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THE FIRST 50 YEARS OF THE 20TH CENTURY WITNESSED THE IN-
VENTION OF THE INTERNAL COMBUSTION ENGINE, WHICH GREATLY
EXTENDED THE PHYSICAL STRENGTH OF THE HUMAN BODY

IN THE 2ND HALF OF THE CENTURY, THE BIRTH OF THE MICROPOR-
CESSOR FURTHER EXTENDED OUR MENTAL STRENGTH. APPLICA—
TIONS OF THIS AMAZING PRODUCT IN VARIOUS INDUSTRIES HAVE

INTRODUCED SO MUCH IMPACT ON OUR LIFE, HENCE, IT IS CALLED

THE SECOND INDUSTRIAL REVOLUTION.



CONGRATULATIONS!

Your Micro-Professor will lead you to the world of microprocessor.
Unpacking the MPF-I, you will have found the Micro-Professor, an
adaptor, and a manual. The standard configuration of your MPF-I
includes one MPF-I microcomputer set, two pieces of built-in male
header, one unit of book-~type package, one AC-DC adaptor, and a copy
of User's and Experimental Manual.

In addition to those standard items, three options are for your

function expansi®n which you can buy from local distributor choice:

1) SSB-MPF, which is a speech synthesizer board based on Texas
Instruments' TMS5200/5220, and which can reproduce sound and
voices stored in its memory.

2) EPB~MPF, which is an EPROM programmer board.for TMS2508, TMS2516,
TMS2532, Intel 2578, Intel 2716, and Intel 2732.

3) BASIC-MPF, which is a 2K byte tiny BASIC interpreter.

Still, there are some accessories for your choice. You can select

1) SSB-CPK, Z80-CTC (counter and timer) and Z80-PIO (parallel I/0)
chip kit.

2) MPF-BBD, 1.42" x 3.15" breadboard.

3) MPF-2KRAM, 2K x 8 RAM 6116, 58725 or others in function equivalent

4) MPF-2KROM, blank 2K bytes EPROM TMS2516, 12716 or equivalent.

5) MPF-4KROM, blank 4K bytes EPROM TMS2532, I2732 or equivalent.

Notes: I. When your MPF-I is in use, the power regulator 7805, which
is installed in the upper right corner of the MPF-I, may
heat up. A temperature of 70 C is normal. Just keep your
hands off the power regulator. «

II. Cassettee interface:

1. Use high quality audio tape and tape recorder.

2. When read data from cassette, the volume switch
of your tape recorder should be turned to its maximum.

3. In case you have problems using your cassette recorder
for data storage or retrival properly, the battery of
cassette recorder may run out of power. Change with
new batteries. ' , o

If any problem occurs while you use our MPF-I, we wish you to contact
us or your local dealers immediately.



NOTE TO USER

This manual is not meant to serve as an introduction
to computer programming; the reader is supposed to
have had some previous experience on microcomputer
and microprocessor. The reader without any previous
background on basic concept of computer is suggested
to refer "An Introduction to Microcomputers Volume

0 the Beginner's Book" by Adam Osborne, Osborne and
Associates Inc. before he starts reading this manual.
The reader is also suggested to refer textbook on
7Z-80 assembly programming such as "Z80 - Assembly
Language Programming Manual" published by Zilog Inc.



READ ME FIRST

The manuals that accompany your Micro-Professor are designed
for reference and to suggest experimeats by showing examples. To
get started,itis suggested that you follow the proceedures given
below. :

UNPACKING AND INSTALLATION

Open the '"book'" containing the Micro-Professor(MPF-I). Locate
the power connector in the upper right-hand corner Art. A

POWER

Art. A Location of the MPF-I power connector

Find the AC adaptor. The adaptor Art. B is a black box
laheled "AC ADAPTOR MULTITKCH". You should make certain that the
voltage input shown on the adaptor Matches the voltage supplied
by your outlet. In the United States it is assumed (unless a
special order is make) that the supply is 117VAC-which is usually
referred to as one-ten (110V). You should also check the fre-
quency; the label on the adaptor will show the frequency in
Hertz(Hz).

(" A
AC ADAPTOR
MUL T ITECH

MODEL ST 9600
INPUT: AC 110V 860HZ - let voltage
OUTPUT:DC 9V at 600ma loading

for MICROPROFESSOR
MPF-I use only

-

9V Circular Socket

Art. B AC ADAPTOR




Plug the 9V circular socket into the power receptacle on the
MPF-I. The side opposite the AC Adaptor label is to be plugged
into your outlet.
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When power is applied to the MPF-I the following series of
patterns should appear

‘First pattern

g =
I a
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Final pattern

Strong background light will make the displays hard to read. If
at all possible avoid bright lighting.

TESTING AND FAMILARIZATION

In the exercise below you will be shown how to enter and ex-
cute a short program. Performing this exercise will test some of
the MPF-I functions and familarize you with the MPF-I. The program
used in this section adds two numbers and stores the result in mem-
ory.

PROGRAM IN ENGLISH

Load the first number into the A register and the second number
into the B register. Add the contents of the B register to the con-
tents of the A register and put the result (sum) in the A register.
store the value in the A register in memory location 1830H (H stands
for hexadecimal). Finally halt the Micro-Professor.

Source Program in Assembly Language

ORG 1800H ; Start code at 1800 hexadecimal
LD A,05 ; Load the A register with 5

LD B,04 ; Load the B register with 4

ADD A,B ; A=—A + B

LD (1830H) ,A ; Store A at memory location 1830H
HALT ; Stop execution of program




ASSEMBLY LISTING

All program are entered into the MPF-I in hexadecimal. There-
fore, you first write your program in assembly language and then
translate it into hexadecimal. All of the demonstration programs
written in the MPF-I manuals will also list the machine language

code - which is in in hexadecimal. A complete assembly listing is
shown below.

LOCATION MACHINE STATEMENT ASSEMBLY

COUNTER LANGUAGE NUMBER LANGUAGE

1800 1 ORG 1800H ;Start code at 1800
hexadecimal

1800 3E05 2 LD A,05 ;Load the A register
with 5

1802 0604 3 LD B,04 ;Load the B register
with 4

1804 80 4 ADD A,B ;A=A + B :

1805 323018 5 LD (1830H),A ;Store A at memory
location 1830H

1808 76 6 HALT ;Stop execution of
program

Fig. 0-1 Assembly Language Listing

- III -



LOADING THE MACHINE LANGUAGE CODE

You will now enter the machine language code shown in the
assembly language listing (Fig. 0-1). If you haven't already done
so, connect your MPF-I to the power source. Now press the system
reset key [RS]. Section 3.1.1 of the reference manual contains a
brief explanation of reset key actions.

Since the available RAM (random access memory) starts at hexa-
decimal location 1800, the entry of machine language code will start
at 1800H. Press the address key [ADDR], a random address will be
displayed on the four leftmost digits; these digits will be referred
to as

AN ANENINN I

A N A —' =

L e L

ADDRESS FIELD DATA FIELD

~

The address field. Enter the starting address for the machine
language code by pressing [0] [O]. The same result can ob-
tained by 'pressing the program counter key (this only works when
your program starts at 1800H). Now inform the Micro-Professor that
data is to be entered by pressing [DATA]. Refer to line 2 of the
assembly language listing. Line 2 contains two bytes of machine lan-
guage code 3E and 05. Key in the first byte by pressing [:] and

[E]. The display should now show

[1][8] [ol[o]  [BE]

ADDRESS FIELD DATA FIELD

Advance the address field display by pressing . The display will
show

[_6_] X= unknown data

ADDRESS FIELD DATA FIELD

Enter the second byte of hexadecimal data by pressing [0] : then
. The display will now show

HEIEE  [OE]
ADDRESS FIELD DATA FIELD

Line 3 of the listing also contains two bytes of hexadecimal data;
enter these bytes by keying [¥], (01, [6] In a similar manor enter
1, [ol,
the rest of the program, namely

HE1 01 A E 2 EBE R FEO E EHMEE

- IV -




CHECKING FOR DATA ENTRY ERRORS

The program had been entered. It is wise to check for entry
errors. Press 3] [0] [0]. Are the rightmost two dis-
plays (dara field) equal to 3E? _If not press and enter [3][E]l.
To examine the next byte press . Is there a 05 in the data field?
If the display is correct, continue inspection of all the remaining
data using the key. If the present byte or any successive bytes
are incorrect, enter the correct data.

Section 3.1.2 contains a formal description of how to enter data.

PROGRAM EXECUTION

There are two ways to begin execution at address 1800H. The sim-
plest is to press [RS],[PC], and then [GO]l. The second method allows
execution to begin at any address. Press [RS], [ADDR|], the beginning
execution address, e.g. 1] (8] [0] [0], then [GO]. When you press
the screen will eventually go back less than a second and stay
blank. The program has reached the HALT instruction and is waiting
for the next operator action.

CHECKING THE RESULTS

To regain control of the keyboard functions press [RS]. The
answer to 5+4 was stored at location 1830H. Key in [ADDR]
(3] [0]. The dislay should show

1] (s8] (3] fol

(o] (o]
ADDRESS FIELD DATA FIELD

The action of the and keys are explained in section
3.1.4 and 3.2.1 respectively.




PROGRAM EXAMPLES

Section 5.10 contains five programming examples. Using the know-
ledge gained in exercise above enter the hexadecimal code shown in each
program and then execute the program. Perform the same steps with the
MPF-I Experiment Manual in Experiment-12, 13, 14, 17, 18.

IF YOU MAKE AN ERROR

1) A byte was incorrectly entered. Write the correct over the in-
correct byte.

'2) One or more bytes were left out. Read section 3.3.3 then remove
the bytes one by one.

3) One or more bytes need to be added. Read section 3.3.2 then
add each byte.

4) To trace the execution of each instruction see section 3.2.2.
Warning: If you are not familiar with the concept of single
stepping you will need to read this section several times. You
may find it necessary to consult additional learning material.

LEARNING AND EXPERIMENTING

For self learning, proceed to section III. Section III con-
tains a series of experiments. Read the theory (background) of each
experiment and then do the exercises, If you do not understand parts
of an experiment, do not be discouraged., Some of the experiments are
quite advanced. You can refer to the MPF-I Student Workbook,
published by Multitech Industrial Corp.

- VI -
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1. MPF4d Specification

1.1. Hardware Specifications

(1)

(2)

(3)

(4)

(3)

(6)

7)

(8)

CPU: (Central Processing Unit)

Zilog Z-80 CPU with 158 instructions and 2.5 MHz maximum
clock rate. The MPF-I system clock is 1.79 MHZ.

ROM: (Read Only Memory)

Single +5V EPROM 2516(2532), total 2K(4K) bytes.
Monitor EPROM Address: 0000-O7FF(OFFF).

RAM: (Random Access Memory)

Static RAM: 6116, total 2K bytes.
Basic RAM Address: 1800-1FFF.

Memory Expansion Area:

Single +5V EPROM 2516/2716/2532/2732 EPROM or 6116 static RAM
on-Board Expansion Address: 2000-2FFF

I/0 Port:

Programmable I/O Port 8255, a total 24 parallel I/O lines are
used for keyboard scanning and seven segment LED display con-
trol.

I/0 addresses: @0-83.

Programmable PIO, a total of 16 parallel I/0O lines,
I/0 address: 80-83H

Programmable CTC, a total of 4 independent counter timers
channels, I/O address: 40-43H

Display:
6-digit,@.5",7-Segment red LED display
Keyboard:

36 keys including 19 function keys, 16 hex-decimal keys and
1 user-defined key.

Speaker and Speaker Driver Circuits:

A 2.25" - diameter speaker is provided for user's expansion.




(9) User Area:

A 3.5" x 1.36" wire wrapping area is provided for user's
expansion.

(10) Audio Tape Interface:

Can be connected to any cassette. Data transmission rate is
165 baud per second (bps).

(11) System Clock Rate:

3.58 MHz crystal is divided by 2, cycle time is 0.56 micro-sec.
(12) System Power Consumption:

Single 5V power supply, current consumption 500 mA.
(13) Main Power Input:

Power adaptor Input 118V 9V/50@mA

(14) Physical characteristics

Height : 1.60 mm (W/O case)
Width : 15.75 cm (W/O case)
Depth : 22.30 cm (W/0 case)

Weight : 1.41 1b (With Case)




1.2. Software Specifications

MPF-I contains a high performance 2K-byte monitor
program. . It is designed to respond to user input. The
monitor commences execution when power is applied. 1In addition
to the key monitor functions, the monitor contains a memory
checking routine.

The following is a simple description of the key
functions:

(1) : ‘system reset.

(2) E : set memory address.

(3) E : set a register name.

(4) : input data to memory or a register.

(5) B: recall program counter.

(6) : increment memory address or a register by one.
(7) E: decrement memory address or register by one.
(8) |sr]: single step the user's program.

(9) El: set breakpoint in user's program.

(11) IEli terminate the executing program and return the
control to the monitor.

(12) E: commence execution at address shown on the display.
(13) EI insert 1 byte into memory.

(14) : delete 1 byte from memory.

(15) m : move a block of data from one area to another.

(16) E: relative address calculation.

(17) : store data from memory onto audio tape.

(18) : retrieve data from audio tape.

(19) : maskable interrupt, connected to CPU's INT pin.

(20) : user defined key, connected to input port 00, bit 6.

AF goec g oe B u Barfecfloe B § ix v R sp §1-F fsz-nl-pucllsze vl .onc
(21)*:|°L 2 3l4'|5 6[" sflsflallslclolfelr
.

hexa-digit or register name.




1.3. Physical Configuration
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2.'General Description

2.1. Functions of Monitor Program

The MPF-1 monitor provides the necessary functions
for the user to develop his program. These functions
include:

(1)

(2)

(3)

(4)

The ability to enter the user's program into RAM and to
check and modify the program.

Execute the user's program which is stored beginning
from the address on the displays.

Using 'Single Step' or 'Set Break Point' function,

the user can execute programs step by step or modularly.
After each step, control is transferred to the monitor

and the current status of the CPU is saved. The user can
check or modify registers and memory before executing the

next step of the program. This function is very useful
in debugging a program. :

Other support functions, include audio tape control, and
relative address calculation. Using the functions provided
by the MPF-I. The wuser can develop his own special
purpose microcomputer system based on MPF-I.




2.2. Notations Used in This Manual

(1) Hexadecimal number system and seven~segment LED
display fomat:

hexadecimal decimal binary seven-segment
number number number display
0 0 0000 n
1 1 0001 |
2 2 0010 ~
3 3 0011 =
4 4 0100 ;]
5 5 0101 5
6 6 0110 5
7 7 0111 |
8 8 1000 £l
9 9 1001 o
A 10 1010 =
B 11 1011 ]
c 12 1100 I
D 13 1101 =
E 14 1110 s
F 15 1111 /:

Fig. 2-1 Number system




(2) Each display is assigned a number for reference purposes
as shown in Fig. 2-2.

123456, |Fig. 2-2 the display number

(3) When the contents of the display are unknown or do not matter
an 'X' will be indicated.

(4) A square stands for a key button, as shown! in figure 2-3.

v TAPE
9 RD

Fig. 2-3 Symbols for buttons

(5) <address> stands for a memory address which is 4
hexadecimal digits entered by the user. If more
than four digits are entered, the last four digits are
accepted by MPF-I. If less than 4 digits are
entered, leading digits are assumed to be O.

(6) <data> stands for 1 byte of data which is 2 digits
entered by the user. The rules are the same as for
address>.

(7) If some key <address>, or<{data> is enclosed by
'[]',e.g. [<address>], it may be omitted.




2.3. Error Messages:

When an illegal key is entered, the monitor program will blank
out the Display to indicate an error condition has occurred. Some
program errors will cause an error pattern such as —ErT to be

displayed. When this occurs,;locate and enter the appropriate key.




2.4. RAM Addressing

The addresses of the basic RAM are from 1808 to 1FFF. The
addresses reserved for expansion RAM are from 2009 to 2FFF.
1F9F - 1FF3 of the basic RAM are allocated to the monitor. The wuser
should read chapter, 4 before using this area of memory.




3. Introduction to Operation

This chapter is divided into three parts: basic
operations, program debugging, and support functions.

Notations are described in 2.2.

3.1. Basic Operations

3.1.1 System Reset Key -

Pressing the Reset Button will display

On a power-up, the six digit (UPF--1) are shifted out one-
by-one from right to left. The monitor program is initialized
either the reset button is pressed or on a power-up.

UPF--1

10



3.1.2 Examine or modify the contents of memoryJMMI and

=

<address>|

DAT

»

[<data>]] | +

DATA

Keys

[<data>]::zj

EXAMPLE: Check the contents of memory locations @¢@gg-0693

KEY

DISPLAY

XX XX X X

0.0.0.0.06

00010.0.

:0002L0|

0003FE

COMMENTS

The four index points notify
user to input ADDress.

The contents of ADDR O areé6

Note: Display format for ADDR
ADDR DATA
ﬂ. g. g’ g.

-9 @0
] 1 |
EfData Bytes]
—[Address Bytes]

refer to Description for addition
information I-12)

Note that the | * | KEY
increments the DR counter

by ONE.

Contents of ADDR 06862 is 10.

Contents of ADDR 0003 is FE.

EXAMPLE: Change the contents of 180¢ into AB, 1881 into CD.

ield)

KEY DISPLAY
X;X.X.X.X X
L{aDDR £

[l 5][5] [ 18.0.0xx
s 1800 x-x.

(paTa field)

COMMENTS

4 index points in ADDRESS
field notify USER to input
ADDRESS.

enter 1800 by pressing the
appropriate KEYS.

Pressing the data function
KEY allows the user to input
data into DATA Field.

11




EXAMPLE: Update the contents of

KEY

|ADOR|

18003 A.

1800 AB.

1801 x.x.

1801 c.p.

DISPLAY

0.0.0.0.0 6

00000.6.

00000.6.

enter B into the Data field.

'If DATA is more than two

digits the last two will be
used.

ADDR Feild increases by one.
The 2 points in the

DATA Field notify user to
input Data.

Enter Data by pressing the
C and D Keys.

0000

COMMENTS
ADDRESS is 0000

The contents of ROM cannot
be changed so the display is
blanked. After releasing
the Key the Display will
return as before.

12



[description]:

Addr means address. After pressing this key the display
is in the standard format, i.e., the left four digits stand
for the address and the right two digits represent the data.
The address field is indicated by four points and requires
4 digits. If more than 4 digits are keyed in, only the last
4 are accepted. If less than 4 digits are entered, the 4 hex
digits on the display are assumed to be the address.

