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Ag-Rys. Address Bus (bulput, active High,
3.state). Ag-Ajs lorm a 16-bit address bus. The
Address Bus provides the address lor memory
dala bus exchanges (up to 64K bytes) and for
17O device exchanges.

BUSACK. Bus Acknowledge (oulpul, active
Low). Bus Acknowledge indicates lo the
requeshing device thal the CPU address bus,
dala bus, and conirol signals MREQ, IORQ
RD, and WR have enlered their high
impedance slates. The external circuitry

can now control these lines.

BUSREQ. Bus Requesi! (input, active Low).
Bus Reguest has a higher priority than NMI
and is always recognized at the end of the cur-
rent machine cycle. BUSREQ forces the CPU
address bus, dala bus, and control signals
MREQ, IORO RD. and WH to go to a high-
impedance stale so that other devices can
canirul these lines. BUSREQ is normally wire-
ORed and requires an exiernal pullup lor
these applications. Extended E[Eﬁtﬁ

mask enabled) belore operation can resume.
While halted, the CPU executes NOPs 1o
maintain memory reiresh.

INT. Interrupt Request (input, active Low).
Interrupt Request is generated by I/O devices
The CPU honors a request at the end of the
current instruction if the internal software-
controlled interrupt enable flip-llop (IFF) 1s
enabled. INT 1s normally wire-ORed and
requires an external pullup lor these
applicalions.

IORQ. /nput/Output Request (output, active
Low, 3-state). IORQ indicates that the lower
half of the address bus holds a valid 1/O
address lor an I/O read or wrile operation.
TORQ is also generated concurrently with M1
during an interrupt acknowledge cycle to indi-
cate thal an inlerrupl response vector can be
placed on the data bus.

ll.. Machine Cycle One (output, active Low).
M1, together with MREQ, indicates thal the
current machine cycle is the opcode leich
cycle ol an instruction execution. M1, together
with IORQ, indicates an interrupt acknowledge
cycle.

MREQ. M Request (outpul, active

Low, 3-state). MREQ indicales that the address
bus holds a valid address for a memory read or
memory wrile operation.

NML. Non-Maskable Interrupt (input, active
Low). NMI has a higher priority than INT. NMI
is always recognized al the end of the current
instruction, independent of the

status ol the interrupt enable (lip-llop, and
aulomatically forces the CPU to restart at
location 0066H.

RD. Memory Read (output, active Low,
3.state). RD indicates that the CPU wanis to
read data from memory or an [/O device. The
addressed 1/0 device or memoary should use
this signal to gate data onto the CPU data bus.

RESET. Resef (inpul, active Low). RESET

tial the CPU as lollows: it resets the

penods due to DMA operat can
prevent the CPU Irom properly relreshing
dynamic HAMs.

Dg-Dy. Data Bus (inputfoutpu!, active High,

3 state). Dy-Dy constitute an 8-bit bidirectional
data bus, used lor data exchanges with
memory and /O

HALT. Holf State (output, active Low). HALT
indicates that the C™U has executed a Hall
instruction and is awaiting eithzr a non-
maskable or a maskable interrupt (with the

a trademark of Zilog, Inc.

interrupt enable [lip-llop, clears the PC and
Reqisters | and R, and sets the interrupl status
to Mode 0. During reset time, the address and
data bus go to a high impedance state, and all
control outpul signals go to the inactive state.
Note that T must be active lor 8 minimum

. ol three tull clock cycles belore the reset

operalion is complete.

RFSH. Aefresh {oulput. active Low). RFSH,
together with MREQ, indicates that the lower
seven bits ol the system’s address bus can be

with whom the publisher is not associated.”

used as a refresh address Jo the system's
dynamic memories.

WAIT. Wail (input, active Low). WATT
indicates to the CPU thal the addressed mem-
ory or 1/O devices are not ready lor a data
transler. The CPU continues lo enter a Wail
slate as long as this signal is active. Extended

Al| penudl can prevent the CPU Irom
g dy y properly.
Wi. Memory Write (oulpul, active Low,
3-state). WR indicates thal the CPU data bua
holds vahid data lo be stored at the addressed
memory or /O localion.

Instruction The 280 microprocessor has one of the most 0O 8-bit arithmetic and logic operations
Set powerful and versatile instruction sets O General-purpose arithmetic and CPU
available in any 8-bit microprocessor. It control
Iincludes such unique operations as a block O 16-bit arithmetic operations
move for last, stficient data transfers within R nd shif
memory or between memory and 1/O. It also O Rotates a ifts
allows operations on any bit in any location in O Bit set, reset, and test operations
memory. ol
The lollowing is a summary of the Z80 nmpe
instruction set and shows the assembly 0O Calls, returns, and restarts
language mnemonic, the operation, the flag O Input and output operations
status, and gives comments on each instruc- id i
tion. The 280 CPU Tachnical Manual u'u:l:;:::ddlo ptrmn“:ﬂclenl 4:: last data
(03-0029-01) and Assembly Languoge
P ing M 03.0002-01 transter between various registers, memory
il L_:u”. 01) conlaln locations, and input/output devices. These
signiticantly mare details for progr L34 by
use. -
The instructions are divided into the O Immediate O Indexed
following categories: ol diate extended O Reg
0 B-bit loads O Modified page zero O Register indirect
O 16-bit loads O Relative O Implied
0 Exchanges, block transfers, and searches O Extended O Bit
.I;:l Mmm s Ot L I § rmv c Coets.
Geine T SEE i
ool [
LDv HL v = (KL DR N o0 D
LDy (Med) o= (IK=d) LS S on
]
oL
LDv iITed) r=(ITed) « » I & X = » = oA
DML e (ML -1 P I B
LD(Xedls (Med=r « s K s X s s
LDiTedlr (Tsd)=r * s X & X = = =
LD(HLL A (HL) = » T SO =
LD(Kedin (Med=n se X e Xoe e Holi DO o4 s "
Wars+din (Ned = n = = X = K * & = . s "W
LOA (B0} A - (BC) e e X s T e v moNDIO A 1 1 1
LDA (DO A= (DB e s X s K o+ s s OO IA ] 2 7
LD A, imnj A = o} « &« X * X = = = ool oo A 3 4 12
LD(BCL A (BCI = A e e X e X e v e momow @ 1 1 7
LD (D6 A (D1 - A =+ X + X + s+ » @WOOOE 2 | 2 1
LD (mnd. A inn) = & = s X & X = & e oo o X 3 L) [} ]
LDA 1 A=l 11 X 0 XIFF O II-IU-I:N m 1 2 L]
TR
DA A-R V1 R0 X WEO s LioIi0l ED 2 2 .
o1 011 11l S
LA 1-a s+ X s+ X+ o+ s+ NI D 3 ] .
ol oo 47
LOR A A=A = s X s X s+ * = 1ol e D3 2 L]
o ool W

NOTES ¢ ' s gy of tha rogumars A B C D E H L
T e cominemst i et vt wmadile lig lhop (1FF
copmed e the 7Y liag



