°ﬁ~3“~)ﬁ,~3$~)

Microprocessor



Books

The Z80 Microprocessor , Hardware , Software -
programming & interfacing

Author. Burry B. Brey -
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Publisher: Astane Ghodse Razavi(Beh Nashr -
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Books

Microcompiuter and Microprocessor . the 8080, 8085, Z-80
Programming , interfacing and trubleshooting

Publisher: Nass -
Pub.Date: 1381

Edition Turn: 3

ISBN: 964-6264-43-4-3
Pages: 719

Author: John E . Uffenbeck

Translator: Mahmmod Dayani -




Integration levels

+ SSI (small scale integration)
» Introduced in late 1960s
» 1-10 gates

+* MSI (medium scale integration)
» Introduced in late 1960s
» 10-100 gates

+ LSI (large scale integration)
» Introduced in early 1970s
» 100-10,000 gates

+ VLSI (very large scale integration)
» Introduced in late 1970s
» More than 10,000 gates
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History

Company | 4 bit 8 bit 16 bit | 32 bit 64 bit
8008 8088/6
. 4004 80386 80860
Intel 8080 80186 .
4040 80486 | pentium
8085 80286
Z8000
zilog Z80 Z8001
Z8002
6800 68006 | 68020
Motorola 6802 68008 | 68030
6809 68010 | 68040
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Read-Only Memory

uP can read instructions from ROM quickly -
Cannot write new data to the ROM -

ROM remembers the data, even after -
power cycled

Typically, when the power iIs turned on, the -
microprocessor will start fetching

Instructions from the still-remembered
program in ROM (bootstrap )
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ROM

A0 DO
4 N\
Al D1
m+1 bi'|'< A2 D2 >n+1 bit
Address 4l Data
am | 2 x(n+1) .
\. J
Capacity : 2m+1 ROM
PROM
. EEPROM
OE: Output Enable
connect to RD of uP

to Address decoder |CE OE

CE(CS) : Chip Enable T T
CE
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v
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RAM (Random Access Memory)

The uP can read the data from RAM quickly, -
The uP can write new data quickly to RAM -
RAM forgets its data if power Is turned off -

Two type of is available : -

Dynamic RAM (DRAM): cap base, slow , low cost —
high capacity/volume , applied for main memory(pc)
need refresh.

Static RAM(SRAM): ff base, fast, expensive, low —
cap/vol, applied for cache , no refresh



Capacity :

RAM(Static)

m+1 bit
Address

: Read signal

connect to MemRD of uP

: Write signal

connect to MemWR of uP

CS : Chip Select
to Address decoder

A0

Al

A2

Am

2™ (n+12)

2m+1 .

RAM

-

DO
.
D1
D2 | hetbit
Data
Dn
J
Data bus is
Bidirectional
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Sean i A 4LS J gk
;o akdls i) A&
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csla 43
Bx Jaaa
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: 4.lal Memory expansion

oA o2d o (s gine (laea gk A8 A7=0 S
_MJ&AJ\}DJ\J::@JKL;}JJQM\AQNS)\Jﬁ

00h B 7Fh : adadls JS e yal edgana o

AO - A6 !
AT AT / A 7
ROMO ROM1
ENg 128*4  ¢© 128*4
DO v
D1 v




Memory address decoding

o Al 50 5 adlie oyl A V7 )oY sana i A o 3la S -
AL 4831y ow s aballa S Jae (SLS 7F) PO0YF 4 2l i

mueij\uﬁmw)J]L#wdmdﬁdeW-

CS@JLJ\Lbﬁon\JMM\}uJJAuJMm(@QJ\_\JJJJAA.L:Q\A-
2 gald \mw)wdl.@_\\éu\.&»m‘})\d_mﬁ

2 gline paldiul (gl laghd Y lacs (0 e Jlrd (o) 0 Y gara -

j&ﬂ\é&&d&ﬁw‘)ﬁ\&\}\)w‘)ﬂ\bg‘)ﬂs~ .}.g.n J\L)LAY}AM
_Woaum\&m‘}g@\&\ﬁbw)\ oS JS\JL)UAJJ\LJL;



4.lal Memory address decoding
sib S SO RAM 5 ROM adadla (S (50 gad (o83 (a3l 0 g0 S

e
O
— JJ%J 8
ALl | “vern D
O
A0 | 1p
00
AO - A9 10 1 T
L (cs ___{cs
ROM RAM
1K*8 1K*8
8 \ 4 / A\ 4

DO - D7



4.lal Memory address decoding

Asdne QAT ROM 4kl 23L A10=0 , A11=0 X
A sdine Clatil RAM akéls a3 A10=1 , A11=0 X

0000h Y O03FFh : ROM Lol o2 saas
0400h Y O07FFh : RAM Gl 62 saas

1) e g 2 ol Juag (alay ALS B AL2 (ol b jlea aSuladl )
RAM L ROM 4kaila 3l Jae 54 4adii 50 (i 5,80 2 5a0 calida clla V7

AR 8 Lt 3 ge calile (ol V7 Jan g8 23 6
O 4 5 ala8 dga g Culi ol S adadla Jae g8 (5l G gea Gl 2
Slas e 3 4 3l) non absolute addressing 22 () (s



a.lsl Memory address decoding

é.Ua.n DS )ol
Al2
Al3
e
Al5
L Decoder
All —— 3xg
A10 — 10 RAM
0D ROM
AO - A9

Cs( ROM , RAM)



CPU

v

Y

CS\y
CSY
RD

ADY

WA x A
RAM\

s a3l

ol ol
- —— s o2l L)"lf
1F-1\ Ve A Y-\  RD WR
25

F 3

CS\

CSY

WR
ADyY

YA x A
RAMY

La 03b

CSy

CSY

WR
ADY

WA x A
RAMY

L o3b

\YA x A
RAMY

la o3l

CSy
CSy

o
<
v VYVVYVY VVYVVY VVYVVY v v L 2

s |>
v Yy

}Am

B\Y x A
ROM

s asb

CPU 4 akiils JLasl (F-VY) JS




Memory pages
alasl> Sloras

A Gl slidad caldilina guodl A VP I AS W oai ey ) pany 2 @

() Jaa YOF (5102 g R 4S (Aadua) Soly YOF 4y ((Jaaf O Y F)
(YOF * YOF = FOOYF) dsd o apedl 2idly 4

0 0000h — 00FFh
0100h — 01FFh

AL e dadia oaliS Gadldia YU (0 L Al g0
Pages AL e A Jaa 0AlIS (adldia by (R0 L ad )y 90

5 FFOOh - FFFFh




0000h

07FFh
0800h

OFFFh
1000h

13FFh
1400h

1FFFh

Memory map

ROM

unused

RAM

unused

0312 1 ) 1 (e pluma S 2
Aol s Sl S A adadls lae e SO
48 AL S Y ROM abdla oSo aewsa ¢l 2
abila (S 5 25 ¢ 935 0000h osd )
¢ 5% 1000h 3 ) as Al 1<) RAM
)ﬁd)ﬁ%&éhdﬁ_d)\&dﬁjd%
S a1



Over flow

Jiulal Q8 g Jhala Gl (San () 4alS S22 90 pen )2
okl Ly st e 1) dials ¢ Giga Gl oL 28l A4S S 0
S 0 48 2 5ad (512680 st 4SS ) i O 4alS J ha a8

