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INTRODUCTION

Scope

This .manual 1is designed to assist the experienced and
inexperienced service technician in locating and repairing
problems that may occur in SVI-728 computer and its

peripherals. This manual will cover all necessary
information and clues for technical reference and servicing
use. A spare part listing could be found in appendix for

spare part order via our local agent.

There are 6 chapters, 3 appendices in this manual. Chapter
1 explains the basic configuration and the system
architecture of SVI-738 X'PRESS.

Chapter 2 and 3 gives the details I/0 specification and
memory mapping of the individual ports.

Chapter 4 is a quick run down of the peripherals support and
its specification for the X'PRESS.

Chapter 5 and 6 is the heart of servicing part. It consists
of detail assembly and disassembly procedures, diagnostic
routine, cautions, recover routine, ..... ; etés

The appendices includes detail spare part 1list, circuit

diagram, software 1listing for reference and development
needs.

iii



TABLE OF CONTENTS

Contents

ACKNOWLEDGEMENT

INTRODUCTION

TABLE OF CONTENTS

CHAPTER 1 SYSTEM CONFIGURATION AND ARCHITECTURE

=
Ul W Do

o
@ ~

What is X'PRESS?

Basic Specification

System Architecture

Z80A Microprocessor

MSX Video Display Processor

- Display Mode

Programmable Shound Generator
Programmable Peripheral Interface
Floppy Disk Controller

CHAPTER 2 INPUT/OUTPUT SPECIFICATION

NN NDNDN
-
[SLIEARVARRS - VO I N I

[N
L]
~l o

(38
.
(s o]

(S5 S I o ]
W o o
-

[ v

List of Connectors

Cassette Interface
Input/Output (Joystick) Ports
Printer Interface

Cartridge Slot

Specification of Cartridge
Cartridge

Conditional of Cartridage
Connection

Sound

Pin Assignment of Second Drive
Connector of X'PRESS

Pin Assignment of the Built-In
3.5" Microfloppy Drive

DC Power Connector

Interface Signal Connector

Pin Assignment of SVI-738
(9-Pin) Connector

Keyboard

Character Set for MSX
Character Set for CP/M
Keyboard Layout for Internation
(INT) and Germany (DIN) Version

ii

s 1 6!

iv

el sl i el
|
Ul s L =

1-31
1-36
1-41

NN NDNDN
[ L L
oUW

iv



CHAPTER 3

CHAPTER 4

CHAPTER 5

MEMORY SYSTEM

3.1 Memory Map

3.2 I1/0 Map

33 PPI Bit-Assignment

3.4 PSG Bit Assignment

3.5 I/0 Mapping of Built-In
Microfloppy Drive

SVI-738 X'PRESS PERIPHERALS

4.1 SVI-767 MSX Data Cassette

4.2 SVI-777 MSX Stringy Floppy Drive

4.3 SVI-787 Microfloppy Disk Drive

4.4 SVI-709 MSX Network Interface
Card

4.5 SVI-105M MSX Graphic Tablet

4.6 SVI Quickshot Series for MSX
Computer System

4.6.1 SVI-101M Quickshot I

4.6.2 SVI-102M Quickshot II

4.6.3 SVI-107M Quickshot VII

4.6.4 SVI-109M Quickshot IX

DISASSEMBLY/ASSEMBLY

Sl General Caution

5.2 Keyboard and PCB Access

5.3 Reassemble of the Console

5.4 Removal of the Built-In
Microfloppy Drive and Cartridge
Support

5.5 Reinstalling of the Microfloppy
Drive and Cartridge Support

5.6 Removal of Power Board

547 Reinstalling the Power Board

5.8 Removal of the Main Logic Board

5.9 Reinstallation of Main Logic
Board

5.10 Removal of Keyboard Assembly
from Upper Housing

911 Reinstallation of Keyboard
Assembly to Upper Housing

5.12 Removal of Keytops

S5:13 Reinstallation of Keytops

5.14 Disassemble of Keyboard Assembly

2wld Reassemble of Keyboard Assembly

w W W W
I
~ U W

P R S - b b B
[ [ D L |
OOy o uw M-

o
|
U W N

5-10
5-10
S=11
5-12



CHAPTER 1

SYSTEM CONFIGURATIONS AND ARCHITECTURE

WHAT IS X'PRESS?

Following the success of the MSX home computer
standard, Spectravideo International Limited continues
to strengthen their leading position in MSX series
computer. Well before any new challenge occurred,
Spectravideo has already had the X'PRESS ready 1in
August 1985 with the most outstanding features to beat
the competitors. The features include an attractive
ergonomically-designed console with multi-function
retractable handle, and there 1is more to be seen
electronically. First, a standard 3 1/2" microfloppy
drive together with the RS-232C interface makes the
X'PRESS not just a computer for games. Secondly, the
new VDP (Vv9938) means that the X'PRESS can offer
software switching between 40 and 80 column. Thirdly,
in order to bridge the gap of 1lacking support in
business and personal application software in MSX.
X'PRESS includes the CP/M compatibility to make it a
all round machine (see appendix D for software support
in 3 1/2" format). The system architecture can be seen
in Section 1.3.

BASIC SPECIFICATION

A. LSI
- CPU 72804
Clock 3.58MHz (colour Subcarrier
Frequency)
1 Wait Cycle in M1
- VDP V9938
2 x 4416 (16K)
Clock 21.477 MHz
- PSG AY-3-8910
- PPI 2 X customized ULA
- FDC 1793

- R5-232C 8251 and 8253
Clock 1.8432 Hz

- DRIVE Built-in 3 1/2" Microfloppy + an
optional drive
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B.

MEMORY

- ROM

- RAM

- Basic
starts

This 32KB ROM contains the MSX BASIC
interpreter programme as well as the
monitor programme.

16KB Disk I/O Driver programme in slot
3-1 and 8KB RS232 monitor programme 1in
slot.3-0.

64K Bytes

starts from 0000H tc 7FFFH; and RAM

from FFFFH and grows downward on the

memory map. (Refer to Chapter 3 - memory map for
the details)
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1.3 SVI-738 SYSTEM ARCHITECTURE

280 N
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3.58MHZ 9939 ENCODER =L
j r a
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DISC VRAM ATOR
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% PSG Zlgg -
8KB A )
RS-232C i AY-3-8910 > A __2
LL . A

\ [ g_ﬁszrﬁ' oo
L\

PPI

64KB ¥ | .
SYSTEM L ! € —>Keyboard
DRAM ' :

Ssnid

__W PARALLEL 0/P s [Z]
e A | | INTERFACE <
BASIC _—V|_
ROM N |

L___|\IRS—232C— ERIAL 1/0 > RS-232C
ST INTERFACE > S

EXPANSION | Iv’]
SLOT | :

hl 35" DISC. ﬁ

FDC DRIVE

1

PAGE 1-3



1.4 2Z80A MICROPROCESSOR

+8Y

GQND —=

CLOCK —o~

INSTRUCTION
DECODER

INST.
REG.

