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THE FIRSYT 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 milcroccomputer set, two pleces 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 expansion which you can buy from local distributor choice:

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

2) EPB~-MPF, which is an EPROM programmer board. for TMS82508, 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, 280-CTC (counter and timer) and Z80-PIO (parallel 1/0)
chip kit. .

2) MPF-~8BD, 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, I2716 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
1s 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.

I1I. 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.

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






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
Z-80 assembly programming such as "Z80 - Assembly
Language Programming Manual' published by Zilog Inc.



MANUAL UPLATE

In order to improve the functions and memory capacity of the MPFE
I, we have changed the design of the MPF:I slightly. The changes
are as follows:

The ROM chip, mounted at board location U6, was upgraded to 2764
whose memory space is from @@800H to 17FFH. Previously, the ROM
wag 2732 with a address space from 80U8H to GFFFH.

The memory chips which can be installed on board location U7 are
of the following types: 2716, 2732, 2764, or 6264.

These changes are incorporated in the printed circuit board (PCB)
of MPF~T1 with version number PB820¢1¢-9A or higher. The PCB
version nuwer is printed in between U6 and the crystal
oscillator on the PC board. Please refer to the new schematic
diagrams for details



READ ME FIRST

The manuals that acconpany your Micro-Professor are designed
for reference and to suggest =2xperiwments by showing examples. To
get started, itis suggested that you follow the proceedures given
below.

UNPACKING AND INSTALLATION

Open tne "hook" containing the Micro-Professor(MPF-1). Locate
the power connector in the upper cight—-hand corner Art. A

POWER

Art. A Location of the MPF-1 power connector

Pind the AC adaptor. The adaptor Art. B is a black box
labeled "AC ADAPTORH". VYou 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 usuallyceferrced
to as one-ten (110V). You should also check the fre- quency,
the label on the adaptor will show the frequency in Hertz(Hz).

( N\
AC ADAPTOR

MODEL ST 9600
INPUT: AC 110V 60HZ - let voltage
OUTPUT: DC 9V at 600ma loading

for MICROPROF ESSOR
MPF-I use ouly

9V Circular Socket

Art. B AC ADAPTOR




Plug the 9V circular socket into the power receptacle on the
MPF-1I. The side opposite the AC Adaptor label is to be plugged
into your outlet.
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* CAUTION DO NOT TOUCH THI PRONGS WHEN PLUGGING *

* THE AC ADAPTOR INTO YOUR OUTLET *
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When power is applied to the MPF-1I the followlng series of
patterns should appear

‘First pattern
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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 exerclse 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-1. 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 180CH 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 4 at memory location 1830H
HALT ; Stop execution of program
- II o~




ASSEMBLY LISTING

All program are entered into the MPF-1 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.

LOCAT ION MACH INE 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 laanguage listing (Fig. 0-1). If you haven't already done
s0, connect your MPF-I to the power source. Now press the system
reset key [RS]. Section 3.1.1 of the reference manual countains 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

Cr | ) Ay
e Lt

ADDRESS FIELD DATA FIELD

|

The address field. Enter the starting address for the machine
language code by pressing [0] [0]. The same result can obh-
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 . 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

[11[8] [o] [o]

ADDRESS FIELD DATA FIELD

Advance the address field display by pressing [+]. The display will
show

@ II' lz| = unknown data
ADDRESS FIELD NATA FIELD

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

MEforfl  [E]

ADDRESS FIELD DATA FIELD

Line 3 of the listing also contains two bytes of hexadecimal data;

enter these bytes by keying [¥], 10], [6] In a similar manor enter
(x1, [©, 4

the rest of the program, namely

HEDLERE 2 BEE ET E EEDE

- IV =~




CHECKING FOR DATA ENTRY ERRORS

The program had been entered. It is wise to check for entry
errors. Press [0} [0}. Are the rightmost two dis-
plays (dara field) equal to 3E? If not press and enter [3][E].
To examine the next byte press [3]. 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 ,[PC], and then [GOl. The second method allows
execution to begin at any address. Press [RS], [ADDR], the beginning
execution address, e.g. [I] [0] [O], 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 1is waiting
for the next operator action.

CHECKING THE RESULTS

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

1] [8] [3] [0]

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-1 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 1t necessary to consult additional learning material.

LEARNING AND EXPERIMENTING

For self learning, proceed to section IIl1. Section III con-
tains a serles 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 trefer ¢to the MPF-I Student Workbook.

..VI_
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1. MPF.I Specification

1.1. Hardware Specifications

(1)

(2)

(3

(4)

(%)

(6)

(7)

(8)

CPU: (Central Processing Unit)

Zilog Z-80 CPU with 158 instructions and 2.5 MHz maximum
clock rate. The MPF-1 system clock is 1.79 MHZ.

ROM: (Read Only Memory)

Single +5V EPROM 2516(2532), total 2K(4K) bytes.
Monitor EPROM Address: O00O0-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

1/0 Port:

Programmable I/O Port 8255, a total 24 parallel I/0 lines are
used for keyboard scanning and seven segment LED display con-
trol.

1/0 addresses: 00-03.

Programmable PIO, a total of 18 parallel I/O lines,
1/0 address: 80-83H

Programmable CTC, a total of 4 independent counter timers
channels, I/0O address: 40-43H

Display:
6—-digit,8.5",7-Segment red LED display
Keyboard:

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

Speaker and Speaker Driver Circuits:

A 2.25" -~ diameter speaker 1is provided for user's expansion.




(9) User Area:

A 3.5" x 1.36" wire wrapping area 1s provided for user's
expansion.

(10) Audio Tape Interface:

Can be connected to any cassette. Data transmisslon 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 110V 9V/500ma

(14) Physical characteristics

Helight : 1.60 mm (W/O case)
Width : 15,75 cm (W/O case)
Depth : 22,30 cm (W/O 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. In addition
to the key monitor functions, the monitor contains a memory
checking routine.

The following 1s a simple description of the key
functions:

(1) : system reset.

(2) [soor] : set memory address.

(3) H ! set a reglster name.

(4) IE']: input data to memory or a reglster.

(5) : recall program counter.

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

(92) : set breakpoint in user's program.

(10) : clear breakpoint in user's program.

(11) |m| terminate the executing program and return the
control to the monitor,

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

(14) [o]: delete 1 byte from memory.

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

(18) H ¢ relative address calculation.

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

(18) : retrieve data from audio tape.

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

(20) ﬁ‘:": user defined key, connected to input port 00, bit 8.

w8 ac oE W foar § ec o€ HL i I sp flo1oir Bszenf-prclszon || pne
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hexa~digit or register name.
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2. General Description

2.1. Functions of Monitor Program

The MPF-I monitor provides the necessary functions
for the user to develop his program. These functioas

include:
(1) The ability to enter the user's program into RAM and to
" check and modify the program.
(2) Execute the user's program which is stored beginning
from the address on the displays.
(3) Usling 'Single Step' or 'Set Break Point' function,

(4)

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 progran, This function is wvery useful
in debugging a program.

Other support functions, 1include 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

display format:

(1) Hexadecimal number system and seven~segment LED

hexadecimal decimal biunary seven-segment
number number nunber display
B 0 0 0000 i
1 i 0001 ,‘
) 2 2 0010 ~
3 3 0011 B
4 4 0100 L
5 5 o101 5
6 6 0110 -
I e 0111 '77
8 8 1000 £
9 9 1001 £
A 10 - 1010 -
B 11 1011 "C,__M_
C 12 1100 I
D 13 1101 o
E - 14 110 ~
F 15 1111 /':

Fig.

2-1

Number system




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

| 123458, IFig. 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.

[ B O
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>, orddata> is enclosed by
'"[]',e.g. [<address>}, it way 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 occvrred. Some

program errors will cause an error pattern such as _Firr to be

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




2.4. RAM Addressing

The addresses of the basic RAM are from 186¢ to 1FFF, The
addresses reserved for expansion RAM ate from 2004 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.




e ——— e

3. Introduction to QOperation

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 = |m

Pressing the Reset Button will display UPP-—1

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.

10




3.1.2 Examine or modify the contents of memory: and Keys
<address>| [¢data>]] [<data>)

EXAMPLE: Check the contents of memory locations $62¢-¢0¢3

KEY DISPLAY
XX XXX X
s 0.0.0.0.06

0001 0.0.

000210
o(.)os'ng‘

EXAMPLE: Change the contents of

i &

KEY DISPLAY

ield]

IE]E][E] [ 1800 %
1800 xx.

t‘_l

(paTa field)

COMMENTS

The four index points notify
user to input ADDress.

The contents of ADDR O areé6
Note: Display format for ADDR

ADDR DATA
_ 0. 6. 6. 0. -8 9
= L.

[
L__ L{Data Bytes])

[Address Bytes]

refer to Description for addition
information I-12

Note that the KEY
increments the ADDR counter
by ONE.

Contents of ADDR @982 is 14.

Contents of ADDR 0003 is FE.

1800 into AB, 1881 into CD.

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




el s 1800 %A Fnter 34 intc the DATA FIELD,

T A .‘ enter B I1nto the Data field.

a2 L_lﬁ_o_o____B__ I1f DATA is more than two
digits the last two will be
used .

[:_”f h 801 sux. | ADDR Feild increases by one.
: N et The 2 points in the

DATA Field notify user i
input Data.

1801¢c.p. l Enter Data by pressing the

C and D Keys-

LNAMPLE: Update the contents of 0000

KEY DISPLAY COMMENTS

0.0.0.006 ADDRESS is 0000
(000006
s [ I The contents of ROM cannot
—— be changed so the display is
blanked. After releasing

the Key the Display will
return as before.

[00000.6.




[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 fleld is indicated by four points and requires
4 digits. 1If 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 [-] will
increase or decrease the address field. If the indication

points are already in the data field, then it is unnecessary
to press . After pressing , the user may press (-]
or [-] directly.

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

13



3.1.3 Examine & Update Registers and Keys
E’ {register name)] [(data>] [(data)]......

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

=~
=
<

[¢]
2
=<

“
v

»

(1]

il

DATA

34.

rEG -

XXXXSP

—

register name)

X XX XHL

X XXX]1Y

XXXXAF

X X X.X,AF

data field of register F

R
3

XX 3A 4.AF

:

xX. X3 4

1234 AF

— T

{A register]

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 register 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

F register)

14




[description]:

{reglister name> 1s the name of the register. Each register

1s addressed by one key. When is pressed, the display
becomes rEG- | , prompting the user to key in the
name, After pressing register pname, the right field of

the display 1s the register mnemonic, the left field is the
register content. For example, means the
contents of the stack polnter 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 s necessary to press , 1] or [F] if
the user wants to update the contents. The change is
done on a byte basis. When , [-] or [(] is pressed, the
display will show two points, notifying the user
to input data and indidating that the register is being
changed. Pressing [] or [-] will move the indication points
in the directlion shown in figure 3-1.

name display

Flags X X XX, AF
b

Reg A | w x,x xAF

?

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

‘:I Reg B X. XXX BC

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

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

2, IX, IY is indicated by |F , |4 .

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

The meaning of each bit in F is shown in figure 3=2,

fisz W

p/v N C

~

FH (Flag High)

Fig.

~—

FL (Flag Low)

= does not matter

3-2 Flag register

MPF-1 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

SZ.H
PNC

SZ.H'
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 1t

KEY
AF
()
-

DISPLAY

a><—x29AF
1001FL

100.1.FL

100.0.FL

XX28AF

COMMENTS

Contents of F is 29,
Check the carry bit.

Reset carry flag.

F is updated
avtomatically.

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 1is pressed after RS , the left of the display is the
lowest RAM address. See Example A

Exampl e~A
KEY DISPLAY COMMENTS
E UPF -~ 1
IE' 1800xx Lowest RAM ADDress.

17




3.2. Program Dsbugging

3.2.1 Program Execution __ [E Key

This key is valid only when the display is in the standard
Addr-Data fomat. 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

EXAMPLE: Executing program

KEY DISPLAY COMMENTS
The left field of the display
LFAFSP is not an address. -

Display 1is blank,
1ndi_cat1ng an error.

I

1FAFSP Display returns to normal
after releasing the key.
EI 1800 x x The left field is an
address.
E_ZI CPU starts execution from

1800.




3.2.2 Single Step ~ |"="| 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 1t by
single steps

KEY DISPLAY COMMENT

EI UPF- -1 Reset systen.

- Proiam,faon, 1800 (580
[5]P

18010.0.| LD 4,0

E“i_l 180223.c. INC A

EIB_I 18034.7. LD B,A

1a00se]  Dieplayieln fro dar-oece
First step, PC becomes 1802,
El O00xxAF Register 4 is O.

El @ Second step, PC becomes 1803.
@ @ Register A incremented.
I 1804 xx Third step, PC becomes 1804.
0lxxBC Register B becomes OL.

When executing using single step, the monltor uses user's
stack to store interrupt return address. The user's

stack polnter must point to RAM. If not, Err—-SI;.—j
:__J
will be displayed. If user's stack polnter points to

system stack area, | SYS-SP will be displayed. Stack

overlap will cause an error when 'RET' instruction is
exgcuted. 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 )
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3.2.3 Set Break Point — Key

When 2 program 1s 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 regalns 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 1n 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, O

1802 3C INC A

1803 47 LD B,A

1804 04 INC B

1805 48 LD C,B

1806 FB EX




KEY

DISPLAY

UPFr--1

]
=
nlEE
5]
e
nEn
REA

6C 15 af AF
1 B o] o

| 1.80.0-xx |
1800 3.E.

18010.0
18023¢C
18034.7.
180404
180548
1806 F.B.
1.8.0.6.F.B.

ERB
a

f

e

]
L]
e [
[]

ree || 10F
EI 8

i [2]

1
8

AF AF
o o

AF
o]

1.8.0.0.3 E
1807 xx

LR

rEG-

O1XXAF
7
A reg Freg

02028BC

B reg C reg
0001TIF

1.8.0.6.F.B.

1.8.0.6.F.3.
1.8.0.0.3 E
1807 xx.
00001F

D

COMMENTS
RESET

Set Starting ADDR
Initialize Data Field
Increment Program Counter
Increment Program Counter
Increment Program Counter
Increment Program Counter
Increment Program Counter
Increment Program Counter
Set Breakpoint at 1806

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 ET
(Enable Interrupt).

Change ipstruction from EI to
DI (Disable interrupt)

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

Execute

éheck 1FF

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

1)

(2)

(3)

(5)

(8)

7)

(8)

It is 1llegal to set break points in ROM area. If
you do so, the monitor will blank out the
display. )

I1f 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 form and the
address field is the break address, six index

polnts are set to indicate that the address is a break
point.

The contents of a break address can still be

modi fied by key.

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

After program executed the break point, all the
status and reglisters 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 [:] Key

If the user want to eliminate the break point in his proyram.
he can press E to clear the break point. This key is
accepted at any time. After pressing it, the display will

become l F.F.F.F.F.F. |° (Break point 1s set to FFFF.)




3,2.5 Immediately Break - El 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.

Monl means monltor. Any time you press this key, the

same mechanrism as used by single step will transfer

control to the monitor. Then User's PC and 1ts contents
are displayed. When the HALT instruction is executed,
pressing . [] will return control to monitor and retrieve
the contents of the new PC. After [=| 1is 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 xx.

1800786 Store HALT in 1800.

CPU halts, the display is
blanked, the LED HALT

1s turned on.

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

L

(] [¢]

EXAMPLE: Pressing this key when monitor is being

executed

KEY DISPLAY COMMENTS

lz] 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>

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

KEY DISPLAY COMMENTS
S 1s the mnemonic of
starting address.

EIE 1.8.0.0.-8 Starting address = 1800

X. XXX, = E E is the mnemonic of
ending address.

E[ﬁl_ﬁj 1.8.F.F-E Ending address = 18FF

+ XXX Xo= d D is the mnemonic of
HBE

destination address.

5| 1.8.1.0.- 4 Destination address = 1810
1 810><‘><.‘ Transfer compl eted, the
last byte moved is 1810




[Description]:

After pressing the ’* key, the display becomes

XX XX-8|. S means the starting address of the data
to be transfered.. After pressing ['], the display
becomes ]x XXX=-El, K means the ending address of the data
to_be transfered. Press []’ again and the display becomes
. D means the destination address of the N
data to be moved. When finished, the display is of the
Addr~Data form. The address field 1s the last byte
moved. Movement can be upward or downward.
When moving upward, the last address is the
lJower liimit 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.

)
)

D

s

A\
S}

B\

I

N

I\

(

moving upward moving downwa rd

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 [:] to reset the system.
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3.3.2 Data Deletion - Key

This key 1s 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

1.8.0.2.11 To change the display to the

Addr-Data fom and enter the

KEY
DR EE
. 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.

