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EINFUHRUNG

Der KDR-Klein-Ccaputer wird in der Ffernsehserie ®“Mikroelektronik - Mikroecoaputer selbstgebout und
progroaniert® uufgobaul: erklirt und in Betrieb genomaen. Diese Serie wird zundchat nur voa Norddoutschen
/ Rundfunk, voa Sender Freies Berlin, von Radio Bremen und ab Septomber 1984 vaon Basyrischen Rundfunk
GE!‘ ausgestrahlt. Es werden bold ouch die Regionalsender anderer B8undesliinder die Sendung in ihr Prograse
aufachaen. Zur Serie gibt es einige Begleitmoterialion, sodo8 o8 nicht unbedingt notwondig ist, die
fornochseric geschon zu haben, ua den NDR-Klein-Computer zu bauen und zu begreifen:

- Buch: Rolf-Dieter Klein, "Mikroccaputer selbstgebaut und proqraemiert®; 2., neu bearbeiteto und erwecitorte
Auflage, 1S8N 3-7723.7162-0, OM 38,- jerschienen im Franzis-Verlag, Minchen.
Auf dieses Buch bout die NDR-Serie auf,

- mc-Hefle Kr.l (Jonuor) bio Nr.6 (Juni) 1984: Erscheinen Anfang jodes Monats lm Franzis-Verlag, Minchen

Hoftpreis: DM 6,- ; orhéltlich le Buch- und Zeitschriften-
handel, sowie im Elektranikfachhandel.
Diose Hofte orginzen -terminlich abgestimat - die elnzelnen

Sendungen.
- mc-Sonderhefte: Dicse Hefte, die vom Francis-Software-Service her gegeb werden, behaendeln jeweils ein
apezielles Thema. Zur Zeit gibt es 6§ Sonderhefte:
- Schaltplino & Unteriagen - 68008 Grundprogreanse
- 2-80 Grundprogramae - 68008 Aufbauprograsne
~ 2-80 Aufbouprogroaac - 68008 PASCAL - S
E"i AuBerden gibt es noch kleine Heftchen zu den Prograamen 8ASIC und GOSI

- DASIC fiur 2-80
- GOSI Einfihrung
- GOSI fur 2-80

Diese Sonderhefte sind boi uns oder auch direkt beim Francis Verlag erhdltlich.

- Videocassutle 1/2: Lizensiorte Originolkassette fir den privaten Gebrauch; Systeme: VHS, 8eta, Video 2000
Auf diesen zwai Casastten sind die 26 Folgen dor Fernashserie enthalten.



cPy 780 Seite -2

STUL‘KLISTE

Stick Bezeichnung Nr. im Bild
1 Jcl 74 LS 04

1 Jc2 74 LS 00

1 Jcs 74 LS 74

a Jca, 3Ics, 3c7, JCB 74 LS 245

1 Jcs 7180 A ceo

1 Jac9 74 LS 121

4 sola 14-poligo IC-Fassung

] S020 20-polige IC-fonsung

1 S040 40-polige IC-Foaoung

8 R1,2,3,4,7,8,9,10 1 kDIw

]S 330 Dhm 2

1 Ré6 100 kDhm 3
1 cy 10 nf L}
2 c2, Cs 10 of 5
] cs 100 ot

1 1 Taster 7
1 ql Quarz & MH2z 8
1 st} 18- und 36-polige Steckerleiste 9

] GES-Platine mit Liétstoplock
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BESTUCKUNGSANLEITUNG

Auf einer Seite der Platine steht der Hinweis "18ts" (Ldétseite); auf dieser Seite wird ausschlieBlich
gelitet. Die Bauteile sind nur auf der andercn Secite aufzustecken.

8eim Einliten der Bauelemente beginnt man am Besten mit der Steckerleiste. Es sallte dasrauf geachtet werden,
daB die Stecker parallel zur Platine liegen, ‘'um gut auf die Busplatine gesteckt werden zu kinnen.

Dabei sollten zuerst die beiden &uBeren Stifte und einer in der Mitte verlidtet werden. Danon empfiehlt es
pich nachzuschauen, ob die Stecker parallel zur Platine liegen und ab keine "Biuche" zwischen den verlidteten
Stiften liegen.

Als nichstes werden die IC-Sockel! bestickt. Dabei mul darauf geachtet werden, dafl die Fassungen richtig auf-
gaesteckt werden. Im Bertiickungsplan sind die Richtungen der Fassungen mit einer Kerbe gekennzeichnet. Sic
muB mit der Richtung der Kerbe in der Fassung Gberecinstimmen. AuBerdem ist die Lage der Fassungen auch auf
der Bestiickungsseite der Platine mit einem "T" gekennzeichnet. Die Kerbe muB hier in Richtung des
Querbalkens des "T" liegen. Auf der CPU 280-Platine ist nicht bei jedem IC dieses *T" aufgedruckt, sondern
nur immer Flr eine IC-Reihe, denn alle IC°s schauen in eine Richtung. Wo welche IC-Fassung hingehidrt, ist
den Bestickungsplan 2u entnehmen.

Es sollten alle Fassungen auf einmal aufgesteckt werden und zum Verléten umgedreht werden; dabei ist es
hilfreich, wenn man bein Umndrechen die Fassungen mit einem Stiick Kerton auf die Platine andriickt. So wird
erreicht, deB die Fassungen alle eben und gerade liegen. Beim Liten sollten wiederum nur zwei Pins jeder
Fossuno (mbglichst diagonal) verlitet werden. So kénnen anachlieGend schrég liegende Fassungen noch
problemlos korrigiert werden. Bever die restlichen Pins verlbtet werden, sollte noch ein letzter
Konrollblick auf die Bestickungsseite gewarfen werden, ob die FaSsungen richiig liegen und die Richtungen
der Fassungen stimmen!