When is pressed,the indication points will be shifted
to the rightmost two digits Prompting the user to enter
data. The content of the addressed RAM location will be

replaced by the entered data. Pressing or EI will
increase or decrease the address field., 1If the indication

points are already in the data field, then it is unnecessary
to press . After pressing |E| , the user may press
or B directly.

If the user attempts to change the contents of ROM,
the display will blank out. After releasing the key,
the display will be restored.

13



3.1.3 Examine & Update Registers and Keys

. {register name>| [<data>] H [<data>] -

EXAMPLE: Check the contents of SP,HL, 1Y registers. Change the
contents of register A to 12 and register F to

34.
KEY DISPLAY
rEG-
e XXXXSP

|'§L‘ XXXXHL
‘3 XXXX1Y
XXX XAF

I X X X.X.Ab F

. s ol
data field of register F

EE’ XX 3. 4.AF
x.x.3 4
E 1.234AF

H-l
[register name]

COMMENTS

SET MPF-I into REGister
Mode.

The names and contents of the
registers are displayed when the
register Key is depressed.

To display a specific register,
first depress the REG Key,

then press the reglster name AF,
1Y, etc. .

The two points under the

Data field of register F notify
USER to input Data into the
Data field.

The two indication points move to
the Data field of register A,
Register A is now changed

to 12

L";'F register]

A register]

14



[description]:

{register name> is the name of the register. Each register
is addressed by one key. When EI is pressed, the display
becomes | rEG- | , prompting the user to key in the
name. After pressing register name, the right field of
the display is the register mnemonic, the left field is the
register content. For example, means the
contents of the stack pointer is 1234, {register name) is a
one key command. If the user wants to check several
registers, he just presses <{register name) once for each
register.

It is necessary to press , or [£] if
the user wants to update the conte'nts. The change is
done on a byte basis. When [«] , or E] is pressed, the
display will show two p01nts, not1fy1ng the user
to input data and indicating that the register is being
changed. Pressing [+] or [-] will move the indication points
in the direction shown in figure 3-1.

name : display

+ I Flags X X X.X.AF

d Reg A [ x.x.x xAF

1\ Reg C X X X.X.B C

- Reg B X.X. XX B C

L4

Fig. 3-1 The moving rule for REG indication points
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The followings are some special register mnemonics:

1. The alternate registers AF', BC', DE', HL' are in-
dicated by the decimal point at the right.

2, IX, IY is indicated by |, |Y .

3. Register I and interrupt IFF 2 is indicated by IF.

The meaning of each bit in F is shown in figure 3-2.

SZ .H]|. p/vN C
— ~~—~—

FH (Flag High) FL (Flag Low)

'.'" = does not matter

Fig. 3-2 Flag register
MPF~-I decodes the flag register and displays it in 4 bit

groups. To display one of four bit groups, refer to the
table below

Selection Key

FH SZ.H
FL PNC
FH. SZ.RH'
FL. PNC!

When decoded flags are modified, only the least significant
bit (LSB) of the input key is used. The next time you check
AF register, the contents will be updated automatically.

EXAMPLE: Check the carry flag and update it

KEY | DISPLAY COMMENTS

IB Contents of F is 29.
o° 1001FL Check the carry bit.
100.1LF L

100.0.FL I Reset carry flag.
"“I‘JI ><><28AF] F is updated

automatically.

16



3.1.4 Program Counter - [:] Key

Reset user's program counter. The basic RAM of MPF-I
is 2K bytes. It can be expanded to 4K bytes. When the
monitor is reset, it finds the lowest RAM address(1800)
and sets the user's program counter to this address. If

PC is pressed after RS , the left of the display is the
lowest RAM address. See Example A

Exampl e~-A
KEY DISPLAY COMMENTS

UPF--1

1800xx Lowest RAM ADDress.




3.2. Program Debugging

3.2.1 Program Execution _ -Key

This key is valid only when the display is in the standard
Addr-Data format. After pressing this key, the CPU jumps
to the address on the display. Before transferring
control to the user's program, it restores all the user's
registers. User's registers can be preset by pressing E'

EXAMPLE: Executing program

KEY DISPLAY COMMENTS

The left field of the display
lFA.F SP is not an address.

Display is blank,
indicating an error.

1FAFSP Display returns to nommal
after releasing the key.

I

1800 x x The left field is an
address.

1G] [

X X X X X X CPU starfs execution from
1800.

i8



3.2.2 Single Step - E Key

[~] is similar to [=] . It is valid only when the
display is in Addr-Data form. Pressing this key causes
the CPU to execute the instruction pointed to by the

current setting of the PC register,

After execution, the

monitor regains control and displays the new PC and its
contents. The user may examine and modify registers and
memory contents after each step.

EXAMPLE: Store a program in RAM and execute it by

single steps

A

EY DISPLAY

UPF--1
| 1800 x.x.
(180 03.E
18010.0.
18023.c.
18034.7.
18003.E.
;1802&&
18034.7.
O1XXAF
1804 x.x.
01xxBC

G
B

CCCACEICIC L]

(2]
HHRAE

When executing using single step, the monitor uses user's

COMMENT

Reset system.

Program from 1800.
instructions)

(280

LD A,O
INC A

LD B,A

Display is in the Addr-Data
form, address is 1800.

First step, PC becomes 1802.
Register A is O.

Second step, PC becomes 1803.
Register A incremented.
Third step, PC becomes 1804.
Register B becomes O01.

stack to store interrupt return address. The user's

stack pointer must point to RAM.

If not,

[ Err-sp {

will be displayed. If user's stack pointer points to

SYS-SP

system stack area,

overlap will cause an error when 'RET'

will be displayed. Stack
instruction is

executed. In these two cases, you must change the stack
pointer or press the reset key. After reset, the system
will set user's SP to its default value, the user then need
not worry about his stack pointer. (See section 4.5 )




3.2.3 Set Break Point - E Key

When a program is long, single step execution can be very
time consuming. Setting break points allows the program to
execute more than one instruction and then halt. Pressing
step many times has almost the same effect but takes longer.
The monitor regains control whenever user's PC passes a
specified break point address. The user may examine or
modify memory and registers when his program has reached a
break point.

SBR means set break point. When the display is in Addr-Data
form with address pointing to RAM area, pressing this key
causes the displayed address to be set as a break point.

EXAMPLE: Store the following program in RAM. Use SBR to
see the results of the execution

address machine code instruction
1800 3E00 LD A,0

1802 3C INC A

1803 47 LD B,A

1804 04 INC B

1805 48 Lb C,B

1806 FB EI




KEY

DISPLAY

RS UPF--1
.Eﬂl‘lglﬁlﬁlleooxx
1800 3E]
, 18010.0.
D@ 18023.¢ |
GOl [isosar]
E 18040.4.
180548
‘ 1806F.B.‘
_1.8.0.6.F.B.
[l a5 5] 1.8003E
.Eﬂ 1807 XX

[ [0

(]

[]

(=[]

x AF AF
8 o o

| rEG-

O1lXXAF

A\
A reg Freg

f020230|
' V

B reg C reg
00011F

1.8.0.6.F.B..

1.8.0.0.3 E

1807 xx.

[oo001F]

COMMENTS

RESET

Set Starting ADDR
Initialize Data Field

Increment Program Counter

Increment Program Counter

Increment Program Counter

Increment Program Counter

Increment Program Counter
Counter

1806

Increment Program

Set Breakpoint at
Program starts at 1800

‘The program is executed from
1800-1806. The program halts
at 1807. Note this is the
ADDR of next instruction.

To verify results use REG Key

The contents of the A reg
is correct.

The value in the B register
are correct.

The interrupt Flip Flop is set.
This is the result of Ef
(Enable Interrupt).

Change instruction from EI to
DI (Disable interrupt)

Enter F3 into Data field.
Set starting ADDR of program.

Execute

Check 1FF

Note: Bit has been reset.
(result of DI
instruction)
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[Description]:

1)

(2)

(3)

(4

(5)

(6)

(7)

(8)

It is illegal to set break points in ROM area. If
you do so, the monitor will blank out the
display.

If one instruction has more than one byte, a break
point must be set at the first byte. Otherwise,
errors will occur.

When the display is in the Addr-Data formm and the

address field is the break address, six index
points are set to indicate that the address is a break
point.

The contents of a break address can still be
modified by [...| k€Y.

When the user's program executes to the break point,
the display is in the Addr-Data form. The address field
is the user's PC.

After program executed the break point, all the
status and registers are saved.

See 3.2.2 for stack rules.

Only one break point may be set.
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3.2.4 Clear Break Point |e=| Key

If the user want to eliminate the break point in his program,
he can press [=] to clear the break point. This key is
accepted at any time. After pressing it, the display will
become F.F.F.F.F.E. |* (Break point is set to FFFF.)




3.2.5 Immediately Break - [:] Key

When executing a program, many errors may occur. For
example, a program will lose control when the CPU
executes a nonexistant operation code (opcode), or
when a program has an infinite loop.

Moni means monitor. Any time you press this key, the

same mechanism as used by single step will transfer

control to the monitor. Then User's PC and its contents
are displayed. When the HALT instruction is executed,
pressing : [] will return control to monitor and retrieve
the contents of the new PC. After [=] is pressed, the
monitor will check the user's SP. The rules are the same
as for single step and break point.

EXAMPLE: HALT and return to MPF-I monitor

KEY DISPLAY COMMENTS
1800 x.x.

ag
I

180076 gstore HALT in 1800.

CPU halts, the display is
blanked, the LED HALT

is turned on.

1801 x.x. The display is of the
Addr-Data fomm. The address
field is the user's PC. All
registers are reserved.

[ (]

EXAMPLE: Pressing this key when monitor is being

executed

KEY DISPLAY COMMENTS

[:] UPF--1 The monitor is scanning
the keyboard. The system
treats the monitor as the

SYS-SP user's program. The user's

SP is in the system
stack.
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3.3. Support Functions

3.3.1 Block Transfer - . Key

- <address>. address> - {address> IEI

EXAMPLE: Move the data in 1800 - 18FF to 1810 - 190F

KEY DISPLAY
X, X X X= S
| acJ.I AF AF 1-8-O~O-' S
- X. XX X.= E
]

]
Ll %]
(-]

1.8.1.0.- d

l XeXeXoeXo= d

——

1810x.x

COMMENTS
S is the mnemonic of
starting address.

Starting address = 1800

E is the mnemonic of
ending address.
Ending address = 18FF

D is the mnemonic of
destination address.
Destination address = 1810

Transfer completed, the
last byte moved is 1810

25




[Description]:

After pressing the ’E]" key, the display becomes
XXXX=8]. S means the starting address of the data
to be transfered.. After pressing :, the display

becomes [X XXX ~El , E means the ending address of the data

to be transfered. Press {:]* again and the display becomes
. D means the!estination address of the
data to be moved. When finished, the display is of the
Addr-Data formm. The address field is the last byte
moved. Movement can be upward or downward.

When moving upward, the last address is the

lower limit of the destination area. When moving
downward, the last address is the upper limit of the
destination area, as shown in figure 3-3. Because of
the fast speed of the microcomputer, the transfer can
be finished instantaneously. After pressing E

the result will be displayed at once.

)
)

N/

D

p
: \

§\

A

(
(

moving upward moving downward

Fig. 3-3 Function of'

(arrow indicates the first byte moved)

If the destination area overlaps the system
stack, the system stack will be destroyed. The user
should pressed |_T_| to reset the system.
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3.3.2 Data Deletion - Key

This key is valid when the display is of the Addr-Data
form. Pressing this key causes the data of the displayed
address to be deleted. All the data above this address
is shifted down one position.

EXAMPLE: Assume the present contents of RAM and the desired
contents are as follows:

ADDRESS OLD DATA DATA AFTER DELETING
1800 00 00
1801 11 11
delete address-> 1802 11 22
1803 22 33
1804 33 44
1805 44 XX

DISPLAY COMMENTS -

KEY
l‘o‘" o IL1.8.0.2.‘1 1 To change the display to the

Addr-Data form and enter the
i address to be deleted.
180222 The old contents of 1802 have
been deleted and data above
it have been shifted down. The

new contents of 1802 are 22,
which was the original contents

. of 1803.
[ IEIE ] [Te0000]  Cneok.
1801 11
180222
180333
18044.4

[Description]:

Data in ROM can not be deleted. The valid regions for
this key are 1800 - 1DFF. When the deleted address
is between 1800 - 1DFF, all the data after this
address shift down position. The last one (1DFF)
is filled with O. ‘




3.3.3 Data insertion - EI Key

[:] {data>

When the display is of the Addr-Data form, the input data
will be inserted after the displayed address.

EXAMPLE: Assume the contents of RAM are as follows:

ADDRESS OLD DATA DATA AFTER INSERTION

1800 00 00
1801 11 11
1802 22 22
insert 33 here -> 1803 44 33
1804 55 44
1805 66 55
KEY DISPLAY COMMENTS

l.ml B I 'X| SHzll18.0.2.22 To change the display to the
I ] 2 I I[Zl I Addr-Data form and enter

the address of the insertion.
180300 Insert one byte after
1802, address field
becomes 1803.

E] l 1 8033.5.| Key in data 33.

[]

[~z 1[%][%][ 180000 check
L] 180111
1802 2.2
1803 3.3,
1804 4.4
180555

[Description]:

The valid region for this key is the same as '1.
After insertion, the last byte of the inserted block is
lost.

The inserted address is one byte after the displayed
address. Pressing this key causes all the data after
the displayed address to be shifted up one position.
Then the address field is incremented by one and the user
may enter the data he wants to insert.
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3.3.4 Relative Address Calculation - Key

Instructions JR and DJNZ require relative addresses.
MPF-I supports_the calculation of relative addresses
throught the key.

<address> <address> E"_-J

EXAMPLE: Assume there is a JR instruction in your

program. The address of opcode is 1800, the
address to jump to is 1804.

KEY DISPLAY COMMENTS
S is the mnemonic of

(s ]%]%] 1800-5] EEZ;‘EES address = 1800

X XX Xo= d D is the mnemonic of
destination address.

EHH ﬂLl.S.o.zL.- ﬂ Destination = 1804

EI 180102 MPF-1 computes the
relative address and
stores the result in the
next byte of the JR opcode.
The result is also
displayed.

ﬂ

[Description]:

) pressing , the display becomes
X.X.X.X.- S| « S represents the starting point of JR or

DJNZ. Pressing , the display becomes .|d
represents the destination address of JR or DJNZ.
Pressing |« , MPF-I computes the relative address then
stores it in the 2nd byte of opcode. The display

becomes of the Addr-Data form. The address containing the
relative address is displayed. If the result exceeds
decimal +127 or =128, the display becomesl ~-Err - |
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3.3.5 Storing Data onto Tape - Key

Cassette tape is a large capacity non-volatile
storage medium. MPF-I contains hardware-and software

drivers.

<file name> <address> address>

EXAMPLE: store the data of 1800 -18FF on tape, use

1234 as file name.

KEY DISPLAY

HHEH H P
xS
FLeIsI5] 1800-5]
Lxs]=lx] 18.FF.- & |
(PLAY & REC)l::

[

COMMENTS

F is the mnemonic of
filename.
filename = 1234

S is the mnemonic of
starting address.

Starting address = 1800

E is the mnemonic of
ending address.

Ending address = 18FF

Connect the microphone of the
tape recorder to MPF-I

MIC. Start recording by
pressing PLAY and REC key

of recorder.

Begin to output data.

During transfer,the .

display is dark, but the
TONE-OUT LED is on.

When transfer is

compl eted, the ending
address is displayed.
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[Description]:

Pressing , the display becomes [ XX XX= F I. F
means file name. It is used to distinguish different
data sets stored on a single cassette. It is also used
to _read back data. Press and the display becomes
. S represents the starting address of the
data to be written, Press again and the display
becomes . ./ E represents the ending address of
the data to be written. Before pressing , you must
connect the microphone of the recorder to MIC jack of
MPF-I and press PLAY and REC to start recording. If
the recorder is not ready and you press [j, data is
still sent out. This data will not be recorded on tape.

During transfer the display is blank, the TONE-OUT LED
is on and a tone sounds. .




3.3.6 Reading Data from Tape - Key

{filename> E

EXAMPLE: Read the data from a tape recorder, filename is
1234, the data on the tape was written by using
the key, see storing data onto tape.

KEY DISPLAY COMMENTS
XX X, X, = F I F is the mnemonic of

fil ename.

Flz]E]lz][1234-F] Filename = 1234

Connect the recorder (using
~earphone jack) to the EAR
(PLAY)

jack in MPF-I.

Start execution. The
display is blank while
MPF-I is searching for
the filename.

Press PLAY on the recorder.
The recorder output
volume should be turned
to maximum. MPF-I echoes
the signal read from tape
on its own speaker (if
the volume is too low,
then there will be no
sound). Every file name
read by the monitor will
be displayed for 1.5
seconds. When the desired
file is found, '.' is
changed into '-'. When
finished, the last
address read in is
displayed.

i1

1234-F
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[Description]:

Before execution, the user must connect the recorder
(using earphone jack) to the EAR jack in MPF-I. Turn
the volume of the recorder to maximum. Then press II, and
finally, start the recorder (PLAY). Initially, the display
is{e o oo «].When the desired file is found, the display

becomes[~ - - = - = 1.

Starting and ending addresses are already stored on
the tape so there is no need to input them. The user just
needs to input the file name. A check is also recorded on
the tape which MPF-I will check when reading back. If not

matched, the display will be[- E r 1| ,If matched, the last input

byte will be displayed.

If the data read from the tape is stored in a system
stack, errors will occur. Care must be taken when you
Prepare tape data by ****, The tape data is echoed on
the MPF-I speaker, so it is very easy to determine whether
the tape is empty or not. This allows you to check a tape
before recording data on it, so you do not destroy data
that has been previously recorded.




4. Software and Hardware Description

4.1. Memory Address

0000
EPROM
07FF 2516 U6
0800 [~ T
(2532)
OFFF
1000 7
17FF
1800 %
RAM
1FFF 6116 U8
2000
EPROM U7
2516, 2716
RAM 6116
27FF
2800 p———————
(2532,2732)
ZFFF%

Fig 4-1 Memory map




[Description]:

(1) U6 EPROM: monitor

(2)

U7 RAM or EPROM: reserved for expansion

U8 RAM: basic RAM of which 1FAF-1FFF are used
by monitor

Address lines are fully decoded in MPF-I. Traces
don't need to be cut or jumpers added on the PC
board if 2516, 2716, or 2532 are inserted in U7.

a. The following lines need to cut and jumpered if
a 2732 is inserted in U7.

Cut lines Jumped lines
PIN 1,2 of jumper ' PIN 2,3 of jumper
PIN 3,4 of jumper PIN 4,5 of jumper
PIN 5,6 of jumper PIN 6,7 of jumper

b. The following lines need to cut and jhmpered if a
6116 is inserted in U7.

