
cooe on1yonce. ir.steac: ot every 
11me tlle statementLS executed. The 
result•s !aster ano ollen rrotlffl 
compac1 cO<le lor final prpQram 
e•ecullon. 

MO U 1'- <lilows a rnooule-artented 
approacn to software <levelop
ment Two statements. USES and 
~ROVIDES. allow varrables. lunc
tLCns, ano oroceduru ta be !ihaJ'l!O 
by programmers work<ng on O•fter
~r.t modules al an overall program. 
1'he USES statamem atso atlows 
d¡rect access to aDsolute memory 
tocat•oos. VO perts. and "'IBrrt.JD!S 
- all nsent1al tor proper control el 
Mrdwarels.o~are •n:egranon. · 

Vanaole nan-.es and smngs nave 
oeen cons•dernbly exoandao w•tn 
Mou,.._ vana Die names cancc.~
ta•n up to Sl~ cnaractern. th&IIISI 
aiQhatletiC ano tne otnern al
pnanumenc. lar easy .:le<llliJCatlon 
ounng program oevelopment. 
Strongs can vary •n length from 1 te 
255 cnaracters •ns:eao al :ne un
a•teracte lB useo •n m•n•mal BASIC. 
Suos:nng reptacement•s al so 

Jl 
TEKTRONIX 3 1 

MOL/¡.;., Compiler 
for Software 
Development 

'-'DI..:~ •1 o """''hO<! lo!m ol ANSI """'mal E!ASIC ¡,meo;, •P«:""=•'v 01 .''1<:rcprocouor·O. .. O 
•o"'"""' oo"'g" '"" '-'Oi.J,.. Ccmpolor ,, on~ to< uN "''" ""' To"'"'"" SIXIVo "'"'"'' """'""'"'o....,.,.,. .. l...l.O. 

ennancao to assost1n cnaracter 
man'oulatl<ln. 

110 lealures •ncluOe access 10 
pans arld acSI)Iute aoaress•n¡; el 
memory. wn•cn ai<Jws vanaoles to 
be assogne-o a spec•IIC aot:tress. 
8om ASCII ano general pvrPOse 
b•nary Ida mampulat1ons are POSSO· 
blelhrov¡11 a seroes of UO state· 
ments •ncltJc:ng OPEN, CLOSE_ 
RESOORE. REAO. WRITE. PRINT. 
anc: INPUT 

Among many otMr MDUILen
hancements :o 8A51C are 1og•cat 
operator¡ (~>NO, OR, XOR, NOT) 
plus snolt ano rota te operat•ons 
10! blt manoputauon. OISASLE 
and ENA8LE 10 1um tMe •nterrupl 
oH and on. ano Cuolt-<n code 
ooumozauon. 

~SE E-15 

TM convers1on ot MOL' IL s.o~rce 
cooe 10 actual macn•ne coca •S a 
three-slep orocess. Tne first steo 
con~ens MOU IL source cace •nte 
assemoly language source coca. 
wh•cn os storeo en a lila or oev1ce. 
The asaamoty source cooe ccn
ta•ns ll>e ongonat MDl! ¡¡. state
mems as comments prece-oong 
eacn OkJCk al assemoly Sllurce 
c~;~oe. Attn•s s1age. tna assemDIY 
language can be funher ODI•m,zed 
Dy ~s•ng the 8002-'-:s po .. er~ul 
eonor In tne secano step, t~e as
se moler cooverts tne assemCiy 
language source •nto oo¡ecl coa e. 
The m"" step •s to hn~ :ne oll¡e~t 
COde w•th 11\e run t•me suoPOrt to
crary af\ll any otner assemo1~0 
oo¡ect code moOuleS 

--·--··---------
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MINIMUM HARDWARE 
REOUIREMENTS 

Ta"t:onr. 8002A .IA,cro~rocessor 
Lal> w,tr. sys:em rermonal and 64K 
Pr~am Memorv. 
Em~1a1or lor 6080A. 8085A. Z80. ar 
6800 1s requ11ed to oenug and •he· 
CLJ'.!! ::l;¡ed Cede 

SOFTWARE PREREOUISm; 

aoaoA_aoasA zao. or6800 
TEKDOS Vers•on 3.0 se!lw.-e 
suopon •s recuored 

ZBO GENERATED COOE 
CHARACTERISTIC$ 

-3enerateo cooe does not use 
any :>1 IMe ZBO extens1on capa· 
Ol~t,es o•er 8080A •ns:ructJon 
sets 

--Generated code does not use 
~ny <fiCh Jt alternale <t"J!Sters 
ot :.ce zao. 

-Generale~ cooe caes no1 use 
at:ernate onterruot modes 

SOFTWARE SUPPORT SER VICES 

Ourong tne n•nety (901 cay oerood 
IOIIoWing 11\stallatJor. of :hos Sor.
ware =•oouc: [SOFi"'NAñE). d 
t~e cus:omer encoun1ers a 
problem WIIM IM SOFiW'ARE 
wn1c.~ ·"•S c'agnos•s .n~<cates 1s 
causec cy a de!ecl 1n tne 50FT
WARE. IM cus:omer may subm1t a 
Software Per.crmance Report 
¡SPt:t¡ t:> Te":r:>n" Te""""" will 
respona 1~ prootam$ reocrted rn 
SPRs wn•c~ are cause~ oy 
cetects on IM curr~tnt ~.~attere-ct 
reteasa el me SOFTWARE "'" :ne 
"'ta•nte~ance Per~od•cal lor thLS 
SOFTWARE. wnrch reoorts SP'1s 
rrH::,...eO. coc:e cortectlons. tem
:>(rary correc:1ons_ ¡;enerally use· 
~uL emergenc·, oypasses anctor 
nouces ollt>e ava•laoototy ol cor
rec:ec coce Sort· .. are updates_ ,¡ 
any. •eleasad oy Te,tron" dur~ng 
ihe n1nery (90! cay oer~od wofl be 
~rovrcea :o the cus:omer on Te•
tron" 5<anaard dJStroo~non mad1a 
a• soec,!led •n th1s Scltware Oata 
Sneet Char"es wdl Oe oased on 
tne ~reva'l'n" uoaate pnce 
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Tn~ ZBOOO family ie a new seto! micropr(>CeUOr 
cornponen\0 (CPU. CPU oupprn-l chips. peripheoalo, 
lUid rnemoriesl which oupporu¡ t.he ZSOOG archi~ 
ture. The account of how ..,-c~it~cturol goal• wore 
>elected ond aehi~ved for two key membcn of thio 
famUy-the ZSOOO CPU and the memory manage 
ment unit-illuslrateo how much of a chollenge 
micro~roussor ar<hit.ccture repr<S.,nU l.<r ¡he semi· 
conductor industry. MOS t.echnology •h<>wo enOI'
mouo potencial, but ÍL ;, s\ill a.ilfkult to u•• beca uoe 
of lirnitation• on pin ctmnt, power di,.ipotion, •p.e<.-d, 
and romplo1ily.' 

SÍlice thio diocussion is restrict.ed te Lechnical 
i'""""· "'" will not •Dude (O the rnany additional loe
toro (maik~ting consideration•, human con•ider•· 
tions. orlf·impoocd •••Lriction•, et.c.) whic~ m&~ e..,-. 
chite<:t<lre •uch a fo&c:inatin¡¡ o.nd difficult disdpUne. 
Furthermor~. no atternpt bu b""n m1de !.<> U· 
haustivel)" dc>Cribe tho 1.8000 architecLur~ ond com· 
ponento. lnter••ted uoder$ ohould con•ult th 
>pe<ific monuols fur • mo,.., complote d.,..ription.' 0 

The goals o! the Z600G architueture; 
increased capablll1iu, archileclural 
cOmpallbl!lly, lncreased clarl!y · 

' 
The primary '"""oc lor introducin¡¡o r.c-w "Y''-""' 

IU"ch!tecture is to oignificantly improve the ronllol 
and pr<.<:e.,lng apabilitin o! mÍCl'Qpr<.<:t1sors'while 
maintainin¡ Lheir pric¡:/performlJlCO odvo.n\agc•. 
Tochnical odvhnccs havo perrnltt.<>d the im¡olemonta· 
tion of subotantiaUy inereooed prace1110r power, but 
the most si~oficant motivation for o n~w ro m ponen\ 
!ami.ly is ~t·ncrality. Only through such a family 
CO\Ikl we pro,·ide lor ..,-chit.e<tur..Uy comP,.tible 
gr<>,.,_h ovu a wide rango of P'""""""S poWer re
~uiromeota. 

1 

' •1 
i 

' Incriased capabilities, ~ 

architectural compatibilitj, · and 
-clearly defined interfO.ces were 

' the chief architectural goals.of 
ZUog's new ZSOOO microprocessM 
family. He re is an Q"ccount -
of hÓw thOse goals Were met 
for ti.uo members of that family
the ZBOOO CPU and·the"ldMU. 

' 

. Our'opprooch w .. n •taged &y"em uchHeclUN 
which ott.empts to provide new compooent>, enhar.c· 
ed feUUT<'a, and ~~w fu~ction;, while prote<ting the 
u•er's in•ost.ment in hrdware and Sllf\"ü'"· The 
ZtlGOO famlly sup?orts a •ingloi unified IU"chitt!<:tur.. 
for an •m• U. rnediu111, and high~d uou ap~licat.io~• 
which are implemcnted uoing a noix of compononto 
wl(hin the oame famil)'. '· ' · _. 

The gflllb of \ha 7.8000 arehit<><:tu,.. can W grouped 
in Lo thr<e e~ (< gori , . ., i nercued capo b iJitj e•, a rchi 1 ••· 
\uro.! Corr.paub>lit.y overo wid.e ran;;e of proce .. ing 
po""""· ond inerused clari<y. ID al! thcu ca>~ (he_ 
re•ulting ..,-chit•ctural feBturC:. opply eith<-r to th• 
ba•ic ..,-chite<:turelthat ..,.n by an applirations pre> 
tJ"amrner) or !.<> •r•t.em IU"Chit.ectuff! (\},ot seu: by • 
•l'•lem d,·signer or an opetatin¡ •ystem ptogram· 
merl. 1 "'· 

lnc."eoood capobilltiu, Al! e:<i>tL~g 8·Lit miae> 
P""''''"~'" and mony 16-bil minJcompuUrs •ufler 
!rom h•ving a >mol! oddJ-eoo sp~<•- So. one nf •r~r 
gn•lf w .. to provide atoe,. l-o a ]81¡;-e addr<., •O'" <O 

¡8M byt .. l. A """ond ¡¡oo.l '"""" to pr<niJ• r·oro '"" 
>ourceo in terl"rnl of re¡;i~L~c• (1 G generoll'I·'P<'"• 
16-bit re¡¡i"Ler~l. in term• nf dota type~ (fron• hit• \~ 
32 bits~ •nd;, termo of odd.illono.J i~•LnJ<tloc' co.,-,
P"'od 1.0 ·~i•tin¡ micropr""u""'" (molt•¡,:)· .,,.¡ 
divid~, multiple regioter oiVin¡ in,lrUf!<OI". 
;po...:iolil.ed in>tn<olion• for COill¡>~~r supp<.rt oto.). 

To lociU t.ot-e rorcplex opp~Cationo it" a- imp.>! la o. t 
1.0 •uPport multiprogr4It1Jn.ing wlth ¡¡M hurdW11e 
$Upport of ta!k swit.o;;hbg, lnt.er1-upts. lnpt, and lwo 
••"!'ution mode•. Operating oystemoa\110 r.Quiñ.d 4 
goC>d h..,-d,.are proCe<:lion •yot.ém. •·~"' ·:.-¡.• 

fin~ll), "e wanted !.<> increue "''eral! l}'•tern pe:· 
formance. Thio re•ul!.ed in ¡heeheka ol Afllmpleme~ · 
t.ation"~•ing a l6·bit-wido do t.& j)o(h l.o -m·,·mory. 

. '· /..:.- ,. ' 
'"""""""""""'"""' '"'''"~ , . <:;OM!'UUR ""'' .. _. . ' "'· . .. ~--· .. 
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A rrhil ,., r "'"¡ ,.,,mpal ih;lity. One .,r 1 h~ impon.ant ~~u ir• • d,ucrunt de•ib""· approac~~~hhough they W. 
loswno lror~ed fnmi Jlr<•viLu_, computú •r•tim toinl}· innuence th~ douib of de•ign comprornioe1. · 
<k•ign• is thot lh .. d<!Si¡;ncf a n•w fami!y ~crhJU<:t Un. 'fh ~loit section of thi$ i>"pet dcals wlth implltmOnt..l· 
;, a rar• "ccurr '"'"- (!,,~ "''0.)' to ;¡pply thio lassun Í> Lo tir.n tri.dOotro and il)ustrol t• son1o pW"ticular com
dc•ign o u,iif"-d orohil<.'CLU"' Comp31ible ovor 1 wide proJniSH. ¡Ir¡ • few plaua we mi:. impkm>cnt.atJO<> 
rnn¡;e al proceuing po"'•.-s. 11 ,.e uticipjot.a u•a ron>~d.irotiCña With d~~ptiOas al aichirbcturrJ 
¡:rowüt 110:-ñ ""·•11 1.0 1-"~e 'Y"'• m• wlthin a lotnil)· tradonflo .De• pite ttielm¡}.:>rlollnceof se.,..ratiÓ¡¡an ar
~rrhite<tm e, ilion ouch u appiOaoh a.;, Oi¡¡n,in<"<•tly chil.«turo from' ;t, ini¡)leiil.Mtetion. we found th.ot 
increawi(ohfe. , ' ,, ' ;;• ~ l.hi••~pioratlo'ni~oft.enlb•nt<flirlngthaactUo!crq• 

'J'ho two ver•ionl o! thft ZEOOO (~_40·pin tionofanewarchitodúni)í~ ~.;_ . 1 ;'· ,. ·· 
"r.><o&n•ented and A 18-pin ""~'""'"ud \•,.,-oion! IU'o T"'o diflcrences he;ween coliventional cotn¡><•l.at 
~••ignrd t...> •rhieve thh goal, but , tn~nY , ~~~..- ayot•nis onJ ~rJoropr-.,.,;:usor ¡ aiotemo , ha ve . tha • · 
l~•t~reo (·on\rlbute ¡,¡J¡,..,¡]y'to tho,fanrily ~om· ¡,rr<,atcst impact: pr!ce~·'itructure and·com'Ponent' 
p•tibi~~y. For sma.IJ opliculono an ·un.,.gmented bounduy dHfarenet~. Por hl¡;:~d LSJ •ystem., lt 
VIVCO w!th one or more 64K·llyt. addrcu '1'"" .. <an mak"' JQ~~U to ha ve one unlfl.cd on:h!t.ectur~. hut 
b;. uóed. P•>t rno·dh>:n op¡,!icutlon•. 1 ••~;.;,ent..J. ur,Uka'th<ir comput•r lamlly rounte'?"'t.s (18M 
-•,qt'OO •11<1 o"" lf><'rnOrJ manoGeolMt un:t al!owa 360>'370, PDI'·Il) diffU<>llt lmpiemen~.<~ticw• .,nnor. 
di:cot ~<<t·f a to l M hy~• of •dd, a" >:ur<e. Fnr lorgo be ju;1Jtiad 'on a prkc.'pe.-fm-mancO bui•. Spo'ed ond 
oprli<~li~n" a oe~mtttleoJ 7--BGOOAnJ multi~lepairs ol P"dormaoco ate m•inly dt-¡>e!><:IU.i on l.hM o tate of 
~ ~ :.•.1 :. anaw lhe u•• uf -.~vual 8~1-byt.e addre<O tecluro!ogy;--,¡,.d th-refore; f<i a giv•n appUcation. a 
waoo•. """' wiU wue.o ·u,~··;>eed wil!ingly •inco ano<her · 

S',>co !he oo¡;:m•nt•rl Z,wf.n can""' in an UnJog- •lower irn¡,lemontati"n "'ould o:Mt the ...,.,e. Tbb 
''"''·~ rn.-.clo. botb o¡sttm; ,,..; ~.or:r.P•.t•l:l•- Fiaally, d"""' nO( ~~dL><Io diffr,.ct vu.;cir.S Of Óneltnpiemeo

~: t<> nchievo ,.,·en lAr~.,, P"'<~"';"g p<>wor rhrough tatinn, whch 1eflect or.ly'd>lt~r<nt t.eot and produc· 
• h•rd-''"'" rcpUo•tion, th• "' chit<'!:llln! ~rov;.]eo Looi< tion • crit.,ti~ •u<h u pÍtckage tYPe~ lun.:ti<A>~l tim-

>J.· rn«" hor.irw• for ~">th md!ipr,.,~•in; and dis· • p-rat~ ron¡•, an~ ,,.en spe..:l ran¡e. • • " 
tl1t<<l od ¡>f<:'<'~O>i~¡¡ · ' ' • ' ,; Moot to:nput..- ot•t.em's haveliot.h e~temal a~d ¡,. 

~ ": t.crn.l'in!.ed~caa. E%t..,_al int..irla<lolt whkh defLDe 
::!ari:y. Chi11t ;., ~n arckt~~etur~ is ~ m<M.a& oí "Jy0t~m hcu~dules .ue of'.en &Utñda,.¿íud {e.&"., the 

f.uw wo,U 'e•;• in1 "rfoe<>l ore do!lnod .lnd •peeifiod. • l /lM chanr.ol int.do~e or tho fJECunibU$1. 'f'he int.;r. 
'f'l1i• ic·1n •l~•ivP- L•ll lrnport.ant goAl In a !amlly • nallnterf8ccSofrr,o•t<niniurl.,-g8Compl¡tersys....,a 

. , • b.,,. ~.,.,. ~~d u~fn"''""" cnrnp¿nento "'1!1 be a~dt<i · ~""' .,.,onti.tly hieden.' fo co"t."bt, the- com¡>ollent 
,¡, ,.;.,~ l hr• li!e o! ít • ort:hitoccure. · •• } ·.~, b~"ndaries of 1 micro¡>rn<:~,.o,;.t,a.,-d ..Y•t.em repro-

' > • • • •en~ "ctuo! lutuface•. and moai'W.Uo must be fanú]. 
____ ______: ___ ~__! ____ _:.. _....::._____ __ !___ :·• lar v.il.h' them U· weU ás with" ~~l)nl<"rfaca. 

'· · -- · ' ' :; • 'B•'"""e tb<! Nmpooont ittler/8ees u" m/l!'O vi•ihla 
W ,., fcli l>ns protoci>ls w ~r~ o;c iinpmtant ''and olten mu>t t>~ 1:>ore ¡;:enon¡; tti.. rnkrOp.....,..-sor-, 

th11t "e ilcve]o¡)cd un ind~pendcnt ~ · · Orienred •y•tern bu o ~mOT¡¡<o U'a "kcy otal>dardiu· 
~ 1,~,·ific 1,tiori fur elle Z.bus «lr;mg wilh tbe ·, tio~ link to llllow • widel''ml.I <Jf'N':'_po_n~nl:" ~. 

indio·iduní dc~i~~ msrmals. ' .d,~"J:11"·' ·- --~' .;. ·-. 
• • • • ;', ••• ., ..... """' . ·!' .•..• 

""""-----~-- --·-----:--;::-;-' ·r-.,·1,1 '" ·~:iy· ,~,,,. 
• ~ Tha b.&sic arehllecture -~!-::!" -,;\.• .,.. 
' " ;.;,,t{ty In tenn< oi t~.~ l.;,zio Md•ilor:t"ro •o••an< t • 

••t:"l~rit~ ar>d e~(e•>,1•biUl¡• d !h• i ""1 ru~ti<->1 oo<, a o AoldnOo w .. e cvnoider>ll~no. It ~ • odV&n '"" >;w~• 
.. ~JJ ._. t!t~ i:"<>~rol 4nd 'implo handL'ng of the to ha"" n.¡rra tbn one i<'dru.i'SPac~. w:il.b ud1 •d· 
,, . .,,¡¡,.,1 sy;t<m ; r,r. '''""' f:lolll.' i '' lirm• of the ,L-e•• il>oo< u, largo ..:.- po•Oi~.!.e.';, l ri'_: .th~ ~01)0. 
>) 't•m Mrh•lertur< ,, ... ;,. " wdl clofir~ ¡r,ot hod ol tMrnory ro!l!• ene~• •nd l/0 tefeicneu ore vi~wed U 
,. . ..,,~~nic..t'oi ktw""'' !he >lt: ""' romr;ontiits. td~ren.;, tn difieren! oddN:.Os I~S. Th~ 1.10 Spota 
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~ .,.."'' f)y ~11\t l..t -~""~ thos. componen u !! tba 7..-b-uO. ¡i rliscus:ú:d in !Ji~ •oclioñ ~lOw O:ii coiimirr.ic.atioo 
' '" "~.;, ;, ;_, n sh~rh: 'J·;:enr b"'· 1 n the ,.,uo~ nn ciiár.· •:with ~u,¡,¡: deviiii.: M"mOZ.y 'rorir.;;,ci$ ·;,;y be ¡¡,. 
' m JniÚtiQII ,..¡u, o.:~. <e dO~;,_.,,, .;@ '·les!:>'bo OQ,jiiif · •tn¡(;tJoiii O' ,:,e,o 'ond •tidc •c""'0..3, lriU: ~~di ty¡a 
~. t Lo ', riuus typo;o of b~• p•ot ..col> .. ~e· Zl/o~ w~ fe!: · <>f Oóce!o 'po,ible lr. •itM:' •youn:IOi n,.;nal !llodec. 
~· t •.~. """ so importlltll that w• Mvltl opad iin in<!ep8n. ·The , Zi!OOO dl;tlngui•hii b~' Üe)j' ol ~beoe <;: ' ''• 
, :. d, '·' •,..,:jfl~atlon for ~~ Z.bu~'j,J~nt; -lrit.'i tbe ii· ' · ~~nOi J>O'¡'~~tJo~ bY u!l~i~~~~: io::>b!,....;., :~ 

dividua] de'-"'" ~onui!t.' ,. , l,.'r; · ' lf:, .:":;. • ! tlil~• ofit. <t~to-..lin~• '~"P•~•!i!'B tl>e ,Varl'!':'• ad·: - !':. '·rt 
., ·~·: •>!; ;•, ·.··~ )¡ :;.~ch,J••P~~c~"~.!-'•GdW!n<....,~!-hftot.a!<>Umb.,._ .. 11 

.._ ·
1 

, ""- 1. of •ddrev~~b!t byta .J1!I to 1chlevl pttotectJ(ln. 'Tha • ¡¡ 
Compulsoll wlth other ..1 ys te m ar~hltedures ~.:.e of •~oh-addrBo! !J>.l'<e'd"fl•nd• on tl>i Vtroion• cf :[ :: "\,.,¡-~ ·, ~ 
• •-'·• • •, •· ¡> l ,.-•. -.. _. "' • tbe 7..8000 us..d, Th<! 4()-pi:) p&ckagf\o-.,..ion o!low1 • ~ 

We Me c:o.<>vin«-d that th• cl!flea·,:u hét .. een u~b a•ldre~• •P&C<" lo l>e Al ~t 6~K byte;, tl.a • :, ' , 
' . • u .·,~- " "'~·~ ' ' rnr<roptoc.,wr •Y•t•m ntonlWoture aud lt>r¡;t¡ """'" 4S plfl pl~<ka~• Hr>•Pn ~ o"'• """" a =•U 1 poce to¡l'j,á¡:I'J , .• '{, • 

J'l""'' oystern Moh!t..,.].uu ..... 1\<tl oul/ic:i<t:t t.o rO. b,atn•¿•! ,&J<JK by~•· ', • 'll~/1';\i~' ,,~·~'1· .~ f• " • ,. 
- .,. ' ,, ., ' . ' ............ ~~, '. ' 
~ ' '-··, ¡· "'' ··:..·-. ,,,. ·~·;··· . ' ., ,,,. 

'•1Ll0')'1'<t9' -~·'·'-··'··· 
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'!"he 40 pin •croion is intendod lor syotems, ofl.etl - , iho otJ.c~uco lo·.., impo,.,:.nl thu ít ;, worthwh;)e to 
u...d u d...dicoi..Od syoWms, wh<>re the ¡uogram ond . '(saCrifiio! any pouihle ~neidin¡¡ lrnprovcmonU in in
da !..O •pece• aro omall. In th.io cue, rolrooot.lon io not ·~ structi<>n [Qrmots whi~ rould '"ult from dedicotinr 
usuolly ilnport•nt. Uoing the difl~ro•nt addrcu•',rc¡:'is!M-~'tO special',functiono:,Encodi;,g ;roprcv .. • 
o paces, ono hau simple way t.oaddre>S in pr~ctko up menl,1j baSe<! en ino!.roctl<>ll lrequoncy, ,.; Lhat Úf:o' 
1.o 4 1 6~ K by(.es (with • ma>.iinu"' of 6 I 64K byl.Co~ qur·nt iiiS(ruction• Un oñu ord. ano monio!l.d..ivt hi 
Soma •impla protoc\.lon Í$ achlovod by oopitatiug ·- saVin¡¡ opaco without haviríg a negat.lv~ ilflo:d on tho 
thcee bp••-..,. In harclwuo. ¡. • ~r<hiLeCture: ~ , t•-•, · ~, l• • • ..-· ;., : ; · ·y• 

Tho48·pinver.JonwilhcnlormotaMMUai•lo· ;-· ,. (' •."'· :t; .. · 
t-endod rcr tho medium 1-<> lor¡;l oppiJ.:atioño Wbc.e '' • __ -::__ --
r~loc:•tion ond bcttor m"mory P':Otectlon are imP,r• ':::0 · f •. '1 <' • .: • ,,;:; •• ': - , ·': '-' 
ta..r.r..' In ~h .... ca seo,' n•tuo lnfcrmatlon c•n 1 )00 loo '" Why not ha ve 6peclal17.ed regtsteu? fhe 
usod 1-<> .. parot-e bet.....,n add:~u sP.,ceo by U1in¡r .~ ~ dl!ric:ulty lies' ID the !aCt that the .-•.. 
multiple M MUs. Butlt is •lso e•oential t.o •ehieve the ri:strietioils ~aüsi:d b"y dedirntion ar$ 
dct-ailod mcmory proU.etion <"'luir•d; lit io i>os;ible ~ · ineunsistent .;;¡th orle ari.cther. .:,.1' '• 
tou .. the4S.pinvcnionwithout&nMMUJFoithen ·•·· ••. , ... -:.•· :.,· 1· r: 
high-.,ndapplications,theaddna.,paceurer.olargo': -!. ..:~¡_'.. •. .-
thotonoisunlil<elyt-<>uhouotthcm.E>.pcrioncew•th' .'- ' ".t''•. ,. ·'• •. 
larp comput-e ro shoWo that SM bytca lo probably Mo•t ~ppUcationo docllcatc tluo avoil&ble r•¡¡;inor<l 
o~uol-e The ~uu.,nt lmplemontlltiOll o! tbe UOOO . , to opcc.lfi~ lunctiona. Fot "au=plo, moJI lu~h-fe,.,; 
uoao SM-byw addrut 'pac.,, but tha &r~hiu.cturi \>·, W>guo¡ea. r..qUlre e auck poifllcr and 1 •tll<k íun1e 
providc• lor 31-bit ~ddreu (21~7 M bytu•l- • ' , . point-et. ' 'l'h"n' Why no!, one 'might "'S'"~- b..v• 

In both veniono, the 7..8000 allows" dlreet acceoo •pedltized re;istua7 ,Thll <liff!Culty Jiu in tht" fati 
• t.o c*ch •ddnlu ;poca. DlNCt occ .. $ in<'ono ttiat th~ that the re•trictionl cauoed bi derlication a~ e i:l«.~
addte.,es uood in inot.roctiono or r~giotcr~ h.o,"" u ai•!.ffi~ with ono anothet. If thá archlW.ture •uppUcs 
many bit.> ~. the oddreu space abe rcq11iruo. In other only g.,010J..purpose registero," lhe u- lo freo V. 
schemeo the eff.,.,tiv.'addro:ot io 1 combinaUon of 1 dedicat.e them 1-<> spcdflc <>"-"gel f<>r hia oppli.:ation ·" 
sh<>tt.er fi~ld In the initruction ond othe: ext..nsion wit.hoo.a ,..,.l.ricLiono. 'Thio io imporuntin the <:<mt<:1l 
biu ofwn found in •n !mpllod "'¡jsuir. Dospitc tha: -of m!croprocoswr; whor~ usar appU,..tions iÜa no!., _ 
shD<I-ot 1ddreu fieldo, wo believa thll "!ndiroc:t ac- "' •'waU \ulown and wh~r• hl¡¡-h-1.-v<lllorii:ua¡:cs ~ra st~l " 
ceso" d<>l!s not ,.._, . ., bytao, beei.uM extia !t>ttrmtions U sed infroquenl.ly. • . :;;,. ·•. . • .i:~' 
mus\ be used to load tlfld .ave t-h• impU.-:! regist-er&, · , For cumple. the UOOO allowa ~ftwiu-u st.adc.o t~ 
which ...-e typic•lly in thort oupply. ·;;r , · • o¡;; · \w i111pl•m~nt.d with lt>)' regis~r. Theí-oaro o loo_ two 

; • ~-.. hard~·•re oupported staoks, Wt the ro¡¡!l(ers u..-d 
R~giouro. The UOOO is prltnarily • m~rnc'1"-t.o- 0n tUll gen•rol-pmpose ,.nd ~n putidpne in"•ny 

regioter archi\L'Ctui'e. Thi1 charact.eristic d<>eiíiot en• '· oporiotion. Therc• í; no aUocatOd ot.ack fr&n><~ point..r, . 
tiuly ••dudt ot her organi'-ltions. and rn"ch"anitms sinc'O any r•gist.er can be used by m~ane of the p..:g¡,.,r 
uil;t in U.. UIOOO !-<> ouppcrt thoni' For uiunple. combinotionof~ddreuing"'*s. The .. vlngsrul~ · 
memory·to-mernory operllions u e' oupporu;d for ed by -rn¡:ist..- specia\i:.atiói>' ira Ul>aUroetive Whln 
strings, whureas st.ack o¡>eratlons •cie ouppotted for · tho ¡¡lvon lunct.inn can stil) bU performod Oiwply. The, ,, 
proc..-h.tro ond prou .. ehang ... Th•s choice piovidn lou tha! wóuld result froon re'suktlri¡: tho apPli'-">• \ 
upward <.Órnpatibillty wlth lht zao. A r~¡¡-ist..- u• 'tiont would bo t-oo ¡;reo t. In criiitnn, ,.¡~ific""t $IV· • _ 
chiteeture also resu!u. in g<>Od perfo.-rnar.ce,- sine e ing¡.:eou\t from exdadlng RO frorn u.é os ari iadP or • .. 
re¡¡!; ter acce•ses are m•Je at o ¡¡reiter •P"<-<~ thari' momOry poimu. 'fhis r"dus.io;, 11UoWo on• to d\;1i<>· ' 
m~rncr~ occesses io the ~urrent Jmpl~¡n~nt.ot.ion. guhh betwun the-'indned ¡;¡;d dif-ect- oddr.;...i~g 

Esp<"riencf- with re¡¡lot.u-or!ent.ed·rña<hln.,.-oe•"nl mo-des ._.hkh ""' lhe same Comblnation of tbe in· 
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t-<>confirm that four ¡¡oncral-purpoouegiatcrs·irO not · •tructíon addr~os modc fiold.'J'hQ price i• •mo!l, olnco 
enough and that a "prc¡>cr" numher !S betwHn eigh(. RO "1till can be an oeumulatur 'oi ooui"t.: ro¡¡!sW and 
and S2.' 1'hi Z8000 J\lpports bytes;-: words {16-bit~ 15, a.tl:~rs ucumul~t-<>r. indu. , &lidh•r m•rilory • ;,,• 
and long wórda 132-bltl, and á few ilisuuetio,ú .~., polnt.rrs or~ ovaUable. In thio ,ea .. 'th• •~•:ricLi..n • 
uot, ·quadrii'plo-w ord j64· bi!.j: datll ,élem~nt!~; JI w~~; .•na•~>""""-f"~ .:; ".. ·, ~":' : , ~~ Ít> :f¡,' • ~ , j 
clwo$o lS. 16-bit regi.tera oUow el¡:htS2-bit régiotut '. • Anothor dedoion lO Le moduboutregiOLI!U i5tloclr 1 , l 
·~ ~eU u ~r 64-bit rc¡,-is~ JFi¡,'lln 11- S~ ·~·, _.;,_a_' SinOii tbe orch!~tuu h~dleo :n~ltiple '<;iat • •.• 
cl<=bl •• "':" 3_2 bit~,, lb"', n"2""'sit~ ~!' !1 ~c,kSt ci!>ht", _Lyp<:l, wo muot hav~ multip,l,e diLa ~ re1¡;iot-er¡~ue•. · , ¡ 
32- L rc¡;Js\cn wa>l> v ou•. Tho impao~ o ~be 4-bit ,. whfoh can hcld ""'h d;l~o typa._The"" ution n_f 11•• ,,. . "~' 
rc,;lst..,r r;,;¡d Ori th8 inotruction for¡rin dcpc'ndo al .O-' 'probleÍn ;. ili>pl~mei.!.od in u,;, 'Ud-Jt..ct.ure bi pair- ~ ~ ~ 
on tb• nu111ber of od_dre~3 modu on<l opcralids. S"ta." .• h>g.•Íegir.ieiS, tWo -~-~fte' iO:jiot.eri. :nWc"á 11' word ;--,.. < ' • 

, t.oon rc¡.~st.on allo"'od • rea.Oiiabln tiadaofl. Wh.,u,;''.Í ro¡¡!51.a';, twO word ~ rt¡J,t.i!.-. •.nw ~ •, lonJ:ji;-Qrd f. ·. ' ' \ 
J~ r•¡.~•ter:iWould hi\iere•ult.e<l in tOó reW on¡;:-,.·or<l ~ ie;i~toi'; éte. ,.' . '·} , ; • Jf¡:.,; ~~;;p:· •. <~{ . . . J,, .~.'. 
instruct!onJI. ·-..-4

' ····"'" •··-~ ".•·.·•·•,f~; ·¡'•- .·' .'~ ···~·,,rf '';':,'~· 1 · •• ..... ,,,,._ ·n t~,. -~ - .l~--'!te, 1 , •--·•··-"-~' _ ,. ·'.·' 
, 1\'ith one mlnoi restrlcUon ony rcg:iiter can be u sud •, ~ D.au." typ0s .. u .. ra. ~uld Jilu, to, l-. .., e a{ man)'!. • , .,... 