Die Keramikkondensatoren C} und €3 sind ungepolt und kinnen ahne Riicksicht auf hestimmte AnschluBrichtung
oufgesteckt werden. Die auf der Litscite herausstehenden Driéhte sollten abgeknickt werden und kurz
abgeschnitten, dadurch fillt der Kondensator beim Verldten nicht heraus.

Die Elko"s (Elektrolyt-Kondensator} €2 und C4 3ind gepalt und diirfen auf keinen Fall falsch herum eingeldtet
werden. Der Minuspol ist auf dem Kondensator mit cinem schwarzen Streifen gekenrnzeichnet, und auf der
Platine oowie nuf dcm Bestiickunqoplan ist der Pluspol mit "+" gekennzeichnet.

Beim Finrléten des lTasters solike nach untenstehender Skizze vorgegangen werden (von der Bestickungsseite aus
gesehen). Die beiden schwarzen Stifte am Taster kionnen beim Einstecken etwas klemmen. L&Bt sich der Faster
nicht stecken, kinnen die beiden Kunststoffstifle sbgezwickt werden.



CPU 280 Seite -6-

Der Quarz ist ungepolt, d.h. es muB beim Einléten nicht auf die Polung geachtet werden. Er sollte liegend
cingoldtet werden (siehe Abbildung).

A

Die Widerstinde sind ebenfalls ungepolt und kinnen damit ohne suf die Polung zu achten eingelétot werden.
Die Farbcodetabelle flir die Widerstiinde finden sie hinten unter der Rubrik "Bauelcmente®.

TEST

1. Zuerst sollten alle Versorgungsspannungen aller 1C°s gemessen werden. Wo +5V und m liegen ist dem Pining
zu crtnehmen (siehe Bauelemente)

2. Einstecken der IC"s JC) (74 08) und JC3 (78 LS 74). Vorsicht: nicht bei angelegter Spannung einstecken!
Auf Richtung der IC°s achten! An JC3/9 aissen nun 4MHz und an JC3/5 2MHz anliegen. !

3. CELinstecken der IC"s JC9 (74 LS 121). Voraicht wieder bein Cinstecken des IC°s. Wird nun der RESEV-Taster
grdrickt aul ein kurzer lmpuls auf dem Osziloskop sichtbar werden. Es ist ein ecinmaliger Impuls der nur kurz
aufblinkt und daher nicht einfach 2u erkennen. Der Impuls tritt in dem Moment auf in dem der laster

losgelassen wird.

4. finotecken der restlichen IC"s. Nicht bei angelegter Sponaung einstecken und mehrwals kontrollieren, ob
die 1€°a richtig herum eingesteckt sind. Domit wiire dio Schaltung betriebsbereit.



Seite -7-

" 18400 1S
. 180A “CPy




CPu 280

Seite -8-

SCHALTUNGSBESCHREIBUING

Die Schaliung 1&Bt sich im wesentlichen in 4 Oldcke aufspalten. <??%
Blockschaltbild CPU Z 80
Takt - Weit
m eiter -
erzeugung Prozessor -
gabe-
Adressen . Adressen
:/ bausteine :>
RD —
ze0A b , } - V"’,i’,?,ﬁ,ﬁ5
[OR Buffer A5y,
RESET- @E‘J—’_ R
Logik (i ‘—-»;%4
62K 4
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Takterzeugung

Dor lakt wird, wie schon bei der SBC2 und der GDP64k mit 2 Invertern (JCl) erzeugt, deren Ausginge nit einen
1 kDhm Widerstand riickgefiihrt werden auf den Eingang. Diec beiden Schwingungserzeuger werden durch den 10
ni -Kondensator €1 witeinander verkoppelt und durch den Quarz Q1 auf 8 MHz stabilisiert.

Die beiden D-fFlip-flops sind jeweils ols Frequenzteiler 1:2 geschaltet. Die 8 MHz vom Frequenzgenaerator
werden bejim 1. Flip-Flop auf 4 MHz und beim 2. Flip-Flop auf 2 HHz heruntergeteilt. Am JMP]1 ist die Freguenz
4 MHz cingestellt.

RESET-Logik

Die RESET-Lugik wird durch den Chip JC? und den Taster T1 dargesstellt. Der Baustein JC9 (74 LS 121) ist ein
Monoflap. Wird der Taster Tl gedriickt entotoht am Auwaogeag ein einmaliger Ispuls mit dem der
"Program-Counter® (Programm-Ziihler) der CPU riickgesstzt wird (RESET-Eingang JC5/26).

Moitergabebausteine

Die Woiterqgabebsusteine sind das Bindoglied zwischen Mikroprozessor und den Daten- bzw. Adressbuas. Die ODaten
bzw. die Adresson werden an diesen Baustcinen abgeblockt {Buffer) und nur weitergegeben, wenn der Prozessor
die erforderlichen Signale suasendet. Die Daten kdnnen hierbei in beiden Richtungen weitergeleitet werden,
also vom Prozeasor auf den 8us und ungeskehrt, die Adressen ollerdings nur vom Prozessor gsuf den Bus. Wann
und in welche Pichtung Dalen weitergegeben werden sollen wird durch die UIND-Verkoniipfung der Signale KD wund
L1} (beotimmt die Richtung)(3C6/1), sowic dem Signal BUSAK* (JC6/19) gesteuert. Wann cine Adreose
weitergegeben werden sol! wird von dem Signal BUSAK®* (Bus oktivieren) gestevert (3C7/19 und JCB/19).
AuBerdem sind noch einige Steuerleitungen “gebuffert™, die ebenfalls mit dem Signal BUSAK® meitzrgegeben
werden (JC4/19). Da die Adressen und die Stoucrsignale nur in einer Richtung weitergegeben werden st der
€ingang DIR (Directlion)(JC7/1, IC8/]1 und JC4/1) fest an +5V gelegt.
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BAUELEMENTE

