DIRECTORIC DE PROFESORES DEL CURSC: INTRODUCCION A LOS MICROPRO~
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HOTA: Las précticas gue se realizarin los dias 30 de abril

INTRODUCCION A LOS MICROPROCESADCRES (Z80)

TEMA

CONCEPTOS BASICOS

ESTRUCTURAS FUNDAMENTALES
MODOS DE DIRECCIOMAMIENTO
CONJUNTO DE INSTRUCCIONES

SEAALES DE CONTROL

PRACTICA (Fac. de Ing, UNAM)

PROGRAMACION E/S

PRACTICA (Fac, de Ing, UNAM}

HORA
17 A 21
9 A 14
17 A 21
9 A 14
17 A 21
9 A 14
17 A 21
9 A 14

y 7 de mayo, se efectuarén en el Lab. de Microcomputadoras
pilso del Departamento de Mécanlca ¥ Eléctrica
de la Facultad de Ingenierfa,

an el ler.

1983
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PROFESOR

MARCIAL PORTILLA

MARCIAL PORTILLA

LUIsS CORDERO B:

MA ., GUADALUPE CHSTELLHEDS
MANUEL ESTEVEZ

MA. GUADALUPE ChSTELLBﬂGE
DANIEL RIOS

ROBERTO MANDUJANO
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EVALUACION DE LA

SU EVALUACION SINCERA NOS

AYUDARA A MEJORAR

PROGRAMAS rOSTERIQRES QUE
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EVALUACION DEL CURSO

®

CONCEPTO

EVALUACION

APLICACION INMECIATA DE t0S CONCEPTOS EXPUESTOS

2. || CLARIDAD CON QUE SE EXPUSIERON LOS TEMAS
3. || GRADO DE ACTUALJIZACION LOGRADD CON EL CURSO
4. || CUMPLIMIENTO DE LOS OBJETIVOS DEL CURSD
!
5. {i CONTINMIDAD EN LOS TEMAS DEL CURSO I
6. || CALIDAD DE LAS NOTAS QEL CURSO
|
T. '! GRADD DE MOTIVACION (OGRADD CON EL CURSO
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iQué le parecid el ambiente en la Divisidn de Educacién Contima?

MUY AGRADABLE

AGRADARLE ‘ DESAGRAMABLE

|

2, Medio de comunicacidn por €] que se enterd del curso:
PERIODICD EXCELSIOR PERIODICO NOVEDADES
AMONCIO TITULADO DI ANUNCIO TITULADD DT FOLLETO DEL CURSQ
VISION DE EDUCACION VISION DE EMUCACION
CONT INUA CONTTMUA
CARTEL MENSUAL RADIO UNIVERSIDAD COMINICACION CARTA,
TELEFOND, VERBAL,
ETC,
REVISTAS TECRICAS | FOLLETO AMUAL | CARTELERA UNAM “LOS GACETA
UNIVERSITARIOS FOY™ LIMAM
3. Medio de transporte utilizado para venir al Palacio de Mineria:
AUTOMOVIL METRO OTRO MIDIO
PARTIQULAR

5.

4. i(Qué cambios haria usted en el programa para tratar de perfeccionar el

curso?

;Recomendaria el curso a otras personas?

51




(Qué cursos le pustarfa que ofreciera 13 Divisién de Educacién Continua?

La coordinacidén académica fue:

EXCELENTE BUENA REQULAR MLALA

Si estd interesado en tomar alglin curso intensivo jCudl es el horario
mis conveniente para usted?

[LUNFS A VIERMES | LUNES A TONES, MIERCOLES | MARTES Y JUEVES
DE 9 A 13 H. Y | VIERNES DE Y VIERNES DE DE 18 A 21 H.
DE i4 A 18 H. 17 A 21 H. 18 A 21 H.

(CON COMIDAS)

VIERNES DE 17 A 21 H.) VIERNES DE i7 A 2
SABADOS DE @ A 14 H. | SABADOS DI 9 A 1
DE 14 a 18 H.

H. OTRO
Y

JQué servicios adicionales desearfu que tuviese la Divisidn de lducacidn
Continua, para los asistentes?

0Otras sugerencias:




DIVISION DE EDUCACION CONTINUA
FACULTAD DE INGENIERIA UN.AM.

INTRODUCC JON A 1.0S MICROFROCESADORES (Z2-B0O)

{GNCEPTOS BASICOS

H.EN C. ARMANDO TORRES FENTANES

Marzo, 1982

Palasie da Mineeis  Calle de Tacgba 5 piimer piso  Méxice 1, D.F. Tal: 521-40-20  Apco. Postal M-2283
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a atatement. This statement bas & truth value which depends upon the truth
values of the statements used in replacing the variahlea,

In the construction of formulas, the parentheses will be used in the same
sense in which they are used in elementary arithmstio or algebra or sometimes
in n compnter programming laoguage. This usage menns Lhat the pxpressiona
in the innermost parenthesea are simplified first. With this convention in mird,
TP A Q) means the negation of P A Q. Similacly (P A @) V (Q A R) means
the disjunction of P A Q and @ A R, [({P A GV B) A (TP mesna the
conpunction of TP snd (P A Q) v B, while (P A @} v R meana the disjunc-
tion of P A @ and R,

In order to reduce the nurnber of parentheses, we will asaume that the pega-
ticn aflects as little sa pussible of what follows. Thus T)P v @ is wTitten for
{T3P) v @, snd the negalion means the negation of the statement immedintely
lollewing the symbol T\, On the other hand, aceording to our conveotion,
THP A Q) v R stands for the dinjunction of T1(* A @) and R. The negation
affects P A Q but not &, '

Trutt tabies have slready been introdueed in the definitions of the connse-
tives. Our aaxic concern is to detarmuine the truth velue of a statement formula
for each poesible combination of the truth valees of the component stalements.
A table showing all such truth values ia ealledd the fruth table of the formula. In
Table 1-2.1 we constructed the trulth wable for 71#. There is only goe component
or atomic statement, namely P, and so there are only two possibis truth values
to be considered. Thus Table 1-2.1 has only two rows. in Tables §-2.2 pnd 1-2.3
we constructed truth tables for P A Q and P v @ reapectively. These statement
forrmulss have two component statements, namely P and @, and there are 2t pos-
sible combinations of truth values that must be considered. Thus each of the two
tables haa 22 rows. In general, if there ars 1 distinet components in & gtatement
formula, we need to consider 2+ poasible combinations of truth values in order
un ¢htain the truth table,

Two methods of conatructiog trutk tablea are shown in the lollowing

examples.
[}

EXAMPLE | Construct the truth table for the staloinent formula P v 7100

S0LTTION It s uecessary to consider all possible {ruth values of P and 9,
Theze valies aro entered in the first two columns of Table 1-2.4 for both methods.
[ the table which is arrived at by methed 1, the truth values of 7710 sce entered

Tabie 1-24a Table 1-2.48
F o 1@ oy o F Q P W A o
T T F T T T il T F T
T F T T T F T T T. F
F. T F F F T F s F r
F F T T F F F T T F
Methad 1 Elep
- wumber 1 -3 I’ 1




-

T 1.2 CONNECTTY BL
J .

in.the third sodumn, snd the tryth valyes of J v 71 v entered in the wouri
columin. ¥n mirthed 2, as given in Table 1-2.44, & columa is deawn for ench ptate
ment a8 well &3 Jor the eonnectives that appesr. The truth values sre entered
step by step, The step numbers et the bottom of the tabie show thi sequenre
followed in arfiviog st the final step. . . JEEE

EXAMPLE 2 Conetruct the truth fable for 2 A TP,

soLoTioN  See ‘Table.1-2.5 Note thet the trath walue is F for every pos-
whle truth vajue of . In thic speeial ease, the truth value of P A 1P s inde-
pendent of the truth velue of P. 2

L]

EXAMPLE 3 Construet the truth teble for (F WV @) v 7).

soLTyIor  See Table 1-2.6. In this case the truth value of the formuls
(F v ) v TP isivdependent of the truth valuss of Paod . Thiz independenes
iz due to the special construction of the formula, as we eba)] aee in Bee. 1-2,5,

Hfd
Table T-25
» 9Qr PA WP F f 1 p ]
T F F T T F F T
F T F F F F T F
Methed 1 Slep -
Num-
[ 1 3 p 1
Method 2 ©
Table 1.2&
r Q Py e (PVOYV P
T T r F T
' T F T F T
F T T T T
F F F T T
Method 1
» ¢ (r v 0} V.o T P
T T T I T r F T
T F T T F T F T
£ T F T T T T F
F F F ¥ F T T F
Step
Y Numher 1 2 1 a 2 1
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Observe that if the trith valuss of the component stntemenls kra kpown,
then the truth value of the resulting statement can be readily determined from
the truth *able by resding along the row which corresponds to the eorrect truth
vaiues of 1he component statementa.

EXFRCISES 1-2.4 .

1 Using the statements .
&: Murk iy rich,
8 Mark w bappy.

write Lhe following statemants in symbaolic form:

{a) Matk is poor but bappy.

(&) Matk is rieh or uohappy.

e} Mack is neither geh nor happy.

{d} Mark iz poor or Lie i3 bath rich and uohappy.
# Construct the truth tubles for the following formulas,

{a) TP TR

(&) TT1P AN

fel PALPVQ)

(d} P ALQAP)

{e) T1PATIRARNDNV@ARVIPAR)

(N{PAQVITIPAQNVIPATIIV (TP AT
2 For what truth values will the fallowing statemoent be true? "It in not the cass that
homses aee cold ar bautted and it is false that eottages ace wwrm or hounes ygly"
{Hint: There are four Btomic SLatenenta.)
Given the Lruth values of Pand @ as T aid thoss of Rand Sas P, find tha truth velgss
of the feilowing:
{8 PVIQAR)
(o) (PA (@A RNV TPV A (R 8))
e} CHPAQY IRV ((TTPA QI VIR A S)

i

1-2.5 Logical Capabilities of Fropramming nguageal

In this section we discuss the logicsl conneetives avatlahle in rertair, programming
languages and how these conncetives ean be used to generate a truth table for
a statement formula. The logical connectives discussed thus far are available in
most prograraming languages. [n PLAT, the connectives A, W, and ~] are written
as &, |, and 7| respectively. The truth values T and F are wrilten as ‘1'B and
‘OB respectivelv. In ALGOI, the connectives are represented un we huve written
them, while T and F are writted as froe and false respectively, FORTRAN also
prrmits the use of logical variables and expressions, and it is these facilities which
are to be discussed in this section.

In FORTRAXN, the truth vahies T and # are denoted by the dogical con-
stanta ' TRUE. and .FALSE, respectively. Logical vaniablea and expressions in
the lanzubge axsume only nne of the logical values st any given time. All logical
variabhes must be explicitly dectarad as in the statement

LOGICAL P, Q. R

vhirh declares the three varshie PG and D, -
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FQUIVALEAICIA DE FTORMULAS :
4 11P ES EQUIVALEASTE A P
2 PVP BEs EQUIVALBUTE A P
2 (PYIPIAG Es EQUIVABUTE A Q
4 (PVIP) ES EQUIVALESE A (@ Vi)
RO Bs VOECESARIO QUR Don ForwuLAs
EQUIVALESTES COuTER GAD LAY AIBtAS VAU BLES
AP R gr LR A Fo EqUiVALESTE A R”
Sl A+»R T B+»C EUONCES A
LA EQUIVAIESCIA &E PrusrA ATEADIEVIS
A oS VAWRES DE (A TABLA DE VEZMD

Table 1-2.18 EQUIVALFNT FORMULAS

PyYPap PAPaF {ldemprieot Inws} (h
PV VEaPYVIE YR PABARaPA QAR (Ammscistive Lawn} (14|
PYVQ=2WVP FAQoaRAP (Commatative lawy) (1]
FVARE=[FYOIAIIFYE] PAQ VR ={PAQIVIPA R) {Dhalributive laws) [}
FYFoP PATap 3]
FYTaT FPAF=F P (&)
PV IPaT PA PP {n
PVIPAQ P PAIPVQaP {Abeorption laws} (8

NPV Qe PN TIQ R A Q- FE YT (e Morgan's luwn) a3
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Set Alpelra Statement Alpalra

fdempoienl kiva
AUA =4 PYlmP (e
ANA = & PAFPeP

A apoeantiee latm

TAUMUT = AU (HEUGD Py VRa M VGY R 2}
(ANHIND = AN{ENC (FAMAK=EAQAR

Commulniios lnwy
AUE = EUA Fygum@Qyvye (3}
ANE = BN A PAGwGA P

Diniribrutive izwa !
AULBNE) = (AU {ald) FVYIQAR «{iPVQIAIQYVE L]
AN{BUC) = {ANAULANC) FAMVEI=mIPAQVIPAR
AV =4 FYFmPF 5
ANE = d FATmPE
AUE = E PYTeT {6
AN @D = & FAFmF
AUrmd = B PY  IPaT (7
Afrd = ¥ PA TP T

. Abmorpiion loww

AU{ANE} o A FWVIPFAQ =} 8
AN{AUEr = A PAPYQiapP

¢ Margan's loew B
rid U B} = red N~F HE VG- TIPA K 1))
~fANE) » ~AN ~F TEA Qe RV O
~p =B FuT thy
~E m & AT o= F
L ST B | TP ax P L1}
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‘POSTULADOb Y TEQREUAS DEALGEARZA DE BOXE
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" Postolate 2 () x + 0= x M) x- l=x
Posiulate § {0y x + x' =] bl x:x' =0
Theorem 1 A x+x=2x by z-r=x
Theorem 2 ) x+1=1 (b} x-0= ]
Thearem 3, involutica (=Y = x
Postulate 3, commutative (a) x + p=p + % (b} ap = yx
Thearem 4, associative @y x+fy+z)=(x+y)+: (bY x{pz}=(ayil
Postulate 4, distibutive  {a) £(¥ + ) = xr + xz By x4+ yr={x+ y¥x+ 2}
Theorem 5, DeMorgan (a) {x + p) = x°p' (B () = "+ y'
Theorem &, sbwrplion M) a + xy m x By a{x + )= x

TEQREUA ¢ (a): X+ Xn =X
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= XC1)y = X
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E&. SIMPLIFICAR LA SIQUIESTE g Aiaa
BOBEAUA AL AMAIMS NUMEDRS DR CTEZALEY

Lox'd2 e x'ya+xy':
X'a(3+q')+xq' = x‘a-i-xtj' .

2. Xy + x‘a-w\a =
X4 + x'e+xt-5e.+x'rj-&=
xtj(t+z)+x'a(i+¢1): Xy + x'2

Ei. COMPLEUESTAZ (A FOIANOA
L. T= xqasxye T'=¢
o= Axy' 4 x'g'e)'=
(Xy2')" (xy'a)=
(X+y's)(x+ys2)
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NUMERGQ RUWARIQ DELC AdiadTE=2a
£ x'qet
(osey) - Mg
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SIMPUFICACION DE £4S +wcffougs EA) LOS
AAFAS
'S CONSIDERACA (A EXPRESION) AMiNivA
A) A0 EXISTE. STRA EXPESION EQu)VALEASTZ
QUE JACUYA AEOS ProbOCs
2) MO LAY STRA EXPRE SIOA) EQUIVALEATE
QDUE USTE DEL AISMO AUAERD DE Padidos,
PERS oA UA) AMEANOR AUMERD DE LITERALES

A B, A== wlo, 1, 4,6
= ABA+ AR e ABT £ ABA
Ao MANTACAQION) ACGEBRAICA
= A (F+0) + AT (845}
= A +40
NEAMOS EBL ~APA L

SV A=0 ¢ B0 EgTonces  {=4 (XA)
St A=l 4 €20 FNTOUCES {4 (Ad)



112 Minimizsocién de lar funcione; de Boole

Jj !
Ejnnpio 6.9 : “
Simpliﬁta:)’{z!, BC D} w- ZM[U‘, [,2,3 13,15
Safucrdn
Fu AR DARD

Figura 6.79.

El pjemnpls 6.9 no presentd ningung difteultad, ya que sélo fur pouhle uf
eanjunte de adyacencias.

Fyompio §.10
Sicaphificar f{4, 8, C, D) = ¥ m(0, 2, 10, 11, 12, 14).

3o ucrén:

S ABG + ABD + ABC

Figuea &.50. ]

En eate casn, se rienen mas posibilidades. Tambidn e podria haber comn-
binade nt, ¥ my,, 0 my, ¥ my. No obstanre, no hay ninguna ra:bén para
atilizar esas combinaciones, dado gue my, My, ¥ m,, ¥a extin cublertas (o
concenidas) por la formacibn necesaria de pares con My, 4y, my,, TESpeC-
tivamnents, para las cuales no existe otra pasibilidad, Por lo ianto, una regla
pora uillizar o mapas de Karmaugh #3 francipiar con la combingerdn de 165
térrima; parg fos cuales existe yna sole poridilidad.

Ejempla 517 -

Simpiificar ff4. 8. €. 0) = % w3, 28,12, 12).



Stmplificacion de bad funiones on loy mapas Gr Karnewen

Solucidn:
A8

C\L\ 0 o 11

0 | I’ |1”| N

o1 [ | M

lll

or

iD‘II |'

f- ABD + ABT + ACD J= ABD -~ ABL + BCD
fa) {b;

Figers 6.3, Mapas alirrnatived para el cxemple 6.11.

En thr case, exitten do elecowones igualmenee vilidas. |

Sc observard que en las dos realizaciones del gjemplo B.11, exine ciera
redundancia. En cl primero, m,, queda cubienc por los términes ASCy A
£D; en ¢l segunde, my queda cubieria por 20 vy 8C D, Eate procedimiento
de cubrir un mintérmine mis de una vez, no origina problemas. De acuerdo
con la realizacién AND-OR, emo significa sencillaments que, cuando lun
valores de la variable son tales que #] mintérmino particulay es 1, la salida
de rads ¢ una compuerta AND tomard el valor d¢ 1. Pueste que ¢l OR o1
inclusivo, no imporia cuintas compuercas AND satén en el valer 1.

Ejenplo 6.12
simplificar f{A, 5, C, D) = 3 mf{l, 5,6, 7,i1,12,13, 1%)

Selunidn:

AR
o (L URN +) I )

L1 1

/

[ = ACTD + ABC + 458 + ACD

|

11

7

Figura €.32.
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144 Minimizacidr de las funciones de Roole it

Este ejernplo ilustra un peligro posible al wilizar los mapas K, Exisic la
cenracidl, de utilizar <l conjunto de cuacro en ¢! centro; pero cuando e
hacen loa pares necesarips con los olros cuatre mintérminos, se descubre que
s cuat~o del ¢entro quedan cubicrtoa. Esto recalea la importancia de
determinar primero JIos productos esenciales, ey decir, los praoducios gue
contiensn por lo menos un minémmine que no se pueda combinar en nin-
guna atra forma.

A tontinuacién, s presentarin algunos ejemplos sin més comentarios.
5c sugiere que el lector estudie los dos primeros con sume cuidads ¥, luego,
trate de¢ resolver los otros antes de consultar las respuestas. Cuando ¢ do-
mine ¢l mancjo de lox mapas de Karnaugh, se utilizarin de wn mode me-
cinico; pero para tener sal dorminio s¢ requiere prictica.

Ejempilo 6.13

flA B C. D E)=- zmm. 14,56, 11,12, 14, 16, 20, 22, 28, 30, 31}

Saluridn:

8C A= A= &C
DRM ot (1 10 90 o1 N 10 DE

[Iu I:n} I:] 00
]|
14
1 1
10
S ABCDE —m,
+ BDE o, 4 ity + g 4,
+ ABCD v—m,, + m,,
+ ABD =y + 1 + omy + omy
+— CE + ¥ mi{4,6.12,14.20,27,28,36)
Figura 6.8, [

Eiwmpla & (4

JAEC D EF = N2 3 6,710, 14, 18,19, 12, 21,27, 17, 42, 43,45, 46)
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Simplificocion de Lot fur plenes o los majeas de Karnauch [4)

Sa!uun?n.'
D Bwb B Fodt)
EFN_ €3 ol 10 10 00 ol 1t o ZEF
00 | 00
bl l o4
.--—'_'3
Am 0 '] X — 1] 3 ar
1| 1] s B R
11 Bk 1'K1" :"1 el e 10
- —
o0 00
bl 41
ol [I i . 01
A=l ' m
11 | [
10 E" t”ﬂ 18

EF M ol 1y 1w o O Il D LrF
ch o
S = ABDEF e=m,q + m,,
+ ABDEF «=myy + my,
+ ABCDE s=m.; + iy
-+ BCEF Ll FERE MR S, PP f T
+ ACE — ¥ m{2,2,6,7.18,19,12.23)

Figura 6.3, [
Ejrmplo 815
f(A.B,C D)= [ M7T,813
Salunign:

S= D4 AT + AC + AB

Figura 6.35. N



{16 Minimitacion de lar funciones d# Baale

Ejemple 5.15

FlA B C. D) =¥Ym0,1,2,45 8 10

Solumién- i

11
110
e — . A
? l f=80 + AC
e
o " '
Figura 5.16.
[ ]
Ejernpla 6.17
fld. 8, C, D, E) = Y m(G,1,3,4,5,7,8,9,10,12,11,21,24,25,26,28,2%)
Solunidn
- Tof A=
DE ey BE ] I I B+
1] -
JEIND l[
0l [[ 1‘% VY[ H | g
I,
N 3| n
0 e
L
S = COE — T m{513.21.29) ’
o+ ABE— T m{1,3,40
+ AD — T mi{0,1,4,58.9.12,13)
+ BCE — ¥ mid,10,24,25) '
+ B0 = T m(8.9.12,13,24,25.20.29) )
Fiqura-ﬁ,l?.
| ]

[ 25
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ANRAVITos SECOEANCIMES

» SISTEUA CommmAdionAL:

1L VAlLor ACTUAL DE (LAS SALIDAS ELTA
ETEUMIADO EXCLUSIVAMEATE. fOR BL vALOR
ACTUAL NhE (AS EUTRADAS .

+ 0SS VYVALoERTZ:, bR TADAS LAS VARIARLEN ST @A)

ESon B ALGUN  IISTAATE GGG

L SISTEMA SEAUEIAIAL -
+EL VALCR ACTUAL DE (AS SAUDAS DEPEADE wo

000 DEC VAR AdTUAL JE  CAS BITRADAS , Salo
TAMBEY or CA AiIsoRiA BB sisTeadA

+ALMACEs WFoRAIAG
fer vios

+Llo ' r .
S HAY SO0y Y ASINCRon0s |
- FLIP- FlorP's

mmn S Re
[
1 0 fafrey So= |, R =)
o1
1 | olu.-s QR=1)
1':—’ Slwer) n o

{a) P.oqec Jeagram (] Trah nable

o RE_-SPMG A _EvEJlos

—ﬂﬂﬂ"-‘
_:—s:.'r:r

Flgare 6-3  Busic Mip-Jop cucuit with NOR gates
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- mEmE o=

Tamer &7 Flip-flop charactensuc Lsbies

s . K | Qe+ A A
0 0] ol 0 0 Qi)
o 1 0 0 1 o
1 0 1 ! 0 '
I I 1 | I 2
{a} RS (b} JK
e | ew+n T ey
3 D 0 Qy
1 1 oy
Y T
T T Taulr 68 Flip-Nap excitation tabies ‘
e Qu+n| S R ot Qe+l |4 K
0 0 0 X 0 0 0 X
0 | I 0 0 I I X
1 0 0 1 1 0 x|
| | X oo I ] X 0
(a) RS (t) JK
) o+ 1) 1 X Nt + 1) T
0 0 D o 0 0
0 I X \ 1 )
) 0 0 1 0 I
1 I I ] 1 0
o) o ' dy 3
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- PROCEDILIEATTO  DE. DISE o

Tamlt 6% Staie bl

Mend stale

Presenl state T ‘:-'-.l.]_ =
A B A B A .
0 1] 0 0 i |
1] 1 1 o 0 |
\ o | 0 ! 0 1 1
| 1 i 1 a D

Figure 6-11  Sate diagram d

Tamie 65:10  Exailitewm table

[nputs of Chuipals of
combinatzonal Srcut combinational cireurt
Present
state [npul ™WexDslale . Flup-Mop inputs
A ) x A ) JA KA JB KR :
0 1] 0 0 0 0 A 1] X
0 ) | 0 L ) X 1 X
i} 1 0 I (K 1 A X |
0 1 1 0 1 ) X X a
| 1] 1] 1 1] X 0 0 X
| 1] 1 i 1 X 0 1 X
| 1 0 i i A 0 X H :
| I | 0O } X | A H
_—.TAF A Br H

¢ ¢ Q'

X ! X I

X 1

o
i ! cP
KA A KN 1B
L g :xemal
. wWtpuls
) A Combinational (nonc)
g « Circwt
L i,
r
External
inputs

Figure 622 Block diagramm of sequential creun
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L}

1=

JH o KEm 40 x

Flgure 4-23  Maps for combinational circunt

or

<

Flgure §-24  Logic disgram of sequential circait

- DISEo DE SoUTADORES,

Tamir 6-11 Excitatics table for & 1-bir bnary counter

Counl sequence Flip-Nep inpuws
A A, Ag TA, T4, Tdq
] 0 (] 0 Q t
0 1] H 4] | I
0 | 0 0 | i
1] 1 i | | H
| 0 L] Q a i
I - 1] s 0 H 1
" 1 0 0 0 !
Figure 8-18  Etate diagram ulzlt 3-bi bluan counter 1 1 ] | | 1




K 31
F——
1 I I | H ] I
A; { 1 I 1 t 1 1
e
Ag
TA, =4, 4, FAy = A, Td, =1
Figure -9 Mapt lor & 1-bit binary counter
Al 4, A,
| :
—————# _—
!
A T T LA T
Count I i | ]
pLises
] |'_' - ]
Figure &3¢ Logic disgram of a 1-bit binary counter
Tamie &-11  Exqlation wable
Count 1equence Flip-Nop inputs
A ] e fd KA B K8 JC KC
0 £ 0 1] X 0 X 1 X
7] J | 0 X i X X |
0 1 0 I X X 1 0 X
i [ o X 0 o X 1 X
I 0 i X 0 1 X X |
1 I 0 A 1 A | o X
A 8

i {?' Q
Coung i | | _ [
Pulsey

|

(a1 Lows duagram af courter,
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Flzure 7-1  4.but regster
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Fligure 7-2  4-bal regaster with parallel foad
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Figure 76

TamLr 7-1

Leriy iransier examphe

Tirung pulse

5hafi register A

Shufll regaster 8

Serial eutput of &

Initia} value (r 0l . 00 I 0 0
ONRr S Rt 3 Alicr T, NN NN TN NN 1
i) Timang diayrain Alter 7 P l Y 1 1 a ] 0
Afler Ty 0 1 | | 0 l ) a 0
Scnal vansfer from repsier A to repuer 8 Al T, 1 0 I 1 | 0 | ! 1
«  Parsliel autputs '
A, A, Ay A,
l
L‘I:ar--*D—w—d @ 2 @ ¢
AP A D I e P | P L
cr Dc— 1
.TI — | . - o
4% de | 4xl 4 x|
. MUY MLUNX ML MUX
e - -
1200 3210 110 1 21 0
L L3 L3 3 ) [ L i
i i | it ] Bl
S¢hal I I
) Semal
";E:“ -‘——, input for
shift.right shali-eft
I3 I3 1, J,

E":ull;l inpui

Fligare 1-9  d.bu ndureciional shilt reputer with parallel load
1
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"™ 1y.- MODOS:DE DIRECCIONAMIENTO

. i - . _1-? i '-.: HE :: - . R
H ! '1' " * "'I"" Ui f - o
i ;_ oA o, # ; .:! ' -i
ESQUEMAS. DE DIR lrrlouﬁmn_h: 1"0..: . . e
) - . . .: . il
N NP R S e 8
. ™ d ' : . - .t L
I.a unidad central e profere i[O en las COMIPY ufdo ‘as ‘debe \
N * . 1 ST L ' . :
raalzzarqlac 51guuen res funciones; L e - -
* "' qj . '-!'... ‘! ¥ !" . ! r ‘ M
~ QObieney Yy {raer de memoria pr:mar:a al,CPU la -giguients '
-
instruceidn a-ejecurar. e , A Y
- Entender los opzrandos, eswo eg, definir,la ]ucahzacmn de
los operandos necesarios para €jccutar la 1n5truc:c1tm ¥y oo .
lraerlos al CPU. . % ; ;h,, .
- . . . . ) ~ Ty - o -
: Ejecutar la i_ristrucciﬁrn."’ . - A N 5
. s * AT " T v . .
- . . . " 4
Para llevar a cabo las funciones anteriores el CPU debe con- - -
A ] . . * . .
tar con la siguiente informacion: - ]
- .. . T . . _- " v .
- El cOdigo de operacidén de la instruccién a ejecutar. QL
' ' "' N 4 :’ .
- Las direcciones de les operandos y la del resultade. - " 4
] ' e : . 'b
- La direccion de la,siguiente instiuccion a ejecutar. » !
: . ‘ . o
’ ' : ' .. .. 4I rode
Existen diferentes soluciones que saticfacen los requerimientos -
- - = LY N - .'
H i ! f T . H ) L, -
anteriores, log cuales determinan la arquitecirura de los. proce .
- - . :‘.:. i 1. - . .“l
sadorzs gque las utilizan. - i , o
. P . r i.u“
Se bupondrén ope:racmne:-; aritméticas en ]as que se tienen dos T
. . ' - "E\ -
operandos y un resuliado va quH S 1dS que pmporcmnan-el B T
caso MAs general. Lov s ..
f - (. . 1
' - e =
a) Maquinas de "3+l direcciones i ‘
Fl fdrmém de instruccién cn-usie esquema . de divecciona-- ok
g 1 1 €
rmento contiene todos los f-Iernemns necesuados por el CPU -
h . “,'. ., e R . " . ) _ ' .

o4 Lt L T e .



el c&digo’ de Uperac:én suma y A, B, C }' D son nombres simbodlicos =~ % - 4
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: para:"rt.:dlijz}n' sus funcignes. - 'I , ._'. .
, Un nnmhle formato de instrucceion se mues tra en la figura ..
* 'i‘i -..: ] . L. 'w L : i P ;
v 1"3 " " “‘{“ N . : :
: - S o
Ty ™ i vt I 4 By
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CUDICO [+ DIRECCION I DIRECCIONT] LR = CCION., “DIRECCION DE Palats -
0E PRIMER , | SEGUNDO RESULTADGT LA S[GLIIENTE n ge
LPERAC. | OPERANDG OPERM\DO b IN&TRUCCION memearia
N _ FIG Ty 1 T .
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En este caso se tienen cinco campos en el formato de instruccion: Uno . .

= H P i : - 1 - . .
- L] -

T e . P T . C ke "
para el codigo de Dperamﬁn que sirve para indicar el tipo'de opera--- |
" - Ta * . . . L ol . : Y ey
cibn a realizar (suma, resta, muliiplicacién, etc,), tres campos para |,
. =r ' F- L T i ' A 1 L
ToeEE T S N S o
]as direcciones de 105 operandos y resultado de las operacicnes, un™ . -
campo mara indidar 1a direcciéon de la “Siguiente instruccibn a ujecutar.
. .
CU e : , at o= "
. weo- : - . ' - - . 5
l.ag instrucciones para &ésta miquina podrian ser escritas en forma e,
L N " ' a-: . .
simhdlica en ]a"siguieme forma: ADD A, B, C, D donde ADD representa

+!
o ' " v
+ " ) o ra*._’[q
&

auignados & ]Dcalldadfs de‘ memoria, . - . PO 1 s
. ¥ ; ._:a . -t ' ':r o o : . -

4 - ’ T ;*é. -4
Suponiendo que’ Pmsten ]riS ln'at'rucciclm.s suma (ADD), suhstracmfm--- '
1 & "

(SUB) ¥y multzphcacmn {MUL} entonces una pocsible tr aducc;fm de la -
expresion A=(B*C}*(D*E) en P.DRTRAN a Jenguaje, ;1mb511c%_9n la mé- ¢
+ . - oy = . ; ’ . . .-:_‘_

quina de '3+l d1raccmnes serfal o - e C .

. - . ] - -t . r . A _ .
1 v, . LI MUL B, C,Tl, L3 L S
. L3: '.MUL D, E, T2 L? i : DT
P T S -
" N -; SIJH T2, T1,A, LS L o
! Pe T R & . et "
bt P .o T P P L
; K LB ?L Siguiente instruccion £ A
X ot . .- 1 . . " ’ L



e ~ g . P .y -
ot 'J?_;u'--a L .q y . ! o
™ r ;t‘c = - 1 *_r P .
Y . ¥ v - -
’ .,_" LI . o . v "
L 1 ” M 1 i T
" . o . . -
LS e = N o +

donde Tl v. T2 reprE:ﬂentan ]o..ahdddea lemp-c:ralec ucadas para guardar

K "4 .

resulrados arnménces ntc: rimedics.
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25 concluciones-més imporianizs on e esquema 50N: .
b "o .' }T'r, " ;" ; "‘L : __:I‘
ar iy wlh £ H
Los programas rm necesitan estar almecenadns eu memoria . cn forma
et . 1 - "
secuencial 'ya que’el campo de direccidn de la siguiente finstruccidn per
mite conocer donde fueron almacenados.. . C .
-n . N . . 5
T .+ W ] b - WY . .
" T‘a‘ . . :.d " "".‘r F .'-.“-n- ..:.
Debido a "gue cada’ instruccidn contiene en forma explicita tres direc--
H L] N -4 '
ciones, no, es necesario tener en el CPU hardware para guardar los re': °
sultados de.las operaciones, ' - ’ "
’ " I e T
- szf B - ] - . . N
G . > ’ S .
b} Méqulnaa de "3" direcciones : ot
Gonsiderandﬂ-'que los prog'ram'as .se escriben’secuencialmente v que "
" ‘ -+ b \. r .
por conslgmente es muy Iﬁglco almacmar]os en este mismo orden, '
- nr F - i e L .
. i
se llega a un nuevo quuema de d1recc10namlemo en el cual se sun
. N ,I‘
umven wdos lcrs campos de dlreccmn de la siguiente instruccibn
* -+ . - L] e . »
por un solo regisrro dentro del procesador que ileva en forma se-
. k . '_1
“ M. M a e e -
. L] . . * B
cuencial y automi&ticamente la direccitn de.la siguiente instruccion
_ _ el
a ejecutar. Un pesible formato de instruccidn se muestra en ia
fig. IV.2 . - A ; .
. S e g \ .
- . ’ S .j et h * ? i .
. i ! Y
ireccion| Registro Lodigo - [Direccifn [Direccién {Direccidn Pa]ahra.t
de la ! enel, | de primer sagundo resultado |'  in de
ig. inst. procesadur- operac. joperando  joperanda | ¢ - memoria
o wr s FIGIY.2 B WL, : " T
.+ . "‘ . ¢ i -t r - w !g{
. A ' - . ' 1 oo
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Ltilizando este t:squema"de direccicnamiento la --cxpresit'.u"r_ A=(B CY-{DE)

- 1 '
- . at . ot

- .- . L . .
en FORTRAN;quedarja expresada como: N .
? ' - - '-FJ .l‘I ! .
' Ty Nl RS T ; _ b
3 . T ) _— -
-~ ] : ‘!1‘_ . Lo } . . A
d T AL I T2 * i
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dj ‘ff lvs\'- Iy J";.‘l'a: W . g 1:'.._' . on R T
; ' - Siguiente insiiuccion L. -
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Donde e ha suprimido lﬂ-dir&t‘;cifm de Ja siguiente instrucclon ya que

Egra es: llevada en- fcrma ‘secuencial y automaricad’ pc:r un reglstro del

. 4 b
: 3 .
M [l .8
procesador . cc-nomdo come contador dél’ programa. {PC} } - :
% H - ' ’
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Con €] esguema de 3 direcciones se logra aprovechar la memoria en

forma mis eficiente y reducir la longitud de palabra lo que redinda

directamente en los costos de Ja misma, S . B -
' ' . " Lol
. : - ' ia?
) - MSqumas de «"2" direcciones. ' y .
‘, . ' - [ .
- 1.‘ . 'I

En las Dperamcnes aritim@licas no ammpre es nm:eqarm guardar v

€l 'resulmdo en upa localidad de memoria y preservar 1-;:5, operan-
] . - T

dos, por-lo que 'se puede pensar en uiilizar uno de ellos para----
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opardar el resultado una vez que la operaciﬂn s ha efecruado. Las
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mnblderﬂm{mes anieriores levan a presentar un pof-lble formato de

instruccién. en esta maquina, mﬂsu_';tdp en la ngura 11;:3 ' .
Ok, DELA | REG. _ fOD- | DIR. TDIK. SEG) . -Palabra
EiG., INST. A| EN EL . _ P, ‘OP, : n de’
FIECUTAR PROC. - . [OP. DP > .4, " memoria
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En este esquiina s¢ usard la dirucci{m del se;n:ndc.c;perando como la
. oo b
.r’:rc.ccmn*del reculiado una vez que la om*raciﬁn s8¢ hava {.fvcruarb :
- Wk - B
.,,H N A . ohn T 7w o hy .
por, lo que el’ sewundc operando serd desirueido. Asi pue=' h L3008 Eiﬁn ;‘-
] ] s v -
n'(H"C] (D*E} en FORTRAN.qmdana oL Coat
g ;' : . MUL BC. ‘ PR
" ~ MUL D,Er fa ,
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La-climinacidn del campo de direccidn del resultado permite _reducir la |
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longirud de la: palabra de memoria’ y los costos de la:misma,”'lo quée

' " T : A ' . -
pcrmite usar este esgquema en maquinas medianas y chicas. i .
dy =, Méq‘uinas de "1" direcciébn , Y - o,
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' Este ebquema de direccionamiento permue ehmmar de todas las ins *
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. Su v "
tmccmnes e] —::ampo de, dlre:m{m de uno cle 105 crperandn ¥y '-".ustllll--'{
"- ] : g T 'q:?.'
1r10 par. un I‘EgISlI‘D dentro del prncesador el cual -contendra, a’unn"
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de lc-s nperandc:s. A este registro se Je comoce mmg acumulddor,
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~ El formato de instruccion para Ja maguaina‘de 1 .dircccidn se mues-

"tra en la fipura 1y4

fYir. de la]  Reg. en el ) COD. DIR.

sig. inst. apr © procesador J F. .
2. ‘ , , Qr. *OPERANDO i
E,egundo. . " R E an E] rJ‘__w ' - "_: . . :‘ - . '.'|.
bgg:_'ando | " procesador - o o I S #
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EF= impor tame ha(:fn norar que tadns lae operaciunes se llevan a ua wof
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Baplicit amente contra el acuinulador ¥ oue 2818 ccmtendra Ll I’t‘bi.l]tadﬂ‘
t o “ara o
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Este E‘;quﬂma ‘de dnecc;onamlemo ha s:dn am]“liameme 1mp1ementado éen &

1"
d

una grap ma},rnrra de las_mini_ct:-mputadoras,  COMo pcir_,ejemp]o: PDP -8, -

cEh .

. PDP-15, IBM-1130,-1BM-7090 y CIXC 3600. A
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e} Méaguinas de "0" dir'ecciones e
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Esle ecquema de dlI‘ECClU]TlII‘i]ETITG solo utiliza el campo de codipo
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de operacibn, por lo que es pecesario contar con algun mecanmmo 5 -
| R R TR P
que implfcitamente perm:ta congcer los G]}Erandﬂs. e o
o 4 . “es 1 ] v '_
El mecanismo ame.rmr se tmp]emema uﬁande una plla i slack el
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.. " n a AR
© cual se puede pensar -como un cc:njunm de localidades contijpras de- 4,
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rmemoria acctsadis uqanrin una ms::;phna UJEPS. (Gltimas eniradas, pri-
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meras salidas), De lo amerior so -::Uncluye que en cada momenio se
. . . , 5 ..* v ' - ? __“
200rd 015;}0-'1113]& el. elemh..m e seencucplre en el ctops del [ stack.s
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Es,neces'élrin r';c:nntar con instrucciones que perrni:an'melcr elementos
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fa prresmn A {(B*C)-(D*E) en FORTRAN, podria expresarbe comm - :
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En lu {ig, 1y.0 se ilusmra el estado del srack despuis. de cada una de
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. ’ . . , [
¢ Fa® hd ! .
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c.3) Relanvo al PC * : s v
E] ccamemdn del campu de direccidn- de la mstrucm{’m inter
~pretado COmMO un entero con cigno, se suma al PC para ob-
- . . _ ) - '
. . ) i .
" tener-la direccibn de! spuntador al operando,
¢.4) Relative a un 'Tegistro Sndice _ ' "
El contenido del campo de direccidn de la instruccidn, imer-
pretade como un eéntero con signo, -se suma al contenido de g
un registre indice para obiener la direccisn del'épunmdar al
cperando.
L.a combinacidon de todos los mérodos de direccionamiento anteriores ;

-

ron registros de propbsito general, permiten lograr modos de direccio-
nalniento basiante poderusos. Cuando se usan Jos registros de propdsito
general, €] campo de direccién de la instruccibn especifica gue regisiro

- . o -
Se 1sa y como se interpreta 13 informacion que contiene.
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El micrnprnéeaador 2-F0 er una Miquina da'uQE difégcién

en la que los diferertes vnicn de direccionalisento aon vegs-
uas por nrupca de irg<rvcuicnes 'y no.se glliecun de una

n‘ Eeneral a tcdo el ecn unto de iﬁEuTUEtlf €8, . -

i

impliéﬁto o

! Iar Il

n eéte modo de direccicnamiento el nperandﬂ ne se defi-
. ne En'iorma expllcita ya gue &l formato de 'instruccién
-en fljn Y- ‘en los cédlgns de nperacinn se¢ especifica im-
plicitamente scbre que. registros del rrocesador actiisn
~1las insiruncinnea, pnr 1n jue el unuario no puede alte-
rrarln de' 1 ninguna maners, ' ]
Les grupos de insuruccionea, que ut:llzan este modo de
i @ireccionamiento son: ecarga de B bits; carga de 16 .
"bits; intercanmbio, transferencia de blogues y bisgue—
da- a“itmét1caa de prop65¢t¢ genernl y control del CPU, -

Eaemploa 1.

Inzediato . S R
El nperandc ge encuentra en la 1ncalidaﬂ de menoria si-
gulente a la irnstruccidn y se cansidern gue fnrma Farte -
de la wisma, DLos valoreas de los operandos 1nmed:atca
en pingun caso podrdn exceder la capacidad de resresen-
taecjidén de un byte, Este wmodo de direccicnarienio aes upti-
liza cnando se desean realizar operacienes coh valoeres
constantes,

Los grupos de instrucciconea gue utilizan este wmode de
direccionamiente son: carga de 8 bits; writméticas y
16gices de § bite y enirada/salilda,

Ejemplos 2,



c}

a)

e)

Inmediuto ex‘tendido_

Registrn

-

) x| anerﬁndn se¢ encuentra en los dog bytes {16 bits) i
giientes al céd;ro de or===cibn de la instrucecifp. E1
prizcer byte contiguo al ¢é2igo ce c;zraclén ¢s el nence

-

sirnificativo y €1 ciguicnte ¢: el wmids signifieative, -

Este modo de direccicnamieste es uzado por algunas ina-

Trucciﬂnes de carga ue 15 bits.

. E*emplus 3.

El formato de Jnsuruccién cnnuiene un campn de direccion
de nperando dande se eapacifica cual de los registras
ﬂ:l CPU seré utilizado cowmo operanda '

Las grupaa de instrucciones que u}ilizan eate nedo de

ﬁl*eﬂﬂlo anlento son: carga de 8 pits; carga de 16

its;  aritméticas y 16gicus de Bihbita; aritméticsas ¥y
légicas de 16 bita, rotaciones y desplazaaientos; encen.
dido y apagado de bits; entrada/salida,

Ejezplns 4,

Hegistro indirecto

En este modo de direccionamiento Un par de registros
(16 bits) contiene la direccidén de memoria en la gque se

encgenira el operando,
Es ytilizado por los srupos de inatrucciones de carm
de & bits; intercambic, rransierencia de ﬁluquea ¥ bis-

gueda; rotaciones y desplazamisnios; prendide y apaga-
do de bits; ealtos, 1llam.das y regresc de subrutinasg;

en*rada/salida.

Eiemplos 5.
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J‘-‘ .
t) Extendide - -

La direccidn del orerando estd contenide dentro del
camro de cperandc de 1z irstruceién. El campo de direc-
c¢ibn tiene una lenpitucd Ge 1€ bits jor lo que la rdxie
ma cupacifad de zercmia ll-cocionatle ez 2e £4 F tites,

fgtie modo de direccicnaziento #s. uz lizado por lcs gruo-
pna de instruccicnes de carga Ce 2 bits; carga de 16
bits, saltnn, 1ljamadas y regresc de suhru._ﬁas.

Ejenplﬂa_ﬁ.

£) HOﬂiflCﬂﬂﬂ de pfgina cero

En eate modo de direccionamiento el cumpo &e direceién
del operando se refiere a una localidad de memoria den~
tro ﬁé lntpigina cero. Este canpo de direccidn corcsta
de 3 bits ¥ Para su correciz interpretacidén se pulti-
rlica por OBH, nbhteniérdose de esta forma 1l referen-

cis a 1as lcczlidades deseadas.

f

Fgte mode de d1reccianawieuta se u;1liza exclusivamen-

" te por la instruccién RST.
Ejempios 7.
h) ~ Relativo

la direccidén del operzndo se determina sunando &) con-
tador del pregruwma el conlenido del byte siguiente al
cbdigo de operacidén de la insiruveciidn,

El desplazamientc wnierior se interpretard como un ni-
rerc en complemento m dos, cor lo que se logra un ran-
go de direccicnamiento de =126 & +129 lgocalidades rela-

tivaa al contsdor del programa,

Enste mcda de direccionamiento €s usado por el jprupo de
inatruccicnes de salto, llunada y regresco de subroeiinas,

Eiexplos 8,



6

Indexrade

ILa direccibn del orer:ndc use determin® supando &1 regis-
iro de {ndice esrecificndo el coctenido. Gel byte de dec-

itazam-ento,

¥l cdespianzaienzo sn ipisrpreia &nmo ung cantidad en
. complenento a decs, con 1o gue se 1ogréd un range de di-
reccionaniento de 128 a +127 localidades relativag w}
© registro ‘de indice,

Los grupos de instruccicnes que utilizan este modo de-
direccicnamiento soni carca de § bits; aritméticas y
*légicas de € bits; rotsciones y desplazamientos; erncen—

dido My #bagada de bils; saltos, llamanda y regreso ce
subrutinas, ' Co- .

Este mode de direccicraniento permite prender ¢ apugar
un bit dentrec de un operando seleccionﬁdo, ugando loa

modos anteg descrites,

Ejenples 10,

ING. LUIS G. CCRDERQ ECRBOA
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Se anumlri que toﬂns lnn elenpl s niguienteu utilizan el s!ute
ma de numeracién hexadecimal. . D ' )

¢ L]
Ejsuploms’l, - - - | - L R A

a t
Sh -

T 26 S MODOE DE DIFECCIONRMIENTO DEL. M) CROPFCESADOR -6 -
LT PRUGRAMA CPGADD EN CRSSETE - (ON ELNOVBRE DE G-

"CECT :
.‘_"‘ . - ! . ) . LIS I
: DIPECCIONAMIENTO IMFLICITO. © .-

ana igpsr W Lh ~'. AR : .; . : ”.l

A
.',.'." i E'HF'GH EH EL F"EGISTRD F| EL I:‘CIHTEHIDI'I DEL EEG]';TRU
" 3 DE PEFEESCHHIEHTG P

o2 2F o oL

FEALIZA EL COMPLEMENTO  LOGICO : DEL CONTENIDD DEL .
ACLMULAGOR ¥ LO DEJR EN EL MISHO ~FEGISTRD,

e e mE Ay

o0az eogT e 1R

; EL r:mTEH:m DEL - PEarsrm DE INDICE - IX SE IN—
;CPEHEHTFI EH IINO S
e e
Ejemplos'E;
. i DIFECCIONRMIENTO NIMEDIATG.
0008 Ce3¢ . L DD | Rezan o T
r ﬁunn AL ccmsn:m DEL REGISTPG ncmu_ﬁma n, EL ,
L i DATO 24H- ¢ {\EJFI £ PESLH.TFI?-D EN EL MIS0° RE— .
5 "GISTRO. - A . T
oon7 €518, .. 7+ ;_'ﬁ}m T L
. I_f' L L] v, - II r 'I- - * - - v
: FEAL 2R LA EIPEFHI‘IEIH Lmlt:n Ao EH‘I’FE E’L m.-rf-«-

HIDO . DEL: PEGISTPO A° ¥ .EL : DATO 10H. DElFle EL ~-..
-F‘EQULTHDCI EH Ej. ﬂI"'vl‘TC' PEGISTF"G -

R mn e me
o, "



Lieoplos 3,

DoEs Fh217>020

Al 213F12

Ejemplos 4,

GoLa oF

TRy &0

S

@1z EDSZ

DIFECCIOINAMIENTO  IHMELIATO  EXTENDIRG

LO 1V ameH

; CAPGA EN EL FEGISTRO [& .INDIPE IY EL DRTQ Z030H

LD’ HL. $23FH

; CRFGA EL  EEGISTRG FRP HL COR EL  DARTO  123FH

A

; DIFECCIDHAMIENTO DE FEGISTRO,

b . C,R
CAPGR EL PEGISTPO © ©ON EL CONTENIDO DEL -FEGIS-
10 A : :

ADD A, B
SUMA RL CONTERIDD DEL BEGISTRO B EL  CRHTENILD -

TPZ A

-. SBC  HL.DE

; SUBCTFAE DEL CONTENIDO PEL PEGISTPG ML, EL ~CONTE-

L -

DEL - FEGISTRO B Y [DETA EL FESULTAMM EM EL PEGIS- -

HIDD DE LOS FEGISTROS DE - ¥ HEHRRFU" CY. DEIRNDOD .

"+ EL® PESILTADO EM EL FEGISTRO ° ML,



Goid4 G

anic 12

Ej EmPlQS 6 )

BO1Y FRSA1e

DB1A FDZ2Q40éa

: DIRECCIONAMIENTO DD FEGISTRD  INCIFECTO

L[ A ED

. capof EL FEGISTRA A CON EL. CONTEMIDD [E LA LO-
s CALILAR D[DE MHENZFIA AFUHTADA FOR - EL  FEGISTFN FRF
: BC * '

- ma et = Ca

THC THL»
INCREMEMTR EN  UNQ  EL  CONTENIDO DE LA LOCALIDAD
GE MEMORIA RPUNTAROA POP EL FEGISTRD PRAR HL °
Lp (DE>:-R

DEFOSITA EL  CONTENIDO  OEL  ACUMULACOR  EH LA LOCA-
LIDAD DE MEMORIA APUNTROR POR  EL FEGISTRO PR LE

*

. DIPECCIONAMIENTO  EXTENDIPO

Lr A, F182e8H)

, CARGA EL  ACLMULADOR  CON EL CONTENIDQ DE LA LOCA-

LIDAR DE MEMORIA 1526

LD CRBEAHY. TY

PEFOSITA EL  COWTENIDN DEL  FEGISTRC DE INDICE EN

; LRS LOCALIDADES DE HEMORIA  #aldH  (BYTE BRIOY ¥
; BaasH. (BYTE ALTO). . ;



Z )ezziom T,

-~ 1E

Ejemplos B,

BeiF

Gi421

CF

pr=1ob ]

¥NF4

RET BiH

; PIPECCIAOHNAMIENTO TIDLEFICHRIO  OE  FRGINA CERD

EFECTUR UN SALTM THOONDICIOMAL A LR LOCALIDAL: DE

MEMORIA  B82H  [DESFLUES

0E HAREER GURFLARO EN  EL —

STACK EL . COMTENIDD DEL  CONTADOR DEL  FROGRAMA

JE Z, 29H

; BIRECCIONAMIENTO RELATIVO

i 51 LA EAMDERR Z=1, AL - CONTRDOR DEL  PPOGRAMA SE LE

i .SUMR ElL YALDR @4H
i O A LA LDCALIDARD
;i 51 LA ERNDEFA Z=@
i GUIENTE THSTRUCCION

JP HC, 17H

COH LD Qe SE EFECTURFA  UN ‘:FIL-
DE  MEMORIA E"J'H

SE  CONTINUARA  EJECUTANDO LA SI-
DEL PROGRAMA. .

51 LA EBARHNDERA =8, AL CONTRDOP [‘EL F‘FﬁuPﬁJ‘[ﬂ "SE LE

T A LA LOCHRLIDAD
;i 'S1 LR EANDERA  C=1

1
il

: SIGUIENTE. 1NSTRPUCTION
1

3 SLIHFI EL “ALOF F4H CON LG mE  SE EFECTURRA N SAL-

PE  HEMORIA 17H
SE  CONT IHUERA EJEE”THIE\G LA -
DEL PFOGFAMA -



Ejemplné

(o223 FDRE4313

GE27 EDREM

eazA DDE4e7

Ejemp]nu 10,

o620 CBCY

aa2f

CERE

R e T

e |

DIFECCICHAMIENTD  1HOEXADD

LD - €IY+47HL.AZH -
€L DESPLAZAMIENTO 434 SE SUMA AL CONTENIDD DEL PE-
GIZTPO 1Y PAFA DETEPMINAR. LA DIPECCION EFECTIVA A
DONDE  SE  [EPRSITARA EL' DATD 4A3H

ADD Rs € IX+21HY
EL CESPLAZARMIENTO 21H SE SUMA AL CONTENIOD DEL
FEGISTEQ Ix FARA DETEPMINAR LA DIPECCION DEL Q-
FEEFNOO | GUE SEFA SUMADD AL FEGISTRO R EL . FESUL-
TR0 QUEDA EH EL REGISTRG A

NG CIX+G7HD
EL DESPLAZAMIENTO ' @?H SE SUMR AL CONTEHIDD  BEL
FEGISTRD I¥ PRRA DETERMINAR LA DIFECCION DE LA

LOCALIDAD DE MEMORIA CUYD CONTENIBO SE  THCREMEN-
TH EN UND,

DIRECCIONAMIENTO OE BIT.
cET AGROH: R -

ENCIENDE EL BIT 8 OEL FEGISTFO R
FES . B5H. (HLY

APAGA EL RIT S DE LA LOCALIDAD DE MEMORIA D]-
FECCIONADA  FOR EL PEGISTPO HL |

] | 'ING. LUJS G, CCRDERO BCREOA
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1.0 INTRODUCTION

The teom “migrcuipuies™ s been ised 1o dawibe vittually every iype of small compuling device
desivned within the buse Tow vears, Thistenin has been applied o everything from simple “imicropiugram.
maed ™ enanteallers constinered out of TEL MED vt o end minicompuiers with a2 partion ol the CBU
vomtrncied ont of TTL LS4 hit dhees.” Huwever, the majon impact of the LS1 1echaology within the Jast
few 3 cars hay been with MOS5 181 Wath this technalogy, it is possible 10 fabiicate complete and very power-
ful compter systaans with only 3 few MOS LS u{llnpunems

The Zilog &-50 Doy ol components i a sigmficant advoncenient in e srate-of-dhe an af micre
compuiers, Thiese companenls can be configurcd with anv 1y pe of standard semiconducior memory 16
pencraie vntipuler vustemns with ap extremely wide range of capabihries. For example, a3 lew a5 1wa LS|
caconts and three standard TTL 851 puckages can be combined 1o lonn a simple contraler, With addiuonat
memaony and KO devices a compiiier can be constructed with capabilines that enly @ minicomputer contd
provinusly detiver. This wide range of compulaticial puwer albows standard modules 1o be construcied by 3
uner 1hat can satisfy the requirements of an exlremely, wice range of applications.