Il

8 SYSTEMS, 8 CPU
AND CPU CONTROL
CONTAOL INPUTS
OUTPUTS

cru .
TIMING et
coNTROL AL Lt

DATA bus
INTERFACE

8-RIT
DATA BUS

REGISTER
ARRAY

N
Sy

Een
Yy

ADDRESS
LOaIC AND

Z80 CPU Block Diagram

BUFFERS

16-DIT

ADDNERS BUS

Detail information about Z80 CPU, please refer to books
or catalogues published by I.C. manufacturer.

PAGE 1-4



1.5 MSX VIDEO DISPLAY PROCESSOR

X'PRESS 1is the first MSX machine to use V9938 Video
Display Processor which will be a standard VDP for
MSX2. Here 1is a brief description of the text mode
used in X'PRESS. Please refer to MSX-VDP (Yamaha
Vv9938) user's manual for detail operation.

REGISTER TYPES

The MSX-VIDEO DATA PROCESSOR (MSX-VDP) has four eight-=bit
ports (PORT 0 to PORT 3) for exchanging data from a Central
Processing Unit (CPU), the MSX-VDP registers, and the
computer's Video RAM (VRAM).

All registers of the MSX-VDP are eight bits wide and can be
divided into the following three types.

1. Control Registers

Registers RO to R23 and R32 to R46 (total 39) are
primarily write registers.

2. Pallete Registers

Registers PO to P15 (total 16) are primarily write
registers.

3. Status Registers

Registers S0 to S9 (total 10) are primarily output

registers.
CPU

PORT 0 (R/W) PORT 1 (R/W) PORT 2 (W) PORT 3 (W)
Control Status Palette Video RAM
Register (W) Register (R) Register (W) 128K bytes
#0 to #23 #0 to #9 #0 to #15 (R/W)
Control Expanded RAM
Register (W) MSX-VDP 64K bytes
#32 to #46 _ (R/W)
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BASIC INPUT AND OUTPUT

1.

Accessing the Control Registers

There are two ways to set data in the MSX-VDP control
registers (R#0 to R#46), which we will outline below.

1.1

Direct Access

Output the data and the register number in order.
Since this order is always used, be careful during
access to MSX-VDP for an interrupt routine.

MSB 7 6 5 4 3 2 1 0 1LsB
Port #1 First byte D7 D6 D5 D4 D3 D2 DI DO DATA
Second byte 1 0 R5 R4 R3 R2Z Rl RO REGISTER #

Indirect Access

Specify the register number in control register R#17
(Control Register Pointer).

First set the register number in R#17 (using direct
specification) by outputting data to Port #3. When you
set the data in R#17, you can also set its MSB to
control autoincrementing.

If autoincrementing is prohibited, the contents of R#17
are not changed, and thus you do not have to reset
R#17.

MSB 7 6 5 4 3 2 1 0 LSB
Register #17 AII 0 R5 R4 R3 R2 Rl RO REGISTER #

—— 1: Auto increment inhibit
-— 0: Auto increment on

Port #3 First byte D7 D6 DS D4 D3 D2 DI DO DATA
Port #3 Second byte D7 D6 DS D4 D3 D2 DI DO DATA

Port #3 nth byte D7 D6 DS D4 D3 D2 D1 DO DATA
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2.

Accessing the Pallete Registers

To set data in the MSX-VDP palette registers (P#0 to
P#15/9 bit), you must first set the palette register
number in register R#16 (Color palette address pointer)
then output the two bytes of data in order through port
#2.

MSB 7 6 5 4 3 2 1 0 LsB
0 0 0 0 €3 C2 Cl1 C0O Pallete #

Port #2 First byte 0 R2Z Rl RO 0 B2 Bl BO DATA
U S I N
Red data Blue data
Port #2 Second byte 0 0 0 0 0 G2 Gl GO DATA
||
Green data

Accessing the Status Registers

To read the status registers of MSX-VDP (S#0 to S#9),
you must first set the register number in R#15 (Status
register pointer) and read the data through Port #1.

MSB 7 6 5 4 3 2 1 0 LSB
0 0 0 0C3cC2¢cCl CO Status register #
Port #1 Read data D7 D6 D5 D4 D3 D2 D1 DO DATA
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4, Accessing the Video RAM

A Video RAM of 128K bytes plus an expansion RAM of 64K
bytes can be connected to MSX-VDP. The memory maps for
these areas are shown in the map below.

Address counter

——————————— IFFFFH
——————————— OFFFFH ——————————
——————————— 00000H S
Video RAM Expansion RAM
(For display) (For data I/0 registers)

Accessing memory
To access memory, the following order must be followed.

1. Switch banks (VRAM to Expansion RAM)

2. Set the address counter (Al6 to Al4)

3. Set the address counter (A7 to AOQ0)

4, Set the address counter (Al3 to A8) and specify read
or write

5. Read or write the data

1. Switching Banks (VRAM to Expansion RAM)

Since the contents of R#45 (Argument register) do
not change each time that memory is accessed, it 1is
not necessary to respecify bit 6 or R#45, which
specifies banking, every time banking is to be done.

MSB 7 6 5 4 3 2 1 0 LSB
Register #45 0 MXC MXD MXS KIY DIX EQ MAJ Argument register

--- 1: Expansion RaM
--= 0: Video RAM

2. Setting the Address Counter (Al6-Ald4)

Set the high-order three bits (Al6 to Al4) of the
address counter using register R#14 (VRAM Access
base address register).

MSB 7 6 5 4 3 2 1 0 LSB
Register #14 0 0 0 0 0 ale als Al4 VRAM Access
base
register
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3. Setting the Address Counter (A7 to A0)

Set the low-order eight bits (A7 to A0) of the
address counter by outputting data to Port #1.

MSB 7 6 5 4 3 2 1 0 LSB
Port #1 A7 A6 A5 A4 A3 A2 Al A0 First byte

4. Setting the Address Counter (213 to A8) and
Specifying Read or Write

Set the remaining six bits (213 to A8) of the
address counter and specify read or write by
outputting data to Port #1.