. ~y ~ny · ._in•:rucli<;n oi a~· _ocoumU!atur ;;: ,¡o u re&~',__ dirOotly lmpl~;'"nti!d 'dttll- ti¡)~o'oi~~oi-~l<_c ~ ~ll"' 
1
. :...:}1 • ·• e: 

'-""!"~n~ ~*'-~:o.' ;n•rnccy Po!i>t:'' .,~• ·~1,;ul.!;'h.y o~, !;7~"' J•,s:>P~ ;"'~~~ t\ha!~ bo~d'f!!~ ~~P5~t.o- · ,~--, :{\ '. '../ . . . ··,· .- - - . . ., '• -~~-; ·---~ ~--¡. t.• • ~ 
·,.r .',1 '·• · , ~<- . -;. ~. ¡ •. · .. ··.' 'tl' ¡~-- C!(:,~ut.:•t· .-_

1
,,1,1.1 

' .... ,. ,· ·,·.:,¡:,~ 
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f "'' 1 .,, 

'" • ' " ' -·•,¡ 
ond r.,¡;-ufat o\ru<tureofthe archit«ltll'e ond fr~m JÚ 
1nnro powcrful in•lJuotion >Ot-which •llo..-a fow~r' (a) 

'in5truc;iono 1 o •coompliob o-given i.a•k- - " , _ . 

'Y 
¡''=========='::::c:":JD •' . : ~ 1"'• - - ' ..• ;¡,¡ 

u -- '.);;~, 

-· ' 

e~· E,~~·~·2g· ~·-· .. . l,.,; m¡¡• l.iu.l w."t""~· '"PP<Jrt F:o• m.icrop•oce'""" l L-"~~!~-. 1 - ri:---.' . ,.., 
u.<Oro,thHtan,ilionfromas•c"'blyl•r~g~io~~etohi¡¡h• 15"'"• - , , '.';~Ó-¡;,.;:G,sTE~PAIR' i ~-".~ 
ic>·ellanguages wiU o!lew grCII..u' fre..<lom from .,.. Jb) (. - ¡ -. , !)FFS[T,. ~ , .::...._!] ~ OR ~ONG W0':'0, • 

1 
, ~ 

cbitectur&l d~peodency and wm lmprOve oaseol pro- . 
1

,-'! 
g"nmbg.0 ll io oaoy and LC,n¡\ting U> •dapt a com· ! .~ .,,'' ' 1 

••• 

- 6 or _ .. o·, •. _ <· 1 ~, 
pLJI•r archit<>Cture 1.0 cxecul.C! 1 particular high-lovel (i'"[;!\~tN! ~11-, f ,. • , , • .¡·• ·t •. ':t ·-~ :•.. 1 
Loa¡,'Ua~e e/licicnt!y.• Mostpr~amrning J..,¡;u:Oge• 15 ~ :. -' o_. <l- ~. ,·, •' 1, ,•i<J 
""'- oa a !iltor and c.on be oupp<>rted by a subOot of ( __ • . .. (ji'f_SE]' . ~ • • N~ '' • 

•vailablehotdwoa>wlthgraotcrcfHCicncy,~'Butaffi• (e) - --- ' ~ ~· ,; ( 
d<nt)' for ano p.:rrLici.hu- high-feve( laol¡tutigB is lihfy . - ; · '- •...:. ': ; . ~ 
U> !óod to inelfkielu!y for unrolot•d languogeo. 'J'he··~· ó' ·'- O 1 • ~·, O ~~-¡· 
:~Oi10 will be u.M in o wiJo ""ricty of ·~jjlkotion•. (d) (~&I,GIIlHIT ~.O. •! · SHO,Rl ,Of~SHr• •. , •: 

' , 
andwchn<Jwtio.tola,¡;enulnbor!OIW9Crowilluillbe " '" •"' -' • '.. 
u;ir.g ~'•<~nbly languog.,._ Sine. tho Z8000 lo ·• Flgo,. ¡f Horl!w;,,0 ~·-•!Ion 0¡ ~,.~,e., a<ldrn<e$. Mr """' 
g<norai-;>UrpO"' rr.icropnx.,.oor, fan¡rua¡:e •uPpOrt'' .. gmenred od~ress ,lo OT\Oo "ord, """'171•r 1t ls '" o rogister, memory, 
hu been pro,•ided onfi lhrur.g.h tho inc/usion of or on lns!rU<:~on (Figuro .l.a). S~men!OO<I oddr•ooo oro olwOJO 1-
f ••t""'" dt~i¡rned to tr.iniYI'Jq typical comj,i!it1o~ Words In o "'DISler or '"""""Y (F'I~~Ufe 31>~ how .. o<, lnstructlono can 
on<! ,.:..,.J.,_gcr,e•~tion Pi-ob!emo. Ammljj u,.,.. iJ the • ho .. .,,. ol t..-o IO<ml. n.o USu.ol ~u 4l<mll oll'"l) roquk .. 1-
"':tllllfily ~{ the ZBIX!O addro•tin' mlldt~ onrl data .. ordo (F~r_o kt~~·••1•..-,171o~ 1• at~ • ~. ~ ~"'"''~'"' lhal u"'o 

onlynnoword(Figuro d).',' •• J•:- ~.:': ,' - · , 
l}¡.oo./rheAd""""'¡,cotructutoprovldedby•c'mon·• • ,• -.. '· ~- ' .• •A t-~ .... ' • 
!.,,.;.,.. .~nuld-Jupp<ort'peo<=!ure~ U. o~- r .. ul~ froro • •· •1 • '.. .• ,.- • • :<;:_, < • ... 

•· o~r •et.'-"'Od r-:o.o:nmmh'l¡¡. A;c••• to p4rlonew• and - memo.:r •yneñr~ elfidently. Th~ two v~oi1o of t.hG r 
h:nl var io~leo on lh< procedu•o •tu k i•IUpported by ZSODO impl<>n'lentotion, the 40 pin unoog,:¿eot<>d ond 
inJo,. w"h •hort off"'-t oddr~•• rnode ~· welloo liooe the 18·pin •~grnCnt«<, ..Uow \~e rMin~,..nc., of u-.e 
•ddt.O~ •nd ~xo .. lnJexed oddte'•3 ;,..oo.,_ In addl· • orchn.ectw-al ..,,.potibility and """' t.he g'iowth be
tion, odr!,...., "'ithnrotrc iS aidtd br 1~.\!·WcRE"'i:NT ' LW<'<'n theoo tw<> application groups. Tho •~KJT->Onted 
hl' 1 ·m :•- ""'! I>ClN>~Ml'-~T ú 1 ro roin.u'uctions. addr••• •P•<:<~ guonnl.eelr thot eoc~ G4K·byt.e od· ' ' v ro>lill;¡: <>1 da (.o, logou.l e•af~alion, !nitializ.itfon. • droos opaca <>f tloo fl).pin •enio.<> be<:omü <>ne of t.he 
""d eor;l~u-i.-.t.o vE doto "'" matle i"''"iblo by t~ i~· . u{l•,•cnl..> n~_tbe,(~-pi~ ve~ian._~ch ~Q.¡:it¡l ~e,.io.~ 'o 

, '"'"ctium 'n.ST. ffSJ Cu><OtTION COD~8.' LOAO-:lM· IG:btl addro,. Leeomo• an üi/J;.Qt wHhin tbe segmont. 
hl~UI.\TE ¡,; f'l) ;,n<OA Y. and coMFAKE JMMI:OÚ.tt !, and o m<>de .-JdÓto in tbo 4B·pin p•><oka¡o' Vez.,¡on io 

', w lTH J.< UIOR Y. C ompilor• ' ~ nd _-utm .,lorO. whlch tO-pin ver~ion codo ca-n IMr e•"""t.od. Fw-t.hel' 
~,.,.¡ ~-.l);.t,;:, cho,octer otrir,!:l' !rec¡ucnlly, •nd the 1 n· · mOre, cornpol ibtity with >lnl' Current &-bit nlicro
strucÜo"-' TRANSLATio:, 'rXANS!J.TE ANO 'rEsr,ll!.OCX P'n><:oo- OUch 13 the Z80 i3 .,;.;, ..,d i'niiw tniÚo-' 
CPMPAai:. and c:O.'=PAkE STRII<G al! res~lt !n dnm.otic ' , @puto' """b:á&U.'e Z8 C<l~ od~ out.eñ.al daLa io. 
•!><»<! ;,."lprovotnenU oVer snflwtuo sit;,ulotion• o/' a -$hared u.gnÍent w!th the Z8{100. _-- -\,;..Z:; 

· !heS<· Ím!"'rtont t. •ka. ••peci"lly ¡,. ccrtain typ01 o/ ''fhe hiidwtuo¡i.erlormonra uf tlle Z8000 W olso hn· 
l.on¡¡woges. In addition, any regioter ion bfr used u a prnvl'd by od&Í-eo$ Hg:aten!at.fon. ::lin<oe a segr.~en¡ 
>:.O o~ ¡x.ir.~..>r by t.~ e PIJiilland POP in<lruo:tioDo_ ·~ nümb<,,: d,oe,j n..i: pllrtlci¡iáte in orithmetic.' it c•n b~ 

S.·~meototlon. ln urdar to ptuvide for t:Qnveñl<..t 
code ce~o,otion ond doto ocr:•••· iddresoes mu>t abo 
Le ea•;,- to rr.onipul~te. ArcOit,..t...-~; witb diroct OC< 

, '"' O \O L"'''""Y l) pic~)(y m" a liiÍW,- .,,!dJ'o>S Op1Cil, 

¡;ut on tho bu5 bofore th,;-,.,ul~ Or ori addt~o$ <on1· 
p.it.o.tion iJ Ol'o.i)ablo. Thio f<>r>LUJi all"w:. thé u~e ol 
MMU~ wlth -ntiolli no impo.e¡. on meniOiY occai.o 
ti,. by· allow!ni i! lo luirction ¡':' 'pual!OJ. ~it~ tlt~ 

, C~U. Jnd">ingopErotian! Oto •loof•s.t<r ~u•oon
ly,• 15-blt oddit.l<>n muot ~ p<•tformod.,~u&e oi 
the dlstin<tion betw«n the se¡rment nutDhU ond iU · 
offoet, one con,;,.., short.u ~ddre.-ses-wtthoUt ooh-
w..r.. con•Lralnto. Short oc!dr&JoeO Can'i.ui.i i.'~hortC.ff·; 

, ..,,. (fe~«. than 2&6 bytes) and tl>erebjr r1íí:lú:ca Pro-

·~"' oiietri~3). ·,";· ~;;:~ · .;:¡,:_·, ." ·~~, 
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·=-~-~ ¡;, , .• ,_. 

1 • ,;tj 
' ,_., 

' '· .. 
·' ¡ .J~: 

-- "!• 
'n 

i' 
1 

• ,, t !.ot o~do '" • orilhl!lotic moy bfr ~•00 oo !Joo ent.lnr 
.-. f.t:ou. Jn l!.i> c••c. oddrr<$tl are manipo!oted u 
n,,, c,f tbedolo \)1-'•• of the >atno "''"· Thi• ron.onl 
1 ht• u...-.d tn di,¡ ¡,~'UÍfh on addruoou new d•t• t¡ip., 
1 n <ot:lra> : , ¡), e 7-EOOO .... a oo n ·linear ,.Jdr.,, opou 
A.IJ, • .,., "" rnado of two porto: •7·bit ~egrrMat 
nu1nbe,: .-n<l o lfi bit off•et. Only tlo• olfoet pu-
l idpat.es io oddr." 'ariUul>otic. Tha sogm..,;t num'ber 
io ••...-.ti•Uy o poffit.er r.o -. ~VI. oi the total oddruo 
•pace, whkb o•n v...-y in oUe fromO to 6-!K byt&J. Tbe 
hlll dware repr•••ne.ation' of a oegmented oddre•olo • 
long .. -ord oro :e¡¡i;ter pal: IFl¡un 3), whioh .Uowo 
th• eooy rr.onipubtion of each p&rt o/ the oddreoo: 

, f'in•Uy, ít it vory oaoy toe•oodo\.8 with each of tito • 
178 ••igment• otebe oddt.S. opaca U.o pO-~bn !U)d ~t· 

·dynamic reloC..tior> tO.~'dealraW. fDC"bitt*' .y. -
.lama. R.ol"""tJ"'i..ol!oWo a"""" r.o wiitahiuj:,plic.otiOJI -
;¡,•In¡: fogleal oddt-euco independent <>f •UJ> phyoieal ; 
'.Jdros.••· Raoo:atiOJI lo """"atlal,- '"" e.;arn¡~Jo, In o -· . 

•
' ,,~¡ 
1) "" •, • r 

' 
1', 

1 

: ;, The se¡¡monted oddr••••• oro,-one u/ tho koy 
"'""h.,lisc.·. u>ed tó scippOr~ both lari;:e ud ,maJj 

·t • . 
''FH""Vf tm~ 

" ¡L---

. . . . ' -
' 

;<tlok-t.a...d '¡¡anual. dato' r.r<><eOa;_"«- •yol.em witlo ' -~ · ,! 
--'.. "" sevoral """'"· RolotHÍ<>n¡io~ll()t.nuemt.l lor·.,,. f . .-, 

dodiuu, .! opplic.otion• wi~h a.do ¡y-¡,;.,, lly <!' Ítllnr,ln ·• '1· .'~.J. 
,' r"Jf-

• ,• t.> 

·";; 
·' •• l
,"1~ . ·. 
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1 OGICAl AOORESS • ·' '---..,.-
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• • · . •. 7 -· 

" & 7 e """";~ied •l•rk•. A •po<iAl das• Qf "privi\•~•"<1" in· 
~~---~- ";.(wclions lo dclioed, "hkh deal5 .,¡¡h 110, int.er· 
~~ · iú¡O"ts,l:ops, and moc:!echOñ¡eo.'Pro¡¡r~m• in normal 
--,-~ uood' "hich 31-lemp~ (.0 ox<-cute '.i. pri•·ilo¡:..d iñ•lruc
. , --- · tion will éau•e a -\rop onda cho'!il:~-~ •Y•l<•n·,.,,ude 

1 !o!E1o!ORV 
'l J.t~N~GEMtho. _____ ":_~----, 

1
-UNIT [ 

' 1 
1 

The iWitch from uoer · L.>lrs\elll ·;;:-~e c•r.· alsg loe 
:0: Cf.~.-.d bY the S);_.~.,¡' call"hi•L¡:..ictiv•.'r'r.:c•• 
1' nwdJOni.<tno rnforce prot.ed.ion and help '" d~r1!¡;~'ng 
·:·· relioble and elfici.,j,t op<;f¡,tinj{!'y~tóms wi1h c'o•n 

\ •). usii in!.eríoru. S.v'er:Ol <itbór Lr;,¡i;- "'• nq'lih•1 lo 

· 'ar.hiOve " 'ccn>is~e~>t •ri!.Un:' l.:gff.tntatiJ".- :.:"3¡>, 1 
1 
1 
1 

• 1 • 
1"' 
1 
1 
1 
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l. 
.. 

' ---T-' ,---__!' .- .~ 
• • 
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" • ,, 
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' 1 
1 
1 
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' 1 
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' 1 

" 1 

' • 1 
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¡. '· privilcged lnttructlQII.trap: and und~finM:fim;¡···,: 
Li<>ntro~·; -,~··,.,e •1"<,·:·- ·:-··-

• F' ' ,<\. ,' ...,, :. ';!: •' • 
•A desiublc me:nory prv!.ectioQ Khom~ i• iln> ior 

w1ich prot«tion lnfomuitlon lrud 'ooly, r~ad •d'-" 
"""cute only, tySt,¡,; uniy:11""' of d.t~""', .-.da,"'~ 1 ;, 

, ~••ily """"d•tod Wilh tho dst.a ond ;.i.._¡, ;tno;' 1'"' -~"o 1 
., • ¡!>en appti~~tict:.• U lo a1s.> one fa< nl ;,.h a !U ,;e 

'liumber uf differenÚyp-cs 01 pr~~on infoff.,.~ion 
' -~~n o.nerir.ed. ._ ,. ·;_L·. ·1:" -;~ •. 

;1,The relocation •nd_mtm~!Y ~"ü~~c:•.o 
.nechani=• deacribed aboVe ••• pro->,,....._¡ b~ a,;~-< 
1-errial dffice: tluo !O~moi-y ,!u:,ag..,ent c:nit.'1 ~ ~-"' · 
vido rel~tion ond '¡:rott.étion fcature• dlr•it:,Y o.> 

• ':tliO ZSOOD wu~\d hu e d,maT.d•d tóo,mucl-:.¡·,.,~llf,'-'>· 
·• · ' tioa. The Úte<nal MMU hi> tho f<Ü\!:.r ~d,:an:•~•.ci 

' l>riovidb¡:: f<>r ea.si•i g:-owth by tllo · addltio~ 'ol <:<-==· . . . ./ 
15 { i .,; ' :~~ ,_.,.-_.-•. 

Ll ~-'--',-,_,¡ _ _ji"·;/~~:~ .:> 
'J pOllrnto, The 7.800() 40·Piií ¡;•··k~-~~ 'docs n~l ;,; ,., ;,, 

carry the bl!rd•n of tho unu.OO. advonced ·,;,¡...,~:.., 
and piote<:tlon feit..:.s.llth~U¡¡"h ·""""' forro <.! ¡..-,__~ 

. tectlon <in b' achie;·ed by hardwm oopor.:i.Nn .. f tbo 
"difl•rOnt'addreao ~¡i'acOis};.'•l-h .-:>~i,iple MM 0: s. tlu 
,.8-pin po.ck•&;• uoe.- co,¡ centro! tho •docallun e~d 

, •• , PrCM<t.íÓn """l'ic>.lty dá:i.'Od in bis opplic,o.tio~. 
.. ;;~ .... _-:. ,:.:_ ' .. :t;.,"f-~··~-, ,,' . 

• .. 
.• '. ' •· 

' ..... 
• .. .. 24-SIT Pt!YSICI.l AllC!lfSS 

. ' .. 
\ , .. , .. , '•'\-'• 
\ . : . ' ' ------------" ·- "· _r,. The rniro<1ry mu.og-omut unlt. TJ-.e MMU pu· 

." louil• tlú-"" fun{tions: '(l), addJeu trdntlnUcm oj 

-ki~~CI>\ addnu U.. p~-;y.¡~ 'oddina ~>in¡' dy.,_.;:cic 
Figuro ~- lovleo! to plo}stca! t<!d•u• lrans!oUonf .~ ';;,!DCÍ>tíon," 121 rriéinory p'i-ot.t.:ti,.\, and 13) ~egmu>< 

"•.•. · ~:: •··'· ~ M<l· ,. ,· •. · ona¡.;ement.Thc:addr<>.t>inonlpuJa(.e<lb~;tl,.·f.r<-

,, 

·,, ' j> ,}.,.- ¡.- ' _. ' • •, ~- , ,g~an,m..-,u .. •dbytheinol.nlct:ono,an~o~I¡>UI •c•t,-,• 
ROM. Uoc:rs wh<>N toW memory n...do .,..,-.mall..-o . ZBOOO ...-e coiJ<.¿ lo¡¡iu! addrcooeo. TI:.. W~lÜ .,-,.,_, 
olso unlll.ely t.o need relOCIItlon .. fi :' · ' , i.b~.e loi:ic.o.l oddres..,o:eO~¡,.,..,¿ o/ o 7-bl(.;_·ll'·,:.~e 

" lñ olHllma<y, tho choico of a •ogm•·nt.<il oddre., -.,¡.,nbcr and 16-blt' offo~t. ánd lranoform• tMon \r.to r 
•pace hu provid~-at low coot '•nd with few prllC' Zi·bit physioa\ addreoo iFléuru 41.' A 24-!Jit'nrl¡,:n m 
tioalllrnltationo-o p<>...,etfu\ oolution to the"problerto ha.., io lo¡;;ully as,.;:iol-4od ... ith oa<h ."l<¡;-,-n..~<. T •' 

- of ""'' g¡-owth. rel<><=otlon. ond proleotlon u weU ao fwcm a Z;·~lt physioala~dii:ss. the 16 !.it offo~t ;, od· 
virtual mcrnory implemont•Uon: We belléva 1-hol a d"d to t loo baso foi- 111• g!vóñ úgm.,~t. ¡o e¡¡.,¡, ";t) · 
linear "addceoo •paoo could haVe achieVed "th"'" _'i.b• h~lp of ono 'rr.omruy in~n3,pun··~\, rla••k••- t~• 
re•<llu~utata~noidor~.blyhl~.- vñef,.; ~~ · :zoooo.oan odd.r-.oo_J>),(byt.-•,_<lir<"i.ly ,.¡<),;, • 

· 16M-Lyte ph¡- >icil mem.,.-y "l'~"- •¡-;,,. •' ~•<>· '' /"' 
~'' ',.«- '-1 ·~ tbodH>iceofo\argaphyalir.Jj,dJro•!'P""''"oi'":~.,, 
,.;"' "' ,.~, · '1 '• ""fX¡•"ot..tíon thot ]u¡;o o/•t<>rnO wiU Wloll! to U"' •-XI."' 
' ':'-!;. . :. ' . hito fo< cornp\n .-..sowt-1 i~.ma;:amont ¡>•Ufn Jeo. 

The syslem ari:hl1eclure 

P:otectloo f adlh iu. The ZSOOO • proteetlon ~·:.' E.ch .ogu•cn\ "- giHn a ~umbu of ~:tnb~t• < •·bc.o 
fadütiel e<~n b-e" dividéd into . S)' sum\ pfolioction ~ it i• ioituUiy c11Wrt>d Jntú th'o MMlr." WLea ~-,~ .. ~ur)' 

1 fcotureo and rnemory protection lo& tul-ea." Ex· ¡:,¡~f!·nclii& rnode; thO p'iiíte<:tio~·¡¡,.;,¡Uhi!m thrch 
peri•nce with lar¡¡e compu'-'<rt ha1 demonltrate1 the , 11>~•• at~buta ogainat -~-~_t.atli~ ¡.,¡,,.r.;~~lf"- f,C,,., 
adv~nt.q:e1 of h.ovin¡¡ otleast two ex...,utlon modoo • the CPU. 11 o rnU.rnalch o«wo: a l<o¡> '' ~~,.,.rtll'<l 
~-ith di/feront ate''"' ri¡:hU toi hard~we. fodlitiu. 'whkh lntern1~t• the CPtt: TI,¡; CPU' ._..n l.h,.\,ho:C\.. 
The ZBOOO provid~o tho •:r•l<'•n á,d norinal n>Odoo fw ~h; M ~lU >!.i!tu'o reibtéi-a ui'det.ormlnc tho·é.,,~., 51 • 
this P"'1'<''"- A &Ímple pro~.<-<:tion •>·st.i!D> •~•ulb '¡¡,., tnp S..J;nlei<t attritiutO... lnd~de ""-"""'"\ ,;.... 
frorn tl>t p<e..-nce o! thu• t"IO modtt and U.Ü.. ."o.nd t¡~ lread orUY;-•)'J~.efn only,'a""'~'-"· ~nlj. ID· 

• ·~- :·,,:· "'•!" ~- ..... ~-, .. ;'.'",'~-:-'1.\f'~ .~\¡·;;-,~ ·i'; ' 
., :,.-· •. . • ' : ·:<:·,•;.,JI' \ 

•• ¡';~ •.,,,_ ' • . .. 
----- ·----
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1' ~o lj,¡ D ~~A,;,". •l""i CPU, el el Olh<'r "'HnlCO\ protee• 

thn le~ tu re-. indudo;, .. -rile warniltg U\M uoeful fcr 
•t...<k "f""ILiono._, .. 
. ,When o mommy prolo·•tiur. v¡ol .. tion io dutHct«<, o 

- .•. , it• inhibit Una guaranl.l. .. o th•t mumory will not be 
!ncouo.;tlychAn&ed. Tho invalid OMA and CPU blt.o 
ind•ootc th~t tho entry nnnot beu....J by Lhe O :.lA or 
CPU '"'P""U~•ly, hecauoe eithcr tho ocim~nt 
llumbtr io ille~:&l or tho ••grnenl entry ft not l""d.-d. 
·:J,i• faot !uture. in oonjunctioa wllh the oegn>ent 

.. • f,. 

... 
• • 

' .. 
.:·,.; f' 

' ' ·-.·"· :<..-

• hi<WI}' ioformation (Sl'umont •'chon,od" and · _,.,g. 
,,,<nt "roler•noed" h>t3) ond tho «!¡:tneñtaUon trap 
;,->é<hloniom, allows H.e Jmplemlllll.ltlon ola Yirtu&l 
,..g,nenli'C mMI>OIY •yol.lm. . 

The MMll cun>o• ln a ~8-pin po;:hgo (Fib"ll"' 51. 
'fh<, chip inp'ltir oro tho oc'gmont numbor, the uppe< 8 
bit.s of t),e offY1. ond statuo lnformothln f..om tbe 
CPU. The oulput• !ro m tho ..,¡¡rnent chip are tila- up- ' 
¡><>r 16 ¡,¡., o/ the 24 bit ph;·•-ical •~areu an~ the 
,..¡;meut.11:1on trap line. Since tbe memory mana¡e
m•:>t devicc prO<~•~• only the upper 8 bit.& el t h e off· 
•ot, the !o"u S bit.s {:O d!roctly to mem<ory. 'fllio io, 
eqcl•ol~~t to having zoroo in th• 8 lowcr bits of the · 
N-biÚ><i¡f.n. Thu•. !he "'""Dll' manog"meM deVice . 
c:tly need• to 'ot.ore the uppcr 16 blu of each bose ad· • 
Ure~~.· Seglnent iimlt prot•ctli>n lo dont in tho 
::::t·n>Ol)' "'"na¡;cm-nt dcvico, and thuo •exmento con 
~~ prot.c!~ 1 'n iacr<mento of 25B b'yu,a: · ' 

t~•oh MMU lfl.OTO>S1 oq;mer.f onlrieo' t),at .:on•i•t 
,.¡ti." o¡,;, "cal bue addroos, it.ÍI ~tt¡·ihutes, oiM, ond 
>la!•"· .\ pa"' of MMUo ouppo'rt th• 126 oe~monU 
a""• i••hk ;., ~~~ oM.re" •por e. Addltl~n3l M!>!U• can 
'>e ~••d tu ~:<ornmodot-o m1Lltiplo tron•lotlon tablc• 
!J ,tn¡.: ti~<· oto•II!S infm m•li"n provid.,.J ,;•ith •&ch.fcf. 
ecenc••, p•ir. ~~ M~lU• c~n be enohled <!yn3n>ieally. 

The rn~m"'}' ma~o¡~ment d"••ioc funcUono con· 
•t~tmly wl,ile nwnory nfecont•S ar~ niado, buflt• 
¡ranolu;, '" ond prot.ectiOll tab!u oro load&<! and.un· 
loadod u an !10 peripherol. Th ochieve th11, thfl 
mernwy mana,ecrner.t m,,.¡,., h• ehi¡¡ sde<:t, addre .. 
,¡,~ht, d01 o slrub~. and rt•dlwntc lfnc!. The ZSOOO 
·~ouol \.oy(e 1!0 jnolnlct!on• thot .,.., the up¡>er byt.o 
~i t~o <lota boo con !Dad or cnloo-:1 the meii>Ol)' 

"·"''f.' '"""' do,· ice. • 
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Fl~uro 5. Memcry monogomon1 devic~ wllh z.eooo CPU.• . . ' ,,··~ ~~· 
-; ~· •. ·-'= .. - •'H -· 

• 1 ••• •'' ~ 

·' ... 

¡uan.nl.I<KI.' Enabl!n¡:: oÚ!isab!ini" tho v"'laus inter
rupto b th• mech&nisrn uscd te ~nrorca tl:h ¡>Ioce~ .. 

'
.,, ··, ... ,,. ,.. og prwt y.. . . . . • '"' .. ., 

In the UOOO, wa felt lhat thre.e l""el• ot inLeruptlo . ~·:: 
wo:e oullici•nt. A ~un·mod~b/• inr~rr~pl reptes~ u ' · 
o i'otaotrophic •~~llt which ~uire• •poo;io.l hOndling t :., 
to preoor.o •ysl.llrn inlegr]Ly. ¡,· a.,¡,lltioii'' t),u<! are i-:{ 
tWa mukable intertupll: t;"'"''«:lorui Imor ..... pto '· 
ond ,.~!Urod hlllrn<pU, wlúch C()rTOOp<lnd lO o' rued Lt' ,: 
mop¡•ing uf intorrupt ptot••oing wutine¡i' and to' a ,,,. 
~o.riablo mapping of intemJpt pror:.ssioi routl.>ea 1 , 
dep.ndlng on <he voct.ot ptotented by U> e pe'ri¡;heral' 
to the UlOOO. • ' ' 

Both !ntarn.pll and trapo result In ollllilu proeeoa 
oWitchoo. lnfo"'rlaticn reJo \<Id to tbe oJ¿ pio.:us fit• 
piogrom otatusf ia .,,.J on • • peci&l s)'!ot<>rr. st.rd 
with a codede.•oribing tho reO'on Jor Lhc ..,..;1-tb .. Thi• 
aUOwo recurtive tuk •wltch~s to «rnr whilc l~aVír:.g 
Lhe normal •tack ~ndio.Últl>ed by ~)·s:.eii{infoiin.o· 
tioñ. Th• •tate ó! tbe niw pr<><:éo Oto riOW proj¡tiUII 
•~><tu•l io load&<! lrorn a •Peci&l ni~~ i~ rr.M~·~ '";'l.),~ 
piOg-ram •t.at¡,,~ ,.,...,-.UJl¡¡J1&ted by a' Poiil¡.,r'"i'esi· 
dentlnt.heCPl!f...,-FI¡¡ure6). :_:· , ~'!:~. ,.>..' 

Tha uoe el the atock and of a pointer lo thaptQgram 
•t.atus Moa o.re' i¡)oorfic obokc• rn,ade' tO'&llow •¡,.. 
thitectut&l .:o,j'pioubilltf if ncw inkrropU or' ti.lpo, 
•re addlld lo the .,.,hi..,.,turo. Thu <holee ol the two 

" ' 

.e-
rnOd"' of OXficullon h•• A otron¡¡- lmpor.t on tha ¿~olirn ,<. 
of de•n utet int.erlocu. E•J'>ecie~e·a f.o o oho'Wñ Lhotin ~. 

' 

! " 

.i 

' . . 1 

• • •, 

i 
' ' 

' ' • 
J,l..d~ owit<hln'"' fDtionupt rhld trap h&ndar.¡. 

Fo<':n smaU "H''" U. J..:!kat.ed pn>o.·~,. ~r.trol ap
plic.<i io~' ,,, l•r~c '"~r~ In gen~,,]·purFo•o do U. pr<r 
' , , r io¡¡ • J•p!i~ol..io!1", uyn,foron~U• •• ent• auob ••in· 
,...,, u~!• anrl •Yn<·':' an~us ovenl.s üke !.<•~ mu•f ~ 
i .. <.ldiO'll. When th<.., e\lenLs <><:cur, the 'lit• of o.ny 
"'"'""tly enoulin~ rrOÍ¡'""' mUot Lt '"""d during 
o··'·"' la ¡:w"olfy roll<'d o ta•k'•wil.<:h or Jl!oieso 
•.·H..;h 1'he u""'s kn•lit fr<>m' tho •••aOobolily. 01 
''" r ;• j,,t,rru;>is •nd tropt. Th•y ol>o boriefit from • 
l••t, '"'Y• ""1 unilorm holldling of proeeÍ! !wik"h• 

lO:. ¡e IYII<IIIO tl>t normal nwde intlrurl.iQf. IOt ot>d 1 
'the Uo•~ !nterfoc .. t.>gethttr cvn,tituti the-,;;,;;f !m- ·• ·~ -~ 
pOrtan! • tlamo.n~·, in· aohlevin¡¡- aiehite<;t,¡¡:.ll.' ~· '• · ·,1,¡¡, •• . . '• 

m¡;. .. • 
Pedpb<rob uting in1.4m.>p~s hoH widely vo.r:fit>g 

cor.Hro.int• 011 lnterrupt 'pro>e•••lng titoo. 'ro sol;..e 
thi• ¡>Iublem, p~riphcrolo with !he 'oame:chaiao
ta i• 1 ica iro uften • •>Ociated wi ~ h ona of s~vOrallnter· 
ropto. A priority f:~for<od o.n~oni tbo oever>ol int.ir. 