The masjor redses for MOS LSHdemination of the miciovompuler mark et is the low vost of -
these fow 1.5 componems, For examnple, MOS LSI microcomputers have alieady replaced TTL logiz in
such apphications as (eminat contzollers, peripheral device contraliers, iraffic signal controllers, point of
sabe 1ermuinakbs, widelligent 1erminals and et sysiems. In Tacl the MOS LS| microcompuier is linding its way
o almost eveiy praduct That now s t]ectmm:s and it 15 even replacing many mechanical sysiems such
43 weizhil seales and auternchile conirols, L

The YOS5 LS] microcompuier marxel is alr:ad} well esiablished and few preducss using them are
keing develuped ab an catracrdinary ate, The Zilog 2 e coinpanen! &1 hasbeendesigned 1o fitinla
thiy market ihrcugiv the Toblowing fagion:

1. The Z-60 iz fully software compaiible with-the papular 50504 CPL offeied from seversl saurces.
Exwsting designs can be easify converied 10 incluge the 2-%d 25 a supernior ulternative,

2. The £-80 compunent set1s superiot in both soltware and hardware cagabulilies ta anv other micro-
computer sysiem on the maikel, These capabilties provide the user wih significantly lowes hzrdware
and soltware develupment cous whike-also #lloding him 10 offer additional fexiures in his sysiem,

3. Furincreased throughput the ZEQA operating a1 a 4 MHZ clozk rate offers the uses sigruficant apeed
advantages ovel CompElilive products,

4, A complete produst line including full sultware suppurt with sltaag smphasis on hich level lanpuages
and a digk -hased developinent system with advanced ieab-time debup capublities is i red 1o enable
the wier tu casily dvvelop now products,

Sirrocompaiel Sy stems are catremely simple 19 constiugt wsing & B0 cumpanents. Any such sysiem
congists of three parts:

1. CPU{Centsal Processing Lint}
2. Memury
3. Inlerface Circuits 16 peripheral devices

The CPU s the heart of the system, Ms Turchan is 1o obtain imstructions from the memary and perform

the desired operations. The memuory is used 1o contain instruetions snd I8 must caves data that is to be
miecessed. For example. s 1ypical inslruetion sequence may be to read data from a2 specilic peripheral
device, stere 1l i g locabion it memory, check Lhe patily wned wole it ot 1o angther peripheral devive. Nole
that the Zilug compongnt sel includes the CPU and vunous general purpose 110 device conlrolters. while a
widt renge al memoty devices may be used fonm any wwrce. Thus. all 1equired cumpanents can be
vonnecled together in 2 very simple manner wih virtvally naoother extermal lopic. The user's efTarnt then
-heciimes pomarily one af saltware development. That b, 1lie user can concenirate o describing his prob.
lem and translating il inlo & series of instructions thar ¢an be losded inn the micnwomputer memory . Zilog
i dedicated 10 making this siep of sofiware geperation gs siiple of posdible. A good example of thi is nas

i



L
sseindly languzge in which s sun;!nh ivftused 1o represent every instruction that the CPU can
perfonm. This language is self docim &Iy _ A away thal ftom the moemonic the user can understand
exactly what the inmruction is doing withe? ol ran ly checking back toa cothplex cross listing.
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2,0 2-80 CPU ARCHITECTURE

A black diagram ol the inierpal architecture of 1he Z-50 CPU is shown in figure 2.0-1. The disgram
siows all of the major clements i Qee CPU and il hould Be relerred 10 lhrmlg,huul the following
deacnptinng,
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'Z-80 CPU BLOCK DIAGRAM
FIGURE 20-1 . HET R

2.1 CPU REGISTERS . .
. LI -

Thie 2-80 CPLT conians 208 bits of BfW memary 1hat are accessile to the programmer, Figure 2.002
iustrates how Lhis memary b5 configured into eighteen B.bir regisiers and four 16451 registers. All 2.80
tegisiers are implemented using static RAM. The registers inzlude two scts of six general purpose registers
that may be used individually as 841 registers or in pairs a5 6-bit regist&rs, There are also two sets of
accumulator and flap registers. . *'r v

Special Purfowe Registers . . . :

I. Pregram Counter (PC). The program counter halds the ! 6.bii address of e current insiruction being
fetched from memary, The PC is automatically in¢rernented aller itz contents have been transferred
tothe address lines, When a program jump pecurs the new value is aulomatically placed in the PC,
aveiriding the (ncrementer,

2. Stack Poinier (5P} The stach pointer holds the 16-5it address of the curfent 10p of 2 s1ach located
anywhers in exiernal syglern RAM memory, The external stack mempry is organized as a lasran first.
out (LIFO) file. Data can be pushed unie the stack Mom specific CPU registers or pepped ‘off of the
stach into specific CPU regisiers through the execution of PUSH and POP insirucuons. The data
popped from Lhe stack is alaayy the bint 3% pushed onioit, The slack alaws simple tmplementation
of muitiple Jeve! inlerrupts, unlimiied subroutine n:stmg “and larnphrcalmn of :nnny types nl' daid
manipulation,

[
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2.30 CPU REGISTER CONFIGURATION

FIGURE 2.0-2 _'//“"

3. Two Index Registers (IX & 1Y), The two independent index registers hold @ 1640t buse add ress (hat
15 used 10 indexed pduressing modes. In this mode, an index register 1y used as 8 hase L0 point 15 2
fegion in mermony frum which daia 15 10 be siored or revrieved. An additiona byle = nefuded in
ind eaed instructions 1o specify a displacenent from this base. This d:sp]zc:mcnl is specified as a two's
complement signed integer, This mode of addressing Breatly umphﬁes many types of programs,
especially where {ables of data zre used,

4. Inferrupt Page Address Register (1) The Z-80 CPLI can be operaied in a made where an indisect call
Lo any piemory facation can be ackieved inesponse 1o an inierrpl, The T Regiver 13 used for this
purpese to store thte high ardér &-bits of the indirect address while the interrupling device provides the |
fower R-bits o ihe address. This fearue dlows interrupt routines 1o be d}namu.a]I} Ipcated anywhere
i memory with shsolyje minimal access lime 1a the munnc

4
.

5. Memory Refeosh Register {R) The Z-80 CPU cunlains & rnc:'nory refreh counter 10 epable d yname
Mo sies 1o be used with the sgane vasg a8 stalic menrones. Seven bitg of thix 8 bil register aic a0
matically ingremented xiter sach instruction fetch, The eighth bit will remain as prograinmed 25 the |
resklt eof wn 1.0 H A ipstruction, The dota in the refresh cowpter fs sent oul un the Lwer potion of
Ihe addicss bus sbune with o selresh control cignal while the CPU i decoding and cxernting the leiched |
instruction, This mode of refiesh s ietally transpareni 1o the pragrammer and does not tlow down the -
CPU aperation. The programemer can load the R register for testing purposes, but this register is notmally

* not used by (he programmer. Duiing refresh, 1hr cuntents of the [ regisier are placed on the uppc: B bits of
the address bus. |

* . - [ |
Accumulator and Flag Registers P

The CPU includes rwo independenn B-bir accumulators und aasociated 8-bit fag rcpst:rs The m;q,umu
lator hulds the rewids of H-bit arsthmetic or Jngmi! upeiativns while the Nag reghter indicaes specific’
corditinns fur 8 or 16:-bit vperationy such as indicating whethes or nat the resuly of an operatian is equal
o 7eta. Thr programmer selects the accumotator and flug pair that he m..h:s 19 wark with with a single
exchange insiruction su that lic may easily wock with either pair, .

N T atl



Gruvral Purpese Registers ., 1_‘ Lo e . “y

Thieae e two matched seis of gencral purpnse regisien, rach sel conlaining su E-bil registers that
tnay he used mdividually as §-bit registers or as ) b-bit regisier pairs By the programmer Gne seq is called
HC, T and HL while the complementary set is called BC*, DE” and HL'. ‘At any one time the prugrammer
van select either sél of repisiers 1o work with thepugh a single eachange command Tor the entire set. [n
systems where fasl inlerrupt response is 1equired, one set of genelal parpose regislers and an accumutatorf
flag regsicn may be seserved fur handling this very Tast ronitine. Only @ simple exchange commands need be
executed 1 go between the rounines. This greatly reduces interrupl service time by eliminaling the require.
menl Tor saving and Teliieving register eenlents in the external slack during inlerrupt or subroutine process-
ing. These general purpose f:g:sltrs are used [or 3 wide range of applications by the programmer, They also
smplily programming, ::p:c:zﬂy in ROM based systems where iillle exiernal rrad;’wnle memory 1y

availabie.
L]

2.2 ARITHMETIC & LOGIC UNIT LALLY

-3

The 8-bit arithmeiic and logical instructions of the CPU are execuled in the ALY Internally the ALU
communicates with the registers arid the exterpal data bus on lhe imernal duia bus. The type of funciions

performed by the ALU include: —_—
Add Lefi o¢ righl :hrﬁs of rotates I{mlhmeln: and Jogical)
Sublragt * Increment o
Logical AND Decrement . ! ) -
Logical OR ) Sel bt 0 , , T
Logical Exclusive OR Resel bit b

Compare T Test bit .

L

2.3 INSTRUCTION REGISTER AND CPU CONTROL

As each instruction is feiched from meamory, it is placed in the instruction regisier and decoded. The
controal sections perfoms this lunction and then generates and supplies all of 1he control tignaly necessary
o read or write dava ltom or 10 the regiersconirol '.h: ALU and provide al) required exiernal contrgl

signals.

-
o -
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1.0 Z2-80 GPU PIN DESCRIPTION

The Z.80 CPU is packaged in anindisiey slandard 40 pin Bua! In—_l.,im_:ﬁ:;lhgr. The 10 pins are shown

m figure 30-1 and the funcrinn of cach is dercribed below,
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2-80 PIN CONFIGURATION v
FIGURE 3.0-1

Tri-stale wuipul, active high. A A ¢ consthituie 2 | G-bit address bug, The
adcaeas bus pravides the addiess for memoery (up to 64K byles) dais
exchanges znd for 10 device data exchanges. 110 adidressing uses the 8 lower
address bils 1o allow the user 1o directly seiect up 10 256 input ur 256 cutpul
poris. Ag s the Jeast signilicant address bit, During refresh time 1he lower

T hits contain a valid relresh zddress, .

Tri stwte wputfourput, active high. Dg-Dy consinule an §-bit bidirectona
dst3 bus. The data bus is used for data exchanges with memory and JfQ
devices,

Oulpi, active Im-.h_n indizaies that the current moechine gvehe is the O
code fetcl cycle of wn inytruction execution, Nole that duning esecution
of 2-byre op-codes, M) 18 generated us each op cude byie is fetched These
w0 byie op-codes alwayi begin with CBH, DDH, EDH or EDH. T also
cocurs with JORQ w0 indicate an interrupt schnowledge cvcie.

Tri-state owip, aciive low. The memary reguest signal indicates thar the
address bus holds 2 vabd addiz<s for 3 memory read or MEMan wrile
OpCTation.,



10RD

Elaput ! Dutpnn Reyuest)

RD
(Memory Read)

WwE
{(Memary Write}

RF5H
(Refresh)

HALT
[Hair s1are}

WAILT
(Wait]

INT
{Inerrupt Requent)

% §
{(™on Maskablz
Inseriupl|

data 1o be stored in the addressed memony or 0 device, o1

Trestaie oulput wctive low, The KRG signal indicates thay the lower hall of
1he address bus holds o valid L0 addess Tor a 1O read o1 write operation. An
HOR{) aignal is also generated with ap MI signal when an interrupt is being
acknowledged 1o indicate 1hat an interrupt response veclor can be placed on
the d21a bus Interrapl Atkrowledge operations ovcur dunng M, tme while
110 operations nevet Dccur dur mg\! ume

Tri-staie outpul, aclive low, RDindicates that the CPU wants 1o read data
from memory or an /G device. The addressed IfO device or memory should
wse this signal 1o gate dala onto the CPU data bus,

= A _
Tri-slate cutput, sctive low. WH indicates thal the CPU data bus holds vatid

3

Cuiput, active Jow, RESH indicaves that the lower T buts of the address
bus contajn a relresh address for dy namic memories 2nd the curreny MREQ
siynal should be used 1o do 4 refresn read 10 a1l dynarnic memaories.

c
.‘I-|

Qutput, sctve low. HALT indicates that the CPU has eecuted 2 HALT softs
whre insiruciion and is awailing either 3 non maskabic or 3 maskable infer-”
supt (with the mask enabled) belore operation can resume, While halied, the
CPU executes NOP°s 1o mainion memaory tefresh aclivity,

Input, active low, WAIT indicares 10 the 2-80 CPU that the sddressed
memory of 1[0 devicey are nol ready for a dala 1ransfewt The CPU sontinues
o #mer wail states for as long as this signal is actve. This signal allows
memory or 10 dewvices of any speed 1o be synchronwed 10 the CPUL

Input, active low. The Interrupt Request sigrai is grnerated by 1/G devices. A
teguest will be honored at the end of the current instruction if the internal
suftw are vontrolled interrupt enable Nip-Nep (1FF) s enabled and if the
BUSRG signzl is not active, When the CPU sccepts the interrupl, an achnowl-
edge sipnal (IORQ dunng My fime) s seni out 21 the begimning of the pext
instinction cycle, The CPU can respord (o an inderrupt in three different
modes that are described in detdil in sechon 5.4 (CFL Control Insinsetions).

I

Inpul, negalive edge iriut:td The nun mashable intectupt request line has &
higher priority than INT and is always recognized 3t tle end of the current
instruction, independent of the status of the interrupt enable Nip-flop. WMl
autpmaiically Torces the Z-50 CPLJ ro restart 10 Tocatiun 00661 The program
condnler s guromatically saved in e exlernal stagk so that the user can relum
1o the program that was inte/rupled, MNote that contunwous WAIT cyveles can
prevent the current instruction {rom ending, and that 2 BUSRED wili averride
a nMI.



RESET

BUSRQ
(Bus Request)

BUSAK
{Bus Acknowledge)

LY

Inpul, active luw. RESET farces 1he program counter lo zero and initializes
the CPLY. The CPLY initialization includes: .

1) Diszble the interrupt enable flip-Nop
2) Se1 Register | = Oy,

3} Sey Regitler B = 00y

4} Set laresrupl Mode O

During resel Lime, the address bus and data bus §o to a high impedance state
and att control outpul signals go 1o the inactive siate.

-
+

1 +* .

Input, active low, The bus request signal is used 10 request the CPL address
bus, data bus and 1ri-stale ouiput contral signals to go o &high impednee |
state so that other devices can conlrol these buses, When BUSRO is activated.,
the CPU wll s¢1 these buses 1o 2 high impedance state as soon as the current

CPU machine cycle is terminated. -

Cutpul, aclive low, Bus acknowledge is used 1o indicate 10 (he reduesiing
device that the CPU address bus, data bus and 1ristate canrol bus signals
have been set ta their high impedance state and the extzmal device can now
control these signals, -

Single phase TTL ieve! clock which reguires enly a 330 ohm pall-up reststor
e +5 volis Lo meel all clock requirements, -

LY -t

M

10



4.0 CPU TIMING - : ' o

The Z-80 CiUY £ xecutes inslruclivns by stepping through a very precise ser of @ few basic operations.
These include: .
Memory read or write _ R

1O device read o wrile

Intertupl ackngwledge

All instruciions are mc:el)«" # series of these bagic operalions. Fach of these basic operalions can take from
three 10 six clock perinds (o complete or they can be lengihened 1o synehranize the CPU to the spred of
exiernal devices. The basic chock perwds are referred 1o 35 T cycles and the basic operations are referred 1o |
#s M [for machine) cycles. Figure 4,0-0 Mustrateshow a 1ypcal instruction will be merely z series of
specific M and T cwvcles. Notice thai this inslruction conists of three machine eycles (M1, M2 and M3), The
first machine cycle of any inslruclion 13 a fe1ch cyele which is four, five of six T cyeles Iong (unless lenglh-
ened by 1he wail signal which will be fully described in the next section). The ferch cycle (M1) is used to
f#tch the OP code of the next insiruction 10 be executed, Subiequent machine eycles move daa between
the CPU end memory or |jQ devices and they may have apywhese f1om three 10 five T cycles {again they
ray be lengthened by wait slales (o synchianize the ¢xternal devices 1o the CPU), The following para-
graphs describe the tisning which occurs within any of the basic machune Cycles. Tn section 7, the exact
1uming for each instruction is specified.

Maghine Gy

Ll - w7 | L
1OF Cintha Farih| {Memary Forrd] [Mernary Wrrbel

TRpiret tages O ppgr

-
BASIC CPU TIMING EXAMPLE p
FIGURE 4.0-0

Al CPU timing can be broken down mioa few very simple timing diagrams 23 shown in figure 4 31
theouph 5 0-7. These diagiams show the following batic operations with and withoul wail siates (wait slales
are added 1o synchronire the CPU o slow memory of 1f0 devices).

403, Instruction QP cudclﬁ-lch (M1 eycle}

02, Memury danziead or wrile cyclies

4.0.3. O read o write cycles

404, Hus RequestfAthnowledge Cyele

4.0-5.  TInterrupl Request/acknowledge Cycle

406, Nun miskable Interupt Requestfdcknowtedge {'yclr
4.0-7.  Ewa from s HALT instruction | o ' ..
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INSTRUCTION FETCH

Figwe 4 01 shgws the fiming doring an M1 cyle (OF cude feich). Nonce thal the PC is placed on the
address bus at the beginning of 1the M1 cycle. One hafl elock fime laler the MREQ 5 % wes active . AL this
time ihe 4ddiesy 1o the memory has had time 10 slabilize 50 that the falling edge of F% can be used
directly a5 2 cliip enable clock to dynamic memories The KD line alio goes active to indicate that the
memory read daty should be engbled onrohe CFU data bus, The CFU samples the data from the memory on
the dita bus with the ining edge of the clock of stale T3 and this seme edge s used by the CPU to ten off
the B and MREQ siznals. Thus the data has already been sampled by the CPU before the RDD signal becomes
wnaciive, Clock state T2 und T4 of a feich eycle are used 10 refiesh dynamic mematies. (The CPU uses this
time to Jecude and execule the feiched jnsiruciion sa 1hat no nther operation could be performed a1 thit
time). Dunng T2 and T4 the bower 7 bits of the address bus contain a memory refiesh 2ddress and the RFSH
signal becomes actyve 10 jndicsle that a relresh read of all dynamic mermories should be actomplished. Notice
that a RD signal is not generated during refresh fime 1o prevent data Mom different memory segments from
being gated omo the dats bus, The MEEQ signal dunng refresh 1ime should be used 1o perform a refresh read
of all memory elements, The refresh sigral can not be used by itself since the refresh addrews is only guaran-
teed 10 he stabie during MREL 1ime.
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INSTRUCTION QP CODE FETCH
FIGURE 4.1
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Figute 4.0-1 A illusirates haw the fetch cycle is delayed if the memory sctivales the WAIT line, Dur-
ing T2 and every subsquent Tw, the CPL samples the WAIT line with the (alling edge of &. If the WAIT

fine is active af this trme, anuther wait state will be entered during the Tollowing cycle. Using this l.:chmque
the read cycle can be Icngth:ned i malch the access Lime of any type of menory device, - -
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INSTRUCTION OP CODE FETOH WITH WALT STATES

MEMORY READ OR WRITE

Figure 4.0-2 tllusteaces the Liming of femary read ur write cycles ather than an QP code Tewch {M?
ryete). Theye cycles are generally three dock perinds long unless wait s1aies are requesied by the memury
via the WAIT signaf, The MREQ signal and Lhe BB srenad are used the same a5 in the feteh cycle. In the cise

FIGUAE 4.0-14

o @ memory write cycle, the MREQ also becomes acuive when the address hus i siable so 1hat it can be
used direcily as a chip enable for dynamic memones. The WR line is active when data on 1he data bus is
siable so ihat it can be used divectly as 2 R/W pulse 10 viriually any (ype of semiconducior memory.

Furthermare the WR signal goes inactive ane half T stale hefore the address and data bus gonients are

changed 50 that the overlap requirements for vinl
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Figure 4 0-2A illusteales how a WAIT request signal will tengthen any memory read or write opera-
tinf, This uperation i identcal to that previcusly described for a fetch cyele. Notice in this figure that a
sepatate read and a sepatate wnie cycle are shown in the ame figure I.llhu'u#l read and write cydies czn
newet GOoUT Simidia ousky.

s
r

T I Ty I N |
A - &1B )i 1 MEMI RY ADDN i J i :
WIREG 1 I ]_ I _ﬁ
a6 "'_"""—1 I _i I I _— *EAD
E I | * o fowELe
UaATA AYS L - | —
10§~ O} J ) . - ‘ L
wR ] '] v ’ [ }wm‘rf
! C¥CLE
i CaATa HuUl ) - ———
I

OaTa Burg
oG- g7 1 | — -
war —Jj—-———;n f“ﬁ SR U A SRS R RO S

—— —— e — ———

| j ] I | o

MEMCRY READ OR WRITE CYCLESWITH WAIT STATES
FIGURE 4.0-24 ; !

o

v

INPFUT OR QUTPUT CYCLES .

Figure 4.0-3 illustrates an LfO read or IO wrile operation. Notice that during 110 operations a single
wiil 51ate is aulomaticaily inseried, The reason for this is that during 1/0 operationy, the time from when
the I1QRQ signal gres active unuil the CPU must sample the WAIT line 13 very short and without this exira
slate sulGoent Ume does not enist Tor apn IFD pon to decode its address and qclivate the WAIT line if a wait
is required. Also, without this wait state 1t s difficul wo design MOS /O dewices that cdn operate at full
CPU spred. During this wail state lime the WAIT request signal is sampled, Dyting 3 read [ operalion,
the RO line is used fo enabile the addiessed port unto the data bus justasin the case of a memory read. For
1D write aperations, the WR Tins is used asa clock lo the /0 part, again with sufficient overap timing
automancally provided so that the rising £dge may be uied a5 2 data clock. .

Figure 4.0-3A ilustrales how additional wait states may be added with the WAIT line. The operation
is wentical 10 thal previnusly described. .

BUS REQUEST{AT KSOWLEDGE CYCLE

Figure 4.04 lustrates the tming far a Bus Request/Acknowledge cycle. The BUERQ 1 it
sunpled by the CPU with the rising cdge of the last clock peried of any machine cycle. If :M‘EIUSR'U
stgnal 15 active, the CPU will sei 1is address, dara and tri-state controf sipnals 10 the high impedance state
wilh 1he rising edge of the neat clock pulsc. At thal tirne any esfemnal device can conoral the buses 10
iransfer data betwesn memory and Tf0 devices. {This is generally hpown as Dyrect Memory Access [DMA]
using cycle steabing). The maximurn tire for the CPU to respund to @ bus request is the length of a machine
eycle and the exte mal controller can manlain control of the bus for 25 many clock cvcles as is desired,
Node, however, that if very lung DM A cycles are ysed, and dynamic memories are being vied, the external
conlrelier must also perform the relresh function, This suuation only occurs iF very large blocks of data are
transferred under DM A cunlrol Allo note 1hat dur inga bus request cycle, Lhe ('?U cannot be mie:ruptr.:d
by either a WA ot an INT signal
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BUS REQUEST/ACKNOWLEDGE CYCLE
" FIGURE 4.0-4

INTERRUPT REQUEST/ACKMNOWLEDGE CYCLE

Figure 4.0-% fllustrules the Linnpg associated with aninteirupt cycle, The interrupt signal (INT) s
sanpled by the CPU with the mang cdge of the last clock a1 the end of any instruction, The signad will nal be
accepted if the wternal CPL saftw are controlled inierrupt enaple fip-ftop s ot set or if the BUSRQ signal
iy aciive, When tha signal is acceprad pospecial M1 cyele is pensrared. During this special M) eyvoie the |
signal hecomes setive {insiead of the nomal MR Ed] 1o wrdicate thal the interrupting device can place an .
B-bit vecior on the data bus Notice that two wail states are automatically added 10 this cycie. These stales ~ ™
are added so that a ripple privnty interrupt scheine cun be easity implemented. The 1wo wait States allow
sulficient time {or Lhe ripple signels 1o stabilize and identify which IfQ device must inient the rsponse
veclor, Refer 10 section 8.0 for details on how the inteupt response vector i uiitized by the CPUL
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Fipuies 4 0-54 snd 4.0-5B illusirate how a prograsumable eounter can he used (o exiend interrupt
acknowled pe e, (Cunfipored as shown 1o add one wail stale)
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NON MASKABLE INTERRUPT RESPONSE .

Figuze 4 00 Ulusirates the reqiestfocknow iedge cycle Tor the pon imaskable interrupt. This signal is
satnpled at the sarme tiene a8 e inledospl Tinge, bug (his Ting has pricrily aver the nomal interrupt and i can
ueil be disabled under soltw wi¢ contral, s usuad funclivn is to provide immedisie response o impurtant
aphalsosnch avan papending power filure, The CPU respunse 10 2 non maskabie inlersupt is similar to a
nunnslinemory read operation. The enly difference bewng thas the content of the dala bus is ignored while
e prucesser aulomalically stures the IC in e external siagk and jumps 10 lncation 0066, The service
rulitine for the non maskable imerupi must begin gt this Jocation if this intereupt is used.

HaLT EXIT

Whenever 3 software halt instroction is exceuted the UPU begins executing MOP's until an interrupl i
received (gither a non mash ahie or a maghable mierrupt while the interrupt flip flop is enabled}. The twa,
interrupt lines are sampled w nih the rising clock edge during each T4 $tate as shown in Tigure 4.G-2. 1f 2 nom
miashable imterrupt has been ieceived ot u mashable interrupt has been received and the inlerrupt enable
fip- Mg is se, then 1the balt state wall be exited on the nexs tising clock edge. The foliowing cvele will then
be un inlerrupt acknowiedee cyele correspunding 1o the type of interrupt that was received, 1 hoth are
received al this 1ime, tied the non maskable one witl be achnowledged since it Las tughest priotity. The
purpose af ¢ xecyling WOP insiructions while in the hall state 15 10 heep the memorny refiesh signals active. -
Each cycle in the halt stale is & nunnzl M1 (felch) cycle except thar the data received from the memory is
ignired and a NOP insicuction is forced indernally (o the CPU The hnh acknuw]:dge signal is active Juong

this 1ime (o indicate that the processor isin Ihe hnl! sinte.” T .
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50 Z2.80 CPLil INSTRUCTION SET

The LED CPU can cxecure 158 different instruction 1ypes including all 78 of the BDSGA l'."Pu
The instructions can be broken down ima the following major growps:

4

» Laad and B.change .

& Block Transler and Search . -
Arithmetic and Logical

Rofale and Shifi

Bt Manipulalion {se1, resel, test)
Jump, Call and Returen

Inpuif Oulput

Basic CPU Cantral

8 4 & B # a

\
5.1 INTRODUCTION TO INSTRUCTION TYPES . i !
The Yoad instructions move data imernally hetween CPU registers or belween CPLU regisrers and exier-
nal memary, All of these instructions must specify a source location from which the data » 1o be moved .
and 2 destinaticon location, The source location is nol altered by a losd instruction. Exam fes of
load groep instructions include moves between any of the peneral purpose regisiers such s move the dzia
1o Register B fium Resier €. This group abso includes Joad immediate 1o any CPU register ar 1a any
external memary location, Other types of [ad insirwctions sllow transfer between CPU rcpslcrsand
memory locations, The exchanpe instructions can irade the contenis of bwo registers.

A unigue set of block iramsfer instructions 15 provided in the 2-8G. With 3 singlz instructiona
black of memary of any size can be moved 10 any cther location in memary. This set of hlock movey
5 exlremety valuable whenlarge sirings of data must be processed. The 2-80 bloch search instructions
are also valugble for this type of processing. With a single instruction, & block of external mamory
of any desired length can be searched for any 8-bit churacier. Once the character is found of the end uf the
block is reached, the instruction automatically terminates, Both the Block trausfer and the block search -
wIsTriections can be interrupted during their execulian @ 15 16 nal occupy the CPU farlong periods of time,

The anthmetic and fogical insiructions operale on dala stored in the sceumulaior and other
general purpose CPU registers or externzt memary locations. The resulis of the nperavions are placed
in the accumulator and Lhe appropriaie Hags are set according 1o the result of e opeiations An
exarmple ol ap arithmetie operation is adding the accumulater to the conlents of an external memony
lozation The fesulls of the addition are placed i the accumplator, This group also includes 1650
addiion and subtraction between 16-hil CPU registers.

The rotale and shilt groug sfows aay register or any memory localion to be ratated right or Jefi
with or withoul carry eilher arishmetic orlogical. Alss, a digit in the agcumulator can be rotaied right
or feft with two digits in any memory location.

The kit mantpulation insiruclions altow any bat in the accurnularor, amy general pur poss re gislet
of any exteinal memory location to be sel, resat or 1esled witly a single ynsiruction. For example,
the most significam bit of regisies H can be reset, Thivgroup is especially uselul {n conlirol applications
and for coniralling soflware flags in genetal purpese programming.

The jump, call and return instruetions are used 1o [ransfer b cen varivem ikatiuns in the user's
program, This groug uses seversl different 18ciniques fur ehiaming the new progium counter address
rom specilic external memary localions, A unigue tepe of cali ts thie restant msirucion This instruclion
actualiy conleins (he new address asa part of the 8-bii OP ende. Thu is possitile since vily 8 separate
addresses located in page zeroaf 1lee exlernal memory may he specified, Progron jJumps may also
be achizved hy]ﬂ.rr_flng tegnter HL, IX or 1Y divcitly inlo the PC, 1l allewing ihe jiunp Addru; o

be a3 complas Muration of the redline heing eaccuied. .

' L]
’ n



The inpriloutpiel gronp of wstne o inhe A-500gHow for o wode range of tranyfers beiween ~
external memory Jucalions or the geporral purpose CFW regiviens, s.d the exiernal 11O devices. In,
gach case, (he pord number is providoed on the Tuwer & bits of the address bus Jucing any Jf0 .
ransaciian, Qe irstigction 2llows this part mpber 10 he specified by ilie s2cond byle of the instruclion
while other Z-50 msirnctions allow it o be spevified asthe conentof the C register. One omjor ad-
vanta s of using e 7 register oi & pointer to the O devacs is shat i atlows dafTerent 1O ports 10
share Conmon ssfiwaie dower roulines, [his is not possible wien thie addrecs is pani of 1he OGP ende »
i the sontpees ace stered 10 ROM Asedler featine of thes napul instructions s that they sa1 the
g repiter antomanically so that additianal opcrations are 0y requiied 19 deiermine the sate of
the inpot dota Cfor exindiple its parbty). The Z-50 CPL imcludes single 10struciions thal can mxave
blocks of dara {up 1o 250 byies) zunmanically to ot Mo any 110 port directly 10 any memory Jogation
In comuacticn « ih 1he dual sei ol general parpose repistens, these insltuclions pravide for §ast
L0 block rransfer sates, Tie value of this PO insyuctinn sel i demonstraied by the Tact that the
ZRQOPU zap provide all vequired Noppy disk FTormatting {i.e,, 1he CPU provides the preamble, address,
data and enghles the CRC codest on double density Aoppy disk drives on an intearupl driven basis.

Finally. the bavic CPU costro] inslrnchions allow +arious options 3pd modes. This group includes
instrugtivng sach as Seling or reseliing the intereupt enable flip flop or seliing the mode of interrupt
TEETIINEE.

52 ADDRESSING MODES : .

Mont of 1he A-B0 inslrag1ions operate on ¢ats stoaed unnternal CPU Tegusters, extlernal memory
ol il 10 ponts Addressing refess 19 how the address ol this data s generated in each ingiruction
This sectinn mves a biief summaty of the types 0f adda e ung wsed in the Z-50 while siubgequent seclions R

detail the i pe of addressing available fur cach inatrugrion group, g -
. . IR
Immediote,  bothus mode of addiessing the byte fotlow ing the OF cnde jn memary cuﬁuins 1he

avinal operand,
- L

A1k ¥

ok
O Cinde } vng of 2hyles .

Uperand - PR
dy “dy

FRET

Eaznapdes ol s tyje of ipstiacliun would Be 1o laad the accumulator wilth o constant, where the constant
ik by le tmasediately following e OF code,

v ’

Unmediste Extended.  This mode is merely an extension of homediate addiessing in thal the two
bytes inlliwipg the OF codes are the gperand.

' -:'j_r’ 1
OP wede 1 ongor 2 hyles .
- . T e
Operand | low wider - ce U
A T

f Opesand h:g.h urdes . P.ore .

Pvanephes od Al v pe o s tioe vionr sl g Do bond e HL register pait {16-Miregsled with, o i\j;
16 bies (2 by vesyof dara,
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Mendified Page Zero Addressing, The £-80 hus a special singie byte CALL instrutiion to any of 3 locations
ik page ze10 of memory, This imstrection (which is referred 1o as » tostart) sets the PC 0 an effociive
2ddiess in page 2er0. The value of this instruclion 15 1hat 1 gBows 2 single byic 1o specify a complele
i 8-bil address where commaniy caileq subroutines are located, thus Wwang memory tpace. ’

\ B .

OP Code | one byle
by b

® Effective address is (b5 by by 000),

+

Relstive Addressing.  Relative oddsessing uses one byie of data following the OF vode 10 speciiy a
displacenenl from the exigling pregram 1o which @ program jump can aceur. This displacement i
2 signed tww's eounplement number that is added 1o the addiess of the OF code of the following instruction.

OF Code Jump relative (one byt OP coude)
Opetand E-bin two™s complement displacemient added to Address [A+2)

The value of relative addressing is Vst ) allews jumpy o nearby Jocations while only tequiring two

byles of menwiry spece. Foi most programs, relative jumps are by far the most prevaient 1ype of

juitp due 10 the proximity of related program sepmients. Thus, 1hese instrutlions can significantly
reduce memory space requiremenis. The signed displacerenl cun range between + 127 and -] 28

from A + 2. This alows lor 2 towal displacement of +122 10 <124 from the jump relative OP code address
[Anmber mapor advantage 1s that o allows for relocatable code.

Extended Addressing.  Dxrended Addressing provides lfar 1wo bytes {1 6 bits) of address (o be inciudeg
in the instruction, This data can be an sddress 1o which a program ¢an jump or it can be an afldres,
wlhere an aperand is located. .

0P Code B }unt ar {wo bytes .
Low Order Address or Low arder operand - ’
High Ctder Addrers ar high order r::peralﬁ ’

Extended addiessing is required Tar 2 program to jump from any location 1n memoey 1o eny ather location,
of load and store data in any memory earion,

When extended uddtessing is =sed 10 specily the source or destinatyn address af zn operand,
the naration (nn) will be used ta ndicate thecuntent of memary #0an, wherg anis the 16-bin address
specified inthe instiuclion. This ineans that the 1wo bytes of addiess on e ured o 2 pointer to a memory
location. The use of the parentheses always means thal the valoe cnclosed within them is used as 2 .
pointer Lo a inemory lucation. For example, {1200] refers 1o the conlents of memary at Jocation 1200, R

Indexed .—tdd.rmiﬁg, In ihus 1y pe of a;id:-:ssing, Lhe b:."lc of data following the OF cade contaims
a displacement wlich s added w one of the twu indr-x segisters (The O code specifes which index
togister is used) 10 forin o pointer {a memary, The conlmn. of the inde: regisler are not aliered by this
DPLTHIII.'IZI'I

"

| opcode . o
twa byle OF code oW -

OF Cnde

Pasplacemient 1 - Chpernind added 1o Jndey regiues 13 feom a poinien 10 memey,

+

+



Anample of anoindeed dastruction waild he 1o laad the vontenty of (the imeswry Tacatinn
Uindes Repntes o Dhsplacement § into the acvemuiato, The displacenient isa sipped two's complenent
nuinker, Tndexed addiessing preatly simiplifies propiaas wang taliles of deta since the inden regisier
<an puing 1o the sant of any 1able.- Two indea registery are provided since very oflen vpeiations 1equie
vs e ar mure tables, Indesed addeessing also allows for relvcatuble code.

Mhe twg indes regisiers in the £-50 are :ercrn:d IoastX and 1Y. To indicate ind2wed addreing the
n{l'l.dlli‘l'l

- (IX+d) or (IY+d)

v

is used. Here d o 1he displacement speaificd afler the OP code. The parentheses indicate that this
value is uved 3% 2 poInter 10 calernal rnemaory.

Register Addrewing, Muny af the 250 QP codes contain bits of inforimation that specily whick
CPU pegisier is 1o be Lsed for an optratien, Anexample of 1egivier addressing would be 1o load the
dara i regisier Bonto regusier C.

Tinplied Addressing. tinplied addiessing 1efe1y 1o opetations where the OF code aviomalically
musplies ane or more CPL cegisiers as contyining the eperands. An example is 1he sei of arithmetic
vperatons where Lhe accumulator is alw ays implied 1o be the destinalign of the resuts.

Register Indirect Addressing.  This type of addresiing specifies a 16bit CPU register pair (such as HL)
to he used 25 a puntet 1 an location i memory. This 1ype of ingdruction 5 very powerful and
Wi used i wide range of applications.

. [
I OP Cade }un: or two bytes

An sxample of Uiis Ly pe of instruction woild be 10 Ioad the accumulatar with the data in the memery
location pojpred to by 1he HL repister contants. Indexed addresting ivaciually a form of register indizect
addressing excepl ibat a displacement 15 added with indexed addressing  Register indirect addressing
alldvws Tor very Powerful bul simple 1o implement memory ackrases. The bloch move and séarch commands
in the Z.B0 are estensons ol this type of addressing where aubomatic regisi 81 incrementing, decremeniing
and compazing has heen added. The nonation for indiculing registes indirec! addressing 15 10 pn
pareatheses aaund the name of the regises Lhat is to be lined a5 the poimer. For ¢xample, the symbol

.

L

(HL)

spei i faes that the conlents of 1le HL regrster are 1o be ised #5 3 pointer 1o @ memuey location, Often
register imfiredt addresing 13 wsed 10 specily 1&bav operands, o this case, the repruer contents’

peanh 10 fhe Tower onder purtion of the operand whale the regisier conlents are aulomaricatly lncrtmtnlcd
10 chigia Lhe upper portion of the upeand. I

Bit Addrewing.  The Z-EQ conlaing a Jarge number of bt set, resel and (st instructions Thew
instrctions allow any memery bocatian or CPU register 1o be specified for 2 51 operatlan Lhrourgh *

une of thige previvus addiessing modes (regist er, rewisler indigect and indexed) while |h|¢¢ bits in the ;‘]P
ende specify which of the eighi bits is 1o be manipulated, . .

. Fa g

ADDRESSING MODE COMBINATIONS

Mars insteustions include mosd tian one operand {such as arivhmetic insbioctions or loads) In
s coaed taw 132 of wdibre-ang ncey he cmploy ad. For evample, load con use imrnedizie aldressing
Ly spwcaly e wieTey and reginied ndiregy e il eved wildress! o b specily The destinaton,

22



5.3 INSTRUCTION GP CODES .

Tl section dos ober cach of 1he 7-80 sl 1ais and provides 1ables Jiling e OF codes for cvery
insbauetion, Inoeach af theee 1ables the OF eodes in shaded sreas are idenncal to those ulfered in 1he RORDA
CPU. Also shown is the asscinbly larpuage mnemoaic thad s vsed Tor each instruztion. All inslruciion OP
codes are listed in heaadecimal pevation. Single byiz OP zodes require 1we Hex characiery while double
hvie OF codes require four hex vharaciers, The cumer'imn I'rurn hex 1a binary o repeated here fur
Rl Arence,

Hev Bivary Decimat Hey Binary Decimal

0 = L0 = O 8 = 1000 = & ,

| = col % ! 4 = loa] = g

] = pala = 2 A " 1810 .=+ id

a = tarr = 3 B = 101] = 13

i = Qw o= 4 C €= - 1100 3,

$§ =, 01,1 = S oo 1181 = 13

6 +* D0 = & E = 1110 = I4 )
AR T ) ) I B . F = nir = 1§

Z-50 instruciion mnemonics consist of an OF code and tero, one o1 two operands, Inglrucnons in
which the uperand js inplied have no operand. Tnstructions which have on'y gne bopizal uperand or those 1
witich one opetand i mvariant (sich as the Logical OR wstruetion) are iepresented by 3 une vperand
muentenic, Instruciiens which may have two varying operands are requesented by two opeiand mnemonics.

LOAD AND EXCHANGE

Tahle 5.3-1 defines the OP code for al) of the 8-bil lnad instructions implemented in the Z 50 CPU.
Alsa vhown in this table 5 the 1ype of addressing used for each iastruction, The source of the data is Tound
un the top horizontal row while 1he destination is specified by ihe left hard colamn, For example,. load
register € froim regaster B uses the OF code 48H. In ali of 1he tables the OP code is specilied i hexadecimal
notation and the 28H (=0100 1000 binanv) code is ferched by the CPUF from the exicrny memary duning
M1 time, decoded and then the regster transier is aulomatically performed h)f;,lht CPU.

The assembly Manguage mnemanic Tor Lhis entire group s LD, folywed by the dosnnclion followed
by the seurce (LD DEST., SCURCE). Nate thal several combinariuns of addiesang modes are possible, For
caample, the source may wse regisier addressing and the destination may be register indirect: such as load
the memory location poinfed tp by register HL with the contents of register I, The OF code for this
operation would be 72, The mnemonic fon this boad instruction would e as {ollows:

LD (ML), D

The parentheses arnund the HL moans that the coniemts of HL a1¢ ueed ay o PUinICE LG a re iy I0catign.
In al] #-50 |oud instruclion mnemoics the destination is alw ay shisted firsk, with the souce Tullowing. The
Z-50 asscmbly larguage has been defined for case of programiming, E'rl."y Wstruetion is self dosume Atieg
and programs witten in Z-80 language are easy 10 malntain.

Nee o Tahde 5301 jhat seqne Ingd OF codes that are availuble in the 2-50 ke two hyees. Thisis an
efficient incthod of memary utilizatia snge B, 1A, 24 or 32 bat istrugtions are inydemented in the 2.80.
Thus olben uniized instrmchions such s 2nthmelic or logice! operatitns are vnly S-hirs which results in

benier monony unilization than is scineced with fived insrclion sizec such as 1 ebn, ) =
, 4 .

All load instructions using indexed addsessing [or either the woutze or d=stination Jocation N f-

actiialiy usz three bytes of memory with the thied byie heing the drsp.e‘-.mrnl d. Far :J-.ampic ¥ load R

regaxter Iowith the operand pmmrd 1 by I with an nfizer ol 48 would be writien: ' e

~ IDF X ¢ B} ' .



L] . 3, )
The st tiom wepnenee Tor thig in memary would be: R ' .
Address A [ DD '
UOP Codde
A*‘I ﬁl. " Fal -. .
A+ U s placement operand

The tw o entended addressing mapuetiong aie glso thiee buie mslru.ums Fu: cxample the msllunmn o
naad 1lie secumubaior wilh e operand in e mony lovation 6F32H would be writien:

T LD A, (bF 32H}
and its instrection sequence would be:

Addiess A AA | GP Code
A+ 32 1 low order addren

A+ | 6F | high order address

satice thay the low oader pirtion of the address is alwan s 1he fits operand.

The load imimediale Ipdragnens for the reaeral poipore ®bil leglstﬂure 1w b;. i¢ inshruciions. The
i ik b lowd register Howth vhe value 36H wonld be wrilien:

LI} H, 36H .
1d o oseguence wonld be: - -
Address A | 26| OP Code "
A+l 26| Operand :
[auding & memery Iocation using imdexed addressing for the denination and oimediaie addressing for the
snipce requires four by1es, For esgniple:
LI {I - 15), 203 1 u
wulld gppoar as! C. .
- -
Address A oD
OF Code
A<t | 36 .
A2 -FT IJ-.inE.'icl‘.‘lnl:‘l';l -15in _ . -
signed 1wo's complement) | . . . oy
A+3 1 operand to load '
wotice bhat with amsy i eved addressing the displacement afways follieas direcily alier the OP cude, ‘
Tabie 5.3.2 yprearfies the 16001 Toad operations. This tabie iy sery siosilar 1o the presious gne, Molice
that the evended addresaing copability covers ali repuzier pains, Also nmace thay iegister indirect uperations
wpecifving (he siah pulmrr wie the PLISIH and POP insiructians. The mnemwnic for these insiructions is
<P SH™ und PGP " These differ Trom mther 1600l loudy in thet the slack painier is avlomaticall decre.
e meed aind oot emted s vl e s posdied omto e popped T the staes pospestingla . For cvaaple —

the 1t et i
y

k



PLISH AF

is a wingle byie insi ruction with the OP code of FSH. When this insruction i o xecuted the following
sequence is generated: o

D:cremunt 52
LD (5F). A
Decremem 5P
LD ¢SP). F

‘Thus the external s1ack nuw appears as follows: . LT
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» . .
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The POP instsuction is the evact 1evene of a PUUSH . Notice that all PUSH and POP instructions uiidize a
th-bit operand and the high order byle s always pushied s and popped last, That isa: .

PUSH BC wWlUSHE Ihf:‘l C
PUSHDE nI'USH Dthen E .
PUSHHL s TUSTE N then L
POP HL #sPOP Lihen H

The instruction using ¢slended mmediate add ressing for the souree abvigusly requires 2 bytes ufdatl
following the OP code. For example:

LD DE, 0659H
will he: )

Address A i1 | OF Code

A+l | 59| Loworder vperand fuaegisler E

A+2 | 06 | High order operand 1o regsier D

In all extended inmediate or :ximded addressing modes, the low crder byie always appeans Nirst after the
OP code.

Tabde &,3.3 lists the 16-hil evchangs mistructions impiemented in the 2-60. 0P code 08H allows 1he
proghamenes (o switch between the twa pairs of sccumulaiar flag repisiess while D allows the pro-
gramme; 1o switch berw een the duplicate ser of sin general puipose reguters. Thess GF codes are only one
byta i lenglh to absalutely Miiniasze Lhe 1ime necessaly W petform the exchange s¢ that (he duplicate
banks cun be used to effect very last interrupt response times.

BLOCK TRANSFER AND SEARCH
Table 5.3-4 Lists the extremely powerful bipch umui:rmslructnﬂns All of these instructions operate
with three regsters. £ ,

HL ponnis to the aonrce Tavcslion.
DE paints toothe destination location. ; e
BC 15 a by ie equnier. t

Afver the progeammer hay inithalieed these three repisters. aay of these Toatr instrdiong may he used, The
LD (Load and tacement) instoection maves one byre fom the locatien painded 1o by HL 10 the location
poinied to by DE. Register pairs HL and DE aie then autematically incremented and ace ready 1o poinr o
the fulluwing lucations. The byle counier (iegister pair BC) s alse decremented a1 this time. This insirug-
tigin is valuahle when bincks of data must be moved hut other types of processing are required belween each
move, The LOIR {Load, incremend apd repeat) insiruclion is an exlension of the LD instrection. The wame
load and 1ncrement operavon is repeaied until the by 12 counter reschey 1he count of zero. Thus, Lhis vingle
inwructign van move any hlock ol data from one iocabion 1o any other,

mnze Thar tipce 1l reprtars are wd, 1he size of the bleck van be up 1o 63K byles (1K = 1814}
Tumg dnd it 2ao Be moned From any liwatien inmanoss toany oher location. Furthermaore the blocks can
he aterlapping since there ate shaulutely nn constraints on the data that is usediin the thiee register pairs.

The L1AY o192 LDDR instruciings are very suniar (e the LD and LEYR, The only diffe rence s 1hat
repintet ity L aod I3E are decianemad after every o coovha oo bloack fansfer starns from 1he higheat
.Mdrt'ss alhe desiengted Blow b nlier than i lowent. |
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REG.
MR

1HL)

ED “LEI — Lud §OK e 2 fHLE
Ay rw ML A DE_ Due 8C

ED LDIR" - {opd IGE} =— KL}
1) Irt M1 B CHE, Do BZ Fepest unys BT = O

R
DESTILATION I:{gl't 1DFI

] LOE » Liad 1GE b ==1HL]
AN C4e Hi & GE, Deg BE

0 AD0P" = Losd (OEI=+—tHL]
BE Cuec WL & OF, Qyc B, Hepaatunnl BC = 0 R

Reg HL . pomciag wpeoize
Aeg OF © ¢ Beenia 16 dritokton
Arg BI: 1 byte cQunmigs
t ELOCK TRANSFER GROLUP
TABLE 534

Tacle 5.5-5 specifies 1the OF codes far 1he four bliogk search instructions, The fiest, CP1 {compare and
increment) compares the data in the wacummulator, with the comients of the inemory lecalion pointed 1o by
register HL. The result of the compare 15 stored in ane of 1he Ttag bits (see sectinn 6.0 for a detailed expia-
pation af the fag operatiwons) and the HL regrster pair s \ienncreimented gud the byte I..I.]I.Jﬂt!l {regrster
pair BCY1s deunm:med i * "

The wmatrueunn CPIR 12 merely an exienzion of the CPlinstruclion in which the compare 15 repealed
untit enther 3 matek s found oc the byle connler {register paat BC) becumnes zero. Thus, this single instruc-
vioma van search 1he pneire memoey for any B-bit character.

The CPD (Compare and Decrement) and CPDR (Conpare, Deviement and Repeat)are similar
instruztiens, their only difference being that thew decrement HL after every compare so that they search
the memory in the upposite directon, { The scarch is slarted 31 the highest Lcalion 1n the memary black),

*
It should be emphasized aguin that these bleck trunsfer andeompare instenctions are extremely
puwerfnl m stng manipadaten applicatians,

ARITHMETIC AXD LOGICAL .

Table 5.2-6 Lists all of the H-bn3 arithmetic operations that can be pecfonimed with the accumulaier,
alse Heted are the increment (INCY and decremens (DEC) instructions. 1o all ol these instinctions., except
INE g DEC, the specifizd §.bit operation is performed between the dua in 1he secumlalos and the
saaurer data specified in the table, The resulr of the opaation is placed in the aconmalator with the excep-
tion of compare (UP) 1hat teaves the accumulaior unaifecied. All of these nperations alfect the flag
regisies as 4 result of the specified operato, (Section 6.0 provides a1l of (he devaily an hiew the Mags are
afTected by any tnstruction rype ). INC ond DEC mtiructions specify s regster ar 8 memory location as
both source and destination ¢f the reznlr, When the sawiee uperand is addrested usimg Lhe index regivien
the displacernent must Falivw directly, With immediale addrcsslng the actual vperand wiil follow directly,
Fur exvample the imiruciion:

ANDOTH g i

L]
would 1ppear as: § i "
Address A | Eo | OF Code e

At Ud g Operand

28
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- SEARCH
_ LOCATION
REG, )
, N - INDIR .,
[ L . + -
{HL] .
3 o N .
Al b HL Do B0
\ L1 LFIA, I ML, Tiec BC l :
] Al “eageat wmid BE ~ & or fond maach R
EQ -
s "CFD° Bec HL K BE ' ! *
Ep CPLAT Dt HL & B ) .
k“ Ragedl until BC = 0 oo Jvnad maich
HL pokii 10 hocatsin v Frsmoey .
o e COMPared serih ool st
cantanl

BE Iy byt tepnter

BLOCK SEARCH GROUP
TABLE 5-3—_5

-

* S

Assuining thal the aceumulator conldined the value F3H the result of 03H would be placed in the
ac¢umulator:

Ace before operation 11811 00]1 = FiH
{Operand ' LOOQax11 = 07TH
Hesult ter Ace O0Ga 50l = 03H

The Add wstruction (ADD]) peefurms & binary add berween (he data in the wuree location and the

dara in the sccumalator. The subiract (SUB) does 2 binary subtractian. When the add with carry js specifled
{ADC) or the sublrag! with carry (SBC), 1hen'the carry flag is also added ur subtracied respectively. The
flags and decirnal adjust instruction (DAA) in the Z-80 (fully described in section §.0) sllow anthmetic

operahons for: . _

T

multiprecision poghed BCD numbers .
,,r-ﬂ&
. multiprecisivn sipued or nnsigned Binary numbers

multiprecision Iwo's complement signed numbers
Ghlier mﬂrucl'lun; Iy Whis growgs are Jogicat and (AND), hogice] ar (OR ), oveliesne ar (XOR ) and compure (CP)

Tiucre wie five goneral purpose anntnnelic nstiuglions that operale v the accumulator or carry flag,
These five are listed in 1able 5.3.7, The decimat adjust astruction can ad)wig fur sublraction as well as add-
sion, 1hus mating BOD anthmene operations simple. Note 1t to gbow Tor 1his operation the Aag N is uwd
This Tag is see i tlie Lot aritheaelic opergtion was a subiract, The negate sccnulator (SEG) insiroction
formn the Lwo®s compietaent of the rnnber in the acombadatan, Froall snotiov 1hat 2 reser carny inslrucinn
wonat nchided in e A0 since this operation can bz 2asiby aghuesd Miesugh other wstruetiog susl: 31 2
ivgical AND uf e accumulator with el

-

+

© Tabie 5.3-5 hers all of the J6-bat anithmetic operaliths belwetn '&-bit regisiers There are {ive proups

“ul anstewtrons fucluding add with carty and subrraer watls carry, AP and SBC aifect all of 1l Nags Thew

Ewie g ronades sonnplify el gy vl e lading vperatiears seovther 1o kit widlwielic wperations .
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Mr e Ao, WEL® ED
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Cuwmpleneat Carey Flag, CCF' b (3
Sen Caory Flag, SCF' E7d
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GENERAL PFURPDSE AF OFERATIONS
, TABLE 5237

SOLACE
REG.
RMEGISTIA RODAESY NG NEIR INDOFRED  [tWBAE
A 1 c 1] E H [ fhl) [ =) | 21y ) ]
[ 1 oo D
-ADD w7 L] [ }]  ry B3 M L] M 3 BE L=
: ] d ]
L1 FDr .
ADDw CARARAY | BF ] [ 1] BA 1.} 1o 13} 13 bE BE CE
AL d d "
. jelr] Fo
EVBTHALT B L 'L ] L i ) » ki =] ot [* ]
LY o | n
D FO3
SUB = CAARY | OF L ] [ 1 Hh " W0 9 #E 13 OE
e a - d n
l CD O
aNDT AT F 1] Al az A) f T3 F13 AR Ak Afi EG
d o n
DD FD
“KOR" aF Al Ag BB Al aC aAD AE AL AE EE
| d n
. . pa. FD
oA LH B | o B2 L4 B MmN BE B F§
d d »
[x]a} FD y?
COMPARE BF 1] BS [T E& [T ab 8E BE EE . FE
™k a - LI
[ ]w] FOr
IMEREMENT k4 o o " 1c E- x M M 4
bl 1§ d d
- Do [+ ]
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ZBIT ARITHMETIC AND LOGIC
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B DE HL -4 Ix ir

» “ALD® . X 'r QO Do Do ¢ ¢]
/'] L} ) 20 3
' 1y FD 0 FD ko N
L] L1 ] » N '
CESTINATION

ALD WITH CARHY AN [ WL ED ED o | ED
SET FLAGS 'ADC ah A | B | A .

b
SLIE wWITH CAARY AND K1 ip ED ED ED
+ | 5ET FLAGS 'SBCT 2 53 &3 n - ]
INCREMENT (1N’ m 13 F- ] FD
n b
DECREMENT DEC" [ ] b1 ] Fr an oo FD -
ks b,

16 BT &R{THMETIC
" TABLE 53-8

ROTATE AND 5HIFT

A major capability of the Z.80 1 ifs ability 10 161ate or shuft d21a in 1he accumulalor, any Beneral pur-
pose Tegisier, or any memory 1gation Alb of the rotate and shift OF codes are shown in teble 5.5-9. Al
included in the Z-BO are acichrnetic and logical slufi operativns, These operalivng are wsefo! i an extremely
wide range of zpplications including integer mutiplication and divasion. Two BUD digt rotate insiructions
{RRD and RLD) allow 2 digit in the sccumulater 1o be rotared with the two digivsin a memory focehon
surnited 10 by register pair HL. (See figure 5.3-8). Thesc instructions allow four efficicnt BCD arithmetic,

EIT MANIPULATION

The ubility 1o set, reser and 1esl individual bits in a register ornemury locution is necded in almast .
avery piugram, These bits mnay be 1ags 2 generzl purpose sellware vunine, indications of extemal con-
irol conditions o data packed inlo memory lowations ta make memory utilizaticn more efficient. .