MSB 7 6 5 4 3 2 1 0 LSB
Port 41 T T al3 Aalz all Aal0 A9 A8 Second byte
0 0: Read
0 l: Write

5. Reading or Writing Data
Since the address counter is automatically
incremented when data is read from or written to
Port #0, you can continually access blocks of data.

* To access the VRAM, you can also use commands. These
commands will be explained in a later chapter.

* Refer to the data sheet for access timings.

TEXT 1 MODE

Characteristics

- Pattern size 6 dots (w) x 8 dots (h)

- Patterns 256 types

- Screen pattern count 40 (w) x 24 (h) patterns

- Pattern colors Two colors out of 512 colors
(per screen)

- VRAM area per screen 4K bytes

Controls

- Pattern font VRAM pattern generator table

- Screen pattern location VRAM pattern name table

- Pattern color code 1 High-order four bits of R§7

- pattern color code 0 Low-order four bits of R#7

- Background color code Low-order four bits of R#7
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Initial Settings

1.

Mode and Register Settings

R#0
R#l
R#8
R#9

*

5 4 3 2 1 0 LSB

IE2 IE1 0* O0* 0* O Mode register 0
IE0O 1* O0* 0 SI MAG Mode register 1
TP CB VR 0 SP BW Mode register 2
S1 S0 IL BO NI DC  Mode register 3

MSB

DEDC)--J
o ERa

Examples of settings in TEXT 1 mode

All other bits are set accordingly

Pattern Generator Table Settings

Ri#t4

The pattern generator table is an area that stores
the pattern fonts.

Each pattern has a number from PNO and PN255.

The font for each pattern is constructed from 8
bytes, and the lower two bits of each of the eight
bytes is not displayed.

Set the beginning (head) address of the pattern
generator table in register R#4.

MSB 7 6 5 4 3 2 1 0 LSB
0 0 Alé6e Al5 Al4 Al3 Al2 Al0 Pattern generator
table base
address register
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Pattern Generator Table

tx=1; .

2040 X.H. XK. oe o
2041 .X.X.X..
2042 X.X.X...

=0)
—————————— These bits are not displayed.

XioaXian -~-- Pattern number 0

Il EXXXiaas -—— Pattern number 1

2043 .X.X.X.. —-—— Pattern number 255

2044 X.X.X...
2045 .X.X.X..
2046 X.X.X...
2047 XXXy e

3. Pattern Name Table Settings

R#2

The pattern name table is composed of one byte for
each screen pattern. Each byte specifies a unique
pattern.

Set the beginning (head) address of the pattern name
table in register R#2.

MSB 7 6 5 4 3 2 1 0 LSB
0 Aale Al5 Al4 Al3 Al2 2al0 A9 Pattern name
table base
address register
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Pattern Name Table

-————=-———- PBase address
(0, 0) 0 g 1 2 3 . « 39 X
. 0 0 1 2 3 . 39
(1, 0) 1 1 40 41 42 43 79
(2, 0) 2 . 3 i i . . : :
----------- 22 880 881 . . . . 919
. 23 920 921 . . . . 959
¥
(39, 0) 39 Screen display correspondence
(0, 1) 40
(39,23) 959 (byte)

4. Color Register Settings

MsB 7 6 S5 4 3 2 1 0 LSB
R#7 TC3 TC2 TCl TCO BD3 BD2 BDL BDO Text color/Back drop color

l———l———l———l—— Specify pattern color code 0
or backdrop color
— : --— Specify pattern color code 1
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Example of VRAM allocation in TEXT 1 mode

00000H r——-—————7
Pattern
Name
Table

003COH

00800H p—=—=———
Pattern
Generator
Table 0

01000H
Pattern
Name
Table 1

013COH

01800H |F—————
Pattern
Generator
Table 0

02000H Ss——m—mmmme

1FFFFH |

TEXT 2 MODE

Characteristics

- Pattern size
- Patterns
- Screen pattern count

- Pattern blinking
- Pattern colors

MSB
R#2

MSB
R#4

MSB
R#2

MSB
R#4

A maximum of 32 pages may be allocated in

o~

QO ~J

o o

oo

Alé

oo

5 4 3 2 1 0 LSB
0 0 0 0 0 0
als Al4 al3 al2 all alo
5 4 3 2 1 0 LSB
0 0 0 0 0 1
ale Aals Al4 al3 Al2 all
5 4 3 2 1 0 LSB
0 0 0 1 0 0
als Al4 al3 Alz all Al0
5 4 3 2 1 0 LSB
0 0 0 0 1 1
ale Al5 Aald4 Aal3 al2 all

the

same manner (using a 128K-byte VRAM)

- VRAM area per screen

6 dots (w) x 8 dots (h)

256 types

80 (w) x 24 (h) patterns

80 (w) x 26.5 (h) patterns
Possible for each character
Two colors out of 512 colors
(per screen), four if using
blinking

8K bytes
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Controls

- Pattern font VRAM pattern generator table
- Screen pattern location VRAM pattern name table

- Blink attributes VRAM color table

- Pattern color code 1 High-order four bits of R#7
- Pattern color code 0 Low-order four bits of R#7

- Background color code Low-order four bits of R#7

- ., Pattern color code 1 High-order four bits of R#12

(Used for blinking)

- Pattern color code 0 Low-order four bits of R#12

Initial

(Used for blinking)

Settings

1. Mode and Register Settings

R#0
R#l
R#8
R#9

*

In

5 4 3 2 1 0 LSB

IE2 IE1l 0 1* 0* O Mode register
IEO 1* 0* 0 SI MAG Mode register
TP CB VR 0 Ssp B4 Mcde register
S1 S0 IL BO NT ODC Mode register

MSB

Efocow
ok B8 o

Example of settings in TEXT 2 mode
this display mode, if LN is set to 1, 26.5 lines are

selected, and if LN is set to 0, 24 lines are selected.
All other bits are set accordingly

2. Pattern Generator Table Settings

R#4

The pattern generator table is an area that stores
the pattern fonts.

Each pattern has a number from PNO to PN255.

Set the beginning (head) address of the pattern
generator table in register R#4.

6 5 4 3 2 1 0 LSB

0 Al6 Al5 Al4 Al3 aAl2 All Pattern generator
table base
address register

MSB 7
0

The font for each pattern is constructed from 8
bytes, and the lower two bits of each of eight bytes
is not displayed.
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Pattern Generator Table

(X=1, .