Sl 0212+ (over flow ) Jwow (nS oo s
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biac dgdinaoald LV o LaS e G o )0 poy e A

355 o



A 8ae )R iy 3 5a 90 JaSa S A 2130 ged  aSla (il 8
Ald gy Gigldia lla 0 uﬂgam S 93 e
il dalS S Clulad B8 Juala daill g Cifla aae 9o p =)
01110000 + YAYY 4+ V=114
00000111

V=0 s C=0 01110111

(Cd 0 ) 8 (el A8 Juala Aol g alied cufie das g3 8 =Y
01110000 + VA\Y + FA =\,
00110000

V=1,C=0 , 10100000

) =47 ‘\S&J}AJJJ&Q\?~ g"_\,\ﬁadggdmh‘\;:\ﬁ

o ki) JUS ja Cuddle G Gl gie 4 1 (AR G 0l Juala Al sl (o
e Jeala Gy daii W aly ) 8



- 4lal Qver flow

;mhﬁdgwﬂwt.g\uiju.&:\.u&yﬁ-\‘
-107 +-10 =-117
10010101 +
11110110

V=0 sC=1 10001011
Sl 0 bl 53 (llad i Juala dagll g Ale ae g p ¥

-111 + -39 =-150
10010001 +
11011001

V=14sC=1 01101010



: 4alal Over flow
AR F ) Sy Roa e ol a Gl e g 500 Gula a0 G =0

ol Ala dae glha jab ) K e a3 (A
10010000 + -112+120=18
01111000

V=0 sC=1 00001000

Sl Ala e glhe 38 ) S oS e e (B
10010000 + -112 + 96 = -16
01100000

V=0 5 C=0 11110000



/80
Microprocessor
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B
8 U
INTERNAL DATA BUS (8 BIT) E >
AN AN E
DATA BUS
MUX MUX
N N A F
—N\ B' c' B C
@ D' E D E | |
H L H L ACT
DECODER IX
L N Iy Z I\/I
SP ALU
CONTROLLER PC
SEQUENCER v \/
2\ ik ik
CONTROL *
SECTION B ADDRESS BUS
16 U
INTERNAL ADDRESS BUS (16 BIT) E >
E
R

13

CONTROL BUS

INTERNAL CONTROL BUS

)

MTMMC®@




Z80 (u s 4ali y Jaa

Main Register Set

_-"'f H"'-_

Alternate Register Set

_-"'f .\"'-_

Accumulator Flags Accumulator Flags
A F A F
B C B’ C 1 General
D E D' E' = Purpose
H L H K ‘ Registers

Interrupt Vector

Memory Refresh

I R
Index Register | X
Index Register IY
Stack Pointer SP
Program Counter PC

Special
}:ﬂ Purpose
Registers




Flag Register s> n &l

B3 31y alida clilee ) Juala gl 4y da gy e e MUl G ISS g hada o) el oyl

iy g0

S|Z|X|H | X|PV|N| C —Cam
l l ___, Subtract
Sign bit Half carry
v Parity/overflow
Zero flag

AL o g Gl ) gid )3 a s slgin 0des 3 S

Adlbue BCD @ lwdaas N 9 H slein a8



System
Control Lines

CPU
Control Lines

Bus
Control Lines

/80 — pin out

RD- 4—22
WR - ——

INT - —2
NMI- —

Z - 80 CPU

30 >
31 >
32 >
33 >
34 >
35 >
36 >
37 >
38 >

FHH

A0
Al
A2
A3
A4
A5
A6
A7
A8
A9
A10
All
Al2
A13
Al4
Al5

DO
D1
D2
D3
D4
D5
D6
D7

Address Bus

Data Bus



Pin Function Summary

Address A0 -A15: output, active highe -

16 bit address for memory ( 64KB ) -

8 bit address for I/O (256 ) -

*Refresh address during M1 (AO—-A6: 7 bit) -

Data DO -D7: input/output, active high -
8 bit exchange with memory & I/0O. -
*Interrupt vector -

RD/WR: output, active low -

Indicates that the CPU wants to read / write data from / to memory
or 1/O.

M1: output, active low -

together with MREQ, indicates that the current machine cycle isthe
opcode fetch cycle

together with IORQ, indicates an interrupt acknowledge cycle -



MREQ : output, active low LD -

*indicates that the address bus holds a valid address for a memory ¢
read/write operation.

Also active low during memory refresh ( RFSH). -

IORQ : output, active low IN, OUT -

sindicates that the lower half of the address bus (A0 -A7)holdsa -
valid 1/0 address for an 1/O read / write operation.

«also generated concurrently with AMIduring an interrupt
acknowledge cycle.

RFSH : output, active low «together with MREQduringM1, -
indicates that the lower seven bits of the system’s address bus (A0 —
A7)can be used as a refresh address to the system’s dynamic
memories



HALT : output, active low

Indicates that the CPU has executed a HALT instruction.. -«

During HALT, the CPU executes NOPs to maintain memory refresh. -
HALT exit : INT, NMI, RESET -

WAIT : input, active low »

This signal indicates to the CPU that the addressed memory or I/O
device Is not ready for data transfer.

Always sampled at T2. -

NMI : input, active low
higher priority than INT.

always recognized at the end of the current instruction, independent
of the status of the interrupt enable flip-flop (IFF).

automatically forces the CPU to restart at location 0066H.



INT : input, active low

*Acknowledged a INT request at the end of the current instruction if
the internal software-controlled interrupt enable flip-flop (IFF) is
enabled.

*El/ DI Instruction -
‘Mode 0,1,2 -

BUSREQ : input, active low -
higher priority than NMI and is always recognized at the end of the
current machine cycle.

*BUSREQ forces the CPU address bus, data bus, and control
signhals MREQ, IORQ, RD, and WR to go to a high-impedance state
so that other devices can control these lines.

BUSACK : output, active low «indicates to the requesting device -
that the CPU address bus, data bus, and control signals MREQ,
IORQ RD, and WR have entered their high-impedance states.

*The external circuitry can now control these lines.



RESET . input, active low -

sinitializes the CPU as follows -

—Reset the interrupt enable flip-flop (IFF=0) -

—Clear the PC ( PC =0000h ) -

—Clear reqgistersland R

sets the interrupt status to Mode 0. -

the address and data bus go to a high-impedance state -
«all control output signals go to the inactive state. -

‘RESET must be active for a minimum of three full clock -
cycles before the reset operation is complete.

CLK: Input -
*Normally 5 —20 Mhz according to data sheet -
VCC/GND: Input -



Pin Functions

) . . : )
M1’ indicates that the current machine cycle is the opcode fetch ®
cycle of an instruction execution.

M REQ, memory Request (output, active Low, tristate). MREQ  ®

Indicates that the address bus holds a valid address for a memory
read or memory write operation

| 0 RQ , Input/Output Request (output, active Low,tristate). IORQ

indicates that the lower half of the address bus holds a valid I/O
address for an 1/O read or write operation.



Pin Functions

RD’ read (output, active Low, tristate). RD indicates that the

CPU wants to read data from memory or an I/O device. The
addressed I/O device or memory should use this signal to gate data

onto the CPU data bus.

WR’ write (output, active Low, tristate). WR indicates that the ©
CPU data bus holds valid data to be stored at the addressed
memory or I/O location

RFSH, Refresh (output, active Low). RFSH, together with
MREQ indicates that the lower seven bits of the system’s address
bus can be used as a refresh address to the system’s dynamic

memories.