-

The 2-80 has the ability to set, teset of test any bl iG the sccumulates, any geneta! purpose regisier
vt any memory location with a sicgle instruction, Table 5.3-1G hists the 240 instrus tions that are ivailable
for thys purpose, Register addiesing canspreafy the socaimirlater of dny general putpuse regesler on whoch
the operarion is 1o be performed. Register fudireet and indeved addressing a1¢ available (0 operale on
external memory locations. Bil 1es uperations ser the cera Nag (£) 0 the lested bin g a z.:[n iReler tn
scction 6.0 for further explanation uf ag opeiation}. .

JUME, CALL AND RETURN ' i
Figure 5.3-11 lsts ol of e jurnp, ¢l aud retuen motnicsions impheaented in the 2-50 CPUL A jump

is a branch in a pragraoen whore tic program cemisten is haded woath Hhe Feebil vilue as specified by one of Lhe
three avaslable addressing modes {lmmediale Exiended, Relative v Registen Indicect ). Notice 1isl Liw jump
group has several differenn cundinions that can he s,,m:ll'u.d 1o be rpel befare 1he jump will Be made, I

these condriions are nul met, 1he progtain merchy continuss with the next sequeniial wistroction. The
condilinng ure all dependent on the data in the Nag register, {Refer e secuon 6.0 far details on the Nag
tepister) The immediale extended addrenung is used to juinp 10 any lozaiten jn the inemary. Thisio-
shracitn rerpuires Lhree Byles (w10 speeify the Fe-bi aidress) wilh the low order addrasg by 1o fiest
fullowed by 1he hogh crder addicess by te. .
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ROTATES AND SHIFTS
TABLE 5.3-9
vt
For example an uncunditional Jump to memary 1ocation 3E32H wou!ld be: .
LI i .-I
Adress A [c3jopCode e
A+l] 32§ Low order addres . o
X i’y
A+2 | 3E | High order addres

The relstive yump instruction uses vnly tvo byles, the second byle is 2 signed two't complement dis-
placement from the existing PC. This displacement ¢ be in the range of +179 10-126 and is meuur:d

from the addrest of the inylgtion QP code,

.t

LB}

Thave types of repister jadirect jumps dre alsa inclded. These inglruslions we I.TT]pltlT“.‘TuEd b}r loading
the register pair HL or one of the index regders 1X o 1Y directiy into the #C. This cap.hzhl}, allows for
prugtam jamps to be a function of previous galeulstions '

."'1' w

A call is » special form of « jump where the addiess of the byie {ollowing the eall insttuction is 7
pushed onto the stack before the fump is made, A return mstruction is the reverse of a calt beczuse the
data o the top of the stack is popped ditectly indo the PC to fonn s jump address The call and return
istrictions atlow far simple subinutine and imermpt bandling, Twao special retum instructions hhv: been
included in the Z-20 famaly of comnponents, The selarn fron infecrupa l.l'lﬂ:ul:i;l()‘l‘l {RET!}and the r:turn
from nan maskable tecrugd (RETNY ase vegted i the CPU as an un.,undumnal retura identical 1o the OP

code C9H. The difference u that (RETI) can be used at the end of an inlerrupt routine and all Z-59)

chips will recognice the execution of this insltuction for proper control of nesled priority wiemcupr
This ihalrnction coupled with the 250 peripheral devices inplementation simphilies the normal relurn from
sl 2 ummrp! Witlom b rhig fedtute the Tulivwing softeare segquence wonld be Becnsaly 16 nfonn the

Bnwd g deviee Hiad e inleupl reutine s conapleted:

L

Loy

v

vl

[

l1;1.:n,1.'a]~m:ral
randiing.

32
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Disable LnterTupt — peevent anterrupl before

roullne s exited
LO A n — nudify periptieral that service
OUT n, A toutine iy complete -

4

Erable Interrupt

Feturn

Thds seven byie sequence can be replaced with the one byte Elinstruction #nd the 1wo byie RET instruction
in the 280, This is imperiant since wntermpd service time oflen must be minimized.
1

To fazilitele progam loop comtrol the instruction DINZ ¢ can be used advantagevrualy. This two byie,
relative jump inmstyuciion dectements the B register and Lhe jump occurs if the B register hus not been decre
mented 10 2r0. The relative displacement is expressed 45 a signed two's complement number. A simple ex-
ample of its use might be:

Address losizuction Coomnents
N, N+1 1.DB, 7 - vsel Boregister to count of 7
NY2toN+Y (Perform a sequence )
of instructicns) i loop 1o be performed T times
N+10,N+11  DINZ -8 itojump Irom N+ 1210 N + 2
N4 ]2 {Nest Instruction}
CONDITHON
- MON L] PHH‘J."\‘ FAMITY | BIGW i REQ
CoMD, [CARAY ] CARRY] FIRD | ZERMD (Evin | oDD miG g a=d
’ L3 | OA | b2 | €A | €2 | EA | E2 | FA | F2- of
JUMF W ME T, nn ] ] n n LR n ] '] ]
FKT, n n n L] ] - » - n
FIMF  JRT RELATIVE, Ai+a | 1B ] o by o]
1 1 (%] 2 | " wd
b W) | W . * i
I
Junwe REQ. Hx) D
INEIIR, ) .
—r 1— —.
R T Y () D
E%
o0 | ¢ | oa | cc | ca | EC E4 £ | Fa
‘CaLL IMME D, on n n n " n . " n n
EXT, n n " n n n " n n
DECHEMENT 'E-.
I IF RGN RELATIVE | PC g - 0
el oM o
RETUBN REGISTER | (EM - o oa fr] o |- Ek 19 (3] [
‘AET MDA, TT A . di
ABETURN FROM [REG 5P Ef
1T RETI -TLY w1l 4o
[HETURN FRAOM - f
WON MASKABLE | HEG Pt e
INT "RETH INDMAL I1=1] | ap

WOTE-CERTAIM
FLAGE HAVE MORE
THam B4t PURPOSE.

AL FER FOSICTIGY
60 FDA DETAILS SUPAP, CALL ard RETURN GROUP

TADLE 5.3-7%
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Table 5.3-12 listy the eight GP codes for the restart instruction This instruction is & sngle byie call (o any
of the eight addresses listed. The simple mnemonic for these eight calls is also shown. The vafue of thiv in-
slruelion js that Srequently used routines ¢an be called with this instzuclion (o Minmize memory usage,

" 1

4

oDt
cam, | c | -msre

t - - .
ok, { CF | RsTE

g, OF | -agras

e R

it | B | s w

"RmER0OE rFexn

ocal, o EF § T

oo, | £ | aavar

M, | OFF ] T e

- RESTART GROUP:
TABLE B.3—13 ’

L - -

LNPUT/OUTPUT

]
The Z-50 his an exlensive st of [npul and Output instruchions as shownin Wwble 5.3.13 and Lable

.5_3-14, The addresting of the input o outpul device can be githet «bsolute or egister indirect, usnng the €

register, Notice that in the register indlrect sddressing mnde data can be transferied batween the 10 devicey
and any of the intemal registers. In addition eight block Lransfer instauciinns have heen implemented. These
instructions are similar Lo the memory block Lransfens except that they use register pair HL for & pointer Lo
the memory sourve {pulput commends) or destination {input commands) while regster B js used 25 2 hyie
counter. Register C holds the address of the port Tor which the input or sutpul command iy desired. Since
register 3 is eight bus in fength, the 170 Block trensfer command Mindles up ta 256 byles,

In the Instructions IN A noand OUT n A the 1/O devide wddress noeppears in 1he lower half of the 4dd-
ress bus (AgrA-) while the sccumulator content is transferred in Ihe upper half of the addrers bus, In ail reg-
ister indirect inpul putput instructions, including block 1/0 transfless the content of register € 15 Iramaferred
16 the Tower Bolf uf the nddress bus {device addra~s) while the eontent of regisier B is (ransferred 1o the
upper hall of 1he «ddress bus,

L

Il



SOURCE
FOHT ADDHESS

) IMMED] RED, L N
’ INDA,

In} Ich

A e o
A b}

] ED
Ll ]

. k]

c ED
a8

P

INFUT AN
I »

INFUT .
BESTINATHION

BE-—WRMTOO oMY

AN = IMPUT & = D
Ing HL Cec B Al

SINIR = INP, bng HL, ED
Cuc B, REPEAT IF B#0

REG, II.HL'I y BLOGK INPUT

; INDIR COMWMANDE
IND = IMIT & - ED
D HL, Tws B . AR Wt

' “IMDH —INPUT, Dec WL, EC
[ B, REPEAT IF g 3 L

i | T
INPUT GROUP
TABLE 53-13

L

CPL CONTROL GROUP

The fina) cable, 1abbe 5.3-15 dluasatesthe six geneal purpose CPU control instructions. The NOPisa do-
noching instruction. The HALT instruction susprads CPU uperation uniil a subsequent intesrupt is received,
while the D and El gre used to dock out and enable interrupts The thoee intermupt mode commandt set the
CPLiinto any of ihe Lhree available interrupt response modes as follows. I mnde 2270 ix a2t the intesupling
device can insert any instruction on the duta bus and aliow the CPU te execute i Made ! is 3 1iimplificd
made where the TPU automatically executes o restan (RST) to Iocation 003812 so that no exlernal hardware
is requiced. (The old PC conient is pushed onio the stack). Mude 2 is the most powerful In that it allows (or
an indirect eall 1o any locstion in memory. With this mode ihe CPU forms 4'16-bit memory addiess where -
the upper S-bils are the contenl of register | and the lower 2-bils are supplied by the interrupring device.
This address points Lo the first of two sequential bytes in a table where the address of the servide 'rifiﬂim- 1"
located. The CPU antomatically nbiains the starting address and perfarms a CaLL w !h’iia_de EE'E; !

. N : Y CTE
. r- ! - " Lo Pl Lo 'r:ad.. o

e Poinler 1o Interropt able. Reg o
lis upper 2dcdiess, . b g nEaa
Peripheal supplies lower addrees
. + A" L R N

-y
. T - b
N FER U S Al

Address of intemupl
srvice routine

EE—— gy
.




SDURCE -
~ [ -
. . I LT 18
' AEGISTER T, INR,
A B ¢ |‘p E . L (WL}
r . L
’ mmep] (nt | o8 B 1
. n A
U — )
REG, icl ED EQ £D EQ  3:] EC EQ
NG, bl 41 9 5t = 21 &2
y
OUTI" = GUTHUT REG {A] £Q
bnt HL, Dec b MG, AZ 1
DTIR = OUTPUT, Inc HL, REG, | i  EQ
Cowz B, REFEAT IF B IND. a3 BLOCK
> OLFTPUT
TUTE = OUTPUT REG, | i) i Ep COMMANDE
CwcHLE B L] . . Al
'OTOR' - OUTPUT, Dee HL | REG, 1] Ep
& B_REFEATIF Bl IND. e
E4
S —" ‘
- rMIRT
DESTINATION
ADDRESS
QUTPUT GAOLP
TABLE 53-14
WO 00 11 =
-
"HbLT T8
— . .
DMESBLE INT "IDIF | F1 ¢ .
| i
, 1
. ENABLE INT AEIN 3
T
SLTINT MODE D ED
, ar . 4B M0k MODE - .
‘.
) SET INT MORE 1 ° >
I-n:r " :E CALL 10 LOCATICN DO, .
e
o £ INT MOGE 2 ED INDIRECT CALL USING REGISTER N, *
! I 5E FAMND B BITS FHOMINTERRLUPTING ¢
e o " DEVICE AS A POINTER.

L -

MISCELLANEOUS CPU CONTROL
TABLE 5.3-15

Pl

- =2

e

te
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6.0 FLAGS "
3

r-":

Fach of the 1wp £-B0 CPU Flag repntets contams six bils of information which are seL of seset by
varivws CPL eperations, Four of these bits a7e Lestuble; that 15, they are wsed a5 conditions for jump, call or
retucn instructions For example 2 jump inay be desied nnly if & specific biLin the Nag 1egisier is set The

four testuble flag bty are: -

1 Carry Bag (C) -- This flag is the carry [1om the highest order Bit of the accumulavor, For example, the
catry flag will be set during a2 add instruction where & eatry frum the highest bit of the accumulaor
it generated This flag 15 also setaf a borrow is generated during 2 subtraction mslrucimn_ The shift

and rotale insiructiong also affegt this bie. .

2) Zero Fiag (2) — This flag is s;:'t if the 1esult ol the operation loaded 2 zero inlo the accumuiator. Other-

wise I {s reset. - 4 - - s
I Lt

3} Sign Flag {8} — This fag is iniended 1o be used with signcd'numbers and it iy st il the resull
of the aperalivn was negative, Since bit 7 {M5B) represents the sign of the number {A negative
number has a 1 i bt 7), this Nag stores the state of bit 7 in the accumulator, 7.,

!

41 Parity fOverflow Flng (P/¥ } — This dual pui pose Nag lndicates the parity of the resull i the sccumulator
when logical opetations are perfotmed (such as AND A, B) and it represents overflow when signed
two's complement arithmelic operations are performed. The Z-BO overfiow fag indicates that the
1wo's complement number in the accumulator is in error since it has exceeded the maximum pos-
sible (+127) ur i less 1han the minimum possible (-128) number than can be represented in twao's
complement nodation For example consider adding:

+1 M) = 0111 1000
+]105 = 0110 1001

C=0 11100001 = -85 [wrunﬂﬁmﬂo‘w has occured - T~

Here the result is incurrect, Overflow has occurred and yel thers is ng carry 1o indicate an enor
Far this case the overflow {lag would be set. Also cousider the addition of two negative aumbers:

3= i) G
-16 = 1171 D030

Co= 1 1101011 = 221 comest

Notice that the answer is correct bul the carry js so1 2o that (his Hap can not be yaed o0 over-
flow indicatur, 1n this case 1he overflow would nol be sei,

For lugical operations 1 AND, OR, XOR) [hus ﬂq i5 set if the parity of the result is even and L
resetaf i is odd.

There are siso tww nunaeslable bits in the Tlog regisier. Hulh'nfﬂww.;uc used for BCD arithmenic, They are:
13 Hall cairy {H) — Thas is the BCD carry or busrow 1esult fronm the tzast significant four bits of aperation,
When uting the DAA (Decimal Adjusi Instruction) I]‘Hi Mag is used (o correct the result of »
previous pached decimal add or subtract,

2} Suhiract Flag (N) — Since the algorithm for correcting BEOD vperations is different for addition or
sipizaction, dlis Thap 15 veed to specily what type ol indecnion was execiuied last so 1hat the
DA eperation will be conrect Tar enher addition ar subirychion,

'
o

The Fiag regivier can be socessed by the progznnmer ond its foimat is as Tollows:

[sTAlxnfxlds]e] -

X oneuns Mag s indeteiainate,

it Pa



Tuble 6.0-1 Jists how cach flag bit is affecied by varicus CPU instivctions In this table a '»* ipdicates
\bal the instruction does not change the flag, an X' means thal the Mag goes Lo an indelerminate state, a "0’ .
evans Chat il is resel, 217 megns thal 1115 52t and the symbol "1 indicates that it is sei or 1eset atcording to
the previnus discussion. Note 1hat any instruction not appeaning in 1his 1able does not afTect any of the flags.
Table 6,01 includes s few special cases that must be described for clarily, Notics that the Block seatch
instruction sets 1he Z Nag il the last compare operation indicsied a maich between the source and the
segunulaior dath Also, the parity flag is sen if 1he byte countes (regisler paw By s not egual 10 2ero, This
sarne use of the parity flap 15 1nade with the block move instructiony Another special case is during block
input o7 oulpul iastructions, here the 2 flag is used 1o indicale 1he state of regisier B which is uvsed as 2 byte
counter, Notice that when the 10 block transfer is complete, the zero Mug will be resat 10 a zeto (e B=0)
whike in the case of 2 block move command the parity flag is resel when the operation is complete, A final
case is when the tefresh or | register is loaded into the accumulator, the interrupt enable Nip Nop is naded
irito Lhe parity Magso that the complele sate of the CPU can be raved al any time, -~ * ™



Invkruslign - — 4 _Z_ifﬁ NiH ___Cuml'l'lfmi _
a|1nA'.T'ﬁ'1(‘ 4y ] Tlrpv(tioft Ry add or add wih cuiry ir
LB, SBUA L P NI 11V et bl yublract, subiradl with curry, compare and
. fwpair pLeumulaced
ANErs O FiPi|O] ] |} Lowcsl opwration
FaR v, WikH v \ of{t(E(t|0|0 And sely diffreent ﬂdp'
1NC s o|1{VL|D] B-bit ineremen
DL, DHE &-bit deciement )
WD B tle|wieio|x | 16bn «d '
A0 HL 5 fLi|vi-|OlX T6-tul add wiih carry
SBCHL 51 tltv|tl L X L&Dt sutHracl with tarry
KLA RLCA RREA HRECA Li={ala|0;0 Rolate sccurmulator ‘
KELm.RiCm AR m RRCm PTe|P 131044 Ratare gad thill hacation
Llam SRAm. SRLm .
RLE, RRD AR L Folate digt belt and righi
DaA fLE|Pit|e|t | Decomad wdjust accumulacor
CPL s|w|o(e]1|] | Cumplemenn accomulaior
%CF 1|#ie | ol0l0 | Sel carry
CCF v(efw (wl0]x | Complement camy
I r, i) #(FIP|3{0(0 | Iaput registes indirect
IKEIND GUTL OLTO LI B R Y ]B.iockmpul: and Ourpul .
INTR: INDR; OTIR; OTDR = IXIX] N Zx0f R+ Gotherwpe £ =1
LOI, LD «|X|t1x10|0 } Hlock tranafer ingiructions
LDIR, LDDR wIX0(N|O)0 PV owm 1ifBC # 0, atherwise PV =0
CPI.CPIR,CFD, CPDR slirsis| 1% | Block search instructions
Zay fa={HL), ctherwie £ =0
P = 1 if BC# 0, otherwie F/V =0 )
P, LD AR #| PEFFL G0 | Thecuondent of the inierzupl enakle flip-Nap (IFF)
ih copred into Lhe PV flag
BiTL.s e X X[ DL | The wdaie of bit bofl Incanan s it copred 1nte the Z Nag
NEG PhEvIThil T Negate avcumularar -

The following notstion is used 1n this table:

Symbal Cperation

C Cureylunkt Tlap C=h T the operention peodured & sarry From ihe M5B of the opcrand b 16 pdt.
2 Zero Gag 2o 1 f the resch of Use Crepandm o cerg,
5 Sigr Jiap 541 ol 1he VISE of the iesubl B une

v Punitp o ovetfhuw flaz Fardy (Prund merflas (¥ shaig 1he came Gag. Daspioad wpera Lon, #ffect This Nag
with 1L manly ol the peedll while soiheeclbe o ialoors &Teen they fag wiih e overflom o The ressll JF PV
hoguds panity, PV ] T bhe resull of the operriron 5 oven, B0 oezul i ndet IF POV hedds eveeeflow, FiVel
i Ut dckul b ol Ber drfoni 4 DRl picaduond wn om bl o

H Hall-coory Mag Pmd of cha wdd gr subirecl opernisen produted o ety Inba on kortom Teom i b 4 of 1he ac.umubaton,
b Add,Suhkiect Mag Mo 19T 1he presious operatlan s 2 whiesl

“Hoand % gt sin wetd iR euPiune g wrlh the de s afJunt et s Lo (DO AT 10 FHpEy corredl Che res
wull 1040 po s rd WO frmal Pl wing afAdilesn OF 10t 1003 et st B Ot Pafde w3ih pathed BCD format

T fixg v aflh o102 sndwsanp 18 the e bl of 1he GReralng,

The flag 10 v hanged by the eperaton,

The Nay iy awsdd by Che updrabisn.

The Tlag ic sl by L operslion,

The flag ki a "dan™icare.”

PV fag affedted socwedipg 1o the ovr flow il of the oneraton

FV Nag affegbed scoondorg 10 I panty Jouh oaf e Dprisao

Any ane of the UFPL epmery &, B C, D, ELH, L.

Any BT Do aviam Tt wbl 3E e wdig o moreden gPowed fee the paracilat basrection. o
Any [Eebad doatatbion Sur ok the adde g, ool wliosed Tup [hal =i e

Are one i ] ey ngeen Ly Y

Refinh munler

FML vaTor tnange <E, 1530

Lérbt valuk LR Junge <0, 633153 .
Any B-bu bsgailon fop all ihg addressurg masdes ollew ¢d for the faitiewlat myiructicn.

3 E?®mOE"" “op—ow-—

SLVALLEY OF FLAG LERATION
TALE 5.0 i



7.0 SUMMARY OF OP CODES AND EXECUTION TIMES -

The Tollwing seslion wees 3 supdmary of The Z-80 msiructions sel, The insltoctinn are logically siranged
into groups as shown on 1ybles 701 thieugh 7011, Each Lihle shows the sssembly lungipe mnentomic
OF code, the aciua OP code, the ssmbodic wperation, the contenl of the flag repsier following 1he execu-
tion of gach instruction, 1he number of byLes requited lor each instruction ay well as the mineber of memory
ey cles ond the tolal mumber of T zies (extefnal clock peniods) required for the ferching and execution af
each instruction Care has been taken 1o inake each table self-explanatory without requiring any cross refer-
ence with the Lest or ather Lables. ' -l :
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80 INTERRUPT RESPONSE

The purpuswe of an inlerrupt is 1o Mow peripherdl devices 1 suspesd CPU operation moon wdely
nianer and foree 1he C1'U g stant o peripheral service routine. Ustally this wervice routine is involved with
the exchange of data, ar status and conwel information, between the CFU and the peripheral. Gnee the
wivice routing iy completed, the CPU retorns 1o the uperation from which i1 was intercupted,

INTERRLUPT ENABLE - DISABLE

The 280 TPU rds 1o o iaitcarupt inputs, @ softwire mashable interrupl and a nonomarkable interrupt,
The non mathable interrupt (NMI) can nor be disubled by the progrommer and ot will be accepted when.
2ver g poripheral device requests it This interrupt iy gzaerally reserved for very impoitant fuactions that
musi be serviced wheneser they aocur, such as animpending power fadlure, The mashable interrup: {I5NTY
can b seledtively enabled or disabled by the progranuner. This allwws the programmae w disable the inters
rupi during perieds where his program has timing constranits that do not allow it to be interrupted. In the
280 CPU there is an enable flip Nop (called 1FF) that is set or reset by the programmer using the Erable
Interrupt (E1) and Disable Interrupt (D7) instructions. When the IFF is reser, aninlermept £3n not be
sccepred by the CPU.

Actually, for purposss that will be subatquenily explained, there are two enable fup ops, called l!-'FI

and IFF:.
IFF, lFF:

Asally dissbles imerupts Tempoiary sivrage locasion
ftum being accepied, - for EFFI .

The state of IFF is used to aciually inhibit interrupts while JFFy is used a5 3 lemporary siocage lozation
for IFF 1. The purpose of sturing the IFF; will be subseguently explained.
[ B

A tesel (o the CPU will force hoth IFFy and [FF 2 tohe reset state so that inierrupls sre diabled.
Tiey can then be enabled by an ET inslruction at any time by the programnaer, Whea 2n EL instruction is
eveculad, any pending inlerrupt request will oot be accepted until afier the msiruciion following E1 has
been execuled, This single instrucion delay is necessary Tor cases when ine Tolow g insurection is a return
insl rgction snd inlerrapiy most not be allowsd watil the rejurn has been compleied. The El indruciion se14
Lth 1EFp and IET 3 0 the enable seate, Wlhen amntermpt is dogepied by the CPU btk 1FF | aid iFT5
art gutiinatically reet, idnbiting further imfenupts uniil the programmer s ishes 10 issee o new BT anstrue-
ticn. Note thal for atl of the provious cawes, 1IFF) and JEF ~ are alw svs equal.

The purposs of IFFy bs to suve the status of IFF) when a nunoiaskable inteerupt veevrs. When 2 non
Mathable interrupt is accepled, IFF ) is reset 1o present furrher inderrupts until reenabled by the pro-
grutianer, Thus, afler & fon maskabls intorrupt has beep accepied, Mashabie inierrepts me Saukled bul the
pievious stare of [FF 1 has been saved so that the complets stae of the UPL juat jrior 1o the mun micshabie
interrupt cun be restorzd 30uny thme. When a Loud Regisier A with Register 1 {10 A [} issirnction ar 2
Load Repister A with Register R {LD A, R} insiruciion is eaxscuted, the state of tFF+ is copied into the
parity flag where it can be tesied or stored., ' '

A second ynechod of pestoring ihe status of TFF | s thira the eveossion of g Retuen From Non
Mastahle Inieerupt (RETN tustrection, Singe ahib oostructiin Belidites Bt 1 noo e e ahle mtasm
scivnee wonting fa coplete, the cortonis d T e i vopicd hach inne HeF e than the sz ot 11 F
Tt paioe Lo the aceepleice of the node taskable nocrrupl will be tesioned snomaicaihye,

-



Figure 8.0-1 is 2 summary of the effect of different instructions on’ the Lwo enable flip Nops.

 AcLion iFFy IFF; .
' CPU Reset g. 0 '
DI 0 ¢ ’
El 1 | L i
DALl . . IFF 4 — Parity flag
LD AR - . iFF 5 -+Farity Mag
Accepl WMl 0 .. v -
RETN IFEy o IEFy—IFFy. "

Ly

» " indicales n& change

FIGURE A.G-1 i
INTERRUPT ENABLE/DISABLE FLIP FLOPS

CFPU RESPONSE
Nop Mochable ’

A nonmashable interrupt will be seeepied an all limes by the CPU. Wher this veours, the CPU ignores
the new instriciion that it ferches and insiead does 3 restart 10 location DD66H. Thus, it behases ezacily a5
if i1 had received a restart inslruction bu, it is 1o 2 location that is not ung pf’ the § software restart loca-
luns, A Tes1art is merely a call 1o a speeific address in page 0 of memary.

f

Mahable

The CPU can be programmed 10 respond 10 the maskable interrupl in any one of thice passible

modes, PR

1 B

Mode O . ) y
L]

Tiis nude i< identical o the 80%A inderrupt raspome mode, With (his vbede, the inte; repiing Jovice
cant place any nstruction on (he daty bus and the CPU will ewecute it, Thus, the interm.ping devige pro-
wides the next instruetion 10 he executed instesd of 1he memory, Ofien thiy will be & 1estarnt ingtruetion
sntee the interrupting device unly need supply a single byte instruclion. Adternatively, any other insiruction
such us 2 3 byte call 1o any location in memuary cuuld be execuied.

[
The oumber of dock sycles recessary 1o execuie (his instroction is 2 mate ton e sormal number fur the
Sasrrue liom, This s curs since the CPU automatically adils 2 wail siatas 10 o 0ieirupt re punse oweledo
allow suthciens thne o implement an exdgqnal daisy chain for prionty condrol. Section 5.0 illustrates the
detailed timing far an interrupt response. After the application of RESET the CPU will sutomaticalty ener
interrupt Mode Q.

Aiode 1

When thig imode Ty been selected by the progoamumer, e CPU will iespoied to an interrupt by
execuling # restart U0 location O035H, Thus the response v identical 10 1hat fur a nen maskable inLerrupl
except that Lhe call lucation s D032H instead of 0066H. Anotlier dilference i5 1hat the nember of ey cles
requited fo complete the estart instruclion is 2 mose than nuermat due 1o 1he iwo added wait states.



—a

Maode 2

Mhis made by e st powerful Enleriupl re:ponse inade, With 2 single 8 hit byte {rom the uswe an
JﬂdIJE‘LI Call can be made Wy mesmory lucdiien,

Wik s mede the prooeranmes meaantain g tabide of et staeiaee addeeoes for evey akenugl
service routine, Tlis 1shle may be located anvwhere wonrcmen, When an interrop o 2cocpied, a 1o b
poinler rnug.l be fonned to ublain the desited inleupt service routine stacting addiess froin the table,

The vpper & bats uf this paater is forimed lom the curieas of the | repister, The | iegister must have been
previanly Tonded with the desired value by the proganimer,ie LD [ A, Note that +CPU xeset cheurs the |
rezisier se thal o i nialized Lo rero. The lower esghi bits of the pointer mast be shippled by the wnieimupt-
g dovice, Actually, oniy 7 hils are reguired fromothe interrupting device as the leost significann bit muosi be
a zeror. This is requircd singe the polnier 18 used o get 1wo adjacent byies to foim a complete 167bit service
reatiine slarting address and the addresies must always siart in even lotations,

, ‘\
. desired starting adldress ©

inlernupl pointed 1u by: .
Scrvice
Routine! J low vuder } 1 REG 7 BITS FROM |4
Starling high wrder CONTENTS PERIPHER AL 3
Address P
Tuble

\ ' | ¥
d .

Tt first byte in the Table is the feast significant (low order) portion of the address. The programmer muus:
abaously fill this tsble in wath the desired sddresses before any interrupts are to be accepted,
L

Note that this tuhle ean be changed at any lime by the programmer (i i is slored 30 Read "™Write

Memory ) lo albow diffecent porapherals 1o be seiviced by dilferent service rourines,
L] - L

Onge the imeirupimg devices supplies the It'm e purl o @l the poinier, the CPL aulesaatizatly pushies
the program counter ante the stach, ckinns the siining 2ddress frum the able and does 2 iemp 10 thes
dAddress. Thiy inpde ol respunse requires 19 clock periods 1o complete (7 10 fetch the Togwer & bits from the
interrupling desice, & 1o save the program €ounids, and & Lo obain the junp address.)

minte thal the Z50 poriphera] devices aliinclinde 3 duisy Shan priosity interrupt structuse 1hat auie-
malizaily supplies ihe programmed vecior 10 the CPL durieg inteirupl acknoa Tedie, Refer tothe £20P10,
L5510 and ZEQCTC manuals for details.

i



9.0 HARDWARE IMPLEMENTATION EXAMPLES

-t This chapter is ihtcn'ded [o serve ay « basic inftoduction to iinplemenling sysiems with the Z80-CPL,

MINIMUM 5YSTEM | "

Figure % 01 15 w diwgram of a very sinple Z-80 system. Any Z-50 5y stem must mclude the following
five clemenis: ' ) . -

1) Five volt power supply -

2} Oscillaror . "
3) Memory devices o L, Do . -
4} 110 circuils )

5) CPU ‘ : ‘

5 vl T i
CEC MOWER BLELY .
+
L’
L 1 o
="
WISET
I s
Sty ot
" DLTRUT Caagr ! .
Path Y DATA ., , oy

FIGURE 9.1
MINIMUM 280 COMPUTER SYSTEM

Sinee the ZE0-CPU orly requires a single $ volt supply, most smal] systems van be implem2nied using
only this single supply.

The oscillalor cun be very simple since the only 1equirement is thatit be a 5 volt sgUare wave, For
sysiems nob ronning 21 full speed, o simple RC oscillator ca be vsed. When the CPU is operaizd near the
highest possible frequency, a crysial oaciilaiar 35 penerally required becguse the sieiem timing will nod

talerate the Jrift or jitler that an RC aetwore will generafe, A crystal ocillator o an be mad: firunimverters
aisd 3 Dowe Jjsorele components o ronglithic circuits e widely ovailable,
The external Mmemory can be any misiire of standurd RAM, ROM, wr PROK, In this siimple e saniple
we havs shown asiele 81 bit ROM (TR byres) baing unlived a5 1he canire tigpon sysfem. Fo this
evanple we have assuimed Thay the 280 0mernal repister eomfiginaniveg cattairs sffcient Read Write
shurary so b Suternna! RAM paeesy s o segnieed, )



Every compuiet sysem reguires 1O circuits tu aliow it to interface 1o the “real world.™ In this simpie
erample it is assumed that the ontpat is an § bil controb vector and 1he input is an 8 bil slatus word . The
il daka vould be gated unte the data bus Using wiw standard tri-state driver while the ouipot dats could
be latched with any type of standurd TTL latch. For this cxanple we have used a Z80-PIO fur the 10
circuit, This single eircuit altaches 1o the date bis us shown ang provides the required 16 buts of TTL
cumpatible 1fG. (Reler 10 the 250-PH) manual fur deigils un the aperation of this circuil.) Notice in this
exsmple that with only three 151 circuits, 2 sirnple oscillator and 2 single 5 voll power supply, a

pow erful computer has bren implemeniad. - . iy 7
. ¥

_ . SRR R
ADDING RAM . - YAy

, o

Most compumer sy'stens require some smaounl of extlerng] Read/Wrile memory for data storage and 16
implement 3 “stack.” Figure 9.0-2 illusirates how 256 by:ies of stalic memasny can be added 10 1he previcu
cvample. In this example the memory space is 2ssumed 10 he oganized as foflows:

by

Addresy

"1 0000H
- 1K byles

- ROiM 1
"> | 03FFH
. 256 byies 0400H .
RAM
iFFB

AJDRESS BLE

Ag- Ay Ao A7 U‘*n"‘?

pulL=RLUR FEY R LT AL
4 1:;];15 256 e A T A ) . :fh:‘ N

] IR
2 olee, e 0 B lew CEg—'2m

F
dg- d dg- 93 @d‘ - dy
_ _ _oatasus
Y. ) FIGURE 9.0-2
- ROME RAMIMPLEMENTATION EXAMPLE

n

In this diagrans the address space bs described in Leaide imasl notation. For (s example, addiess bif A T
sepatales the ROM space from the RAM space so that it can be used Tur the JLip select fanction. For
larger umounts of exlernad ROM or RAM, a simple TTL decoder will be required 1o furm the chip selects.

I - AL -
I ' :

™ +

b
MEMORY SPEEDN CONTROL - .
- ' " *

For wsany applications, il may be desieable to nse <k s memeaies to00 000 cugis, The WAIT Yne on
the CPL allows ihe Z-50 o uperate with any speed nwinary, By refuriine bach 1o siction 4 you will runice
ihat the memary access tine requircments are meat severe during the Mt cvile instruciion fewch, Al ather
Memury accesses have an addiliond one hall of & clock cyeie (o he copleted. For this reason it may be
desirable in some apphoativngs to add une watt state to 1he M1 cyele suthat shoveer mamaries can be weed,
Froemie 0003 3 an oxainple of @ w5eple chicoig that w il e ontsslade this pesk TRE vlrenid can %e charpod 1o
ai ] s 1.',;,___;‘13 FETLICLESTLE IT L P R AR B S TR T L e in !T.__'H'l: w4,
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FIGURE 9.0:3

ACDING ONE WAIT §TATE TO AN M1 CYCLE

HEED 3
[ +] a
7474
It—l—o-'—-:_ G-——l
]

FIGUAES D4 -
ADDING ONE WAIT STATE TG ANY MEMORY CYCLE

o ol

INTERFALING DYNAMIC MEMORIES

This section is intended only to serve as g briel imroduction 1o interfacing dynamic memones . Eazh
individual dynamie RAM has varying specifizations that will requice minor mudifications to the descrprion
given here and no attempt will be made in this dncuinent 1o gve details for uny partivular RAM. Separate

aprlicition notes showing how the ARD-CRU van be :nl..r".ned to musl pupnilar 3y namic RAM's are
avatloble fromn Zilog.

Figure 9.0-5 ulustrates the logic necessary 16 intetface 8K bytes of dymamic RAM using 18 pin 4K
dynamic memones, Thip figure assumes that the RAMs are the only memoty in the system so that A
used to select between the two pages of memory. During refresh ume, all memuries in the syslem must be
read, The CPU provides the pruper refresh address an lines A through Ag. Tes cdd additiunal memary to
the sn sdeim if s necessary Lo wltly replace the (w0 gales that aperale on A 3w ith o decoder thal bnorales

an sl vequired address bits, For larger systens, buffering fur the addiess and data !:u < ir :Fmiunfully
Teguired., . . Lt

' 1
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10.0 SOFTWARE IMPLEMENTATION EXAMPLES

10.1 METHODS OF SOFTWARE iMPLEMENTATION
b 4

Several different approaches are possible in deseloping saftware for 1he £-B0 {Figure 10.1). Firs1 of
all, Assembly Lanpoage of PLAZ may be used as the source language, These langospes inay then he trans-
lated into machine Tungevge on a commercial Ume sharing facility using s cre<s-asssiobler af crass-compiler
ot in the case of assemblv language, the tianslalion can be accamplished on 3 £-50 Development System
using 2 reudent assembler. Finally . the resulting mudiine ¢ode can be debugged erther an a time-shaning
facilisy using 3 Z-80 simulator or on a 280 Developniant System which uses 2 ZEOCPU direcdy .

+

SOLATE ]
LA NS UAGE TRAWELATICHN . DEBUGG ING
RESIDENT ASEEMBLIR
ASTEMELY DEVELDPMENT
LAmGLAGE ZYITEM
MACHINE
F 3 L] [,
CRESE ASAEWBLE 1 LAMGUASE
PLIL DR OTHER
HMIGH LEVEL SIMULATOR
LAWGUAGE CACES COMMLER
FIGURE 101

£

In selecting a svurce language, the primary fac1ors 10 be considered are clariy and ease of program-
ming vs, code efficiency. A high level Tanguage such as PL/Z with Its machine independent constructsis
1y pically berter for funnulating and maintaining algotitiling, bur the resulting machine code is usually
sconewhan lews efficiem than what can be writien ditectly in assembly language . These trodeclTs can ofien
be halunced by comiining PLYZ, and assembly language routines, identifying those purtions.of a 1ask wl’uch
Misi be aprimized and writing 1bem as assemnbly language aubuunrlnr:

Dregiding whether to use 5 resident or cross asseimhler is 2 atter of availahiltity and short-term vs,
long-term expense. Whife the initial capenditure for & development system s higher than thar for a time-
sharing tenminal, the cost of an individual assembly using a resident assembler is negligitde while the same
une st ion o 4 Tene-sharing sysiem is relatively expensive and in ¢ short litne thas cust san eqriz] the 1ogal
cusy of o development sislom,

Debugmng on a deselopment system wo. a simulator is also & matier of availzinbity and expense com-
bined with vperational fidehity and flesibility. As with the assembly process, debugging is less expensive on
3 Jevelopment system Lhan on a simulatos available through time-shaing. In addition, (ke fidetity of the
wped g envirgumerl s prasesved throuch real-ime execution on p 7200 P 20d by connecting the 110
At momery coisponcnts wich will aciezlly te used inile produciion sysiem, The only advanizye fo
4 wse of 2 simatanos s e range ol orideria which may be selrered D sirch el ging prucedirees as tjae-
1ag wad sening bieakpoinis. This flesabity exists hecause 3 sofoware smulalion can achieve any d2gree of
cutnplesity i its interprelation of mackine instructions while developnieay syslem procedures have hard-
wite limitations sach as the capacity of the real-1ime storagé module, ihe number of break point registers
and the pin configuration af the CPU. Despite such hardware limitations. debuyging on a develo pmient
S}i.h.tl'l is typicaly more pioductive than on g simulalor became of the dijgor inieraction that is foseible
hriveen the programe: and the awtlenifc esscutivn of his program., -

o1



1.2 SOFTWARE FE4 TUKES OFFERED BY THE Zx0CPU A
The Z-E0 instruction sl provides the user with a ldrgt :nd flenible repetvire ufuptralmns with whuch
to funmulate control of the ZEOLPU.

The primary, ausaliary and index registers cun be vsed tn hoid the arguments of arthmetic and logical
uperatians, or to fonn memary addrtss:s or as fusl-gecess storage for frequtnt]y used data,

Infurmalion can be moved derectly from regisier Lo register: from l'm:l'nul'}" to memury; [rom memory
1o regisiers; o from registers lo memary, In addition, register coplents and regisi erfmemosy confents can .
be exchanged withoul using temporary stocxge. In particular, the conlents of primary nd wenilary repisiess
cans be completely excliangad by execubing only two insiructions, EX and EXX, This register exchange
proceduse can be used (0 separate the s#l of working registers between different [ogical procedures of 1o
enpand the sel of available r:glmrs in 7 singie procedure. o

Storage and retrisval of data between pairs of regisiers and memory cun be controlled on 8 Tast.in
first-out basis through PUSH and POP instruclions which otilize 3 specaal stack pointer register, SP. This
slazk Tegister is aviilable both 1o manipulaie data and 12 autematically store and setiese addresses for
sthrouting linkage When a subroatine s called, for example, the addras following the CALL mstruction
15 plzced on the 1op of the push-down stack poialed to by SP. When a subrourine rerurns 16 1he calling
routine, 1he addiess on the tap of the siack is used 13 set the program conunter for the address of the next
instruction. The stack pointer is adjusted automatically vo reflagt the current “‘top™ statk pasition during
PUSH, POP, CALL and RET instructlons. This stack mechanism allows pushdown data slacks and sub-
rautisne calis (o De nested 10 any pragtical depih because the stack arca can pu:r:.l-a!l)’ bt oasJarge 11
memury space.

The sequence of instruction £ascution can be controlled by six different Nags (casry, 2era, sign,
parityfoverflow, add-sublract, half-carry} which refiec) the results of arithmetic, logical, shift and compare
insiractions. After the execution of wn instruction which sets 3 flag, that flag ¢an be uved 1o control a
corditional jump or return instruction. These instrugtions provide logival cont rof foliowing the rnampula
tivn of siagle bit, gight-bil byte (or) sixteen-bil daty quantities,

A full sel el logicat nperation:,inc]uding AND OR.XOR (exclusive ~OR), CPL (MOR} asd NEG
{two's complement) are avaiiabla for Boolean operations between the aceumulaio: yna 1) all oiher gight.bit
regisiers, 1) memory locations or 5} immediat¢ operands. ?

In addision, a full se0 of ardenetks end logical shifts in hoth direstiens are available which operate
on tive cantents of all eighi-hit prntary registers or directly on apy memony tecatios, The curry flag con be
includad ar simply set by these shift imstructians 1o provide bath the tu.mg ohh;ﬁ rezulis and 10 link
registerfregistar or register/memary shift aperations,

10.3 EXAMPLES OF USE OF SPECIAL Z50 INSTRUCTIONS '

A, Leioag atsume thay 2 siring of deta in memory stanting et location “DATA™ iy to he moved inlo
anther arta af meinocy sturling at location "BUFI-ER" and that the string '|:1"|Elh 1% 737 bytes. This
operation can be avcomplished na follows:

" 4

LD KL .DATA 35TART ADDRESS OF DATA STRING

LD RE , BUFFER iS5TART aDLIKESS OF TARGET RUFFER
LD HC , 737 CLENGTH OF DATA STHRING
LDIR DMUVE STRING . TRANSFER MEMORY PQINTEDRTO

BY HLINTO MEMORY {.OCATION POIN{ED T0 by LE
P INCREMENT HL AND DE, DECREMENT BC
;PROCESS UNTIL BC =0, o
11 byren ere required far this fperation and eacl byte of datais mweed in 21 clack cveles.
19 ' 1.



Let's asswme that a siring in memory staring af hocation “DATA™ is to be moved into another ares
of memory starting at locaten “HUFFER™ umi! an ASCH § characier {used a5 slring delimiter) is
found. Lev’s wlsa assurne hat the maximum stringlength is 132 characters. The operation can be
performed a5 foTlows:

LD HL , DATA STARTING ADDRESS OF DATA STRING

LD DE , BUFFER :STARTING ADDRESS OF TARGET BUFFER

LD BC . 132 : MAXIMUM STRING LENGTH

LD ALS : STRING DELIMITER CODE
LOOP.CP (HL) -COMPARE MEMGRY CONTENTS WitH DELIMITER

IR Z,END -3 GO TO END IF CHARACTERS EQUAL

LDI ‘ . MOVE CHARACTER (HL) 104 DE)

- INCREMENT HL AND DE, DECREMENT BC

» PE , LOOP ,CO TO “LOOP™ IF MORE CHARACTERS - . .- .

END: : OTHERWISE, FALL THROUGH

i NOTE: P{Y FLAG 15 USED
JTOTSDICATE THAT REGISTER BC WAS
:DECREMENTED TO ZERO,

19 byles are required for Uiis tperation,

Lel us assutne that a 16-digit decimal numbe! represenied in packed BCD format {two BCD digiisf
by1e} has 1o be shifted 25 shawn in the Figure 10.2 in order to mechanize BCD multiplication or
division. The vpération can be accomphished a3 follows:

1D HL ,DATA : ADDRESS OF FIRST BYTE
LD B, COUNT :SHIFT COUNT
.. XOR A - .°- .7 CLEAR ACCUMULATOR
ROTAT:RLD :ROTATE LEFT LOW ORDER DIGIT IN ACC
s WITH DIGITS IN (HL) '
INC HL ", ADVANCE MEMORY POINTER
DINZ ROTAT -$ :BECREMENT B AND GO TO ROTATIF

;B 15 NOT ZERQ, OTHERWISE FALL THROUGH

11 bytes are reguired forthis operation,

CIETRE 02



D, Let us assume thal one nunber is to be subirasicd from a; olhcr and 2j thal they are both in pa:k:d
.4+ BCD founat, b) that they are of equal but varyin g_!cngrh and ¢} that the resull is lahc stored in the
location of 1he minuend. The operatfon can be acer 1p!|sh=d a3 follows:

LD .  HL,ARGI

LD NE , ARGZ

) B, LENGTH"
. - AND t A
SURDEC: LD A (DE)

SHC A . {HL)

DAA S o L

LD (HL}, A

INC HL

INC GE

DINZ SUBDEC - 3
i "t

"y

I7 bytes are required for this operation.

; ADDRESS OF MINUEND

: ADIRESS OF SUHTR AHEND
;LENGTH OF TWO ARGUMENTS
;CLEAR CAH#RY FLAG

: SUBTRAHFEND TO ACC

, SUBTRACT (HT.) FROM ACC
; ADIUST RESULT TO DECIMAL CORED VALUE
:STORE RESULT .

: ADVANCE MEMORY PQINTERS

-

: DECREMENT B AND GO 7O “SUBDEC” IF B
,NOT ZERO, OTHERWISE F ALL THROUGH

104 EXAMPLES OF Pncrcnmum'c TASKS |

A, The following progrem sorts an arnay of numbers each in the rangc Q. 35} inte ascerding wrder using

a standard exelnge sorting ulgorithm.



v | I S
DI/2476 11114137 AUEBLE | ISTING . s T adY PAGE
LGC  ORICODE * STMT  SOURCE STATEMENT : Lot
! "% STANDARD EXCITANGE (HUBBLE) SORT ROLITINE *+» -
] . - . "H." ,
3} ATENTRY: HL CONTAINS ADDBRESS OF DATA
4 C CONTAINS NUMBER OF FLEMENTS TO BE SOR TED
5 {1clc2586) P ave
6
7 ATEXIT: DATA SORTED IN ASCENDING ORDER -
g :
9 : USEGFREGISTERS ot
7 -
i1 ; REGISTER CONTENTS )
2
13 A TEMPORARY STORAGE FOR CALCULATIONS
14 . B COUNTER FOR DATA ARRAY
15 2 ¢ LENGTH OF DATA ARRAY
16 ;D FIRST ELEMENT IN COMPARISON
17 . E SECOND ELEMENT IN COMPARISON e
18, H FLAG TO INDICATE EACHANGE
19 : L LN USED .
20 X POINTER INTO DATA ARRAY o
2 iy UNUSED
2
000G T22600 23 SORT: D (DATALHL  ;SAVEDATA ARDRESS
UOG3  CRSS 24 LOOP: RES FLAG.H s INITIALIZE EXCHANGE FLAG
augs 4 73 LD B.C s INITIALIZE LENGIH COUNTER
Wios 05 6 DEC B . ADJUST FOR TESTING
OG7  DDIATA0D 27 LD 1%, (DATA) INITIALIZE ARRAY POINTER
OGUB  DDTEGD 28 NEXT: LD A, (1X) "FIRST ELEMENT IN COMPARISON
OOQE 37 ! LD D. A \TEMPORARY STORAGE FOR FLEMENT
000F  DBSEO] Ely LD E{IN#]) L SECUND ELEMENT IN COMPARISON
01 u3 31 SR E (COMPARISAN EIRST TOSFCOND
TRV 52 JR NC, NOEX-S UF FIRST » SFOUND, NOJY
wars  LLIEan 33 LD (X)) E VENCHAMCE ARRAY ELEMENTS
Ugi&  DL7I01 34 LD {IX+1},D
0018 CBC4 35 SET  FLAGH ' RECOURD ENCHANGE UCCURRED
(1D D23 36 NOEX: INC X TPOINT 1O NEXT DATA ELFMENT
G0IF IQEA4 37 DINZ  NEXT-§ COUNT NUMBER OF COMP v RISONS
38 VREPEAT IF MORE DA TA 1" ViS
udzl (B34 3% BIT  FLAG,H P BETERMINE IF EXCHANGE (X CUKRER
0023 Z0DE 40 IR N2, LOOP-5  :CONTINUE IF DATA UNSORTED
0025 €O 4] RET OTHERWISE, EXIT
4
0026 43 FIAG: FQU ¢ L DESMGNATION OF FLAG BIT
Dle 44 DATA; ks 2 ISTORAGE £OR DATA ALDH NS
45 END :



i,
pair.

DIf22176
toe ORI CODE
116

5 -
s i
LoD DaI0
00> 43
DX 7B
ot ERO
00s 110000
OMGE  CB3Y
o00A  IF
OMEB  300)
o 19
ite EB
oF 29
o010 EB
1] IFS
(1% £9

1h:32:36
STMT SOLRCE STATEMENT

b

b
—

[
13

23
M
o5
26
27
249
30
3]

37

.33

33

byt e o wm my by e e g
[ =R - - N - T A e =T I - K = A TR L ST SR

BT

BRI

MLUNT:;

MLOOQP:

NOADD:

'8

|

MULTIPLY LISTING

-
[

The frllowing program multiplies two unsigned 16 bat tnfegers and leaves the result in the HL regisier

'l

Y-
4

R
AT | B L4 '

UNSIGNED SIXTEEN BIT INTEGER MULTIPLY,
. ON ENTRANCE: - MULTIPLIER [N DE.
MULTIPLICAND IN HL. .

ON EXIT: RESULT IN HL. L

REGISTER USES:-.

OO MOQT

ERobED

sRL

RRA

IR
ADD

EN
‘ADD
EX
DINZ
KET;

END;

=% a

-

HIGH ORDER PARTJAL RESULT

LOW ORDER PARTIAL RESULT

HIGH ORDER MULTIPLICAND

LOW CRDER MULTIPLICAND -
COUKTER FOR NUMBER OF SHIFTS
HIGH ORDER BITS OF MULTIPLIER
LOW DRDER BITS OF MULTIPLIER, =2

NCONQADD-S:

HL. DE;

DF,HL-
HL.HL:
DE, HL:
MLOOP-5:

SUMBER OF BITS- INITIALIZE
MOVE MULTIPLIER

MOVE MULTIFLICAND
CLEAR PARTIAL RESULT
SHIFT MULTIPLIER RIGHT
LEAST SIGNIFICANT BIT 1S
INCARHY.

IE MO CARRY. SKIP NIE ADD.
ELSF DO MELTIFLIC ANR TO
PAKTEAL RESELT.

AHIFT WL LIPLICAND LEFT
BY MITLTIPLYING T BY TWO.

RFPEAT UNTIL NO MORE BITS.

|

4
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VO Fiosing Diagram - 68
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T4 230-CPU
Z1log INSTRUCTION SET

ADD &, {IX+d) aAdd locstion (1X-d) to Ace.

ADDA 1Y ed)  Add Incation (1¥+d) 1o Ace,

~OOHL, Add Peg. pair s 10 HI,

ABDD X, pp Add Reg. pair pp to 1X

ADDIY, e Add Beg. pairrto 1Y

AND ¢ Logical "AND" of aperand  and Ace.
BIT b, (HL) Test BtT b of focation (HL}

21T b, {1 X~d}
BIT b, (1Y +d|
81T h,r

CALL oo, nn

Test BIT b af location {1X+ 4!
Test BIT b of locatign {1¥+4d]|
Test AT b of Aeg r

Call subroutine 2t lozatian an if
condtion oo if true

”

ADC HL, = Aeld with Carry Reg. pair -1 i3 HL
ADC A 3 Bdd with carry aperand s 1o Age,
ARD A n Add value n to Ace,

ADD A, r Add Rrg. r to Ace,

ADD A {HL)  Addiocation {HL) o Acc,

CALL rn Urcarditional call subrguting at
location nn

CCF Complerm=nt carry flug

Py Compare operand 5 with Ace,

bys] e I sxtion (KLY L < £,
dreromant LU aag 80

CPR Compare fazgtion IHLY and Acc,
Aeccemant HL end BE, repent

“unti 300

Cil Cooonare lonation {HLU] o0 Ane,
incermant HL and decrement BC

CFPIR Cosmpare lozation {HLY and Acg,
inzremant HL, daczzraent BO
LTt et BGrg

e " et S e

54 el wrlhont Ace.

L N TE I PR N N

DECIY
DEC 55
Iv] |

DINZ e
1

El

EX ISP), HL
EXISP) IX
EX {SP), 1Y

EX AF, AF’
EX DE, HL
EXX

HALT
™0

M1

™M 2

. IN A {n)

NG

INC {HL}
NG IX
INC (11 )

INC ¥

INC (1Y +d}
iCr
Ca

1ND

DR

IR

LA it (MY ith T

L=

Decrempnr 1Y 70
Decretnent Ren i .
Disable interrupts

Cecrerment B and Jump e
redative ji B0 )

Erable iuterrupts

Exchange the location {SP) -l fIL

Erchiigs the location (5P 4 4%
i
Exchange tha location {SP1.:,,9 ;¥

Exchanga the conients of AF
and AF '

Exchanpe the contants of DE
and HL

Exchange the contenty of BC, NE,
HL with contents of BC?, DE" mL”
rexpectively .

HALT [vait for interrupt or cevet)

Set intarrupi moda 0

Sat inlernyps inade 1
Sat inte1, cpt mode 2

Load the Ace. with input fro.__/

device n -

Laad the Reg. r with i_npur: HELN, |

davice {C) -

Incre.-ent location l'.HILl

II'ICIE.“E‘I';'I X

B tvceon, tocubian 11004

Irircvemt 1Y

Lol Lment Tocation LY +d)
TAtiesadt Ty
owr csent My Lol g

Lowd bacativn {HLY with Tt
trom mor 12} Ay emany HL

wd B .