Ii L&M Chegk.

1801 1.1
180222
180333

[Description]:

Data in ROM can not be deleted. The valid regions for
this key are 1800 - IDFF. 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.
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3.3.3 Data insertion - Key
{data>

When the display is of the AddrData fom, 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
DISPLAY COMMENTS

KEY
e

AODR

°;| 1.8.0.2.2 2 To change the display to the

Addr-Data fom and enter
the address of the insertion.
180300 Insert one byte after
1802, address field
becomes 1803.
180333 Key 1in data 33.

1.8.0.0.00 | Check
1801 1.1.
180222
1803 3.3
1804 4.4.
180555

(]

BREREED

@
o

-

»

[Description]:

The valid region for this key 1s the same as ‘~.
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 DJIJNZ require relative addresses.
MPF~I supports the calculation of relative addresses
throught the - key.

Caddress> {address> E

EXAMPLE: Assume there 1s 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
starting address.
"fl . I 5 |ﬂ Fl.B.O-O.- S | Starting address = 1800

destination address.

|“f| A u s | X | 1.8.0.4.- d Destination = 1804
E | 1_801 0.2. MPF~1 computes the

relative address and
stores the result in the
next byte of the JR opcode.
The result is also
displayed.

[Description]:

After pressing , the display becomes
X.X.X.X.~ S| . 8 represents the starting point of JR or
DJNZ. Pressing [-] , the display becomes . d
represents the destination address of JR or DJNZ.
Pressing =« , MPF-I1 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 becomes| - 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> E]

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

1234 as file name.

KEY DISPLAY

HEBRAREEY
lsls]%] 1800- 5]
XX E

HH E S

=]

COMMENTS

F is the mnemonic of
filename.
filename = 1234

S is the mnemonic of
starting address.

Starting address = 1800

E is the mnemonic of
endlng 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-~QUT LED is on.

When transfer is

completed, the ending
address is displayed.
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[Description}:

Pressing E, the display becomes [ XX XX~ F . P

means file name. It 1s 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 Ii 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-1 and press PLAY and REC to start recording. If
the recorder is not ready and you press [«]|, data 1is
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.
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3.3.6 Reading Data from Tape - Key

<filename> El

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

XKEY DISPLAY COMMENTS
F is the mnemonic of
filename.
|B;=||°;| n E: 1.23.4.- F |  Filename = 1234

Connect the recorder (using
earphone jack) to the EAR
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-1 echoes
the signal read from tape
on 1ts own speaker (if

the volume 1s too low,

then there will be no
sound). Every file name
read by the monitor will

(-]

(PLAY)

1234-F

LR

18 FFX.x be displayed for 1.5
seconds. When the desired
file is found, '.' is
changed into '-'. When

finished, the last
address read in is
displayed.




[Description]:

Before execution, the user must connect the recorder
(using earphone jJack) to the EAR jack in MPF-I. Turn
the volume of the recorder to maximum. Then press [«], and
finall start the recorder (PLAY). Initially, the display
is[+ + ¢ « « ] When the desired file is found, the display
becomes|~- - ~ -~ - - .

Starting and ending addresses are already stored on
the tape so there is no need to input them. The user just
needs to 1nput 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|[- Er r| If matched, the last input
byte will be displayed.

If the data read from the tape i1s stored in a system
stack, errors will occur. Care must be taken when you
pPrepare tape data by ****, The tape data is echoed on
the MPF~I speaker, so it is very easy to determine whether
the tape 1is 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 T T
(2532)
0FFF

i

|FFF 6116 U8

2000
EPROM U7
2516, 2716
RAM 6116

27FF

2800 L ———————

(2532,2732)

2FFF /

Fig 4-1 Memory map




[Description]:
(1) U6 EPROM: monitor
U7 RAM or EPROM: reserved for expansion

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

(2) 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 lilnes
PIN 1,2 of Jjumper 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 jumpered if a
6116 is inserted in 07.

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
01
02
03

40
41
42
43

80
81
82
83

Control

8255

\
\

CTC ©

cre 1

CTC 2

CTC 3

CTC

\
.

PIO DA

PIO DB

PIO CA

PIO CB

PIO

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

(1) TQe 82565 is a program

parallel I/0 lines. These 24 I/0 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)

(b)

Port A (address 00):

bit 7: tape input,
bit 6* connected to key, active low,

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

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

Q
mmey

"'._”b [ o [s [+ [ ]2]1 [0

Fig. 4-3 The corresponding bits of the
7-segment display

mable peripheral interface with 24
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(¢) Port C (address 02):

(3)

(4)

(3)

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: 1s connected to 6 columns of display &
keyboard matrix. Bit O is the rightmost display, bit 5
1s 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/0 addresses of CTC are from 40H to 43H.

The 280 parallel I1/0 (PIO) is a programmable, two port
device which provides a TTL compatible interface between
peripheral devices and the Z80-CPU.

The I/0 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 lines.
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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 is.an arror 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 IFEE & 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 teminator of a user's
program. It 1s 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 1F9F. Each
time the user's program breaks, the monitor checks his
SP. will be displayed 1f 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.

\\_’///’_“\\

initial value Default

of user's SP User's Stack

System Stack

inityial value LFAE

of systém sp-—> 1FAF Monitor’
Used
Area

WFF3l TN

Pig. 4-4 Stack distribution map

E§YS—SP can occur in the following situations:
(1) Pressing Ea 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 []




4.6. Reset

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

(1) Power on

(a) Disable interrupt (IFF set to 0);

(b) I regiser set to O;

(¢) Interrupt wmode set to O;

(d) User's PC is set to 1800.

(e) User's SP is set to 1F9F;

(f) Break point is disabled.

(g) Set the content of 1FFE to 66 and set the content
of 1FFF to 00. When the code beglnning at 0038 is
executed the CPU will jump to 0066. This is equivalent
to press

(h) MPF~I is dlsplayed one character at at a time from
right to left.

(2) Press [:] .

(a) — (e) are the same as (1). The contents of 1FFE &
1FFF and break point are unaffected. 'UPF--1' is
displayed, (all digits) simultaneously.

A2




4.7. Tape Data Format

(1) Bit fommat:

RARRRARALL (L[
S ipiniainie

V2RI, iCyelel JKHy , 10y cle i
1
t«-——-——v_———l‘ 6 ms —_—— 5y
Fig. 4-5 Tape bit format
{(2) Byte fomat: )
Start Stop

T 0O bhitobhicibit2bit3bitdbitdhitebit7 1

I[‘ 60 ms — *ﬁ’i

Fig. 4-6 Tape byte fomat

(3) File fomat:

PR d
i
Lead |Filelstard End|cnk| Mia Tail
sync name |addr|addr |sum|svnc Data sync
= : 1
1KHz 2 2 2 1 2KHz Variable 2KHz
4sec DByte Bvte Bvte'wie2sec Length 2Zsec

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

5.1. Summary

ADDRESS MNEMONIC FUNCTION

0624 SCANL Scan keyboard ani Jisplay one cycle.

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

0689 HEX7 Convert a hexadecimal digit into the 7-segment

display format.

0678 HEX7SG Convert two hexadecim;l_digits into 7-segment
- display fomat. ]

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

05E4 TONE Genevate sound.

[ 05DE | TONEIK | Generate sound at 1K iz

O05E2 TONE2K Generate sound at 2K Hz.
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5.2. SCANI

[Address]: 0624
[Function]: Scan keyboard and display 1 cycle from
right to left. Execution time is about 10ms (8.97ms
_exactly).
[Input): IX points to the display buffer.
[Output]: (1) If no key-in, then carry flag =1,
(2) If key-in, carvy 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’

[Supplemnent]:

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

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

I1X = the rightmost word

Display
Buffer

IN+5 e[ 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]: O5FE
[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 returns the

internal code of the key pressed (seec appendix A).

[ Input]: IX points to the display buffer.

{Output): Negister A contains the internal code of the
key pressed.

[Register): Destroy AF, B, HL, AF', BC', DE'.
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5.4, HEX7

[Add ress]

: 0689

{Punction): Counvert a hexadecimal number into its
7-segment display format.

[Input]):

The least significant 4 bits of register A

contain the hexdecimal number (O-F).

[[Output]):

The resuwlt is also stored in register A.

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

{Function]: Convert two hexa—~decimal numbers into a
7-~segment display fomat.

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

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

[Register]: Destroy AF, HL.
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5.6. RAMCHK
[Address): OS5F6
[Function]: Check 1f 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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6.7. TONE

{Address): 05E4

(Function]: Generate souund.

[Input]:

[Output]:

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

(2) HL contains the number of cycles. (max. value
is 32768).

None

[Register]}: Destroy AF, B, DE, HL.




5.8. TONEIK

{Address}: 05DE

| 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]: O5E2

[Function]: Generate a sound of 2KHz.
[Input]: The number of periods is in HL.
[Qutput): None

([Register]: Destroy AF, BC, HL, DE.
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5.10. Program Examples

EXAMPLE 1: Display 'HELPUS', HALT when is pressed.

1 ;DISPLAY 'BELP US' UNTIL STEP-KEY PUSHED:
1800 2 ORG 1800H
1800 DD212018 3 LD IX, HELP
1804 CDFEOS 4 DISP CALL SCAN
1807 FE13 5 CPp 13H ;KEY-STEP
1809 20F9 6 JR NZ ,DISP
180B 76 7 HALT
8
1820 9 ORG 1820H
1820 AE 10 HELP DEFB OAEH ;'S
1821 BS 11 DEFB OB5H ;'
1822 1IF 12 DEFB 01FH ;'P!
1823 85 13 DEFB 085H ;'L
1824 8F 14 DEFB 08FH SR
1825 37 15 DEFB 037H J'H!
16 ;
17 SCAN EQU O5FEH
18 END
Details of the display buffer are given below:
\ o
¢ 1.
5.0
CR o ,
’mi:'
d P
Display Segment of
Position Fomat Illumination |[d pc ba f g e [Data Addr
= a,c,d,f,g, |1 0101 110 /| AE | 1820
Right [ a,b,c,d,e,f,{1 01 10101 | B5 | 1821
e e e e — _._7_‘_.. — 4
;—3 a,b,e,f,g, |0001 L 111! 1F 1822
L d,e,f, 10000101 85 ! 1823 |
= SOSN8 T A Bt
l oy a,d,e,f,g, 10001 L1 1  B8F ' 1824|
-r__,.__.,__.,_.‘__*_..__ ,,,,,,,,, _* P e - :‘.__._ﬂ_.l pu—
Left J ;_; b,c,e,f,g, | 011011 li 37 | iS%iJ
b i S R S 1




Please refor to Appendix A

EXAMPLE 2: Mlash 'HELP US'

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

1 ;FLASH 'HELP US’:

1800 2 ORG 1800H
1800 212618 3 LD HL, BLANK
1803 ES 4 PUSH HL
1804 DD212018 5 LD 11X, HELP
1808 DDE3 6 Loop EX (Sp), I1X
180A 0632 7 LD B,50
180C CD2406 8 UELFSEG CALL SCAN1
1801 10FB 9 DJINZ HELT' SEG
1811 18FS 10 JR LOOP

11
1820 12 ORG 1820H
1820 AR 13 HELP DETI’B OAEH ;'S
1821 BS 14 DEFB 0B5H ;U
1822 1F 15 DEFB Ol1FH ;P!
1823 85 16 DEFB 085H 'L
1824 8I 17 DETB O8FH ; B!
1825 37 18 DEFB 037H ; TH!
1826 00 19 BLANK DEFB 0
1827 00 20 DEFB 0]
1828 00 21 DEFRB 0
1829 00 22 DEFB 0
182A 00 23 DEFB 0]
1828 00 24 DEFB 0

25

2 SCANL EQU 0624H

27 END

The content of 1803 determines the flash freguency. You
may change it to any value.




EXAMPLE 3: Display

1800
1800
1804
1807
1804
180D

1900
1900
1901
1902
1903
1904
1908

DD210019
CDFEO0S
210019
Cb78086
18F5

the

OO D WN

When a key is pressed,

is displayed in the data field.

with Appendix A.

key code of the key pressed.

;DISPLAY INTERNAL CODE

LOOP

OUTBF

SCAN
HEX7SG

ORG

DEFB
DEFB
DEFB
DEFB
DEFB
DEFB

EQU
EQU
END

1800H
IX,0UTBF
SCAN

HL, QUTBF
HEX7SG
LOOP

1800d

SO OOCCO

O5FEH
0678H

the internal code for that command
The user may compare it




If you want to dlsplay the position code of the
you may change the program as follows:

keys,

1800
1800
1804
1807
1809
180C
180T

bDD210019
CD2406
38FB
210019
CD7806
18F3

GO0 W~

;DISPLAY POSITION CODE

ORG
LD
LOOP CALL
JR
LD
CALL
IR

18001
IX,OUTBF
SCAN1

C, LOOP
HL, OUTBF
ARX7SG
LOOP

EXAMPLE 4: Convert 3 continuous bytes into 7-segment

display fomat.

display them.

1800
1800
1803
1806
1808
1809
180C
180D

180F
1813
1816

1900
1900
1901
1902
1903

110019
210319
0603
1A
Cb7806
13
10F9

DP210319
CDFEQS
76

10
32
54

OO N WN ~

10
11
12
13
14
15
16
17
18
19
20
21
22
23

Store the results in 19203 ~ 1908 then

;DISPLAY 3 BYTES IN RAM TO 6 HEXA-DIGITS

ORG 1800H
LD DE, BYTEOQ
LD AL, OUTBF
LD B,3
LOOP LD A, (DE)
CALL HEX7SG
INC DE
DJNZ LOOP
: CONVENSION COMPLETE, BREAK FOR CHECK
LD IX,0UTBF
CALL SCAN
HALT
ORG 1900K
BYTEO  DEFB 10H
DEFB 32H
DEFB 54H
OUTBF  DEFS B
HEX7SG EQU 06781
SCAN EQU 05rEd
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 OKEO00 3 LOOP LD c,0
1802 21C000 4 LD HL, OCOH
1805 CDE405 ) CALL TONE
1808 OQECO 6 LD C, 0COH
180A 210001 7 LD HL, 100H
180D CDE405 8 CALL TONE
1810 181kE 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)x2x0.58= 3777
micro-sec.

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

(2) High frequency: C=COH (192), HL=100H (256), so the
period 15 (44+13x192)x2x0.56= 2845 micro-scc.

frequency: 1/2845=352Hz

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

6.1. Check EPROM 0000-07FF

The sum of all monitor codes is 2ero. Routine
ROMTEST at 06A6 uses this property to check the monitor

EPROM .

06A6
06A9
06AC
06AF
0681
06B2

0531
05632
0533
0535
0538
0539

210000
010008
CD3105
2801

c7

AF

86
EDAL
EA3205
B7

C9

ROMTEST :

SMUOK

3

SUM
SUMCAL

XOR
ADD
CPI
JP
OR
RET

HL, O
BC, 800H
SUM
7, SUMOK
;IF ERROR
0 ;DISPLAY
A
A, (HL)
PE, SUMCAL

. A

'"UPF--1"

This program calculates the sun of all EPROM codes.

If the result is 00,

The key sequence is as follows:

(1) Correct: the display is

(2) Error:

[JALT LED will come on.

'UPF--1"

is displayed.
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6.2. Check RAM Region 1800-1FFF

RAMTREST:
0694 210018 LD HL, 18000
0697 010008 LD BC, 8001
06 9A CDFB05 RAMT CALL RAMCHK
069D 2801 JR 7, TNEXT
069F 76 HALT ;TP ERROR
0640 EDA 1 TNEXT  CPI
0642 EA1EQ7 Jp PE, RAMT
06A5 c7 RST 0 iDISPLAY 'UPFwwl’
RAMCHK :
05F6 78 LD A, (HL)
05F7 2F CPL
05F8 77 LD (HL)Y, A
05F9 78 LD A, (HL)
05FA 2F crL
05FB 77 LD (L), A
05FC B ' cp ({L)
05FD co RET

This progcan tests every byle in region 1800 —
DRORUN G If the byte is zood, it continues testing Lill
2]l bvtes nave been tested. [f therce is any had byte
the HALT LED will come on. You can press [«] , [«],

il to get the address that has the ercor. Then press
Eﬂ to zel the content of that bHyte, If you want to
contivue testing, vou may nress EJ []. The key
sequence 1s as follow:

L= b=l A ] ]

(1) Correct: E?;:F “"IJ 1s displayed.