· iu~t• aUowo \he m•<¡uirio!:l pro>eou!ng 'tlnlO ·LO' be 
-~ ;• • e,' < ~ 

,., , ••• ··¡ • • •• 
' 

·-~~~lit~:~·,- ·~f..)-~~:: .. . t{l=:if.f:~~.r~. _:;;. .· ··;¡ 
" Communlootlon with othor d•vie<l: tbo Z.bu ... The ,. -·~ " "\ 
''z.bU• l•·t),ó"oh'oi-ed'bu'o.'which iiniU~aJJ''the.'c<i';.,.. ~'j"' · \....: ."'1 
1po,;~n~.sor~~-~&li:illy~._The-;;~y:añ.<~~~··.. . : - ;.r{. ~~ 
.m":""• roqrurern!lnt& of ~ CO-~~~.Dll ~·~-~· ·¡,. ,~ ·"':i'; <~ 
1 f •>tnt tl.ot ioflet f!>• Z.buo '' c~mP?iic<J .~!;;t• ~u-~"·i' . -~:\•" ~~ _;;.::,:~t\j 

.. . ·, -~·t .• ,, .t' '\ . i ·,·; ·''··-~·~ 
' • · , ,/ .JI,<¡ .e· 
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fli~'• 5. Prograrn olalu• oroo, . .,.. , --·~ 

01 , ';7' .' BAO i._<' • 
. .. ' --- ·;rr,f•·. ·:. . -

o rnernory bus, anUO buo, añ intucuPt buo, ~nd two · ¡· • 
re><nlfCO f"'!U";t bu' ses iFI~'UfO 71, . ..·! --;-"'; ;¡¡¡¡_~· , ' ~: ONt 'tf Pe~ 

TheZ.busi$c.o.Uedo''ohared''bu•! .. oa~¡e .. veral '.]' •Ail,~;; )':II($0URCE:WPE 
~ornpon.mts can use i¡.. A bus ""'' i. a CPU or o '¡» .. , ~>.! ~.¡ .,_ ., ,, ~ : " 
ripberal which con usuaUy genero te 'one or rnw-a bui , 01 •. ~~ . "· ,, . ;;..~ .•• :-~::;! .. • _ 't~., 
ltansactiono such u rnemory dolo ,..quest oran J/0 , •flj¡llfl 1_z-bu• olg,..!o. ,.:;:~_, . i, :, ' 
requesL !den ti cal buHronsocüona cannot !Ake place • • , . 1:.;:. , 
atllle•omotimo,butocrioli"<ltionmechonl.itnsall~w. , ... -~ - .• _ ,., 
oequential uso of !he Z-bu,, Afchit-<ctu.'rally; the ;petipheral interna! regist.en. This fr .. t ·.re al!t.~·s ! '•• 
bu~>e5 e.on bO ¡-rouped lnttl '"' Q &VUCLU:"". Th~ 1/0 constsuct.icn of oomplu .,...tphe~• -~hich ii'><lir•.nr 
otruotuteU>C~i.heliObuoandtholni.<:rruPtbuo, The ••impl~pru~rominl<orfa~ , :. ', ' ~ ,_, 
momCI)' structuro us"" tho mOHJOty bus wl_th or wllh·, c.:· Tho Z·bu• is knowo, n a La~op;u ~ nL~<t: ~oy~· 
out add:ess uLenS>on• Both ol.r,lctures con uu tha , cl!runou• bu ~o. zaooo tompcncnt.s d~ n..< <cqu><o that 

· reoour~ r<"quc•L bus •~d the m .. ttrohip roqucst bu o. - thodi docll• be >yi>chron~ .... itli lht l?U cl.,¡,k Th~ 
E•ch hu> con•i•ts of o •d of olgnals •nd thi, pr<>- ··oigMIS u••d by uch tr4liioocti<ln ¡uo,•id~- "11 the 

- tocols which pruide over' Lhe veriGU• typés of t.tan· """""",;')/ thniri¡¡:. Tbio · cO~ti!pt io i mp.;f\<l,,(: ir 
uctimll. Part of coch prOLO<ol is the titnl¡¡i: relatiun· all~ws, for •••omple, J¡Q Jihunte:i IP be io:de~~nd.:o;t 
•hip b.:t .. -een rolcvant •isnolo Tlie Z8000 CPU pr<>- of (!,• ,;pcod •o.d dock frcquenciOa" I<'JY irocl Ir;. ·•-1 ~, · ' .- . ' .. ' -
vides mott o! th•~e timing relotion•- The advanlA(t ;z..~u• cranU<liont., ":;;. ,. ': 
of such M ohoin la the lignificonn..:luctlo11 in"the :_::: /10 b~• ""'~i;.,rm·,;.:J bwo. The Lú ~n•lllo • ~or· 

• numb.er of compcnenll requir.id: to. bÚUd s.Í<h o ·,bu..,. ore t he n•o.t lm~nt. Tho ~,;.o.oo i.inoi;;· ~~· 
oyst.em. One o~nsoqu~nce io thlt'b"' ti.:nsadions' 'éhlt<ctuÍ'o dbting.ibhel.~tweim ¡,;•rnéry_'¡,,.,: ''l' 
cannot be oborLed or dolay•d' froely -,¡,;<e 1om e :'•poorcs and tlws n<tuirOs 'opec•fic '!oú inslnJ<~i ,,A. 
devlceo, e>pe<iolly mcmorY,l•a-•' op.-<ific t.!II'ir.g con- Thl• ..,-dut..'ttuTi.l ..,pú4iion olio" • btt¡;¡. ¡ .. ·ú:.<'

otraint.o. The moot impOrtan! ,..;,.;~., atlon for Lhe . .'ti o u nml '"'" o nicct l>"lei.l.iall<i< e.<lciJ>•~n: ;•11w ]¡(¡ 
Z-bus io the n<><d !.<> int.etflltO W mult•pleied oddreu ··~'>.nd m"enwsy bu"Oco uo• i', 16-bit · o<idf';s!d;ot.l. t-<J' 
..00 doLO ~ne. ohh"e zaooo CPU which il1Un lit in •~>- . .'-Whiéh ,Jio, • 1 o bit 110 -.dds..;se'J ond ~-:_""o( Hi--l·ll 
ond 4S·f>ln p~tkoge•. Tbo Z.b\Ío oooinLaln• th'coo • dot~ el~rric•nl•. M~i<,ury Ódds'o$se$ ru-·~·16 hit• lur t~• 

· wultiplued oddro•• and dota lin01. V•ry Uulo >J)o!'iod 40-pin p4d,u~o <>r u tended. t.o 23 bi\.> u;.nG >l•• ·,cw 
. could be ¡;ained by demultiplO•ln~ the;., !in;,• for '•~ro•\.ed '"'•ion: Thu .. ttWr m. mor, bu• i> io"l•ct ~ 
m<emory roferenc~o sincl mernÓrics aro them"'l~e• lo~1CAI oddre•s'buo.',The'lncreasoti.•P•'"frec,;:drc
tnultipk<t.d. The, most lmporl.ltr.l , •• , .• , ,¡d~O , 1 o, n•on\.> ol futur• .'ruco u¡.>roc.e.-.oro i•likdy t o ¡,¡,-~,-¡,i~v· 
multipl"•~d '!. bu·,- ;, ti.~ dirrtt .': <:Jro><abi\i: ,: 'ol, · ~d by- t.ilio< l•>& m.morj' &nd · 1/0 "r•l'-"'•nc~ "" :¡,.,¡,. 

- _._,.- .,., • ··- ••. ....,. .. - •• '• •.-'<"" ...... - ···¡•·· ....... . 
·-~o-. .. r · .. ~.,_ .~ .... , .... ~~--· 
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tclp<-..;ti•·c <baroctori•ti< rdcn•ncu pott=no and by 
u>ing •in\l•ltont'<)UO 110 ami n>ernory rde<~ndng. 
'fl•e•o futuro puaaibiliti"' r<~JliÍrc on .rrhite<tural 
""""'~tion' ioday. Momury-map¡x..J 110 io otiU poul· 
hle, but wo ft·d thc loso of prot•-.:tion ond ¡><>lential ~•
)•lnd"bihty "'" ¡,..,""""'e tn juslify mcmo•y·m•ppod 
l/0 Ly it;~lf. . 

Botb thc 110 and m<?m<>ry busc~ n.W oddru,,datr., 
ond co"''"' ,¡~n•lo_ Q.,p ;,n¡wrl<!M implomcntation 
<!<cio:cn ~os ~~ nverlup ¡he •i¡;nnb u>Cd by th 
n•<Jnor) and ]¡Q ¡,,..,, on ;he >dln~ 7..8000 CPU pins. 
with the ~\,viuu > cxception oHho no tus •ignols u•~d 
to di•Lin¡¡'ll ish bolwt·cn tho two typ .. nfbuu"'lur>U. 
Fcr !te curren! :l8000 implemMlllloo th~ , .. ultln¡ 
r,.Juct:on ;, numher nf pÍn$ÍO sign ir.cant. 1 n «>J•trut 
1 h• lmpo>sibility ol doing coneurr.mt m<>mory ond 
j(Q cefcre~cin>! ;. not '"'''"Y significan\ Jlnt<! lheir 

, '·r>=d• aro e>"entiolly the oome. 

lO ,, 
' . of "' du<i<•n arod ,.,ri•liratiur, ..,,..,¡,.;,¡,m• n<~ lor 

rnultiple di<tribul.l.'<l •r•tom• with <rltkol '"""urce 
• ;;. . 

sh<rring , · t ... 

' .. 
"1,' 

' 

Multlpn>tnoln¡. fn the ronl.nt of t<.<loy'&]..,.¡e 
rn•infra•n'a oystemo <h~rootúlied by mtlltlple pr~ 
<"<••••• •hotring ona P<""Uttor, 0"1 ¡,¡ tompl<>d to 
d•oi¡,'n di•tribctod prOcr,ing syotem• witb nu•n~ 
low oo•t rnicroprcoco•son runnln¡' dcdic.ted pro
«">«oÓ. Surh:an opp;rC..rh 'di>tribut.ea'lntemgonca 
rotó-ruda the poriphocals, re~uluo ln modularlution, 

.,1 ~. 
l,f;' .. 

""d permita ~asier devoloprne~t ánd ¡¡r~wth: Unf0,.. 
tunat~ly, in th@ p .. t, t~e ¡><obiom with·auob ··~ ap· '· 
vworh bao been soflw..,.. and not hardware. Thuo011e 
<•nn<lt be ox'¡>e<tod e.o prQv)de de~Ue<i "oolutiono Jn 
tard""'~ toa software prob!Oru that ha1 not be"" 
so.lved yn. H<iwe'v&r, wme basic o:oecl.*n;•ms ha~~ 
b.en providfd tp allow th..Utarin¡: of addreas spa""": 
largO ~ei:ted addteo• sp.oceo a11d the e:rW..ai 
MMU rnakc this pou.iblo, and a "'"'"'"C.. roo:¡u.,t bue 

. . 

Í> providod "'hich in c~njunction wlth ooftwa...,. pro-
' v;Jd tllf! e~olusion ud oeriali:tation con !.rol of sharod 
aitital', <UOU•te•· Theu me<honis= and new 
p<ri~h•ralt Jil<e tho Z.FIO hav~ ~n··d~•i¡¡t:ed e.o ¡~ 

In oJd;liun, meu-ie• and pedpheru.l• both bontfit 
ir~m :~.e ovailabiUty of early ~fol<u.o infonnation 
ciefininr, !he bno traMactjon ¡ype 1110 'ver•~• 
mcmt-ry, J ""d v•r•u• Wril<>l aheod el th• ••1 ua.l tron• 
,action •o thal bidirKtionol driv~rs and utlwr bj.J'd· 
"Me el~m•nts car, be u>bl!d be/ero tho roference. 
The ~tatuo lineo al the ZI!OÜO CPU prevido thi• t.ype 
of ...,¡l •t~l\ls. 

allow eaay osyn<h<OnM• communicotion bctw""n '· 
dilferent CPUs.' "'! ~ .. ;~,···· '": ;~. 
f -~ . :; 1'1u J!(i ,¡,,,,.,,~. Sinoc mar. y poripber al> •re <"<·n· 

r.OI'I,.N! "-Íti\ vno Cl'll, the 110 lm• is •h•red •nd '... ,,,., •'.··.··· ' ... ,, .... ~·· ~ ,' ~·"'.-
.. ,.:..lint ion mo~•t Le P''" ld<!d. Ono >ulution io~<>l·t• lmpl~men\allon l•adeolfs 
tl!ir,., ~ na,l.(,rtslov~ prot<><;o). Th~ CPU io • ma-Ulr ;;,' , , 

.;. • 
w) .i<'h '"'' i11itioto an \10 trnn.atio~ ot a ny ti m<. '!'he ~. 'rhe hy lemlly d~oioi~o· pr..dudbllitf.< Confton!al 
¡><-ri;¡~<·r:l• are •la·••• ~ hich ¡oartidp.oti in a tran;oc· with !he vrol>lem' of' dt.:.iJ:O]ng a n<'W '-"l·bued 
t:~n "nly wh<n '""l~c•t.c<! by tht <MS<~r. ln oideo e.o •yo\em uehltKtUrO; We <ould hove ignOt..i:l P,.duge 
ftnd L'll if" 1•ui~h•rol n~cd, LObo •ervio;d lhe oñoner ~ al. o cOto;idorationo by acúptíng' P•rkad" with 64 or 
c~n poll&.:J, io turn. 1~ne z.t.~• olsa pr~•·id•• a r .. ter _iñurepi.">o, or Wect>Uld bave l¡¡nored mou '¡irodoeunn 
woy ,,f getting th~ o\ttnlion oh m ..... r: an inl.etnopi táchnology ronstreint.s by u>ing die,;,.., largeri:~.an 
hu•. ln cvntrast, with tbe (10 tr~n••ctlon dala b~o. 260 mil• •quare. Sil eh oolutions ir e C.ften'juo~'ftt..tln 
""eh ¡><riphual shad~..g tht inurrupt bu o may "uy" the lmi'l•=nuotion e! án e:r.bting ct~mp\.Ltr ay$\.em.. 
to u~e it ,;.,, ult~M•m•ly. ThelntcmJ~t bu• u•e.11n in· The co,npoMnt boun<larie•. l>•!,kage limltationo~ and 
IN tH?t lt1w, intorrt1pt ockno~·]cdge' lino, •nd t~·o k<havl"~~cal Jimltoli<lns "'~ •c<::On~ai-y i.o Br.!\iov!or 
"''~•dJM< u~ to IW"m a dai<y chJtin The doioy chain the ~0..1 of •uct membershi¡> húlio conlpi;t~r f"""'Q. • 
;, nn im¡>leinootation d a ~bttilmtod •rbilration R~t if one wúe u.'duign 3 new syote:n airh!ifftt:re 
r~:ti::1 loet we,•n tho t•"''ll">T•. Pthll it.y ol pr <o<essing i• with the samolock of constr•lnts, ü.o lr.dl\oitlufl t~m· 
:l<t<noiot.,J by thc j'<>Sition ;~· [>,~ <ia.i;y rhoirÍ, ond )><lnent ,.,·ould" r.o\ be ptice-<:Óm¡><Üt.iv~:.. udf th~ 
¡>o.ttphu aJ, c•n be l"""<r.;>Lod lnt•rru~t vecton ao • tOul •Y01.ern would be. A new oy•t.em' Úchit""curo 
u'od \ll de to•rtnin<i thO ident!ty of tho petiphcrob re- lxt•f'ri on thío epproach c<Juld .inly ba u;;.¡ t.o ~¡,·,;~n 

' . ¡"" "; 
.f 

S. 

q~r~tin6 ""'-'vi<e vía 'añ inlt'TI"Jpt.. , ,Yet ancther' traditiono.l CornpuleT, ' ' .¡·•,•· ..... 

''
•' ' . Th e • ' ·~· • •,•,: • .¡-, "·" """''· e two r••ou'"" '"G.""''t "u'"' aro ~ • · • 

·.• J•orr.<¡<J~olLhO<"untrololthoZ\ort..f:amtheCPlJ · .,. ··., · ., 

·' 

' ' ' ' 

';. ' 

• 

• 
' 

' ' 

' • 
' • 
.\ 
1 -· 
' • 

_, ,¡¡(, '"'l'";;,' convOl of any g.illor •li•ed r~•owu. '(he ZO:OOO fami!y provi<i<'>s buie,•' gN;i.rnl· -f.; , . 
·:1-P/.~0(10 CI'!J or any Z·bu~oampalib4oC':PU<Io.,. •:¿ puipo~c blocks out of which'a· system ., -~ 

., ·' ,,,.,.ri tn •••¡m••qho h~• t>l "'""" '' .. • rnlot.:r, ·'~ ·• ~nlutiorilto mnst pr~blem.s'e.nn·h'i!if• \~' • ,i: 1: 
>~d 1•, t•.m!ore, \h~ddau!t'rna•'l.or. Ol.hor drivka .J.r -~ ''< ¡ "ploo>o ''d ,•:)' ""',._..·, • ,:•· •" ·: 

'" """ • .,.~ 1,.·' _..., ~ ·~! ¡.,_que~~·bu• mu:onhlp,·'but. lhey inuli. go """' ·.rt .~ •"' ".t•• '''?!/' 1·."'. t., '· 
•~ ... ,.,:,~""¡,:¡¡r~om¡jtivedi•tn'buo.,darbilr•tíÚnu .. \J:,:•··. -,···: p,.''' ;":??.'. ;'.>'J\\~1·-~;· <;'1. ,,·.: 
in¡¡- ~r.otl.or doi>Y chir..in: 'l'h,;· CPU =.lwl]o ."i.:JJn· f The zsooo lanúly market l• ""ton<l~<l. w"N: "'"'h. '•·' "' •. j 
quishes tbe hu• ~• 1~ end of it>. curr~nl bus trOé.s•c- tX;,dOi." •nd Oiieh corñ¡;.,.;e~¡ 'of tbo f3inll:j'lhii'A 1>6' ..,., ••• -l 
tion. ' " > • '.::' ..;,noJr.i<atly viable Tbuuo~ ln.tr<.odu:¡tlonofiGm· • f'' , 

'l'ht rcoo~rco requosl <hdin is o cenorali1.otl<>n of pononts ""h•chir'• oe<>Domloat!y vla\,le b~ th'tmtselV'el »"' .,~, ,•,< 
tht cor.c~;¡~ in "biclo e•tb ,...sour~ t"'!uOII.Or hu oUow< ~• u. o8rve"the ·m..-rk"'- fiotñ ;.r)' sinaD con· ~~· • \. ••• 

1 oqua!Jtn)><lflance and can u•~ t~o ,.,omco in a non·' }t!>•·••lrou'to:v'fy'!ot'il:•~ e~nfl~a:io!'i''by: ~$Ínf ·~· .. .:,~ ':-" ' ~ 
• f'"'"f!•;<trve monner·.'!bl• m<'<'h•m~m m tho ~~00" "'<>;"" CJmptmlintl;ln~n)' CO<I_!hin~tlo~tJ'ot <;~·lydo ~· •; '~'\ .V -.; 

'. , , .,. .... PU J>F.~Ú 11 ooe u. "· p!.m.nl In ooft.,Bl~ th~ k1NÍ "~ bt nt..., tl-at · thls •P!>n':b do.s • not.· <Uhi«. • ., , '·~ • ~ ¡'' · r '· 
' '; ' ' h ·' • ' .. • ~ • "" • 11h~·t j ;¡;.,:<. '·· ' • ·''<''·"\'~o\· ~, ,!\, • '"· .J • \ ••• j f,,..·,r~; , .. ¡J·f~f', '\j '" ·"'·1'·· .<Jir)'19/$ . ' ' ". • .. 1 • ,, ' f ·lt• ,,, . 1 '·. 
! 1 "' ··:;·' .!".•~' " ' 
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STATUS 

• 

Al.IJ. 'fl>c>o :mpleon<·Ollotior, <ioci,)ons, which "'""' 
~o, -+ '"' 1 ' ¡;~K!,.,j by tho tO<:hnclo~.;oalar.d proct.:t41 cansidua-
.0.0., ,. • ' < Linns, ho<e & ;tro~g im¡>act ·,;n P"'f•>r<nonu. 

• 
All,, " ·:> '-TO od>.i•~• iood p.rlo~ W!tll lhe inJI.Naion 
AD,¡ . ~.; fMniot •nd dota typ' erivi•;ú;,Od f<li<.ht ?..8000, only • 

IIU.OIWRiil • 
N~Rr.tAliSYfi'!il 

AO, 1. ~ 16-loit buo """"' odequol~: o3'Z-l>lt búó wculd hove 
AO., · ' nt"tUolt.o~ urlnr' ofl Úruui.Ptallhi 55 piri or largu 
AD, h - l"'<kO¡;e. Oplima.l ptrforilio"' 11 'ob¡,.JnM .. 1~~ tJ,i• 

- AO, =!SS/~~~ c!ouOl!n b11o width 11 t~.a i.luo of ttii f,.,quenil) U>"" 
" AD, .. ~.; . r'o¡¡iotor-Lo-registe; op<~ntlo;;i ~-ine• one ,.,,,d, 

AO, ' , ' 'l'ho choic• of Al. U ond iñtiliñf.l rr¡;btct · mJ!I!.o .': : 
AO, trode<~/1 bet..e..n tpoed oll.ho mi..t ftc-qu.nt e~ e:~ 
AO, •"·~ liono ond the :hip .veo rweded 1.<> lm(ilimenÚ "';.¡., 
AD, • • :~ ALIJ cr do!.a poth lnÓ!dúhe CPU.':.,: ' ···..>';_ 
AO, ' ···•" Nono of.LhoOil,lmplom""!~ti<m di.:iaion,1ot,¿,:~ M, 
AO, ·•· lirnit ~ho BTChit.m:t\IN. Inltructlono !.t<i from·o,·~ tu 

~~ ____ ----·"' __ ------. live wordslong, •nd dot.fl typu ond •ddl••""" ;.,~,.~: 
f S." S«;I.IE~UO 1 llmllad 1.0 16 bita'. For eumple; 32-blt wcn:lo o..- cr.< 
J • 511, " V<RS.O~ 1 , of ll-.unain'datl' typeoehbell'lldiliiea,nnd addrr"""" 

~r.tl ¡ SN, ·1 !•cc<upy two wotdo. 'J'I¡e adJrU•·we-;losnls.,. _,. 
Vi '1 1 , S~, SEGM!NI ·J.. lu•t:awo U"' >ll:ungdi•Unctiou L\'1"""'~" arcb:.,-o 
ii\1!:. _, l •SNI NUMBER 1.' tu .. udltllirnpl<.'lnf'-l'lóltion_'t~~arci.i¡,dur~!•~-

•. . , ~ 7 J s", , " J drus rcprae.1U1tion use~~ a S2 bit ....,,d of ,.t.;.J, !:! 
;;f.,!-:·-;·., ·~, 1 bii.SoUr~oorvedandlioishenf<nmaUb~!w.:~" 

••• - ·' •• • ) 1 ....._ -~ .. o ' • ¡;¡¡ ,e·_~···-:•• 1 : 1· d"!.Ctipi.Ol. '"ui,WliiLD000er<-hil.o>e!.u•epr0\1Y""llP 
• • ' ·.• ' : • SfGT SEGMENT l to 3l·bit •ddreoou, huL <mi y 23 A:re oun-ently Ion 

', •·• '·' ~--·--- -.~-j_5A.__I' ______ , p]em~nlad lUid 23 pin1 of tlt, <U=t poclca¡fo aro 

RESrl 
SUB· 

Slll.I.Tl' 
OECOUPlE 

~ 
•y•t.cm orchitect~r~l po,.ibilitics, but we also beüove 
that the family will be moro dfectivo boüu.., !L wiU 
gro-. with ll.s ou•torner. , 

The zaooo family <loes not a!woy• att.empt 1(1 pro
vide op<•dfic archlt~cturol soluLiuno, often im· 
plom<n¡.,d in hardware, to al! ;ystono architocturo 
probkmo. lno\.<lod. it provides bat!C, ~eneral·putrou 
block• out of "'·hioh a syoum "<<hltion to moot p>O
blemo can be implemente<!. Thc multi mkrop•O<:cll
oor and di•Lribut.ed syo¡.,uo ca;:ooLilili•• of tho ZSOOO 
f~mily •llu•traLe Lho u>e of open·•nded m&ch~ni•m• 
to sol ve o "'uiety of orchl\J!ctur ~1 problems;while the 
memorY monagemeat of sddress opo<e illuoLrotl:o a 
opo<:i!k probleuo 1uppon..-d br,.a opedf.r _..,!u 
t.lon-th~ MMU. Howevor, oLher lolulions-morc op
proptiot.e toa particular problem can he uoed and IUI 
advonco in tha ouote of the BTtmight \,.. rnapped into a 
oewdo\-lc.forthefomUy. :t. ' 

Thl• vt.lon el the Camlly ofl~n ro•ulUI'in corn· 
p<rn<:n\0 rnrore powerful ond <"<lm¡>l~x th•n an •ppUeo· 
tion may roquice. Tho uoor oho~ld nei '-"ka U,io 11 a, 
ca u•• for ~1• rm, but raLhor -._. tloe ro•aMn lJ>'",ippUco- . 
tlons ¡;row\h wiU be~asler: ' ... ,. 

R••Íc Cf'll ionpl•ment•iloo docioiooo. The ZSOOO 
CUW·t>tly U OE·S a 16·\oiL doto Lus (I'¡S\J 1 t 6), ~n inl<·o r,al 
re¡;i>l<·r ~rr ~y ol l6·biL ro¡¡irlero, and • 16 blt p;u•llol 

alloo::.oudt.oadru--, -·~>··- ~~ • -~, . . 
' 

MMll trade«lfo. Th• MMU nr.d iu rdatio-rl lo th~' 
ZSOOO CPll illuoLrate t'"domffsthat• mi,oro¡¡roC•o•><>-' 
arrhitoct ond detignor t.eam mu;.t m~l.o t4 ~''""" 
componen\ monufaotQt.obillt.y. ·1. • 

Tv &<hie•e U.."geob el ¡o.>d ardi'-'"<Cuul ~'"" 
¡¡atiloUity fM high·end sysi.Gñ1, it'wia no>.:-, ,;.y :.o in· 

·dudo t~a rrui.<!ctl<>n and\'3-~oc:ol.!oo meoho,:crnl• 
de•crilmd abov~. Bul if o!l dOsit<d foat~ro; 'H'U im 
pl•m•<>tcd •• o onc-<hip CPU/MMU cotnl;ioal~or._ it 
would h.oH 'boen too "lar~o i;od, <n•t"o!uoo, 
une.:oooomi<lll. And if • r.dUero 891. ol !~o :.:1u • •" 
i•nplomontod, it would h•Ve b~'n ~oeh<t ·~!cu::, ¡,, 
primilfvu. Thus, th• choi:o "wa1 uoa<lelo mai.ito:~ lli 
!ei.tcr(l' ancl ,. .. two thipi Thls new ur~.nlu-lloq 
h .. l•·>t'la! •i¡;nilka~l advant.g•s, s~oh' u ~ 
o~pability r .. r multiplu M!I.!U•, ond ollo .. -0 Lb~ •• ,, •• 
uf a DMr\ de1·ice lo the MMU. , 

Giveto tl.e d,oicH ~~ 81\ ex.ternal MMU, 1 ho ""' 1 •eL 

of d ... i•:on• < """"'"" paá~g• oi•c •r.d cilcont o ;o .-<1 
Ha1 ¡_,~ ~·•·h J~IO<'ol_,.¡ 'l!&m<ntot&rl<rn ~ I'Co C t.."'"' 
da.r _.- wurrld ha~ ew.¡uired a64·;.1n P"<hgo.:·t.d ~ •"· 1 y 
fa.•L 2~ blladC:,r lin foot, • lD-bit •Jd~r "'"' ~ bt~ .• ,,{ 
eairy ¡H "P•G•twn). In contrist~ ttic <] .. ·1" ·"' ¡., , ''"' 1 
.:.-li:meo•to ,., 25G-byto h-uuodMie.-all"", ¡;,.; ti•c .,¡ • 
48-pin patka¡:c, alltt 8-biL -t.:!drr, iOnd 8 bit• -~· '-"· ·~ 
PropogoLion. The • lo u u, OOI~tion e !s 1<-.:ho.i,·~t:_,. 
~upo-dor and ploc...-- proctically ..., rOILrk<i~n'<>n !\ ,. 
a<ohJie<lure. Se¡¡mcnL -~'",-,Ularity Con bo •1e"wr>d os 
O:n implotnont..>Li<m rultktlOn an~ !\Ú\ i.• "" rrchiLo..• 
tural reolricti~n. '1 ; '~':./"• •.'.~1 -;J,._ • r;'i.·, ' 
-.': Uaking 11•• & luw-orrlu blu orth;, off><-~ gQ •1ir<>.ly 
!o mem'-")' abo signifrcontly iedwo"' "'''n~l)' a<''""' 
lime, Sino~ dynornlo rnorf"><lrlu UH' th~><> bit.o !ic ,t,, 
mllot or 1 ho MM U rel<><:>!Joi, ti m~ ¡¡ hidd~<\ dorl01¡; ~ .. ·. . ·' ,, . . ' 

-. ' . .' . \ ' • /, !f 1 ;'o •' .. :'-"1',' ···~!';:• • •1!';:, 
"' ~ , • '¡;,· Ml';oln •• . . ' .. • • ' l • 
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normal m"tnory ac~c••· T'h• a••ilabilitt of ... ~mcnt 
ournbers 'nlíer <han the ""'"'-i•Lood "ff•H Wts roin
foroe. thio od>&hl.ole and a~ow• the MMIJ lo result 
in ••••nli.dly too rnornury "'"'""" ·~ccd red .. ttion. 
¡;;1,rh MMU cntry alw r.,...uites 8 bitolcs• fur bou 

'•nd ,egment BÍZ<t va)uo. 'Thi• io hnpor!..ont: lt is 
d~•irahle to pock u mOJ>y ~nui01 u poa.oible per 
MMU. \Vith U onlrieo 1 2K·bit meonory i~ n""<'od, 
whld\ ;, l<><h"olo¡:ic•liY dif/icult In viow o! the 
~,,·,c,•mt ollo¡:ic surrou.,ding thil momory and tho 
com¡>l .. ity of it• or¡:~nÍ>'-otio>n. • . . 

Tbe f•~t th•n an MM U i• only conn..,t..:l to tho up
por byte ol th~ daUI bu·, roc¡uire• the U &e o/ opeo:;iall/0 
inotrucltono for its loodinJiand ubligoo 111 to roploce 
\.h~ pc;>ibl& "'" of an aut<>rnatic demond loadin¡ ol 
~ntr;... by e&ptícit indnJctlon looding. To corr.¡>8D
••to ¡,,, the limo pon.hy """""iatod with ~he lo.odlng 
~~1>-'~~ntiolly unU>t)d ~ntri••· rnultlple MMlJ• ore 
u"'<l. They n.>t only aU~w the impl<<~nent.ttiou of 1 ~ 
entri~•. btJt pairo~~ MM [Jo can be eutomoticelly 
mebled by th<- •yotom and n<>rmal m<>de ptr.o efftl:· 
ti n.o; a fu 11 onviror.ment '"' oteb ot oloctronie op"<"d. 

We ¡,..¡ thi¡ ~umple IUustratoa une importont 
dni¡¡-n appr<>ach: Lo <omptomi•~ ulit.lleu possible 
nn ~dvanud &rchitoctuu.l foatwea but to a«ept 
c~mpw"'i•~• wh.icb rooult iDimplcmMtation •"'~ in 
'"'h·r 1 . ., ~chie.e l'<on~miuol comp~n..,to. 

Conr.lu~ion 

'rf.t• ••• hi 

!"'1ÍC!~~'"""''"'"' i 
<h• nur-'compm.cr 

such •• ' 
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'1\. lnlel MC&-Ia family of si~~l"-chip mkrocam
p~ten c:ont.alno lt leost nine differon! mkr<l<:ompu,.,. 
chlpo havln¡¡; 1 c:o"'mon in3trud.lon ••t b11t dlff...-ent 
amoun\1 of oa·chip read-only rnemory, reodl 
w;it.e mtmory, and inputloutput (soo Table 11. Ac· 

Toblo 1; 
MCS 48 mleroc<>mpuiOri ... 

ON·CHIP ON·CHW 
f~CMGE "'"'~ QJ.TA 
M r.IIUORY <I[I.<C~Y ''" (¡¡rn•l (b, .. l (tj10S) """'' .. !X ROlo!' "'" " .. ~~ IP~OM' 6<"' 11.,_ .. .. ,.. 6< •• 27~· .. 1K HOM' 12R"' 27 ·~ 

" ••••• 11B"' " '" ~~ ROM " " .. 2~ AOM " 7l ~Jul ,. a M Al O c.rn, .. !K Rür.t .. li Plu! mos<11 oy•. onll . 