) s . T -,
Bt I L T ity F

YT R B B LR I

gttt Bl b wikil BB

T 1 LI v
. . .
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" 1R

J7 (ML)
JP ()
piiyy

JP e, nix
P nn

JEC »

JR#

JENC g

JRNZ o

JRZ e

1.0 A, [BC)
LD A, (DE]
LD A, I

) L0 A, tan)
Lba, R
Lo (eC). A
LD {DE), A
LC THLY, n
PO en
LC HL, {nn)
LD {HLI, ¢
LD I A

LF 1%, rn
LD I1X, (nal
(D{X+dl_n
LO 1Y nn

LY, {ri)

e gy

TN

Irie location AHLE with input
from poat [T}, ivsr-nent HL
il dezrement B, repeat untit

B0

Unconditiona Jimp to (HL)
Unsonditianal Jurap 1o {1X]
Uncondit st Juimp to (v}

Jurmp te hction on i
canditigh ce is lroe

Unconditizral prmp to location
nn

Jump relstive 10 PC+e it carry=1

Unconditional Jump relativa
to FC+e

Jump relativa to PCre i carry=0

Juinp setative 1o PCre if non
roco [Ze0)

Jump relative 10 PC+e if zero [£77)

" Load Acc. with locatian {BC)

Load ﬂ.c.c.‘with location (DE]
Luid Ace. with |

Load Acc. with location na

Load Acc. with Reg. R

L 0ad [ocation [BCY with Ace,
Logd location |DE] with Aee.
Luwd lapatizn (HL] with valua n

L owd R g pate i weithovilye nn
Load HL with lacation [nn)

Loed focation (HL} with Reg. ¢
Leid | waith bee.

Yoad BXwith e lun nn

Load 1X with location (nn)

Yoad fozalion (PX k] stth value p
foedie aven (007 A1 citl Regor
Lereid BY wiiiv o 2fud nn

Eoad EY with Lasation [l

r I".

LD {nni, A

LD fnl;l}, da
LO (an}, HL
LD tned, 1X

LD {pn) 1Y

LG R, A

LD ¢, IHL)

LD ¢, [1X+d)
’ LD r.'{I'Yﬂ:I]

LGnn

D

. LDSP HL

LD 5P, IX
LD SP Y

Lo <

*

LDDR

.. LDl

LR

NEG
Kap

OR s
OTDR

OTIR

*

CUTIC) 5

Sl A
cUTo

el

TLY, decrgramil HEL and B

Load location {nnl with Acc.

b

Load location {nn) with Reg. pasr do

Load location {ra) with HL ©

Lasd location {an) with 1X
I
Load location inn) with 1Y

Load R with Ao,
L 1

Load Reg, r with location {HL)

Load Reg r with Jocstion (1 X+d)
i

Load Reg. r with Jocation [1Y+d)

Load Reg r with valusn

.Luad Reg r with Heg. 1" &

Load SP with HL
Load 5P with 1 X
Load 5P with Y

Lﬁad location {DE) with location

{HL), decrement DE, HL ans BG
b

Load location [DE) with lacation
(HL), decrament OE, HL and BC;

© repeat until BC=D

Load location (EE) with lacatian
(HL), incremnent DE, HL,
decrecient BO _

Lad Jacrsion IDE] with bztion
IHL), incepment BE, HL,
decrement B and repeat until
ac-=g

[ P R TSR Y |
P oot atlon

Logizal "OR' or aperand 3 and Acc,
Lead vutput purt (C] with losation
MHLY & -ioment HL and B ropocat
il -0

Lood asiput pon (C) wi W1 sticn
{HL), incrament HL, decreinent B,
FipEat vt Br G

i
Load rtint part (81 Lih

L]
N
Lestoatpety o dal itk S,
Lerad put nt piart (CF etk lpeziian

bl

Foonlen ey (€01 b tyzeton

R T | AP 1

d

71



Ty
SAPTY
POP g
PUSH IX
PLUSH 1Y
PUSH qq
RES b m
RET
RET oo

HETI v
RETN

KL m

RLA

BLC (HL}
RLC {1 X+d)
RLC i1Y+di
RLGr
ALCA

ALD .

Lo 1% with tpoof srack

Yogd 1Y .ith top of stack

Load Reg. pair gg with rop al stack
Load 1X onto !“Id:k'

Load I'Y onto stack‘

Load Reg. pair qq onto stack

Resei Bit b of opgrand m

Feturn fram subrouting

Return Lrom subr outine if condition
CC 75 tiue !

Retarn fram interrupt

Return from pan matkable intermupt
Rotaie lety thraugh carry operand m
FRatare left Acc. through carry
Rotatu lacation [HL) left circular
Rotateiocation (I1X+d) left circular
Ratate location 1Y +d} (eft cireular
Rotate Reg, r luft circular

Rotata luft crcular Ao,

Rotaie digit lefr and right betwean
Arc. and {pcation [HL)

AR m
RRA
RAC m
RRCA

RRD

AST p

S5BC Al

SBCHL. =
vl ’
SCF

SET b, (HL}
SET b, {{X+d)
SET b, {1¥+d)
SET b,
SLA_rl:i
SRA M
SAL m
EUE

X0,

Rotate righl theangh oieey 27 L i fn
Rotate right Acc. thre N oy

. r.
Rotate opurand me right gjreulor 7d

Rolate right cirzulas Acc, .

-.1‘—.'
Ratate digit right angd lelt betweun
Ace. and Tocation (ML}

JAestart 1o logaticn p

5 - .
Subtract operend 5 from Acc. +.th
carry :

’Subtract Reg. pair ss from HL with

TRwrry .

-

Set carry flag{C=1} .
Set Eit t of location {HL)

Set Bit b of tocation {IX+d} ~
Se1 83 b of location (i Yed)
Se Blt bof Reg ¢
Shihiopemnc_l m left arithl:l_-:rtil:

Shift operand m right arithmatic

> BhHt operend m right Pagical

" Subtract operand s from Ace. 1

. S
Exclusive 'OR "o rand 4 and Acg,

4 »
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1.0 INTRODUCTION .

- The Z-80 Parable] [FO{PIQ) Circuil s 3 programpiable, twe port device which provides 3 TTL
cennpatible interface hetween peripheral devices and the Z30.CPY, The CPL canwonfigure the Z80.P10- -
to imtenlage with o wide range of penpheral deviees with no miher exiern 3 logic required. Ty pical peripheral
devices Ut g rully compatible with the Z0-PIOQ include rwst Keyboards, papes tape seadess and

. rpunches. priniees, PROM progrannners, ete. The ZE0.PLO vislizes N ghannel silicon gate depletion load
technology and is packaged in o 40 pin DIP, Majour teatures af the ZBO-PIC include: |

®» Twuo independent 8 bie bidire:tjonal peripheral interface ports with ‘handshake data transier
vontrol .

# interupt drven *handshake’ for fast response
Any pne of four distinet modes ol apergtion mav be selected for a port including:

Byte vutput

Bxle input

By e bidirectional bus { Available on Port 4 Unly.’j /
CBat cuntrol mode o . :

All with interrupt coanrailed handshake - .

& Daisy ¢hain priveity imerrupt Jugic included tu pravide for sutomatic interrupl vectoring without.
extema jogi - ’

rl i

Eight oulpiis are capable uf diving Carlingtun mnsi:;tl_:-rs'
& Al inpurs ancd gurputs fully TTL vompatibie )
& Single § voltsupaly and single phase clock are reguired

One af the unique freatures of the Z80-PIO thal separates it from other interface conirollers is that all
dats transfar between the peripheral device and the CPU 15 accomplished under total intecrupt cantrol, The
wtesrapt lodic of the PUO peemits full usage of the efficignt interrupe capabilitics of the Z80-CPU duenng 17O
trapafers. Al bogic necessany 10 implement a Muily nested interrupt strbcture is inchaded in the PIO o that
additional cizeuits are nat requirec. Anuther unique feature of the PIO s that it can be programmed to
interrupt the CPU on-the aceurrence of specified status conditions in the peripherad device. For example,
the PIO can be programmed o inteccups if any specified peripheral alarm conditiovs should accar. This
intecrupt capability reduces the amaount of time Lhat the processor muat spend in polling peripheal status.

- -
4 ]



2.0 PIQ ARCHITECTURE v

A block disgram of the ZSO-PIQ is shown in Figure 2.0-1. The intema! structure of the Z80-PIO
congists ol 5 ZBO-CPU bus interface, internal conerol logic, Part A HO logic, Port B 1/Q logic, and interrupt
cunteol fogic, The CPU bus inwerface logie allows the PIO to inferface directly to the ZE0-CPU with no
gther extenyl logic. However, addiess decoders andfor line bulfers may be required for large systems. The
inteinal contrut togic synchronizes the CPU data bus to Ihe periphesal device interfaces (Poet A and Port B).
The two /O ports (A and B) are virwually identical and are used to interface direcily to pecipheral devicrs,

SV OND & .
l l l " i 7
. . . ‘
WTERN &L poap [ CATAON CONTAGL
LoNTREL : ~ a
- LEMHC P -
N g [ MAROSAALE
DATA a:-.l chu ﬂ
) . s < INTER%5AL WY ”::Emﬂ:k
WNTERFACE UL P
MO COMTROL
LINES ,
f}—-—{= 04 T4 OR CONTAG,
INTERALFT —-:-"> :UHT
CONTHOL L \io .
= AN SR E
,

IHTERHLFT L THO L LGS

FiGLUAE 201
P10 BLOCK DIAGRAM

The Port 1O logic is camposed of & registers with “handshake” conerol logic as shown inFigure 2.0-2,
The cegisters include: an 8 bit data input register, an 8 bit data oulput register, a 2 bit mode control
regisier, an 8 bit mask register, an 8 bit inputfoutput select register, and 3 2 bit mask conurol register, =

t =t .

T it ’
___':> HLLCT AT
LR [y )]
ol
i T e, O TPUT
LIT-S e LB E
[F X B
ﬂ Dats
[P LLTY I o QuTrur
L 1]
' ¥ b1 7]
T
MLEIAHLA A
‘:} DATA DR
- COMTROL Wil
e, o o ] b T
e
I8 W TE - -
TR NPT (A fa ([ ¥ L1} }]

agaby
LT e T 1
- | MLENALT . LS TFTT
* mitutrh ?;:,?" nﬂ.ml LINEL
FIGURE 202

PORT 10 BLOCK HAGRAM



The 2-Bi1 mude conlrod rﬂ:l'\lEI it loxded by the CPU to select the desred operating mode (b e
outpul, byl mpat, byte bidueotions! bus, or b control mode). All data transfer betwien the peripheral
devier and the CPL s achieved through 1he data impal and data cxipun cegisters, Dats may be wrdicn inlo
the vatpat regisaer Yo the TPU uroread back tothe CPU from the inpon sepister al any (ome, The kandshake
oo rewngiwned witly each port are esed to condrol the dary trunsler bepween the FIO and the peripheral
Ji e ' . -

The S5 musk repisier and the B.bit inpfr: ‘nurput scl:-:r'w,g.isl_e: al€ eed uni::a in the bk coditrol
inade, In this mode aoy of 1he § peripheral data o Lwntrol bus pins caa be proyrimmed we be un mput o7
an vatput g spenifyed by ie select regiver. The mask rezisier isused i thrs mode m conunctioin with 2
special mrerrupt featnre . This feature alkows an imerrupt 10 be generated when any or all of the unmashed
pis 1each g specified state (2iher fugh or lowl. The 2-bit mask contrel register specifies the active state
desired (high or low) and il the interrupt shoukd be generated when off unmasked pins are active (AND
gondition] of when i umnasked pin is active (OR conditien}. This Testure rednces the requiremem for
CPLY sraiue chegking of 1he penphera! by a]rouing an interrupt to be amomaricylly generired an specyfic
periphecal status conditons. For exemple, in a systemm with 3 alarm condiligns, an mlern:p: may be
penerabed il any one occors uraf all tlree oocur, . .

“The wnterrm contiol Ingic section liandles all CPU inlerrupt proweod for nested priority intetrupt
stisztures, The priority of dny device is determined by its phyvsical foncarjon in a daity chain conficuravion.
Two lines gre provided in cach PIO to form this daisy chain. The dewice closest 1o the TPU has the highest
privriny, Worhin 2 PIO, Part A interrupts have higher priorny than those of Part B, In the byt input, bywe
output or bidirectional modes, an interrupt can be penerated whenever a new byre transfer js requesied by
the peripheral. In the bit control mode an interrupt can be generated when the peripherz] status maiches a
progiamraed value. The PIO provides for complele control of nested interrupts, Thal is. lower prioray
devices may not interrupthigher prority devices that have noi had their interrupt seivice routitie som-
pieted by the CPLL Fligher prionty devices may interrupt the servicing of lower priority devices. :

When an interropl is accepted by the CPU in mode 2, the inlerrupting device mrast prosade an &b
ierrupl wector Tor the CPUL This vecior 18 used 1o foum a pointer o 2 focatian in 1he cumpuier memory
where the pddress af ihe wierrupt sermvice joutine is Jocated, The B-bit vector from tRe interrupting deviet
furms the least significant 5 bits el the indirec1 pointet while 1he 1 Register in the CPU pros ides 1he must
sighifizant & bits of the pointes. Each port (A and B) has an wdependent interrupt vecior. The least

ripnificam hit of the veeior is automarically set 1o g O within (ke PIO since the pmrn:r sl PR 1o lun
adjacent memory tazalions for a complete 1b~hu address. . .

The P1O decodes the RETI {Retum (rem interrupt) instruciion directly from e CPU data b yo
that rach PIO in the systom knows at all Uimes whecher i §s being senu:cd by the CPL inlegupl mvace
rwtine witioul any other cummumcanun with the CPLL

t . - \ i
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3.0 PIN DESCRIPTION | oo

A dirgenn of the £50-PI0 g coafizurstion is shown in Figure 3.0-1. This sectivn dEscr:iics the
fanctiong nf cavh pra.

DT“EJ- 2R0CPU 1ata Bus (hidirectignal, tristale)
This bus iy used to transfer ali data and comnands between the ZE0-CPU and the ZSD PO,
Dy Is the lease sigepTicant bit of the bus. .
Bia Sei Pact B or A Select {input, active high}
This gin defines whick porr will be accessed during a data wransyer berween the Z8)-CPU and
the ZEO-PIO. A low leved on this pin selects Purt A while o high level selects Bort B, Often
Address bt Ag from the CPU will be uted for this selection funcrion. -
. - B
CiD Se! Cuntrol or Daga Seleer (inpug, active hughl '
This pin defires the type of duaty tanster to be performed berween the CPU and the PI0. A
high level un this pin during 2 CPU whie 1o the PIO causes the 2.80 dara bus 1o be intur
preted a5 3 comrapal for the port selected by the BfA Select line. A Jow level on this pin
mizans that he Z-80 data bus is being used to transfer data between the CPU aad the PIO.
Ot Address bit Ay from the CPU will be used fur this function.

CE Chig Enable finpur. active luw)
< A low tevel on this pin enubles the PIO to aiiepl commund of data inputs from the E‘PU
" dunng 1 write vycle or e transmis data 10 the CPU during a re3d cycle, This signal is
generalty 3 decode of four [70 port numbers that encompass port A and B, dara and control.

b Systern Clock (inpui} "
The ZE0.PIC uyes the ytandacd 280 systemn :tr:u_k to ;}rnchrnrnmc cedtam sgnals internally,
Thas is a singie phowe clock, . .
M Wachine Cyche One Signal from CPU {input, active low) | :

Thas signal fram the CBU is used a5 a sync pulse g vontrol several inlernal P10 operativns.
When M1 is active and the Fﬁs:gnal is active, the ZBOCPU iy fetching aninstrudtion from
memory. Conversaly, when M1 is active and TORG is active, the CPU is acknawledginig an
interrupe. In addition. the M1 signat has two other funciions within the Z80-PIO,

1. MI synchronizes the PIC intermupe fogic, | . e
P

T When Ml occurs without an active RD or JORG sagnal the P10 logic enlers o resct
sizte,
IGRO InputiQuiput Requesn from ZHQ-CPU {inpul, sctive law) -

The TORQ signal is used in conjunction with the B/A Select. €7D Select, CE, and RD [ sigrals
o fransfer commandy and 2412 bepween the ZR0LPU and the 230-PICL Wl'l.rr: CE, RDung
TORTY are active. the port addresscd by BfA will transfer data 1o the CPU {a read operalin),
Comersely, when C_E'F:md 1BRY are 22zive but R 1 not active, then the port addressed by
B'A will be weitten injo fzom the CPL with ¢ither data or control Infurmation a4 specified
ba the CAD Select siginal. Also, N IGRD and M1 are acove simultaneously, the CPU is
achaowleding an interrupt and the i ierrupting port will avternatically place it incerrupe
veclor o the CPL dawa bus if ot s the lughes! priority device requesting ain intesrupt,

RD Read Cycle Status from the Z40-CPU {inpul, active low)
1f RDis active ¢ MEMORY READ ar 1O READ operation is in progress. The RD signal ia
uved with B; A Seleat, £/D Select, CE, and QR signals to transfer data from the Z30-PID
o the Z3-CPU,



IE]
IEQ

INT

AD‘AI?

A STH

" A RDY

E 5TB

B RDY

Interrupr Ensble In (input. sctive high)

Thiy signal is used 1o form g priority inlerropt daisy Jhain when more 1hun one internipt
driven device is being used. A high leve] on ihi pin mdicates thal oo other devices of higher
priarity are baing serviced by 4 CPU inlerrapl service routine.

Interrupl Erable Qui {oulput, aclive high)

The IEC signal ws the other signal required 1o form a daisy chain prionty scheme. Tt is high
only of 1E]1 5 high and the CPU is nan servicing an imerrupt Tiom this FIQ. Thus this signal
blocks tower priority devices lrom interrupting while o higher priarity device is being

“serviged by s CPU inlejzupt sermice cautine,

Imerrupt Request (ouiput, open deain, active law)

When TE'T is acuve the ZBO-PIO is requesting an interrupt from the ZR0-CPLL .
' .

Porl A Bus {bidirectional, tristate} “

This B bit bus is used 1o 1ansfer data andior smus or control infommation betvween Port 4

of the ZB0-PI0 and & penpheral device. Ag is the least mgmfcani bil of the Port A dats bus.

Parl A Sucbe Pulse from Peripheral Device i,’mput active low)
The meaning of this signal depends on the mode of operation HTECL‘I’J far Port A as follows:

13+ Outpul muode: The poshiive edge of this strobe s issued by the pcnphtrz] 10
achnowledge the receipt of data made available by the P1O.

2} - Inpul mode: The sirubs is issued by the peripheral 1o load dats from the penpherd
inta the Port A lnput repister. Dala is loaded into the PIO when this signal is aciive.

3]  Bidirectonal mede: When this signal {s active, dola from the Parl A cutpur regisiet
is gated onto Port A bidirectional daa bus. The positive edge of the strobe
acknowledges the receipt of 1he data, .

43 “Control mode: The strabe is inhibited inlemally.

Register A Ready {oulpul, active high} .
The meaning of this signat depends ap 1lie mode of up*ranon selecied for Part A as Tallows:

13 Outpwt mode: This signal goes active 19 indicate that the Port A owiput register has
heer joided and the peripheral data bus is stabie and ready for transfer 10 the
penpheral device. . ] .

L] a 4

2} Input mode! This signal is active when the Port A input register 19 2pupty ard tH
ready 10 accept data frum the periplissal device.

3)  Bidireciional mode: Thissignal is active when data is available in the Port A cuiput
register far transfes Lo the peripheral device. In this mode data is not placed on the
Port A data bus unisss A is active, .

4).  Control mode: This signal is disabled ond forued 1o a low state.

Fart B Bus (hidlrectional, tnistate}

This B bit bus is used to transfer dats andfor suatus or conirol information betweaen Fort B
of the PO and & peripheral device, The Port B data bus is capable of supplying | .5ma &
1.5W tev drive Darlington transistors. By is the leasi sigmificant bt of the bus.

Pori B Strube Pulse from Peripheral Device {input, active jow)

The meaning of this signal is similar ta that of A 5TH with the foliowing exeeplion:
Lia the Port A bidirectional mode this signal sitobes data froam the peripheral device
inio the Port A input regisier. .

Repisier B Ready {owiput, active high)

The mtaning of this signal is similar 10 that of A R:nd} with the lollowing escepiion:
tm the Port A bidoectivnal made this sigral is high when he Purt Anput register s
emply and ready 1o accept dala from the peripheral device, .

4
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4.0 PROGRAMMING THE PIO t : ]

31 RESET o S
The ES0.PICH sutoratically enters 3 resel stafe when pu'n;-rer is applied. The resct state perfarrma the

forllovw g Tusctins J ] .
I} Barh port mask registers are resel to inhibiz all port dara bits. : '

1) Pou Jdata bus lines Jre set (o a high impedance state and Lhe Beady “handshake™ signals are
inagrive Mow). Mode L is automatically selected.

3;  The vectar address registers are nor resel. . .
41 Both prwtinterrupi enable flip Aops are reset,
§)  Both purt ourpul regisiers ars resel. -

Lo addition Lo the auiomatic puwer ul gset_Lhe PIO can be reset by 1pplying an M1 signat withuu
the presence of 3 KD or TOR( signal. 1 no RO o TORT 1 detected ||:I||.|m'|,g'&E will :i:cr the rasel
stale immediazely after the M1 signal goes uacnive. Tie purpose of this eeser s 1o zl!m a single eaterpal
gt Lo generdle a resel witlioul a power down sequance. This apprach wis required due to the 40 pin
packaghy mitatign. -~

Onve the PIO hat enlesed the intemal 1es21 srate it iy held there uatil the PIO receives a ..ummt ward
from the CPUL .

"

4.2 LOADING THE [.'*-"TERFIUP’T YECTOR

" "The PIO has been Jesigned ro opeqate with the Z80LPU using the mode 2 interrupt cesponse. This
muode réguuces hyt an interrupt veclor be supplied by the interrupring device. Thiy vector is usad by the
CPU to form the addeess for the intereupt service routine of that part. This vectocis placed on the 250 data
bus during 25 inlerrupl 1ckngw ledye ovele by the highed priority device requesling service at that fime.
{Reler 2o the ZBO-CPU Technical Manud for details on how an interrupt is serviced by the CPUY, The
desired intecrupt vecton is loaded into the PIO by writing a control word fo the desirud port of the PIO v ith
the following fumgr: . \

03 Dé 03 D4 . D3 (W (] Do

hid Va W5 Vi V3 L ¥l h by

. .
sigriifies this contral wored is an interrupt
vectar s

Do i used in thiy case 952 flag bit which when low causes V7 thra V1 to be loaded inta the vector register.
Arinreirupt acknowledgr time, the vegtor of the interrupting port will appear on the 2-80 data bus exactly
as st in the farmat above.
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4.3 SELECTING AN OFERATING MGDE

Funt A of the PIC miay be aperined inany of Tour distine modes: Mode O {ouipul mode), Mode |
{inpul mode), Mode 2 (bidnectional mode], ind Mode 3 (contsol mode], Note that the mode numberns have
bean selected for mpemonic signihicance:i e, 0=0ul, 1=In, 2*Ridirectional. Parl B cap Operate in any of
these invdes envept Mode 2.

The mode of optration must be established by writing a control word 1@ the PIQ in the follewing
foumal:

L} Cé L35 D4 D3 b2 DI Bi

i.\'ﬂ M0 | X ] X j l | ] I 1 } X=unused bit
~———— — . s
Vo
made word signifies mode word
to be st

Buis 07 2nd D6 from the bireny code for the desired mode according 10 the following Lable:

o _D'i; Mode .
0 0 0 f(oulpul)

H 1 I {input)

! 0 2 (bidirectional)

I l 3 (control)

Fits B3 and D4 ase ignored. Bies D3.D) must be set 10 1111 fo indicate *S¢1 Mode™,

Selrfting Mode T enables any data written to the port oulput regisies by the CPU to be enabled onto
the port 4113 bus, The contents of the output register may be changed at any ume by the CPLY simply by
whiling @ new data word 10 the port. Also the cuirent contenis of the output register may be read bk 1o
the Z80-CPU at any time thraugh the execution of an inpul instruction,

With Mode O active, 2 data wrie from the CPU causes the Ready handshake line of that port 1o go
high 1o nolufy the peripherai thar data is available. This signal remains high unitd a sirobe is o ceived irom
the perspheral. The rising edpe ol the strobe generates anniesrupt {1If i het bezn enabled) and causes the
Ready tine to goinactive This very simple handshake is simvlar 10 that used in many penpherad devices,

Seircting Mode ] puls the portinte the inpul mode, To sizrt handshaie operation, the CPU merely
peifarnts an input read operation (rom the port, This astivales the Ready line La the perpheral 1o sigly
that dala should be loaded inlo the empiy input regisie:. The peripheral device then sirobes data into the
purd input register siag the steobe line, Again, 1the nsing edge of the sirobe causes an imtermupet reguest (il
it has been enabled) and deactivates the Ready signal. Data may be stiobed into the input register tegardlcss
of the stale of 1he Ready signal if care is taken 10 prevent a duta oveirun condition.

slode 2 is g bidirectional data transfer mode which uses all Tour handshake lines. Therefore anly Pon
A may ke used for Mode 2 operation. Mode 2 operation uses the Port A handshake signds for ouipul
conirgl and the Port B handshake signals for input control. Thus, both 4 RDY and B RDY may b aclive
simuttanenusly. The only operational differznce bevaeen Modz 0 apd the output portien of Mode 2 is ihal
data from the Porg A cunput register is allowed on 1o the porl data bus only when A STB is active in order
t achiese 4 hidireciivnal capabihiy.

Mode 3 pperation is intended for staias and contral applications and Joes not utibize the hundshake
siznals. When Mode 3 is welected, the neat contred word sent te the PIOG must define which of the pon daia
hus lines are to be snpuls wnd which are outputs. The fuinat of the control word is shown below:

7 Dt [ D4 D3 b2 L} GO

I.I"Dq. 10y IICI: | l,"ﬂl 110y

1.‘01 I..'IDﬁ l lj'05




«. 83

[T any bitis 51 Gz a ane, then she curnespondmyg data bm fine wi'l be used ls an lnput Cunvcrs.:'I} if the hit
15 resel, the Lne u..JI be used as 20 ourpur, :

During Mode 3 operation the strube signal is ignured and the Ready line is held low., Data may be
writlen ty g pott ur read (rom 3 poct by the ZEDLCPU at any time dusing Mode 3 operation. Whan reading
a purt, the duty returned to the CPL will be compaied of inpul data from port data bus Lines assigned as
inputs plus purt oulpul register data from those lings assigned as outputy. | s .

44  SETTING THE INTERRUPT CONTROL WORD _ '
The interrupt contral wurd tar each port has the following format:
D» D8 D5 D4 DI DI B DO :

Enable | Axpy | Hgh! | sa-ks o 1 1 1 .
Interrupt| QR . Low Ly llows

e
L P r

T W e
used o Made 3 only signifres inlewrupt contrel word

If bit [}¥7=1 the interrupl enahle Aip flop of the purlis set and the port noy senecale an {neercopt. BF bit
D720 the enable flay is reser and interrupts may oot be generated. If aninterrept is pending when the

enable flag is set, it wili then be enahled onto the CPU interrupt request line. Bits 06, B3, and D4 are uzed
only with Mode 3 operation. However, setting bit D3 of the interrupt control word during any mode of
pperation will cause mty pending interrupt 1o be reset, These thres bits are used to allow for intercupt
operation in Mode 3 when ary geoup of the [0 tines go ro tertlin defined states, Bit D& (ANDOR Y defires”
the fugical eperation to bé perlformed in port moritoring. [fbit Dé=!, an AND function is specified and if
D6a), an OR Function is specified. For example, if the AND functon is specified, all bits must go toa
apectfled statedelore an intarrupl will be genetated wihile the OR function will generate an lntecrupe if any
specified bif goos to the 1etive state, y

Bit DS defines the active putarity of the purt data bus line 1o be monitored. 'If bit D51 the port dats
lines are munituced for 4 kigh stawe while if D5=0 they will be monitored for a low wate.

[f bit D=1 the nest control word sent o the PIO must define 2 mask as follows:
p7 Db G3 D4 o3 D? i 0o . -

MBy | MBy | MB; | MBy | MBy | MBy | M3, | MB, -

-

Only those port lines whose mask bitis zera will be monitoted for generating 14 :'n:trr'upt,



50 TIMING
5.1 OUTHPLT MODE (MONE &)

Figure S.0-Dillustrates the timing assoviared with Mode 0 operation. An curput ¢ycle is always started
by Lhe execuriun of an ouipul instrugtion by the CPL. A WK™ pulse is geresated by the PIO during 2 CPL
110 write up«r:tl-m and is used to latch the data (rom the CPU data bus into the addrnscd port’s (A or B)
vuiput register. The rising edge of the WR* pulse then raites the Ready flag afrer the next falling edge of
tw indicate thar data 15 avadable for the periphecal devive. fn most systears the rising edge of the Ready sigaal
van be used a5 4 hn.hmg signal in the peripheral device if desired. The Ready signal will remain active until:
(1) 2 pusitive edge is reveived from the strobe line indicating that the peripheral has taken the data, or (7)
if d.re-’ld}' active, Rr.‘u;iy will be forced luw 1 & eyeles after the leading edge of TORQ if the port's autput
1egister is wyirren into. Ready will return high on the first falling edge of @ after the trailing edge of ORG.
Thus guarantess that Ready is low when port data is changing. The Ready signal will not go inactive until 2
falling edge uccurs un the clock () line. The purpese of defayving 1he negative transithun of the Reudy signal
untl after 3 nezative clock transition is that it allows for a very simple generation scheme for the strobe
pulse. By merely connecting the Beady line te the Strube Line, 1 strabe with a Juration of one clock period
will be xenerated with na other legic required, The positive edge of the strobe pulse autamatically generates
an [NY request if the interrupt ¢nable Nip fop has been set and this devize i3 the kighest pdority devics
reQuEsimg an nteffupt.

»

If the PIC 18 nokin a rescr state, the output register may be bpuded before mode 0 is selected. This allows
the port output lines 1o berome detive in 3 usze deiined state, :

- AN

PR T OuTRyT .

B RETE — X L { ) .
" mgADY ’ | ﬁ - 'E o

1TACNE _ = -

INT ' '

wn' « K- ce- 8- wng . . '
FIGURE 531
. MODE 0 {QUTPUTI TIMING

5.2 INPUT MODE MODE 1)

Figurs 5.0-2itlustrates the timing of an input cycle. The perpheral inftiutes this eyele uslng the strobe
line after the CPU nas performied a data resd. A low leve] ga this line louds data intq the port input register
and the tistng edge of the srpobe lice sctivates the ntecrupd request line (INT) if the internupt enable is set
and this ia the highest priority requesting device, The nest falling sdge of the clock line () will then reset
the Ready line to an inactive state signifying that the input register i3 full and fursher loading must be
inhibited unti} the TPU reads the dara. The CPL will in the course of its inLerrupl service roucine, read the
dats frani the meerrupting port. When this occurs, the positive edge from the CPU RE signal will raise the
Reuady ine with the next low guing transition of @, indleatlng that new data can be loaded into the PIG,

If aliz3dy active, Ready will be forced low cne and one-half 4 periods following the leading edge of TORQ
during 1 rexd of a PIO port. [If the user sitobes data into the PIO only whan Reudy is high, the forced stare
of Ready will prevent input re gister data from changing while the CPU is reading the PIO. Rﬂadr will g0
high again after the lrailing edge of the IDRQ us previously deseribed,

$TRTNE \
JhlaPL F
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no- = mp-ci E010RD FIGURE {02 . '
MODE 1 [INFL T] TN G .
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$.3 BIDIRECTIONAL MODE (MODE 2) .

This mude is mersdy g c::-mbinalmn of Mode 0 and Mode 1§ using all four handshake lines. Since it
regulires all four lines, it is available only on Porl A. When this mode is used on Port A, Port B must be set
(o the Bit Control Mode, The same interrupt vecior wili be retumed for a Mode 3 intensupt on Pert Bund
an input trensier imerrupt during Mode 2 operation of Port A, Ambiguity js avoided if Port B is operaled

+in a poﬂtd mode snd the Part B mask reg;:sm is sel 1o 1nhtb1t all bits,

= L
a

Flgurc £.0-3 Mustrates the timimg for dkis mode. Tis alinost identical to that previously described lar
Made 0 and Mode 1 with 1he Pari A handshake lines used for gulput conirol and the Pori B lings wsed for
input conirol, The difference berween the two modes is that, in Made 2, data it allowed out unto the bos
anly when the A sirobe is low. The nsng edge of 1his stzobe can be used to haich the data inio 1he peripheral
sinee 1he data will remain stable unlil afier this edge. The input porticn of Mode 2 operaves idemtically 1o
Mode 1. Note thay both Port A and Port B muss have their interrupts enabled to I:I'u:w: &N interrupt driven
directionrial Iransfer. . :

anpT

L asTE

- R A
BATE §ul

T

RiTH

[ L.1rL)

Wit s KE - CE- DT o

FIGURE 5.0 5
FORT A, mnzzimnm&cnnmunwwﬁ .

The peripheral must not gate data onio a port data bus while A STB is uctive. Bus cmtenl:un ir avoiged
if 1he peripheral uses B STB 10 gate input duta onto the bus. The PiO uses the B 5TB low levei 10 latch this
data. The PIO has been desiyned wilh a zero hold time requirement Tor the data when latching in this mode so
1hat this simple gating structure can be used by the peripheral. That is, the dara can be disafrlzd from the bus
immediately afier the sirobe nsing edge. - v Y

s
1 . =y

$4 CONTROL MODE {MODE 3} \ - -

. +

The control mode does not wlilize the handshake signals and o normal perl write or port read cun be
execuled a1 any lime. When writing. the data will be latched in1o output registers with the <ame timing as
Mode . A RDY will be furced low whenever Part A is operaled in Mode 3. B RDY will he held low whenever’
Port Bis operyted in Mode 3 unlen Port Ads in Mode 2, En the latier case, the state of B RDY will not be affected.

When reading the FIO, the data teturned 1o the CPU will be composed af outpul repister duta lrom those
port data lines ussigned a5 outputs and input regisier data from those port gata lines assigned as inpuis. The
input register will contain data which was present Immediately priot 1o the falling edye of R S¢e Figure 5.6,
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AR interpapt will he gravrated F intereupes from the port are enzbled and the data on the port dats line,
satasti-- the ool equation Jeflned by the S8 myk and 2-bit mask cootral reglsters. Another interiupt will
nut be generated Lntil o change oeurs in the status of the logical equation. A Mode 2 interrupt will be yener-
ated vnly' if the result af 1 Maode 3 logical gperation chunges from false to true. For example, assume that the
Mode 3 logical equation is an "OR™ lunction. An uniasned port data line becomes aclive anid aa inlermupt 5
requeited. I a second unnisked purr Jata line bednomes active concurrently with 1he First, a new intecrupt will
not be requested since 3 change in the result of the Made 3 logical operation has not ogcureed,

If the resull of 4 logival uperation becomes trus immediately prioc to or during M1, an mttrrupt will be
‘requesiel afrer the trailing ¢d 2 of M. - - “

-

6.0 INTERRUPT SERVICING '

Surnee time 3ter ¢n inlerrupt iy @quested by the PIO, th: ('FL| will send out an interrupt acknowl-
edge {51 and TORGY, Dureng this time the inerrupt logic of the PIO will determine the highest priovily
putT which is cequesting an intereupl, (This is amply the device with itg interrupt Enable [npuc high and
its Interrupl Enable Ouiput low ), Tainsure that the daisy chain enable lines stabilize, devices ar¢ inhubited
frons changing their daterrups reguest status when M1 s aetwe, The highest prionty device places the con-
tents of i intereudt vector regisfer wito the ZR0 dats bus duting wterrupt acknawledge.

Figurz 601 flusirates the tming Jaswoviated with interrrpt requests. During.rl_l_timc, no New
interrupi requests Sun be generated. This gives time Tor the Int Enable signals Lo ripple through up to four
BIG viremnts. The PIO with TEL high and 1EQ tow during TNTA wil] place the &-bit intercupl vmtﬂr ol the
apprupriate purt on the data bus at this ime.

LAST T alT *
SanE|T1,TIITw|*|'3| .

-’

TGRS AND M T INDICATE
INTERRUPT ACXNOWLEDGE 1_"??”

1€+ : . .

FIGURE 6.0-1
INTERRUPT ACKNOWLEDGE TIMING

I annczrrupt reguested by the PIO s acknowledged, the requesting port is 'under service’. [ECG of
this peil will zemain low until a return (rom interrupt nstruction (RETH s execured white TE] of the part
is high. 1fan intzrrupt request is not atknowledged, 1E0 will be forced high for cne M1 cycle after the P10
decudes the opeode 'ED'. This action guaraniees that the two byte R.ETI instruction is decoded by the proper
Py pact, See Figure 6.0-2.

i

a

] E

Figure 6.0-3 lustrates 3 typical nest=t intesriupt sequence that could occur with four ports connected
in the dnisy <hain. In this sequence Porl ZA requests and is granied an jnierrupi. While this port is being
servieed  a Righer prwedly port (1B} requesis and 13 granted an interrupe. The servize routine for the hig,h:r
peivridy port is completed and 2 RETI instruction 13 execured to indicare to the port thar iis rnul:l.nt is
complere. At this time the seevice routing of the |ewsr priority port iz completed,

-4 r o=



-

1HI

g

HIGHEST PRICRITY PORT
PORT 18

( FORT 14

1E1

_.I—‘ 1] } 1‘ ] ir
+ - -
________ f
_______ ——d
FIGURE 60 2

Hi

RETURN FROM INTERRUPT CYCLE

FORT 2A

1EQ

IE}

IED

HI

el

1E1

IEC

HI

PORT 2B

1El IEQ

1. PRICRITY INTEARUPT -DAJS‘I" CHAIN BEFORE ANY INTERRUPT OCCURS

+

IHI

2. #FORT 2A REQUESTS AN INTERAUFT AND 15 ACKNOWLEDGED.

+

LT

HI

+

»

UNDGER SEAVIGE

I1E1 IEC

IE§ JEQ

Ht

IEI

1EQ

HI
19

LED

+

Lo

3

UnNDER SERAVICEy SERVICE SUSPENDED

E—

1El

IED

Lo

1EL

IEQ

Lo

3. FOAT 1B INTERARWPTS, SUSPENDS SERVICING QF PORT 2A.

1El {EQ

SERVICE COMPLETE - SERVICE RESUMED

H1

IE1

EQ P——

Hi
1E1

‘EC

LO

IEE IEQ

tEI IEQ
f-1

IE} 1EQ

Hl

LO

LO

Lg

4, PORT 1B SERVICE ROUTINE COMPLETE, “RETI" ISSUED, POAT 24 SERVICE AESUMED,

+

|HI

5 SECOND "RETI™ INSTRUCTION (SSUED ON COMPLETION OF PORT 2A SEAVICE ROUTINE

tE) TEQ

HI

1

-SERVICE COMPLETE

1E1

1IEQ

HI

. ——1

+El

DAISY CHAIN INTERAUPT SERVICING

FIGURE 6.0.3

1EQ

HI

IE]

"

ey ———

HI

FEC



7.0 APPLICATIONS - L ,
7.0 EXTENWING THE INTERRUPT DATSY CHAIN :

Withvut any exieenal logu. 3 masimem ol four Z30-PIO dévices may be daisy chained intg a prionty
wtertupt liucture, This lenitativn is required so that the inteerupt enable status (IE3) ripples through the
eniire cha between the beginning of M1, and the beginning ol Wdurmg an intersupt ac¥powledge
gyele. Singe the wnterrupl ¢nable status ;annmch:ngc during M1, the vector address returned tw the CPU
is assutad tu ke trom the highest priority device which requested an interrupt,

It muare chan Four PIO devices neust be accomunodated, 2 “look-akead™ structure may be used as
shown o Figure 7.0-1. With 1his techaique mure than th.rt_'.r PtO's may be chained iogether wiing standard
TTL lugie.

Barva gt

FIGURE 7.0:1
A METHDD DF EXTENDING TH_!E INTERRUPT PALORITY DAISY CHAIN

L]
\ . LI -

- N A ' x, \ N [

71 D DEVICE ENTERFACE

In this exumpi=, the Z30-PIC is connected io an IfO teminul dence which communigaies overan |
§ bit paratle] bidirectional data bus ay illustrated mFgure? ﬂ' 2. Hcdc 7 gperatiun [bndlrecuun:l] 15 selecred

by sendiag the foltowing contrul word toPort A1 . !

H - T, ’ . Ty r

D7 Do D% [ D3 ‘D1 D Do S,

[:a J o | X | x | | i !
T b b4 - <
™ . Mode Control

. ; . - A
- gy ‘Eitr -

oy . -
a



\ b
. " [+] o B .
230 4 DaTE AUk L1 I .  r L n A
cru ORG L0 T cC Vv
o £ T rORT DATA NUE N ’ :
1NT [T, +3
WA E FERMINAL
| !
ADERESE . !
WOOHELS BB ps
Dk CODE M . 1
- . - ..’I . - [
, , FIGURE 7.0-2
. . ~.  EXAMPLE |fO INTERFACE
- n - L4 - . }

Next, the proper inlerrupt veclor is loaded [reftr 1o CPU Manuzal for details on the operation of the
nlerropl). -

DI D6 DS D4 DI DI DI Do

(w ve | vs | ve | vi [ Tviil vy 0

[ W]

b

Interrupts ave then enabled by the cising sdge of the lirst M7 afier the interrups mode ward is set unfess
that M1 defines an interrup au:knnw]%g_c cycle. B a mask follows the inierript mode word, interrupis are
enabled by the rising edge of the first M) following the setring of the mask. ] . *

Data can now be tramsferred between the peripheral and the CPL. The uming for this transfes is as
desciihed 10 Sectian 5.0. o . o

]
an - 1
f r



1.3 CONTROL INTERFACE

A typical conttal mode applcation isitlustrated in Figure 7.0-3. Suppose an industrial process is to be
monitered. The oceurrence af any abtiormal operating condition is to be repurted (o2 ZR30-CPU based
conteol svitem. The procets control and starus word has the lollowing formar:

n? D& DS D4 03 D2 Dt Do

) Turn | Buwer |Halt Twrn Preaur-
?p‘”“l On Faifure | Brovesr Im: Healars | ite EI:;:“
s Power { Alprm Jing On Sysem
’ * PORT &
| LE]

e ——y
N I: SPEC TEST
——— e ——]
b i T THGMD - Ay D_' TUAN ON PR

-
Ay PR PAILALM |
Ay HALT INDHJE T RIAL
e 1 PROCEESING
K _Droo A 3 TEws ALM SYSTEMw
2

Ay D" MTRSE- ON
i Ay D FRESS 3¥K
A PRESE ALM

[

l AO-A ) S

AQDORESS
DECUDER

FIGURE 7.0-3
CONYROL MODE APPLICATION
[

The BID may be used a5 follows, First Port A is set for .'h'lnde.] operation by weiting the following control
word Lo Port A,

D7 D& D5 Bt D3 o2 Dl Do

Ll l[x X 1 ] 1 1

Whenevar Mode 3 i1 selected, the next contrel word sent [o Lthe port must be an 1O select ward, In this

examiple we wish 1o select port data lines AS, AJ and AQas inputs and so the following control ward is
wiillen:

o7 Dt 03 pe (LR} D2 DI Da

LG o 1 ¥ | G, }] 1

Mewt rhe desiced interrupt vector must be [aaded {refer ta the CPU manuad for dernls);

D? De D5 4 03 o 0l Do

E

Ve | Vi Wd Y] L L o




AN inleriupt control word 1s next senl to 1ht-PﬂlI‘. S T A r.tor
D? D& thl) Da D3 D D! Do Lot s
] , 0 L 1 u i A ‘ .
Erablk  OR  A.ive .\'I;sE A o d
Inbcreupis Lonor High Follows Interrvpt conirol . i

The miash word following the interrupt mode word is:

D? D& (b k3 Da L3 2 &) | Do

¢ ! 1 a 1 1] t 1 i}

Selegur AS AZ and AQLobe munitored

Mo, 10 senwor puls a high level un line A5, A3, vi AD, an interrupl request will be penerated, The mask
word may select any combination of inputs or outputs 10 cause an ipteirupl, For example, il the mask
wurd above had been: ..

", ’ []

[

D7 D6 D5 D4 DI D2 DI DO

‘DIIIGIL.-,U 1 I 0 '

then an inierrupt request would ako occur if bit A7 (Special Test) of the cutput reginer was sl.
\ .

Assunve (hal the follawing port sssignments are 10 be used:
EQy™ Fort A Daa
Elgy=Port H Dala
EIH"‘ Port A Cuntrot
E3y° Port B Caniral

All pan pumbers are in hexadecimal notation. This panicelar assighment of port numbers is Consvenient
since Ag of the address bus can be used as the Port B/A Select and Ay of the address bus can be vsed a3
the ConirolfDala Select. The Chip Enable would be the decade of CPU address bils A thru A4 (1110 00).
Note thal il only a few periphesal devices are being used, a Chip Emblc dccudc Inay nol be required since
amgher order address bt could be used dtrcflly



8.0 PROGRAMMING SUMMARY

8.1 LOAD INTERRUPT YECIOR 1

E’T Vo WS [V—I Vi V2 L 0 J
1

£2 SET MODE

]71\-1[ M0 X X | l I 'l] K

Mude {

Chatput
Input
Brdirectivnal
Bur Control

—-—-:.:rc-'x
—::.n—t::la:
&

When selecting Mode 3. the nexi woard muat set the /O Register:

- [l O = | Sets bit to Input
' .
170 = 0 Sets bit to Output

B.3 SET INTERRUPT CONTROL

e AND' | Highf | ™ask ' ' .
Eu‘ble QR | Low TFulluus 0 ! ! 1

o, 4

e
Used in Made 3 only

If the “mash 1ollows” bt is iigh, the neat conttol word wntien to the poct must be the mask:
afr * .

1.»15? B, | MB, [ MB, | MB3 [ MB; | MB; | MB,

5

YIB = Q, Mloniter bt
ME = |, Magk bit {rom being munitvred

Alse_ the intereupt enable ihp op of a purl may be sl ot ceve ! withour medifying the est of the tneerrupt
conteod word by using the follewing commund:

Eamel X | % x'T o o[ 1 [
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A.C. Timing Diagram

Tarman Mwiri,rSTenty 6 Mt A5 e I mng voltegey Ui atharaeris 1wl ad

Al

Y

CLOCK
ouTRuT
lweuT |

FLOWAT !

Yoo~ b
P17
20w

AY -

any
oaw
oy
ey

T2 TN Ti

Ta:td

&
L]
Gg-or :‘1 _'.I(;
’ I-‘.erm‘ I
"'Irl-"'”r"' ] ra ——
LT I \I / .
*7 = b Ml . : 1
M "i‘ /
1 h.lbﬂ‘l-«-! o . ) , !
it ) LY % .
-+ gl =] [l ] ]
] {1 \ ,J'
. . r
I . .
Fr ™
-t , .
NEADY
i ADY OAR
WAQYE
Fragsr . .
ATTE on TXTR. /
e ——m by [ JT = — =
1 | N
(L g ] 1
Ij f atd 7 1 _"? '
- Igg!PD - *'j'- tp PO -
Epp—— —_—
Ak L3 £
':": mane ‘L ..... g..l -._'F
L L-r..ri‘m
1PN = . .
“““““ -
Wi 1 f }
o
) I .1"—-%“1'1!—--"
T T - . LY
1



A.C. Charateristics 7804 PIO SRR £

e m—--

TA =0 D 70° Co Voo =45 WV 2 3%, ualew atherwise noted

TIGMAL FrmadL FrulwkTLA N M X umad EORNENTE
N | e ma e 1 —+ 1
ke Chh Frocd F FL o) 11} e
. gy ] Lt Fubhr Beatn Chn bk Hoph L X L7
T reLl Clarh P = Copek L -] o} Ll
[ M e P pndt Foay Tomay x P
—— - - _— - — ] . -
n Any Holg Ty fpr Bjme 1.m! Bg1 Lip Teme Q rat
o= EF op o5 Cranig! S-pra %0 B Timg 10 5 g Foige ol 4 Dureng kb e
ETC Ao st o Wk Cytir
It 1o Dt O tgnrt T 4s Frwm B ping, Zoge o WD ") e |, -
[T E.'.‘“ Tt lbe Terer 13 Moy Fdgr o A Dy Wrerr o L] L
0,0 WEN Cypeia . ' T, b0
ol o (12 Bttt Tulay drew Fpll ng B ¢ WORT Dunng 1hTA 750 w12
Evire
W O pp o Fopdt ag Son IR Badie Toviler Tomgl g o )
[11] ' ER 1E| Sat L Tumt 1o B athi- godge 0f FEIATY Chuteng INTA Oy 10 o
ow ool TED Diplaw Tieme Trom Ao ag Eage 1 1E1 150 T 151
"3y 4Gk EE I Diwlay Tomur d1nm F gy Fosge o 1€ 1 . W0 o I =y~ 1
[[1s] o 180 Jfﬂbﬂlui'wfl'lﬂ[ﬂ*dI-l-lllntr'mﬂ-ﬂntrl-rqhﬂ .0 e &
oot % WYL Sre Soar
1.1 Ht gl VEIRE St W Tomm 1 Mowitg Borpa ot b Thun ooy Wrad oo " P
LARTR = 1)
i il | ) S i T e 8y e ot 4 Dgreg IMTA o WG [ L,
Colir Tt SHanr B
Ll kL] WD St Tom 10 By Goge of & Taseng Prid o W1 m it
L= 1]
- —
15 v Port Tata v UmelnlqﬂE#nleMwH 0 ] Pl
o ey Pt D Ol Tutlay Irgem ¥ iy Coge o4 STHORE a e | 151
A Ay Vo 2} .
[ e Finliy 1 F Lot rg Purt, Durs Bas beom A-cng Bdgr ot 57 A0 BE 1. ——r C =80
iMedy It , . Y
10 gl Prerl Dang Snable triem Ming Eﬂp al m [=ITREY S 1% Point H 1
Cucla |y 0¥
ALTH - "] Puns e STRORE "w sy
TR (L] . ump
in¥ tEa W Daray bimm trom Mring Edge ol STAGEL afl L)
T VT Spipy Fraet 1roem Biate Miton Durirg Mose ¥ fipe a1 wn hT ] e
ANDY ATl | P B Time trim Mg Eage ot R e mr | ok
BRDY "l T =M
LTRLL Mlmfmrlrw!.mihﬁm Iy [y 14}
=1
NOTES: -
A Pen ™oy i Tow LG uEn * TTE St Dety d sy UL 8y m b g * T b "
¥ T el b e bor & AL o Tk ety T e rhy K |31 bevrsant T gy b 10 ™t Tom el A L Faim e = Iy ik o 10 2000 0 s

131 tociamn vpr g 0y FIrave 120 cogh B L8 irdee dig b letbing upos 200 pF M

Al For Mode 2. 0y (571 5 D "
T Irwraast thase wprpn By 7 vt D rach V00 st o ok lomibeg up 10 100 of my



e

BiS, C

Z-80SIO
TECHNICAL MANUAL, -

. - . - -
e, 7 o T e e T LT e
. TTH ’ D ! .
. "
.. L ..
‘.I-.-.n. .‘.!"4 ._.-1 .}
e A - - [
o » . 4 1
L. 1, i .
o Ly .- - T f .
] L
- - b oW ! "~
; w e, T 0.
L RTUT. by
° ".'-1 ..
> -



Z-B0 510
TECHNICAL MANIUJAL

78



r omemAL— e — e 4 - —r—rrams mmn L ——— e — "

,A,@ SE@ fﬂ?emmncal Manual ‘f‘? " &

Contents

Ceacral laformalion . ... .. ..., Fiaranaeanainann 1
PinDesclplom ... i mer e e 2
Architerlube . eeeaeaaaas e 5
TheDalaPath oL o i ieein, Cevearaas 5
Funcuional Desoviption ., ... oue.ees e, e 7
Asynchronous OQperation ... ..., e, 9
Aanchronnns TRARSEHL . oL ira e e et an s 9
Asunchronous Receise L, ... ... e rae e 140
Syncheonous Operation. .. ... . ...... L aa e 13
Canchronme TTaRSMIT | Lo e v re e innnnren 18
Synchronous Recdine .. . ... 000 P 17
AOCTHDLCHIPRERNM o e )
s Tramemu,, oL oL L e e e 21
SLCReTOivE C o e e Ve 2
ZRO-510) Programming ............... e, 2
Wie Reeidlers . > ... ... .. e e L]
Read ReGINIETS . . . o eerens e 34
Applicalioans ...... .. .. . ..... e 0
Timing. . .............. P e e G ar

LATTTTTEIN D TR T ) TR Y RN A Y



10u

Coucral Information -
e— e U T . rwr— ‘..
N
The Z83-510 (Serial Inpui/Qutput) is a duil-channd Hin e and 1Eaf SDLC, This versatile device can also be
moli-funetion peripheral component designed 1o <atisly used 10 supparl virtually any other serial projocol for
a wide varicly af <etial 4213 communicationy require- applications other than dala communicalions {cassere
Haenns in micraecamputer syslicms. Trs basic fungrion is a or Noppy disk inlerfaces, Tor cxample),
serial-1o-paralte), parallel-10-5erial cons erierfcomroller,
bhut—within thai rgle—u it confieurable by ciciems
wfiware so iis “personality®’ can be oplimited for a The £80.510 can generair and chech CRC codes in
given terial dara communications applicalion, any sinchronous mode and can be programmed 10
) B check data inlegrity in rvaripus medes, The devicr akag
The ZR80-S10 is Tzrable of handling atynchionout has Tacilities for modem contrels in boih chanpels. In
and senchroncus byvie-oriented protw.ods such as 18w applicanions where these sontrols are not needed, the
Bisyng, and synchronous bit-aricmed protocals such as madem conirofs can be used (or general-purpose 1.0,
STRUCTURE ¢ D-550K hiis/secgidwith 7.5 MHz svsiem clock?
rate
N.channel silican-gaie depletion-load 1echnology » (-BROK bits/second with 4.0 MHz svsiem clock
rate

]
m i0.pin oI

M Single § V power supply m Receiver dala regisiers guadruply bulfered; trans-
]

[ ]

mitter doubly buffered.