18-Bit Load Bymbaiic [ .
Gﬂ'-“lp Oparation L u MY R C Cemapensy
LD dd. nn dd = ne R T
BC
ol DE
LD X ne IX = an U B 10 HL
n s
LDIY. ne I = oo DR BN
-
LDHL (n)  H = tans 1) = s X s X e+ s = OIWICIOIA 3 s i6
= inn} -
-
LD dd (mn)  ddyy = (nnel} =+ X + X + & « jII0IJ0IED 4 [ x
ddy — inm} 01 adl 011
LDIX. fna} My = (nne 1) = s X s+ X = s = [IO1100DD 4 [} xn
L~ (na) 00 101 010 2A
LOIY. (s} My = (s d) = s X s X s = = “ [ n
YL = ina}
LD {na), HL (mnell = H « « K o+ X = = = 1 5 %
inn) = L
LD (). dd  (nns )} — ddyy D O N TR R | ) 6 0
inal = day
LD () 1K o) — IRy LR B S ‘. & =
fna) = X
LD (ne) IT  fmmed) = ITy DS DR B . s o
tmn) = 17
LD 5P, HL 5P — HL = s 1 + X =+ s 1 i L)
LD SP X 5P -IX « s I ¢+ X & = @ 2 H 1]
LD SP. IT P11 CEE R T S F 2 10
Puis
PUSH o (SP-0 - amp = s R s X = & @ i 3 n
ISP~ 11 — aay o Dt
s -5-2 m HL
PUSH IX (SP-2 ~ IRy, * = X s+ X s s+ = HONWIDD 2 ‘ L] 1 AF
(5P-1) = Iy 11100 100 B
5 -5 -21
PUSH IY SP-0 - M = & K &« K = = @ W 32 L) s
(SP-1) - 1Ty 10100 101 ES
$--2
FOF oq y — 5P+ 1) LA SR L 11 a0 001 i 3 (]
aay — (51
- SP el
POP 1L Xy ~ (SFs 1} LIS S S ol ol DD 3 4 1]
oy - (5P 100 001 K}
-5
PORIT My - (SP+ 1) « » I = X = & = " ol Fo 2 . 1]
- 11100 001 B)
LB KT
HOTES b sy of thee rogesees pmors BC. D HL. 5P
9 oy o e s s AT BC D WL
‘M.“ma*uu-ﬁ--‘h-ﬁ-‘“dh'ﬂ-ﬂw
we O ARy = A
Exchange. EXDLHL  DE-HL . X s X s s ¢ pIONE 1 i .
Block ELAF AP AF - AF * e X e X e e s OMOOO | i ‘
[ ] BC - BC - I = X « & & oo o 1) 4 Paglutor bmrd ared
i i oot
- HL bank sechange:
Block Search ;g 4 - spens s e X s X s o+ s KOOI E 1 E 1
Gw L - isP)
I ish. Ix Wy = 5P 1) = & I » X = & » ol oo 2 L] n
my - (57 1100 0l B
EXiSm, T My = (+1 * = § s X = = = 1w o 2 L] o
M, -5 © 1 o0 ol B
Lo (DE) — (ML) = = X O X 1 0 e« lLOIINED 3 4 " Lo (HL) it
DR - DE+1 10 100 000 AD B
ML= HLs+1 e praeery and
BC - BC-| decressed the byw
counter (BC)
LDAn (D) ~ (HL) = =« X 0 X 00 » 1ol oon B 2 L] n UBC w0
DE — DE+ | 01000 0 2 4 L WBC =0
HL — HL+1
BC - BC-|
Pagmal unbil
BC =0

WOTE ([P flog m 0 d the rewh of BC

<1 =0 athermme Y = |

Exchange, [ " Negn Opoeds Boed Mool M Bood T
'I“. L Operetion | I 4 L | MR C T 0 Ben Byies Cpeles Dietes oy
Transier. @
.ldm LDD « +« I 0 X & 0 = 11 101 101 D 1 4 L3
E 10 101 000 AS
(Continued) s ]
LDDNR (DE) = (HL) « « I 0 X 00 = 1o m 2 5 au WBC &0
DE - DE-1 10111000 B 2 . i HBC =0
HL = HL- 1
BC - BC-1
Rapeat uritl
BC =0
@ @
(=} A - [HL LI B S B S B ) I 101 Wi D i L] %
HL = HL+1 10 100 00 A}
BC - BC-1
@ o
(=, ] A - (HL (I I S INE S T 1101 e ED 2 5 n HBC » Ownd
A » (HL)Y
HL = HL+} I TR 4 6 NBC =Dor
BC-BC-| A = (HL)
Roageat urail
A = (HL)or
B =0
[e] (1]
cro A - (ML P X 4 X b0 e jilellol D 2 . 0
m - 101
-B8C-1
Q [u]
cron A - (WL [ S T TR TR T T - ] s El HBC = 0 and
A = (HL)
HL = HL-1 0o w2 . 16 HBC=0or
BC - BC- | A= (HL
L I————
A = (HL) o
EKC =0
WOTES. (T) PV g 0 o thes i o B — | = 0 csbomrwiam MY = |
(DIfegmidh = (HLI ctherws I = 0
Bt ADDAr  A=Aar EEEEE R I l [ 4 1 Ry
Arithmetlc ADO A n A=Asn PRk Yoo o ufme 2 2 7 00w
o W C
and Logical 3
Group ADD A (HL) A - A + (HL} Xt x v o+ e 1 F 7 ot
ADD A (IK+d) A = A + (Ked) T4 X VO 1 o Do 3 s w10 H
L
A
ADDA (IT+di A — A + (e e I ST B - 3 s "
ADC A& A= AensCY R BT O swewsdr
SUme A=A-5 T B o1 X ¥ 0 :mé.‘:-_
SBC A » A= A-s-CTY (O I S I O | e i
AND I T A B I """":g
repisce L
o s L K0 X P OB o ADD out shrrs,
EOR s + ¢+ £ 0O X P OO
(=1 [ I S B S N B |
INC ¢ t 1 K1 RV 0 e ' 1 4
INC (HL) P8 X o X v oo o« oo I 1 n
INC (IX + o} [ T B A o Do 3 L] n
@ nofi
- d -
NC (1T + ) K1 X Y 0 e NNIL D3 . ]
o 1o
- d =
DEC - -] [ I T I S A =y ol v, (ML),




General- Symbelic Opesde Mool MoniM Nosl T
P [PR— Operetion sz B MY N C 753010 Nes Bywe Creies Siases Comments
P
Arithmetic DAA Convermucr contend ¢+ X ¢+ X P s 1 00 T 1 ‘ Decimal sdyum
o pached BCD scoumulston
and Sollowing add ae
mibtract with ke
CPU Control pussuitis o
Groups oM v X 1 K e @ s 00O | 4
accumuleiorn (one s
compbamant]
MEG A-0-A LA S SO A A N | Lol o B 3 i L] Hagets acc (two
01 600 100 44 comphemani|
CCF cf - ¥ e KX X s 0 o0 00N ¥ ! ‘ Complemant carry
SCF cr -1 s KD X s 0 1 0O W ' ‘. Sot carry llag
ety o s s X s K s s s+ 0OGHOO O | ' 1
HALT CPU halted R S A T AT B ' .
i = IFF -0 = oe X s X o+ s s (L UOONFI | ' .
El e IFF = 1 = 0 X s X o s H Fe | I L}
MO Tt anberrupt @ = K = @ = & = 11 101 101 ED F i L]
mocke 0 01 000 110 4
™0 St anberrupt LRI BT S 1m0 ED 1 2
mode | O D10 1iD %
M2 St miwrrpt s s X e K o+ s s ij 10001 ED 2 b [
mocle 7 01 011 110 SE
NOTES  1FF inche ssam the interrups snabie Hap flep
Y omer wimn the rarry o
@ e mhen har R are e eamphed o the erd of BT s [0
16-Bit AUDHL s HL - HLsm s e X XX o+ 0 1 0000 1 ] " -
Arithmetic Al WL s HL-HLsmsCY 0 0 K K K ¥V 0 4 10100 100 ED 2 4 5 0 DE
Gmup Ol sl 010 10 ML
I se
SBCHL w  MWL-HL-m-CY ¢ 1 X K K V | 1 1 10i10 ED 2 . 15
01 w010
ADDIX pp  1X = IX « pp = s X K K » 0 1 UGN DD 2 ‘ s
0 ppl 008
ol DE
o Ix
ADG 1Y W x .
" —~Wen LR LI T TR TN I S ‘4 5w
o0 el 001 lﬂ_l‘?
ol DE
oI
n se
INC ol I T v \ &
1N X (T3 SO e X s X e os s 1 2 it
et " P N B 2 M 10
DEC = fopp— s s K b Eow ow e | N -
DEC 1% 1% - 1K1 f e K s X s e 2 2 i
EC 1Y wo o PR SR bl 2 0
NOTES o b anp @ the romgerier paneen B (0 HE S8
e b g oo e B LE IR K
T i b o s rorier e B 38 ¥ 54
Rotate and
Shift Group  "lUA s e K U X o+ 0 4 ORI O ) 4 Potae beh cxreular
acoumulaior
RLA s s X 0 X e 0 1 OO W1 P -
L L
HHCA s s K O K v 0t @@ W | 4 ot nghi circular
acvumulatcs
ARA s e XK 0 X v 0 1 O IF 1 4 Pouie isght
0T m betos
Ry ] I3 X 0 X F o i ok ol (&1 2 L] Rotare lelt corcular
0w requtee ¢
HLC (ML) P 2o X PO oy Ce 2 13 '.‘.
00 00 11 wi ¢
BLC IR v g) r'T]-I R B B S S N WMol W DD 4 & 2 L';:' ?
[RG RN ST T LERC TR ) M
- d - i)
on e g :(; l..
HIC Y s R ST S R S TR TT R TR T . n
o e O
s
i Rt ot
Wom FITE NI (T TG CHNT S ki whoen for AL &
T ham rew
vt 1y
Wi m I I B wi POV e L