3.

=0)
---------- These bits are not displayed.

|

MSB 76543210 LSB

2040 X XiXssm ————=5
2041 .X.X.X..
2042 X.X.X...

0

I .

2 Raw iXsows
3 XuwaXian --- Pattern number 0
4 XXXXX...
5 Xicaksas
b X...X...
B

8
9

--------

ARAXK v oas Twemm—Es
Xow iXowu
10 ¥is o Xews
11 XXX swen -—-— Pattern number 1
12 X aXoss
13 X...X...

2043 X.X.¥X.a —-—— Pattern number 255

2044 X.X.X...
2045 .X.X.X..
2046 X.X.X...
2047 XX Xow e

Pattern Name Table Settings

R#2

The pattern name table is composed of one byte for

each screen pattern. Each byte specifies a unique
pattern.

If LN is set to 0, the screen display pattern is 80
(w) x 24 (h); and if LN is set to 1, the screen

display pattern is 80 (w) x 26.5 (h). The upper half
of the 27th pattern (h) is displayed.

Set the beginning (head) address of the pattern name
table in register R#2.

MSB 7 6 5 4 3 2 1 0 LSB
0 alé Al5 Al4 Al3 Al2 All Al0 Pattern generator
table base
address register
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Pattern Name Table

———————— 4 Base address
( 0, 0) 0 g 1 2 3 . 39 X
o o 1 2 3 . . 39
(1, 0) 1 1 40 41 42 43 79
( 2, 0) 2 : . . i % . N :
25 2000 2001 . : s . 2079
26 2080 2081 . . i . 2159
. Y
(78, 0) 79 Screen display correspondence
Vv, 1 | ou
(79,26) 2159

4, Color Table Settings

- In TEXT 2 mode, each pattern has one bit apiece for
the attribute area, and if this bit is set to 1, the
pattern blink attribute will be set.

- Set the beginning (head) address of the color table
in registers R#3 and R#10.

MSB 7 6 5 4 3 2 1 0 LSB
R#3 al3 al2allaloas 1 1 1

Color table
R#10 0 0 0 0 0 alée al5 Aald4d base address register

Color Table
MSB 7 6 5 4 3 2 1 0 LSB

0 (0,0 (1,0 (2,0)(3,0) (4,0 (5,0 (6,0 (7, 0)
1 (8,0 )9, 0 (10, 0) (10, 0) (11, O) (12, 0) (13, O) (14, 0)

- - - - - - . -
. - - - - - - -
- - - -

-

269 (72.26) .

L T Y
.
.
.
.

. . " F (79,26)
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5.

Color Register Settings
- Set the color for pattern 1 in the high-order bits of
register R#7.
- Set the color for pattern 0 in the low-order bits of
register R#7.
MSB 7 6 5 1 3 2 1 0 LSB
R#7 TC3 TC2 TCl1 TCO BD3 BD2 BDl BDO Text color/
Back drop color
- Set the blink attribute for the corresponding pattern
by setting an alternate color code in register R#l2.
The pattern will be blinked by using the color codes
set in registers R#7 and R#12.
MSB 7 6 5 4 3 2 1 0 LSB
R#12 TC3 TC2 TC1 TCO BD3 BD2 BDl BDO Text color/
Back drop color
Blink Register Settings

- The color codes set in registers R#7 and R#12 will be
alternately dsplayed for blinking; however, the
blinking period attribute (time on and time off) can
also be set in register R#l3.

R #12 R #7 R #12

|<- On time --->|<-- Off time -->|
MSBL 7 6 5 4 3 2 1 0 LSB

R#13 ON3 ON2 ONl1 ONO OF3 OF2 OF1 OF0 Blinking period
register
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- The data for the ON and OFF times are shown below at
NTSC mode.

DATA (Binary) TIME (ms)

0
166.9
333 .8
500.6
667.5
834.4

1001.3
1168.2
1335..1
1501.9
1668.8
1835.7
2002.6
2169.5
2336.3
2503 .2

HHHHFRHHR,OOOOOOQOoO
e - O OO0 O HHFHFFOOOO
HHOOFRMHOOHHFOOHHOO
HOHOFOHFOHOHFOHOHO



Example

of VRAM allocation in TEXT 2 mode

00000H r———===———q
Pattern
Name
Table 0
00870H
00AQ0H - Color -
Table 0
DOBOEH F=—————————-
01000H p-———=——————m
Pattern
Generator
Table 0
01800H p—————"A
02000H
Pattern
Name
Table 1
02870H
02A00H = Color -
Table 1 J
02BOEH L=———=———e-
03000H. ~——————————
Pattern
Generator
Table 0
03800H p=—————————-
04000H “——————————
1FFFFH | o

Pattern name table base address

MSB 7
R#2 0

Color table base address

MSB 7
#3 0

6
0

5
0

4
0

3
0

2
0

1
0

0 LSB
0

Al6 Al5 Al4 Al3 Al2 all alo

6
0

5
1

4
0

3
1

Al3 Al2 All 2al0 AS

R#10 O

0

0

0

0

Pattern generator table base address

MSB 7
R# 0

6
0

5
0

4
0

3
0

2 1 0 LSB
1 1 1
0 0 0

Al6é Al5 Aal4
2 1 0 LSB
0 1 1

Al6 al5 Al4 Al3 Al2 all

A maximum of 16 pages may be allocated in the

same manner (using a 128K-byte VRAM)
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GRAPHIC 1 MODE

Characteristics

- Pattern size 8 dots (w) x 8 dots (h)

- Patterns 256 types

- :Screen pattern count 32 (w) x 24 (h) patterns

- Pattern colors 16 colors out of 512 colors
(per screen)

- Sprite mode Sprite mcde 1

- VRAM area per screen 4K bytes

Controls

- Pattern font VRAM pattern generator table

- Screen pattern location VRAM pattern name table

- Pattern color codes 1 & 0 Can be specified as a group
for each 8-pattern set, 1in
the VRAM color table

- Background color code Low-order four bits of R#7

- Sprites VRAM sprite attribute table,

VRAM sprite pattern table

Initial Settings

1. Mode and Register Settings

R#0
R#1
R#8
R#9

*

MSB 6 5 4 3 2 1 0 LSB

DG IE2 IEl 0* O0* 0* O Mode register 0
BL IE0O O0* O0* 0 SI MAG Mcde register 1
IP TP CB VR 0 SpPp BW Mode register 2
0

Sl S0 IL EO NI DC Mode register 3

O%OD--J

Examples of settings in GRAPHIC 1 mode

2. Pattern Generator Table Settings

R#4

The pattern generator table i1s an area that stores

the pattern fonts.