3

(2) LError: HJALT LED will come on.
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APPENDIX

A, Display fomat, position-code and internal-~zode

6

~1

N e
d p
Al

Talalz 0]

b a f g

DISPLAY FORMAT :

COED | pp 30 93 BA 36 AE AT 38 BF BE
DATA | O 1 2 3 4 65 6 7 8 9

~d
Lo
Lo
e

vse | 2 F 956

CODL |8F OF AD 37 89 B1 97 85 21 23
pATA | E F ¢ ¥ 1 J K L M X

st |EE 0 H LB L AR

CODE |A6 87 B5 B7 A9 07 B6 8A 83 A2

DATA S T u \Y W

DISP b t U H L__J }_




Appendix

A~2

1. Position-Code (CALL SCANI) .

1E i8 12 0C 06 00
SBR | CBR ‘0 1 S '3
ir 19 13 oD 07 01
I PC T4 'S ‘6’ 7
20 .| 1A 1 0F 08 02
DATA| REG 'R rg TA "B
21 1B 15 or 09 03
Yy ADDR| 'C* D T B
29 1C 16 10 0A n4
INS DEL | GO | STLP

23 1D 17 11 .oR 05
MOVE| RELA | TPWR | TPRD




2. Internal-Code (CALL SCAN):

[ ]
15 1A 00 01 02 03 41
SBR CBR "0’ 'y 20 '3 |
11 18 04 05 06 07
l“l pc l4l lsl tGY l71
14 1R 08 09 oA on
DATA| REG '8’ ‘g A "3
10 19 ocC oD OE OF
(+> '\DDR IC' ll)v ‘F‘ 1FA

i} —

16 17 12 13 22 20
INS | DKL | GO STED
1C ) 15 1F 23 21
MOVE| RELA| TPWR| TPRD







APPENDIX B

Theory of Hardware Cirvcuit

System Clock

U3a, U3b, and 3.58M Hz crystal produce 3.58MHz signal. This signal

is sent to U2a pin 3 to produce 3.58Mlz+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 Al4 413 A12 A1l AIO =-- AO Selected Chip Address
0 0 0 0 0 X X ---X ue 0000-0OFFTF
0 0 0 r . 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 TiS2516, or an Intel
2716. U7 is a spare socket for future expansion usage, it

may he a RAM or a ROM, Circuit design is default for 2718,
2516, 2532(EPROM) when user iantends to plug in Intel 2732,

or HM B8116(RAM), he should consult the note on Sheet 4 of the
schematic. U8 is a system RAM, the memory size is 2K hytes.

Input/Output port addressing

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

TORQ A7 A6 Selected I/0 Port Address
0 0 0 8255 00 - 03
0 0 1 cTC 40 ~ 43
0 1 0 PIO 80 - 83

Note; I1/0 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.

.
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P} PIN FUNCTION P2 PIN FUNCTION
PIN NO | SIGNAL | PIN NO | SIGNAL PIN KO | SIGNAL | PIN NO | SIGNAL
1 Al 21 A10 1 NC 21 PBO FIV— 42V
2 ATZ 22 A9 2 NC 22 PBI unregul T 7805 OPF———— sy
a1 regulate
k] A3 23 A8 3 NC 23 PB2 cs < ¢
[A AlL 24 A7 & NC 24 PB3 e
5 AlS 25 A6 3 NC 25 PBs
6 z 26 A5 5 KC 2% - PBS =
7 D& 27 AL 7 PA7 27 PBS
+5v —
g 03 28 A3 8 PAS 28 PR7 l(nuf ]_CUUF
° D5 29 Az 9 5 % NC cRa ~—-
[HE
10 08 30 Al 30 PAL 3o GND D C8.C10
n NC 3 A0 n 6ND 31 CK/TRO '
2 D2 k7) GND 2 A3 32 CK/TRY
13 07 23 TSR 13 2 13 | ckIR2
1% DO 34 “i % M1 i CK/TR3
EET PO 35
s D1 35 Rese 15 /708 NOTE: 1 U7 is optional, it may be
16 inNT 36 BUSRO 16 ASTB 36 ¢/ 2716, 2732, 2764, 6264
NHI 2
17 NML 37 Wu_w‘ 17 BSTB 37 /1O 2 If you want to expand
8 AALY 38 Busax 3 ARDY 38 PIO TED the memory size of 06
to 6K, Qa(2N3%04), Ra(lK)
19 BREQ 39 wR 19 3RDY 29 c7C IEI Rb(2K), Rb(4.7K), Cbtleop)',
20 oRQ 40 ) 20 NC 40 NC must be added.
Jp3 P46 JPs U6 v7
ABC DEF GHI 2764 SEE NOTE
000 000 00% 4K (0 ~ @FFFH) 4K (2000 ~ 2FFFH)
00 000 000 4K (¢ ~ OFFFH) 8K (2000 ~ 3FFFH)
000 000 000 6k (@~ 17FFH) 8K (2006 ~ 3FFFH)
TITLE:
PF—1I

SHEET & OF & DATE | REVISIORS

DRAWINC NO, 5 :i A

7 | 6 I 3 4 a [ 2 ] I




Matrix Keyboard and Display

Ui4 (8255) has 3 I/O ports, PBO-PB7 control individual segments
in a display, Ul5 and U12 are segment drivers, PCO-PC5 select which
display is to be activated, U13 (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-PAS. If no key is pressed, PAO-PAS

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 1ls 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 De read back to the RAM from the ("Earphone'')
EAR outlet of Tape recorder. The input interface circuit is
composed of R14, CR2, CR1 and Cll. This circuit converts EAR
inputed signal to TTL level signal and detected by CPU via PA7
of 8255,




Step, Break point and Monitor Break

PC6 is nomally 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 (74L390)

RO RO Qa Qd Qc Qb NMI

Comment

Nommal State 0 1 0 0 0 0 L | U4 preset to 0000
- . i e e
BREAK becomeslow| 0 0 0O 0 0 0 1 RO=BREAK=0

1St MI 0 0 o 0 0 | 1 7490 Start commting

2nd  MI 0 0 0O 0 1 0 1 Qd,Qc,Qo is Mod, 5

3rd MI 0 .0 o o 1 1 1 Counter

4th MI 0 0 0 1 0 0O 1

S5th MI 0 0 1 0 O © 0 Qa from 0-1
I . | when Qd from 1-0 |

Pressing m 1 0 1 1 0 O 0 U4 Preset to 1001

ey i

After Ea key 1s pressed, R9 of U4 is high, Qa becomes high anrnd
NM I becomes Low. So CPU jump back to monitor program execution
due to nomnmaskable interrupt.

PIO and CTC

11 (CTC) and U10 (PIO) are daisy-chained, CTC has the higher
interrupt priority, CTC I[ET, PIO IEO, CTC channel signals and PIO
I/O0 port are reserved on P2 cdge connecctor for user future
expansion.

e o e e 3-8






APPENDIX C
780-CPU Programming reference.







My
MREQ
SYSTEM (ORO
CONTROL —
RO
WR
H
\RFS
.
HALT
WAIT
cPU <
CONYROL —_—
. INT
NMI
RE
N SEY
CPU T
BUSA
BUS USAQ

CONTROL 8USAK

i
5V

GND

28.

PO

16 B

17

26 |

25
23

1

CPU PIN-OUTS

280-CPU

ADDRESS

8US



o~

MAIN REG SET
/\

ALTERNATE REG SET
/\

N\ AN
[ - |
ACCUMULATOR FLAGS ACCUMULATOR FLAGS
A F A £
B C B’ c’
} } GENERAL
D E 0 3 PURPOSE
_ REGISTERS
H L H L

INTERRUPT

VECTOR \

l:

vevorv | )

REFRESH
R

INDEX REGISTER IX

INDEX REGISTER IY

STACK POINTER SP

PROGRAM COUNTER PC

Z80-CPU

E

SPECIAL
PURPOSE
REGISTERS

REGISTER CONFIGURATION

C-2



SUMMARY OF FLAG OPERATION

D7 DO
P/
Instruction S |z H VIN |C | Comments
AOD 5; ADCs | PIX [ [X] V[0 |) | 6bitaddoradd with carry
SUB x; SBCt; CP; NEG { | |X |1 x| V]I | | 8:bit subtract, subtract with carry, compare and negate accumulator
P
Sge:sxoa . 1 : § ]l i o g ?] ] Logical operations
IMCs Vit x| t]x]v]o |e | 8bitincremen
DECs Plp x| x | v|1 |e | 8bitdecseamen
AD0D 00, §S o e X | X|X]|<*]O ! 16-bit add
ADC HL. 8§ P[d fx [ X [x({ v]0 [{ | 16bitade withcarty
$8C RL, SS { PIX I x|y vt { 16:bit subtract with carey
RLA; RLCA; RRA; RRCA o [o |x [0 ]x]|e |0 |} | Rowteaccumulator
\RL 1; RLCs; RRt: RRC; Ll Ixjolx|ep|o ! Rolate and shift locations
StAs; SRAS; SRLs

RLD; RRO Pl I X |0 x| PO | e | Rotatedigtleft and right
DAA Py [x [ ]x|P|e [t | Decimaladjust accumulator
cPt o e [ X | ) X || o | Complement accumulator
Scf o (o [ X |O[X]® |0 |V | Setcarry
CCF o o X | X|X[e® |0 |{ | Complementcarry
INt, {C) {1 X [o x| P[0 |e [inpulregisterindirect
INK; IND; OUTI(; DUTO X | X [X|X]| x([1 |e }amcu input and output
IRIR; INDR; OTIR; UTDR X |t X | X|[X]| X]|) o [J2a0ifB 4 0othermse2=1
LDI; LDD X [ X|X|o|x|[t[o([e }Bluck trsnsfer instructions
LOIR; LODR X | X|x|o|x|o0o]fo . P/V=1if BC# 0, otherwita P/V =0
CPl; CPIA; CPO; CPOR X [0 [ X [ X [x | ¥ ]t |® | Blackwarchinstructions

2=1it A={HL), otherwisa 2= 0

. P/V = 1if BC+# 0, otherwase P/V =0

LDAI;LDAR f ¢ x |0 |x{tFF]0 | o ] Thecontent of the intercupt enabte fip-flop {IFF) is copied inta

the PIV flag
BIT b, s X |4 [ X |1 [x]| Xx|0 |» | thestate of bit b of Iotation s is copied into the 2 {lag

The following notation is used in this fable:

Symbol

A% T D= 8 —

> ==

>
>

Operation

CarryRink Nag C=1 if the operation produced a carry from the MSB of 1he operand or result.

Zero Hag. Z=1 if the result of the oparation is zero.

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

Parity or overflow flag. Parity (P} and avarflow (V) thare the tame Hag. Logical operations affect this Hag with the parity of
the cetult white arithmeric operations affect this flag with I1he overflow of the result. if P/V holds pacity, P/V=1if the result ol
the operation is.even. PAV=0 if result is 0dd. If #/V holds overflow. P/V=1 if the result of the operation produred an pverfiow.
Half-carry flag. H=11f the add ot tubtract operation: produced a carry 1nto o botrow from bit 4 of the accumumtos.
Add/Subtract {lag. N=1if the pravious opecation was a subtract.

H and N flags are used in conjuaction with the decimal adjust instruction (OAA) ta properly correct the cetult into packed
BCD format following addition or subtraction using operands with packed BCO focmat.

The flag is aHected according to the result of the operation.

The flag is unchanged by the operation,

The flag is rsset by the operation.

The tlag s sel by the operation.

The flag isa “don’t care”.

P/V fag affected according to the overilow result of *he pperation.

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

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

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

Any 16-bit location {or all the addressing modes aflowed for thatinstructegn.

Any one of the two index registers X or 1Y.

Refresh counter.

gbitvaluein range <0, 255>

16-bit valus in range <0, 65535 >

Cc-3



3-BI7 LOAD GROUP

e
{ itf
‘ | ExT
1LPLIED REGISTER * REG INDIRECT | INDEXEU AODR fMME
r Rl a e [c]o |7 vt o @oloepxahva tal o
' b : 00 | F0 | 3a |3E
noleolen |76 | s s fya v e p s o [oA A 7E |7 [ |n
| 57 | SF et ] BN Y
i 00 | FO |
8 47 {40 |41 |8z | &3 s |45 |45 46 |46 | 65
I N - - e e fd | la ]
f, | 00 | Fo
: ¢ 4 | a5 |49 | eA | 4B | 4C | 4D | 4E 0€ | 4E | 6F
I R R N B d d o
| f D0 | FO
REGISTER | O 57 | 50 | st |52 |53 84 |85 |56 56 | 5% 18
d d f
R i i 00 | Fo
£ 5 [ 63 | 5 | 6A | 68 | 6C | 50 | € 5¢ | SE 1€
| d |4 n
; . | loo R0 |
| W 67 [ 60 {81 |62 |63 | ¢4 |85 |68 66 | 65 i)
? B S I T S L
i [ e | 00 | 50
i t 6F | €9 |69 | 8A |68 | 8C |60 | 6f 6 | 6E 2
sl o - [N L LR I O O .
OESTINATION | iHY) A T A U O 5 B I O I O I 1 i 3
n
| REG T 1
|INDIRECT |(BC) 02 1
B I A R T O
f {DE} 12
|
| pp| ob|OO| DO (DD | OD | OD . 00
]‘ 1Xsd (0 [ P2 [ e | os b
d |d |d o |6 |a |d
|IHDEXED 71 FD | FO | FO | FO | FO | FO | FD | 1 i
' f1v +o) nol | fanlns 3
| L |l d [ d d d Ld d | A
3
EXY ADOR. | (nn) n [
— L n —
' £0
47
WAPLIED |~ V1T 11
: €0
| «F




8.811" LOAD GROVI™

Symbaliz Flagt Op-Cede Ha, of
Mnemonic 0 peration Tz T Tl pv C |76 543 210 [ Hox | Byiss
s [ s x[o]|x|o e |01 ( 3 Yy
W07, n {<n e | X |e|X|e 5 100 r MO ?
| ' - n -
LD, (HY) I~ (HKL) el X & | X |2 0t ¢ 130 i
LD ¢ (IXtd) 1 = (1Xxd) o | X | o | X |® 1" oo BO 3
01 ¢ 1@
- d -
LD, (1Y +d) ¢ {1y ) ol X | e |X = (11 111401 -FD 3
01 r 110
-— 4 -
L0 (HL). ¢ (HL) =1 ol X[ | X |o o 10y 3110 1 1
LO (IXed), ¢ (1X2d) ~1 sl X || X |9 o |1y 011101 80 3
0t Y10
~ 6 -
L0 NYd), 1 | (1Y28) —¢ sl X|olX|e o |13 111101 0|3
01 $10 r
e d -
L0 (ML), n {HLY ~ n @ | X | K |o o (00 110 1D 36 2
1 - 0 -
WOOXdl, 0 |{IXed)=-n o x| | x| e [1owwr | oo |4
00 110110 36
| ~ ¢ -
. -0 =
L0 UY+d), 6 {{1Y4d)--n el x|o|x]e o 11 111 10 i :
po 110 110 36
- g -~
- n -
LD A, (80) A~ (BC) X |[e | X |® ¢ |00 001 0tD 0A
LO A {QE) A - (0F) X|o|XK|»® o 100 011010 1A 1
LO A, {nn) A —(nn) X @ [ X | @ o |00 111 010 JA
- n -
- a -
LD (BC), A [(BCI~—A s |X |e|X|o o (00 00D OIO | |
tD(0E), A (DE)—A X |2 |X|@ o |30 010010 12 y
LD (an), A (nn} —A el X | |X|e e 100 110010 32
- N -
-n -
OAl A= P!t o|x Iff s (11 101100 £f i
5 o oo | s
LOA R AR Plx]o]|x fFe o (1% 109 104
0t 011 1Y
LD A [ - A e | Xloe |X | o [§% 901 10t /
0% 000 111
Lton A R—A o X tie|X o e 11 101 101 2
| 01 001 111 '
MNotes: 1, 4 nxaam any of the registeri A, B, €. 0, E, H, L )
IFF the content of the interrupl ensblg Bip-Tap (IFF) is copied o the P/V ilsg

Flag Notation.

= {lsp 13 affecizd sccording 1o the rerult of the opersnion

6x {lag not affected, 0 = flag rese1, | = fleg 1at, X = (12 13 unknows

Cytiei
|

12

n B

= A

~

He.of M |Ho. ol T
| Stetas

4
!

.

11

o

Commanti

Req.