L B Y e

 th A

-t

Rotate and Srmbaiic Foge Oponde Beol BeoiM Mool T
Shift asmaans Oprarutioa . ] LN | T M3 N0 Bex Byws Cyeles Bosies Commmnte
(Continued)
- 1 ' [ S (]
mmr (HLL (K = d (1Y » d}
SLAm L [ S ] (- ]
HLIAIN » (1Y o )
SRA m el o X PO i1
e (HLLAX » b (1Y  d)
SHL m L 1] o x PO mn
mm e (HL) (X + DAY + )

ALD L) £ I O £ Y o X PO 1101100 ED 2 El 18 Rotae diget bt and

. — ol 10 114 eF [Ruse
e —
el bacation (HL)

RAD i o x PO 100 ED 2 s ] The conserd of the

01100111 & wppas hall of
the sccumlston &
unabecied

Bit Set, Reset arrs - -% H I E R0 e 3 2 . . F
and Test BITb (HL 2 = (Hly, T [ S O] Moo ol CH 3 3 [ ol C
Group o b oo D

BT (edhy 2~ (Medy I [ S ] 1o ol D 4 a Ed oo

11 001 011 CB 100 M

-l 0L

o b0 A

BITb (1T - (iTedn X 1T X0 1o 4 L] n

b 11 001 011 CB ol |

-l oo 2

o b 1o on 3
o 4
w s
o
m 7

SETh. L . LR L 100l oIl CB 2 2 L]

me -

SET b (HL}  (HLig = | - = X & = o once 12 4 L]

e 1o

SETb. (IMed) (Mady =1 . DI S 101101 DD 4 . o

I\N‘IONCI

m e e

SETh (IV+d) (IWady - | L] = X o W o« L] o

1100l 01l

- d -

M e e

MES b, m - -0 . T S m To lorm
- - (ML, replace

(X s oy 11 L o9
uY +di s [ Fiasn
and b webes bor
SET nstrusction.
HOTES  The nolehon my, indwstes bel b 10 5o 7] or iastes =
Jump 1P e PC—mn . LR n 3 3 ]

P ec. nm 1l condshion o s . LI S n 3 3 n & ﬂlﬂm
trum PC = mn, - W I s
otharwiss - QI0 NC non-carvy
contine 0l C owry

100 PO parity odd
101 P panty even
110 P mgn posstive

Me . LI L 000000 I8 2 3 (F] 1 M mgn negetive

- a2 =

MC.» . LI NIII:W’ 2 1 T 1 condstion ol ml

-a=d=

1 12 U conduion m mel

MNC, = . Tl BRI oo 0 2 1 T M conditon nol met

-y -

2 3 17 N condinon i met

PLe - = X s = a1 2 7 B condifion nol sl

3 3 12 W condition s met

WKL« . O S W 1 2 T condeton mot met

-1

F 3 [ 1l concition s mel
1P (HL . LI S g ® 1 i 4
LU 4 . e X & @ bol oo 3 El L]



Jump Group Bpusieita Oponda Bosl Mool M Mol T Input and Bpmbenc Fegn Bosl Wool M Nosl T
(p ¥ A O LI [ ] WY E € M RS B By Cpsls Busies Commenin wumm Orpeersion L L ] FYE C 70000 B Byt Opsies Bimtes Coszmeme
®im [ =t ] * = X & X + =+ JIBIWAFD 2 F] . (Continued) OTDR €1 = (ML) XXX X 1o 0100 D s 1] Cilg - Ay
1§ 101 001 B9 B-B-1 10 111 011 B BuAg - Ajs
@ 00 om0 0 1 2 L} HB=0 HL - HL-1 4 "
- -1 sl wa=m
Ba0
1 3 13 HBwo
Bummary of [y o
n-' Imcruction L I L] L ] Commmanta.
. Operation ADD A« ADC A o X 0 XV 0 1 Bk oedd o sdd wah X
ik hndndecastat SUBMSBCA L CPAMIG | 1 K £ K ¥ | | 8 e, s oo corry, compare snd meogtts accumilalor
ARD » [ S A ] 0} Lopical povsiss. -
Call and CALL nn lﬂ-u-z" # « X s K s + &  jlO0MOICD 3 ] i : : : ? : : S ? [y S pe—
ISP - — POy - n [T ST S TR pre—
Return Group G = Lok b L e e
CALLec.ma M condwion B T TR 11 0 Necwhie AR LIV Y e
o b lalee - a - s s X 0 X s 0 1 Rowe
conlioue. s 3 L] 17 Nec e It X 8 X P 3 1 Motels and shil locations
ctherwim s o
CALL nn
i1 X 0 X P O Potata digit ket andl right
RET FCp - (S} s X« X = s« 11 ool ool 9 I 1] L] (I A B Decimal acdiust scvumulssor
PCH ~ ISP+ 1) oL s X 1 X s Comglement s cumulsior
SCF = « X 0 X = 0 Set carry
RET o U conditsce, = s T + K = = = 1 oc 006 I ' s L CTF =« X X X = 0 Compleman: carry
iy o e 0 FaK LA ey poree "
conkinae, I ] [} L] . IND. OUTL OUT ] 1 - &
ctharen D MR, INDR, OTIR OTOR 11X Xk oxoxoa Pl gyt 1 gt £ D B D il 20
h_f'ezm LDD I X X o0 x ] - -
;'."" S e Een LDow Y woy ¥R R Biock transler instructiona PY = | 8 BC @ 0. otherwes PV = 0
010 HE on CPI; CPIR, CPD. CPDR P A A Block search insruchons 2 = 1A = [HL), othersim 2 = 0 PV = |
RETI # s X + X = = s« (00110 ED 2 4 W oone il I BC # 0 otherwms PV = 0
01 001 10} 4D 100 PO paray odd LDA LLDA N Pt K 0 K IFF 0+ The consent of the intersupl snable (g lop (IFF) i coped inkc the PV flag
nETHL = & X s X e = = 1ol 101 ED ] N M i et BiTb s I X x Tha siate of bl b of kecation s s copled nio the 1 lag
31 Gcka: RO 1O P mgn peate
11 M mgn negativs .,'.-h“‘ l'-hl I,ﬂ.l m
ASTp I B A TR T I 3 0 - HNotatioa 5 Sign llag. 5 = 1 il the MSB of the result is I. i The flag s alfected according to the result of the
o1 onef z Zeroflag Z = | il the result ol the operation i 0. operation.
o0 oM PV Parity or overllow llag. Parity (P) and overllow . The flag is unchanged by the operation.
LT (V) share the sama llag. Logical operationa allect o The flag is resst by the operation,
pay this llag with the parity of the resull while 1 The llag ia sst by the operation.
:?; : arithmelic operations alfect this llag with the X The flag is & “don’t care.”
" oWH overflow of the result. Il P/V holds panity, PIV = v P/V llag alfected according to the overllow result
I il the result of the ocperation is even, P/V = O of the operation.
HOTL  “NETH loade UF; - OF result is odd. Il F/V holds overdlow, P/V = | if P P/V llag alfected according to the parity result of
the result of the operation produced an cverflow. the operation.
laput and A, (m) A= “ 4 X e« X + s+«  jlO0OIDE 2 3 1 niohg - Ay H Hall-carry flag. H = 1 il the add or subtract r Any one o the CPU registers A, B. C. D, E. H, L.
Output Group - n - Ace 1o Ag - Ay operation produced a carry Into or borrow from . Any B-bit location for all the addressing modes
e 1) "= 1C) 1L X 0 X P O s 11100100 ED 2 ] 1 Crohg - Ay bil 4 of 1he accumulator. aliowed lor the particular instruction.
":;"."""":"""' aL-ir; 80 By - Ay N AdeSubltract flag. N = | il the previous opers - Any 16-bit location lor all the sddresing modes
L - tion was & subtract. aliowsd for that instruction.
L] THL) = (C) TP XXX s HimNED 72 ‘ 1 CroAg - Ay H&N H and N flags are ussd in conjunction with the il Any one ol the twa index registers IX or Y.
2 IR DM Buhg - Al decimal adjust instruction (DAA) to properly cor- R Relresh counter.
™ HL) = 16} X0 X X X X § o+ ill0ii0l ED 3 s 1 Cukp- Ay rect the result into packed BCD lormal lollowing n B-bit value in rangs < 0. 255 >.
B-B-) 10 110 010 B2 W Bk Bio g - Aps ddition or suk using op ds with nn 16-bit value in range < 0, 65535 >,
HL =W« | 2 4 16 packed BCD lormat.
-soriam R c Carry/Link flag. C = 1 il the operation produced
Q & carry lrom the MSB of the operand or resull.
IND (HL} ~ (C) T oroX XX K 1 s+ 1o ED 2 . 16 Ciohg - Ay
B-B-| 10100 010 AA BuoAg - Ajs
ML = HL-1
DR (HLY = iC) X 1 X & R K | s Qil0il0IED 32 5 n Cw Mg - Ay
B-B-| 10 111 010 BA HBen BuaAg - Ajs
HL ~ HL- | 2 . 6
:—;l.-l ine=o
OUTIM. A Ini=A = s X s X+ s = QlOWON DI 3 3 n ntoAg - A7
== Acc.to Ag = Aiy
QUTICLT () =r =+ X o+ X o+ s+ s+ LIDLINED 2 3 17 Cuakg- A
o of ¢ 001 BioAg - Ajs
ouT A0 X X XK I o+ 10N ED 2 . 16 Ciuhg- Ay
10 100 011 A3 Biodg - Ajg
oTm T 0K X X X 0 o+ Q1100101 ED 37 s il Crodg - A7
10 110 011 B3 HBem BioAg - Ajs
1 4 1]
B0
[u]
outD ()~ (HL | BT S A N 1o o0 ED 2 4 16 Cue Mg - Ay
B-B-I 10 101 011 AR BioAg - A5
HL - ML~}