Each pattern has a number from PNQO to PN255.

The font for each pattern is constructed from 8

bytes.

Set the beginning (head) address of the pattern

generator table in register R#4.

MSB 7 6 5 4 3 2 1 0 LSB

0 0 Alé al5 Aal4d Al3 Al2 all Pattern generator
table base
address register
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Pattern Generator Table

(x=1, .

=0)
__________ These bits are not displayed.

|

MSB 76543210 LSB

2040 XX Xiss =—m=—m—mn

20

2042 X.X.X...

RaieisXa 4 & -—-=- Pattern number 0

XXXX. ..o =m=——1

Xoaiacede o
10 Xewos v «
1] XXHAKo6 -—-—- Pattern number 1
1.2 MownaXy v
13 Rk
14 XXXX....

41 .X.X.X..

2043 . X.X.X.. -== Pattern number 255

20

2045 X.X.X..

20

2097 wXsXiBs s —=—m——r

44 X.X.X...

46 X.X.Xe

3. Pattern Name Table Settings

R#2

The pattern name table is composed of one byte for
each screen pattern. Each byte specifies a unique
pattern.

Set the beginning (head) address of the pattern name
table in register R#2.

MSB 7 6 5 4 3 2 1 0 LSB
0 Alé Al5 Al4 Aal3 Al2 All AlQ0 Pattern generator
table base
address register

PAGE 1-21



Pattern Name Table

- Base address
(0, 0) 0 0 1 2 3 4« 4 31 X
0 0 1 2 3 < & 31
(1, 0) 1 1 32 33 34 3 . . 63
{ 2! 0} 2 - . - - - - - -
22 704 705 . o own = 139
g 23-136=T6 T —— i —=i—— == =TT ——
3 b'g
(31, 0) 31 Screen display correspondence
(0, 1) 32

(31,23) | 768 (byte)

4. Color Register Settings

MSB 7 6 5 4 3 Z 1 0 LSB
R#7 TC3 TC2 TCl TCO BD3 BD2 BDl BDO Text color/Back drop color

l J ‘ l register

Specify backdrop color code
Ignored

5. Color Table Settings

- The colors for pattern color 1 and pattern color O
are set in groups of 8 patterns.

- Set the beginning (head) address of the color table
in registers R#3 and R#10.

MSB 7 6 5 4 3 2 1 0 LSB
R#3 Al3 Al2 All Al0O A9 A8 A7 A6 Color table base
R$#11 0 0 0 0 0 Al6 Al5 Al4 address register

Color Table

MSB 7 6 5 4 3 2 1 0 LSB
0 FC3 FC2 FCl1 FCO BC3 BC2 BCl BCO0 Pattern Nos. 0 to 7
1 FC3 FC2 FC1l FCO BC3 BC2 BCl BCO Pattern Nos. 8 to 15
32 FC3 FC2 FCl FCO BC3 BC2 BCl BCO Pattern Nos. 248 to 255
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6. Sprite Settings

- Set the beginning (head) address of the sprite
attribute table in registers R#5 and R#ll; and set
the beginning (head) address of the sprite pattern
generator table in register R#6. For details about
sprites, see the section on SPRITE MODE 1.

MSB 7 6 5 4 3 2 1 0 LSB

R#5 Al4 Al3 Al2 All Al0 A9 A8 A7 Sprite attribute table

R#11 0 0 0O 0 0 0 Al6 Al5 base address register

R#6 0 0 Al6 AlS Al4 Al2 All AlO Sprite pattern generator
table base address
register

Example of VRAM allocation in GRAPHIC 1 mocde

QO000H oot
Sprite
Generator
Table 0
(1024
bytes)
00400H Fr——mrumme]
Pattern
Name | = pm—=———==-=--7 00700H
Table Sprite
(768 attribute
bytes) table
00700H |f---—=====-1 (128
bytes)
----------- 4 00780H
00800H p=-—————————1 Color
table
-(32 bytes)- O007A0H
———————————— 00800H
Pattern
01800H Generator
Table 0
QL0000 ‘kermmmmoemed
. . A maximum of 32 bages may be

. allocated in the same -"manner
(using a 128K-byte VRAM)
1FFFFH [ —————————— J
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GRAPHIC 2 AND GRAPHIC 3 MODES

The GRAPHIC 2 and GRAPHIC 3 modes are identical except for
the handling of sprites.

Characteristics

- Pattern size 8 dots (w) x 8 dots (h)

- Patterns 768 types

- Screen pattern count 32 (w) x 24 (h) patterns

- Pattern colors 16 colors out of 512 colors
(per screen)

- Sprite mode Sprite mode 1 (GRAPHIC 2)
Sprite mede 2 (GRAPHIC 3)

- VRAM area per screen 16K bytes

Controls

- Pattern font VRAM pattern generator table

- Screen pattern location VRAM pattern name table

- Pattern color codes 1 & 0 Can be specified as a group
for each raster, in the VRAM
color table

- Background color code Low-order four bits of R#7

- Sprites VRAM sprite attribute table,

VRAM sprite pattern table

Initial Settings

1. Mode and Register Settings

MB 7 6 S 4 3 2 1 0 LSB
R#0 0 - IE2IE1 0* %* % 0 Mode register 0

l ------ 0, 1 for GRAFHIC 2 mode
====—==—= 1, 0 for GRAMHIC 3 mode

R#l 0 BL IE0O 0* 0* 0 SI MAG Mode register 1
R#8 MS P TP CB VR 0 Sp EBEW Mode register 2
R#9 0 0 S1 s0O IL EO NT DC Mode register 3

* Examples of settihgs in GRAPHIC 2 mode or GRAPHIC 3
mode
All other bits are set accordingly
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2.

Pattern Generator Table Settings

- The pattern generator table is an area that stores
the pattern fonts.

- Each pattern group has a number from PNO to PN255;
and since each group may have three members, 768
patterns may be specified.

- The font for each pattern is constructed from 8

. bytes.

- Set the beginning (head) address of the pattern
generator table in register R#4.cwl?2
MSB 7 6 5 4 3 2 1 0 LSB

R#4 0 0 Ale al5 Al4 al3 1 1 Pattern generator

table base
address register

Color Table Settings

- The colors for pattern color 1 and pattern color 0
are set in groups of 1 raster,

- The color table corresponds to the pattern generator
table on a one-to-one basis.