Pin functions

HALT’ HALT State (output, active Low). HALT indicates that the CPU has
executed a HALT instruction and is waiting for either a non-maskable ora -
maskable interrupt (with the mask enabled) before operation can resume. -
During HALT, the CPU executes NOPs to maintain memory refresh.] -

WAIT’ WA/IT (input, active Low). WAIT communicates to the CPU that the
addressed memory or I/O devices are not ready for a data transfer. The CPU
continues to enter a WAIT state as long as this signal is active. Extended
WAIT periods can prevent the CPU from properly refreshing dynamic
memory.

RESET’ Reset (input, active Low). RESET initializes the CPU as follows: it
resets the interrupt enable flip-flop, clears the PC and registers | and R,

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



Pin functions

INT’ /nterrupt Reguest (input, active Low). Interrupt  ®
Request is generated by I/O devices. The CPU honors a
request at the end of the current instruction if the internal
software-controlled interrupt enable flip-flop (IFF) is
enabled.

NMI’ Non-Maskable Interrupt (input, negative eadge- -
triggered). NMI has a higher priority than INT. NMI is
always recognized at the end of the current instruction,
Independent of the status of the interrupt enable flip-flop,
and automatically forces the CPU to restart at location
0066H.



Pin functions

BUSREQ’ -

Bus Request (input, active Low). Bus Request has a higher priority
than NMI and is always recognized at the end of the current
machine cycle .

BUSREQ forces the CPU address bus, data bus, and control signals
MREQ , IORQ, RD, and WR to go to a high-impedance state so that
other devices can control these lines.

BUSACK’

Bus Acknowledge (output, active Low). Bus Acknowledge indicates to
the requesting device that the CPU address bus, data bus, and control
signals MREQ, IORQ RD, and WR have entered their high-impedance
states. The external circuitry can now control these lines.



Pin functions

Al15-A0 -

Address Bus (output, active High, tristate). A15-A0 form a 16-bit
address bus. The Address Bus provides the address for memory
data bus exchanges (up to 64 Kbytes) and for I/O device exchanges

D/7-DO0
Data Bus (input/outout, active High, tristate). D7—DO0 constitute an

8-bit bidirectional data bus, used for data exchanges with memory
and 1/0O.



CLK

CPU Timing

T Cycle
-
T1 T2 T3 T1 T2 T3 T1 T2 T3
Machine Cycle
- Y
M1 M2 M3
(Opcode Fetch) (Memory Read) (Memory Write)
Instruction Cycle
-

1 Instruction Cycle =1 ~ 6 Machine Cycle
1 1 Machine Cycle =3 ~6 T Cycle




1 Y Y Y e Y B

O© 00O NO O B WDN -

Instruction Cycle

. Op. Code Fetch =M1 -

. Memory Read -

. Memory Write -

. I/O Read -

. 1/O Write

. Bus Request / Acknowledge -
. INT Request / Acknowledge -
. NMI Request / Acknowledge -
. HALT Exit -



Machine Cycles and Control Signals

TABLE

The Z80 Machine Cycles and Control Signals

Machine Cycle (M,) MREQ IORQ RD WR
Opcode Fetch (M) 0 0 I 0 1
Memory Read I 0 I 0 I
Memory Write I 0 I I 0
[/0O Read I | 0 0 I
[/0 Write | I 0 1 0
Interrupt Acknowledge 0 1 0 l 1
Nonmaskable Interrupt 0 0 I 0 1
Bus Acknowledge (BUSAK = 0) 1 Z Z Z Z

NOTE: Logic 0 = Active, Logic | = Inactive, Z = High Impedance



Generating Control Signals

- s
5 ‘D— MEMRD MREQ
e %
MREQ # E
LD O [
s O—— MEMWR P
WR —<

RO—GC Vv 1orp X3 .
] J “’R 4] A(\ 0

A 0y p—— MEMWR

5

O—— MEMRD

IORQ

e ()n D—
s — [OWR
WR —(
(a)

(b)




13 pdine (52 andli o g R 7 53 780 sledBan 44

1- address bus -

2- data bus -

3- control bus -

4- external requests -

5- request acknowledge and special
signals -

6- power and frequency signals -



power

—>
ground —
clock

—>

INT ——

External  NMI
Requests \NA|IT’ >

RESET —
BUSRQ ——

Requests
Acknowledge
And
Special signals

—

—

—

Z80

Busack’

RFSH’
HALT

> Address bus
16
« » Dalta bus
8
> M1’
. MREQ’'  Control
. IORQ’ Signals
> RD’
— > WR’




Minimal Configuration of a
Z80 Microcomputer

Clock Memory Power
Generator (ROM, RAM) Supply
N N
Address Bus
Input
Z - 80 CPU [ DataBus Output

(1/0)

Out

’

In




Z80 Memory connection

CPU 16 bit address bus = 64 k memory(max)
CPU 8 bit data bus =» 8 bit data width

Generally should be connected
Data to data

Address to address

Wr to wr

Rd to rd

Mreq to Ccs



Memory connection (cont.)

If only one RAM chip Full size (64 kb capacity)d

D7~DO |4 pD7~DO0

A15~A0 b A15-A0

780 RD
CPU T Y Y




Memory connection (cont.)

If RAM capacity was 32 kb
A15 composed with MREQ
RAM area is from 0000h to 7FFFh

D7~DO |« » D7-D0
RAM
32 kb

A14~A0 p AL4-AO
780 RD__WR CS

cpu_ TT

RD

WR

Al5 MREQ




Memory connection (cont.)

There 1s two 32 kb RAM

Problem: Bus Conflict. The two memory chips will
provide data at the same time when microprocessor
performs a memory read.

Solution: Use address line A15 as an “arbiter”. If A15
outputs a logic “1” the upper memory is enabled (and
the lower memory is disabled) and vice-versa.




Memory connection (cont.)

There is two 32 kb RAM

A15 applied to select one RAM chip

Two RAM area is from 0000h to 7FFFh (RAM1)
and 8000h to FFFFh (RAM2)

D7~DO |4 » D7~DO D7~D0
RAM 1 RAM?2
32 kb 32 kb
A14~A0 »A14~A0 A14~A0
Z80 RD WR CS || RD WR CS
CPU T T 7 “’ T 7
RD
= :
Al5 MREQ Q




Memory connection (cont.)

32 kb ROM and 32 kb RAM
ROM doesn't have wr signal

D7~DO |4 » D7~DO D7~DO
ROM RAM
32 kb 32 kb
A14~A0 »A14~A0 A14~A0
780 OE Cs | RD_WR Cs

WR

Al15 MREQ Q
|

CPU_ T ?TTU




Memory connection (cont.)