" 1 ~ E!'ROI,I " 1~ "''' ....... ,,, "'" 
~----------- ~--

• &;aoo•t:~o 10 •~ •111> ul""" u.ps 
'' Plu• 2~ Oy1 .. ..- .... 01 trto<OOI ~'""'"""'Y"''~''"'"''~ 

' 
' < 

ON·CHIP ON CHIP 
PACKAGE PRQCAAM DAlA, 

l'nRT 1 SI!! , MEioiOAY J.![lo<ORY 
)Jl'n>) : (b-(1 .. 1 ' lbl'l") 

sm .. 2K ROW -8155 • 2~ EPII!lW -81~51~ " ·- :~ 
!l<l " - - < 

------··-
n - \.v -<< 

• - < 

•• 1 • 

') ... • 
• --. , ... ---'--c-7"- -----

A $yslem (ÚSig~·e,. and tea.chcr, 
who !tus nia.de liberal use of 
miÚocompu'ierS in'" his Ówn 'u•nr,l;. · 
aild. whose ·st'úderitS1 J;dt~e 'Jc;i~!u . .! 
. -.·.·· '•' •:' 
8048 processors,lreviews 'thii · 
Cap'ab_ilities, áda ~ [~,;i(i;¡.tion; Óf, t /;e 
MCS-48 family ... 'of. inidoCom'pilter.o. 
~ 1,'! ·- .. , .. - ... ~~- '"'" ... · 

' ... , ... 
¡ ·~ ' ,, ' ,, 

1 ' 

' ' ·; ' ' 
-Cording to lnt.el, tM Mes--:~ c.:mny ,...~-w.-q.¡, .•• ,.. 
,·.olmed ¡;rimanly .t the "'t·bil rnarkGt" ••USO;• e.' ; "· 
-te\"" 4()40.~nd other law-a.M micro>con!rcllf!to. P>
, cent en trie• into tho fanuly(th 8021. a022, SN l, .,,rl 
• 87 ü) are inuouin¡:!,y &pod.Jiad for lcw-enJ .,;,.,. 
· Controller •¡.oplication•. Tbe M~S-~8 f~.nily h•; ,,~ 
thío m111ket •·•ry .... 11. ~:¡.·• '' ' 

TheMCS-48 fotnily wauho~i;lled •l • -Mci ,,,.,. 
, ket-applio;.otioril thot ....Qüire ~n •~¡>•ndabt.-. ,;,¿1•• 
"-t:bip; gomor::l·p~ mic:r-Oc:omputu. Ao"oh~ .. ~ i .. 
Tabla z." "''~rol upaMli><l cl:.lpo are "'&iloblt to ¡ ., 
vid o a n M ("S· ;8 rompul.er· wilh uP to 4 K byte> o! ¡.m
gram ROM, 256 or "'ore hyteo ofe:tte:nal RWM. ,,... 
u r.~any l/0 '..i~u o designer" au\d ~vern....:l. ln A<'l 
dition, tho uternoll/0 bus of the ~•CS--18 ¡,.,,¡¡, 
allow• O&O)" int.edo10ing nf ~t.ondard SOSil!S0!\5-<o<>o" · 
par.1bl¡¡ poripbo•ral ddpo. No~erth•l{•••. th<>" luchi!Ji< 
ttuo ol tho MCS 48 fomilY maku it difllculi tn ~•• 1" 
mony go.n.,r•l·purpooo op.i>U<atiO,;•. "h••~ • ni<>< • 
ca¡>ablo &bit "'c.h!toctw-~ 1• required. '!'-' . ; -·~-

Bll:;ic drchlleclur• 

--
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' N,•nm•:.n •n.,rú,.!). Th~ II>UÍ<num pro¡;um od-
dr t>O '1"'"' lmdudiu~ ~"l~rnol ICOM) oup¡.c.-r\.iod by 
!hu "chi.•~lu¡~ io ~K ~yt.co, There "'"o mu.lmum ol ~~ 
2',& l>yt<r• o/ wo cloip (inWnol) dat.o !nMoor)', of whlcll ' 
I~R by~.e• •r~ fmpl•mc,.t...! In tbe t'~IJ.nt fam!Jy 
l""d"', 11'" 601 ~ 1" ,,ddi ~o u to ln~n.al do !..o memory, ; 
ti• o MCS,Ia dituttly oupport.o256 by too~~ e~!.<rnol 
doto m••n•ury.' 

Mon M CS ~S lun:il¡r rnomb..ro hove 21 110 pino, o.r• 
ron~N •• !tu ce S· hit porto. two tal! Input .. and an la
'<"< ru¡.ot ÍIIJ'Ul, Addítiooal pino att pru\·idtod IOr oi>Cb 
luncliono 11 powu "" re .. t. oln¡l•~•teppin¡. alld 
m•moty ond JiO nj)Ouoion ouobtto. o,.. 8·bit pon: 
onJ part of o ""<ond aru u•ttd !.<l furm 1 ¡nultiplu-.1 
•rl<llooo onc! Jo!" bu o for j¡() ond momury e':llpllnlliOll, 

TI•< MCS.i8 hao • oln~l<>lnfll intorrupt oy•t•m 
¡.,,¡y on~ ¡, 111 rupt in Í•• vicu ot o tlrn<·l•nd oc..,ptolQ
l<r"•PL• ltorh lw<> oourceo-ia Jmornal !lmer/ 
c~~nWr onclon Ut.etr..al Jnturupt lnp~L pln. Jni.U
"IPI Cl.lb ~m! r~tum• outomotlc.IJ~ pul~ ond pop 
tho f'""~' n•n eountu ond e...t.o.ta int.orna!or.atul fl..o¡o 

: uoic ~ 1 tto"k !<' th~ i.il.cl na.l <lote "'"mocy. 

F' o~r~ m 5I orO ami prcg;am c:"oolro/ ' 

TI"• MC.S·~b 3«ili'-<tturo oup¡k>rLo o muimum of 
l f{ b)"l.u u/"p.o¡¡-r•m •tore, <"Onflgur..:l U 111own h¡ 
¡. '::"'" :l. //~"'"''"'• • cloM loo!< ot poe-.am·oLou 
or~~cl:r.atl"n ol10wo ¡ha¡ tho MCi-48 "u orlginaiJ.v 
.¡.,;~,.,.¡ ~• • 2K·b)'ti machiM, witll the Ntoad 
.'1:-J,¡J.o .:ap.:~ilil.¡ od.dod lo 1 d=•:r ol~.crthou¡ht. 
"l"hio C<.,.I.U two problome with tho 1ddrouin¡ meeb· 
'!nlom. · 

Flr•L. t ho p< oi'"Utll cYUnl.llt i1 nolly only [l bito and 
timo athU-uHolnol.nlct!ono on)JI"withln o"2K-~yt.t 
h•n~ o/>"''"'"m U<><•. Jump ond oub<OIIIlnl eall Jn: 
. ·tru<tl<moll~e"'i"" ¡pecify 111 Jl•blt oddr!!oo.·'J'bt 
pmbiOD>, th"'>. 11 bow 10 ptovldo o 12th oddr ... bit. 

r.uol'ooc.lu\ion io u tollowo. Provldl.., lnt<•rwl 
fl•~. Mll. thoL un be 011. ~,.d durod Ly two lo.otrue
lic.oo!Sf.~ J.IBI and 51:1.11\ao, ro¡poe¡.i -.¡y¡ Wlle~>Cvv 
~ i•""-P ~· •~!. <wlitoeull b uotul~. ¡o~e tb~ J l Jow
.,. ''"' l 'f..' bil• \rgm the ln11ruc1 im~. oud ¡,,.d !he hiKl~ 
'" J" \11 L f<uon ~:U On •Ub"'u t:ow eolio o nrl retu:roo. 
;.o,¡, ,.od pup lho ~~Ú•• 12-hiL o<l•tr.••· 

·r·<,orc o;o o<>rne problorno v·ltlo 1 hit -'"lutlon. Fi.,l, 
• • gonuol ""'!"""'-' of j~mpo ond <.ti o in o <K >~6-

,, ... ·, "de•- "¡ oiWI<)'•I.:"o~ "ho.ro "'' "'"" Ir~'"• ond 
: !.. "< ··' ~<>~~'! ;., nol\ thl <U«~nl •·lluu ni M a. So 
·." • · -«11. • St.l. >w, jr,.r.iuctioo mu•t pr•c'-"'• evory 
i·"" i• or o·all. N"luull~ tll.o P'"'"lmM< can oorn• 

'" -•vt•i.-¡ 11."" iu•trudiOJl on ~ ••••"r o u•• b"":l-l. 
. '"' 1 L. i • • n~l ~., U1ln¡¡ t.o wou y abuu!.. ,0:: 

JI o-"'~ . .-J,.,.,¡¡¡,. l"iruproLium, we lbink ""un·. 
ol<·r>!lncltllo 01JJn•<11ní1' m«honlom untll w• wr!W. 
,_ . ., fir•l lnLiliru¡rt owlono". 'l'hon wo w~loo up in thó 
"• .,¡,rl• ul ¡¡,, . .,¡~¡,¡ 1 binklnj", "l\1u:>opol M U un't ba . 
ro·,,d •• fl&IL uf Uoe P'""*Ucr oU\.0 )'SW, But MS 
m u" L-. ...r. la 1 n~w volu• I.D utd•r 1.-0dojump1 ,.¡th!Q 
u-.~ illl.erlllp\ roul-ln•."How con tb.-ol<l vol'"" bo re! 
O! m,.J '-"' ••Lurn?"'W• Uuwaku fu,- hwn d<-..mlll¡. 
''1' pt.uibl• ·~lutlnn . .-- ~an't ii•v Cl\!o or jumPI ~~ in-

_. .~.-:'1 "'· " ,• ¡.-.,...-.,r·· .. ,·.•L 
•• 1 1 ~-
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H<ow \o choose a microcomputer 

Th••• 110 01 le••l Ji• loclors \o consi~O< In choos
,.,~ a mo<rocompuler (or mrcJoccmpulor f¿mlly) lor 
o po~duC:I •ppli:atOC>o. 

C~p•blllly. Th~ ,.C "'"'1 ha>e enou~h ROM, RWIA,. 
110 o.p•t>ol•ly, ond s~oo>~lo <alisly lhe re~u1reme."s 
of lhe •PPI•t•lion, pluo o deslgn mor~ln ROlA, 
llWM, and 110 capablllly con bo determine¡! lrom \he 
n,onui•Civroo"s l•t••a1uro, whllo !peod lo bnl dolO<· 
rnlned 11om benc~rn•rk progr•ms tollur•d 101 tho 
g .. en oppllcatoon. 

Wolh t-Ome ,.Co, lho omo"nt 01 ROM, f1Wio4, 6'd 
110 """ 1>8 lnc1ened by uoing e>lro chipo. Thlo ••· 
pl<\dobol<ly nolp5 il 1111 ¡ob lo lmloally ~ndcroollmol· 
ed cr 11 lho onarloelmg depanment thangea tho IO
qulrOmoniO. 11 !he appllcalion puohes 111o obsOhdo 
momor; lomoiO ol lho~C.II b~com••.more dlllocull 
(and o•pen•l••l lo d"'olop 1no poogr•mo. 

E>ionolblllly. l ne dul~not mu" ew.sl~et "holne< 
lmprc,., •ors1ons ollhoeC "'" ~· ollore<l. A,.Cb~ood 
pro~ucl deolgned In 1979, lor o•omp<O, rroi'M be oedo
'$lQn•~ 10 ISBI lo 1e~uco co•l orlo add lo>luroo 11 
would lhon be dosirablo!O ollrnlnale o<\ ro AOM, n\'IM, 
and 110 chips (or avoid ha.ln~ \o oM lhem or pie~ • dol· 
l&ronl .q by us <ng • ""'" •• ralo o o 1 lho i>fl;¡i~ol eC "' ; ' h 
1~ "'"" e•p•bolily buillln. 01 coutse, n~y pr<>Ciue:to 
1!0 no! ~ndorgo lhi; &velull<>n; bu! ol ~m~utl ovolul,._n 
io O>poCI<d,lhe archole<:lurallimols o! !he "le<tod ,oC 
ohould loo o•am,neil In ll~nt el polen\ i•lop¡;l=c•llon 10-
qubeononiO. One con ••pocllower ~ardw•ru on~ oon
wore do•olopmenl co•11 ond, probar.!~, lo"'"' man~· 
Jaclurlng co•t• 1ll.~o onh•nc~d producl u•u oñ "P" 
grodod YO<Oion el lhe <original ,e l61h.>r !llan • 
complel~ly M" ono. 

CoSI.In mes! a•ea• ol o~e P<IYole S<!Cior, minomiz
in~ cost 14 a goal, ond minlml,ing ~e ce>! uoually 
moano n>lnirn:¿¡ng lho numbor oiiC ~·•••~••· Cost 
'' wnot pr,..ents t~o do!igner lrom plc••n~" CioH 
in ro•poMOI<o !he lirot I•~IOr """'"·m an II:IM 310on 
rosponO& to lho second !•olor. 

lltho ¡eb ls .. etl dolined ond no poO<Iu<l on~co
menl " Ofll;clp•led, 11 " reloll•ely ~ .. Y lo 11M o 
mlnomum·coot pC lhot wlll do tno ]ob Oonoiw.,&, 
lhe1o "'" roany rnore lroO"clls lv bo oonol•looed 
A oimplor ,e d<elllio<iu'" uouoll)' lmploo• o omollor 
IC d•e end lower chop OO>I, bul 11 may alsci roQulro 
more :hi,_ lo supporl ol 16le<. i>"c• o;amplo, • ,.e 
without a VI~ITI~t~DY lino m•y bo rnore dolhcull lo 
mlerloco 10 oome t,poo ol pooi~hec•ls or m.emot)>J 
An "'P•n~anJo ,.e wo/1 l•c•loaoe oator p100"cl ovol~· 
iion {iJ 1no producl ii succes•ful), tl~t m•)' 1ncre .. e ~ 
inillal proa~ol coso beca"-'" 01 In"' uolion ,.[Jiclonc,, • 
memory ollO, UO pino, or •road >OcroliC•d ~,!~o chip 
deslgnert lo rr.ake e.p•nolon ~r enhoncom•nt 
'po .. oble. -

15 
puroi'•~•"Q oop•r<mon< e•n nrder ¡,;no, ... ,,., >00• 
poocoo lrom • d:Siri~ul~r'• •holl. Manui~CtorOrs h• .. : 
b•en kncwn lo tho S<.hod,'U tM ••e•i'" oCot parto. 

Oro 1 no cohot ~and, ~JWAollng ond cJ!\ !'::roo can 
moti•••• lho •~le<!l.:>n <! • roi·Yei·O•oi!oblt ~~ •ery 
nu .c. Th.o ne ... ..C can V"' the p<<><lucl ~C<>mPG1illve 
MQe In '"""' •• or perJ~om11•c• ~llho"'l"·'~" n•., ,e 

• rn•~ bt In lhOII •up~r, 1nd c~•"Y lnlllolly, n mey ~· 
c~.e~rer in tho long run bO~luot ll•llow••ll'IO<e ofll· 
~·onl daolgn wll~. IOI''"' te packegu.' 

E•~oo::lod PJodu~ll•letlmt snoull! "''o bo """·~·~ 
wHh lho l>l)foclo~ lllollmt oltho .C. E>"" ol lt 1• ln
e>¡;lno'-t curroniJy, o ,.C 1r.11 h•• teor, arou~1 lor o 
le·" yearo m.oy ~e a ~•a choice. pto>duoti<>r, 4"i-'·""*" · 
may lol!'aM prlco" riso In a !ow mc"ie Y<•11a1 nowor • 
chlr• aro ph•>éd in•o"•••" ~osiQns, 01 eouroo,,thil 
doeS<d o~ply 11 ¡cur oornpany 'Oiont 1• o·~orln~ 
<OO,OOO~Ioce>per~o.r. '. ·.-. ' ' Supp >r! lool•. M><~~o:uM oc:twO<; •u~pcll <~oio"• · 
••~ OOIO<tl<al lo< ll<rely ~~elo;m""l r: > .e-~~ottl 1 

P<oduCI. TM •up;>c<l loO!I O!. ne-HIJ IP,H>Ilut~ ,.";·'!_~ 
connol t>o ••éoCI"" lo~~;,,"""''"''" N <oiioblo >:. '. : 
lho•e o ion "''"bll;;h"~ "e lom•ly. Thiu. ooou••u .. lh~·· <1 
"'" o Ion oslabl_iihM ,e 1~ Qu1c), da•'O'~~mont ls n • .,. ~~ 
ed, or on ••l~n,.~l• "e !&mol) wlll\. rouullle (1)0111 il.r - . . .. . 
pr<>Ciucte•o1ution io ~.<p.o<lod. ~ ,-,, , • : "{•,. 
Me~ slr>gle--<:~i¡i .e~ art ~'"17';un;,,.¡ :~ auoom<>:r j 

long"'~"· ond • Q<>Od m•er<on•~..-.bloo ;, a nouSI. t.lo >1 , 
rn•n 01 !a<:h•r&<> 'oup~ly Oollw.,o lo:.ob> lhOI •un on tt-~11 1' 

own dovolopmonl sys<emo. liowoVoi, il lhoro "'" rnor• 
lh•n M\1 or 1""' pÚ>9~>rtÍ~ol! oo lhÓ project, lh• no~d. 
lo< ~ooa 1«1 edllors, slmula!OIO, and ~oe~m•"'"' "'" 
1 oc :h 1 ·~• ' "' k .. 11 oe wal)ll IC r un ..ti oo 1 1 w .are "·~~~n 
1~010 on a •orQe c~ol•a: compu:onQ l•:,uly. ~~~ ~~· 
oropri•lt "«~" "'oornl)ltr11" Ar.~ S<rr.daloro ;pJy"' 

m•v no1 ~ otl"'•~ ~Y tt>e chiP m"'lvlae!"'"'· 

nocUIO!V ¡,, ooSI ~no chongo pro~r..,r.<uonlog ~n 1 r.e 
produoo hor~"are. Sino• moaléi"~·•'<'hip ~C• · 
ullomol<ly u•e m••k cro~o~m.obl• ROM 1~ 510"I~Oif 

~r<>g1omo, ~""'"•' oneU>o ls ~e..:~,·•o"rt~re ann•. 
eh>~ go prog ro "'" d~ ' · n¡¡ Mvooop.,enl witi>Oul mo ••~C! 
M" "'"'''· 5?me eC• ~··• ~·n-com¡'I<Ui~to •er$1o~~.-, l 
willlo~-ch'P ¡:p;mM i~>Lood 01 ROM lhot allowo .o u o• '") 
of IM ,C <-i'lp wi\1\ d1l '"'""' p•o~rOri>s. M.my ho>O ¡>ro· 1 
''"'cnsln< uoin~ ~'''" al (~ROM c~·P, on~IO•d el lh~ ' 

~:;~;~,.~~~~nc1~;:~.":,~:~~:~7~;';~~:;, ~~-~~~ ~~ 1 
Mn, óPfiO'A .. ""'"' ""'T l>e u .. ntlol '' 

8osioo• CFI<OM l•:rhloto, lho .,¡.,, oupron '""' 
prc,.~O<I Dv lho cl\ip manol1<1ur•¡ i• tho :o ,,lrcol: ' 

"'""'•tor, <tniÓh sloreo,tf>l•ottw_.,o p•ng"~ "' '''"·.: 
RWM nT a Ce>•rtupmenl ·~Iom ,;,,<! e<rui~IN l:o¡ ;•C ' , 
l~rou~h o ~•~lo oM plu~ lnsorrod In jlloce nllh<r .,,: Ir' --¡ 
the prCiduct. Momulalor ISiu,.r~ IO<ll lordeb•>~;cl.oc'•' 1 
ONhi'I,OJ<!·~••~ ono=ll.,.zte. ,..,....,,.,, w'l~ ,.., .. ,.C•. n l 
m~¡ I>CII D• ••-ilabiG as ><>On u 11\40 ,.e ~hlf't "'~· and ;;.¡ 

A•ollobl1ol1· M>n¡ rnonul•clurinQ or~•no1a1lon1 '"' 8, 00 illl ''· ¡¡ 1roat <trll ha> e OuO*·".i>' ,.,.. ~,, • .tiO 
q~i1e • uc~nd """""'~' all oomponeniO, ~o•~to.,.. : -, • 1 • .;'~•-'' -~. • ,-"'i 
oure 1~01 pon o "''" be '"lloblo, a• en ol <omo dloulor- Spoclflo IOehnlo>ll.cloro. Mony apoW10 h•cllnl,.tJ , .. 
belolll ono oou1ee, ond lO <njoy !he normal bonoll\1 ol l•e\o'" C>n ~o ~<>rfrin•d 1~ dotoJ >ri!{IIÓ~ "'T~Intt o ,-. C : . 
eompoiOIIon In ,. f1se mi<IIBI. wltl do·l~o ¡o~ "' haod ::..po_,or oon•...mpiiO<l, .. p .. <o, • , • 

Tho dUI~ner ol a r.ow pro~.>CI io oflen" ••mplod lo TTL C<>mpo-1 •bMy, ~""'~" ol:t, lr\IÍ!rJClio~:uL liow-
1 

~elocl l>lt"•en a ,e oHih ono <or 1 ~" sov<ce• ond one 6•cr, <"'C.. ~ i~ dolermino~ !~al !~o ~C.ca<l ~ !~o ¡,.,_ l 
wotn no ><>••cu be: -"Wo'l\ h"'" '·""~~~' In I"'U 1no ~thor •.oc•~• • ~~"" t""d 1~ ·~~•1 or o~h••'Qh lho 
monlno'") 111• oioky 10 commiJ lo ony pOn ""'"'" your 1ocl1nlcol "nicno"'" o! 1/,o .. ~ t~"; .• ;c"·" •·;••·~· .: 
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ternJ¡>t rou:in~•- drktmine the ••a!ue o/ MB P'l"'"' 
m•·nlall~ by doJng a jump \o a ¡¡,.,.¡ hx•ti<>n arod seu
in¡; ,.-h~ther it windo up in MEO or M n l; ko•-P a wlt· 
warc oopy uf MB, updating l( lwith lnterHJpt• di•· 
~hlod, of cuursel ev•rY time we do a s,;:~ "<BI: makc a JI 
!he code lit in 2K. u w• cxp.>cted 1<> do at U>• •l.art of 
the proj..,t; ond ooon. Thenut mornin¡: wo read th~ 
fine print todiscover that the MCS-48 {orces !he mool 
•igniOCllnt bit oltho progum counl•r lo O durin~ ~11 
intorrupt rout.in•• Wo ehould pul oll ol our intar"pt 
e <>de in t he bottom 2K ol mémory •nd MI touch M B: 
in f•ct. wo ;hould lorgot tbat MH uüUI 

'fbo re<¡uirement to pul interrupt eode in the b<Jt· 
wm 2K makcs tho MCS-CS very difficult !<>use ao o 
4K m"ehine in a real-time applieation. N~~ only muot 
the baoic internlpt .ervh!e routine bo in tho h-¡ttom 
2K but a!!o an yut il ity roul'Lne thot mi;:ht Le col lOO by 
it- that ls, ony c<.>do e•"cuted be) ore on lnt~rrupt ,.... 
tum fnotrudion is uocut.ed. This c011!d b,¡ woll uv•r 
h.. JI the code in on intorropt-driven envl ronmont. 

But th~ main probl~m we f¡nd with MCS·~O pro
grom •t.oro, alter writin¡¡ hall ol our l)lplk•tion> pro
gramo, ;:. th•t the oddreoo sp•ce lo ju•t too smoll. 
With onfy two chip o (ond ooon With j ust une, !'m ;ure) 
we eon friJ the ontire t/{·by!.e oddron ;paco ol the 
MC$·48 with c<>de for 011r original applicotio;,. now 
featurcs. dia8no.tkt, end -of <:ouroe- patches. . 

Conrlitional jumps spccify an S· bit larget 
addr~ss in the current page; it wr;..uld be 
fu more useful to hove a higned off~et 

from the current addn·ss. 

'rhe onnual halvin¡; of tho cost of JC memo<)' im· 
plies t hot overy year we wi!) need ~not.h"' acidns• bit 
fut tho muimum·oiu 1¡¡pl!oation pt~¡,7&m (s.ince 
rno•t ovolving ptoducú tend t.o ~ .. the decrto.5oed 
memory cost to in.oreuoleotures, not lo teduc~ pro
duct cost). Clearly, tllon, o 4K limit io tilO l<ow !wany. 
new art·hitecture, even o •in¡;l.,.chip mier<oe< •mputer. 

Be.,Mo th@ 2K memo!)' bonb, praGroJH '""'~ is 
a) so divldcd lnto 2óG·b)'t• pogcs. C ondit'ronol jun.;» 
>p.>:ify an 8-bi¡ targot add:~•• in th• curront po¡;e. lt 
"oufd be fu more u .. ful 10 !uve~ si¡,'l'lood of/>et from 
the curront addres1; thi• would inet••··• lhe like
llhood o/ belng •hle to """ tho •hr.rt jurnp oddr•••· 
since most branch targeto "'" ,..¡¡hin J 28 ~yt•• ol the 
branch inotruction' Mwe imporkantfy, it wc~Jd 
elimlnate tho partitionin¡ ptobt•m cr ... ted "heo 
mony proc..dur.•o must he p.ckcd ÍnE.<> the m<'mOfY 
;pace •nd split .cmso page boundarieo. 

The onfy indir<-ct ju1np inatructinn also '""" •'" 
8-bit tutQot oddreso in tlro curr•nt'pAj,'O. Vrry 
>tran¡,;efy, tlús in•truction u se¡ an 8·blt vol u o in ü e 
O<c~mulaE.<>r notas 1 he tugct oddre ... but •• a poir.t ·' 
er to 1 ¡rrognm·stare b)l.<! in lllo <."Urrent po¡¡e that 
CMI.aino tho targot adrlr<'U. Sn tbe page containin¡¡ 
t be indir«l j ump instrucrion must ;¡Js~ wnt• in alf of 
t ~e ruutinos lo be j ump.•~ to, •• woll a 1 ~ ;,¡)y ÜttiB 
t,b)e lhllt ,-ontoi"c thdr •t~rting 11ddr""'"' in t.he 

• ¡.o~e. Thio not cnly ~••1<!• •P~"" and ¡;,,.,,., Wt. 
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"''''""· mokeo it i rr.r~• ,iiJc ui d¡:nom:caily cumpute • 
t~r¡¡ot acldres> altor »1hcmhl)' t,"mo, oince tho ¡ump 
t•blo i> m 110M. In nry r..::ent ••Pon, . ..,,., ·th .. o u· 
f'"' iPnced prOjirommers J.avo codod MC$-48 inditeet 
jump• in1prop•rly, be!ie·•ir.g "'M-re mln~.,J rnust ho' e 
• typo· -ti•• conto:nl.a oi the accumulotor nmst ~. tnP 
l..llr¡et addre•• it&ell." In any e u.., instf\lction~ •ur· 
portinginJi;""¡ jump• •nd colfs on}'Whoro in n .• pm· 
¡:ro m stor. (!2·bit addruol woufd be lar m ni e ur; tul .. 

" 
Atlthme!lc and Joglcal operalfon$ 

'fhe MCS-48 cont.o.ir.s • sln¡Je 'aOc~r.iulatur lo 
,.¡,;eh atJLhmotic and fogicaJ operati<Ín• tah ·,~lo, o 
u~orr operotiono on thr acctJ m uf a t.or 8;-e •• follo•• o; 

lncren>ellt,'" 
dc<:rement.. ~ 
dear. 
o nOs cornp)<m•nt, 
~«Ímol adjuot, ' ' 
•~·•P r.ibblos, · 
rol.atel<·!t, 
rgt.ate ldt with <Off)', 
"'Uit.e cight, •nd 
rot.ate ,.i¡ht with carry. 

•• 

•• 
• ••• . . 

llinuy op•rationo combine the oocumd•tor ""d •n 
oj\O< and specifiod by one ol the addrc.,Jng modo., d., 
scribod in the nut •ection. Tho binMy Ov••tirut> •r~: ' > . ~ 

odd. 
add with carry, 
AND, • 

u~. and 
exclusive OH. 

. ·-
• 

Thero are ofso "dot.a-move' · op<o ot'roM tho: I,.J or 
o loor~ the aceurr.u!Atot. 

Tt.< m a in dilliculty with M CS.fB Opo!r.>ti..1ns ;, _nct 
tho op~ra\:on1 thom..,Jvos but th! lad' ol cr.ndrti''" 
,uJ,., lcr t•·otio¡: th~ir rcsWts. Onfy the ;<<.«Pnul«t••• 
ean hü te,tod f<<t ¿c·ro '" n••gativ<, •nd on overflow 1 ilt 
i• '"" r,,.,.¡J,.d, mokin¡: ,·c~p"'i">n • of ,ign•d tw<>'• 
cotllplomcnt numh•<l veq f ruo<rltln¡i.' 

' . 
Opetands. •: 

, Most do la mm·~l ond binary op~nlti~ru. ,..., "" <>n· 
chip re.a~Jwdte int•rnlll d~t.a m•mory' ¡.;,e Pi~,.,,~ :t¡ 
otcellibl~ b,V 1 wo addreosing ri>odoo: IIH:I~flK a~.J 
l~1(~N~L H>:Gl&n:R l~DIH~CT. Tht tJlr"-" olh..,.,a.l· 
dr••s.!11¡ mode• oro L\TEH"~L ~f.<;t~if.:K ¡.,DfHM"f, 
jO!\¡ f. lllH(, ond ACC\.IM\•l.A Tr;l~ l' lll Rf'.(;T, • . " 

In Nr.r.t>TI.k ..,oda on ~peraird i• to'nt..,inr·d in:n 
· ro¡;r<l<.r •r<·r¡fied b~ a 3·bit lield in tho ir'.S'..ruc!i,".n. A 
11•8 bit ll $, >e! by • ~EL ~K. instn>ctlon. Ji'<.<:iflt< o"" 
ol 1"'" 8 byte re¡:'.n.ct bo ni; s. cciTo!por,ding tu rr.t~r· 
nal dora memory ln<-at;.,n• 0·7 if BS fo O ind ~4-Jl il 
llS i.• J. T~• >P•,<;if,•d rogister ma,Y J..- looded ,;,h o•, 
imtr,,..-1 iot" 'al u e, n<O'<'d lo or' ho1n ti• e oC~ u 'múl~l<tr, 
romhintd with th<• accumufator' b)' oritlimrtiO ·,.,. 
lo~ir,•l <•t><<BI Ion o lr.cr•me"l ed :''d ,.,,.:,,¡¡,ni oo: "' . . . . 
'<·•c-d ~·. h,p <·>< , , .. ,, ~ 

---·--------

• 

•,¡ . 

-----



' 

rl 

; ¡ 
i ' ' i 
' • 5 ' • ' i 

~. 

.,. 

. 

' ... 

' 

" 

' • 

"' "' 

" " 

" " 

" " 

' ' 

• 
Fi~uro 3. MCS ~8 lnl~rnal data memory. 

••• 

OiOJ>f(! .... ' 

IN1'EHN~1 k>;GI~TL~ I~DIRECT ollowo eitl,.,r RO or 
R 1 in thc <'urrenl rcginer bank to he uscd o o "" 8·bit 
pointer lo intern~l da(Jo mcmory. 'l'ho oddrcued byt.e 
m ay be lt>.>d.d wilh an immodiall! valuo, rnnved l.O or 
from !he •ccumulator, combine<! wlU, the acrumu
lator, or incroment.ed {but for !.<lrne ob•cure "'"son 
not decrem<nl•·d, "'en tho.,¡;h the necu••ry "hule" 
u ists in 1 ho in•truction setl. 

Locoliur>S 8-23 of the ir.t ernal clnta nl<·mory ore ,.,. 
rwrvcd lora rt•turn Hddrt•>S •tork ió ontri••s, 2 by! eS 
per entr~l- Thc•c locotions ar• ,.,¡ ll•·n by intcrnJpt• 
and subrouWne c•ll• and t<•ad by iro\~rrupt ond ou \; 
rouline <0\urn in;truclion•. '!'he •~>~<k ls 1.00 Small, 
makin¡¡ lt hrd lo wriu. prO<·cdurol c<>do, which io im· 
port.ont in lar¡;« pro¡;ramsl 2K·4K byleo). The pr<>" 
¡¡rammcr muol ¡·onotantly worry obout rollin¡ ..,. 
quenocs ond gootorally onable inwrrupt• <mly al the 
top levo] o! tho WO~'TOm U> ••~id overMowin¡( the 
>tao k. 