[
000
001

010
1
[ 100

101
(BRI

[44]



16-8{T LOAD GROUP
‘LD
PUSH’ AND 'POP’

SOURCE
(MM, EXT. REG.
AREGISTER EXY. [ADDR. | INDIR.
AF 8C DE HL Sp IX Y an inn} (SP)
AF Ft
! ot €D
8c a 48 ¢t
n
n
n
" ED
R DE " 38 ()
n
€ 4 n
il
6
J 21 2A
DESTINATION S HL n [ €1 .
T [ n
3
R 3 £0
0D D
18
SP F9 £y f9 n .
n
n
DO DD
1X N 2A DD
n ) El
n n
FO FD €D
Y 21 2A '
o N €1
n "
ED ED n ED 0o FO
EXT. (na) 43 53 n. 73 2 n
ADDR. n a a n a n
n n a [ L)
PUSH REG. 00 FD
INSTAUGTIONS IND. (5P Fé cs 05 € ES £S5
NOTE: Yhe Push & Pop instructiont adjust POP
the SP aftet every execution. INSTRUCTIONS
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16-8!T LOAD GROUP

Symbolic Flpgs Op-Cods Mo. of |No.of M |No.of ¥
Mnemonic Operstian s t2 H P/V| N 16 %43 210| Hex Bytes | Cyctes | Statex Comments
LD dd, nn dé ~ an s le | X | o] X | o |6 00 dd0 001 3 3 10 g8 Pair
- n - 00 BC
~ n -~ 01 DE
LD IX, an IX ~ nn e|s | X|® [ X |®|o 101 10 Do 4 4 14 W KL
00 160 00| 2 v SP
- n -~
- n -~
tO 1Y, o0 Y - nn sla | X | e | X |0 ]e 10111 101 0 ] 4 14
00 100 00V [ 21
- a -
- 5 -
LO HL, (an) H —(nnel) | ol s | X| o | X |9 @ 00 101 @10 2A 3 5 16
Lt - (nn) - n -
- n -
LD dd, {nn} daq~(nne)) | o[ o | X|® [ X |[o |o 11101 101 €D 4 £ 20
dd ~(nn) 01 dd1 0N
PO
- n =
LD IX, (na) IXH={an+]) | ¢ | & | X | o | X |® | n onyq DD ) § 20
IX( ~tan) 00 161 010| 2A
-— n —
- a -
LO 1Y, {an} IYy~t(nnel) | o f e} X [0 | X |o | 11y fD 4 3 20
Y| ~lan) 00 101 010 | 24
- n —
- n -
LD {an), HL | [nne1) — H e|e[X]|o|X|® |0 00 100 010 | 22 3 ) 16
{on) = L - 0 -
-— n —
LD (nn), dd (nn+1) ~ddy | @ | o | X | [ X |[o |e 11 101 101 (3] 4 [} 20
(nn) = dd 01 ddo oW
- -
- n -
LD {an), 1X o)) ~IXp| e [o [ X |[e [ x]a |e 11 011 10t aD 4 6 20
(nn) ~ (X 00 100 0Y0 22
-— n hd
- p -
LB tan), IY {fanvl) =Yy | s J o | X | e | X ]|o |@ 11 113 101 FO 4 6§ 20
{an) ~ 1YL | 00 100 010 22
- n -
- a8 -
LDSP HL | SP - HL oo | x[alx|o]e Ut oor| Ffg| i ]
LD SP, iX SP - IX ol | X |e | X|o |o 1 011 101 0o 2 2 10
1) 1t 00 £9
LD 8P, 1Y SP -1y oo | X |6 | X |o | 17 110 FD 2 2 10
1111 00V F9 Qq Pax
PUSH qq {SP-2) —qqy | ¢ |® [ X |® X |o |» 11 qq0 10t i 3 11 00 8¢
(§P-1) ~ qan o1 Ot
PUSH IX (SP2) ~1X(je|[e | X|o |X|® |e 1oy 10 Do 2 4 15 10 HL
ISP-1) = IXy 1 100 101 £5 it AF
PUSH 1Y (§P-2) ~sy to[e | X |0 ix|e |o [AERERERTI)| fFD 2 4 15
SP1) —1vYy 11100 100.| ES
POP qq quu—=ISP+1) | o (e | X & | X | o |® 11 qq0 0N 1 3 10
aq ~ ISP}
POP i X IXH=—(SP+1) | o e | X |e |I'X |® |@ 1§ 01 101 0o 2 4 14
X~ (SP) 11 100 00t [ E1
POPIY IYR~{SP+1) | ¢ | e | X |o [X Jo |o 11 311 10t FD P 4 14
1Y\ ~{SP) t1 100 001 | €1

Nales:  dd s any of the register paies 8C, DE, HE, SP
Qq « any of the register pairs AF, BC, DE, HL

(PAR)y, {PAIR) | refer 1a high ordec and low order eight bits of the register pair respectively.

09 8CL=C AFy= A

flag Notation. @ = fiag not attected, 0 = flag reset, 1 = flag sat, X = flag is unknow

I_I!ag is affected according t0 the result of \he operation




OESYINATION

EXCHANGES
‘EX” AND "EXX’

IMPLIED ADDRESSING
AF’ BC. DE & HL' HL 1X 1y
AF 09
BC,
DE
IMPLIED & D9
HL
113 [1:]
REG. (SP) E3 0D [41]
NDIf. €3 €3
BLOCK TRANSFER GROUP BLOCK SEARCH GROUP .
v
SEARCH
SOURCE LOCAYIOR |
REG. REG. |
INDIR. - INDIR.
(HU) {HU
€0 ‘LOI* — Load (DE) < (HL) EO "CPI’
Al lnc HL & DE, Dec BC Al Inc HL, Dec BC
€0 ‘LOIR* — Losd (DE)=~HL) EO ’CPIR’ - tnc HL. Dec BC
REG. {OE) B0 ln¢ HL & DE, Dec 8C, Repest until BC = 0 B1 ropent until BC = 0 or lind match
(RDIR. ED 'LOD ~ Load (OE) = (RL) EO , .
A8 [Dac HL & O, Dec BC A9 (PO" - Dec HL & BT ,
ED ‘LODA’ — Losad (DEr=<HL) ED ‘CPDR’ - Dec HL& BC |
88 Doc HL & DE, Dec BC, Reopestuntd BC = 0 8BS Repeat until BC = 0 or find maich
HLU points 10 towrcs HU pointt ta location 1n memory
OE paints 10 destination 16 be compared with accumulator |
8C isbyte counter contants

BC is byte counter
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EXCHANGE GROUP AND BILOCK TRANSFER AND SEARCH GRQUP

Symbolic Flggs 0p-Code No. of |Mo.of M|Mo.of T
Mnemanic Ogsratizn |8 | Z H PIV|I N} € |76 543 210 Hex | Bytes | Cychss | States | Comments
EXDE, KL | DE-HL e e | X |® | X|e]|s |[e N1 101 O11] EB 1 1 4
EX AS, AF° [ AF -AF e |o X |o|X|e]a |e 0000 000 OB | 1
EXX c-8C e e | X |e | X)e]|o |e Jt1 011 001 O9 ) 1 4 Register bank and
(EE -OE') auxiliary register
HL—HL" bsnk exchange
EX(SP), HL| W —{SP+1) | & | e I X [e } X | o & | e [14 100 012| E3 1 5 18
L ~-(8P)
EXASP)IX | IXy=={SP¥1)| @ | @ | X | o [ X | o o Lo j11 011 101 DO 2 6 2]
X ~SP) 1t 100 011} E3
EX(SPLIY | LYy —{SPet][ o | o { X Jo | X | o e & 1111t 101]| FO 2 [ 23
1Y ¢ ~~SP) 11100 Ot1| E3
O
L0l (0E)=(HL) o [o [x Jox]| t]afe Jn101101| €D |2 4 16 Load (HU into
DE ~ DE1 t0 100 000 AO (DE), increment the
HL ~ HL+Y potnters and
8C - 8C1 decrement the byte
counter (BC)
LDIR (DE)=AHL) [o,ye | X [O|X| 0 B]|elhtr01101| €D 2 5 21 HUBC#0
DE — Of+t 10 110 000, BO 2 L) 16 18C=0
HL = HL+1
8C - BC 1
Repeat until
8C=0
@
LoD (DE)=(HL) (o (e | X | O [x1 §]0 e 1110110V} EO 2 4 18
OE - DE-% 10 $0% 00| A8
HL = HL-1
BC - 8C1
LDDR (OE}—(HL} |e |[o [ X'|O | X!l O|[0O]a |11 101101 ED Y3 S 21 {{8C+0
DE - DE-} 10 111 000| B8 2 4 16 IfBC =0
HL --HL
8C —B8C
Repeat unlif
BC=0 |
| @ D |
cel A-tmo Lt b x b e oo 0 |2 a 16
HU = HL+1 10 100 001) AY
BC - 8C 1
@ ®
cPIR A - (HLU) PLLIx b x] g [rv]e ot ED 2 5 2 1(BC # Oand A5 (HL)
L = HL#! 10 110 001 81 2 4 18 BC=00cA=(HL)
8C - BC-1
Repeat until ‘
A=(HU o1 |
8C=0
@ a
CPD A - (RL) (e x| tix|t]r]e prirorior] ebp |2 4 16
HL —HL1 10 101 001 A9
8C --BC-1
@ L
CPOR A - (HY x| dfx]tlu]epriovior] ¢0 |2 5 2t 1t BC70and AF{HL)
HL — ML 10 113 001 89 2 4 18 HBC=00or A={(KL)
8C —8CH
Repeat until
A = {HL) or
8C=0 y
Nates. (1. IV flagis 0 the resuit of 8C-1 = 0. otherwise P/V =
(2 2flagis ) A= (KLY, othenwse Z = 0.
Flag Notation:

Y

= flag fiot attected,,0 = flag reset, 1 = Flag sel, X = flag is unknown,
= tlag s alfeci®d according to the result of the operafion.
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8-BIT ARITHMETIC AND LOGIC

SOURCE
( REG.
REGISTER ADDRESSING INDEXED  [IMMED.
NDIA.
A & £ D £ H L (HL} [{iX+0) |(1vsd) n
DD FD
*ADD’ 87 80 81 82 83 84 8s 86 86 86 6
e i - o d d I
! 0D FO
ADD w CARRY 0¥ 88 89 8A 8B 8c 8D g€ 8€ 8€ CE
'ADC’ B d ] n
- - “| T 00 FD
SUBTRACY 9 90 g1 92 93 84 96 96 96 96 06
‘Sus’ d d n
- T oD FO
SUB w CARRY 9F 8 1 939 ! 9A 98 9C a0 9€ 9F 9E 0E
'SBC’ I | j | 1 d d n |
'_ T | B R DD FO
*AND' AT A0 At A2 j Al 24 AS A8 AB A6 €6
i d d n
T T T T T T 00 FD
"XOR’ AF A9 A9 AA AB AC AD AE AE AE EE
d n
oo by B P
'0OR’ BY | 80 | B B2 83 B4 85 86 86 86 F6
_— Y - g g n
i) 0
COMPARE BF B8 89 8A 88 8¢ 8D BE BE BE FE
P d d n
[ — 00 3]
INCREMENT 3 o4 oc 1 10 2% 2¢ 34 34 34
"INC’ d d
- - 00 FO
DECREMENT K1) 05 00 16 i 25 20 5 35 35
L0 [ ] B O 2 A
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8-BIT ARITHMETIC AND LOGICAL GROUP

Symbolic Flags Op-Code Ho.of Ho.olmho.off
Mnemonic *Operation S [ 4 H {P/V M| C |76 S43 210| Hex | Bytes |Cyches |States |Comments
ADD A A~ A+r pigrx!lyDxiv]oe]  [romsag | 1 [l p Req.
ADD A n A «Adn Viagxs bbxdgvio] 1o @oalne 2 |2 ? 000 8
. o - - 001 c
| i 010 0
ADD A, (HL) | A ~ A«(HL) | Vb ix| P x|v]o| 4 |ofano 1 2 7 o1 3
ADO A, (1X+d) [ A-Ac(IX+d) || bbb x|t x|jvi]o] tltoetior| ob {3 5 19 100 H
i 10 (0001410 101 L
- d - 1t A
ADD A, (IYe3) | A-A+IY1d) i X[ ¢ X|Vv|oel) |t fD |3 5 19
10 [000) 110
- 8 -
ADCA, ¢ A~ AtsiCY Pld [ Xjetx{v|o]} [oa1) sisany of r,a,
SUB's A-A-s Py x| vextvic] ain? (HL), (1 X+d),
S8CA,s A-Acs-CY | Ly x| b x v} 071 (1Y +d} as shown fot
ANO ¢ A=A ac: tiy x|t x]rPp]o]o {Ton) ADO nstruction.
ORs A=A v s |y x| x|pP|o]oO [fn The indicated bdils
XORs A-A® s Iy x| d[xPp|ofo [N replace the {000) in
CPs As Ll x| I xfvfiurid [LARR] the ADO <et above.
INC ¢ P-4 tlp x|t x{v/|o]e oo r (100 | 1 q
INC (HL) HUO=m0er ¢ L[ pIx ] 1 x|\v|o[= |oo 110000 ! 3 1
INC ((X+d) {IX+d) - Py x|y Xxyv|[o]e |ttotn01]| 00 |3 6 23
(1X #d) ¢ 1 00 110 (100)
- 6 - |
tNC (1Y +d) (1Y+d) - Eoda x| x|v|o]s pruvion] Fo |3 6 2
{y+d)et i 00 110 (100)
- 4 -
DECs [N | Xt ) X V] ]e 101 sis>.yof 1, (HL),
: {IX+d}, {1Y+¢d) a8
shown for INC.
O FC same format
and states as (NG,
Reptace (100) with
[1a1)ia OP Code. -
Notes:  The V symbol in the P/V fiag column indicates that the P/V flag contains the averflow of the result of the

Flag Notation:

operation. Similarly the P symbol indicates pacity. V = 1 means overflow, V = 0 means not overflow, P = |
means pavity of the result is aven, P = 0 means perity of Lhe result is odd.

= {lag s affected according to the resolt of the gperation.

& = flag not affected, 0 = fiap reset, 1 = flag set, X = flag is unknown.
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GENERAL PURPORE AF OPERATIONS

Decimal Adjust Acec, 'DAA 1
| Complemani Act, ‘CPL’ 2F
Negate Ace, ‘NEG' iﬁ}
| (2"; compaaznt) 44
Complement Carry Stag, 'CCF’ aF

Set Cacry Flag, 'SCF’ 37

MISCELLLANEQUS CPII COMTROL

T
'HOP’ | U
SESEDEER 48,
"HALT’ %
NISABLE INT ‘(DI £3
| e el iz
ENABLE INY “(E1) 8
SEY (HT MODE 0 €D
moe o 6
SET INT WODE ! o
RIYRE 56
SEY INT MODE 2 {
"% | 2E !
L mr 1k

8080A MODE

RESTARY TO LOCATION 0038y

IRDIRECT CALL USING REGISTER
) AND 8 BITS FROM INTERRUPTING
DEVICE 28 A POINTER.
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GENERAL PURPOSE ARITHMETIC AND CPU CUNTROL TTROUPS

| Wo.of Ho.ot# | #s.of T

Detimal adjusc

(One's complement)

0p-Cods
J(_U 768 543 210] Mex Bytes | Cycles | States Commants
S 00103 11| 2 T 3
i accumideles
e 100 101 11Y| ¥ 1 1 4 Complemienl
| sceuraulgion
| |11 101 101 ED 2 |2 B Negate ece, (wo's
01 000 100| 44 | complernent)
1 {00 111 111] 3F 1 I 4 Complement carry
{139 .
o0 110 111} 37 1 1 ‘ Sctearry llag
o |60 000 000 00 | 1 I '
o |or 110 16| 26 1 i
o yitoost| F3 L 1 4 ‘
o [1y N1 01| FB8 | 1 4
e 11101 10| €D | 2 2
01 000 110( 46 ‘
o (11 apragr| €9 |2 2 ]
01 010 110| 56 ‘ |
o {11101 101, €D | 2 2 | 8 ‘
01 011 110] S€ |

Symbolic ”191
Maemonic | Oporatian —s—z__Tfhnﬁ/v"T
DAA |[Convertsace, | § | | | | 4 _X_I_P_ o

conlent inlo !

packed 8CO

fotlowing add

0( subtract

with packed

BCO opersnds
cPL A-R oo | X| 1] X]|e|1
NEG A-Fer | H 1 xb b x]v |
CCF cy-CY sfo | x|x|Xx|e}|0
SCF ey -1 efo | x|o|x|elo
ROP No operation | ® | o X|e® X|e|e
HALY CPUhalted | ® |o | X|o | X| & |e
DI IFF < 0 oo 1 X[o | X|[e]|e
£l IFF - 1 o |e X|e X|e|o
IMO Set interropt [ 0 | @ X|e X|eo|e®

moda 0 :
(M) Setinterrupt | © | o X|e 'X e | e

mode 1
M2 Setantecrupt | @ | [ X |o | X| o | o

mode 2 {

Notes:  |FF dicates ‘he interrupt enable flip Jtop

CY indicates the carry {lip-flop.

ftag Notation:

| = flag s atfected according to the result ol the aperation.

