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1. Uberblick iiber ein Z80-Mikroprozessorsystem

Die Zentraleinheit besteht aus einer universellen Logikschaltung,
die vorher definierte Befehle einziehen, verstehen und ausfiihren
kann.

Die I/0-Einheiten ibernehmen die Kommunikation mit der AuBenwelt.

CPU und I/0-Bausteine sind architektonisch aufeinander abgestimmt
und konnen nur zusammen ihre volle Leistungsféhigkeit (Interrupt)
entwickeln.

Der Speicher kann im Gegensatz dazu aus Bausteinen der ver-
schiedensten Hersteller aufgebaut sein, sofern eine geschwindig-
keitsmdBige (Zugriffszeit), sowie pegelmi@Bige Anpassung sicherge-
stellt ist.

Der Bus stellt die Summe aller Verbindungsleitungen zwischen den
drei Elementen dar.

.

REL. 2.0, MARZ 1984 780/1-1
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1.1 Z80-Bus-Organisation

Alle Teilnehmer liegen iiber Tristate~Puffer parallel am Datenbus.

] !
! !
! !
! !
! Tristate- !
! Steuerltg.!
! !
! !
! !

!

!

Tristate- ! ! Tristate-
! ! ! - - -
! Daten- ! Daten- ! ! Daten-
! sender I ! sender II ! ! empfang
! (cpru)

! !
! !
! !
! !
! !

! Steuerltg.! ! Steuerltg.!
! ! 1
! !
! !
! ! (Speicher)! ! (Speicher)
! ! ! !

Nur Jje 2zwei Einheiten diirfen am- Datenverkehr teilhaben, alle
anderen miissen abgeschaltet (im hochomigen Zustand) sein.

a) AdreBbus

Die CPU gibt die Adresse der Einheit aus, mit der sie in Verbindung
treten will
(Unibus)

b) Datenbus

Auf ihm erfolgt der Datenverkehr zwischen CPU, Speichern und I/0-
Einheiten.
(Bidirektionaler Bus).

¢) Steuerbus

Die CPU beeinfluBt die angesprochene Einheit durch Steuerbus-
Signale éRD, WR etc.). Die CPU wird beeinfluB8t durch Steuerbus-
Signale (RESET, WAIT, INT, NMI etc.).

REL. 2.0, MARZ 1984 780/1-2
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2. Beschreibung der Z80-CPU

Wesentliche Merkmale:

8 Datenleitungen DO....D7 =---> 8-Bit-Maschine
16 AdreBleitungen ---> Speicher bis 64k (65536)

Alle Steuersignale ‘'aktiv low', dadurch hohere Treiber-
leistung und bessere Storfestigkeit

single-5V-Versorgung

alle Anschliisse TTL-kompatibel

zwei Interrupteingénge NMI/INT

Refreshlogik fiir dynam. Speicher im Prozessor integriert

5V Einphasentakt

2.1 Interner Aufbau

! Steuerwerk !

! 1

Ty T

! Registersatz ! Rechenwerk !

! 1 !
Steuerwerk: Holt, decodiert und fiihrt die Befehle aus
Rechenwerk: Fiihrt Verkniipfungen arithm. und logischer

Art durch

Registersatz: Dient der Zwischenspeicherung von Werten

in der CPU - -=-=> dadurch schneller Zu-
griff moglich.

-

REL. 2.0, MARZ 1984 280/2-1
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2.2 Registersatz der Z80-CPU

' A F AT Y P
Hauptreg. Satz --- ?--i--;—-6-—?--57--?—-57-_; --- Zweitreg.-Satz
"Dt E ! D 1 E 1
A O
Interrupt-Register -::::-?--E--;_-i---?-::::-iefresh—Register
v X !
v T !
T sp 1
v e 1

2.3 Hauptregistersatz

- besteht aus acht 8-Bit-Registern

- das Register A (Akkumulator) nimmt eine Sonderstellung ein.
Bei Verkniipfungen logischer (AND OR usw.) oder arithmetischer
(AND SUB wusw.) Art steht sowohl ein Operand als auch das
Ergebnis im Register A (EinadreBmaschine!).

- Das R-Register enthdlt die Flags, die je nach Ausgang des

vorhergegangenen Befehls gesetzt bzw. rlickgesetzt worden
sind.

—— o — - - — - - - ——— - - — - - S - - - - S - =

NB: Nicht jeder Befehl beeinfluBlt die Flags!

- Von den acht zur Verfiigung stehenden Bits werden nur sechs
bentutz.

REL. 2.0, MARZ 1984 780/2-2
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Kurz- Flagname Bedeutung

bezeichnung

/ Zero-Flag Ist gesetzt, wenn eine
Operation das Ergebnis O
hat.

C Carry/Link-Flag Ist gesetzt bei Entstehen

eines Ubertrages besziiglich
des hochstwertigen Bits.

S Sign-Flag Ist gesetzt, wenn das Er-
gebnis einer Operation im
hochstwertigen Bit eine 1
aufweist. (Rechnen mit
Vorzeichen).

H Half-Carry-Flag Ist gesetzt, wenn eine
Addition oder Subtraktion
einen Ubertrag bzeiiglich
Bit 4 des  Akkumulators
erzeugt hat.
(BCD~Rechnung) .

N Add/Subtract-Flag Ist gesetzt, wenn die
vorausgegangene Operation
eine Subtraktion war.

P/V Parity/Overflow-
Flag - Ist gesetszt, wenn  das
log. Operationen: Resultat einer 1logischen
Parity-Flag Verkniipfung 'even' ist.

arithm. Operationen:

Overflow-Flag Ist gesetzt, wenn ein
Ubertrag Dbegzgiiglich Bit 6
stattgefunden hat (Vor-
zeichenrechnung).

Das F-Register kann nicht durch direktes Eingeben eines Wertes
beeinfluB8t werden. Die Beeinflussung erfolgt nur durch den Aus-
gang bestimmter Befehle.

Die Register B, C, D, E, H und L sind frei verwendbar.

Um auch mit 16-bit-Einheiten moglichst einfach operieren zu
konnen (z.B. Adressen!), ist es mbglich, je zwei Register zu
einem Registerpaar zusammenzufassen und als eine Grd8e zu be-
handeln. ZusammenfaBbar sind so B und C, D und E, sowie H und L.

\.
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2.4 Zweitregistersatz (gestrichener Registersatz)

- besitzt den gleichen Aufbau wie der Hauptregistersatz
- kann nicht direkt beniitzt werden

- mit 2zwei Befehlen kann der Inhalt des Zweitregistersatzes
gegen den Inhalt des Hauptregistersatzes getauscht werden

- dient in erster Linie zur superschnellen Rettung der Haupt-
registerwerte bei dringenden, zeitkritischen Programmunter-
brechungen (Interrupts?

]

2.5 I-Register

- Das Interrupt-Vektorregister dienst zur Auffindung der Ein-
sprungadresse der entsprechenden Interrupt-Service-Routine
(siehe 'Interrupt in Z80-Systemen').

- Hier 1liegt das hoherwertige Byte einer Adresse, die in die
sog. Interrupttabelle zeigt, in der dann die Startadresse der
entsprechenden Interrupt-Service-Routine zu finden ist.

2.6 R-Register

- Das Refresh-Register enthdlt die jeweilige aktuelle 7-Bit-
Refreshadresse.

- In Jjedem Befehlsholzyklus wird der Refresh in einer der
insgesamt 128 mogliche Zeilen durchgefihrt.

- Der Refresh wird wihrend der Decodierphase durchgefiihrt (Takt
3 und 4); dadurch kein Zeitverlust! Nach jeder Refresh-Aktion
wird das R-Register automatisch inkrementiert. Nach Erreichen
des maximalen Wertes (= 127) wird das R-Register automatisch
wieder auf O gesetzt (Ringzdhler).

- Selbst bei Verwendung 1ldngstmoglicher Befehle bleibt der
Refresh gesichert.

- Im HALT-Zustand fiihrt die CPU automatisch NOP-Befehle aus und
sichert somit den Refresh.

REL. 2.0, MARZ 1984 Z80/2-4
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2.7 IX und IX-Register
IX und IY sind 2zwei 16-Bit-Register, die vornehmlich zur
indizierten Adressierung verwendet werden.

IX bzw. IY enthdlt dabei eine (feste) Basisadresse, die durch
einen, im Befehl enthaltenen Offset ergédnzt wird.

2.8 SP-Register

Das SP-Register enthdlt den aktuellen Stackpointer.

2.9 PC-Register

Das PC-Register enthdlt den aktuellen Befehlszdhlerstand.

_

REL. 2.0, MARZ 1984 Z80/2-5
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2.10 Anschliisse der Z80-CPU

(o .__2.7.._. -—32—-. Ao N
M, 31 Ay
RS -l -2 4,
R e rem——
SYSTEM < l_ Q 21 34 :3
conTROL ) RD -1 A
[ 37 .
RFSH Q—n— f—— Ay >Agpagss
=2 o a3 (sus
18 39
HALT ep——— — Ag
2 o
WAIT el — A1
oy 6 2-80 cPU 5 A2
CONTROLY iNT et — A3
NMi —_ --5—.‘ Aqe
2 — i L 4
\ RESET o=
cry FUSAL —2
8uUS 23
CONTROL | BUSAK =s———— ”
--T—-— Oy
—-—§—.- 0,
6 2 oD
® = > ‘-é—.' 2
" ~—— 03 \ DATA
GND —l ---9—- Dy BUS
[e——e= D¢
e
[t Dy /

a) AdreBleitungen: 16 Bit Breite, maximal ansprechbarer
Speicherbereich = 64 kByte 1lineare
Adressierung.

Unidirektional

b) Datenleitungen: 8 Bit breite (8-Bit-Prozessor!)
Bidirektional

REL. 2.0, MARZ 1984 280/2-6
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c) Steuerleitungen:

System-
steuer-

CPU-
Steuer-
Leitungen

CPU-

BUS-
Steuer-
leitungen

M

MREQ
IORQ

RD
WR

RFSH

HALT
WAIT

INT

NMI

RESET

BUSRQ

BUSACK

!

Wihrend der Befehlshol;
phase (Takt 1 und 2)
aktiv

Unterscheidung von Spei-
cher- und Kanal-Zugriffen

Unterscheidung von Lese-
und Schreibzugriffen

wahrend der Befehls-
holphase (Takt 3 und 4)
aktiv

Anzeige des HALT-Zu-
standes

Moglichkeit zur Ver-
zogerung der Programm-
verarbeitung

Der zweite Takt eines
Befehls wird so lange
wiederholt, so  lange
WAIT aktiv ist.

ACHTUNG REFRESH!
Interruptleitung, wird

durch Ein-/Ausgabekanile
aktiviert

Interruptleitung des

Nicht Maskierbaren Inter-
rupts

Ein Aktivieren dieser

Leitung filihrt in jedem
Fall zum sofortigen Ein-

sprung in die ent-
sprechende Interrupt-
routine.

Ein Plus von mindestens
3 Taktlédngen.

Setzt den PC auf Wert
0000 und Dbringt das
Steuerwerk in den Grund-
zustand.

Dazu:

Rege Rul = 00
Inter.Mode = O
Interrupt = disabled

Moglichkeit, der CPU die
Kontrolle iiber den BUS
zu entziehen (z.B. DMA).
CPU schaltet sich in den
hochohmigen Zustand.

Riickmeldung fir den er-
folgten Ubergang in den
hochohmigen Zustand

REL. 2.0, MARZ 1984
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2.11 Zeitverhalten

Z80-CPU Z80A-CPU Z80B-CPU
Taktfrequenz 2,5 WHz 4 WHz 6 MHz
Taktzeit 400 ns 250 ns 167 ns
Dauer M1 Zyklus 1.6 us 1 us 0.67 us
Dauer Mem. Read 1.2 us 0.75 us 0.5 us
Dauer Mem. Write 1.2 us 0.75 us 0.5 us

T Cycle

o— L JEg=

Ty | T | T3 Te| | T2 | T3 | Ty | T2 | T3

Machine Cycle
M1 M2 M3
(OP Code Fetch) (Memory Read) {Memory Writs)
Instruction Cycle
REL. 2.0, MARZ 1984 780/2-8
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3. Einfiihrung in den Z80-Befehlssatz

Befehlsaufbau des Mikroprozessors Z80

== ANWEISUNGSTEIL -=> (== OPERANDENTEIL -

kann 1 oder 2 Byte umfassen.

Bei Befehlen mit zwei kann kein, ein oder zwei
Anweisungsteilen treten zwei Byte umfassen.
M1-Zyklen hintereinander

auf.

Folgende Befehle sind mdglich :

1 Byte-Befehle besteht nur aus einem z.B. LD A,B
Anweisungsteil SUB A etc.

2 Byte-Befehle kann aus einem Doppel- z.B. RLC B
anweisungsteil oder aus SRL H
einem Einfachanweisungs-
teil + einem Operanden z.B. LD A,n
bestehen ADD A,n

3 Byte-Befehle kann aus einem Doppel- z.B. ADD A, (IX+d)
anweisungsteil + einem LD(IX+d),C
Operanden oder aus
einem Einfachanweisungs- z.B. CALL nn
teil + 2zwei Operanden 1D Ayn
bestehen

4 Byte-Befehle besteht aus einem z.B. RLC (IX+d)

Doppelanweisungsteil BIT b, (IY+d)
+ zwel Operanden ;

\.
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4. Periphere Bausteine des Z80-Systems

Aufgaben:

Ermdglichung der Kommunikation zwischen Computer (MC) wund
dessen Umgebung. Zeitliche Koordination der Verbindung.
Ungebung = Maschine, Mensch

Beispiele: Tastatur fiir Eingabe, Bildschirm oder Drucker fiir
Ausgabe.

Enlastung der CPU durch spezifische Hardware in den
Peripheriebausteinen; dezentrale technische Intelligenz.
Beispiel: Parallel- =—==== > Serienwandler im SIO

Entlastung der CPU durch die Interruptfdhigkeit der
Peripheriebausteine

(Unterschied: Polling =------ Interrupt)

Entlastung der CPU durch Ubernahme spezieller Aufgaben

Beispiel: Ereigniszdhlung

REL. 2.0, MARZ 1984 Z80/4-1
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4.1. Prinzipschaltung eines Z80-Systems

--------------------- ---1PIO!
! ! ! ! P
! ! ! MEM ! .
! ! ! ! [
! ] e P
! ! ! *__1SI0!
! ! ! N B
! ! ! ! eemee
! CPU lecmmecmaam oo * e L A—
! ! I
! ! *__1CTC!
! ! oo
! ! .
________ | I
1 1
%__1DMA!
P
I
REL. 2.0, MARZ 1984 z80/4-2
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4.2 Allgemeines Funktionsprinzip der I/0 Bausteine
- Unterschied: Peripheriebaustein {--=-- > konventionelle Hard-
ware
konventionelle Hardware = starre Hardware
Peripheriebaustein = programmierte Hardware,
d. h., kann fiir mehrere Aufgaben (z.B. INPUT, OUTPUT,
ETC.) verwendet werden.
- Folge: a. Unterscheidung zwischen Anweisung und eigentlichen
Daten notwendig!
b. Programmierung muB3 vor Funktionsbeginn erfolgen!
(Initialisierung)
1 ! ! 1
! 280 I " DEC ! ! !
! CPU  !A2..A7 ! 6:64! —— 2% Ausgiinge! !
! lememem ! ! ! !
! ! ! ' ! !
! ! ! LR et E e T L Ly >! CS !
! ! ! ! ! !
! ! - ! !
! Al ] e e ! ¢/D !
! AQ ! e e ! B/A !
1 1 1 1
1 1 1 1
! e ! z.B. !
! ! RD, IORQ, M1 ! 780 !
! L e e L ! PIO !
! ! ! !
! | e ! 1
! ! DO «...e D7 ! !
! O ! !
1 1 ! 1
! ! ! !
- INTERRUPT !
1 1
REL. 2.0, MARZ 1984 280/4-3
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4.3 Z80-PIO (parallel I/0)

*¥ 2 Kandle A und B in einem Baustein (40 Pins)
* je 8 Datenleitungen und 2 Handshakeleitungen
* Betriebarten

Output-Mode

Input-Mode

bidirektionaler-Mode (nur Kanal A)
Bit-Mode

{ \

REL. 2.0, MARZ 1984
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Beispiele:

AnschluB einer Tastatur (Input-Mode) oder eines Druckers (Output-
Mode) .

|

Vv
i
.M
N

REL. 2.0, MARZ 1984 Z80/4-5
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4.3 Z80-CTC (counter-timer-circuit)

* 4 Kandle pro Baustein (28 Pin)

* je ein vorsetzbares Zdhlregister von 8 Bit, das durch den
Systemtakt oder durch externe Impulse dekrementiert wird.

*  je ein Z&hl-/Start-Eingang, sowie ein Zerocount-Ausgang

*  Betriebsarten: - Zdhler-Mode
- Zeitgeber-Mode

Beispiele:

Zdhlen extern erzeugter Pulse
Erzeugen eines Zeitrasters

D
O
———-- s o

REL. 2.0, MARZ 1984 780/4-6
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4.4 Z80-SIO0

*¥ 2 Kandle (A und B) in einem Baustein (40 Pin)

*  je zwei Ubertragungsleitungen (full duplex), sowie 4 Hand-
shakeleitungen

*  automatische Wandlung seriell/parallel und parallel/seriell
* Betriebsarten:

a.) asynchron (wortweise)

Beispiel:

AnschluB eines seriellen Datensichtgerdtes

\ /
Wock \(/2 7+, odev St
“Parihy

T A

.

REL. 2.0, MARZ 1984 7Z80/4-7
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b.) synchron (blockweise)
monosync
bisync
P
! * ! DATENFELD ! * ! * !
------ lomee —-— il il ettt
! ! !
! ! !
Synchronisations- CR-Wort1 CR-Wort2
wort (2,1 oder O Byte) (1 Byte) (1 Byte)
! !
Rahmen fiir
jeden Block
SDLC
HDLC
v C T T
! * ! * ! DATENFELD ! * ! * ! * ! —
R e e e R - l—e R et
! ! ! ! ! =
! Adresse CRC Wortt ! !
Beginn  (1Byte) (1 Byte) ! !
Zeichen ! !
(1Byte = CRC Wort2 !
O0IIIIIIO) (1 Byte) Ende
Zeichen
(1 Byte =
OIIIIIIO)
Rahmen fiur _
jeden Block
REL. 2.0, MARZ 1984 780/4-8
-/




El.V4 ..
HAY o ™ o

4.5 7Z80-DMA (direct memory access)

*

1 Kanal pro Baustein (40 Pin)
Steuerbusleitungen
Destination Port

* Funktionsweisen: - Ubertragung
Suche

* Betriebsarten:
Burst
Continuous

Beispiel:

* Handshake-Anschliisse WAIT und RDY fir evtl.

Ubertagung und Suche

Byte at a time

* Anschliisse zur Ubernahme von AdreB8-, Daten- und

Ausgabe Speicherblock auf Peripheriegerdt (z.B. Magnetplatte)

HEM 4 . HEMZ
39--_33' “l
ConTROL
cPu Ai
{
‘ HEM
DEC
L] 1/0
DEc
- 4 -
IHA “PORTA PorT2
— |
o !
|

REL. 2.0, MARZ 1984
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5. Interrupttechnik in Z80-Systemen
5.1. Definition

Ein Interrupt ist ein asynchron zum laufenden Programm auftreten-
des Ergebnis.

Die reguldre Ausfilhrung eines Interrupts bedeutet:

- Unterbrechen des laufenden Programms nach AbschluB des
gerade in Ausfiihrung begriffenen Befehls

- Retten des aktuellen Befehlszdhlerstandes auf den Stack

- Anlauf eines anderen Programms der Interrupt-Service-
Routine (ISR).

5.2. Nicht-maskierbarer Interrupt

Der 780 verfiigt iiber einen Eingang NMI (activ low): Non-maskable
Interrupt.

Dieser Interrupteingang kann nicht gesperrt (maskiert) werden und
dient zur Meldung von Katastrophen, wie z.B. Netzausfall.

Die CPU wunterbricht nach der Ausfitlhrung des gerade aktuellen
Befehls die Abarbeitung des Programms, rettet den aktuellen PC
auf den Stack, 1lddt PC mit der Adresse O66H und fahrt mit dem
dort hinterlegten Befehl fort.

Die Wirkung des NMI ist demnach fast identisch mit einem
CALL 066h
~Befehl.

5.3. Maskierbarer Interrupt

Der Eingang INT (activ 1low) wird fiir alle anderen Unter-
brechungsanforderungen, herkommend z.B. von Peripherieelementen
wie PIO, CTC, SIO, DMA, verwendet. Er kann gesperrt (maskiert)
werden durch den Befehl DI (Disable Interrupt) oder durch den
Hardware-RESET. Der Befehl EI (Enable Interrupt) hebt die
Maskierung wieder auf.

REL. 2.0, MARZ 1984 Z80/5-1
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Durch die Befehle IMO, IM1, IM2 wird die Betriebsart (Interrupt
Mode) ausgewidhlt.

5.3.1. Mode O

8080-kompatible Betriebsart. Die CPU sendet die Signale M1 und
IORQ aus. Diese Signale werden in der Peripherie UND-verkniipft
(M1 u IORQ = INTA, Interrupt Acknowledged).

Die CPU erwartet in diesem Zyklus ein Byte auf dem Datenbus, das
sie als Befehl interpretieren wird. Ublicherweise sendet die
Peripherie die Codierungen RST p (Restart auf Adresse p x 8, 1-
Byte-Befehl) oder CALL (Aufruf eines Programms, 3-Byte-Befehl)
aus.

Nach Erhalt des vollstdndigen Befehls wird dieser von der CPU
ausgefiihrt.

Bei CALL erfolgen 1 INTA-Zyklus und 2 Memory-Read-Zyklen, auf die
Jjedoch die Peripherie reagiern muB (zusdtzliche Hardware!).

5.3.2. Mode 1

Einfachste Interruptart. Diese Betriebsart entspricht dem Vorgang
beim nicht-maskierbaren Interrupt; es wird ein RST O38H ausge-
fihrt.

\.
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5.3.3. Mode 2

7Z80-Standard-Betriebsart. Es wird mit einem Vektor {iber eine
Tabelle von ISR-Anfangsadresse verzweigt.

Im einzelnen:

Der Programmierer hinterlegt im Speicher eine Tabelle mit den
Einsprungstellen seiner Interrupt-Service-Routinen (ISR):

! Low Byte ! = —eemme—cmmmmmme——e
Tabellenanfang->! !-=> High Byte!Low Byte = Adresse
! High Byte ! e L E LR der ISR"0O"

! ig Adresse der ISR "1"

! !3 Adresse der ISR "2"

i !; Adresse der ISR "3"

. . L]
. . 3

3 . .

! Eg Adresse der ISR "n"

Desweiteren hinterlegt der Programmierer (im Rahmen der System
initialisierung) das High-Byte der Adresse des Tabellenanfangs im
CPU-Register I (Interrupt Vektor - High-Byte). Damit ist es
moglich, die Tabelle 1in Jjeden beliebigen Speicherbereich zu
legen, sie darf nur nicht iiber eine 256-Byte-Grenze hinausragen.

Zur Vervollstédndigung des Interruptvektors wird in den Interrupt-
vektor-Registern der Z80-Peripheriebausteine ein Low-Byte der
Einsprungstelle hinterlegt und zwar fiir jede Interruptmdglichkeit
ein spezifischer Wert.

REL. 2.0, MARZ 1984 Z80/5-3
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Das I-Register der CPU und ein Vektorregister eines Periphierie-
bausteins werden zusammengesetzt und bilden dann einen Zeiger auf
die Stelle, in der die Anfangsadresse der zugehdrigen ISR steht:

CPU: Peripherie:
! I-Reg. ! ! V-Reg. !
s o
Caelger 3

Damit ist die Adresse der Stelle bestimmt, aus der bei einem
Interrupt der PC mit der Anfangsadresse der ISR geladen werden

kann:
T T
Yy
! Adr. !
' ISR "3 ” '
1 1
vy
T T
ISR ! 1. Befehl!
"3 " : ! !

Alten PC-Inhalt auf
Stack retten

zur CPU zwecks Ausfiihrung

N

O

\.
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Bei einem Interrupt, von einem Z80-Peripheriebaustein ausgeldst,
(INT geht "low") arbeitet die CPU den laufenden Befehl noch bis
zu seinem Ende ab und erkennt dann die Interrupt-Anforderung. Die
CPU reagiert mit den Aussenden der Signale M1 und IORQ.