- Set the beginning (head) address of the color table
in registers R#3 and R#10.

MSB 7 4 3 2 1 0 LSB

6 5
R#3 Al3 1 1 1 1 5 | 1 1 Color table base
R#11 0 0 0 0 0 aAle Al5 Al4 address register

Color Register Settings

MSB 7 3 2 1 0 LsB
R#7  TC3 TCZ TCl TCU BD3 BD2 BD1 BDO Text color/Back drop color

]| ] L

Specify backdrop color code
Ignored
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Pattern Generator Table

(Xx=1, .=0)
MSB 76543210 LSB MSB 76543210 LSB
——— 0 ..X..... 11110000
L XX s 11110000
. 2 X.ooXuen 11110000
Pattern number 0 —- 3 XX o 11110000
4 XOXX... 11110000
5 X...X... 11110000
6 X...X... 11110000
————— 7 (R 11110000
————— 8 XXXX.... 11110000
9 KooK o 11110000
LU Acesfhas e lLllivuuuu
Pattern number 1  ——— 11 00 o 11110000
12 X, .Xeus 11110000
13 X...X... 11110000
14 XXX, ... 11110000
————— S [ R 11110000
—————— 2040 X.X.X.X. 11110000
2041 .X.X.X.X 11110000
2042 X.X.X.X. 11110000
Pattern number 255 --- 2043 .X.X.X.X 11110000
2044 X.X.X.X. 11110000
2045 .X.X.X.X 11110000
2046 X.X.X.X. 11110000
L————-2047 .X.X.X.X 11110000

Color pattern 1
Color pattern 0

IIH
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2048

4096

6144

Pattern generator

table

256 patterns

for upper
third .of
screen
(2048 bytes)

256 patterns

for middle
third ot

screen
(2048 bytes)

256 patterns
for lower
third of
screen

(2048 bytes)

Color table

256 colors
for upper
third of
screen
(2048 bytes)

256 colors

for middle
tnmird or

screen
(2048 bytes)

L S e S —— Gp——

256 colors
for lower
third of
screen
(2048 bytes)

3. Pattern Name Table Settings

The
each
pattern.

Dha wpp e,

pattern
screen pattern.

R e~ e

-

name table is composed of one byte
Each byte specifies a

Display Screen

for
unigque

1~ v vk ~Af bl AAvAaAm A

treated as three parts for a total of 768 patterns.

Pattern Name Table

Pattern
third

Pattern
third

third

display area for middle
of screen (256 bytes)

display area for lower
of screen (256 bytes)

display area for upper
of screen (256 bytes)

(31,16)

(31;23)
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R#2

Set the beginning (head) address of the pattern name
table in register R#2.

MSB 7 6 5 4 3 2 1 0 LSB
0 ale Aals Al4 Al3 al2 Aall Al0 Pattern name
table base
address register

Pattern Name. Table

Frmmmmsesay Base address -------7

( 0, 0) 0

(1, 0) 1 -- For upper third
b e e e of screen

{31, 7) 255

(0, 8) 256
----------- -- For middle third

. of screen
(31, 15) 811
( 0,15) 512

-—- For lower third
of screen

[ (31,23) ] 768 (byte)

6. Sprite Settings

Set the beginning (head) address of the sprite
attribute table in registers R#5 and R#11; and set
the beginning (head) address of the sprite pattern
generator table in register R#6. For details about
sprites pertaining to GRAPHIC 1 mode, see the page on
SPRITE MODE 1, and for details about sprites
pertaining to GRAPHIC 2 mode, see the page on SPRITE
MODE 2.

MSB 7 6 5 4 3 2 1 0 LSB

R#5 Al4 Al3 Al2 All Al0 A9 A8 A7 Sprite attribute table
R#1l 0 0 O 0 O 0 alée al5 base address register
R#6 0 0 Al6 Al5 Al4 Al2 All Al0 Sprite pattern generator

table base address
register
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Example of VRAM allocation in GRAPHIC 2 mode

00000H

00800H

01000H

01800H

02000H

02800H

03000H

03800H

03B0OOH
04000H

1FFFFH [ ---------- J

Pattern
Generator
Table
Upper
Pattern
Generator
Table
Middle
Pattern
Generator
Table
Lower

b — — ]

Sprite
generator
table

Sprite
attribute
table

A maximum of
allocated

in the

01800H

01CO0H

02000H

8 pages
same

(using a 128K-byte VRAM)

may be
manner
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Example of VRAM allocation in GRAPHIC 3 mode

00000H

00800H

01000H

01800H

02000H

02800H

03000H

03800H

03BOOH

04000H

1FFFFH [ —————————— J

Pattern
Generator
Table
Upper

Pattern
Generator
Table
Middle

Pattern
Generator
Table

b e o e e

| = =

f = —

- -

———————————— 01800H
Sprite
generator
table
------------ 01COO0H
Sprite
color
table
———————————— 01E0QH
Sprite
Attribute
Table
———————————— 01E80H
———————————— 02000H
A maximum of 8 p
allocated in the

ages
same

(using a 128K-byte VRAM)

may be
manner
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1.6 PROGRAMMABLE SOUND GENERATOR AY-3-8910

The AY-3-8910 is a register oriented Programmable Sound
Generator (PSG). Communication between the processor
and the PSG is based on the concept of memory-mapped
I1/0. Control commands are issued to the PSG by writing

to 16 memory-mapped registers. Each of the 16
registers within the PSG is also readable so that the
microprocessor can determine, as necessary, present

states or stored data wvalues.

All functions of the PSG are controlled through its 16
memory-mapped registers. Each of the 16 registers
within the PSG 1is also readable so that the
microprocessor can determine, as necessary, present
states or stored data values.

All functions of the PSG are controlled through its 16
registers which once programmed, generate and sustain

the sounds, thus freeing the system processor for other
tasks.

SOUND GENERATING BLOCK

The Basic Blocks in the PSG which produce the programmed
sounds include:

Tone Generators

Produce the basic square wave tone frequencies for each
channel (A, B, C).

Noise Generator

Produce a frequency modulated pseudo random pulse width
square wave output.

Mixers

Combine the outputs of the Tone Generators and the Noise
Generator. 1 for each channel (A, B, C).

Amplitude Control

Provides the D/A connectors with either a fixed or variable
amplitude pattern. The fixed amplitude is under direct CPU

control; the variable amplitude is accomplished by using the
output of the Envelope Generator.
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Envelope Generator

Produces an envelope pattern which can be used to amplitude
modulate the output of each mixer.