~ o

Sinygle-phase § ¥ clock J
ves | Acynchronows f:a:urcs:1

All inpats and oupuls TTL compatible * 5. 6,7 or'§ bus/characigr
v 1. 1% or 2 stop hits
FEATURES ¢ Even, odd or no parity -

#1770 1o, 32 and = A5 ciock motl=s
8 Tuo indvpendent full-duplex channels reak generation and derechion
® Data rates in sy nchronous or sasynchronous modes: * Parity, overruen and framing error delection
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AW A

& Rinogy ssnchroaoes foaitires:
s Jretnal or esternal characier sy chronization
o One or two sang charaglers in tuparale regisiers
= Automalic sync characler inserlion
* ¢ 2C generation and checking

m oo ¢ and 1BM SOLC {uatures:

Abori sequence penciation and deleciion
Audtamalic erd insertion and deletion
Automalic flayg incerlion beiween nessages
Address field recognition .
I-field residue handling

» Valid cecrive messagss prolecied from averrun
» CkC peneralion and cheching

8 Separate modem control inpils and oulputs for both
channels

B CROR or CRE-CCITT block check

s _Dgisv-chain prionly’ interrupt lngjc pmwdes “auto-
. ™ tic interiupt vectbring Wwilhoul exiernal Jogid

a .’ﬂodcm siatus can be monilored

Pin Description

0B:-Dy. Svyiem Dato Butk (bidirectional, 3-siate}. The
syedem data bus transfers data and commands belween
the ¢PU 4nd 1he 730-510. Dy is the Teast ngmﬁ;am bit.

"

B/A. Chucne! A Or B Selectdinput, High selects Chan-:

ngl B}. This input defines which channe! is accessed

during m data transfer between Lhe CPU and ihe

ZBD-S10 Address b ﬂifmm the CPL ugf::;. used “or,

ol A -

the selection, fﬁnc!inm

C/D. Control Or Data Select (inipar, High telécts Cuon- |
£ rol)y This input defines the tvpe of information Lians-
er performed briween the CPU and the Z&0- $10. A "

Jigh™at 1hit input durmg & CPU wrile To the Z80-510

causes 1the inforinminn on the data bus (o be interpeeied

a5 3 command for 1he channel selecied by Bea, hj‘,um al -
0 means that the infopmation on the dala bus s e =

Address bit Ay is often psed Jor thie Tunclion,, -

'EE._ Chlg Ernabie finput, aciive Low). A Low {evel at

this ipplit znables the ZEO-510 10 acsept command or>,
< .data igputs Sromn the CPU during a write oyele, of 1o -

transmit data 10 the CPYU during a read oycle.

¢- System Clock {inpu':}, The ZAG-SIO uses the stand.
ard Z30A Syvstem Clock 1o synchronize internal signals.
This is a single-phase clock.,

.l

ﬁ]nﬂacﬁmt’cj wlé One fnrlut Trom=Z80-CPLI, aciive

L-:::w} When M1 is active and RD is also active, the
ZBO-CPL is fm:hlmn instruction from memory; when
5] is acy aciive while 1ORQ is acrive, the Z80-510 accepts W1
and I0RQ as an inlerrupt acknowledge if the Z30-S1C is
the highest priority. desice thal has inlerrupted the
280-CPU.

* 1ORQ. fnpul/Ouiput Request {input from CPUTT active
Low), JORQ is used in conjunction with Bea, ©/B, CE
and Rp 1o transfer. commands and duta between the CPU

and the Z80-S10: When CE, #D and iOxQ are all acUve,:

M
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the Whatingi o2leiird By g K ivas, furs data o the GPU {2
read apcranion], When © F and TRG are aciive, but iD s
inactive, ihe vhanmel selovted by B A3 written 19 by the
¢ #i2 with ¢ither daia or control informatiar as specified
by €/8. As mentianed presfously, if TORG and 81 are ag-
tive stimuliancously, the CPU is acknawledging an inler-
rupt and the 280-510 aulomaiically places its interrupl
verior on the CPu data-bus il g is the highest priarity
device reguesting an intérrupt,

RD. Rvad Cycle Siagus, {input from CPU, aclive Low),

[ KD is aclive, a memary o 10 read QReration is in pro-
gress. A0 fs vsed with B/A, CE and i0RQ 109ransfer data
[rqm the 2330-310 1o the cpy.

ables bmh rEceIvers and nansmmcrs fnrc:s Taba and

T+DR marking, lorces the modem controls High and dis-

ables all interrupls. The conlral registens @ust hg i

written afier-the ZE0-S10 is_resel, and before daiz g,
transmitied or receiveds et o

JEL tntercupt Easble In (inpu:, aclive Highk This sig-
nal ik used with 180 10 form a priority daisy chain when
there is more than one interrupi-driven device, A Higlp
oa this line Indicates that no othes dtvltl.' ol’ hl gher prl~

1UZ
Low)., Whenahe Ze0-S10 iy requesting an intsirup, B
nety nT Low.s e damo, ‘

\\;R[ﬁh W/ROYR, M ait/Ready A, Woll/Read ™
{aulputh i draip when progrationed fue Wai [

ton, “driven High and Low when programmed ot

Ready functian). These dual-purpose ourputs may be
programmed 25 Ready lines for a Dataccantroller or as
Aairdineiihal synchronize fhe CPU o the Z86-S10 dara- "
A133%. The reset state is open drain, .

C18A, CTSB. Clrar To Send (inputs, active [owh.
When programmed as Auto Enables, 2 Low on these
inputs enables the rospective transmitier, Il not pro-
grammed as Aule Enables, these inpuis ray be pra-
prammed as general-purpose inpuls. Both inputs are
Schmiti-trigger buffered 10 accommodate dow-1itetime
inputs. Thg 280-510 deiects pulses on these inputs and -
tHIETIL Bl Eh:;?u on both'Togic level trapsitions: The
Schrmiti-trigger lnputs do poL guarantee a specified
noise-Tevel margin,

DCDA, DCDB. Dare Carrier Derect finputs, aciive
[.ow). These signals are similar 1o the CTS inpuls, exept
they can be used as receiver enables.

——— e

onity is being <erviced by a CRU mtn’rupt Gervice Fouiine R DAY RYDH. Receive Dard (inputs, active High}.

IEQ. [famwrnupt Enable OQur toatputs active High). [ED
i High only iT 1E1 is High and the CPU 15 ot servicing an
imterrepl from rhis ZAG-SHO. Thus, this signal hlocks
lower prionity devices from inmerripting while 2 higher
prioeity device s being serviced by 1ts CPL interrupt ser-
vice rowtine.

*

(LT

E£XAaDA " TaDE. Transmit Daia [obipuls, aclive High).

L Ra E‘f 0B * Receiver Clocks'{inpuis), See the ol
Im\mg seciion on bonding options, The Recrive Clos
may be 1, 16. 32 or 64 tmet the data rate m as‘c,a:hru-s
pous mod@ . Receive data is sampled on the rving edge
- of RaC,

INT. fnierropt Regies! (Qnipulyr open drain, I.:[hrl =Sexr [rotooie ob nevl Zage ‘ -
dp -— P it —:-i——- LT N
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U EE SURBUN I
St o lending opticas. D0, 0 o
Denrencdeck oy b DR, W T ke d id
reie The swliphien Tor whe transtiiler and 1ag .o ey
st o dbe same. Both the Taf and Rl inpuls ase

S i rrigper buffered for relased rise- ondfall-tune
b8 (no neise margin is specificd). TvDohanges
on the falling vdpe of T4C.

Fogromeitor o far ke T ey T wee-

frta ey

RTEA, RTSB. Reguest To Send (& e, active ] ow)e

When the RTS bl is set, the RTS cuplin poes Lov. Whens
+ the TS hiz s reset in the Assnchronouss mode, the out-
qat phees Migh afier the ansmiaer is zimpty. In Syn®
<hropous modes, the ®TS pin arictly [oitows 1he staie of
the %75 hit. Both pins can be used as general-purpose
LIPS,

I}II{-;: NTRB. Daig Terminal Reody [oumuls a*uu_*-
1.ow). S¢c nole on bonding options. These cutputs fol-
itw 1he stale pigerammed into the TR bit. They can
alsp ke -+ rammed as general-purpose cwtpuls,

=y NCB. Synchronization Oopursfoutput
acin These pins can acl <ither as inputs or oul-
UL & Aswvpchronous Reseive mode, they areiin-,

to <15 and BCO. In 1his mode, the transi-
lions on o, s lines alfect the siate of the Syne/Hum
w;atus hits in RRO. [0 the External Svnc mode, these lines
also act as inpuis. When external synchronization is
achieved, SYST must be driven Low on the second rising
cdge of RBac afier that rising edge of RxC on which the
" list hii of 1he syne character was received. In other
— e after 1Le syne paltern 15 detected, the exiernal
losgiv must wail For twa full Receive Clock cycles 1o acti-
vale 1he SYRC inpul, Once SYNC is Torced Low, it 1s wise

e s,
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e heep it Luw until
Lgic thal sy hronization hae Buer Tod orgooew e
wipe is aboml 1o siarl. Characier asv-ewmbhb Yegins o n the
fising Edgr ol ©<C that intmed ateh pic wades the Talhing
t:,ht of SYNC m ihe Eaternal S3nc mode.

r BT *

- TR TRIDETCSE L R

In the Interpal Synchronzanon mode (Moo ng
and Bisynel, these pins act as ouwipuls 1hat are active
duting the part of the receive clock (88 oxcle in which
spne characiers are iecognized. The sync condiiion iy
not latched, so these oulpuls are active each lime 3 -ung
patlern 15 recognized, jegardiess of characier vanla.
ries. s

b -:;'

HOXNDING OPTIONS

The constraints of a 40-pin pachage make it impossiblz
o bring oul the Receive Clock, Tramumit Clock, Day
Terminal Ready and Syne signais for boih channels.
Therefore, Channel B must secrifice a sigral or have
two signafs bonded 1ogether. Since user reguiremeits
vary, three bondines oplions are oflered:

* 780-510/Q kas alt four signals, but T
are bonded 1cpether (Fig. 1)
» ZED-SIC/?Y sacrifices OTWB
. and YNCE (Fig. 2).
L® ZBO-510/2 racrifices SVNCB and beeps T08, VOB
and nrre {Fig. 3}
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Architecture :

The devace interpal sirpcture includes a2 Z2O-CPLU inter-
face, internal control gnd interrupt logic, and two el
duplex channels. Aswsociated with each channel are read
and write regislers, and discrele control and slalus logic
thar provides ihe interface 10 modems o nther eviernal
devices.

L]

The read and write register group includes4ive 8-bip
_;:L"‘IHD] rr:gls.crs hu.u n*:v:-charmlrr rr‘e:hll.‘ﬁ zhd ,n-.u_.,
siarns registers! The TRlerrupt sector is writien inio an
additional §-bit register (Wite Regisier 2) in Chanpcl B
that may be read through Read Register 230 Channel B,
The regisiers for boith channels are designated in the jext

as follows:

L WkD-w 8T 7 Write Registers { through 7
o kit.kM2 = Read Regisiers 0 through 2

The bit wstignment and functional grouvping of each
register i configured 10 simplify and srganire the pro-

- gramming process. Table 1 illusirales the functions
assigned 1o cach read or wrile regisier.

ki ek ——— y
wan Crerster oointery, CAL inil.ahre. inmalization com- § ?
Y mangs Ior 1Re vAROUS MOOES, #IC, i!

—_—— A e — {
WRY Trarsmit/Aecane iniercupt and dala transfar mode et
delintian, :'_‘
[E—— ——— — A e e —————
WSR2 |aterrap) vectos [Ghannel B only) ,
- TR e e —— A —— - e ———a - - r—— k¥

WAl l'-‘ua:ewe Taramelars and controls

e i — . —— = — = S rm———

WH Traﬂhmatrﬁe:ﬂna rmitsellanaous paramatlra and| §
moges to

- e - n  — —— - ——— — e
:-‘5 Iun!-rml pAramelers and conums h
'I."Fu::- Syﬂc r.ha:.ucw! of SDLC auu-eu r.elc: f;
WR? Spne r.naraclur or S0LC Dag ﬂ

[a) Wrilg Regizster Funaclions

Tuh!-mll.fﬁacewg Buller 5Ia1u: inlerrupl slatys and

RRQ]
;;.,1ur:nal S0l
AR Spttaal Receive Condihion slalus
FHR2 MWLTned iHarfupt veclr ¢ Channal B only)
(b} Aend Aegisier Funclions
Table 1, Functional Assignmenls ol Avad and Wrile Registers

The logic Tor both channels prosides Tormats, syn-
chranizapion and validation for dala transferred 10 and
ftom the channel imerface. The madem contral inpuis
Clear 10 Send (1% wnd Data Catrier Derecl (D€D) are
rnu"nmrgd by the dmmc Lontrnl lugic pntler program

-

1 - B
conrol. All the modem contral signals are general
pose in nalure and can be used for functmns oiher lhﬂﬂ
modem conrral. o '

For suleipatic interrupt veclaring, Lhe interrupt con-
trol tegic deiermines whick channel and which device
within the channe! hus the highest priority. Privrity is
fixed with Channel A assigned a higher priatity than
Channel H; Receive, Transmil and External/ Siatus in-
Lerrupts are priotilized in that order within each chan.
nel.

an -

Daita Path

The transmit and receive daia path for each channel is
shown in Figure 4. The receiver has three §-hit buifler
registers in a FIFD arrangement {10 provide 2 3-byie
delay) In addition to the 8-bil receive shift regisier. This
arrangement creates addilional time for the CPU (O 2e1-
vice an interrupt at the heginning of a block of high-
speed data, The receive errel HIFD stores parily and
framing errors and other rypes of slaws infarmation lor
each of the three byies in the receive daia FIFQ. -

L

1 Ly

* - L
incoming data is routed 1through one of several patns
depending on the mode and characier length. In the
Asvnchronaus mode, serial dala is eniered in 1he 3-bit
buffer il it hat a character length of seven or cight bits,
or is entered in the B-bit receive shilt register if it has 2
length of five or siv bits,

In the Synchronous mode, however, the dara parh s
delermined by 1he phase of Uic receive process currentfy
In operation. A Sanchirangus Rective oporation begins
with the receiver in the Hum phase, during which 1he
receiver wearches the incaming data sircam for a bit par-
tern that maiches the preprogrammed sync characiers
{or flaps in the 301 C madej, 17 1he device is programed
for Monosyne Hum, a maich is made with a single syne
charavier sipred in wr?, In Bisvng Hunt, a match is
made with dual syoc characters stered in waes and wr-,

In either cae the incoming dala pasies through 1he
receive syno fepister, and iy compared zeainy 1he pro-
prammed syac charagler in Wkd Or Wk In the Mong-
syne mode, 3 watch herween the sync charagler pra-
grammed e % &Y and the ckaracter awsembled in the
receive syng regisler esiablishes synchronizanien.

In the Bisyne maode, however, incoming Jalz
shified to the receive shifi register while the nevl cigh
Birs wf the imessape are avembled in the reecive sanc
register, The matuh beiween the avsembled haracter 1n
the receive nine regisiers with the prograpaned svie
vEaravier in wkt and wiT establivhes vonchioniration.
e ovm Mpsmis gt in gerablished incmmine Jdore by
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passes the receive sync register and dircclly.ltnl:rs the
3-bit buffer.

In thz $D1 C mede, incoming daia (irst passes through
the receive syne register, which conlinuously monilors
the recoive data stream and performs zero deletion when
indicaled. Upeon receiving Nive contiguous 1's, the sixth
bit is inspected. 1F the sixth bitis a 0, il is deleted Mrom
the dara siream. LI the sixth bitis a 1, the seventh bit s
inspecied. IF that bit is a 0, a Flag sequence has been
received; iF it is a 1, an Abort sequence has been re-

ceived,
4

The refarmaited data emers the 3-bit buffer and bs
lransferred 1o 1he receive shilt regicier. Nole that the
SRLC receise aperation also begins in the Hunt phase,
during which e ZE3-S1O 1res 1o mateh the assembled
characier in the receive shifl register with the flag pat-
tern in wier. Cince the first flag characier is recognived,
all subsequent dita i routed throogh 1he same path,
]'Lgdrd]r‘-\ ol -.h wracter lengih,

Althgugh the samc CRE checher is used for bﬂl hsoiLo
and synchronous daia, the dara path 1aken for each
mods 5 differcnt. In Bisyac protocol, a byte-oripnres
operalion requires that the CPU decide 10 include the
daia characier in ¢rC. To allow the cprit ample time 1o
make Lhis decision, the ZBO-SIO prosides an B-bal
delay for synchranous dala. 1n the 50LC made, no delay
is provided since the 280-510 comains logic thal deter-
mines the byles on \l:'hich CRC is caleulaled.

The iramsmitter has an 3-bit transmit data repister
thal it loaded from the internal dala bus and a 20-bu
transmit shifi regisier Lhal can be loaded from whe, wis
and the rransmil daiz rtg:ste: wWhke and WRT comain
sync characlers in the Monosyne or Bivvnc modes, or
address Tield {one characier lung) and flag respectively
in the 5p1 ¢ mnde, During S}mhmnous mingey, inlor-

mation conlzined in wke and WY is loaded inla the
Iransmit shify regisier at 1he beginning of 1the megsage
and, as a time filler, in the middle of the message iF a
Transmit Underrun condition oecurs. In the spig
mode, the Nags are loaded into the tramimit shifl regis-
tcr At the beginning and end of message,




Asynchronous dala in 1he transmil shift regisier is
formmabied with <tart and siop bits and 15 shifted oot 10
the trapwmit multiplever 33 the welecied clock rale. Syn-
chronas (Monosyne or Bisync) dala is shified out 1o
the Lran<ait multipfeser and also 10 ihie ¢RC generator
at the » 1 clock rare.

spLCeHDLE C datg is shified oun through the 2ero inser-
(ron togic, which 1§ disahted while the flags are being
sent. For all other fields faddiess, vonired and (rame
check)a 01 inseried Tollawing five coatiguous 1%5in the
data strcam. The ¢HC generdror resuli Tar sp1C data is
also routed thraugh the zero insertion logic.

Functional Description

The functional capabilities of 1he Z30-510 can be
deseribed from (wo different points of view: as a dara
communications device, i1 transmits and receises serial
dara, and meets the requirements of various data com-
mumalions protocols; as a 80 family peripherad, 1
interacts with the A30-CPU and other 280 pesipherat
circuils, and shares (heir data, address and control
busses, as well as being a part of the 280 interrupt struc-
rure, As a peripheral 1o other microprocessors, the
ZB0-51D offers valuable features such as non.vectared
interrupts, polling and simple handshake capabilities.

The Mirst part of the foliowing functional description
describes the imeraviion beyween the CPU and Z80-510,
the second part introduces its dala communicalions
capabilities.

L/G CAPABILITIES

The Z80-510 offers the choice of FPolling, Interrupt
{vectored Or non-vedlored) and Block Transfer modes to
transier data, staius and control information 1o and
from ihe CPU. Tle Block Transfer mede can be
implemented under CPU or DMA control.

Polling, The Puolled mode ascids interrups. $tatus
repisters REG and kx1 are updated at appropriale limes
far each funclion being performed {for example, CrRC
Error starus valid at the end of the message). All the in-
ierrupt modes of the Z80-510 must be disabled 10
operate the device in a polled environment.

While in its Pplling sequence, the PU examines the
status conlained in &ko for each channel; the RRO sidius
bits serve s an ackpowledge 10 1he Poll inguity. The
I RRG status bits Dg and o indicale that a receive or
rransmit daia transfer is needed. The siatus also n-
dicales Error or olher special «aluy conditions (see
< 260-510 Programming™'). The Special Receive Condi-
fon statirs conlained in kR | doey not have lo be read ina
Paolling sequence because Lthe siatus bits in k&I are ac-
rompanied by a Rective Chatacter Available slatus in
R i,

‘-
Interrupts. The 7ZEO-SID olfers an elahorute in'.:rrupl '
scheme to provide fast interrupt response in real- tirme
applications. As mentioned carlier,"Chanfie? B rogisitrs 5
% Rz snd RR2 contain the interrupt Vedior that points 10
an mtcrrupl sgrvice roufine in-the Memory. T st
apzranons in Both channels and 10 eliminale the necw—
sily of wriling a status analysis routine, the Z80-810 can
modify the inferrupt vedtor in kK2 500t painis directly to
one of eight interrupt service roubnes, This is done
vider prograr_conirel by seling a progrim it (WAt
ty) in Channel B called 'Siaigs Affeels Vector. ™ When
this bit is ser, the interrupl vecior in w2 is nodified
accarding 1o the awipned priority of the various inter-
rupting conditions, The able in the Write Register |
description (ZE0-510 Programming section) shows the
modifcation details.

Transmit inlerrups, Receive interrupls and External/
Siarus interrupts are the main sources of interrupts
{Figure 5). Each interrupr source is enabled under pro-
pram control with Channe A hasing a higher prioriy
than Channel B, and with Rezejver, Transmii and Ex-
Lernal/Status mrecrupls prioritized in that order within
each channel. When the Transmin interrupt is enabled,
the CPL ¥ interrupied by the transmit buffer becoming
empty. (This implies that the transmitter must have had
a dafa characier wririen into i s0 it can become empty.)
When &nabled, the receiver can interrupt the CPL in cne
of three ways: ' .

* Interrupt on Crst receive charagter g
# Interrupt on all receive characiers
. Interrupt on a Special Receive conditien

Interrupt On First Character i5 1ypically used with the
Block Transfer mode, Interrupt On All Receive Charac-
ters has the oplion of modifving the interrupt veclor in
the event of 2 parity error. The Special Receive Condi-
tion interrupt cuan oceur on & character or message basis
(End Of Frame interrupd in 5DLE, for example). The
Special Receive condition can cause an interrupt only if
the Interrupt On First Receive Characier or Interrupt
O All Receive Characiers mode is selecied. In Inrer.
rupt On Firsr Receive Characier, an inferrupt can occur

 from Special Recene conditions (except Panty Error)

efter the first receive character Inlcrmpl (txamplc
Receive Overrun inrerrupt), ’

“ i
- 1. -
r -
L]

The main lunction of the E\IcranJSIatus us inlureupl is
10 mommr the signal transitions of the (75, DCO and
SY~C pins; hawever, an Exiernal/Starus interrupt is alo
caused by a Tramimit Underrun condnion or by the
detection af 2 Breat {Asynchronous made) or Abor
(501 C mode) swequency in the data stream. The interrupl
caused by the Brrah/Abort sequence hasy a spevia’
feature that allows the A80-510 10 inierrup when the
Break ZAborl, sequence is detected or terminated. [his
feature lacilinates the proper teemination of 1he cufrenl
message, vonreel infiialization af the nest mesage, and

.the wweurate timing of the Break/Abort condilian in

esteimal logic, roa e




i DM A Rlaeh Transfer. The AR0-510 pronnles a
RBlowk T ler made 10 acenmmodate i bl b frans-
fer Mo tions and Dy conedllers {Z60-DMA or ather
dosipnsd. The Block Tramfer mode uses the WaiTs
ki ADi sarpat in conjunciian with the Wait/Ready bits
of Wrile Register |, The WaiT/READY ouiput can be
defined nnder sofiware control as a WalT line in the CPU
Block Tramsfer mode or as 3 READY line in the DMA
Block Transler mode.
1 "

To a Dva conmroller, the Z80-510 ki aby aulpur
indicaies that the AR50 15 ready 1a transler data 1o or
from memary. To the ¢py, the wWaAIT ourpurt indicales
that the ZBG-510 b not ready 10 ransTer daia, thereby
requesting the o0 (o eviend the 110 cvele, The pro-
gramming of birs 5, 6 and 7 of YWrile Reviver | and the,
logic stutes of 1he WATTIRERDY line are defined in the

v

[¥]
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Write Register 1 description (280 SHy Piopiaminay

v jsection. ;-

A

NATA COMMUNICATIONS CAP.—\III[ !TIPS

‘TS

In addition 10 the 10 capabililies previously diseussed.,
the ZEO-510 provides 1wo independent full-duples
channels a5 well ay Asynchronous, Synchronous and
SOt CHDI ) operational modes. These modes faciliiae
the iimplemeniation of commonly used data commun-
calions prolocols,

4

r 1 L
The specilic Teatures af these modes are described in
_dhe following scolions.tTo preserse the independence
and compleieness of cach seclion, some information
. common 1o all modes is repealed. v

A
L]

PARITY ERADRA - —0
—_—
RECEIVE QOVEMALN ERRQR —————= SPECIAL RECEIVE

FR&M®iNG EARQA ————— "7 CONDITION IH'I'EHHUF'I'

€83 OF FRAME |SOLC) ——"

"

FIRST DATA BN.I.MI‘.-'TEH
FIRET MON.EYNC I.‘HhFLtI:T.ER {SYNC}
YALID MODAESS BYTE (SOLE)

RECEIVE CHARACTER
) \ INTERALFT ON ALL

AE EEI'I:'[ CHARALTERS

L\

IHTEHHUF‘.I' o
FIRST EI-LlHiETEH

LN AR TFIT

TN\

OCT TRANSITION

LTS YRAKSITION :-\-h___:-__“.\

SYNE THANDITIOM cm—e s
T: UNDERRUN EOM ——
BREAR ADOAT DLTEETIDN ————"""

EXTERMAL STATUE
INTERAYPT

T g

40-510

MTEASHT

BUEFER BECOMNG EMPTY ~——— = m o

Figuiw 5. Inleirupl Stoaciure

TRANSAIT InTERALFT

L B

-n...- -u.-\.'.-..,
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COMMENTS

FUNCTION ' . v - TYPICAL PAQGRAM 3TEPS . .
T OReGIIEA MNeORUATION { CADED: . , . .
WHG  CHANNEL RESET Reset 20
WRO  POINTER 2 -
. ' Ca -
wh2  INTEAAUPT VECTOR ,Ghanne B only
. WRO  POINTER 4 RESET EXTERNALSTATLES INTERAURT e
VR ASYNEHRORNOUS »ODE_ PARITY INFORMATION, ETORP BTS Inbiay Dlrdme NG
INFORMATION. CLOCK RATE meHMATIOH -,
INTTIALIZE Wag * PONTER ) 3 '
WR1 AECEIVE ENABLE, A U0 EnaBLES, RECEIVE CHARACTER £
) ) LEWGTH . . " '
- 'S
whip MuNTERS .
WHE  REQUEST TO SE WD TRARSMIT ERASLE, TRANSMIT Astene and Tearsma both bty o ab
CHASALTER LENGTH, DATA TERAMINAL READY . ized. Auto Enabios will enob Tia0s.
. mtier & CT5 m #ctive @t Recave d
* : OCH 5 aciive.
WR)  POINTER 1. AESET EATERMAL STATLS INTERRLIET . '
WA TRAVSWT INTEARUPT ENABLE, STATUS AFFECTS YECTOR, Transmet Recaihg  OECUDD moace M-
1 MTERRJIPT O ALL RECEIVE CHARACTERS. DIsABLE WAIT! isclad!, Extgmal {rleruzl monimrs 1he
ASADY FLUACTION, EXTERMAL WTERRUFT ENABLE ; siatus of he CTS 000 and EVNT ous
. and geiecis the Ereak segoence Shat
“ . AlMacs Vedtor in Channal B ooy
;_.l - -
TAMNSFER FIRST DATA BYTE 10 510 Trg clath byts must be {ransfenée. _sno
. Irargymet wthirtugts will oo,
{OLE MODE - EXECUTE AalT INS TRLC TION OR SOME OTHER PROGAAM Program # wabkng Kor an siema rom
’ the &0,
280 WWTERRUPT ADKNOWLEDQE CYCLE TAANSFERS AR2 TO CRy Vhan tha irarrupl Scours, the anterrym
vacior % moduied by, 1. Recaive C'aa
IF A CHARAGCTER (8 AECEIVED: acter Availabi, 2, Transmit Bullat Smo.
* TRANSSER DATA ChaRAZTER TO CPUY tyv. 3 ExlernalfSialus change, andg 4
* WPDATE POINTERE AND PARAMETERS v Spaciol Receve condiiion.
+ PETURN FAGKM WTERRUPT
I TRANSAGTILR AUFEER (5 EMPTY, F‘togr.u.l'n cowakroy =5 ramaienied o Ore of
+ THANSFER CATA CHARAZTER TO 810 thar wight SuRTLpt S&Nnoe Touliru.
& UROATE POINTERS AND FARAMETERS )
JATA TRHAWSFER AND + BRETURYN FREM MTERALPT -

EFAGR MONITORING

IF EXTERNAL STATUS CHANGFE!
» TRANSFER RAQ 73 CAU
+ PERFORAM EAROR ROUTINES {INCLUDE BREAK DETECTION)
» RETURN FRCUW MTERAUPT -

HE RO AL AFCEIVE CONDITION DOCLURE:
« TRANKSFESA RR! TO CPU
» DO SPECIAL ERRQAE.G FRAMING ERACH) ROUTINE
= RETURAN FADM NTERSUPT

M used with processors oi* #f than ihe Jag,
Lha mrcacit ol shtamupt vacor | AR Sued
b raturmed 30 the CPU w thie Indamupl 42-
kniwdedDe Decysenih.

[

TEAMINATION

AEDEFINE RECEIWVETAANSWMT MTERRLUPAT WODES )

CHSABLE TRANSWMIT.RECEr/E MODEE

UPOATE MODEM CONTRCL DUTBUTS |E G RTS OFF)

Yhan Irdnamit of TeCE e dal B AR i ik
comphie .

-

-
In Trarsmel, the Al Sen status b -
CAleS [TANSTEIRRN 13 complete.

Table 3. Asynchionous Mode
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Mg iupte are used, Becawse & wpecial inie rrllpl veeror is
eenerated for thew condidions, . .

While the Exiernal/Status interrupt is enabled, break
detection causes af interrupt and the Break Detecred
stajus it (kun, =] s 4ot The Break Dejecied inerrupe

shoukd be hapdled by issuing the Reser External?Status -
Interrupt command 1o the Z80-SIQ in response to the -

first Break Derecied interrupt that has a Break staius of
I {(rRn, D7), The Z80-SIO monitors the Receive Dara in-
put and waits Tor (he Break wequence o terminate, af
which poinr the Z30-310 imertopts the CPU with (he
Break c12tus se1 10 0. The CPU must again issue the Reser
Evrernal Status Interrupr command in s interrup ser-
vive ipuline 1o reinitialize the break detection logic,

The ExternalsSiatus imerrupt also monilors thee-

vtates of 0D, If the DCD pin becomes inaciive for a
poriod greater than the minimum specified pulse widih,
2n intertupt is generated with the DCD seaws kit (krg,
Dy) w7 fo ). Note that the DCD input is inverted in the
ke stalus regisler,

if the s1atas isread dfter the data, the grror data for -

the next word is 2lso0 included if il m2s been uacked in,
l.h: buffer. if upcratmns arz pchDr.red raphdly cnm'zh"
o the nﬂl characief is nel et teceived, the slatus n:-gls-]'

!

L

gi:r remains valid.-

il

n cacoption occurs when the tnier
rugt Oa First Character Only mode i wclectsd, A specia
inicrrupt in this mode hoids the error datd and the char
acler itsell feven il read from the bulfery il the Creo
Resel command is issued, This prévenls further daiz

«from becoming avaiiable in the receiver until 1he Resel

command ts issued, and allows CPU infuisention on the
.character with ‘the error even'if owa ar bloclc transfer
rechriques are bemg Lhed!

i I'nlerrupT On Every Churacter is selevied, the nter-
rupr v¢c1or is differem if there s an errof Halus in REI,
IT a Receiver Overrun occurs, the most recent charader
receined iy loaded imo the buffer; the character pre-
ceding it is last. When the characier that kas been wrin-
ien over the other characlers is read, the Reveive Overs
run bit is sel and the Special Receive Conditian sector is
returned i Siatus Affects Vecror is enabled.

i

Giva ~Folled “envirenient, the"Reypsive . Choraller

L Avaiabie bit (kR3, Dgj;musi- be maonijared s+ the

ZBU-CHU can know when (g sead a characier. This bit is
aviomatically rexet when 1he recthr bulfers are jead,
~To prevenl overwriling daia in polled operations,- the
transmit buffer sTatus must be checked before wiitine
into the transmilter, The Transmir Bulfer Empty bil is
sel 10 | whenever the Lransmil Iful'!":;r I5 emply.



Synchronous Operation

- 112

Befare describing synchranous transmission and recep-
tion, 1he tkree types of charavier synchronization—
Monasyne, Bisyng and External Sync —-reguire some ex-
planation. Thess modes use the x| clack lar bath
Transmit and Receine aperations, Dara iy sampled on
th= rising edze of the Receive Cloek inpun 1KaCo Trans-
minter data transdtions occur on the lalling edge of the
Transmit Cloch inpur (7200

The differenves berween Monosyne, Bisyne and Ex-
1cepal Syac are in the manner in which initial character
synchronization is achisved. The mode of operation
must be selected before syne characiers are loaded,
because the registers are veed diffecently in the various
modes. Figure 7 shows the formans for all three of these
synchranous modes. -

Mongsyne. 1o a Receive aperation, inaiching a singlt
cwnc chafacier (8-511 sync mode) with the progracmed

s3n¢ characler siored in WR? impligs characler synchro-r !

nization and enables data transler.

t
Rivwne, Soching  (two contizuous  synd  charagiers
f16-bil syne mode) with (he programmed syne charac-
tery stored it % ks and was implies characier synchroni-
sation. In both the Monosyne and Bisyne modes, S¥Y8C
is used as an oulpus, and is active for the part of the
creceive clock that delects the sync characier.

External Sypne. Trthis mode, characrer s:|.'m:hn:nni;ran‘tﬂ:fr
i$ established cxternally; §YNT is an input that indicales
exiernal characier tynchronization has been achioved.
After the svac pattern is' deiecled, the enternal logic
must wait for twa full Receive Clock eyeles 1o activale
the 8y s input. The SYAC inputl must be heid Low wniil
character svachronization iy lost. Charagter assemblv
teging on the rising edge of i+C Lhat precedes the (zlling
edge of SVNE. '

In all casves alicr & rexel, the receiver is in the Hunt
phase, during which rhe Z80.51C looks For character

‘synchronization. The bunl “can begin only when ihe

receiver is enabled, and data transfer can begin only
when charagier synchronization has'been achisved, If
characler synchronizalion is lost, the Hent phace can be
re-entered by writing a control word with the Enrer
Hunt Phase bit se2 (wR3, D). In the Transmit mode, the
Iransmitter always sends the programmed number of
sync bits {8 or 16). In the Monosyne mode, the trans-
mitler’ transmils from Wag; the receiver compares
against wWRI. oo : .

In the Monosyne, Bisyne and Exicenal Syne modes,
assembly of received data continues uniil the Z80-S10 is
reser, or until the receiver is disabled (by command or
by DCD in the Auto Enables mode), of until the CPL:
the Enler Hunt Phase bit. ) S

MESSALE FLOW

VAL 7 . (1]
L 41 A—
e [ L
ChLASL1| R [T N S ';nli:.:llt Lri:l;."“
] 1 b o L1 4
L _‘E_ _
(A} MONDSYNC MESSAGE FORMAY [INTERMAL $YNC GETELT)
a| g g _.{]
5
1wl [ 111 bl
[uanpttin (STl E] STy L) (LI IT]
" 1) #
Tl T Y L

-

-

(6] MEYKC MESSAGE FORMAT UWTERMAL S5TYMC DETECT)

AL ?E,_

17

M img

7¢

{C] EXTERWAL STHE CETECT FOAMAT

Figure 7. Synchrenuut Farmals
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Afier imirial sanchranisgnidn has beep achieved, 1he
aperation of 1he Maonosyne, Bisync and Fvlernal 5o
aodes bs guite smilar. Any differonees are specihed in

“« (he fallowing text, .

Tabie 4 chows how wk), wRs and wH* are used in
synchronous receive and lransmil opcrations. WRO
rainis (e ofher registers and 15suey various <ommands,
w Rl defines the interrupt modes, wR2 starey the iner-
rupt veclor, and '-'-."m_: and WRT siore svne characters.
Tabie § illusirates the typical program seps that imple-
ment a hall-duplex Bisyne 1ransmil operalion.

Synchronous Transmit

INITIALIZATION

The sysiem program sl inilidlize the iransmitter with
ihe {ollowing paramerers: odd of even parity, x 1 clock
mode, & ar 16&-bit sync characier(s), CRC pohnomiat,
Transonitter Enables, Request Te Send, Data Terminal
Ready, interrupt modes and transmit character length,
WRs paramelers must be jssued before Wal, wWi3, wWRS,
WERE and w K parameters or commands.

Gne of two polypomials—CRC 16 [}{“5 +XPF1xILn
or spLe (X0 + X124 X% 4 1)—may be used with syn-
chronows modes. In either case {(sDLC mode not
“glecied), the CRC generator and checher are reset to all

"5 In the iransmit imtialization process, \he CRC

peneralor is initialized by sefting 1the Resel Transmil
CRC Geacralor command bits (Wko, Both the trans:
mitter and the receiver use the same palynomial.

113

can be selecicd 10" transter the dara. The External/Staes
inferrupt mode is used 10 monitor the status of the
CLEAR T0 SEND inpui as well as the Transmit Under.
run/EOM laich, 'Optionally, the Auto Enahles feature
€an be used 10 ¢enablz the transmirter when CTS s active.
The first data ransfer 10 the ZA0-SHY can begin when
the Exiernal/Status interrupl ocecurs (CT5 stalus bit set)
ar immediately following 1the Transmit Enable com-
mand (il the Aulo Enables modes #5 se1). i

Transmil dala is held marking after resel or if the
ransmitrer is not enabled. Break may be programmed
10 generate a spacingline that begins as soon 45 the Send
Breax but is set. With the transmirrer fully initialized and
enabled, the default condition is continuous Lransmis-
sion of the & or 16-hil syne characier.

DATA TRANSFER ANMD STATUS MONITORING

In this phase, there are severs! combinations of inier-
rupts and Wail/Ready.

Data Transfer Using Interrupis, 1f-the Transmit lnter-
rupt Enable bit {(wR1, D)) is set, kn interrupt is generaled
each time the transmit buffer becomes empty. The inter-
rupt can be satisfied either by writing another character
infto the transmitier of by resefting the Transmitter In-
lerrupt Pending [atch with a Reset Transmiiter Pending
costrmand (WRQ, CMDs. 10 Lhe interrupt is satisfied with
this command and nething more is written jate the
transmitier, there can be no further Transmit Bufler
Empty irerrupts, because it is the provess of the beffer
becoming esnptly that causes the interrupts and 1he buf-
fer cannol become empty when it is already emply. This
situarion ‘does cause a Transmit Underrun condilion,
which is explained in the **Bisyne Transmit Underrun”

Transmit Jmterrupt Enable or Wait/Ready Enable setlion. - . R
! taa - L e 4
L]
BITT BTe CTh ot 4 a3 (T E] Tt b BT
00 = Fr 5 BITSCHAR ENTER EvHE o
WR3 W= Fa 6 BTS CHAR AUTS . HUNT Rx CRL o CHAR AX
01 = Fn TBITS ChAR ENABLES MODE ENADWLE LOAD EMABLE"
11 = FAa A BITS CSHAR IHIEWT
00 = B-HIT SvHC CHAR ! Tt .
witd o o & = 5817 SYNC CHAA o o . EVENGDD - PARITY
10 = SOLE MODE SELECTS SyhC PARITY . EMABLE .
1% » EXT SYME MODE MODES ol
03 = Tu 5 BITS (OA - . - _— .
LE SEpCHAR . 1 ' .
whs DIR 10 = Tc 6 BT SCHAR v . T;“ SELECTS ATS ;Lf;i
0 - Tu ? BITSCHAR R CRCAE :

o= e B ETSCHAR

LI

Tabia 4. Contents ol Write Regisiers 3, 4 and & in Synchionous Mogey ™ -



Data Tramder LUsing WAIZREADY. TO the Cpu, the
activation af WaiT indicates that the LEQ-510 is no
ready 1o accept data and that the CPUC must ¢xiend Lhe
ouipan ovgle. Toa Oaa controller, READY indicates that
the transmit buffer is emipty and 1hat the LRGS0 is
ready 1o accopl the neat data characier, 1N the data
character is nal loaded into the ZE0-510 by the time the
transmit shilt register is smply, the 280 SIO eniers the
Transmil Und:rrun condition.

Bissne Trununil Uaderrun, In Bisyne protocol, filler
tharacters are inseried to maimain synchronization
when the transmiticr has no data to send (Transmit
Linderrun ccndiliun] The Z80.510 has two program-
mable aptipas for mlung this situation: il ¢an insert
swnc vharaciers, or il can send the CRC characiers gener-
ared so far, followed by syng characiers,
X - .

These options are under the control of the Reset
Transmil Underrun /oM ¢ommand in wrg. Follgwing a
chip or chunnel reset, the Transmil Undetfun/EOM
status bit (HHG, Dg) is in a set condition and aliows the
insertion of sync characiers when there is no data 1q
cend. CRC is not calculaled on the aotomalically inserted
" sync characiers. When the CPU detects the end of mes-
vage, & Reset Transmit Underrun/ecM command can be
issued. This altows CRC 10 be sent when the transmiteer
has no dala. In (his case, the ZBO-510 sends CRC,
followed by sync characiers, 10 terminate the message.

Thete is no resiriciion as 10 whea in the message the
Transmit Underrun/EomM bit can be reset. 1F Reser is
issued after 1he first date charecier has been loaded the
16-bit Cre i5 sent apd followed by syne characiers the
first time the transmitier has no data 16 sead. Becaase of
the Transmit Underrun condition, an ExlernalsStalos
interrupt is pentrated whenever the Transmil Under-
Tun/EOW bil becomes set.

Inthe case af svnc insertion, an interrupl is generaled
only aher, Lhe first automatically inserted sync ¢haracler
has becn loaded. The siaius indicales the Transmit
Lnderrun/Ecs bit and the Tiansmil Bufler Empty bit
are w1,

Inihe case of CRe insertion, the Transmit Underruns
£0M Bit s set and the Transmit Bufler Empty bit is reset
while CRC.i5 being senl. When CRC has been completely
sent, the Tranymit Buffer Empty status hit is sel and an
intcoyupt is generated 1o indicate 1o the <O that another
tnessage Ccan begin (this.inlerrupt otcurs because CRC
hai heen sent and sync has been loaded). 1T ng more
messages-are 10 be sent, the program can terminale
ransmission by reseuing RTS, and disabling the
transmitler {(WRS, D).

Pad characlers may be sent by setting the Z80-510 to
& BitsAiransmit characier and writing FF 1o the rapymit-
ier white CREC is being senl, Aliernatively, 1he sync char-

acters can be redefined as pad characiers during this

tine. The following example is included 1o clarify Lhis

L1

The IZHD SI0 imtarruple with {he Transmdl Byeilfer Empty Bl
e,

The CPu récosnizes thal the fasl charecier 750 ol tha
mescage has abgady been senlip the 280 510 oy eramininn
the internal grogram slalus.
: R
To lofce |he ZB0S|0 10 send £RC, the CPU issues the Rosat
Transm:a Underrunfionm Lateh command s and satsley
Ihe inierrypt with The Reset Transmil serrupt Feeding
command. {Trus command prevenis the Ja0 SI0 from re- -
questing mgre daia) Because ol Ihe transmil undeirun
causad by this command, the ZBO-510 elars sending CRC
The Z80-510 also causay an ExternaifSatus :n.errup'r wilh
ihea Transmil Undertunteos latch set, . N
LI
The ¢y pAtigfias 1Mig indarrupl by loading pad characlers in.
g e Iransmsl buller and (33wng 1he Resrl FaiernaltSlalus
Interrepl COmmand,

+

Wilh thul sacuence, cags  a [ollowed By 2 Pad characier an.
sigad ol & Sync charsctes, Male that Lhe ZBO-S10 will .rm_-r~
repl wilh & Tiansmil Bufler Emply inlérupt when {uZ
campletaly senl and that the pad chlfa:wr 15 1oaded mln
1he Leansmil shuft regastar.

From Lhs poinl on thae CRU Can 3end Mol Ded chardclers or
SyNC Characiery.

Bissne CRC Geperation. Seiting the Trarmmit €kC
enable bit {wgrs, Dy} initiates CRC accumularion when
the program sends the first data characier 10 the
ZBO-510. Allhough the ZED-SIO auiomatically trans-
mils up to two syne characters {16-bit syng), it is wise 10
send a few more svne characters ahead of the mewage
(before enabling Transnil CRC) 10 ensure s}nchrumra*
fion a1 the recening end.
. ' - M_..
The transmit cr¢ Enable bit can be changed on the
fiy any time in 1he message (o include or exclude a par-
ticular dma character from CRC arcwmalation, Yhe

_Transmit CRC Enabie bif should be in the desired staie

when 1he dara character is loaded fram the ransmic
dara buffer into the transmit shill regisier. To ensure
this bit is in the proper state, the Transmit Ckg Enabie
bit must be issued helore sending the data characier 10
the ZE0-510.

Transmle Transparent Mode. Transparent mode {Bi-
syne prolocol) operation is made passible by the ability
10 change Transmil ¢r¢ Enable on the fly and by the
additional capabilizy of inserting 18-bit sync characiers,
Exclusion of DLE characters from CRE calcutaiion can
be achieved by disabling CRC caleulalion immedialely
preceding \he OLE characrer sransfer (o the 2E0-510.

In the rasc of a Transmit Uinderrun candition in the
Transparent mode, a pair of DLE YN characters ale
senl. The ZR0-S[0 can be programsned Lo send the BLE.
5YN sequence by lpading a DLE charzeler into wis and a
syne character into WR7. A

Transmit Termination, The Z80-S10 is equipped w4
spuecial lerminacion feajure that majnlains data integfy
and sghdity. IF the transmitier 33 disabled while o Hata
of syne characier 18 being sent, thal character is Aenl as
tesual, bun is follawed by a marking line rather than CrC
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COMMENTS

HImEIER

WRQ

I ;n.nr.mncm LoALED

WRO  AONnTER S N e

WH2  InTLRAJPT YESTOR

WAl POINTLR 3

WRI  AUTD ENABLES

WRO  PONNTEAM

WHa

* ]

CLOCK MODE "

WAl  POINTER A

WHAB  SYNC CHARACTER 1

WD
WRY  ByNC ClHARACTER 2
WRT

WA

-

WRO  PDINTER S

WHE

TRANKSMT CHARACTER LEMGTH

FIRST Svwi: BYTE TG HO

CHENYEL AESET, KESET TRANSMT Cirt GENERATOR

PARITY INFOAMATION. BYWG MODES INFORMATION, =1

PLNNTER 7. RESET EXTEANAL STATUS WTERRUFTS

POUNTER 1, AESET EXTEANAL STATUS INTERAUFTS

STATUSE AFFECTS VECTOR EXTERANAL WNTERRUPT EMaBLE,
TRANSMT INTEARUPT EnABUE QR WALT, READY MODE ENASLE

REQUEST TO SEMD, THANSWT ENABLE BISYNC CHG

Aasel 55, niil.ze LW genarator

Channel 5 soly

Transmisson beg-ni Dn-l',r attm 75 3
deleqad.

s

Issie iransmd parameiers.

i

Extorng) triemupl moce CAGcTs
statun of 75 and 350 mput prs 23 wall
as tra slatus Of To Undemun ECM 1RESh.
Tranwmit Inemupt  Enable  inleruts
whan the Trar&mil buffer o2Tomed
smpty; tha Wat Ready mode can e used
o (Mans's Calm uedng Cua o CEU Biodk
Tearrator.

Siatus Aftlscts Vicior (Channe B ondy)

Traramt CRG Enable should be set whan
hrEl Mon-gync dala is senl 1o T6o-50

Meed several SYn Shyrastess o toe oo
goneng of message. Trandmaer is ' A
.

1IDLE MODE

Er.Ec_u;rE HALT INGTRUCTION OR SCME OTHER PROGRAM

Waring lor internet or w..; Ready Ut
1 Irmngier date, .

DATATRAANSFER AND
STATUS MONITQRING

WHEN NTEARRT (WAT READY] OCCURS-

L
L

IF ERARORA CONDITION DR STATUS CAMNGE OCCURS.

INCLUDE-EXECLUGE Data BYTE FROM CAC
LCCUHULATION [ 800, '

L TRAHSFER DATA BYTE FROW TPU QR MEMIAY) TO MO,

DETECT AMD SET APPECFRIATE FLAGS FOR CONTROL

CHARACTERS {IN CPU).

RESET Tu UNDERRLIN ECM LATCH [WRJ) IF LAST CHARACTER

OF MESEAGE |5 DEYECTED.

UPDATE POINTERS ANG PARAGMETERS (CPLY.

RETURN FRACOM INTERRUFT,

TRAKSFEA KRC TO SPL,
EXECUTE ERROR ACUTIME.
RETURMN FROM INTERAUPT, .

Imarrppl oeeura (WatrReaoy becomesy
MO oor) wiwen frst data mae o being sent
Wart moce alowi CPky plook varsiar
Trom merocry 10 SIGC; Ready mode allows
oA binek transle hum memary 1o 510
Tha Bria chip G0 be JH0f ammed ‘o cag.
fure special control chataciers (Dy £x-
&Ming only tha bits that apealy aSCwor
EBCONC comnd characlers), o itarr
oy, -

Ta UndurrunEOM indicades ether 1-ans:
Ml Undamur [Synt chavacier Beng sent)
or angd of message (CACI6 Leng
sent).

TAMINATION

-

RAEDEFME INTEAAUPT WMODES,

LPDATE MOGCEM CONTROE OUTPUTS 1€ G, TURN OFF ATS]

DHEABLE TAAMNEMIT MOOE

Pioyram, shoud  gracefuly  levminae

- WA S, - \

Tabla 5 Elayne Trarsrmat Mode

Ta



vharacier in the buffer romains in the buffer. If the
P AT is ddisabivd while cwC i being sent, 1he 16-bil
prdnamission is cdmpleted, bul syne is senn insiead af
CRC.

A prograamed breah Is el foctive an so0n as it i< writ.
1en iule The contral repisten; chataviers in dhe Irapsmil
lwlfer and ohify regivier arg [ose.

o all inades, characiers are sent with the least signifi-
cant bity firsi. This requires right-hand justificalion of
transanitied dara if the woid length s less than eighi
hits., If the word Tengeh is five bits or less, the special
technique described in the Write Regisler § discustion
(Z53-510 Programming section) must be used for the
Jaiz formai. The siates of any unused bits in a data
character are irrelevant, except when in the Five Birs Or
Less made,

Il the EwviernalsSiarus Inrerrupt Enpabic bit is se,
transmitrer condiiions such as "sarting 10 send CRC
charagrers,”” “'siarting 10 s¢nd sync characters,” and
75 changing state cause interropis thal have a unigue
veciof if Slalus Affecis Yecior is set. This inlerrupt
mode may be used during block 1ransfers.

All imerrupts may be disabled for Operawon in &
Polled mode, or 1o avoid interrupts al inappropriate
iimes during the execution of 2 program.

Synchronous Receive

INITIALIZATION

Che syaivin program initiales the Synchtonaus Receive
operation wilh 1the lollawing parameters: odd of even
parity, 8- or 1&-hit svnt characters, = ! clock mods,
ckC polynomial, receive characier length, erc. Sync
characters muost be loaded into regisiers wee and Wiy,

he receivers can be enabled gnly alier all receive pa-
TamcICrs @are nel, WRa parameters must be issued before
WAL WRY, Wil wReand WKT paramelers or commands,

After this is done, the receiver i5in the Hunt phase. It

remains in this phase until characier synchronization is -

achieved, Wole thal, under program control, all the
leading syne characters of the message can be inhibiled
from loading the receise buffers by setiing the Sync
Character Load Inhibir bil in w k3.

DATA TRANSFER AND STATUS MONITORING

Afier characier <ynchronization is achieved, the as-
spinbled charagrors are ransferred (o the receive dala
L1re The following Tour inteptupl modes are available
1o iransfer the daiz and ity associaled satus 10 the Chu,

Neo Interrupls Erabled, This mode is used for a purely
nofled operation or for of [-line coaditions.
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Iriverup? On Fird Characier ﬂnl}' This mode is norm-
ally used 10 slarl a poalling loop or a Blogk Tiansfer in-
struclion using W XIT/READY to synchronise the €p1r —~
the DM device to the incoming data rate. In this m

the Z280-510 imierrupts on the first characier and th,
afier inerrupls only i Special Receive comdiions are
detegied, The mode iy reinilialized with the Foable In-
werrupt On Nest Receive Characler command 10 allow
the next characier recenved 10 generaie an inlecrupl.

L
—

Parity errors de nat causc interrupts in this mode, bul

End Gf Frame (501 ¢ mode) and Receive Overrun do.

H Esternai/Status interrupes are enabled, they may
inlerrupl any rime DCG changes slate.

laterrupt On Evers Chacacter. Whenever a characrer
enters the receise buffer, an interrupt is gencraded.
Error and Spectal Receive conditions penerate a special
verwor if Stalus Alfects Yector i$ selected. Optionaliv, a
Parity Error may be direcred nol 10 gerreraie the special
interrupl veaor.

. Special Receive Conditlan Inlerrupts. The Spec‘:él

—_— et

Receive Condiiion intcrrupt can occur anly if either the
Receive Interrupt On First Character Only or Imerrupt
Cn Every Receive Characler modes is atso set, The
Spmar Receive Condition imerrupt is cauved by the
Recgive Overrun error condilion. Since the Heceive
Overrun and Parity error starus bits are laiched, the
¢rror slatus—when read—-reflects an error in the cusrer
word in the Tective buffer in addilion o any Parity
Oreerrun errors received since the last Error Revwl oo,
mand. These status hits can anly be resel by the Error
resel cpmmand,

CRC Etror Cheching and Termination, A CRC error
check on the receive message can be performed on a per
characier basis under program conirol. The Receive
ke Endlyle bit (wi3, Dy) must be set/reset by the pro-
gram befare the newt characier is transferred fram 1bhe
receis ¢ shill regisler in1o the receis e bufler register. This
ensures proper inclusion or exclusion of data characters
in the cRC check,

To allow the CPU ample time 10 gnable or disabie the
CRC check on 3 parnicular characier, the ZE0-510 caleu-
lales CRC eighit b1t times after the character has been
rransferced to the receive buflfer. If ¢RC is enabled
before the next characrer is rransferred, crE i calcu-
lated on the transferred characier. If CRC is disabled
before the time of Ihe-nex1 1ransfer, calculation pro-
ceeds on'the waord 1in progress, bul the word just 1rans-
ferred 10 the buffer is not included. When these reguire-
menis are safisfed, the 3-byte receive data buffer is, in
effect, unusablc in Bisyne operation. ¢RC may be cnubl-
ed and Jisabled as many lrmcs a5 necessary far a given
caleylanion.

In the. Monosyne, Bisyne and Esternal Syne mrdes,
the vResFraming Error bl (RRI, [y) contains the com-
parison result of the ¢ k¢ checker 16 hit rimes (vight bils
Jdelay and eiche shilis for cre) alier the charagter has
btm trarsfeiied Tronntthe receive shift regisier (o the
3 Ter The reaclt aheybd he rn indication s peem:

e ——— ey A &

T
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free tranemiseion, {~ote that the result is valid onfy at
the vnd .af o®C calcelation, if the resull is examined
kefare this iune, it usuglhy indicates an error The com-
parison i made with each transier and is valid only as
tfomg as the character remains in the recen ¢ HFO.

Following is an eaample of 1the CRC chetking opera-

tion when faur characters (A, B, C and D} are received
in thai aider,

Chasagias & lcaded into bulfer
Chatacie: B loaded it bulfer

If cac is disabled before Cis in the buffer, CRE 15 not
cafculated on B,

Craraciar C loades inta Duller

Afier € is Ipaded, the CRC/Framing Error bit shows the
result of the comparison through characier A,

11°¢

After D iy in the buifer, the Cke Error bir shows the
resull of the camparisgn through characier B whether of
no: B was included 15 the CRC calculations,

Charazlar O loaded Imkp buliar

Due to the serial nature of CRC calkeplation, the
Receive Clack yR€i must tycle |6 times (8-011 delay plus
B-bit ckC shift) after the seeond £RC characier has heen
loades inte the receive bufler, or 20 times (the previous
16 plus 3-bil bufler delay and 1-bininpul defasyalier the
last bit. Is at the RuD 1nput, before CRC calvulation is
complete. A faster external clock ¢an be gated imo the
Receive Clach input to supply the required 16 ¢vgles.

