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¢ PREFACE ¢

The first 50 years of the 20th century witnessed the invention of the
internal combustion engine, which greatly extended the physical strength of
the human body.

In the second half of the century, the birth of the microprocessor further
extended our mental capabilities. Applications of this amazing product in
various industries have introduced so much impact on our lives, hence, it is
called the second industrial Revolution.

Microcomputers represent a total change in designing systems. Both
industrial and academic institutions are active in the development and search
for new applications for microcomputers.

This book is designed to be used in conjunction with the "multi tech"
MDA-WinZ80 Microcomputers as part of a one-year laboratory class on
microcomputers. With the aid of this book, students will be able to learn the
fundamentals of microcomputers, from basic CPU instructions to practical
applications.

The first part of this book is an introduction to the basic concepts of
microcomputer programming. It lays the foundation for year studies, the
second part of this book is the microcomputer hardware, such as ,
input/output, interrupt, timer and counter experiment, and experiments using
microcomputer instructions, such as, data transfers, arithmetic and logic
operations, jump and subroutine and memory address allocation in simple
program. Experiments involving more complicated arithmetic operations, such
as, binary to decimal conversion, decimal to binary conversion, multiplication,
division are presented.

There are various experiments in this book which are designed to
familiarize the student with the fundamentals of input/output programming.
These programs are centered around the keyboard and display. These
experiments establish the foundation for later experiments involving a simple
monitor program, which leads to more complicated MDA-WinZ80 programs.
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1. MDA-WinZ80 System Configuration

1. MDA-WinZ80 SYSTEM CONFIGURATION
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1. MDA-WinZ80 SYSTEM CONFIGURATION

= The function of IC's at Figure 1.
(D CPU(Central processing unit) : Z80 CPU ( 4.9152ML ).

@ ROM(Read Only Memory) : It has program to control user's key input,
LCD display, user's program. 8K Byte, it has data communication program.
Range of ROM Address is 0000H~1FFFH.

(3 SRAM(Static Random Access Memory) : Input user's program & data.
Address of memory is 2000H~3FFFH, totally 8K Byte.

@ DISPLAY : Text LCD Module, 16(Characters)x2(Lines)

(® KEYBOARD : It is used to input machine language.
There are 16 hexadecimal keys and 11 function keys.

® SPEAKER : Sound test.

(@ RS-232C : Serial communication with IBM compatible PC.

ROM WRITER : Write user's program to ROM.

© DOT MATRIX LED : To understand & test the dot matrix structure and
principle of display. It is interfaced to 8255A(PPI).

A/D CONVERTER : ADC0804 convert the analog signal to digital signal.

@ D/A CONVERTER : DACO0800(8-bits D/A converter) convert the digital
signal to the analog signal.

@ STEPPING MOTOR INTERFACE : Stepping motor driver circuit is designed.

@3 DC MOTOR : DC motor control.

POWER : AC 110~220V, DC +5V 3A, +12V 1A, -12V 0.5A SMPS.
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1. MDA-WinZ80 System Configuration

x> MDA-WinZ80 ADDRESS MAP

@ Memory map

ADDRESS MEMORY DESCRIPTION
0000H ~ 1FFFH ROM MONITOR ROM
2000H ~ 3FFFH RAM PROGRAM & DATA MEMORY
4000H ~ FFFFH USER'S RANGE
@ 1/0 address map
ADDRESS /0 PORT DESCRIPTION
LCD Display
00H ~ O3H LCD 00H : INSTRUCTION REGISTER
01H : DATA REGISTER
04H ~ O7H KEY INPUT Read
08H ~ OBH KEY FLAG Write
Data communication
0CH ~ OFH 8251A OCH : Data Register
OEH : Control/Status Register
ROM Writer
10H : A port register
10H ~ 13H 8255A(PPI) 11H : B port register
12H : C port register
13H : Control register
PIO Experiment
14H : A port Data register
14H ~ 17H PIO 15H : B port Data register
16H : A port Control register
17H : B port Control register
PIO Experiment
18H ~ 1BH CTC 18H : Channel 0, 19H : Channel 1
1AH : Channel 2, 1BH : Channel 3
Dot Matrix :
A/D Converter 1CH : A port register
1CH ~ 1FH & 1DH : B port register
Dot-Matrix 1EH : C port register
1FH : Control register
20H ~ 3FH | 1/O EXTEND CONNECTOR
40H ~ FFH | USER'S RANGE
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2. OPERATION INTRODUCTION

2. OPERATION INTRODUCTION
2-1. FUNCTION OF KEYS

MDA-WinZ80 has high performance 8K-byte monitor
designed for easy function. After power is on, the monitor program begins
to work. In addition to all the key function the monitor has a memory

checking routine.
The following is a simple description of the key functions.

RES

REG

program.

FUNCTION KEY DATA KEY
RES GO C D E F
REG STP 8 9 A B
+ DA 4 5 6 7
- AD 0 1 2 3
system reset co| % o users. program
execute monitor functions
Show registers STP execute user's program, a single
step
Inf:rement address  or DA | Input data to memory
register
Decrement - address AD | Set memory address

or register

MDA-Winz80 MANUAL



2-2. BASIC OPERATION

2-2. BASIC OPERATION

On a power-up, following message will be displayed on a LCD.

Z80 Training Kit or Serial monitor !
Midas 2109-5964/5 Midas 2109-5964/5
Figure 1-1. Figure 1-2.

To select the Machine Code and Serial monitor mode with "SELECT
MODE" switch.

SELECT SELECT
MODE MODE
G +5 G +5
=
KIT PC KIT PC
SELECT MODE SELECT MODE
Machine Code Serial monitor

% |RES| System Reset Key

Whenever RES is pressed, the display becomes FIGURE 1-1 or FIGURE
1-2.

MDA-Winz80 MANUAL -5 -



2. OPERATION INTRODUCTION

% | AD

DA

Substitute Memo

[EXAMPLE 1) Check the contents in memory 0000H~0003H |

KEY

AD

The contents of RAM,
2000H.
(It may be different)

The contents of ROM,
0000H.
(It may be different)

LCD

Addr. Data

2000 FF

Addr. Data

0000 _ FF

Addr. Data

0001 00
Address !
increment Move cursor

Addr. Data

0002 00_
Address !
increment Move cursor

Addr. Data

0003 00
Address !
increment Move cursor

MDA-Winz80 MANUAL




2-2. BASIC OPERATION

[EXAMPLE 2 ) Check the contents in memory 0001H to "AB" |

KEY LCD
Addr. Data
AD 2000 FF
)
Move cursor
Addr. Data
0 0 0 1 0000_ 06
The contents of ROM, 0000H
Addr. Data
DA 0001 00_
!
Move cursor
Addr. Data
A B 0001 00_
!
No Change

MDA-Winz80 MANUAL -7 -



2. OPERATION INTRODUCTION

EXAMPLE 3 )
2000H into "35"

Change the contents of

external data memory

KEY LCD
Addr. Data
AD 2000_ FF
1
Move cursor
Addr. Data
2 0 2000 _ FF
The contents of external data memory 200H
(It may be different)
Addr. Data
DA 2000 00_
l
Move cursor
Addr. Data
3 5 2000 35

MDA-Winz80 MANUAL




2-2. BASIC OPERATION

[EXAMPLE 4 ) Check Registers with REG key. |

KEY

REG

LCD

PC=2000 SP = 3FBO
F=00= . ... ..

AF=0000 BC=0000
DE=0000 HL=0000

IX=0000 1Y=0000
1=00 IFF2=0_

AF ' 0000 BC ' 0000
DE ' 0000 HL ' 0000

IX=0000 1Y=0000
1=00 IFF2=0_

AF=0000 BC=0000
DE=0000 HL=0000

PC=2000 SP = 3FBO
F=00= ... ...

AF ' 0000
DE ' 0000

BC ' 0000
HL ' 0000
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2. OPERATION INTRODUCTION

2-3. Program Debugging

EXAMPLE 5 ) Store the following code to program memory,
200h and then execute.

Address Machine Code Mnemonic
2000 3E OF LD A,OFH
2002 D3 16 ouT (16H),A
2004 3E FF LD A,OFFH
2006 D3 14 ouT (14H),A
2008 FF RST 38H
KEY LCD
AD
Addr. Data
2 0 0 0 2000 _ FF
Addr. Data
DA 2000 FF_
!
Move cursor
Addr. Data
3 E 2000 3E_
Addr. Data
* 0 F 2001 OF
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2-3. Program Debugging

KEY LCD
Addr. Data
* D 8 2002 D3_
Addr. Data
* 1 6 2003 16_
Addr. Data
¥ 3 E 2004 3E_
Addr. Data
* F F 2005 FF_
Addr. Data
* D 3 2006 D3_
Addr. Data
¥ 1 4 2007 14
Addr. Data
* F F 2008 FF_
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2. OPERATION INTRODUCTION

GO

Program Execution

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

[EXAMPLE 1) CPU starts execution form 2000H |

KEY LCD
Addr. Data
AD 2000 _ FF
Addr. Data
2 0 0 0 2000_ 3E
Z80> input?
GO

= Now, All LED is on.
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2-3. Program Debugging

STP

Sing Step

STP key is similar GO key. It is valid only when the display is in
Addr-Data form. Pressing this key causes the CPU to execute one
instruction point according to the user's PC. 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.

