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PREFACE

This technical manual has been written to provide the
maximum amount of useful data to those people interested
in the internal workings of the computer.

For the computer programmers, this book contains a number
of invaluable machine language subroutines that will make
software development somewhat easier than expected. It also
contains an entire section on memory-mapping procedures
and memory locations in BASIC.

We have also included as much information as possible on the
system board, the busses, built-in interfaces and power
supply. Diagrams, circuits, charts and specifications give a
basis for servicing — in the unlikely event of component
failure.

The technical engineering data included in this manual gives a
full set of parameters for trouble — shooting and repair work.
Unless your computers has suffered massive mechanical
damage, you should find enough information here to restore
any of the features and functions to full operational status.
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CHAPTER1

THE SYSTEM OVERVIEW

@ The system overview
® The board

® On-board peripherals
(Z-80/Centronics Parallel/Disk drives/RS232)

e Off-board peripherals
(Everything else.)






THE SYSTEM BOARD OVERVIEW

The computer is built around a 6502A microprocessor chip.
The PCB (Printed Circuit Board) which surrounds this chip
also has a number of other chips incorporated into it. These
include the 8048 which controls the keyboard. Another runs
the programmable sound generator. Still others contain the
RAM (Random Access Memory), the ROM (Read-Only-
Memory) and the unique video and input/output processors.



ON-BOARD PERIPHERALS

The system board offers a number of busses and sockets to
which you can attach peripheral equipment. Four types of
peripherals can be attached directly onto the system board.

1) Z80 Cartridge (catalogue No X 7570)

2) Centronics parallel printer (catalogue No X 3250 X 3268)
3) Disk Controller (catalogue No X 7510)

4) RS232 Serial Adaptor (catalogue No X 7515)



THE Z80 CARTRIDGE

(catalogue No X 7570)

Containing the Z80A microprocessor chip and interfacing
logic, the Z80 cartridge allows you to run CP/M-80%software.
This includes a wide range of business applications and a
number of personal programs. With the Z80 cartridge, your
computer suddenly has a whole library of proven software,
ready to run.

HOOKING UP THE Z80 CARTRIDGE (catalogue No X 7570)

Follow these simple steps:
1) Make sure all power is OFF

2) Plug the Z80 cartridge directly into the socket located on
the right hand side of your computer.

3) Turn on the power
4) Insert CP/M-80® software into disk drive

5) Load CP/M® software.
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CENTRONICS PRINTER

To connect any Centronics printer you must have a CAT
Printer Connection cable (catalogue No X 7540). The inter-
face to control the printer is built into your computer, but
the connecting cable has special sockets and is easier to buy
than to try and make up yourself.

THE BEST PRINTERS TO USE

Although you can use any Centronics - type printer with
your computer, we have developed special printers that
precisely match the computer and take advantage of all it’s
high power and special features. These are the printers
described below.

THE GRAPHICS PRINTER(BX-80) — Catalogue No X 3268

A dot matrix printer with a speed of 100 characters per
second, the Graphics printer gives you a great price/per-
formance package.

It will print graphics. It will print characters in close to letter
quality. It allows you to print either 40 or 80 characters per
line.



THE 4-COLOUR PRINTER-PLOTTER (Catalogue No X 3248)
This machine offers another great value. It prints both text

and graphics. It can do plotting in 3-colours and, at 4 1/2
inches, is very compact and convenient to use.

HOW TO HOOK THEM UP:
1) Turn off all the power to the computer and printer

2) Attach the printer cable to the PRINTER socket on the
rear panel of the computer.

3) Attach the other end of the cable to the appropriate
socket on the printer.

4)  Turn everything back on.

5) Go nuts.
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DISK CONTROLLER

(Catalogue No X7510)

Before you can add on a floppy disk drive, you must have a
disk controller. It plugs directly onto the board through a
socket on the back of the computer.

Once the disk controller unit is in place, it will support
one or two 5-1/4 inch floppy disk drives. Each drive will
store up to 160Kb of data per disk.

To connect the disk drives to the disk controller, simply plug
the flat wires into the sockets on the controller. Note: If only
using one drive unit plug into socket marked Drive 1.