MOTE () 1 b vl ol B - | s s e 2 g s o om0, st



728410
Z80° DMA Direct
Memory Access Controller
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Ro-Ays. System Address Bus (output, 3-state)
Addresses generated by the DMA are sent to
both source and destination ports (mamn
memory or 1/O peripherals) on these lines.

BAI. Bus Acknowledge In (input, active Low).
Signals that the system buses have been
released lor DMA control. In multiple DMA
conligurations, the BAl pin of the highest
priority DMA 1s normally connected to the Bus
Acknowledge pin of the CPU. Lower-priority
DMAs have their BAl connected to the BAO ol
a higher priority DMA.

BAO. Bus Acknowledge Out (output, active
Low). In a multiple-DMA configuration, this
pin signals that no other higher-priority DMA
has requested 1' - system buses. BAI and BAD
form a daisy chain for multiple-DMA priority
resolution over bus control,

BUSREQ. Bus Request (bidirectional, active
Low, open drain). As an output, it sends
requests for control of the sy address bus,
data bus and control bus to the CPU. As an
inpul, when multiple DMAs are stru

together in a priority daisy chain via and
BAO, it senses when another DMA has
requested the buses and causes this DMA to
refrain from bus requesting until the other
DMA is linished. Because it is a bidirectional
pin, there cannot be any bulfers between this
DMA and any other DMA. It can, however,
have a bulfer between it and the CPU because
i is unidirectional into the CPU. A pull-up
resistor is connected to this pin.

CE/WRIT. Chip Enable and Wait (inpul,
active Low). Normally this lunctions only as a
CE line, bul it can also be programmed to
serve a WAIT function. As a CE line Irom the
CPU, it becomes active when WH and [ORO

are active and the 1/O port address on the
system address bus is the DMA's address,
thereby allowing a transler ol control or com-
mand bytes from the CPU to the DMA. As a
WATT line trom memory or /O devices, alter
the DMA has received a bus-request ack-
nowledge Irom the CPU, it causes wail states
o be inserted in the DMA’s operation cycles
thereby slowing the DMA o a speed that
malches the memory or 1/O device.

CLK. System Clock (input). Standard Z-80
single-phase clock al 2.5 MHz (Z-80 DMA) or
4.0 MHz (Z-80A DMA). For slower system
clocks, a TTL gate with a pullup resistor may
be adequate to meet the iming and vollage
level specification. For higher-speed systems,
use a clock driver with an active pullup to
meel the Vi specilication and riselime
requirements. In all cases there should be a
resistive pullup lo the power supply of 10K
ohms (max) 1o ensure proper power when the
DMA 1s reset

Dy-Dy. System Data Bus (bidirectional,
3-state). Commands from the CPU, DMA
stalus, and dala lrom memory or I/'O
peripherals are transferred on these lines.

IEL. Interrupt Enable In (input, active High).
This is used with IEO to form a priority daisy
chain when there is more than one interrupt-
driven device. A High on this line indicates
that no other device ol higher priority 15 being
serviced by a CPU interrupt service routine,

IEO. Interrupt Enable Out (outpul, active
High). 1EQ is High only if IEI is High and the
CPU is nol servicing an interrupt from this
DMA. Thus, this signal blocks lower-priority
devices from interrupting while a higher:
priority device is being serviced by its CPU
interrupt service rouline.

INT/PULSE. Interrupt Request (output, active
Low, open drain). This requests a CPU inter-
rupl. The CPU acknowledges the interrupt by
pulling its IORQ output Low during an M1
cycle. It i1s typically connected 1o the INT pin
of the CPU with a pullup resistor and tied to
all other INT pine in the syslem. This pin can
also be used lo generate peniodic pulses to an
external device. [t can be used this way only
when the DMA 1s bus master (i.e., the CPU's
BUSREQ and BUSACK lines are both Low
and the CPU cannot see interrupts).

IORQ. Input/Oufput Request (bidirectional,
active Low, 3-state). As an input, this indicates
that the lower hall of the address bus holds a
valid I/O port address lor transler of control ar
status byles from or lo the CPU, respectively;

this DMA is the addressed port if its CE pin
and its WR or RD pins are simultanecusly
active. As an output, after the DMA has taken
control of the system buses, il indicates that
the B-bit or 16-bit address bus holds a valid
port address for another /O device involved in
a DMA transier of data. When [ORQ and M1
are both active simultaneously, an interrupt

i e indleated
ack ge Is

Mi. Machine Cycle One (input, active Low).
Indicates that the current CPU machine cycle
is an instruction fetch. It is used by the DMA
to decode the return-from-interrupt instruction
(RETI) (ED-4D) sent by the CPU. During two-
byte instruction fetches, M1 is active as each
opcode byte is letched. An interrupt ack-
nowledge is indicated when both M1 and

are active.
MREQ. Memary Request (output, active Low,
3-state). This indicates that the address bus
holds a valid address for 8 mémory read or
write operation. After the DMA has taken con-
trol of the system buses, it indicates a DMA

request from or to Y.