KEY LCD
Z80> input?
RES
AD
Addr. Data
2 0 0 0 2000 _ 3E

PC=2002 SP = 3FBO
STP LD A,0FH F=00= . .. ... 3

— First step,
PC becomes 2002

AF=0F00 BC=3FB0
+ DE=0000 HL=0000

— Register A is OF

MDA-Winz80 MANUAL - 13 -



2. OPERATION INTRODUCTION

KEY LCD
PC=2004 SP = 3FBO
STP OUT (16H),A F=00= .. .... _
— Second step,
PC becomes 2004
PC=2006 SP = 3FBO
STP LD A,OFFH F=00= . . .. .. B
— Third step,
PC becomes 2006
AF=FF00 BC=3FBO0O
* DE=0000 HL=0000
— Register A is FF.
PC=2008 SP = 3FBO
STP OUT (14H),A F=00= . ... .. 3
— Forth step,
PC becomes 2008
PC=0038 SP = 3FAE
STP RST 38H F=00= . ... .. 3
— Fifth step,
PC becomes 0038
- 14 - MDA-WinZ80 MANUAL




2-3. Program Debugging

3. Example Program

EXAMPLE 1 ) Store the following code in RAM and execute it

by single steps.

Address Machine Code

2000 37
2001 3E FF
2003 3C
2004 3E 7F
2006 3C
2007 3E 00
2009 3D
200A 3E 80
200C 3D
200D 3F
200E C6 AD
2010 C6 69
2012 D6 13
2014 D6 B3
2016 D6 65
2018 FF

KEY

AD

2 0 0

Mnemonic

SCF

LD A,OFFH

INC A

LD A 7FH

INC A

LD A,00H

DEC A

LD A,08H

DEC A

CCF
ADD A,0ADH
ADD A,69H

SUB 13H

SUB 0B3H

SUB 65H

RST 38H

LCD
Addr. Data
2000 _ FF

MDA-Winz80 MANUAL
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3. Example Program

KEY LCD
Addr. Data
DA 2000 FF_
Addr. Data
8 ! 2000 37
Addr. Data
¥ 3 E 2001 3E_
Addr. Data
* F F 2002 FF_
Addr. Data
* 3 C 2003 3C_
Addr. Data
¥ 3 E 2004 3E_
Addr. Data
* 7 F 2005 7F
Addr. Data
¥ 3 C 2006 3C_
Addr. Data
¥ 3 E 2007 3E_
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3. Example Program

KEY LCD
Addr. Data
* 0 0 2008 00_
Addr. Data
* 3 D 2009 3D_
Addr. Data
¥ 3 E 200A 3E_
Addr. Data
* 0 8 200B 08_
Addr. Data
* 3 D 200C 3D_
Addr. Data
* 8 F 200D 3F_
Addr. Data
* c 6 200E C6_
Addr. Data
* A D 200F AD_
Addr. Data
* C 6 2010 C6_
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3. Example Program

KEY
+ 6
+ D
+ 1
+ D
+ B
+ D
+ 6
+ F

LCD
Addr. Data
2011 69
Addr. Data
2012 D6
Addr. Data
2013 13
Addr. Data
2014 D6
Addr. Data
2015 B3
Addr. Data
2016 D6
Addr. Data
2017 65
Addr. Data
2018 FF_

- 18 -
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3. Example Program

STP .
Sing Step
KEY LCD
Z80> input?
RES
AD
Addr. Data
2 0 0 0 2000_ 37
PC=2001 SP = 3FB0
STP SCF F=2D= ...V . C_
— First step,
PC becomes 2001
PC=2003 SP = 3FB0
STP LD A,0FFH F=2D= ...V .C_
AF=FF00 BC=0000
+ DE=0000 HL=0000
— Register A is FF.
PC=2004 SP = 3FB0
STP INC A F=51= . Z . H..C_
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3. Example Program

KEY

STP

STP

STP

STP

LD A,07FH

INC A

LD A,00H

DEC A

LCD

AF=0000 BC=0000
DE=0000 HL=0000

— Register A is 00.

PC=2006 SP = 3FBO
F=51= . Z.H..C_

— PC becomes 2006

AF=7F00 BC=0000
DE=0000 HL=0000

— Register A is 7F.

PC=2007 SP = 3FBO
F=95=S . HV.C_

— PC becomes 2007

AF=8000 BC=0000
DE=0000 HL=0000

— Register A is 80.

PC=2009 SP = 3FBO
F=95=S . HV . C_

AF=0000 BC=0000
DE=0000 HL=0000

— Register A is 00.

PC=200A SP = 3FBO
F=95=S . HV . C_

- 20 -
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3. Example Program

KEY LCD

AF=FF00 BC=0000
+ DE=0000 HL=0000

— Register A is FF.

PC=200C SP = 3FBO
STP LD A,80H F=BB=S .H . N C_

— PC becomes 200C

AF=8000 BC=0000
+ DE=0000 HL=0000

— Register A is 80.

PC=200D SP = 3FBO
STP DEC A F=3F= . .HV N C_

— PC becomes 2007

AF=7F00 BC=0000
+ DE=0000 HL=0000

— Register A is 7F.

PC=200E SP = 3FBO
STP CCF F=3C=..H V..

PC=2010 SP = 3FBO
STP ADD A,0ADH F=39=..H..C_

AF=2C39 BC=0000
+ DE=0000 HL=0000

— Register A is 2C.
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3. Example Program

KEY

STP

STP

STP

STP

ADD A,69H

SUB 13H

SUB OB3H

SUB 65H

LCD

PC=2012 SP = 3FBO
F=94=S . HV . .

AF=9594 BC=0000
DE=0000 HL=0000

— Register A is 95.

PC=2014 SP = 3FBO
F=82=S ... N ._

AF=8282 BC=0000
DE=0000 HL=0000

— Register A is 82.

PC=2016 SP = 3FB0
F=9B=S . H . N C_

AF=CF92 BC=0000
DE=0000 HL=0000

PC=2018 SP = 3FBO
F=2E=...VN. _

AF=6A2E BC=0000
DE=0000 HL=0000

— Register A is 6A.

- 22 .
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4-1 How to setup the serial monitor

4. Serial Monitor

Serial monitor is the basic monitor program to communicate between
MDA-WinZ80 and your computer.

4-1. How to setup the serial monitor

Adjust the "SELECT MODE" switch as following figure.

SELECT
MODE
G +5
KIT PC
P1

Serial monitor
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4. SERIAL MONITOR

4-2. How to connect MDA-WinZ80 to your PC

@ Connect the MDA-WinZ80 Kit to a spare serial port on your PC.

IBM PC MDA-780
(9 pin) (9 pin)
- RS-232C Cable pa—
2 2
3 3
5 5

FIGURE 4-1. PC 25 PIN - MDA-WinZ80 9 PIN connection

IBM PC MDA-Z80
(25 pin) (9 pin)

—

R35-232C Cable

™

==
&2/ (H (]

FIGURE 4-2. PC 9 PIN - MDA-WinZ80 9 PIN connection

- 24 - MDA-Winz80 MANUAL



4-3 MDA-WInIDEZ80 Installation

4-3. MDA-WinIDEZ80 Installation

@D Insert the CD in the CD-ROM driver, and double click the file
"SETUP.EXE".

@ The installation begins.

finIDE ZB0

MDA-WinlDE Z8()

& Installation of MDA-WinIDE Z80

Installing MDA-WinIDE Z80.

Click <Abert> to abort installation.

Installing to:
cimdalwinZ80

Installing item:
DAWINDOWS\system32icp3240mt.dil

Progress:

MDA-Winz80 MANUAL - 25 -



4. SERIAL MONITOR

4-4, Tutorial

4-4-1 Launching MDA-WinIDEZ80

(1) Click

the Start button in the task bar, then click All Programs and

MIDAS ENG. Then click the MDA-WInIDEZ80 program icon

Internet
Internet Explarer

G
A8 \indows Comman:
32

E-mail
Cutlook Express

@ HyperTerminal
2005

E H-Flasher

m H-1TAG

All Programs B

s start

e Eclipse Flatform 2.4

Microsaft Yisual S

¥ Windows Catalog
& Windows Update

@ ACcessories

@ Games

17 Microsoft NET Framework SDK 2.0
I Microsoft visual Studio 2005

I Startup

& Internet Explorer

w? SN Explorer

) outlook Express

¢ Remote Assistance

e Windows Media Player

ﬂ Windows Messenger

@ Microsoft SOL Server 2005

© Microsoft ActiveSync

IF) Remate Display Control

I windows Ermbedded CE 6.0

H Adobe Reader 9
fati N3
A Acrobat.com
i@ ahrLab

I Windows Commandsr

I MIDAS

I Atmel VR Tools

I WinavR-20071221

I YAGARTO IDE

I Borland CH+Builder 5

| @ InterBase

& HoTas

@ PL-2303 USE-Serial Driver

£

- 26 -
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4-4 Tutorial

(2) The MDA-WInIDEZ80 window will be displayed.