Cut lines Jumped lines

PIN 3,4 of jumper PIN 4,5 of jumper
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4.2. Input/ Output (i/ O)Address)

00 A

01 B

02 C 8255
03 Control

Fig. 4-2 I/0 address map
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[Description]:

(1) The 8255 is a programmable peripheral interface with 24

parallel I/0 lines. These 24 I/0O lines are divided
into three 8-bit ports. (See 8255 data sheet for
details).

(2) The control word of 8255 is 03. Port A is an input
port, ports B and C are output ports.

(a) Port A (address 00):

(b)

bit 7: tape input, o |
bit 6° connected to |«v]| key, active 1low,

bit 5 - 0! connected to 6 rows of the keyboard
matrix The input signal becomes low only when keys
in the active columnn are pressed.

Port B (address 01) controls the seven segments and
decimal point of the display. Figure 4-3 shows the
name of each segment-and the corresponding bit in
port B. All output bits are active high.

a

AR
f'_’b l7|6l$|4|3l2|1|0
eglc d p ¢ b a f g e
d P'

Fig. 4-3 The corresponding bits of the
7-segment display
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(c) Port C (address 02):

(3)

(4)

(5)

bit 7: tape output; also connected to the speaker

and the LED TONE-OUT. LED is turned on when output

is 0.

bit 6: monitor break control. Any attempt to change
this bit is forbidden.

bit 5 - 0: is connected to 6 columns of display &
keyboard matrix. Bit O is the rightmost display, bit 5
is the leftmost display. All these bits are active high.

The Z80 Counter Timer Controller (CTC) is a programmable
component with four independent channels that provide
counting and timing function for microcomputer systems
based on the Z80-CPU.

The I/O addresses of CTC are from 40H to 43H.

The Z80 parallel I/O (PIO) is a programmable, two port
device which provides a TTL compatible interface between
peripheral devices and the Z80-CPU.

The I/O address of PIO are from 80H to 83H.

Address lines are not fully decoded only AO, Al, A6 and A7
are used. A2 through A5 are undecoded 11nes.




4.3. Program Interrupt

The nonmaskable interrupt is used by the monitor. The
user is not allowed to use it. Pin 16 of the CPU (INT)
is connected to jumper I on the left edge of the PC
board and to . When the monitor code at address 0038
is executed, control will be transfered to the address
stored in 1FFE & 1FFF. During this process, all CPU status
are an affected. The default contents of 1FFE & 1FFF are
0066. This is the entry point of the service routine. 0038
is executed in the following situations:

(1) Mode 1 interrupt is acknowledged;
(2) Instruction 'RST 38H' (opcode FF) is executed;

(3) The data bus are pulled high. If mode O interrupt
is acknowledged without the interrupt vector, RST 38H
will be executed.

(4) When there isan 2rror in program execution and
jumps to a nonexistent memory. The opcode fetched
by CPU is FF.

If the contents of 1FEE & 1FEF are not changed
after power on, the effect of executing 0038 is the
same as for pressing [] key or break point. The user may
define his own service routine by changing the contents
of 1FEE & 1FEF.
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4.4, Software Break-Introduction RST 30H(Opcode F7)

RST 30H has the same effect as break. It is called
software break because no hardware operation is
involved.

It is usually used as the terminator of a user's
program. It is also very useful in multi-break-point
program debugging.
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4.5. Stack

Figure 4-4 shows the stack configuration. The
default value of the user's stack-pointer is 1FQF. Each
time the user's program breaks, the monitor checks his
SP. will be displayed if the user's SP
points to the system stack. If there is stack related
instruction (e.g. RET) in the user's program, an error may
occur when user's stack and system stack overlap.

~—" )

Default

of user's SP 1F9E User's Stack

1F9F

initial wvalue

System Stack

initial value

LAFAE
of system Sp—>1FAF Monitor
Used
Area

1FF3\\_////’*\\

Fig. 4-4 Stack distribution map

SYS-SP{can occur in the following situations:

(1) Pressing [] when monitor is controlling the
CPU. This operation will destroy all user's
registers and should be avoided.

(2) Executing the monitor itself by pressing
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4.6. Reset

There are two possible results. When the monitor
is reset,

(1) Power on

(a)
(b)
(¢)
(d)
(e)
()
(g)

(h)

Disable interrupt (IFF set to 0);

I regiser set to 0O;

Interrupt mode set to O;

User's PC is set to 1800.

User's SP is set to 1F9F;

Break point is disabled.

Set the content of 1FFE to 66 and set the content
of 1FFF to 00. When the code beginning at 0038 is
executed the CPU will jump to 0066. This is equivalent
to press [=] .

MPF-I is displayed one character at at a time from
right to left.

(2) Press :E] .

(a)

= (e) are the same as (1). The contents of 1FFE &

1FFF and break point are unaffected. 'UPF--1' is
displayed, (all digits) simultaneously.
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4.7. Tape Data Format

(1) Bit fomat:

0’ Iol |1| |2| [3[ H |5| IGI M !ol |1| [

2KH,, 8Cfcle 1Kilz, 2Cycled

CRARARFLALR R

2KH,, 1Cycle| 1KHyz , 4Cycle
1

f———4 6ms —_—

Fig. 4-5 Tape bit fomat

(2) Byte format:
Start Stop

_| 0O [bitOpitlbit2bit3bitdpitipitebit7] 1

fe 60 ms 3
Fig. 4-6 Tape byte fomat
(3) File format:
Lead |Filefstart] End|chk|Mid | " Tail
sync name |addr|addr |sum|syne Data sync
-
1KHz 2 2 2 1 2KHz Variable 2KHz

4sec Byte Byte BytePRyte2sec Length 2sec

Fig. 4-7 Tape file format
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5. Monitor Subroutines

5.1. Summary

ADDRE§S MNEMONIC FUNCTION

0624 SCAN1 Scan keyboard and display one cycle.

O5FE SCAN Scan keyboard and display until a new key-in.

0689 HEX7 Convert a hexadecimal digit into the 7-segment
display format.

0678 HEX7SG Convert two hexadecimal digits into 7-segment
display format.

05F6 RAMCHK Check if the given address is in RAM.

05E4 TONE Generate sound.

NS5DE TONE1K Generate sound at 1K Hz.

O5E2 TONE2K Generate sound at 2K Hz.
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5.2. SCAN1

[Address]: 0624
[Function]: Scan keyboard and display 1 cycle from
right to left. Execution time is about 10ms (9.97ms
exactly).
[Input]: IX points to the display buffer.
[Output]: (1) If no key-in, then carry flag = 1;
(2) If key-in, carry flag =0 and the

position-code of the key is stored in
register A. (See appendix A.)

[Register]: Destroy AF, A'F', B'C', D'E'
[Supplement]:

(1) 6 bytes are required for storing 6 word patterns.

(2) IX points to the rightmost word, IX+5 points to
the leftmost word.

IX => the rightmost word

Display
Buffer

IX+5 = the leftmost word

(3) See appendix A for the relation between each bit
and the seven segments.
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5.3. SCAN
[Address]: OS5FE
[Function]: Similar to SCAN1 except:

(1) SCAN1 scans one cycle, but SCAN will scan till a
new key-=in.

(2) SCAN1 returns the position while SCAN returans the
internal code of the key pressed (see appendix A).

[Input]: IX points to the display buffer.

[Output]: Register A contains the internal code of the
key pressed.

[Register]: Destroy AF, B, HL, AF', BC', DE'.
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5.4. HEX7
[Address]: 0689

[Function]: Convert a hexadecimal number into its
7-segment display format.

[Input]: The least significant 4 bits of register A
contain the hexdecimal number (O0-F).

[Output]: The result is also stored in register A.

[Register]: Destroy AF only.
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5.6. HEX7SG
[Address]: 0678

[Function]: Convert two hexa-decimal numbers into a
7-segment display fommat.

[Input]: The first number is stored in the right 4 bits
of A. The second number is stored in the left 4 bits
of A.

[Output]: The first display pattern is stored in (HL),
the second is in (HL+l1), HL is increased by 2.

[Register]: Destroy AF, HL.




5.6. RAMCHK
[Address]: O5F6
[Function]: Check if the given address is in RAM.
[Input]: The address to check is in HL.

[Output]: If it is in RAM then Zero flag = 1, otherwise
Zero flag = O.

[Register]: Destroy AF
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5.7. TONE

[Address]: 05E4

[Function]: Generate sound.

[Input]: (1) C controls the frequency of the sound.
The period is about (44+Cx13)x2x0.56 micro-sec,
and the frequency is 200/(10+3xC) KHz.

(2) HL contains the number of cycles. (max. value

is 32768).

[Output]: None

[Register]: Destroy AF, B, DE, HL.
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5.8. TONE1K
{Address]: O5DE
[Function]: Generate a sound of 1KHz.
[Input]: Number of periods is in HL.
[Output]: None.

[Register]: Destroy AF, BC, DE, HL.
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5.9. TONE2K
[Address]: OS5SE2
[Function]: Generate a sound of 2KHz.
[Input]: The number of periods is in HL.
[Output]: None

[Register]: Destroy AF, BC, HL, DE.
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5.10. Program Examples
EXAMPLE 1: Display 'HELPUS', HALT when is pressed.

1800
1800
1804
1807
1809
180B

1820
1820
1821
1822
1823
1824
1825

1 ;DISPLAY 'HELP US' UNTIL STEP-KEY PUSHED:
2 ORG 1800H
DD212018 3 LD IX, HELP
CDFEO5 4 DISP CALL SCAN
FE13 5 cpP 134 ;KEY-STEP
20F9 6 JR NZ ,DISP
76 7 HALT
8
9 ORG 1820H
AE 10 HELP DEFB OAEH ;'S
B5 11 DEFB OBSH ;'Y
1F 12 DEFB O1FH ;'Pp!
85 13 DEFB 085H ;'L
8F 14 DEFB 08FH J'E!
37 15 DEFB 037H J'H!
16 ;
17 SCAN EQU O5FEH
18 END
Details of the display buffer are given below:
a
\___/
f‘ 'b
e
g
bl
d p
Display Segment of
Position Fomat Illumination |d p ¢ bafg e |Data Addr
- a,c,d,f,g, [10101110]| AE | 1820
Right H a,b,c,d,e,f,/1 0110101 | B5 1821
;:? a,b,e,f,g, (00011111 | 1F 1822
' d,e,f, 10000101 | 85 1823
= a,d,e,f,g, |10001111 | 8F | 1824
Left ;{ b,c,e,f,g, 0011011 1| 37 1825
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Please refer to Appendix A

EXAMPLE 2: Flash 'HELP US'

Use routine SCAN1 to display 'HELPUS' and blank
alternately. Display each pattern 500ms by looping SCAN1
50 times.

1 ;FLASH '"HELP US':
1800 2 ORG 1800H
1800 212618 3 LD HL,BLANK
1803 E5 4 PUSH HL
1804 DD212018 5 LD IX, HELP
1808 DDE3 6 LOOP EX (sp),IX
180A 0632 7 LD B,50
180C CD2406 8 HELFSEG CALL SCAN1
180F 10FB 9 DJINZ HELFSEG
1811 18F5 10 JR LOOP

11
1820 12 ORG 1820H
1820 AE 13 HELP DEFB OAEH ; 'S’
1821 B5 14 DEFB OBSH ;'U
1822 1F : 15 DEFB O1FH ; 'P'
1823 85 16 DEFB 085H ;'L
1824 8F 17 DEFB 08FH ;'E!
1825 37 18 DEFB 037H ;'HY
1826 00 19 BLANK DEFB 0
1827 00 20 DEFB 0
1828 00 21 DEFB 0
1829 00 22 DEFB 0
182A 00 23 .DEFB 0
182B 00 24 DEFB 0

25

26 SCAN1 EQU 0624H

27 END

The content of 180B determines the flash frequency. You
may change it to any value.




EXAMPLE 3: Display

1800
1800
1804
1807
180A
180D

1900
1900
1901
1902
1903
1904
1905

DD210019
CDFEOS
210019
CD7806
18F5

the

OO hWN -

key code of the key pressed.

;DISPLAY INTERNAL CODE

LOooP

OUTBF

H
SCAN
HEX7SG

1800H

IX,O0UTBF ( 14

SCAN (05FE)
HL, OUTBF

HEX7SG (¢d7

LOOP
1900H

QOOO0OO0O0O

O5FEH
0678H

o0 i \‘.

. x/‘

When a key is pressed, the internal code for that command
The user may compare it

is displayed in the data field.

with Appendix A.
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If you want to display the position code of the

keys, you may change the program as follows:

1800
1800
1804
1807
1809
180C
180F

DbD210019
CD2406
38FB
210019
CD7806
18F3

©oO~0O U kWN -

;DISPLAY POSITION CODE

ORG
LOOP

1800H
IX,OUTBF
SCAN1

C, LOOP
HL, OUTBF
HEX7SG
LOOP

EXAMPLE 4: Convert 3 continuous bytes into 7-segment

display fomat.

display thenm.

1800
1800
1803
1806
1808
1809
180C
180D

180F
1813
1816

1900
1900
1901
1902
1903

110019
210319
0603

DD210319
CDFEO5
76

10
32
54

WO U bW -

Store the results in 1903 - 1908 then

;DISPLAY 3 BYTES IN RAM TO 6 HEXA-DIGITS

ORG 1800H
LD DE, BYTEO
LD HL, OUTBF
LD B,3
LOOP LD A, (DE)
CALL HEX7SG
INC DE
DJNZ LOOP
; CONVERSION COMPLETE, BREAK FOR CHECK
LD IX,O0UTBF
CALL SCAN
HALT
’
ORG 1900H
BYTEO DEFB 10H
DEFB 32H
DEFB 54H
OUTBF  DEFS 6
2
HEX7SG EQU 0678H
SCAN EQU 05FEH
END

The three bytes of binary data are stored in 1900 - 1902.
The user can set a break point at 180F to check if the
conversion is correct before displaying the result.
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EXAMPLE 5: Simulate a police car siren

The sound of a police car siren is simulated by
alternating two different frequencies. Register C controls
the frequency of the sound and register pair HL controls
the length of the sound.

1 ;POLICE CAR SIREN:

1800 2 ORG 1800H
1800 OEOO 3 LOOP LD c,0
1802 21C000 4 LD HL, OCOH
1805 CDE405 5 CALL TONE
1808 OECO 6 LD C,ocoH
180A 210001 7 LD HL, 100H
180D CDE405 8 CALL TONE
1810 18EE 9 JR LOOP

10

11 TONE EQU 05E4

12 END

(1) Low frequency: C=0 (equivalent to 256), HL=COH
(192), so the period is (44+13x256)x2x0.56= 3777
micro-sec.

frequency: 1/3777= 265Hz
length of the sound: 3777 micro-sec x192= ,73sec

(2) High frequency: C=COH (192), HL=100H (256), so the
period is (44+13x192)x2x0.56= 2845 micro-sec.

frequency: 1/2845=352Hz

length of the sound: 2845 micro-sec x256= .73sec
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6. Memory Check
6.1. Check EPROM 0000-O7FF

The sum of all monitor co

ROMTEST at 06A6 uses this property to check the monitor

des is zero. Routine

EPROM.
ROMTEST:
06A6 210000 LD HL, O
06A9 010008 LD BC,800H
06AC CD3105 CALL SUM
06AF 2801 JR Z ,SUMOK
06B1 76 HALT ; IF ERROR
06B2 c7 SMUOK RST 0 ;DISPLAY
0531 AF SUM XOR A
0532 86 SUMCAL ADD A, (HL)
0533 EDA1 CPI
0535 EA3205 Jp PE, SUMCAL
0538 B7 OR A
0539 Cc9 RET

This program calculates the sum of all EPROM codes.

If the result is 00, 'UPF--1"'

The key sequence is as fo

(e =]

is displayed.

llows:

(1) Correct: the display is

UPF--1

(2) Error: HALT LED will come on.
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6.2. Check RAM Region 1800-1FFF

RAMTEST:

0694 210018 LD HL, 1800H

0697 010008 LD BC, 800H

0694 CDF605 RAMT CALL RAMCHK

069D 2801 JR Z , TNEXT

069F 76 HALT ; IF ERROR

06A0 EDA1 TNEXT  CPI

06A2 EAlEQ7 * . JP PE, RAMT

06A5 c7 RST 0 ;DISPLAY 'UPF--1'
RAMCHK :

05F6 78 LD A, (HL)

05F7 2F CPL

05F8 77 LD (HL), A

05F9 7E LD A, (HL)

05FA 2F CPL

05FB 77 LD (HL),A

05FC  BE cP (HL) .

05FD Co RET

This program tests every byte ia region 1800 -
1FF¥. If the byte is good, it continues testing till
all bytes have been tested. If there is any bad byte,
the HALT LED will come on. You can press » [ s
1] to get the address that has the error. Then press
[=] to get the content of that byte. If you want to
continue testing, vou may press [] Ej. The key
sequence is as follow:

[ E=IEEE =]
(1) Correct: is displayed.

(2) .Error: HALT LED will come on.




APPENDIX

A. Display fommat, position-code and internal-code

d p c¢c b a f g e
el &

[ ____J
d p

c

A I CEGEGEhI
1

DISPLAY FORMAT .

COED | Bp 30 9B BA 36 AE AF 38 BF BE 3F A7 8D B3
DATA | O 1 2 3 4 5 6 7 8 9 A B C D

e |01 23 H5 5 TB9 AL LC 4

CODE |8F OF AD 37 89 Bl 97 85 28 23 A3 1F 3E 03
patTA |E F ¢ H I J K L M N G P Q@ R

e \EFLH OJELARN of 9-

CODE |A6 87 B5 B7 A9 07 B6 8A 83 A2 32 02 CO 00

DATA S T U \ W X Y Z ( ) + - ,

e |QEUH U FY S co A - _




Appendix

A-2

1. Position-Code (CALL SCANI) :

1E 18 12 oc 06 Vo
SBR | CBR 0" "1 T '3
1F 19 13 0D 07 01
l__! PQ l4l ?5! l6v l7|
20 1A, 14 0E 08 02
DATA| REG '8! 9" TAY "B
21 1B 15 OF 09 03
v+v ADDR IC! IDI VEI IFV
22 1C 16 10 0A 04
INS | DEL | GO | STEP

23 | 1D 17 11 UB 05
MOVE|RELA | TPWR| TPRD




2. Internal-Code (CALL SCAN) :

15 1A 00 01 02 03 41
SBR CBR 0! T1t T2 '3
11 18 04 05 06 | 07
V_l PC !4' V51 v6l 17Y
14 1B 08 09 0A 0B
DATA| REG '8! "9 TAY ‘B’
10 19 ocC oD OE OF
V+1 A.DDR VCV IDI IEI IFI
16 17 12 13 22 20
INS | DEL GO STEP

1C 1D 1E 1F 23 21
MOVE| RELA| TPWR| TPRD




APPENDIX B

A.