Der Peripheriebaustein (mit der hochsten Prioritdt), der einen
Interrupt ausgesendet hat, erkennt M1 IORQ = INTA und reagiert
mit dem Aussenden seines Vektors, des Low Bytes, auf den Daten-
bus.

Die CPU rettet den aktuellen PC, liest den Low-Byte-Vektor, setzt
ihn mit dem Inhalt ihres I-Registers zusammen und transferiert
die durch den Interruptvektor adressierte Zelle in den PC wund
maskiert den Interrupteingang INT.

BEs schlieB8t sich eine normale Befehlsholphase an: Die CPU
arbeitet die ISR ab.

\.
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5.4. Verlassen einer ISR

Die Interrupt-Service-Routine arbeitet in der Art eines Unter-
programms und muB deswegen mittels RETURN verlassen werden. Da-
durch wird der vorher gerettete PC vom Stack geholt und wieder
als neuer PC-Inhalt installiert: die Verarbeitung des unter-
brochenen Programms wird nahtlos fortgesetzt.

Neben der RETURN-Funktion ist jedoch noch der intern und zum Teil
auch extern gespeicherte Interruptzustand rlickzusetzten.

Da bei einem Non-Maskable-Interrupt (NMI) nur die CPU betroffen
ist, geniigt hier der Return iiber RETN. Neben der Stackfunktion
stellt dieser den Maskierungszustand des INT Eingangs wieder auf
den vor Eintritt von NMI vorhandenen Zustand (durch NMI war INT
maskiert worden).

Bei einer iiber INT aufgerufenen ISR erfolgt der Return iiber RETI.

Die zusdtzliche Funktion von RETI ist das Zuriicksetzen des
Peripherieelementes, dessen Interrupt gerade abgearbeitet worden
ist: Der in der Prioritdt hdchste interruptaktive Baustein (IEI =
high, IEO = low) wartet auf das Erscheinen des Codes RETI (ED,40)
wdhrend einer Befehlsholphase. Mit der Bedingung RETI M1 MREQ
RD verldBt der Peripheriebaustein mit IEI = high und IEO = low
den Interruptzustand und meldet seinerseits IEO = high.

Damit ist dieser Ihterrupt bedient und es wird zum unterbrochenen
Programm verzweigt, das selbst wieder eine ISR niederer Prioritédt
sein kann.

REL. 2.0, MARZ 1984 280/5-6
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5.5. Prioritédten
Hochste Prioritdt in der CPU hat der Hardware-"Interrupt" BUS-
REQUEST, der allerdings ein reiner Hardware-Vorgang ist.

Von den echten Interrupteingédngen dominiert RESET iiber NMI und
NMI iiber INT.

In der Peripherie werden Interrupts nach dem Daisy-Chain-Prinzip
gekettet:

Die Bausteine sind beziiglich der Prioritdt in Serie geschaltet
iiber die Signale

IEI und IEO

-— + 5V
!
1!
T emmmmmme e e
! ! P1 ! ! P2 ! ! P3 L
-------- ! IEI IEO {e===--!IEI IEO!-~=---!IEI IEQO!=-=~
! INT ! ! INT ! ! INT !
T Ty T
zum INT- ! ! !
Eingang —-——memmemeemmmmcc e
der CPU

Peripheriebaustein P1 ist in der Prioritdtskette iiber P2 und P3,
P2 ist iiber P3.

Beispiel siehe Bild "Abarbeitung von Interrupts”

\_
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5.6. Abarbeitung von Interrupts

1. Kein Interrupt aktiv.
Die CPU arbeitet im Programm ANWENDER

Stack

2. P3 hat Interrupt gemeldet und seinen Vektor ausgesandt. Die
CPU hat ANWENDER verlassen und arbeitet in der ISR 3

Stack
IEI ! ! TEO ! 'IEI(H)! ! IEO(L)! !
(H)==! P1  lemeeee ! P2 leeeee- ! R 1PC-An- !

! ! ! ! ! ! 'wender !

3. P1 hat Interrupt gemeldet und seinen Vektor ausgesandt. Die
CPU hat ISR 3 verlassen und arbeitet in ISR 1.

Stack
! vt (L) ! ' (L) 1 (L) ' PC 1
(H)-=! lemeeee ! P2 lecmem- ! _— 1ISR3
1 ! ! ! ! 1
------------------------ ! PC-An- !
! wender !

L REL. 2.0, MARZ 1984 7Z80/5-8
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4. P1 hat RETI erkannt. Die CPU hat ISR 3 wieder aufgenommen.
Stack
] PR N e S S
(H)==! P1 leeeeee !' P2 lee—eee ! Veee ! PC-An- !
1 1 ! ! ! ! |wender 1
5. P3 hat RETI erkannt. Die CPU hat ANWENDER wieder aufgenommen
Stack
________________________ 1 1
! ! ! 1 1 ! (H) 1 1
(H)==! P1 leeeeee LI R R ! P3 le-- ! !
1 1 1 1 1 1 1
T T T !
. REL. 2.0, MARZ 1984 280/5-9
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6. Vorgehensweise bei der Programmerstellung
6.1 Hauptpunkte der Programmentwicklung

Man muB sich bei einer Programmentwicklung dariiber klar sein, daB
es sich dabei nicht nur um das "Notieren" handelt, d.h. um das
Niederschreiben des Programmes auf Papier. Vielmehr besteht eine
solche Entwicklung aus folgenden Hauptkomponenten:

Problemanalyse

Erarbeitung eines Ldsungsvorschlages (Ablaufplan)
Codieren in der gewiinschten Sprache

Eingeben und Ubersetzen gEntwicklungssystemg
Testen Entwicklungssystem

6.2 Problemanalyse

Einer der wichtigsten Punkte ist die Problemanalyse, mit der ein
vorliegendes Problem bis in die Einzelheiten ausgeleuchtet wird.
Versdumnisse die hier durch mangelnde Sorgfalt oder Vorausplanung
entstehen, sind zu einem spdteren Zeitpunkt in vielen Fdllen nur
noch unter unvertretbarem Aufwand korrigierbar.

Speziell die fehlende Betrachtung von Randwertbedingungen kann
einen Losungsvorschlag im nachhinein als ungeeignet und damit als
unbrauchbar qualifizieren. Bei einer Entwicklung sollte deshalb
diesem Stadium besondere Beachtung geschenkt werden!

.
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6.3 Erarbeitung eines Losungsweges

Kaum weniger wichtig ist die "professionelle" Erarbeitung eines
Losungsweges. Die Erfahrung zeigt jedoch, daB8 in vielen F&llen
dieser Punkt schm8hlich vernachldssigt wurde.

Verstdndlich wird dies aus dem Drang, moglichst bald "Vorzeig-
bares" in Form von moglichst vielen Statements (= Befehlszeilen)
zu produzieren. Logische Fehler, uneffiziente Programme und ein
Mangel an Ubersicht sind die nahezu unausweichliche Folge.

Bedenkt man, daB bei einer Programmentwicklung bis zu 50 % der
Kosten beim Testen und korrigieren entstehen, gewinnt gerade
diese Entwicklungsphase (zusammen mit der Problemanalyse) an
Bedeutung. Die Erarbeitung eines LOsungsweges sollte unbedingt
mit Hilfe von FluBdiagrammen bzw. Struktogrammen bei strukturier-
ter Programmierung durchgefiihrt werden. Letzteres sind Programm-
ablaufplédne, die nicht nur den ProgrammfluB festlegen, sondern
auch seinen Aufbau (Struktur).

Eine Erleichterung ergibt sich weiterhin durch schrittweise
Verfeinerung des Losungsentwurfs: Man konzentriert sich gunichst
auf die "groB8e Linie" oder den "Rahmen", dann auf die Details.

Von Fall 2zu Fall, und in Abh#ngigkeit des Problems und des
Programmierens kann die Detaillierung so weit gehen, daB ein
direktes eins-zu-eins-mdBiges Ubertragen des ProgrammfluBplanes
in die entsprechenden Befehle m6glich wird.

Wesentliche Vorteile der geschilderten Methode sind:

Verringerung des Zeitbedarfs zur Kodierung auf ein Minimum
GroBe Ubersichtlichkeit des Programmes

GroBtmogliche Vermeidung von logischen Fehlern

Exakte Dokumentation

Optimale Nachpriifbarkeit

6.4 Kodierung

Die Kodierung des LGsungsweges, d.h. die Umsetzung des Programm-
fluBplanes in entsprechende Befehle sollte auf die Verwendung
optimaler Befehle bzw. Befehlsfolgen ausgerichtet sein. Der Er-
folg dieser Bemiihung ist ein Programm, das bezliglich Speicherbe-
darf und Laufzeit ein Optimum darstellt. Eine moglichst weit-
gehende Detaillieferung des Programmablaufplanes erleichtert
dabei die Kodierung, da zusdtzliche Denkprozesse zur Aufstellung
von Teilabldufen entfallen.

Zusammenfassend kann festgehalten werden, daB im Hinblick auf die
Verringerung der Software-Erstellungs-Kosten der Problemanalyse,
sowie der Erarbeitung des L&sungsweges groB8te Bedeutung zuge-
messen werden sollte. Investitionen in diese Entwicklungsphasen
ergeben ein Mehrfaches an Zeitgewinn durch Verkiirzung der Test-
phase.

REL. 1.0, MARZ 1984 780/6=2
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Beispiel: - Differenzwertanzeige

Geplante Vorgehensweise:

1. Problemanalyse a) Problem definieren

b) Randbedingungen festlegen

2. Erarbeitung Losungsvorschlag a) Entwurf eines Rahmen-Ablauf-
Planes

b) Herauslosen von Einzel-
problemen

c) Aufstellung von FluBpldnen
pro Teilaufgabe

d) Verfeinerung der Ablaufplidne

3. Codieren (in Assembler) a) Umsetzung in Assembler-
befehle

b) Bildung eines Gesamt-
programmes

zu 1a Problemstellung:

Zwei MeBwerte A und B, die im bindiren (8bit) Format
statisch vorliegen, sollen iiber zwei parallele I/O-Schnitt-
stellen abgefragt und voneinander subtrahiert werden (C=A-
B). Das Ergebnis wird anschlieBend iiber eine, das Vor-
zeichen iiber eine weitere parallele I/0O-Schnittstelle aus-
gegeben.

zu 1b Randbedingungen:

- Wert A Eingabe iiber @ PORT 1 (Adr. 08/0A

- Wert B Eingabe iiber PORT 2 (Adr. 09/0B

Wert C Ausgabe iiber PORT 3 (Adr. 2C/2E
Vorzeichen Ausg. iiber PORT 4 (Adr. 2D7/F
10malige Wiederholung des Vergleich-Vorgangs
Abstand von Messung zu Messung ca. 1 Sek.
Erste Messung ca. 1 Sek. nach dem Einschalten
Start durch RESET

Ende durch Auflaufen auf HALT

Anzeige des letzten Ergebnisses bis zum nidchsten START
- Stackbereich beginnend bei 2000H

.
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zu 2a Gesamtablaufplan:
! START !
____-_-? .......
! Initialisierung des Systems !
_----___-_____-_; ________________
------------------------- >1
! !
1 eeee- e —————
! ! Zeitverzdgerung ca. 1 Sek. !
1 e mm—m— e — e ——————— e —————
! !
! !
1 ! ~1
| ceeecccecmcccccccccceeeccecccoeee
! ! Werte A und B einziehen !
! ! Ergebnis bilden und ausgeben !
1 e o s e oo oo o o e e o 2 e e e e O o s
! !
! !
1 eeemmemmmcec;e—m——mc————————————
! ! Schleifenz&hler decrement. !
1 o o o e o e e o e o 0 00 e e i e o e e o -
! !
! !
! !
o adaaa
! nein -— -—
e ---  Schleifenzdhler - ---
—— = Q09 [
__;__
!
- —
! HALT ! -
p
|
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zu 2B Herausldsung von Einzelproblemen aus dem Rahmenplan:

Initialisierung
- Zeitverzdgerung
- Wertmanipulation

zu 2C Aufstellung von Ablaufplidnen pro Teilbereich:

- Initialisierung

- - o - > - —— - — - —— - = ———— - - — -

- - - - - -— -

REL. 1.0, MARZ 1984 Z80/6-5
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- - — - - - - - - - - - - - —

! Subtraktion !
! ausfiihren !
- : _——-
!
——=ja === === Ergebnis > 0 ? --- nein ---
! -— - !
Y eeeeeea !
! !
! !
! Vorzeichen~! ! Vorzeichen-!
! reg. auf O ! ! reg. auf 1 !
! setzen ! ! setzen !
_____;____-_-_ --------I _____
! !
- R R T it
!
!
! Ergebnis !
! (= Wert C) !
! ausgeben !
---_______; __________
!
! Vorzeichen- !
! register !
! ausgeben !
: - -
!
1
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- Zeitverzdgerung

1

1

| e
! ! Z&hlreg. 2 !
! ! decrementieren !
1
!
!
!
|

:nein —-—— ——
----- —-— Zdhlreg. 2 -—
= 2

—_— =0 ? =--

! Zéhlreg. 1 !
! decrementieren !

nein —— Zdhlreg. —_—
e == =0 9? ~--

G SB Sm Gt G® S T G Sm® Gm Cm® Sud Cum S S G S C® V" S b P S® Pod C=® Sp G Gmm Sme Gmm b

\.
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zu 3a Umsetzung in Assemblerbefehle:

- Initialisierung
LD SP, 2000H Stackpointer laden
LD A, TFH
OUT EOAHg,A Port 1 auf Input
OUT (OBH),A Port 2 auf Input
LD A, OFH i
ouT 22EH§,A Port 3 auf Output
OUT (2FH),A Port 4 auf Output
LD A, O
ouT gchg, A Anzeige 1l6schen
OUT (2DH), A Anzeige loschen
- Wertmanipulation
IN A, (O9H) ~ Wert B lesen
LD B,A Wert B ins Reg. B
IN A, (O8H) Wert A lesen
SUB B Wert A - Wert B = Wert C
JRNC, PLUS wenn Ergebnis > O
LD D,1 wenn Ergebnis < O
Vorzeichen = negativ
JR WEITER
PLUS: Lo, D,0 Vorzeichen = positiv
WEITER: OUT (2CH)?A Ausgabe Ergebnis
LD A,D
OUT (2DH),A Ausgabe Vorzeichen
- Zeitverzodgerung
LD B,OFFH Zdhlregister 1 laden
MARKE1: PUSH BC Zdhlregister 1 retten
LD B,80H Zéhlregister 2 laden
MARKE2: DJNZ MARKE?2 Zdhlregister 2 decrementieren
falls = O zuriick zu MARKE2
POP BC sonst Zdhlreg. 1 zuriickholen
DJNZ MARKE1 Zdhlreg. 1 decrementieren,

falls = O zuriick zu MARKE1

REL. 1.0, MARZ 1984 780/6-8
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zu 3b Zusammensassung:

LD SP,2000H
LD A,TFH

ouT EOAHg,A
OUT (OBH),A

ouT 22FH§,A
,A

NEU:
LD B,OFFH

MARKE1 :
PUSH BC
LD B,80H

MARKE2:

DJNZ MARKE2
POP BC

DJNZ MARKE1
IN A, (O9H)
LD B,A

IN A, (O8H)
SUB B

LD D,1
JR WEITER

PLUS:
LD D,0
WEITER: OUT (2CH),A
LD A,D
OUT (2DH),A
DEC E
JP NZ,NEU
HALT

L REL. 1.0, MARZ 1984 780/6-9
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1.0 INTRODUCTION

The term *“microcomputer’ has been used to describe virtually every type of small computing device
designed within the last few years. This term has been applied to everything from simple “microprogram-
med” controllers constructed out of TTL MSI up to low end minicomputers with a portion of the CPU
constructed out of TTL LSI “bit slices.” However, the major impact of the LSI technology within the last
few years has been with MOS LSI. With this technology, it is possible to fabricate complete and very power-
ful computer systems with only a few MOS LSI components.

The Zilog Z-80 family of components is a significant advancement in the state-of-the art of micro-
computers. These components can be configured with any type of standard semiconductor memory to
generate computer systems with an extremely wide range of capabilities. For example, as few as two LSI
circuits and three standard TTL MSI packages can be combined to form a simple controller. With additional
memory and [/O devices a computer can be constructed with capabilities that only a minicomputer could
previously deliver. This wide range of computational power allows standard modules to be constructed by a
user that can satisfy the requirements of an extremely wide range of applications.

The major reason for MOS LSI domination of the microcomputer market is the low cost of
these few LSI components. For example, MOS LSI microcomputers have already replaced TTL logic in
such applications as terminal controllers, peripheral device controllers, traffic signal controllers, point of
sale terminals, intelligent terminals and test systems. In fact the MOS LSI microcomputer is finding its way
into almost every product that now uses electronics and it is even replacing many mechanical systems such -
as weight scales and automobile controls.

The MOS LSI microcomputer market is already well established and new products using them are
being developed at an extraordinary rate. The Zilog Z-80 component set has been designed to fit into
this market through the following factors:

1. The Z-80 is fully software compatible with the popular 8080A CPU offered from several sources.
Existing designs can be easily converted to include the Z-80 as a superior alternative.

2. The Z-80 component set is superior in both software and hardware capabilities to any other micro-
computer system on the market. These capabilities provide the user with significantly lower hardware
and software development costs while also allowing him to offer additional features in his system.

3. Forincreased throughput the Z80A operating at a 4 MHZ clock rate offers the user significant speed
advantages over competitive products.

4. A complete product line including full software support with strong emphasis on high level languages
and a disk-based development system with advanced real-time debug capabilities is offered to enable
the user to easily develop new products.

Microcomputer systems are extremely simple to construct using Z-80 components. Any such system
consists of three parts:

1. CPU (Central Processing Unit)
2. Memory
3. Interface Circuits to peripheral devices

The CPU is the heart of the system. Its function is to obtain instructions from the memory and perform

the desired operations. The memory is used to contain instructions and in most cases data that is to be
processed. For example, a typical instruction sequence may be to read data from a specific peripheral
device, store it in a location in memory, check the parity and write it out to another peripheral device. Note
that the Zilog component set includes the CPU and various general purpose 1/O device controllers, while a
wide range ot memory devices may be used from any source. Thus, all required components can be
connected together in a very simple manner with virtually no other external logic. The user's effort then
becomes primarily one of software development. That is, the user can concentrate on describing his prob-
lem and translating it into a series of instructions that can be loaded into the microcomputer memory. Zilog
is dedicated to making this step of software generation as simple as possible. A good example of this is our



assembly language in which a simple mnemonic is used to represent every instruction that the CPU can
perform. This language is self documenting in such a way that from the mnemonic the user can understand
exactly what the instruction is doing without constantly checking back to a complex cross listing.
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2.0 Z-80 CPU ARCHITECTURE

A block diagram of the internal architecture of the Z-80 CPU is shown in figure 2.0-1. The diagram
shows all of the major elements in the CPU and it should be referred to throughout the following

description.

8-81T
DATA BUS

DATA BUS
CONTROL

f

K INST. ATA ALU
REG < mTERNAI;[ BUS L

INSTRUCTION
DECODE
T
cPU
13 CONTROL cPy

CPU AND REGISTERS

SYSTEM cPU

CONTROL :>CONTROL

SIGNALS

ADORESS
CONTROL

+5V GND & 16-81T
ADORESS BUS

2-80 CPU BLOCK DIAGRAM
FIGURE 2.0-1

2.1 CPU REGISTERS

The Z-80 CPU contains 208 bits of R/W memory that are accessible to the programmer. Figure 2.0-2
illustrates how this memory is configured into eighteen 8-bit registers and four 16-bit registers. All Z-80
registers are implemented using static RAM. The registers include two sets of six general purpose registers
that may be used individually as 8-bit registers or in pairs as 16-bit registers. There are also two sets of
accumulator and flag registers.

Special Purpose Registers

1. Program Counter (PC). The program counter holds the 16-bit address of the current instruction being
fetched from memory. The PC is automatically incremented after its contents have been transferred
to the address lines. When a program jump occurs the new value is automatically placed in the PC,
overriding the incrementer.

2. Stack Pointer (SP). The stack pointer holds the 16-bit address of the current top of a stack located
anywhere in external system RAM memory. The external stack memory is organized as a last-in first-
out (LIFO) file. Data can be pushed onto the stack from specific CPU registers or popped off of the
stack into specific CPU registers through the execution of PUSH and POP instructions. The data
popped from the stack is always the last data pushed onto it. The stack allows simple implementation
of multiple level interrupts, unlimited subroutine nesting and simplification of many types of data
manipulation.



MAIN REG SET ALTERNATE REG SET

A\ A
ACCUMULATOR FLAGS ACCUMULATOR FLAGS

A F A’ F’

B Cc B’ c
GENERAL

D E D’ 3 PURPOSE
REGISTERS

H L H L

e

N .
§ RA T | INTERRUPT MEMORY | FBA =

VECTOR REFRESH | |
| R 7

INDEX REGISTER IX
SPECIAL
> PURPOSE
REGISTERS

INDEX REGISTER 1Y

/((o fp;& STACK POINTER SP

PROGRAM COUNTER PC

Z2-80 CPU REGISTER CONFIGURATION
FIGURE 2.0-2

3. Two Index Registers (IX & IY). The two independent index registers hold a 16-bit base address that
is used in indexed addressing modes. In this mode, an index register is used as a base to point to a
region in memory from which data is to be stored or retrieved. An additional byte is included in
indexed instructions to specify a displacement from this base. This displacement is specified as a two’s
complement signed integer. This mode of addressing greatly simplifies many types of programs,
especially where tables of data are used.

4. Interrupt Page Address Register (I). The Z-80 CPU can be operated in a mode where an indirect call
to any memory location can be achieved in response to an interrupt. The I Register is used for this
purpose to store the high order 8-bits of the indirect address while the interrupting device provides the
lower 8-bits of the address. This feature allows interrupt routines to be dynamically located anywhere
in memory with absolute minimal access time to the routine.

5. Memory Refresh Register (R). The Z-80 CPU contains 2 memory refresh counter to enable dynamic
memories to be used with the same ease as static memories. This 7-bit register is automatically incre-
mented after each instruction fetch. The data in the refresh counter is sent out on the lower portion
of the address bus along with a refresh control signal while the CPU is decoding and executing the
fetched instruction. This mode of refresh is totally transparent to the programmer and does not slow
down the CPU operation. The programmer can load the R register for testing purposes, but this
register is normally not used by the programmer.

Accumulator and Flag Registers

The CPU includes two independent 8-bit accumulators and associated 8-bit flag registers. The accumu-
lator holds the results of 8-bit arithmetic or logical operations while the flag register indicates specific
conditions for 8 or 16-bit operations, such as indicating whether or not the result of an operation is equal
to zero. The programmer selects the accumulator and flag pair that he wishes to work with with a single
exchange instruction so that he may easily work with either pair.
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General Purpose Registers

There are two matched sets of general purpose registers, each set containing six 8-bit registers that
may be used individually as 8-bit registers or as | 6-bit register pairs by the programmer. One set is called
BC, DE und HL while the complementary set is called BC’, DE’ and HL’. At any one time the programmer
can select either set of registers to work with through a single exchange command for the entire set. In
systems where fast interrupt response is required, one set of general purpose registers and an accumulator/
flug register may be reserved for handling this very fast routine. Only a simple exchange commands need be
executed to go between the routines. This greatly reduces interrupt service time by eliminating the require-
ment tor saving and retrieving register contents in the external stack during interrupt or subroutine process-
ing. These general purpose registers are used tor a wide range of applications by the programmer. They also
simplity programming, especially in ROM based systems where little external read/write memory is
available.

2.2 ARITHMETIC & LOGIC UNIT (ALU)

The 8-bit arithmetic and logical instructions of the CPU are executed in the ALU. Internally the ALU
communicates with the registers and the external data bus on the internal data bus. The type of functions
performed by the ALU include: :

Add Lett or right shifts or rotates (arithmetic and logical)
Subtract Increment

Logical AND Decrement

Logical OR Set bit

Logical Exclusive OR Reset bit

Compare Test bit

2.3 INSTRUCTION REGISTER AND CPU CONTROL

As each instruction is fetched from memory. it is placed in the instruction register and decoded. The
control sections performs this function and then generates and supplies all of the control signals necessary
to read or write data from or to the registers, control the ALU and provide all required external control
signals.
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3.0 Z-80 CPU PIN DESCRIPTION

The Z-80 CPU is packaged in an industry standard 40 pin Dual In-Line Package. The I/O pins are shown
in figure 3.0-1 and the function of each is described below.
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Z-80 PIN CONFIGURATION
FIGURE 3.0-1

Tri-state output, active high. Ay-A 5 constitute a 16-bit address bus. The
address bus provides the address for memory (up to 64K bytes) data
exchanges and for I/O device data exchanges. I[/O addressing uses the 8 lower
address bits to allow the user to directly select up to 256 input or 256 output
ports. Aq is the least significant address bit. During refresh time, the lower

7 bits contain a valid refresh address.