There is 4 memory chip
Al4 and A15 applied to chip selection

D7~DO0

23 3~A0
CPU

>




Address Bit Map

Selects chip Selects location within chips

A
—
Al5 to A0 AA| AA AAAA AAAA AAAA
Memory
(HEX) 11|11 1198 7654 3210 i
Chip
54| 32 10
0000 00]00 0000 0000 0000
ROM
3FFFh 00|11 1111 1111 1111
4000h 01100 0000 0000 0000
RAM,
7FFFh 01]11 1111 1111 1111
8000h 10100 0000 0000 0000
RAM,
BFFFh 10111 1111 1111 1111
CO00h 11100 0000 0000 0000
RAM,
FFFFh 11111 1111 1111 1111




Memory Map

- Represents the memory type 0000h
| ROM
- Address area of each memory chip 3FFER 16k
- Empty area 4000h
RAM,
16k
D7~-D0 4—} D7~DO D7~DO D7~DO D7~DO 7FFFh
el mell  mell  mw| 8000
A13~A0 _’ f3~A0 B Af~A07 B Ai3~A(L B AE-A(L B R A MZ
= CO00Oh
T U A A RAM,
FFFFR| 1K




Memory Map

- Empty Area cann’t write and read 0000h
- Read op. returns FFh value (usualy) ROM
- Write op. cann'’t store any value on it 3FFFh
4000h
Empty
D7-D0 |@mp]  D7~DO D7~DO D7~DO0 7FFFh
o el pw] 8000
A13~A0 _} ::~AO _ AF;?A\(:VR _ $~A:m _ R A MZ
I T [ TT 77 T BFFFh
) 000
vy 10 q ) %
T— B —— RAM,
FFFFh




Memory Map

- Empty Area cann’t write and read

-Read op. returns FFh value (usualy)

-Write op. cann’t store any value on it

STV
iv

D7~DO0O

A13~A0

RD

MREQ

—
—

D7~DO

RAM
16 kb
A13~A0

RD__WR CS

0000h

3FFFh
4000h

7FFFh
8000h

BFFFh
CO00h

FFFFh

ROM

RAM




Full and Partial Decoding

Full (exhaust) Decoding

- All of the address lines are connected to any memory/device to
perform selection

-Absolute address : any memory location has one address

Partial Decoding

- When some of the address lines are connected the
memory/device to perform selection

- Using this type of decoding results into roll-over addresses (fold
back or shading).

- roll-over address : any memory location has more than one
address



Partial Decoding

-A15~A12 has no connection
-Then doesn’t play any role in addressing
-What is the Memory and Address Bit map?

D7~DO |« » D7~DO
RAM
4 kb

A11~A0 M A11-A0
A15~Al [—px RD WR CS




Partial Decoding «.

Every memory location has more than one address
For example first RAM location has addresses:

\

0000h
1000h 3
3000h >  Roll-over Address
FOOOh )
AAAA AAAA AAAA AAAA Memory
AlS to A0 | 1997 | 1708 | 7654 | 3210 Chip
(HEX) 5432 | 10
X000h XXX X 0000 0000 0000
RAM
XFFFh wxxx | 1111 | 1111 | 1111

D7~DO0O
Al11~A0
A15~A12

780 w
CPU ™

RAM
OFFFh
(" 1000h A
1FFFh AM
2000n
2FFFh
3000h [
3FFFh
FOOOh ,
RAM
\. FFFFh
=P D7-D0
RAM
4k
_} A11~A0 b
Ny RD_WR G5




Partial Decoding

A12 only connected to RAM
A13 has no connection
What is the memory map?

D7~DO0 » D7~DO0 D7~D0
ROM RAM
4 kb 8 kb
A12~A0 p|A11~A0 A12~A0
Al13 —p X OE CS || RD_WR CS
(@)
m L 1T
CPU RD
WR
> > \
N &1 MREQ 4‘
l




Partial Decoding

8 roll-over address for ROM
4 roll-over address for RAM

AAAA | AAAA | AAAA | AAAA
D7~DO Memory
1111 1198 7654 3210 )
Chip
5432 10
Al2~A
0
0xXxXX 0000 0000 0000
Al3
éip ROM
U - 0xxx 1111 1111 1111
WR X0x0 0000 0000 0000
> > RAM
S & MREQ
, X0xl1 1111 1111 1111




Partial Decoding

D7~D0

Al12~A
0

780 A13
CPU

1454
— STV

2

ps)

m

O

Memory
1111 1198 7654 3210 .
Chip
5432 10
Oxxx 0000 0000 0000 4k
ROM
Oxxx 1111 1111 1111
X0x0 0000 0000 0000 8k
RAM
X0x1 1111 1111 1111

0000h 0000h ROM
RAM' OFFFh
@h ROM'
e Confhelt
2000h 2000h ROM'
2FFFh
RAM'
3000h ROM'
3FFFh 3FFFh
4000h 4000h ROM'
4FFFh
5000h ROM'
SFFFh 5FFFh
6000h 6000h ROM'
6FFFh
7000h ROM'
7FFFh 7FFFh
8000h FOOOh
RAM
9FFFh
AOOOh
RAM'
BFFFh
CO00h
DFFFh
E000h
FFFFh
FFFFh




Partial Decoding

D7~D0

Al12~A
0

780 A13
CPU

1454
— STV

2

ps)

m

O

Memory
1111 1198 7654 3210 .
Chip
5432 10
Oxxx 0000 0000 0000 4k
ROM
Oxxx 1111 1111 1111
X1x0 0000 0000 0000 8k
RAM
X1x1 1111 1111 1111

0000h 0000h ROM
OFFFh
1000h ROM'
1FFFh 1FFFh
2000h 2000h ROM'
2FFFh
3000h ROM'
3FFFh 3FFFh M
400Un 400Un RO M’
RAM' 4FFFh
5000h ROM'
5FFFh 5FFFh M
6000h Cﬂmf '65@"' ROM'
, 6FFFh
e 7000h ROM'
7FFFh 7FFFh
L2000k EQQQhL
9FFFh
A00Oh
BFFFh
C000h
RAM
DFFFh
EOOOh
RAM'
M FFFFh

FFFFh




Full (exhaustive) decoding

AAAA AAAA AAAA AAAA
Memory
1111 1198 7654 3210 .
Chip
5432 | 10
oo 0000 0000 | 0000
ROM
0001 1111 1111 1111
0010 000 0000 | 0000
RAM
0010 111 1111 1111
A13 —— C v0 p2200h-07FFh
Al2 ——| B y1 p08OOh-OFFEh
All — A v2 pl00on-17EEn| 7421
1800h-1FFFh
74138 Y3P_
2000h-2
v4 [p2000h-27FFh
Al5 —Q G2A Y5 p—
Al4 —Q G2B Y6 p—
MREQ - >° G Y7pp—
1

A12~A0 =P

Al12~A0

D7~D0
2764
EPROM
8kx8

OE CE

A10~AQ =

D7~DO0O



Partial decoding

AAAA AAAA AAAA AAAA M
emory
1111 1198 7654 3210 Chip
5432 | 10 A12~A0 =—=Pp| A12~A0
oodp 0000 0000 0000 D7~D0
ROM 2764
0001 1111 1111 1111 EPROM
001x ]ooo 0000 0000 8kx8
RAM — —
00 111 1111 1111 Of CE
RD
Al5 ——| C vo b2200h-1FFFh
Al4 — B v1 p2000h-3FEER
Al3 ——»| A
Y2 D—
A10~AQ =—=P|A10~A0
74138 Y3P— c116 D700
Y4 P RWM
MREQ —Q| G2A Y5 p—— 2kx8
GND —Q|G2B Y6 o— RD WR CS
VCC G Y7Ppo— T T
1

D7~DO0O



1 Bit Memory With Separated I/0

D7-DO
|07 | b1 | Do
v V‘ v
Din Din Din
Al1~A0 D, ALl~A0 D, .}—) ==PlAa11~A0 p
A11-A0 A11-A0 -
2147 2147 A11-A0 2147
RWM RWM RWM
4kx1 4kx1 4kx1
WR/RD CS WR/RD CS WR/RD CS
¥ ¥ ¥
WR/RD
CS o é




What is the memory(addr.