Theory of Hardware Circuit

System Clock

U3a, U3b, and 3.58M Hz crystal produce 3.58MHz signal. This signal
is sent to U2a pin 3 to produce 3.58MHz-+2 = 1.79MHz system clock.

Reset Signal

U2b is used to trim the Reset signal produced by power on or
pressing [~] key. The trimmed RST is sent to CPU and CTC.
RST is sent to the 8255.

Memory Addressing

MREQ Al15 Al14 Al13 Al12 All A10 --- A0 Selected Chip Address
0 0 0] 0 0 X X =---X U6 0000-~OFFF
0 0] 0 1 0 X X ---X u7 2000-2FFF
0 0 0 0 1 1 X =--=-X U8 1800-~1FFF

U6 is the monitor for MPF-I, it may be a TMS2516, or an Intel
2716. U7 is a spare socket for future expansion usage, it

may be a RAM or a ROM, Circuit design is default for 27186,
2516, 2532 (EPROM) when user intends to plug in Intel 2732,

or HM 6116(RAM), he should consult the note on Sheet 4 of the
schematic. U8 is a system RAM, the memory size is 2K bytes.

Input/Output port addressing
U96 (74LS139) is an I/O port decoder.

IORQ A7 A6 Selected I/O Port Address

0 0 0 8255 00 - 03
0 0 1 CTC 40 - 43
0 1 0 PIO 80 -~ 83

Note; I/O port is not fully decoded, e.g. the 16 combinations
00 - 03, 04 - 07, 08 - 0B,.....3C - 3F, all select the s

8255. The CTC & PIO are also selected by 16 different
combinations.




E'

Matrix Keyboard and Display

U1l4 (8255) has 3 I/0 ports, PBO-PB7 control individual segments .«
in a display, Ul15 and Ul2 are segment drivers, PCO-PC5 select which
display is to be activated, Ul3 (75492) is a 6-digit digit driver.

The LED display uses a Multiplexing method, only one is selected
at a time, from right to left. Due to its rapid multiplexing rate.
The displays appear to be on continuously. ‘

Whenever the diaplays are accesed keyboard activity is also
checked via Ul4 (8255) PAO-PA5. If no key is pressed, PAO-PA5
are high, when there is one key pressed, via keyboard scan routine
the CPU will detect which key id pressed. In MPF-I there are

6 x 6 = 36 keys, but only 32 keys are checked through the key
board matrix.

User-Key

The user-key is not assigned a function and is reserved for user's
future use. The state of this key is detected via PA6 of 8255.
via PA6 of 8255.

Audio Tape Interface.

The program or data to be stored in Magnetic Tape is serially

sent out via PC7 of 8255. The filtering & decaying circuit are
composed of C13, R11, C12, R12 and R13. This decayed signal is

to MIC ('"Microphone") inlet of Tape recorder, Q2 drives an LED and
speaker. PC7 is also used as the port for audio output.

A recorded file may be read back to the RAM from the ("Earphone')
EAR outlet of Tape recorder. The input interface circuit is
composed of R14, CR2, CR1 and Cl1l. This circuit converts EAR
inputed signal to TTL level signal and detected by CPU via PA7
of 8255.
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H.

Step, Break point and Monitor Break

PC6 is nommally high. This signal send to RO input of U4 (7490)
will preset U4 output to 0000, and make NMI of Z-80 high.

When PC reach Breakpoint or MPF-I execute single step, PC6 will
output- low, U4 starts counting, after 5th OP code fetch, NMI
becomes low. This will interrupt program execution and jump
back to monitor program.

Logic State of U4 (74LS90)

R9 RO Qa Qd Qc Qb NMI Comment
Nomal State 0 1 O 0 0 o 1 U4 preset to 0000
BREAK becomeslow| O 0 0O O O O 1 RO=BREAK=0
1St MI 0 0 0O 0 0 1 1 7490 Start commting
2nd MI 0 0 0O 0 1 o 1 Qd,Qc,Qb is Mod, 5
3rd MI 0 0 0O 0 1 1 1 Counter
4th MI 0 0 0O 1 0 O 1
5th MI 0] 0 1 0 0 O 0 Qa from O-1

when Qd from 1-0

Pressing ' 1 0 1 1 0 O 0 U4 Preset to 1001
Key | .

After [] key is pressed, R9 of U4 is high, Qa becomes high and
NMI becomes Low. So CPU jump back to monitor program execution
due to nommaskable interrupt.

PIO and CTC

U011 (CTC) and U10 (PIO) are daisy-chained, CTC has the higher

interrupt priority, CTC IEI, PIO IEO, CTC channel signals and PIO

I/O port are reserved on P2 edge connector for user future
expansion.
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APPENDIX C
Z80-CPU Programming reference.




My
MREQ
SYSTEM IORQ
CONTROL —
’ RD
WR
\RFSH
’
HALT
WAIT
cpPU <
CONTROL J—
- INT
NMI
\RESET
CPU —_—
8US BUSRQ

CONTROL BUSAK

+5V
GND

27

19
20
21
22

28.

18

24

16
17

25
23

"
29

CPU PIN-OUTS

280-CPU

30
31
32
33

35
36
37
38
39
40

(2] & jw N

14
15
12

10
13

Az
A3

R S 2 4

Ag
Ao
Ay

A2
A3

A1s

>

ADORESS
BUS

OATA
8US

cA1



MAIN REG SET ALTERNATE REG SET
/\ /\

ACCUMULATOR ACCUMULATOR
A

INTERRUPT MEMORY )

VECTOR REFRESH

g R

INDEX REGISTER IX > SPECIAL
PURPOSE

INDEX REGISTER 1Y REGISTERS

STACK POINTER SP

PROGRAM COUNTER PC )

Z80-CPU
REGISTER CONFIGURATION

GENERAL
PURPOSE

REGISTERS i

C-2




SUMMARY OF FLAG OPERATION

D7 DO
P/
Instruction S |2 H VIN {C | C ts
ADD s; ADCs PIEIX T [X] V]0 [t ] ®bitadd or add with carry
SUBs; SBCs; CPs; MEG { fIX X V]l { | &bitsubtract, subtract with carry, compare and negate accumwiator
AND s iy (xtt{xjrlofo } . R
ORs:; XOR's t {1 x| 4]|x]| P |o|o |flesice operations
INCs Pt x| t{x]| v]o |e | sbitincrement
DECs Vi Ix | x| v|1 |e | 8bitdecrement
ADD 0D,SS e Je |[X | X|X]|® |0 |} | 16bitadd
ADC ML, SS { x| x|x|vio |t 16-bit add with carry
SBC HL, SS VI X X | X ] V[T |} | 16bitsubtract with carry
RLA; RLCA; RRA; RRCA o (e X |0 X |e |0 i1 | Retateaccumulator
Ris: RLCs; RRs; RACS; t ]t xo|x]| P01 | Retateandshift tocations
SLAs;SRAs; SRLs
RLD; RRO P {1 X {0 | X ]| P[0 |e | Rotatedigit left and right
DAA LY IX 3| X ] P e |} | Decimeladjustaccumulator
crL o I» [ X |1 ([X]|]® |1 |[e | Complementaccumulator
SCF e |e | X [0 |X|® |0 |1 | Setcarry
CCF e |eo | X {X|X]|® |0 |} | Complementcarry
INt, (C) 1V X |0 X ]| PO |e® | Inputregisterindirect
INI; IND; OUTI; OUTO X1 [x | x[x]| x{1 o 1\ Block input and output
INIH; INDR; OTIR; OTDR X |1 |X[X]|X|X{|{1 ]|® [JZ=0ifB+ 0otherwiseZ=1
LDI; LDD X[ X|X {0 ]|X] |0 |e [\Becktransfer instructions
LOtR; LDDR X | XX |0 |X]0([{0 e |[IMV=1iBC*0, otherwisa P/V=0
CP{; CPiR; CPOD; CPOR X {4 X [ XIX{4t |1 |e | Blocksearch instructions
Z=1if A=(HL), otherwise Z=0
P/V = 1if BC # 0, otherwisé P/V = 0
LDA I;LDA R f |4 X [0 X |[IFF|0 |® | Thecentent of the interrupt enable flip-flop (I FF) is copied into
the P/V flag
BITh, s X |4 |X FY X ] X|0 | e | Thestate of bit b of location s is. copied into the Z flag

The following petation is used in this teble:

Symbol

deNo

v

I D/ SR VO O

3
2

Operation

CarryRink tiag. C=1 if the operatien produced a carry from the MSB of the operand or result.

Zoro fleg. Z=1 if the result of the operetion 15 zero.

Sign Hag. $=1'if the MSB of the result is one.

Pacity o overfiow fHag. Perity (P) and overflow (V) share the same fiag. Logical operations affect this fiag with the parity of
the resuit while arithmetic operatieas affact this flag with the overflow of the resuit. i P/V holds perity, P/V=1 if the result of
the opesstion is even, P/V=0 if result is odd. If P/V hoids overflow, P/V=1 if the result of the operation produced an overflow.
Malf-carry flag. H=1 if the sdd or subtract eperation produced a carry into o borrow from bit 4 of the accumuwtor.
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 resuit into packed
BCD format following addition or subtraction using operands with packed BCD formar.

The fieq is affected according to the result of the operation.

Tha flag is unchanged by the operation.

The flag is reset by the operation.

Tha Hag is set by the operation.

The flag is a “don‘t care”.

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

P/V flag atfected according to the parity result of the operation.

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

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

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

Any ons of the two index registers IX or IY.

Refresh counter.

8bit value in range <0, 255>

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

8-81T LOAD GROUP

Lo
SOURCE
EXT.L
IMPLIED REGISTER REG INDIRECT | INDEXED JADDR JMME.
i TRIAJBJcJ]o e ] n]L [l @a[oelixafive) n] n
: 00 | FD | 3A |3€
A |eof{eo|re|s |29 |7ale |c |70 7€ |0a{1a]|7E |76 |n |n
51 | sF d ld [n
00 | FD
8 a7 |40 (41 |42 |43 | &4 |45 |46 4 |46 06
d |4 a
00 | FO
c aF | o8 |49 [ 4n |48 [ac | 4D | 4 4 | 4E of
d d n
00 | FD
REGISTER | D 57 |50 |51 |52 |3 |54 |85 (86 56 | 56 1
d d ]
00 | FO
3 SF | 58 |59 | SA |58 | 5¢ | 50 | € SE | SE 1€
¢ |d a
DD | FD
N 6 |60 |61 |62 {63 [es |65 |66 65 | 66 n
d d n
00 | FO
L ¢F | o8 |69 | BA |68 | 6C | 6D | 6E 6E | 6E 2
d d n
(HL m il |n 2|1 ]|n|ns 3%
n
REG
INDIRECT |(BC) 02
(DE) 12
Do| 00| DD| OD| 0D DO | 0D 00
(|x+d1 i l{n|n|n|n|s 3
d |d |d |d |d |d |4 M
INDEXED 1 FO | FO | FO | FO | FD | FO | FD FO
1Y+ 10| n 2 |n|n|n *
d |d |d |a |d |d |a Y
n
EXT.ADOR. | {nn) n
[
| €D
4
IMPLIED
()
R oF




8-BIT LOAD GRO#'™

Symbelic Flags 0p-Code No.of [Ne.of M |Ne.of T
Mnemonic Operation | S [ 2 H P/V[ N | C |78 543 210 Hex Bytes | Cycles | Stases Coemments
L0r,s r-—3 e ol X]oe i X|®o]|eje 01 ¢ 1 1 4 r.s Rey
0¥, n f—n e |l X|o®| X |®|e®je |00 ¢ 110 2 2 17 000 8
- n -~ . 00 C
LD+, (HL) r—(HL) |eo [e] X X|o|e 0 ¢ N0 1 2 7 00 O
LD (IX4d) [r—(IX+d) |® | @ [ X ]| @ | X |[0]| @ 11 011100 Do |3 5 19 o E
01 r 110 100 W
- d - 101 L
LOr(IY4d) [r—{IY+d) j@ @ | X | @ X |®| ®]|e 11111101 FO |3 5 19 m A
01 r 110
-d -
LD (HL), r {(HL) ~r e el X!e®e | X |®|e]le 01110 1 2 7
LO(IX+d), ¢ J(IX+d)=r [® | @ | X | @ | X |®| @] @ 11011101 oo |3 s 19
01 110
- d -~
LDOY+d),r [(IY+d)>r |@ | @ [ X | @ | X | ®| oo [11111101 FO |3 5 19
01 10 ¢
- d -
LD (ML), n (HU~n |® (e[ X|®|X|[e]| o|e 00110110 36 2 3 10
- n -
LO{IX+d),n |(IX+d)=n [® @ | X [ @ | X |® | e 11011101 oo |4 5 19
00 110110 36
- d -
-— N -
LO(iY+d),n ((IY+4d)-n |® | ® [ X | @ | X |® | @ e (11 111101 FD |4 5 19
90 110110 3
- d -
-— n -
LD A, (BC) A~(8C) |o |e [ X |e X |® o e |00001010 0A |1 2 7
LOA.(DE) [A—(DE) | |o|X X{e|eslelooonnon | 14 |1 2 ]
LO A, (nn) A—(n) |o |e X ]e X |®|e|e 00111010 A |3 4 13
- n -
- n -
LD(BC), A~ |(BC)—A e e | X |® X |® | e e |00 000010 02 1 2 7
LD (DE), A (DE)=-A e e | X |® X |® | e e 00010010 42 1 2 7
LD (nn), A {nn) —A o e i X]|e|X|oeo|e!le 00110010 32 3 4 3
- n -
-—n -
LDA,! A~ PLVpX o | X AFF| 0 | (11101101 0 |2 2 9
01 010111 57
LDA R A-R Vit x|o|x urr|o]e 11100100 ED |2 2 9
0t o1 N SF
Lo A 1 ~A o o |Xx|olXx|e]|e e |11 101101 ED |2 2 9
01 000 111 41
LOR A R—-A e o X |® X |® e e |11101101 ED 2 2 9
01 001111 aF

Notes: 1, s means any of the registers A, 8,C, D, E, H, L
IFF the content of the interrupt enabla flip-flop (IFF) is copied into the P/V fiag

Flag Notation: = flag not affected, 0 = flag reset, | = flag set, X = tag is unknown,
= flag is affected according to the result of the operation.

C-5



16-BIT LOAD GROUP
o
PUSH’ AND ‘POP’

SOURCE
. EXT. REG.
REGISTER EXT. |ARDR. | WIDIR.
AF BC DE N sP X Y an inn) (3"
AF F1
€D
" L]
BC n c1
n
"
L]
H €0
R DE L] n )]
E n :
G
1 2 2A
DESTINATION] s HL " " €
T ] L]
E
R 31 £ED
00 FD
78
SP F9 F9 f9 [ "
"
n
Do Do %0
IX il 2A
n N €1
n [
FO | FOD f0
1Y 21 2A
n " 3]
. n n
ED ED n ED 0o FD
EXT. (on) a $3 | . B | 2 n
ADOR. [ n " n n n
n ) n n n
PUSH REG. [+ 11] FD
INSTRUCTIONS IND. (sp) s o o8 & ES ES
NOTE: The Push & Pop Instructions adjust POP I
the SP after every execution. INSTRUCTIONS
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16-8IT LOAD GROUP

Symbohic F 0Op-Cots Re. of |[No.ofM|No.ot T
Maemanic Qperation S|z H P/V| N | C |76 543 210[ Hex Bytes | Cychs | States | Comments
LD dd, nn dd - nn ole| xje| X |e e | 00 ddo 001 3 3 10 ad  Par
- a - 00 8C
- n - 0t DOE
LD IX, nn IX = nn eileol X|Oo | X @ @ e | 11011100 0o 4 4 14 10 HL
00 100 001 21 1 SsP
- n -
- n -
LO 1Y, an 1Y = nn ele | X|o® | X|® |°® el 11 111100 FD 4 4 14
00 100 00t Y3l
- n -
- n d
LOHL () | H —font1) J @ j e i X | @ | X |® @ | 00101 010f 2A 3 5 16
L - (non) - n -
- an -
LD dd, (nn) ddy~(nn+1) ol e | X |[e | X |@® o | @ 17 101 101 ED 4 [} 20
ddp ~(nn) 01 gd1 ON
- n -
- n -
LD 1X, (ne) IXH=(nn+)) f o | | X (@ X [@® e | o]]] 01y 1Y 00 4 6 20
IXL~(nn) 00 101 010 2A
- n -
- n -
LO 1Y, (nn} IYy~(nnd)) [ @@ X | @ X @ o e |11 111 101 FD 4 6 20
1YL =(nn} 00 101 010 2A
- n bd
- n -
LD (on), HL | (nn+1) — H ele|xle|Xx]e e | e]|00100010f 22 3 5 16
(nn) = L - n -
- n -
LD (nn), dd fan+t) ~ddy | o l@ ) x|[® [Xx]|]e® |e | ei11101101] ED 4 6 0
{nn}~dd| 01 ad0 011
- n -
- n -
LO (nn), IX n+t) —IXp| ®jo | X|[® | X}e | e 11 011 100 o0 4 6 20
() = 1Xy 00 100 010} 22
- n -
- n -
LO (nn), 1Y (nn+l) = iYy| s j@ | X e | X|e @ e {11 111 100 FD 4 [ 20
(nn) = 1Y 00 100 010} 22
- n -
- n -
LD $P, HL SP — HL sole X|e | X]|o® |0 e {11 111 001 F9 1 1 [}
LOSP, (X SP - IX ele | X o | X|eo | e |11 011 101 oD 2 2 10
11 111 o0 F3
LD SP, 1Y SP — 1Y ejle | X|o® |X|jeo @ e {11 111101 FO 2 2 10
11 111 001 F9 Qq Pair
PUSH aq (SP-2) —qgr | ®je | X]® | X]|®|°® ® | 11 qq0 101 1 3 n 00 BC
(SP-1) ~ qqy 01 Ot
PUSH IX (SP-2) —iIX  jojo | X]|® |X]e® |° e {11011 100 00 2 4 15 10 HL
(SP-1) = IXy 11 100 101 ES Al AF
PUSH IY (SP-2) —iYp (o |® | X]® | X]e |@® e 111 10 FD 2 4 15
(SP-1) ~ 1Yy 11 1001101} ES
POP qq quy=—(SP+1) | e je | X |® | X te |® | ® |11 qq0 001 1 3 10
agq ~(SP)
POP X IXH=(SP+1) | @ Lo | X 1o I"X }o [® | @11 011101 Do 2 4 14
XL ~(SP) 11 100 001 | E1
POP 1Y IYy=(SP+1) @ je [ X |o | X geo |@ e {11 111 101 FD 2 4 14
1Y —{SP) 11 100 001 § €1

Notes:  dd is any of the register pairs BC, DE, ML, SP
qq is any of the register pairs AF, 8C, DE, HL
(PAIR) ), tPAIR) refer to high order and low order eight bits of the register pair respectively.
eg BC =C AFy=A
Flag Notation: @ = fiag not atfected, 0 = flag reset, 1 = flag sat, X = flag is unknow
Hag is atfected according to the result of the operation
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DESTINATION

EXCHANGES
‘EX’ AND ‘EXX’

IMPLIED ADDRESSING
AF_ [ BC.OEAHL [ m | x | v

AF | o8

BC,
bwpLIED 25 )

HL

oE &
REG. | (sP) &8 | oo | fo
NDIR. 8 | 8

BLOCK TRANSFER GROUP

BLOCK SEARCH GROUP

SEARCH

SOURCE _LOCATION

REG. REG.