Tri-state input/output, active high. Dg-D7 constitute an 8-bit bidirectional
data bus. The data bus is used for data exchanges with memory and [/O
devices.

Output, active low.Wl indicates that the current machine cycle is the OP
code fetch cycle of an instruction execution. Note that during execution
of 2-byte op-codes, M1 is generated as each op code byte is fetched. These
two byte op-codes always begin with CBH, DDH, EDH or FDH. M1 also
occurs with IORQ to indicate an interrupt acknowledge cycle.

Tri-state output, active low. The memory request signal indicates that the
address bus holds a valid address for a memory read or memory write
operation.



IORQ

(Input/Output Request)

RD
(Memory Read)

WR
(Memory Write)

RFSH
(Refresh)

HALT
(Halt state)

WAIT
(Wait)

INT

(Interrupt Request)

NMI
(Non Maskable
Interrupt)

Tri-state output, active low. The IORQ signal indicates that the lower half of
the address bus holds a valid I/O address for a I/O read or write operation. An
10RAQ signal is also generated with an M1 signal when an interrupt is being
acknowledged to indicate that an interrupt response vector can be placed on
the data bus. Interrupt Acknowledge operations occur during M, time while
1/0 operations never occur during M, time.

Tri-state output, active low. RD indicates that the CPU wants to read data
from memory or an I/O device. The addressed 1/O device or memory should
use this signal to gate data onto the CPU data bus.

Tri-state output, active low. WR indicates that the CPU data bus holds valid
data to be stored in the addressed memory or I/O device.

Output, active low. RFSH indicates that the lower 7 bits of the address
bus contain a refresh address for dynamic memories and the current MREQ
signal should be used to do a refresh read to all dynamic memories.

Output, active low. HALT indicates that the CPU has executed a HALT soft-
ware instruction and is awaiting either a non maskable or a maskable inter-
rupt (with the mask enabled) before operation can resume. While halted, the
CPU executes NOP’s to maintain memory refresh activity. ‘

Input, active low. WAIT indicates to the Z-80 CPU that the addressed
memory or 1/O devices are not ready for a data transfer. The CPU continues
to enter wait states for as long as this signal is active. This signal allows
memory or 1/O devices of any speed to be synchronized to the CPU.

Input, active low. The Interrupt Request signal is generated by 1/O devices. A
request will be honored at the end of the current instruction if the internal
software controlled interrupt enable flip-flop (IFF) is enabled and if the
BUSRQ signal is not active. When the CPU accepts the interrupt, an acknowl-
edge signal (IORQ during M| time) is sent out at the beginning of the next
instruction cycle. The CPU can respond to an interrupt in three different
modes that are described in detail in section 5.4 (CPU Control Instructions).

Input, negative edge triggered. The non maskable interrupt request line has a
higher priority than INT and is always recognized at the end of the current_
instruction, independent of the status of the interrupt enable flip-flop. NMI
automatically forces the Z-80 CPU to restart to location 0066y . The program
counter is automatically saved in the external stack so that the user can return
to the program that was interrupted. Note that continuous WAIT cycles can
prevent the current instruction from ending, and that a BUSRQ will override
a NMIL.



RESET

BUSRQ
(Bus Request)

BUSAK
(Bus Acknowledge)

Input, active low. RESET forces the program counter to zero and initializes
the CPU. The CPU initialization includes:

1) Disable the interrupt enable flip-flop
2) Set Register [ =00y
3) Set Register R =00y
4) Set Interrupt Mode O

During reset time, the address bus and data bus go to a high impedance state
and all contro! output signals go to the inactive state.

Input, active low. The bus request signal is used to request the CPU address
bus, data bus and tri-state output control signals to go to a high impedance
state so that other devices can control these buses. When BUSRQ is activated,
the CPU will set these buses to a high impedance state as soon as the current
CPU machine cycle is terminated.

Output, active low. Bus acknowledge is used to indicate to the requesting
device that the CPU address bus, data bus and tri-state control bus signals
have been set to their high impedance state and the external device can now
control these signals.

Single phase TTL level clock which requires only a 330 ohm pull-up resistor
to +5 volts to meet all clock requirements.



4.0 CPU TIMING

The Z-80 CPU executes instructions by stepping through a very precise set of a few basic operations.
These include:

Memory read or write
I/0 device read or write
Interrupt acknowledge

All instructions are merely a series of these basic operations. Each of these basic operations can take from
three to six clock periods to complete or they can be lengthened to synchronize the CPU to the speed of
external devices. The basic clock periods are referred to as T cycles and the basic operations are referred to
as M (for machine) cycles. Figure 4.0-0 illustrates how a typical instruction will be merely a series of
specific M and T cycles. Notice that this instruction consists of three machine cycles (M1, M2 and M3). The
first machine cycle of any instruction is a fetch cycle which is four, five or six T cycles long (unless length-
ened by the wait signal which will be fully described in the next section). The fetch cycle (M1) is used to
fetch the OP code of the next instruction to be executed. Subsequent machine cycles move data between
the CPU and memory or I/O devices and they may have anywhere-from three to five T cycles (again they
may be lengthened by wait states to synchronize the external devices to the CPU). The following para-
graphs describe the timing which occurs within any of the basic machirie cycles. In section 10, the exact
timing for each instruction is specitied.

Machine Cycle

M1 | M2 | M3
(OP Code Fetch) (Memory Read) (Memory Write)

Instruction Cycle

BASG!C CPU TIMING EXAMPLE
FIGURE 4.0-0

All CPU timing can be broken down into a few very simple timing diagrams as shown in figure ¢.0-1
through 4.0-7. These diagrams show the following basic operations with and without wait states (wait states
are added to synchronize the CPU to slow memory or [/O devices).

4.0-1. Instruction OP code fetch (M1 cycle)

4.0-2.  Memory data read or write cycles

4.0-3. /O read or write cycles

404, Bus Request/Acknowledge Cycle

4.0-5. Interrupt Request; Acknowledge Cycle

4.0-6. Non maskable Interrupt Request/ Acknowledge Cycle
4.0-7.  Exit from a HALT instruction
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INSTRUCTION FETCH

Figure 4.0-1 shows the timing during an M1 cycle (OP code fetch). Notice that the PC is placed on the
address bus at the beginning of the M1 cycle. One half clock time later the MREQ signal goes active. At this
time the address to the memory has had time to stabilize so that the falling edge of MREQ can be used
directly as a chip enable clock to dvnamic memories. The RD line also goes active to indicate that the
memory read data should be enabled onto the CPU data bus. The CPU samples the data from the memory on
the data bus with the rising edge of the clock of state T3 and this same edge is used by the CPU to turn off
the RD and MRQ signals. Thus the data has already been sampled by the CPU before the RD signal becomes
inactive. Clock state T3 and T4 of a fetch cycle are used to refresh dynamic memories. (The CPU uses this
time to decode and execute the fetched instruction so that no other operation could be performed at this
time). During T3 and T4 the lower 7 bits of the address bus contain a memory refresh address and the RFSH
signal becomes active to indicate that a refresh read of all dynamic memories should be accomplished. Notice
that a RD signal is not generated during refresh time to prevent data from different memory segments from
being gated onto the data bus. The MREQ signal during refresh time should be used to perform a refresh read
of all memory elements. The refresh signal can not be used by itself since the refresh address is only guaran-
teed to be stable during MREQ time.

) . m}m%\ \

AR €Yy = TN

|
M1 Cycle

T T2 T3 T, T
i — | \ \ \ \
AQ ~ A15 PC REFRESH ADDR.
W T ™\ T
RD T\ [
2L T O [ U s
Mi L / [ [__
DBO ~ DB7 {n ] ,
RFSH

INSTRUCTION OP CODE FETCH
FIGURE 4.0-1

Figure 4.0-1A illustrates how the fetch cycle is delaved if the memory activates the WAIT line. Dur-
ing T2 and every subsequent Tw, the CPU samples the WAIT line with the falling edge of . If the WAIT
line is active at this time, another wait state will be entered during the following cycle. Using this technique
the read cycle can be lengthened to match the access time of any type of memory device.




MI Cycle
T T2 Tw Tw T3 l Ta
* 1 \ \ \ \ \ S [
L
A0 ~ A5 1 PC B REFRESH ADDR B
MREQ \ 1 / \ ] -
i i
"D ) \ [
D80 ~ DB7 { ﬁ-\i_ﬁ ;
i — ! . !
WATT :.:::::f,;.'.'\_.l'.-IIJ_/'_:.'_'J L"_f::_—_'_"_"_:'::::_'.':
| | i
RFSH i i\ r
i

INSTRUCTION OP CODE FETCH WITH WAIT STATES

MEMORY READ OR WRITE

FIGURE 4.0-1A

Figure 4.0-2 illustrates the timing of memory read or write cveles other than an OP code fetch (M1
cycle). These cycles are generally three clock periods long unless wait states are requested by the memory
via the WAIT signal. The MREQ signal and the RD signal are used the same as in the fetch cycle. In the case
of a memory write cycle. the MREQ also becomes active when the address bus is stable so that it can be
used directly as a chip enable tor dynamic memories. The WR line is active when data on the data bus is
stable so that it can be used directly as a R/W pulse to virtually any type of semiconductor memory.
Furthermore the WR. signal goes inactive one half T state betore the address and data bus contents are
changed so that the overlap requirements for virtually any type of semiconductor memory type will be met.
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MEMORY READ OR WRITE CYCLES

FIGURE 4.0-2



Figure 4.0-2A illustrates how a WAIT request signal will lengthen any memory read or write opera-
tion. This operation is identical to that previously described for a fetch cycle. Notice in this figure that a
separate read and a separate write cycle are shown in the same figure although read and write cycles can
never occur simultaneously.
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MEMORY READ OR WRITE CYCLES WITH WAIT STATES
FIGURE 4.0-2A

INPUT OR OUTPUT CYCLES

Figure 4.0-3 illustrates an I/O read or I/O write operation. Notice that during I/O operations a single
wait state is automatically inserted. The reason for this is that during 1/O operations, the time from when
the IORQ signal goes active until the CPU must sample the WAIT line is very short and without this extra
state sufficient time does not exist for an I/O port to decode its address and activate the ‘WAIT line if a wait
is required. Also, without this wait state it is difficult to design MOS 1/O devices that can operate at full
CPU speed. Durmg this wait state time the WAIT request signal is sampled. During a read 1/O operation,
the RD line is used to enable the addressed port onto the data bus just as in the case of a memory read. For
1/0 write operations, the WR line is used as a clock to the 1/O port, again with sufficient overlap timing

automatically provided so that the rising edge may be used as a data clock.

Figure 4.0-3A illustrates how additional wait states may be added with the WAIT line. The operation
is identical to that previously described.

BUS REQUEST/ACKNOWLEDGE CYCLE

Figure 4.0-4 illustrates the timing for a Bus Request/Acknowledge cycle. The BUSRQ signal is
sampled by the CPU with the rising edge of the last clock period of any machine cycle. If the BUSRQ
signal is active, the CPU will set its address, data and tri-state control signals to the high impedance state
with the rising edge of the next clock pulse. At that time any external device can control the buses to
transfer data between memory and 1/O devices. (This is generally known as Direct Memory Access [DMA]
using cycle stealing). The maximum time for the CPU to respond to a bus request is the length of a machine
cvcle and the external controller can maintain control of the bus for as many clock cycles as is desired.
Note, however, that if very long DM A cycles are used, and dynamic memories are being used, the external
controller must also perform the refresh function. This situation only occurs if very large blocks of data are
transferred under DMA control Also note that during a bus request cycle, the CPU cannot be interrupted
by either a NMI or an INT signal

14
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INTERRUPT REQUEST/ACKNOWLEDGE CYCLE

Figure 4.0-5 illustrates the timing associated with an interrupt cycle. The interrupt signal (ﬁ) is

sampled by the CPU with the rising edge of the last clock at the end of any instruction. The signal will not be
accepted if the internal CPU software controlled interrupt enable flip-flop is not set or if the BUSRQ signal
is active. When the signal is accepted a special M1 cycle is generated. During this special M1 cycle the IORQ

signal becomes active (instead of the normal MREQ) to indicate that the interrupting device can place an

8-bit vector on the data bus. Notice that two wait states are automatically added to this cycle. These states

are added so that a ripple priority interrupt scheme can be easily implemented. The two wait states allow
sufficient time for the ripple signals to stabilize and identify which I/O device must insert the response
vector. Refer to section 8.0 for details on how the interrupt response vector is utilized by the CPU.
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Figures 4.0-5A and 4.0-5B illustrate how a programmable counter can be used to extend interrupt
acknowledge time. (Configured as shown to add one wait state)
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NON MASKABLE INTERRUPT RESPONSE

Figure 4.0-6 illustrates the request/acknowledge cycle for the non maskable interrupt. This signal is
sampled at the same time as the interrupt line, but this line has priority over the normal interrupt and it can
not be disabled under software control. Its usual function is to provide immediate response to important
signals such as an impending power failure. The CPU response to a non maskable interrupt is similar to a
normal memory read operation. The only difference being that the content of the data bus is ignored while
the processor automatically stores the PC in the external stack and jumps to location 0066H. The service
routine for the non maskable interrupt must begin at this location if this interrupt is used.

HALT EXIT

Whenever a software halt instruction is executed the CPU begins executing NOP’s until an interrupt is
received (either a non maskable or a maskable interrupt while the interrupt flip flop is enabled). The two
interrupt lines are sampled with the rising clock edge during each T4 state as shown in figure 4.0-7. If a non
maskable interrupt has been received or a maskable interrupt has been received and the interrupt enable
flip-flop is set, then the halt state will be exited on the next rising clock edge. The following cycle will then
be an interrupt acknowledge cycle corresponding to the type of interrupt that was received. If both are
received at this time, then the non maskable one will bé acknowledged since it has highest priority. The
purpose of executing NOP instructions while in the halt state is to keep the memory refresh signals active.
Each cycle in the halt state is a normal M1 (fetch) cycle except that the data received from the memory is
ignored and a NOP instruction is forced internally to the CPU, The halt acknowledge signal is active during
this time to indicate that the processor is in the halt state.
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5.0 Z-80 CPU INSTRUCTION SET

The Z-80 CPU can execute 158 different instruction types including all 78 of the 8080A CPU.
The instructions can be broken down into the following major groups:

Load and Exchange

Block Transfer and Search
Arithmetic and Logical

Rotate and Shift

Bit Manipulation (set, reset, test)
Jump, Call and Return
Input/Output

Basic CPU Control

INTRODUCTION TO INSTRUCTION TYPES

o
—

The load instructions move data internally between CPU registers or between CPU registers and exter-
nal memory. All of these instructions must specify a source location from which the data is to be moved
and a destination location. The source location is not altered by a load instruction. Examples of
load group instructions include moves between any of the general purpose registers such as move the data
to Register B from Register C. This group also includes load immediate to any CPU register or to any
external memory location. Other types of load instructions allow transfer between CPU registers and

memory locations. The exchange instructions can trade the contents of two registers.

A unique set of block transfer instructions is provided in the Z-80. With a single instruction a
block of memory of any size can be moved to any other location in memory. This set of block moves
is extremely valuable when large strings of data must be processed. The Z-80 block search instructions
are also valuable for this type of processing. With a single instruction, a block of external memory
of any desired length can be searched for any 8-bit character. Once the character is found or the end of the
block is reached, the instruction automatically terminates. Both the block transfer and the block search
instructions can be interrupted during their execution so as to not occupy the CPU for long periods of time.

The arithmetic and logical instructions operate on data stored in the accumulator and other
general purpose CPU registers or external memory locations. The results of the operations are placed
in the accumulator and the appropriate flags are set according to the result of the operation. An
example of an arithmetic operation is adding the accumulator to the contents of an external memory
location. The results of the addition are placed in the accumulator. This group also includes 16-bit
addition and subtraction between 16-bit CPU registers.

The rotate and shift group allows any register or any memory location to be rotated right or left
with or without carry either arithmetic or logical. Also, a digit in the accumulator can be rotated right
or left with two digits in any memory location.

The bit manipulation instructions aillow any bit in the accumulator, any general purpose register
or any external memory location to be set, reset or tested with a single instruction. For example,
the most significant bit of register H can be reset. This group is especially useful in control applications
and for controlling software flags in general purpose programming.

The jump, call and return instructions are used to transfer between various locations in the user’s
program. This group uses several different techniques for obtaining the new program counter address
from specific external memory locations. A unique type of call is the restart instruction. This instruction
actually contains the new address as a part of the 8-bit OP code. This is possible since only 8 separate
addresses located in page zero of the external memory may be specified. Program jumps may aiso
be achieved by loading register HL, X or 1Y directly into the PC, thus allowing the jump address to
be a complex furction of the routine being executed.

19



The input/output group of instructions in the Z-80 allow for a wide range of transfers between
external memory locations or the general purpose CPU registers, and the external 1/O devices. In
each case, the port number is provided on the lower 8 bits of the address bus during any I/O
transaction. One instruction allows this port number to be specified by the second byte of the instruction
while other Z-80 instructions allow it to be specified as the content of the C register. One major ad-
vantage of using the C register as a pointer to the I/O device is that it allows different 1/O ports to
share common software driver routines. This is not possible when the address is part of the OP code
if the routines are stored in ROM. Another feature of these input instructions is that they set the
flag register automatically so that additional operations are not required to determine the state of
the input data (for example its parity). The Z-80 CPU includes single instructions that can move
blocks of data (up to 256 bytes) automatically to or from any 1/O port directly to any memory location.
In conjunction with the dual set of general purpose registers, these instructions provide for fast
1/O block transfer rates. The value of this I/O instruction set is demonstrated by the fact that the
Z-80 CPU can provide all required floppy disk formatting (i.e., the CPU provides the preamble, address,
data and enables the CRC codes) on double density floppy disk drives on an interrupt driven basis.

Finally, the basic CPU control instructions allow various options and modes. This group includes
instructions such as setting or resetting the interrupt enable flip flop or setting the mode of interrupt
response.

5.2 ADDRESSING MODES

Most of the Z-80 instructions operate on data stored in internal CPU registers, external memory
or in the I/O ports. Addressing refers to how the address of this data is generated in each instruction.
This section gives a brief summary of the types of addressing used in the Z-80 while subsequent sections

detail the type of addressing available for each instruction group.

Immediate,  In this mode of addressing the byte following the OP code in memory contains the
actual operand.

OP Code } one or 2 bytes

Operand
d, dg

Exumples of this type of instruction would be to load the accumulator with a constant, where the constant
is the byte immediately following the OP code.

Immediate Extended. This mode is merely an extension of immediate addressing in that the two
bytes following the OP codes are the operand.

OP code | one or 2 bytes

Operand | low order

Operand | high order

Examples of this type of instruction would be to load the HL register pair (16-bit registen) with
16 bits (2 bytes) of data.

20



Modified Page Zero Addressing. The Z-80 has a special single byte call instruction to any of 8 locations
in page zero of memory. This instruction (which is referred to as a restart) sets the PC to an effective
address in page zero. The value of this instruction is that it allows a single byte to specify a complete
16-bit address where commonly called subroutines are located, thus saving memory space.

OP Code | onebyte

b, bo
Effective address is (bg by b3 000),

Relative Addressing.  Relative addressing uses one byte of data following the OP code to specify a
displacement from the existing program to which a program jump can occur. This displacement is
a signed two’s complement number that is added to the address of the OP code of the following instruction.

OP Code Jump relative (one byte OP code)
Operand 8-bit two’s complement displacement added to Address (A+2)

The value of relative addressing is that it allows jumps to nearby locations while only requiring two

bytes of memory space. For most programs, relative jumps are by far the most prevalent type of

jump due to the proximity of related program segments. Thus, these instructions can significantly

reduce memory space requirements. The signed displacement can range bétween +127 and -128

from A + 2. This allows for a total displacement of +129 to -126 from the jump relative OP code address.
Another major advantage is that it allows for relocatable code.

Extended Addressing. Extended Addressing provides for two bytes (16 bits) of address to be included
in the instruction. This data can be ar address to which a program can jump or it can be an address
where an operand is located.

OP Code } one or two bytes

Low Order Address or Low order operand

High Order Address or high order operand

Extended addressing is required for a program to jump from any location in memory to any other location,
or load and store data in any memory location.

When extended addressing is used to specify the source or destination address of an operand,
the notation (nn) will be used to indicate thecontent of memory at nn, where nn is the 16-bit address
specified in the instruction. This means that the two bytes of address nn are used as a pointer to a memory
location. The use of the parentheses always means that the value enclosed within them is used as a
pointer to a memory location. For example, (1200) refers to the contents of memory at location 1200.

Indexed Addressing.  In this type of addressing, the byte of data following the OP code contains

a displacement which is added to one of the two index registers (the OP code specifies which index
register is used) to form a pointer to memory. The contents of the index register are not altered by this
operation.

OP Code
two byte OP code
OP Code
Displacement Operand added to index register to form a pointer to memory.
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An example of an indexed instruction would be to load the contents of the memory location
(Index Register + Displacement ) into the accumulator. The displacement is a signed two’s complement
number. Indexed addressing greatly simplifies programs using tables of data since the index register
can point to the start of any table. Two index registers are provided since very often operations require
two or more tables. Indexed addressing also allows for relocatable code.

The two index registers in the Z-80 are referred to as IX and IY. To indicate indexed addressing the
notation:

(IX+d) or (IY+d)

is used. Here d is the displacement specified after the OP code. The parentheses indicate that this
value is used as a pointer to external memory.

Register Addressing. Many of the Z-80 OP codes contain bits of information that specify which
CPU register is to be used for an operation. An example of register addressing would be to load the
data in register B into register C,

Implied Addressing. Implied addressing refers to operations where the OP code automatically
implies one or more CPU registers as containing the operands. An example is the set of arithmetic
operations where the accumulator is always implied to be the destination of the results.

Register Indirect Addressing.  This type of addressing specifies a 16-bit CPU register pair (such as HL)
to be used as a pointer to any location in memory. This type of instruction is very powerful and
it is used in a wide range of applications.

OP Code }one or two bytes

An example of this type of instruction would be to load the accumulator with the data in the memory
location pointed to by the HL register contents. Indexed addressing is actually a form of register indirect
addressing except that a displacement is added with indexed addressing Register indirect addressing
allows for very powerful but simple to implement memory accesses. The block move and search commands
in the Z-80 are extensions of this type of addressing where automatic register incrementing, decrementing
and comparing has been added. The notation for indicating register indirect addressing is to put
parentheses around the name of the register that is to be used as the pointer. For example, the symbol

(HL)

specifies that the contents of the HL register are to be used as a pointer to a memory location. Often
register indirect addressing is used to specify 16-bit operands. In this case, the register contents

point to the lower order portion of the operand while the register contents are automatically incremented
to obtair the upper portion of the operand.

Bit Addressing. The Z-80 contains a large number of bit set, reset and test instructions. These
instructions allow any memory location or CPU register to be specified for a bit operation through

one of three previous addressing modes (register, register indirect and indexed) while three bits in the OP
code specify which of the eight bits is to be manipulated.

ADDRESSING MODE COMBINATIONS

Many instructions include more than one operand (such as arithmetic instructions or loads). In
these cases, two types of addressing may be employed. For example, load can use immediate addressing
to specify the source and register indirect or indexed addressing to specify the destination.

(3]
o

(\



5.3 INSTRUCTION OP CODES

This section describes each of the Z-80 instructions and provides tables listing the OP codes for every
instruction. In each of these tables the OP codes in bold type are identical to those offered in the 8080A
CPU. Also shown is the assembly language mnemonic that is used for each instruction. All instruction OP
codes are listed in hexadecimal notation. Single byte OP codes require two hex characters while double
byte OP codes require four hex characters. The conversion from hex to binary is repeated here for
convenience.