© = flag not affected. 0 = flag reset, 1 = flag s2t, X = fiao  unkaown,



DESTINATION

16BIT ARITHMETIC

SOURCE
oc | o€ | W | s | x|
Wl e | v | B | =
DD DO 0D [1]3]
ADD
oo X1 o0 | e ®n |
Iy ¢0 fO FD D
® | 19 3 »
ADD WITH CARRY AND WL ED €D ED £D
SEY FLAGS "ADC’ 4A 5A BA A
SUB WITH CARRY AND ML ED ED ED ED
SET FLAGS 'SBC’ 42 §2 52 12
* 00 f0
INCR ENT ‘INC’
NCREM NC [1X] 13 p4) kK| 2 2
00 FD
. -
OECREMENT DEC 08 18 28 38 28 28
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16-BtT ARITHMETIC GROLIP

Symbolic Flags Op-Code | No.of |Me.of M No.af i
Mnemonic Ogaration § 7z H PV] K | C 767543 210 Hex | Byws [Cychs | Sutes | Comments
ADOHL 18 | AL - Hias o [o [ X[ X[ X[ e]| @001 00i [ R Rey
00 BC
ADCHL ® |RU-HLsseSY| § [t x| x| x| v]oaf}tior1n| €0 |2 H l1s o (1]
! 0l sl 010 ! ! 0 K
: 12 N
SBCHLss |[HL=HLssCY | b [ 1 [ x [ x{x | vyi |y [vn1om0] en |2 4 Uys
01 10 010
AODIX, pp |IX =X +pp ¢ o | X | X|X|e! 0] J1101t 101 Do |2 £ 15 np Rey
00 eop) 001 00 BC
0! ¢
10 1X
1 sp
ADDIY,r |1Y = 0¥ v u e o x| xix|[e]af[t M| fo |2 4 15 o Rig
80 sc1 DY 00 BC
01 DE
10 By
1 SP
INC st @8- L o |IX|[® | X|® ]| e |[e D00 OF! 1 1 6
INC IX IX = (X1 o |eIXx |[e[x|[o]e]e|t1011101] DO |2 2 10
00 100 011] 23
INCIY 1Y 1Y+ o o | X |[e|[x|e|[o]e |t nir01] FO |2 2 10
[ 00 100 011 23
OEC s [ TR | s o | X |[eo [ X |o]| o | e 00t 01f 1 1 6
DEC tX IX « 1% o |a|x o |x|e]|e|otyo11101] DO |2 2 10
00 01 011{ 28 ’
DECIY Y - 1Y o |ofx |o[x|e|e]e |ty 18} Fo |2 2 10 !
00 101 01| 28 {

Notes: 315 any of 1he register pairs 8C, OE. WL, SP
pp (s any ol (he register pawrs 8C, DE, IX, SP
1c1s any of the register pairs BG, OE, 1Y, SP

flag Nawation: o = Ilag ot allected, O = flag reser, * = flag set, X = tlag s unkaown.
| = 11aq 1t alfected according 10 the result of the operation.



TYPE
OF
ROYATE
OR
SHIFT

ROTATES ANO SHIFTS

Souree and Destinstion

A 8 C 0 E H L (HL) JIX+a)K1 Y +d) A
) 00 | FO [
¢8| C8| cB} CB| CB CB | C8B ca | Cc8 ce
, , RLCA] Q7
AL o7 | oo [ ot [o2]03 [ o8 {05 |08 |s |d tear o
06 | 09
‘f 0o L J
CB | CB)|) CO|cB| co(cCB:; CB| CB (B cs
'RRC’ | RR
¢ GF | 08 | 03 0A | 0B | 0OC ) OD | GE | d g CAl OF
, 0E | 0t | I
; DD | D
‘RL ¢8| CB cB | CB| cB | CB | (CB cB | C8 o] ‘RLAY 1Y
17 10 " 12 K] 14 15 16 | d é
| W% | 18 | .
[4])] | 2)]
ce | Cc | cBiCcB| CB| CB| CB| CB|CB ce
‘RR’ naa
A iF 19 19 1A 18 1C 10 1€ d d RRAY 1
16 | 1€ |
0D FD
SLA' cB|cB|CB|CB| CB| CB| CB| CO|CB c3
27 20| A 22 23 24 25 26 | d d
26 26
00 fD
SRA’ CB‘ cg|ca)ce| Cb| CB| ce| CB|CB ca
2F [ 28 | 28 | 2A| 28 ) 2C | 2D | 28 | d 4
BRI R
iop!tfo
SAL CB |[c8|ca|CB| CBY| CB| CB| CB|CS [
kis 38 39 3JA | 38 | 3C 30 | 3E | d 4
) 3E 3t
. ED
fiLo 6F
, ED
RROD 5
Aotate
by =—bo Left Circular
Rotate
- =13 bt
Rotats
N P N
- Rotate
Y — g
Shift
2 10 G scithmeue
ifg
T L o i
e Shit
;ECVj f"L.___ Right Logucat
0

- by-bg}ba-bg| {HL)

Ratate Oigit

Left
ACC e
S e s et
AGC —
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Moamonic

RLCA

AACA

RRA

RLCr

BLC (HL)

RLC (IX+d)

RLEC(1Y+d)

RLs

RRCt

Rfis

SLA¢

SRA s

SRL

RLO

RRD

Symbaelic

Operstion_

. mw_ﬁ;%@J =

E@«{g@ﬂ

> ?-—Eb

rHUL{IX+d), (1Y +d}

(a0 —]
s S, (HL)IIX+d), {1 Y+d)

R |

3 S {HLLX). 1Y 4d)

L—=a P

s = HOX4d), (1Y +)

(o e

§ =1, (HLL (1K), (1Y4)

=07
+ =0 (HO, (X +d){1Y )

0ofl =——=C

3 =1, (HL),(1X+d), (1Y ¢}

A (m

ROTATE AND SHIFY GROUP

Flygs 06-Cote No.of|Mo.of
W M
Z H 1 [ C |76 643210 [ Hox |Bytes[Cydda
X|0X tloosoo | oy b
‘
X|o|x {{oooo i) o 1
X|0|X {160 001 112 | OF ] 1
X1o|x 1100 011 111 ] 1F |4 1
flx|ogx } 11001 01| CB |2 2
00 000)
plx)0o(x 1 [y opronn]ce [2 e
00 [000) V10
1[x]ojx j[rotriotfonls |8
11 001 01} CB
- d -
00 {500] 110
bl ojx P lieno] Fooje |6
11 001 011 CB
- d -
00 054) 110
1{x|o|x || 61
(x|ojx i | 0of
flx o |x VoEm |
tlx|o[x | (i00)
V[x]o]x 1| [T
bix [o[x { 111
X|0]|x afty 101101 ED |2 [8
01 101 311 | GF
Vix]o[x el 101 101 | €O |2 5
01 100 111 | 67

Flag Notation:  © = {leg not affectgd, 0= flagreser, 1 = flag a1, X = flagis unknovm,
{ = {leg is aftecied according to the ratult of the opsration.

f10.0f
T
tats1

23

2

18

Commants

Rotate ieft cucular
accumolator

Reotate left
accumulator

Rotate right cireutss
eccumulalor

Rotate right
sccumulator

Rotate left circulat
registor ¢

r Reg.
000
051
010
011
100
101
1

>PrrImMO o ®

Instructien lormat aad
1tates are &1 shown lof
RLC’s To form news
0Op-Coda raplece [000]
of RLC’Y with showa
code

Rotate digit (eft and
right between the
accumulstor

and location {HL).
The canteat of the
upped halt B the
accumulator 1s
unatiected




81T MANIPULATION GROUP

y REG.
REQISTER ADDRESSING IHDIR. IBDEXED
————
- A 8 ¢ n E H L (ML) [axed) | ty+d)
4 SESNEES—— s
NERERERERERERE ce | % | &
4y 40 4 42 43 44 45 | 46 98 ey
1 co c8 cB c8 co c8 8 c8 28 8
aF | 48 49 4A 48 AC 40 4E e %
2 8 | c8 |c8 | cg8 | co | ce | c8 8 | 2 | o5
5 50 51 52 53 L T 56
. ce cB ca c8 c8 c8 c8 ¢ | 9P ro
TEST ﬂ,____iF 59 > SA 58 _i(: 50 SE - :E gs
T , | @ e fe o fwo | ch e | &8 | o8
| 6 | &0 61 82 | 63 | 8 65 66 Se e
. 8 c8 c8 ce c8 c8 €8 c8 3 33
d d
6F £8 69 6A 66 | 6C 6D 13 g g
) ce c8 c8 c8 P B ca c8 &8 8
” no|n 12 7 74 2% 76 %4 %6
, co c8 c8 c8 8 8 c8 c8 s &8
I 18 19 1A 8 ¢ 70 7€ %e %e
. c8 c8 c8 c8 c8 cB c8 ce 3 |45
87 80 81 82 8 & | 85 | 86 ga‘_ o6
1 ce ca c8 c8 cB c8 c8 6 | oo o
| 8F 88 89 8A 88 8C 80 8€ % 9
\ c8 ce c8 c8 c8 ca B c8 28 o
I 3
B q7 90 94 92 |9 | u 95 9% | 5 3
) c8 c8 c8 c8 8 ) c8 c8 EY co
RESET 9f 98 99 94 98 | sc ) 90 3 9 9
a7 ) cB cs cB c8 c8 c8 cB cB 28 4
‘RES’ Iy a8 | At A2 A3, | Ad A% AB A %e
; c6 | c8 ca co ce c8 ce ca w | & ;
| D LA A AY AA A8 AC AD AE % % |
. 8 | c8 c8 cs c8 8 ca e | 99 £
87 | B0 B1 8 8 Y ¢
g0 |e Jee e e e | e |5 | g
, ¢ | cB c8 c8 cB 8 c8 c8 20 &
| e e 8 | 8A |8 | BC 80 BE e g_f___J
1 | ) Fo
. ce ,c8 | co co cB c8 8 I:} e ce |
¢ 1oco c1 2 3 | o ¢ c6 2 e |
‘ 8 |8 |c8 | ce |ce | ce | ce ce | o8 | 8 ]|
cF | c8 C8 CA cs cc o CE e 26
3 c8 B c8 c8 c8 cB c8 c8 29 P
0? 00 )] 02 03 04 | 05 | 06 e | 2
. 8 ce o c8 8 cB 8 co 2P 8
SET 0f 0 08¢ o q
. 8 DA DB oC 00 0 % 9
SET ) c8 cB cs c8 c8 c8 c8 cB ab &8
3 E 4 ;
7 0 £ E2 £3 E4 33 E6 e F
G c8 cB ce 8 cB cB B 8 33 e
EF €8 ES EA €8 EC €D £E 4 °
; c8 c8 c8 cB c8 ce 8 co (4% e
i 3] FO F1 2 R £4 F§ | F6 % 4
: ce 8 | c8 | ce 6 | c8 c8 8 | 2% 8
FF F8 F9 FA FB FC FO FE 7€ Te




Mnemonic

BIT, ¢
BIT b, (FLI

BIY b, yX+d)y

BT b, (IY+d)y

SET b, ¢
SET b, (HL)

SET b, (IX+d)

SET b, (1Y+d)

RESH, ¢

BIT SET, RESEYT AND TEST GROUP

Syrabolic Flzzs Op-Code Ho. of [Mosfb oot Y
Oparation s|Z 2l P/Y 78 643 210| Hex |Bytes [Cydes |Stxtes | Commuats
Z - X x[ v xTx 11000 011 CB |2 2 3 ; Reg.
0ot o ¢ 000 B
-0y x|l x| o] x|x nen o) ce 2 3 12 | o0 ¢
j | ot b 110 010 D
-0y | x b x| o] x[x 11011901 0D |4 5 20 on £
11 001 91| CB 100 H
- d - 101 L
01 b 110 th A
L b 8it Tested
2-0vedly | X1y x| 1] x|« 11 111101 FD |4 5 20 | 000 0
11 00y 011| CB 001 )
! -4 - 010 2
'] 0 b 110 on k)
I 100 4
101 5
' 110 8
I i 7
oo ’- o xo|xe 11 001 011| CB |2 2 a
! o
(HUy -1 1o | &) X| & X|o 11 001 0¥t CB |2 14 15
f ,. D b 10
(IXeddy = 1 | & | o] X o|xio 11 011 101 0D |4 6 2
| 11 001 011 C8
| - 4 -
’ i v w0
{IY#)p =1 | @ | &} X | 6| X | o 13110l FO |4 6 23
| 11 00t Ot1| CB
‘ \ L
] | T » 110
W - 0 ! l I 0] To lorm new Op
s =t, (R, | | Code replace (1T}
(1X+d), | I | ol SET b, s with
(1Y «d) i | | | [10) Frags and tine
‘ . ‘ ’ wtates for SET
| | anstruchon
Notes:  The notation s indicates bit b (0 to 7) or location s
Fleg Notation:  © = flag 10t alfected, 0 « Mlag cwsat, 1 = {lag sot, X = Hiag is unknown,

| = fleg it alfected sccording to ths rasull of the openation.
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JumMP GROUP

CONDITION
N PR P e e B o A
\EMED k) 0% | b2 | €A ] LA E2 | ¥A [ ]
JUMP ‘JP° [i(T . an o n a8 fl n n n n n
: n q iy A n_ A n o |«
"B 18 |38 |30 |28 | 20
JUMP 1P RELATIVE |PC-«| o | 300 | olal e 2] 6-2
JURP “IP' KL | &8
\pe REG. 00
HINP 1P INDIR. 0 | gq
o D
JUMP P vl | o
OECREMENT 8,
JUMP IF NON | RELATIVE [PC -6 0
ZERO ‘DHIT’ o 2
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JUMP GROUP

| Symbofic Flggs OpCode | No.of | Mo.cf M[Naot ¥
Mrezonit | Qpermtion S$|2 H PV K [ C |76 523 210] Hax | Bytss [Cyctss | Statey | Corrasats
# L sle X[ X[ e[ [tooon ¢33 |3 10 '
] - n -
- n - ¢ Conditioa
JPcc, no If conditionce [ © | o | X |o [ X e [ o |0 [11 ¢ 010 ] k 10 000 NZ non 2efo
|18 ttwe PC = nn, - n - 001 |Z reco
| olhervate Vo l - n - 010 | MC non canry
conbaus I o1t | € aay
100 | PO parity odd
101 | PE parity even
H 110 | P sign positive
JRe PC~PC+e o |o X|e [ X]|e |o|e [0o0t1 000 18 7 3 12 111 | M niga negative
- ';2 -
JRC, ¢ HCc=0 o [s | x| | X l e | s 1o |00 111 000 238 |2 2 1 {1 condition not met
continve - &2 -
1iC=14, 2 3 12 It condition is met
PC -~ PC+e :
JRNC, e lIf C-1, e e | Xie | Xte le e [00110000 30 (2 2 b t{ céndition not ret
Jcontinue i l - e2 ~
jace=e : : ( 2 3 12 W condition i me1
19C - PCee | b ,
WAZe MZ:=0 s s | X[c xgoe l oo fooor e 28 [2 |2 ¥ If condition not met
fcontinus ' | ; : - g2 -
jfz=1, | ! b4 3 12 (f condition 15 mat
PC - PCte : I : , :
JANZ e |24, le "= 3 X X |e =16 |00109060 26 |2 2 17 U condition 0ot met
lcannave ‘ ' i : - 82 = ’ '
i‘l -9, i ; l i | L3 1 | 12 It congition if =
S Pl o g { ! !
ML HL |Q"1‘;<l°i¥ S AL L < I L L
! i S ‘v : S ;
BN, ia R SR S I T DR T R 2
‘ SR [l oagy e b
WYy PL-v oo xlwmm'v;v (IR T SR S ‘a ‘
I | I N It AT
1 [ | ’ i i i
0NZe B - B1 -|o'ﬂ«!xw o |o oomoooo| 10'2 i ‘3 HE -0
18 =0, [ T T - 62 - L
iconunue : I | : . |
b : : ! : !
B AT b l i } ; I R A F I N RF
PC = PCee A i i i ]

Notes: 2 :epresents the ex.2nsian in the relative addérewsing mode.
8 (s 2 signed 1wo's comptement numbei ia the range <126, 179>

e Zin the op-code crovides an edlective sddiess of pore as PO it
incremented by 2 grier to the addition of e.