=—P| A12-A0

2764
EPROM
8kx8

OE

D7~DO0

Al5 —» C YO

Al4 — B Y1

Al3— A Y2

74138 Y3

Y4

MREQ——Q| G2A Y5

GND —Q G2B Y6

vcC 1 G Y7
1

0000h-1FFFh

!

RD

(@)

2000h-3FFFh  D7-DO

—)>
Al1-A0

A11~A0 Dy,

2147
RWM
4kx1

WR/RD CS

TTTTTT]

WR
RD—

]

A11~A0 D,

2147
RWM
4kx1

WR/RD CS

]

Al1-AO0

bit) map

A11~A0 D,

2147
RWM
4kx1

WR/RD CS

]

l

J




Adding RAM & ROM

Address Bus
A~Ag A—Aq Ar=Ag
M_QREQ *RD 4 CET F£ oD CE1 MRQ RD oD CE1[MRQ
1K x 8 256 x 4 256 x 4
ROM Y] RAM
2o e WR | &y CE2 M cEp [Ag
D?_DO D3—D‘0 D?—D,:l

Data Bus




Minimum Z80 Computer System

+5V

RESET

0SsC +5V Power Supply
CLK v v
Ag—Ag +5V GND
Address
IN
MREQ ==
— q CE1 8K Bit
RD o _dcE ROM
(%EOU Data
Data Bus ouT -
1< CLK
IORQ N ¢
P W V.
CERD B/A ‘—AO
VI —8 |ORQ Z80-PlO
d M1 Port A portB C/D [— A

Y

OQutput Data

A

Input Data



Z80-pP-Family (Typical Environment)

PIO DMA
+5V

INT - Iﬂ INT - IEl RDY

U | U |
System Buses (Address, Data, Control)

. ) .

INT - INT - INT - IEO W/RDYB -
Z80 CPU CTC SIO
ZC/TO1 ZC/TO2 RxCA - RxCB -




Z80 Input Output

Z80 at most could have 256 input port and 256 outputl

8 bit port address is placed on A7-AQ pin to select the U
I/0 device

OUT (n), A a

his 8 bit port address«<

Content of A is data

OuUT (), r a

Content of C is a port address «

r is a data register«

IN A, (n) Q

nis 8 bit port address-<

Data is transfered to A «

IN r (C) Q

Content of Reg C is a port address «

Input data is transfered to r (data reg)<



Remember IO read/write cycle

T, Tz T T4
CLK h i
A5 — Ag H Port Address
I0ORG
RD I'l. :__Read
Cycle
Dy — Dy 'II In
m ] [ ] | | | I ] ] | _n [ | | | I I S S .
WR 'l - Write
Cycle
Dy — Dy { Out }—-

*Automatically inserted WAIT siate




Z80 and simple output port

OUT (03), A

AlS5

Al4

20

D7 DO of—DH—wWA—

D6 D1 Q1lF—PDhH—wWA—

D5 D2 Q2—DhH—wW\—~
/80 b4 D3 Q3F—DF— WA~

D3 D4 Qa—DH—vW\—
CPU o2 p5 (ALS373 Qs—DH— W\~

D1 D6 QsF—DhH—wW\—

DO D7 Q7 —DhH—wW\—~

LE OE D:L 1
g3

AAAAAAAA
IOWR 76543210




/80 and simple input port

ovo1

Z80
CPU

o

Al5
Al4

A0
D7
D6
D5
D4
D3
D2
D1
DO

ol el i

IORD

IN A, (02)
YO AO
Y1 Al
Y2 A2
Y3 A3
Y4 741.S244 A4
Y5 A5
Y6 A6
Y7 A7
G1G2
AAAAAAAA
76543210




Memory map & Address Bit map

Al4 ——>
Al3 ——

Al2 ——

MREQ ——Q
Al5 —Q
VCC ——

w

74138

G2A
G2B

o

YO
Y1

Y2
Y3
Y4
Y5
Y6

Y7

A12~A0 ==

Al12~A0
D7~DO0O
2764
EPROM
8kx8
OE CE

A10~AQ —|

(@) ([ ([ Y QO 0O O O

D7~DO0O

RD
A10~A0
D7~D0p—@—t —
6116 74244 Input
RWM GIG2
2kx8
RD WR CS



AR a

AR )R o je iy ) gla gl AS 1 e g (5 e Sy 1 Al
13 aniiens ddagl y o AR LAl L o di 31y ey S Gl gl AS gana
S gy ) sl U 033 51 oa) B it s ¢ Conila ol

b e ) g sd Al AS g ol 1 (shiad G5 -
add,sub,... i« asgda sl 559
LS sl Al a5 ol Ll (3 e halay 4S

Sl Gpaiba L) A s Gl ad e 1 e
O A A4S Caad | aand (b Al S ¢ leandd 53909
Hgdna 43 (source code) e S
O 43 4S8 Cadila Gy Sl () Aall XS plaad 29 A
Asdaa <€ (Object code) i i

Resident assembler and cross-assembler -



L Jandl )y g

Agdua LGS operand,opcode Ghidg gl siad o
S5 3 oA ol -(operation cod) Opcode
8 alad) ul AS Gl las (e

geddia  ghud ) (Adg ol — (Miglee)Operand -
5L

<ile Mal-
iledda) (g yai-
Jes dagii (88 R )8 Jaa (-



u.AA U.AJ.ﬂ
addressing

s\ ‘\.Béhl,)ui&\d 5@193)4‘\5&19%\ S92 B Jarll )i -
aladl 1) (Aalee Mllua (D94 9 62509 L 4l AL g
A e
‘\SJAS\AAUMJ\S&JAQMJAOJJQM‘JJAMJJA -
W Al b odi3la iy G WAL A bg e Jard) ) i
Ol Ol Gl (A9 A 5 53509 sl Ad) 51y g adibla,
A& (A8 Gl ) £y 5

AS‘AAADJ.U\JJ.UAJ‘\SJMMSW J‘Uuhdua.ud\
JAS\AAJJJAG—\L\SAQ@JAJJ‘JJJASHJMML\HM



PO w8l b g,
Addressing mode

A0 a5 A Gl hgyed Z80 A e

D o bl A Gyl gy -
g8 oLl (A Gl O Ay adily o ) ual 3 ga Adidla 8
Al a0l BT 3 9a 2l 3 ) ga 4G g8 b

JAQASJJUJA&J}EQAAJJ@\QUJ"MJJ\L’CA’A.JJ-
Agd o 4G G0 dada A Gudl O @ AS 3l a5
CPL CPs



DA A Y Gl -

Al Ll ) ase ada by S 0 ey W st ) g sbae 2l
o g L Ll ) (A3e Aia) S ouodl 3)ge ABRBla (g 30 e A3 68 40
gdise A28 LS A uudl Ghgy O A
LDr,r
S ) Soua Al giae 1, P g g Gl oyl
Al B.C,D,EH,LA