Hex Binary Decimal Hex Binary Decimal
0 = 0000 = 0 8 = 1000 = 8
1 = 0001 = 1 9 = 1001 = 9
2 = 0010 = 2 A = 1010 = 10
3 = 0011 = 3 B = 1011 = 11
4 = 0100 = 4 C = 1100 = 12
5 = 0101 = 5 D = 1101 = 13
6 = o110 = 6 E = 1110 = 14
7 = o1yt = 7 F = 11y = 15

Z-80 instruction mnemonics consist of an OP code and zero, one or two operands. Instructions in
which the operand is implied have no operand. Instructions which have only one logical operand or those in
which one operand is invariant (such as the Logical OR instruction) are represented by a one operand
mnemonic. Instructions which may have two varying operands are represented by two operand mnemonics.

LOAD AND EXCHANGE

Table 5.3-1 defines the OP code for all of the 8-bit load instructions implemented in the Z-80 CPU.
Also shown in this table is the type of addressing used for each instruction. The source of the data is found
on the top horizontal row while the destination is specified by the left hand column. For example. load
register C from register B uses the OP code 48H. In all of the tables the OP code is specified in hexadecimal
notation and the 48H (=0100 1000 binary) code is fetched by the CPU from the external memory during
M1 time, decoded and then the register transfer is automatically performed by the CPU.

The assembly language mnemonic for this entire group is LD, followed by the destination followed
by the source (LD DEST., SOURCE). Note that several combinations of addressing modes are possible. For
example, the source may use register addressing and the destination may be register indirect: such as load
the memory location pointed to by register HL with the contents of register D. The OP code for this
operation would be 72. The mnemonic for this load instruction would be as follows:

LD (HL),D

The parentheses around the HL means that the contents of HL are used as a pointer to a memory location.
In all Z-80 load instruction mnemonics the destination is always listed first, with the source following. The
Z-80 assembly language has been defined for ease of programming. Every instruction is self documenting
and programs written in Z-30 language are easy to maintain.

Note in table 5.3-1 that some load OP codes that are available in the Z-80 use two bytes. This is an
efficient method ot memory utilization since 8, 16, 24 or 32 bit instructions are implemented in the Z-30.
Thus often utilized instructions such as arithmetic or logical operations are only 8-bits which results in
better memory utilization than is achieved with fixed instruction sizes such as 16-bits.

All load instructions using indexed addressing for either the source or destination location
actually use three bytes of memory with the third byte being the displacement d. For example a load
register E with the operand pointed to by [X with an offset of +8 would be written:

LD E.(IX +8)



The instruction sequence for this in memory would be:

Address A DD
A+1|5F

OP Code

A+2| 08 Displacement operand

The two extended addressing instructions are also three byte instructions. For example the instruction to
load the accumulator with the operand in memory location 6F32H would be written:

LD A, (6F 32H)
and its instruction sequence would be:

Address A 3A | OP Code
A+1| 32 | low order address

A+2 | 6F | high order address

Notice that the low order portion of the address is always the first operand.

The load immediate instructions for the general purpose 8-bit registers are two-byte instructions. The
instruction load register H with the value 36H would be written:

LD H, 36H
and its sequence would be:

Address A 26 | OP Code
A+1| 36 | Operand

Loading a memory location using indexed addressing for the destination and immediate addressing for the
source requires four bytes. For example:

LD (IX - 15),21H
would appear as:

Address A DD

A+1] 36
a2l F1 | @isplaceme,nt (-151in
signed two’s complement)
A+3) 21| operand to load

OP Code

Notice that with any indexed addressing the displacement always follows directly after the OP code.

Table 5.3-2 specifies the 16-bit load operations. This table is very similar to the previous one. Notice
that the extended addressing capabilitv covers all register pairs. Also notice that register indirect operations
specifving the stack pointer are the PUSH and POP instructions. The mnemonic for these instructions is
“PUSH™ and “POP.” These differ from other 16-bit loads in that the stack pointer is automatically decre-
mented and incremented as each byte is pushed onto or popped from the stack respectively. For example
the instruction:



PUSH AF

is a single byte instruction with the OP code of FSH. When this instruction is executed the following

sequence is generated:

ODESTINATION

Decrement SP

LD (SP), A
Decrement SP
LD (SP), F
Thus the external stack now appears as follows:
(SP) F  &— Top of stack
(SP+1) A
SOURCE
EXT.
IMPLIED REGISTER REG INDIRECT INDEXED ADDR.| IMME,
1 R A 8 [ 2] E H L (HL) | (BC) (DE) [(1X +g){{1Y +d)| (nn) n
00 FD 3A 3€
A ED ED ¥ 78 79 7A 78 7€ 70 7€ 0A 1A 7€ 7€ L n
57 SF d q L]
oo FO
8 47 40 41 42 43 44 45 48 46 46 06
d d n
o0 | FO.
[ 4F 43 49 4A 48 4 40 4E 4E 4E [+ 3
d d n
00 FD
REGISTER | D 57 S0 51 s2 53 54 55 58 56 56 18
d d
00 FD
13 SF 58 59 SA 58 5C 50 SE SE SE 1€
k] d n
oo FO
H 87 60 61 62 83 64 65 68 86 66 28
d d n
00 FD
L 6F 68 69 6A 68 6C 60 6E 6E 6E 2€
d d n
(HL) 7 70 n 72 73 74 b 6
n
REG
inDIRECT | 'BC 02
(DE) 12
o0 | oo | oo! oo | oo | o0 oD %
(1X+d) 7 70 hal n 73 7 7 4
d d d q d dq d A
INDEXED -
FD FD FD FO FO 0 FD 36
{1Y+d) 7 70 n 72 73 74 75 3
d a d d d q 4 0
32
EXT. ADOR | (nn) n
i n
' €D
47
IMPLIED
R €0
SF

8 BIT LOAD GROuUP

ILDI

TABLE 5.3-1




The POP instruction is the exact reverse of a PUSH. Notice that all l"USH and POP instructions utilize a
16-bit operand and the high order byte is always pushed first and popped last. That is a:

PUSH BC isPUSH B then C

PUSH DE isPUSH D then E

PUSH HL isPUSHH then L

POP HL isPOP LthenH
The instruction using extended immediate addressing for the source obviously requires 2 bytes of data
following the OP code. For example:

LD DE. 0659H
will be:

Address A 11| OP Code

A+1 | 59 | Low order operand to register E

A+2 | 06 | High order operand to register D

In all extended immediate or extended addressing modes, the low order byte always appears first after the
OP code.

Table 5.3-3 lists the 16-bit exchange instructions implemented in the Z-80. OP code 08H allows the
programmer to switch between the two pairs of accumulator flag registers while D9H allows the pro-
grammer to switch between the duplicate set of six general purpose registers. These OP codes are-only one
byte in length to absolutely minimize the time necessary to perform the exchange so that the duplicate
banks can be used to effect very fast interrupt response times.

BLOCK TRANSFER AND SEARCH

Table 5.34 lists the extremely powerful block transfer instructions. All of these instructions operate
with three registers.

HL points to the source location.
DE points to the destination location.
BC is a byte counter.

After the programmer has initialized these three registers, any of these four instructions may be used. The
LDI (Load and Increment) instruction moves one byte from the location pointed to by HL to the location
pointed to by DE. Register pairs HL and DE are then automatically incremented and are ready to point to
the following locations. The byte counter (register pair BC) is also decremented at this time. This instruc-
tion is valuable when blocks of data must be moved but other types of processing are required between each
move. The LDIR (Load, increment and repeat) instruction is an extension of the LDI instruction. The same
load and increment operation is repeated until the byte counter reaches the count of zero. Thus, this single
instruction can move any block of data from one location to any other.

Note that since 16-bit registers are used. the size of the block can be up to 64K bytes (1K = 1024)
long and it can be moved from any location in memory to any other location. Furthermore the blocks can
be overlapping since there are absolutely no constraints on the data that is used in the three register pairs.

The LDD and LDDR instructions are very similar to the LDl and LDIR. The only difference is that

register pairs HL and DE are decremented after every move so that a block transfer starts from the highest
address of the designated block rather than the Jowest.
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SOURCE

IMM. | EXT. | REG.
REGISTER EXT. | ADDR.| INDIR.
AF DE HL SP IX 1Y nn (nn) (sP)
AF - F1
- ot-<] ED
8C n 8 |
n n
11 €D
2 DE n B | o
on
G n
's HL 2 24 | Et
DESTINATION T : :
5 ED
R | sp oo | fo} 31| 55
F9 F9 n n
n n
DO DO
1X 21 2A [o]»]
n n €1
n n
FD FD
Y 21 2A FD
n n El
n n
ED > | ED [a]0] FD
EXT. | () ss f 217 |2 | 2z
ADDR. : n 1 n : g
PUSH > REG. (SP) D5 ES [o]o] FOD
INSTRUCTIONS IND. €5 ES

NOTE: The Push & Pop Instructions adjust
the SP after every execution

16 BIT LOAD GROUP

ILDI
‘PUSH’ AND ‘POP’
TABLE 5.3-2

IMPLIED ADDRESSING

AF |Bc DE &ML | HL | 1x 1y
AF | o8
BC,
DE
IMPLIED| & 09
HL
DE EB
REG. | (sP) g3 | oo | fo
INDIR. €3 €3
EXCHANGES
‘EX’ AND ‘EXX’
TABLE 5.3-3

}

POP
INSTRUCTIONS



SOURCE

REG.
INDIR.
(HL)
ED ‘LDI’ ~ Load (DE }#——(HL)
A0 Inc HL & DE, Dec BC
ED ‘LDIR,’ - Load (DE)=e—(HL)
REG BO Inc HL & DE, Dec BC, Repeat until BC = 0
DESTINATION INDI.R. (DE)
ED ‘LDD’ — Load (DE)=e—(HL)
A8 Dec HL & DE, Dec BC
ED ‘LDDR’ ~ Load (DE}=—(HL)
B8 Dec HL & DE, Dec BC, Repeat until BC = 0

Reg HL points to source
Reg DE points to destination
Reg BC is byte counter

BLOCK TRANSFER GROUP
TABLE 5.3-4

Table 5.3-5 specifies the OP codes for the four block search instructions. The first, CPl (compare and
increment) compares the data in the accumulator, with the contents of the memory location pointed to by
register HL. The result of the compare is stored in one of the flag bits (see section 6.0 for a detailed expla-
nation of the flag operations) and the HL register pair is then incremented and the byte counter (register
pair BC) is decremented.

The instruction CPIR is merely an extension of the CPI instruction in which the compare is repeated
until either a match is found or the byte counter (register pair BC) becomes zero. Thus, this single instruc-
tion can search the entire memory for any 8-bit character.

The CPD (Compare and Decrement) and CPDR (Compare, Decrement and Repeat) are similar
instructions, their only difference being that they decrement HL after everv compare so that they search
the memory in the opposite direction. (The search is started at the highest location in the memory block).

It should be emphasized again that these block transfer and compare instructions are extremely
powerful in string manipulation applications.

ARITHMETIC AND LOGICAL

Table 5.3-6 lists all of the 8-bit arithmetic operations that can be performed with the accumulator.
also listed are the increment (INC) and decrement (DEC) instructions. In all of these instructions. except
INC and DEC, the specified 8-bit operation is performed between the data in the accumulator and the
source data specified in the table. The result of the operation is placed in the accumulator with the excep-
tion of compare (CP) that leaves the accumulator unaffected. All of these operations affect the flag
register as a result of the specified operation. (Section 6.0 provides all of the details on how the flags are
affected by any instruction type). INC and DEC instructions specify a register or a memory location as
both source and destination of the result. When the source operand is addressed using the index registers
the displacement must follow directly. With immediate addressing the actual operand will follow directly.
For example the instruction:

AND 07H

would appear as:

Address A E6 | OP Code
A+1{ 07 | Operand




SEARCH

LOCATION
REG.
INDIR.
(HL)
ED ‘P’
At Inc HL, Dec BC
ED "CPIR’, Inc HL, Dec BC
B1 repeat until BC = 0 or find match
ED P
A9 CPD’ Dec HL & BC
ED ‘CPOR‘ Dec HL & BC
89 Repeat until BC = 0 or find match

HL points to iocation in memory
to be pared with lator
contents

BC is byte counter

BLOCK SEARCH GROUP
TABLE5.3-5

Assuming that the accumulator contained the value F3H the resuit of 03H would be placed in the
accumulator:

Acc before operation 11110011 =F3H

Operand 00000111 =07H

Result to Acc 0000 0011 = O3H

The Add instruction (ADD) performs a binary add between the data in the source location and the

data in the accumulator. The subtract (SUB) does a binary subtraction. When the add with carry is specified
(ADC) or the subtract with carry (SBC), then the carry flag is also added or subtracted respectively. The
flags and decimal adjust instruction (DAA) in the Z-80 (fully described in section 6.0) allow arithmetic
operations for:

multiprecision packed BCD numbers
multiprecision signed or unsigned binary numbers

multiprecision two’s complement signed numbers
Other instructions in this group are logical and (AND), logical or (OR), exclusive or (XUK) and compare (CP).

There are five general purpose arithmetic instructions that operate on the accumulator or carry flag.
These five are listed in table 5.3-7. The decimal adjust instruction can adjust for subtraction as well as add-
ition, thus making BCD arithmetic operations simple. Note that to allow for this operation the flag N is used.
This tlag is set it the last arithmetic operation was a subtract. The negate accumulator (NEG) instruction
forms the two’s complement of the number in the accumulator. Finally notice that a reset carry instruction
is not included in the Z-80 since this operation can be easily achieved through other instructions such as a
logical AND of the accumulator with itself.

Table 5.3-8 lists all of the 16-bit arithmetic operations between 16-bit registers. There are five groups
of instructions including add with carry and subtract with carry. ADC und SBC affect ail of the tlags. These
two groups simplify address calculation operations or other 16-bit arithmetic operations.



SOURCE

REG.
REGISTER ADDRESSING INDIR. INDEXED IMMED.|
A B c D E H L (HL) | X+d) | (1Y+d)| n
DD FD
‘ADD’ 87 80 81 82 83 84 85 | 86 86 86 c6
d d n
DD FD
ADD w CARRY | 8F 88 89 8A 88 8C 8D | 8E 8E 8E CE
‘ADC’ d d n
DD FD
SUBTRACT 97 20 91 92 83 94 95 | 9% 96 % D6
‘SUB’ d d n
DD FD
SUBw CARRY | 9F 98 99 SA 88 - oD | 9E 9E 9E DE
*SBC’ d d n
) , , DD FD
‘AND’ A7 A0 Al A2 ‘] A3 A ] A5 | A8 A6 A6 E6
’ d d n
5 DD FD
“XOR’ AF A8 | A9 { AA | AB |.AC | AD | AE | AE AE EE
YN LR 1d d n
DD FD
‘OR’ B7 80 | B1 B2 83 B4 B5 | B6 B6 B6 F6
d d n
DD FD
COMPARE BF B8 B9 BA BB | BC | BD | BE BE BE FE
‘cP d d n
DD FD
INCREMENT 3c 04 oc 14 1c 24 | 2¢c | 34 K7} 34
‘INC’ d d
DD FD
DECREMENT | 3D 05 0D 15 | 25 2D |3 35 35
DEC’ d d

8 BIT ARITHMETIC AND LOGIC

TABLE 5.3-6

Decimal Adjust Acc, ‘DAA’ 27
Complement Acc, ‘CPL’ 2F
Negate Acc, ‘NEG’ ED
(2’s compiement) 44
Complement Carry Flag, ‘CCF’ 3F
Set Carry Flag, ‘SCF’ 37

GENERAL PURPOSE AF OPERATIONS

TABLE 5.3-7
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PEF Y

REGISTER ADDRESSING INDIR.| INDEXED
A |8 | ¢ o € o oo | k| axea | avea
aIT
50 | FO
o | 8| cs | || c8|ca|ca|ca | cE | cs
a o | |2 |3 | a ¢ |6 |4 d
i | 3
50 | FO |
1 | @ || |ce|cs|cea|ce|ce | B | &
4F 48 49 4A 48 4C 40 4€ d d
4€ 4€
o6 | FO0
2 |3 || @ |a|le @ s @)c
57 | so | st | s2 | s3 | 54 s | 4 |4
sjlgle s | a|ls 3 a X8
F A 58 5D a d
TEST s 8 | = i % | 2
8T 30 | f0
e | 8| |c |c8 | c8|c || cal|cs | cs
a7 | %0 |6 {62 | 83 |56 | & | %8 |3 d
6 | 8
Fi
s |c@ |8 |c8 [c8 | s |ce8 | |c| 2|8
6F | 88 |63 | s8a | 68 | & | 60 | 68 | g d
ge_| &€
o0 | FO
6 |8 ! c8 |c8 |c8 |c8 |csa |68 | cs8 | 8 | cB
7 |0 | |72 | 73alie || W |4 d
% | %8
7 |8 |c8 |8 |c8 | ca|cs|ca|ca| 2|8
7 | 78 |79 | 7a | 8 |c | | E |4 d
Je | Je
70
o |8 |cca|cs |ca | cs|ca|cs|ca| B | &
87 | %0 | 8 | %= |8 |8 |8 |33 |4 d
3 | 38
v | 8| ¢8| ce {ce|ce|ce | calc | 2|8
8F | 88 | 8 |8a | e | s | s | s | 4 d
3 | 8
3
2 | 8| c8|cas |ca |ca|cs | ca|es |38 | &
97 | 90 |9 | o2 | 3 |9 | %5 [ % |d d
%6 | %
3 | c8 | cs |c8 |ca|ce |8 |ca|eca | 2|8
RESET oF | 98 | 99 | 9a | e |9 | 0 | o | 4 d
by 3 | 9
MES' | 4 | 8 | 8 | c8 | cs |8 |ce | ca|cal| 2|
A7 AQ Al A2 A3 A4 AS A8 d d
A8 A6
s | c8 | c8 | c8 |ca|cea|ca|cafca | 29|
AF A8 A9 AA AB AC AD AE d d_ .
ag_| A€ |
6 | ca|c8|c8 |8 | ce|ca|ce|ca]| 28|88
87 | 80 | 8t | 82 | 83 | 8¢ |65 | 86 | 4 d
8 | 86
7 | 8| @ | |8 |c38| e | c8|cel| 0|8
BF | 88 | 89 | 8a | 88 | ac | 80 | %€ | 4 g
3 | 8¢
o0 | O
o | @ |ca|cs|cs | c8a|ce|cs|ca|C8|ca
gla|dala|&|a|s & |d |4
00 | fO
1@ |3 @ s cac|c |C | Ca
¢ e | @ |calcs|cc|cofce|d |4
(o]0 D
2 | @ || |cjcscs|ca|c ||
7 4
o o0 | o1 | o2 | 03 [ o6 | Cs | o8 |d | g
00 | FO
3 | ca| c8| 8| cs | c8 | cs | ca|cs |cB |cs
SET OF 08 09 DA 08 oc 00 | DE d d
T 0e | Be
00 D
SET ) @ | 8| cs|ca|cajcs|cs|cs|oca |8
€ | €0 | & | €2 | & | & | & | & | 4 | 4
50 | F0
5 8 | 8| c8 |ca| | cs8 |ca|cs | cs
€F €8 €9 EA €8 £C €0 EE d
ge | fe
o0 | F0
s |8 |cs|calca| ca|cs | cs|ca|Cs|CB
F7 Fo | F1 2 F3 | Fe f5 | 75 dq de
3
7 | 8| 8| c8|c8 | c8|ca|ca|cs| | &
FE | f8 Fa | FA | F8 | fc | FO | 7e i | 4e
4

BIT MANIPULATION GROUP

TABLE 5.3-10



Disable Interrupt — prevent interrupt before
routine is exited.

LDA,n — notify peripheral that service
OUT n, A routine is complete
Enable Interrupt

Return

This seven byte sequence can be replaced with the one byte El instruction and the two byte RETI instruction
in the Z80. This is important since interrupt service time often must be minimized.

To facilitate program loop control the instruction DINZ e can be used advantageously. This two byte,
relative jump instruction decrements the B register and the jump occurs if the B register has not been decre-
mented to zero. The relative displacement is expressed as a signed two’s complement number. A simple ex-
ample of its use might be:

Address Instruction Comments
N, N+ 1 LD B, 7 ; set B register to count of 7
N+2toN+9 (Perform a sequence .
of instructions) ; loop to be performed 7 times
N+10 N+ 11 DINZ -8 ;tojump from N+ [2toN+2
b N
N+12 (Next Instruction)
CONDITION
UN- NON NON |{PARITY|PARITY| SIGN SIGN REG
COND. | CARRY | CARRY| ZERO ZERO |EVEN [e]o]0] NEG POS B*0
c3 DA D2 | ca c2 EA E2 FA | F2
JUmMp  JP’ IMMED. nn n n n n n n n n n
EXT. n n n n n n n n n
JUMP  “JR’ RELATIVE| PC+e | 18 38 30 28 20
e2 e2 e2 e2 e2
JUMP 4P’ (HL) | E9
JUMP  "gP* REG. 1x) DD
INDIR. EQ
JUMP P’ (ry) FD
E9
co DC D4 | cc [ EC E4 FC .| Fa
‘CALL’ IMMED. nn n n n n n .n n LN n
EXT. n n n n n n n n n
DECREMENT B,
JUMP IF NON | RELATIVE | PC+e 10
ZERO ‘DINZ’ &2
RETURN REGISTER | (SP) cs | D8 Do cs co | EB EO F8 FO
‘RET’ INDIR, (SP+1) ; g
RETURN FROM | REG. (SP) ED
INT ‘RETV' INDIR. (sP+1)| 4D
RETURN FROM
NON MASKABLE | REG- (sP) ED
INT ‘RETN' INDIR. (SP+1) | 45
NOTE—CERTAIN
FLAGS HAVE MORE
THAN ONE PURPOSE. ;
REFER TO SECTION
6.0 FOR DETAILS JUMP, CALL and RETURN GROUP

TABLE 5.3-11



SOURCE

BC DE HL SP 1X 1Y

HL 09 19 29 39

‘ADD’ X o] 0] [o]o) (o] 0] [o]0]
09 19 39 29

1Y FD FD FD FD

09 19 39 29

DESTINATION

ADDO WITH CARRY AND | HL ED ED ED ED

SET FLAGS 'ADC’ 4A S5A 6A 7A
SUB WITH CARRY AND HL ED ED ED ED
SET FLAGS  'sBC’ 42 52 62 7
INCREMENT  ‘INC’ a3 13 23 k< [»]s} FD
23 23
DECREMENT 'DEC’ o8 18 28 38 o]o} FO
28 28

16 BIT ARITHMETIC
TABLE 5.3-8

ROTATE AND SHIFT

A major capability of the Z-80 is its ability to rotate or shift data in the accumulator, any general pur-
pose register, or any memory location. All of the rotate and shift OP codes are shown in table'5.3-9. Also
included in the Z-80 are arithmetic and logical shift operations. These operations are useful in an extremely
wide range of applications inciuding integer multiplication and division. Two BCD digit rotate instructions
(RRD and RLD) allow a digit in the accumulator to be rotated with the two digits in a memory location
pointed to by register pair HL. (See figure 5.3-9). These instructions allow for efficient BCD arithmetic.

BIT MANIPULATION

The ability to set, reset and test individual bits in a register or memory location is needed in almost
every program. These bits may be flags in a general purpose software routine, indications of external con-
trol conditions or data packed into memory locations to make memory utilization more efficient.

The Z-80 has the ability to set, reset or test any bit in the accumulator, any general purpose register
or any memory location with a single instruction. Table 5.3-10 lists the 240 instructions that are available
for this purpose. Register addressing can specify the accumulator or any general purpose register on which
the operation is to be performed. Register indirect and indexed addressing are available to operate on
external memory locations. Bit test operations set the zero flag (Z) if the tested bit is a zero. (Refer to
section 6.0 for further explanation of flag operation).

JUMP, CALL AND RETURN

Figure 5.3-11 lists all of the jump, call and return instructions implemented in the Z-80 CPU. A jump
is a branch in a program where the program counter is loaded with the 16-bit value as specified by one of the
three available addressing modes (Immediate Extended, Relative or Register Indirect). Notice that the jump
group has several different conditions that can be specified to be met before the jump will be made. If
these conditions are not met, the program merely continues with the next sequential instruction. The
conditions are all dependent on the data in the tlag register. (Refer to section 6.0 for details on the flag
register). The immediate extended addressing is used to jump to any location in the memory. This in-
struction requires three bytes (two to specify the 16-bit address) with the low order address byte first
followed by the high order address byte.