(‘74 LS 245 8 Bus-Trenaceiver, Tri-State

20-paliger Chip

16 Ein- bzw. Ausgiinge (A,B)
- 1 Eingang: G

- 1 Eingang: DIR

€8s bhandelt sich hier um e¢in reinea Tri-State-Element, d.h. er hat drei Funktionsmiglichkeiten. Er kann Daten
von der A-Seite zur B-Seita oder umgokehrt durchschalten, oder aber er sperrt in beide Richtungen. Den
sperrenden Zustsnd nennt wean auch "hochohnig". Was das Chip machen soll, bestimmen die Signale DIR (Pin 1)
und G (Pin 19).

ENABLE .
Vec § B1 B2 BY B4 BS B6 B7 50 Wahrheitstabelle
20019 Tl [1r7 [ frs [f1s ] 1efn3lnalIn Direction
’ En%b le Control Operation
i’% Dir.
. ! L L B datato A bus
i L H A data to B bus
H X Isolation
yA213M¢[15[16[17](8[19[]10 — -
DIR Al A2 A3 AL AS A5 A7 AB GND Positive Logik

74 LS 4 2 D-Flip-Flap mit Clear und Presct
K}

6f»\hst. am D-Flip-Flop an "Preset"” und "Clear® ein H-Signal, 30 wird dos Flip-Flop bei Anlegen eines Taktsignals
am “Clock™-Eingang, jeweils bei der positiven Flanke jedes Taktimpuloes obwechselnd gesetzt und riickgesetzt,
G.h, die Ausqginge § und Q* wechseln boi jeder positiven Taktflonke ihren Zustand. Liegt kein Jlokt an
(Low-Sianal) bleibt dieser Zustand erhalten (Cneicherzustand).
Will man Jiesen Zustand #&ndern, ohne einen Takt anzulegen, kénnen die Signalz an "Preset®™ uad "Ciear"
verindest werden. Ist das Flop-Flop gesetzt (0Q=H wund Q¢=L). kann es ait "Presct"=E und "Clear®:=L
zuridckgeoetzt werden (Q=L und Q*=zH).



Wahrheitstabelle
2 : 2 Inputs Outputs
g Jeor 22 lioce Presel 5
w13 },2 m ,g 7; 28 Preset Clear Clock 0O Q T
L H X X H
f—li—‘l- . | H L X X L
o 4 ! . L L X X H*
lbe o || L H H t H |H
o, s H H t L L H
BT EiBihE H H L X |0 0
M 0 Sapreset 100 T Gko Pasitive Logik
* Disser Zustand ist nicht stabil; d.h. er
blgibt nicht erhalten, wenn Presat und/
oder Clear inaktiv (High) werden,
74 LS 121 Manoflap

Bei dicsem Buuotein handelt es sirh um ein Monoflop. Die Einginge Al, A2 und B sind dazu da, dos Monoflop zu
triggern. Wie longe der lapuls om Ausgang dea Monoflops (Pin 6 und 1) anlicgen soll, wird durch ein RC-Glied
feotqgelegl. Oer Widerstand ist bereits ia IC, wihrend der Kondensatar an die Pina 10 und 11 angescnaltet
worden wuB. Dio GriBe des Kondonsatora beatimat dann die Lingo deos Ausgangsimpulaes deas Monoflops.

Wahrheitstahelle
Inputs Outputs
YCC  NC NC ?:::'chl fiw ¢ Al A2 B Q ﬁ
L X H| L A
X L H L H
X X L L H ﬂ
H H X L H
H { H | JL I
{ H H | L U
+ { H | JL U
L X t L U
X L t | .U

Positive Logik
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1.4 Praktischer Aufbau

Farbe 1. Ring = 2. Ring = 3. Ring =
1. Ziffer 2. Ziffer Anzah] der Nullen @}
schwarz 0 0 0 ’
braun 1 1. 1
ot 2 2 2
orange 3 3 3
gelb 4 4 4
griin 5 5 5
blau 6 6 6
violett 7 7 7
grau 8 8 8
weifl 9 9 9
gold - - Wert - 0,1
silber - - Wert - 0,01
4 Ring = gold silber kein Ring (fehlt)
Toleranz *5% +10% +20%
Beispiel 1: gelb violett rot gold
4 7 00=4,7kQ 5%
Beispiel 2: braun schwarz gold silber 'm’
1 0 0,1=1Q +10%
Beispiel 3: braun griin silber silber
1 5 001=0,152 10%

Abb. Farbcode von Widerstandsn



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

(P\ description,

8BIT
DATA BUS
DATA BUS
CONTROL
<: :‘NES‘;" < INTERNAL DATA Bu?> ALU
INSTRUCTION
DECODE
&
= cPU
CONTROL cPu
CPU AND REGISTERS
SYSTEM CPU
CONTROL CONTROL
SIGNALS
ADDRESS
’ CONTROL
(“": +5V GND & 16-BIT
ADDRESS BUS

Z-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
/\ /\
d NS TN
ACCUMULATOR FLAGS ACCUMULATOR FLAGS
A F A’ F
8 c B’ c’
GENERAL
D E D’ E PURPOSE
REGISTERS
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INTERRUPT MEMORY

VECTOR REFRESH

| R

INDEX REGISTER IX

SPECIAL

INDEX REGISTER IY R S

STACK POINTER SP

PAOGRAM COUNTER PC

7

Z-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. t

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 [ 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 a memory refresh counter to enable dynamic
memories to be used with the same ease as static memories. Seven bits of this 8 bit register are auto-
matically incremented after each instruction fetch. The eighth bit will remain as programmed as the
result of an LD R, A instruction. 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. During refresh, the contents of the I register are placed on the upper 8 bits of
the address bus. .