LD A ,C .aiisSa sallind OIXXXYYY S J) &) s Ol

Adlaa 790 W01111001 LD A,C g cadla X3



13dlua aga Sl Cuja 93 51N (SS (A Gud Gl

S o A 3 g Aldilana 03N 3y G998 LY Ll -
oo s A 8 Ay Cad L) G e M) Jals
A A il
) a Y G AT Al 3 g dgaaa LgalS alaws Y
S b Al ja 5o aS il G (4 S (adda
193 Ol 9 A SAT 58 S 3 iy axT B ) gl
S Wb ) @l ghas A8 Gl 51 a) @



abawly (o b (5598 (PO w301 Shgy -V
Immediate Addressing

3¢5 ;0 |5 895 jLd 0 90 WleMbl Ol jgmws 3 i
Ayl
Jgswd 3 sl g yol & g ledMbl e Sl ool 4o
5315 3929 L 5 )50

LDA,35h

fabloo (b wir Hgiws o)



A8l Az g 58D A Ll Uiy Y

extended immediate addressing
UMJUAAJJAHLQ).E\‘}J3MULQJJQUAJUAJJ\‘\S.HJJ.«AJJ
LngﬁuAéuaJd\u\MmdM\ \J&QBJ\MSL.S.\J\
J.\.US 44314 Aot g4

E5 O ) padida ddsai LD dd,nn @) sl AS gada
JS&\JH&S&.\S\AJJJM.A U“ J.M.AUA.A 780 Jduhd QAJJ\
Al )

00dd0001 Js) <l

n(low) a9l Culy

n(high) a g Culy

LD BC, 4587h : Jia

AR LAl ) (58 Jlia Adila 1S



ﬁgﬁwuhduaJé‘fuijJ-é
Direct Addressing

Al i I ST 3 ge e M) Gl (g G e

Ailua NN QIQAJJ“\SMhJ\uJMLQJSMJJMJQ:\\LDr,(nn)
A e U ol Ay |

DSl ) ISl Ay Sl A 3 gl Gl (Adila XS
00xxx010
n(low)
n(high)
LD A,(4565h) : J4a
3A 1 Awala aS
65
45



alina p€ A ) gy -7
Indirect Addressing

52 e 3A AT A ga cle Sl ol (g gl U8

Adlua (L3 95 b ) L3k )

aladla ) Ao 5 siaa g (3l LD A(BC) 1 Jlia
A il 4y adlue BC @l cida g giaa o) (uyal 4S

AR e JU)

DO Gl A s

2 Alsia s s cleda) 5w S dy il Gl
_.A.\'J\JJ\Jéﬂ\.BélA



sy 43 8 ) (52 S JUis

D BC,0100h
D DE,0150h
D H,06h
loop: LD A ,(BC)
D (DE), A
NC BC

NC DE

DEC H
JPNZ,loop
HALT




s alis (B ol gy -V
Index Addressing

Gl g ) a8 a5 )RS g padld bl
A gadira o) 03 313 1 3
éA%J\”JA&\J\ﬂMJJJ J 9 A Q@%\Qw&bﬁ &Lf.'\ (§ 942A
A Gty B3 ) ga Gl U gl
LD A, (IX + n)
(<Y YA G Y YY) 3dlua ¥ JSa uh 2 oSun

S S A (e S 3 (A o) Gligy ) )
D o) od,gdﬁ OJ#AWIAJJUJ\JEAJJ@‘\SQLG%\
(A gdna palaTL)



)J“JUJ‘ &J}J\Sdm

LD Ix ,0100h
LD H, 06h
loop: LD A, (Ix+00h)
LD (Ix+50h) , A
INC IX

DECH

JPNZ, loop
HALT




o (B0 (30l gy —A
Relative Addressing

) e &) gid 8 gy Ol odas sl 3 ) ga

48l (PC) MUJ.\ o jladi Ay ) giesd (il pd 292 g4 <ile M
Rgd gaddia 0 8 ) Al Al AS gan gt Guodl U3 gdina
) 780 L &y gtnd G ) ol Al gad S JRe gt
DU g () XS

00011000 ds <t

e-2  asi bl
4.1OMJ‘JJAJAJJA\J‘UJJMJuAUJJuJA\JAJ‘u-dup )8

e-2 Le eJJuAUJJdeuMA‘UJ.\U.AUAA\ﬁ\JAUJJQUM
c_wa\bduu.u.ﬂ.ih

Adlaa ¥ daSa dn A de G e-2



S R gl gy -8
Bit Addressing

Adlic g AS 2500 352 9 A gt WA 283303 a0 ) J) amy pd @

H S LAl G cul SO sl SO ST 4 Ol e )
15O a9 agad Glbadl 1) @) JidRa 5 il o LgAls
KR i

A e oaliiad i A (upal gy ) L sl £ g8 Ol

Ao Qi) r el I b oled cun siwa Gl Set b r



A dadia ailiiia A upd Ghgy— Y
Zero Page Direct Addressing

1 280 2 (AR 6L Sl
IN A,(n)
OuT (n) ,A
wJJ‘aﬁSua&iA‘\S&u\uﬁﬁw Ae San
Adla B3 e @
. Milue 00 U FFh  Gudl 2agaaa gl 0a n
(202 U2 e dada o 63 gaaa)



e A S &) gl
8- bit load group

CAdigl 9 AR Ll G A A cle D) JUEH A Ja gy e W Jardl ) g ()
Adlua (uSaly g alidla 4y JA)a slgdld )

Mnemonic: LDr,s

Symbolic

Operation: r «——s

Flags : (sTz TxTH TX PN NTC

Op-code: 01 r s
No. of byte: 1
No.of Mcycle: 1
D5 g1l alRda o dlibla 4 dxal e ry udle (S
No. of Tcycle: 4



LC
LC
LG
LC
LG
LG
LG
LG
Lo

LC

r,n
r, (HL)
r,(IX+d)
(HL) , r
(IX+d),r
(HL) , n
(IX+d),n
A, (BC)
A , (DE)
A, (nn)

rdald) i A JWESH ) e

Ldr,(lIY+d)
Ld (IY+d),r
Ld (IY+d),n

Ld (BC), A

Ld (DE) ,A

Ld (nn), A



sin A IR L
2000 LD E, 64h 2000 1E
2002 LD C, 100 2001 64
2004 LD A -1 2002 OE
2006 LD L, 33h 2003 64
2004 3E
2005 FF
2006 2E

2007 33



16 — bit load group

A8 Cuglds ol a1 ) Adadla )W adla i gl g il ed Addag b g S

LD dd, nn
Ld HL , (nn)
Ld (nn), HL
Ld SP, HL
PUSH qq

POP qq

Ld IX, nn
Ld dd , (nn)
Ld (nn), dd
Ld Sp, IX
PUSH IX

POP IX

o VPO 6 g S

Alled Au V7 lady) ja W aala
Ld IY , nn

Ld Ix, (hn) LdIY, (nn)
Ld (nn),Ix Ld (nn),IY
Ld SP, IY

PUSH Y

POP IY



sV IS L Jis
e aladl 5 S Ax n ) sla 4l

D BC,1000h D 1X,1000h .
D DE, 1200h D 1Y,1200h .
DA ,(BC) DA, (IX) .
D (DE), A D (IY), A .
D HL ,1000h .
DA, (HL) .
' DH, 12h .
D (HL), A .