Thcrc ore no inol ruotiuns to dire<tly pu•h or p<IP a 
byte. lloy,·c•·er, tho atack can be rath~r incon· 
.onien!ly "riL!t•n or t<od by e.Lr~nin¡tho otack· 
poin!~r li<·ld from thc J'SW, bui:rlin¡( Lhe oppro!'riot.e 
>dd;c". o~<J u•in¡¡ 1~ lt.HSIIL M Clb1U l'!olho <7 
"''.<!• 

"!'he an::hitect<uc al.., •upp<>rto ~P U> 2~6 bxt"> of 
ut~n•ol dot.o memory (whieh ,,.,¡¿~, "" o ~paro\e 
rhip), ••<<o>ed ],y UnR><II!, ~Wib"T".;n INlliRf:ct 
no<><IO Eilhor l-10 '" ll.lln !he curren! re¡:is~.<·r bi.O\k 
moy bt L!"<Cd os ~n B·bit polnti.r Lo. t>lo•nol d~U 
mc«•<>ry; Lhc uddre .. tod byl" mio y be ,·vr.i< d inl o t.ho 
"' rumulol<>r or writtcn lrom th• accuon~laLor. 
Siut~ pDinter< ar<> «mt.!nod lr> 8·~lt r~b"slt .... !h• 

rn.uimuon an>~tmt of din-ctly """""'ible dat.a me<>• 
u< y ""PI><'•I.c<! by tho MCS48 an:hit«tu.e;, 2M 
bytn int.ernal plus 256 byt.t' ~~!ern"l J!o·.v.H' 
bank switch.in¡; via 110 b\la can 1>1- uood l.o oddrp¡f 
uny do•irod amount of odditlona! extorno! dnto· 
'""mury. 

Tho modcs fot '""din¡ operonds lrom pw:~•m 
stor~ ""' rathu limi~ In I'I>I~Dl~TE: ;nod,> •·• 
~per;,nd io <X>Jlt..oined in t.bo byl.<l to!!o>-io~ ·-~" ln· 
ol.nlction; hr.rnodiot.e opa~•·~• ... either ~ lo.d..:! 
inta ~• cornbined witl• lh< ~<<;"~mulatGt orbe !""J:>J 
mto int.<:tnol d~t• mem<»"y with R~r·~T!:A OT lNTI'• 
Nlll. REGtST~~ l~UP RECT molde>!. 

In ~GCU!dULA"l"OH INOI~>:CT mnd• tho• >Cc•Jtn• .1~1 or 
io U>t>d u an 8·bit pol~La1 T<l ar, vprr~nd"ln tit~· ' 1 > ~ 
cu rrt n l PHK • or pa go J of P' Oj¡r& m olore ' 011! y r.n• ' Y ."" 
nf Of"'totion uoeo thio mode. ond. lt k>aus tb.: ottumu· 
lot..or with lhe opecified opttond. • • 

A number vf lnstnu:t.ioos optcify ..,..... "5J>&':ar• 
opcrondo lm~tidtly, such u·tlt.t progrom Or4W• 
word, 110 ¡,orn, timor/coont.er, <~ny bit. on<t t"'n 
\·bit 0•¡:•. FO am.l !-'l. 

Tho M CS-~8 addreS>in¡; onvdc• ere ,;m~la, ~ut llw y 
prevido mosto! the fooi\itir• o ¡ii<>gnon: '""' J, Stil1, 
therc ~'" S<ane d~fidcntiet The '"" '\ sorio~~ ;rol>· 
le mio :~o way in whkh o¡><r•nds in PIO!,:Uin ot.<o,. 
~·• addrused. Sinoe wosr~m u.urc ~nly in tho '"""" 
n·nl po¡c and Jn page 3 con be r•d thron¡;~. o p..,; ni.,. 
elthc·r lwkYp.t..ohlo• muot al! be lo..·oted h p•&• 3 <h 

tho cod~ that rc~ds oach t..bl• mU>I 1"' in thc ••nw 
po~e os tho table This i1 inwn•·ot•'ent oi no·><• •.h~n 
on• ~~(;·byte trJnolatiQn tnble io ne<·~<rl. 11 all<> 
'""""' it dillicult todo" o HOM che<ksuon ,.,lf.(c"t 
routine-o chechum subroutinc wuuld ioave Lu bc 
plo< ud in,., r.r¡ r•i:<> ,¡ pro~r.on sl.orc(~n4 .once <.lo~rl 
io nu indi,.-ct •~LrQutin~ .•oll, !he main che<hvm !)rO 

,¡ram "'"uulu nave to <Onl;oin 1 "'1'"'"'" <all ir.$<1\tO· 
U<.n lo •·~ch l''t;e's doeÓ '"'" l oul.>ncj. 

Fur nlO>I ¡•ro~roms, (~e mclhod of ir.:J;¡•·rtly a•l· 
rl11·"iril( d.tta m• mur y thrQll¡~h Rn •nd P.l ,; o:c•pl.· 
"¡,;.,, bu t. t<,. '"'"" dBI..o.·•l na·uJro monipu].ol ¡,.,,.. ,,,,. ' 
,.¡,¡,"" for c•ne or two """'' T~!f••tors Lilot ""'1~ Lo' 
"'"J u potn••n. 
· 'fhe 2~~·byto linoil on d!le<tly o~dd!,•t""l ,]., :, l•rr..<i 

<bU memory ;, 1«> low. ·n.. 6049 ah•~·h '" tta!no 
1 H bytes ol RW:.I, ond 1 nr d ·~~dd '"""" l ~ obl• : •> 
)li<Wid~ rl.• Jull ZSG by t.<-• ul I(IYM on Do,c • IUp Th~ 
ur,·i:il<"CIU!O <•noJ<>l m•h •toainhtfu;w•rd u•o ,,¡ 
L<·clonO\o¡y impto>erl)onU lur.~Jore H.WM """" ~hi• 
lin<~t i• '"""hod. ,. , .. 
lnpulloutput and irot~uupt• • 

;,¡.,H MCS-~S ,,;c,,¿,mputo·f> hov~ r.t,r..e 8 l.it loO 
P"tl •• •• •hown in F>¡;ut~ 1 . T>.o.·u nf 1 loo pO,.o ~~ ~oni ~) 

. ' 



'"" "quasi-hidircctional." an intufocin¡: •.rr~nge
.,,ont shnwn in Fi¡;ure 4. This !}'/loo ol 110 p<>rt ~•• 
firot introriu<.d in th~ !'airohild F8. 0 in thi> Oh'nngO" 
rnent, ~-•eh J/0 pin i• ~otO on open-droin uulput ond 
on input pin ,..ith a hi¡;h-lmp.,~ance pnilup lo li>clugic 
llevo), When a pin Í$ uocd fnr output. tho rurrt.•pnnd· 
ing Input ~uffcr is unuk'<l u<cpt, po•aibly, for checlo.
ing t.ho output 'al u o. Ylhon o pin i• uO<od for inpul, t.~e 
con-esponding output bit m<IS! l>e ..,¡ to lrogic 1 "" 
th•t the 110 de,·ica dri><o only the lú¡¡h·iml"'d•tlee 
pullup. This con ho oontrosled with o tri•t.•t.o. 1!0 
¡>Jrt. which ¡;rm·Jdu Loth •<live pullup ond activa 
pLIIldown ir. output modo ond high in,podon<e in in
put mWe. F.l•ctri""lly, tri•t•W 110 is more desfrahl~. 
bu! it roquites e~tlo control bit-oto se! tho 1/0dimc· 
tion for e.ach pon or bi<- 1 n1..el ha, improved ti>< qu•si· 
bidir~ctio .. ~l d~oi,¡n by bricfly pro>iding octive 
ro!her th on pos.i,·e pullup wh~ne~~r a 1 i$ "''itten to 
the por!, which spet><ls up 0-t.o-1 tran.itiono. 

What qu~;i-biditcetionol /10 mean• tv tho pro
¡;ramm~r i• that Ü>¡>Ut doto on the por!;, lo¡(ic.olly 
"NDod wah the cuncnt output. Por\5 1 a¡¡d 2 Me oet 
toa U 1"o at sysl..em r.,..t. ond t.hs progumm<r must 
lea ve biU inl..ended for input.s oet at outpul value 1 ot 
oll times. 1"he third port (bu•) hu con>ontJonal 
trist.ote out puto and con be uoed for eight strnt>ed in
pu 11, f or eigh t otrob<:d ou t pu 1.8, or f OT a ddi n¡¡ oxternal 
pro~ram ord ot.o memory. 

!-'out operalions on thc pott.s are ovailobl"' 

rcod ioput val u e into aocumulator UN). 
l"'d oulput lat,:h from occumulatu (Oun.), 
l<l¡:ical ~¡.;O output lat.:h with immed!al.e ,...,;.. 

I~NLI. and . 
logi"-'11 OR output lat oh "ith irr,mediol..e ":""k IOKt). 

"I"ht.logiool <>porotiona ollow a pmgram lo oet or 
dcar any bit or g>oup of hi\<i in ona lnotruction. 
!Jowovg, sin< e tho mh•k ia an immodia(.o ~•lué in 
program Olort!, the bil* !o be set 0< clo...-ed muot be 
knowD U asoembly time. Otherwise. o O:OPY el the 
output value mu>l be k~pt ln data me"""J, cotnbin«< 
"ilh tha mask by l~¡¡ic•l op<t•tiuns on the acou n'LU· 
l.>l or, and lo.dod into the port. (In gene rol, tho quaol· 
bi,liro-ctional intctfaca pro\'Mt• s.imply rc.,dltlfl th~ 
r•<•rt (.o ¡¡el the old val u o t!l tho oul ~ut )atch.J 

A no>el "e~pander· ¡><>rt'" wr•ngement ...Uo .. • loU< 
e>lernal4-bit 1/0 porto to be •dded loan MCS-•fl 
u>Ín8 • five-"ire jn(<,rlaw. A¡¡ain, fow- opcr•t.ou.> on 
<h* porta are ovailablo: 

rc•d input nluo into acounwlator, 
lo•d Olltput latch from n<·cumulatur. 
lo¡,~col ANO outpul latch wHh accumuiP.I "'• •nd 
lo~-i"-'11 OR output lotch ioith occum~lator. 

Onl¡· tholo~·-urder four bit o ofthe acCULndator.,... 
U>ed;, \he .. opirationo. For 1-he-"' potto. dynamk 
,..l..,tion o! ma•k bits is poosible berause the mask ia 
in tho "'""mol otor. O n thoother hand, d¡ nornk oeloc
tion t.akes mote ovorhead bccause the accumul"\or 
mmt bolu"d,-d with the mnk (and then pouibly re
_,¡nrod \O it• old ,.o]uc). 

Both thc on-c:hip •nd ~•Pondcr 110 ¡><>rl !nctr~c
t ionsi"'nt..oin t f,o port nutd."'r u an imm<..:!i~ta ''o! u o 

• • f(L~ 

flOP 

FIGUIO 4 "Ou .. t Oi~;<oollonal" tiC port. 

in th• in.<li\Lctior.;il is not po-.sibl~ to >P"<:f)· lbe port 
num~er dyno•nirally in a regi8lot. 'rhis r.:rak<• Li Jm· 
pn,siblo !o writ<> reusable 110 ) •ondl•r• for ld•ntj~¡J 
~evio'<"> on difforcnt pnrt• ~~ tho M<CS 48 or <>f tho 
OHm O expand<r ohi¡¡ Tho ••ni~ rtob!em ol!.Ísls in tho 
MCS-~8 "• older brochor. the 8{)80 Howev.,-, it i> len 
..,-ious in tlle MC'.S ~• for '"" rea..,n• Fir•t. th• 
MCS-48 lo inl..ended far sonoll~r app~""tiOn• t..•• ~k.,_ 
ly l<l cm~loy m~ny copies of tho sorne 1/0 dwioe Sec
ond. lhu ovoil•hle 110 uponoion mod"-' do 1Lilow 
dynomio d•vito M>lectioo when eacb devl<:a "'~" 1 

_ sopora!<l 110 chip. 
The procos•ar archit•d ur• dire<:tly suppotU ,,n)y 

256 by t.,• of e>t-ernol dat.o "'omory a.-,d iour ""' <rnal 
4-bit 110 porto. Howe,•er. !h.. an-.ount o! ert<Lrn•l di!> 
me<nury ud I,Q can b<> increooed to any praotir:.l 
amou"l u•ing on-chip )10-p<>rt bit.o W hnpl,m~n1 
pro¡¡ram·controllod b•'>k •wit~hin¡¡. " 

In additlon i<> tho 110 port», on MCS-'8 ho•ll.rO<> 
oddJtionl] i11pUI pin; lb~( Chn bo ~•sted by cr.noH
tional jump inotructions. Al! are mnltipurp<>•• 
FÍM-TO. ,.¡,;d. con bo: '"' up os • dock outpu~under 
pro¡rom ~ont:Ql: TI. "hich can be l>•ed u the lnpul 
Lo th~ on~hip ti,;,.,·.xo!Jnl<'r; ond t.hot .. wnol intcl" 
rupt inpu~- ' 

The MC$-48 •oc•pts i..t~ri\Lpt• lr<>m twnU>Utcu.o-
• loveJ-,onoltivo inrut pin Md aD Ot•·ehlp Jjn¡<.,./ 
couii~. Wh•n ~n iute.-n.~pt b t.ervic•d. tht 12·bit J'C 
ar.d four statu• bits lcru-ry, hBif r.any, fosgO, rc¡:"iot..r 
bar.k ~c!.cij •re pu;te,J onl<l tho lnt<>rn.tl ota•k. 
Dopendin¡: on tho oource. • jump Lo •il-h~r locotlw a 
or Jocation 7lo tal¡..,_ The inwrupt ay~U.m 11 sin¡:le- · 
leve!: i,¡~rn¡rt 'ervke routinco tonn<>t bti "m!t.l'' 
rupced. An int.<rruplreturn inU!"Il<t!on :ost.oreo thc ,.·, 
PC and ot•tu• biu and alloW• futth cr irrkrrupl$ t o lit '" 
.•orvkod. · ~ · · • • '~-

A t the tlnL~ llhhi• "Titing. theTI lnt.etrupt'lnput is ·' 
¡;o.,<'r•liY usde .. for countlng or timin¡:,uy~-· 
rhronnu• < <1..rna! evento. l>ec..u.., lh• curr~n\ ch;p' . . 

' ' 
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kdUC<'s :• ,.,,.,,¡,. ~"-';""''~ 'YLár<or,<1oc ihat 
.,,,,.,,.,"'',,; .... ,input .-d¡;" end honco >~ip, 

'"""" 1,, "n~ ·•·c·-ud timo in"· r'>~Olh> ~hot t 
¡,,.,.,. "-•·n "'' !.SI ,:hip ·obo<<' J.,•."¡{nnl "'Tt o¡.-
1'·'" .,, t!¡· u"''" ,,.. r.f [" .. l.h "" ;,, >Y r-d>rrmiwr rlo·>ign 
1< ''" "' ~ •. , ,,.,, ., 1 : ,,. 1-~U S 1 [), which 'f.•h .1; l.;,• , in e • lox 
<'•'1 1 "'' •U Id •·'lj',¡:•'-'1 1 h:o( < hi~ dt·;i¡;n, r' r o•,r•l ''"' o(• •ol 
11 ,,. !J"o'· 1 ·' ',., ~ ¡,, ouLjoTl' ' onJ l h"l '" ,.,¡, . .,,., ·, ., '" n 
thdr ,:,,¡.,.,¡, "' li-o ;,,.-~.'""~ lik~tor.~"1 ,,¡ "·''"· 
< hr~nitoti "' pru~•,·•r.• ill rn~''"" s)·o:or" l•• i·~n-

Ea~e oi r»ogr~mming 

Cr><npa,..,J "' onn.enf t.he oiGer ~ ~¡ L a"~ ó-1. i • '": re
''"" ''''""· 1 ¡,,_ ~ H'S-1 R ¡, ,J 1'><"1' """hin e Lo ~f< ~~ "T, 
h .. t. te lea; c.• ~Mil'"¡,~ dooir._..-J "''"'1"'' rl .,.¡~: . , . 
.'.tú~Ol, a Z8. '" ,.,~n Jn ~DS6. The>in~l. -o«c .... •.~ ·.~· 
Jrchiwr<urr, tl•e loe!< d :nde~ "!!''"'""· .n~ d• 
~b<rnc~ <;Ó O'Mr ' direoo oac. ~'·'"''"1" aM:""'·~< 
n.ude mo>nS t.Oror the pr~rr~rr.mo; rn~>L (C :•Lar :'·.
t.e rno>·rn¡; Lir·<'~S h.-e;.; ""o iv•t.h t.·:"<"."• rh• ': 
c"rnulJ:or·. ll.e '"" "P""'''"''" r~.,i>t-«1~ iW ;~rt ;., 
"<>d Lhe ><';Lo\ L h" ~•r" "'·' mcry IHJ ,d h-.rw~ :r>:l "' 
Ll..,;'l!o ,),,. 11 .. •y -..;!le "'"CJU> l<> ''"" lh< burd,,_ 
ounw .. -~ .. 1, .<\U ,. e•pon••· d more ;,,efr.tic~;: :oo.le b 

lhe cr"'''f·«l O<lr!rc,; sr.:ce-. For eumple, ·'"" '""· 
"cite a '"""" '" ,¡,,.~;.,¡., • d.rc-.;1 d,.,.,_,, <•n:c:: 
aJdre.;; ~.;- 11'.00•!: 

W~ ·" 'Ck() •<DJ,;o,DR 
Ul)'i •o. •M ;·,, •' ,¡•~ 
·""V"·~ 1111 
; NI\ M 

r--------- ------

1 

A tale oll~'" buses 
(or, diffemnl slrobeslor dilferenl 'phobes) 

A <roivop•«<«•o• m~mo•) ~"'' "O''"' hu monr 
IO~nl.l,ing ct.aracl<ro>lios-~••~ an<> M~'"" wcta 
len~ln, mult.plood ~· Mnm·,ili~le•"" •<•d•~•• """ 
•Tal u>, >e~orale or meo•Q• y ,,.~""" 1 'O a"d otl•c" '11 
1• in1e< .. l•n~ lo look al lwo DO<>'.JIJI "arl/wrlte el o¡ k· 
In~ ;uroogeme." '' 

Le\ V> call lho 1"' 1 10CMi~o< .. 1 )~O 1 (cr 1) ln1oofoOO, 
"'""~Y the In <el ea•5.8080, or.c ,.,~es l•mlho•- ,o. o 
•ho"n m Figuoe 5, tMto oro 1 •e mulc,,Uy o•cluol•o 
control pd>es. ii3 anj\•:ii, lhar ¡,.j,cM' , •••O or wr:t• 
opo••tlon. 

We'll call lhc seco• ,J """""'~"" T 1 r-•· L (O< 21, Y•oo ~) 
i ll>o Zolog z~. 200, ldJU~, •"0 ¿ ''" "Y 1 ''' ,¡,oloro!• ¡,¡,1)(1 
il•m,ly.(Pvlha~• ,, >l•o,ld 1.0 r,po M b•c•u•• •~• 

M06D0 Come lirsl, ~<JI l IOQI.o lf•0CO l,>e 2)11 i' •<so 
u>od in pr '"' •¡ole by toGS <8 .- p>nder ;on, h ·~o.·,o 
In fogur• 6, lhero 10 a s;nglo <CI''•O! P"·'"· IU5. •"~ o 
••·•' s•gn>f ii. ·:¡ >h•l ir.d•:alo> "'"eh !,pe ol o~cr•lion 
i• \Ota•e ~l2cc Tho ti·ning ~1 f.rw,. •'mi~~r lo lhar ol •" 
aOJ<P'> Sl~n~l. • 

Foguro hho~' tlo~ 1 O uSo o T 1 ¡-. Z ''''''-~SoOr ""h • 
lypo 1 p~ripheral <hrp Tl•e do<od,n¡ o!.o~n '" 10•1 
li~"'" ooo Le eosil¡lmplomcr.T•d 'l.'lth .or . .,.h•ll ni " l 1 L 
7<LS13Sdual 2 \o< ""C-'J" l"•i• ,., .• ,,, leo•o• >0 "' "" 
oanlrol inpul lm dior.ngui•h•"!i L ""·"'' morno'l orrd 

'·----·----·-~---~-

''" 11 •' 0>"f' J _,,,¡lloiog H"dt p!OCC>OQI .<O<J 'r:,r
<·••1 w'-' J• "" ,._ ·opo••'"-. "'"'"'M" In~· ·•· '""" 
r, m on ""''' '• '"~ '"•• '"~'nQ ~~~"'"'"""' •.1 • ·oe• \. l
prOCcS.cr "" lh9 n··<op~cr •' en.~ 

,-,9""" o, : ""•" ,•n 4tl•n·~l 1<> use a O¡~< 1 ~"' c••cr 
~-ltl • Typ~l ~"''''""' '' ctl•~- Tnolo•;•o ,; • • o r 1 ,:_O"'' 
¡,-;¡¡ IJC•ll tr·o f"""'t•s•nr r.'o-.-ly P«•nL•OCS >r"r<': ¡,,, 11·~ 

Typo Z """f~"•l ~"""' '''" <:<orr~rl 10~10 ,.,.,. '" 
"'''" ''' ~i<'i, "'' ,¡, tom1og r, a ?r<>t·•err 11-~ ~.·o• Z 
p•ri~~oral exnt:lo R . .,- l1min~ '" ~• ,¡,,.,,,_, r<· 

'M<acl•¡ \0 •n ·~ "••• ••QMI, ~~~~ L•. 11 '"~u>U b• 
;oloó 1 oog ~•loro ·~• ~/\ ~u 1;~ aprea". ¡.-.. ,,. 1, ~ • • 
..e ce-,••: ""'"'" ,~;, .. our~ r,e lo"'' hC•~II) r•'•. 4• 'j 
len~ ~no,,~~'"' ;;¡;ro uhol, l'< se<yp I•Mt el M-< "-"· 
lonuc owy. •uch • ,'oloy ¡ '"'""" hj~¡,ly u,m ·, ~""'' 
'<uuló •'•P a~'•)' ¡¡,~ traol•o~ M~• cr ~ce""'",,~-; 
"'"' "''· t~D1 ''•4 ~''"" •"'"' -apir. • r" .,.,,,.,., 

Tr•< el""'"" ~•Y lo u>O' Tt·P• 1 ~oa,.,•;,,•o ,,,¡., 
Type ~ ~e!l~!•e••: Chi~> is 10 u>O ,., ·"'""''' '''·" •• 
Hw F~• ~'~'")lO, 1"• loa_; "'JOIIicool b·' o• '"'' '''·' 
po,rl :,_!Orco. LO"<d i..o ,,,~,e~~· >i.W, loi,IOW."'' 
d~oo:t.n~ ol a:r,..;r pon ,,,,.,n~" ,..._,¡<J u .. tl•~ .~J~O< 
o•~•· tLI, """" 1~11""'" '·"'-'~ t-~•8 lo un•.•r• ll.:.r 
~raos ,,,_".,,;"'"''cok! pool·~~, ...... ane ,-...,;· 
uso~ uven -~' -- ' 

n < "'' '''"''~' ,, "'"' ,1 ;, ,;,~·•• •~ '-~nn.c: r 1 ,. , 1 
'" ''r 1•·- '"'o 1 o Ty;'<· l pr~Lo'OO,., ~ul IMI 1~0 •c•"r;.'' 
'·•" loe •J-11•' ui1, 1> ""' ¡,.., rt-• '<'"l' n •~rne<J oul ''' ''"' 
""'" '""'" ><J ro 1~1,, •r,.dnc"? 
··-------·· ---·--------·-·--· 
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To u'" su eh macr<l•. howe>cr, the pro¡¡r ""'""' m U>~ 
give up oome reb'ÍSters lor "'"by the mocl'<l•. In th< 
~bo,·e "'"mple, marros would use HO, loovin¡r o,l])' 
Rl "'"'Jable t.o the pro¡,'TIIIL u a pointer >oriablo. 
¡Buffer copying and ot.her rouline• r<"qu/ring two or 
mOre pcinlers ~et to 1>11 1 probl~m.) 

The lock of •ymmetry 1~ !he in•truction ••t oloo 
crcatu pro~umming h .. doche•. Fur eumplP, ,.·hy 
a N there 1 ~e ~o. tn:c Ro, ond INC ilfRO instruc tlon•, but 
nol Of.C i1f Rol Or, "'h y can "'" conditinnally j u mp on 
C,Z. TO, and Tl conditiono tru-. or fai••. hut "'' )'(), ¡.•¡, 
TF. and occumulator hito only true• Except for a e· 
cumulator hilO fol..,, thl proper "bol e>" exl.t in tho 
inotruction .. ,; in fac<.lt probably t<>ok mor.• l~gic to 
turn th• in•tructions oflthan to Jet them work 1 bav~ 
t.eon l<lld thal tho>e "unimpcrtant" in•t'IJction• 
1< ave mmn l~r futuro ~nho ncemcnts, b111 •ny "w~h· 
"hile a~<·hitr-<lur<OI enhano~menlS v.ould h·quire 
tJ,nro~~• rMre >><o•-ping lhan o few 'Jlecial·purpo;e 
Oj)N>dP>. 

\\'hrlo nice p;o~romo tan be "'ritkn lor the 
\lCS-4~. ¡J,ey 10 K.- ., .... ~ .f!urt than 1 ¡,.,- e ,. ritt• 11 ftrr 
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o "g•noral purpo,." ~rchitoctuf<'. Prov-~mming dl!· 
fkul ty •nd "x~ense •i>o incr•.,~ •• we Lump "tr•i 1>t 
thO ""'"'"'Y IM'rts nfLtro 80~S- ]f we ""' ,.7itln¡.¡ "'"' 
•hort J( 1 K-byte! pro~,-a m ond ,bip¡oin~ SO,li(){J .,¡,,,. 
"ith it, t h• prn¡rT•mmin~ e>f"'""" i• quil<' jos! ;r.,.~~·. 
11 we :ue Hilin¡: 10 di!l<t<nl 2K· t.o 4K·byuo ¡..ro 
¡:ram•. cach d wbid-. ,..,n be •hl;iped ,..¡¡h 5000 un;u. 
we might b• ho1 loor off &f!trlinc • ~l<~ner (~!kit rn<ad 
••rrn•h•J m•dún•- ·t · 

Sorne ele el ri cal char ~e! e ris ti es 

TI. o ,\JC$·48 u,..,s Irowl'a ><h•~le n-ch~""~l ~rlrc~rr· 
GOl< ~10$ !>'"'-~>- Se•·.r•l ~-cond S~dr<OS r,, tJw 

.. ,, 



. ' 

,,_..,. 

fornily hh'e l,c.,n ""n<•uncc<I-AMD, NEC, ~i¡:n,.. 
(Ícl, ~iemeno, ln~A;rsil, k CA. f\oth lnlot!il •nd H~t, 
h~-.· •nn~um .,¡ plons f~r CMOS ve,.i<m> ~~ MCS·lti 
e hipo 

The ~IC$-48 r hip< u;u a sin~l• -! 5 vol\ •uppl,Y ""J 
hov~ lu~ic ÍJ>put • "d uutput lc•·o\s (h•t "'" fui\ y T'ri. 
c~mputible. /H wilh ~11 MOS miccG¡.oroe<:•>Ors, tno 
ou(pU( dril e Íl limit,.'d ~ty~ically faur vr fi,·e low
¡ouwet ~chottl<y il$l'fl.)tLnit lo•d•. 

MCS- !8 chi:,. ,.,,nbin un u•óilator to ~"""""' l ¡,~ 
¡orO<·co..ur dock (norninolly G M 1-1<1 lrom an cxteo n•l 
el')" st.a.l ur I!.C dr<uil. 1 li! 11!10 possibl<e to <or.nect an 
utcrnal dock dh-<Liy LO thc osdllal-<>r inpcl. 'Tho 
nutput of tho o>eill•tor foeJ• a dic·idccby·tlul'C 
countor who"e output (nomillally 2M fll),,ontr~l• \~e 
interno! >l.ncl of tf,c ¡>roceurn-. Si neo tht ~i,·ide-L¡·· 
1.]..-,.., wun te< u nHOt be sy nc h.-o:.i tOO ox ternally, prD
cenor 1/0 c~n•>Ot be rof<~enc.,¡ wry "di to thc 
6-M 1 !t dock lor '"e k y int"rfaceo, nor < on proocs.o• ' 
bo nm in lock-step lrom a common olo<l< in a LI'Í· 
pU<at_od microcomputer (aut~or'• pet proioct). 

Tbe MCS--11:1 ramily b~lisfio·d tbe usual 
Intd strategy of bcing thc fir6t in th~ 

mGrkctpl~oce wilh an imperfect but U6efui 
• product. 

-------
·n.o MCS-48 chips ha•o an octh·c-low •~•ct ir.put 

pin conn.,;:to<l toan inlomallri¡;;h-impf'<!o!¡te pullop 
ro•istur •nd Srhm"t crig~.r. Thus, p<••er·un ·~•el 
c~n l:.o ac·cmnpli>hcd by an "' te• nall mF ""P•dl"'. 1 l. 
is a little mur~ difficult to aclJ a )o~'lC conl.rollcd rcoet. 
(for r~ample, by 1 watchdur time.-1, oince up•n col· 
1<-ctor <>r di..,rote tronsi•tor drlve ia t«¡•!h<l. And 
u"le•• lhe ,Jd,cr circuil. is ll<lphislit•tod, o.lngic• 
command~d rc•et wiU disahle the proce""' for a long 
time, dueto tho tin•e constan! of the p<>W<r on ro·>et 
circult-al>out 200 m.ec. In any c.o>e, '"""" Je>troyo 

'the •lat~ of the procoosor. le would bo nice to bave a 
Mnnmok,,bl<• i nlerrupt 1•• in thc• 8U85)l hot could be 
uoed for appli<-ntinn• ,.,e], •• watchdu¡¡ \imers. 

Oeoelopmenl tools 

1 nt .,¡ supp~rt• l."o n•ojur dc,·d<>;•nwnt 1 ools f<Jr tho 
MCS 48 lamily-• eros• ••""mb\or on<l "" •n·circuit 
emubtor, IC>~. l>otlt of w·hicb tnn unan In¡,] MDS 
micro<ompulc•r de< dopment '~'"cm Unfo¡ 1 uool•ly, 
lntr•l de>es nut •uppurt d<1Y .IICS-48 "'•''cr~:b\H' "' 
simulotocs th•t run no a lor¡¡• <·< rr.puting sy"tem, a 
n<"Cessil)' for ~ny largo rle•dnp<n~nt pcojut. 
Jlo"-"'"'· they c~o Le obt~lM~ lro:.m itodependent 
soft"·oro hnu ••• ond con >ult nnt s »<<h •'' M <crol.co, 

lntd MUS "oftw~ro l01lh" .\ICS-48 lo á, \-!•• cnr.• 
siskr.cy OM ~~potto from 1 ~O<,J ><t o! <<>ft""'" 
tocio. r_: ~úrnpl~. thcr~ ··~ ot h•sl thr"" \'ery dif· 
!eren! ,¡-·n¡.axc5 tl<ot aO L'"~'"""' or pro¡¡rammt·r 
mi¡:ht uwto th""H" !he·' "1"" uf" '·" '"' ,, ¡' !<, "'ion in 
L \,. .\lll'>, rl' ,~<·nJin¡¡ "'' ~ 1 ,, .o¡'" 1 h< ,,,,~;1 "'· ]( 'F, "' 

- -- --------· 

21 
l' J\0~ 1 ~ro¡;r .Jmmcc ¡, l«:i"t u,,,¡ '1'"" mo.1ilur hc3 " 
!,J[e ')'nt.u• tl.•t ollow' u o t ~ O¡><;n n kc:oli<>n. 'h•nco 
it .•• nd '-"<'linu. :o tt:e •·•><t loun:,,, "''h " S>nan 
nnr .. Lor .,¡ ~c)>l·'"~'"· In ICE, U. ru•d and don¡;e 
f<>u• l•••lluus. wc rnu•t typc ltnncl.:re :;¡.e u .. dor· 
lin•dl: 

•<;EYHl<oTO:.I<l 
ii\< Ut" OJ U MH llfll '911 
,-CBYi-~l Ú ;.:"¡"üúF.i'ii 

To cl« thu ;u me tlú11 in the PROM pro.,;r«n!l·w·, 1!"' 
¡.N¡;romm<e ly ~co· 

'Dl~I'I.~VFHOMl"TOl<l 

ft0'>{]0l3A~F;; 
_:_-¡;¡,;:,;o-,; i<<~• ,,,1,, ~"-"~ 

1 n • it! • .r o y nt.u, une w .. ws ~oy S!r~kos An<l it'' ""'Y 
to lu•• troc~ of ti.: ;odd"'~" in • lun~ : tricg il>i< i>T• ' 
t<>.< krÍI~It until "C discG;~t thot. ICF. ~'" 'rtoc
¡m-:c•d •nd prinl-<•J "~dJ e><~' ar.d ,1~ta H> '·'-~. ~~i!t· 
tf." PilO M prc~:umm~r ¡,., a "~n·cd m¡>u: • b ·l•·"· 
mo! and ;>tkied c•ut¡•nlo in ~t~ (e\ ···r,: f~r '";'\''. f'•'. 
whkh the PR0.\1 pro~ra'llmer rojoM< '"·-,.,,. ; 
loohlil<o 1n .os.,.,n!Mr labeEI. 

AnotJ.er wns1>nt nnr.o~ance io t~ot c'c," y,• '<; •· 
""l'to only the RU B < h.tcacter f~r ddotir,~ ,;,,, r ··oto• '• 
(cc~oin¡r tho rloleted <.hl>ra< t•rl, t ool<<pao• :, out •u~
ported. l t """Id ha•·• bo.n ..,,y or.ougr. 1<"- >!,pport 
l>olh "'"'" ch~rac(Orl, m• k in¡: u~~h l<hpr: ...... .,,..¡ 
CH'I'u' "'" h•ppy. 