HAD. Reod (bidirectional, active Low, 3-state).
As an input, this indicates that the CPU wants
to read status bytes from the DMA’s read
registers. As an output, alter the DMA has
taken control of the system buses, it ind| a
DMA-controlled read irom a memory or VO
port address.
RDY. Ready (input, programmable active Low
or High). This is monitored by the DMA to
dat when a periph | device 4
with a DMA port s ready for a read or write
operation. Depending on the mode of DMA
operation (Byte, Burst or Continuous), the RDY
line indirectly controls DMA activity by caus-
ing the line to go Low or High.
WH. Write (bidirectional, active Low, 3-state).
As an input, this indicates that the CPU wants
to write control or command bytes to the DMA
write registers. As an output, after the DMA
has taken control of the system buses, it

dicates a DMA lled write to a memory
or YO port address.

The Z-80 DMA has two programmable fun-
damental slates: (1) an enabled state, in which
it can gain control of the system buses and
direct the transler ol data between ports, and
(2) a disabled slate, in which it can initiale
neither bus requests nor data translers. When
the DMA 1s powered up or resel by any means,
it is aulomatically placed into the disabled
state. Program commands can be written to il
by the CPU in either state, bul this auto-
matically puts the DMA in the disabled state,
which is maint d until an ble d
is issued by the CPU. The CPU mus! program
the DMA in advance of any data search or
transier by addressing il as an 1/O port and
sending a sequence ol conltrol bytes using an
Output instruction (such as OTIR lor the
2.80 CPU).

Writing. Conirol or command bytes are writ-
ten into one or more of the Write Register
groups (WRO-WRE) by lirst writing to the base
register byte in that group. All groups have
base registers and most groups have additional
associated registers. The associated registers
in a group are sequentially accessed by first
writing # byte to the base reg i

Readlig. The Read Registers (RRO-RR6) are
read by the CPU by addressing the DMA as an
1/0 port using an Input instruction (such as
INIR lor the Z-80 CPU). The readable bytes
contain DMA status, byte counter values, and
port addresses since the last DMA resel. The
registers are always read in a fixed sequence
beginning with RRO and ending with RR6.
However, the register read in this sequence is
determined by programming the Read Mask in
WRE. The sequence of reading is initialized by
writing an Initiate Read Sequence or Set Read
Status command to WH6. Alter a Reset DMA,
the must be initialized with the
Initiate Read Sequence command or a Read
Status command. The sequence ol reading all
registers that are not excluded by the Read
Mask register must be completed belore a new
Initiate Read Sequence or Read Status
command.

Fixed-Address Programming. A special cir-
cumstance arises when programming a desti-

nation port to have a fixed address. The load
command in WR6 only loads a lixed address to
a porl selected as the source, nol to a port

register-group identification and pointer bits
(1's) to one or more ol that base register's
associated registers.

This is illustrated in Figure Bb. In this
figure, the sequence in which associated
registers within a group can be wrilten to is
shown by the vertical position of the associated
registers. For example, il a byte written to the
DMA contains the bits that identify WRO (bits
DO, DI and D7), and also contains |'s in the
bit positions that point 1o the associated “Port
A Starting Address (low byte)" and "Port A
Starting Address (high byte),” then the next
two bytes written to the DMA will be stored in
these two registers, in thal order

lected as the destination. Therefore, a lixed
destination address musl be loaded by tem-
porarily declaring it a lixed-source address
and subsequently declaring the true source as
such, thereby implicitly making the other a
destination.

The lollowing example illustrates the steps in
this proceduré, assuming that transiers are to
occur from a variable-address source (Port A)
to a fixed-address destination (Port B):

|. Temporarily declare Port B as source in
WRO.

2. Load Port B address in WRE.
3. Declare Port A as source in WRO.
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RAg- Ay. Port A Bus (bidirectional, 3-state).
This B-bit bus transfers data, status, or control
information between Port A ol the PIO and a
peripheral device. Ag is the least significant
bit ol the Port A data bus.

ARDY. Register A Ready (output, active
Hjgh). The meaning ol this signal depends on
the mode ol operation selecled for Port A as

follows:

Oulput Mode. This signal goss active to indicate that the
Port A outpul reqister has been loaded and the peripheral
data bus is slable and ready for transler 1o the peripheral

device.

lInput Mode. This signal is active when the Port A inpul
register is smpty and ready to accepi data lrom the
penpheral device

Bidirectional Mode. This ssignal is sctive when data
available in the Port A outpul register lor transier 10 the
peripheral device. In this mode, data is not placed on the
Port A data bus, unless i active.

Control Mode. This signal is disabled and lorced 1o a Low
sl

KSTB. Port A Strobe Pulse From Peripheral
Device (Input, active Low). The meaning of
this signal depends on the mode ol operati

Be-By. Port B Bus (bidirectional, 3-state). This
B-bit bus translers data, status, or control
information between Port B and a peripheral
device. The Port B data bus can supply

1.5 mA at 1.5 V to drive Darlinglon transistors
By is the least significant bit of the bus.

B/K. Port B Or A Select (input, High = B).
This pin defines which port is accessed during
a data transfer between the CPU and the PIO.
A Low on this pin selects Port A; a High
selects Port B. Often address bit Ag from the
CPU is used lor this selection lunction.

BRDY. Register B Ready {output, active High).
This signal is similar to ARDY, except thal in
the Port A bidirectional mode this signal is
High when the Port A inpul register is empty
and ready lo accept data from the peripheral
device.

BSTB. Port B Strobe Pulse From Peripheral
Device (in ﬂ:mac!ive Low). This signal is
similar lo excep! that in the Port A
bidirectional mode this signal sirobes data
from the peripheral device into the Port A
inpul register.

C/D. Control Or Data Select (input,

High = C). This pin defines the type of data
transier to be performed belween the CPU and
the PIO. A High on this pin during a CPU
wrile to lhc P[D causes the Z-80 data bus to be
d for the port selected
by the B-"I Selnct line. A Low on this pin
means that the Z-B0 data bus is being used to
transfer data between the CPU and the PIO.
Often address bit A} from the CPU is used for
this function.

CE. Chip Enable (input, active Low). A Low
on this pin enables the PIO to accept com-
mand or data inputs from the CPU during a
write cycle or to transmit data to the CPU dur-
ing a read cycle. This signal is generally
decoded Irom lour /O port numbers lor Ports
A and B, data, and control.

CLE. System Clock (input). The Z-80 P1O uses
the standard single-phase Z-80 system clock.

selected lor Port A as follows:

Output Mods. The positive sdge ol this strobe i3 ssusd by
the peripheral lo acknowledge the receipt of dala made
available by the PIO.

Inpul Mode. The strobe is lssued by the peripheral to losd
data Irom the peripheral into the Port A inpul register.
Data is losded into the PIO when this signal is active.
Bidirectional Mods Whan this signal is active, data irom
the Port A oulpul reguster is galed onto the Port A bidirec-
nonal data bus. The positive edge of the strobe acknow!.
edges the receipt of the dats.

Control Mods. The strobe is inhibited internally

Dy-Dy. Z-80 CPU Data Bus (bidirectional,
3.state). This bus is used to transfer all data
and commands between the Z-80 CPU and the
2-80 PIO. Dy is the least significant bit.

IEl. Interrupt Enable In {input, active High).
This signal is used to form a priority-interrupt
daisy chain when more than one interrupt-
driven device is being used. A High level on
this pin indicates that no other devices ol
higher priority are being serviced by a CPU
interrupl service routine.