t% MDA-WinIDEZ80
File(Fy EditE) ‘work(t) Run

DB &BE e "YREB > v
2 - |0|X| = [Terminal Window]

,.iﬁ*iiﬁﬁ*iﬁﬁ*iiﬁ*i’iﬁ*iiﬁ*iiéﬁ*iéﬁ*fiﬁ*i’iﬁ*fﬁﬁ*fﬁﬁ:A
4 MDA-WinE&Q
s File name @ Piol.SRC

¥ UpperCase

& Jumper setting
. Connect between P53 and Pd

;s *Description

,-iﬁ*i’iﬁﬁ*iﬁﬁ*i’iﬁ*i’iﬁ*i’iﬁ*i’iﬁﬁ*iﬁﬁ*iiﬁ*iiﬁ*iié*iié:
ORG 2000H

FIGAC: EQU 16H

FIGAD: EQU 141

CT1: EQU O0H

CT2: O0H

3P, 3FEOH

1,0FH
{PIOAC), &

1,01H
{PIOLD) , &

DELAY

COM1 haud=3600 Parity=N data=8 stop=1

Menu Bar iledF) EditE) Work(M) Run
Tool Bar b0 |eEa| @)@ &lEl o3 >~ ¥
B “ B W UpperCase
» MDA-WinZ 30
s File name : Picl.SEC
; Jumper setting
s Connect between P3 and P4
; *Description
. B e
ORG z000H Terminal
. EQu ieH [ Window
Editor RIOAD: EQU 12H
. R : EQU 00H
Window Eou oog

LD SF,3FB0H

LD

A, 0FH

ouT [FIOAC), &
LOOPL: LD A,01H
LOOP:  OUT (FIOAD), &

CALL DELAY

COM1 baud=9600 Parity=N data=8 stop=1
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4. SERIAL MONITOR

(1) Menu bar
Gives access to the MDA-WInIDEZ80 menu.

FileFy EditE)  \Workd) Run

@ File menu
The File menu provides command s for opening source files, saving and
exiting from the MDA-WinIDEZ80 window.

Meswy Cirl+M New Create empty text file
Open...  CrkO Open Open a file in text editor
save  CURS 0 gave Save current text file
Sawe As... Cirl+w . :
Save As | Save current text file under given name
Exit CrlQ Exit Exit MDA-WinIDEZ80 window

® Edit menu
The Edit menu provides command for editing and searching in editor
windows.

Undo Undo last editor action
Undo cr+z  Cut Cut and copy selected text from editor
ut Cri+x Copy Copy selected text form editor
Copy  Cirhc Paste any text form clipboard to the
Paste cr+yv Paste ]
editor
Find CiriF Fing Open a find dialog to search through the
i
Select Al Cri+a current source file
Select All | Select all text at once
® Work menu
Assemble | Assemble and link a source file you
Assamble & Link F3 & Link are editing
P write cr+p Program ) )
redram * ) 9 Download a file to MDA-WinZ80
Write
@ Run menu
Run F& Run Start execution of the program
Trace F7 Trace Execute one instruction
- 28 - MDA-WinZ80 MANUAL



4-4 Tutorial

(2) Tool bar
The tool bar provides button s for the most useful commands on the
MDA-WinIDEZ80 menus.

Button Menu Command
0 New Create empty text file
= Open Open a file in text editor
B Save Save current text file
e Find Open a find dialog
LE Undo Undo last editor action
Show Line i
B Show line number
Number
- Assemble : : i
AL ) Assemble and link a source file you are editing
& Link
Program write | Download an "ABS" file to MDA-WinZ80 kit
% Memory dump | Dump memory contents
% Fill data Fill memory with any data
Move block | Move memory block
> Run The program will be executed
=+ Trace Execute one instruction
o Port setting | To change the modem's port setting

MDA-Winz80 MANUAL - 29 -



4. SERIAL MONITOR

(3) Editor window
Source file is displayed in the editor window.

i3 C:\MDAYWinZ80\asm\PIO1.SRC E@E

’-******************************************rA

s MDA-WinEa0
s File mame @ Diol.SERC

s Connect between D3 anad P4

s #*0escripktion
’.:G:G:G:G:G:G:G:G:G:G:G:G:G:Gf***************fééé:&é:&éi—ééé;

1

2

3

q

b Jumper setting
f

7

i

q

10 ORG 2000H

11 PIOAC: EQU 16H

12 PIOAD: EQU 14H

13 CT1: EQU 00H

14 CTz: EQU 00H

15 .

16 LD 3P, 3FEOH

17 .

12 LD L,0FH

19 ouT {PIOAC), & |

20 - E¥
< >

(4) Terminal window
Terminal window is that you can use to connect the MDA-WinZ80 Kit.

= [Terminal Window]

W UpperCase i Clear

COM1 baud=9600 Farity=M data=8 stop=1

- 30 - MDA-Winz80 MANUAL



4-4 Tutorial

4-4-3. Assembling the source

(1) Click AL button for assembling to generate an ABS file.

&2 MDA -WinIDEZ80

Program \Write  CrHD

: CEx]
¥ UpperCase i Clear

AR AR AR AR AR AR AR AR AR A A
& MDA-WanZ&0
s File name

Pigl.SRC

S Jumper setting
s Comnnect between P3 and Pq

s #*Description
R
ORG 2000H
EQU 16H

EQU 14H
EQU 00"
CTzZ: EQU oon
LD 2P, 3FEOH

LD 1,0FE
ouT [PIOLC) , &
LOOP1i: LD i,01E

LOOF:  OUT [FIOAD) , &

CALL DELAY

COMT baud=9600 Parity=N data=8 stop=1

k2 MDA-WinIDEZ80
File(F) Edit(E) ‘Wwork(a) Run

b|eE| 6p|E| el "HRB >
B C:\MDA\WinZB0\asm\PI01.SRC (9 (=]

AR AR A AR A AR AR AR AR AR R P UpperCase i O
s MDA-WinZ 80

s File nmame : Piol.SRC

; Jumper setting
» Connect between D5 and P4

s *Description :
ARAEAARA AR AR AR AR AR AR Assembiig...

ORG 2000H

PIOLC: EQU 16H Flease wart!
PIOAD: EQU 14H

CT1: EQU 0"
CTZ: EQU 0O0H
5P, 3FBOH

L,0FH
(PIOAC) , &

1,01H
(PIOAD) , 4

DELAY

COM1 haud=3600 Parity=N data=4 stop=1
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4-4-4. Troubleshooting

The output window lists tool information during the code generation.
You may check on error messages to correct syntax errors in your
program.

EZ MDA-WinIDEZBO CEx

File(F) EditE) ‘Work(a) Run

o[ (e aleR] ils] Rl > v

2 C:\MDA\WinZ80\asm\PIO1.SRC = |EX] = - [B]x]]
j i;;;_WIHZSS iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii A ’7 UppEI’CESE # Clear

s File pame : Piol.SRC

. Z 80 >
s Jumper setting

» Conpect between D3 and D4

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

§F, 3FEOH
LD L, 0FH
oUT (PIOAC) , 4
—
< CAMDANWINZEWASHVASMZB0.EXE: PIO1 »]
Line; 162000 5P 3FEOH

Line: b U Elnet]
** ERROR:(528] Invalid opcode.|
Enors: 1, Wamings: DI

COMI haud=9600 Parity=N data=8 stop=1

4-4-5. Port setting

(1) After connect the MDA-WinZ80 kit to a spare serial port on your PC,
press RESET KEY, then "Z 80 >" prompt will be displayed.

If "Z 80 >" prompt is not displayed, click the ~ button to setup port.

Port Settings EI
Fart EFS Farity
CEOM | | C o0 || @ Nome
C COM?2 4800 " Ewen
C COM3 9500 © Odd
OO 19200

28800
7 Ok 38400 Stop bits
= RARO0 (« 1 Bit
X Cansel = 115200 2 Bit
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(2) Select the serial port to connected to your PC. (ie. COM1, COM2,
COM3 or COM4 ) BPS : 9600, Parity : None, Stop bits : 1

(3) Press MDA-Winz80 RESET KEY again then “"Z 80 >" prompt will be
displayed.

£ MDA-WinIDEZ80
File(F) EditE) ‘Work(d) Run

bl alpB| dile o > v

2, - |BX]| = [Terminal Window] =1
3 2 h k£t Rt Rt At R Il 7 UpperCase o8 T

s MDA-WinZ 3l
s File pame ;| Piol.SRC

i Cennect betwesen P3 and P4

2

3

1

5 ; Jumper settimg
6

7

8

s *Description

§ At AA AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR Ao
juj ORG 20000
11 PIOAC: EQU 16H
12 PIOLD: EQU 14H
13 CTL: EQU oon
14 CTZ: EQU 00H
15 ;s
18 LD 5P, 3FBOH
17 B
18 LD 4,0FH
19 ouT (PIORC) , & 2
£ ke
< CAMDAYWINZSWASMNASMZB0EE: PIOT 1
Line: 16 2000 JLISP.3FEOH]
= ERROR:(528] Invalid opcode. |
Errars: 1, Warnings: 01 < >

COMI baud=9600 Parity=M data=8 stop=1

4-4-6. Download and execute the source file

1. Download

Click button or select Program Write from the Work menu.
You can also type 'LO1' and "Enter" key on the Terminal window, then press
"Page Up" button from your keyboard.
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File(F) EditE) [yt
bl |

Program Write  Cirl+D . -
S IL = [Terminal Window]

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ :
7 W UpperCase i@ Clear

~ MDA-WinZ 80
s File name : Piol.5RC 260

280 >m

» Connect betwsen P3 and P4

2

3

4 -

§ » Jumper setting
3

7

8

5 #Description

G kR R R A
10 ORG 2000H
11 PIOAC: EQU 1sH
12 PIOAD: EQU 14H
13 CT1 EQU 00H
14 CT2 EQU 00K
15 s
16 Lo 5P, 3FEOH
17 2,
18 LD L, 0FE
19 ouT (PIOAC) , A
20 s
21 LOoOF1: LD A, 010
22 LOOP:  OUT (PIOAD) , &
23 s
2 CALL DELAY
25 B
< b3 COM1 baud=9600 Parity=I data=3 stop=1
2. Execute
(1) Run

Click # button or select "Run" from the Run menu.