Source and Destination

A | Rotate
a B c D | ¢ Wl ot | mo juxsdjay e o % - bg Lot Circutar
)
me | ca| | | | el cs) a8 ALca | o7 — .
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ROTATES AND SHIFTS
TABLE 5.3-9

For example an unconditional Jump to memory location 3E32H would be:

Address A C3 | OP Code
A+1{ 32 | Low order address

A+2 | 3E | High order address

The relative jump instruction uses only two bytes, the second byte is a signed two’s complement dis-
placement form the existing PC. This displacement can be in the range of +129 to -126 and is measured
from the address of the instruction OP code.

Three types of register indirect jumps are also included. These instructions are implemented by loading
the register pair HL or one of the index registers IX or IY directly into the PC. This capability allows for
program jumps to be a function of previous calculations.

A call is a special form of a jump where the address of the byte following the call instruction is
pushed onto the stack before the jump is made. A return instruction is the reverse of a call because the
data on the top of the stack is popped directly into the PC to form a jump address. The call and return
instructions allow for simple subroutine and interrupt handling. Two special return instructions have been
included in the Z-80 family of components. Thereturn from interrupt instruction (RETI) and the return
from non maskable interrupt (RETN) are treated in the CPU as an unconditional return identical to the OP
code COH. The difference is that (RETI) can be used at the end of an interrupt routine and all Z-80 peripheral
chips will recognize the execution of this instruction for proper control of nested priority interrupt handling.
This instruction coupled with the Z-80 peripheral devices implementation simplifies the normal return from
nested interrupt. Without this feature the following software sequence would be necessary to inform the
interrupting device that the interrupt routine is completed:



Table 5.3-12 lists the eight OP codes for the restart instruction. This instruction is a single byte call to any
of the eight addresses listed. The simple mnemonic for these eight calls is also shown. The value of this in-
struction is that frequently used routines can be called with this instruction to minimize memory usage.

op
CODE
0000, { €7 | RSTO
0008, | CF | RST®
C |oot0,} O7 | .
A M RST 16°
L
L .
A | %% | DF | ‘rsT 24’
D
0
R 0020, | € | per
s
s
0028, | EF | .ger 40’

0030, [ F7 | ‘RsTas’

w| FF | ‘RsTse

RESTART GROUP
TABLE 5.3-12

INPUT/OUTPUT

The Z-80 has an extensive set of Input and Qutput instructions as shown in table 5.3-13 and table
5.3-14. The addressing of the input or output device can be either absolute or register indirect, using the C
register. Notice that in the register indirect addressing mode data can be transferred between the [/O devices
and any of the internal registers. In addition eight block transter instructions have been implemented. These
instructions are similar to the memory block transfers except that they use register pair HL for a pointer to
the memory source (output commands) or destination (input commands) while register B is used as a byte
counter. Register C holds the address of the port tor which the input or output command is desired. Since
register B is eight bits in length, the /O block transfer command handles up to 256 bytes.

In the instructions IN A, n and OUT n, A the /O device address n appears in the lower half of the add-
ress bus (Ag-A5) while the accumulator content is transferred in the upper half of the address bus. In all reg-
ister indirect input output instructions, including block [/O transters the content of register C is transferred
to the lower half of the address bus (device address) while the content of register B is transferred to the
upper halt of the address bus.
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PORT ADDRESS

IMMED.| REG.
INDIR.

(n) (c)

A o] ED
78

B ED
40

c ED
48

INPUT “IN’

D ED
50

E ED
58
INPUT
DESTINATION

OZ2TNeM®¥O0>» OMIX

H ED
60

L ED
68

‘INI - INPUT & ED
inc HL, Dec B A2

‘INIR’— INP, Inc HL, ED
Dec B, REPEAT IF B#0 B2
* REG, | (HL) \, BLOCK INPUT

INDIR COMMANDS
‘IND’—~INPUT & ED

Dec HL, Dec B AA

‘INDR’~INPUT, Dec HL, ED
Dec B, REPEAT IF B0 BA

INPUT GROUP
TABLE 5.3-13

CPU CONTROL GROUP

The final table, table 5.3-15 illustrates the six general purpose CPU control instructions. The NOP is a do-
nothing instruction. The HALT instruction suspends CPU operation until a subsequent interrupt is received,
while the DI and EI are used to lock out and enable interrupts. The three interrupt mode commands set the
CPU into any of the three available interrupt response modes as follows. If mode zero is set the interrupting
device can insert any instruction on the data bus and allow the CPU to execute it. Mode 1 is a simplified
mode where the CPU automatically executes a restart (RST) to location 0038H so that no external hardware
is required. (The old PC content is pushed onto the stack). Mode 2 is the most powerful in that it allows for
an indirect call to any location in memory. With this mode the CPU forms a 16-bit memory address where
the upper 8-bits are the content of register [ and the lower 8-bits are supplied by the interrupting device.
This address points to the first of two sequential bytes in a table where the address of the service routine is
located. The CPU automatically obtains the starting address and performs a CALL to this address.

<8— Pointer to Interrupt table. Reg.
I is upper address,
Peripheral supplies lower address

Address of interrupt
service routine
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SOURCE

BLOCK
> OUTPUT
COMMANDS

REG.
REGISTER IND.
A B c o E H L {HL)
IMMED.| (n) | O3
‘ouT’
REG. | (€ | €D | ED | €D | ED | ED | €D | ED
IND. 79 | & 49 51 s9 | 81 69
‘QUTY’ — QUTPUT REG. | (©) ED
Inc HL, Dec b IND. A3
‘OTIR’ — OUTPUT, Inc HL, | REG. | (C) ED
Dec B, REPEAT IF B0 IND. 83
‘OUTD’ - OUTPUT REG. | (O ED
Dec HL & B IND. AB
‘OTDR’ — OUTPUT, Dec HL | REG. | () €D
& B, REPEAT IF B+0 IND. 88
—
PORT
DESTINATION
ADORESS
OUTPUT GROUP
TABLE 5.3-14
‘NOP 00
"HALT' 76
DISABLE INT'(DI)' | F3
ENABLE INT*(E1) | F8
INT M
SET Ny € 0 fg 8080A MODE
SET INT MO
N C0F ! §§ CALL TO LOCATION 0038,
SET INT MODE 2 ED | INDIRECT CALL USING REGISTER
M2’ SE | |AND 8 BITS FROM INTERRUPTING

DEVICE AS A POINTER.

MISCELLANEOUS CPU CONTROL
TABLE 5.3-15
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6.0 FLAGS

Each of the two Z-80 CPU Flag registers contains six bits of information which are set or reset by
various CPU operations. Four of these bits are testable; that is, they are used as conditions for jump, call or
return instructions. For example a jump may be desired only if a specific bit in the flag register is set. The
four testable flag bits are:

1) Carry Flag (C) — This flag is the carry from the highest order bit of the accumulator. For example, the
carry flag will be set during an add instruction where a carry from the highest bit of the accumulator
is generated. This flag is also set if a borrow is generated during a subtraction instruction. The shift
and rotate instructions also affect this bit.

2) Zero Flag (Z) — This flag is set if the result of the operation loaded a zero into the accumulator. Other
wise it is reset.

3) Sign Flag (S) — This flag is intended to be used with signed numbers and it is set if the result
of the operation was negative. Since bit 7 (MSB) represents the sign of the number (A negative
number has a 1 in bit 7), this flag stores the state of bit 7 in the accumulator.

4) Parity/Overtlow Flag (P/V) — This dual purpose flag indicates the parity of the result in the accumulator
when logical operations are performed (such as AND A, B) and it represents overflow when signed
two's complement arithmetic operations are performed. The Z-80 overflow flag indicates that the
two’s complement number in the accumulator is in error since it has exceeded the maximum pos-
sible (+127) or is less than the minimum possible (-128) number than can be represented in two’s
complement notation. For example consider adding:

+120 = 0111 1000
+105 = 01101001

C= 0 11100001 = -95 (wrong) Overflow has occured

Here the result is incorrect. Overtlow has occurred and vet there is no carry to indicate an error.
For this case the overflow flag would be set. Also consider the addition of two negative numbers:

= 1111 1011
= 1111 0000

=1 11101011 = -21 correct

-5

-16

C

Notice that the answer is correct but the carry is set so that this flag can not be used as an over-

tlow indicator. In this case the overtlow would not be set.

For logical operations (AND. OR, XOR) this tlag is set if the parity of the result is even and it is
reset if it is odd.

There are also two non-testable bits in the tlag register. Both of these are used tor BCD arithmetic. They are:
1) Half carry (H) — This is the BCD carry or borrow result from the least significant four bits of operatis
When using the DAA (Decimal Adjust Instruction) this tlag is used to correct the result of a
previous packed decimal add or subtract.
2) Subtract Flag (N) — Since the algorithm for correcting BCD operations is different for addition or

subtraction, this tlag is used to specity what tvpe ol instruction was executed last so that the
DAA operation will be correct for either addition or subtraction.

The Flag register can be accessed by the progrummer and its format is as follows:

S|Z | X|H|X|P/VIN|C

X means tlag is indeterminate.
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Table 6.0-1 lists how each flag bit is affected by various CPU instructions. In this table a ‘®” indicates
that the instruction does not change the flag, an ‘X’ means that the flag goes to an indcterminate state, a ‘0’
mzans that it is reset, a ‘1’ means that it is set and the symbol ‘3’ indicates that it is set or reset according to

the previous discussion. Note that any instruction not appearing in this table does not affect any of the flags.

Table 6.0-1 includes a few special cases that must be described for clarity. Notice that the block search
instruction scts the Z flag if the last compare operation indicated a match between the source and the
accumulator data. Also, the parity flag is set if the byte counter (register pair BC) is not equal to zero. This
same use of the parity flag is made with the block move instructions. Another special case is during block
input or output instructions, here the Z flag is used to indicate the state of register B which is used as a byte
counter, Notice that when the 1/O block transfer is complete, the zero flag will be reset to a zero (i.e. B=0)
while in the case of a block move command the parity flag is reset when the operation is complete. A final
case is when the refresh or I register is loaded into the accumulator, the interrupt enable flip flop is loaded
into the parity flag so that the complete state of the CPU can be saved at any time.
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Instruction Cl|Z !z/ S|N{H | Comments

ADD A,s: ADC As BENEIIE 8-bit add or add with carry

SUBs; SBC A, s, CPs, NEG $Is|VIs|L(s 8-bit subtract, subtract with carry, compare and

negate accumulator

AND s 0[$|P|{$]0]|1 |} Logical operations

ORs; XOR s ojts(P[¢]0}0 And set’s different flags

INCs e|tIVit|0]|? 8-bit increment

DEC m ol d|VIS|L1]S 8-bit decrement

ADD DD, ss $lejejo]0|X 16-bit add

ADC HL, ss $131VI$|0|X | 16-bit add with carry

SBC HL, ss iVt X 16-bit subtract with carry

RLA; RLCA, RRA, RRCA {|eje|el0i0 Rotate accumulator

RL m; RLC m; RRm; RRC m $1s|Ps(0]|0 Rotate and shift location s

SLAm; SRAm;SRLm

RLD, RRD o }|P[3|0]0 Rotate digit left and right

DAA $|s(P|S|et Decimal adjust accumulator

CPL olejeofe|l]|1] Complement accumulator

SCF 1{ofe@|®]0|0 | Setcarry

CCF $|e|e|e|0|X | Complement carry

INt,(C) o $|P($]0j0 | Input registerindirect

INI; IND; OUTI; OUTD | $|X|X{1]X || Block input and output

INIR; INDR; OTIR; OTDR o LIXIX|1X Z=0if B#Qotherwise Z=1

LDI,LDD o|X|[$|X|0]|0 Block transfer instructions

LDIR, LDDR ¢ X|01X{0{0 |} P/V=1ifBC+#0,otherwise P/V =0

CPI, CPIR, CPD, CPDR o313 ]X|1|X | Block search instructions .

Z=1if A=(HL), otherwise Z=0
P/V = 1if BC # 0, otherwise P/V =0

LDA,;LDA,R o $IFF${0| 0 | The content of the interrupt enable flip-flop (IFF)

is copied into the P/V flag

BITb,s ol $X|X[0]1 The state of bit bof location s is copied into the Z flag

NEG $181vITIL1 31 Negate accumulator

The following notation is used in this table:

Symbol Operation

C Carry/link flag. C=1 if the operation produced a carry from the MSB of the operand or result.

z Zero flag. Z=1 if the result of the operation is zero.

S Sign flag. S=1 if the MSB of the result is one.

P/V Parity or overflow flag. Parity (P) and overflow (V) share the same flag. Logical operations affect this flag
with the parity of the result while arithmetc operations affect this flag with the overtlow of the resuit. If P/V
holds parity, P/V=1 if the result of the operation is even, P/V=0 if resuit is odd. If P/V holds overflow, P/V=1
if the result of the operation produced an overflow.

H Half-carry flag. H=1 if the add or subtract operation produced a carry into or borrow from into bit 4 of the accumulator.

N Add/Subtract flag. N=1 if the previous operation was a subtract.

H and N flags are used in conjunction with the decimal adjust instruction (DAA) to properly correct the re-
sult into packed BCD format following addition or subtracton using operands with packed BCD format.

$ The flag is affected according to the result of the operation.

. The flag is unchanged by the operation.

0 The flag is reset by the operation.

1 The flag is set by the operation.

X The flag is a *“don’t care.”

v P/V flag affected according to the overflow result of the operation.

P P/V flag affected according to the parity resuit of the operation.

r Any one of the CPU registers A, B,C, D, E, H, L.

s Any 8-bit location for all the addressing modes ailowed for the particular instruction. .

s3 Any 16-bit location for ail the addressing modes allowed for that instruction.

i Any one of the two index registers [X or IY.

R Refresh counter.

n §-bit value in range <0, 255>

an 16-bit value in range <0, 65535>

m Any 8-bit location for ail the addressing modes allowed for the particular instruction.

SUMMARY OF FLAG OPERATION
TABLE 6.0-1
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7.0 SUMMARY OF OP CODES AND EXECUTION TIMES

The following section gives a summary of the Z-80 instructions set. The instructions are logically arranged
into groups as shown on tables 7.0-1 through 7.0-11. Each table shows the assembly language mnemonic

OP code, the actual OP code, the symbolic operation, the content of the flag register following the execu-
tion of each instruction, the number of bytes required for each instruction as well as the number of memory
cycles and the total number of T states (external clock periods) required for the fetching and execution of
each instruction. Care has been taken to make each table self-explanatory without requiring any cross refer-
ence with the test or other tables.



Flags OP-Code No. No. No.

Symbolic of of M of T
Mnemonic Operation C|ZP/VS|N|H|76 543 210 | Bytes Cycles | Cycles | Comments
D, r rer ole ejeje |01 T r 1 1 4 L r Reg.
LDz, n I+~n ejejefeojoeje |00 T 110 2 2 7 000 B
- n = 001 C
LD, (HL) r+(HL) ejlejloejejeje |01 r 110 1 2 7 010 D
LD 1, (IX+d) | 1+ (IX+d) ejo|elelefe|ll 011 101 3 5 19 011 E
01 r 110 100 H
- d = 101 L
LD, (IY+d) | r«—(IY+d) eleolele|ojelll 111 101 3 s 19 111 A
01 r 110
- d =
LD (HL), r (HL) «1 ejlejelofoje 01 110 r 1 2 7
LD (IX+d),r | (IX+d) ~r e(ejejejeje {11 011 101 3 5 19
01 110 r
-— d -
LD (IY+d),r | (IY+d)«r1 eojlejle|eole]e|l]l 111 101 3 S 19
01 110 r
- d -
LD (HL),n (HL) ~n eolejle|e| oo jO0 110 110 | 2 3 10
- n -
LD (IX+d),n | (IX+d) ~n elelele|e]ejll 011 101 4 5 19
00 110 110
- d -
- n B
LD (IY+d),n | (IY+d)~n elejojejeojm 1] 111 101 4 5 19
00 110 110
- d -
- n —
LD A, (BC) A+~ (BC) elojefo|e 00 001 010 1 7
LD A, (DE) A+~ (DE) ejeole 00 011 010 | 1 2 7
LD A, (nn) A «~(nn) ejeje 00 111 010 3 4 13
L n -
L d n -
LD (BC), A (BC)~A o|ele|e|eje |00 000 010 1 2 7
LD (DE), A (DE)«~ A ojle|e|e|efe |00 010 010 1 2 7
LD (nn), A (nn) -~ A elelo|e|lefe |00 110 010 3 4 13
- n -p
— n -
LD A, ! A1l of $]IFF$1 0} 0|11 101 101 2 2 9
01 010 111
LD AR A«<R eo| $|IFF¢] 0| 011 101 101 2 2 9
01 011 111
LDL A I—~A el ool ejejeil]l 101 101 2 2 9
01 000 111
IDR,A R+~A el of ol o ol 0|11 101 101 2 2 9
01 001 111

Notes: r, ' means any of the registers A, B,C,D,E, H, L

IFF the content of the interrupt enable flip-flop (IFF) is copied into the P/V flag

Flag Notation: e = flag not affected, 0 = flag reset, 1 = flag set, X = flag is unknown,

¢ = flag is affected according to the result of the operation.

8-BIT LOAD GROUP
TABLE 7.0-1



Fags OpCode | No. No. No.
Symbotic 1/ of ofM | of T
Mnemonic Operation Z M S| N| H{ 76 543 210 | Bytes Cycles | States | Comments
LD dd, nn dd ~nn ofe o {00 dd0 001 | 3 3 10 dd  Pair
- n = 00 BC
- n - o1 DE
LD IX, nn X ~nn elofef ofelll 011 101 4 4 14 10 HL
00 100 001 11 SP
- n -
- a -
LDIY, an IY ~nn ofefefefefll 111101 | & 4 14
00 100 001
- n -
- 0 -
LD HL, (nn) H ~ (nn+1) efefe|l eje{00 [01 010 3 s 16
L ~(nn) - a1 -
- n -
LD dd, (an) ddy - (an+1) efefelofeill 101 101] 4 6 20
ddL—(l\n) 01 ddi 011
- n =
- n -
LD IX, (an) lxﬂ‘-(nn*l) el ejef efefll 011 101 4 § 20
Xy = (an) 00 101 010
- 0 -
- n -
LD [Y, (nn) Yy = (nn+l) el elef el e|00 101 01O 4 6 20
IYL~(nn) 00 101 010
- n -
- n -
LD (nn),HL | (nn+l) ~H ofofef @i 0|00 100010 3 s 16
(nn) - L - n -
- a -
LD (an), dd (nn+1) =dd,; ef ofef efof I1 101 101 | 4 6 20
(m)«ML 01 ddo 011
- o -
- n =
LD (nn), IX (m+l)~IXH ol elef ejof il OI1 101} 4 [ 20
(an) = X, 00 100 010
- a -
- g -
LD (an), IY (nn*l)-lYH ol olel ofef 11 111 101 4 6 20
(nn)o-lYL 00 100 010
- n -
- n -
LD SP. HL SP~HL el ofef o) o 1l L1l 001 1 1 6
LD SP, IX SP ~IX ef of of of o| 11 011 101 2 2 10
11 111 001
LDSP. 1Y SP~1Y of o|of of of 11 111 101 2 2 10
11 111 001 aq Pair
PUSH qq (SP-2) ~qqy o ol el o| el 1] qq0 101 | ! 3 11 00 8C
(SP-1) =qqy 01 DE
PUSH IX (§P-2) =Xy o efel of il 0tl 101] 2 4 15 10 HL
(SP-l)‘-lXH 11 100 101 11 AF
PUSH IY (SP-I)-IYL efefef ofef 1 111 101 2 4 15
\SP-l)o-(YH 11 100 101
POPqq qu-(SPOI) o{ el ef of of 11 qq0 001 1 3 10
quo-<SP)
POP (X Xy = (SP+1) ol ol ef of of 11 O11 101 | 2 4 14
IXL-(SP) 11 100 001
POPIY Yy < (SP+1) o of ef of of 11 111 101 2 4 14
IYL—(SP) 11 100 o001

Notes:  dd is any of the reqister pawurs BC, DE, HL. SP
qq is any of the regster pairs AF. BC, DE. HL
(PAIR)H, (PAlR)L refer to high order and low order eight bits of the register pair respectively.
Eg. BCL=C‘AFH’A

Flag Notation:

o = flag not affected, 0 = rlag reset. | = flag set, X = tlag is unknown.
¢ tlag is affected according to the result of the operation.

16-BIT LOAD GROUP

TABLE 7.0-2
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Flags Op-Code
] 7 No. No. No.
Symbolic / of of M of T
Mnemonic Operation ClZ|V|S|N|H|76 543 210 Bytes Cycles | States Comments
EX DE, HL DE--HL elejejeojeje 11 101 O11 1 1 4
EX AF, AF’ AF -- AF’ ejlejloe|ele|e |00 001 000 1 1 4
EXX B! C elejefo ofe |11 011 001 1 1 4 Register bank and
(D%E") auxiliary register
H L bank exchange
EX (SP), HL H = (SP+1) e|o|ojejeje |1l 100 01] 1 5 19
L~ (SP)
EX (SP), IX XXH-'(SPH) e|ejofe|e}e |11 011 101 2 6 23
lXL~(SP) 11 100 011
EX (SP), 1Y lYH~(SP+l) ole|eje|eje |1l 111 101 2 6 23
IYLn(SP) 11 100 011
0]
LDI (DE) - (HL) ejelslef0OfO]1l 101 101 2 4 16 Load (HL) into
DE «~ DE#1 10 100 000 (DE), increment the
pointers and
HL ~ HL+! dccrement the byte
BC - BC-1 counter (BC)
LDIR (DE) = (HL) efefOjejo}Olll 101 101 2 s 21 IfBC#=0
DE «~ DE+1 10 110 000 2 4 16 1IfBC=0
HL — HL+|
BC — BC-1
Repeat until
BC=0
@
LDD (DE) — (HL) eje|tlei0lO Il 1O1 101 2 4 16
DE - DE-I 10 101 000
HL ~ HL-1
BC = BC-1
LDDR (DE)~ (HL) |ejefO|ejO] 011 101 10! 2 5 21 IfBC#=0
DE — DE-1| 10 111 000 2 4 16 IfBC=0
HL = HL-{
BC ~ BC-1
Repeat until
BC=0
QD
CPl A - (HL) e|t|t{t|1]¢ {11 101 101 2 4 16
HL - HL+1 10 100 001
BC -~ BC-1
QD
CPIR A~ (HL) el gt s}t {1l 101 101 2 H 21 If BC # 0 and A % (HL)
HL — HL+1 .10 110 001 2 4 16 IfBC=00rA =(HL)
BC -~ BC-1
Repeat until
A=(HL)or
BC=0
QO
CPD A -(HL) el tl s} s |11 101 101 2 4 16
HL -~ HL-1 10 101 001
BC ~ BC-1
Q0
CPDR A - (HL) el ity s{yefiro1or 101 2 S 21 If BC # 0 and A = (HL)
HL — HL-! 10 111 001 2 4 16 IfBC=00orA=(HL)
BC —~ BC-1
Repeat until
A = (HL) or
BC =0
Notes: (D P/V flagis 0 if the result of BC-1 = 0, otherwise P/V = |
@ Zflagis 1if A = (HL), otherwise Z = 0,
Ilag Notation: e = flag not affected, 0 = flag reset. 1 = flag set, X = flag 1s unknown,

1 = flag is affected according to the result of the operation.