Pin
Description
(Conlinued)

IEQ. Interrupt Enable Out (output, active
High). The IEO signal is the ather signal
required to lorm a daisy chain prionity scheme
It is High only if 1El 1s High and the CPU s
not servicing an interrupt lrom this PIO. Thus
this signal blocks lower priority devices from
interrupling while a ligher prionty device 1s
beng serviced by s CPU interrupt service

Frobinee

INT. /nterrupl Request (outpul, open dran,
achve Low) When INT 1s active the 2 80 PIO
15 requesting an interrupt lrom the Z.80 CPU

IORQ. Input/Clutput Request (input trom Z 80
CPU, achive Low) 10RO 1s used in conjune
tion with B/A, C/D, CE, and RD to transler
commands and data between the £ 80 CPU and
the Z BU FIO When CE, RD, and TORD are
active, the port addressed by B/A transters
ilata 1o the CPU (a read operation). Con
versely, when CE and [ORQ are active but RD
15 nol, the port addressed by B/A 15 written
e trom the CPU with either data or control

inlormation, as specibied by C/D. Also, if
[ORO and M1 are active simultaneously, the
CPU is acknowledging an interrupt; the inter
rupting port automatically places its interrupt
vector on the CPU data bus il i 15 the highest
prionty device requesting an interrupl.

ML. Machine Cyele (inpul lrom CPU, active
Low}. This signal is used as a sync pulse to
control several internal PIO operahions. When
both the M1 and RD signals are active, the
Z-80 CPU s letching an instruction lrom
memory. Conversely, when both M1 and
10RO are active, the CPU 1s acknowledging
an mterrupl. In addition, M1 has two other
lunchons withun the Z.80 P1O° 0 synchromizes
the: PIO anterrupt logie, when M1 oocurs
withiout an achive RD or 10K signal, the PIO
1% resel

RD. Reod Cycle Status (input lram Z 80 CPU
active Low) 1l KD 15 active, or an 11O opera
tion 15 in progress, HD 1s used with B/A, C/D,
CE, and TORQ 1o transter data lrom the 7 80
PIC) 1o the £.80 CPU

Programming

Mode 0, 1. or 2. (Byte Input, Oulput, or
Bidirectional). Programming a part lor Mode
0, 1, or 2 requires lwo words per port. These
words are:

A Mode Control Word  Selects the port operaling mos de
tFiqure 6} This word may be wrillen any lime

An lnterrupt Vector  The 2 80 PIO 15 designed lor use with
the Z B0 CPU in interrupt Mode 2 (Figure 7). When inter
rupts are enabled, the PIO must pravide an inferrupt
vectur

Mode 3. (Bit Input/Output). Programming a
port lor Mode 3 operation requires a control
word, a vector (il interrupts are enabled), and

three additional words, described as follows:

10 Reguster Control When Mode 3 is selected, the mode
vontrol word must be lollowed by another contral word that
sets the [/0) control requster. which in turn delines which
porl hines are inpuis and which are outputs (Figure 8)

Interrupt Control Word. In Mode 3, handshake is not
wsed  Intetrupts are generated as a logie lunction < the
nput signal bevels The interrupt control wond sets i
e conditions and the lomgie levels required for e
ating an inlerrupd. Two logic conditions o lunebions e
available AND (0 all impat bots chanoge 1o the 4 s lewe
an nterrupt s ingoeted) and OR Gl any oo 8 1l gt
Lats chanaes to the active level, an interragd s trgogeel
B U sets the bogec function, as shown in Figure 9 The
active level of the gt bats can be sel either High or Low
Thier actiwr lewel is controlled by Bo Dy

Mask Control Word  This word sets the mask contecl
pepister. allowinag any anused bis 1o b masked oll 1 any
s are 1 be masked, then Dy must be set. When [y s w4
wt word weilten to the porl must be o mask conteol

wocted (Fipure 1)

Interrupt Disable. There is one other control
word which can be used to enable or disable a
port interrupt. It can be used without changing
the rest ol the inlerrupt control word

(Figure | 1)
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Figure §. Mode Control Word
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CE. Chip Enable (input, active Low). When
enabled the CTC accepts control words, inter-
rupt vectors, or time constant data words from
the data bus during an [/O write cycle; or
transmits the contents of the down-counter to
the CPU during an /O read cycle. In most
applications this signal is decoded from the
eight least significant bits of the address bus
lor any of the four 'O port addresses that are
mapped to the four counter-timer channels.

CLK. Systern Clock (input). Standard single-
phase Z-80 system clock.
CLK/TRGy-CLE/TRGy. External Clock/Timer
Trigger (input, user-selectable active High or
Low). Four pins corresponding to the lour Z-80
CTC channels. In counter mode, every active
edge on this pin decrements the down-counter.
In timer mode, an active edge starts the timer.
C8¢-CS8,. Channel Select (inputs active High).
Two-bit binary address code selects one of the
four CTC channels for an 1/O write or read
(usually connected to Ag and A).

Dy-Dy. System Data Bus (bidirectional,

IEO. Interrupt Enable Out (outpul, active
High). High only if IEI is High and the Z-80
CPU is not servicing an interrupt from any
Z-B0 CTC channel. IEO blocks lower priority
devices from interrupting while a higher
priority interrupting device is being serviced.

INT. Interrupt Reques! (output, open drain,
active Low). Low when any Z-80 CTC channel
that has been programmed to enable interrupts
has a zero-count condition in its down-counter.

IORQ. Input/Output Request (input from CPU,
active Low). Used with CE and RD to transfer
data and channel control words between the
Z-80 CPU and the Z-B0 CTC. During a write
cycle, [ORQ and CE are active and
inactive. The Z-8B0 CTC does not receive a
specific write signal; rather, it internally
ates its own from the inverse ol an active

signal. In a read cycle, [ORQ, CE and RD
are active; the contents of the down-counter
are read by the 2-80 CPU. If [DRQ and M1 are
both true, the CPU is acknowledging an inter-
rupt request, and the highest priority inter-
rupting channel places its interrupl vector on
the Z-80 data bus.

Mi. Moachine Cycle One (input from CPU,
active Low). When M1 and IORQ are active,
the Z-80 CPU is acknowledging an interrupt.
The Z-80 CTC then places an interrupt vector
on the data bus if it has highest priority. and if
a channel has requested an interrupt (INT).

RD. Read Cycle Status (input, active Low).
Used in conjunction with and CE to
transier data and channel control words
between the Z-80 CPU and the Z-80 CTC.

RESEY. Reset (input active Low). Terminates
all down-counts and disables all interrupts by
resetting the interrupt bits in all control
registers; the ZC/TO and the Interrupt outputs
go inactive; [EO reflects IEI; Dg-D7 go to the
high d slate.

3-state). Translers all data and d
between the Z-B0 CPU and the Z-80 CTC.

IEl. /nterrupt Enable In (input, active High).
A High Indicates that no other Interrupting
devices of higher priority in the daisy chain
are being serviced by the Z.80 CPU.

IC/TOg-ZC/TOy. Zaro Count/Timeout (output,
active High). Three ZC/TO pins corresponding
to Z-80 CTC channels 2 through 0 (Channel 3
has no ZC/TO pin). In both counter and timer
modes the output is an active High pulse when
the down-counter decrements to zero.



Programming Each Z-B0 CTC channel must be pro-

grammed prior lo operation. Programming
consists ol writing two words to the 10 port
that corresponds to the desired channel. The
first word is a control word that selects the
operaling mode and other parameters; the
second word 15 a ime constant, which is a
binary data word with a value from | 1o 256. A
time constant word must be preceded by a
channel control word

Alter imhialization, channels may be
reprogrammed at any lime  If updated control
and hime constant words are wrilten 1o a chan
nel during the count operation, the counl con-
tinues to zero belore the new tune constant is
loaded into the counter.

If the interrupt on any Z 80 CTC channel 1s
enabled, the programming procedure should
also include an interrupt vector. Only one vec-
tor is required lor all lour channels, because
the interrupt logic automatically modihies the
vecior lor the channel requesting service

A control word 15 1dentihed by a 1 in bit 0.
A 0 in bil 2 indicates a me constant word is to
lollow. Interrupt vectors are always addressed
to Channel 0, and identified by a 0 in bt 0.