“The Transmit and Receive Data Path dizgram (Figurc 4)

iltustrales the various points of delay in the CRC path.

The typical program sieps rhal implement a half-
duplex Bisync Receive mode are illusiraed in Table 6

"The complere set of command and tatus hit definitions
" are explained under **280-510 Programming.”

.
T . 1

FUNCTION " TYPICAL PROGR AW STEPS ! COMMENTS ;
) AEGISTER  INFORMATION [04DED " ' T
WAL  CHANKEL RESEY, RESET AECEVE CAT CHECKER ~ Racal 510, rakza aeca-«-:- CRC chBtear.
WRJ  PONNTER 2 ¢t
WRZ  INTESRUST VECTOR, i * Channe @ ooy *
WRE  POINTER A l ’ )
WAL FARITY INFORMATION, BYNC MOOEE mFDHMATm =i IBSul 1BCHmvi [T M & TS,
CLOCK MODE -
WHE  POINTER S, RESET EXTEANAL ETATUS wTERAUPT -
WHS  BESwMC CRC.1A, DATA TERWINAL READY
WRE  POMTER 3 -
IMITIALLTE WAI  SYNG CHARACTER LOAD INHIBIT, RECEIVE CRC ENamLE; Synt Charmster koad nbibn sItips ak the
EWTER HUNT MODE, AUTO ENAM ES. RECEIVE CHMTEH leacwng gyne Characiers a1 tha beginrens
LENGTH ol T mesage Ao Erases aratoes
. e riCakrenr W0 SCCEDL QAR Oy SN N
OO et g MClvw.
WRD  POINTER B ' ”
WRE  SYNC CHARACTER 1
WAL PCHMTER ¥
WAZ  SYRC CHARMCTEA 2
WRe  POINTER 1, RESET EXTERMAL STATUS INTERALPT
WhHi  STATUS AFHECTS vECTOR, EXTERNAL INTERRUPT ENABLE, trt thus riereupl mode, anly th firs) fione

HE CEIVE INTERAURT O FIRST CHARACTER OMLY

2ync Jala ehargsler o ranslgreg 1o e
cPU AN sbEsquend cata & transleired
On 3 OMa baws! howpwe! Specal Pe
tenwt ConcHon nfer pls wall insarapn
e Chy Statvd AMerTs Velior wgeg i
Channel B onky.

Table 6. Bigync Recalve Mode
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FUNCTION

- IMITIALIZE

(CONTINUED}

TYPIC4l PROGRAM STEPS

COMMENTS

- ———

WRO  AWNTCRIENZGLE INTERAJIPT ORNEXRY RECEIVE CHARAITER

WRI  RECENE ENABLE, SYNC CHARACTIER LOAQ IkHIT, ENTER
HUNT RO0DE, AUTE ENABLE. RECEVE WiAD LEGTH N

Resafing thi mnlerrupl moda prowete
HTHE Qroglam iooRTack aniry ] .
Pt U@ AChION, A

WRY i redsond 1o eﬂahu: reCewnr A
ooty THC Enable Must be S&1 atar re-
Cehanig 50H OF STx Characier,

e e e amaap

iDLE RODE

EXECUTE HALT IKSTRUCTION OR SOWE QTHER FROGRAM

~Rective mode & lully indsized and ihe
SySim s wabng lor imerrupl oo firsl
characiar. '

DATATAANSFER AND
STATUS MONITORING

L

WHEN (WTERRLFPT ON FIAST CHARACTER OCCURE, THE CPU DOES THE
FOLLD wING- .
¢ TEAMSFERS DATA BYTE TO CPY
s DETESTS AND SETS APPROPAIATE FLAGS FOR CONTARQL CHAR.
ACTERS (1~ CPUY
MOLUDESEXCLUDES DATA BYTE 16 CAC CHECKER
UPDATES POINTERS AND OTHER FARAMETERS
ENARLES WAIT/READY FOR Didk DPERATION
EMABLE 5 iaa SONTAOLLER
RE TWRMS FAOM INTERRAURT

+

WHEN rra/T AEAD Y BECOMES ACTIRE. THE Did CONTODLLER DOES ThHE
FOLLO WG
» TARNSFERS DATA BYTE TO MEMORY
% INTEHALPTS CPU IF A SPECIAL CHARACTER 15 CAPTURED BY THE
OMA CONTROLLER :

. = INTERAUPTE THE CPIF TME LAST CHARACTER OF THE MEBBAGE

15 DETECTED

EQA MESSAGE TERMINATION THE CPU DOES THE FOLLODWING:
= TR&NSFERS RRI TO THE CRL
& SE15 ACK HAK REFL Y FLAG BASED ON CRC RESIAT
v UPDATES PONTERS AND PARAMETERS
* RETLURANS FROM INTERRUPT

L]

Gumng ihe Hurd mode, the 54 oeécs
ten COMhguous Charadlers 10 eslanksh
synchrom o The CALeglatishes ke
G, mode Ard &l gLDequen] Cala o ar-
ACIETE arm Pansisred Dy the Thra cors
trogher. T he conbraller 15 G150 progy o mir.ed
lo captre xpaGal characters Ly exa™-
imng ordy the fea bl specity ASCH Of
EBLOAC conlfice Charac'ars) amnd qerrupt
tha CPU vpon deiecton. in respanss
thir CPU Fud-Thiey [he St3lus or congrod
chankers 4nd Lahs ADDroprEte acinn
(&.g. CRC Enable Lipoate).

-’

The 50 wierrudls e CPU lof e R
i, and the evor (QUAne ADoTS -
oreserd mesiol . Ligars the e Conde-
hon, and repakis e Operaton. .

*

TERKiRATION

REDEFINE INTERAUAT MODES AND S¥NC MODES
LUPDATE MJDE M SONTROLS

DrSABLE S AECEIVE WMODE

Table & Bisync Apcelys Mode {Coatinued}



SDLC (HDI.C) Operation
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The Zhi-510 s vapable of kandling both High-level
Synchionous Data Link Contrel (HDLC) and 1BM Syn-
chronaus Data Link Comirol (sDLey proloceols, In the
following text, only smu ¢ is 1eferred to because of the
Righ degree of similarity betwven SDLC and HOLC.

The sD1 ¢ mode 5 considerabiy different than Syn-
chioneus Bisvne protocol because il is bit orienied
rather than characier oriemed and, therelare, can natu-
tally handle transparent operziion, Bit arientalion
mates 00 C a fTevible prmocol in terms of message
fenpth and bil patterns. The ZE0-S1Q hat several buili-in
fcatures to handle » ariable messape length. Detailed in.
formatian concerning o C proiocol can be found in
Hicrature published on this subject, such as 1BA docu-
ment GAZT-3093. . .

The %DLC rmessage, cafled the frame (Figure 8, is
opcned and closed by flags that are similar ta the sync
characters in Bisyne protocol. The Z20-510 handles the
irapsmission and recognilion of The Mag characters that
mark 1he¢ beginning and end of the {rame, Nole th'sllr the
Z80-510 can receiv e shared-rera Nags, but canpkol trans-
mil them. The E-bit address Nlield of an $DL € frame con-
tainy Lhe secondary station address, The Z80-510 hes an
Addrest Search mode that recognizes 1he secondary sa-
tion address 5o it can accept or reject the frame.

Since ihe comrol field of the sDLC frame is Lranspar-
enl 1o the 250-510, it s simply rransleired 10 the CPUL
The ASS10 Landles the Frame Check wequence in a
miannet thay simplilies the program by incorporating
features such as initializing the CrRC gencrator 1o ail I,
reserting the CwkC checher when the opening Mag is
detected in the Receive mode, and sending the Frame
Chech /Flag seqirence in the Transmil mode. Conirolfer
kFardware is simplified by automatic zero insertion and
deietion logic conlzined in the ZE0-S10.

Tahkle 7 vhows the contents of wra, wikiand wRrdur-
ing 504C Receive and Transmit modes. WA points to
Other tegisiers and issues raripus commands. WRI
defings the interrupl modes: WR? stores Lhe iplerrum
vecigr, Wk vores The Nag characier and wRs 1he sec-
ondary address,

ar

'
>

-8$DLC Transmit

INITIALEZATION .o
Lo

Like Synchronous operation, the spLC Trarwmit mode
must be initialized with Lhe following patwnciers: sol ¢
mode, 30LC polynomial, Reqguest To Send, Data Ter-
minal Ready, 1ransmit character length, transmis inter-
rupl modes {or Wail/Ready. function), Transmit Fn-
able, Auto Enables and ExrernalsStaius inieirapt.

Selecting the sDLC mode and 1he sDLC polvnomial
"enables the ZBO-SIO 10 iniialize (he e Cienetator lo
Y alt I's. This is accomplished by issuing the Reser
Transmis CRC (eneralor cormmand (w kO). Refer to the
Synchronous Op:runun section Tor moce details on the
lnlerrupl snodes. Ly

L - =
] i -

Aller reset, or when ihe Lransmitiey is not enabled,
the Transrm Data ouipat is held marking, Break may
be programmed ro generate a spacing line. With the
iransmitier fully initialized and epabled, comiimuous
ﬂagsiare transmitied on the Transmit Dala output.

An abort sequence may be senr by iSsuing the Send
Abort cammand (wka, cuq_,p This causes al Jeast ighs,
bui less than fourieen, I's 10 be senr before the line
reverts o continuous flags, It is possible that the Abart
stquence {cight 1's) could Tollow up o five continuous |
bits {allowed by the rero insertion fogich and rhus cause
up to thirieen 1's 10 be sent. Any dala being transmitied
and any dal2 in the (ransmit buffer is lusr when an abors
is Fsued.

When required, an excra 8 is auiomatically in~eried
when Lhere are five comigudus 1's jn the data sitcam.
This dewes not apply to RAags or abons.

DATA TRANSFER AND STATUS MONTORING

Thete are several caombinaiions of inlerrupts and the
Wait/Ready funclion in the SLDC mode,
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Drala Traunfor Usiag Inlerrapts §f the Transmir Interorae
e ol bk e s, aninicrrupe is renerared each lime -7

the Muffer et o 2ty The imerraept may he satis-
Ded cither By wiiting ansdher characier 1o the trans.
ininer op by resating the Transait Inierrupt Pending
Fatch with a Rosal Transmitier Pending comnimand W Re,
Cypy), IF che inierrupt 1 satishied with this command
and nething mose is wrilien inlo ihe Iransmitier, there
are na Turther 1ransmitter tnrerrapls. The resuft is 2
Tranmit Underrun eonditicn. When another character
ts wrillen and sent oui, [he Iransmitter ¢an again
hecome empty and imerrupl the CPU. Following the
Jags in an sDLC operanon, the 8-bi address Neld, con-
ol field and informarion field may be sent to 1he
/>0-810 using the Transmit Interrupt mode. The
A50.510 iransimits the Frame Check sequence using the
Transinit Underrun feature. o

When the iransminter is firsl enabled, it is already
emply and abvicusiv cannor then become empty, There-
fore, ng Transmil Buffer Emply interrupts can Occur
until afrer the first data characler is wrilten.

When the transmitier is first enabled, it js already
empty and cannal then become empty. Therefore, no
Transmil Bufier Empry inerrus can occur uniif afrer
the first data character is written, .

Data Transfer Using Wait/Ready. I the Wait/Ready
function has been selecled, walT jndicaies to the CPU
thai the Z80-500 is noy ready 1o accept the data and the
CPU musl exiend the 140 ¢ycle. To @ DMa controlles,
RE4Dv indicates 1hat the Lransminer bufler is empty and
thal the Z88-510 s ready (0 agcept the nent character, If
the data characier is not Ioaded ima the 280-510 by the
ime he {ransmig shift regisier is empty, the ZBO-SIO
enders the Transmit Underrun condition. Address, con-
trol and informalion fields may be 1ransferred 10 the
ZE0-ST0 with this mode using the Waii/Ready fune-
tion. The ZBO-510 transmits the Frame Chech sequence
using the Transmit Underrun fearure.

4

SDLC Trapsmit UnderrunsEnd OF Meswage, soue-like
picvocols do not have provisions Tor fill characrers with-

in 2 message, The A80-510 therefore autoinatically 1er-

minates an sDi¢ frame when the vransmir dara bulfer
and eutput shift register have no moers bits (0 send.
does this by Nirsi ~ending rthe two bvics of Ok anb-
follewing there with one or more Mags. -This technique
allaws very high-speed ransmissions under DMA or CPU
black 140 cantrol withaut requiring the CPU 10 respund
quickly Lo 1he end of message sitvaripn. ~

4 [

The action Lhat the Z80-510 1akes in the underrun sit-
uation depends on the state of 1he Tramsmn Underren/
EoM command, Following & reser, the Transmit Under-
runs/EQM s1aius bil is in the s¢1 state and prevents the in-
sertion of CRC characlers during ihe time there s no
data 10 cend. Consequently, Nag characters are senz.
The Z80-510 begins 1o send the frame 25 daia is wrilten
into the rransmil bulfer, Berween the ime the first Jala
byle is writien and the end of the meszage, the Reset
Transmit Underrun/EoM cominangd nuest be issoed.
Thus the Transmic Underrun/EoM siarus bit is in the
resel state a1 the end of the message (when underrun oc-
curs), which automatically sends the CrRC characters.
The sending of CRi: again wets the Transmit/Underruns

FOM status byl -
. ' it

fl

Although there is no restriction as 1o when the Trans.
mii Underruns FOMm bit can be reset within a message, b
is vsually reset after the first data characier (secondary
address) is sent 10 rthe Z50-510. Resetting this bil allows
CHC and flags 10 be sent when there is no dare to send
which gives additional time to the CrPu for recognizing
the lault and responding with an aborl cammand., By re-
sctling it early in the message, the entire message has the
matimum amounl &f CFL response time in an uhinien-
tional transmit underrun situation,

I

BIT 7 “’_'3: BIT 6 817 5 Bt 4 AT 3 BT 2 BIT Y BIT 4
'If’ ’
00 = Aa 5 BITS CHAR E:;EE"‘I';”T
was 10 = Ae 8 BITS SHAR AUTO etning - PFsCRC  ADDRESS 0 Rx
01+ A 7 BITSCHAR ENABLES apiies E4ABLE BEARCH ERABLE
M w R M
u Fn @ BITSCHAR NEEOED) ODE
1 o
wha o 0 SELECTS SDRE o 0 0 o
MOOE
B0 = T 5 BITS (OR o )
LEES) CHAR -
WRS DTA 10 = Ty € BI1S CHAA o ¢ wla.z 5-2.;(;.‘:75 ATS EI;‘ A&U‘CE
@1 r Tu 7 BITS CHAR ' plrt

1t . Te BBITS CHAR

Tably 7. Contenls of Witie Registars 3, 4 and & {n SOLC Modes
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Wi rhe Faernal #8ciyy intoerrup is set and whife
v R b Doing seat, the Traosemit Underrun/Eoss bit is set
and the Tran-oir Bulfer Empty Bt s reset 1o indicale
that the ttansmm regisier is full of CaC data, When Cre
hav bueen completely sent, the Transmil Bulfer Empty
stalus it is set and an imerrupl it generated to indicale
to the ¢ #U that another messape cun begin, This inter-
rupt o¢vurs because CRC has been seni and the Nag has
teen leaded. M no more messages afe 10 be senl, the
Progiam can lerminate fransmivsion by reselting R7S,
and disabling the tranvmirter.

In the 500 C mode, it is good prectice (o reset the
Tratsmil Linderrundt os siafus bit immediarely afier
the [irst characier is senl 1o ihe ZR0-S510. When Lhe
Transnit Underrun i deiecied, this ensurgs that the
nansimission time is Nitled by CRC characters, giving the
CPU enouph 1ime 1o jssue the Send Abort command.
This zlwo stops the flags from going oa the line prema-
turely and eliminaies the possibility of the receiver ac-
cepting the frame as valid data. The sitvation can hap-
pen because 11 35 possible that—al the receiving end —1he
data pauern immediately preceding the automatic fMag

insertion could maich the CRC checker, giving a false

CRC check result. The External/Stalus inlerrupt is gen.
eraled whenever the Transmil Underrun/EOM bit is set
because of the Transmit Underruny vondition,

The transmit underrun logic provides addnional pro-
teclion against premature lag insertion if the proper
response is given to the ZB0-81C by the cru interrupt
service routine. The following example i3 glv:n to clat.
ily this point:

The 280 810 raisas an inlarrupt welh 1ha Transmit Bulfer
Emply slaivs bi sa1,

The CPJ does nol raspond i hme angd Cauies a Tranamit
Underrun condilon,

Trp JHO-EI0 starts sending CAC Characlers [ wo Dylag).

The SPu averually sabislios the Transmi Bulier Empty |-
tedrupt wiih a cala ch.:ricmr That foligws IBe CAS characiar
being lransamliited,

The T80 510 sess the ExiecrnalSistus inisirup! =ik Ihp
Teanarmul Underron/egw slalus ol sel,

The ceu recognizen 1he Transmiyv Underrundt 0w Elaley ang
detarmines feom tis (nteenal program states (Rat Ine inler
ruat i3 mob lor "eng of message™.

The CPy immadialely iksves & Send Aboil Commmd {wn IO
1he 780 518

The 280 BI0 sengs the Abort sequence by desiraying what-
evif dalth (CAC, data of Tlaghis beng sant. -

This sequence illusirates that the ¢pU has a protec-
on of 22 minimum and 30 marximum Iransmil clock
CycTes,

“DLC CRC Generation, The ck¢ penerator muost be
reset 190 at 1's at Lhe beginning of each frame befare CRC
accumulalion can begin. Acrual accumulation begins
when the program sends the address Dield {eight bis) to
he FZEQ-51C. Although he ZE0-510 auloriatics!ly
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transmits one {lag characier following the Tranwuu
Enable, it may be wise 1o send & Tew mare Nag charac.
12rs ahcad of the message to ensure character synehroni-
zation at the recen ing end. This can be done by cxier-
nzlly timing out afier erabling the transminer and
before lvading 1he first characier.

The Transmit ¢'kC Enable {(w&s, pg) should be en-
abled prior 1o sending the address fieid. In the shic
mode all the characiers between Lhe opening and closing
Rugs are included in CRC accumulation, and ihe ke
generaled in the ZB0-S10 transmitter is inveried belore
i1 is sent on the line.

Transmlt Termination. Il the Lransmitter is disabled
while a characier is being sent, that characier (dara or
flag) 15 seal in the normal Fashian, but is followed by 2
marking line rather than CRC or flag characlers.

3 i

A character in the buffer when the rransmirer is dis-
abled remains in the buflfer, however, a programmed
Abort sequence is effeqiive as soon 45 U is writlen e
the control register. Characiers being wansmined, if
any, are lost. In ihe case of CRC, Lhe 1&-bil transmission
is completed if \he transmitter is disabled: however,
Nags are sent in place of CRC,

L ]

In ATl moddes, characiers are sepy with the leasi-signif-
canl bits first. This requires right-hand justification of
data to be transmitled il the word length is less than
cight bits. If the word length is five bils or less, the
special technigue deseribed in the Write Regisier 5 wee-
tion {*' Z80-510 Programming'’ chapler; *'Write Regis-
1erst seetion) must be used.

Since the number of bits/characier can be changed
on the [Ty, the data MNietd can be filled with zny nomber
of bits. When wwed in conjunction with the Receiver
Residue codes, the 280,510 can receive a message thal
has a vanable I-ficld and relransimit it exactly as re-
ceived with no previvus infermation abaut the characler
siructure of the I-field (if any). A change in the number
ol bits does nen aflect the character in the process of
bring shilted our. Characiers ase sent with the nember
of bits programmed a1 ihe time that 1he character is
loaded from the Transmil bul’{cr to the lrammilg‘cr.

. t

Lf the External Status Emerrupn Enable is set, trans.
mifler conditions wch as “'siarting 1o send ¢ charae-
ters,'” ''starting lo send flag charadters,” and (TS
changing stale cause inlerrupls thar have a Lnigue vee.
tor if Slalus Affects Yeoror 15 sel. Abl inierrupis can be
disabled l'or operation in & polled maode.

Table B shows the typical program veps that imple.
tnent the half-doplex spLC Transmit mode,

— i i




. 12%¢ S

780-CTC
780A-CTC

Technical Manual

i




4.0

5.0

6.0

1.0

8.0

TABLE OF CONTENTS

[Intrwdugiion

CTC Architecture

| Overview . .
2.2 Structure of ('h.mn-.l l ouie L,
221 The Chunnel Conteal

2.2.2  The Prescaler .
223 The Time Constant Re;w:cr
224 The Down Counter .

2.3 Interzupt Control Logic

CTC Pin Description

CTC Operating Modes . . .
4.1 CTC Counter Mode |
4.3 CTC Timer Mode

C1C Programming

51 Loading the Clmrmut Ccmtrui Rc;ishr
5.2 Loading the Time Constant Register
5.3 Loading the Interrupt Vector Regiiter.
CTC Timing . .

&.1 CTC Write CyclL .

6.2 CTC Read Cycle .

6.3 CTC Counting snd Timing

CTC [nterrupt Servicing .
7.1 [nterrupt Aaknuwtcdge C:.fcle .
7.2 Return from (nkzerupt Cycle

7.3 Daisy Chain Interrupt Servicing

Absolute Maximum Ratings.
a.1 D.C. Characteristics .
8.2 Capacitange | .
83 A.C, Chargeteristics .
4 A.C. Timing Diugram
B.5 AC. Characteristics . }
5.6 Package Confliguration and Pnl.k:tgf Dullmc.

1123

LY - - N (N W P RO

[

1o ) bt bt
LV T BT R B

o Iod s
LY I



1.0

{NTRODUCTION - 124

The 750 Counter Tioer Cirewit (CTC) 15 a progummable compunent with four independent chaanels

that provide counting and timing functiong for microcomputer systeens based on Lthe ZRO-CPU, The CPU 2
el ranfig e the & HZ chanmnels 1 Dperaie L under vyrigus mudes and ermditons ag rtQulrel'l fmnudam, with =
a wide range uf de-ivs 0 Mo 1ppl|,.:|tmns little or no external lagic i required. The ZBO-CTC uiilizes
N channel ufioon gate depletion load technitogy and is packaged in a 28-pin DAP. Thie ZAQETC Tequirks
ondy 4 .ir gl 3 wlt supply and 3 one-phisse 5 v_-.ﬂt_u::]uq.k"-l:-or feyruney of the ZRO-CTC include:

All inputs and outlputs fully TTL compatible,
Each channel may be seiected Lo operase in eit in either Countef Mode or Tlmer Mode, 73

T AT s i sl

Used in either mode, 1 TP raadable Down Cgunter indicates number ol counts-to-ga until zero,

A Time Constant Register cun sutomatically refoad the Down Cowter at CounbZedo inTounter and
Tumet Mode,

Sclectable potilive Of negative Uigger initiates ume operation in Tuner Mode. The ame input i3
moaitored for event counls in Counter Mede,

Three cha nnels have Ie ro Count,/Timeout sutputs capable of driving D-.zrh'ngtun tranmstors,
I'Flterruprs m.w be pm*r:tr-ur'ne.i to oltur oR tlu: et count ¢onditian in any ¢hannel. L3

T T R St

Daisvy chain priority intarrupt logic mcludtd o pmvmic for automatic interrupt vecroring without
exlesnal logic.

¥
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2.0 €TC ARCHITECTURE 1 .

21 OVERVIEW

A block diagesm of the ZEQ-CTC is shewn in Dgure 2.0-1. The internal structure of the ZEO-CTC con-
sists of 2 ZE0-CPU bus interface, lilernsl Contrel Logic, four s=15 of Counter/Timer Channel Legic, and
lnteiiupl Contral Logis, The Tour independent counlerftimer chawntly are sdentified by sequential numberns
from & to 3. The CTC has the capability of generating a unique interrupt vector Tor cach separate channel
tfor autamatic vectoring Lo an inleriupl service routing). The 4 channels can be connecied into four con.
tiguaus sloty an e sandurd ZBO priacily chain with channel runiber 0 liaving the highest priarity. The CPU
bus inierface logic atlows the CTC device o interface dircetly to the CPU with no other exiernal logie.
However, port address Secnders andfor line buflers may be required for large syitems.

o S ERDUTH ST THRLL-T A

INTERMAL '
RN "GL;L:‘G" 1 CHANMEL®
l I l T T T Y

IERA LY SUM UL ST CIvkpLT o

ITHHEN AL LR LHIMNEL D

IRFLY ) LE]] VL B TR KD

"

* '
ZEROA G ST TLMEOLT
LT ARLET HAEL
Lot CLE W THEGArR 2
L 3
“F"
L]
| (]
MTEARLPT LOATROL 1 H3ASIL g
LInEE - LA R TRILLEK A
L .
FIGURE 2.01

CTC BLOCK CIAGRAM
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2.2 STRUCTURE OF CHANNEL LOGIC -

Tl strwcture af one of e Town sets of Counter, Toer Cliannel Ligic is showi o Tgure 202 Vs dogic
is comnposel of 2 pegislens, 2 counters aud control [ogic. The registers dre an B-bit Tune Cunstunt Register
an 8-bit Clunnct Contryl Registee. The Counters are an $obit CPU-readable Down Ceunter and 3n 8- a°
Prescaler. .

] ]

CHAWNE]
TiML
COMNTHIN
RECISTER COMNST A%
Al LOHCIC MEGISTEM
1A AITS) L [N:TRET]

L] ZERO COLANT, TIMEOLT

PRESCALER " COUMTER

I (A BIThy ) B TY,
ENTEA~al t Liw » TIMER TRWHLER
— - %

FIGURE 2.0-2 -
CHANNEL BLOCK DIAGRAM

221 THE CHANMEL CONTROL REGISTER AND LOGIC

The Channel Contre! Regisiee (3-Bit)and Logic is written to by the CPL to select Lthe mudes ang
carammeters of the channel. Within the ¢neire CTC device thers are fuut such registess, corresponding tu the
four Counree Tumer Channels. Wikich of the four is being writien 1@ depends un ihe encuding of twoe channed
selectinpus pins. ‘53 and CS1 (uscally srrached tr 30 3nd AL of Whe CRU address bus), Tlus is ilustraled in
the truth tible below:

*
N ot Sttt IR
v Cst €S0 }
g SRS . 0 .} ~
"Chl 0 |
AL |
Ch 2 | 0

Ch2 ! I
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2.21 CONTINUED

I e comtied wend wirrten topnogram sach Cliunnel Conlrol Registes, bit 0 & always set, and the ather
7 bats ane poweraantaad 1o0oele 1 slernatives wnihe channel's opersiing modes and parameters, a3 shown in the
diarram belis, (Fur g nane conplete Ancawion seg section 4 00 CTC Operaiing Modes™ and section 5.0:

“CT1C Progranmming.”)

I CHANNEL CONTROL REGISTER ' .
D7 s ol D4 D3 D2 ‘D1 ‘"7 Do
L3AD
'““hfrgl”? MODE | RANGE | SLOPE [TRIGGER] TIME { RESET 1
£ CONSTANT ] -
USED IN
TIMER MODE ONLY .
- 1
2.22 THE PRESCALER - ' *

Used in the Timer Made ooly, the PyEstalor it an’t-bit device which vzn be proprammed by tie CPU via °F
the Chasael Contrpl Register (o divide ts input, the System Clock (4u), by 16 wi 256, The output of the Pre-
“epaler b hen fod as on input 1o clock the Down Counter, which ifitialy;and every time it clocks duwn 1o
2ero, s r2lpaded autvemalically with the coments of the Time Cunstant Repister. 1 t_ffet_.‘t_lhis._xgui.r. divides . -4
the Sy siem Cloek by an additional facior of ihe time constam. Lyesy 1ime the Down Counter counta down to 7
; 150, i3 pul put. Zemm C :.TE'II;'TL"‘:RDH‘I (ZC/T D!, it P-u-!.“d high.’ i

T a = ——.

- +

IR CICIEE

2.2.3 THE TIME CONSTANT REGISTER

The Tume Comtant Register s an S-bit regitter, used in both Counter Mode and Timer 'do:'lc.']:;r"o.__-ru:mh:a’
by 1he CPU just afier the Channel Control Waord wath un wteprs time constant vabue of 1 throuch 258, This
registes bads 1the proprammed value into the Duwn Counter when the CTC is first iniua'lzed and ieluads the
s vabue in1g the Down Counter automatically whencver it counts down thereafter to zern. IF 4 new 1ime
cutskant os legded inta Uie Time Constant Register while o chiannel s counting vr timing, the present down
count wall he compleicd before the new tme comstunt it kaded into the Down Caunter, (For detuils of luw
4 dize constant 15 wnlten 1o a CTC channel, see section 500 “CTC Prugramming.™)

-’

2.2.4 THE DOWN CCUNTER

The Dhvswn Courter it an 8-bil register, used in both Counter Mode and Nimer Mude, loed. d Soitialiv,
2id later when it counis down Lo zero, by the Time Constant Register. Tle Down Countet a Jeaizmetiicf

by each evternal chach edpe in the Counler Mode, Of I the Timer Mode, Dy the chwk output of the Pre-

sZaler, A1 uny time, by porforming aample 170 Read a4 the port address assizied 1o the whecied CTC channel,

the CIU can avcess the contents nf this register and oblain tlie pumbet of conntsagzera, any CUTC clannel

iNay he programined Go gendrale an tnlerupl teguest seyuence cach time the ferovannt s icuched,
Imcharmels @, 1, and 2. when the cero count vondition is reaclied, # signal pulse appears sl the corjes-

posding A0 TO pin, Due 1o pactage pin linitations, however, cleznpel 3 does not bave 1his pin and so may

e vaed only an apphsations where this ouipat pulse is nob required.
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2.3 INTERRUPT CONTROL LOGIC

T Tnnerrapt otk Tosicnsires that the CTC au0ns i decordange with 200 syateny jnterrapt poatoonl
Feal moadand prracsits fneroapting armd retarn Pronn inderupt, The poiviry of ane ssstenm device is detvaninet bs
ity pla ot s oo i a dadss chiain configneation, Two ignul e (0FL aosd TP are provided i CTC doviees
tov Foren this syst oty sy chuin, The device chiaeat to the C1U iy the lighiest priseity s within the CT¢, inner -
fupl praosity i peedeicsmioeed By unmel norbes, witl chanmel O laviong lighest priviiy dawn ta clanmel 3
whieh hay the lowest privedn - The purgose of 2 CTC genersted mdeniupl. as with any vther pecipheral devive,
is tw forse the CPU v esecare an inferapl seevice routine Accouding Lo 230 systenninterniupt protocal. lowey
Puiwrity devices or chinnels may not ipreroupt higher privricy devices we Cannels that ave slready nnermupied
sl s nut had their interrupt servige routines conpleted. Yowever, high privety deviads or hanocks may
interrupt the wervicing of lowar priongy devicey or chunnels,

1 A CTC channermay be prugrammed Lo request U infenupt Jegty Liie t3 Dowir Covnler wadips 2 2w

vooent of cera. (Te utilize this fesluce pegidses tha fic 1) bs programined le inlefrupt e 2N SR T

bt the m:e"upt requesi, the CPL will suud ol an intermapt acknowhidge, and the CTCs Tntenupr Contrd

Lagic will J2termsine the Righe st-prioagy channe which is jequesting in interrupt within the CTC device. Then

w the C1C7s 1L inpat is active, indicating that o has priority within the sy stens Jaisy chain, i will place an

3-bit Intcirupt Veotor on the system dita bus. Tew high-ppter § bits of 5 of thigyeytun wdbliavobocg 2 cition e

g5e CTC earbiaras part ol ths CTC iiiiad puogiamming procys TIReneat two bits will be peovided by the

CTC s Inierrug Coatrol L o1 35 2 Brnaey cnde carrzspaading e the highest-priveity channel royuesiing

nteriupit 1Tnally The low-vrder bit of the wecto will alway ¢ be sero sccording Lo a convention desceibsd

beluw,

INTERRURT VECTOR
Dy Dg Dg Dq O3 Dz (] LoDg

1]

v 1
0 CHAMMELQ
1 CHANNEL1
0 CHAMMEL 2
1 CHANNEL 2

[ W7 Vi Vg V4 V3

-»-n:n:-'—l S

-

This interrupe vectar is used taftfym puhrer to afocation in ' memury where e addresy of the merrugt
iy routine 18 yiyc2 L 0 uﬂﬂtf TbhéNecror regpresents the laast signific snt 8 bits, while the CPU reads ti
~.bnt¢‘1ﬁ of the | esgister 1 provide the mask siynificant 8-bits of the 16-bit peinter. The addrss ia +.'-:"‘u"
pg..r«trd' oy will Sitain the Wwbrdes brr 1md he nest “higheat sddreds will contain ihr.'.' lllghgur“-:..u» toar
address which in turn contains the fiest opeode of the interrupt service routine. Thud'in ‘mode 7, a single & hi:
veotor stored [0 aninterrapting CTC can ressit in an indizect ¢all 1o any memary localion.

it —.

280 16-BIT POINTER (INTERRUFT STAATING ADDRESS)
} REG 7 B17TS FROM 0
CONTENTS PERIPHEHR AL

VECTOH

Therz 52 20 svsi =i L'-:\'vehh--in that flbaddieiz i the infecrupt service rautine table should hawe |
T T.. r""Iuw arder byte uan e2on .ouurmu i ey, 1l 1hn:LrJ_.u--h qu;Il.*Ju;.'e u1 Ltu: ngst hug,hnt luutlun in
rn:nmr}' Fowhich el always e odd'sB Tt the least sgnificant kCBFany niediupt \Eﬂ.tm'rwﬂt abways Be even.
Ferce the least signifivant Bit of any interiupt vector will always be 2eoo,

3

];h: RLETI estriceion bs wsenk di the endd of sus MU apL sELving rontine io imbialee e ity chs
- enzble Lo JEQ (vr proper conirul Ul fested priveity e handiengd The v TC moninor the westoin Jdafl
" buy and decudes s instruction when it occuss. Thas the CTC chaane! simtiol gl sl Know when the CI'L
has compiered servicing m intecrupt, without any further counmunication with the CPU beng nouessury.

o
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30 CICFiN DESCRIPTION ) L e,
& dasgrew of 1he 2400 [C pin 2o nfigu: stiom i¢ shown in Gigure 3 (-, This waunn describes the Munctnm
ol el nin.

r: -1
FR0-C1U Dua Bus Mei-dyrcctional, ti-siale])

Tlis bt is veed ta ranefern all dota ané command winrds hetween the ZEO-CPL and the ZEO-CTC, There
ore B bty on thes bus. uf which D is the Teast signiflicant, ) )

(51 - S0 ,
Channe! Select (input, active hichj .
Thicse pins form 3 2-hit birary «ddress code for wlecting one of the four independent CTC channels for
an -0 Wiite or Read. {See truth rabl: below.) -
CS1 C54

ChD 0 0 '

chi 0 ‘1 :

Ch2 t | o "

C’h 1 i LY ' I, "
CE .

Chip Enable {inpuist, active low)

Aow Tovel un this pin epables e CTC to accept conngl words, Tntersupt Veoturs, or time cumsiant 2l
words from the Z5%0 Data Bus during an 110 Write oy cle, or 10 1camsmis the contenis uf the Down Coumer o
the CPU during an 1/O Read cycle. In most applicativos this signal 48 decoded from the & Teast sipnificans oin
uf the addsess bus for any of the four MO port addresses thas are mapped 10 1he fout Counter/ Tuner Channels.

&
Cloch {d4) 3
S erem Clack (input) :
This single-phase clock is used by the CTC o synihrenize cortamn signals inreimally.
M1
wavhine Cycle One Signal from CPU (input. sctive law) '

 When Mlis aclive gnd the RD signal is active, the CPLUF is fetching an instruciion I'ru;n memory. Wlen
M1 is active and the TORD sigral is active, the CPLU is acknowledring an intecrupd, alerting the CTC 1o place an
Inicreupt Yeclgr on the 280 Dota Bus if it [izs daisy chain prionity and ope of its channels Las regaestesd an
imlerrLpt ' ' n!

1IORQ
Tnpt; Culpus Reguest Tigm CPL Gnpur, achive low)

The R sgoalis waed in comjumetion with the CF and RD <iznals 1 cansfer datw and Clannel Cuntenl
Wonds belween the 280-CPU and 1he VTC. During 2 CTC Wane Cvdle, [GRG and CF st be b and HIEY
labae, The UTC dows not receive s a7l wrile signal, iesiced generating 315 v mlernaily framm dhe heise
uf avaded 200 siznal In 3 €£TC Read Cuole, i0ORQ, FF ans @0 must be aiive o plage e sumtents al e Dewn
Counter on e 250 Data Bus. 11 FTHO and MT ere huth true, the CPL is » b tedering wn RTTTLpE e,

wpd b Foefeers gt Toreede e 0T aeep 0 e e e et Wamy g com e PR Mgy Buc




3.0 CTC FiN DESCHIETION {CONT'D) - 134

kn
Re1d Cycle Status tront the CHU (input, active low)

The BT signab is wsed i coniunction with the TOKRG 1nd CF signals to transter data and Chiunnel Contrel
Waords between the 280 CPLU il die CTC, Gueing o CFC Wiite Cy cle, JORQ and TE must be teue and RO talse,
The CTC dues ot reseive 2 apucifiv write signal, inslesd generdting its owil internally from the inveise of 2
valid B signal. [na CTC Head Cyele, TORQ, CE and RD miust be active to place the contents of the Down
Counter gn the Z80 Ty Bus,

4

1¥1
Interrupi Enable In {input, active high)

This signal is used 10 help Iorin 2 svitenvwide interrspl daisy chau which establishes privtities when
mure than vne peeipliers] Juvive in the spstem his interrupting capability. A high levet om this pin indizates -
“that no wther nteerupting devices of higher prionty in the duisy chain are being serviced by, the Z53-CPU.

PEEC L

1ED
Interrupt Erabue Qut {output, active high

The LEQ signal, in conjunction with 1EL, is used to form a system-wide interrupt prigrity daisy chain.
{ECY is high only if 1EVis high and the CPU is not servicing 2n interrupt frum any CTC channel. Tiwas wlis sig-
nal blocks lower priority devicss Frem antecrupling while a higher privrity interrupting device is beiig serviced
by the CPU,

INT
Interrupt Request (rutputb, apen diatn, active low)

<"This signal gnes rrue whes any CTC channel which hasbeen programmed to enable iterrupts has a sn- .
count wonditien i is Down Cuunl«t} . R :
N N = e L. . .

RESET
Reset (input. astive low)

" = T - - a. Jp—

“This iizma! staps all channels fram counting and rese's channel interrupt enable Bitz i all coatrgf
regisiers, thereby disabling CTC-generated intecrupts. The ZC{TO and ST outputs g0 to their inactive states.
1EG reflects [EL, »nd the CTC's data buy oulput drivers go 1o the high impedance state.

CLK{TRG3—CLK/ 1RGO ‘
Exiernal Clock/ Timer Trgger (input, user sefecilable active high or law} -
There are four CLE{TRG pins, coreesponding Lo tre four independent CTC channels. In the Counter

Mode, every active edge on this pin decrements the Down Counter. In the Tymer Mede, 30 active <dge an this
pin initiates the Liming funviion. The user may select the active edgs to be either rising ur falling,

ZCITOY - AL TO0
Zery CountfTimeaul (outpul, active high)

Theie are these ZCYTO ping, corresponding (o CTC channels 2 thiough 0. 7 Due tr pazkage zin timilatiem
channel 3 has no ZCITQ pun.) In efther Coustsr Mode or Timer Mada, when the Down Counter dasienioats 1o
l}’:tu an agtive high going pulse appears at this pin.” #

bl
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cry
DATA BUS Dy ==

cHIF_I1E, |

" {v ENABLE
CONTROL v gL

RA—
D o]

- 17
RESET—™

524

AT

GND—2

15

TNT w2

INTERRUPT| INT ENABLE_ 13,
CONTROL IN
INT ENARILE 11
ouT

Z80.CTC”
Z80A-CTC

|
4~ CLY/TARGY
—"-1-' ZC{TCq
"‘2—2—' CLK/TRGY. .

B
—+ 2C/TD; . CHANNEL
SIGNALS

2
4= CLK/TRG>

e 20110,

2 1 1 /TRG,

b

. ,"',l

LI
-2

FIGURE 3.0-1
CTG PIN CONFIGURATION



' . 132

40 CICOPYRSTING MONFS

vh T - -
1 =

Al five 4 the P00 3 ite i eredend oo WESTT puts the V0 in a ki <ok, Befoes©
sty St el v be et o g, 1 Clanea| Contid ‘I-"mrd anid e Sarstant dat watd st he
R e g S, peLle B e n: that charuie!, Fuctloss, 3 2w chana] hay heon pragramaw d ta 2o e
En:::'-qpu.,:n lestersmpi Vecior w nd must oe wrll-éﬂ o the €10 dncerrupt Comtod Logie, (Far furthes
des oy ety e ation 300 T CTC Prograuniig.” ) When the CPU has written aH ot these wonds o the CTC
all dwteee GJingeds a il be groge semed for iemedia e apeidtion i either the Connter Made e the Time:

Mol . H

41 C7C COUNTER MDODE C. \
* . I

la this annte the CTC connts edyes ol ihe CLK, TRO mput. The Counter Mode is progeanimed fora -
clarrvrat when it Chaned] Conspol Word is writter with hit é vet. The Channiels External Clock (CLKITRGH
lnp'.: sy mntivenad Tor g sariey of Tpeggesing edges: 3tTer eachy, in synchronization with the nest rising edye of
st Syatem Sloek b the Thoan Counter (which was fnitatized with e time sondant data word at the siern
of ad prprendd of dowl-Sotincing) s dectesiented. Although there is Ao Sel-up e requitenwne getaesn the
triggering edzr of the Externg] Cluck and the cising edge of  (Clock), e Down Counter wl not be Jecre-
mente e unsl gt Pollowing @ putee (Ses the paraateter {CRY in sectiun 3,30 A G Charsctenistice.™ A
chanels™s b azeenai Clogk iogat is pre-poogoammed by bit 4 of the Chanoe Control Word to trigger ene Jegre-
A g deageeiee with it g gk e a luw going edue,

b any of Chatpals 0,1 or 20 when thie Duwny Cuunter is succesaively decretidated Frum the origingd
tirie canstant untd Anabl it res hes reta, the Zers Count (ZC7TOY vutput pin for that chanae] will ve oulaod
active dhigh ). (Howaver, du? o packayge pin limitotions, channe! 3 does 0ot have this panoand sonay oniy be
wd iy applicaiborn; shiore this autput pulse s not required.) Further, if the chaniel s beci 5o pee programaied
I:|~. 301 1 ol the Chain) Cotetral Ward, an ieetupt re.nest sequence will be arnerated. (Fur more deiavs, so
sectiv 700 “CTC Inten g Senvicing.™)

Ag the v Wausn 22 b proveeduny, the 2ore count condition dso Tesults in the automane eloe oy
the D Counter with the orignal bree eonstant data woed inthe Tame Conatant Register, Thee iy i inzer- Bt
Pt iom in the peguen e of contime ] dowecountine, If the Time Consiane Register is writlhen To with 2 2w
(e conalant Jatn worl whuje sz Duwn Counesr i decremwnting . the present count will be Lﬂmplr ouf B
the A tnee constdet witl e losded into the Dawa Counter.

+
CHANEL
X N TiWE
TR
:.tl:.{':-l‘i.'l I'::-I LOMET AT
A% [0 DML METASTFH
IEN INET] 1w HE g
T T T RTER AL LS - :
- Fe——r— - LEm— o —— e — —rr—— - 1 ,
) # R
[HIw S ZHRUUOE ST Titben |
CUL »TER g Y
.~ L " I-I'I!_‘:il \
Prli st vdm Loy o THILELH L
- oo O e .
."‘—-l"
FIGLIRT 4.1.0
CHANNEL COOUNTE Y Mo -

i . e e et = e . - - ) ..



. 133

LA Y S T A 4T ] 2

Dosrar s T T et SR iiern]i el s aprategar st Wrhe cremn ey The

| R 4 P A J.pﬂ'.': uluf.'.'.'. BN A e Cralye | “'-MJ‘[: A “!I.-]I.'\.:'::.J:-l i-‘:;‘. I u.||in'
TS B N AL L T Hf tive, Baad on 12 Syster Ok petied. The Sustcii Cichoggied
Pertpl tae 0 o Tu s g ke the Psccier and Wie Down Conntaes, Thependiog wn e 7 opregtaeaed Bik

me e f'1 2 b Cotdiei Woad, the T {‘hﬂl divides ie Spstem Cloek ®e s fuctin o thar Lhar 250, The oy,
bt aim o wln e e iedzen el b SiTeiment the Dovn € nunTca"ﬁn. whbade Brpeepriiiimend

G e v emsiart oigirt hetu (g D and 2FE L in the Cowanter "-1Lvdr the lune. "s'“'n A ..;'.'*‘t!!“i’h-'-
orl '=J..,,' T Neeem "..uui'nt al el w21 wuil conditis ,m‘ conntice e ""'r"-s TATL MY ey the e

= s T‘ p D"“ ILL C.J e pdl IWI“HI i '":'u"i'pq'“ 1. ‘r'f [h"rlluthlﬂj ik Fu-n.u, JLE\- l.- u-; +|| - urﬂ L |
L . O S i wiry g PGHUu F"'-'n m 1th= 2 umzl

Ut

- L]

whaw zog dhe Seslemn Clazk penind, T is the Prescater Faitur of 1§ o 256 ;nd TC it the BT tonramin e 1
LT

4 e T

an

srit 3 afihe Chuneel Contil ‘L"ura:is ﬂrf-. weerrerrmed 10 seleed wliethg ing well B2 avicdimtiveing
ratries or wlickber 31 will pe fuilieled with s Irjg_mu]:r,t.dil & the shanped’s Tumer Toippar LK TRGH R,
[#% 2 s rengl e 1lner auuunuuul], BegIns uPrIztivl 3 thaslart af the CPU ot ae following de 440 '-'u';llr
foaching evele thal loads the 1ime wilsiant g dais word 16 Lhe chhnne} 1 51 34y 52t 1ae iimes Tegins uperation
o e cecond shveeedusy risiing tdgt of q'li“tl.‘r the Timer T'Iﬁfﬂ :dbc ollowing the luading of the time
we-itanl ey word, 1T po fime constant datz word is 1o faMow then the fimer befins opeiatios onilie woond
hsveding rising edge of drafier the Timer Trigger edge following the conligl word write avelel o 3 o7 1n2 I
St Comprol Word s pro-progiainined 1o select whethes flie- Tinyer Teigge; wili be semsitive ' 3 moinz of
adieent e Al h{ul ab taere s I st-up reguizement beiweer 1he active edge of 1he Tinc' Trisger ond ilie 750
nsng vdee of gul Im Timer T:igger edge necurs cluser than a speaified inininum set-up rime o the rfeng tdye
af 1 the Gown Cuunl:r will not begin decrementing il the fol]n'-\m; iising edge of @ (See the Surameter
1s{TRY i section 8.3: " AC, Characteristies™.)

1t T the Clians !I(.‘r'nt ol Waord is se1, the seroecount gondition in the Deson Coanter, Dosies
cansive o piakse @1 e dhannet’s Tune Qul pin, 'W‘IJ' be used winetiule am iateliupl e Lsst segquarys (Fur
et Jelemby, see sedtian T CCTE InLLnupl S.em:.mg N
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50 CTC PHOGRAMIING
VoteL s AN CT0 oo TR cuniin o diming opetitfoms, 3 87 Lt LWl e

D =nhed I0 wpn Line D B st it g the CHL These wonds aill be stocadin e Churie] Control

Bogo terand e Tone Comtans Begisien of that chaneel, o addition, inane o the Seun channels e heen

e dinitd wiEE LTl phesie Chasiiel Candead Wordds To souble infermmey, an Inperrnps Vector o e T

WP I P Mg tate prghale st L0 Dt autoaiati features inothe Daermupn Control Loy, one

precpon cianed Inleroge Vector sutfives fus all fowr chaieels,

5.9 _LOADING THF CHANNEL CONTROL REGISTER *

To load & €l Contcol Word, the CPU performe a nommal 0 Woee wguence 10 the pore acddress 7 -
eer ey i o e Qeelre DCTT dhanned, Two CTE input pins, nantely T30 and CS1. are wsed 1o forma 2-bit
Bimery ddde2ai toseleot one of Four chatreals within the device. (For a truth rable. see section 22017 "Tie  _
Churrod Control Regisrer and Lagic"} In many system architectures, these 'wo input pingsrs sonnestsd 10
Address Bus lines AQam! A1, respastively, so that the four channels in'a {10 device will oezupy © civunus™

L0 puit addrgsnes. A owor writtrn w2 CTC channel will be iierpieted as a Channed Contral Word, aud loaded
"ty the Channel Control Rexglstar, its bit © is 3 logic 1. The other seven Bits of this word selezt operaciey
mudes Jnd conditiens as indicated inthe Sagram belaw. Follewing the diagram the meaning of each kit «ilt

be dizcusicd in detai!

'

[
THANNEL
CONTRUL i [ LT
REGISTER CONAT ANT
L JER0 MY REGHTER

in EIT5)

1% 8iT%:

i e i
I i/'pf_ /T_ D =, j TR AT TR
— A

- LT M - e

AR W hLL ‘l}
L Bl A o I ’
T -{-L RIS
TR L LN ISTR N

I 4

LL8 = SR e gy o, TR M r ,

hN

FIGUAD 10
CHARNEY ELOCE DnAGTH
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9.1 1 GL0lMs FHE CHAREL CONTROL REGISTER (CONT D)

R A b - wLaa = = —= oy cwa ow o mem — ————— - -

b7 Cg Dg C4 D3 0z M Do
”;_HL'PT o N BT T A
TER MODE | RANGE | SLOPE |TRIGGER| TIM RESET I
ENABLE Lo SSTANT
— L — e
~ ~
USED IN LSED IN
TIMER MODE QNLY THAER MODE OMNLY

Hag 7=}

The chiannel is cnabled to generate an intertupl 1eguest sequence evers time the Dewn Counter reaches a
sorvevrgit cetldition, Teoset this bit 4o 1 in any of the Tour Chianne! Control Reyislers necessitates that an
lerpt Vectur slus be written 1o the CTO belore vperation begins. Channel intarrupts may be progrzmited
tetlies Connter Mode or Timer Mode. 1T an updated Chanpel Control Ward s writag) 10 s ¢liunne] aloeady in
cpetathon, witle bt 7 set, the inlerinpt enable selection will not be retioacive 10 preceding goavenunt
condilion.

ixt 17 .

Clatnzl Silerupls Qixakied.”

b=

Couriier Minle selected, P Daan Counter is degre henle J bs each Bigyering odge of the f\l..:. al Clock
¢ R TRETT inpue The Presgaler iv ot nsed,

J.L:l fiicf] .-

Ty Mnde seieereds P Prose el s elogbed by 1l Sysiem Clock Poand the easput of 1 Prescaler in
o cdoeg byl Phomeny ©aganter, Thy hllpul ol 1he Dvwn Counmer [1]1:: chanels AT wulputd s a . form =+
oot brang ol utiod civen iy Lthe .'Hnuul.h

L*PATC Y

wheie 1008 e pevied of Sy etem Ol b 4 Py the Poowaler Qactor of 16 o 226 aad TC i 11.¢ e cunstant
Aty ward,

it id=1 »r
Oerieced o Fieer Sede onds 1o cdl e Tt 0 M4
i Aeq

. - . . ]
023 Loy Toawer Moale s oimasealor Seetor s s



B LOANING THE CridaNMEL CONTROL REGISTER (CONT'D)

] £ ' D3 D2 (D] Dp
R I R R R
£ ;:';L Eo) RSN SLOPE |TRIGGER| TiMme RESFT i
- — r,u.h.smmr o _
UE::D I USEU I
TIMETR "OGE ONLY TIMER MODE ONLY
Biti=1 3 .
TIMER MODE - puniticz sd g triggan staits Ueer opetalivn, ’ -
COUXTLR MO - paositive edage lecraiments the duwi counter. . |
Bit 4= 0 ’ B
TIMER MODE - negilive edge trigges staeks timer operatinn, ‘
COUNTI RMOIIE - negutive edge decrements the down gounte, i
£

Bit3el - .

Tinsei Moz Oniy = Exteraal erigger is wali-l tfor starting timern roperation arter rising -:..ig.. nt T oi the
machine cycle rullumng the one that luads the viwee cddstant, The Prescaler is decremented 2 lock swddas

later I the s2iup time is met, wtherwise 3 elock cycles.

« Biz3im3

Timer Mode Only  Timer beging cperativi un the fising eyt u:‘\T: of the smzzhine cvele fuiloaing fe

one that Toads "he tme coascint.

Bt 2wl S

e L

The Vme consiznt latr agrd fe the Time Consiant Ragister wil e the navtwond wrinten Lo this
chovezl Man npdarzd Cang Control Word and time constant 2313 word are writien to a chanzel wlsle i i
alte 3ty in apersiion, 2t Down Counter will condinue Jesrementing Lo 2eu befors the aew time swaiart is

loade } e i,

BuiZ=0

Nty cursiant datgwend fur e Time Coustunt Registe; should be eapecti by follow. To progian,
it 2 toihis tereqopb s ghot this Chasel ’C'mur I‘ﬂuru b inten'ed Lo update the siot0d of o ol onngt J]-2

(TR I T TLNE TR I u. Mt sperata w il e ! y p:ugrum'.c.[ St eard inale Tine thr.
Reghier, 0 D1 hl S this Channe! Cangeat Word pm'-l1 allie anty woaw of whiting to e Tie Consin

Regl.iz,
Rii=t ~

.. B TR i TN C i L S L L RN L RTISYINIROI e BRI ATTY Upaan writin g it el
Pl are o Wiz L\Jlr'_tll My - '.~a|1-:! W, huwcvm, Aot gt sy tha shanmoel covge=sd e
iru T T L L R JL I T LT LY, (PR up e st lasling s o 2
;‘.‘r- LT
B | =0,

CAamnsl Fulatings 200720l ety aip-
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Socheoeb ey ol Sesin en cenoe edlher Tinee W00 Conater Mede pilasa i e - b

word B e 2 T 4 v i Fegistar By the CPLL s @ava e wilil beorvpesisd il ot 110
Wiie 1w iy chateows fodiesdug i DG W ode aof the Chanpet Comttiad Wourd, movided that bit 2 of e O -pngl
Contrel Word 1s s0rd T Umie sunsians dala word sisv b any ntep- o sabue 40 the cas o 1220 7010 I eighn buty
Sidbm actd e coni s imlerprered as 276, IV 3 tne coasian: date veerd 18 hoded “o 5 channel 2itcady in

i tatwin, e Down Cownter wil contis ue dediemianting Lo 20ro Teluie the pes e corstsnt i loaded fom
ihe Time Corstang Bagiifer teiite Down Comnter,

52 LOADING THE TIME CONSTANT REGISTER

TIME CONSTANT REGISTER
D7 Ce 21 Cs 03 o2 o} Do
T¢7 TCg TCg T4 TC3 TC2 TC TCo
hiSB LSB
o - R
TR (
AENTROL FIvE
LIS T 1S, 441
REIT N HiLTLN
s KIT™ ‘;ghlh.
0"-_‘_- - -':'._u!__pu T
1 (i( Y. gt i AEMEIT Gt 1 Tyftn §
e - .t n‘:l;'hl.“ i ""I wipl i fm n - g
l l ! "[ i kTS
Hlln‘\-mlllllhli-l-‘n“n |I-;l‘..n-.l-'H T
FE L SY Y] o = ath ™y
(TR LA M1 .
Crins L 2L0OCK Yo GRam
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53 LAADINT TH: INTERRUPT VECTOR REGISTE!

i EALES Ili his Been Ju._,n dorvopert s with the ZAQCPY pr g 47 windd Tor alude 2 anteiu reapanse.