EXCHANGE GROUP AND BLOCK TRANSFER AND SEARCH GROUP
TABLE 7.0-3
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Flags Op-Code
P No. No. No.
Symbolic / of of M of T
Mnemonic Operation C|Z|V|S|N|H |76 543 210 Bytes Cycles | States Comments
ADD A, ¢ A-A+r t]e]v(s|oft|10[00] 1 1 4 ' Res.
ADD A,n A-A+n tle|vit]|ols o110 | 2 2 7 %? g
- n - 010 D
ADDA,(HL) | A~ A+@HL) [t{t|v]|s|o]|s|10[a0) 110 | 1 2 7 011 E
ADD A, (IX+d) A—A+(X+d) [t |t|{V[tfo]s |11 011 101 | 3 5 19 {8‘3 ':
10 [cog] 110 i A
- d -
ADD A, (1Y+d) A=A+(IY+d) |s|t|Vv]|t]0o|s |11 111 101 | 3 s 19
‘ 10 (000] 110
- d -

ADC A, s A-A+s+CY|t|t|V]s]o]s sisany ol r, n,
B -A - v : (HL), (1X+d),
SUBs A=A=s N Y (1Y+d) a» shown for
SBC A, AcA=s=CY|t it Vit]l|t o ADD instruction

AND's A=A A s |O|t|P]t]|o]1
OR s A=AV g olt|PJt{0]O Lo The indicated bits
- replace the 000 in
XOR s A-Aes o|tlp]t|ojof (00 P ADD et above.
CPs A-s sislvel || @M
INCr r—r+1 e|tVIt|0]t |00 r {100 { 1 3
INC (HL) (HL) = HL»*1| e [t Vit|o |t foo 110000] | 3 1
INC (1X+d) (IX+d) — eft|v|tiofs |1 o110t | 3 6 23
(IX+d)+1 00 “0
- d -
INC (1Y+d) (1Y+d) — eft|vis]|ofs |t i 1o | 3 6 23
(1Y+d) + 1 00 110100
- d -
DEC m mem-1 BHAZIERE | m is any of r, (HL),
(IX+d), (1Y+d) as

shown for INC
Same tormat and
states as INC.
Replace 100 with
101 in OP vode.

Notes: The V symbol in the P/V flag column indicates that the P'V Mag contains the overflow of the result of the
operation Similarly the P symbol indicates panty, ¥V = | means overtlow, V = 0 means not overflow. P = |
means parity of the result is even, P = 0 means panty of the resalt is odd.

Flag Notation:

e = flag not affected. 0 = flag reset, 1 = tlag set, X = tlag s unknown,
t = flag is affected according to the result of the operation.

8BIT ARITHMETIC AND LOGICAL GROUP

TABLE 7.0-4
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Flags Op-Code
T No. No. No.
Symbolic / of of M of T
Mnemonic Operation S|N|H|76 543 210 | Bytes Cycles | States | Comments
DAA Converts acc. Pl$|e|$]00 100-111 1 1 4 Decimal adjust
content into accumulator
packed BCD
following add
or subtract
with packed
BCD operands
CPL A-A e|lef1|1|00 101 111 | 1 1 4 Complement
accumulator
(one’s complement)
NEG A—~0-A Visgf{1]s}11 101 101 2 2 8 Negate acc. (two's
01 000 100 compiement)
CCF cY ~-CY e|e|0|X|00 111 111 [ 1 1 4 Complement carry
flag
SCF CY «~1 elel0|{0f00 110 111 |71 1 4 Set carry flag
NOP No operation e|e|e|e |00 000 000 1 1 4
HALT CPU halted ele|eo|e |01 110 110 1 1 4
D1 IFF -0 elele|e 1] 110 011 | 1 1 4
EI IFF « 1 e|leleje |11 111 O11 | 1 1 4
MO Set interrupt elojeje}ll 101 101 2 2 8
mode 0 01 000 110
M1 Set interrupt e|lele|e |11 101 101 2 2 8
mode 1 01 010 110
M2 Set interrupt ejejele |11 101 101 2 2 8
mode 2 01 011 110
Notes:  IFF indicates the interrupt enable flip-flop

CY indicates the carry flip-flop.

Flag Nouation: e = flag not affected, 0 = flag reset, 1 = flag set, X = flag is unknown,
$ = flag is affected according to the result of the operation.

GENERAL PURPOSE ARITHMETIC AND CPU CONTROL GROUPS

TABLE 7.0-5
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No. No. No.
Symboli Flags OpCode | o of M | of T
Mnemonic Operation ClZIF IS[N|H|76 543 210 Bytes Cycies | States Comments
ADDHL, ss HL ~ HL+ss $|e|le|{e]0 |X[00 ssl 001 1 3 11 [ Reg.
00 BC
ADCHL,ss |HL-HL+ss+CY{t|$| V|t |0 |X[11 101 101 | 2 4 15 o1 DE
10 HL
SBCHL, ss HL~HL-ssCY || s V|$]1 {X]|1] 101 101 2 4 15
01 ss0 010
ADDIX,pp |IX—IX+pp [t|e|e|efo |x|11 011 101 | 2 4 15 PP Reg.
00 ppl 001 00 BC
01 DE
10 1X
11 sP
ADD IY,1r IY-IY+rr t|elele]l0 |X]|Il 111 101 2 4 15 w Reg.
00 rrl 001 00 BC
ol DE
10 1Y
t SpP
INC ss s —ss + 1 eo|lejefle]o (0|00 ssO OI1 1 | 6
INC IX IX=IX+1 ofeleofe|eo|eill OIl 10! 2 2 10
00 100 Ot1
INC 1Y IY ~1Y+ 1 eo|lefelo|e o1l 111 10! 2 2 10
00 100 011
DEC ss ss —ss - | e|lefeojo]eje|00 ssl OI 1 1 6
DECIX X~IX-1 e|lejelejejeil]l 011 101 2 2 10
00 101 011
DECI1Y IY~1Y-1 o|jejfeloejejl] {11 10! 2 2 10
00 101 011

Notes:  ss is any of the register pairs BC, DE, HL, SP
pp is any of the register pairs BC, DE. IX, SP
rr is any of the register pairs BC, DE, 1Y, SP.

Flag Notation:

t = tlag is affected according to the result of the operation.

16-BIT ARITHMETIC GROUP

TABLE 7.0-6
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o = flag not affected, 0 = tlag reset, | = flag set, X = flag is unknown.




Flags Op-Code
P No. No. No.
Symbolic / of of M of T
Mnemonic Operation ZI VIS|N|H|76 543 210 Bytes Cycles | States Comments
RLCA [—— ] elele|0}0]|00 000 111 1 1 4 Rotate left circular
= accumulator
RLA L= |:]e|e|e|ofofoooromm| 1 |1 |4 | Roueswsn
A accumulator
RRCA .l Y] eje|e|0{0]00 001 111| 1 1 4 Rotate right circular
A accumulator
RRA .-. elele|0]0]00 011 111 1 1 4 Rotate right
A accumulator
RICr ) $¢{P{$]0]0]|11 001 O11 2 2 8 Rotate left circular
00 t register r
RLC (HL) ¢|{P|s]0j0]11 001 O11 2 4 15 1 Reg.
00[000]110 000 B
RLC (IX+d)| ¢ [ t{Pls|o)o]11 011 11| 4 6 23 o<
£ (HL). (IX*d), (TY*g) ll ml 011 011 E
- 4 = 100 H
00000} 110 ok
A
RLC (IY+d)| / ¢{Pjsiofof11 117 101| 4 6 23
11 003 011
- d -
00{000j110
RLs —. I $IPjs|0]0 Instruction format and
Sy ML) UX+0), (1V+d) states are as shown
for RLCs. To form
H new OP-code replace
RRCs T — Jelc] t|P|2lo})0 [000] of RLC,s with
Sm1, (HL), (IX+d), (Y o0) shown code
RRs l-cvl t|Pftiofo
Sa g (ML), (IX+d), (1Y+d)
SLAs [ oo t|Pltfo]o
S = (HL), (IX+d), (1IY+)
SRA s == s|pleofo| (o
S @1, (HL), (IX+d). (IY*d)
SRLs t|p|slolo| [
S &1 (HL). (1X+d). (1Y+d)
RLD Al g [ 4 dewie lslplsjofo |11 101 101| 2 s 18 Rotate digit left and
01 101 111 right between the
accumulator
K and location (HL).
RRD Al o [ g ${P{$|0]0 |11 101 101 2 s 18 The content of the
01 100 111 upper half of the
accumulator is
unaffected
Flag Notation: e = flag not affected, 0 = flag reset, 1 = flag set, X = flag is unknown,

4 = flag is affected according to the result of the operation.

ROTATE AND SHIFT GROUP

TABLE 7.0-7
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Flags Op<Code
P No. No. No.
Symbolic ! of of M of T
Mnemonic Operation Vi S| N|H}|76 543 210 Bytes Cycles | States | Comments
BITb.r Z-'x"'b X|X{of1}11 o0t 011 2 2 8 4 Reg.
01 b r 000 B
BITb, (HL) | Z-{HD), x{x|o]t{11 001 011 | 2 3 12 g‘l’(l) g
01 b 110 ol | E
BIT b, (IX+d) Z—(IXM)b X{Xjfoj1]t1 011 101 | 4 S 20 100 H
11 001 011 101 L
111 A
- d -
o1 b 110 b Bit Tested
BIT b, (IY+d) | Z ~ (IY+d), X{Xfojtryir 111101 | 4 S 20 000 0
1 011 001 1
11 001 01 010 2
-4 = o | 3
01 b 110 100 4
101 5
110 6
111 7
SETb, r rb-l ele|efe}]l]l 001 011 2 2 8
@ -
SETb, (HL) (HL)b~l elejejeill 001 OI1 2 4 15
] v 110
SET b, (IX+d) (lX*d)b«-l ofo/ e|efll O11 101 4 6 23
11 001 Of1
- 4 =
g b 110
SET b, (IY+d) | (IY+d), ~ 1 ejle|eofeoill 111 101 ] 4 6 23
11 00t 011
-4 -
g v 11w
RESb, s sy =0 To form new O
s =, (HL) code replace (11]
(X+d). t@sn bs with
' . Ilags and time
1Y+ states for SET
instruction

Notes:  The notation Sy indicates bit b (0 to 7) or location s.

Flag Notation:

o = flag not affected. 0 = flag reset, | = flag set. X = flag is unknown,

$ = flag is aftected according to the result ot the operation.

BIT SET, RESET AND TEST GROUP
TABLE 7.0-8
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P No. No. No.
Symbolic / of of M of T
Mnemonic Operation VIS|{N|H|76 543 210| Bytes Cycles | States | Comments
JP nn PC < nn e jejeje]1ll 000 O11 3 3 10
- n —
- n = cc Condition
JP cc, nn If condition cc ejefele}ll cc 010 3 3 10 000 | NZnon zero
is true PC «nn, - n - 001 | Z zero
otherwise - n - 010 | NCnon carry
continue 01l | C carry
100 | PO parity odd
101 | PE parity even
110 | P sign positive
JRe PC~PC+e e jejeo]|e|00 011 000 2 3 12 111 | M sign negative
- e=2 =
JRC,e IfC=0, ejle|eie]00 111 000 2 2 7 If condition not met
continue
- e=2 =
IfC=1, 2 3 12 If condition is met
PC «~ PC+e
JRNC, e IfC=1, ele|leo|o|00 116 000 2 2 7 If condition not met
continue - o2 =
1If C=0, 2 3 12 If condition is met
PC~PC+e
JRZ,e Ifz2=0 ejele|ef00 101 000 2 2 7 If condition not met
continue
- e=2 =
Ifz=1, 2 3 12 If condition 1s met
PC~PC+e
JRNZ, e If2=1, e jeje|e|00 100 000 2 2 7 If condition not me¢
continue - e=2 =
Z=0, 2 3 12 If condition met
PC~PC+e
JP (HL) PC —HL e|ejoie]| 1]l 101 001 1 1 4
JP (IX) PC ~1X ejejeie|1l] 011 101 2 2 8
11 101 001
JP (1Y), PC~1Y ejefefef 1]l 111 101 2 2 8
11 101 001
DINZ,e B~ B-1 ele|e|e|00 010 000 2 2 8 IfB=0
IfB=0,
: - e=2 -
continue
IfB =0, 2 3 13 IFB=0
PC~PC+e

Notes: e represents the extension in the relative addressing mode.

¢ is a signed two’s complement number in the range <-126, 129>

e-2 in the op-code provides an effective address of pc +e as PC is
incremented by 2 prior to the addition of e.

Flag Notation:

e = flag not affected, 0 = flag reset, 1 = flag set, X = flag is unknown,
¢ = flag is affected according to the result of the operation.

JUMP GROUP
TABLE 7.0-9
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Flags Op<Code
P No. No. No.
Symbolic / of of M of T
Mnemonic Operation VIS|IN 76 543 210{ Sytes Cycles | States | Comments
CALL nn (Sl’-l)-—l’CH elefe 11 001 101 3 S 17
(SP-Z)—-PCL - -
PCenn - -
CALL cc, nn | If condition oleje 11 ¢ 100} 3 3 10 If cc is false
cc is false - 0 =
Zf,'::’,“w"i:; - n - 3 5 17 If cc is true
same as
CALL nn
RET PCL-(SP) o|efe 11 001 001 1 3 10
PCH-(SP+1)
RET cc If condition ejofe 11 cc 000 1 1 s If cc is false
cc is false
tinue, .
atherwios 1 3 11 If cc is true
same as cc Condition
RET 000 | NZ  non zero
001 z zero
010 | NC non carry
RETI Return from oleofe 11 101 101} 2 4 14 o1 ¢ carry
interrupt 01 001 101 :8{1) :g pan:ty odd
parity even
RETN Il;{:‘t‘u;:asfigme olole 11101 101} 2 4 14 110 p sign positive
interrupt 01 000 101 111 | M sign negative
RST p (SP-I)-PCH efe]e 11t 111 1 3 11
(SP-2)~PCy
oy
- L |P
000 | O0H
001 | 08H
010 | 10H
011 | 18H
100 | 20H
101 | 28H
110 | 30H
111 | 38H

Flag Notation:

o = flag not arfected, 0 = flag reset, 1 = flag set, X = flag is unknown
¢ = flag is affected according to the result of the operation.

CALL AND RETURN GROUP
TABLE 7.0-10
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Flags Op-Code
P No. No. No.
Symbolic ! of of M of T
Mnemonic Operation V| S|N|H|76 543 210 Bytes Cycles | States Comments
IN A, (n) A~ (n) eleje|e|1] 011 011 2 3 11 nto Ay~ Ay
- n - ACCoAg ~ Al
INL (C) r=(C) P{tjO]t]11 101 101 ] 2 3 12 CtoA,~A,
if r = 110 only 01 r 000 BtoA8~A15
the flags will
be affected
INI (HL) « (C) X X|1|X]11 101 101 2 4 16 CtoAO~A7
B~B-1 10 100 010 BtoA8~A15
HL~HL+1
INIR (HL) - (C) X| X|1|X}|11 101 101 2 5 21 Cto A0~A7
B~B-1 10 110 010 arB+0) BroAg~ A
HL —HL +1 2 4 16
Repeat until (IfB=0)
B=0
IND (HL) - (C) XIX}1]Xj11 101 101 2 4 16 CloA0~A7
B~B-1 10 10! 010 BtoAs"Als
HL ~HL-1
INDR (HL) = (C) X| Xj1}Xj11 101 101 2 5 21 Cto A0~A7
B-B-1 10 111 010 (fB»0) BloAg~Ajg
HL —HL-1 2 4 16
g?ﬁ“ until (IfB=0)
OUT (n), Aj (n)=A elejefe|1]l 010 011 2 3 11 nto A, ~
- n — Acc(oAs~A15
OUT (C), t ©) =1 e|lejefefll 101 101 2 3 12 CtoA0~A7
01 r 001 BtoA8~A15
OUT1 (C) = (HL) X{X11{X}11 101 101 2 4 16 Cto AO~A7
B~B-1 10 100 011 BloA8~A‘5
HL~HL~+1
OTIR (C) = (HL) X|{X}1{X]11 101 101 2 5 21 Cto A0~A7
B~B-1 10 110 011 (fB=0) BloAg ~ A
;""'f"'*n’ 2 4 16
epeat unt =
B=0 (IfB=0)
OuUTD (C) ~ (HL) X| X] 1| X| 11101 101 2 4 16 (‘mA0~A7
B~B-1 10 101 011 BloAB*Als
HL ~HL-1
OTDR (C) ~ (HL) X X|1PXji 101 101 2 5 21 Cto A0~-A7
B—B-1 10 111 011 (fB =0 BtoAg~ A
:L"HL'Iﬂ 2 4 16
epeat unt =
B=0 (1fB=0)

Notes: @ If the result of B - 1 is zero the Z flag is set, otherwise it is reset .

Flag Notation:

e = flag not affected, 0 = flag reset, 1 = flag set, X = flag is unknown,
$ = flag is affected according to the result of the operation.

INPUT AND OUTPUT GROUP

TABLE 7.0-11
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8.0 INTERRUPT RESPONSE

The purpose of an interrupt is to allow peripheral devices to suspend CPU operation in an orderly
manner and force the CPU to start a peripheral service routine. Usually this service routine is involved with
the exchange of data, or status and control information, between the CPU and the peripheral. Once the
service routine is completed, the CPU returns to the operation from which it was interrupted.

INTERRUPT ENABLE — DISABLE

The Z80 CPU has two interrupt inputs, a software maskable interrupt and a non maskable interrupt.
The non maskable interrupt (NMI) can not be disabled by the programmer and it will be accepted when-
ever a peripheral device requests it. This interrupt is generally reserved for very important functions that
must be serviced whenever they occur, such as an impending power failure. The maskable interrupt (INT)
can be selectively enabled or disabled by the programmer. This allows the programmer to disable the inter-
rupt during periods where his program has timing constraints that do not allow it to be interrupted. In the
Z80 CPU there is an enable flip flop (called IFF) that is set or reset by the programmer using the Enable
Interrupt (EI) and Disable Interrupt (DI) instructions. When the IFF is reset, an interrupt can not be
accepted by the CPU.

Actually, for purposes that will be subsequently explained, there are two enable flip flops, called lFF
and IFF
2

IFF IFFZ
Actually disables interrupts Temporary storage location
from being accepted. for IFFI.

The state of IFF is used to actually inhibit interrupts while IFF is used as a temporary storage location
for IFF|. The purpose of storing the IFF| will be subsequently explained.

A reset to the CPU will force both IFF | and IFF to the reset state so that interrupts are disabled.
They can then be enabled by an El instruction at any time by the programmer. When an EI instruction is
executed, any pending interrupt request will not be accepted until after the instruction following EI has
been executed. This single instruction delay is necessary for cases when the following instruction is a return
instruction and interrupts must not be allowed until the return has been completed. The El instruction sets
both IFF| and IFF7 to the enable state. When an interrupt is accepted by the CPU, both [FF| and IFF;
are automatically reset, inhibiting further interrupts until the programmer wishes to issue a new EI instruc-
tion. Note that for all of the previous cases, IFF| and IFF are always equal.

The purpose of IFF5 is to save the status of [FF| when a non maskable interrupt occurs. When a non
maskabie interrupt is accepted, IFF | is reset to prevent further interrupts until reenabled by the pro-
grammer. Thus, after a non maskable interrupt has been accepted, maskable interrupts are disabled but the
previous state of IFF| has been saved so that the complete state of the CPU just prior to the non maskable
interrupt can be restored at any time. When a Load Register A with Register [ (LD A, I) instruction or a
Load Register A with Register R (LD A, R) instruction is executed, the state of [FF; is copied into the
parity flag where it can be tested or stored.

A second method of restoring the status of IFF is thru the execution of a Return From Non
Maskable Interrupt (RETN) instruction. Since this instruction indicates that the non maskable interrupt
service routine is complete, the contents of IFF are now copied back into IFF |, so that the status of IFF
just prior to the acceptance of the non maskable’ interrupt will be restored automatically.



Figure 8.0-1 is a summary of the effect of different instructions on the two enable flip flops.

Action IFF; IFF,

CPU Reset 0 0

DI 0 0

EI 1 1

LD A,I . . IFF 5 —>Parity flag
LD A,R . . IFF, —>Parity flag
Accept NMI 0 .

RETN IFFy o IFF, =IFF;

66 _ 9

¢’ indicates no change

FIGURE 8.0-1
INTERRUPT ENABLE/DISABLE FLIP FLOPS

CPU RESPONSE
Non Maskable

A nonmaskable interrupt will be accepted at all times by the CPU. When this occurs, the CPU ignores
the next instruction that it fetches and instead does a restart to location 0066H. Thus, it behaves exactly as
if it had received a restart instruction but, it is to a location that is not one of the 8 software restart loca-
tions. A restart is merely a call to a specific address in page 0 of memory.

Maskable

The CPU can be programmed to respond to the maskable interrupt in any one of three possible
modes.

Mode 0

This mode is identical to the 8080A interrupt response mode. With this mode, the interrupting device
can place any instruction on the data bus and the CPU will execute it. Thus, the interrupting device pro-
vides the next instruction to be executed instead of the memory. Often this will be a restart instruction
since the interrupting device only need supply a single byte instruction. Alternatively, any other instruction
such as a 3 byte call to any location in memory could be executed.

The number of clock cvcles necessary to execute this instruction is 2 more than the normal number for the
instruction. This occurs since the CPU automatically adds 2 wait states to an interrupt response cycle to
allow sufficient time to implement an external daisy chain for priority control. Section 5.0 illustrates the
detailed timing for an interrupt response. After the application of RESET the CPU will automatically enter
interrupt Mode Q.

Mode 1

When this mode has been selected by the programmer, the CPU will respond to an interrupt by
executing a restart to location 0038H. Thus the response is identical to that for a non maskable interrupt
except that the call location is 0038H instead of 0066H. Another difference is that the number of cycles
required to complete the restart instruction is 2 more than normal due to the two added wait states.
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Mode 2

This mode is the most powerful interrupt response mode. With a single 8 bit byte from the user an
indirect call can be made to any memory location.

With this mode the programmer maintains a table of 16 bit starting addresses for every interrupt
service routine. This table may be located anywhere in memory. When an interrupt is accepted, a 16 bit
pointer must be formed to obtain the desired interrupt service routine starting address from the table.

The upper 8 bits of this pointer is formed from the contents of the I register. The I register must have been
previously loaded with the desired value by the programmer,i.e. LD I, A. Note that a CPU reset clears the I
register so that it is initialized to zero. The lower eight bits of the pointer must be supplied by the interrupt-
ing device. Actually, only 7 bits are required from the interrupting device as the least significant bit must be
a zero. This is required since the pointer is used to get two adjacent bytes to form a complete 16 bit service
routine starting address and the addresses must always start in even locations.

/
desired starting address

Interrupt pointed to by:
Service
Routine ¢ low order } 1 REG 7 BITS FROM |
Starting high order CONTENTS PERIPHERAL
Address
Table

\

The first byte in the table is the least significant (low order) portion of the address. The programmer must
obviously fill this table in with the desired addresses before any interrupts are to be accepted.

Note that this table can be changed at any time by the programmer (if it is stored in Read/Write
Memory) to allow different peripherals to be serviced by different service routines.

Once the interrupting devices supplies the lower portion of the pointer, the CPU automatically pushes
the program counter onto the stack, obtains the starting address from the table and does a jump to this
address. This mode of response requires 19 clock periods to complete (7 to fetch the lower 8 bits from the
interrupting device, 6 to save the program counter, and 6 to obtain the jump address.)

Note that the Z80 peripheral devices all include a daisy chain priority interrupt structure that auto-
matically supplies the programmed vector to the CPU during interrupt acknowledge. Refer to the Z30-P10,
Z80-SI0 and Z80-CTC manuals for details.



9.0 HARDWARE IMPLEMENTATION EXAMPLES

This chapter is intended to serve as a basic introduction to implementing systems with the Z80-CPU.

MINIMUM SYSTEM

Figure 9.0-1 is a diagram of a very simple Z-80 system. Any Z-80 system must include the following
five elements:

1) Five volt power supply
2) Oscillator

3) Memory devices

4) 1/0 circuits

5) CPU
+5 VOLT
osc POWER SUPPLY
» P
] Ag-Ag +5V  GND
ADDRESS
N
MREG —
= ¢4 8K BIT
&, ROM
DATA
A 280 DATA BUS out
cru kK
= @
RESET oRa l
_CE RD
—d10RQ B/A f——Ag
i - 280- P10
A M1 C/Dfpat—— Ay
PORT A PORT 8
ouTPUT INPUT
DATA DATA

FIGURE 9.0:1
MINIMUM 280 COMPUTER SYSTEM

Since the Z80-CPU only requires a single 5 volt supply, most small systems can be implemented using
only this single supply.

The oscillator can be very simple since the only requirement is that it be a 5 volt square wave. For
systems not running at full speed, a simple RC oscillator can be used. When the CPU is operated near the
highest possible frequency, a crystal oscillator is generally required because the system timing will not
tolerate the drift or jitter that an RC network will generate. A crystal oscillator can be made from inverters
and a few discrete components or monolithic circuits are widely available.