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.



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 16-bit register pairs by the programmer. One set is called
BC, DE and HL while the complementary set is called BC’, DE’ and HL'. At any one time the programmer

Fcan 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/

flag 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 for saving and retrieving register contents in the external stack during interrupt or subroutine process-
ing. These general purpose registers are used for a wide range of applications by the programmer. They also
simplify 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 Left or right shifts or rotates (arithmetic and logical)
Subtract Increment
Logical AND Decrement
Logical OR Set bit
Logical Exclusive OR Reset bit
(N’\ 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.



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.

27 30
/v -— _31—’ Ag N
o 32 N ™
MREQ 4% T" Az
ORD  -———| L~ & A
system J 'ORQ Py n "
CONTROL RD ‘T '_35_—’ 4
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| — = As
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| = Ag BUS
39
AALT o] 20 Ag
- 24
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CONTROLY iNT _.l — A3
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( RESET ——
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Z-80 PIN CONFIGURATION
FIGURE 3.0-1



AgArs

(Address Bus)

DO-D7
{(Data Bus)

M,

{(Machine Cycle one)

MREQ
{Memory Request)

Tri-state output, active high. A -A < constitute a 16-bit address bus. The
address bus provides the address for memory (up to 64K bytes) data
exchanges and for IO 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. Ag 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 1/O

devices.

QOutput, active low.m—l 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)

Tri-state output, active low, The IORQ signal indicates that the lower half of
the address bus holds a valid [/O address for a I/O read or write operation. An
IORQ 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 [/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 [/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.



WAIT
(Wait)

INT
(Interrupt Request)

NMi

(Non Maskable
Interrupt)

Input, active low. WAIT indicates to the Z-80 CPU that the addressed
memory or /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 I/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
aNML.



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 0

During reset time, the address bus and data bus go to a high impedance state
and all control 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.



e | Tue | orcwe | | e |y
Mnemonic Openation P’/VS|N|H|[76 543 210 | Bytes | Cycles | Cycles | Comments
Dr, ¢ te-r o|efeje O} r ¢ 1 1 4 [ g Reg.
Wrn r-n olejelefo0 ¢ 110 | 2 2 7 000 B
- n - 001 [
LD ¢, (HL) t— (HL) . o0l r 110 | | 2 7 010 D
LD, (IX+d) | r—(1XHd) . 1L o1t 101 | 3 H 19 011 E
01 r 110 100 H
- d - 101 L
LD (1Y) re—(lYHd) elelele]|ll 111 101 3 S 19 1t A
01 r 110
- d -
LD (HL), ¢ (HL) =1 ele |01 110 r ] 2 7
LD (IX+d), r | (IX+d) ~7 ele|e |11 011 101 3 S 19
ot 110 r
- d =
LD (IY+d),r | (IY+d) ¢ o|e|e]|eo]1t 111 101 | 3 L] 19
01 110 r
- d -
LD (HL).n (HL) = n o|e|e|e {00 110 110 | 2 3 10
- n -
LD (IX+d),n | (IX+d)—n o|e]leje}ll 011 101 4 s 19
00 110 110
- d =
 d n -
LD (IY+d), n (1Y+d) —-n ele|le]|e Il LI 1Y 4 5 19
00 110 110
- 4 -
- n -




Symbolic Fup OP-Code gf ) :‘o \1 ?lo'i’
Mnemonic Opention CJZP/VSTN]H[76 543 210 | Bytes | Cycies | Cycles | Comments
LD A, (BC) A~ (BC) e|e|e[e| o|e |00 001 O10 1 2 7
LD A, (DE) A ~(DE) o(e|e|e]o|le |00 011 010 | ) 2 7 :
LD A, (nn) A ~(nn) e|ole|e]e|eo |00 111010 ] 3 4 13 @
L o n -
Lod n ad
LD (BC), A (BC) - A e|e|e|eje|ejoo 000010 | I 2 7
LD (DE), A (DE)~ A e|/e|o|e|e]|e 00 010 010 1 2 7
LD (nn), A (nn) ~ A e|ole|e|e|e}o0o 110010 | 3 4 13
- n g
Lo n -
LD A,! Al o| tIIFF ¢ 0| 011 101 101 2 2 9
01 010 111
LDAR A~R o| t|IFF ¢ 0] O |L1 101 101 2 2 9
o1 o1t 111
LD A [—~A o| o] o] o] o]e]1l 101 101 2 2 9
01 000 111
LDR. A Re~A o| o]l o] o] o] o |1} 101 101 2 2 9
01 001 t11