Flag Notation:  © = flag not affected, 0 = flag resel, t = flagsat, X = flag is unknown,
| = flag 15 affected according to the result of the ooeralion.
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CALL AND RETURN GROUP

CORDIYION
uy- HON MOM |PARITY|PARITY| SIGN | SIGR | REG.
COWD. |CARRY |CARRY [ ZERO | ZEROG | EVEN | ODD | HEG. | PDS. | B90
ALl (MMED. €0 oc 04 cc 7} EC 4 £C Fa
EXT. nn n n n n n n i n n
__ A n [ . n n n n n
RETURN REGISTEA | (SP)
RET IKDIA. (SP+1) [h} 08 oo cs (&1 £8 E0 F8 ¥0
RETURN FROM |REGISTER | ($P) | €D
WT/RETI INDIR. (sp+1) | 4D
RETURN FROM 1o ccisTen | (sp) | €0
NONKMASKABLE |15 (sPe1y | 48
INT'RETN' L
NOTE — CERTAIN
FLAGS HAVE MORE
THAN ONE PURPOSE.
REFER TO Z80-CPU
TECHNICAL MANUAL
FOR DETAILS.
RESTART GROUP
; op
COOE
0000 crT | RSTUO
1
0008y cF | ‘AST®’
S e
C
A | 0010y o7 ‘RST 16’
L —
L
0018y 0F | ‘ASY 24
A -
0 |
0 0020y B | RSTIY
RL S S—
£ f
5 0028y, EF | 'RSY4Y’
S ]
0030y F | 'RSTaQ'
I L
0038y FF | 'AST 56’
— S IO S—
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CALL AND RETURN GROUP

Symbalx Flags 05Cods Ho. of {t40.0tMManl T
Maemonic | Oparstion S$T2Z " P/VY N 1T [78 343 218] Mox | Bytes [Cyelss [States | Comments
CALLan [P0 -pey| e (& x o [ X[ ]| e [® o0 ro1] co |3 5 |17
ISP-20 - PC. -0 1
PC - nn Soa e
CALLce, no[$fcondition [0 e[ X | o | X| e | e jo (i1 cc 100! 3 3 10 (f cc o8 farse
cc s false { - n o]
conninue, '| I 3 5 17 W ec it teue
otharwise ! | |
5ame §3 !
CALLnn i | :
AEY PCL-(SP) |@ || X e | X]|6le o 11000001} C3 |t 3 10
PC" - {SP+1)
RETcc  |ifcondition |o [ o ! x| o | x| o o'fe |11 cc 000 \ Vs 0 ec o fafse
cc is false
conuinue, 1 3 1" i ccs rue
othervan 13 Condition
13108 88 000 | N2 nonaeto
AEY 001 | 2 Le(0
010 [ NC  non carry
RETI Returafrom | & (o x| ® | x| e |e |a]11 101 101 €D |2 a 14 011 [ € canry
interrypt 01 00y 01| 4D 100 | PO panty odd
RETN! Ratornfrom | & | & | X | ¢ | X | @ [6 {2 11 101 101 kO |2 4 \L 10Y | PE  party even
non maskable 101 000 10V | 45 note $19N POsHive
interrupt 1M 5190 negalive
AST p (SP-I)“PC“ ° & X{o | X!Ieo]|oe s [+ 1 \ 3 1"
(s e[
PCy - 0 |
ch “p ': |
) L -
| 000 | 00K
00) | 08K
016 | 108
011 | 18H
100 | 20H
109 | 28H
110 | 30H
1Y | 384

VRETN losds IFFy ~ 'FF,

Flog Homtion: & - flag not aflec1ed, 0 = flag rater, 1 = flag sal, X = flag s unkaown,
! = flag s affected according to the resull ol the operahion.
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INFUT GROUP

PORT ADDRESS

REG.
|"MMED: | ipin.
n {o]]
a 00 €0
£ A a 18
G )
e 40
A ED
D. 8 | 4
‘ D £0
ouT -
INPUT "IN . ()} 5
£ . en
5 ¢ 58
-
INPUT s i €0
OESTINATION P | 6D
N €0
G t 68
INF - INPUT & EO
_IncHL QecB | A2
IRIRT — INP_ Inc HL, ED
Dec 8, REPEAT IF 80| REG o | 82 RLOCK INPUT
INGOY L INPUT & INOIR €D [ COMMANOS
_ DecHL, 0s¢ B 1 AA
INGR - INPUT.Oec HL ) [
CecB REPEATIF BAO L1 8A J/
OQUTPUT GROUP
SOUNCE
[ ) REG.
REGISTER 0.
A B C 0 E T H L L)
| IMMED \» n :3 [ |
. T | P L S S o l
ou Rec || eoten [E0 [E0 [TEd [0 | €0
line R 49 - 51 59 61 ‘ 69
"OUTI - OUTPYT REG | :\ EQ
n oy w0 _ e
“OT(R" - QUTPUT, inc HL, IIRFE. i )
|Dec B, REPEATIF B4 l1NO ] L 3
‘DUTD - QUTPUT REd (i | £0
Oec ML Dec B jthD. B { I S -
"OTOR'-DYTPUT, Der ML |REG o )
Dec 8, REPEAY 1F B30 [IND. | | 88 |/
e
PORT

OESTINATION

ADORESS

BLOCK
ouTePLY
COMMANOS



INPUT AND OUYPUT GROUP

Symhokc g 0p-Cade No.ol |Ho.of M |No.of T |
Mnemanic Operation 5 2:7 Tu f/v “ __(:___ @jw'_ﬁéi"m Bytes' | Cyrles  [States | Comments
WA (ol | A - () e e (X |e[X|e|e e ttonng 08 |20 |3 n A Ay Ay
. - n - Acc 1o Ag ™ Ayg
Ny, (C) T flrlx x| elo]e|nonn] e |2 3 12 CloAg ™~ A
=110 only | 01 « 000 B1oAg ~ Ayg
the Hags vall
be alfected
3
NI (KU} - {0 X1 )| X [ XX X[ 1 |®e [l 1010 €0 2 4 16 Cto AU ~ Ay
8 -B 1 10 100 0V0| A2 Bio Ag ™~ Ayg
HL = ML+t
INIR (L) - {C) X111 |X X1X XtPrie prvaova0y| E0 2 5 2) CloRg ™ Ay
8 -8 10 110 010| 62 (418 101 Bro by~ Az
KL - L+ | 2 4 16
Repeat unul (148 =0)
820 J
® |
180 HO -0 | x| x| x x| xfy]e o eo |2 ‘ 16 [Crag~ay;
8-8 1 10 101 010 AA 1BoAg~ Ag
HL = HL-1 ]
INDR (L - () X[t |X X |[X] X | 1] e |10 10t 101 ED 2 5 21 CroAg™~ Ay
8 -8-1 , 10 11 010l BA (16870 BloAg ™~ Ayg
LHL - HL-1 | I ! 2 4 15
| Repent uatii , ‘ (e =0
8- 0 w ' ‘
DUT Ioh A | (ni~ A (e e lx o lx|ofs e nooon| 03 |2 3 I [ntoAg ~ Ay
I | | Acc o Ag ™ Ayg
oUTICH | (C) ~ ¢ s le X (e {Xe|e e (a0 €0 |2 3 12 CtoAg ™ Ay
oy ¢ 0 8o AB ~ A15
) |
ouT! - MO x|y x| x{x| x|t ]> o] g0 |2 ¢ 16 Cto Ag ~ Ay
B -8 !m 100 01} A3 810 Ag ~ Ayg
BU - HU# 1 |
OTIR W=y x| x| x x| x}ie {110t 101] €O 2 S 21 }(.m Ag ™~ Ay
3 -8-1 | 10 110 Oly| B3 IR A1) 'B‘OAB~A15
ML = HL + 1 2 ] 6
Repeat until He=0
B=0
@ |
ouTOo {C) ~ (HLW XX [ X [X]| X[y ]e 10| €0 |2 4 16 Cto Ag ™ 4,
B -8-1 10101 011 A8 BtaAg~ Ays
HL = HL-}
0TOR (C) - (HV) X3V X | X |X| X1 [e [ i0r 100 EO 2 5 21 CroAy~ Ay
8 ~8-I | 10 111 011 8B (68 £0) BtoAg~ Arg
HL - HL 1 | 2 4 16
Repeat unlil Ha=0 ;
B-0 | !

Notes: (1) Ifaha resud( of B - 1 is zero the Z #3g is s01, otherwase 1t)s resel.

Flag Notation:  © = 1lag not affected, 0 = f1ag ceset, 1 = flag set, X = flag 1s uaknowym.
| = fisg is atecrad according to the resull of the oparation.
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Z280—-CPU

INSTRUCTIONS )
SORTED BY 50 ML E.B
29 ADD HL HL 59 LDEC
D_ 2A8405 LO HL,(NN) 5A LD ED
OP-CODE 28 DEC HL 58 LD E.E
_ 2C INC L 5C LD EH
e i 2D DEC L
0BJ SR T 2620 LD LN ot D EHL)
CODE STATEME 2F CPL 5F LD E.A
0u NOP 302E JR NC,DIS 60 LD H.8
018405 LD BC.NN 318405 LD SP NN 61 LD H,C
02 LD (BC) A 328405 LD (NN).A 62 LD H.D
03 INC BC 33 INC SP 63 LD HE
04 INC B 34 INC (HL) 64 LOHH
05 DEC 8 35 DEC (HL) 65 LD H L
0620 LD 8N 3620 LD (HL),N 66 LD H,{HL)
07 RLCA 37 SCF 67 LD H,A
08 EX AF AF’ 382E JR C.DIS 68 LD L,B
09 ADD HL,BC 39 ADD HL,SP 69 LD L,C
0A LD A (BC) 3A8405 LD A (NN} 6A LD LD
0B DEC BC 38 DEC SP 68 LD LE
oC INC C 3C INC A 6C LD L.H
(4]0} DECC 3D DEC A 60D LoL.L
0E20 LD C.N 3€20 LD AN 6E LO L, (HL)
OF RRCA 3F CCF 6F LD L. A
102E DJNZ OIS 40 LD B.B 70 LD (HL),B
118405 LD DE.NN 4 LD B.C 7 LD {HL),C
12 LD IDE} A 42 LD B8,D 72 LD {HL),D
13 INC DE 43 LD B,E 73 LD (KL)E
14 INC D 44 LD B,H.NN 74 LD (HL),H
15 DECD 45 LD B.L 75 LD (HL) L
1620 LD ON 46 LD B.(HL) 76 HALT
17 RLA 47 LDBA 77 LD (HL),A
182€ JR DIS 48 LbCpB 78 LD AB
19 ADO HL,DE 49 LOCC 79 LD A,C
1A LD A.(DE) aA LbCD 7A LDAD
18 DEC DE 48 LD C,E 78 LD AE
1C INC E 4C LDCH 7C LD AR
10 DECE 40 LOC,L 7D LD A,L
1E20 LO EN 4E LD C,(HL) 7E LD A.(HL)
1F RRA 4F LD C,A 7F LD AA
202¢ JR NZ.DIS 50 LD OB 80 ADD AB
218405 LD HL,NN 51 LOD.C 81 ADD AC
228405 LD (NN),HL 52 LODO 82 ADD A,D
23 INC HL 83 LD D.E 83 ADD AE
24 INCH 54 LD D,H 84 ADD AH
25 DECH 56 LD DL 85 ADO AL
2620 LD HN 56 LD D,(HL) 86 ADD A (HYL)
27 DAA 57 LD DA 87 ADD A A
IR ST T A TR AR
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ADC A,B
ADC A,C
ADC A.D
ADC AE
ADC AH
ADC AL
ADC A.(HL)
ADC A A
suUB 8
SUB C
SUB D
SUBE
SUB H
SUB L
SUB (HL)
SUB A
SBC A8
SBC A.C
SBC A.D
SBC A.E
SBC AH
SBC AL
SBC A,(HL)
SBC A A
AND B
AND C
AND D
AND E
AND H
AND L
AND (HL)
AND A
XOR B
XOR C
XOR D
XOR E
XOR H
XOR L
XOR (HL)
XOR A
OR B
QR C
OR O
ORE
OR H
OR L
OR (HL)

OR A i

JP (HL) _

CP (HL)
CcP A

RET NZ
POP BC
JPNZNN
JP NN
CALL NZ NN
PUSH BC
ADD AN
RST O
RET 2
RET
P Z NN
CALL Z,NN
CALL NN
ADC AN
RSY 8
RET NC
POP DE

JP NC NN
OUT (N).A
CALL NC,NN
PUSH DE
SUB N
RST 10M
RETC
EXX

IN A,(N]
CALL C.NN
SBC AN
RST 18H
RET PO
POP HL

JP PO NN
EX (SP),HL
CALL PO.NN
PUSH HL
AND N
RST 20H
REY PE

JP C.NN I

FES R S
EAB405

EB
EC8405
EE20
EF

JP PE,NN
EX DE,HL
CALL PE,NN
XOR N

RST 28H
RET P

POP AF
JPP.NN

D

CALL P,NN
PUSH AF
OR N

RST 30H
RET M

LD SP HL
JP MNN

El

CALL M.NN
CPN

RST 38H
RLC B I
RLC C

RLC D
RLC E
RLC H
RLC L
RLC (HL)
RLC A
RRC B
RAC C
RRC D |
RRC E
RRC H
RRC L
RAC (HL)
RRC A
RL B
RLC

RL D I
RLE
RL H
RLL
RL (HL)
RL A
RR B
RR C
RR D
RR E
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AU b L L L T e

cBi1C
C81D
CB1E
CBIF
c820
CB21
H CB22

CcB23
)} CB24
cB25
i CB26
i CB27
i CB28
CB29
i CB2A
1 CB28B
i cB2C
§ CB2D
)} CB2E
H CB2F
4 cB38
d CB839
H CB3A
i CB3B
B C83C
§ CB3D
CB3E
CB3F
CB4a0
cea
CB42
CB43
cBag
CB45
CB46
cB47
CB48
CB49
CBA4A
CB4B
cBAC
CB4D
CBAE
CBAF
CBS0
CB51
CB52

éhggps

RR H
AR L

AR {HL)
RR A
SLA B
SLAC
SLAD
SLAE
SLA H
SLA L
SLA (ML)
SLA A
SRA 8
SRA C
SRA D
SRA E
SRA H
SRA L
SRA (HL)
SRA A
SRL B
SRL C
SRL D
SRL E
SRL H
SRL L
SRL {HL)
SRL A
BIT 0.6
BIT 0.C
8IT 0.0
BIT 0.E
BITOH
817 0.L
BIT 0.(HL )
BIT 0,4
817 1
BIT
8IY
BIT
BIT
8IT
BIT
BT 1,
BIT 2.0
BIT 2.C
81T 2,D
BIT 2,E

Af—ImUO'w

]
1.
1.
1
1.
1,

HL)

>

Rorieat 3tmos

CECRERT

R o ST

RES 0.E

BIT 2.1 E
BIT 2,1

BIT Z2(HL) )
BIT YA i1
811 4.8 :
BIT 3,C
8IT 3,D
BIT 3,E
Bty 3 H
BiT 3L -
BIT 3,00°L) A
BIT 3, |
BIT 4
811 |
BIi O |
BI - E i
81 4 H %
BIT 4L
BIT 4,(HL)
BIT 4,8
BIY 5.8
Y 6.C
BIY 5,0
BIT5,€
B8IT5H
BIT5,L
BIT 5, (HL)
BIT5.A
8IT 6,8 -
81T 6,C g
BIY 6.0
BIT 6.€
BIT 6.
BIY 6,1 i
BIT 6,(BL) ‘
BIT 6.A

TSP e '

e

8IT 7B
B17 72.C
BIT 7,0
BIT 7,&
8IT 7.H
BIT 7L
BIT 7.(HL)
BiT 7.A
RES OB
RES 0.C
RES 0.D

| CBiu

CBE9
CBOA

ﬁ CBHB

| cpac

CRSD

i LUBE

T

cBot
CBYSO
CB91
cB92
CB93
cB94
C895

| cnas

cBarz
CBog

¥ CBY9
i CB9A

c98
CB9C
CB9D
CBYE

! CBOF
| CBAO

CBA1
CoA2
cea3
CBaq
CBAS
CBAG
csa7
CBAB
CBA9
CBAA
CBAB
CBAC
CBAD
CBAE
CBAF
CBBO
ceBt
cBB2
CB8B3

RES O.H

L’.-‘.’F)."'_l’;i'.:‘,\-,: Fra e e S o

RESO,L
RES 0,(HL)
RES 0 A
RES 1.B
RES 1,C
RES1,D
RES 1,E
RES 1.H
RES 1,1
RES 1,IHL)
RES 1.A
RES 2.B
RES 2.C
RES 2.D
RES 2.€
RES 2.H
RES 2,L
RES 2,{HL)
RES 2.A
RES 3.B
RES 3.
RES 3,0
RES 3.E
RES 3,H
RES 3L
RES 3,(HL)
RES 3.A
RES 4R
RESA4.C
RES 4.0
RES 4,E
RES 4.H
RES 4L
RES 4,(HL.}
RES 4,A
RESS.B
RES 5.C
RES5.D
RES 5.€
RES 5. H
RESS5,L
RES 5,[HL}
RES5,A
RES 6.B
RES 6,C
RES 6,0
RES 6,E