The external memory can be any mixture of standard RAM, ROM, or PROM. In this simple example
we have shown a single 8K bit ROM (1K bytes) being utilized as the entire memory system. For this
example we have assumed that the Z-80 internal register configuration contains sufficient Read/Write
storage so that external RAM memory is not required.
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Every computer system requires I/O circuits to allow it to interface to the ‘“‘real world.” In this simple
example it is assumed that the output is an 8 bit control vector and the input is an 8 bit status word. The
input data could be gated onto the data bus using any standard tri-state driver while the output data could
be latched with any type of standard TTL latch. For this example we have used a Z80-PIO for the I/O
circuit. This single circuit attaches to the data bus as shown and provides the required 16 bits of TTL
compatible I/O. (Refer to the Z80-PIO manual for details on the operation of this circuit.) Notice in this
example that with only three LSI circuits, a simple oscillator and a single 5 volt power supply, a
powerful computer has been implemented.

ADDING RAM

Most computer systems require some amount of external Read/Write memory for data storage and to
implement a “stack.” Figure 9.0-2 illustrates how 256 bytes of static memory can be added to the previous
example. In this example the memory space is assumed to be organized as follows:

Address
0000H
1K bytes
ROM
03FFH
256 bytes 0400H
RAM
04FFH
ADDRESS BUS
MREQ - RD _[— RD — ]MRQ RO — ]| MRQ
] CE — CE
1 kxs 0 sexa ‘IA_ 256 x 4 1 N
A == M W= RA
L cE, ROM WElow °A ce, )2 Mlpw cE 12
do-d7 do-d3 d4-9y
DATA BUS
FIGURE 9.0-2

ROM & RAM IMPLEMENTATION EXAMPLE

In this diagram the address space is described in hexidecimal notation. For this example, address bit Ao
separates the ROM space from the RAM space so that it can be used for the chip select function. For
larger amounts of external ROM or RAM, a simple TTL decoder will be required to form the chip selects.

MEMORY SPEED CONTROL

For many applications, it may be desirable to use slow memories to reduce costs. The WAIT line on
the CPU allows the Z-80 to operate with any speed memory. By referring back to section 4 you will notice
that the memory access time requirements are most severe during the M1 cycle instruction fetch. All other
memory accesses have an additional one half of a clock cycle to be completed. For this reason it may be
desirable in some applications to add one wait state to the M1 cycle so that slower memories can be used.
Figure 9.0-3 is an example of a simple circuit that will accomplish this task. This circuit can be changed to
add a single wait state to any memory access as shown in Figure 9.04.
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WAIT

v M1
l I Tl T2 | Tw | Ta | Ta
i s S d
D Qi D Q
® 7474 7474 i
c a —dc Q _\_—_j_-—
R R
T T WAIT .
+V +5V

FIGURE 9.0-3
ADDING ONE WAIT STATE TO AN M1 CYCLE

WAIT
l+5v J:sv 7400
Trv | T2 | Tw
MREQ S S ®
D Q D Q

® 7474 7474 MREG _-\

c qp— c o
WAIT \ I

—Qq2
—qn

+5V +5V

FIGURE 9.0-4
ADDING ONE WAIT STATE TO ANY MEMORY CYCLE

INTERFACING DYNAMIC MEMORIES

This section is intended only to serve as a brief introduction to interfacing dynamic memories. Each
individual dynamic RAM has varying specifications that will require minor modifications to the description
given here and no attempt will be made in this document to give details for any particular RAM. Separate
application notes showing how the Z80-CPU can be interfaced to most popular dynamic RAM’s are
available from Zilog.

Figure 9.0-5 illustrates the logic necessary to interface 8K bytes of dynamic RAM using 18 pin 4K
dynamic memories. This figure assumes that the RAM’s are the only memory in the system so that A, is
used to select between the two pages of memory. During refresh time, all memories in the system must tbe
read. The CPU provides the proper refresh address on lines Ag through Ag- To add additional memory to
the system it is necessary to only replace the two gates that operate on A 5 with a decoder that operates
on all required address bits. For larger systems, buffering for the address and data bus is also generally
required.
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4}
MREQ ‘
o
M -
Aq2 :D—
-0
-
Ag- A1y o
> 4K x8 RAM ARRAY
R/W
. PAGE 1
do-¢ DATA BUS {1000 10 1FFF)
CE
WR- :> 4K x8 RAM ARRAY
R/W
PAGE 0
{0000 to OFFF)
FIGURE 9.0-5

INTERFACING DYNAMIC RAMS
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10.0 SOFTWARE IMPLEMENTATION EXAMPLES
10.1 METHODS OF SOFTWARE IMPLEMENTATION

Several different approaches are possible in developing software for the Z-80 (Figure 10.1). First of
all, Assembly Language or PL/Z may be used as the source language. These languages may then be trans-
lated into machine language on a commercial time sharing facility using a cross-assembler or cross-compiler
or, in the case of assembly language, the translation can be accomplished on a Z-80 Development System
using a resident assembler. Finally, the resulting machine code can be debugged either on a time-sharing
facility using a Z-80 simulator or on a Z-80 Development System which uses a Z80-CPU directly.

SOURCE
LANGUAGE TRANSLATION DEBUGGING

RESIDENT ASSEMBLER
ASSEMBLY DEVELOPMENT
LANGUAGE SYSTEM
MACHINE
CROSS ASSEMBLER LANGUAGE

PL/Z OR OTHER

HIGH LEVEL
LANGUAGE

SIMULATOR

CROSS COMPILER

FIGURE 10.1

In selecting a source language. the primary factors to be considered are clarity and ease of program-
ming vs. code efficiency. A high level language such as PL/Z with its machine independent constructs is
typically better for formulating and maintaining algorithms, but the resulting machine code is usually
somewhat less efficient than what can be written directly in assembly language. These tradeoffs can often
be balanced by combining PL/Z and assembly language routines, identifying those portions of a task which
must be optimized and writing them as assembly language subroutines.

Deciding whether to use a resident or cross assembler is a matter of availability and short-term vs.
long-term expense. While the initial expenditure for a development system is higher than that for a time-
sharing terminal, the cost of an individual assembly using a resident assembler is negligible while the same
operation on a time-sharing system is relatively expensive and in a short time this cost can equal the total
cost of a development system.

Debugging on a development system vs. a simulator is also a matter of availability and expense com-
bined with operational fidelity and flexibility. As with the assembly process, debugging is less expensive on
a development system than on a simulator available through time-sharing. In addition, the fidelity of the
operating environment is preserved through real-time execution on a Z80-CPU and by connecting the 1/0
and memory components which will actually be used in the production system. The only advantage to
the use of a simulator is the range of criteria which may be selected tor such debugging procedures as trac-
ing and setting breakpoints. This flexibility exists because a software simulation can achieve any degree of
complexity in its interpretation of machine instructions while development system procedures have hard-
ware limitations such as the capacity of the real-time storage module. the number of breakpoint registers
and the pin configuration of the CPU. Despite such hardware limitations. debugging on a development
system is typically more productive than on a simulator because of the direct interaction that is possible
between the programmer and the authentic execution of his program.
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10.2 SOFTWARE FEATURES OFFERED BY THE Z80-CPU

The Z-80 instruction set provides the user with a large and flexible repetoire of operations with which
to formulate control of the Z80-CPU.

The primary, auxiliary and index registers can be used to hold the arguments of arithmetic and logical
operations, or to form memory addresses, or as fast-access storage for frequently used data.

Information can be moved directly from register to register; from memory to memory; from memory
to registers; or from registers to memory. In addition, register contents and register/memory contents can
be exchanged without using temporary storage. In particular, the contents of primary and auxilary registers
can be completely exchanged by executing only two instructions, EX and EXX. This register exchange
procedure can be used to separate the set of working registers between different logical procedures or to
expand the set of available registers in a single procedure.

Storage and retrieval of data between pairs of registers and memory can be controlled on a last-in
first-out basis through PUSH and POP instructions which utilize a special stack pointer register, SP. This
stack register is available both to manipulate data and to automatically store and retrieve addresses for
subroutine linkage. When a subroutine is called, for example, the address following the CALL instruction
is placed on the top of the push-down stack pointed to by SP. When a subroutine returns to the calling
routine, the address on the top of the stack is used to set the program counter for the address of the next
instruction. The stack pointer is adjusted automatically to reflect the current ‘“top” stack position during
PUSH, POP, CALL and RET instructions. This stack mechanism allows pushdown data stacks and sub-
routine calls to be nested to any practical depth because the stack area can potentially be as large as
memory space.

The sequence of instruction execution can be controlled by six different flags (carry, zero, sign,
parity/overflow, add-subtract, half-carry) which reflect the results of arithmetic, logical, shift and compare
instructions. After the execution of an instruction which sets a flag, that flag can be used to control a
conditional jump or return instruction. These instructions provide logical control following the manipula-
tion of single bit, eight-bit byte (or) sixteen-bit data quantities.

A full set of logical operations, including AND, OR, XOR (exclusive - OR). CPL (NOR) and NEG
(two’s complement) are available for Boolean operations between the accumulator and 1) all other eight-bit
registers, 2) memory locations or 3) immediate operands.

In addition, a full set of arithmetic and logical shifts in both directions are available which operate
on the contents of all eight-bit primary registers or directly on any memory location. The carry flag can be
included or simply set by these shift instructions to provide both the testing of shift results and to link
register/register or register/memory shift operations.

10.3 EXAMPLES OF USE OF SPECIAL Z80 INSTRUCTIONS
A.  Let us assume that a string of data in memory starting at location “DATA” is to be moved into

another area of memory starting at location “*“BUFFER” and that the string length is 737 bytes. This
operation can be accomplished as follows:

LD HL , DATA :START ADDRESS OF DATA STRING

LD DE , BUFFER :START ADDRESS OF TARGET BUFFER

LD BC , 737 . LENGTH OF DATA STRING

LDIR :MOVE STRING — TRANSFER MEMORY POINTED TO

:BY HL INTO MEMORY LOCATION POINTED TO BY DE
:INCREMENT HL AND DE. DECREMENT BC
:PROCESS UNTIL BC = 0.

11 bytes are required for this operation and each byte of data is moved in 21 clock cvcles.



Let’s assume that a string in memory starting at location “DATA” is to be moved into another area
of memory starting at location “BUFFER” until an ASCII § character (used as string delimiter) is
found. Let’s also assume that the maximum string length is 132 characters. The operation can be
performed as follows:

LD HL , DATA ; STARTING ADDRESS OF DATA STRING
LD DE , BUFFER ; STARTING ADDRESS OF TARGET BUFFER
LD BC, 132 ; MAXIMUM STRING LENGTH
LD AY ; STRING DELIMITER CODE
LOOP:CP (HL) ; COMPARE MEMORY CONTENTS WITH DELIMITER
JR Z ,END ; GO TO END IF CHARACTERS EQUAL
LDI ; MOVE CHARACTER (HL) to (DE)
; INCREMENT HL AND DE, DECREMENT BC
Jp PE ,LOOP ; GO TO “LOOP”” IF MORE CHARACTERS
END: ; OTHERWISE, FALL THROUGH

; NOTE: P/V FLAG IS USED
; TO INDICATE THAT REGISTER BC WAS
; DECREMENTED TO ZERO.

19 bytes are required for this operation.

Let us assume that a 16-digit decimal number represented in packed BCD format (two BCD digits/
byte) has to be shifted as shown in the Figure 10.2 in order to mechanize BCD multiplication or
division. The operation can be accomplished as follows:

LD HL , DATA ; ADDRESS OF FIRST BYTE
LD B, COUNT ; SHIFT COUNT ‘
XOR A ; CLEAR ACCUMULATOR
ROTAT:RLD ; ROTATE LEFT LOW ORDER DIGIT IN ACC
; WITH DIGITS IN (HL)
INC HL ; ADVANCE MEMORY POINTER
DINZ ROTAT ; DECREMENT B AND GO TO ROTAT IF

; BIS NOT ZERO, OTHERWISE FALL THROUGH

11 bytes are required for this operation.

't

fRaanaad

FIGURE 10.2
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D.  Let us assume that one number is to be subtracted from another and a) that they are both in packed
BCD format, b) that they are of equal but varying length, and c) that the result is to be stored in the
location of the minuend. The operation can be accomplished as follows:

LD HL , ARGI ; ADDRESS OF MINUEND
LD DE , ARG2 ; ADDRESS OF SUBTRAHEND
LD B ,LENGTH ; LENGTH OF TWO ARGUMENTS
AND A ;CLEAR CARRY FLAG
SUBDEC:LD A, (DE) ; SUBTRAHEND TO ACC
SBC A, (HL) ; SUBTRACT (HL) FROM ACC
DAA ; ADJUST RESULT TO DECIMAL CODED VALUE
LD (HL) . A ; STORE RESULT
INC HL ; ADVANCE MEMORY POINTERS
INC DE
DINZ SUBDEC ; DECREMENT B AND GO TO ““SUBDEC” IF B

; NOT ZERO, OTHERWISE FALL THROUGH

17 bytes are required for this operation.

10.4 EXAMPLES OF PROGRAMMING TASKS

A.  The following program sorts an array of numbers each in the range 0,255) into ascending order using
a standard exchange sorting algorithm.
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01/22/76

LOC OBJCODE
0000 222600
0003 CB84
0005 41

0006 05

0007 DD2A2600
000B DD7EGO
000E 57

000F DDSEO!
0012 93

0013 3008
001s  DD7300
0018 DD7201
001B CBC4
001D DD23
001F 10EA
0021 CB44
0023  20DE
0025 (€9

0026

0026

11:14:37

00 O\ AW —

.[:.tJ;-FL#-4-\L:Jb)beJbJL.,Jb)wMWI\)l\)I‘JN(\)NI\)l\)NN*—'-—-'-—'—-n—-v—-r—r—‘b—'—-
w WV — OV 0 VAN HA WD —~ O VWAANNPHEWLWN—-OWVOOLOAGOW /KW — O\

BUBBLE LISTING
STMT SOURCE STATEMENT

PAGE |

; *** STANDARD EXCHANGE (BUBBLE) SORT ROUTINE ***

; AT ENTRY: HL CONTAINS ADDRESS OF DATA

C CONTAINS NUMBER OF ELEMENTS TO BE SORTED
(1<C<256)

AT EXIT: DATA SORTED IN ASCENDING ORDER

; USE OF REGISTERS

; REGISTER CONTENTS

IRCImO 0w

SORT:
LOOP:

NEXT:

NOEX:

FLAG:
DATA:

TEMPORARY STORAGE FOR CALCULATIONS
COUNTER FOR DATA ARRAY

LENGTH OF DATA ARRAY
FIRST ELEMENT IN COMPARISON

SECOND ELEMENT IN COMPARISON

LD
RES
LD
DEC
LD
LD
LD
LD
SUB
JR
LD
LD
SET
INC
DINZ

BIT
JR
RET

EQU
DEFS
END

FLAG TO INDICATE EXCHANGE

UNUSED

POINTER INTO DATA ARRAY

UNUSED
(DATA),HL  ;SAVE DATA ADDRESS
FLAG, H . INITIALIZE EXCHANGE FLAG
B,C . INITIALIZE LENGTH COUNTER
B - ADJUST FOR TESTING
IX,(DATA)  :INITIALIZE ARRAY POINTER
A, (IX) . FIRST ELEMENT IN COMPARISON
D, A : TEMPORARY STORAGE FOR ELEMENT
E, (IX+1) : SECOND ELEMENT IN COMPARISON
E . COMPARISON FIRST TO SECOND
NC, NOEX . IF FIRST > SECOND. NO JUMP
(1X), E : EXCHANGE ARRAY ELEMENTS
(IX+1),D
FLAG,H : RECORD EXCHANGE OCCURRED
X :POINT TO NEXT DATA ELEMENT
NEXT . COUNT NUMBER OF COMPARISONS

. REPEAT IF MORE DATA PAIRS
FLAG.H . DETERMINE IF EXCHANGE OCCURRED
NZ.LOOP : CONTINUE [F DATA UNSORTED
: OTHERWISE, EXIT

0 . DESIGNATION OF FLAG BIT
2 . STORAGE FOR DATA ADDRESS

()



B.  The following program multiplies two unsigned 16 bit integers and leaves the result in the HL register

pair.
01/22/76 11:32:36 MULTIPLY LISTING PAGE 1|
LOC OBJCODE STMT SOURCE STATEMENT
0000 -1 MULT:; UNSIGNED SIXTEEN BIT INTEGER MULTIPLY.
2 ON ENTRANCE: MULTIPLIER IN DE.
3 MULTIPLICAND IN HL.
4
S ON EXIT: RESULT IN HL.
6
7 REGISTER USES:
8
9
10 H HIGH ORDER PARTIAL RESULT
11 ‘L LOW ORDER PARTIAL RESULT
12 D HIGH ORDER MULTIPLICAND
13 E LOW ORDER MULTIPLICAND
14 B COUNTER FOR NUMBER OF SHIFTS
15 C HIGH ORDER BITS OF MULTIPLIER
16 A LOW ORDER BITS OF MULTIPLIER
17
0000 0610 18 LD B, 16; NUMBER OF BITS- INITIALIZE
0002 4A 19 LD C.D; MOVE MULTIPLIER
0003 7B 20 LD AE:
0004 EB 21 EX DE,HL; MOVE MULTIPLICAND
0005 210000 22 LD HL, 0; CLEAR PARTIAL RESULT
0008 CB39 23  MLOOP: SRL G SHIFT MULTIPLIER RIGHT
000A IF 24 RR A, LEAST SIGNIFICANT BIT IS
25 IN CARRY.
000B 3001 26 JR NC,NOADD IF NO CARRY, SKIP THE ADD.
000D 19 27 ADD HL.DE: ELSE ADD MULTIPLICAND TO
28 PARTIAL RESULT.
000E EB 29 NOADD: EX DE.HL: SHIFT MULTIPLICAND LEFT
000F 29 30 ADD HL,HL: BY MULTIPLYING IT BY TWO.
0010 EB 31 EX DE,HL.
0011 10F35 32 DINZ MLOOP REPEAT UNTIL NO MORE BITS.
0013 (9 33 RET;
34 END:
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Absolute Maximum Ratings

Temperature Under Bias
Storage Temperature

Specified operating range.
-65°C to +150°C

Voltage On Any Pin 0.3Vt +7V
with Respect to Ground
Power Dissipation 1.5W

*Comment

Stresses above those listed under “Absolute
Maximum Rating’* may cause permanent
damage to the device. This is a stress rating
only and functional operation of the device
at these or any other condition above those
indicated in the operational sections of this
specification is not implied. Exposure to
absolute maximum rating conditions for

Z80-CPU D.C. Characteristics

T, *0°C 10 70°C. V= SV £ 5% uniess otherwise specified

extended periods may affect device reliability.

Note:  For Z80-CPU all AC and DC characteristics remai.
. -
same for the military grade parts except | e
lcc =200 mA
3
Capacitance

Tp =25°C,f =1 MHz,
unmeasured pins returned to ground

Symbol { Parameter Min. | Typ. | Max. | Unit | Test Condition Symbol | Parameter Max. | Unit
ViLe Clock Input Low Voltage -0.3 045 \" Co Clock Capacitance 35 pF
ViHe Clock Input High Voltage Ve =6 Vcc+.3 v CiN Input Capacitance S pF
Vi Input Low Voltage 0.3 038 v CouT Qutput Capacitance | 10 oF
Vi Input High Voltage 20 Vc < \4
VoL Output Low Voltage 04 A lg =1 8mA -
VoH Output High Voltage 24 V| gy = -250uA 280-CPU
Ordering Information
Icc Puwer Supply Current 150 mA
4 C - Ceramic
'R Input Leakage Current 10 HA ViNSOto V. P — Plastic .
. ; ~ S — Standard 5V 5% 0° to 70°C
ILoH Tri-State Output Leakage Current in Float 10 | HA Vout=24toV E - Extended 5V +5% -40° 16 85°C
T ) M — Military SV £10% -55° to 125°C
Lot ri-State Output Leakage Current in Float -10 HA VOUT=°‘4V
‘L-D Data Bus Leakage Current in Input Mode =10 HA 0<V|N < Vcc
*
| Capacitance
o [ ]
Z80A-CPU D.C. Characteristics o
2 ,TA=25C.Y=IMHZ.
= 0°C -, . = . Qe . . s 3
Tp=0C?0°C.V =5Ve < 7 unless otherwise specitied unmeasured pins returned to ground
Symbol | Parameter Min. Typ. | Max. | Unit Test Condition Symbol | Parameter Max. | Unit
Viwe Clock Input Low Voltage ' -0.3 0.45 v Cop Clock Capacitance 35 :14
le(' Clock Input High Voltage VCC -6 Vcc+_3 \ (‘l:\' Input Capacitance 5 oF
ViL Input Low Voltage 0.3 0.8 v Cott Qutput Capacttance | 10 pF
Vin Input High Voitage 20 Vi v
VoL Output Luw Voltage 04 v lg =1 8ma
Vou Output High Voltage 24 v lon = =230uA ZSOA_CPU
Iee Power Supply Current 90 200 mA Ordering Information
lU Input Leakage Current 10 HA VN0t ch C - Ceramic
R 5 P - Plastic
'LOH Tri-State Qutput Leakage Current in Float 10 uA VOUT""" to V“, S — Standard SV £5% 0° to 70°C
Lot Tr-State OQutput Leakage Current in Float -10 WA VouT™0+4Y
Ity Daty Bus Leakage Current in input Mode £10 HA 0V iy s V“_
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A.C. Characteristics

Z280-CPU

Tp = 0°C 10 70°C, Ve = +5V £ 5%, Unless Otherwise Noted.