Unde; the re e nty b el coesde, swhen p CTE dlimnel regie s an interrupt amd is aoknoa ledged, 1 1600
Puibnges st be Manme.d o ubtrin a enrss ponding imiarrupt se e pootine alaring 1ddresa foom @ tabic in
HJE'”ILJI"- The vper 8 it af this puintes aré prosid 23 by the TP 1 register, and .In: Tawer & iy o e
j..l- Wibes dre zpanzdat vy the CT0 10 the Yorm of an [nteniuat Vegtor unigue 1o He p.ir.uu]:tr chan":. Tk
reprstt b wsaiemnt (Fad furihes detaile ses mearivn 700 “CTC Iaterups Servicing ™)

*

Tre Yoin eodar 5 bats Y |4.:I'.::.:upL‘v’nmf mwst be written tu the CT40 in advance 4 gart wfthe
Vil PO Tmnnin g adynahut, T 20 50, the CPU must wiite tothe 10 el adideess rertesponding 1o the £TC
“chanmel B, Just as it would it 1 Cliannel Control Ward were baing written io that channel cexcen b than 2o 0ot
Sba wend Beig sl st Lintnin 2 O (As exphained above in seczion 5.1, 0F bit D orf LS Wtk n Lo 4
channe! wert set o 1, the ward would be interpreted 2id Channe! Concrol Ward, so 1 0 i1 Bit O signats the
CTC to loa  the inconniag watd into the Interrupt Vedior Registe:.) Bits 1 and 2, however, are nal assd whes
b Loy this ve e, AT Lhe nime when the intzeoeping shanne misse plece e bt rups Yector on the Z30
Dats Bus, the laterrupt Contral Logic of the CTC automatically supphes 1 birary code in bits 1 and 2 identi-
fying whicli wf the four CTC chivacls is to de serviced. '

4

MODE 2 INTERRLUPT QPERATION
)
Desired starting addrass pointed to by

tNTERRUPT
SEAVICE
ROQUTINE LOW ORDER | REG 7BITS FROM |
STARTIANG HIGH OADER CONTENTS | PERIPHERAL
ADDRESS i
TAELF

“

I — . o

—

INTERRUPT WECTOR REGISTER

INTERELPT VECTOR REGISTER

NV
AUTOVATICALLLY INSERTED
BY Z2gr-CTC

05 Cs Da (] Oz R ]! Da
[ V7 ’ Vs Vg Va ‘ va " x X 0

&_'__'L_._':;_::_" - i I , -
SURFLIED BY 0 0 CHANNEL @ {Highust Frie-iry !}

USEA 0 1 CHANNEL 1

N 0 CHANNEL 2
1 1 CHAMMEL 3 {Lowe: Pricrity]
M i o e — e e




20 CTC TIMING

Thasectivm losirates the timing 1elationiip, o e sgleant CTC ping 0 e Tellowing 13 pes of
viedatian” writlug ¢ word wihe CTC eading & woed fron. the C 00, councing, o0 3 timning. Elsewheze in this
manual s be Doond timing disgrams 2lating Vo inder sy sensieing (sectwon 7 3, nd an A.C, Tioning Diggram
adtich hantititively specifies 1he Tming relutioaships Gediivn .4)

61 CTCVWRITECYCLE

Figure 601 allustiates 1lie 1haing aso idted wath the CTC Write Oy cle. Tiis seguenve 15 applicable to
lowding endier @ Channel Centrgl Werd, an Interrupt Vector, or a iine constant d=1a waord.,

tn the sequence shawn. during elock cvele Ty, the ZRO-CPL prepures for the Write Crele wizh 2 fatse
flughl signat at CTC 1npin pinET'J (Read). Since the CT has no separate Write sizrab input, it generates its
eweld intoszally foeny the fafee RO inpun, Laver, during cluch cvclie To, 1he Z280-CFL nitiates the Write Cvcle
with tiue flow ) signabs at € 0T fuput s 10RQ (170 Requestd and CE (Clap Liabiel. (Note: M piust be (Sl
woafistingish Lhe ey ele fram amanterrupt acknowledge. ) Aleo 20 this time 3 2800 Pimacs onde appears at CTC
inpe1s C51 and O30 {Chennel Select 1 and O). spezifving wlnch of the four CTC chanmels is being w ritien 1o,
and e word Peing writien appears on e Z50 Datz Bus, Now even thing is 1cady for the word 1o be 1atched
ino the appropriate CTC mieinal regisier in synchronization with ie nsing edge beginning clock cvele Ty %o
wdditional wan stades are aicwed.

CTC WRITE CYCLE

Ty

1, T, T3 L :
’ LI 1T
C5g5_1.CE CHANMEL ADDRAESS X T
R o _..__--..___\ /S

RGO

(PR

DATA X I X

FATOLATICALLY ASERTEQ BY £ CPU

b o e - —————ma e e m— 4 a1 s e —_—— —— = ok e o T s w v m——— —

—
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62 CICREALCYCLE
i

Fugaiz 6 D2 dbtiries the Honng associat2d aith the CTC Read

14y

Cvcle, This seaqurige s uie d any e

the CU4 gead, the e conizits of the Dawa Couaier. Dering Joet arcle Ta, tie Z33CPLU minisnes the
Bead Cyolewith rrie vy oot mput pins REResd), IORG (D O Raguest), and TF (Chp Eoabler, Also at

thus thg 3 2ber bBinary code appears ot CTC inguts O35 1 and €53 1CHy

et Setect 1 oand Oy, spesitying which

wl Ui S 10 ¢ anels i bewnd eeasl Soans (vote S o bBe Gatse ta distineatsh e oy cle From an jnge:.

rups wbaede Do b he faing edyge of the cycle T3 die valid coments uf the Down Caunter as of the rising

edgs ol sxvle 10 will be avzilahle wn the 730 Data By, No additiony] wzit staizs are dowed.

e

CTC READCYCLE

T

A

L

il

CHANKEL ADDRESS

X

\

"TAUTOMATICAL ¥ INGEIIED AY ZEOCAU

s —— o -

ARG / -

ko ’ . / )
T

DaATA —— - { DUT“_}‘-

t e
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H.3 CiC COUNRTING AND T ING

Figure t.0-3 Mlustrates the finting disg am for the CTC Covninyg umd Tining Me-les.

fe Ul Coronate: Moo, the wdpe i o dze s acting e this 2 oamplo ) fran 12 < rernal Ban e oare con-
awted 1o pin CLE- 1RO tearements e Dhowr Counter it <nmad satedsation with the Spazm Clack b As
s Hicd in e AC, Clacacternstivs 1Seciion 2.0 ) this CLE ' REG patse nns? have w - dimm, woidihoand he
minEn oo mast e 1 e S than pwice the system doek penod, Althiough there s pe 80 op time iegure-
it et en the agtise edpe nf the O RGTREG und the riving edge of 4-if the CLE, TRG 2dge vccurs cinser
tun o specified msinimum toe, e decrement of the Downs Counter will be detaved ene oy ie of 4 Immed-
iehely afior the dedrement of the Down Counser. 1 10 8, the 2070 ontput is pulsed true.

L ihe Fimer Mode, a pulse trigger fuser-selectable s citheructive high or acrive kw1 at the CL& 7RG
P enaltber diting function on the seeond sueceeding tising edge of 4 Asn the Counter Made il tigienng
porbas v dotes ted s chitenmady and moest kave a mintmuom width, The liming funciion is indtirted in s porend-
Fativn with i, and 3 mindm serup line is requited between the active edge of ine CLK/TRG and i ey
st vadgs ot g I the CLRTRG #dee occurs closer than this, the initiation of the 1imer fuiction « ol be
deliced une evele ol & )

CTC CGUNTING AND TIMING

4

— —— b

w /NN

INTERNAL -

COUNTER ___f ZERO COUNY \_ﬁ____-.-‘._,_ —
CH0 / \

S OO e Y O
w \ . R

imTERNAL
THAER START 11508

e sk — . A - — ==
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7.0 CYC INTERRUPT SERVICING

Fik CTO chaun-t e be idBidaally proceacimed o reguest an insson®? ey fine ifs Do g Counee -
st Lvodr b of poras The poapose ol 2870 geterdted inteerepe, oy for any cther periphergd desice, s 1o
taenr the CPL to evecute aninteriapt Seivioe ontioe T wlilize this fearme i Z250.CPLE st be proagraml
for fwads 2anterpiept cespond Uaded e respidiemests of his mode, when o CTC chane] reguests an oser-
rerpet ansl g ackngu brdee L Db peoiter most be tanmed 1o obtuin 4 eonesponding interupt s neanne
abarfenge vd-tress fonn 3 sakld e et The Toswer 3 Bl o the paintes are grosided By the CUC i the Sonn
at g Interorpt Westad moigque o e parkbivul oo claonmel that reguested the inreirapt, (Far boalen derails. e
tw chapier 8 Qo b At 1L Techivieal Ml )

Thie CTC"s Tmrecrupt Control Logic insares thae it 2cts f0 zecurdance with 250 SEERE inleLiapl prafocs
fud Nusted prionty 1ni2rupt Jnd proper return rom interrupt. The piotily of any syyient device i detznanined
by its phigicad locasion in g daisy eldin configurstive. Tuww tignal lines ((FL aod TEQY are provided o rthe CTC
aind Al 290 periphieral desiees to form Uie system daisy chain, The device chasest o the CPU has 1he highest
priowity . wilfun the CTE intzzropl priornily is peod=termiined by dnnel meriber, with chanpel 17 having Litghe s
priveity, Acoardiig o ZEG sy abeny inderrupt protoval. low priniey desives or chaunels may aoi Dawervept Lighae
privtisy Jevives or channels et huse already foreecupted and out g their ioteirgpet secvive cautines ounphered.
However, high prooeity devices ur chunnels gy interrupt the @ rviving of Tower prionty devices o clunsels,
{Fuor further details, see sectiun 2.3 “loterrupt Control Logic™ } .

Secrioni 7.1 and 7.2 bolesw deseribe the tumindal tining relatioiaips of He relevain CTC paas Tar tie
Intesips Avkaow ledo Cycle andahe Retwn frons Inrerrupt Cyele, Sectiun 7.3 below discasnes 4 typical
axainple of daivy chain interiupl serviving.

7.1 INTERRUPT ACKNOWLEDGE CYCLE

Fugure 701 dllustrates te tintdiag associated with the dnterm st Acknowledye Cyole, Sume tine atte an
inzesiups iy regueated by the CTC, (e CPLU wilk sead out an iniecrapr achnostedws (ME a0 T To
inerare thyl Ve daisy chain enably lincs stabitice, channels are inhibited Fung cleiging heirinlenupn eguest
statiis when 8T iy acrive. M1 is ucnve abuut two clock eyeles earlier dian TORD. :ln:l&m:’! i$ False to distigiish
the osebe lTum an dparruction fach, During this tine Uae inteniupt tugiv of the TTC will detenitinie the il
piviny chaneel requesting 30 intecrupl. i the CTC interrupt Enable taput f1ET ) is active, din the driebios
i ity intezupting Jnncd within the CTC plaves its Interramt Vector vitta the Data Bus when TORD uoes
Aciphe, Twy Wil 532705 {T“--] Jee autoinativally inserted at thii time (o Mow he daisy chain fo seabidize.
Additionsl 3it s1atds may be added. ;

INTERRUPT ACKNUWLEDGE CYCLE

71

T
W\

— ——— e a1 Swmm A e — o — w8 ama - [

ko

o ../ Nl

DATA = — mrmrar dwmoam = orw e - ...---..----( VECTOR .

FAUTORMATICALLY INSERTED BY FEQ Uris
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7.2 RETURN FinON INTEERUPT CYCLE

Figuie 7.0-7 illestiates ihe diening eseod med winh the RETI tnsteuctivon, This fnstruclior iy used at the
ctad e kerropt st o ronting o kadliainze she datsy chain ciehle lines for proper comttul of nested pr
wiily hiciup Lungling, The [0 deendes e two-br e RETT eode internefly and Jerermines whorhes s
atanded for o channel buing sorvieed,

I

. - . . ’..‘. - - . - . -
Whaen several NG periphieral chips are in the deisv chain 46T will beeniee a2t = am e dhip coreeriby
©oder seraer v oen an B opends Kodvande D 0F e folluning opende s < DM the perpheral betng wn e d
W Ly rp e aieet wnd 318 FED will Beenamie active. Additional wait states are allowed, -

E

RETURN FROM INTERRUPT CYCLE
n

T

N aieininininisininial

_..;___.-.._...___..-....._( [ - ——

to : R A
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7.3 DAISY CHAIN INTERRUPT E2HVICING

Figie

channel Zimneerrantigel i paried seevics. Whidis t|lli "'uruu. i hcl.lgu.‘ vived. 'll~"
interruprs amd Ty ertd sersive The servws suoite Pee the higher priviity chums is congleded ol a RET)
T3 Ror flrtlee s details ] v oseented 0 signa| the chunnel thar its roatine g coiugder:,

Lok f500 52070

- . . . * . - I
C st e by pic et vesbe D eyt see e whicl snas oo e the O
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fpeisnaty choeesel |

Ar this sime, the service rautizss uf the Biwer pricenily chanee! 2 s reswoeed g Sonpleter
4 ¥ r

[

[reos ol

DAISY CHAIN INTERRUPT SERVICING

HIGHEST PRIORITY CHANNEL

ChAhWELH

CHANNEL 1

_LHANKEL 2

CHAANEL )
i

+ — [ ] gy -

HI [~ b
L----IE1 Jeq} -1IET IE;]~——-—lii o ] 160 b
1 PRIDAITY 1% (ERRUPT BAISY CHAIN BEFORS ANY INTERAGPT DCCURS

UNDFR SERVICE
. S —— [ ———— R P b gy
HI T L HI 0
L—.J e teob-——13 1£1 I£0 I T17) HSCEE 131) S
b - . a s e o gt = e
2 CHANNEL 2 REUUESTS AN INTERRUPT AND IS ACKNOWLEDGED
UNOER SEAVICE  SERVICE SUSPENDED
e -
L-r--{_:n Eo) i p 137 SN FTISNTY) WEE:EN o b Lo,
e e . - Te o4 e e et .
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Z80-PIO
Z80A-PIO

The Zilog Z-50 product ling is 2 complete s2t of micro-
somputer compondats, developmeni systerms and support
sortware, The Z-40 microcamputer omponent set inzludes
afl of 1he curwnts necessary o build high-performance
microcompulier systems with virtually no other logic and 3
anumum pameer of dow cost siandard memory elements.

The Z-30 Paradlel 1/Q {P1O) [nterface Controiler is a
gregrammable, two port device which provides TTL com-
satible mierfacing between penpheral devices and the
ZHO-CPU. The ZBO-CPU configures the Z20-PIO 1o inter-
face with standard penpheral fevices such zs tape punches,
annters, keyboards. e,

Struciure

w-Chinnel Silicon Gate Deplenion Load technology

40 Pin DIP

Single 5 veli supply

Single phase § volt clock

Two independent &-bit bidirectonal peripheral inierface
ports with “handshake™ data rransfer contiol

Features

* [arerrupt drven “handshake™ for Fast response
= Any one of the following modes of operziion may be
selecied for erther porr:
Byte ourput

£
Product Specification

Byte bidwectional bus (avarlable on Pan A orly)
Bit Mode
# Programmable inrermapis an penpheral status condinons.
# [agusy chawn praemey wtermape logie tnclud =d 1o provide
far automanic inte reupt vectarng withuut externa e,
& FEgght outputs are rapabile of driving Darlinglon
transistors.
& Afl mputs and outpurs fully TTL companible,

PIO Architecture

A bleck clagram of the ZEQ-PIO iy shown 1n tigure |
The inrecnal structure of the Z80-PIO consists of 2
ZEOCPY bus incerface, intemal sonrrol lage, Port A 1O
logic, Port B /0 loge, and interrupt control logic. A
typical application might use Port & as the data wapsfer
channel and Port B for the status and contral mentionag.

The Port 10 logc 13 composed of 6 regisiers with *
“handzhake” control logic &s shown o fHgure 2, The
regusters ulclude: an 3-but input register, an Bt oulput
regestes, 3 2-il mode control reguster, a0 8-bit mask repsier
an &-bic mputfouiput select repster, and a 2.1t mask
conirof remsier. The [as? theee repsien are used oniy when

By1e tnput the pori has bern progmmmed to cperalt i the il mode.
TV Gan b & DATA 5
INTERMeaL OR [ONTROL
CONTROL
v ¥ LeGIc
— HANDSHAKE *
A
. ry I
CPL DATA NS PERIPHERAL
mannc:{ 4 i Y ISTERFACE
¢ DaTa
MO CONTROL
ho CiL CONTROL
i —
HaMDSHALE ®
#

" gt wepdl AN B et

INTERALTT CONTROL LINES

FIGURE 1
PO BLOCK DIAGRAM




Heoister Description

Mode Control Regusrer—2 buny, loaded by CPU 1o salect the
operanng mode: byre outpul, byre input, byte bidirec-
uonal bus or oit mode,

Datz Output Regpsier—8 birs, permies dara to be transferred
trom the CPU 1o the peripheral.

Da1a (nput Register—3 hity, accepis data from the peri-
pherzl for transier {0 the CPU,

Mask Conrral Reguaer=1 outs, \oaded by rhe CPU tospecify
e Aclive state (hign or low ) of 20y peripheral device

interface pins that are to be monitored and. oJ an nle:-
rapt showld be generated when 2l unmasked pns ure
acnve (AND condition) o, when any unmasked pun o
active (QOR condinany,

Mayk Register =8 buts, luaded hy the CPL ta detemure
which penpheral device imiertace pins are to be mon-
tared for the specatied sratus sondinon,

InpunQuiput Select Repisier—2 bits. [oaded by she CPU o
allow anv pin ta be an outout or am inpul dunng -t
maode aperation.

INTERNAL B

LA SN

APUT —
REG
LY kY

4 8T YO EUS

DaTa

CONTROL MASK
REC REC

I BITS) {6 3T5}

HAND-

INTERRIST SHAKE
— REQUESTS P CONTROL
LOGK

b Ll o il b Teode oaly In gl generaion of an
miorepl o vt Jrphera] 'O pead go t0 the speedied wtaie.

FIGURE 2
A TYPICAL PORT /0 BLOGCK DIAGRAM
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£80-PIO Pin Description

M
{ .- e
| 0T o — 2y
o . T [ORQ
:'.“ [ - -i+-"|
oy e ; ey _":‘“
| 1, mredrend | ML PRV -
\ [ — —ma, R.D‘
| AT Wk My —t— 1: A Ao
o T ] Ha =g fr——— n1T4
y,
) N it
T § AR L — e } IEl
B TEES =
i
: i ::! | iED
" L L
my— ot 1| —_—
—a - INT
Ll ¥ T i
ek | .
-rrum{ - ": i+
T AL T, T ik G ;{U.AT

Machine Cycle Gne Signal from CPU tinpur.
active lawl

InputfCutput Request from Z30CFL napul.

active bow)

Read Cycte Status from the ZBO-CPU iinput.
active low)

Incecrupr Enable In (inpur, aciive begry

Interrupt Enabie Onil fourpur, sctive ughd. [E]
and [EQ form a daysy chan sonnecien for
POORLY intemupt contool.

Imerupt Request (output, open draun, active
[ )

Part & Bus (bidirecuional, insrare’

A STR Port A Strotre Puise from Peapheral Device
{input, agtive law)
DTD[} Z30CPU Data Bus (bidirscoional, tristate) A RDY  Regiter A Ready (utpui. sctrve ugh)
BrA Sel Porr B or A Select (input, active kugh) ED'B? Port B Bus (idirectional, inscate)
C/D el Control or Da lecy €. active hi ———
C/DSel  Control or Data Select {input. scuve high) B STE  Port B Strobe Puite from Peaphera) Device
CcE Chup Enable {input, active low} {input, active low)
L System Clock {input) B RDY  Register B Ready (putpur, active bugh
Timing Waveforms )
QUTPUT MODE
An qurput cycie is always started %Lhﬂ execution of an * _ﬁmm_r]_?_rt___
putput instruction by ithe CPU. The pulse from the . —_ } i
CPL latches the data from the CPU dais bus inte the . { i \
seletted pert's ouIpus register. The write pulae sets the e i : :
ready flag after 3 low going edge of % indicating datg i mnaze "\{_"—'—'1'L_
avalabie. Ready ways acuve until the'positive edge of the s . \
stiobe line 13 recerved indicating Lhat dats was taken by the o —"
penoheral, The pogtive edge of the 1robe pule generates =t —_—
an N if the intermupt enable iTip Miop has been set A HTRT Pl
and of thes device has the bughest prionty. wit= o AT - £F - 50 - omey
INFUT MODE
When STROBE goes fow data is loaded into the ' NeVnlsSptaEalinipEsiayEaal
selected port inpul regrster, The next nsing edge of sirobe e e o
actates [NT if miecrupr epable 13 set and thas is the - S .
hughest pranty requesting device. The following falling BRIl b e !
edge of D eacts Reagy 1o an thackve state, indicating that LTEEY vl Yr——
the mput register is B! and cannol accepl any more data = - 1t '
untdl the CPU compietes 2 read. When 1 read is complete
_— [ B 1 )

the posilive edge of RD wul 2t Ready a1 the next low
going tranution of & At thie ume new data can be loaded
g the P10

(YL E = RX-o-EFT 1)

SAONCHE 1 =rhf Tl Tikrm]



Timing Waveforms reamueay v
BIDIRECTIONAL MODE
This =5 a combuagen of modes § and | using ail four I JT.I"L"U‘L,[H_H_!'IJ‘LJH_J'I_I'[_F_"L"L
hanaskake lines and the B Port A /D lines. Pore B must be e T o :
ser o the Bit Mode, The Port A handshake lines are used . ! ! !
for nutpal conrrol and the Port B Lines are used lor mput . — ; -
conrof. Data 15 allowed oul onto the Port A bus oniv when i ‘\—_i;d
ASTH is low. The nsing edge of thus strobe c2n be used to P —Tn T T fva ro——
latzn the data 1o the peapheral. - . =t
e S
A
ERgT 1

whe « T8 cr 5D - worn

2IT WODE

The bt mede does not unlize the handshuke signais
i+ 2 2ormal pore wite or port read can be enecuted it 2ny
ture. When wrzung. the data vl be latched inte the output
regritess with the tame timing as the output mode,

When reading the PID), the data rerurned to the CPU will
be compased of putput register data f7om those port data
[unes assigred s gurputs and jnpur remster data from those
poct data lines asygned as inputs. The input register wail
sontain darg which was present immediately prior 10 the
(2lung edee of RE A0 mterrupt wnll be generated if
wniaTTupIs rom ihe port are enadied and the data on the
par: daia fines stufy the logical =quacion defined by the
anm masx and 2bat mask control registers,

B ieBaRalaiialiniaDpiataalalis

::.': ki T dirs mimsy T EATe -ﬁ_:n[
L] [
Iy W
Ll =R \
s g
|
LI] 3 N
Byl T ——

ZMH-_ | AT Gl

™ Tumpay Chmyrym Baclrs oy fioy S Fobel

INTERAUPT ACKNOWLERGE

Du.':.ng,'u-'[_ltlrn:. penphera conmolbers are ithibired from
crangng the interrupt enable status, permutting the TN
Enziie mignal to nppie through the daisy chain, The pesi-
zrerd sath 1ED hugh ana 1EQ low dunng TNTA wil place 2
preorogrammed A-bi: interrupt vecior on rhe dald bus at
th:s cwne. [EO 15 hield low until a retum frem intermupt
fRETI) instruction 15 executed by the CPU while 1E] 5
wigh. The 2.byvie RET instruction is decoded wniecnally by
the P!O for thus purpose.

::«.h'r I "I Iy l'_-lm_-l y l

Sa Yy Bl

- p—

I ——

\ 1_]'_1___- PR e
[N ST S

- —p
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RETUARN FROM INTERRUPT CYCLE

[f 2 750 penpheral dewvice has no ineemUpte pending and
& not undsr service, then its [EQ=IEL If it has an intemupt
ynder wrvics {1, it has abready incerrupted and receyved
an terrepe acknowledge) then its [ED o xlways low, -
moung lowe: prority clups from intemupung. If it has
a1 crkermunt peading whuch has not yet been acknowledged,
[E0 will be low uniless an "ED7 is decoded as the first byle
af atwe byte opeede. In this case, [EQ will go high unuil
the aext opeode byte 15 decoded, whersupon it wil agan
7o fow. If the second byte of the gpcode was 2 “40" then

the opeode wis an RETI ustnucton,

After an TED" ppeode is decocsd, only the penpheral
device which nag wnterrupred and is curready gader service
wiil have 133 1ET hagh and its {EQ low, This device s the
hipntst pRonly device in the dapy chain witich has meceiv-

—— — —— — — —

v ] — a -

F

e — . — e . e nd

es 40 interrupt acknowiedge. All other peripherals have
IEF=1EQ. [F the next wpcode byte decoded s "4D", dhis
penpheral device will reset jts “interrupt under servige”
condition,

MSE B-5



PIO Programming .

LOAD INTERRUPT VECTOR

The Z80-CPU requires an 5.bat interrupt vector be supplied
by the intembpting device, The CPU forms the address for
the 1nt2srupe servce rouune of the port using this vecior,
During an wnterrupt acknowiedge evcie the vecior is plazed
e the Z-30 dat3 bus by the highest prionly device regquest-
g senace al that tome. The desired intermupt vectar s
loaded into the PIO by wnting a control word ta the
desired port of the PIO wath the following format.

o7 [ [i}] (P2 Dl [Eh o1 Do

v:'\rulv,tlwlviv: v:'ﬂl
[ 1 . _.f !
Fd
L B R TNE L T | Wl Lo o ek
i st

SELECTING AN OPERATING MODE

When selecting an opermting mode, the 251t mode can-
tral regiseer is ser to one of four values. These two bars are
the most zgnilicant Wits of the repeer, bits 7 and 6 bits 5
and 4 a:¢ not used whule bits 3 through 0 are all set o "1}
to indicare “wet mode.”

a7 D4 05 D 53] 02 L] Do

l-'-llIHI:I' £ X ] I | |

. - " - — )
Mot word LM S Mmmdd o

X vyl Bl

Cuiput
Inpur
Bidirectronal

Mode Ml M(I
i)
1
d
it ]

el e = = |

MODE 0 acztive indicates that data 15 to be written ftom
the CPU to the panpheral,

MODE | acuive wndicates that data is to be read from the
perzpnera) fo the CPU.

MODE T afllows data 1o be wntien 1o or read fiom the
peripheral device.

MODE 3 is intended for suatus and control appiications.
When selected, the next control word must 12t the 170
Eegister {0 indicate which lines are to be input and
whizh lines are 1o be outpur,

O =1 sets b 1o inpur
I/Q = 0 sets bt 1o outpur.

30 DE 3 e D Do
vo- | L-ﬁhfuos vo, [ woy [ voy | vo, | oy

INTERRUPT CONTROL |

Bu7=a) intecriapt enable is ser—allowing
intermupt Io be gencrdted,

Bit2=( inticates the enabie flag g revet aneg

' WMLerTUpts may rot be generated.

Bis 654 are used in the it mode wnterrup
Cperations; Diherwisc they are
disregarded.

Bis 32,10 sigraly thet this command ward 13 an

IFUEMUET control worg,

L (L] i L uJ L (L] [+ ]]

Engpir | AMDY
lirtres OF

ey ey s

My | ek
[C N T T

o’
uS oh sl ooty L Rk eI TP L B A

If the "mask fallews" it s high {D% = 1), the next
coatrol word wntlen to the port most be the mask.

o7 On ] Pa 18] D =]l o1}

MBy | M, | MBg | MB, | MBy | MB. | MBE, | M,

Oriny those part bty whowt muk b (14 O will b monergred e
[l L LR LE TR 1R

The internupt enable Nip-fop of a port may e set or
reset without modifying the test of the imefrupt sontrol
word by the following command.

D7 Trh 15} [ L} =k i+l [i°¥)

Int |
Erute | © X L L] 1] 4] | 1 ]

A
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A.C, Characteristics Z80-P10O
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A.C. Timing Diagram
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A.C. Churacteristics
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Z80-DMA
Z830A-DMA

- Product Specification

OCTOBER 1977

PRELIMINARY

Zilog's ZB0 microcomputer product ine includes a ihud = Progammable dala tensfers apd searches, juiomane-
generation LS| comporent set, development systems and aly lncrementing or decrementung the porr addresses
suppart sovtware. The companent st includes all the logic from programmed stirting addresses (they can alie rempn
swewky necessary (of the wser to budd high performance Exed).
microcomputer Syslems with rirtually no extemal logic and a * Four modes of operation:
muumal number of standard low-cost memory coMpenents. —Byis-dt-a-time: One bywe wansferred per request
The ZB0-DM A (Drect Momory Acoes) cirouill 13 & Program- —Burst: Continves 1z long as porls are ready
maitle snglechanne] device whiclh, provides all address, nm- —Conunuony. Locks out CPLI ynu uperation complele
g and conired ugraly to effect the transfer of blocks of —Transparent: Steals refresh cveles
data belween (wo ports within 2 ZROCPU based svitemn, & Timing may be programmed to match the speed wr any
These porgs may be either syslem main memory or any pot.
wyitem penpherd D device, The DMA can aso searen a # Inierrupts on Mach Found, End of Block, or Ready,
block of data for a parocular bywe (bit maskable), with or may be programmed.
without 2 simultanegus transler. ® AR entlr previous operation mdy be epealsd gulomat-
Structure ically or on command. {Auto restart or Load)

& N.Zhannej Silicon Gate Deplenion Load Technology » The DMA can signal when a speafied number of byzes

» 23 P DIP has been transfeered, withouwt halting transfe:. _

s Single 5 volt supply # Multiple DMA's casly configured for totaung prionty.

) & The channel may be ensbled. dinabied or resel under

* Single ahase 5 voll clock sof(wire zontrgl

® Single channel. two port * Complete chanrel status upon program (CPL) reques:,

Features * Up to 1.25 megabyte Search or Transfer Rate.

& Three classes of operation: # Daisychain prioriy interrupt and bus acknowledge in-
=Transier Qniy cluded o provide automatic intecrupt ¥eclonng and bus
~Search Cmly request comtrol, without need for additional external
—Srxtch-Transfer logic,

* Address and Block Length Repaters fully buffered. & TTL sempatite inputs and outputs
VYalues for next operation may be loaded without dis- & The CPU zan read curreat Port counters, Byte ¢ounter.
turbing carrent valusr or Status Reguter. A mask byte can be %1 which dafines

* Dual addresses generated during a transfer {one lor read which regisiers can be accesed dunng fead operalions.
port and one for wnie). Y GND o INT 1€l 1EC BUSRG dai TAD aov

_WTTE BYTE/PULLE WNT FRICRAITY
EQUNTER = =i COMPAAATOR LOGIC AUS PRIOAITY
R R LTy = I
o ] I I h\ CONTROL
IMTZ Ral AU AND
v ITaTUS
< | | REGISTERS
[ FORT & START [ FSATsSTART ]| —\[ COwWPARE DATA
AQORAESS ADDAESE [ COMFARE MAsK wsfg'::?m'
- JURTA — W MORTE COMP &M ATOR
CIHIMTER CTILUNKTERN
SOURCEME 5T ADOAESS MUX - I

[~-7]

A% af

or

oa

IR
Wl GEWRG IGRE AD WA CEAVATT

DMA Ioternal Block Dizgram - -

THOUE L re— e W

(LT o

Fig-1
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DIVIA Archirecture

A biuch dtagram of the Z30 DAA 13 shown an Figure |,
Mee warernal structuce sorumis of the tollowing crcutry:

& Bus [ncerfece: provides drm;r and receiver gciilry o
mreriace Ly the ZHO-CPL Bus.

* Cuntirol Lope andd Regrarers: set the class. mode and arhes
basic conerol parameters of the DM A,

* Address, Bvre Cownt and Pulte Cirowiiry: gentrates the

" sroper purt aadresses for the read and write pperallons,
with prowsiany for mcrementing or decreqmentung the
address. When zeto byles remain 10 be handled. the oyie
count cireuitry s 3 flag i the stawus repsier. Pulss
areustry genesales @ pulse cach me the bvie counter
lower 3-birs cqual the puise reg,

* Timueg Crouipry: dlows the user 1o complesely specily
the ;eadiwene wmng for bath of the channels” 2ddressed
paiis.

o March Clrewirry: DOlds the match byte and 3 mask
byie which allews for the comparison of only certain
bits within the byte, IV a march s epcountered dunng a
Search or Transfer. this circuitry scis a flag in the statw
regisier,

o INT and BUTRY Circuitry: includes a control regs
ter wluch tpecafies the conditions under which the DM A
Ccan generale 1 (AGECTLPL: prionty encoding logic 10 select
between the generation of an INT or RO output
under these conditions: and an inerrupt vector regeter
for automatc vectonnog to the inrerrupt service routine.

® Srosus Repver; hoids cureent status of DMA.

Register Description

The following DMA-ntemal registers are avaisble to the
PrOETATUTES
® Canrresd Regisiers: Hold DM A control information: such

a5, when to fpitawe an miecupe or polse, what mode or
clazs of operation to perform, ece. (Write Only) {8 Bits)

8 Finneg Regiviers® Hold eadfwnte liming parameters (or
the twa ports, (Wiire Oniy) (8 bitg)

* {mierropi Vector Regisier-Holds the 8-t vector that ©
OMA will put onto the datz bus atter recerning an IOR
durng 2n interrupt acicnowledge sequence if it 15 the high-
it pnonty device mquesling an interrupt, [This reglster o
readanile oniy dunng interrupt acknowledge cycles.)
{Read/Wnie) (8 biesj

o Bluck Lengrfr Register: Cuntans total block length of
data tc ue searched andfor imnsferred. (Wrte Only)
{16 bits)

* Svre Connrer: Counts oumber of byges transferred {or
searched]. On 2 Load or Conunue the Bvte Counter
4 reset (o zeeo. Thereafver, each oyte transfer oper
auon increments it undl it matches the contenu of
the Block Length Rapster, at whith nme End of Block
U ! the stans regster and operation is suspended
of programmed. Ao if w programmed the DMA wall
generale ap intemmupt. {Read Only) (16 bits)

a Carapare Regiseer. Holds the byte for which 1 match o
bBeing sowght in Search operauons. {Wnee Only} (8 bits)

* Hasd Regesrere Holds the 3 bicmask (o determine which
bitt 1n the compare register are to be axumined for a
matzh. (Wrre Ondy {8 bits)

2

o S torrnery  Leffresy Begsrers 0 Foarr 1 o Mo B Hold the
shacting aJdresses {upper and lower @ Diisi 'ur the Twe
ports involved in Tranler operatiuns. in Seanh nly op-
¢ranons, only one purt address would hive o be spece
e, Only memosy starting addreises require hoth apper
and lower S-bits) [fO parts are generally adumssed with
only the lower B-bits, and in thy case the address con-
taned 10 the repsier o oo geneially fixed address. (Wte
Ciniy )1 16 bits each)

* {ditress Comters £Parr 8 aped Posg B5 These cauniers
are loaded with the contents of the corresponding Start-
g Address Regsters whenever Searches or Transiers are
imitiated with a Load or Conunue. They are incremented.
gecreruented or reman fixed. a3 programmed. {Read
Only) {16 bits each)

& Puge Conrtead Register- Holds program-supelied length
(in bytes; of block after which the DMA will provide
a ugnal puise on the INT pin. (Sipce thas octurs whiie
both B and BUSAK are active. the CPU sall not
interpret this ag an inlerrupt request. lnstead. the qgnal
ia ysed to communicate with 2 penpheral /0 dewnce
{Wrte Only) (8 bits)

* Sraris Register: Mateh, End of Block, Ready Active, In-
terrupt Peading, and Wnie Address Valid biy ndicace
these functions when set. (Read Only ) (8 bits)

Modes of Operation

The DM A may be programmed for ene uf four modey af
operstion. (S¢t Commend Byte 28),

o Bvie ot g fime: control s returned o the CPL aiver each
one-byle Cycle.

= Burzr: operalion ¢ontimues as long is the OMA's RDY
input it active, indicating that the relevant port g eady,
Contre] retums to the CPU when RDY 18 inactive or at
end of biock or a march if so programmed.

& Continucus, the enhire Search andfor Transfer of 1 block
of datz is completed before controd s returned 10 CPY.

® Trgngparenr: DMA operation ocgurs dunng normal mem.
ory refresn times without visible loss of TP bme.

Classes of Qperation

The DM A hat three classes of aperatipn: Transfer only,
Sesrch Only and a ‘combined Search-Transfer, i3ee Com-
mand Byl 1A.)

During a Transfer, data s first read from one port and
thep written to the other port, byte by byte. [The DMA's
twi ports are termed Port A and Port By The parts mav be
programmed 10 be either system man memory or perspher-
a I/ dewvices. Thus, a block of data might be wntten from
1 peripheral to another: or it gught be wniten (rom cns
area 1 man memory 1o ancther; or from 2 penpheral 1o
Min emary.

During a Scarch, data s read only. and compated bvie by
byre againyr tww DM A-nrernal registers. one af =hicn von-
und 2 matn bvie znd the ether an oplional mask buie
which allows only cenain bits to be compared. [ any byvie
of sarched data matches. 3 DMA-intemnal stalus o0 s s
if programmed fo do so., the D A wil} then suspend -.'lpcr:nun_
and{or genesaie an interrapl.

The third class of operation 15 1 combined Seurck-
Transfec. in such an operation a2 block of datais transrerred
1 descnbed 1bowr untd 2 march s found: then. a5 in g
Search Galy vpeiahion. the transier may Be suspenusd and
af An inteirupt generaed.




Addressing

The DMA's addressing of ports is either ixed or sequen-
oal, mereenenung of decramenting from 3 starung address,
The length of the operanon (number of byles) i apecified by
the programmed contenis of 2 pluck length regiater, The
DMA can addeess block lengehs of up to 84K bytes. Dunng a
vansfer two separate port addresses am generated , one duy-
ing the Read cycle and one during the Write cycle.

Onperating Sequence 13

Once the OMA has been programmed 1L may be “En.
abled” {command byie 2d or 12} In the enabled condition
when Ready goes active the DMA wil request the bus by
bongwng B low, The CPU will acknowbedes 1hs with
a ﬁfﬁfﬂ which will normally be atiached o0 BAL When
the DMA receives Bal it wall start us programmed opera-
tign refeasing AUSRE) 1o 3 “high" state when 10 s shrough.

280-DMA Pin Description
Ey i B ay
N S P 1 f—
by T A ey
Ertrae [ P 1 =y
s Ty —ped 31 } p——— i,
Ty | fr—
g = F. | i e iy
By w—imd 7 B p—— n, mr“
1Y S, Py
ARG ] vy DO fotien
:'I;T_h E —ry 1a B et gy
OBl e e BT iy
M e ayy
(1] S .
W fp——
. j bl 17—t gy J -
rprem | RO =i
Ermmtbaiie, | wmgD el ) T8 [ MY ==Y
i [ Q. W [t (T CEMTREN
e T e T
e e
et b ™ ———
iy — T
AL — g
Ag=Als  Synem Address Bus. All sixtesn of these puns ace

used by the Db A 1o address sysiem main mem-
ory or an [fO port (outpul}

¥

Machine cycle Ome signal from CPU tinpaty

g

InputOurput Request to and irgm the Svatem
Bus (inpurfoutput]

MEE Memory REQuest 1o the Sysiery Bus (inputf
quiput)

RD ReaD o and lrom the System Bus input.output}

WE Wilte to znd (roms the System Bus inpuroutput)

CE/WAIT

Chip Enable: may also be programmed 10 be

AlT during time when BAT 1s low 1input}
BUS ReQutil. Reguests control ol the CPU
Address Bus, Daca Bus and Si2tuwControl Bus
{inputfouipur, open driin)

Bal Bus Acknowiedge In. Sigmals that the wiiem
buses have been released for DMA coniol
{input)

BAO Bus Acknowledge Out. BAI 2nd BAO form 2
daisy-chain connection for system-wide prignty
bus control foutpur)

NT INTerrupt request (output, open dran)

Dg-Dr  System Daw Bus. Commands from the CPU. IEI Intecrupt Enabie In (input}
DA starus and data from memory or penpher- ’ .
als are transferred on these tnstats pins (input/ lEQ Interrupt Enable Qut. IEL and 1EQ Sorm 2 dain-
oulput) chain connection far systeme-wide priority inter-
Y Power rapt control (output)
. DY ReaDY s monitored by the DMA 10 determine
GND und . .
Gro _ when a penipheral device associated with 1 OMA
— pher
b Syseem clock (input) port s ready for 3 read or wiite operation
DMA Tuning Waveforms (imput. programmatle a5 acuve high or low)
a4
LW I N I O Ay
DMA Command Write Cycle I i
e T C———
Mwrrated here 13 the Goung assocated with a sommand brad . Ee) 1\_]." y
byte ar contrel byt beng wntter (o the DM A which s to ! - -
De loaded tnio intemnsl reqarers. 250 Cutpue insbrucuons O 1
wrsfy Lbs timung. - TTTTTTTTTTT
paTA : £

DMA Register Read Cycle

This nming 1 wsed when i read aperarion is perfomed on
the DMA o ascess the conlents of the Surus Register,
Addrews Counter or oiher readable repsiess, 280 Lnpu in-
structions sausfy this timing,

MO RoTE



DMA Timing Waveforms contisaes)

STD Memory Timing

Thit uming % exactly the mame as used by the ZBO-CPU o
cced Svatem mun memory, cither in o3 Read or Write
operangn. The DM A wil default 1o this amung afrer a
POWeT-ON reset, or when a Reset or Reset Timing command
15 wrtten Lot and untew ptherwise programmed, will we
thus turung duang 2l Transler or Search operations involving
sviten mawe memery, Dunng the memory Read porton of
& transfer cycie, data is latched in the DMA on the negative
edge o ® dunng Ty and held into the following Wene cycls,
Dunng the memedy Wnte porticn of a transfer cvele, data
t5 held from the previous Read cycle and released at the end
af the aresent sycls,

NGTE: The DMA s normally programmed for 2 3 T-cvele
durabign in memopry transaciiony. But WALT iy
ampled dunng the negative rznsilion of Tg, and
if it 1 fow, Ty will be extended ancther Tcycle,
dunag which Walt will agzin be sampled. The
duraucn of 1 memory transaction cycle may thus
be indefinjtefy extended. -

STD Peripheral Timing

Thus turung s idenncal to the ZEO-CPU™s Read/Wnite timung
w O penpheral devices. The DMA will defauli o this
liming afier 2 powergn resef, or when a Resst or Resst
Tirung command is #ritten to it and uniess otherwise pro-
pramumed, will vse thes nmung dunng 2t Transfer or Search
aperations tnvolving [0 penpherals. Dunng the [/O Read
Gl 3 vantfer cyele, datr is latened on the negative edge of @
tunng T; and 5 then held into the Write eycle. Dunng an
170 Wrte, data is heid from the previous Read cycls unti
ihe end of the Wnte cycle,

MOTE: 17 WAIT 15 low dunng the negatwve transiion of
Tw" then Tw®™ wil be extended another Tcycle
and WAIT will agam be tampied. The duration of 2
peripheral tranzaction cycle may thus be indefimicaty
eniended,

Variable Cyele

The Vamagle feature of the DMA allows the uset to program
the DMA's memory or penpheral transacnon wming 1o values
different than given apove in the slandard default diagrams,
Thy permuts the designer 1o tailoe his rung ta the particular
requrements of hy system componencs, and maximzes the
daty vranster rate while eliminating sxternal sgnal condition-
ing legic. Cycle lergth can be one 10 four Tcycles (more of
WalT 5 used). Signal timing can be vared as shown. Dunng
L transler, data will e latched by the DMA on the clock =dge
sauung the nung ecge of KD and wail be held on the dags
lnes unid the end af the following Wnite gycle.

{5ee Tirnurg Conural Bvte, page 7.)
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DMA Timing Waveforms conunuea)

DMA Bus Reguest and Acceptance for
Byte-at-a-Time, Burst,
and Continuous Maode

“Ready is sampled on every riung edge of @, When it
is found o be active, the following nsing edge of &
generates BUSRD. After receiving the CPU will
grant 3 which will be connected 1o BAT either
directly or through the Bus Acknowledge Daisy Chawn.
When a low is detected on BAl (sampled on every nsing
edge of &), the next nung edpe of @ will stan an acave
DA cycle.

DAA Bus Release at End of Block
fur Burst or Continuous Mode

Turung for End of Block and DMA not programmed
for Aulo-restart.

DMA Bus Release with ‘Ready’
for Burst and Continuous Mode

The DA will relingquizh the bus after RDY has gone
eetive (Bumst mode} or afier an End of Block or a
Marzk is found (Continuous mode). With ROY inactive,
the DA in Contnuous mods is mactive bul malntaing
controf of the bus (BUSED low) antl the cycle is re-
tumed when ROY goes active.

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

in the Byte mode the DMA wiil releaze m on
the rising edge of $ pror to the end of rack Read cy-
cle in Search Only or each Wnate cycie in 2 Transfer, re-
gardless of the stawe of RDY., The nexi bus mquest will
come after both BUSRO and BAT have returned high.

DMA Bus Release with Match for
Burst or Continuous Modes
When 3 Match 15 found and the DMA 15 programmed

6 stop on Campare, the DMA performs an aperation oo
the nzxt hyle and then reledsss bus,

.
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Reuding from the DMA Interna]_Registi:r:-:

S

Seven rcgslers are available uo the DA [or reading,
They are: 8 bits oi-the status regster, the upper and lower 8
s of the hieck jength register, and two port addrexs e
e,

These ace avalabie 1o be read sequentially: status, BLK
Lower, BLK Upper, Port A Address lower, Port A Address
Upper. Port B Address lower, Port B Address upper. An
imsermal pownter pobnts (o each register in turp 35 each READ
g accomplished, if a repster B not (o be read, it may be

[

Programming the DMA

excluded by progrimmung o 0 n the Read Byle. The
internal pointer will skip any repster not programmed with
i ! in the Read Byre. After & Reser or a Load. Reset RO
muat be gven 10 2t the intemal pownter pointing to the
first register progtammed o be read by the Read Byte,
After RI) Bearus, the pointer wil be pointing to the s1atus
register repardiess of the Read Byte and dhe pexy rtad wiil
be from the seztas reqster, The followang cead wil e from,
the register pointed to before RD Seatus.

Prewious secrions of s speedication hgve indicated the
various Tuncticns znd mode: of the DMA . The dizgrums ang
crans Se¢low will stgw hew the DMA iy programmed o
selecy smong these functions and modes znd to adapt itself
to the requirements of the user system. More deriiled pro-
gramoung wformavon 5 available in the Z8F-OMA Tech-
gl el

The ZB0-DM A chip may be in an " 2nable™ s1a1e, in which
It czn N control of the system buses and dirset the trans.
fer af data berween s ports, or in a “diszbiz” state; when
I cannol gein comired of the bup, Program commands can
be wrtien 10t in either state, but wnting a command {o it
automasiclly puls it tn the disable state, which 158 mamntaned
untl an enable command =5 mued 1o the DMA, The CPU
musl programm i in agvance of any daia search or transfer by
addrerang it a5 an 10 port and sending i a1 seguence of §
bir command byte: wa the rystem dara bus using Qutpur
instructions, When the DMA o powered up of reset by any

Command Byie 1A

b & 2 8y B " o £y

o nars yur b LTI

itngtu | Lenama (M| el soumey | SR cheranL

Tupmeny [ e |
HILLOwY | FOE L Cre '::Tbﬂ' . 3?.?#1 MIAT ¢ hh
"""'—l-v.—!"
Specifies Group | Byte |4
cannet be 00

€y Cp  Funcuon

10 Mot aljowed, 1Commind Byie 1R)

o 1 Transfer Only.

[+ Search Only.

13 Search and Transfer.

i o= Pary & 15 read from, Port B s writeen 1o (unless

the Search Qnly Mode has been selected. @
weich case Port B is never addrersed).

Dal} Part B 35 read from, Port A s wrireen 1o {unless
the Search Only Mode has been stlecied, in
which tase Port A s neves addressed).

MSE B-12

mezns, the DMA will automatcally e placed tnig 1 disable
stale, in which tt can wutiate neither bus requests nor da
transfers por intermupls,

The command bytes comain information to be loaded
into the DMA™ control and other regmsters and/or miorma.
tion to alter the s2ate of the cup, such 13 an Eqable Intesrup
command . The command structure o designed o0 thas cer.
tun bits in some commands can oe se to aert the DMA 10
expecl the nent byte wmiten (o it ta be for a particular
internal regster.

The following diagrams and charts give ihe funztion of
each bit in the ux different command bvees. Two of thess
are defined us being from Geoup 1. 2nd are fermed command
bytes 1A and tB. These Group | commands contain che
mest basic DMA set-up information. The other four are
categonzed as Group 2, and are 1ermed sommands 24, 1B,
IC and 2D. Group 2 words specify more detailed set-up
information,

Command Byte 1B

Oy By I8 E ' by Dy By Oy
Thiamig f J——
worrn W1 vaom | et
' !;H;n FHIED |;*".'.'.'..'§ wEMORY | 2080 . '
s — — ——

Speafiss Griup ! Specifes Bvie 1B
Dy=t Acdress for this port mcrements after e3zh byvle.
Dy =0 Addres Yor thua port decrements after ¢1ch byte.
Dy=1 This pon addresses an L/Q periphersl.

Dy =0 This port addremes main memory.

Dy =1 This word programs Port A,

Dy =0 Tius word programs Port B,

Command Byte 2A

Ot 0y Oy My By L1} Oy Ty
|
Gwagel | rnany | WATEM | WAER e m
' r ) """"'"’sull.:?#s ru':llrr'n: Comranp 1 r T
PE— . — _ ~—
Specifies Group - Sproifies Buie 24
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Programming the DMA (Conanue)

"y

it

Command Byte 2B

8 3 & - n B ™ B
mithkpe | FeRTS | mAT R
[f-L1LT 8 LH*"ER LN
! waDEw, | w0k My | Cupry |aponin | anOneE ' 1
ML ey | Pl
—— — " r—

Specifies Group 2 Speciiies Byre 2B

M Mg Mode

3 o . By

0 | Continuous

i a Burst

1 1 Transpareng

Command Byte 2C
oy ] Oy T | L] dy ]

RFARY

=T mE 1 ]

-+

1 mgr wigg Lyl

-
FUNTAAS |, Moty [ MO WL CPRP

— . at—
Specifies Group 2 Spectfies Byte 2C
Le=1i Automatigally repets satire operation when =nd

- of block is reached.

De=0 No affect,

Dy=l CE and WAJT mulupiexed on same pun,

Dy =0 CE onty.

Dy =1 Ready acuve high. -

Ly=0 Ready active low.

Command Byte 2D

by 0y Lo Dy B ol By L
1 | Ty ’ L] ] 14 iy 1 ]

— . — e—

Specifics Croup 2 Specifies Bywe 2D

H.EI f‘_ !-1 f1 fl fn

c3 | G 0 a 0 Resel

0 1 o 0o o | Rese1 Port A Timuing

cB 1 O 0 1 0  RewtPert B Timing

CF n G H t Load

o3 i g | 0 1] ConLinue

AR 0 ] o | ) Enahle [nt

AF DO | a i 1 Duwaple Int

Al | 0 2 ] Reser nt

av G o ] 1] i Enabie DM A

8} @ a ¢ 0 a Chasabi= DM A

BE 0 1 i 1 ¥ Read Byte Foliows

AT 0 1 1] q | Resel RO

BF © 1 i 1 I R Sratus

B3 0 ] 1 Q 0 Force Ready

57 0 i 1 0 t Enabte After RETI

ZB 0 0 0 I ] Resel Siatus

Command Byte 2D Summary

Load: Zeros Byte Coumer and |oads Siaring
Addrey for both Porty,
Cununus: Resets bvle counter only. Addeesses

Enable Interrupt:
' Disable [nterrupt:

continue fcom present locayon,
Permids interrupt 1 ocolr,
Inkibits intereupe from occurning.

Reset [nterupt: Resers and dusavies all ineerpupt cic-
cuuts isimilar 1o RETTY

Erable DMA.

Disable DMA: Ovezall epable or disable ror 1/l gpera-
LONS EXCEPI INTErTUpPLY: S8 Nt roiel
ny funcrons,

Read Bvie

Follaws: wext write to DMA wall coatun 1 mask
to program which readapie reguters
are to be read,

Reser R Next read wul be from 151 cemszer st
35 readable by response mask.

RD Siatos: Mext read will be from starcy remsier,

Force Ready: Ready will be considered active ramrd-
less of the state of externat ROY oin.
Used for Mem-Mem operations whete
no BRI sgnal is needed,

Enabie

after RETH: Ot A wall not request bus unil aftes 1t
has recoived 2 RETE,

RST Staius: Resets Match and End of Block scatus
bits.

Read Byte

n by, 0y 0y Iy By T by
T Mite | maTe | muT L | MEra [ l*"!.
vste | Woom | por il Bl Bl B L el e

A "1™ in any bit pontion snables that remster i e sead.

Interrupt Control Byte

t D b R M 2 )
T T ‘rrrrn " L -
e | S | o |
AT un a bit position seiects the oplon.
Timing Control Byte
b L Ly B oy ty e a
RIS EIRE
Ti To__ Cycle Length
# o 3
0 | ki
i 0 2
i |

Reser Resets ail interrupt circuitry, disabies
Reser Timung interrupts and bus req. loge.
horB: " Resets uming for Port A or 8 to

ELTL L T

¢ -

A U in D=, D3, Dy, or Dy wil cause the corretpunding
contiol signal 1o end =% Clogk dme before thz_end of the
¢ycle, wotel the twotad operstion (Read and Waie 1o Trans-

Faspyr Band fo Gacr—hd mreer mp ar ™ = % o0 e




Programming the DMA wconuuea

Ip

Mask Byte
A zergoan A green but position will cause & compare 10 be

ptriormed between la bit position in the compare word

regster and the same bit position in the data being read.

Match Byte

L'p to an %t word to be compared to Dy — D= during
i read, See MASK BYTE.

Statas Byte (Status Bits Active—Low}

Pulse Count

This &-bit word is loaded into a reguter. At the comple-
tion of sach operation, the register s compared wilh the
lower Shin of the byw countsr. When it compares, the
INT line is pubsed (but no iRtetTupl is generated),

Interrupt Vector

Thas B-bat byte 15 supplied to the CPU dunng Iaterrunt
acknowledge if the DMA 5 the haghesl pnonty intetrupt
ing device. . .