INDIR. INDIR.

(HU) (HL

€D ‘LOY’ ~ Load (DE) < (HL) ED ‘cPI

A0 Inc HL & DE, Dec BC Al Inc HL, Dec 8C

ED ‘LOIR’ ~ Losd (DE)=<{HL) ED ‘CPIR" - Inc ML, Dec BC
REG. (0E) B0 Inc HL & DE, Dec BC, Repeat until BC = 0 B1 repeat until BC = 0 or find match
INDIR. ED ‘LDD’ ~ Load (DE) =~ (ML) ED ‘CPD’ - Dec HL & BC

A8 Dec HL & DE, Dec BC A9

ED ‘LDDR’ ~ Load (DE}~{HUL) ED 'CPOR’ — Dec HL & BC

] Dec HL & DE, Dec BC, Repest until BC = 0

89 Repeat until BC = 0 or find mexh

HL points to source
PE points to destination
BC it byte counter

HL points to location in memory
to be compared with accumulator
contents

BC is byte counter




EXCHANGE GROUP AND BLOCK TRANSFER AND SEARCH GROUP

Symbolic Fk’g Op-Code No. of |No.of M|{No.of T
Mnemonic| Operation [S | Z H P/V| N-| C |76 543 210| Hex | Bytes | Cycles | States | Comments
EX DE, HL | DE~-HL e e !  Xj®o | X|e|e e ]11101011| EB 1 1 4
EX AF, AF' | AF —-AF’ e |e| X |®|Xx]|e|e |e 00001 000/ O8 ] 1 4
EXX Cc 8¢ o o | X |® | X|eje|e 1101100 D9 1 1 4 Register bank and
<:\E ~DE'> auxiliary register
HL —=HL’ bank exchange
EX(SP),HL| H ~=(SP+1) [® | @ [ X |® | X | o e | o (11100011 E3 1 5 19
L —(SP)
EX(SP), IX | IXH=~(SP+1){ ® | @ | X |® | X | ® |® [ ® 11011101} DD |2 6 23
IX( —~{SP) 11 100 011 E3
EX(SP),IY | IYy=(SP+1)|® | @ | X |® | X |® |® | ® 117111 101| FD 2 § 23
1Y —{SP) 11 100 011 E3
@®
Lot (DE)—(HL) |o |o | X |O0|{X]|}|0ofe h1101101| ED 2 4 16 Load (HL) into
OE - DE+1 10 100 000{ AO (DE), increment the
HL — HL#Y pointers and
8C - BC1 decrement the byte
ceunter (BC)
LDIR (DE)—HL) (o, e (X |O|X]| 0| O0]e (11101101 ED 2 5 21 tBC#0
DE - DE+1 10 110 000| BO 2 4 16 BC=1¢
HL = HL#1
8C - BC1
Repeat until
BC=0
@
Lop (DE)—(HL) [® o | X O |-x1 } |0 |e 11101101 ED 2 4 16
DE - DE-1 10 101 000| AB
HL = HL1
BC - BC1
LDDR (OE)=(HL) {e o | X |0 |X|0|0|e 11101101 ED 2 5 21 IfBC+0
DE - DEA1 10 111 000| B8 2 4 16 If8C =0
HL = HL1
BC --BC-1
Repeat until
BC=0
: @ ®
cpt A-(HU plyIx | gixii{r{epionio| €0 |2 4 16
HL — HL+1 10 100 001 At
8C - BC1
@ ®
CPIR A - (HU) fpypx x| g1 e prrorior] Ep 2 5 il fBC+ 0and A#(HL)
HL = HL+1 10 110 001 B1 2 4 16 #BC=00rA=(HL)
BC —BC-1
Repeat until
A=(HL) or
BC=0
@ @
cPo A - (HL b1y x ] dIx ity e 101101 ED 2 4 16
HL — HL1 10 101 001| A9
BC - 8BC1
@ )
CPOR A - (HU Pl Ix | t(xf{t)r e o101 ED |2 5 2 It BC#0and A # (HL)
HL — HL1 10 111 001 | B9 2 4 16 IfBC=00r A=(HL)
BC - BC-1
Repeat until
A=(HL or
BC=0
Notes: (1} P/V flagis 0 if the result of BC-1 = 0, otherwise P/V = 1
@ Zflagis 1if A= (HL), otherwise Z = 0.
Flag Notation: ® = flag ot affected, 0 = flag reset, 1 = flag set, X = flag is unknown,

|- flag is affeci®d according to the result of the operation.



8-BIT ARITHMETIC AND LOGIC

SOURCE
REGISTER ADDRESSING REG. INDEXED LMMED.
INDIR.
A 8 ¢ D E H L (HL) | (IX+d) [(1Y+d) n
00 FOD
‘ADD’ 7 ] n 82 83 4 85 86 86 86 cé
d d [}
00 FD
ADD w CARRY 13 a8 ] 8A 88 8c 8D 8E 8E 8E CE
‘ADC’ d d n
1] FO
SUBTRACT L ) 90 n 92 93 9 95 96 96 96 D6
‘Sus’ d d [
0D FD
SUB w CARRY 9F ] 99 $SA 98 9C 90 9E 9€E 9€E DE
'$8C° d d n
0D FO
‘AND’ A7 AD Al A2 A3 M AS AB A6 A6 E6
d d n
0D FO
‘XOR’ AF Al A9 AA AB AC AD AE AE AE EE
d d n
0o FO
‘OR’ » 8o 81 82 83 84 BS 86 86 86 F6
d d n
00 FD
COMPARE | ] 88 89 BA B8s 8C BD 8E BE BE FE
‘cP d d n
[*D] FO
INCREMENT 3C 04 oc 14 10 2 2C 34 34 34
‘INC’ d d
[*]s] FD
DECREMENT 30 05 00 15 10 25 20 35 35 35
‘DEC’ d d
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8-BIT ARITHMETIC AND LOGICAL GROUP

Symbalic Flags 0p-Code No.of |No.ofMNo.of T
Mnemenic | Operstien [§ [Z W | [PV N]C [76 543 218] Hex | Bytes [Cycles |States | Comments
ADD A, r A-A+r t Py Xy xiv]o]y 0@« 1 1 4 r Reg.
ADD A, n A ~A+n titixttixiv|oe| tn@oalno 2 2 7 000 8
-0 - 001 c
010 0
ADDA (HU [A~A+HU | ¢ |t x| ¢! x|v]o] 1t |rof6oa]j110 1 2 7 on E
ADD A, (IX+d) |A=AHIX+d) | $ 1 L[ x| ¢ | x|V ]o]tinornie] oo {3 5 19 100 H
10 (000110 101 L
- d - m A
ADDA, (1Y+d) [A~A+(tv+d) { ¢ |t x| ¢t | xX|{v]o|4 o] fD |3 5 19
10 [0G0] 110
- d -
ADCA,s A-Ass+CY bV xtgrxiviofs sisary of r, n,
SUB's A-A-s it xl by xpvir {010} (HL), (1X+d),
SBCA,s A-A-s-CY [ bt xt b x|v]ir]t 1] (1'Y+d) as shown for
AND's A-A tiy{ x| tix|plofo [100) ADD instruction.
ORs A-Avs t1 s x] ¥ xipflofo ik} The indicated bits
XOR's A~A®s tlsI x| ¢t xyPplojo [o1] replace rhe [000] in
cPs A-s bl tpx] ] xjvir]t [iaT] the ADD set above.
INCre rer+1 t1 i x| sl xjvio]e foo r 1 1 4
INC (HL) (HU=tU+ | PPy x| ¢ x|v]o]e oo 110(i00) 1 3 1"
INC (I1X+d) (1X+d) - bitlx] v x{v|o]e oot oo |3 |6 n
{1X+d)+1 00 110[100)
- d -
INC (1Y+d) {1Y+d) - itpxpeixivioje i) Fo |3 6 23
(1Y+d)+1 00 110{100]
- d
DECs $-5-1 b1t x| xtvir]e not) sis> .y of r, (HL),
(1X+d), (1Y+d) as
shown for INC.
DEC same format
and states as INC.
Replace [100] with
in 0P Code. -

Notes:  The V symbel in the P/V flag column indicates that the P/V flag contains the overflow of the result of the
operation. Similarly the P symbol indicates parity. V = 1 means overfiow, V = 0 means not overflow, P = 1
means parity of the result is even, P = 0 means parity of the result is odd.

Flag Notation: © = flag not affected, 0 = flag reset, 1 = Hlag set, X = flag is unknown.
§ = tiag is affected according to the result of the operation.
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GENERAL PURPOSE AF OPERATIONS

Decimal Adjust Acc, ‘DAA’

Complement Acc, ‘CPL’

¥

Negate Acc, ‘NEG’
’g's complement)

Complement Carry Flag, ‘CCF’

IF

Set Carry Flag, ‘SCF*

n

MISCELLANEOUS CPU CONTROL

‘NOP’

8080A MODE

RESTART TO LOCATION 0038y

00

‘HALT’ 78
DISABLE INT ‘(DI) Fl
ENABLE INT “(EI) F8
SET INT MODE 0 ED
‘M0 46

SET INT MODE 1 ED
‘IM 1 56

SET INT MOOE 2 ED
‘IM 2 SE

INDIRECT CALL USING REGISTER
| AND 8 BITS FROM INTERRUPTING

DEVICE AS A POINTER.
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GENERAL PURPOSE ARITHMETIC AND CPU CONTROL GROUPS

Symbolic Fi Op-Code No.of |No.ofM |MNe.of T
Mpemonic { Operation s|2 H P/V] N[ C |76 543 210] Hex Bytes | Cycles | States Comments
DAA Convertsace, | § 14| X| 81 X|P |® |4 !oo 00 11| 27 |1 i 1 Decimal adjust
content into accumulater
packed B8CD
following add
or subtract
with packed
BGD operands
cPL A-R& ele | x| 1] X|e|t|eJoor0t111] 2F |1 1 4 Complement
accumulstor
] {One's complement)
NEG A=A+t [P x|y x|{v|r]tmrim| ED |2 2 8 Negate acc, {two's
01 000 100| 44 complement)
CCF cy-CY efle | X|X| X|®]0] 4]0 3F 1 1 4 Complement carry.
R flag
SCF cYy-1 e|e | X|0O|X|ej0O]| V001011 37 1 1 4 Set carry flag
NOP No operation| ® (e | X|e | X| e | e | e |00 000 000| 00 1 1 4
HALT CPUhalted [® |® | X|® | X| o [o® | ® 01110110 768 |1 1 4
DI IFF - 0 eje {X|®o [X|o|e|eli1110011] F3 1 1 4
El IFF - 1 eje | Xleo | X|eoie]| e (11111011 FB 1 1 4
M0 Setinterrupt [ ® |® | X |® [ X | ® | e | e 11101 101| ED 2 2 8
mode 0 ' 01 000 110 46
M1 Setinterrupt | ® (@ | X|® | X[ @ | e | @ 1171101 101| ED 2 2 8
mode 1 01 010 110| 56
IM2 Setinterrupt [ @ |® | X |e | X[ e | e | e {11101 101} ED 2 2 8
mode 2 4 01 011 110 5E
Notes:  |FF indicates the interrupt enable flip-flop

CY indicates the carry flip-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.
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DESTINATION

16-8IT ARITHMETIC

SOURCE
o [ oe | m | o x w
TR " » »-
‘ADD" o0 | o0 o0 | op
ADD X p i » »
v 0 | FfO fO 0
(] 1] ) »
ADD WITH CARRY AND w | 0 | 0 | @ | e
SET FLAGS  ‘ADC’ A | sa | sa | A
SUB WITH CARRY AND w | €0 | €0 | €0 | €0
SET FLAGS  ‘SBC’ Iy 52 62 17}
s oo | fo
INCREMENT  “INC (] 13 n n - by
e o0 | fo
DECREMENT  ‘DEC 08 " n | » » | »
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16-BIT ARITHMETIC GROUP

Symbolic F 0p-Code No.of |No.of M{Ne.of T
! Operati TPINT N | C |76 543 218 Hex | Bytss |Cycles | States | Comments
ADD HL s | HL - HL#ss X | X|x[e][ 0]} [00sst 001 1 3 N | Rey.
00 BC
ADCHL s | HL = HL#ss+CY x| x|xtvio|thrwnin| €eo |2 |4 15 |01 DE
01 31 010 10 NL
" sp
SBCHL ss | HL = HLss-CY X|x|{xlvl1]yprionr0]| €0 |2 4 15
01 =0 010
ADD IX,pp. | IX = 1X+pp X|x{x|e|lo]yjpnonin| ooj2 H 15 |pp Reg.
00 pp? 001 00 BC
01 DE
10 1X
1 P
ADDIY.rr |IY ~ 1Y 40r X|{x|x|{e]of|t|[nnn] fo|2 4 15 | Reg.
00 111 001 00 BC
01 DE
10 Y
n SP
INC ss $s -5+ X|o|X|e®| o |e|00ss0 011 1 1 [
INCIX IX - 1X+1 X|e|x|e|e|[eft1011101] DO |2 2 10
00 100 011| 23
INCIY Y - 1Y +1 X|e|x|e]e|et111101| FD |2 2 10
00 100 011| 23
DEC ss 88 - s5- 1 X X |eo | e | e |00ss1 011 1 \l 6
DECIX 1X - 1X-1 X X|e|le|efnonnion| oo |2 2 10
00 101 01| 28
DECIY I¥ - 1Y-1 X[{o|x]e|e|e 116} Fo |2 2 10
00 101 011| 28

Notes: s s any of the register pairs BC, DE, HL, 8P
pp is any of the register pairs BC, DE, IX, SP
rr is any of the register pairs BC, DE, 1Y, SP.

Flag Notation: @ = flag not affected, 0 = flag reset, ! = flag set, X = flag is unknown.

§ = flag is affected according to the result of the operation.
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TYPE
OF
ROTATE
OR
SHIFT

ROTATES AND SHIFTS

Source and Destination

Ale e ol e |n | |Mupxapyal A
00 | D
v €8] CB | cB| cB|ce | cB|ce | calce | ce i
RLC! o7 [ o0 | o1 | 02 |03 | o6 |05 |06 |d | g RLCA) 07
06 | 06 |
00 | FD
| B CB | CB | cB| cB | c8| cB| cB|ce | ca ..
RRC'! oF | o8 | 03 | 0a| 08 | oc| 00| o |d | g RRCAY OF
0f | of
oD | FO
- | €8 | c8|ce|ca|ce|ce|celcelce | ce -
BUC i v m |12 ) 13| vals|16]g | AL 17
16 | 16
00 | 0
wa| CB|CE|cB| cB| cB| ce|ca|celce | ce o
AR vk {18 |19 |1al 18| 1c| 10| 1e]d |4 RRAY 1F
THRY:
TR
| 8| €8 | ca|ce|ce|ce|cefcalca|ce
{202 |2|23|2|25/2|¢ |4
% | 2%
o0 | FO
bsna| €8 | ¢8| cB|ce| ca|cs|ca|cecs|ece
|28 |2 |2a|28|2c| 20| 26 |d |0
% | 2
00 | FD
hsaur| C8 |8 |ca|ce| ce|ce|ce|cefca|cs
3k |38 |39 [3a] 38 |3c|30|3€|d |a
3k | 3
- €0
RLD o
) €0
ARD .
Rotate
m Left Circuler

Rotate
-l =1

Rotate
o — I

Shift
[CY] L= 1<0 Cett arithmatic

- Rotate
[ — ' Rigmt

Shift
o -

Shift
=1 S Logii
0
) S | .
| [b3~bo! !b7-b4!b3-bo| (HL) 'L‘:,':" Digit
ACC

Rotate Digit
Right

CI 3 —C T m

ACC
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ROTATE AND SHIFT GROUP

Symbolic Flags 0p-Code  |No.of|No.of [ No.of
L U] Lr
Mnemonic Opsration $|{Z L VN |[C [76543210 | Hex [Bytes|CycimiStates| Comments
RLCA V-l T=04 ele|x|o|xf{elo|tfoooootnn]or [t |1 |4 |Rotateietr cicular
’ A . accumulator
RLA Cevg=—u14 |e|e|x|o|x|e|o]tloowoin|17 )t |1 [¢ [Rowtert
A accumulator
RRCA @-@ ele X0 {X|®f0]tjoo00r 1| OF /1 |1 |4 |Rotateright circulai
A accumulator
RRA =97 elefxiofxyojofdjooonn 1] 1F |1 |1 |4 |Rotateright
A accumulator
RLCr \ sl d{xjo|x|ejolsfrrootonnfce |2 |2 (8 |Rotatelsttcircular
00 [600] - register r
RLC (HU) t{y]x|of{xlepjolsmoponi{ce|z (& |15 |r Reg.
00 (000} 110 000 8
001 ¢
RLC (1X+d) ?@Z}—@ tlef{xlo{x|p|lo|ypronioijoojse (6 [23 (o0 O
£, (HL), (1X+d), (1Y+d) 11 001 011 CB om 3
-d - 100 H
00 [0G0] 110 101 L
" A
RLC {(1Y+d) | tlefxjoixipfoflgfnmmwmlrjs |6 |23
11 001 011 | CB
- d -
00 [000] 110
RLs .-. f1dfxjoixipPlo]|t 010) Instructien format and
3 Zr,(HL),(IX4d), (1 Y+d) states are as shown for
RLC's. To form new
RRCs @@ ppygxjofx|pjoft| @0 Op-Coda replace [000]
3 =r,(HL),(1X+d),(1Y+d) of RLC's with shown
code
AR =g |4|s|x|o|x|ploft| @D
3 =r,(HL), (1X+d), (1 Y4d)
SLAs CY}—f=—0)=0 |t|{t|{x|0|x|P|o0]|t| (00
s =0,(HL)L(1X+d), (1Y4d)
SRAs t{t(xjolxipio|s| @OV
$=0,(HU, (1X+d), (1 Y+d)
SALs 0-—1¢]—-{Y] t{t{xjofxiplolt| @OF
s =r,(HL),(1X+d),(1Y+d)
RLD A | FABEBt ¢ | 4 {x [0 |x |Plo|einonior| €02 |5 |18 |Route digitiettand
—] 101 101 111 | 6F right between the
accumulator
and focation (HL).
RAD A @mut t{x|o|x|{p|o|epnioriot]enf2 |5 [18 |Thecontentofthe
1100 111 | 67 upper haif bf the
accumulator is
{ unaffected