2] = ty@my * twoL) * * Yy

(L] lam-lw“,ﬂ)nr-ﬁ
2] ty=1. 80
13) lea = o) * 1 = 40

141 tear= oLy * 1, - 60
(5] tgem=t.-210

‘16) tdci = l\V(d’L) + t - 210

7 tegr=tyqar) * 4 -80

(8] tw(MRL) e -40

9] LWMRH) * tw(®H) * '~ 30

[10] tw(WRL) =t -40

(R3] tmr=‘_‘xcnw‘¢mnr-80

:
¥

N
Signal Symbol Parameter Min Max Unit Test Condition
te Clock Period 4 112} usec
@ ty (PH) Clock Puise Width, Cluck High 180 [13] nsec
ty (L) Clock Pulse Width, Clock Low 180 2000 nsec
Yoy Clack Rise and Fall Time 30 nsec
D (AD) Address Output Delay 145 nsec
tF (AD) Delay to Float 110 nsec
taem Address Stable Prior to MREQ (Memory Cycle) LI} nsec
Ao-15 'a:i Address Stable Prior 10 TORQ. RD or WR (1/0 Cycle) T3] mec ] CL " S0PF
ta Address Stable from KD, WR, TORQ or T3] nsec
teal Address Stable From RD or WR During Float 14} nse¢
1D (D) Duta Output Delay 230 | nsec
tE(D) Delay 10 Float During Write Cycle J0 nsec
iS$ (D) Data Setup Time 10 Rising Edge of Clock During M1 Cycle 50 nsec
D 1s$ (D Data Setup Time to Falling Edge of Clock During M2 10 MS 60 nsec Cy = 50pF
0-7 (D) L
tdem Data Stable Prior to WR (Memory Cycle) T37 nsec
tdei Data Stable Prior to WR (1/0 Cycie) T6] nsec
tedf Data Stable From WR ™
tH Any Hold Time for Setup Time (] nsec
DL (MR) MREO Delay From Falling Edge of Clock, MREQ Low 100 nsec
'DH® (MR) MREQ Delay From Rising Edge of Clock, MREQ  High 100 nsec
MREQ 'DH® (MR) MREQ Delay From Falling Edge of Clock, MRE') High 100 nsec CL = SOpF
o/ tw (MRL) Pulse Width, MREQ Low 18] nsec
tw (MRH) Pulse Width, MREQ High 191 nsec
'DL® (IR) IORQ Delay From Rising Edge of Clock, IORQ Low 90 nsec
ORG DL (IR) I0RQ Delay From Ffl!ing Edge of Clock, IORQ Lmv 110 nsec C, = SOpF
'DH® (IR) 1ORQ Delay From Rising Edge of Clock, IORQ High T00 nsec L
'DHF (IR) JORQ Delay From Falling Edge of Clock, IORQ High 110 nsec
\DL® (RD) RD Delay From Rising Edge of Clock, RD Low 100 nsec
75 \DLF (RD) RD Delay From Failing Edge of Clock, RD Low 130 nsec C, = SOpF
tDHé (RD) RD Delay From Rising Edge of Clock, RD RD High 100 nsec L
'DH® (RD) RD Delay From Falling Edge of Clock, RD High 170 nsec
{DL® (WR) \VR Delay From Rising Edge of Clock, WR Low 80 nsec
% IDLE (WR) WR Delay From Falling Edge of Clock, WR Low 90 nsec
WR \DHE (WR) |  WR Delay From Falling Edge of Clock, WR High I T e
tw (WRL) Puise Width, WR Low (10] nsec
i DL (M1) MI Delay From Rising Edge of Clock, Ml Low 130 nsec CL = SOpF
'DH (M1) M1 Delay From Rising Edge of Clock, M1 High 130 nsec
RESH DL (RF) RFSH Deiay From Rising Edge of Clock, RFSH Low 180 nsec Cp = S0pF
'DH (RF) RFSH Delay From Rising Edge of Clock, RFSH High 150 nsec
WAIT ts (WT) WAIT Setup Time 1o Falling Edge of Clock 70 nsec
HALT D (HT) HALT Delay Time From Falling Edge of Clock 300 | nsec Cy_ = SOpF
iNT L (iT) INT Setup Time to Rising Edge of Clock 80 nsec
M1 ty (RML) Pulse Width, NM1 Low 80 nsec
BUSRQ ts (BQ) BUSRQ Setup Time to Rising Edge of Clock 80 nsec
DL (BA) BUSAK Delay From Rising Edge of Clock, BUSAK Low 120 nsec -
BUSAK | \DH(BA) | BUSAR Delay From Falling Edge of Clock, BUSAR High T | mec ] L7 30PF
RESET ts (RS) RESET Setup Time to Rising Edge of Clock 90 nszc
F(C) Delay 10 Float (MREQ, TORQ. RD and WR) 100 | nsec
tme M1 Stable Prior to JORQ (Interrupt Ack.) 1 nsec
NOTES:
A. Data should be enabled onto the CPU data bus when RD is active. Dunng interrupt acknowledge data
should be enabied when M1 and IORQ are both active. :.':m;,‘”
B. Al control signals are internally synchronized. so they may be totally asynchronous with respect
10 the clock. 8
C. The RESET signal must be active for a minimum of 3 clock cycles. I
D. Output Deiay vs. Loaded Capacitance = =
TA=70°C  Vec=+5V 5%
Add 10nsec delay for each SOpf increase in ioad up to a maximum of 200pf for the data bus & 100pf for
address & control lines Load circuit for Output
E.  Although static by design. testing guarantees Lw(bH) of 200 usec maximum
A=
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A.C. Timing Diagram

Timing measurements are made at the following

"
voltages, unless otherwise specified: ‘I “0”
CLOCK Ve =6V 45V
OUTPUT 20V 8V
e INPUT 20V 8V
FLOAT AV 0.5V
Y (M)
| 1
5 (AD)
W (L) a=bad,
Ag-ats >
'0 (AD)
4G !1‘; N ()() 4
\ ] / 1
Ao' 15 Ar >\ {( 3 L A N\
7 1R
ST (D)= =
l —— -
N, ’ N, s’l
N k £NL
0 . 9 (D) ] Uy foe -
9-7 S | " i lingy APV o :- o
out )q. S
—— ~ 5
LM 'OH (M1)—=t - 4= teot -
g tea
M N (C V4 i
)T OM (RF) 4ot S L
'OL (RF)merd {
1
RFSH Y F (C)
t A ! |
{‘m.‘T' (MR) 'OH (MR OHE (M) 'OHD (MR)—= ;
MREQ ! { (0 H ' (MAL) \N . A
lem = N YW (MRH) ' 5 \
'oLh (RD) 'OH® (RO} OHE (RO)~=t nily
N, /
, puna
RD \L (¢ \ I b
12 ToLd ) B
oL R — =10HD WR)
pommm,
WR Lt »"w.(v‘aﬁu - N/
‘0L (1R) oLb (1R)
—ﬂ‘:"hum—— ;— tOH (1)~ iy
\,
iORA ¢ apas”
[ NE “"RL__“
l fove ROy T
OHT (RO} —
-\
RD q Nedees”
toLd (WR) T
=t 'OHT (WR)~1 mily ~
WR N,
wR B N ot -~
'Swr) || ™ Hei Nl
WAI
" > 0 (HT) t9 1)
HALT \
San|| ™ ! N
iNT > }(
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NMi \ 2
ﬁ (seaf| W
w (NML)| L
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anes 1
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A.C. Characteristics Z80A-CPU

T, =0°C 10 70°C, Ve = +5V £ 5%, Unless Otherwise Noted.

(12) o= ty@H) * twaL) * i * it

1 tyem = tw(et) * 165
2] tye=t. =70

3} ‘ca = tW(‘bL) + t\‘ -50
4] tr* tw(dL) A -45

5} ‘dcm:tc -170

] tdCi = tW(d’L) + t‘, -170

M tegr= tweL) * b - 70

8] 1ty (MRL) = tc~ 30

9] LWMRH) = 'w(®H) +1-20

[10] tw(WR—?L) =t -30

[11] e = 2t * tyqappp) * 1= 65

Vee

N
Signal Symbol Parameter Min Max Unit Test Condition
[ Clock Period .28 112} usec
@ ty (®H) Clock Pulse Width, Clock High 110 |E} nsec
tw (L) Clock Pulse Width, Clock Low 110 2000 nsec
e f Clock Rise and Fall Time 0 nsec
D (AD) Address Output Delay 110 nsec
'F (AD) Delay to Float 90 nsec
laem Address Stable Prior to MREQ (Memory Cycle) . 1] nsec Ci = SOpF
Ap-1s [ Address Stable Prior to JORQ, RD or WR (1/0 Cycle) T3] nsec L=vp
ta Address Suable from RD. WR. IORQ or MREQ T31 nsec
teaf Address Stable From RD or WR During Float (4] nsec
'D (D) Data Output Delay 150 | nsec
'F(D) Delay to Float During Write Cycle 90 nsec
1s® (D) Data Setup Time to Rising Edge of Clock During M1 Cycle 35 nsev
Dg.7 'S (D) Data Setup Time to Faliing Edge of Clock During M2 to MS 50 nsec (:L = 50pF
tdem Daua Stable Prior to WR (Memory Cycle) 15} nsec
tdei Data Stable Prior to WR (1/0 Cycie) 167 nsec
tedf Data Stable From WR T
tH Any Hold Time for Setup Time 0 nsec
'DLF (MR) REQ Delay From Falling Edge of Clock, MREQ Low 85 nsec
'DH® (MR) REﬁ Delay From Rising Edge of Clock, MREQ High 85 nsec
WREQ DH® (MR) | MREQ Delay From Falling Edge of Clock, MREQ High 85 | nsec ] € =SOpF
~ lw (MRL) Pulse Width, MREQ Low (8] nsec
tw (MRH) Puise Width, MREQ High [E2 nsec
DL (IR) TORQ Delay From Rising Edge of Clock, IORQ Low 75 nsec
ORG DL (IR) ]ORQ Delay From Falling Edge of Clock, lORQ Low 85 nsec €, = SOpF
DH® (IR) TORQ Delay From Rising Edge of Clock, TORQ High 85 | nsec L
'DH® (IR) TORQ Delay From Falling Edge of Clock, IORQ High 85 nsec
'DL® (RD) E Delay From Rising Edge of Clock, @bow 85 nsec
%) 'DLF (RD) RD Delay From Falling Edge of Clock, RD Low 93 nsec C. = SOpF
\DH® (RD) |  RD Delay From Rising Edge of Clock, RD High Bs T msec ] CL™0P
IDHT (RD) RD Delay From Falling Edge of Clock, RD High 85 nsec
tDL® (WR) 3_& g::ay :rorn ;{nl;:;‘g EEddge off(g‘ock,-\\‘lv:kklaw 65 nsec
o DL (WR) ay From Falling Edge of Clock w 80 nsec .
WR \DHE (WR) |  WR Delay From Faliing Edge of Clock, WK High 80 mec ] L SOPF
tw (WRL) Puise Width, WR Low {10} nsec
W DL (M1) M1 Delay From Rising Edge of Clock. M1 Low 100 | nsec Cp = 50pF
DH (M1) M1 Delay From Rising Edge of Clock, M1 High 100 nsec
RFSH DL (RF) RFSH Delay From Rising Edge of Clock. RFSH Low 130 nsec CL = 50pF
'DH (RF) RFSH Delay From Rising Edge of Clock, RFSH High 120 nsec
WAIT ts (WT) WAIT Setup Time to Falling Edge of Clock 70 nsec
HALT 1D (HT) HALT Delay Time From Falling Edge of Clock 300 | nsec C, = 50pF
INT $(IT) INT Setup Time to Rising Edge of Clock 80 nsec
Nt — . —
NMI tw (NML) Pulse Width, NM1 Low 80 nsec
BUSRQ 15 (BQ) BUSRQ Setup Time to Rising Edge of Clock 50 nsec
BUSAK DL (BA) BUSAK Delay From Rising Edge of Clock, BUSAK Low 100 nsec C, = SOpF
'DH (BA) BUSAK Delay From Falling Edge of Clock, BUSAK High 100 nsec L
RESET ts (RS) RESET Setup Time to Rising Edge of Clock 60 nsec
tE(C) Deiay to Float (MREQ. TORQ, RD and WR) 80 | nsec
tmr M1 Stable Prior to IORQ (Interrupt Ack.) [131] nsec
NOTES:
TEST POINT ne21K0
A. Data should be enabled onto the CPU data bus when RD is active. During interrupt acknowledge data . T
should be enabled when M1 and TORQ are both active. i ¢

All control signals are internally synchronized, so they may be totaily asynchronous with respect
to the clock.

. The msugml must be active for 2 minimum of 3 clock cycles.
. Output Delay vs. Loaded Capacitance

TA=70°C  Vec=+5V 5%

Add 10nsec delay for each 50pf increase in load up to maximum of 200pi for data bus and 100pf for

address & control lines.
Although static by design. tesung guarantees L H) of 200 usec maximum
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% - 280-CPU

Zilog INSTRUCTION SET

ADC HL, ss
ADCA,s
ADD A, n
ADDA,r
ADD A, (HL)

ADD A, (1X+d)
ADD A, (1Y+d)

ADD HL, ss
ADD iX, pp
ADD 1Y, rr
AND s

BIT b, (HL)
BIT b, (1X+d)
BIT b, (1'Y+d)
BITH, r
CALL cc, nn

CALL nn

CCF
CPs
CcPD

CPDR

cPl

CPIR

CPL
DAA
DECm

DEC IX

Add with Carry Reg. pair ss to HL
Add with carry operand s to Acc.
Add value n to Acc.

Add Reg. r to Acc.

Add location (HL) to Acc.

Add location (1X+d) to Acc.

Add location (1Y+d) to Acc.

Add Reg. pair ss to HL

Add Reg. pair pp to I1X

Add Reg. pair rr to 1Y

Logical ‘AND’ of operand s and Acc.
Test BIT b of location (HL)

Test BIT b of location (I X+d)
Test BIT b of location (1Y+d)
Test BIT b of Reg. r

Call subroutine at location nn if
condition cc if true

Unconditional call subroutine at
location nn

Complement carry flag
Compare operand s with Acc.

Compare location {HL) and Acc.
decrement HL and BC

Compare location (HL) and Acc.
decrement HL and BC, repeat
until BC=0

Compare location (HL) and Acc.
increment HL and decrement BC

Compare location (HL} and Acc.
increment HL, decrement BC
repeat until BC=0

Compiement Acc. {1’s comp)
Decimal adjust Acc.
Decrement operand m

Decrement 1 X

DEC 1Y
DEC ss
o]

DJNZ e

El

EX (SP), HL
EX (SP), IX
EX (SP), Y

EX AF, AF’

EXDE, HL

EXX

HALT
MO
M1

IM 2
INA, (n)

INr, (C)

INC (HL)
INC iX
INC (1X+d)
INC 1Y

INC (1Y+d)
INCr

INC ss
IND

INDR

INI

Decrement 1Y
Decrement Reg. pair ss
Disable interrupts

Decrement B and Jump
relative if B#0

Enable interrupts

Exchange the location (SP) and HL
Exchange the location (SP) and 1X
Exchange the location (SP) and 1Y

Exchange the contents of AF
and AF’

Exchange the contents of DE
and HL

Exchange the contents of BC, DE,
HL with contents of BC’, DE’, HL’
respectively

HALT (wait for interrupt or reset)
Set interrupt mode 0
Set interrupt mode 1
Set interrupt mode 2

Load the Acc. with input from
device n

Load the Reg. r with input from
device (C)

Increment location (HL)
Increment 1 X
Increment location (1 X+d)

Increment 1Y

Increment location (1Y+d)
Increment Reg. r
Increment Reg. pair ss

Load location (HL) with input
from port (C), decrement HL
and B

Load location (HL) with input
from port (C), decrement HL and
decrement B, repeat until B=0

Load location (HL) with input
from port (C); and increment HL
and decrement B



INIR

N
JP (HL)
JP (1X)
JP (1Y)

JP cc, nn
JP nn

JPC, e
JRe

JPNC, e

'RNZ, e
A

JRZ, e
LD A, (BC)
LD A, (DE)
LD A, I
LD A, (nn)
LDA,R
LD (BC), A
LD (DE}, A
LD (HL), n
LD dd, nn
~<D HL, (nn)
LD (HL), r
LD, A
LF IX, nn
LD IX, (nn)
LD (IX+d), n
LD (IX+d), r
LD IY, nn
LD 1Y, {nn)
LD (1Y+d), n

LD (1Y+d), r

| —4

Load location (HL) with input LD (nn}, A
from port (C), increment HL

and decrement B, repeat until LD (nn), dd
B=0 LD (nn), HL
Unconditional Jump to (HL) LD (nn). IX
Unconditional Jump to (I1X) LD (nn). 1Y
Unconditonal Jump to (1Y) LDR A
Jump to location nn if LD r. (HL)
condition cc is true !
o , LD r, (IX+d)

Unconditional jump to location
nn LD r, (1Y+d)
Jump relative to PC+e if carry=1 LDr,n
Unconditional Jump relative LDr,r
to PC+e

LD SP, HL
Jump relative to PC+e if carry=0

LD SP, IX
Jump relative to PC+e if non
zero (Z2=0) LD SP, 1Y
Jump relative to PC+e if zero (Z=1) LDD
Load Acc. with location (BC)

LDDR
Load Acc. with location (DE)
Load Acc. with |
Load Acc. with location nn LOI
Load Acc. with Reg. R
Load location (BC) with Acc. LDIR
Load location (DE) with Acc.
Load location (HL) with value n
Load Reg. pair dd with value nn NEG

NOP
Load HL with location (nn)

ORs
Load location (HL) with Reg. r OTDR
Load | with Acc.
Load I X with value nn OTIR
Load IX with location (nn)
Load location (IX+d) with value n

ouT (C), r
Load location (1X+d) with Reg. r

OUT (n), A
Load |'Y with value nn ouUTD
Load 1Y with location (nn)
Load location (1 Y+d) with vaiue n ouTl

Load location (1 Y+d) with Reg. r
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Load location {nn) with Acc.
Load location (nn} with Reg.
Load location (nn) with HL
Load location (nn) with IX
Load location (nn) with 1Y
Load R with Acc.

Load Reg. r with location (Hi
Load Reg. r with location (1)
Load Reg. r with location (1Y
Load Reg. r with value n
Load Reg. r with Reg. r’
Load SP with HL

Load SP with IX

Load SP with 1Y

Load location (DE) with loc:
{HL), decrement DE, HL ant

Load location (DE) with loc:
(HL), decrement DE, HL an¢
repeat until BC=0

Load location (DE) with loc:
(HL), increment DE, HL,
decrement BC

Load location (DE) with loct
(HL), increment DE, HL,
decrement BC and repeat unt
BC=0

Negate Acc. (2's complement
No operation

Logical ‘OR’ or operand s ant
Load output port (C) with la
(HL) decrement HL and B, re
until B=0

Load output port (C) with loc
(HL), increment HL, decreme
repeat until B=0

Load output port (C) with Re

Load output port {n) with Ac

Load output port (C) with loc
(HL), decrement HL and B

Load output port {C) with loc
(HL), increment HL and decre
B



POP IX
POP IY
POP qq
PUSH 1X
PUSH IY
PUSH qq
RES b, m

RET
RET cc

RETI
RETN
RLm

RLA

RLC (HL)
RLC (lx;)-d)
RLC (1Y+d)
RLCr
RLCA

RLD

Load IX with top of stack

Load Y with top of stack

Load Reg. pair qq with top of stack
Load I1X onto stack

Load IY onto stack

Load Reg. pair qq onto stack

Reset Bit b of operand m

Return from subroutine

Return from subroutine if condition
cc is true

Return from interrupt

Return from non maskable interrupt
Rotate left through carry operand m
Rotate left Acc. through carry
Rotate location (HL) left circular
Rotate location (1X+d) left circular
Rotate location {1Y+d) left circular
Rotate Reg. r left circular

Rotate left circular Acc.

Rotate digit left and right between
Acc. and location (HL)

RRm
RRA
RRCm
RRCA
RRD

RST p

SBCA,s

SBC HL, ss

SCF

SET b, (HL)
SET b, (1X+d)
SET b, (1Y+d)
SET b, r
SLAm

SRA m

SRL m

SUB s

XOR s
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Rotate right through carry operand m
Rotate right Acc. through carry
Rotate operand m right circular
Rotate right circular Acc.

Rotate digit right and left between
Acc. and location (HL)

Restart to location p

Subtract operand s from Acc. with
carry

Subtract Reg. pair ss from HL with
carry

Set carry flag (C=1)

Set Bit b of location (HL)

Set Bit b of location (1X+d)

Set Bit b of location (1Y+d)

Set Bit b of Reg. r

Shift operand m left arithmetic
Shift operand m right arithmetic

Shift operand m right logical

" Subtract operand s from Acc.

Exclusive ‘OR’ operand s and Acc.

()



Ynemonic Comparison betwesn System Z80 and System 8080A

Opcode

00

01

02
03
04
05
06
Q7
o8
09
OA
0B
oc
uls]
1]
oF

10
11
12
13
14
15
16
17
18
19
1A
18
iC
10
1E
1F

20
21
22
23
24
25
26
27
28
29
2A
28
2C
2D
2t
2F

80804A

NOP
LXI
STAX
INX
INR

‘DCR

MVI
RLC

DAD
LOAX
ocx
INR
OCR
MvI
RRC

LXI
STAX
INX
INR
OCR
MvVI
RAL
DAD
LDAX
DCX
INR
OCR
MvI
RAR

LXI
SHLD
INX
INR
DCR
MVI
DAA
DAD
LHLD
OCX
INR
OCR
MvI
CMA

OO0 o

MO MOOOoO

Z80

NOP
LD
Lo
INC
INC
OecC
LD
RLCA
EX
ADD
Lo
DOEC
INC
DEC
LD
RRCA

DINZ
LD
LD
INC
INC
DEC
LD
RLA
JR
ADD
LD
DEC
INC
DEC
LD
RRA

JR
LD
LD
INC
INC
DEC
LD
DAA
JR
'ADD
Lo
DEC
INC
DEC
LD
CPL

BC,dddd
(8C),A
BC

B

B

8,dd

AF ,AF?
HL,BC
A,(BC)
BC

c

c
C,dd

disp
DE,dddd
(DE),A
DE

D

D

0,dd

disp
HL,DE
A,(DE)
OE

E

£
E,dd

NZ,disp
HL,dddd
(adr),HL
HL

H

H

H,dd

Z,disp
HL 4 HL
HL, (adr)
HL

L

L

L,dd

Opcode

30
31

32
33
34
35
36
37
38
39
3A
3B
3C
30
3E
3F

40
41
42
43
44
45
46
47
48
49
4A
4B
4C
40
4E
4F

S0
51
52
53
54
S5
56
57
58
59
5A
58
SC
SO
5t
SF

80804A

LXI
STA

“INX

INR
DCR
MVl
STC
DAD
LOA
DCX
INR
OCR
mvI
cmC

mov
Mmov
mov
mov
Mov
mov
Mmov
mov
mov
mov
Mov
mov
mov
mov
mov
mMov

mov
mov
mov
mov
Mmov
mov
Mov
MoV
mov
mov
mov
mov
Mov
mov
mov
mov

SP,dddd
adr

SP

m

m

M,dd

SP
adr
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a
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-

-
PR ITMOO0OO0D>IrDTMooOoo

JR
LO
Lo
INC
INC
DeC
L0
SCF
JR
ADD
Lo
OEC
INC
DEC
LD
CCcr

LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD

LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD

Z80

NC,disp
SP,dddd
(adr),A
SP

(HL)
(HL)
(HL),dd

C,disp
HL,SP
A,{adr)
sP

A

> >
-
o
o

OO0O0O00O00O00O00O00O0O DD OWmomom
PR EEEEEEEIEEE
PACrITMOOCOD>~r TMOOD

- v .

® W W W w W e

W W W W W w e
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-
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Opcods

60
61
62
63
64
65
66
67
68
69
6A
68
6C
60
6&
6F

70
71
72
73
74
75
76
77
78
79
7A
78
7C
70
7E
F

80
81
82
83
84
85
86
87
88
89
8A
88
8C
80
8E
8F

80804A

mov
mov
mav
mov
mov
Mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mav

mav
mov
Mmov
mov
Mov
mov
HLT
Mmov
mov
mov
Mmov
mov
Mov
mov
Mmov
mav

ADD
ADD
ADD
ACD
ADD
ADD
ADD
ADD
ADC
ADC
ADC
ADC
ADC
ADC
ADC
ADC
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Z80

LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
Lo
LD
LD
LD
LD
LD

LD
LD
LD
LD
LD
LD
HALT
LD
LD
LD
LD
LD
LD
LD
LD
LD

ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADC
ADC
ADC
ADC
ADC
AOC
ACC
ADC
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-
A TITMOOo

X
r
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o W W 9 e

“ e w e e
DACCITMOOO>

X
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T XTITXTXII
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Opcodse

90
91

92
93
94
95
96
97
98
99
9A
S8
SC
S0
St
SF

AC
A1
A2
A3
A4
AS
A6
A7
A8
A9
AA
AB
AC
AD
AE
AF

80
81
82
83
B4
8S
B6
87
88
89
BA
88
8c
80
BE
8F

80804

SuB
SuB
sSuB
sus
susB
SuB
sus
suB
588
588
SB88
SB8
588
588
S88
SBB

ANA
ANA
ANA
ANA
ANA
ANA
ANA
ANA
XRA
XRA
XRA
XRA
XRA
XRA
XRA
XRA

ORA
ORA
ORA
ORA
ORA
ORA
ORA
0RA
cmp
cmp
cmp
cme
cmp
Ccmp
cMp
cmp

PR TMOOOD>P=2ArrmMOoOoO o

>PRr-rIMOO0O>P3IrTMOoOOoo

>PIRI;IrIMmMooo>»3r T Mooo

SuB
SuB
SuB
Sus
suB
sus
sus
SuB
SBC
sec
sec
S8C
S8C
SeC
S8C
S8C

AND
AND
AND
AND
AND
AND
AND
AND
XOR
XOR
XOR
XOR
XOR
XOR
XOR
XOR

OR
OR
OR
OR
OR
OR
OR
OR
cP
cP
cpP
cP
ce
CP
cP
cP

Z80

~NCFrIMOOo
X
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Opcode

co
C1

c2
C3
C4
CS
Cé
c7?
cs
co
CA
cs
cc
co
CeE
CF

DO
D1
D2
03
D4
D5
06
07
(o]}
D9
DA
DB
DC
00
DE
OF

£0
£1
g2
£3
E4
ES
E6
E?
E8
£9
EA
£B
£C
ED
EE
EF

80804
RNZ
POP B
JNZ  adr
Jmp adr
CNZ adr
PUSH B
ADI dd
RST O
RZ
RET
JZ adr
CzZ adr
CALL adr
ACI dd
RST 1
RNC
POP D
JNC adr
OUT port
CNC adr
PUSH D
SUI dd
RST -2
RC
Jc adr
IN port
cc adr
SBI dd
RST 3
RPO
pap H
JPO adr
XTHL
CPO  adr
PUSH H
ANI dd
RST 4
RPE
PCHL
JPE adr
XCHG
CPE  adr
XRI dd
RST §

Z80

RET NZ

POP BC

JpP NZ,adr
JP adr
CALL NZ,adr
PUSH B8C

ADD A,dd
RST O

RET Z
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