THE RS232 SERIAL ADAPTOR

(Catalogue No X 7515)

The interface unit, called a CAT RS232 Serial Adaptor,
plug into the RS232 socket in the back of your CAT.

Once it is in place, it can communicate to other computers
through a direct cable or over the telephone through a direct
connect modem. The Dick Smith Dataphone |i (catalogue X
3272) is suitable for this purpose.

The data transmission speeds range from 110 to 9600 bauds
and are selected by using the mini switch on the bottom of
the RS232 Serial Adaptor.

The Dataphone | operates at 300 baud.



THE OFF-BOARD PERIPHERALS

These include everything not mentioned above. Such as . . . .

GAME PADDLE (catalogue No X 7520)

Two Joysticks are linked together by a 9-pin “D"’ type con-
nector cable and plug in to the right-side of your computer
console. Each Joystick consists of a 4-direction variable
resistor and two contact switches as fire buttons.

DATA CASSETTE (catalogue No X 7206)

For low cost storage, you may choose the data cassette or
just an ordinary cassette. However, the data cassette narrows
down the noise bandwidth and makes parogram loading and
saving more reliable.



EMULATOR CARTRIDGE (catalogue No X 7530)

The Emulator Cartridge built in 16K Bytes of RAM, and
electronically located at the same address as your built-in
BASIC ROM interpreter.

Application Programs and data can be loaded into these
RAMs which is later read enabled and control is automatical-
ly passed from BASIC to these programs. Addition of this
soft emulator thus allows more user memory.

15






CHAPTER 2

SYSTEM BOARD AND
SUBSYSTEM

® The system board

® The processor subsystem

® The Read Only Memory (ROM) subsystem
® The Random Access Memory (RAM) subsystem
® The Master Timing Generator

® The Keyboard Controller subsystem

® The keys and their codes

® The Integrated Video subsystem

e Gate Array pin out descriptions

® Software switches

e Internal I/O

® Screen mapping details
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SYSTEM BOARD

The major elements of the System Board are divided into five
functional areas. They are, the processor subsystem and its
support elements, the Read-Only-Memory subsystem, the
Random-Access-Memory subsystem, Integrated video and 1/0
subsystem, Master timing generator and keyboard controller
subsystem. Diagram 2.1 shows the system board block
diagram.

19
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THE PROCESSOR SUBSYSTEM

The heart of the system board is the 8-bit 6502A micro-

processor.

It features 16 bit addressing (64K Bytes of

storage), memory mapped /0 and operates at 1 MHz or
2 MHz. The clock frequency is derived from a timing circuit
inside the video processor. The clock frequency varies with
the display mode. Diagram 2.2 below gives the clock timing
and display switch relationships.

SWR1 SWRO Display Mode

0

0
1
1

0

1
0
1

40 column text or graphics -I ——L———r

bit image graphics _l l J

double resolution graphics —I I i I I
f L 1

80 column text r

250ns 250ns 250ns 250ns

Diagram 2.2 CPU clock patterns
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Address buffers 74LS244 and Data Tranceivers 74L.S245 are
added to enchance CPU driving characteristics. Figure 2.3
shows the block diagram for the processor subsystem.

6502A
CPUCLOCK @ o CPU
_ R/W
BR/W &———— o2
DIRECTION
DATA
8 Bit Data Bus TRAN- DATA
CEIVERS
LS245

1RQ ——e 1RQ
BANK SWITCHED UPPER ADDRESS

= <]_| V) S——

RDY p—e—e——-@ RDY

ADDRESS LINE |ADD
ADDRESS RESET ©CPURST
<38 Bit Address Bus |BUFFERS|
LS244
1 1 DMA

Figure 2.3 block diagram of processor subsystem



System Data Bus is partitioned into two phases Qo and 0.
In Qo phase, data bus holds read/write data for CPU whereas
in @1 phase, read data appears for the video processors.
Figure 2.4 shows the timing.