Notes: r, ¢ means any of the registers A, B,C,D,E, H, L
IFF ' the content of the interrupt enable Nip-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. ﬂ



|_opCots

. Symbotic ¥ I o | o | %r
Maemonic | Operation M H| 76 543 210 | Bytes | Cycles | States | Comments
LD dd, nn dd «nn . | 00 dd0 001 3 10 ad  Pely
- n - 00 BC
- n - o1 DE
LD IX, nn IX ~nn . efit 011 100 4 4 14 10 HL
00 100 001 t1 e
- n -
g n -
LD1Y,an IY «-nn . e} 1l 111 101 4 4 14
00 100 001
- n -
- a -
LDHL,(nn) | He(nn+l) . e]00 101 010 3 5 16
L ~{rn) - a -
- n -
LD dd, (nn) | ddy «(nn+1) . ef11 to1 101 ] 4 6 20
ddy «(nn) 0t dd1 ot1
- -
- n -
LD IX, (nn) IX"-(MH) . o] 11 011 101 4 6 20
X, - (nn) 00 101 010
n o~
- n -
LD IY, (an) IYH-(M*I) . o111 111 101 4 6 20
IYL-(M) 00 10t ol0
- a -~
- n -
LD (an),HL | (nn+l) ~H . )00 100010 | 3 s 16
(nn) ~ L - a -
- o -
LD (an),dd | (an+]) —ddy, . o[ 1t 101 10t | 4 6 2
{on) - ady 01 &do ot
- n -
- n -
LD (o), IX | (mneD) ~ Xy ) el11 011101 4 [ 20
(mn) - D6 00 100 010
- n -
- o -
LD (nn), 1Y (m'l)-lY" L] ol 111 101} 4 6 20
(am) = 1Y) 00 100 010
-




Flzgs Op-Cods No. No.
Symbotic ¥ of oM | oT
Maemonic Operstion clz S| N|H| 76 343 210 | Bytes Cycios | States | Comments
LDSP, HL .SP ~HL olelelo| afefll 121 00} 1 1 §
LD sP, IX SP ~1X oje)lefefole]lll 011 IO 2 2 10
11 111 001
LD SP. IY SP ~ 1Y o|lojefofo]efrt yrr 101 2 2 10
1" 1 o0 qq Pais
PUSH qq (S?-Z)o-qu o|e|olo| oo}l qq0 tO1 1 3 1 00 BC
(SP-1) - qqy 0t DE
PUSH IX (SP-2) ~IX, | @l o] o|ef ofof 11 011 101 2 4 15 10 HL
(SP-1) «~ IXgy 11 100 101 ’ It AF
PUSH IY (SP-D 1Y, |e|ojolo|ofafr1tit101] 2 4 15
(SP-1) = 1Yy 11 100 101
POPqq qQy = (SP+1) | o| o| of o] o] o] 11 gq0 001 1 3 10
qu-(Sl')
rorix le —~(SPel){ o o| o o] o] o] 11 012 101 2 4 14
XXL'-(Sﬂ 11 100 00t
POPIY 1Y —(SPe1) | ool ofof ofel 11 112 100 | 2 4 14
IYL ~(SP) 1t 100 001

Notes:  dd is any of the register pain BC, DE, HL, SP
qq s any of the register painn AF, BC, DE, HL
(PAIR)y,, (PAIR); refer to high order and low order eight bits of the register pair tespoctively.
Eg.BCy *C. AF " A :

Flag Notation: @ = flag not affected, O = flag soset, 1 = flag sot, X = flag is unknown,
¢ flag is affected according to the result of the operation.



Flags Op-Code
P No. No, No.
Symbolic ; of ofM | of T
M perati ClZ|V|[SIN|H|76 543 210 | Bytes Cycles | States | Comments
EX DE, HL DE - - HL o|efef{e|e|e |l 101 O11 1 ] 4
EX AF, AF* AF - AP o|efe|e]e]|e |00 001 000 1 1 4
EXX ele|oleje]e]|ll 011 QO1 1 1 4 Register bank and
DE DEE) auxiliary register
H L bank exchange
EX (SP), HL H ~ (SP+1) ejloje|e|e}jeo |1l 100 OI} 1 S 19
L -~ (SP)
EX (SP), IX IXH—(SP+II e[o|eje|e]e ]Il OIL 101 2 [ 23
IXL-'(SPD 11 100 011
EX (SP), 1Y IY“-'(SI”I] ole|ofle|o]e 1l 111 101 2 6 23
lYL-'(S?) 11 100 011
@
Lol IDE) o~ (HL) |e|e|zjelOjO][l1 101 101 2 4 16 Load (HL) into
DE — DE+1 10 100 000 (DE), increment the
painters and
HL - HL*} decrement the byte
BC ~ BC-1 counter (BC)
LDIR IDE} = (HL) e|ls|OfejujO)it (01 1OV 2 5 21 If8C» 0
DE - DE+| 10 110 000 2 4 16 Irsc=0
HL ~ HL+)
BC ~ BC-)
Repeat until
BC=0
0]
LbD (DE) —~ (HL) ole|tle]o[O 11 EOI 10) 2 4 16
DE — DE-1 10 101 000
HL ~ HL-I
BC - BC-
LLDLR (DF) i) elelifelol o]t 01 101 2 5 21 IfBC»0
DE = DE-) 10 111 000 4 16 IfBC=0
HL = HL-1
BC —-BC-1
Repeat unul
BC =0
QIO




Flags OpCode
No. No. No.
Symbolic v of oM | ofT
M i Operati ClZ|V]S|N|H|76 543 210 | Bytes Cycles | States | Comments
[a4] A - (HL) el slejefrfs]rr o1 101 2 4 16 /&a,
HL = HL+1 10 100 00!} ]
BC ~ BC-1
€0
CPIR A - (HL) el tfe]s]r]s]rr tor 101 2 H 21 IfBC = 0and A » (HL)
HL ~ HL+t 10 110 00} 2 4 16 IfBC=0or A = (HL)
BC ~ BC-1
Repueat until
A s HL)or
8C=0
0 [0
cPD A - (HL) o b sl s 0] 8]0 101 101 2 4 16
HL ~HL-1 10 101 001
B( — BC-)
QU
CPDR A~ (HL) eltslt]if{t]ts 1o 100 2 S 21 IfBC» 0and A # (HL)
HL —~ HL-| 10 111 OO0} 2 4 16 I{BC=0o0rA =(HL)
8C ~ BC-{
Repeat until
A = (HL) or
BC=0

Notes: (D P-V flagis 0 if the result of BC-1 = 0. otherwise P/V = |
@ ZNsgulilA =(HL), otherwise Z = O ﬁ

Hag Nntation: @ = tlag nut affected, 0 = flag resct. | # flag set, X = tlagis unknown,
t = fag s affected according to the result of the operatton.