During progr channels
are addressed with the channel select pins C5;
and CS3. A 2 bil binary code selects the
appropriate channel as shown in the following
table

Channel CS; CSg

0 0 0
I 0 |
2 | 0
3 | 1

Reset. The CTC has both hardware and solt-
ware resets. The hardware resel terminates all
down-counts and disables all CTC interrupts
by resetting the interrupt bits in the control
registers. In addition, the ZC/TO and Interrupt
outputs go inactive, [EO reflects 1El, and
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Dg-Dy go to the high-impedance state. All
channels must be completely reprogrammed
alter a hardware reset,

The software reset is controlled by bit 1 in
the channel control word. When a channel
receives a software resel, it stops counting.
When a software resel is used, the other bits in
the control word also change the contents of
the channel control register. Alter a soltware
resel a new lime constant word must be written
1o the same channel.

Ii the channel control word has both bits Dy
and D7 set to |, the addressed channel stops
operating, pending a new time constant word.
The channel i1s ready 1o resume aller the new
constant i1s programmed, In himer mode, il
Dy = 0. operation is inggered automatically
when the ime constant word 1s loaded.

Channel Control Word Programming. The
channel control word 18 shown in Figure 5 It
sets the modes and parameters described
below.

that an inferrupt ‘output (INT) 1s qeneroled al
zero count. Interrupls may be programmed in
either mode and may be enabled or disabled
al any lime.

Operating Mode. D selects either imer or
counter mode.

Prescaler Factor. (Timer Mode Only). Ds
selects lactor— either 16 or 256.

Trigger Slope. Dy selects the active edge or
slope ol the CLK/TRG input pulses. Note that
reprogramming the CLE/TRG slope during
operation 1s equivalent to issuing an achive
edge. Il the Irigger slope is changed by a con-
trol word update while a channel is pending
operation in timer mode, the result is the same
as a CLK/TRG pulse and the timer starts.
Similarly, if the channel is in counter mode,
the counter decrements.

TR TR
# = AUTOMATIC / ARQOEN el
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Figure 5. Channel Coatrol Word

(Continued)

Trigger Mode (Timer Mode Only). Dj selects
the trigger mode lor timer up-uilon W'hen Dy
is reset to 0, the timer Is irigg

Software Reset. Setting D; to | + “ises a solt-
ware resel, which is described in .he Resei

ally. The time constant word is proqrammd
during an /O write operation, which takes one
machine cycle. At the end of the write opera-
tion there is a setup delay ol one clock perlod
The timer starts automatically ( ) on
the rising edge of the second clock pulse (T3)
of the machine cycle lollowing the write opera-
tien. Once slarted, the timer runs contin-
uously. At zero count the timer reloads

aulc lly and conti ¢ ing withoul
interruption or delay, until stopped by a reset,

When Dy is set to 1, the timer is iriggered
externally through the CLK/TRG input. The
time tant word 18 prog d during an
17O write operation, which takes one machine
cycle. The timer is ready lor operation on the
rising edge of the second clock pulse (T3) of
the following machine cycle. Note that the first
timer decrement follows the active edge of the
CLK/TRG pulse by a delay lime of one clock
cycle il a minimum setup time to the rising
edge of clock is met. If this minimum is not
met, the delay is extended by another clock
period. Consequently, lor immediate trigger-
ing, the CLK/TRG inpul must precede T; by
one clock cycle plus its minimum setup time. If
the minimum lime is not met, the timer will
slari on the third clock cycle (T3).

Once started the timer operates contin-
uously, without interruption or delay, until
stopped by a reset.

Time Constant to Follow. A | in D; indicates
that the next word addressed to the selected
channel is a time constant data word for the
time constant register. The time constant word
may be written at any time.

A 0 in Dy indicates no time it word s
to follow. This is ordinarily used when the
channel is already in operation and lhe new
channel control word is an upd 1

Control Word. Setting Dy to | identifies the
word as a control word.

Times Constant . Belore a chan-
nel can start counting il must receive a time
constant word from the CPU Dnrlnq program-
ming or rep h | control
word in which bit 2 is set mult precede the
time constant word to Indicate that the next
word is a time constant. The time constant
word can be any value Irom | to 256 (Figure
6). Note that 00g is interpreted as 256.

In timer mode, the time interval is controlled
by three lactors:

8 The system clock period (#)

B The prescaler lactor (F), which multiplies
the interval by either 16 or 256

@ The time constant (T), which is programmed
into the time constant register

Consequently, the time interval is the pro-
duct ol ¢ xPx T. The minimum timer resolu-
tion is 16 x @ (4 us with a 4 MHz clock). The
maximum timer interval is 256 % ¢ % 256 (16.4 ms
with a 4 MHz clock). For longer Intervals
timers may be cascaded.

Interrupt Vector Programming. If the Z-80
CTC has one or more interrupts enabled, it
can supply Interrupt vectors to the Z-80 CPU.
To do so, the Z-80 CTC mus! be pre-pro-
grammed with the most-significant five bits of
the interrupt vector. Programming consists of
writing a vector word to the 1/O port cor-
responding to the Z-80 CTC Channel 0. Note
that Dy of the vector word is always zero, to
distinguish the vector Irom a channel contral
word. D) and D; are not used in programming
the vector word. These bits are supplied by
the interrupt logic to identily the channel

will not operate without a time mmunt value.
The only way to write a lime constant value is
to write a control word with Dy set.

I

Figure §. Time Constont Word

req qQ interrupt service with a unique
interrupt vector (Figure 7). Channel 0 has the
highest priority.
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Figures | through 6 illustrate the three pin
conligurations (bonding options) available in
the SIO. The constraints of a 40-pin package
make it im| ible to bring out the Receive
Clock (RxC), Transmit Clock (TxC). Data Ter-
minal Ready (DTR) and Sync (SYNC) signals
lor both channels. Therefore, either Channel B
lacks a signal or iwo signals are bonded
together in the three bonding options oliered:

® Z.80 S1O/2 lacks SYNCB
® 2-80 SIO/) lacks DTRB

® Z 90 510/0 has all lour signals, but TxCB
and RxCB are bonded together

The first bonding oplion above (510/2) is the
prelerred version lor most applications. The
pin descriptions are as follows:

B/A. Channel A Or B Select {input, High
selects Channel B). This input defines which
channel i1s accessed during a data transler
between the CPU and the SIO. Address bit Ag
from the CPU is olten used lor the selection
function.

C/D. Control Or Data Select (input, High
selects Conltrol). This input defines the type ol
information transler performed between the
CPU and the SIO. A High at this input during
a CPU write to the 510 causes the information
on the data bus to be interpreled as a com
mand for the channel selected by B/A. A Low
at /D means thal the information on the data
bus is data. Address bit A is olten used lor
this lunchion.

CE. Chip Enable (input, active Low), A Low
level at this input enables the SIO to accept
command or data input from the CPU during a
wrile cycle or to transmil data to the CPU
during a read cycle.

CLE. System Clock (input). The SIO uses the
standard Z-B0 System Clock to synchronize
internal signals. This is a single-phase clock.

CTSA. CTSB. Clear To Send (inputs, active
Low). When programmed as Auto Enables, a
Low on these inputs enables the respective
transmitter. If not programmed as Auto
Enables, these inpuls may be programmed as
general-purpose inputs. Both inputs are
Schmitt-trigger bullered to accommodate slow-
riselime signals. The SIO detects pulses on
these inputs and interrupts the CPU on both
logic level transitions. The Schmitt trigger bul
fering does not guarantee a specified noise-
level margin.

Dy-Dy. System Data Bus (bidirechional,

3 state). The system dala bus translers data
and commands between the CPU and the Z 80
SIO. Dy is the least signilicant bit.

DCDA. DCDB. Data Carrier Detect {inpuls,
active Low). These pins tunction as receiver
enables if the SIO 1s programmed for Auto
Enables; otherwise they may be used as
general purpose input pins. Both pins are
Schmitt-trigger bullered to accommodate slow
risetime signals. The SO detects pulses on
these pins and interrupts the CPU on bath
logic level transitions. Schmitt trigger bulfer-
ing does nol guarantee a specific noise level
margin.