D S 9 JU) g gl ) gl

TOo@) P8 G g

Sl gad Eaass b ) ANl (s siaa @l ) gl ()

A A g 598 sl @) gl )
EXDE , HL DE <— HL
EXAF,AF AF —AF

EXX BC —BC’ DE «—»DE’ HL «— HL’
EX(SP),HL H«—— (sp+1) L «—(sp)
EX(SP),IX IXH<~— (sp +1) IXL «— (sp)

EX(SP),IY IYH<«— (sp +1) IYL— (sp)



-4a)d) gadua g JALY g s gt &) ) g

- JUati) &) g

) ol cld ) salitu Ly adddla 80 Jaa Ay Adabla Crand oSO ) sl 5 S JEL

(2002 2525 O55S) aa W 2202 AS e (ol ) AddBla Jara A o gla o LAl 1 (HL) -

(S JUESH Al W 0210 AS ol (i al ) B8l dala 4y 0 la o L3 : (DE) -

Al JUE) il AS ol sdla At 4y 3 pla sl 1 (BC) -

o JEH ) gies g ) SS9 R dsad (A piaka 1) Yl oW Gl o Al g ASS) ) g -
A8 G ) i

(LOAD INCREMENT AND REPEAT) : LDIR -

adibla Jaa o 1 W 0la 1 A g8 WS (610 g o) LD giend 438l agaad ) glesd () -
A gdina oL 80 Jaa 4y
s sina 45ila ) U 33 804 ) S5 INCREMENT 5 LOAD  4gliia Jas ) siaud (o o
A a4y BC o jlad

W b cda JUELH 2 ) ey Jadd allase J8 ) gl 9d 2iile | DDR 3 LDD ) gimsa -

A (lals aal s <o DE o HL



Aald) galiaa 9 JUL) g ag grd & g

D G gl

Aok G Au A SSIS A 03 S A g gt (5] G g Gl

( COMPARE , INCREMENT AND REPEAT) CPIR g2

AulBa Adlue HL JJ(JZMJJ‘“&IAJ“;M‘SJ:MQ‘JAQgﬁ&ﬂMJﬁMJ&‘
5 g S oS S 1) (BC) 5 diSe dlldl (So 1) (HL) daged So ) 2isa
Iy BT 3 g Culy b AS Al dald) s U Jae ) | 23S0 AclBa A L ) girg w0
A ha 4 (BC) sdijladi b a5



LDIR i 5408 Jhia

e U adadla 3 580 Jase Ay i Ay Adadla Jaca oS ) 1y 0l Culy YO P ) dall

LD HL , 1000h
LD DE , 2000h
LD BC, 0100h
LDIR

LD HL ,1200h
LD A, 23h

LD BC, 50h
CPIR

LD HL , 1000h
LD DE , 1200h
LD A, (HL)
EX DE , HL
LD (HL), A

CPIR g 3l @ Jha

A alad) (5 S Ay ) 4ali



i N Bhia g pal ) Q) g

8313 9 1dra Jd aBl g 0 (sl g Au A Shia g pal) Gl -
RS 18 ol o Aagll 9 3 gdia aland) o il a9 94

90 o) A Al (Aelia) CP S gt gl -

AN W a0 Jas B s 098 () g bl -

ADD A, r
ADD A , n
ADD A , (HL)

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



:M\J\éﬁgAéthwaJ&\Jjﬁué

D shbie @) gl
AND s
Or s
XOR s
AulBa ) gias
CP s

INCr INC(HL) INC(X+d) INC(Y+d)

DEC S



o A a1 Jhe

LD A,15h LD IX, 0700h LDA,C
ADD A, 7 LD A, (IX + 0) ADD A, B
LD HL, 1A01h ADD A, (IX+01) LD D, A
LD (HL), A LD (IX+2), A

by Al e )y F el 9 A alid g gia

LD A, 53h LD A, 23h
LD B, 3Ah LD B, B8h
ADD A,B ADD A, B
SUB 8Ch SUB DBh

DEC A DEC A



P VT el Q) g
ADD HL ,ss SS=BC ,DE,HL, SP
ADC HL , ss
SBC HL , ss

ADD IX, pp pp =BC,DE, IX, SP
ADD IY | rr

INC SS
INC X
INC Y

DECss DECIX DECIY



R VT

LD BC, 0110h

LD HL , 01FFh

ADD HL , BC

LD HL ,(2000H)

LD BC ,(2002H)
ADD HL , BC

LD (2004H) , HL

i FY 9 L) et s

S VY e

LD BC, 0101h

LD DE, OFFFh

LD HL, 0200h

LD 1Y, 3303h
ADD 1Y, DE
ADC HL ,BC




SIS pad ) oallil b @ pa Jue
(PR R g PN RY VLR

LD HL ,10 -
ADD HL ,HL 10*2
ADD HL , HL 10*4 -

ADD HL , HL 10*8 -



HL *40 =

> > >

DD
DD

DD

L,
AL,

L,

LD D,H
LD E, L

> > >

DD
DD

DD

L,
L,

AL,

(HL * 32) + (HL * 8)
HL
HL

AL

AL
AL

DE



HL * 15=
(HL*16)— (HL*1)

o U U U

SBC HL ,DE



ROTATE AND SHIF

GROUP

AL A N G SHIFT s ROTATE 4 4p 3@ A< cud il )2 Z80 ) culild
Adile Bibla 3 Jaa a jo g o yelaie dar &L
A Al g s Slles dlan 3 3 se ) s 3 Ahia g sl SHIFT & gies

A1 QS aa

A S 1y aditla ) Al Fn A G SQ s 5aw RRC 9 RLC ¢l Jeadl ) g
SR 5 B Gy a0 dgdica sailA o Alls 3 AS Al A g A e Gl p b

RLC: c —

A
A

RRC: L — C

v

2

A ia



g 4 AL G an a0l et 4y )y adibla ) JSa LG W RR s RL W Jaadl ) gid
RYRT. SO NSESPPTL E

A
A

RL : =
RR: Lr—=

@]

$ okl Gy b Sl o (o o g 1) el RRD 3 RLD ¢l Jand) ) g
A e digdina A Gudl HL A gy AS adibla ) Al

RLD: | ]
i 1 |

RRD: Y[ 3
— > | —» | HL




b ol 4y aibla ) Al b il S s giaa JETH 6) 9 SLA 9 SRL W Jadly giaa
A 9 ¢

oshed 3 &) gy i he iy AT JAI Ay 0 S 2 gl oaliiud SLA gt ) S
Agdina 3 g o b Cu G AT JAN 4 0 G 2 S saldi) SRL

SLA:

Cr — — O

SRL : C

0—> —

A 4

M\Jdﬁj\ I Cradle G AS Cod Canl A Ol it ) gid SO SRA Jardl gt
A (o1 e Add

SRA: —

O

\ 4




780 JS g aly o shiia dad &) ) gl

DAA decimal adjust accumulator
LD A 11 : Jla
ADD A, 19
DAA

CPL Complement Accumulator

NEG Tow’s complement accumulator

CCF Complement carry flag

SCF Set carry flag

Nop No operation

HALT Cpu halted



Test s Reset s Set o358

sledn 3 Saua a8 bl 3 reset g set <ulld [ gius So L 780
| adidla G daa 2 L 5o shile dad olgdld I SR L g okl o 25 e
A0

r el 098
BITb,r BIThb,(HL) BITb, (IX+d) BITb, (IY+d)