Flags Cp-Lode
T No. No. No.
Symbolic 1 of of M of T
M Openti Cl|Z|V|S|N|H]|76 543 210 | Bytes Cycles | States | Comments
ADDA,r A—A+r tls|v)s|o|s|100aq 1 1 4 ’ Reg.
ADD A,n A—A+n t]s]v|s]o]s [r11foog] 110 { 2 2 ] %‘: g
- n - 010 D
ADDA,(HL)| A« A+«@HL) Jt|t]v|s]oft |00 110 | 1 2 7 on E
ADD A,(IX+d) A=A+ (X+d) [tfs|v]e[ofe |11 011 101 | 3 s 19 100 H
. 101 L
10 [660) ; 10 n A
- d -
ADD A, (1Y+d) A=A+(IY+d) [s|s|v]sfo]s {11 11100 | 3 s 19
10[00g 11
- d =
ADCA,s A-A+s+CY[s]t|V]t|o]s siianyl;r;.n.
(HL), (1X+d),
SUBs A-A-s tlelvis|]e TV 01 20 <pwn for
SBC A,s AcA-s-CY[tlt]IV]s]H]¢ L] ADD instruction
ANDs A-A A s |o]tir]s]o]t
ORs A-a v s Jolt|p|[s]ofo] OO The indicuted bt
replace the 000 in
XOR s A=Aes Ols#IP (s]010 @ 1he ADD et above.
CPs A-s tfefvislr s} (O111
INCr r-r+l elt|v]s]ofs|oo » (OO 1 ] 4
INC (HL) (HLy~ (HL)*1[e |t |V]sfo]|t |ov 1e[i0D] | ! ) 1"
INC (1X+d) | (1X+d) — eft{v]t]oft [ o100 | 3 6 23
(IX+d)+1 00 ”0
- d -
INC (1Y+d) (1Y +d) ~ els|VvVisjolsrt 1 101 3 6 23
(ly+d) + 1 00-“0@
- d =
DECm mem-1 eli|v]s|i]s {fon mis any of r, (HL),
(IX+d), (1Y +d) as

shown for INC
Same formal and
states as INC.
Replace 100 with
101 v OP code.

Notes:  The V symbol in the P/V flug column indicates that the P!V fag contains the overflow of the nesult of the
operation Similarly the P symbol indicates panty. V = | means overtlow, V = 0 means not vverluw. P = |
means parity of the result is even, P = 0 means panty of the result i odd.

Flag Notation: e = flag not affected, 0 = fag reset, | = flag set, X = flag is unknrown,
t = flag is affected according to the result of the operation.



Flags Op-Code
P No. No. No.
Symbolic ! of of M o T
Mnemonic Operation VJ 76 543 210 | Bytes Cycles | States | Comments
DAA Converts acc, P 00 100 111 1 1 4 Decimal adjust
content into accumulator
packed BCD
following add
or subtract
with packed
BCD operands
CPL A-X . 00 101 111 | 1 1 4 Complement
accumulator
(one’s complement)
NEG A-=0-A v 11 101 101 | 2 2 8 Negate acc. (two's
01 000 100 complement)
CCF CY~CY . 00 111 111 | 1 1 4 Complement carry
flag
SCF CY+~1 . 00 110 111 i 1 4 Set carry flag
NOP No operation (] 00 000 000 1 1 4
HALT CPU halted . 0f 110 110 | ! 1 4
DI IFF —- 0 . 11 110011 | 1t 1 4
El IFF -~ 1 . 11 111 011 | 1 1 4
IMO Set interrupt . 11 101 101 | 2 2 8
mode 0 01 000 110
M1 Set interrupt ] 11 101 101 | 2 2 8
mode | 01 010 110
M2 Set interrupt . 11 101 101 | 2 2 8
mode 2 01 011 110
Notes:  [FF indicates the interrupt enable flip-flop

CY indicates the carry fRlip-flop.

Flag Notation:

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



No. No. No.
Symbolic Fags OpCode | o ofM | of T
Mnemonic Opention Z[PJs 76 543 210 | Bytes | Cycles | States | Comments
ADDHL, & |HL~HL+u Jt]|e|e]e 00 ss1 001 | 1 3 11 = Reg.
00 8C
ADCHL,1s | HL-HL+g+CY]t]|s] V] 11101 101 | 2 4 15 01 DE
10 HL
SBCHL.@ | HL-HL-ssCY Jt]t] V] 11 101 101 | 2 4 15
01 0 010
ADDIX,pp |IX—1X+pp [t|e]e]e nomiot | 2 . 1s PP Reg.
00 ppl 001 00 BC
0l DE
10 X
n SP
ADDIY,rr [YeIY+rr HEIRID 111 10 )2 4 15 n Reg.
00 1l 001 00 BC
0l DE
10 1Y
(" sP
INC s suegtl [o]e]e]e 00 30 011 | 1 | 6
INC IX IX~1X¢1) ojo|e]e 11 011 10 2 2 10
00 100 011
INC 1Y IWe1Y+1 o] e]e]e 1o | 2 2 10
00 100 011
DEC n g — 331} ole]e]e 00 ssl 011 ] 1 6
DEC 1X IX-1X-1 |o|e]e]e 11 011 101 | 2 2 10
00 101 011
DEC 1Y IY—1Y-1 [o]e]e]e nmoi e |2 2 10
00 101 011

Notes: s is any of the register pairs BC, DE, HL, SP
pp is any of the register pairs BC, DE, 1X, SP
r is any of the register pairs BC, DE, 1Y, SP.