Flag Notation: @ = fiag not affected, 0 = flag reset, 1 = flag set, X = flag is unknown,
{ = flag is affected according to the result of the operation.
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BIT MANIPULATION GROUP

REGISTER ADDRESSING l::% INDEXED
ar | A ) c D 3 W L ML) (1xed) | (iY+a)
e | c8 |c8 |c8 [ce [ca | ce 8 | % | cs
O 14 |4 | & 2 | e “ 45 % g ¢
8 | c8 |c8 | cB |[ce |cB | cB s | 28 | &8
' 14 |48 |49 [ aa |48 |ac [0 | e | 9 q,
e | c8 | c8 | c8 |c8 | c8 | ce 8 | 2 | cs
2 57 50 51 52 53 5% 56 56 2 2
: c8 c8 cB c8 c8 c8 c8 c8 o0 4
TEST 5F 58 59 5A 58 5C 50 SE o Se
BT 6 |cB |cB |c8 |c8 |cB |c8 | c8 | 25 | s
4 67 60 61 62 63 64 65 66 % %
. 8 cB c8 c8 c8 c8 c8 c8 25 131
d d
8F €8 69 6A 68 5C 60 6E Y s
6 c8 c8 c8 c8 cB c8 cB c8 2 ch
d d
n 70 n n 3 7 75 76 I g
, c8 8 cB c8 cB c8 cB c8 o0 £
7F 8 79 1A 78 c 0] 7€ Je Je
) c8 c8 cB c8 c8 | cs c8 cB oo 43
87 80 81 82 83 8 85 86 %e E,
1 c8 c8 c8 c8 c8 c8 c8 c8 ce cs
d d
8F 88 89 8A 88 8c 80 8E B¢ 5
, c8 c8 c8 c8 c8 c8 t8 c8 25 co
a
87 30 9 92 93 % 85 96 e 3
) c8 c8 c8 c8 c8 c8 c8 cB 2p 8
RESET 9F 98 99 9A 98 9C 0 9E o€ o€
BIT . 8 | c8 |c8 | cB |c8 |c8 | cs e | 25 | &8
. U o
RES A7 A0 Al A2 A3 A4 AS A6 as Z‘% L
5 c8 c8 c8 c8 c8 c8 cB c8 co ce
AF AB A9 AA | AB AC AD AE I ‘e
6 c8 c8 cB c8 c8 c8 c8 c8 S 8
d d
87 80 81 B2 83 84 85 8 | g¢ ¢
; c8 c8 c8 c8 c8 c8 c8 c8 3 0°
8F 88 B9 BA B8 8C 80 BE d <
o c8 c8 c8 c8 c8 c8 c8 c8 §3 5:3
7 co 1 c2 c3 ) cs c6 4 de
. c8 c8 c8 c8 c8 8 c8 c8 §§’ ::3
CF c8 o cA c8 cc co CE a4 g
2 c8 c8 c8 c8 ] cB c8 c8 :‘;?E §8
07 00 D1 02 03 04 s 06 ‘e 2e
3 c8 c8 c8 cB c8 c8 c8 c8 op @
SET oF 08 09 DA | DB oc 00 oE | ¢ a4
o ¢ |[ce |[c8 |c8 |ce |cB |ce ce | 20 | &
SET” 4
3] EO 3 3 £3 E4 €5 €6 e 26
s c8 c8 ce c8 cB ] c8 c8 §3 ?3
EF 3] £9 EA €8 EC ED EE d . I
6 c8 c8 cB c8 c8 c8 c8 c8 oo £
F7 0 F1 F2 2] Fa F5 F6 a d
) c8 8 | c8 8 c8 ) c8 s | 2% 34
FF F8 F9 FA | FB FC FO FE | G e
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BIT SET, RESET AND TEST GROUP

Symbolic F 0p-Code No. of |Wo.ofM|Nael T
™ Operation [ S [ Z W PV 76 543 210] Hex | Bytss [Cycies [States | Comments
BITbr Z-Ty x4 x| v x]x 11001 011 cB |2 2 ] r Reg.
01 b r 000 8
BITh, (P00 [Z-THDy | X | 4| x| V| x|Xx 1Mol c8 |2 3 12 o0 ¢
01 b 110 010 ]
BITD, UX¢dly |Z-0X+dly | X | 4| X| 1| X|X 11 011 101 DO |e 5 20 on E
11 001 011] CB 100 H
-d - 10 L
01 b 110 m A
b Bit Tested
BYb, (1Y+dly |Z-(1V+dly | X | | X| 1| X|X 11 111 101} FO |4 5 20 000 0
11 001 011 €8 001 1
- d - 010 2
0 b 11Q o 3
100 4
101 5
1o 6
m ]
SET b, ¢ y - 1 ool xX|eofx|e 11 001 011 €8 |2 2 8
b r
SETH, (HU  {(HUp -1 | | e x| e Xx]|e Emon c8 |2 4 15
b 110
SETD, (IX+d) |(iX+d)p -1 |® [ @] X| ®| X|® 11 011 101 0O |4 6 23
11 001 011 CB
- d -
il o 1o
SETD, (1yed) |liv+dlp -1 | e [ e x| o | x!oe 1111101 FO |4 6 23
11 001 011| CB
- d -
i o 110
RESDH, s {sb - 0 [10] To torm new Op
=, (HL), Code replace [11)
(1X+d), of SET b, s with
{(1Y+d) [[@ Frags and time
states for SET
instruction
Notes:  The notation s}, indicates bit b (0 to 7) or location s.

Flag Notation:

} = flag is attected according to the result of the operation.

© = flag 10t affected, 0 = flag reset, 1 = flag set, X = flag is unknown,
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JUMP GROUP

CONDITION
N PR - P R A A R A
IMMED OB B Sl AT |¥A
JUMP ‘P’ EXT ' nn [ ] ] [ ] n ] n n n L]
: n .1 [] [] L] n ] ] L]
0P 18 38 30 | 28 20
JUMP )P RELATIVE [PC+e e-2le-2]e-21e-2] e-2
JUMP P’ (HL) | &8
AN
- REG. 4]
MNP 4P INDIR. (x) €9
0pr FD
Jume Jp (3 4] 9
DECREMENT B, 10
JUMP IF NON | RELATIVE |PC+e 2
ZERD ‘DNJZ’ e
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JUMP GROUP

Symbalic F Op-Code No.of | No.of M{No.of T
Mremonic | Operstion [ S 2 ] PN ] C |76 523 210] Hax | Bytes [Cycles | States | Comments
JPnn PC -~ nn ®je | X|®o | X|[eo e e 11000011 C3 |3 3 10 i} ’
- n -
- n - cc | Condition
JPcc, nn If conditionce [ ® | o | X o | X|o® | o |o [11 ¢ 010 3 3 10 000 | NZ non zero
is true PC - nn, - n - 001 {Z zer0
otherwise - n - 010 | NC non carry
continue 011 | C carry
100 | PO parity odd
101 | PE parity even
110 |P sign positive
JRe PC~PC+e ¢je | Xle | X ® e |e |00011000 18 |2 3 12 111 | M sign negative
- ..2 -
JRC,e iC=0, e ile | X|e ! X|e le e (00111000 38 |2 2 7 If condition not met
continue -2 -
ItC=1, 2 3 12 If condition is met
PC - PC+e
JRNC, ¢ Cc=1, @ e[ Xi®e | X|e | |e (00110000 30 |2 2 7 it condition not met
continue - e2 -~
fC=0, 2 3 12 It condition is met
PC - PC+s
JRZ e ¥2=0 @ |e  X|® ! X|e e e 100101 0C0! 28 |2 2 } If condition not met
continve -2 -
Z=1, 2 3 12 If condition is met
PC =~ PC+e
JRNZ e f2Z=1, ® .2 | X|®e X|® (& |[e (00100000 20 | 2 2 7 If condition not met
continue ’ -2 -
Z=0, 2 k] 12 If condition is met
PC ~ PCre

JP(HL; 20 - HL

FLat ¥ PC - 1X
i

JP (1Y) PC - 1Y

DINZ, e B - 81

1tB =0,
continue

§

1848,
|PC = PCte

.-,x-yeo-nvmomssvlp

e isixle | X]e lefe 1oy opol2 l2 g
11101 001 E9
ejejx|alx e olslttites] e, 2 |2 8
11 101 61 59

e e | Xie | X|e |s |e 100010000 10 | 2 2 8 f6=0
- 2 -

3 13 840

i 2

Notes: e represents the ex:ension in the relative addressing mode.
e is 3 signed two's complement number in the range <126, 129>

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

Flag Notation: ® = flag not affected, "0 = flag reset, 1-= fiag set, X = flag is unknown,
{ = flag is affected according to the result of the operation.

C-21



CALL AND RETURN GROUP

CONDITION
UN- NON NON [PARITY |PARITY | SIGN | SIGN REG.
COND. |CARRY |CARRY | ZERO | ZERO | EVEN | 00D NEG. | POS. BY0
) ) IMMED. co 1] o4 cc [~ ] EC E4 FC F4
CALL nn L] [] L] n ] n a n []
EXT.
R n n n L) n n n n
RETURN REGISTER | (SP)
'RET’ INDIR. (SP+1) cs os 0 a g & & i Fo
RETURN FROM |REGISTER | (SP) EO
INTRETV’ INDIR. (SP+1) 40
RETURN FROM | oecisTer | (sp) | ED
NON MASKABLE INDIR (sp+1) | a5
INT ‘RETN’ )
NOTE — CERTAIN .
FLAGS HAVE MORE
THAN ONE PURPOSE.
REFER TO 280-CPU
TECHNICAL MANUAL
FOR DETAILS.
RESTART GROUP
or
CODE
0000y c ‘RST 0"
0008y CF ‘RST 8
C
A 0010y 2] ‘RST 16’
L
L
0018y Of ‘RSY 24’
A
0
1] 0020y 3 ‘RST 32
R
E
3 0028y EF ‘RST 40’
S
0030y (2] ‘RST 48’
0038y FF ‘RST 56°
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CALL AND RETURN GROUP

Symbolic Flags 0p-Code No. of [No.ofM/Me.of T
Mnemonic | Operation $12Z ] PV 78 543 210] Hex | Bytes [Cycles |States | Comments
CALL nn Bp1) -pPCyf e [l XJo [ X|o]e 11 001 108] CD |3 5 17
(SP-2) - PC - n -
PC - nn - n -
CALLce, nn|ifcondition (@ | @] X}|® | X} e e 11 cc 100 3 k] 10 if cc is fatse
cc is false - n -
continue, - - 3 5 1 if cc is true
otherwise
same as
CALLnn
RET PC ~(SP) |® || X o X|e@ 6@ 11 001 001 C9 |1 3 10
Pc.,."spﬂ)
RET cc ifcondition | | o X | ® | X]|® e 11 cc 000 1 1 ) if cc s false
cc is false
continue, 1 3 1" If cc 15 true
otherwise c¢_ | Condition
same a3 000 | NZ  non zero
RET 0ot | Z zero
) 010 | NC  noncarry
RETI Returnfrom | @ (@ | X | ® | X | o | e 11 101 101 ED |2 4 14 01| C carry
interrupt 01 001 101} 4D 100 | PO panty odd
RETN! Returnfrom | @ [o | X | @ | X | @ @ 11 101 10Y| kD |2 4 14 101 | PE parity even
non maskable 1 000 101 45 110 | P sign positive
interrupt Mmim $1gN negative
RSTp (SP1) =PCyl® (@ | X|®  X|® 6@ n - m 1 3 1"
(SP-2) - PC
PCy - 0
PCL - p
t e
000 | O0H
001 | 08H
016 | 10H
011 | 18H
100 | 20K
101 | 28H
110 | 30H
111 | 38H

VRETN loads IFFy = IFF,

Fisg Notation:

® = fiag not atfected, 0 = flag reset, 1 = flag set, X = flag is unknown,

= flag 1s affected according to the result of the operation.
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INPUT GROUP

PORT ADDRESS
REG.
IMMED. |\ iR,
n (C
R 08 ED
E A [ ] 18
] ED
8 40
A ED
D. c 48
) . ] €0
iNPUT "IN R ] 50
£ En
s t 58
INPUT s " EO
DESTINATION | 60
N ED
G t 68
‘INK - INPUT & ED
Inc HL, Dec B A2
‘INIR’ = INP, Inc HL, ED
Dec B, REPEAT IF B#0| REG. U 82 BLOCK INPUT
IND' ~ INPUT & INDIR ED " COMMANDS
Oec HL, Dec B AA
‘INDR’ - INPUT, Dec HL €0
Dec B, REPEAT IF B0 8A
OUTPUT GROUP
SOURCE
REG.
REGISTER IND.
A | 8 c D E H L (HLY
IMMED. n :3
out REG. | o | €0 €0 | E | | e0 |0 | 0
IND. 19| & 49 51 59 61 69
‘OUTI - OUTPUT REG. © 0 |)
Inc HL, Dec b IND. A3
"OTIR' - OUTPUT, Inc HL, |REG. o €D
Dec B, REPEAT IF B#0 IND. B3 || BLOCK
‘0UTD’ - OUTPUT REG. © €0 ouTPUT
Dec HL Dec B IND. AB COMMANDS
‘OTDR'-QUTPUT, Dec HL |REG. © €0
Dec B, REPEAT IF B#0 |IND. 8B
N
PORT
DESTINATION
ADDRESS
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INPUT AND OUTPUT GROUP

Symbolic iygs 0p-Code No.ot |No.ofM |No.of T
M Opsration [§ [ Z W] [PIV[N 76 543 210] Hex | Bytes' |Cycles [States | Comments
INA, (n) A - (n) oo /X |® |X|o®|e 11011 01t} DB |2, 3 n ntoAg ~ Ay
- - n - Acc 10 As ~ AIS
INr, (O T - (0 tisX|y|x]PJo 11 101 101} ED |2 3 12 CtoAg ~ Ay
ifr=1100nly 01 r 000 BtoAg~ Ayg
the tHags will
be affected
Q)
INI (HL) - (C) XX | x| |x] x| 1101 100 ED |2 4 16 CoAg~ Ay
B-B1 10 100 010 A2 BtoAg ~ Ayg
HL = HL+1
INIR (HL) - (C) XPVU X | X[ X]| X{1 11 101 101} €D |2 ) 21 CtoAg~ Ay
B~-8B-1 10 110 010 B2 (1t 8 #0) Btosg~ Ays
HL - HL+1 2 4 16
Repeat until (18 = 0)
B=0
®
IND (HL) - (C) XX x|{x|x] 11101 101 ED |2 4 16 CloAg~ Ay
B ~8B-1 10 107 010 AA BtoAg~ Ayg
HL - HL-1
INDR (HL) - (C) XX |ix|xi x| 11 101 101 ED |2 s 2 Cto Ag ~ Ay
B -8-1 10 111 010] BA (if B #0) BtoAg~ Ayg
HL - HL-1 2 4 16
Repeat untii (1t 8 = 0)
B=0
OUT(n), A | (nl~A e e X |eiX|eo]|e 1mowon| o3 |2 3 n nto Ag ~ Ay
Acc 1o Ag ~ Ayg
QUT(Chr |(C) = o |o (X |(®o X|o®]|e 11101 101| ED |2 3 12 CtoAg ~ Ay
01 ¢ 001 Bto Aa""A‘s
®
ouT| (C) ~ (HU) XX IXix]| x|t 11100 10| €D |2 4 16 Cto Ag ~ Ay
B -8-1 10 100 011} A3 Bto Ag~ A5
HL = HL+1
OTIR (C) = (HL) X{1 (X [Xxix|xj1 11101 101 ED |2 5 2 Cto Ag~ Ay
B-8-1 10 110 011} B3 Kif B #0) B1to Ag ~ Ayg
HL - HL+1 2 4 16
Repeat until #8=0)
B=0
O)
ouTD (C) = (HL) X[ 44X {X{ix] xi1 11101 101 ED |2 4 16 Cto Ag~ Ay
B-8-1 10 101 011 AB Bto Ag ~ Ag
HL - HL-1
OTDR (C) = (HO) X{1V X [ X|X| x|t 11 101 101} ED |2 5 bl CtoAg~ Ay
B ~-B-1 10 111 011 BB {1t 8 #0) BtoAg~ Ay
HL - HL-1 2 ) 16
Repeat until 1f8=0)
B=0

Notes: (D If the result of B - 1 s zero the Z fiag is set, otherwise it is reset.