Com;lusion 

'!'h• MCS ~R mior<~Lmp~t.e.r lom.ly "~'a !01•'"' 
nl>le oonlrii<UI '"" (" the "l." te of th(·~rt wht" 11 '''"" .n
tm:!uot<lln 197&, in spit< .,¡ iu ¡¡""''· lt ·;,-:,;"'"J.,. 
<lc..ign gc.•l• ~nd >~tisf.,C l);~ usu;:l <nt..-1 <h ,¡1 ")~)' r.! 
bein,¡ the foro! in t ho m ,, !:ot;>l•co "•th '" ""("'d" -' 
be\ uodülpt "'lo•·t, 

Tho MCS-4!< ¡; .• n ""''-'1-'""blo C~•~'"" {.,, "H'"" 
tic.ns w•th initial ,.,,;motee! '"'luitt<n~m, ~~ les• tf.a~ 
1 K by~e• .,¡ pro,.<dnl >I.Ne. b~ b 1 to o uf,!,,;,, '~' "''") • 
an.l o .. !¡·'"'~ or •~v Ji! leo'": P·"~'""'' tOLe ,:..,-.,., 
o¡.• d. n.-,;g,.e•o .. ;,ose "?Plic.ti<«:• '"q"''' ""·''' 
""'mory "' dilf'""t I"~Er<\mo i,¡ <l.!t<ro·,t d•'l"' 
shot>ld '"'"k a ll'Ore ¡¡~nero~¡.o~'l"'"" archil .te-., 
>uch "'u,,. 7.&' r ~S() l. · 

1 hd~e •p•·nt m"ch ~~ thi; artkl,• , non¡.'""'" .: 1 i "" 
¡1,.• JI-JI'!;,.¡~;, no l." g•owralpllrpo•o S-bit "''"'"o"' 
pu<or. Tt.;, 1no~ >C""' u"loir, ,;,,." ecme 1'• q ,¡,, •• ¡,,. 
td cbim th~ ~tC!HS ~·,., ""'er ,,¡, "¡J,,a t o ¡•.u o ''"" 
1"-·yor.d ll;o old 4-bit rr.orht. Kn ,..¡,~ ,,,~¡, .... it ,.,, 
1 h;,( h"", 1 Fu·•t. to belp ,¡,,¡C'"": l''h" ,.,~h: ,,! '' · 
,,;,.o he t.•'"J!l ed '" ~'• it. io "l•<¡;•·r "Pf'l;c•t.<'" ll ''' ,¡ 
;aleo ' n¡:;,.,..,. fr><nkl~ ,,._,;mm~nd tboir 1: •J • •-< l.:, 
,oso :·y•t~m in -u d. c•><•l. &~ond. l.,HI~ ~-"'-'C"'" 
,.,¡.o l.a' e •ltt-ad¡· ool..:leJ t ;,e MCS.4e !or ' t:.rt;~· t.[" 
pli··•\ion. n.it~. !'"''"\'"" ,¡;.,,..,;,., <! ,; •• ,..,,u 
>)o Iom ,.,.,¡uirMoc<>l n •hould hcnolit. iult" ' '~"'""' 
Jc-oi~con ~nd dup de•il,"''-' S nliko. Fi"•tlly. ;., Z''"'~ 
1 r.l<l d""• nol : <>~ olftr • ,loan~· rl•lt·-:tc•~ ,u¡l.at~l~ 
l~r ti•• lc.ut< ¡;en~r•l P~'f>O"', .;,,~k-chip. ••r•n· 
<lol,le "''""'"'"ruter ¡n,.rhL, at>d 1 th:r.k 1\'"' 
,¡,~"1rl. n ...,. 
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Ac~nowledgmcnh 

1 appr~dat o thc <omm,•nl" of '"Y e<•ll,-ab'IJCS dtu ing 
the prcparatic>n uf thiJ •t!id~, ~spc-.;ially Lho•e from 
Ptem Jain, Poul Fr•nt•. Ed Yarwood. and Da,•e 
Stcams_ '!'he cmnmcnt.a o! tho rcvicwer5 wcrc abo 
vcry hclpfol. 'l'hank• ~o''' Dcnnis Allioo~ f<>r eu¡;
gc•ling thi• or\.icle ~vor a y e .u ago, and to B<r!Uird 
Ptuto ond Len Shmtc\ for m11ling 1M lonish t\. 01 
course, spedol th•nko g~ 1.0 IHl~l for brin~n¡; us the 
MCS·4B. 

Sorne o! this m•'"-rial "'"" pr~r•ro<l while 1 wao a 
l"<'LUru al tho Di¡;;t.o! Sy,tems LoOOro!.ory at- S!.an
ford Univorotly. Other materio.l i• od•ptM ftom my 
l•>thooks, Mir.-<>comp"'•"· 1 'ol. 1; /! rcf.itccl" ro ~nd 
Pra11rammir.¡¡ •na Microcomp4tu•, Vot 2 Sy•tem' 
llanJ•.,ar6 Duo¿n, t(l L~ po~lishod by John Wiley & 
Sons in lot.e 1979. All opiniotls exprc•...,¿ in thio ar:i· 
dé ~re m y own, 
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Thi! first irnplemen/ation o[ a ncw microprocessor architepture 
promises to narrow the gap between the power 

of uery small rmd very large computers.o · 

A Microprocessor Architecture 
for a Changing World: ·me Motoroia 68000 

·. . > ·.":~¡ .. ···:···' -

F'.d•Htrd Striller 
'l'om Gunt~r 

Motmol• Semieandyotor . 

M;, ropr<><r.""' ""'hoo]ogy ¡, en~eri"g a """' ond 
e.,p<>eially rh.tlen¡;ing era. While l<!(hnolo¡;y wn· 
strainLI hav• not completely diuppaored. we ore 
n•arly Lo the pnint where the lfmiting factor in micro.
processor dr•ip> is nothow much function can 1;. in
rluded.· but how imaginoti.,.. ond crea ti\ o th~ 

desi¡;:ner tan be.' As a result. "'"eral componies h•ve 
inetodwed """'·¡;e<>eration mi<roprnc<,.or;. Wo 
dc>cribe how nno of lhem. the M ntorola 6SOO. rc
sponds to thc•• unique cnnditiono. 

MoUvalions lora new mJcroprocessor 
archileclure 

Pre>•inus c-enorolions of n¡icroproce.-ors Wore 
limilod by the ~v•ilable tochnology. Brooko. in on 
ovcn·ic" orlirle .' di"CU><os how th t.t.:hnology <un· 
•traint5 ol>d th~ perceind mi<wprocesoor market 
moti~ued early micropr"cusor archilecturo. 
Micruproc-c"""' "'ere limi ted in numl>t•r of ra¡¡ia\or•, 
data·pol h width. nnd h"''"'·ti~n·•OL ro~ er prirn.trily 
k«> U>< 1 echnoi<'I:Y "'"Id ""' ;uppo>rl nlore feo tu ros 
nn a •ingle chip. Olh•r litnilotions ol mltro• 
proees.<ors. ~uch as hadng too amall an addnss 
•p.oc¡o.l and owkwordness of oddress comput.ation.• 
m ay be attnbutt•d os n•uch to pro\ •iling per<eptiO!lO 
uf tho potenli.1l tl>.orkN •• to 1 t•ChMiogy eon•trajnto-' 
ll'l,tcv~r 1 he ¡,, "'" -'Ourt·o• of rP;t raint. howov~r. 
"" "'" now in a ¡wri<>d of tochnkal innovation ond 
'Jlirited C«m¡>Hitinn. 

Technoloci•·nl •dt ourc. The ba1ic microprocessor 
1 ochnolo¡;y. \JOS. has ¡,_.,., >l.<'odily advanced in 1 he 
lut few .1 •••"· Thc· mus\ noLirca llle in1pro,•emon1 hu 
boon cir<uil d,.,,lty lf'i¡,~lr;ll. w).i, h tra.,•lalos 

J¡n·c·tlr i oto Lho 'muunt o( ,·ap~bth<y that c~n b• ~~~ 
nn o •ingle chip rni<ropro«"""' Wher<.i• ••rli~t 
Jni<ropr<><:e•oon oont~inc'<l from 5000 t<> 10.000 Ira~· 
,¡,¡ .,,. pcr chip. curront prU<r•oot> havef ron• ·~~.000 
lO 70.000 l.!"ansistots. whicb Í5 !,..s lhan an order oí 
DJagnitudo away fmm l.he numbet in !r.>n.' d t\¡~ 
largcst moxi·comput~ro. Ci,.cuit d•nsi'y,. tJOt lho 
o¡,Jy kchnoi"~Y "d,·anco that has beon made. '"'· 
'"'J'ondin¡ jp>pro•·•·menta h~,·~ been a<hiev.,j ¡n tlr· 
cuil speed and power dissipar.IOI>. 
Adv~nr., in t<!<·hnolo¡,-y h.we ¡,.,.,~ m~o o\Ol~

lion.,y th•n rovolutionary. 'fhe majar ad•/MCo. in· 
creaoocl dr<ul\ density. i• th~ re•ult of graclt:.l im
provomenl" ¡, pr<><"<s._;ng •~chniquao th•l ¡H·rmll 
sm•l1~r circuit dimensiono. D<n•ity impto1·c"'""" 
"'" "'P<'Clod to continuo. sinco thcy Ó"P'-'od "'>l <>n 
"' ercomi"& fundonwnt.allinlilation• bu¡ only on lm· 
tJ,cr cv~1utionar1 i,npro,·cment o! .,.;.u~r pr.,. 
ces"'"' New micro¡¡roce.,or orchiU.'Ctures mu01 b<> 
de1~sed 10 (Ako .dvant.a~e uf 1-h.i• futur• •d•·•nco·
n•ent. 

Mar~" ~~ uHond< Th~ d~mand lor mim.>pro><c' •aro 
in opplicot!M• Ml for<....,n juu 1 1~..: Y'"'" •t:• ;, 
pro1·idin~ ""'" opportunitiu for mictOj)r<>C~''M 
rnanuf~<l<>r""· Just a• tho original micrnproc~.;.....
desógner> <ould Mt predict thc many use•th•! would 
be f~und lor t.l'"'' rlo,iceo, tc.doy•o dcsi¡¡n~ro C•Mu[ 
hr·¡•e 10 Plll•i,ion more than, few of the ,.,.,.,.,,,.¡ •V 
plio •llwn• • ,¡ '"'W tmorop"~ "'""'- Thc impl .... , t Oon 
f or 1 he do-si¡:oet 1• lhat IWW de•i¡:no muot t>t flt> jJ¡J<, 
~nd r• ncral if 1 hcy ~re to be uoe/ul in~ lar~~ """'Wr 
d pou·nlial opplicationo. 

' 
1 !igh solt ~ oro~'""· Th~ problom of '011 v.ar. co>lf 

¡, •·•·en wur.<c iu micro¡;,,...,.,..,. appli, alion• lh•n 1t io 
" 1tl1 " .. J>¡oul"" ~M<r•lly. Dl'<:r~aoJnc "" mor¡· '"" s. 

,.,,.,., ..•. ~ ...... ···" ,.,." .. 
-------
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HMOI 

OYFLC~I Cf\l G!W~I"Lló 

WtOS .[___L!:SL\'$1 

[J~:ov>< 

p,¡ ' 
[::jN+ ~ ''' 

IF 
' Hr.<UI All,MillG!S 

(ltOUii 000>11"' IW"O 
s\ind"a NMOS-
~MUS ~ 011S,.1 '" toil 
riMOS • 1!!12 ~> ¡;« 0111 

Spcod ~'~" ¡¡r>Outllo'" ¡,m., 
bc<•or '~'"'"'"'"a Nll'í>S" 

hiiiOS ~' P"'l""' 

~Mfl<~ 

m.ws ~ t titoi!M 

F1gu•e 1 .. Compo rison• of H MOS •"d N Mtl5 l.:hnolooL••· no "MOS t*rhnQI"~I "'"" lo< 1~• M CM DO~ ''"''" ;,, 
•igntloo•nl imp•o•emon" •~ ti<<uol den>iUu an~ >peod-po"O! p<nduct•. 

incrcnsing prt><""""" lunctíonality. •nJ n,o;e com· 
plcx applic•IÍt>ns "" c<HnbiniJJg to ),,,..., ;, the sito 
ond cumploxity uf '"'""'l"o'"""'" P'"~'""''· Sufl· 
"""'¡, co•u of ~ l 00.000 '" "'"'" hre c!<·M)y i ,,.·umpoli · 
ble ,.¡¡h hord" orn C<••U ot hutJdtc-d' uf doll.rr~ Thi> 
cost di~parity ma}" be unirnport.anl in 14fll"<"·'""lume 
applicatí~n•. wh<.ore softwore cosl.5 can be ""'~rli<t d 
over th<<t"ands oí h;rr,Jworc unit;, bu\ it ult"n 
precludr,¡hr· "" of mi<ro>proco»üro in o¡•;>:;, . .,¡i\Jn> 
chardCI<ri<•·d by c<Ju1plcx pr ,,,;rams ht luw vy)~rc.~. 
To hclp reduce the hig\l co•t o! •oft,.·arc. rnicru 
P'"'"'~''" d~si~ncrs must mak• 3 >:SOnK romrni1· 
ment to sup¡wrting high·level langua.:es ond 
di>dplin_.j progrommin¡( procticea. 

Atditot·:~r.:.l '"""/)!. TJ-,e ~8000 d~,;,¡.: ,,.._.,¡,., ~ 
OM"'Jiut.er •rchil<< \LJ:o' ol w)m:h 4 nUtllbc.- o/ dL [! <L •·'' 
v.·tsiur.s "' "m,pi<·•"""I..•Lionu" wiil he ;><<'~u.·,d.' 
Tho fir>l '""''""· el'" MCG~üOU, in•pletnon•,, un:~ L lo~ 
.~u .. t oí ¡),, c~m¡•l~•' 6d0(Jü ,,d,)...,oturo ~llu" ,.J L) 
'""rnt ~.e<hnulu.o· cor.olr~iotii-
Ho~ibo!uy lln<l u><J~In<>S- ~'bo ~c(;..'IO ci~».>·· el:· 

•uto> thot <h• pr<>ro•wr io ~u. y lO p¡ o¡;r .. m f"o. ~ onuoi"t 
os ?'-'"'b:e, Lhor" "''~ nn ~Jtn~Lural hmh,'li•""· ar· 
tiJ"oCLo. speci•l ca>c•. or o\l,~r awk~ord lcólLll<> in 
thooochit.oetur•. 

MM Ód~ biAry. TI-, ~8000 is a ¡¡cnuol·pur~~·~ U· 
'hiteclm~. rtflectio;¡¡ the mcrea•m¡; , . .,.,}.et •••"!'· 
Lonco of t<J•erol purpo;~ mio<OI"O<ho~rs ior <h<"t rs.> 
apph.-•litmJ. 

Hi~h d,··i~n """· 'l"ho 'nsl oí do.o,ignil ¡; oncl im · b 1'~'"/JI,j/i I.V Tioe G81Jtlu <looi¡;" >)•"'" .¡,.,, '"' eral 
plem~nling o now cltvice with u-no of thou••~d• o! /eaturcs. ;ud, •• flootin¡¡-·p"int otlé ,,,;,.1: ":•HfQ· 
tronoisw.. i• hi¡¡h. Cornpulu design aiJ> a<e in· t:on•. ¡~ •• 1 uro not ímplw~ nt~<l ;., '"" fo.-;t < o:,ion 
r!isp.m>i~le. b~c the)" •~ •L•o o>;:O<m•Jv~. !"Jcsl~n~r< bu\ ¡,~,·• ~""" 'l"""¡j,.,.j nu;v l" ~"U"'~""-" fulur t• n.n· 
muot ~u"' Ir thi• dosl~n·co>l probk·m in '"""'"¡ oliloflC)' 1 n .,,),)ilion. unu,....J •l'"ce h" t...>to ldt <n 
way,. r·¡,_l. straJ¡;htforw<otd ddgfl>. u'1"11 cc~ulor th• ;uch:c.-•¡¡,,..¡.., "'""'""'"'"I~L.o """ fc"llllc> Lhat 
structu r<·•. "'" r•o >ter to i mplemonl. \"ll. "'"1 ,., .rre•.l. lul m, ad'"'"''""' In 1 C< i,n,.)fl~) ..., ill rT'Jk' J>O»ih:e. 
and ar~ Lb< rdor e le,. •·•p••n'i'e tb;u, ,.,o¡;, ,¡, ,¡1"''· S"ppoe1 o[ loit~h ¡,e .d l~'<i!U"':••· The bl\0•)0 Jr· 
Second. ~"' h ne" archilc;;ture mus! t.e ¡>L,nned to chht·dur" <unlains fealurb• Í"r lmplem<n! in¡, hi¡th· 
las! for •o Ion~ as po••ible &nd rm••t be· •••)" Lo U· knllan;;>J•,;el, ""d MOT"otol• i~ «>mm:t.ed to >~rp~;"· 
pond in lhe futme. M•nuf•cture" con no l~ngOf ol in¡; ooft~<•rc cuppor: fr<r wo¡;;$r.l deHlopn.o:.t ::1 
lord to prt.dU< e """ o.rchiloc!ur>• ,., • r¡· fo·w y=•· ,...,.¡¡ L..nown t,:,;h le•·cll~ngOJ"~~'· . 
E>perkr>o·e "''h !ryinll: L<l """U amt llllptUl'CLhc .f•t· 
ori¡;inal ~-bJI miuo~roco<oor archil<·<ture> d«mon· -~ ¡ 
slraUs lh~ nc~ lor ¡.l.nn...::l ~.pami'-"'. Deoigm·rs 1., 
mm! h... r ·" elultc im ludu, f•wlimil otl~n>lo futme Table 1. 1 
npan>inn "" pc»ihle. Tho mn>< comrnon m.s\akos in Mott>rola '-'C~~OI)(I <horacl•ri>llc<. 
the 1'•"\ ¡,.w b•·,·n limliÍn' aJdr<"'' ,;._ ""rl <lO( nro-' · -------~ -~~---· --

~ INIFGt:H SI/(S .1. :f.. •"" 31 ~n• ' • 
,. irlin~ u'"' "·d "l''"ration mJ,., forfLJ \L<r<· ¡,., ;,.,lruc· ~Of·hl~M•¡~ c•r~o.t n ; · t~.ll 1 116 o,,,. 
tions. •~•uT IOUl f'Vl < . ,.~ 11 ; """"''.'""~~ 

IE(toNOLOBV <r ~ _liMOS • 
Dc•i~" ~<·al> for tho ¡;¡,OOQ ~1.,torol0s G~ooo 

microp'""'"'""' ..,.,~J<•ctur~ hos lteof> dodl!"...::l to 
meot lhe roquirom•nt• ,,utlinotl .L .. ve. (The 
\( f:t!,UU(J"• <"ha< octo•ri>Lics oro """" • .. ., i ,.,¡ in T.,bto 

" 

tWlc~MI CYfH 2l>O h!« 
• lo!! '"""'Y •ct 1 SS '>110 r >..-e 

•. lttl Ali"IE H.Rf~P"All'tf 10 t.>?>'"""' l•inll 
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-68000 in lerna 1 a rchll&c!ure 

Rr"''"'"''5. Thc ¡¡jj(l(l(l do·sign provid., on addreso 
•roce o! 2'' bytea llimil.<od to 2" b)'LeJ in the imtial im
plcmentarion¡. Mcmwy is byLe addrcnabl8, wrth 
individual bit ~ddroo•lng provided for bit·m~nip
ui•Li<>n inotro<:tiono. Mcmory may bo accco;cd in 
omito o! 1, 8, J S, <>r J2 l.iU. CPU reMurceolndudo •i~- · 
''"'" 32-Lil r(•¡;Ísl<-rs, o 32-bit prognm count~r 124 
biLJ Jn 1 he initi~l irnplom•nu.tion), a11d o 16-bit sutuo 
rr¡;istu. 

The re~isrcrs Wi¡¡utu 21 a<e divido<! into two 
da&5eS. 'rhe ci¡:ht data rc¡¡isws are ueod prim;,rily 
for dAtO manipul•l iom; lhey may beopern"d sourccs 
w deotinotions for All Ofl<fOtions but. are uwd in ad-. 
dreuin¡;only os indo• "IIÍOtcro. Thoci¡¡ht r<maiooing 
faddrc .. ) reo,~sters ore QO<'d p..;marily for odd,.••ing. 
The auock poinler is onc of thc add<Oss <tGÍOW". 'fhe 
prog<am oounler ud •tatuo wmd aro oo¡loralo 
r~giot<>ro. 

Add•t•slng. Memory l• lo¡¡ically •ddro•.!<'d in 8 ¡,;~ 
byt<>!, 16·bit words, or 32-bit long word!. Th~ ou,.ent 
implomentaLi<>n requ!rea that ,word ond lon¡-won:! 

o 

o 
1 

,-·--·--·~' ~ ·-----·· 
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(O) 1 

"' 

EIG~I 
~O!IRISS 
AtGI5TIRS 

~AA' 
COUNT€R 

SIAWS 
I\IGtSUR 

1 i~"'• ~- r,'CGOUOO pr"•"""n'n9 modol (o]ond lntornol 
"""'"'" el "'''"' r••JioJOr lb~ 

>"-bruoryt~/9 

25 
• r•tt~• :¡_ 

MCUOOO •ddr~ul~g modo¡, 

RIGISif~ D<FiECI Alli!RESSI~G. 

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

Al GtSllR Q~l fRRfU AOrlflESSI~G: 
rr<¡•>i<r .. ~""" 
r<;<llto ;!<""''"- ont!

'"''"" """"<O poe-oocamoot, 
'~" ··~~. IOdO• <O 

f~OI.H•M éOUNI!R H!LAfiV(: 

"'""' "''" ""!1 .. :. ...... ~ .. .o 
, ... , PC ,., ..... hn'l<ll 

""" PC ,.~,.., "'""" 
ABSillUll AWilt~StNG: 

u: ~ c.. 
uc-A• ~--
M ~ >A 

. ' -~ 
E~·-IAAI' 
U -IMI ... <-AA+~ 
AA<- AA-~.[~ • IA•J 
U - (MI • Olb 
U - IAOI + lln! + O! 

/;A ¡pt) + ~·· 
EA - ¡pe¡ + 1~1 7 oa 
~ !~~l:-~~ 

!A·.- 1""' "''""""'~oro¡ 

., 

·~""'" •nor1 
•~"'"" long EA • '"''' •~• ''".-"''-"" .,.,., 

xn "'" ·~''"' ""'., iOilf• '"~~"' 
S~ •~tus '"~'"" 
PC • p•c,¡•~'" '"""''" 
ol - 1-t:o. G~p~ournont 
oti •160i10•,..,...emont 
~ - 1 tor b),., 2 too ~oro. •na ~ lor too¡¡ ,.,.OI'foont:> 

f ¡ - """'"" 01 

<- "P'"'••'--------------

d,,., be- word oli¡pwd. Biu are J~di~idu~lly ad· 
d. oO>oble i~ !he bit-rn3nipulaLion instru<Li,.~•· 

'fh• archil«ture s¡>cdfies an, optln11l """'otY· 
m3n•gom•nt sch~rne lhot impleill~nU and enfurces 
vari•blo-length ""l!m~nLOtion of t.ho oddre .. <p-•oe 
~ilh occess righto op~cifioble' for i~divJduol 
.. g:menu. ·rh• pT<><'1'1><>r can be oiSed wjtb or •.ilthout 
mrmory mon•c•mont, 
Addr~••c•kulal ion• !Toblc Zlaro Sp.,dfit.J Ly 6 bit 

f1eld' ,,f !he instnJc 1 ;,,,_Tite o~dtelooi~~ •I*<Olil •''"" 
;~ MI h¡¡¡¡nr . .l 1 .to tbe opor~~ion •pedfi<atÍfin of l he ;,.. 
!lructJ•In; til•< is, anY •ddre!!Íng mod• c.on Le u•cd in 
on~ imlrtlc: ion lhat "'~• ~ddronin¡c. 

Addn• .. •" ~r~ 32·Lit quantitiosj24 btll ln ti"• ~~r· 
renl implem~nlnlínnl The uchite<turo ~ffKit·ntly 
•uppolt• smoll •Y si emo !tho.- with fov.or lh•n ~",J. 
dro•••~lo bylosl Lr ollowing JO-bit oddu:•• qusn
titi<! lo b• >pecifiod. moyod, m cakulnlt·d ;,, olmo1SL 
every oddn•!si og siluntíon. Fo< cumpl~. u .hwlu(e 
odtl'~"' """icd in on innn>ction can u.., 1 6"' a~ L:ts. 
oran indo~ calculoti<>~ c•a u.., !6 bit~ l•ign hi•Mod 
Lo 21 hito! or 32 hit-o olo r<¡;ioter •• inp"l. Thl< ft·alm~ 
aiJt,wl the Krd.ito<.luoo to .urport Hty '"'~" •J· 
d""""' wit hvu l pOn•liLin¡; lho <Ífiden<~ t>l Pto•¡it "",. 
thot. "'~llÍr<' rmly •m•ll .ddr•••••· '!'hu.~~'"-'',;,. 
1 1 6 "' :¡~ 1>11 ,¡ io indi\ ÍdLt~lly •~cifi~.J f~r <•.och u."', •o 
u,,,, 1., ~e ~·"l sm~n nrl~'""'·•• < . .n b.t ínl ,., ,,;, .-d .. ,. 
Litr.,<Hy in • pto¡;ram. ,:-" ' 

·-
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Ptu¡;r.u-• couM~r ind~ud. The o¡wr:i~d oddtus io 

ll.o' curren\ ;·"!oc nlthc pro¡;r~m ~nnntN, pluo the 
ton k:•« of tho •re< ;¡¡.,.¡ !l.>ta ur oddrcs• rc¡;ioter, 
;<1 "' a o 8-bit .>i¡¡netl rii;pl•ocrr•om in tire instruction. 

J\IJ>i>lr<l<. 'lí>c np•rond aridr•••·;,·t;'tho instruc· 
tion. ,,·· · 

¡,.,,,.diou. 'fh• 05"'tand ioln the ;notn.J<t i .. n. 

Rq¡i< ru dir.cl. The d•ta or •ddre"' re~ister «m
toln•the Op•·rand. 

Addreu r••Mi• "'' d<{'"'"- '!'he <>por ""d oddrc"" ia 
in l..ha opt--cil><'<l Hddro•• w¡;iot•r. ' 
Addt~U n¡¡i>lor dofurnl pou-incl'<'m•nr. The 

operand addro" is in the opedfied addre"" reGÍ>le~. 
Alter the c¡¡cr.nd í• O<'c•ssrd, Lhe arldroso in the 
r~gisler is intrernentod,by the npcrond ,izo(\, ~- or 41. 

A<ldte>l to¡tisrer d<fr•<rod ptc·d••cr•menl. The 
oper•nrl arldress is in Lhe sp..cified oddrosa rep;t..-. 
BefOI'e tho op<:rond i•aue....,d, t.headdroure~btet ;, 
decroJnont.<-d hy t. he o~r.nd ,;,._ 

Bo,. ,.j¡¡¡iuo. Th~ operand address i• the COolLcnls 
af lhc 'l'"''ificJ orldre.s rc¡:ist.cr pluo o 1 G-hil sit,'llCd' 
dbplaccmenl in l he ínslruclion. 

Pro¡:rarn cnun lOC rdotiut. Thc O¡:or'rnnd oddro" is 
the currcnl pruc••m <:ounter valuc plu•• l&-l>it •i~n· 
ed dl;placement in t.he insttucLion. 

1 nduoti Thc operan<laddr<ss i•lhotunl-tnls of lho 
specified address regist~r plus the eonlcnt• o/ an ad· 
ditional)datll or oddrcos) regi,ter spolifiod pi~• on 
B·bit signed displacemenL in the instrucl.ion. 

M:IO R(GJSlER OCHR~W 

' 
"' 

OP¡RM'O 
RtGISltR 

• 

OPrMAliON 1 ADDPlóS 1 ADOP;;S 1 
MOOE j MO~¡ 1 RWSHR 1 

Ril urldffs~i"f· A <:ompl&to 001. ol bit·M1o ni;.:¡!otion 
instructinn•l~~.1. Ct.T>AH. Ct<"NCt.ond n:~'f) io provid· 
,.,¡_ Fnr th••t •notructiona, sn individu•l ll>cnonry 
"u'd is ~dd"'"'"d u sir.¡¡ one ol the JJhov~ "d'1 ,..,.¡,,g 
-mr><le~~ 'fhe ln~ividu.al bit [.(¡ be rnanipdnt..d io •.f
<he5:.ed by its bit n"mb..r In Uuot wnrd The t.it 
lp•c>Jica<ion lo con..,in~d In tb~ inotrur•ion or 
pro>inuoly colcul.n~d.in o dato regi>lor. T;,;, 
n1_r•chanbm ~llnw• bits Lo ho o~d'"'""~ ,,¡ 1,piy. 
v. .-houl '"qw,¡11 r; tbo u'" ul ]Q~Í~"l inW'\,c' i•lnO onú 
m• si<.. For r~gi•ler>, •11 32 bit.& ...-e indh·iJ.>.>llt od· 
dr~o:<.ble. ' ·· 

1 n •11 ca<~•. t he oddrc><ea s!>"Cili,.;; by th~ r.rn¡;r • ..-. 
ron sp"n th~ orrlir~ oddre>• "~"'""· So orhJt, •r~ ...,., 
'"""'-,¡,c. Hf~ impose~. •••d n~ ~O(hltatn O"!lmen: 
<>urnbor.• nu·d bo md!>Ípul•tad. 

Addre,., liho int-o¡;•-<, is o fulty Sup;.oHr·J <l'llO 
'l)'pe. ., cümpl~te set of oJdr.:U·rnar.ipulation •>po:-o
!luns I"On. CIJMJ•A O>:, !"CI<EJo!ENT, I)~CR~; '1 ~~T. o O~ 
T\J. bU~TH.,CT l O•lM] i• i:nplemented ~n th~ oddr«• 
rq;is\e~s. 1 n ,.¡,]¡ lí<Jn, ! he LOAD l:f¡-]';C'< 1\'F. ~r-o• •:so 
in.>lructian pedmms on orhitr~<Y c.licui•Ci"n ot.l 
[>UI.S the ro>uiL in lo a sr,.ciflod oddr""• re¡;JO(Cr. 'f n:• 

AOO INOD<O 

plOVides !ho pru,¡ramnU!r, in a si~glc in,tructioo. _ 
with tho abillty \o precolmlal-c odd"""'"" u•inll' ony · J• 
ol the rroco•wr'• oddreooinr ~nodos. .__ ./' · 

Br•c•uO<' thuo ~'" ~ight n~d'"" n ¡;i>«ro, f<Hef ·· / 
me mor y O<'COSS"• ore requirod lur )t,"din¡: • .,.¡ ,r 01 ir:¡; 
l<'npr .. arY oddroS> v•lucs, ond addre<sos '""']¡• need . 

"'" 

·-

to he wr>ku!ated rn diffuenl port.. oll..!><: pt~I·''~-
T!rese fe•lUr<'> rniniuúe the p.-ogcam tinw •P"~'- · 
m~nipu latin~ odJrcs!l"•. a commo~ !>ottlcr,ock in~~· 
lstmg ro>i« opru< "'so'". They aba e<t.abl"h " dcl.rree 
"¡ •d•l•••~·•i•a indopondonce:' thu ~~Jre,~
•l•ecific;lion !ields ir, ir.strucLIYn> ~'" mrA «il~n 
only fi bil >, re¡¡.rdl .. s of tl-.e Loe' that a l•r¡;" 132-bitl 
&ddrc'! :> oCh>dlly being OP""Ír,,.;, 

1' J,,[J¡UQNAt eiU.NCH • 

Oota 10 H ,,¡ 1'" 1" 1 ion. Tho 6BOOO su ?Purl• O llUo\\ber 
Lf dot,; ¡ypc• uo«l •upplie$ • culf•pleLe '"~uf lll" eo· 
1 i<1i.s lc•r ""eh ly¡oc oTobl~ 3 ond Fi~..,r.:- JI. l n ¡:enero!. 
th• aC.d; r>oln¡¡:•~·~l~ is ino.lo¡.ondont Gl th•· da!-> \¡¡y•, 
Al.w, in '-''"e"" h~rc it mokoo o.en..,(ir.h ¡;•• ;, lo¡;i.,,¡,, 
OJ>d ,¡clo!•r•.,,.l, tbc sizo o! th~ oji<rand "'"Y Uo 
>p•<ifie<l i nM¡,. adently el 1 ho cp~r.1liM , tp•·•~nd 

' ' • • 

1 
"""'"' m• y ¡,. ,.¡ lher ro>gl,.te'" nr o•ldr<•><·d Ll "'"'"'Y 

L 
_ _::__L ___ _l ____ C:_.C ___ _:Cc __ j_ l<;><:ations. Tho '"';u]t may be "ured eithrr lr1 th~ 

••b'Í•tu or in ll.e >pedfiul rnemor}" lo.:.otion. Thls 
d01o ol " "11 i '' rf"l <> =mor;:( ' e PI '" \ io:1• r f'<l "ti."' 1 he 
nmloher el re¡;i!.\1 r otorf'3 "·quirrd 1.<> • .. ,.,. r••ults. 