%
3
]
T AR SRR UNR T é

S —
v

e e e e e e

T e TR
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| cBBS
| CBB6
| ceny
| coBs
CBBY
caBA
CBB8
C88C
c880
CBBE
caBF
CBCO
¢BCi
CBCZ
CBC3
CBC4
CBCS
CBC6
CBC7
CBCS
CBCY
CBCA
CBCB
CBCC
cBCD
CBCE
CBCF
CBDO
CBDY
CBD2
CBD3
CBD4
CBDS
CBDG
CBD7

CBDS
| &BD9
| cepA
| capB
| capc
CBDD
CBDE
CBDF
CBEO
CBE1
CBE2
CBE3

e

R[S G, H

RES 6,L
RES 6,(HL)
RES 6,A
RES 7.8
RES 7.C
RES 70D
RES 7.1
RES 7,H
RES 7.1
RES 7.(HL:
keSS 7.A
SET 0,8
SET0.C
SETO0,D
SET O.E
SET O H
SET 0.4
SET 0,{H1.!
SET 0.A
SET 1,8
SEY 1,C

SET 2,(HL)
SET 2.A
SET 3B
SEY 3.C
SEY 3.0
SET 3.E
SET 3.H
SET 3L
SEY 3,(HL)
SET 3,A
SET 4B
SEY A4.C
SEY 4D
SEY 4.E

SN L RS S I R R SR SRR 2T,

L i A, e

T

AR i T

[
i
[
£
§

_i.

i
|
'I'%
i
B

|
|

CBE4
SHES
CBEG
CBE7
CBES
CBES
CBEA
CBER
CBEC

i CBED
i CBEE
l{ CBEF
i CBFO

CBF1
CBF2

| cBF3

CBF4
CBFS

| CBF6
' cBF7
i CBF8
| GBF9

CBFA

l{ CBFB

CBFC
CBFOD

| CBFE

CBFF

| DDO9

DD19
DD218405
DD228405
DD23
DD29
DD2A8405
0028
DQ3405
DD3%05
DD360520
DD39
DD4605
DD4EOS
DD5605
DD5E05
DDG605
DD6EO5
DD7005
ND7105

B r i e R AN

SET 4.H
SET 4.L
SET 4.(HL)
SET 4,A
SET5.8
SET5,C
SEY 5,0
SET5,E
SET 5.H
SEY 5L
SET 5.(HL)
SET5.A
SET 6,8
SET 6,C
SET 6,0
SEY 6.€
SEY 6,H
SET6,L
SEY 6,{HL)
SEY 6,A
SET 7.8
SEY 7.C
SEY 7,0
SET 7.E
SET 7.M
SET7,L
SET 7,(HL)
SET 7,A
ADD IX,BC
ADD IX,DE
LD I X, NN
LO [NN)IX
INC X
ADD IX,1X
LD IX, (NN)
DEC 1X
INC (1X+d)
DEC {IX+d)
LD (IX+d),N
ADD 1X.5P
LD 8.(1X+d)
LD C,(I1X+d)
LD D.(IX+d)
LD € (1X+d)
LD H,(1X+d)
LD. L {IX+d)
LD (tX+d),B

LD (I1X+d).C §

ST

T

L

[ DD7205
DD7305
DD7405
DD7505
DD7705
DD7E05
DD8605
DDBEO5
DDY605
DDYE0S
| DDAGOB
| DDAEOS
DDB605
E DDBEDS
DDE
DDE3
DDE5
DDEY
DDF9
DDCB0506
DOCBO50E
| DDCBO516
DDCBGS1E
DDCB0526
DDCBO52E
DOCBO053E
DDCBO546
| DDCBOS4E
DDCB0556
DDCBO5SSE
DDCRO566
DDCBOSGE
DDCB0OS76
DDCBOS7E
| DDCB0586
DDCBOSSE
| DDCB0596
| DDCBOSIE
DDCBO5A6
DOCBOSAE
ODCBO5B6
ODCBO5BE
DDCROS5CH
DDCBOSCE
DOCBO5D6
DDCBO5DE
DDCBOSE6
DDCBOSEE

O YRR RS 12

Bl I RS

LD {iIX+d}),.D
LD (IX+d}E
LD (IX+d} H
LD (1X+dr L
LD (IX+d} A
LD A (I1X+d)

ADD A (IX+d) |
ADC A, (1X+d) |

SUB (IX+d)
SBC A {iX+d)
AND (1X+d}
XOR {1Xod)
OR (IX+d)
CP (I1Xtd)
POP IX

EX (SP)IX
PUSH X

JP (1X)

LD SPIX
RLC (IX+d)
RRC (1X+d)
RL (IX+d)
RR (1X+d) .
SLA (1X+d)
SRA {IX¢d}
SRL {IX+d)
BIT 0 {1X+d)
BIT 1,01 X +d)
BIT 2.(1X +d)
BIT 3.(1X*d)
BIT 4,(1X+d)
BIT 5,(1X +d)
BIT 6,(1X +d)
BIY 7.(tX+qd}
RES 0,{1X+d)
RES 1,(1X+d}
RES 2. (I1X+d)
RES 3,(1X+d)
RES 4. (IX+d)
RES 5.1(X+d)
RES 6,(1X+d)
RES 7,((X+d)
SET O, {IX+d}
SET 1, (IX+d}
SET 2,(1X+d)
SET 3.(I1X+d}
SET 4,(1X+d)
SET 5,(1X+d}
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T
DOCBU5F6  SET 6,(1X+d)
DDCBOSFE SET 7,(1X+¢d)
ED40 IN 8 ,(C)
ED4N ouT (C}.B
ED42 SBC HL,BC
EDA438405 LD (NN).8C
€D44 NEG
ED45 RETN
EDA46 iMO
€DA47 LD ILA
ED48 IN C,(C}
ED49 QuT (C).C
ED4A ADC HL.BC
ED488405 LD BC.(NN)
EDAD REYI
€D50 IN D,(C)
EDSY ouT (C).D
€£D52 SBC HL.DE
EDS38405 LD (NN},DE
ED5S6 M1
ED57 LD A,
£D58 IN E,(C)
EDS9 OQUTY (C),E
EDSBA ADC HL ,DE
£D5B8405 LD DE,(NN)
EDSE M2
ED6O IN H,(C)
ED61 OUT (C)H
ED62 SBC HL,HL
ED67 RRD
€068 IN L,(C)
ED69 OuUT (C),L
EDGA ADC HL HL
EDGF ALD
ED72 SBC HL.SP
ED738405 LD (NN),SP
€078 IN A,(C)
ED79 OUT (C}. A
ED7A ADC HL,SP
ED7B8405 LD SP,{(NN}
EDAQ LDI
EDAY CPI
EDA2 (N)

EDA3 OuTI

EDAS8 LOD

FDA9 cPD

EDAA IND

EDAB ouUTD |
R PR AT

[~ e e
FDCBOS50E

q EDBO LDIR RRC (1Y+d)

EDBI1 CPIR FDCB0516 RL (1Y +d)
EDB2 INIR FDCBOSYE  RR {1Y+d)
EDB3 OTIR FDCB0526 SLA (1Y+d)
EDBS LDDR FDCBOS2E SRA (1Y+d)
EOBY CPDR FDCBOS3E SRL (IY+d)
EDBA INDR FOCB80546 BIT 0.(1Y+d)
EDB8 OTDR FDCBOS4E BIT 1,(I1Y+d) :
FDO9 ADD 1Y ,BC FDCBO556  BIY 2,{l1Y +d)
FD19 ADOD.IY ,DE FDCBO55€E BIT 3,{lY+d)
FD218405 LD IY,NN FDCB0566 BIT 4,{lY+d}
FD228405 LD (NNI)IY FDCBO56E  BIT 5,{1Y+d}
FD23 INC IY FDCB0576 BIT 6,{1Y*d)
FD29 ADD LY 1Y FDCBOS7E  BIT 7,(1Y+d)
FD2AB405 LD 1Y (NN) FDCB0586 RES 0,(1Y+d)
FD2B DEC Y FOCBOSBE' RES 1,(1Y+d)
FD3405 INC ()Y ¢d) FDCBO596 RES 2,{1Y +d)
FD3505 DEC (1Y+d) FOCBOS9E  RES 3.(1Y +d)
FD360520 LD {1Y+d).N FDCBOSA6 RES 4.(1Y ¢d)
FD39 ADD LY SP FDCBOSAE RES5.(1Yrd)
FD4605 LD B.(1Y+d) FDCBO586 RES 6.{1Y +d)
FDAEOS LD C.(lY+d} FOCBOS5BE RES 72,{lY+d)
FD5605 LD D{IY+d) FOCB05C6 SET 0({1Y+d)
FD5E0S LO E.(1Y+d) FDCBO5CE SET 1,(1Y+d)
FD6605 LD H, (1Y +d} FDCBO5D6  SET 2,(1Y +d}
FD6EQS LD LAY +d) FDCB805DE SET 3.(1Y+d)
FD?7005 LD (1Y+d),B FDCBOSE6 SEY 4.(1Y+d)
FD?7105 LD (1Y+d),C FDCBOSEE SET5.{1Y+d)
FD7205 LD (1Y+d),D FDCBOS5F6 SEY 6,{1Y+d) :
FD7305 LD (1Y+d). € FDCBOSFE SEY 7,{IY+d) #
FD7405 LD (IY+dI H BT e T S5, S TAL I C L SN 2 P N L
FD7505 LD (1Y+d),L
£D7705 LD (1Y +d),A
FD7E05 LD A.L1Y+d) Z280—-CPU
FD8605 ADD A (IY+d) B
FOBEOS aocauv+) 0 INSTRUCTIONS
FD9605 suB (IY+d) §
FDYEODS SBC A, l1Y+d) SORTED BY
FDAGO5 AND {tY+d)
fFDAEQDS XOR (LY +d) MNEMON'C
FOB60S OR (1Y+0) _ __—
FDE3 EX {SP) IV g CODE STATEMENT :
FDES PUSH 1Y 8E ADC A (HL) §
FDEQ JP (1Y)} DDBEOS ADC A,(IX+d)
FOF9 LD SP,IY FDBEO5 ADC A.(1Y+d) '
FOCBO506 RLC (1Y +d) 8F ADC A A

x

C-30



DD8605

CB46
00OCB0546

FDCBO546

ADC A B
ADC AC
ADC A,D
ADC AE
ADC AH
ADC AL
ADC AN
ADC HL,BC
ADC HL.DE
ADC ML HL
ADC HL,SP
ADD A, (HL)
ADD A (IX+d)
ADD A, (1Y +d}
ADD A A
ADO AB
ADD A.C
ADD A,D
ADD AE
ADD A H
ADO AL
ADD AN
ADD HL,BC
ADD HL,DE
ADD HL HL
ADD HL SP
ADD IX,BC
ADD IX,Df
ADD I1X,1X
ADD §X,5P
ADD tY,BC
ADD 1Y DE
ADD IY,IY
ADD IY,SP
AND (HL)
AND {IX+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.{IX+d)

BIT 0,{1Y+d) 5

{ cBa7

CB40
caa
CB42
CB43
CBa4
CB45
CBA4E
DOCBO54E
FDCBO54E
CB4F
BC48
CB49
CB4A
CcB48
cBaC
C840
€856
DDCBOS56
FDCBO556
CBS57
CB50
CB851
CB52
CB5h3
CB54
CBS55
CBSE
DDCBO55E
FDCBOSSE
CB5F
CB58
cBe59
CBbHA
cB58
CB5C
CB5D
CB66
DDCB0566
FDOCBO566
cB67
cB860
CB61
€862
C863
CB64
C865

BIT0,A

BIT 0.8
BITO.C

BIT 0.0
BITOE

BIT O.H

8IT O,L

BIT 1,(HL)
BIT 1,{I1X ¢d)
BIT 1,{kY +d)
BIT 1.A
B8IT1.B
BIT1,C

8IT 1.0
BIT1E

BIYT 1,H

BIT 1.t

81T 2,(HL)
BIT 2,({1X+d)
8IT 2,(1Y +d)
BIT 2,A

8IT 2.8
BIT2,C

BIT 2,D

BIT 2,E

BIT 2,H
BIT2.L

8IT 3,(HL)
81T 3,{1X+d)
BIT 3,(1Y +d)
BIT 3,A

BIT 3.8

BIT 3.C

BIT 3,0

BIT 3.E
BIT3H

BIT 3L

8IT 4.(HL)
BIT 4,(1X+d)
BIT 4.(1Y+d)
BIT 4.A
BITA4,B
BIT4.C

81T 4,0

BIT 4.E

BIT 4,H
BITA4.L

BITS,(HL) |

DDCBOS6E

FDCBO56E
CB6F
CBé68
cB69
CB6A
cseB
CB6C
cs6D
CB76
DDCB0S76
FDCBO576
cB77
CB70
ca71
cB872
CcB73
CB74
CB75
CB7E
DDCBOS7E
FDCBO57E
CB7F
cars
€879
CB7A
ca7s
CcB7C
cB7D
DC8405
FC8405
D48405
CD8405
C48405
F48405
EC8405
E48405
CC8405

BIT 5,(1X+d)
BIT 5,(1Y+d)
BIT 5,A

BIT 5.8
BIT5,C

BIT 5,0
BIT5,E
BIT5.H
BITS.L

BIT 6,(HL)
BIT 6,(1X+d)
BIT 6,(1Y+d)
B8IT 6,A

BIT 6,8

BIT 6,C

BIT 6.D

BIT 6,E

BIT 6,4

BIT 6.L

BIT 7.IHL)
BIT 7,(1X+d)
BIT 7,11V +d)
BIT 7.A

BIT 2,8

BIT 7.C

BIT 2.0

BIT 7.E

BIT 7.H
BIT7.L
CALL C.NN
CALL M,NN
CALL NC.NN
CALL NN
CALL NZ,NN
CALL P,NN
CALL PE.NN
CALL PONN
CALL Z,NN
CCF

CP (HL)

CP (IX+d)
CP (1Y+d)
cP A

crB

crPC

cPD

CPE

CPH
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DD3505
FD3505
30

05

08

(1)

15

1B

10

25

2B
DD28B
FD28
20

38

34
DD3405
FD3405

R —

" EX (SP),HL

cErie Rl I bl

ce L
CPN

CPD
CPDR

cPI

CPIR

CPL

DAA

DEC (ML)
DEC (I X+d)
DEC (1Y+d)
DEC A
DEC B
DOEC BC
DECC
DEC D
DEC DE
DEC E
DECH
DEC HL
DEC IX

DECIY
OEC L

DEC SP
Dl

DJNZ DIS
ct

EX (SP},IX
EX (SP)IY
EX AF AF

EX DE HL
EXX
HALY
IMO

M1

1M 2

IN A(C)
tN AL (N)
IN 8,(C)
IN C.IC)
IN D,(C)
IN £,{C)
IN H,{C}
N L (C)
INC (HL)
INC {IX+d)
INC (1Y +d)

75

3620
DDO7705
DD7005
DDO7105
DD7205

RS

—

INC A
INC B
INC 8C
INC C
INC D
INC DE
INC €
INC H
HNC HL
INC (X
INC 1Y
INC L
INC SP
INO
INDR
NI

INIR

JP {HL)
JP (1X)
JP{LY)
JP C.NN
JP 0NN
JP NC.NN
JP NN
JP NZ,NN
JP P.NN
JP PE NN
JP PO.NN
JP 2.NN
JRC.OIS

JR DIS

JR NC,DIS
JR NZ DIS
JR Z,DIS
LD (BC}A
LD (DE),A
LD (HL). A
LD (FiL),B
LD (HL),C
LD (HL},0
LD (HL).E
LD (HL),H
LO (HL)L
LD (HL) N
LD (1X+d] A
LD (1xX+d),B
LD {IX*d),C
LD (IX+d),D