You can also type 'G 2000' and "Enter" key on the Terminal window.
The Run command in the work menu starts execution of the program. The
program will be executed until it is stopped by pressing RESET KEY.

(2) Trace
Click ~% button or select "Trace" from the Run menu.

You can also type 'T' and "Enter" key on the Terminal window.
The Trace command in the work menu executes one instruction.

4-4-7. Other serial monitor command

User can only use command which stored at serial monitor. Serial
monitor can execute to command when user type command and then
CR(carriage return) key.
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Command Description Example
X Register display X
XPC Exchange PC XPC 2000
XSP Exchange SP XSP 3F9F
D Memory dump D 0000 0100
S Memory set S 2000
M Memory block move M 2000 2100 3000
F Memory fill F 2000 2100 FF
G Execute program G 2000
T Trace T 2000
U Disassemble U 2000
LO1 Download program LO1
ROM ROM writer ROM
(@ Display registers
Z 80 > X Display the contents of Register.
PC = 2000 Flag = 00 = ... IFF2 =
AF = 0000 BC = 0000 DE = 0000 HL = 0000
AF'= 0000 BC'= 0000 DE'= 0000 HL'= 0000
IX = 0000 'Y = 0000 SP = 3FBO I =00
Z 80 > XPC 3000 Set the program counter(PC)
PC = 2000
Z 80 > XSP 3FAO0 Set the stack pointer(SP)
SP = 3FA0
Z 80 > X Again, display the contents of Register.
PC = 2000 Flag = 00 = ... IFF2 =
AF = 0000 BC = 0000 DE = 0000 HL = 0000
AF'= 0000 BC'= 0000 DE'= 0000 HL'= 0000
IX = 0000 'Y = 0000 SP=3FA0 I = 00
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@ Memory modify command.

Z 80 > S 2000 Memory modify
2000: FF? 111
2001: FF? 221

2002: FF? 33
2004: FF? . Terminate to modify

@ Memory display command.

Click "¥ button, then memory dump window will be displayed.

2 Memory Dump fz|
Start End
2000 2100

o Durp |

Enter Start and End address, then click "Dump™ button.
You can also enter the memory dump command on the Terminal window.

Start address End address

Lo
Z 80 > D 2000 2010

2000: 11 22 33 FF FF FF FF FF - FF FF FF FF FF FF FF FF ."3........
Display the ASCII code to data

@ Fill certain data in memory.

Click 8 button, then Fill Data window will be displayed.
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Fill Data

start End Data
2000|2100 [l
L SOEL

%)

Enter Start, End, and Data, then click "Fill" button.
You can also enter the Fill Data command on the Terminal window.

Start End Data
! Vo
Z 80 >F 2000 2100 11
= Verify
Z 80 >D 2000 2100
2000: 117 117111111 1111211 -- 1211 11 11 11 11 11 11
2010: 117 1171111 117 1111211 -- 12 11 11 11 11 11 11 11
2020: 1111 111111111211 - 1111 1111 12 11 12 11 e,
2030: 1111 111111111211 - 1111 1111 11 11 12 11 e,
2040: 1111 111111111211 - 1111 11 11 11 11 12 11 e
2050: 11 11 111111111211 - 1111 1111 12 11 12 11 e,
2060: 11 11 1111 11 111111 -- 11211 11 11 11 11 11 11
2070: 11 111111 11 1111211 -- 1111 11 11 11 11 11 11
2080: 11 11 111111111211 - 1111 1111 12 11 12 11 e
2090: 11 11 111111111211 - 1111 1111 12 11 12 11 e
20A0: 11 11 1111 11111111 - 1111 11 11 1111 1111 e
20B0: 11 11 11 1111 111111 - 111111 11 12 11 11211 e,
20C0: 1111111171111 1211 - 11 11 11 11 11 11 11 11
20D0: 11 11 11 1111112 11 11 -- 11 11 112 11 11 11 11 11
20E0: 11 11 111111111111 - 1111 1111 1111 1111 e,
20F0: 11 1111 1111111111 - 111111 1111 11 11 11 e
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@ Block move command.
The Block Move command is used to move blocks of memory from one
area to another.

Click button, then Move window will be displayed.

2 Move X
stan End Destination
200 [2100 3000

Move |

Enter Start, End, and Destination Address, then click "Move" button.
You can also enter the Block Move command on the Terminal window.

Start End Destination

Lo {
Z 80 >M 2000 2100 3000

= Resulting ?

Z 80 >D 2000 2100

3000: 11 11 11 11 11 11 11 11 -- 11 11 11 11 11 11 1111 e,
3010: 11 11 11 11 11 11 11 11 -- 11 11 11 11 11 11 11 11 .,
3020: 11 11 11 11 11 11 11 11 -- 11 11 11 11 11 11 11 11 .,
3030: 11 11 11 11 11 11 1111 -- 11 11 111111111111 e
3040: 11 11 11 11 11 11 1111 -- 11 11 11 111111 11 11 .,
3050: 11 11 11 11 11 11 11 11 -- 11 11 11 11 11 11 11 11 .,
3060: 11 11 11 11 11 11 11 11 -- 11 11 11 11 11 11 1111 .,
3070: 11 11 11 11 11 11 11 11 -- 11 11 11 11 11 11 11 11 .,
3080: 11 11 11 11 11 11 11 11 -- 11 11 11 11 11 11 11 11 .,
3090: 11 11 11 11 11 11 1111 -- 11 11 111111111111 e
30A0: 11 11 11 11 11 11 1111 -- 11 11 111111111111 .
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30B0: 11 11 11 11 11 11 11 11 --
30C0: 11 11 11 11 11 11 11 11 --
30D0: 11 11 11 11 11 11 11 11 --

30EO: 1111 111111111111 --111111 11
30F0: 11 11 11 11 11111111 --11 111111

(® Disassemble

The U command is disassemble

Z 80 >U 2000

= Result
2000: 31BO0O3F
2003: 3EOF
2005. D316
2007: 3EO1
2009: D314
200B: CD1520
200E. 07
200F: CB67
2011: 28F6
2013: 18F2
2015: 1600
2017: 1EOQ0
2019: 1D
201A: 20FD
201C: 15
201D: 20F8

LD
LD
ouT
LD
ouT
CALL
RLCA
BIT
JR

JR

LD
LD
DEC
JR
DEC
JR

111111111111 1111
1111111111111 11
111111111111 1111

117111111
11111111

SP,3FBO
AOF
(16),A
A,01
(14),A
2015

4,A
Z,F6
F2
D,00
E,00

E
NZ,FD
D
NZ,F8
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4-4-8. ROM Writer

(D Program download to write to ROM

£ MDA -WinIDEZBO

File(F) Edit(E)
o]e (2] &

Tt

s MDA-WinZan

= [Terminal Window]
W UpperCase

S File name @

Piol.SRC

2 88 >

i Clean

280> m

7 Conmect betwsen P35 and P4

A *Description

1

2

3

1.

5 Jumper settimg
3

7

3

§ R R R R

10 ORG 2000H
11 PIOAC: EQU 16H
12 PIOLD: EQU 14H
13 CT1: EQU 0oH
14 CT2: EQU Q0H
15 B
16 LD 5P, 3FEOH
17 B
18 LD 4,0FH
19 OUT (PIOACY, &
20 B
21 LOCP1: LD 4,01H
& LOOP:  OUT (PIOAD) , &
] s
2 CALL DELAY
25 : b
< E3 COM1 baud=9600 Parity=MN data=8 stop=1

In the File of types, select a source type from the drop-down list, as an
ABS file. Select "PIO1.ABS" file, then click "Open" button.