'" 1 io~OH:ON OIOPLACU•tNI ... 
" 

[8" 1 COt<OiiiON !. mo ---
,, 

-e-l M tr.~l ~p.rotinn• """ Le Opm:ill•..! to Wcir~ ¡,,..,-,.,.y. t.o
«·¡¡lnor, r<·~l•l<odu r~;:istOi, ,·el(ioter:~u '""""''Y· 
irr.m~diah'·l<>-relii•tor, oc inuncdiat<;l""r.ir·m<oJ !'• 'J'I¡~ 

OIS1'1.
4

Cf"'EIIT 1 m<Jvo 'instrucl..!~~ i• rr.cre fluiblo. b.t:ñ11 ~ h•ll tw" 
________ _:::_:::::_:_: _________ j ~ddre .. lnotruction. lt con op.xr!y lnCmtJr¡.• to-

- ., mernorv mo' e o¡:¡eral:...J~ "' ""<!ll ootM ypt;.,n,. lrol•'<l 
,,¡,.,,-e, :~, -o ' • ~·· •',·, ' . ' ' ' 

------------------------'''':·':'-'P-'1•." 

,. 
\j, 



•• 

'l'he ~SOOO dota 'l'l'"·' und ~h~ "1'"' uinno thot •uP" 
port thcm ore: · 

/n«I/OF. 'rhe opero\ÍMI ore AOI>, SUHUAC'/, 
MULTIPLY, lllVIDE. N~(;A'IE, COMPAKE, ond 

Allml>lf:"T!C suwr, lnle¡;on may ho l. Z, '" ~ hytco. 
ShifLs ore n>uhipk·bit •hifu, eith~r Ioft or ri~ht, with 
oh'oft count opedfi•·d in tloe inotruction or proviously 
c .. kulaud in a dot~ '"l;iat•n. and indiCo!.« ov~rllu" a• 
•s•propriat.o, · · 

M,./ripr~l,i.,n in«¡;.-. M>D wrrn nn~ND. ~ll8 
'/HACTI' lTli ltXH.NI>, N! r.~-r¡; Wl fl! P-XH:ND, U~'IGN· 
1:0 MULTtnY, nnd UNSillNED OIVIll!: ore tho 
primitivos supplied for eosily implementing 
multiprecision integer arithmetio. OP'!rands may bt' 
1, 2, ot 4 byteo, ucept for multiply ond divide, "'hich 
opero l-e only on 2·byte qu•ntilieo. 

/Agi~n/. The ~perol Í~HO aro AND, O~. >:X<":I.USIV>C UH, 
COMPJ.P,MbN'I, CI>M~AkO. SIIIF'l'. and HOTA'ft (v.hich 
aUow multiple-P<>•ition •hift.s ud rot..t-eo, lcft or 
right, wiLI:o oc withOIJt extcnd botl. L<l¡¡ioals m ay bo 1, 
2, or ~ byteo. 
Ba«/ea~. AND OR, !;XClUSIV~ OR, COMI'l.I~M l~~ T. '-"· 

PUCAT>ON, and SU ACI'ORI>ING TOC0NDI1'>0N ('()fl~$ 
are proVided_ (S~ T AC'CÓ~Ol>IG TOm.>;t.oJTION ma¡;s Í> 
uoed to relricvc the log¡cal value of any of thC«>ndi· 
tional l-e•ls that oro ov•ilahlo 1-0 the tONiliTIONAI, 
HRANCll instruction.) Boolcan data ore ono·byte 
quant.iiie•. · 
Bi~ The opecations ate st:T, CU:AR. CUA~GE. and 

TbST. Bits are individ~olly oddiessab!B. 
D,·d•"a/ A"l'l, SUBTRACT, HGA'ffi, ond (00\!J'AHE 

"re duima! op<·r.,tion•. Tloo dodmaiiBCDI in>truo· 
tiuns wnrk on ~pcrand• in tMmory lmomory·\.oo 
>n•mor}'l t..-o di¡¡ill (one byte) ata tima_ Cnmbir.od 
with a looping inatruotion, tha doeimal instruction• 
implement. variable-length memory·to·nlemory 
d<"<:imal operatinno. 

Cha,a<l•r. Choracter inotructions, MO\'~ and 
COMP•RE. work on operando In memozy lmomory !.<> 
memory). ' 

Addre><- A~~'""" operatfons lnch<de I~C."~'If.Nf 
(by 1, 2, Of 4), OFI:IlF.M~NTiby 1, 2, Or 4), ~00 IN'fE<O~R 
SU8TRAC1' INT~<OI;II, COMPAU, 1nd lOAD f.f'>'F.CTJV~ 
ADO~f.SS 

Rcr./ ~1ooat Ío¡;-rnint AI>D, SUIITRAC'f. MUI.11Pl.Y. and 
tm'¡ m: "'e •po>t'tfiod but no e implconcntod i11 th~ fi<ot 
ver. ion. 

Srring S'/RlNO •tOVE, HRING SEAHCil, and 
TRANS~A TE llrc •pedfied but not implcment.-<1 in the 
first ,.,.r>lon. 

P '"'l'a"' con lrul, PrOt,'Tam·control inotructi<>n> in· 
elude CONDJTIONAL BllA~CII (prognm Coitnter 
c.]atJve), JUMP. JUI.\P T0 SUBIIOUTISE. IIL'1'1JHN f'ROM 
SUIIIIOUTINE, and H!:TURN IK(lt.l JNTER~UP'f, ~)1 of 
whkh ore traditional instructiono. Soxte.n ocparato 
opuoting-s}·stem o.olb are ipo<ifo,.lole wlth !he TRAP 
in>truction. Condltional tr•r•. looping. •nd 
.<ubroutinc oonuol are di>cu••td hek.w. The STOP in· 
<truction balto thc prot:oS<or, the JIESJ:T inotruotinn 
rolnitioli>es the •y~tcm envíronmcne, and Lhe Mé'\'1: 
lnstru<tlon can tnonipulat• lhe ¡or<•'O.,ot oU.luo 
~ ,,-¡_ 

2'1 
Prl•il•~·· ''"'"· Tho• 68(>00 pr(l('o•-'or o.n <>¡MOLe 

in '""' "' -"'P""'ÍMJr ;l•to. In >upervisor •tot.e, tho 
~n¡¡,. in•t• OCL Í<on >Ot ;, avallablc. 1 n.dication oll.he 
e orr~n L • t• t~ is ¡;o .-, n \-0 l.ho ox terna 1 "'O< Id Oo lhat, loe 
instanoc, oddroos• u-onol•tion can be inb¡hited""""' 
n.o Jlrocc•.•or is In >LLporvi><or •t•ta ·In """' •1-"l.<!, cer· 
1 "'" ·, "'' o·llttlons, •u eh •• S'l'OI', "P.~U. •nd tho.., thol 
1!«•-iif) t ¡,,, >L nlu! word, ore 1101 allow..t: thy COUH • 

- ~-;¡¡¡,¡Q~LC 

AiiCO 
•oo 
~" "'·n 
4')[ 

"" óCC ... 
~ClR 

"" ""' ·~ SJSJ 
C-1~ 

"" "' UC:WT 

'" Ol'I\J 

'"" lXG 

"' "" "" 10:!,! ,. 
'" w.x 

"' "" "11'1!: 
,.UlS 
MU(U 
NOCO 

"" ~!GX 

~-cp 

"' •• 
'" ~· "¡ 
~Ofl 
~O IR 
mnxt 
POI~R 

"'" m 
s~::a 
uo 
S¡~ 

S lfJP 

'"" SUBI 
SW~P 
lAS 

1 ~" 
1H,',"'/ 
ISi 
U'•t< 

hble 3. 
MCoao~ lnslructlon •••· 

O!SCRIPTIO~ 

Ñ;lo:l d!>t""..ll "~' UWI<l 
~ 

Add ""'' e.<lOOd 
1 og.:ol '"" 
~rllhmel'' >~1<1 ~11 
Amllmetoo <~wn <Qht 
Brontn w.:llooollly 
B•IIU! n:l <lwog<l 
Bol 1<>1 onol <loor 
a""'" •1·~·•• Bol I<Sl ond .., 

!<Ofl<ll le""'"""""" ao >Ofl 
Cnotl ot¡¡IS10r ¡;o "" O:>JM> 
Clo>~ oporond 
Afllhm<IIC <OG'·~" 

a.<'""'""''""~"""" .... , ... 
s~..., a•.-.cto 
Un>~otld d"""' ¡,,¡,.,, "'. 
f•<l>!ngo '"S~IOfl 

S~nod ''""" J;mp 

J"""' " '"'"""' ... looct ""'H;~ ''1!~1<11 
load'~""' QU000 
l .. ~ <ll<e"•• '"""" 
¡,., '""" logc¡l SMI 1<11 
logia~~~ <o;;lll 

-~ Slgolll! m""'"~ 
Uo>•QoM multip~ 

~·~·" ~ ... ""'' 01•10 """" Jwo'l CO<r>¡¡iVPr/01 

.... -. '""'p:eir¡el'.l "''~ .. -
"" 11¡>0"'""' Ooo 1 <o;noi<rnoot 
1 "11~··"' 
PU!h """'"" ~dirSI 
fit ... l "'"""a.. .... 
~'"" "" """""' •<1•~ 
R>\011 re¡nt "'''""'' ""r<([ 
RolO]< loll ~rl~ "''"~ 
Roto10 rlg1>1 "''" """" 
R<'urn oOd "'"'"' J """'" ,,. ..... '""'""'"" 
Sollltotl d<'<l'lloll ¡,.,. "''"" 
S<t <OT>C·II""'II:y 

''"' m•lll~~ rog'""' 
""" SoDIIo<l ' Sot>l<.o<l ~olh .,,..., 

s •• ~ ""u •09'"" "'''"' 
Tnt "~ "1 "'>"'•Od 
lr<p 
I••P on OYtrl~or 

"' Uoiok ""' 

' 

• 

-------
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" 28 
5~ .. PU iii(ll;/1.<11 

P"~(;-AM l•AMPI!: 
~AR PARAt.li.IARAt.II-INH(;lR. 
PIIOCfOU~í ~"Ot /}; l~llG!R. ~AR Y. LNI<Gf~I

VARA,S·IOUG!R; 
afGIN 
q'"'~'" OWy> 
!NO; 

afGIN 
PROC ¡PMIAI,II, PAAAUZ) 

(NO· 

LINK 

fJ./U"llO -SPC 
PA,..IWl 
PROC 
1610 SP 

IP, O 

"OVH.! ,:,.g,1<!11<P lO - SPC 
<proeo<M• boOf> 

·•¡¡uoh ho" ...,....,., .. 

--~ ..... '"""" ollnd pat ...... , .. 
''"'llhO ~IOC<'<MI" 
"po~ P•,.molm lrooo 1"' •lock'' 

''1100 '"~ •liout• lhtOtl<><•l 

"""'"''' ''pu<h som< "1'"" <Onlon"'' 

t.IIIV(W <rog••l""o> H\0" SPO • · """'' "'''ltls" .. , .. , ... .,,., .. UNLK fP 
RHURN "rtl;rn 10 r~ll10g ;>roroduro·· ·--·--- --.~ -·-· ... 

. 

'e-+ t 
LOW t.ilr.!ORY 

SAVtD 
AfGISHAS 

LOCAl 
VMi'ABlES 

" PR!V~US 

" 
R!IURN \ >ODA! SS 

PAi!AM!l!RS 

" 

. / 
. 

" • 
\ 

• \ 
. 

bif~Rt CAll MIER PUSHL~;G HIGH MEMORY 

' 
Plfi.IJ,OHOIS. CAIL, 

1 
' 

u~~- •~o 
SAVLIIG R!GLSltAS 

,, 

" 
Lr•p 1~ •uperviWr •la lo {b~ >Uckin¡; Lho Cutro~l pro-
¡;r.om ""'1 •l:lt~s ""'d and k"'dln¡; o """' conl.nl. from 
a P"''"'i~m·.! •rup ve<l.Or), lllc,;al i~scruolionl, 
woi,npl•·"'""'··d '"ltruct.iona, inlt•rrupt.o, •nd tropa -.;J 
loperol.in¡¡ a. >)'>l.<etn t'~ll$)oU cou•• Lhc pr<•CC''""' 1.0 
uap ond ""''l.<b l.o IUperVIOCT al.ll<!. To ontiGt e pwpor 
<>p<t.tlon ,.)ron rol.urnln~~: lo sup<rviour ol.lll, 
n•¡:• r<lle•-• ol "'' r •l.~ l.• a<l.lvily, tlr~ru or• t.wu •1 od<• 
p<•mlet '"~'"'''" •on• aoüve m u;er ll.ol.<, ~no in 
""~"'' •·i&or •l.ilt~. The """' otlá·p"intor cunlent; nre 
8\'ailabl•, by >P"dolln•l.ruot.i"ns, to l.ho •o¡oero·i-u.r· 
na l.• ~ro¡¡ram_ 

The G8000's US<•rl>~slem slate dislillotóon .,,¡¡ 
allow • sm>ll oporoti n¡;·•yotem kernel to pro••i¿• lu 1 · 
ly P• olee\<<! victuol od<L-e•• op.oceo U> ony nu>~ber ,,¡ 
indep<•ndcnt l.aslc• or usen. 
Ttl•~ping un illcgal and unimplemented Ln>\,..,t· 

t:QLlS oHowo !he"~'""'""!( •Y•tem to provirk ~ rL>o:" 
fum·tlonal virtuoltn~chine to u..,..·•l.ato t.uks. For in• 
stAnc., t.h~ operat.in¡¡ sysUm con trano¡>ar~ntly pr(>
vi<IO •oltw•r• irnplemcntation uf any turren ti y unim· 
plonoen\ed inotruc\ion• (su•h o• fiootin¡;·point ~' 
strÍ>\8 mampu lotionl necul.6d b~ 1 Uot.1·•U.te ta~k-

IH¡¡h-le-.Jinnguage supp<>rt. A '""ent ¡.o¡>"..t by 
AlliS<ln' su¡¡¡;e>\o wayo in whkh micropro<cs;or Al' 
chi~.c~·tute should be dc;i.¡nod lo support high-le•d 
lan~u~ges. This method, followed by [.1-.e caúoO 
dc,.;gn<ts. ¡, 1.0 "eu¡nlne _ .. the n::ntlrn<: repr<""nU· 
tion requirod for Lhe daso cf l•nb'LliSCO to be im· 
p]em.·ntcd" ""d to "provide adoqu~tc insl,oo• 
tions ... lo support tho roqulred rulll.lmo "prc.o~U· 
Lion" ar d t.ro n>for m~t.ions on tha: '"P'"""nt.at>o;¡ :- ¡-. 
••,. ithout extcr.sive in-lin~ compct..adon." 

The r, 8 UOO d~o i ¡¡n suppo rU hi gh -l•v ol h n L~" gc o. a t 
bclh com¡>ilalion time and e>.ecution t.ilne. wilh o 
olean, <"onsi,,_,nt instruction ..,L; v:ilh horciwere im• 
pl~m•ntatio,;: uf commonly u~ fo.oction• (muhipOy,' 
divido, and odd;esa c~kulot.ion); and with a Ul o/ 
•pociolpur po~e in•trÚctÍN.S desi~'nod lo monipub1e 
1.he runtJme envirnnm•nt el a hi~h-level-langu•~e 
progrorn. The longuage conotnlCI..s ai<!ed b~ tho._. 
opeciol·pur~<IS~ in>tructJono lncl~de orray ~<ecosing, 
limitcd·proCÍOJun arithmotic, looping, Boolean
oxpre,.i<m e\•alu•tion, and ¡¡rLJ-C•-'dUto callo. 

Arr<t~ QCC<>Sint. 'J'he Ht'IIJ~OS CHt:CK in<truc\\on 
compote• a P'~'iou•ly col<ulated "''"Y inCc~ 11~ • 
daw ro~i.,orl againot «ro a~d a limil volue ad<ir.U· 
ed b)' \ h• in,tn.rt.inn. A trap O<CUU >1 tbo :ndo> io ~'·' 
of hound•l~r that ~rroy. Thio r~pii<Mr 1 etrt~n,or . ...,. 
qu~nco ~1 in>truc<iono iot leut ro~r] with • ,;ngl~ ¡,.. 
•tru<tinn. 

Umi¡.cl-prui•ion ~rr'Jhmo/io. 'fhe Tk>J• 0J< 
0\'EJtl'LO\<' ÍllMNOtion cauoea a trap lf <ho prece~in~ 
oporotion ,esulted in o•erno.,.;.. This oUows offider.t 
o•·erflcw te,.in~ 1.0 enccuroge pro¡>eo- o~ecklng of 
acrthmolio ro;¡¡l(S, 

U.opi"!.' A rc•\lrlcled form el tho FOR·lonp'c.,,, . 
5lru<:t io imple<n<•nl.ed in • singlo inl\1'\lction thll 
docr<-mOnl> o eount and brin<hes bockwaro iJ the 
r .. ult. ls non«ro. 

Bu<·l•a"-•~pre.,ion "'<Oi"orio~- Tho co.,PITtO~AL 
SU itostructiono aooign o Lrue or falo• voluo \..:> 1 
Booleor, •·•riabl• on the samo conditiono thtlt are u•· 

. . '.• 
'' • 
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r·d b¡· lhe cu~lfiTJO~'Hilii~\'CH in•lruel>on•. T~e.se 
instrudions help ionplen•enL Tl~oloan-expr.u•on 
e<•olu•linn hy .,-oidin¡; ~Hra <~ndilionol bronches, 
cspr,·i•lly in ¡he ro.•c ¡,,' wit h Pa,cal] wh•·re .. ,],ort· 
<'Íf\'UÍl<•d" <'V" lunr ion "'"Y be und ooír•ble b•<HUOf ..,¡ 
pouible oidc < rf,•cl$. 

Pt(J(.,¡~,_. Nilo '/'he 66000 u..:s 1 olock-pointed 
lo by une of tlw oddreoo rc¡;i>l.o", coll•d tl•o >1•<~ 
poinl•r -lo build (he nosl•d <•nvitonlnonts nf "'lled 
prO<r•dureo. ThrO<t inSiructlono (pluo On a~ditional 
one for e~ch parameter) huplo•nent a h1gh kve]. 
langua¡;e procedure call ll'i¡,'Ure ~~- The entire cal! 
mccl,.niom u••• only the •tack ond is complelcly 
reeo tr an l (F igu re 5). Th~se ins L ructi on1 are d escri btod 
in more det.ail below. 

Pu•h pwamc'ter r•nl"''' or ao/Jr,.,., "" w 1.\e •1ack. 
'/'he MOV ,~ instrU<LiOn pU>I>OO o v"lu~ onto 1he otJck, 
8l\d Lhe PUSH Ef n:cti\'E ~[lDHr.»S ]oe<o I.DAI> E> rf:C. 
TIVE ~!>UMess ~xploiMd carlier) push., tho "csdt of 
an arlilrory address co)cu]o(jon onto thc •taci< for <"11 
by roference. 

0,1/ P'""~dur~. 1'1-.e JU~!P T0 ~UIUOUTU:r. instrur
tinn·puohco the return addrns on tho •t.ack ond 
jumpo lo lhe prGO<·~ure cnlry point. 
&:a~li•h n•w /orol•noironm•"'· 'fhe U~K insl ruc

Lion does oll of L he l~llowin g: SI ves the old co r.len U el 
lhe fr2<N poinlcr lan orbitrary addres• r<¡;islc"l ~n 
lhe otack. pointo tho Ira me pointer to tho ncw lo~ of 
st.ack, ond subtr._cu ¡he number o( byte• of local 
storage ""!Di"ed by the proc:edure from the st~ck 
pointer. This esi<rblishe• loco] storogo f or the colled 
pr<>eedure and a Ir ame poinler (oddreM ro¡:i•torl for 
indu •ddres;in¡¡ of local "ari•bles and parame~r•. 
Sav~ a~ arhit""')' subsor o{ the r~gl>t~rs a~ lh~ 

>laek. Th<! MOVE '!!11.1'/PLE REGJSTERS insrr~cli<.n 
saves on arbitrary su\,set of the r c¡:isters on thc ''"'k 
(or any~<h "'" in onomor¡'l in o sln¡;le inotruction. The 
registero lo be sav..d are inditbWd by oetllng thHot· 
res!>'>nding hi<s in a 16-bit freid of lhe insLruclion. 

A set of aL most fnur instructions 1 overoos the pro
tus for pr<K"I!dme r<•turn: 

R~/Md .a"ed r~¡¡isl<r> Tho MOYO: "ULTI~I.r. 
U~CISTf:HS inslruot Íf1n is u sed \wo al"". 
R•••t~bli.<h ~"''' .;.,.,, ,-noironm•n '· The \JNL!NX iLl

Slruotion und""' thc wori< of \h~ LJ~·x insLruotion. 
Ror"'r~ {ro"' proud"'~- The K~TUI<J< instruc!ion 

pops t.J,e 1 d urn addre51 from tho sl-ack and r r,turn< Lo 
lho collrn8 P""'"dure. 

Pop parom•l•rs {rom lh s/O<~. Tho ADD IM· 
"UJIATE inslructibn uwd on lhe sLaok ¡l<»Oler J>OpS 
""Y n~m !.or ~fvoluc• ofl tho ol~ck. 

The 68()00 5~5\e<n architec\ure 

A con1pulcr archilecLure sf>"c;ries i:>U!ro«ion• bc.-
1 """" the proce•"'r ond its ~nvironment by definin" 
• ~rh thing5 as intHn:pt >tru,-t ore, me mor y segmen· 
l•tion, bus ]nlérfaN•5, ond i"puLinutpul otruclure, 
The 66000 $JS!em orchit<etme fs desibJ!ed lo be •• 
fluilole as J>O••ible. Por in>Lanoe, 110 device re¡¡ister¡ 
0 ,-., addres.,.d os m<·tnory l<>roUonslmcmor) -rn~p¡><<l • 

110 1, "' ''" nr het .\kt '"ola rr.icroproceMoro. Memory• 
tn-'l'l"-..-1 110 ¡;i• ., lh<• ¡.ro¡:ram""'r the flu1hility and 
""'"" ~( ¡],,.' ,,¡,. -,n,truction aet for monipnlatin¡ 
dr• io" ronh ol • mi ,J,1!a r~¡;istero. Sine. nonddition•l 
instn•rti<~n• '"" r<·<¡uin•d lor 110,-lhe P""'"""' ;, 
•i•npler, ;o¡od lh~ inslructiun S<'l io ~aoierl<lremcmber. 
Tloo liO '''"'" is protocl-<."<1 by the o.:rme m•mory• 
m""·'~'''"''"( f.ooJiilies lhal oro uoed 1~ ptOf<d 
criti,-~¡,.,,.,._, ol n.cmory. 

·rno 6SOOO bus •tructure b a!Jo d~~i¡;n•od '-" 
oimplidly, •P•·•d. and fl~AibiltJ. 'l'he oddro15 ""d 
<ial• lineo oro "Piralo, 110 ntul!iplexing is ncoded. 
Thi• a,•rlids tho n<!<'d for any "·P~r3le ¿cvi¡;c• fw 
d~muhipl~•ing, c~suring ma~imum perform•nce 1.,.
oystcm• in ... -bich s¡><-'<'d i~ imporlut. Th• bu• io osyn
<hHlnn1ls: lron.ofe" o'' the buo '"'' Controllo·l by AO· 
c"rnr~nying h•nd,hoko sib-nals_ 00 that l!<l """m¡>
liuno r.e-ed be trude about timing ot 1yst~m •~n· 
d.rooy. The u•~ of bondrhake •i¡;n•l• ~llowo devio:e.o 
ond memori,·o "'i¡n lorl!o v•dationa In re;poiiNi Lime 
lo b~ "'"><! on tho ••mo pr• ... ~•,.;r bu o. '/'he pr,xOSM< 
waits an arbHraoy amou~t of limo until Lh~ •«~ 
dt•< iu· or m~mor¡' oi¡¡nal• ¡hat tl.o trAns!CI' i1 oecw--
rirog. · . '· 

fl •imple b~s r•quesllgrant prctO<'OI i• im· 
pkmen'-"<! on chir> >O thOt ;tr<><ts""'" and dir~
m<''·'"')- ü<t~SI d•vices con <oor•ero<ively ih,,e th& 
<) "o·m bus "'llh no oxt'" ~rbitro tion loE><- A loo. Lho 
chip h.,•a bus·foultinput p_in th>L ~ause•ir.slru~ 
e>OCU\ÍOh Lo be tr>rminaled at any po•nt and .1 <.Up to 
be UJken if an U!os•l or faul(y memory acce.s .-,. mod~. 
Thi> facilitatns tnemory proto,etion. 

•no caooo interrupt Olruct~·· ;, l.k. th.at. of tno•t 
r.>inioomputers. Eigbt priorily leve]$ •re irn. 
plcmented. Jnt•rm: pU aro vf'CI.otod so th•t ""ttware 
ha• (;¡JI t'Dll(ro) o ver the p]o<em<ntand exor.,doo of 
inlttf\tp<·handUn¡¡ rouT.incl. '!'he .:~r.-.~t ~rbricy 
le,-~¡ of thc proco .. or js hpt in its SI~ tus ,.wd. In!<.~ 
rupl• ot or bclow lh e current priorhy "'" ir. O' bite<i. 
Jr,\o•rrup!• ot hi¡;her levd> moy occur, so j"¡,rru¡.t 
honJiill& moy bG nosted. Who" an e<'-•Dl<<! i.,t<~n.¡:.t 
ocouro, the ptotels.:.r se~ds ar. ocknov.!..._¡~e .i¡;r.ai. 
The int.rruptlng device respondo wilh a "'"''-"' 
nur11Ler. The ''""'"' r.umbor i. u sed hy L~t pw<es...-

p;¡o(fiNfO VtClGi<S 
iBfSH, BUS ¡RfiOR, 
\o 1 e J 

·•1-----1 

~·~"s,•or 
I'Ei:IC~C 

~tSt~VfO J 

• 
leAPmOI~UCHON 

VtC!MS • • • 
•• , .. · 

' • 
USLR ~ECI~•S , M 

,. 

• ' • 

' • 

• 

•'• . -----

• • 
i: 
\, 
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DATA _)1110-01~1 

F~"';. 
...-:..----- IPI.O 

' 

---- ·---. _r: :~: 

"'" 
"0$. ltiS 

DI•C• 

" 
• 

'" '",' '" fQt_l(<, 

'" 
'" .. 
"" 
•• 
' "' 

_,, ..... 

0.~ '"'~" 
''"""''"'" Bu1 aqu..r 

Bu• , ... , 

'" , . .,, ..... -
....... ;o P' .. .,. 

'"' 

,. 
... """ , .. 
""~ r·•"'"'"~ ,.oo,. .. 
, .... """"""' -·" V« >1,•1110"'1 

G•D '"""' f' ... ,, 

¡¡ ~··"""'""'-"poOl'"..,,.,...¡ 
>1,111 m.,_,.,_,_ ... UDS 

~·· 1! ~~ "~ M "'"''"' 101 ló 01~ ~ 10-
1~"""" ',_.,., ........... '"' ......... ""' ........ _.,..._ 
¡¡,¡,.., '"' """'"~'" '"' ~ ....... ~ 
""'""' ''""'" "' """'· 
-~~~ 11>0 0~<1>) lo .. Oj)OJO ... "" K 
""~ 10 ~IW..., AS ...... '"' ... ,,, ... ''"""""'' .... "'"' ,,.,,., " '"'"'"~' ... ~ " ,,. '""''"' ..... "'" ,.. ._ ...... 
""""'' '""" "" """"''" i'""'~~ .... .,. M"""" 
e"''"""'"" '~"'' '·"" '~ '"'"'''"l , .... "'""""' , ... """""'-"'"'"' 
~ .. ~ .. "" ..... , ,..~ .. "" '"""""""i 
'""'''" " '"' r"~"'". 
.... .,. ......... "'' ... * ...... -.......... , ......... ,,... ...... ..., ... ,.,, 
M l>IOI T lL "'" o IO<c> LO lh• P• "'""' 
~ ....... """ ,.,..,,,.""', "'~~"" ~ , .. 
'""'"'" .... ""-·~ "'""" so,.. '"' .,, ...... '"" Oli<••IM'l~ .~ .. 
"' ~ ... ,,. ............ ~ . ""' ,,,~' "" '"""'" ............................ .. 
r ... o~ c\oc>"' MOD "'"~' 

. ""'''"' "'"'"' "" ... ~100 , ... ,., "' .... 
_, • ., 1o li.:IO In~,"""""'" o''"" 
""'"" ~ .. "" ""' 

' ----- ----- ----------·------- ---
' ' ,. 

to indox inw • tahle of in"'"''l'~ vc-<LOr> in low 
m-=mury t.o ¡, nd the Bppropriat.e cntry poinL to the in
tcrnopL h•ndl..r; thcre ore 256 >U~h voctri<aWi¡;ut~6). 
lnclividual ,j,,¡Ce$ un the ••m~ ¡¡riQ¡.;¡f \Ovd oan be -,.,_} 
cliMin~ui<h•'cl Uy differ~nL V<>et.;,. riUmbcra. so na 
dovir~ l"'•iling it roqlti,.d. Soft "'~'~ tup~ ond •>.'-"P" 
tion roudil ion• h• th~ Jl"-"'euor o!so tro.ndor throu¡:h 
th• -.•clur t•blo. in thollll e•••• tho v<o<:l<>r numbo•• 
ar~ u•oigned by the proccsO<>r. 1"he v<;<(O< t•bl~ le In 
moin m•mory onclther~r- ran loe Ulanlp!J!Bt.ed by 
the oporotins oy•tem u """"'""'Y· The pro''"'""' !m
plo'"'""'" • ..,¡ of clefault ve<:toro ]onelor •ach prh;rl.~ 
te .. !t oo that ui•ting pe;ipberal dev~a. 110t <>J~ip 
l"'d tu r~>pond with vedo< numbers, e.n be u sed. 

CSOOO systoms con¡,. confi¡;urcd wlt.h a pro<..,_...,, 
Ji"ctly cunneci.-<d to momnry; tho •oldtUtt'l 
~oo.oral.ed by th<- pro¡....-a m "'d l.hen for the uhy•k·.,l 
mcmory. This .,.ill aulfke for many ap¡>iic~Lio.'" 
More con•plex •pplic•tions, ••pe<.ia!!y t~us~ wi.!• 
multlple taoko or oven !llu!Wplo usera. ,..m ,...._-.;,,, 
more sophi-'l<al.d me:llor~ m~n•~•ment •. ~ 
separote sil\gle..:hip devlce w1U be <~v&olabl.. (O ~r<: 
vide memory oo¡¡-mcnt.ation. addo••• ~nmolai.Wft, an..:. 
memory protectioo. • 

68000 design and lmplementa\ion 

' "!'ho sin~lc-chop MC6&000 mierop~ Wi;:~.• 
71 is t partiol implctnont.otion of (he MOOO ~,cJ,:tc"<-
luro. 1 L impl•m~nts aolarga • •ub"let ot the <"Om.¡>iete 
ar<hlte<:ture •• rurrent technoln¡¡:i~s wiU all""'· "fh· 
tde•ant tf<h!lolo¡:ical constrainu In! lionl~..>tinn• e • 
th• numbc·r ol pm> •nd on circuit dcns1ty. Addrc~M'< 
are l!nul.ed te 2~ bils by presenl·d~y p.odo ,oginj:: t.<;·n 
noloc'. whicb restricu the'nuoo~ber of pin• 1""' 
pa"ka¡;e lO 60. Similar!y the d~ta patb to m<OmCf}" · 
unly ( 6 l.oit; wide. This i• nol an urchi!.<Jd oral llm;,~. 
ti<>~. Lut il n.,.s r..quire thot ~wo me=nury ""'"'"'"' t~ 
m•d• fcr e. oh 32·bi~ dotum .. 

Citouil dcn>ity limito th• numbcr of ir.otru~tiun' 
thol can bo implomonkU. Ono-d¡,\hlh uf Uo< 
opcration-c<.<le m•p io currontly unimpk-oM•>lo.·d 
Sorne of this •p.:I<O is allo<:at.ed in the aochil••· 
turo-f"r '""n>ple. fm nootin¡;-p~int and •td>·~ 
op.,rati<>M. Snme of tho free •pace io curn•nt!,• 
uno¡>e<:1fi..d ond ,.;u be alto<at-.1 lot /~tu"' ~rchi\J, · 
toral •nb4n<•ment. All unimpl~rnented in•truclio-•o 
cau•c L" pi, so thot ooftwart· emulation lo P""¡~¡,. 

l'ulure ionplt·JncnlAtio>M ot lhu erchile<:Lo"' rr¡:or 
npond upwuds or shrin~ d<.wn1 .. rdo in 1""¡,,... 
u~trice and /unctiono! rop,biUty. Technoln¡;oul' :
vanees "·ill .non allow th• lull•r<-hi<utu.-e '"!>o! Í" • 
plem~nt«<. A• dr~uit dcnsiLÍe$ impJOVu fu, Ll·~r. """" 
>·cnions "'ill be fci>L•r 8nd oma!ler (lnd Lhus k;~~· 
pct>Sive]ol!ol wi!l <onoume leos puwer.lncrca>od 6,. 
ouil donoity will al>~ allow l!Ú! iu"du"olo" d on;,r.~,. 
momCr¡· ond ocphi"ita~d •i>ftd-u¡> t..-<bniq~u. 