DTRA. DTRB. Dota Terminal Ready (outputs,
active Low). These oulputs lollow the stale pro
grammed into Z-80 510, They can also be pro
grammed as general purpose outputs

In the Z 80 SIO/ | bonding option, DTRB is
omilted.

IE1. [nterrupi Enable In (inpul, active High).
This signal i1s used with [EQ to lorm a priority
daisy chain when there 1s more than one
interrupl driven device. A High on this line
inchicates thal no other device ol higher pri-
ority is being serviced by a CPU interrupt ser-
vice routine

IEQ. Interrupt Enable Ouf (output, active
High). 1EO is High only 1l IEl is High and the
CPU 15 not servicing an interrupl from this
SIO. Thus, this signal blocks lower priority
devices Irom interrupting while a higher
priority device 13 being serviced by its CPU
interrupt service rouline

INT. Interrupt Request (output, open drain,
active Low). When the 510 1s requesting an
interrupt, 1t pulls INT Low

IORQ. Input/Output Request (input from CPU,

active Low). IORQ is used in conjunction with

Pin

Description
(Continued)

B/A, C/D, CE and RD to transier commands
and data between the CPU and the SIO. When
CE. RD and TORQ are all active, the channel
selected by B/A translers data to the CPU (a
read operation). When CE and [ORQ are
active but RD is inactive, the channel selected
by B/A is written to by the CPU with either
data or control information as specilied by
C/D. i IDRQ and M1 are active simultane-
ously, the CPU is acknowledging an interrupt
and the SIO automatically places ils interrupt
vector on the CPU data bus if it is the highest
priority device requesting an interrupt.

MI. Moachine Cycle (input from 2-80 CPU,
active Low). When M1 is active and AD is also
active, the Z-80 CPU s fetching an instruction
{rom memory; when M is active while {ORQ s
active, the SIO accepts M1 and IORQ as an
interrupl acknowledge if the SIO is the highest
priority device that has interrupted the Z-80
CPU.

AxCA. RxCB. Receiver Clocks (inputs).
Receive data is sampled on the rising edge of
AxC. The Receive Clocks may be 1, 16, 32 or
64 times the dala rate in asynchronous modes.
These clocks may be driven by the Z-80 CTC
Counter Timer Circuit for programmable baud
rate generation. Both inputs are Schmitt-
trigger bullered (no noise level margin is
specified).

In the Z-80 S10/0 bonding option, RxCB is
bonded together with TxCB.

AD. Read Cycle Status (input from CPU,
active Low). If RD is active, a memory or /O
read operation is in progress. RD is used with
B/A, CE and IORQ to transfer data from the
510 to the CPU.

RxDA, RxDB. Receive Daola (inputs, active
High). Serial data at TTL levels.

RESET. Reset (input, active Low). A Low
RESET disables both receivers and transmit-
ters, lorces TxDA and TxDB marking, forces
the modem controls High and disables all
interrupts. The control registers must be
rewritten alter the SO is reset and belore data
1s transmitted or received.

RTSK . RTSB. Request To Send (output
active Low). When the RTS bit in Write
Register 5 (Figure 14) is set, the RTS output
goes Low, When the RTS bit is reset in the
Asynchronous mode, the outpul goes High
alter the transmitter is empty. In Synchronous
maodes, the RTS pin striclly follows the state of
the RTS bit. Both pins can be used as general-
purpose outputs.

SYNCA. SYNCB. Synchronization (inputs/out-
puts, aclive Low). These pins can act either as
mputs or outputs. In the asynchronous receive
mode, they are inputs similar to C15 and
DCD. In this mode, the transitions on these
lines alfect the state of the Sync/Hunt status

bits in Read Register 0 (Figure 13), but have
no other function. In the External Sync mode,
thm lines also act as inputs. When external
4, SYNCT must be

synchr n is ach
driven Low on the second edge of RxC
alter that rising edge ol on which the last
bit of the sync character was received. In
other words, after the sync pattern is detected,
the external logic must wail for two full
Receive Clock cycles lo activate the

input. Once SY is lorced Low, it should be
kept Low until the CPU informs the external
synchronization detect logic that synchroniza-
tion has been lost or a new message is aboul to
starl. Character assembly begins on the rising
edge of RxC that immediately precedes the
talling edge of SYNC in the External Sync
mode.

In the internal synchronization mode
(Monosync and Bisync), these pins act as out-
puts that are active during the part ol the
receive clock (ixC) cycle in which sync
characters are recognized. The sync |
is not latched, so these outputs are active each
lime a sync pattern is recognized, regardiess
ol character boundaries.

In the Z-80 SIO/2 bonding option, STNCB
is omitted.

T<Ck TEs. 1 tter Clocks (inputa). In
asynchronous modes, the Transmitter Clocks
may be 1, 16, 32 or 64 times the data rate;
however, the clock multiplier for the transmit-
ter and the receiver must be the same. The
Transmit Clock inputs are Schmitt-trigger bul-
fered for relaxed rise- and fall-time require-
ments (no notse level margin is specified).
Transmitter Clocks may be driven by the Z-80
CTC Counter Timer Circult for programmable
baud rate generation.

In'the Z-80 SIO/®
TxDA. TxDB. Tranamit Data (outputs, active
High). Serial data at TTL levels. TxD changes
from the lalling edge of TxC.

W/RDYA. W/RDYB. Wait/Ready A, Wail/
Ready B (outputs, open drain when pro-

gr d for Wait jon, driven High and
Low when programmed for Ready lunction).
These dual-purpose outputs may be pro-
grammed as Ready lines for a DMA controller
or as Wait lines that synchronize the CPU to
the 51O dala rate. The reset state is open
drain.

option, TxCB 1s




Programming

The system program lirst issues a series ol
commands that initialize the basic mode of
operation and then other commands that
qualily conditions within the selected mode.
For example, the asynchronous mode,
character length, clock rate, number of stop
bits, even or odd parity might be set lirst; then
the interrupt mode; and linally, receiver or
transmitter enable

Both channels contain registers that must be
programmed via the system program prior to
operation. The channel-select input (B/A) and
the control/data input (C/D) are the command-
structure addressing controls, and are normal-
ly contralled by the CPU address bus. Figures
15 and 16 illustrate the iming relationships lor
programming the wrile reqisters and transler
ring dala and stalus

Read Registers. The 51O conlains three read
reqisters lor Channel B and two read registers
for Channel A (RRO-RR2 in Figure 13) that can
be read to oblain the status information, RR2
contains the internally-modiliable interrupt
vector and 1s only in the Channel B reqister
zel. The status information includes error con-
ditions, interrupt vector and standard
communications-interface signals.

To read the conlents of a selected read
reqister other than RRO, the system program
must lirst write the pointer byte 1o WRO in
exactly the same way as a wrile regisler opera
tion. Then, by executing a read instruction,
the conlenis of the addressed read reqgister can
be read by the CPU.

The status bits ol RRO and RR1 are carelully
grouped lo simplily status ing. For
example, when the interrupt vector indicates
that a Special Receive Condit interrup! has
occurred, all the appropriate error bits can be
read Irom a single register (RR1).

Write Registers. The SIO contains eight write
reqisiers lor Channel B and seven wrile
reqisters lor Channel A (WRO-WR?7 in Figure
14) thal are programmed separately to con-
figure the functional personality of the chan-
nels; WR2 contains the interrupt vector for
both channels and is only in the Channel B
register set. With the exception of WRO, pro-
gramming the write registers requires two
byles. The lirst byte is to WRO and contains
three bits (Dg-D3) that point to the selected
register; the second byte is the actual control
word that is written into the register to cor
figure the SIO.

WRO is a special case in that all of the basic
commands can be written to it with a single
byte. Resel (internal or external) initializes the
pointer bits Dg-D3 1o point to WRO. This
implies that a channel resel must not be com-
bined with the pointing to any register.
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