Download file [

RARAR AR AR
S MDA-WinZi0
FiFzlierhame 1Pkl
; Jumper setting

s Connect between P

s *Description
SARARR AR

ORG 200
PIOAC: EQU 15H
PIORD: EQU 14H
CT1: EQU 00H
cTz: EQU 00H
LD sP,
LD %,0
ouT (PI
LOOF1: LD 4,0
LOOP:  OUT (PI
CALL DEL

Lok in |_) asm j & B~
) B za.abs HooTeABS  [ESPKL.ARS
€€ (= aDC1.48S HEDoTTLAES  [HSPK2.4ES
MyRecent [ ADC2.4BS [ELcp1.ees [EsPxz.aes
Doeumerts ) upc3,apS [E)Lcpz.ce5 (=) sPra.0e5
9 (= aDC4.885 LCD3.4B5 [B)srrs.aps
| cTC1.4BS = LcD4.4BS [H|STEPL.4BS
Desktop =) cTCz.085 = LcDs.aBS [EsTEPZ 8BS
= cTez.aes B
[Hpact.aes ®
(B Dacz.aps Bt
My Documents g no ang HF0z.0e5
— (= poT2.se5 B Pi04.085
" ’;g = poT3.885 FIOS.ABS
My - e (B DOT4.488 ErFice.ces
[ poTs.A85 B rro7.085
:
My Metwark il name: [Pio1
Places
Files of type: I [48S ties
1H
QLD) , A
AT
v
5

COMT baud=9600 Parity=N data=8 stop=1
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@ Execute ROM write command

Z 80 >ROM

EP - ROM. WRITE PROGRAM

? - YES : [SP], NO : [CR]
SPACE BAR CARRIAGE RETURN KEY

Press space bar to continue.

ROM SELECT
74(- S— 1
74(7-N— 2
27128 e 3
27128A e 4
27256 e 5
743 2 — 6

SELECT (1-6)? 6

ROM SET?. OK : [SP]

RAM BUF ADDR ROM BUF ADDR WRITE BYTE

2000 0000 FFFF
27512 MENU

ROM SELECT & TEST  ----- S ROM select

SET BUF ADDRESS - A Address change

MASTER ROM READ ----- R ROM read

ERASE CHECK - C Blank check

WRITE & VERIFY - W ROM write

VERIFY e Vv Verify

END e E Terminate
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SELECT (S, R, C A W, V, E)C

Erase check ERASE OKI Blank OK message display

@ Address change

ROM SET?. OK : [SP]

RAM BUF ADDR ROM BUF ADDR WRITE BYTE
2000 0000 FFFF
27512 MENU
ROM SELECT & TEST  ----- S
SET BUF ADDRESS ----- A
MASTER ROM READ - R
ERASE CHECK  —---- C
WRITE & VERIFY - W
VERIFY e \Y
END e E

ROM ADDRESS
RAM ADDRESS
BYTE NUMBER

ROM SET ?

SELECT (W, R, C A W,V E)A

Address change

Buffer Addr setting

= 0000 Destination ROM address

= 2000 Source memory address

= FFFF 0020 Bytes to write

OK: [SP] Insert ROM, and then press Space bar
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@ ROM writing.

RAM BUF ADDR ROM BUF ADDR WRITE BYTE
2000 0000 0020
27512 MENU
ROM SELECT & TEST  ----- S
SET BUF ADDRESS ----- A
MASTER ROM READ ----- R
ERASE CHECK  ——--- C
WRITE & VERIFY - W
VERIFY e \Y
END e E

SELECT (S, R, C A W, V, E)?W

Writing ... Write END!!
Verify ... Verify GOOD

ROM SET?. OK : [SP]

(& Power OFF and then power ON again.

*hkkkhkhkkkhkhkhkkhkhkhkkhkhkkhkhhkkhkkhkkhkihkkhkkihkkhkkikkhkkihkkhkkihkhkihkiik

** Z-80 Serial Monitor Program ver 4.1 **
** 9600 BAUD, 8 Bit, 1 Stop, NO Parity **
**  Program By young bae. cha **

*hkkkhkhkkkhkhkhkkhkhkhkkhkhkkhkhhkkhkkhkkhkihkkhkkihkkhkkikkhkkihkkhkkihkhkihkiik

Z 80 >

Z 80 > ROM
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EP - ROM. WRITE PROGRAM

? - YES : [SP], NO : [CR]

ROM SELECT
v (-7 — 1
2764A e 2
vk S— 3
ALY — 4
27256 e 5
743 7 — 6

SELECT (1-6)? 6

ROM SET?. OK : [SP]

® Address set

RAM BUF ADDR ROM BUF ADDR WRITE BYTE
2000 0000 FFFF
27512 MENU
ROM SELECT & TEST  ----- S
SET BUF ADDRESS ----- A
MASTER ROM READ ----- R
ERASE CHECK - C
WRITE & VERIFY - W
VERIFY - \Y
END e E
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SELECT (S, R, C A W,V, E)A

Buffer Addr setting

ROM ADDRESS = 0000
RAM ADDRESS = 2000
BYTE NUMBER = FFFF 0020

ROM SET?. OK : [SP]

= Note : RAM buffer address is 2000H-3FFFH, Total 8K byte.

@ ROM read.
RAM BUF ADDR ROM BUF ADDR WRITE BYTE
2000 0000 0020
27512 MENU
ROM SELECT & TEST  ----- S
SET BUF ADDRESS ----- A
MASTER ROM READ ----- R
ERASE CHECK - C
WRITE & VERIFY - wW
VERIFY - V
END E

SELECT (S R, C, A W, V, E)R
Reading ... READ END!!
ROM SET?. OK : [SP]

Press Space bar for next step.
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ROM SELECT & TEST  ----- S
SET BUF ADDRESS ----- A
MASTER ROM READ  ----- R
ERASE CHECK - C
WRITE & VERIFY - W
VERIFY e \Y
END e E

SELECT (S, R, C, A, W, V, E)? E (Terminate)
Z 80 >

Now, program execute.

Z 80 > G 2000

LED is shifting ?
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1. Keyboard Interface

1. Keyboard Interface

1-1. Keyboard Interface

% Position Code

key [ o V1 + 2 . 3 . 4 . 5 i 6 | 7 |
CODE| 00 [ o1 ' 02 ' 03 ' 04 ' 05 ! 06 | 07
KEy | 8 I 9 ' A . B . C . D | E | F_|
CODE| 08 ! 09 | OA ' OB ! OC | OD ! OE ! OF
 KEY |REG ! STEP | GO | -1+ . DA | AD |
CODE| 10 ! 11 12 { 13 | 14 | 15 | 16 | 17

¢ Key Input Flowchart

START

A-(0)
Flag port

<>

YES

CA-()
Keybord

END

‘Read Flag Status

iCheck Flag Staus

:Data In from kevboard

MDA-Winz80 MANUAL - 49 -



1. Keyboard Interface

us

JAAEIS=S

TFERE

TALS138

P1 ALBIE = 3

—l u1e

e bt

o
i
o
2
m
[
B N T R T RS e -

SERIEREE

oM oo of o o oo o
o
L=

Figure 1. Keyboard Interface

< Sample Program 1-1. Key input subroutine >

KEY: EQU  04H
KEYC: EQU  08H
. KEY IN = BUFF1
START2: LD  SP,SSTACK
DI
CALL  SCAN
STARTS3: LD  A(BUFY)
BIT 4A : FUNCTION KEY ?
P NZ,FUN
: BRANCH
FUN: LD  HLFTBL
LD A,(BUF1)
AND  O7H
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ADD AA
ADD AL
LD LA
JR NC,FUN1
INC H
FUN1: LD  E(HL)
INC  HL
LD  D,(HL)
EX  DEHL
Jp (HL)
FTBL: DW  KREG
DW  KSTEP
DW KGO
DW  MAIN
DW  KDEC
DW  INC
DW  KDA
DW  KADDR

: KEYBOARD SCAN
SCAN: IN A,(KEY)

BIT 7A

JR NZ,SCAN

LD  (BUF1)A

OUT (KEYC),A

LD HL,002FH ; TONE ON
CALL TONE1K
RET
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2. LCD Display

2-1. LCD
* 16 CHARACTERS x 2 LINE MODULE

1) PHYSICAL DATA

Module size 80.0W x 36.0H x 9.30D mm
Min. view area 65.6W x 13.8D mm
Character construction 5 x 7 dots

Character size 2.85W x 3.8H mm

Character Pitch 3.65 mm

Dot size 0.55W x 0.5H mm

2) Pin Connections

Pin NO. | Symbol | Level Function
1 Vss - ov
2 Vdd - 5V Power supply
3 VL - -
H : Data input
4 RS H/L . )
L : Instruction input
H : Data read
5 R/W H/L )
L : Data write
6 E H. H—L Enable signal
7 DO H/L
8 D1 H/L
9 D2 H/L
1(1) Bi wt Data bus line
12 D5 H/L
13 D6 H/L
14 D7 H/L
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3) INSTRUCTION