Flag Notation: @ = tiag not affected, 0 = flag reset, 1 = flag set, X = fiag is unknown,
§ = flag is sffected according to the result of the operation.
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Z80—-CPU

INSTRUCTIONS
SORTED BY
OP-CODE
08J SOURCE
CODE STATEMENT
au NOP
018405 LC BC NN
02 LD (BC)LA
03 INC BC
04 INC B
05 DEC 8B
0620 Lo B8N
07 RLCA
08 EX AF,AF’
09 ADD HL BC
0A LD A,(BC)
o8 DEC BC
ocC INCC
0D DECC
0€20 LDCN
OF RRCA
102E DJNZ DIS
118405 LD DE,NN
12 LD (DE).A
13 INC DE
14 INCD
15 DECD
1620 LDDN
17 RLA
182¢ JR DIS
19 ADD HL,DE
1A LD A, (DE)
18 DEC DE
1C INCE
1D DECE
1E20 LD EN
1F RRA
202E JR NZ DIS
218405 LD HL NN
228405 LD (NN) HL
23 INC HL
24 INCH
25 DECH
2620 LD HN
27 DAA
bosmtnn

29 ADD HL HL

2A8405 LD HL,(NN)

2B DEC HL

2C INC L

2D DEC L

2€20 LOLN

2F CPL

302€ JR NC,DIS

318405 LD SP.NN

328405 LD (NN) A

33 INC SP

34 INC (HL)

35 DEC (HL)

3620 LD (HL),N

37 SCF

382E JR C,DIS

39 ADD ML, SP

3A8405 LD A (NN)

38 DEC sP I

3C INC A

30 DEC A

3€20 LD AN

3F CCF

40 LD 8B

41 LbB.C

42 Lospb

43 LDBE

44 LD B,H NN

45 LDB,L

46 LD B.(HL)

47 LD B A

48 Locs

49 LbccC

aA LtbDCD

48 LDCE

4C LDCH

40 LDCL

4E LD C,(HL)

4F LDCA

50 LD DB

51 LDD,C

52 LODD

53 LDDE

54 LDDH

55 LDD.L

56 LD D,(HL)
_57 LDDA

LD H,(HL)
LD H,A
LD LB
Lo L.C
LD LD
LD L.E
\DLH
LoLL
LD L,(HL)
LDL.A
LD (HL),B
LD {HL),C
LD (HL),D
LD (HL).E
LD (HL)H
LD (HL)L
HALT

LD (HL),A
LDAB
LDAC
LDAD
LDAE
LD AH
LD AL
LD A, (HL)
LD A A
ADD A B
ADD A,C
ADD A,D
ADC AE
ADD A H
ADD AL
ADD A (HL)
ADD A A

C-26



ADCAB
ADCA.C
ADCAD
ADCAE
ADC A H
ADCA.L
ADC A, (HL)
ADCAA
sug 8
suB C
suB D
SUBE
SUB H
suB L
SUB (HL)
SuUB A
SBCAB
SBCAC

SBCAD

SBC AE
SBC A H
SBCA.L
SBC A, (HL)
SBC A.A
AND B
AND C
AND D
AND E
AND H
AND L
AND (HL)
AND A
XOR 8
XOR C
XOR D
XOR E
XOR H
XOR L
XOR (HL)
XOR A
OR B
QrRC

OR D
ORE
ORH

OR L

OR (HL)
OR A

crB

cpPC

cPD

CPE

CPH

cPL

CP (HL)
cPA

RET N2
POP BC

JP NZ,NN
JPNN
CALL NZNN
PUSH BC
ADD AN
RST O

RET Z

RET

JP ZNN
GALL ZNN
CALL NN
ADC AN
RST 8

RET NC
POP DE
JPNC,NN
OUT (N)A
CALL NC.NN
PUSH DE
SUB N

RST 10H
RETC
EXX
JPCNN

IN A,(N)
CALL CNN
SBC AN
RST 18H
RET PO
POP HL

JP PONN
EX (SP),HL
CALL PONN
PUSH HL
AND N
RST 20H
RET PE

JP (HL)

JP PE,NN
EX DE,HL
CALL PE,NN
XOR N
RST 28H
RET P
POP AF
JPPNN
DI

CALL P.NN
PUSH AF
ORN
RST 30H
RETM
LD SP.HL
JP M.NN
El

CALL M\NN
CPN

RST 38H
RLCB
RLCC
RLCD
RLCE
RLCH
RLC L
RLC (HL)
RLC A
RRC B
RRCC
RRC D
RRC E
RRC H
RRC L
RRC (HL)
RAC A
RL B
RLC
RLD
RLE

RL M
RLL

RL (HL)
RL A

RR 8

RR C

RR D
RRE




RR H

CB1D RR L
CB1E RR (HL)
CB1F RR A
cB20 SLAB
CB21 SLAC
cB22 SLAD
cB23 SLAE
cB24 SLAH
CB825 SLA L
CB26 SLA (HL)
cB27 SLA A
cB28 SRA B
cB29 SRA C
CB2A SRA D
c828 SRAE
cB2C SRA H
CB2D SRA L
CB2E SRA (HL)
CB2F SRA A
cB38 SRL B
CB39 SRLC
CB3A SRL D
€B3B SRLE
CB3C SRLH
CB3D SRL L
CB3E SRL (HL)
CB3F SRL A
CB40 BIT 0.8
cBa1 BIT0,C
CB42 BIT 0.D
cBa3 BIT O,E
cBaa BIT O.H
CBaS BITO.L
CB46 BIT 0.(HL)
cBa7 BIT 0,A
cBag BIT1.8
CB49 BIT1.C
CB4A BIT1,D
CB4B BIT1,E
cB4C 8IT 1,H
CB4D BIT1L
CBAE BIT 1,(HL)
CB4F BIT1,A
CBS50 BIT 2.8
CB51 BIT 2.C
CB52 BIT 2.0
L ces3 BIT 2,E

BIT2,H
BIT2,L
BIT 2,(HL)
BIT 2,A
BIT 3.8

"BIT3,C

8IT3.D
BIT 3E
BIT3H
BIT3.L
BIT 3,(HL)
BIT 3.A
BIT48B
BIT4C
8IT4D
BIT4.E
BIT-4 H
BITA4L
BIT 4,(HL)
BIT4,A"
B8ITS58
BITS.C
BITS5D
BITS,E
BITS5.H
BITS,L
BIT5,(HL)
BITS5.A
BIT 6.8
BIT6,C
BIT 6.D
BIT 6.E
BIT 6,H
BIT 6,L
BIT 6,(HL)
BIT 6,A
8IT?7.8
BIT7.C
BIT 7.0
BIT 7.E
BIT7H
BIT7.L
BIT 7.(HL)
BIT7.A
RES 0B
RES 0,C
RES 0D
RES OE

RES O.H
RESO,L
RES 0,(HL)
RES 0,A
RES 1,8
RES 1,C
RES 1.0
RES 1,E
RES 1.H
RES1.L
RES 1,(HL)
RES 1A
RES 2.B
RES 2,C
RES 2.0
RES 2,E
RES 2.H
RES 2,L
RES 2,(HL)
RES 2,A
RES 3.8
RES 3,C
RES 3.0
RES 3.E
RES 3.H
RES 3L
RES 3,(HL)
RES 3.A
RES 4,8
RES 4.C
RES4.D
RES 4.E
RES 4.H
RES4,L
RES 4,(HL)
RES4.A
RES5.B
RES5,C
RES 5.0
RESS,E
RES5.H
RESS5,L
RES 5,{HL)
RES 5,A
RES 6,8
RES 6,C
RES 6,0
RES 6,E
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RES 6,H
RES 6,L
RES 6,(HL}
RES 6,A
RES 7.8
RES 7.C
RES 7.D
RES 7.E
RES 7.H
RES7.L
RES 7.(HL)
RES 7.A
SET 0,8
SET0.C
SET 0,0
SET 0.E
SET O.H
SETO.L
SET 0,(HL)
SET0.A
SET 1,8
SET1.C
SET 1.0
SET 1E
SET 1.H
SET 1L
SET 1,(HL)
SET1,A
SET 28
SET2.C
SET 2D
SET 2.E
SET 2,H
SET 2L
SET 2,(HL)
SET2,A
SET38
SET 3.C
SET 3.D
SET 3.E
SET 3.H
SET3.L
SET 3,(HL)
SET 3,A
SET 4,8
SET4,C
SET 4D
SET 4.E

CBE4
CBES
CBEG6
CBE7
CBES
CBE9
CBEA
CBER
CBEC
CBED
CBEE
CBEF
CBFO
CBF1
CBF2
CBF3
CBF4
CBF5
CBF6
CBF7
CBF8
GBF9
CBFA
CBFB
CBFC
CBFD
CBFE
CBFF
DDO9
DD19
DD218405
DD228405
DD23
DD29
DD2A8405
DD28
DQ3405
DD3%05
DD360520
DD39
DD4605
DD4E0S
DD5605
DDSE05
DD6605
DD6EO0S

. DD7005

ND7105

SET 4.H
SET 4.L
SET 4,(HL).
SETA4.A
SETS.B
SET5.,C
SET 5.0
SETS.E
SET5.H
SETS5,L
SET 5,(HL)
SET5,A
SET 6.8
SET 6.C
SET 6,0
SET 6.E
SET 6,H
SET 6,L
SET 6,(HL)
SET 6.A
SET 78
SET 7.C
SET 7.0
SET 7.E
SET7.H
SET7,L
SET 7.(HL)
SET 7.A
ADD 1X,BC
ADD IX,DE
LD IX,NN
LD (NN).IX
INC 1X
ADD IX,IX
LD IX, (NN)
DEC IX

INC (1X+d)
DEC (1X+d)
LD (1X+d).N
ADD 1X,SP
LD B,(1X+d)
LD C,(1X+d)
LD D,(1X+d)
LD E,(1X+d)
LD H,(1X+d)
LD.L,(1X+d)
LD (1X+d).B
LD (1X+d).,C

DD7205
DD7305
DD7405
DD7505
DD7705
DD7E05
DD8605
DDBEOS
DD9605
DD9EDS5
DDA605
DDAEOS
DDB605S
DDBEOS
DDE1
DDE3
DDES
DDE9
DDF9
DDCBO0506
DDCBOS0E
DDCBO0516
DDCBOS1E
DDCB0526
DDCBO52E
DDCBOS3E
DDCB0546
DDCBO54E
DDCB0556
DDCBO55E
DDCB0566
DDCBO56E
DDCBO0576
DDCBO57E
DDCB0586
DDCBOS8E
DDCB0596
DDCBO59E
DDCBO05A6
DDCBO5SAE
DDCBO5B6
DDCBOSBE
DDCBO05C6
DDCBO5CE
DDCBO5D6
DDCBO5DE
DDCBOSE6
DDCBOSEE

LD (1X+d),D
LD (IX+d)E
LD (I1X+d) H
LO (IX+dr L
LD (IX+d) A
LD A,(I1X+d)
ADD A, (1X+d)
ADC A, (1X+d)
SUB (I1X+d)
SBC A, (1X+d)
AND (I1X+d)
XOR (1X+d)
OR (IX +d)
CP {I1X+d)
POP IX

EX (SP) IX
PUSH IX

JP (1X)

LD SP.IX
RLC (I1X+d)
RRC (1X+d)
RL (1X+d)
RR (1X+d)
SLA (1X+d)
SRA (IX+d}
SRL {1X+d)
BIT 0,(iX+d)
BIT 1,(1X +d)
BIT 2,(1X+d)
BIT 3,(1X+d)
BIT 4,(1 X+d)
BIT 5,(1X+d)
BIT 6,(1X+d)
BIT 7 (1X+d)
RES 0,(IX+d)
RES 1,(1X+d)
RES 2,(1X+d)
RES 3.(IX+d)
RES 4.(1X+d)
RES 5.(I1X+d)
RES 6.(I1X+d)
RES 7,(1X+d)
SET 0.(I1X+d)
SET 1,(1X+d)
SET 2,(1X+d)
SET 3,(1X+d)
SET 4,(1X+d)
SET 5,(1X+d)
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DDCBO5F6
DDCBOSFE
€D40
EDA
ED42
EDA438405
ED44
EDA4S
EDA46
ED47
EDA48
ED49
ED4A
€DA4B840S
ED4D
EDS50
ED51
EDS52
EDS538405
EDS6
EDS7
EDS8
ED59
EDSA
ED588405
EDSE
ED60
ED61
ED62
ED67
ED68
£D69
ED6A
ED6F
ED72
ED738405
ED78
ED79
ED7A
ED7B8405
EDAO
EDA1
EDA2
EDA3
EDAS8
EDA9
EDAA
EDAB

SET 6.(1X+d)
SET 7,{IX+d)
IN B.(C)
ouT (C).8
SBC HL ,BC
LD (NN),BC
NEG

RETN

MO

LD LA

IN C,(C)
ouT (C).C
ADC HL BC
LD BC.(NN)
RETI

IN D.(C)
ouT (C),0
SBC HL,DE
LD (NN),DE
M1

LD AL

IN E (C)
OUT (CLE
ADC HL.DE
LD DE,(NN)
M2

IN H.(C)
OUT (C)H

RLD
SBC HL,SP
LD (NN) SP
IN A,(C)
OuUT (C)A
ADC HL,SP
LD SP.(NN)
LDt
o]
INI
ouTi
LDD
cPD
IND
ouTD

EDBO

§ EDB1

EDB2
EDB3
EDBS8
€EOB9
EDBA
EDBB
FDO9

! FD19

FD218405
FD228405
FD23
FD29
FD2A8405
FDO28
FD3405
FD3505
FD360520
FD39
FDA4605
FDAEOS
FD5605
FD5E05
FD6605
FDGEOS
FD7005
£D7105
FD7205
FD7305
FD7405
FD7505
FD7705
FD7E05
FD8605
FDBEOS
FD9605
FDIEOS
FDAG05
FDAEOS
FDB605
FDBEOS
FDE1
FDE3
FDES
FDE9
FOF9
FDCBO506

LDIR

CPIR

INIR

OTIR

LDDR
CPDR

INDR
OTDR

ADD 1Y BC
ADD.1Y DE
LD 1Y ,NN
LD (NN),IY
INC1Y
ADD Y 1Y
LD 1Y (NN)
DEC Y

INC (1Y +d)
DEC (1Y +d)
LD (1Y+d),N
ADD 1Y, SP
LD B,(1Y+d)
LD C.(1Y +d)
LD D, (IY+d}
LD E.(1Y+d)
LD H,(1Y+d)
LD L,(1Y +d)
LD (1Y+d),B
LD (1Y+d).C
LD {IY+d),D
LD (1Y+d).E
LD (1Y+d) H
LD (1Y+d),L
LD (1Y +d) A
LD A (1Y +d)

ADD A (1Y+d)

ADC A_{1Y+d)
SUB (1Y +d)
SBC A.(1Y+d)
AND (1Y +d)
XOR (1Y+d)
OR (1Y+d)
CP (1Y+d)
POP IY

ex {sP.1v
PUSH IY

P Y)

LD SPIY
RLC (1Y+d)

FDCBOSOE.
 FDCBO516

FOCBOS1E
FDCB0526
FOCBO52E
FDCBOS3E
FDCB0546
FDCBOS4E
FDCB0556

| FDCBOS5E

FDCBO0566
FDCBOS6E
FDCB0576

j FOCBO5S7¢

FDCB0586

FDCBOSBE:

FDCB0596
FDCBOS9E
FDCBO5A6
FDCBOSAE
FDCB0586
FDCBOSBE
FDCBO5C6
FDCBO5CE
FDCBO5D6
FDCBOSDE
FDCBOSEG
FDCBOSEE
FOCBO5F6
FDCBOSFE

RRC (1Y+d)
RL (1Y +d)
RR (1Y +d)
SLA (1Y+d)
SRA {1Y+d)
SRL (1Y +d)
BIT 0,(1Y+d)
BIT 1,(1Y+d)
BIT 2,(1Y +d)
BIT 3,{lY+d)
BIT 4,(1Y+d)
BIT 5,(1Y+d)
BIT 6,(1Y +d)
BIT 7,(1Y+d)
RES 0,(1Y+d)
RES 1,(1Y+d)
RES 2,(1Y+d)
RES 3.(1Y+d)
RES 4.(1Y+d)
RES 5.(1Y +d)
RES 6.(1Y +d)
RES 7.(1Y +d)
SET 0,(iY+d)
SET 1,(1Y+d)
SET 2,(1Y+d)
SET 3.(1Y+d)
SET 4,(1Y+d)
SET 5,(1Y+d)
SET 6,(1Y+d)
SET 7.(1Y +d)

Z280—-CPU
INSTRUCTIONS
SORTED BY
MNEMONIC

SOURCE

STATEMENT

ADC A (HL)

ADC A, (1X+d)"
ADC A (1Y +d)
ADC A A
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DDCB0546
FDCB0546

ADC A B
ADC A.C
ADC A,D
ADC AE
ADC AH
ADC AL
ADC AN
ADC HL,BC
ADC HL,DE
ADC HL,HL
ADC HL,SP
ADD A, (HL)
ADD A, (IX+d)
ADD A,(1Y+d)
ADD A A
ADD A B
ADD A.C
ADD A.D
ADD A.E
ADD A H
ADD AL
ADD AN
ADD HL,BC
ADD HL,DE
ADD HL,HL
ADD HL,SP
ADD I1X,BC
ADD I1X,DE
ADD 1X,I1X
ADD 1X,SP
ADD 1Y.BC
ADD IY,DE
ADD IV 1Y
ADD IV SP
AND (HL)
AND (1X+d)
AND (1Y +d)
AND A
AND B
AND C
AND D
AND E
AND H
AND L
AND N

BIT 0,(HL)
BIT 0,(1X+d)
BIT 0,{1Y+d)

'cB47

CB40
cBat
CB42
cB43
CcB44
CB45
CB4E
DDCBOS4E
FOCBOS4E
CBAF
BCa8
CcB49
CB4A
cs48
cs4ac
CB4D
CBS6
DDCB0556
FDCB0556
CcBS7
CcB50
CB51
CcB52
CcB53
CB54
CBS%
CBSE
DOCBO5SE
FDCBOSSE
CBS5F
CcB58
CB59
cB85A
cass
cB5C
CB5D
CB66
DDCB0566
FDCB0566
cBe67
CB60
cB61
CcB62
CB63
CB64
CB65
CB6E

BITO.A
BIT 08B
BITO,C

BIT 0.0
BITO.E
BITO.H
BITOL

BIT 1,(HL)
BIT 1,(1X+d}
BIT 1,(1Y+d)
BIT 1.A

BIT 1.8
BIT1,C
BIT1,D

BIT 1.E

BIT 1.H

BIT 1L

BIT 2,(HL)
BIT 2,(1X+d)
BIT 2,(1Y+d)
BIT2,A

BIT 2B
BIT2,C

BIT 2.0

BIT. 2,E
BIT2.H
BIT2.L

BIT 3,(HL)
BIT 3,(1X+d)
BIT 3,(1Y+d)
BIT3.A

BIT 3B

BIT 3.C

BIT 3D

BIT 3.E

BIT 3.H
BIT3.L

BIT 4,(HL)
BIT 4,(1X+d)
BIT 4,(1Y+d)
BIT4,A
8IT48
BIT4.C
BIT4,D

BIT 4.E
BIT4.H
BITA4.L

BIT 5,(HL)

DDCBOS6E
FDCBO56&
CB6F
cBe68
CcB69
CB6A
cB68
CBé6C
c86D
CcB76
DDCB0576
FDCBO576
cB77
cB70
can
cB72
cBs73
CB74
c875
CB7E
DDCBOS7E
FDCBO57E
CB7F
cB78
c879
CB7A
cB78
CcB7C
CB7D
DC8405
FC8405
D48405
CD8405
C48405
F48405
EC8405
E48405
CC8405
3F