&
A SR R D A ST O G Y :T:&La

|

0073
0OD7405

5

DD7505
DD360520
FD7705
FO7005
FO7105
FD7205
FD7305
FD7405
FD7505
FD360520
328405
€D438405
£D538405
228405
DD228405
FD228405
E£D738405
04

1A

7€
DD7E0S
FD7€05 -
3A8405
7F

78

79

7A

78

7C

EDS7

70

3E20

46
DD4605
FD4605
47

40

a1

42

43

44

45

0620
ED4BB405
018405

D (IX+d).E
LD (IXd)
LD (IX+d) L
LD (UX+d) N
LD {lY+d) A
LD (1Y+d) B
LD (LY +d\,C
LD {1V ¢ D
LD (1Y +d},E
LD {1V rd),H
LD (iVA4d)L
LD (IV+) N |
LD (NN), A :
LD {NN),BC
LD (NNJ,DE
LD (NN} HL
LD (NN X
LD (NN} 1Y
LD (NN),SP
1.D A.I1C)
LD A(DE)
LD A (HL)
LD A (IX )
LD A (1Y <)
LD A{NN)
LD AA

LD A.B

LD AC

LD AD

LD AE

LD AM

1.O Al

LD AL

LD AN

LD B.{HL}
LD B,(IX+d}
LD BlIYd)
LD B,A

LD B,B

LD B8.C
LDB,D

LD B,E

LD B,H,NN
LD B,L

LD BN

LD BC.(NN)
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ODA4EO0S
FD4€05
4F
48
49

DD5605

1620
EDS5B8405
118405

LD C(I1X+d)
LD C.UY+d)
LDC.A
LOCB
LOCC

LD C,D
LDC,E
{DCH
LOC,L

LD C,N

LD D.(HL)
LD D,(IX+d)
LD D {tY+d)
LDDA
LoD.B8
LOD.C
LODOD

LD D,k
LODH

LD O.L

LD DN
LD DE.(NN)
LD DF.NN
LD E.(HL)
LD E {IX+d)
LD E,(1Y+d).
LD EA
LDEB

LD E.C

LD E.D
LDE.E

LD EH
LDEL

LD E.N

LD H.(HL)
LO H,(1X+d)
LD H,{1Y+d)
LD H.A

LD H.B

LD H.C
LOH.D

LD H.E

LD H.H

LD H,L

LD HN

LD HL.INN)
LD HL,NN

DA N

L S S

DD2A8405
0D218405
FD2AB405
FD218405%
6k
DD6EO05S
FDGBEODS
6F

2E20

LD I1X,(NN)
LD IX NN
LD 1Y (NN)
LD tY NN
LD L (HL)
LD L, (1X+d)
LD L,(1Y+d)
LD LA
LbLs
LpLC

LD LD
LD LE

LD LK
LD L,L

LD LN
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

OR 8B
ORC
ORD
ORE
ORH

OR L
ORN
OTDR
OYIR
OUT IC),A
ouT (C).8
ouT (C).C
OuT {C},.D
OUT (C),E
DUT (C}H
OouT (C).L.
OUT (N} A
OouTD

DDCBOS86
FDCB0586
CB8?
880
cB81
cB82
ces3
ces4
885
CBSE
DDCBOSSE
FOCBOSSE
cesF
cBss
cB89
CBBA
cess
cBsc
€88D
CB96
DDCBO596
FDCB0596
897

CB90

CBN

cB92

€Ba3
€894
CB95

CBIE
ODCBO59E
FOCBOS9E
CB9F

| caos

TouTh

POP AF

poOP BC

POP DE

POP HL

POP IX

POP LY
PUSH AF
PUSH BC
PUSH OE
PUSH HL
PUSH 1X
PUSH tY
RES 0,{HL)
RES 0,(1X +d)
RES 0,{1Y+d)
RES 0.A
RES 0,8
RES 0,C
RES 0,0
RESO.F
RES 0.H
RESO.L

RES 1,(HL)
RES 1,{IX+d)
RES.1,(1Y+d)
RES 1,A
RES 1.8
RES 1.C
RES 1.0
RES 1.E.
RES 1,H
RES 1.L
RES 2.(HL)
RES 2,(1X+d)
RES 2,(1Y +d)
RES 2,A
RES 2.8
RES 2,C

RES 2.0
RES 2,E
RES 2 H
RES 2L
RES 3,{HL)
RES 3,(1X+g)
RES 3.{1Yd)
RES 3,A

RES 3.8
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CBY9
CBIA
c898
cBaC
CBYD
CBAG
DDCBO5A6
FDCBO5A6
CBA7?
CBAO
CBA1
CBA2
CBA3
CBA4
CBAS
CBAE
ODCBOSAE
FDCBOSAE
CBAF
CBAS
CBAY
CBAA
cBAB
CBAC
CBAD
CBB6
DDCB0586
FOCB05B6
CBB?
CBBO
CBB1
CBB2
¢B83
CBB4
CBB5
CBBE
DDCBOSBE
FOCBOSBE
CBBF
CBBS
CBB9
CRBA
cBBB
CBBC
c8BD

co

D8

F8

RES 3,C
RES 3.0
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 4,D
RES 4,E
RES 4,H
RES 4L
RES 5,(HL)
RES 5,(|X+d)
RES 5,{tY+g)
RES 5.A
RES 5.8
RESS.C
RES 5,D
RES 5,E
RES 5H
RES 6,1,
RES 6.(HL)
RES 6,(0X+d)
RES 6.0Y +d)
RES 6,A
RES 6.8
RES 6,C
RES 6,D
AES 6.E
RES 6,H
RES 6,L
RES 7 (HL)
RES 7,((X+d)
RES 7,(1Y+d)
RES 7,A
RES 7.8
RES 7.C
RES 7,D
RES 7.E
RES 7.H
RES 7,L
RET
RETC
RET M

DDCBO516
FDCB0516
cB17?
Cc810
ce
cB12
cB813
CB14
cs15

17

C806
DDCBO506
FDCB0506
cso7
CBOO
CB01
CBo2
CB03
CcBo4
CB05

DDCBOS1E
FDOCBO051E
CB1F
CB18
cB19
CB1A
C81B
cB1C
CB1D

FDCBOS0E
CBOF
| CBOS
i CBO9

RRCC

RETY NC
RET N2
RET P
RET PE
RET PO
RET 2
RETI
RETN

RL (HL)
RL (I1X+d)
RL (1Y +d)
RL A

RL B
RLC

RL D
RL E

RL H
RLL
RLA

RLC (RL)
RLC (IX+d)
RLC (1Y +d)
RLC A
RLCB
RLCC
RLCD
RLCE
HLCH
RLC L
RLCA
RLD -

RR (HL)
RR {I1X+d)
RR (IY+d)
RR A

RR B

RR C

RR D

RR E

RR H

RR L
RRA
RRC (HL)
RRC (IX+d)
RRC (1 Y+d)
RRC A
RRCB

FDYEDS

CBC6
DDOCBOS5CB
FDCBO0O5C6
CBC7?
CBCO
CcBCt
CBC2
CBC3
CBC4
CBCS
CBCE
DDCBO5CE
FDCB0O5CE
CBCF
CBC8
CBC9
CBCA
CBCB

ARC D
RRC E
RRC H
RRC L
RRCA
RRD
RST 0
RST 10H
RST 18H
RST 20H
RST 28H
RST 30H
RST 38K
RST 8
SBC A, (HL)
SBC A.(1X+d}
SBC A (1Y +d)
SBC A.A
SBC AB
SBC A.C
SBC A.D
SBC A E
SBC AH
SBC AL
SBC AN
SBC HL.BC
SBC HL.DE
SBC HL HL
SBC HL SP
SCF

SET 0,(HL)
SET 0.{1X+d)
SET 0.{1Y+d}
SET 0.A
SET OB
SET0.C

SET 0.0

SET 0.E
SETOH
SETO.L

SET 1.(HL)
SET 1,(1X+d)
SET 1,(1Y+d)
SET 1A
SET 1.8
SET1.C
SET1.D
SET 1.E
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i cBCC

CBCO
CBDB
DDCBUSD6
FDCBO5D6
CBD7?
C8DO
CBD1
cBD2
CBD3
CBD4
CBOS
cBO8
CBDE
DDCBOSOE
FDCBOSDE
CBODF
CBDY
CBDA
CBDB
csoC
c8DD
CBEG
DDCBOSEG
FOCBOS5EG
CBE7
CBEO
CBE?
CBE2
CBE3
CBE4
CBES
CBEE
DDCBOSEE
FDCBOSEE
CBEF
CBES
CBE9
CBEA
CBES
CBEC
CBED
CBF6
DDCBO5F6
FDCBO5F6
CBF?
CBFO
CBF1

SET 1,H
SET 1L
SET 2,(HL)
SET 2,(IX+d}
SET 2.{1Y+d)
SET 2,A
SET-2.B
SET2,C

SEY 2.D

SET 2.E
SET 2,H
SET 2,L

SET 3.8
SET 3.(HL}
SET 3,(1X¢d)
SEY 3,(1Y+d)
SET 3.A
SEY 3,C

SEY 3.D
SET 3.E
SET 3,H

SET 3,1
SEY 4 (ML)
SET 4.(1X+d)
SEY 4,(1Y +d)
SET 4,A
SET 4.8
SET4.C
SEY 4,0
SET4.E
SET 4,H
SET 4,L
SET 5,{HL)
SET 5,(1X+d)
SET S, (1Y +d}
SET 5,A
SEYS.8
SET5,C
SETS.D
SET5,E

SET 5,H
SEY5,L

SET 6,(M1.)
SEY 6,(1X+d)
SET 6.01Y +d)
SET 6,A
SET 6,8
SET6.C

-

CBF2
CBF3
COF4
CBFS
CBFE
DDCBOSFE
FDCBO5FE
CBFF
CBF8
CBF9
CBF A
CBFB
CBFC
CBFD
CB26
DDCBO526
FOCBO526
cB27
CB20
CB21
CB22
cB23
cB24
c825
CB2E
| DDCBO52E
| . FDCBOS2E
CB2F
ca28
€829
CB2A
CB28
cB2C
cB2D
CB3E
DOCBOS3E
£DCBO53E
CB3F
cB38
CB39
CB3A
cB3B
CB3C
C83D

A S e N N Y D T O oS ’?’-’Nﬂi{g

SET60
SET6.E
SET6,K
SET6.L
SET 7,{HL)
SET 7.(1X+d)
SET 7 (1Y)
SET 7 A
SET 78
ASET 7.C
SET 7.0
SET 7.€
SEY 7.H
SET 7_L
SLA (ML
SLA {IX+d)
SLA (1Y +d)
SLA A
SLAB
SLAC
SLAD
SLAE
SL/«\H
SLA L
SRA (HL)
SRA (tX+d)
SRA (1Y+d)

SRA A

SRA 8B
SRAC
SRA D
SRAE
SRA H
SRA L
SRL (HL)
SRL {IX+d)
SRL (1Y +d)
SARL A
SRL B
SRL C
SRL D
SRL E
SRL H
SRL L
SUB (HL)
SUB (IX+d)
SUB (1Y +d)
SUB A

T I D N I R T Y S N Ty

A PN T RIS

| @

Gzt vy

| nn EQU
| d EQU 5
n EQU

sug B
suBC
sus D
SUBE
SUB H
SUB L
SUB N
XOR (HL)
XOR (IX+d)
XOR (1Y+d)
XOR A
XOR 8
XO0R C
XOR D
XOR E
XOR H
XOR L
XOR N

Example Values

584H

20H
30H

TR

o=

s rormrm e
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280 — CPU INTERRUPT STRUCTURE

MASKABLE (INT}
Mods 0
) e m —
Ptace inttrucvon onta Data But during INTA = Mi o |ORQ like 8080A
Hode 1
Restact 10 38y or 564y (‘RST 587)
Mode 2

Used by 280 Peripherals

Interrupt

Service

Routine Low Order t register

Sxamng! High Otder contents

8-bit Vector from

Peripheral

Address

Table

NON MASKABLE (NN}
Restart 10 66 or 10219

INTERRUPY ENADLE/DISASLE FLIP-FLOPS

Action 1FFy IFFy
CPU Rgset 0 0
Dt 1] 0
El 1 )
LD A | ° .
LD AR ) .
Accept RMT 0 1FF,
RETN IFFy o
Accapt INT ¢ ¢
RETI ° >

" " indicates a0 chengs

IFF9 ~ Parity flag
IFFy ~ Perity tieg
e + lFFy

IFFy = IFFy
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Z80-PIO PIN ASSIGNMENT

ch
DAYA < o, 39

8us 0y a8

PORY B/A SEL ——.——0'

CONTROL/DATA SEL — o= 200 PIO
Mo 4
CONTAOL CHIP ENABLE ———
T —3?
iORa —i’
A — 35 o

m.’._g_

INYERRUPT 2
CONTROL INY ENABLE IN ——"—0

INT ENABLE OUT «a—22_]

FIGURE 3.0-1
£10 PIN CONFIGURATION

PORT A
110

PORT &
? 110
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PIO PROGRAMMING SU’

REGISTEA SELECTIOR
SELECY LINES
REGISTEA SELECTED
______0/0 . BA

0 1] A Data
0 | B Daws
1 Y A Control

1 8 Contral

LOADINTERRUPT VECTOR

07 hli]
l’W Ve 3 2] T V3 ] V2 V1 T 0 Controf Register
U (R, ~ 0 =
SET OPERATIRG MODE
by ) o 00
M1 140 X AJ X J_ t J 1 t ] ! Controt flegistar
Mode Humber - _MJ_ M_l]_ - Iia;lq_ o
0 0 0 . Dutput
) 0 1 Input
2 i 0 Bidirectional
3 1 1 8it Control

If Mode 3 selec(ed, the naxt contro) word is
00

o )
|:l/07 ] IlOsT I/OgI (/04 1103 ‘ /04 /04 ‘( 1/0p J Conteol Register

1/0 = 1 Sets bit (oﬁun
1/0 = 0 Ssts bit to Output

SEV INTERRUPY COMTROL
D1 — — Dﬂ

IM 1 AND/ H.ighl_ | hﬁa;k 1 1 T T . | .
i“i@ﬁ_l_ofﬂ,_,_ | Low | FollumJ‘F ‘d_ 1_ ‘ 1 ‘ 7 1 Control Register

s s
In Mode 3 if Mask follows = 1, the next controt word is

o b0
1By #Bg l MBsg KB4 183 187 M8y ] 1By ] Contiol Ragisier
- MB=0Monitor thebt
MB = 1 #ask the bil
EMABLE / MSARBLE INTERRUPYS
D7 ) ng

>

Int T - V T ) o
EnahleJ: X ] X J L 0 l 0 l T [ 1 I Control Register



3.0 CTC PIN DESCRIPTION

R <2 cLrRG,
Dy« o 201704

cPU 03«»& 4-!2——CLK/TR81
8
DAYA BUS (,\4Q—1a- L—-—» 2C/T04 CHANNEL
o 2 SIGNALS:

Dg<—> <2 gLk/rRa,

0y —3% 2crro,
1
csg—1 2] <22 cLk/TRG,

ZB0-CTC

280ACTC
CHIF_16_
cre ENABLE

CONTROL o2

TORt— ]

b—SEs
ﬁ’EEET——j”
4@——&
aNp—&.]

o8

L)g <12

INTERRUPY | iNT ENABLE 13,
CONTROL IN 51
INT ENABLE 11 |

ouTt

FIGURE 3.0-1
CTC PIN CONFIGURATION

C-39



CTC PROGRAMMMIG SUMMARY

REGISTER SELECTION

SELECT LINES
€8¢ CSp CHANNEL SELECTED PRIDRITY
0 0 0 Highest
0 1 1
! 0 2
{ 1 3 Lowest
READ = DOWN COUNTER WRITE = CONTROL REGISTER

LOAD INTERAUPT VECTOR

CSp=C81 =0
07 - Do
l vy l Vi l Vi \71 A X X 0

XX 15 the biaary equivalent of intertupting channel number
SEY OPERATING MOOQE

Time1 Mode only

07 "\ " 00
Interrupi Load Time
M
Enable ode Range Rone Trigger Constant Resct 1
Coonter/Timer 256116 +- 0a/Ot

1§ Load Time Constant = | the next control word (s the Iime Constant:

07

DO

Control
Register

Control
Regester

1¢3 TCy | TG

10y Tes TCx ‘ TCa

TCo

CTC Channel intercupts when 01 is decremented to 00y

Time Content Decimal counts to interrupt
0y i
FFH 255
00K 256
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APPENDIX D

Reference Books:

1. 780 Assembly Language programming Manual.
2. Intel Component Data Catalog.

3. The TTL handbook.
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