: SET o498
SETb,r SETb,(HL) SETb,(X+d) SETbh, (IY +d)

: Reset 03X
RESbH,S s=(HL) ,(IX+d),(IY +d)



Jump Group S 09 8

DB S Gy g
Jp nn nn= 16 bit address
DB Gy ) g
JP cc, nn

condition code
NZ not zero

Z zero
NC not carry
C carry

PO parity odd
PE parity Even
P sign positive
M sign negative



D dald) Oy &) g
i g e gy g

JRe pc._pc+e
ra i el O ) g

JRC,e JR NC,e JRZ,e JRNZ,e

(plia ) ol g Oy ) g
JP (HL) JP(IX)  JP(lY)



DAl Gl il g
DJNZ , e )

A gdia ol 4al pp S [00Op JUAS g L 93 ) g Oyl
el i g oS decrement 1o B abd od g e £ 98 3 g Oy
AEL 0AdS e B @il il giaa 81 4S 3,800 &) pa

_AlSuiJgameJ.ﬂQ‘LAUJ,\UMQ&JJQQd\y&mjﬁ - Jlia



» JUk
LDB,6
Loop: ADD HL ,HL
DJNZ , Loop
ENDP JP ENDP
LOS Gig 3000 (! 4y 35y e B) 08 Gkl 1y A
LD A, (0O100H)

OR A
JP P, 3000H
A alad) g S A ) Aal
CP 50H
JP NC , 3000H

OS i 3000 el 4 ACCI50 A



D (AS) deglia ) g
A-S CP s D5l
Z=1 sC=0 &L A=S S

Z=0 sC=0 L A>S A
Z=0 sC=1 b A<S A



53 S aS 2001h updl 43 a5asa 23 )1 Addla 51 2000h (el o 353 5e 23 1l
(282 alad) g3 JaSa gy 3 ) e )8 20020 Guudl o

1000 LD A, (2000H)
1003 LDB, A
1004 LD A, (2001H)
1007 CPL

1008 INC A

1009 ADD A,B
100A LD A, (2002H)
100B HALT



Juala 5 gax S5asGl 1) 208 U1 2000H A L o) el 48 sae s
A )8 AR laa 3l ol AuA

LD HL ,2000H
LD B, (HL)
XOR A
LOOP: INC HL
ADD A, (HL)
DEC B
JP NZ,LOOP
LD (2002) , A
HALT



3 g dniie K 3G L1, 2001H 9 2000H b 44 3 352 ge 23 9
A4S 5 AN 2002H AR 3y 85

LD A, (2001H)

LDB, A

LD A, (2000H)

CPB

JP NC, EXIT

LDA,B
EXIT: LD (2002H), A

HALT



RETURN 5 CALL il g

G gl AS ol | Gl G G g ) el Gl CALL gt
Agdaa 0 3) STACK JAla ja CALL Lsiwa

AS ol 0dlaAS ) ), AiSaa Jee CALL Lsiwd uSe 0 RETURN g
Q8 1 Jas U (POP) 25um PC Jala 42 3,030 8 STACK YL L2

Af @) g
CALL nn (SP-1)«— PCH
(SP-2)«— PCL
PC+«— nn
AlSaa s LA SP-2 4 SP
RET PCL «— (SP)

PCH «— (SP+1)

S o Ll SP+2 42 SP



7 XSRS IST

Adlaa AR 9 639,9 CI s ) g 4e gada g2 Z80
alicin & AU G g b g ol 5098 Cpgan b A 9A 9 3909 dibag (A Cual o gad
o ldi) ‘;UJ.‘,u:‘:‘f A UAJJIOJJSUMLS\JQCQL;IJ‘ _J}iﬁ-ﬁbd&lﬁ.ﬂ‘c &1..\35\45

&

2 g
STETSTEIBT e
INA, (n)
INT, (C)
D AIA Gl
OuUT (n), A

OUT (C), r



IN A, (n)
Operation: A~— (n)
Op Code: IN
Operands: A, (n)

Description: The operand n is placed on the bottom half (A0
through A7) of the address bus to select the I/O device at one of 256
possible ports. The contents of the Accumulator also appear on the
top half (A8 through A15) of the address bus at this time. Then one
byte from the selected port is placed on the data bus and written to
the Accumulator (register A) in the CPU.

M Cycles T States 4 MHz LT. -
3 11 (4, 3, 4) 2.75 -

Condition Bits Affected: None -

Example: If the contents of the Accumulator are 23H, and byte 7BH
IS available at the peripheral device mapped to I/O port address
O1H. At execution of INA, (0O1H) the Accumulator contains 7BH.
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IN A, (O5H)

CP OOH
JP P, 3000H

10 Q) U3 A se sleSo At g ol & ) ) OOH slad &gy 3 392 e il D) AS a9l ) Al
Gl S 039 Gy 10 10H (AuA Cug 4 Jualia W £ 43lS Al 7 o) Al Gl B kel Sy
Al (hgald 1) £l 4ls @ pa
START:  INA, (O0H)
AND A
JP PE , PEVN
LD A, OOH
OUTPUT: OUT (10H), A
JR START
PEVN : LD A, FFH
JR OUTPUT
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AND OFH

CP O0O8H
JP Z ALI

OS 1A 1y AaS (g G g AND OF
OS aS Al ) 1y OAH laka SUB 0AH

S o ) (5 glaa AS ) g o JP P, ALI
ALI wJJ"QG:\M‘ OAH & sbwa b
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LD HL , (LAOOH)
LD DE , (LAO4H)
ADD HL ,DE

LD (1A08H) , HL
LD HL , (LA02H)
LD DE , (LAOGH)
ADC HL , DE

LD (LAOAH) , HL
HALT

bl 5 33 1A08 H sl



S 15 1889H U 187AH alidla W Jaa by giaa AS daey gy () Al

Al
1800 LD C, 20H 0OE 20
1802 LD HL, 187AH 21 7A 18
1805 XOR A AF
1806 LD (HL), A 77
1807 INC HL 34
1808 DECC 0D
1809 JPNZ ,1806H C2 06 18

180C HALT 76



L1, 1901H 9 1900H Abidla sla Jaa il gina AS dpw gy () 4l
A3 )8 DE @bl cda a1 Juala g aad DE @il cia A V7 il giaa

LD A, (1900H) 7E 00 19

ADD A ,E 83
LDE, A 5F
LD A, (1901H) 7E 01 19
ADC A ,D 82
LDD, A 57

HALT 76



(DELAY) (Alaj sal alagl g dali p S gl () @ia

s ida (o) ) AS Condl a ¥ I a2 S des 3 )l ga ) gl )2
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P
ko DB a1y ) Aal py dxkid
LD DE , nn
LOOP: DEC DE
LDA,D
ORE
JPNZ , LOOP
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T=10T + nn (6T+4T+ 4T+10T) = 10T + nn(24T)
T=0.4 Us 25U 5ia 5w oY L ol 0 uilS b ariS a3 R
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nn=10416.25 =10416 = 28B0OH
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0.1 Bl Yuddadli0. 1l ¢ dl olsia ) aabin ) 3 ealdiad U
(F=25mhz) .dsa gl 4l

Delay : LD DE , 2B80H
LOOP: DEC DE
LDA,D
ORE
JPNZ , LOOP
RET