D/A Converters

The 3 D/A.Converters each produce up to a 16 level output
signal as determined by the Amplitude Control.

Since virtually all uses of microprocessor-based sound would
require interfacing between the outside world and the
processor, 2 I/0 ports (A and B) has been included in the
PSG.

To output data from the CPU bus to a peripheral device
connected to I/0 port A would require only the following
steps:

1. Latch address R7 (select Enable register)

2. Write data to PSG (setting B6 of R7 to "1")

3. Latch address R16 (select IOA register)

4. Write data to PSG (data to be output on I/0 port A)

To input data from I/0 port A to the CPU bus would require
the following:

1. Latch address R7 (select Enable register)

2. Write data to PSG (select B6 to R7 to "0")

3. Latch address R16 (select IOA register)

4, Read data from PSG (data from I/O port A)

To do input/output on I/0 port B, use Register 17, instead
of Register 16. Note that once loaded with data in the
input mode, the data will remain on the I/0 ports until
changed either by loading different data, by applying a

reset (grounding the Reset Pin), or by switching to the
input mode.
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AY-3-8910 PROGRAMMABLE SOUND GENERATOR PIN ASSIGNMENTS

DA7-DAQ0 (input/output/high impendance): Pins 30-37

Data Address 7-0

These 8 lines comprise the 8-bit bidirectional bus used by
the microprocessor to send both data and addresses to the
PSG and to recelive data from the PSG. In the data mode,
DA7-DAQ correspond to Register Array bits B7-BO. In the
address mode, DA3-DAQ select the register #(0-17) and DA7-
DA4 1in conjunction with address input A9 and A8 form the
high order address (chip select).

A9 A8 DA7 DA6 DAS DAa4 DA3 DAZ DAl DAO

L[ 1 I I I | [ I [
\ _ N i J
Chip Select Register Number
a8 (input) : Pin 25
A9 (input) : Pin 24

address 9, Address B

These "extra" address bits are made available to enable the
positioning of the PSG (assignment a 16 word memory space)
in a total 1024 word memory area rather than in a 256 word
memory area as defined by address bits DA7-DAO alone. If
the memory size does not require the use of these extra
address lines they may be left unconnected as each is
provided with either an on-chip pull down (A9) or pull-up
(A8) resistor. In SVI-728, A9 and A8 are tied to an
external ground and +5V respectively.

RESET (input) : Pin 23

For initialization/power-on purpose, applying a logic "O"
(ground) to the Reset Pin will reset all registers to "0".
The Reset Pin is provided with an on-chip pull-up resistor.

CLOCK (input): Pin 22

This TTL-compatible input supplies the timing reference for
the Tone, Noise and Envelope Generators.

BDIR, BC2, BCl (inputs) : Pins 27, 28, 29
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Bus DIRection, Bus Control 2, 1

These bus control signals are generated directly by 2Z80A
series of microprocessors to control all external and
internal bus operations in the PSG. When using a processor
other than the 280A, these signals can be provided either by
comparable bus signals or by simulating the signals on I/0
lines of the processor.

This could simplify the programming of the bus control
signals to the following, which would only require that the
processor generate 2 bus control signals (BDIR and BCl, with
BC2 tied to +5V):

BDIR BC2 BCl PSG FUNCTION

PSG
0 1 0 INACTIVE. -—= FROM -—-—--- BDIR
0 1 3} READ FRIN PSG. --- PROCESSOR +5--- BC2
1 1 0 WRITE TO PSG. = ===—-- BCl
1 1 1 LATCH ADDRES @ Lbe———eo

ANALOG CHANNEL A, B, C (output)

Each of these signals is the output of its corresponding mix
of T4, and provides an up to 1V peak-peak signal
representing the complex sound waveshape generated by the
PSG.

IOA7 - IOAQO (input/output) : Pins 14 - 21
IOB7 - I0B0 (input/output) : Pins 6 - 13

Input/Output A7-A0, B7-BO

Each of these 2 parallel input/output ports provides 8 bits
of parallel data to/from the PSG/CPU bus from/to any
external devices connected to the IOA or IOB pins. Each pin
is provided with an on-chip pull-up resistor, so that when
in the "input" mode, all pins will read normally high.
Therefore, the recommended method for scanning external
switches, for example, would be to ground the input bit.

Pin 39
Pin 26

TEST 1
TEST 2

These pins are for user test purposes only and should be
left open - do not use a tie-points.
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Vcec ¢ Pin 40
Nominal +5 Volt power supply to the PSG.
Vss : Pin 1

Ground reference for the PSG.

The Programmable Sound Generator

The PSG AY-3-8910 generates all required sound under
software control. There are 2 8-bit I/0 ports which are
programmed as follow:

Port A : Programmed as input port and is used for the input
signal from 2 joysticks controllers.

Port B : Programmed as output port.

Detail signals for the ports are listed in the table below:

AY-3-8910 I/0 Port A (Input Port)

DO =====- Forwared*

Dl “=owet Backward*

B s5=nm= Left*

D3 e Right*

D4 ———=== TRGA1*

DS ——==== TRGA2*

D6 —--—--- NC

D7 ===--- Cassette Tape Read

* Used by Joystick 1 when bit 6 of Port B is low
Used by Joystick 2 when bit 6 of Port B is high

AY-3-8910 I/0 Port (Output Port)

DO -- )

Dl -- ) Make the "H" level, when used as an output port
D2 -- ) Tied an open collector buffer to the output

D3 == )

D4 -- 0/P

DS == o/P

D6 -- Input Select

Df == NC
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1.7 PROGRAMMABLE PERIPHERAL INTERFACE

Inside the X'PRESS, there are two customised Integraded
Chips, ULASRAO08T and ULASRA041, to strobe the keyboard
line, to select slots and memory expansion and to
control the cassette tape system. The ports are
programmed as follows:

Port A : Programmed as output port. Bits 0-7 are the
address slots select signals that chcocose the
slots to be used.

Port B : Programmed as output port and is used for
keyboard read data.

Port C : Programmed as output port. Bits 0-3 outputs
BCD data for keyboard scanning. Bits 4-6
outputs control signals for the cassette.
Bit 7 is used to mix PSG sound data.

The functional configuration of the PPI is programmed by the
system software so that normally no external 1logic is
necessary to interface peripheral devices or structures.