If e 5 of the lnierrupt Control Byze (see p. 7) has been
set und the DMA bhay been programmed 10 interTupl on a
Fiven status cortiuen theo Dy and D- of the vessor will be
modified 25 follows:

> » B M 2t i il - Vector Bits Do Dy
e . et 0 ©& INTonRDY
v | o | T revoe | vsn | athes | e a 1 Match
| ¢ EndofBlk
1 l Maich. End of Blk
DMA Programming Example
The iollowing example will show how the Db A may be Fort A Dnta Flow Port 8
srogrammed to (ranafer data from a periphera’ (Port A) to Perivheral —_— Memnary
memory (Port B). The table of bytes may be stored in mem- A riphera. s Block Length Starting Address
ery znd transferred to the DMA with an output instruction ddress "X IGO0H Bytes 1050H

such as an OT1R.

READY from the peripheral ia sctive high
Memory address ncrements aa each wnte

| Dy o, By D D D2 Di Dy | HEX |
I} Commanz Bvie [2 1] I | i | I 1] 1
Seeh the DM A 10 recaive Group Bix Length B1% Lengin b TS 2 TT ] L ] e sD
Bhom i ceng UM amd For & | Uppecr Lower L'npas agar Lorwrtr Addr 1y
addtreyy amd SOy LGN Foltaws Follaw Follgws Fodlow: Tranrer
o 1ransfer o Search
il Porr A acchvm Lower Lants 1] a ] -] 1] 1 o H al
L 34 Blgn Lengtn Lower 40 [ ] [] [ [ [ 0 n ] ™
| + i Black Length Lipoer B-bns 0 [:] ] ] "] a 1] [+ 13
3| Commang Brie 1h [1] 1] 1 X 1 | L] o
Drefipes POIE & as pefiahs Croup Na Timng Cived Fon n 10 Thia it s
el with f1ved addrens 1 Fallows Addreses Fort A Ih
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Absolute Maximum Ratings

Temperature Under Bias

Specified operating range.
Sterage Termperature

=65°C 10 +150°C

“oltage On Any Pin wath 053Y 1o +7Y
Bespect 1o Gound
Power Dresipation LSW

All AC and DC characternsucs remain the same for
the muilary grade parts except Lo,

Icr = 10 mA.

Hote:

*Comment

Stresses above those listed under " Absoluie
Muumum Ranng™ may cause permanent
damage to the device. This 5 2 firess rating
only and funcuanal speratign of the device

at these or any alher condition 1bove those
indicated in the operational sections of this
specification 8 not implied. Exposure o
absolute maximum rating conditions for
extended periods may affect device relaility.
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A.C. Characteristics | Z80A-DM A

Z50A-DM 4 a5 2 Peripheral Device (lnacuve State )
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A.C. Characteristics Z80-DM A

230.DM A as a1 Bug Controiler { Actjve Stared
Ta = 0°C 10 70°C, Vee = +5V+5%, Unless Otherwse Noted.
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A.C. Characteristics ZB0A-DMA 7¢f

Au0A-DMA 23 3 Bus Concellers fACDive Stale)
T, " 0°C 12 70°C, Ve 2 +§V 255, Unless Otherwise Noted.

P l sl ] FARAMETEN | | WAL | whit | EOMMENTI -l
| . s Precam n (LH] it LH I ST P
' L. Chirs P famm Chrn S oy F-- e .
| ¢ il Olaech Purpe Wi Lol Lirs 1t Fi o
\ o Clach Ari andt Aue Towp n L
| ‘Cikin A Cuinat Do | g b
! Ekn L 2y 120 Fltiar oo et Cy . gk
! Frm adora Bsair s Protm wp MUTL Mumon Cecul al I L ] P S ) B |
o T B Ly L T L T i | — @ T gt 1 A0
Za iyt St e BT e Wl m ! e 2 [ IR -
b tar Auatrrm Ytk P M g ¥ Cranrmy Pig. b ] | - a (LT R N S,
. mim Runa Dumeds S L mar
| Eia Dottars @ Fopmi Dearire] Wiy Gueddi LIt ]
L 5D itk Eate Tomp b Mgy Soige o Gt Dhanng Pagd Pl T L, =~ HxmF
1 W Peieey Ecge Erain B3
4.1 sdg Dia bvwn Tarrn b Byt Eslpe i Clncm Duarvey Mpar 5 -
1 Wlum Fyrbng Gy §rm B0
| A [P MR SR - 5. L] ja ] 181ty = %=+
i Cor, Ly St Ry W0 11T Crerrl I e o W g T M= ME
I ot Ds1a Simtuir Freom WA 7l o o [T1 bty = sy =Fe — D
b | Ay b Tir e Dot T 1 l o |
I Oy | PRED Sy toiem bk g of s, ALY Lo " iae
i gl kM WRED Day ot iy B ! Do, WD e 5 L3
1 1] Pomim iy | FEEE Srtke e P miry Bekga ¢ G TR H g ™ - €4 = Mmr
' 't RLE B orurm AAERL L |k 313 o
| Ry | Pew weh MRED Magh . 191 T, ] W Ly i my * Te=a
1 1Pl Lgypaipty = =43 3 TP 7 mong
LT LT TETAT Sy eem My Extoor ol Chinel, FEAL o ! b1 P : CastM M1 ™ Capgeind %= M banid | Criek
TR et iy | O Dy frdm oy e of Claet, (GRS o B0 PP Gy« WeF
: i) | WD Do brom f iy Lo of Tloce, TDED Mgs w e
i oL RO Tﬁn—-m*-—-.l- ucun,lbu- b -~
wpaenmn | 58 Corr trom Fusy Log o Do, B Lo | -
» ™ Ty | R O froes Auprmy, Bt e ot D v ] st Cy, = Sowk
sl | FE e o Py Kl wf Cloce A gt -} b
Vi g | 7% Dwim mom f g Begm ot Cloce, BH Lo L5 o
_ Toy Famay | 70 Dew ten Fulony Ege wf Clom W Lo = e
T Loty | W Dy e Py R wf Clocn, Wl Hign w s & = SOnF
*rargeoprity | W Thintr e ey i ot Ciorn | WE bagn w0 -
{ - R L T [CH -
| == | cewr 0T Srruc Tims W ke oy o G | = | | == [ | H1E cimr = =t S U Tuming
[ il T i1 K v eer U Lara
| m tnygg m Cottay Tirma Preeem Wiy Eclge 0d Dioch | 1 1 HAeC |
i T i B v Flos DL IORG A0 st WA i ] J L ‘
Lk}
& Dpa wousdl bu euataed weg o Dk gat s snaen OT 4 acti
B S memrnl v S STy PPV EME M Hie T B T i MASR e =T LAY W TR DL
T (et S v osinbe G b

ThETD W st
m .;l.'.'l._- -lﬁnﬂﬁ--lu;nl.hm Ergiin ) ih T Prill 1N Bl Al
ety beamunrn O Tireny

]



A.C. Timing Disgrams

2y

250 and Z50A as a Bus Controiler (Acuve Stale}
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| Package Configuration
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Z80-CTC
Z80A-CTC

The Zilog 280 product lins is 2 complete tet of micro-
sornputer comm ponents, development gy stems and suppon
software. The Z30 mucrocomputer companent set inciudes
all of the Srowin necmtary to build higheperformance
migrocarmputer sysiems with vinally oo other logic and

a ruumum aumber of iow cost standard memory dléments.

four channei device that provides counting and bmung
functions for the Z3G-CPU. The ZED-CPU configures the
ZE0-CTCs four independent channels 1o opertte under
vanouwt modes and conditions as required,

Structnore

M-Channe! Silicon Gale Depletion Load Technolomy
28 Bin DIF . ,
Single 5 volt suppiy

Single phase 5 volt clock

Four independent programmable 8-bit counter/ 6t
lizmer channels

4

Features

& Each channel may be selected to operats i auther a
counter mode ar Limer mode.
® Programmable intarMUpLs on counter or Umer siales,

The Za0Louater Timer Cincwr {CTC) 1 2 programmable,

27

Product Specification

APRIL 1978

A tume constant feguster auremanically reioads he

down counter it zero and the cycle w repeated,
Readable down counter indicates number of COUNIS-10-30
unii zeto. )

Selecrabie 14 or 254 clock prescater for eacn omey
channei.

Selectable positive or negative tNgger may (Gllate fmer
operation,

Three channels have zerp count/nmeout oulputs capanie
of driving Darlington transmors.

Dajgy chain prority interrupt logic included o pravide
for automatic interrupt vectonng without extemal loge.
All inputs and gusous fuily TTTL compadble.

Curpyts directly companble with Z80-810,

CTC Architecture

A block diagram of the ZBOCTEC is thown i iigure 1.

The inremal structure of the Z80-CTC conants of a ZA0-CFLY
bus interface, internal contraed logic, four eounier channets,
and jnterrupt conmrol loge. Each channe has 10 icterrupt
vector for automatic interrupt vectonng, and interrupt
prionty is detesmned by channel number with channe|
having the highest prionty.

The channel lope is composed of 1 regsters. 2 counters

and control logic a3 shown in fgure 2. The restens incluce
an 8¢ Sove congtan? repster wnd an $-but channed convel
register. The countets include in B-hit readabie down
counter and an 3-hit prescajer. The prescaler may be
progrunmed to divide the system clock by either 16 or 256,

Y GvD * '

E 3

DaTA ..

INTERS AL
CONTECG
(Trdiy

TERD COUNTTIMEOUT &

fee— ] D L ITR MCCER #

el FERQ COUNT TIMEOUT |

CHARREL |

# CoNTRGL -—I-'G—n-

INMTERKLFT COMTROL
LIMES

FIGURE 1

CTC SLOCK DIAGRAM -
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CHANMNFL 1
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Channel Counter and Register Description _ ‘ :

Time Copstant Regiater - 3 biws, loaded by the CPU 1o
wielialize and re-load Down Counter al a count ol zero,

Channe! Control Register ~ 3 bics, loaded by the CPU to
seiect the mode and conditions of chynnel operation.

Down Counter — 8 bits, joaded by the Tims Constant
Regzster under program control and auiomatically at 1

count of 210, At any tore, the CPU can read the aumber
of counts-to-go until a fero count, Thy counter s de-
cremnented by the prescaler in timer moge and CLASTRIG
In counter mode. )

Prescaler = B bt counter, divides sesiem clock by 16 or
244 lor decrementing Down Counter. [t is used m nmer
mode anly,

TIME
COMETANT
RECISTER
N TS

INTERMAL BUS

—

EXTEPNAL CLGEETIVER TRIGCER

IXAD COUNTTIMEDUT

FIGURE 2

CHANNEL BLOCK DiAGRAM

Z80-CTC Pin Description
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280-CTC Pin Description (continued)

27
ICITn Channel | Zero Count or Timeout RD Read Cycle Statux from the Z8G-CPU Linpul.
(ouiput, acrive high) active low)
ZCITOR Channe! 2 Zero Count or Timeaut 1El {nterrupt Enabie Ln {input. active hugh)
[outpur, active hy
putput, active hugh) [ED Interrupt Enable Qut foutput, acave hugh)
5, =% Channel Select (inpur. active high). These [El znd [ED form a ddasy chun Jonneciion
form s 2.bit bipary address of the channe for pronty interrupt contred
0 be zccessed. INT Interrupt Request (output. open dran,
Dy -Dy Z80-CPU Dara Bus (direcnonal. tnscare) active lgw)
CE Chip Enabie (input. active low) RESET RESET stops all channeis from tounning and
, resetd channef interrupl enable bua o al
& Sysem Lock (input) control repsters, Duang seseLume ZC/T0p.2
Mi Maghine Cycle One Signal from ZE0-CPU and INT go to the inactive slawes. [EQ reflecty
{input, acuve low) the staie of IEL, and the da1a bus qutput drvers
B0 to the high impedance state {inpul, ackve
IORQ Input/Qutput Request from Z30-CPU {inpus, low) )
actve fow) .
Timing Waveforms
CTCWRITECYCLE mm
Olusrrated nere is 1he pmung for iozding a channel control o ——
word, e constant ind intermapt vecior, No watl stated ars o X sl X,
ailowed for wniting to the CTC other than the automarically
inserred Ty ™) Since the CTC does not reeeive 3 speafic o _._\‘"“'—"_/——_ *
wnie wghal, it ntemally generates its own from the lack of
an RG ugnal. ~ "
-]
ek ra x_:_ - :{
CTC READ CYCLE %, " W ., ',
Olwstrated here is the dmeng for reading 2 channei™s W | Y Erenmed | LU EER b4
Down Counter when in Cognter Mode. The vaiue read :
onto the dzta bus reflects the number of extemal elock’s o '
nsng cdges pnor o the nang =dge of cycle (T2}, No wat
s1ates afe allowed for eading the 0TC other than the auro- " , /
mancally inserred (T, *)
it
- Y Bt

INTERRUPT ACKNOWLEDGE CYCLE

Some ttme afier an imerrupt 5 requesied by the C1C, the
CPU wilf send out an inierrupt acknowiedge (M1 and 1ORQ).
Dunng this time 1he merrupt 1ogic of the CTC will determine
the hughest pnonty chanpel which is requestiog an intetrupr.
T insure Lhat the dawy chain zrable lines stabilize, channels
are infubated {rom chynging thew interrupt request stams
when MI is 2ctive. [F the CTC Interrupt Enable tnput {{E])

o #cove, then the fughest pronty inferrupting channe|
places the contets of is inrerrupt vector regster onto the
Laty Bus whes IGRG gors zcuvt, Addiuonal wart cycles
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Timing Waveforms (continued)
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RETURN FROM INTERRUFT CYCLE

If a Z80 penpheral dewice has na wnterrupl pending and is
aat under seovice, Liznats [EQ » [ET. I i has an inrerrupe -
uader seraige (i, it has aleeady interrupted 3pd receved an
deerrupt acknowledee) then its IED iy always low, inkibir-
g lowes prionty shups from intertupting. 1 1t has an ineer-
rapt pending which hias not yet been acknowledged, [ED
a1 e low unless an “ED™ i decoded s the Mt byte of &
rwo tyte apcode, [n dhis case, IEQ will go bugh untyl the next
cocade pvie is decodeq, whereupon it wifl agan go low, [T
the sezond byie of the speade was a 40" then the opeode
3% an RETI instruczien.

Afier an “ED" opeode s decoded, only the periphenl
Sevice which Ras interupied and is currenrly under seriige
w11l have 13 |ET high and (15 LEQ Tow. This device is the high-
S5 PRONTY device i the daisy chxin which has received an
wsterrupt acknawiedee. All ather penpherals have [EI = [EQ.
17 the nexe opoode ovie decoded is 4D this peripheral
dewice will reset (15 Vinterrupi under wevies ™ conditon.

Wt cycles are allowed in the M1 cycles,

S

DAISY CHAIN INTERRUPT SERVICING '

Mestzated at right is a typical nested ;nierrupt sequence
wiigh may eccur in the CTC, In this sequence chanpal 2
wteerupts and is granced service. While thos channel is beung
tervieed, highee proncy channel | interzupo and is granted
serace, The seovice routine for the higher prority channed
s completed and 1 RETI jnstruction is executed o indicale
o she channe! that 185 routine & complete. At this time the
service routine of lower pnioncy channe! 2 is complered,
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CTC COUNTING AND TDMING

In the counter mode tne tising or falling edge of she CLE
nput fauses the counier o be decremented, The edgr 5
zerected otaily wynchronovaly and must have 3 mintmum
CLK pulse wicth, However, the counter is sy netuunous with
b trerefore 3 setup tome musi be met witen 1t s aeprzc to
Fave the counter decremented by the next riung edge of &,

In the timer mode the prescaler may be enabied by 1 nsing
o1 fajling edge on the TRG input. As in the counter mode,
wre edge it detected toually asynchronously and muost have
2mamimam TRG pulse width. However, when timing 15 to !
siac? with respest to ike next nsing edge of € a setup nme
must be met. The prescaler counis nsing edges of .
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CTC Programming

SELECTING AN OPERATING MOODE

When selecting i channei's operating mode. nit @ 15 sel to
1 toandizate this word is to be stored in the chasnel concol
sequler.

D= By [ ] [ M ay | L] By
LD
“IT\““l" . [Eer som | thmadn | tom BLET I
L ST AT
[ETT T8 Twmm

Pring g e P 1w N R L

Bt 7@ Channel miermpis disabied.

Bit7=1| Channel inierraprs enubled to oocur every
nme Down Councer reaches a count of zere.
Serting Bil T does not et 3 preceding count

of 210 Cause in INterrupt,

Birgw=g Timer Mode — Down counter is clocked by
the prescaler. The penod of the councet is:
P« IC

te ® system clock pernd

P = prescale of 16 or 256

TC = 3 bit binary programmable tme
conslant {256 max;

g =

Rir G| Counter Mode — Dawn Couneer 18 clocked

Sy extemnal clock. The prescaler i not usad,

Bi: 5= Timer Mode Only=System clock & iz divided

by 1& in prescaier.

Bit5a| Timer Mode Only—System clock ® 18 divided

by 256 in prezcaler,

Bita=g Tumer Mode — negative edge wigger starts
Ve aperation.
Caunter Mode - aegative edge decrements

the down coumter.

Bz aamt Tirmer Mode — pasitive edge 1rigger starts
Lrner pperatisn,
Counter Mode - positive edge decrtments

the down counter,

Bit 3aq Timer Mode Only — Timer begins operation
on the rsng edge of T; of the machype
tvcie following the one that loads the ime

consant,

Timer Mode Only ~ Extermal erigger ts valid
for starting timer operation afier nsing edge
of Ty of the machine cycle following the
one that lozds che nme constant. The Pre.
scaier is desremented 2 clock cyzies later iF
the setup time is mel. otherwist 3 clock
¢vecles.

Bitja)

s time constant will follow the cfannet
control word, One (ime ¢ONSTITL must be
written Lo the chapnel to irutizte aperation,

The time constans for the Down Councer
will be the nexr word wntlen o the selected
channe!, If a time constant 15 loaded whiie 3
channel o counting. the present couny will
be complered belore the new ;1me constant
1 ipaded into the Down Counter.

Bir 2=

Bit | =3 Channel continues counting.

Stop operason. I Bit 7 * 1 channel wall
resume operation after loading 3 iime
constant, otherense a new control word
must be loaded,

Bitt =

LOADING A TIME CONSTANT

An 8-bit Lire constant 18 loaded inte the Time Constant
registar follownng 2 chanael contrst word with bt 2 > set. All
Zerog andicate a O constant of 156,

LOADING AN INTERRUPT VECTOR

The Z80-CPU requires that an §vitinterripr vecior be
supplied by the interrupting channel. The CPU forms the
address for the interrupt service routine of the channel
using thiy vectar. Dunng an intemupt acknowledpe cycle
the vector s placed on the Z80 Data Bus by the highest
prienly channe! requestng sepvice an thae ieme. The deurey
interrupl vecsot 13 loaded into the CTC by wating intg
channel § with a zeron D, Drp-D3 contan the siored wn-
terrupt vector, D and D) are non used in toading the vector,
When the CTC respends 10 an inierrupt acknowiedge, these
two bis contan the linary code of 1he highest priority
channel which requasied the interrupt and Dp contuns 2
zero sinte he 2ddress of the interrupe serace rounine siarts
at an even oyie, Channel 9 is the highest pnonry channed,
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A.C. Characteristics

Z80-CTC
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A.C. Characteristics

280 r\-:CTC
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A.C. Timing Diagram
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Absolute Maxirum Ratings . 3T
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D.C. Characteristics
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The Z280-51C (Serial Input/Ouiput) s 2 dual-channel
meltti-function peripheral component designed to sarisfy
a wide variery of serial data communications require-
ments in microcomputer systems. [ty basic function is a
serial-1o-parallel, paraliel-to-serial converter/controbler,
but-—within that rele—it is configurable by aystems
software 50 i3 “'personality”’ can be optimized for a
given serfal data communications application.

The ZBO-510 is capable of handling asynchronous
formats, synchronous byte-oriented proweols such as
B Bisyno, and synchronous bit-onented protocols
such ag HOLE and sDLEC. This versatile device can also be
uwsed (o suppor virmually any other serial protocol for
applications other than data communications (casserts
or fMoppy disk interfaces, lor example).

The ZBQ-S3[Q can generate and check CAC codes in
any synchromnous mode and can be programmed o
check data integrity in vartous modes. The deviee alsg
has faclities for modem conireis in both channels. [n
applications where these controls are not needed, the

modemn controls can be wsed for general-purpese 0.

N-channel silicon-gate depletion-load rechnolagy
40-pin OIP

Single 3 ¥ power supply

Single-phase 5 V clock

All inputs and guitpuls TTL compatibie

Two independent full-dupicx channels

Crata rawes in synchronous of sormchronous modes:
* 0-350K bits/second with 2.5 MHz system clock
rate

* (-BEDK bissecond with 4.0 MH2 sysiem clock
rage

Arcmiver data registers quadruply buffered; wans-
minter doubly buffered.

Asynchronous features:
= I, 6, 7 or B bila/charzcter
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1, 1¥ ar 2 stop bils

Even, odd or ne panty

x1, «18, =12 and x&64 clock modes

« Break generanon and dersgtion

= Parity, overrun and framing srror detectien

Binary symchronous features:
* Inpernal or exiernal character synchronizaiion
+ Oz of twg $¥nG characters i separate registers
* Automatic sync character insertion/deletion
* CRC generation and checking

HOLC and SDLC featurss:
« Ahorn sequence generation and detection |
» Aulomalic zoro insertion ana deletion
« Aurpmauc flag insermon befween messages
* Address fisld recognition
= Support for one 10 eipht bits/character
* Valid receive mesages prorected from overmun
= Cx generation and checking
Interrept features:

= Daisy-chain interrupt logic provides automatic
. interrupt vectoring with no sxternal logie

= Programmable iotertupt vector
« Searis Affects Tnterrupr Yector mode for fast
inteTTuPl procoysing
CREC-16 1 CRCCCITT black frame cherk
Separmte modem conirol inputs and ourputs for both
channely
Modemn status @an be monitored

Dy, Systern Dara Bus (bidirectional, 3-staie). The
systemn data bus trapsfers data and cormmands belween
the cPU and the ZBO-SIC. Dy is the least significan: b,

BrA. Chaanel A Or 8 Sefece (input, High selects Chan-
ne! B). This input defines which channel is accessed
during a daia transfer between the ¢PU and ihe
ZB0-510. Address Dit &g from the CPU is often used for
the seiection functicn,

C/D. Controd Or Daiz Sefect (input, High sefests CTon-
trol). This input defines the type of information trans-
fer performed betweon the CPU and the ZBO-S1O. A
High at this input dunng a CPuU write 1y the Z30-5(0
causes the information on the data bus 1o be interpreied
a1 a command for Lhe channel jelected by b/a, A Low 4t
C/D means that the information an the data bus is data.
Address bit Ay is aften wsed for this function.

CE. Chip Enable (inpul, active Laow). A Low level at
this input enables the Z80-510 10 aceepl command or
data input from the CPU dunng a write cvcle, or 1o
traosmit Jdala {o the CPU during a read cycle.

*. .anrn; Clock {input}, The ZB0-SIO uses the stand-
ard ZBO Syaem Clock to synchronige internal signals,
This is a single-phase dock.

M1, Mgchine Cycle Ore (input from ZB)-CPL, active
Low), Whent M1 is zetive zod RN is also achive, the
ZEG-CP1) is (erching an instrustion from memory; when
M1 is active while IORD is active, the ZR0-STO acrepts Mi
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and IGRD 48 an inlerrupt acknowledge if the ZBD-E10 is
the highest prigrity device that has intermupted the
ZE0-CPLU.

ORQ. faput/Crtpur Request {input from CPU, active
Low). 10RG is used in conjuncrion with s/a, /G, TF
anc #5 to transfer commands and dara between the CPU
and the Z80-SI1Q. When CE, RD and [ORG are all active,
the channel selected by as& ransfers data to the CPUin
read operation). When CE and IORG are active, bur RD is
inactive, the channel selected by B/A is written 10 by the
CPU with either data or conirot information as specified
by c/D. As mentioned previausly, if [ORG and M) are a¢-
tive simnultaneously, the CPU is acknowlsdging an inter-
rupt and the Z80-S10 automaticaily places its interrupt
vector on the Py data bog i it is the highest prionity
device requesting an inlerrupt.

RD. Read Cycle Stanus. {input from CPU, active Low),
If RO is active, a memory or 1+0 read operation is in
progress. BD i used with 204, £E and iORQ to Uansfer
data from the Z80-510 o the CPU.

RESET. Reser (input, active [ow), A Low RESET dis-
ables both receivers and transmitters, forces T<DA and
T:DB marking, forees the modem controis High and dis-
ables all interrupts. The conlrol registers must be re-
written after the T80-STO is reset and before data i
tramsmiried or received.

[EX, [neerrupt Engbie In (inpur, active High). This sig-
nal is used with 1IED 10 form & prioty daisy chain when
thers is more than ooe interrupt-driven device. A High

on this line indicates that no other device ot bigher pri-
ority is being serviced by a CPU inLemupt service roLune,

[EQ. Interrupr Enatde Qut {putput, active High), 0
is High only if 1E! is High and the CPU s not fervicing an
interrupt from this ZB0-S[O. Thus, this signal blocks
fower priorty devices from interrupting whils a higher
pricnty device i3 being serviced by 1ts CPU intecTupr ser-
VICE TOULiRE.

INT, frrerrup: Request (ourpur, open drain, actve
Low). When the Z80-SIC is requesting an interrupt, n
pulls INT Low.

SW/RDYA, W/RDYB. Wau/Ready A, Wait/Ready B
(cutputs, open drain when programmed for Wait func-
Luon, driven High and Low when programmed for
Ready Functicnd, These dual-purpose oulputs may be
programmed as Ready lines for a OMa controiler or as
Wait lines thar synchronize the CPu 10 the Z80-510 daca
rate. The reset stare is open drain.

CT5A, CTSB. Clear To Send {inpuis, active Low).
When programmed as Auto Enables, a2 Low on these
inputy enables the respective transmitter. If not pro.
grammed as Avio Enables. these inputs may be pro-
grammed a8 general-purpose inputs. Both iapuos are
Schmitt-trigger bulfered to accommodate siow-risetime
ugoals. The ZBD-S{C detects pulses on these inputs and
interTupts the CPY on both logic level ransitions. The
Sebmirt-trigger buffering docs nos guarantes a specified
noise-level margin.

.
i By "'—""': '-——-—f: s i
y e fm— it H
' 0 =t b T :
l E!i!l I h #iln -IL ir'g-ﬁ
rgu. L :: + I — m :‘:-fl-l
By I’ ™
| By ir— kM )
' e — e | wntw
| - p——— 0T SO i,
). A [ . i —iL L E ﬂj E
s . N -3'_': —— -3 T
‘l' P 1 =) b, 3 N.
! - - —Hou
.: - ——
Y one - >
- [ T 2 i
- 17 ~ A et L wesim !
,?:nrruou. ﬁ:mi e "—'—:"- [ Lol T
A R, H m— ) .

Z30-513/7 Fin Confipuralion

el

Figure 4. IM-31072 Pin Cunﬂ‘nl‘lﬂq:in -

MCE R-41




RC0A,. DCDB. Doia Carner Defect (inpuls, active
Lowl. These pins function as receiver enables if the
S80-S10 is programmed for Aute Enables) otherwise
they may be used as general-purpose input pins. Both
ping are Schmitt-trigger buffered 1o accommodale siow-
fisetitie nignaly, The ZBO-S10 detects pulws on thee
ping and saerrupts the CPU on both logic leve! transi-
nons. Schrmutt-ingger buffering does no! guarantes a
snecific nopise level margin.,

RxDA, RxDB. Recerve Dara (inputs, active High).
TxDA, TaDB. Tramemir Darg {fouiputs, active High}.

AxCA, RaCB. Receiver Cfocks {inputs). Receive data
1 sampled on the rising edge of Axc. The Recstve Clocks
may be 1, 16, 32 ar 64 times the datz rate in Asyn-
chronouws modes. These ciocks may be driven by the
L80-CTC Counter Timer Circuit for programmable
baud rate generation, Bach inputs are Schmict-trigger
buffered (no noise |evel margin i3 specified). See the
following section for bonding options.

TxCA, TxCB. Trgnsmitter Clocks {(inputs), TiD
thanges on the falling sdge of TaT. In Asynchronous
moaes, the Transmurter Clocks may be 1, §6, 32 or 64
tires the data rate; however, the dock multiplier for the
iransmitter and the receiver must be the zame. The
Transmig Clock inputs are Schmitt-trigger buffered for
relaxed rise- and fall-lime requirements {ao noise level
margn is specified). Trangmitter Clocks may be dnven
by the ZBO-CTC Counter Timer Cirewit for program-
mabie baud e gencration. See the following section
for bending options.

RTS5A, HTSB. Requesr Yo Send (outputs, aclive Low).
When the RTS bit is set, the AT5 output gos=s Low. When
the RTS Dit is reset in the Asynchronrous mode, the put-
put goes High after the transminer is empey. In Syn-
chronous modes, the RT3 pin sinctly [oliows the swaie of
the RTS bit. Bath pins can be used a5 general-purpose
oulpuls.

DTRA, DTREB. fgig Termine! Ready (Outputs, active
Low). Ser note on bonging options. These outputs foi-
low the state programmed into the DTR bit. They can
also be programimed as general-purpose outpuis.

SYNC A, SYNC B. Spachrosizgtion (inpuls/outpils,
active .ow), These pins can act either as inputs or outs
puts. In the Asynchronous Receive mode, they are in-
puts similzr to CT% and 5C0. Ik this mode, the transi-
ligns on thesa liney affect the state of the Syne/Hunt
stafuy s in kao. In the External Sync mode, these liney
also act as inputs, When external syochronization i
achirved, SYNG must be driven Low on the tecond rising
edge 0F RxC after that rising edgs of RaC on which the
lagt Wit oF the sync character was recsived. In other
words, after the sync partern is detecied, the external
logic must wait for rwo fuil Receive Clock cycles to acti-
vare the $YNC input. Once SYNG is forced Low, it is wise
Lo keep it Low until the cPU informs the extemal sync
logic that synchronization has been lost or 2 new mes-

sage is about 1¢ start. Characier assembly begins on the
rising edge of FaC that immediaiely precedes the failing
edge of 5YNC in the External Sync mode.

[n the Lnternal Svochromization mode {Momwsyne
and Bisync), theie IRy act as oulpuls Thal afc actve
during the part of the receive clock (BxC) eycle tn which

" sync characters are recognized. The sync condition is

not latched, 5o thess autpuls are active sach time a syne

Ties.

The constraints of a 40-pin package make it impossibie
1o bring out the Receive Clack, Transmit Clock, Data
Termninal Ready and Sync signals for both channris,
Therefore, Channel B must sacTifice a signal ar have
two signais bonded together. Singe user requirements
vary, thres bonding options are affered;

= ZE0-S510/0 has all faur signals, but TACB and T B
are bonded together (Fig, 2).

* ZBO-S10/1 sacmiiced DTRY and keeps TzCB, Pxlh
and E¥nce (Fig, 1.

+ ZTB0-51C¢2 sactifices SYNCB and keeps ToCd, RaCB
and OTxe (Fig. 4.

r

The device internal seructure includes a2 ZBO-CPL! inter-
face, inremal contro! and interrupt logic, and two full-
duplex channels. Each channel contains read and wnte
registers, and discrete control and staruy logic Lthat pro-
vides the Interface 10 moderns or other external devices.

The read and write register group includss fve B-bir
contrgl regirers, IwWo Sync-coaracter regisiers and fwo
status registers. The intertupt vecior is wrillen inio an
addidonal 8-bir register {Wrie Register 2) in Channel B
that may be read through Read Register 2 in Channe! B.
The registers for borh channely are designated in the text
an follows:

WRO=-WRT — Wrie Registers O through 7
RRO-RA: — Read Registers O through 2

The bit assigrnment and functional grouping of each
register is configered to simplify and organize the pro-
gramming process. Table 1 ligts the Munetions assigned
to each read qr whie register, ’

TranamUAeCeve buffer 4tatuly, interupt St3us Andg

A

Fa priwrnal stalus

AAT  Spacial Rectys Condilion siatuy

AAZ  Modibed nterupt vecior (Channe! B gniy)

Homk Beprive Functivm -

- ML

¥

paltern is recognized, regardless of character bounda-




WA Regretar pounitgre, GRS inatlglize, initiarzalipn com-

mands 1o 1ne vanous modes, 416

TransmiliAscarvd nismypl ang data [rensfer mods
defimtlan,

Inlerruo! vector (Channal 8 oniy)
Receive paramelers and controt

TranamityRecerms Miscallanedud RTINS &0
modea

Transmil paramaters &g contraiy

whR1

“WR2
¥WRa

WR4

YR
W
WRT

Sync characier or SOLC sdtrenn fiald
Sync charsster of SOLC Nag

Writs Regisiar Fooctiony

Tabir 1. Fubctipaat Autigaments of Resd and Write
Ragisiety

The logic for botk channels provides formats, syn-
chronization and vahidatien for data transfected o and
from the channel interface. The modem control inpuls
Clear to Send (75 and Data Carrier Derect (DCDy are
monitored by the discrete control logic under program
contral. All the modem conwrol signals are general pur-
pose in mature and can be used for funcrions other than
modem control.

For automatic interrupt vecloring, the inlermupl con-
trol logic determines which channei and which device
withio the channel has the highsst priomy. Pnoory i
fixed with Channel A assigned a higher prionty than
Channel B; Recmive, Transmil and External/Status in-
_terTupts are prioritized in that order within sach chan-
nel.
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The transmit and rezeive data path ilfustrated for Chan-
acl A in Figure 5 s identical for both chaonets. The
ceceiver has three B-bit buffer registers in a FIFO ar-
rangement in addition o the B-bil receive shuft register.
This scheme creates additfenal tme for the CPU 10 ser-
vice an interrupt ai the beginning of a block of high-
speed dasa. Incoming data is rowed through one of
several paths |dara or CRC) depending on the selected
mode and—in Asynchronous modes—ihne character
length.

The transmilter has an 3-bit transmip data register
:hat is loaded rom the imlernal data bus, and a 20-bit
rransmit shilt regisier thar zan be loaded from the sync
characer buffers ywas and wa&n or from the ranamit
data register. Depending on the operational mode, out-
zoing data is roured through one of four main paths
before it 15 transmitted from the Transmit Data QOuiput
Dy,

The funcrional capabilities of the ZBO-S10 can be
deseribed Mrom two different points of view: a5 a dama
communications device, it transmits and receives serial
data, and meets the requirements of various dita com-
munications protocols; as & Z30 family peripheral, it
interacts with the ZB0-CPU and other 239 peripheral
circuits, and sharex the dara, address and control
busses, as well a5 being 2 part af the ZB0 interrupt struc-
ure. As a peripneral o ather microprocessars, the
I50-510 offers valuabie features such a3 non-vectored
interrupts, poliing and simpie handshake capability,

The first part of the following functional description
describes the interaction between the CpU and Z50-S{0;
the second part introduces its data communications
capabilities.

The ZEO-5I10 offers the choice of Polling, !memmupt
{veciored of non-vectored) and Hlock Transfer modes to
transfer daia, siaiws and coatrol miormation wo and
from the CPuU. The Block Transfer mode can be Lm-
plermnented under CPU ar GMa contral,

Poiling. There are no interruprs in the Polled mode.
Starus regisiers RRO and RRAY are updated at appropriate
times for eagh Function being performed {for exampie,
CRC Error status valid at Lhe end of the message), All
the iBgerrupt modes of the ZE0-510 must be disabled to
operale the device in 2 polled environment.

While in ity Polling sequence, the CPU examines the
stalus contained in ARo for esch channel; Lhe A0 s1atus
bils serve as an acknowledge o the Poll inguiry, The
Two RAG siatus s Dg and D indicate that a daa
transfer is needed. The status also indicates Error or

other special status cundmum (seg ZL0.5[0 Program-
ming’'}. The Special Receive Condirion status contained
in RAI does nat have to be read in a Poiling sequence
because the status bits in &Ak1 must be azcompanied by a
Receive Character Availabie status im 2x),

tntercupis. The Z30-510 offers an elzoorate interrupt
scheme 1o provide fast inrerrupt respornses in real-time
appiications. Channel B registers wis and /82 coniain
the interrupt vector that poinws 10 an intermupt service
rayting in the memory. To service om==ztions in both
channeis and to eliminate the neeessios of wniting a
stalus analysis routine, the 280-510 = modify the in-
terrupt vector in RRX 50 it points direely 1o one of eight
intertupt service routines. This is dane =nder program
control by setting a program bil ¢wRi. D=1 in Channei B
called **Status & ffecis Vector.'' When toas bit is set, the
imlerTupl vector in wiR! is modified p—ording 19 the
assigned pricnity of the varigus interry=Z"ag conailions.
The table in the Write Register | dessotion (Z80-510
Frogramming section] shows Lhe mod " m=tion detaiis.

Transmic intermupts, Receive interruzz: and Exernal/
Status incerrupts are the main sourc= of inierTupts.
Each interrupt source is enabled unde: 7rogram concrol
with Channei A having a higher priornc than Channel

- B, and with Receiver, Transmil and Sxternal/Status

interrupts pooritzed in that arder wits'= wach channel.
When the Transmit interrupt i3 enasi=d, the CPU is
interrupted by the transmit buffer decomiag empry.
{This impli=s thar the vansmirer mus =ave had a daza
characrer written into it 5o it can beco=e emprty.) When
enabled, the recever can interrupt the CPU o one of
three ways:

* [nterrupl on the ficst received character
* Interrupt on all received charactess
= Interrupl on a Special Recave consition

Interrupt On Ficst Character i 1ypicay uscd with the
Block Transfer mode. [nfermupt On AL Receive Charac-
lers has the oplion of modifying the areTrupt veolor in
the event of a paruy ermer. The Special Receive Condi-
LoD interTupt can ocour On a character oF message basis
{End Gf Frame intezrrupt in 50LC, for s=xamplel. The
Special Recoive condition tan cauce an =rerrupt anly if
the lowerrupt On First Receive Chara—-=r or Mmierrupt
On Al! Receive Charzclers mode is sele==l. 1n Inrerrupt
On First Receive Characier, an intetruz: can accur from
Speazl Recoive condifions (except Pr—y Errer) aficr
the first receive characler intermupt (exampie: Recove
Owerrun intermupt}.

The main fynctign of the ExternalsStatus InterTupt i
to monmor the signal transitions of == 75, OCD and
SYNC pins; however, an External/Statz=s nterrupr is alse
caused by a Transmit Umiderrun corcrion or by the
detection of a2 Break {Asvnchronogs =odey or Abon
($DLC mode] sequence in the daia strev—. The intarmupt
caused by the Break/Abort sequence nas 2 special fea-
ture that allows the ZBO-5[C to ic=rupt whep the
Break /A bort sequence 15 detecied or “=rminared, This
feature facilitates the proper terminacos af the current
mossage, corrert initializarion of the sex message, and

e aglis L



the accurate timing of the Bresk/Abort condition in ex-
ternal ogic.

CPU/DMA Block Tramafer. The ZRB0-510 provides a
Block Transfer mode (o accommodate ¢Pu block trans-
fer functions and DMa controllers (Z80-DMA or other
designs). The Block Transfer mode uses the WAIT/
READY oulput in conjunction with the Waii/Ready itz
of Wrte Register 1. The WAIT/READY output can be
defined under software control as a wAIT line in the CPU
Block Transfer mode or as a2 READY line in the DMa
Block Transfer mode,

To a DMA contraiier, the ZBO-510D READY cutput in-
dicates rhat the Z30-510 is ready 1o fransfer dara to or
from memory, To the cPU, the WaAIT outpul indicates
that the Z50-5[0 is not ready 10 mansfer dara, thereby
requesting the €PU o extend the o cycle. The pro-
gFamming of bits 5, 6 and 7 of Write Register | and the
logic states of the WaAIT/READY line are defined in the
Write Register 1 description (Z80-510 Programming
section). )

In addition o the 1O camabitities previously discussed,
the Z30-SI0 provides two independent full-duplex
channe#is that can be programmed for use in Asynchro-
podls, Synchronous and SDLC (HDLC) modes. These if-
ferent modes are provided (o facilitate the implementa-
tion of commonly used data communications protocols,
The following is a short descriprion of the data ¢om-
municarions protocols supported by the ZBO-STO. A
more detailed explanarion of these modes can be found
in the 280-510 Tecknical Manual.

Asynchronous Modes, The Z80-310 offers rapsmission
and receprion of [ve Lo @ght bits per character, plus op-
tional even or odd parity. The transmitter can supply
one, ane and a half or two stop bits per character and
can provide a brezk output at any time. The receiver
break detection iogic intertupls Lhe CPU only 2t the start
and end of a recrived break, Reception is protected
from spikes by 2 transient spike rejection mechanism
that checks the signal one-half a bit time after 3 Low
lewel i3 detected on the Receive Data input. IF the Low
dowes nol persist—as in the case of a transi=nt—the char-
acter assembly process is not starmed.

Eraming srrors and oversun errors are detected and
buffered together with the partial characier on which

lhey occurred. Vecrored imertupts allow fast sarvicing -

of emror conditons using dedicaled routines. Further-
more, a built-in checking process avoids inferpreting 2
framing error as a new star b a framing error resules
in the addition of one-halil a bit ume 1 the point at
which the search for the nexi stan bil is begun.

The Z83-S10 does not reguire symmetric Transmit
and Keoeive Clock signals—a feature that aflows it o be
used with a Z80-CTC or any orher clock source. The
transmirter and recejver can handle data ar a rate of |,

17186, 1732 or 1/64 of the clock rate supplied 1o the
Receive and Transmil Clock inputs.

In Asynchronous modes, the SYNC pin may be pro-
grammed for an input that can be wsed for functions
such 25 manitonng A ring indicator,

. )
Syachrvaous Modes. The ZBO-S10 supports bath byie-
oriented and bit-onented synchronous communicacien,
Synchronous byte-oriented prolocols cin be handled in
several modes that allow character synchronization wilh
an 8-bir s¥ync character (Monosync), any 16-bit syne pai-
tern {Bisynel, or with an external sync signal. Leading
1¥nt characiess can be removed without interrupung the
CPU. CRC checking for synchronous byle-otiented
mades is delayed by one charagter time so the CPU may
disable CRC checking on specific characiers. This per-
mits impiementation of protocels such as IBM Bisyne.

Bath Cac-1s (X! X124+X241) and CCITT
(0184 X1 4 X3 4 |} errar checking polyiomials are sup-
ported. 1n all aon-50LE modes, the CRC genemales is in-
itialized to O's; in SDLC modes, it is inickalized 1o 1's.
{This meany that the Z80-51C cannor generate or check
CrR; for |pm-compatible soft-sectored disks) The
ZB0-S[0 also, provides a feature that auviomatcally”
tranamits CRC data when no other daia is avadlabie for
rransmission. This allows very high-speed tansmissions
under baa, conral with no need for CPL interveadtion at
the end of a message. When there is ne dara or CRC 10
send in Synchronois modes, the transminter inserns 8- or
l6-bit sync characters regardless of the programmed
character length. Sirce the CP0 can read status informa-
tion from the ZB3-S10, it can detmrmine the type of
transmission (data, CRC o $ync characiers) that is tak-
ing place at any time,

The Z20-510 suppons synchronous bit-onenied pro-
tocols such as SDLE and HDLC by performing avtomaric
flag sending. zero insertion and CRC generation. A spe-
cial command can be used 1o abort a lrame In tansmis-
sion. The ZE0-S10 automadcally transmirs the CRC and
trailing flag when the rransmit buffer bevomes empry,
An interrupt warns the CFU of this status change o an
abort may be issued if a transmicter underrun has og-
curred. One to cight Wits per charaqer can be $end,
which allows trapimispion Of 4 message exactly as
recejved with 0o prior information about the characer
structure in Lhe itformation field of a frame.

The receiver avtomatically synchranizes on the lead-
ing flag of a frame and provides a syachrenization sig-
nal that can be proegrammed to interrupt. In addition,
an interrupt on the first received characier or on every
chatacler can be sciected, The redeiver automatically
deijetes all zeroes inserted by the transmitter during char-
acter assembly. It also calculates and auromaticallv
checks the GRS 1o validate frame tramamission. Al the
end of rransmission, the status of a received Trame s
available in the status registers. The receiver can be pro.
grammed to yearch for frames addressed to coly & specy-
fied user-selectable address or to a global broadcast ad.
dress. [n this mode, frames that do nol mawch the use:r-
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sefecled or broadcast address are jgnored. The Address
Scarch mode provides lor a single-byte address recog-
nizable by the hardware. The nember of addres: bytea
can pe extended under software control,

The ZED-SIO can be conveniently used under DMa
sonudl o provide high-sperd reception, The Z80-510
«an interrupt the CPU when the first character of 2 mes-
sage |5 received, The cpU Lthen epables the pMA [0 trans-
fer the message to memory. The ZB0-51O then issues an
End Of Frame interrupt and the AU checks rhe staros
of the receivett message. Thus, the CPU is freed for other
service while tne message is being received. A similar
wcheme allows message rransmission under DMA con-
trek.

To program the Z3G-SIG. the system programn first
;ssues & senes of commands that nitialize the hatic
made of operation and then other commands that qtaj-
ify conditions within the slected mode. For example,
ihe Asynchronouts mode, cheragter length, clock rate,
number of stop bits, even or odd paricy are [firsc set,
ten the intermrupt mode and, finally, receiver or
iransmirter enadle, The WR4 paramerers musi be issoed
before any other parameters are issued in the initializa-
10 routine,

Roth channels conrun ¢ommand registers that mun
ne programimed via the system program pric? o Opery-
tan. The Chadnel Select.input (b7 and the Conuol/
Data iaput 1€/90% are the command structyre addressing
contrls, and ar= normally controlled by the CPU ag-
dress bus, Figure § iljusirates the Gming relalionships
for programming the write registers, and transferring
data and staros,

The ZBG-S510 conjains eighe registers (wRO-WRT in
sith channe! that are programmed separately by
ihe onsren program e coofigure  Lhe fenctzonal
persanality of the channels. With the exception of
WRA, programming the whte registers requires two
gvies, The [irst bwvie contains three bis (DveD that
poimy to the selected regiscer; the second byle is
the zciual contral word that i3 wnoea into e
regaster to configure the ZRO-SIO.

wiko iy 2 Special case in that all the basic com-
mands CMDaCMDy can be aceessed with a single
byte. Reser (intermal or external) impalizes the
poinzer Iits Dg-Dy o poidt (o WD,

The Z30-510 contans three registers, ka2 (Figure
63, [NaL can be read o obtain the status information for
each channel iexcept for AR2 — Channel B only). The

starys information includes ervor conditions, intermup
vector and stangard communications-interface signals,

To read the contents OF 4 selected read regisier
other than &rG, the jyalem program muy  firs:
wtite the pointer byt to WRO in exatly the same
way a3 3 wrilt fegister opeorafion. Then, by ¢x-
feuting an inpul instruction, the contenws ol the
addressed read register can be read by the CPu,

The status pits of RED and ReRI are carefully
grouped to simplify sfatus momitoring. For exam-
ple, when the interrupt vector indicates chat a
Special Receive Condition interrup! has oegurred,
all the appropriate error bits can be read from 2
single register (RRIL
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Rend Cycle. The dming signals generaled by a
Z30-CPL input instruction ro read a Data or Status byte
from the Z80-510 are illustrated in Figure 2a.

Write Cycle. Figure 3b illustrares the timing and data
signals generated by a Z80-CPU ouipui instruction 1@
write & Data or Conwral byte into the Z30-S[0.
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Figure 3a. Resd Cycle
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Flgure Bb. Wette Cycle

interrapl  Acknowledge Cycle., After receivictigy an
Interrupt  Request signal (iNT pulled Low), the
Z80-CPU sends an Interrupt Acknowledge sigmal
(M1 and 1GKG both Low). The daisy-chained inter-
rupt circuily determmine the highest prioncy ioter-
rust requestor. The (E] of the highest pmionty
penpheral is terminated High. For any peripheral
that has na ipterrupt pending or under service,
IEC=iEi. ARy peripheral that dots have an inrerrupt
peading or under service forces its 1E0 Low,

To insure stabit condirions in Lhe daisy chain,
all interrupt status  signals are  prevented [rom
changing while M1 is Low. When ORQ s Low, rhe
hWighest prionrr interrupl requestor (the pne with
tet High't plac= is intarupt vector an the data bus
and set3 it$ jnternal interrupt-under-service latch.

Returm From Interrupt  Cryoe. MNaormally,  the
ZB0-CPU issues a RETI {RETurn from (nteffupg) in-
struction at the end of an inteTrupt service fauline,
RET! iz 2 2-byte opeode {ED—Dy that resets the
interrupt-under-service  larch 1o terminate the in-
terrupt that has just been processed. This is ac-
complished by manipulaving the daisy chain o the
follgwing way.

The normal daisy c¢ham operation can be uged to
detect a pending interrupt; however, it cannot distin-
guish betwesn an interrupt under service and a pending
unacknowledged interrupe of a higher prionty. When-
ever “ED™ is decoded, the daisy chain is modified by
foecing High the [EC of any interrupt that has nor yer
been zoknowfedged. Thus the daisy chain jdentifies the
device presently under service as the only one with an gt
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High and an 1E0 Low, |I the next apcode byte is »40,
the interrupt-under-service larch is reser.

The apple time of the interrupt daisy chain (bath the
High-to-Low and the Low-to-High transitions) Limits
the number of devices thar czn be plyzed in the daisy
chain. Ripple time can be improved with camy-look-
ahead, or by extending the intecrupr acknowledge cycle.
For further infermation about wechniques for ingreasing
the number of daisy-chained devices, refer 1o Zilog
Application Note 03004101 (The Z80 Family Program
Interrupt Siruciure).

Figure 9 illusirates the daisy chain configuraiion of
interrupt circuits and their behavior with pested inter-

rupts {an interrupt that is interrupred by angthes with a
higher prioriy).

Each box in the illustrarion could be a sepirale exter-
nal 280 peripnersl circuit with a user-deflined order of
imerrupt prionties, However, a similar daisy chain
structpge alsg exisis wnsicle the Z80-510, which nas six
imterrupl tevels with a fixed order of pricnes.

The case iHostrated occurs when the ransmiter of
Channei B interrupis and is granted service. While this
interrupt is being serviced, it is interrupted by a highee
priotity interrupt from Channel &, The second intermup
is serviced and—upon ¢ompletion—a RET! instruction is
executed OF a4 AETI ¢ommand i wnuen 10 Ihe
ZR0-51C, resetting the intermupt-under-service latch of
the Chanpel A interTupt. At this time, the service rogne
for Chaanel B is resumed. When it is completed,
anciher AET! insfruction is executed to complere the in-
LeITiEpL AETVICE,

CHANNEL & CHAMMEL B
SHANMEL & CHAMMEL & EXTERMAL ChammMEL B CHANMEL B EXTERMAL
AECENED TRANSLITTER STATYS AECEVER TRANSMITTER ETaTLIS
-
| L] N HMGH G G Ll '| =t
1E} (13w El 1EQ IE1 EQ 1EI IEQ 1E} [, L] IEl IEQ) o
1. PRIOAITY INTEARAUPT DASY CHAIN BEFORE ANY INTERRUPT OCCURS. !
. UNDER SERWCE
L HIGH HIGH HGH HIGH
l-— IE1 LR L4 f3a) €l EQ 1E1 =0 €l EQ €l IEL e
LOw Lo
7. “HANNEL H TARANSMITTER INTERRUPTS AND 15 ACKNOWLEDGED.
- LNDER SERYWCE SEAWVICE SUSPTNDED
G FIGH HIGH |
1—15& [ e 1} [ 7%] il [ a) El 2= El [ 1a] €l D r—
LT [Ra, LT F el
1. EXTERAMAUSTATUS OF CHANNEL A INTERRUFTS SUSPENDING SERVICE OF CHANNEL B
TAANSMITTER, "
+ SERVICE COMPLETED SERVICE RESLAED
] G G G MG
12] 1EQ 1] ED —‘IEI IEG 1EI JEQY 1] L dw] 1EI EO
J p— e d 1w LOW
4, CHAMMEL A EXTERMAL/STATUS ROUTINE COMPLETE, RETI ISSLED, CHANNEL B
TRANSMITTEA SEAYICE AESUMED.
- - SERVICE COnPLETED
t r=] M- e e G ] [ -
1E o IE1 EQ £y IEC 1E1 1ECH €l £0 I VE D)

5. CHANHEL B TRANSMITTEAR SERAYICE AQUTIHE COMPLETE, SECOND RET! ISSUED.

Figure 9, Typial Intermpt Sequence
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/0 -— Type { Banding
1 == Type 1 Bonding
¢5 - Type 2 Bonding

uM

— Plasric Package

o 01

— Cerami¢ Package

Examples:

Z30-510/1 CS {Type | bonding, ceramic packaze.
standard range)

Z80-510/2 PS5 {Type 0 bonding, plastic package,
standard range)

— Standard Range {3V, =5W, G°C o T0"C)
— Extended Range (5¥, =i%, =40 to0 §5°)
— Military Range (¥, +10%, - 53°C 15 125°C)

EAST

Saker & Toch. Cemor
Likap, Ins,

"8 Trrtee Cove Bomd
b i, WA B AT
TEL &17 867 117%
TN T I T et

MIDATLANTIC

Teen Cemer

Licag, Inc.

O B W2
Burpendickd, M1 07411
TEL DI MM
TxW Tt

{0263 Bubie Koad. Cuprruno, Catiforua 95614

C3-1025-01

HIDWEST

Samcy amed Tewh. Cenrer
Fiborp, Inc

AW E., Higrua

Sume ()4
whaumirarg, 1L 601%
TEL 2 132 kRO
T X 910291 jies

NORTH CENTRAL

St and Tocll. Cemiet
Zikag, Ine.

1531 Bevhvet Road
Codumbui. Shea 41120
TEL k4 aTTAIG
T A 110482 1T

SOUTHWEST REGION

Sabcr and Tech. Comer
Falog, I,

PR Say Pare Blvg,
Suur k

livine, £ #7714

TEL 714 349 1891

T ¥ 918 195 2a0

NORTHWEST

Sabes & Teoh. Ceminr
Ly, 1m,

0040 Bubh Roay
Cuper i, A 3014
TEL -0 Al bl n ] |
Twx 310113 Tali

WEST GERMANY

Zierg GmbH
LugieiInLrasse 4

DM | Valerdd L
Wy Coetmany

TEL &1 4333

TEEE 129110 ey 4.

FAPAN

Zileg. Inc, laprn

K youhin Dhig,

1313 San wra puis o- M
thabuve=ku Tasvg 15
Japan

TEL 03-475-301 0

UNITED KINGDOM

Zidong (). K| Lraacy

e aon Howse
“Masdenhead SL6 LWL D
Bori v thrre Ll Amad Kb g e
TEL rDodt JalH
TELE X bakalg

Telephone: f408) Mabd660  TWX 910-335-762]

-
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7Z80-CPU
Z80A-CPU

The Zilog 280 product line is 2 complete set of micro-
computer components, development symems znd support
sofrwars, The Z80 microcomputes component set includes
all of the cucutts necemary 1o build high-performance
mucrocomputer Systems with virtually no other logic and a
rununum number of low coxt yandard memary slements.

The 280 and ZEQA CPLP's 