Flag Notation:

® 3 flag not affected, 0 = Nag reset, | = flag set, X = flag is unknown,
t = Nag is affected according to the result of the operation.




Fla, -Code
7 d Oe No. No. No.
Symbolic /] of of M of T
Mnemonic Operation C|lZ] V|S|N|H|76 543 210 Bytes Cycles | States | Comments
RLCA EI-LE'] t|e]e|o|0jo]o00 000 111] 1 1 4 Rotate left circular
accumulator
RLA %—E] tlefle|ejojo|oo 0t10 11| 1 1 4 Rotate left
0 accumulator
RRCA .l ] t|e|e|e|Ofjo|0D OO 111] I 1 4 Rotate right circular
x accumulator
RRA ... tje|joe|ef[0]O]|O00 011 111 1 1 4 Rotate right
0 accumulator
RLCt t|s|P|s]O]O] 11 0OL 011 2 2 8 Rotate left circular
(X) ' register ¢
RLC (HL) t|s|{P]s]|ojo]11 000 011] 2 4 15 r Reg.
oo[000]110 000 B
RLC (IX+d) sls]ple]ojofrt ot 10| 4 6 23 oor ¢
2. LY, (IRt (Y o) 010 D
11 001 011 o011 E
- d -~ 100 H
[000] 101 L
j 00[000]: 10 i A
RLC (1Y+d) s1s|P|sjojo]1r 111 101 4 6 23
11 00) 0}1
- d -
oo[000]J110
RLm @ t|s|PJs|O]O Instruction format and )
. states are as shown
LY THL: (1X*d) (1Y ed) for RLCJT) TO form
w OP-code replace
RRCm @@ sislp]sfofo @ofm.c.mwiu\
= # 0 IKL) (Xed). (Y od) shown code
RRm '-' t|s|P|s|ofo
- (KL (IX) iIY o




Flags Op-Code
) 7 No. No. No.
. Symbotic ! of ofM | of T
Mnemonic Opention v 76 543 210] Bytes | Cycles | States | Comments
SLAm o e WY P [
@ & ¢ (KLY {IXodh 1lY od)
sRam | = g
-8 (HLL 11X o) 1V od)
SRL m [—=7 P |
® 0 (KL (IXed) 11V ~d)
RLD ~I‘"v P 1101 101] 2 s 18 Rotate digit left and
L ight between the
01 101 111 righ n
accumulator
3 and location (HL).
RRD a9 lmu P 11 101 101 2 H) 18 The content of the
01 100 111 uwerhdfof!he
eccumulator is
unaffected

Flag Notation:

® = tlag not affected, O = flag reset, 1 = flag set, X = flag is unknown,
¢ = flag is affected according to the result of the operation.




Fla, Op<Code
T g Lak No. No. No,
Symbotic J of ofM | ofT
M perati v H] 76 543 210 | Bytes Cycles | States | Comments
BIT b, ¢ Z—rb X| X 1111 001 011 2 2 8 [ Reg.
ofL b r 000 B
BITb, (HL) | Z~-{HL), xpxjo]lt)ur oot 011 | 2 3 12 g% g
0l b 110 o1l E
BIT b, (IX+d) | Z ~ (IX+d), x| xjoj1|1n o101 | 4 s 20 100 H
11 001 011 101 L
111 A
- d -
o1 b 110 b Bit Tested
BIT b, (IY+d) | Z ~{V+d), x| x{oft]uu 100 | 4 3 20 000 0
oot t
11 001 01l ol0 2
- 4 - 011 ]
01 b 110 100 4
101 s
110 6
11 7
SETbY, r £ =1 oje|ejefri oot 011 | 2 2 8
e -
SET®, (HL) | (HL), =1 o|e|e]|o|trt 001 011 | 2 4 15
il v 110
SET b, (IX+d) | (IX+d)y, - 1 ole|e]efri 011101 | 4 6 23
11 001 011
- d -
0 b ito
SET b, (IY+d) | (IY+d)y ~ 1 o|le|elefir arr 101 | 4 6 23
1t 00t 0Lt
- d -
O b 110




Flags OpCode
P No. No, No,
Symbolic ! of of M olT
Mnemonic Opention v 76 543 210 | Bytes Cycles | States | Comments
RESb, m -0 T:dfomlncw OP-
m=r, (HL), code replace [
1X+d) of SET bm with
(|y.¢)' (9. Flags and time
( states for SET

Notes:  The notation % indicates bit b (0 to 7) or location &

Flag Notation:

® = flzg not affected, 0 = Mag reset, 1 = flag wt. X = flag is unknown,
t = flag is affected according to the rosult of the operation.