Data Bus Buffer

This 3-state bidirectional 8-bit buffer is used to interface
the ULA9RAO41 to the system data bus. Data is transmitted
or received by the buffer upon execution of input or output
instructions by the CPU. Control words and status
information are also transferred through +the data bus
buffer.

Read/Write and Control Logic

The function of this block is to manage all of the internal
and external transfers of both Data and Contreol or Status
words. It accepts inputs from the CPU Address and Control

buses in turn, issues commands to both of the Control
Groups.

(CS)

Chip Select. A "low" on this input pin enables the
communication between the ULA and the CPU.
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(RD)

Read. A4 "low" on this input pin enables the ULA to send
the data or status information to the CPU on the data bus.
In essence, it allows the CPU to "read from" the ULA.

(WR)

Write. A "low" on this input pin enables the CPU to write
data or control words into the ULA.

(A0 and Al)

Port Select 0 and Port Select 1. These input signals, 1in
conjunction with the RD and WR inputs, control the selection
of 1 of the 3 ports or the control word registers. They are
normally connected to the least significant bits of the
address bus (A0 and Al)

Basic Operation

A A RD WR Cs INPUT OPERATION (READ)
0 0 0 1 0 PORT A ====== DATA BUS
0 1 0 1 0 PORT B ====== DATA BUS
1 0 0 1 0 PORT C ====== DATA BUS

OUTPUT OPERATION (WRITE)

0 0 1 0 0 DATA BUS ====== PORT A

0 0 0 1 0 DATA BUS ====== PORT B

0 1 0 1 0 DATA BUS ====== PORT C

1 0 0 1 0 DATA BUS ====== CONTROL

OUTPUT OPERATION (WRITE)

X X X X 1 DATA BUS ====== 3-STATE

1 1 0 1 0 ILLEGAL CONDITION

X X 1 1 0 DATA BUS ====== 3-STATE
(RESET)
Reset. A "high" on this input clears the control register

and all ports (A, B, C) are set to the input mode.
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Group A and Group B Controls

The functional configuration of each port is programmed by

the systems software. In essence, the CPU "outputs" a
control word to the ULAs. The control word contains
information such as "mode", "bit set", "bit reset", etc.,

that initializes the functional configuration of the ULAs.

Each of the Control blocks (Group A and Group B) accepts
"commands" from the Read/Write Control Logic, receives
"control words" from the internal data bus and 1issues the
proper commands to its associated ports.

Control Group A - Port A and Port C upper (C7 - C4)
Control Group B - Port B and Port C lower (C3 - CO)

The Control Word Register can only be written into. No Read
operation of the Control Word Register is allowed.

Port A, B and C

The PPI contains three 8-bit ports (A, B and C). All can be
configured in a wide variety of functional characteristics
by the system software but each has its own special features
or "personality" to further enhance the power and
flexibility of the PPI.

Port A. 1 8-bit data output latch/buffer and 1 8-bit data
input latch.

Port B. 1 8-bit data input/output latch/buffer and 1 8-
bit data input buffer.

Port C. 1 8-bit data output latch/buffer and 1 8-bit data
input buffer (no latch for input). This port can be
dividied into 2 4-bit port under the mode control. Each 4-

bit port contains a 4-bit latch and it can be used for the
control signal outputs and status signal inputs in
conjunction with Ports A and B.

Mode Selection

There are 3 basic modes of operation that can be selected by
the system software.

Mode 0 - Basic Input/Output

Mode 1 - Strobed Input/Output
Mocde 2 - Bi-directional Bus
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When the reset input goes "high", all ports will be set to
the input mode (i.e. all 24 lines will be in the high
impendance state). After the reset is removed, the ULA can
remain in the input mode with no additional initialization
required. During the execution of the system programme, any
of the other modes may be selected using a signle output
instruction. This allows the ULA to serve a variety of
peripheral devices with a simple software maintenance
routine.

The modes for Port A and Port B can be separately defined,
while Port C is divided into 2 portions as required by the
Port A and Port B definitions. All of the output registers,
including the status flip-flops, will be reset whenever the
mode 1is changed. Modes may be combined so that their
functional definition can be "tailored" to almost any 1I/0
structure. For instance, Group B can be programmed in Mode
0 to monitor simple switch closings or display computational
results, Group A could be programmed in Mode 1 to monitor a
keyboard or tape reader on an interrupt-driven basis.

The mode definitions and possible mode combinations may seen
confusing at first but after a cursory review of the
complete device operation a simple, 1logical I/0 approach
will surface. The design of the ULAs has taken into account
things such as efficient PC becard 1layout, control signal
definition vs PC layout and complete functional flexibility
to support almost any peripheral device with no external
logic. Such design represents the maximum use of the
available pins.

Single Bit Set/Reset Feature

Any of the 8 bits Port C can be Set or Reset using a single
OUTput instruction. This feature reduces software
requirements in Control-based applications.

When Port C is being used as status/control for Port A or B,

these bits can be set or reset by using the Bit Set/Reset
operation just as if they were data output ports.
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Interrupt Control Functions

When the PPI is programmed to operate in mode 1 or mode 2,
control signals are provided that can be used as interrupt
request inputs to the CPU. The interrupt request signals,
generated from port C, can be inhibited or enabled by
setting or resetting the associated INTE flip-£flop, wusing
the bit set/reset function of port C.

This function allows the programmer to disallow or allow a
specific I/0 device to interrupt the CPU without affecting
any other device in the interrupt structure.

INTE flip-flop definition:

(BIT-SET) - INTE is SET - Interrupt enable
(BIT-RESET) - INTE is RESET - Interrupt enable

Note: All Mask flip-flops are automatically reset during
mode selection and device Reset.

PPI Port A (Input Port)

DO e ) 0000 - 3FFF address slot select signal
g; ::::::; 4000 - 7FFF address slot select signal
32 ::::::; 8000 - BFFF address slot select signal
g% ::::::§ C000 - FFFF address slot select signal

PPI Port B (Input Port)
DO = D7 =—we Keyboard Read Data

PPI Port C (Output Port)

DO = D3 —mrmm=— Keyboard BCD Output Data
(For Keyboard Scanning)
D4 = =eme= Cassette Motor On
(0= Motor On, 1 = Motor Off)
ps @ —==—= - Cassette Write Data
D6 = ==———— Cassette Audio Control

(1 = Enable other channel in)
(0 = Disable other channel in)
D7 W =——— Mix PSG Scund Data
PPI Control Word (Write Only)
Initial Set D7 D6 D5 D4 D3 D2 D1 DO

1 0 0 1 0 0 1 0
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