Execution
) CODE . time(max
Instruction Descnptlon fOSC(iS )
RS|R/WD7D6D5D4D3/D2D1D0 250 KHz
Clear display|0| O [0|0|0|0|[0| 0| 0|1 |Clears entire display 1.64 ms
Returns display being
Return Home|O| O [0[0|0|0|0| O |1|* |shifted to original 1.64 ms
position
Sets cursor move
Entry . . ip
0| 0 |0|0|0|0|0| 1|I/D|S |direction and specifies| 40 pgs
Mode set . .
shift of display
Display D : Display ON/OFF
ON/OFF 0| 0|[0|0|0|0|1|D|C|B|C : Cursor ON/OFF 40 us
Control B : Cursor Blink/Not
Cursor or Moves cursor and
. 0| 0O |0O|0O|0O|21S/ICRILl *|*]| . ) 40 us
Display Shift Shifts display
Function Set [0| 0 |0|0 |1 |DLIN| F|*|* |Refer to Remark 40 us
Set CGRAM |[0| 0 |01 ACG Sets CG RAM Addr. 40 ps
Set DD Sets DD RAM
0] 0 |1 ADD 40 us
RAM Addr. Address
Read Busy BF : Busy flag
0| 1 BF AC 40 ps
Flag & Addr Reads AC contents.
Write Data . Writes data into DD
1| 0 Write data 40 us
CG or DD RAM or CG RAM
Read Data
Reads data from DD
from CG 111 Read data 40 us
RAM or CG RAM
or DD RAM
I/D= 1: Increment 0: Decrement |DD RAM : Display data RAM
S= 1. Accompanies display shift |CG RAM : Character generator
S/C=1:Display shift. 0:cursor move RAM
R/L=1:Shift right. 0: Shift left. |ACG : CG RAM address
DL= 1 : 8hits 0 : 4 bits ADD : DD RAM address
Remark N =1:2 lines 0 : 1 lines Corresponds to cursor
F = 1 : 5x10dots 0 : 5x7dots address
BF = 1. Internally operating AC : Address counter used for
0: Can accept instruction both DD and CG RAM
* NO EFFECT address
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4) INITIALIZATION SEQUENCE

| POWER ON |

U

| Wait till VCC is 4.5V min |
U

| RS = 0, WRITE 38H *1 | ( Execution time : 40 us )
U

| RS = 0, WRITE OEH | ( Execution time : 40 us )
U

| RS = 0, WRITE 08H | ( Execution time : 40 us )
U

| RS = 0, WRITE 02H | ( Execution time : 1.64 ms )
U

| RS = 0, WRITE 01H | ( Execution time : 1.64 ms )
U

| RS = 0, WRITE ADDR.  *2_| ( Execution time : 40 us )
U

| RS = 1, WRITE DATA  *3 | ( Execution time : 40 us )

* 1. Should use this instruction only once in operation.
* 2. ADDR is the setting data cursor position to debug.
In data, MSB(D7) should be "1" and other 7 bits (DO~ D6)

are cursor position.

* 3. DATA mean the ASCII codes.
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5) CHARACTER FONT TABLE

U
ble| 0000 |0010|0011|0100| 0101 | 0110 | 0111 | 1000 | 1010 |1011|1100 1101|1111

Lower Nible

XXXX0000 0

XXXX0001 (2)

XXXX0010 o | Vg

XXXX0011 ()

XXXX0100 (CIR ;2 = O s O I AP B

XXXX0101 R R =

XXXX0110 (7)

XXXX0111 ®)

XXXX1000 (1)

XXXX1001 o & DY i -

XXXX1010 TEYRN s O - A N N I W

XXXX1011 I S - R R S N

XXXX1100 (5)

XXXX1101 (6) || -

XXXX1110 m
XXXX1111 RN P R S N I S - 1 S I R [ B P |

NOTE : CGRAM is a CHARACTER GENERATOR RAM having a
storage function of character pattern which enable to change
freely by users program
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2-2. LCD Interface

LCD
00000QO0O0QCO0O0CO0O0Q0QOO
[ J o = od ] ’_<
U5 of ] =] wr] r-cccr----q 07
A 13,
- A Yo pri—Y0_ b3 )
e v1 pé il 2]
¢ rzpbll-’*z L | D1}
Ly, B | RT2
2A Ys
T >—e—2 528 v P> $ W
7be < AO
745138 2
; iUTQ >0"J

741502

1. Message display

J Purpose

Display the message like below.

J Source file

% C:\MDA\WinZ80\ASM\LCD1. SRC

2. Scroll the message center to right

J Purpose

Scroll the message.

J Source file

% C:\MDA\WinZ80\ASM\LCD2. SRC
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2. LCD Display

3. Scroll the message right to left

J Purpose

Scroll the message, "MDA-WinZ80 Training Kit".
MDA-Winz80 Train

J Source file

¥ C:\MDA\WinZ80\ASM\LCD3. SRC

4. Make clock with software timer

) Purpose

Display time

J Source file

% C:\MDA\WinZ80\ASM\LCD4. SRC

5. Make clock with CTC

) Purpose

Display time

J Source file

¥ C:\MDA\WinZ80\ASM\LCDS. SRC
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2. LCD Display

6. Display the pressed key on LCD

J Purpose

Display the pressed keypad on LCD

Key Code

J Source file

¥ C:\MDA\WinZ80\ASM\LCD6. SRC
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3. PIO Interrupt

3. PIO Interrupt

3-1. Introduction

The Z-80 Parallel I/O(P1O) Circuit is programmable, two port device which
provides a TTL compactable interface between peripheral devices and the Z9-
CPU. The CPU can configure the Z80 PIO to interface with a wide range of
peripheral devices with no other external logic required. Typical peripheral devices
that are fully compatible with the Z80 PIO include most keyboards, paper tape
readers and punches, printers, PROM programmers, etc. The Z80 PIO utilizes N
channel silicon gate depletion load technology and is packaged in a 40 pin DIP.
Major features of the Z80 PIO include:

A. Two independent 8 bit bi-directional peripheral interface ports with
"handshake™ data transfer control.
B. Interrupt driven "handshake" for fast response.
C. Any one of four distinct modes of operation may be selected for a port
including:
Byte output
Byte input
Byte bi-directional bus (Available on Port A only)
Bit control mode
All with interrupt controlled handshake
D. Daisy chain priority interrupt logic includes providing for automatic
interrupt vectorial without external logic.
Eight outputs are capable of driving Darlingtontransistors.
All inputs and outputs fully TTL compatible.
Single 5-volt supply and single-phase clock are required.

oRuliy

One of the wunique features of the Z80 PIO that separates it from
other interface controllers is that all data transfer between the peripheral
device and the CPU is accomplished under total interrupt control. The
interrupt logic of the PIO permits full usage of the efficient interrupt
capabilities of the Z80 CPU during I/O transfers. All logic necessary to
implement a fully nested interrupt structure is included in the PIO so that
additional circuits are not required. Another unique feature of the PIO is
that it can be programmed to interrupt the CPU on the occurrence of
specified status conditions in the peripheral device. For example, the PIO
can be programmed to interrupt if any specified peripheral alarm conditions
should occur. This interrupt capability reduces the amount of time that the
processor must spend in polling peripheral status.

MDA-Z80 and PIO interface is shown Figure 3-1.
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3. PIO Interrupt
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Figure 3-1. PIO Interface
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3. PIO Interrupt

¥ C:\MDA\WinZ80\ASM\P101. SRC

2. 7 segment

S|
=
(o]
O
@D
@

-
it
!

f'g'b f[]g'b ng'b
— & —, & == [
IR L
a Ce a Ce a O
sy SOy |
- Ly e & —,
{_J 4_l |

-l
'ﬂo °
-l
'ﬂo °
ol
o o

J Source file

¥ C:\MDA\WinZ80\ASM\P102. SRC

3. LED shifting ( Interrupt )

J Purpose

Press ASTB button, then LED will be shifting.

o )
®
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3. PIO Interrupt

@~
o G

&} C:\MDA\WinZ80\ASM\P103. SRC

4. Display DIP1 switch value

J Purpose

After change the DIP1 switch, press ASTB button.
DIP1 switch value will be displayed on the FND.

J Source file

% C:\MDA\WinZ80\ASM\P104. SRC

5. Display DIP1 switch value (Interrupt)

J Purpose

After change the DIP1 switch, press ASTB button.
DIP1 switch value will be displayed on the FND.

J Source file

% C:\MDA\WinZ80\ASM\P105. SRC

A
® -
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6. Display DIP1 switch value (Interrupt)

J Purpose

After change the DIP1 switch, press BSTB button.
If you press ASTB button, then DIP1 switch value will be displayed on LED.

J Source file

% C:\MDA\WinZ80\ASM\P106. SRC
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4. CTC Interrupt

4. CTC Interrupt

4-1. Introduction

The Z-80 Counter Timer Circuit (CTC) is a programmable component with four
incepted channels that provide counting and timing functions for microcomputer
systems based on the Z80-CPU. The CPU can configure the CTC channels to
operate under various modes and conditions as required to interface with a wide
range of devices. In most applications, little or no external logic is required. The
Z80-CTC utilizes N-channel silicon gate depletion load technology and is packaged
in a 28-pin DIP. The Z80-CTC requires only a single 5-volt supply and a
one-phase 5-volt clock. Major features of the Z80-CTC include:

A. All inputs and outputs are fully TTL compatible.

B. Each channel may be selected to operate in either Counter Mode or Timer
Mode.

C. Used in either mode, a CPU-readable Down Counter indicates number of
counts-to-go until zero.

D. A time constant Register can automatically reload the Down Counter at Count
Zero in both Counter and Timer Modes.

E. A selectable positive or negative trigger initiates time operation in Timer
Mode. The same input is monitored for event counts in Counter Mode.