Tvday'o •taL<- n( t~o art in'MOS I.Sit«:hunlu,;r 
ponnlto approximnlOI),.ÚM Lru"''"l or por •1""' o m;¡ 

. . . 

• 

• ' 
flguoo 1. M~~OQO ~In ldonlo!l<.<llon• •"" dolinitionL T' ,, 

:•, nliO<op•o<O"o' is l•au•od in 3 6~ pln pockog• lO..\: ~""~ 
•" tho uoo al upootlo (non-mult, 1lln~d) 4<i~r-.n •M <itl>• 

'-r 

~"'""" ~'•< ·- • - r ~ • ' ' COi-1!'\Jl 1 ', 
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1 <~Jfi[~S ~US HIGH IX I.OüR<St BUS lOI'/ X . AWl!:SS I!JS!UIA 1 .. . • ;l . . .. . 
• . . .. . . • _ .. -, 

'"' AA'~ ACIJ.'I!SS ! DA lA AAITl<· .l~ITH· , AOI)R!SS ~¡GrSTt~ DAlA RECI5TER CIAl r.rwc 
hEGISlER HfGHWOIIC 

MHIC MHIC H'li WOAO LOWWO~O FUNC· "' [16 BITS) 
UNIT 'UNIT jl6 BHSJ ,,~ ~lil 

·~ ""' "'~ "' ' • ' . ··-' ' i'• ' • UMTS UNIT 

' 
. • . " ..~ ,, 

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

1 CATA Billo KICH ' DATHUSlOW •. 'X ) -... ·.•· DJoTA ius w.r,o~.' ... .. . . ' - ~ 

.. 
J 

• • • ;. . ·- ' ' ' 
. . ; .~ 

,.,~. -~ •• 'i 
' ('.]. <;! l' Figuro$. MCGIIOOD •>Ocullon unll conflguraiiGJ\. 

of drruj¡ '""" ond permito l~llfC ¡¡o !.esto Le dcsijónod 
with a spt~<d-1.0-powor produot or one picojoul~. An 
advonced hlgh-rlonsity n-.oh~nnel ~ilicon-¡;ate .\\OS 
technology "'a• s•lecud lorthe dulgn of the 68000. 
'fhia technolo¡¡y s~¡>Porls three·mkron device 
geomeltioS and provides the d<>Signor wJ!.h multipla 
MOS lranliltot t.hreshold vol\llgu. The U<:hnnlogy 
a!!oWs the ~ircu"rt desi¡-ner to deHiop h\gh· 
performance lo¡¡io gateo using on.inimum·siu devices 
ftod to develop inl.l!rnal buflor drcuit • ';'luiting lit de .. 

' ' 
' speed op~ration. 

fftc~• to thc ·rn 
operation lo 
quirtmonto ol t 

. . -: ' - ¡.-. '' . 
hnplemeMotion (drcuil d .. i¡:nl and firmware la:t
plonoem.adon·]micrOptDsiamn:J~¡¡I con bo done.~ 

• p~ta!W. 1 · ·' ' .. . .. 
Coneluslon 1."< 

' 
"l"ho 

•t -; . .. .. .,_ 
. ' 

·.,, 

' 
' 

• 
' 
' 

' 

1 

•• 
' 
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' ~nly by hi~h-•nd mini...,,';,putero, lt io t 32-bit ai· 
chiLecLur~ th~L ,;~ppurLo ~m~ny doi.oo lype8 and cloto 
oi><>1 The ad,·ant.agoo <>( the 68000 lndude a ~>lbla 
addrc;;in¡: mech&nism, a ormpll and e!fecti•o in
olructioo UL Lbat can ha u5edl.o easily build complu 
opor•tluno, a multila••l vc>Cl.Or~d lnt.<trrupt Otru..tmft, 
anda fui, asynchronouo, nonmultlplc>ed buo or<"hi· 
t.ccture. Thc G8000 architecture dot<ribeo a l•n>il}· el 
mioroproc~s•oro dc•i¡:ned for tha ••P"ndinK hi¡;h· 

'cnd 1nkiocump~tur mMrket.. • -~. . . .. . . . - ,,¡ 
Re.le11m<=es ---~ 

L. J."-· nottno:, "lo!l<ropro<UOOI A<<hilotluro-Whero 

,_, ' 'f· 

'.,:t. 
• -: :' . 

•' 

Po We Go """"' li«O." COMI'CON Spri•t 1971, 
Di¡¡o" o( Pup<r•, pp. 273·22•. ' 
F._P. Brool<o, "An Ove.'vlow of MicrO«>m'pu!e< Ar-¡f • , ... ,,,. 
dlite<l~ro aad Sortwore.": P-. EUROMJCRO 197t1,' -.r .. ' 
NOTU. lioUond, pp, l-6. • 
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,..., r ... 
IA .. d ond/or Wu"l 

Alll~mttic ond Lo¡ic 
Uno\(ALU) 

-AI>Imlllor 

Auomblv L••ll"•i• 

GENERAl TERMS an~ DEFINtiONS , . 
•• 

Tne time interval t>otwtfn the inl\ont 0010 ;, interted into o< req~oottd from ,.mory •r><l tl>o ins:•~t 
thOt dO" lr.n\fer il comp101ed ("'OY b< \he ''"'~001 p0th,) '• ~f,_ -• '• 

' • . ... ~ ,,. ..; .... f• 

A temporary otorogo ro¡isterhlthot 

i<ilh<Mtic 1og;~ un•t (ALU) 
" 

A char...,ter o," group el biÚ lhot idenrii•M ~ ;,.;ticut¿f lcicotion in memo,Y,'or'orher locoriono el <!;1:> . . 
The m<thods' el •peci!yin9 th< locolion(•) 'el doro or prog;im ~Onto ¡¡, memoo-y or o tner locolioM. -· . .., -

,. 

The organi•ational •«uClure el o computin~ •yuem. A~ le" mainly ro phys.cal mokoup el 1ho m• ero· 
compute< (Seerion.21 or microp<a<:o,.or lSectiDtl 101 por u in th~ val.;,;,'· -

A com~uter pro9ram u .. d 10 '"~''""a •vmbelic-langu•!IO ;,.\emt~t tO •"'machint-longu•o¡e ltO(<>':'<ni 
on a one·for·one bn.io_ ' ' ·· • 

A preoyomming languag• u tili,ing wmbolic <epre>entation. Th~ symtiÓii~ '"P'~"ntltion. <om<"mo< 
c•ll•d mnemonies. su 1191'" rhe inwucoion lunc11cn and " 1 ron~ a Ubio bv ·,., ,.tembler m oc M.Ch:.-.•. -

\""9" a¡¡e. 

A<,n<Orooo•< Opmloon A ,..,; oching ne twork cperat•on ., ith no commcn 1iming >Oyrce. CireyÍf cper.,•on i> "'"" :.~., U>o com 

pleuon of cr>t event initi""' the ne>t. 

8o•d 

Bonory ~o<l<d Oocim.C 
(8C 0) 

' 

11 me asure el ,.,;.¡ d,¡:.Ó u on>miuiCI' flo...- m communiurion> •~PI<<O<•o•<, a,u~ r .:• 'i"~""av <Uf•.•<> 
>ig<>al biu por <ewnd tr•n•min•d. bu o m~y •••o includo eh a• ..:ter :rami"'! ~· "-

A lrequently u>ed l••mplel pro~lem O«'lployed lo campore •nd <>al u••• CO<r.~ut<" ln,icroc,..,~~••"·' 
Permito compo•i•on of the "'-'mb<r el inm~<tion>. memory "'crds. ond OP<'<OIJ!>n c·;cle< <Oo~i.•~ to 
solve thO .. me ¡>rcblem, 

• • 
A n~m~r coding synml in V~hic~ eo<:h cecimal digit i< "P<<>Mled by o 4-bit bin••• wc<~. l ~'do-e"""-' 

number 1 3 become• thr cnd<d ",<'"'bOf 0001 00 11 in BCO Y>Íng "" 8·4. 2; 1 bi~ory Cede, 

Tho •bbf~Í,.ron el "binorv dig<t" Md the o<ngle ~~aracwo in 1 bina< y numb<r'(l 01 0) . 
• ,o ' ;;:-. ;~ .. 
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GENERAl TERMS and DEFINil'IONS 
- - .. ,. ', . -~ .. ,, .,,~- .. ,, ·-

' . ' . \ . 
A docioioo-moking capobilny th&t perm•" a po O<e>!O< to '"IÚt one liom • nu"rf,¡,, ot olllfl\ati" •:• ;.i•::t· 
.. ,, el inO\fu«ion> dtP•"•ding On tho' d~ •• Minq proC<»o¡l. '·. • •• r-... .. - ·,;~~ ,. -·~--

' 

A circuit employO'd 10 minimiu lhl olloc" ol 1 loBowin~ circuot oto &.e pactding c<rcuit, 

One or more conductcn u.ed lor tron;mouing oi9r1>l> <>• 
more !l<'>l•nouono. 

•:: .... ,_ 

-· 
' ffom one or more mure"' 

' . ' ·' ·' 

. 

A pte-d«ermonm bioMy element otring lnumber ~t <OM..::utioe bots) opor•led en •• on oMi<y _ 
J- • -- • 

-~-

n., ~ nil el 1 ..;mputing ;y.,em 

inmucuono. 

' ' ·-lhl< indudn ~«ui 11 cOntrollir>g the imerpre14tio'l • Md e <<=<ion ot ,....,; 

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

. ' A. goriont<>< of p.oriodic si~nah u .. d 
' • 1 • 

te ovn~n.oñize ci~wit cipeijtior ... 
. ' \ ' '· 

A <:ornputer ¡><ogram ~••<1 to "•~•late • lügh·l .. el lo~ o ¡¡e pr<>gr•m le.g .1 FORTRAN) intc • comP~t~r ' . •.. . ~ ,. .., . 
oriente~ l••"'mbly '" mochine) lo~r¡u~ge progtam. " •. ~··. r'" ,.~· , P.o."•

·~ ., ~ 

" .... ~. 
.. 

f• f ' .. ,. ' 
A bus corryi~g tM lignalo that rogulate 'Y"*"' O¡>erati<>n withrn an<l without tr.. compute<. 

A '"Quence ol in"r~«ion• tha! diroct< 
perlerms. 

' 

' 

• 
(CPUI m lhe ,.ti!>o"' OP<'i"o~• >l 

A com~utor pro;• am u•e<l te UOI"Iolote svmi>Olio·langu"il' pregum• as,.,mblecl on ene c<>m¡>u~ into 
t~al Cperato On •r.cther ,<>mpute<. 

' 
• 

A ;,etho<l ol interwpt priOrity i~ v..hkh th• iñlorrÜpt bY• h <rJ<Chtd <rrially. 
• . ' 

. ' A regioter fl<>l<!tng thi memory •ddre" el thi opt•and u•e<l by 
","· the momory loCoiion el tho ld•tÓ) ·e por an(i. • ' 
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GENERAL TERMS and:D EFINITIONS: 

" - --- ,. 
.,.. " ~b<• 

J -~ •• '·' J: . .. .. 
• •• ' 

-· • • 
~~-- .. 

. . 
•. ' . { 

!' A comp~oer progcom oesi g<•rd 10 .,~ i~ d e~•cti~g. troci ng and el'omon&ting ocrofb in rnioroce.;;,;u ter 1~• 'o~ho} 
computer) pro~•irnl wh oto tho~ ar< •un<>on~ "All~, rrpt,;,in~. odd}n~. '"· '~"'''"9 '""'"'"""' o~to !t.< , 

,· main Cperotin~ pr<>:Jram. 
.• . :t· •• . 

• -· ~- . . '·'' - '· ----~ "'-
thot drtro"'-"' tho """""'!.~¡ • ''~éago,l~<;o~icn. ;~ ·l··. 

"'·.·--·~-
·: ' ' .. 

• • ter • >POCÍfoc, >1ngl1 ~~plitltion. . •, . . "~"' 

• 1 • ". '< . - ,. 
. "- -· '·' 

' 
A comcu1er proqram <l"i~ned "'eh erO( tM Opfrotron of varíoul noodwore •••d •oltw••• p&tl> o: ",. 
m•crocomputer sy !Om. T ~ piColll\' w< i tlen tor •o<h funcdon .. l •reo; e.q ., CP.U d<>g.~<>>IÍ<-1 to<' CFL: '><1- ,: 

Memory doa¡ncuic• fb• Momory c~<eO¡,eti: .•. , - ' .- ' • ':'"; ,. 
•. <.} ·- • • •"",.t ,. , ...... ,"'it~.~~-~~. ' ~~ 

'" .• -' ·' • ,_. ... ' ••• ¡(.11 ·• ·-~ ... .. 
' An oddre"in9 mOdo in wt,icn lto< addre" of the instntC!ÍM o• cpera_nd ;,,;~;;,~""¡y '""cil·.u in '~' in· .... .. 

.. . . .· -. • 
A mO!Md of msor~~n~ it~pu 11<., <IP" 1 da lo onto ""'•9• or obtainin~ inp~tloutpur d•l• '1om 
w• !hOut i<wol,ing the u•~•l flow of <.l<!a lhmugn !he proce""' reo¡i11e"', 

·. 
A compuw 

• 

•""•é< ~ .... :r., 

' 

•• •• 

.. 

T o imo1aoe cM 'Y>!<m wi1h an~ther. 11>e 1•"•• booing mocrc.wo;• ammaOI< .,.d ~o4ip:><'f! w·t~ • '>'"~••• .,.,¡. , , 

p•og<Jm. '" thl! the omi101ong 'Y"""' •••e"'"' th< "'"'" progcams '"d ochie\.., !M'""'" '"""1" a. lht 
· · ' ['·• 'lm'''''· 1 '""' ' ' " '"" •" ' lmdaT<·~ 'Y"""'· ,. ~ •" ' 

Tho ruding 0101 cf an in>troclion from m a in momqry and the oto>ertoon of the ir.>tt~~uó., i11t0 ,.-~,;•~{' 
memory, 

Prog• amminy in,.vctocn• •to•M on • ••..J ""'1' tri•mcr v ! AOM.I . . -;. , .. 

(f \' 
A ¡¡raphical teprueM•<•On el a ~·cblom and 

•.. 
,• 

. ,, 
!he op.ooatio'" 

.. 
• • 
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l:Jt:l\ltMAL 1 Ct\IIJI.:l diiU.UCrii\IIIJUI'tlo) 
; ">· ' 

A prct>lem·Crienred prog••mming lon\1-'•9< wMr e o •i~gle lunwon•' <1 otemen1 m~y I<Wl>lore kt~ 
• oori•• ol inwuclion> in mO<hino lon.uogo la IGw·lo-rl l.r.~" oge.l FOfi T RAN, COIIOL. •nd BASIC 
~ro oommon hi9h·l....,e1 lan¡¡uo'r¡e;, '· 

. '\ _, 

• ' A progr•m. inouuttoOn th•t ine<noe> the contonl> ola "or~gc locotion. '• • 

·-.a/~!· 

An odd,.,.ing modf in whleh the op•r•nd i> 1"'-•"'' ir. tho r«Uruot;on imlt, "' rhe rn:o:':"ory lO><., ion ."!F 
immedm•ly lollowi~g H>a irlwuctron. • .• o 

A oegi<1er th.at pr->vi<lt's a progr•mming 11'> •ni lo ty in tho; :tol in l.>• onorion " 
modrly momory oddreos by addr;ion or •ut>uóc,M. 

•• .. , • 

' 

"• 1 ••• 

• • 
An oddro,.ing mo<ie in which the odd••" p<JrtiOn of •n 1 n>UucMn " modolo<d by On indo•·• ·~· ""' 
during imuvclion e•ecu1ion. A m .. n, ol cl>o~gi~g •" in>u~clion •dd•<>> on lhe ~,;, ol ••lern~:. 
command,. 

An odd<e,.ing modo 1ha1 lp.!Cif•es o 
iuelf. 

• ,, ,_ 
memory location com•ining lhe 

• 

• " • -' -•• '1' . 

' 

~ ... 

. -' ' > • 
' 

.. 

"' ;; .. .. 
• 

• 
" 
' 

ond i~ontili., "' ~""•nd>. 

Tl>i, m•••u<e ol tho momo<~ 

"· .. '· 

,. ~ .. 

<' 

'P""" <oq~i<ed to oto< o'" ,ns;ruction. 

' 
' 

' 

-· 

no~ •o tal hu ol '"""'CI•Om tnot c•n !)o e>tcute<l ~Y o g"en mic>o~cice!>or. • .. ,. . . ' . 

A program lh•1 tetchoo and immed••t•ly C•OCut•• inuruc1iono wriuen i~ • highor le•el Jangu.ge. 
{Seo Comp•lor and A•>em~ler.) .l ' \' .- -r •· 

An oxternal oignollhlllempor"ily >u•penJ> tHe'normal progracr. opor,.ion on <.>«l•r 10 ~••mil ¡.•~ -, 

c~>ing ol • hi~h-priOrLty o~ration. Multo pi o in\trtu¡>l cDp•billly '"~"''"' «to~li¡hn ..... ol·., ;,,,.,,.,~; ~ 
• _, 
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·. 
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•J 
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• 

' ' • ¡• ·: 

Ger>orol w m oppli•d to oqui pment ond/m ti"" i nvnl ;od i o conooo¡;ng 1 he c•·nu •1 '"O«»Í~~ uml 
fCPUI wi1n 11>e oua;de world. Tne CllnUOI <loÓuon;co ••<LUU<V 10 l•t <O<- oompu10r 1Ó -~~''"~' ••· 
'"nol ~ppl•ooioon o<eoo. '- ,~ -'~' 
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M•mory A~~"" 
R•¡in" 

Mi<roprOCUior 

M«rooro¡rOn•mlblo 

Comou<O! 

' 

ütNtHAl i i:rlMS and DEFlNTIONS 
' 

'An""~ncor>dilionJI <l<P'""" frGm 

~ro;rom. 

' - ' ' . 
lho M"'''' ;n.uuc!i(l<'l ¡~quonco to • rM(e¡ent 

'"Y--·,• 
pioce rn the 

A computer prog< om d.,i<;">e<l lo r .. J !"Her) o p¡o;10m from an inc'..r :lo,¡~ in¡o wor~ in~ """'F .• 
(Aandom Acc.u or Re•dNI!n. u-mory- RAM.) · ..._ ' ~ · 

" 
A central proceuin; uni t (CPU) '••'"'" ""' ollows tho compul<r lo mar~ 
r.quo¡t unlil th< folro .... inq im,.uclron h" b<on O<;Cuto~.· 

" 
A '''~"""c.' al inrtructior>' rn •;,JriG'l U>e l1n" irr>tru<li\ln ( '"'"' repHitior. o( rh, "'~"''"" • n~r,·h.' 
ol timo. uMil a tormi .,,,.;, ·n cor•.:ltl on " •MectNI ~V • l•r .,-,eh "•>"WCl•O'• il' oféh<O. 

The nume11c loro! r¡f sp.ci fyin~ ovory Uit 

code that a computo<""' d,i,ctly, 

of ovt<\' 1nst<uction •n a .. · 

The ba<1c control procouwr¡ u M [C~U 1 cvcle in wMich,, '" •d;;ir.,$ .'MY be son1 1~ I>Wl'Or; ,r.J ,,,.. 
word (data or ;n"'uot•~nl m•y be •••d 01 wdu~n: or in vr,~i<h a 

One m•c~ino cycl• i>-modv ui> or ''""'' oloco cvcl<>. 
' 

le :che<! i~Wuttion ""V !)e i ••·- '""C. 
. .. 

'· A >ymbolic ro u roe '"emblv languago "'temo.,¡ l~ot combinos aoy 91oup ~~ '"'''-'"" r.v ~,.,: C<>.<»-..--.~! • 
(inwuctiOfl>),' The macra in<tiuction wiff "':' t • ~nded by l~e '"ombt~~ •o;..<o .,.,,,-,.¡ "'"'"·~<-••~ . ..,:~ 
inwuctionl, •, ,. - '' 

Tr.t '<QO<t« in ¡t,, centr •1 p<oc~!''"9 u ni¡ !_CPUI th•~ COflt>ins <h; o:Jdr~" e t 1ne r•ora~• [momo<> 1 

lccllion Lerng ~"'"'~- ,, 

' A compute< syil<m .vnoS< '"·'"al Pt <><•mng "''' 1 ICPUI ·r o m<crooro''"~'· A o•:ic microcom¡ .;e,·, 
:ncluoes a m1cr oproce.-ur, ~emory. ,;,J tnp~t/output ¡,, ,¡¡ 1 y. • 

• 

• A rir1glo integrat<d wcuit lh•P. or "' of chipr, < lU·lOio ol 

cen1••1 pioc~"'''· 

~~ ol tM compult!. 

A compu!er in which ;h• mretOoro9•0on lm•crornltru<"<>n>l in 

be ch•n!l"d. 1~ui ohon~;,.~ th• ccrr.putor\ """"""'" <et. 

... • • ,, . 
'.\' o • 

.. 
., .. 

• 

' 



GEIIIEHAL TI:HNIS and Utt-.IN lllJN~ 
'• 

Syrnbolrt n•mol or •,bb•••i>liom ter in<tr.,<lio,.,, "9Í<W>, '!''"'"'Y looa~i~n•. •'<. "'9!t"«ing t~: 
doiiniuon or lunclr M th<•eof. 

Simultanoou¡ e>ocurion IOy "" ol rnullir•k CJ'i,J, 
p<cgram> by""" ccmpurer. 

•. ·" 

"l"'""'~wilh ... a cu.nmonm<rnory) 
' ' 

f •. ' 

Ctllir.; • >ubroutono fro m, or •ndo1ing a p• ogr '''' I<>O¡r wi 1 hi•L, ¡ 1 "'i" rou tin< or IQop. F or a 
<ubre~ M• 11>< n.sung le•OI Í> \t>t ,.,,,.,¡,.,, el tim<> rho u.b.r<>ulin~ ir nu r_rd, 

T;,, oulpul Ioom o ccmpil<r or .. ,,,u"' wlricl1 
prc«>!ing 10 prcduco •••<~Ublt ma<t.int <Od<. 

"<l>tllo•e<c.tt•ble maobine codo 
' . 

cr io >uitwlo l<.>r 

Tht lield ot lh" inOiruwon 1na1 1 tP"'*"U lht <L>f<.rhC c¡>e<Otion ro ce oortnr .-ned, 

' 
.. 

1 ' • ' 
A compu\" ~rog<am th>l control¡ the """~11 o~er.,ion 61 o cum~uter ly>lom. ir.ti<Joing •~<~ , hi"¡;¡ 
•• memorv allco,icn. inp•H/c~IPol d"llil>lllion. illll! rupi prcc..,Ong. job .'one~.:Hn¡¡. <:c. 

·.• 

. ' 
•: 

A oit •n '~' <ondotion c_odo ''9'''"' thOI ind.cat<> illh• P"''O'J! opowion in tho I"OG''m c•u•,eo •" 
' ·' . 

outhmetoc c,otflow. i e .. cou-.d • qJ•n<ily 10 be !l<"'"''d rhot e • Ce<Jt d \he UP•cny e< 1h• '"'''" . " reg•ster. 

A nat~rol grou~(e.g uf memory ICcaliMI. o¡¡., 28•2~6 coit>eC~l"~ byte~ in"" 8 bt\ mic<ocompo;t<r · 

n••Y 1Vp1Colly con\litute o ""poge"" of n•e!Mry. 

Tho p•ocol!ong o f a 11 t ht b.t1 of o wor<f (by \O) <irnu ltoneou•lv ~~ tr "" <rroinong on ,.,.,.,.,. cbMne' 
O• bu! Ion<!. 

Auxdo•ry equipm<nl (o o th• outsido v,uoi¡j) u'"''¡..,""''' ~:OH, .ro,,¡ r<C"fÍ•• d010 fr<>nt > lo"•''"•'· 
<om~oter. 

T empm O< Y ''-''O"'"inn ol o m•crocompul<¡ pr<lg<om \o ''"'M "<e'"'"n o! • '""~o .o•r, •" ~·" 1 ~· 
• poogrom ol n;9h<' ~n~·nv. 

C.ntr•l p!O<<"O' _uno¡ (CPUI oo.¡\!10<1 \!••t <uotein "''"·N> •<l<ln·•i<!, 
Poin!Of! o• Pr•g••m Cuun'""· .. 

~ometi"'" r•ll<rl l)o! • 
• 

• 
A rn<thod o>ed 10 idtnti ty tl>o 1our~• "' ~" '""""O' r<qu~l<. In p<>ilu•g. 1~< .'"'"riu:>t "'~''"" · 
•••«eh ;, dono ""ally. 
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GENERAL TERMS and I)EFINIIIUN:S 

.. '• 
A comp....ler <y>l~m UUII ;, complele witnin h,.U ao'ld do<> not require toMecrion ro anott>er compurer .· 

'\ -
A group ol in•truCtiOno b~bprogt~m) tMat may be rioo~ed (ro m more lh•n ene place ;n o m•,n 
program wnM o bram;h bock to rho souroe point whon rh•>ubprogr.m 10<1< is complet«:l. . ~ :·_ 

Circui1 oper.Mn using a common 1iming <ource (clookl 10 Irme circuh or doto uon,ter operor;oo< 
' - . ,, 

A d'"" u<ed 1n communica~ionr •ppi•cation> to in10rfoce (connect)i word par>llel d¡U r~rm.~ol 

-. 

(conloollerl \o 1 b<\ <oriol communi<oticn netwark. ' '• 

An inoeuupl >Yitem in whkl"l each in>ertc.tpt can t>t immodiit<ly >e<victd w11h<iu1 hovrng lO 
d<IO<tnine ..,hiCh int<Hupl hao ocwr~e<l oy l><)lling. 
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NOMBRE Y DIRECClON 

l. JOSE JAVIER BADILLO 
09 Cruzeiros 
Deleg. Gustavo A. Madero 
C.P. 07960 
M-'xico, o. F. 
55112-05 

2. !';LB/< AMPARO CAfll\DAS CARRERA 

Calz. San Mateo Nopala No. 52-5 
Col. Valle de San Mateo 
Naucalpan, Edo. de México 
2 54 11 11 Ext. 311 

3. RICARDO ALBERTO COSIO SANCHEZ 
Pirules No. 40 
Valle de San Mateo 
Naucalpan Edo. de México 
5604059 

4. MIGUEL .\NGE:L DELA PE!<A SANCI!EZ 

Acueducto de San Luis Potosi 12 
Fracc. Vista del Valle 
Naucalpan, Edo. de Máxico 
3731550 

S. CARLOS A. ERCHUCK ESPINO 

Av. 559 No. 10 Unidad Arag-ón 
Gustavo A. Madero 
México, o. F. 
5512832 

6. lSI!XJRO ESPINDOLA ARTEAGA 

Sur 159 No. 2412 
Col. Gabriel Ramos Millan 
Delegación de Ixtacalco 
C.P. 08000 
México, o. F. 

7. ALFREOO GAMEZ LO PEZ 
Betancourt No. 67 
Xahpa, ver. 
7 72 34 

·, 

EMPRESA Y DIRECCION 

TECNICA INTERACTIVA, S. A. 
24 colorado 
Col. Nápoles 
C.P. 03B10 
México, D. F. 
5438292 

PROVENTA, S. 1\, 
Leibinilz No. 20 
Col. Anzures 
México, o. F. 

E.S.B. DE MEXICO, S. A. DE C. V. 
Av. Walter C. Buchanan No. ¡55-A 
Naucalpan de Juárez Edo. de México 
5 76 00 46 

TELEINDUSTRIA ERICSSON, S. A. 
Via C,ustavo Baz 2160 
Fracc. La Loma 
Tl,~lncpantla, Edo. de México 
) 97 87 29 

UNAM-I.M.P. 

Ciudad Universitaria 
México, D. F. 

ARMEX (ASSOCIATEA RADIO OF JoiEXlCO ) 
Angar !lo. 22 "AVEHEX" 

Terminal de Aviación General 
Aeropuerto Internacional de México 
México, D. F. 
5580288 

UNIVERSIDAD VERACRUZANA FACULTAD DE 
1NGEN1ERIA 
Calle de la Pergola S/N 
Xalapa, Ver. 
7 66 33 



NOMBRE Y OIRECCION 

B. JOSE RAMON GOTIERRE;>; MALOONJ\00 
EdiL 75-102 C 

unidad Lindavista Vallejo 
oeleg. Gustavo A. Madero 
C.P. 07720 
MÓ><ico, o. F. 

9. l-IARlO liERNANDEZ LONA 

ROt. Fte. del Secreto No. 20 
Jardines de Morelos 
México, o. r. 

10. JOSE WALTER HERNANDEZ MUROZ 
Valparaiso No. 2597 
Col. Providenci~ 
Guada1ajara, Jal. 
C.P. 44620 
41 18 79 

11. RAFAEL HTJERTA FRIAS 
Av. Acueducto 287 
;>;acatenco 

Deleg. Gustavo A. Madero 
México, o. F. 
5864945 

12. IJJ\GOBERTO MARQOEZ TOST 

Dr. Ji.rlénez 336--301 
Col. Doctores 
Deleg. CUauhto!hooc 
C.P. 06720 
~16.xico, D. !'. 
5382559 

13. JOSE ANIJRES HCRAZ RODRiaJEZ 
~!anuel D.!blan 54/5 
Col. Tacubayn 
Dele¡:. ~1. Hidalgo 
C.P. 11870 
~\!xico, D. F. 
2772859 

EMPRESA Y DIR.ECCION 

:0MISION FEDERAL DE ELECTRICIDAD 
~ ... ~chor Ocampo 469-Bo. PISO 
il')L. Anzures 
t..Ieg. Miguel Hidalgo 

.I.Oxi.co, D. r. 
~ 33 31 26 

1\lJ>mX COMUNICACIONES, S.A. 
k,tonio Maura No. 170 
Col. Moderna 
MO,.i_cq O. F. 
696 31 35 

GERtNCIA DS 08RAS SOCIALEs Y DE INFRAEs
TRUCTURA 

Marina Nacional No. 327 
México, D. F. 
2 so 26 11 Ext. 2 oo 11 

INF01<AVIT 

Barranca del Muerto 380 
CoL GJadalupc Irm. 
Deleg. Alvaro Cbreg6n 
~!é.xico, D. F. 
5 51 09 84 Ext. 1424 

fii\'LETI PACKARD !>aiC>\NA S A de e 
Av. Perif!!rico Sur 650 J ' • • ·V· 
Col. Tepepan 
Delcg. Xochimilco 
~lé.xico. D. F. 



• 

lfl.ffiRE Y DI RECCHN 

14. !!LFREDO MUNDO FERNAliDEZ 
Czada. Guadalupe No. 18-50; 
Col. Exhipódrmno de Peralv!llo 
Deleg. Cuauhtécoo 
México, D. F. 
5 29 99 93 

15. ALBERTO ORTIZ PEREZ 
Via Lactea No.lll 
Col. Prado Churubusco 
Deleg. Coyoacán 
M6xico, D. F. 
5 81 58 29 

16. LAURO CARLOS PAYIIN RE"IES 
Maz. 8 Lt. 26 
Col. López Mateas 
Tlaxcala, Tlax. 
2 02 91 

17. FERNA!IDO POLANGO NUJlEZ 
Blvd. Adolfo López Mateas 551 
Col. Gar;o:s 

(. Dele¡¡. Miguel Hgo. 
México, D. F. 
5~89175 

18. ALEJAliDRO PRACET PlMTh'TEL 
Cabina Barreda No. 96-404-A 
Col. San Rafael 
Deleg. CUauhtémoc 
C.P. 06140 
México, D. F. 
5464841. 

19. CARLOS AUGUSTO RAI~OS I.A..'llOS 
Moras 762 
Col. del Valle 
Deleg. Coyoacáo 
México, D. F . 
5 34 91 10 

E..\IPRESA Y DIRF.CCICN 

MAl DE MEXICO, S. A. de C. V. 
Parroquia No. 214 
Col. del Valle 
México 12, D. F. 
5342670 

MAI de MI':XICO, S. A. 
Parroquia No. 214 
Col. del Valle 
Deleg. Benito Juárez 
México, D. F. 
5342670 

UNIVERSIDAD AUTONm~ DE TLAXCALA 
Cnlz. A~izaquito s/n 
Apizaquito, Tlax. 
7 25 4~ 

DIRECCION GENERAL DE PROVEEDURIA UNAM 
Ciudad Universitaria ' 
Col. Coyoaciill 
Deleg. Coyo.i.clin 
México, D. F. 
5169600 

TEC!IICA INTERACIVA, S. A. 
Colorado No. 24 
Col. Nápoles 
!'léxico, D. F. 

DIRECCIOl! GEl/ERAL DE PROVEEDURIA, UNAM 
Ciudad Universitaria 
Col. Coyoacán 
México, D. F. 
5489775 

' 