instruction



Flags Op-Code
P No. No. No.
Symbolic ! of of M o T
Mnemonic Opention v|s 76 543 210| Bytes | Cycles | States | Comments
IP an PC ~nn o le 11 000 011 3 3 10
- n -
- n - cc Condition
JPcc,nn If condition cc o |e 11 cc 010 3 3 10 NZnon zero
is true PC «0n, - 0 - 001 { Z zero
otherwise n - 010 | NCnon carry
continue - 011 { C carry
100 | PO parity odd
101 | PE parity even
110 | P sign positive
JRe PC~PC+e o le 00 011 000} 2 3 12 111 | M sign negative
- g=d -
JRC,e 1C=0, o |e 00 111 000| 2 2 7 If condition not met
continue - e2 -
IfC=1y, 2 3 12 If condition is met
PC = PC+e
JRNC, e IfC=1, o e 00 110 000 2 2 7 1f condition not met
continue - ge2 -
ifc=o0, 2 3 12 1If condition ix met
PC—=PC+e
JRZ,e ItZ=0 o le 00 101 000| 2 2 7 It condition not met
continue - -2 -
IfZ=1, 2 3 12 1f condition ix met
PC-PC+e
JRNZ, e Ifz=1, oo 00 100 00} 2 2 7 If condition not me
continue - g=2 -
IfZ=0, 2 3 12 If condition met
PC—PCre




Flags Op-Code
5 No. No. No.
Symbolic ) of of M oT
Maemonic Operation v|S 76 543 210| Bytes Cycles | States | Comments
JP(HL) PC «~ HL oo 11 101 001 1 1 4
JP (I1X) PC ~1IX ole 11 011 101 2 2 8
11 101 001
P qy) PC ~1Y ole 1 111 101 2 2 8
11 101 001
DINZ,e B«~B-1 ole 00 010 00| 2 2 8 1fB=0
(B =0, -2 =
continue
I(B»0, 2 3 13 [FBw0
PC~PC+e

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

¢ is & signed two's complemen: number in the range <-126, 129>
e-2 in the op-code provides an effective address of pc +¢ as PC is

inczemented by 2 prior to the addition of .

Flag Notation:

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




Flags Op-Code
3 No. No. No.
. Symbolic F of of M of T

Mnemonic Opention vis 76 543 210] Bytes | Cycles | States | Comments
CALL nn (SP-I)-PCH ofe 11 001 101 3 s 17

(SI’-2)~—PCL - a -

PC~nin - n -
CALL cc, nn If condition ole 11 cc 100 3 3 10 If ccis false

cc is false - n -

i

:‘::,21: - B - 3 s 17 Ifce is true

same as

CALL nn
RET PCL—(SP) ole 11 001 0Ot ] 3 10

l’Cu—(SHl)
RET cc If condition ole 11 cc 000| 1 ! s If cc is false

cc is false

paesird 1 3 1 Ifcc is true

same as [ Condition

RET 000 | NZ non 2ero

805 z 1820
1 NC carry

RET1 _R?mmfrom ole 11 101 to1 2 4 14 oin| c :::y

interrupt 01 001 101 100 PO parity odd
RETN Retum from ole 101 101 2 4 14 1lo| BF ey even

non lo sign positive

interrupt 01 000 101 111 M sign negative
RST p (SP-1)~PCyy o|e 1o 1 k] i1

(SP-2)~-PCy

PCy~0

PC; P
Flzg Notation: e = flag not affected, 0 = flag resct, | = flag set, X = flag is unknown

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



Fla| Op-Code
7 5 No. No. No.
Symbolic ! of of M of T
Mnemonic Opernation v|s 76 543 210 Bytes Cycles | States | Comments
IN A, (n) A~—(n) sle ooy 2 3 11 ntoAg~
- n - AccloAa*-A‘s
IN 1, (C) r—{(C) Pl 11 101 101 2 3 12 Ctvo'-A7
if e =110 only 01 r 000 B|0A8~A|5
the flags will :
be affected
INI (HL) — (O) X X 11 101 101 2 4 16 Clvo"A?
B-B-1 10 100 010 BloAs-Als
HL —~HL +1
INIR (HL) ~ (C) X| X 11 101 t01 2 5 M| CloA, ~ A,
(f B 0) .
B-B-1 10 110 010 BloAg~A
HL —~HL +1 2 4 16
Repeat until (IfB=0)
B=0
IND (HL) ~ (O) X| X It 101 101 2 4 16 Ctqu~A7
B~B-1 10 101 Ol0 BloA8~Als
HL ~HL-1
INDR (HL) « (C) X| X 1l 101 101 2 5 21 (‘luAu-A.,
B-B-1 10 111 010 (B »0) BloAg~ A
:L"”'-'FI 2 4 16
epeat unti =
B=0 (IfB=0)
OUT (n), A (n) = A ele It 010 011 2 3 11 nloA0~A7
— n — AcctoA8~A|5
OUT (C), ¢ (C) =1 ofle 11 101 101 2 3 12 CloA0~
01 r 001 BloAs"Als
OuTI (C) —(HL) X] X 11 101 101 2 4 16 Cto Ao *A.,
B~B-1 10 100 011 BI\IAB~A|S

HL ~HL +1




Flags 1p-Code
. P No. No. No.
- Symbolic ] of of M of T
P vls 76 543 210 Bytes Cycles | States | Comments
OTIR (C) — (HL) X| X 11 1ol 10t 2 H 21 Croa,~ A,
B~B-1 10 110 011 (6B »0) BloAg = Alg
i" ":’“' ’ul 2 4 16
epeat unt '8 =
Ba0 (=0
ouTD (C) — (HL) X| X 11t 1ot 2 4 16 Cua, - A,
B-B-1| 0 1oL 01l BNAH‘AIS
HL ~HL- 1
OTDR {C) — (HL) X| X 11 101 10l 2 S 21 CoA,~ A,
B-B-1 10 111 o1l (rs =0 BtoAg ~Ayg
:" ":"":J 2 s 16
epeat unt a
B=0 {(IfB=0)
Notes: @ If the result of B - | is zero the Z flag 1s set, otherwise it is reset .

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