F. Three channels have Zero Count/Timeout outputs capable of driving Darlington
transistors.

G. Interrupts may be programmed to occur on the zero count condition in any
channel.

H. Daisy chain priority interrupt logic included to provide for automatic interrupt
vectorial without external logic.

4-2. CTC Architecture

4-2-1. Overview

The internal structure of the Z80-CTC consists of a Z80-CPU bus interface,
Internal Control Logic and four sets of Counter/Timer Channels. Timer channels
are identified by sequential numbers from 0 to 3. The CTC has the capability of
generating a unique interrupt vector for each separate channel (for automatic
vectorial to an interrupt service routine). The 4 channels can be connected into
four contiguous slots in the standard Z80 priority chain with channel number 0
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4. CTC Interrupt

having the highest priority. The CPU bus interface logic allows the CTC device
to interface directly to the CPU with no other external logic. However, port
address decoders and/or line buffers may be required for large systems.

4-2-2. Structure of channel logic

This logic is composed 2 registers, 2 counters, and control logic. The
registers are an 8-bit Time Constant Register and an 8-bit Channel Control
Register. The counters are an 8-bit CPU-readable Down Counter and an
8-bit pre-scaler.

MDA-Z80 and CTC interface is shown Figure 4-1.
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4. CTC Interrupt
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Figure 4-1. CTC Interface
1. LED (CTC timer mode)
J Purpose
g g g

% C:\MDA\WinZ80\ASM\CTC1. SRC
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4. CTC Interrupt

2. 7 segment

J Purpose

Push the CLKO button, then display 0 to 9 on the FND.

L) L— L) ] (—
f'g'h f[]g' fg'h iUglh i'glh
A_k [ 5 A Sl <k

- = . b - O it

a a a a a

L) L) L) L] L]

f' Uh U 1 1' lh 1' lh
! [ = [ Y D e S ==
Ik Ak i 5 A_k Sl
- e (e - Op ? Op

% C:\MDA\WinZ80\ASM\CTC2. SRC
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5. Speaker Interface

5. Speaker Interface

5-1. Speaker interface

SPEAKER-PIN
SPEAKER
© o SUITCH
8255A ki
RI? L | L4
14
RIE LED2
i
336 7
FCE —@) RS
9015
77

1. Simulate a telephone ring sound

J Source file

% C:\MDA\WinZ80\ASM\SPK1. SRC

2. Simulate a siren sound

J Source file

% C:\MDA\WinZ80\ASM\SPK2. SRC

3. Simulate a laser gun sound

J Source file

% C:\MDA\WinZ80\ASM\SPK3. SRC

ucc
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5. Speaker Interface

4. Make the musical scale

% C:\MDA\WinZ80\ASM\SPK4. SRC

5. Play "Jingle bells"

J Source file

% C:\MDA\WinZ80\ASM\SPK5. SRC
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6. Dot Matrix LED

6. Dot Matrix LED

6-1. Dot Matrix LED Display

General description :

The KMD D1288C is 1.26 inch height 3mm diameter and 8 x 8 dotmatrix LED displays.
The KMD D1288C are dual emitting color type of red, green chips are contained in a
dot with milky and white lens color.
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Figure 6-1 Dot Matrix Internal Circuit Diagram
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6. Dot Matrix LED

6-2. Dot Matirx LED Interface

RESET RESET
il m
W "
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Figure 6-2. Dot Matrix LED Interface
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1. Matrix - Scroll top to bottom

6. Dot Matrix LED

¢
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JP6
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2-2. DOT-MATRIX LED INTERFACE

2. Matrix - left to right

J Purpose

¢

00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000

B

00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000

B

00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000

b

00000000
00000000
00000000
00000000
00000000
00000000
00000000
OO00OO0OO0OO

¢

00000000
00000000
00000000
00000000
OO00OO0OOOO
00000000
00000000
00000000

¢

00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000

00000000
OO00OO0OO0OO
OO00OO0OO0OO
OO00OO0OO0OO
00000000
00000000
00000000
00000000

¢

00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000

Adjust the JP6 switch as following figure.

JP6

ADC

Dot

% C:\MDA\WinZ80\ASM\DOT2. SRC
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6. Dot Matrix LED

3. Matrix

¢

00000000
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B
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Adjust the JP6 switch as following figure.

JP6

ADC

Dot

% C:\MDA\WinZ80\ASM\DOT3. SRC
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6. Dot Matrix LED

4. Matrix - Display 'A'

J Purpose

00000000
00000000
O00Ce00OeO
O00Ce0O0O0e
O00Ce0O0O0e
eJeloX JoJeoX Jo
00000000
00000000

Adjust the JP6 switch as following figure.

JP6
Dot ADC

J Source file

¥ C:\MDA\WinZ80\ASM\DOT4. SRC
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5. Matrix - Scroll 'A' left to right

J Purpose

6. Dot Matrix LED
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% C:\MDA\WinZ80\ASM\DOT5. SRC
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6. Dot Matrix LED

6. Matrix - Scroll 'A' top to bottom

b
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Adjust the JP6 switch as following figure.

JP6

ADC

Dot

% C:\MDA\WinZ80\ASM\DOT6. SRC
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7. 8251A Interface

7. 8251A Interface

8251A is an advanced design of the industry standard USART, the Intel 8251.
The 8251A operates with an extended range of Intel microprocessors that includes
the new 8085 CPU and maintains compatibility with the 8251. Familiarization
time is minimal because of compatibility and involves only knowing the additional
features and enhancements, and reviewing the AC and DC specification of the
8251A.

The 8251A incorporates all the key features of the 8251 and has the following
additional features and enhancements;

a. 8251A has double-buffered data paths with separate I/O registers for control,
status, Data in, and Data out, which considerably simplifies control programming
and minimizes CPU overhead.

b. In asynchronous operations, the Receiver detects and handles "break"
automatically relieving the CPU of this task.

c. refined Rx initialization prevents the Receiver from starting when in "break"
state, preventing unwanted interrupts from a disconnected USART.

= Refer to 8251A data sheet for more detail.

The 8251A and MDA-WinZ80 interface is shown in figure 7-1.
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7. 8251A Interface
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Figure 7-1. 8251A Interface
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8. D/A Converter

8. D/A Converter

8-1. D/A Converter Specification

General Description :

The DACO0800 is a monolithic 8-Bit high-speed current output digital to
analog converter (DAC) featuring typical setting times of 100ns. When used
as a multiplying DAC monotonic performance over a 40 to 1 reference
current range is possible. The DACO0800 also features high compliance
complementary current outputs to allow differential output voltage of 20
Vpp with simple resistor loads as shown in FIGURE 8-1.

block diagram
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8. D/A Converter
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8. D/A Converter

Display the speed of DC motor.

Connect between P3 and P6 cable.

Adjust the JP5 switch as following figure.

A/D MOTOR

JP5

J Source file

% C:\MDA\WinZ80\ASM\DAC1. SRC
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9. A/D Converter

9. A/D Converter

9-1. A/D Converter Specification
General Description :

The ADCO0800 is an 8-bit monolithic A/D converter using P-channel
ion-implanted MOS technology. It contains a high input impedance
comparator 256 series resistors and analog switches control logic and output
latches. Conversion is performed using a successive approximation technique
where the unknown analog voltage is compared to the resister tie points
using analog switches. When the appropriate tie point voltage matches the
unknown voltage, conversion is complete and the digital outputs contain an
8-bit complementary binary word corresponding to the unknown. The binary
output is TRI-STATE to permit busting on common data lines.

450 '—-_-_l

L
T

ANALOG |
| SWITCHES

N
150 \I
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9. A/D Converter
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9. A/D Converter

1. Volt meter (ADC Value)

J Purpose

Display the ADC value on LCD. Rotate the VR.

Adjust the JP6 and DIP3 switches as following figure.

JP6 DIP3

DOT ADC

NO

JP5

inn

recl

J Source file

% C:\MDA\WinZ80\ASM\ADC1. SRC
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9. A/D Converter

2. Volt meter ( Voltage )

J Purpose

Display the VR value on LCD. Rotate the VR.

Adjust the JP6 and DIP3 switches as following figure.

JP6 DIP3

DOT ADC

JP5

inn

recl

NO

J Source file

% C:\MDA\WinZ80\ASM\ADC2. SRC
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9. A/D Converter

Connect between P3 and P6
Adjust the JP4, JP5, JP6 and DIP3 switches as following figure.

IP4 JP5
+5V +12V A/D MOTOR
JP5 JP5
JP6
DIP3
DOT ADC
-~ EmoO
IPS N
ol ]
~

J Source file

% C:\MDA\WinZ80\ASM\ADC3. SRC
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9. A/D Converter

4. Thermistor

J Purpose

Display the VR value on LCD. Rotate the VR.

Adjust the JP6 and DIP3 switches as following figure.

DIP3
JP6

DOT ADC

JP5

recl

s

NO

J Source file

% C:\MDA\WinZ80\ASM\ADC4. SRC
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10. Stepping Motor Control

10. Stepping Motor Control

10-1. Stepping Motor Specification

The stepping motor is a device which can transfer the incoming pulses
to stepping motion of a predetermined angular displacement. By using
suitable control circuity the angular displacement can be made proportional
to the number of pulses. Using microcomputer, one can have better control
of the angular displacement resolution and angular speed of a stepping
motor. In the past few years the stepping motor has improved in size
reduction, speed and precision. Stepping motor will have wider applications
in the future.