BE
DDBEO5S

FDBEOS

BIT 5,(1X+d)
BIT5,(1Y+d)
BITS5.A
BITS5.8B
BITS,C
BITS5.D
BITS5,E
BITS,H
BITS,L

BIT 6,(HL)
BIT 6,(I1X+d)
BIT 6,(1Y+d)
BIT6,A

BIT 6,8

BIT 6,C

BiT 6D

BIT 6,E
BIT6,H

BIT 6.L

BIT 7,(HL)
BIT 7,(IX+d)
BIT 7,liY+d)
BIT7,A
BIT7.8
BIT7,C
BIT7.D
BIT7.E
BIT7.H
BIT7.L
CALL C,NN
CALL MNN
CALL NC,NN
CALL NN
CALL NZ NN
CALL P,NN
CALL PE NN
CALL PO,NN
CALL Z,NN
CCF

CP (HL)

CP (I1X+d)
CP {1Y+d)
CPA

cPB
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FD3405

cPL
CPN
cPD
CPOR
cPI
CPIR
cPL
DAA
DEC (HL)
DEC (1X+d)
DEC (1Y+d)
DECA
DECB
DEC BC
DECC
DECD
DEC DE
DECE
DECH
DEC HL
DEC I1X
DECIY
DEC L
DEC SP

DI

DJNZ DIS
El

EX (SP),HL
EX (SP)LIX
EX (SP)IY
EX AF AF'
EX DE HL
EXX
HALT
IMO

M

M2

IN A,(C)
IN A,(N)
IN B,(C)
IN C.(C)
IN D,(C)
IN E,(C)
IN H,IC)
INL.(C)
INC (HL)
INC (1X+d)
ING (1Y+d)

3620

DD7705
DD7005
0D7105
DD7205

INCA
INCB
INC BC
INCC
INCD
INC DE
INCE
INCH
INC HL
INC IX
INC Y
INCL

INC SP
IND

INDR

INI

INIR

JP (HL)

JP (1X)

JP (1Y)

JP C.NN
JP M.NN
JP NC NN
JP NN

JP NZ NN
JP P.NN
JP PE NN
JP PO,NN
JP Z NN
JR C,DIS
JR DiS

JR NC,DIS
JR NZ,DIS
JR 2,DIS
LD (BC).A
LD (DE),A
LD (HL) A
LD (HL),B
LD (HL).C
LD (HL).D
LD (HL)E
LD (HL)H
LD (HL)L
LD (HL)LN
LD (1X+d),A
LD (1X+d).B
LD (1X+d),C
LD (1X+d),D

DD7305

' DD7405

DD7505
DD360520
FD7705
FD7005
FD7105
FD7205
FD7305
FD7405
FD7505
FD360520
328405
ED438405
ED538405
228405
DD228405
FD228405
ED738405

0620
EDA4B8405
018405

LD (IX+d),E
LD (IX+d) H
LD (1X+d) L
LD (1X+d).N
LD (1Y+d) A
LD (1Y+d) B.
LD (1Y+d\,C
LD (1y+d) O
LD (1Y+d)E
LD (1Y+d)H
LD (1Y+d)L
LD (1Y+d)N
LD (NN) A
LD (NN).BC
LD (NN) DE
LD (NN) HL
LD (NN) IX
LD (NN)IY
LD (NN) SP
LD A.(BC)
LD A (DE)
LD A (HL)
LD A,(1X+d)
LD A (1Y +d}
LD A,(NN)
LDAA
LDAB
LDAC
LDAD
LDAE

LD AH

LD A
LDAL

LD AN

LD B.(HL)
LD B.(1X+d)
LD B.(1Y+d)
LDBA
Loss
Lbs.C
LDBD
LDBE

LD B,H NN
Ltbs,.L
LDBN

LD BC,(NN)
LD BC NN
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DD4E0S

FDAEODS .

aF

LD C.(1X+d)
LD C.(1Y+d)
LDCA
LDCB
Loc.c
LDCD
LDCE
LDCH
LDC,L
LDCN

LD D,(HL)
LD D,(I1X+d)
LD D.{1Y+d)
LDDA
LDDB
LDD.C
LOD,D

LD D,k
LDDH

‘tbo.L

LDD.N
LD DE.(NN)
LD CE.NN
LD E.(HL)

LD E,(1X+d)
LD E,(1Y+d)

LD H,(1X+d)
LD H,(1Y+d)
LDHA
LDHB
LDHC

LD HD

LD HE
LDHH
LDHL

LD HN

LD HL,(NN)
LD HL,NN
LD ;A

DD2A8405
DD218405
FD2A8405
FD218405

ED788405
F9

DDF9
FOF9
318405
EDAS
EDBS

LD I1X,(NN)
LD IX.NN
LD IY,(NN)
LD IY ,NN
LD L,(HL)
LD L, (1X+d)
LD L, (1Y+d)
LD LA
LoLB
LDLC
LbDLD

LD LE

LD LH
LOLL
LOL,N

LD SP.(NN)
LD SP.HL
LD SP.IX
LD SP 1Y
LD SP.NN
LDD
LDDR

LDI

LDIR

NEG

NOP

OR (HL)
OR (1X+d)
OR (1Y +d)
OR A
ORB
ORC
ORD
ORE
ORH
ORL
ORN
OTDR
OTIR

OouT (C),A
ouTt(C),B
ouT (C),C
OuT (C),D
OUT (C).E
DUT (C),H
ouUT (C),L.
OUT (N) A
ouTD

DDCB0586
FDCBO0586

DDCBOS8E
FOCBOS8E
cB8F
cB88
cB89
CB8A
csss
cB8C
€B8D
CB96
DDCB0596
FDCB0596
cB97
€B90
CB91
cB92
cBa3
cB94
CB95
CBYE
DDCBO59E
FDCBOS9E
CBYF
cB98

ouTI
POP AF

POP. BC

POP DE

POP HL

POP IX

POP IY
PUSH AF
PUSH B8C
PUSH DE
PUSH HL
PUSH 11X
PUSH IY
RES 0,(HL!
RES 0,(1X+d)
RES 0,(1Y+d)
RES 0.A
RES 0.8
RESO0,C
RES 0,D
RESO.E
RES O H
RESO.L

RES 1,(HL)
RES 1,(I1X+d)
RES.1,{1Y+d)
RES 1,A
RES 1.8
RES 1.C
RES 1.D
RES 1,E
RES 1,H
RES 1L
RES 2.(HL)
RES 2,(1X+d)
RES 2,(1Y+d)
RES 2,A
RES 28
RES 2,C
RES 2D
RES 2,E

RES 2 H
RES 2,L
RES 3,(HL)
RES 3,(1X+d)
RES 3,(1Y+d)
RES 3.A
RES 3B
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CB99
CB9A
cB98
cB9C
CB9D
CBAG
DDCBO5A6
FDCBOSA6
CBA7
CBAO
CBA1
CBA2
CBA3
CBA4
CBAS
CBAE
DDCBOSAE
FDCBOSAE
CBAF
CBAS
CBA9
CBAA
CBAB
CBAC
CBAD
CBB6
DDCBO5B6
FDCBO5B6
cB87
CBBO
cB81
CBB2
¢BB3
cBBa
CBBS
CBBE
DDCBOSBE
FDCBOSBE
CBBF
cBB8
CBB9
CBBA
cBB8
CBBC
CBBD

RES 3.C

RES 3.D
RES 3.E

RES 3.H
RES 3.,L

RES 4,(HL)
RES 4,(1X+d)
RES 4,(1Y+d)
RES4.A
RES 4.8
RES 4.C
RES 4D
RES 4,E
RES 4.H
RES4,L

RES 5,(HL)
RES 5,{|X+d)
RES 5,(1Y+d)
RES5.A
RES 5.8
RESS5,C
RESS5.D
RESS,E
RES 5.H
RES5,L
RES 6,(HL)
RES 6.(1X+d)
RES 6,11V +d)
RES 6,A
RES 6.8
RES 6.C
RES 6,0
RES 6,E
RES 6,H
RES 6,L
RES 7,(HL)
RES 7,(I1X+d)
RES 7,(1Y+d)
RES 7,A
RES7.B
RES 7.C
RES7.D
RES 7.E
RES 7.H
RES 7.L
RET

RET C
RETM

DDCBO0516
FDCB0516
cs17
cs1o
CB11
cB12
c813
cs14
CB15

17

CB06
DDCBO0506
FDCB0506
cs07
CB0O
CBO1
CB02
CB03
cBo04
cB05

07

ED6F
CB1E
DDCBOS1E
FDCBOS1E
CB1F
CcB18
CcB19
CB1A
csis
cs1C
cB1D

1F

CBOE
DDCBOSOE
FDCBOSOE
CBOF
cBos
CB09

RET NC
RET NZ
RET P
RET PE
RET PO
RET Z
RET!
RETN

RL (HL)
RL (IX+d)
RL (1Y+d)
RL A
RL B
RLC
RLD
RLE
RLH
RL L
RLA

RLC (HL)
RLC (I1X+d)
RLC (1Y+d)
RLC A
RLCB
RLCC
RLCD
RLCE
KLC H
RLCL
RLCA
RLD

RR (HL)
RR (1X+d)
RR (1Y+d)
RR A
RR B
RRC
RRD
RRE
RR H

RR L
RRA

RRC (HL)
RRC (1X+d)
RRC (1Y+d)
RRC A
RRCB
RRCC

RRCD

CBOB RRC E
CBOC RRC H
CBOD RRC L

OF RRCA
ED67 RRD

c? RST 0

D7 RST 10H
DF RST 18H

€7 RST 20H

EF RST 28H

F7 RST 30H

FF RST 38H

CF RST 8

9E SBC A,(HL)
DD9E0S SBC A, (1X+d]
FDYEOS SBC A_(1Y+d)
9F SBCAA

98 SBC AB

99 SBC A.C

9A SBC A.D

98 SBC A.E

9c SBC A H

9D SBC AL
DE20 SBC AN
ED42 SBC HL,BC
ED52 SBC HL.DE
ED62 SBC HL. HL
ED72 SBC HL.SP
37 SCF

CBC6 SET 0,(HL)
DDCBO5C6  SET 0.(1X+d)
FDCBO5C6 SET 0,(1Y+d)
CBC7 SETO.A
CBCO SET 0.8
CBC1 SET0.C
CBC2 SET0.D
CBC3 SETO.E
CcBCa SETO.H
CBC5 SET O.L
CBCE SET 1.(HL)
DDCBOSCE  SET 1.(1X+d)
FDCBOSCE  SET 1.(1V+d)
CBCF SET1.A
CBC8 SET 1.8
CBCO SET1.C
CBCA SET1.D
CBCB SET 1.E
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cscc
CcsCD
CBD6
DDCBOSD6
FDCBO5D6
CBD7
CBDO
c8D1
cBD2
cB8D3
csD4
CBD5
CcBD8
CBDE
DDCBOSDE
FDCBOSDE
CBDF
CcBD9
CBDA
csDB
csoC
cBDD
CBE6
DDCBOSE6
FDCBOSE6
CBE?7
CBEO
CBE1
CBE2
CBE3
CBE4
CBES
CBEE

| DDCBOSEE

FDCBOSEE
CBEF
CBES
CBE9
CBEA
CBEB
CBEC
C8ED
CBF6
DDCBOSF6
FOCBOSF6
CBF7
CBFO
CBF1

SET 1 H

SET 1L

SET 2,(HL)
SET 2,(I1X+d}
SET 2,{1Y+d)
SEY 2,A
SET-2B
SET 2C
SET 20D

SET 2E
SET 2 H

SET 2L
SET 3B

SET 3.(HL)
SET 3,(1X+d)
SET 3,(1v+d)
SET3A
SET3.C
SET 3D

SET 3E
SET 3 H
SET 3L
SET 4, (HL)
SET 4,(1X+d)
SET 4,(1Y+d)
SET4,A

SET 48
SET4.C
SET4D
SETA4E
SET 4. H
SET4.L
SET 5,(HL)
SET 5,(1X+d)
SET 5,(1Y+d)
SET5.A

SET 58
SETS5,C
SETS5,D
SETSE
SETS H
SETS,L

SET 6,(HL)
SET 6,(1X+d)
SET 6.(1Y +d)
SET6.A

SET 6.8
SET6.C

CBF2
CBF3
CBF4
CBFS
CBFE
DDCBOSFE
FDCBOSFE
CBFF
CBF8
CBF9
CBFA
CBfsB
CBFC
CBFD
CB26
DOCB0526
FDCB0526
cB27
CcB20

DDCBO052¢E
FDCB052€E
CB2F
CcB28
CcB29
CB2A
(o:¥]:}
cB2C
cB2D
CB3E
DDCBOS3E
FDCBOS3E
CB3F

SET 6D
SET 6.E
SET6,H
SET6.L

SET 7.(HL)
SET 7.(IX+d)
SET 7.(1Y+d)
SET7.A
SET 78
SET7.C
SET7.D
SET 7.E
SET7.H
SET 7.0
SLA (HL)
SLA (I1X+d)
SLA (1Y +d)
SLA A
SLAB
SLAC
SLAD
SLAE
SLAH
SLAL

SRA (HL)
SRA (1X+d)
SRA (1Y+d)

SRA A

SRA B
SRAC
SRAD
SRAE
SRAH
SRA L
SRL (HL)
SRL (IX+d)
SRL (1Y+d)
SRL A
SRL B
SRLC
SRLD
SRLE

SRL H
SRL L
SUB (HL)
SUB (I1X+d)
SUB (1Y +d)
SUB A

nn EQU 584H

d
n

sus B
sus C
sus D
SUBE
SUBH
sus L
SUB N
XOR (HL)

XOR A
XOR B
XORC
XOR D
XOR E
XOR H
XOR L
XOR N

Example Values

EQU 5
EQU 20H
30H

XOR (1X+d)
XOR (1Y+d)
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280 — CPU INTERRUPT STRUCTURE

MASKABLE (INT)

Place instruction onto Data Bus during TNTA ="Mi o TORQ like S980A
(=3}

Restart to 38y or 569 ('RST 56
Mode2

Used by Z80 Peripherals

Interrupt
Service
Routine ) Low Order | rogister $-bit Vecter from
Staning High Order | | contents Perighoral
Address
Table
NON MASKABLE (NM#)
Restart 10 66y or 10219
INTERRUPT ENABLE/DISABLE FLIP-FLOPS
Action 1FFy IFFy
CPU Reset 6 0
D]l [ ]
El 1 1
Lo A} o o IFFy ~ Perity flog
LOA R o o IFFg ~ Purity oy
Accept NI 0 IFFy oy = IFFy
RETN IFF o iIFFy ~ IFFy
Accept TNT LI |
RET! o o
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Z80-PIO PIN ASSIGNMENT

"
( Dy -———o a5 A W
20 14
0 @—o f————= Ay
0, -l n-&-—olz
BATA < D, w2 0 _a,
Dy "’5—" h——— Ag 5 %" A
0' ‘——;‘d '_!_..’A‘
A 0y o—" e—" oA,
4 [ ] 18
PORY B/A SEL —— —0» : p———=a= A ROY
CONTROL/DATA $EL —2—of z%0. M0 2 __AsT8
"o
conTRoL CHIP ENABLE — PR LT Y
A m—%— -——2-'-—.8,
m-——;— --—:z—-osz
\ B ——= »o-;—-l;,
ja———a8,
32 PORT 8
oy —2 . s ruo
1 jo———o B¢
GND —————o A .8
3
o'—._—-.’ ‘ ra)
--——;—-’. ROY
‘ —
- 2 jo————B8 8T8
INTERRUPY il ’
CONTAOL INT ENABLE IN — 24 o
INT ENABLE OUT @i

FIGURE 3.01
P10 PIN CONFIGURATION
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PIO PROGRAMMING SU"

REGISTER SELECTION
SELECT LINES
. REGISTER SELECTED
c/D B/A
0 0 A Data
0 1 B Data
1 0 A Control
1 8 Control
LOAD INTERRUPT VECTOR
07 00
v? V6 v5 v4 v3 V2 vi 0 Control Register
SET OPERATING MODE
D7 00
M1 ] MO X X 1 1 1 1 Control Register
Mods Number ML MO Mode
0 0 0 . Output
1 0 1 Input
2 1 0 Bidirectional
3 1 1 Bit Control
- If Mode 3 selected, the next control word is
07 00
1107 1/0g 1/0s 1/04 1/03 1102 1/04 1/0g Control Register
1/0 = 1 Sets bit to Input
1/0 = 0 Sats bit 10 Output
SET INTERRUPY CONTROL
07 D0
Int 1 AND/ | High/ | Mask « ,
Enable |OR | Low | Follows| ° ! ! ! Control Register
In Mode 3 if Mask follows = 1, the next control word is
D? 00
MB37 MBg MBs MBy MB3 MB2 M8y MBg Control Register
MB = 0 Monitor the bit
MB = 1 Mask the bit
EMABLE / DISABLE INTERRUPTS
07 o]}
Int
Enable X X X 0 0 1 1 Control Register
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3.0 CTC PIN DESCRIPTION

25 23
Dy < CLT/TRG
Dy <2 Lo zc1T0,

- Dy <2 <2 cLk/TRG;

DATA BUS Dy <> 2 2¢rvo, CHANNEL
og=2 SIGNALS'

1
D> <2 cLx/TRa,

4
Dy<—> % ZC/TOq

Csp— <22 cLK/TRG,

ZB0ACTE
A-C
CHIP_16

cre

CONTROL W—4

OR0—2>

Ab—S»

ReseT— o

V24
ano—5%

o]

INT <12

INTERRUPT| INT ENABLE_ 13,

CONTROL IN 11
INT ENABLE 11 _
ouT

FIGURE 3.0-1
CTC PIN CONFIGURATION
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CTC PROGRAMMING SUMMARY

REGISTER SELECTION
SELECT LINES
CSy CSp CHANNEL SELECTED PRIORITY
0 0 0 Highest
0 1 1
1 0 2
1 1 3 Lowest
READ = DOWN COUNTER WRITE = CONTROL REGISTER
LOAD INTERRUPT VECTOR
-
CSg=CS$1=0
D7 DO
Vi Vg Vg 2 V3 X X 0

XX is the binary equivalent of interrupting channel number

SET OPERATING MODE
Timer Mode only
07 N Do
Ig:;:r:( Mode Range Slope Trigger uc):::;:‘: ) Resct !
Counter/Timer  256/16 +- On/Off

If Load Time Constant = 1 the next tontrol word is the Time Constant:

D7

Do

Control
Register

Control
Register

€y T TCs TCq TC3 TC) ™

TCa

CTC Channel interrupts when 01y is decremented to 00H

Time Content Decimal counts to interrupt
01H 1
FFH 255
00H 256



APPENDIX D

Reference Books:

1. Z80 Assembly Language programming Manual.
2. Intel Component Data Catalog.

3. The TTL handbook.
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