Stepping motors are suitable for translating digital inputs into mechanical
motion. In general, there are three types of stepping motor:

(1). VR( Variable Reluctance ) stepping motors
(2). Hybrid stepping motors

(3). PM( Permanent Magnet ) stepping motors

Table 10-1. Stepping motor characteristics comparison

W .
; PM VR Hybrid
Characteristic

Efficiency High Low | High
Rotor Inertia High Low Low
Speed High High | Low
Torque Fair Low High
Power O/P High Low Low
Damping Good Poor | Poor
Typical 1.8° 7.5° 0.18°
Step 15° 15° 0.45°
Angle 30° 30°
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10. Stepping Motor Control

Figure 10-1 is used to explain the operation of simplified stepping motor
(90°/step). Here the A coil and B coil are perpendicular to each other. If
either A or B coil is excited( a condition which is known as single-phase
excitation), the rotor can be moved to 0° 90° 180° 270°degree position
depending on the current's ON/OFF conditions in the coils, see FIGURE
10-1(a). If both coils have current flowing at the same time, then the rotor
positions can be 45° 135° 225° 315°degrees as shown in FIGURE
10-1(b). This is known as two-phase exception. In FIGURE 10-1(c), the
excitation alternates between 1-phase and 2-phase, then the motor will
rotates according to 0°, 45°, 90°, 135° 180° 225° 270° 315°sequence.
This is 1-2 phase excitation, each step distance is only half of step
movement of either 1-phase or 2-phase excitation.

Stepping motor can rotate in clockwise or counter-clockwise direction
depending on the current pulse sequence applied to the excitation coils of
the motor. Referring to the truth tables in FIGURE 10-1(a), (b), (c). If
signals are applied to coil A and B according to Step 1,2,3,4,5,6,7,8, then
counter-clockwise movement is achieved. And vice-versa is true. If signals
are applied according to step 8,7,6,5,4,3,2,1, then clockwise movement is
achieved.

Commercial stepping motor uses multimotor rotor, the rotor features two
bearlike PM cylinders that are turned one-half of tooth spacing. One gear
is south pole, the other gear is north pole. If a 50-tooth rotor gear is used,
the following movement sequences will proceed.

A. single-phase excitation:

The stepping position will be 0°,1.8°, 3.6° ....... 358.2°, total 200
steps in one round.
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10. Stepping Motor Control

B. two-phase excitation:

The stepping positions will be 0.9°, 2.7°, 4.5°, ... 359.1°, total 200
steps in one round.

C. single-phase and two-phase excitations combined:

The stepping positions will be 0° 0.9° 1.8°, 2.7° 3.6°, 4.5°
............... 358.2°, 359.1°, total 400 steps in one round.

- A N\
coils
- A B A B_
STEP 1 |1 0 0 0
@ 210 1 0 0
310 0 1 0
A B 4 |0 0 0 1
coils
511 0 0 0
‘rg 6|0 1 0 0
N 5 i 710 0 1 0
\1 \l 810 0 0 1
(a) 1-phase excitation
A B A B_ A B A B_

STEP 1|1 1 0 O STEP 1 (1 0 0 O
210 1 1 0 211 1 0 0
3|0 0 1 1 310 1 0 0
4|1 0 0 1 4 10 1 1 0
511 1 0 0 510 0 1 0
6/0 1 1 0 6/0 0 1 1
710 0 1 1 710 0 0 1

8|1 0 0 1 8|1 0 0 1 \ /

(b) 2-phase excitation (c) 1-2 phase excitation CCV CcV

FIGURE 10-1. Half-step and full-step rotation
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10. Stepping Motor Control

Since stepping motor makes step-by-step movement and each step is
equidistant, the rotor and stator magnetic field must be synchronous. During
start-up and stopping, the two fields may not be synchronous, so it is
suggested to slowly accelerate and decelerate the stepping motor during the
start-up or stopping period.

10-2. Stepping Motor Interface

JP1
vee
+12v
PIO AO > JP2
i
2
3
1
5
PIO At H>— 120l A
74LS04
PIO A2 ) 24) 2308
741504
\ [} 8 R44
PI0 A3 > 2 A TR20 TR24
c1959
74L504 C1384 /_J_,

1. Stepping motor

J Purpose

Stepping motor test - 1 phase magnetization

J Source file

&} C:\MDA\WinZ80\ASM\STEP1. SRC
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10. Stepping Motor Control

2. Stepping motor control

Keypad Function

0 Left 45 degree
1 Right 45 degree
2 Left 90 degree
3 Right 90 degree
4 Left 180 degree
5
6
7

Right 180 degree
Left Revolution
Right Revolution

STP Stop
+ Speed Up
- Speed Down

J Source file

2} C:\MDA\WinZ80\ASM\STEP2. SRC
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1 MDA-WinZ80 Memory Circuit

2. MDA-WinZ80 ROM Writer Circuit
3. MDA-WinZ80 I/0O Circuit

4 MDA-WinZ80 External Connector
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1. MDA-WinzZ80 Memory Circuit

MDA-WinZ80 Memory Circuit
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Appendix

2. MDA-WinZ80 ROM Write Circuit

CH
= FEERREEEDE
3! ! I_Il
3 % g 22223RARRTAARZE
3 g 3 sssssse A| 5 3 'g
g|“P " '. . "t B =
T AR

584 >—§
F2]
=
v
m;l
e
i
o 2]
[+]
m)—a— B
a1
-
a1
* 1
e
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3. MDA-WinzZ80 I/0 Circuit

3. MDA-WinZ80 1I/O Circuit
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3. MDA-WinzZ80 I/0 Circuit

D/A CONUERTER

CIE CLK/ThEO.

we COCOCO000000000

LCD

LCD INTERFACE % T
TL

SPEAKER INTERFACE

12 < DATA BUS RS-232C INTERFACE
uU13 27 m P 20
H Gﬁnm FESET " m U RiouT Tg
|m.ﬂ an i— %W a: a a.ﬁ.xﬂn? Tim L b
A { -
HE a | —ESE nH”m.._..: RS232 I T s
e L 14—
L ™ RO (3 "o 4 (3 Pord
Lo u13 Ejpmr D i _ — L N,
—ig{w  an i - rar  sneer [ o] — 1] 2 g U
I ® )] oTR R e 1" Iﬂ
||wn5 3 i =g ATS T8 o s ©
1° ° 51R . WM 13
LSS0 -~ Puw —
| | _384 m
us
L L — KEY INTERFACE we
jm i |
] “ mi i am3 ”_mnu ”_ms ”_.n:
EHEEE—] " w [m] [m
S - L] ﬁ_ ALOIG = 3
iy > hm__u ry ]
bl 3m3
RI4 - n.".,s .”"..»_m “ﬂwm.»
ﬁsn H_.._..w uie o . poll -
10 ! oo 12 v v
o1 Hi T k] TTP
slg B ol —E oo _._L ! = 2 z ._m. . 3
P e P P o BT
2lg o 11 1 % ) | E—
an [EIH we 7 T =
13] TS = |m|% ale _ . ——
oesim [ E bR _ g X
e 7 F Al n_-
4. RESET
Hﬁn._.x

FESET
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4. MDA-WinZ80 External Circuit

[/0 INTERFACE
uee DATA BUS

U3t h
CON1O-1 CONie
SHEET1 a2 1| 20

1 I
A Yo o 19 D@
A3 21 v 2] o | SEET 18 DI
A4, C Y2 o 17
3 £ 1o e i
6 < TR D3
RS, 3 6t v4 o o/
TORQ 820 s 5 1o 10RD
598 RESET
L o462 v °
v? p—=_& 0o
° o
745138 E_’[ e F m
us2
=
RESET RESET pA1 2 ‘ CON3
Pg 59 RD PRz |2 ‘ Ll Preg
R PR3 PPE 1
SH_1 R A PRSI | ‘ 2 e
! Al pRS | 4 PPES
45 PRG | c c PrBt
1 PA? | § < Fros
71 \g PPBO | i P
peo HA o8t Z e
PB! ey FPCo o PPCA
DATA BUS S——————— pg3 [2LFFE3 AT L_PPCS
o res PPed FPCT o —Frie
2234100 PPES PPC3 {7 19 PPC7
D1 33lp) PBS - —FPee
D2 32150 PBE e B7 '_1.3_1 7 |
0331 b2 PB? To INTQ
D4 30 py peo 4 C T &g
o9 b} Pe e —pre T ]
D628 1p¢ pe2 [ 16 PPC ps
—D7_271p7 el opca
bg 1z —FEC PeCS
pce -1 g 6
pc7 (1aPPC 7
8255A

U31(74LS138) | CON10 CON3 CON10-1
YO 20 - 23H 20 - 23H
Y1 24 - 27H 24 - 27H
Y2 28 - 2BH
Y3 2C - 2FH
Y4 30 - 33H
Y5 34 - 37H
Y6 38 - 3BH
Y7 3C - 3FH

< Memory map >
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4, MDA-WinZ80 Extemal Circuit

Port (U32) 8255A Address (U32)
A port 24H
B port 25H
C port 26H
Control Register 27H
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