30ns

data HOLD
50ns
TDEO
DATA BUS CPU DATA YA

DATA READY

50ns
BR/W —— _ Read/MWrite > Read Only }\

30ns

Figure 2.4 data bus timing

Timing for Address lines and interrupt or ready lines are the
same as those for 6502A specifications in Rockwell or
Synertek data sheets.

23



READ-ONLY-MEMORY (ROM)

SUBSYSTEM

The ROM subsystem consists of the 32K Byte ROM, which
holds the enchanced Microsoft BASIC and System Kernel,

and the decoding logic.

[_

DATA BUS

low order 4

address lines ,\

[ ADDREssBus

Address
Translation
logic

I
q

—
32KB
higher order Rom
ROM address N
W _
OE CE

. Mo

Figure 2.5 ROM subsystem block diagram.

The 32KB ROM is a high speed 250ns access device. Early
products consists of four 8KB device further divided by a
LS138 and functions exactly the same as the 32KB ROM.
For details on ROM specification, please refer to the semi-

conductor memory data sheets.

24



RAMDOM-ACCESS-MEMORY RAM
SUBSYSTEM

The RAM subsystem includes eight 64K bit X 1 dynamic
RAMs, RAM address buffers and RAM block decode logic.
RAM address multiplexing is done inside the video and 1/0
controllers, Figure 2.6 shows the RAM subsystem block

64K X 8
Do RAM Block

i

RAM Biock

______ [

Do Optional 64K X 8
RAM Block

diagram.
Din
CAS
RAS TTL O o I
b— Delay 3
line >
RAM Decoder @ r 1
select 5’ Din
lines C:ﬁ Do Optional 64K X 8
CA!
Din
CAS
BR/W
RAM address
from
Gate Array

_______ f"f- e
RAM ADDRESS |

Figure 2.6 RAM subsystem block diagram.

-»{-v-v-v
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RAM with access time of 150ns are used. Cycle timing of
RAM must be less than 270ns. RAM data will be valid 50ns
before each CPU clock edges. For details of RAM specifi-
cation, please refer to 4164 data sheets from semi-conductor
manufacturers. Figure 2.7 gives some important RAM
timings:

VIDEO CYCLE J—

Go=2mMz_]  cPucvcLe |
oy

RAM ADRESS — ROM X COLUMN >~ Rom Y COLUMN
oy || |

CAs
o 4 o
DATABUS __/ e/ D

Figure 2.7 dynamic RAM timing



MASTER TIMING GENERATOR

All system timing are referenced to a 14.000MHz crystal con-
trolled timing generator which provides three Basic timings:
F4M, F14M and F28M as shown in figure 2.7 below. Notice
that the F4M has a 3:4 duty cycle.

F4M provides timing reference for the CPU clock and all
RAM/ROM and CPU related logic whereas F14M and its
intermediate frequency F7M act as the video dot clock.
F28M is used internally to generate F4M and externally for
fine timing adjustment.

V| L T 1 I 1 I L
awo - 3
do (1M) __.il —

Figure 2.8 master clock timings
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KEYBOARD CONTROLLER
SUBSYSTEM

The keyboard controller consists of a single chip 8-bit micro-
computer (8048) which is responsible for all keyboard
scanning, encoding and debouncing. Upon each key closure, a
flip-flop will be set by the 8048. To detect a new key de-
pression, the 65@2A strobes the keyboard encoding by issuing
the keyboard address and reading back the data. The above
mentioned key flag is the MSB of keyboard data. The rest
7-bits are the keycodes. The uP then issues another address to
clear the keyflag.

Hex address Function
3C000 Read data
3C010 Clear keyboard flag

Figure 2.9 below shows the block diagram for the keyboard
controller section and Figure 2.10 shows the associated key
codes.



Keymatrix

1/0
ports

|

|

! 1

3708 . X

: I

| 5 !

2 SHIFT I o \ CLEAR KEYBAORD FLAG |

.. CTRL ' \ [———ﬁ :
AL IS

: ﬁgz,( | inside integrated /0 CONTROLLER2 |

L. CAPLOCK e

5 o]

Figure 2.9 keyboard controller block diagram
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FIGURE 2.10
KEYS AND THEIR ASSOCIATED

CODES
KEY CTRL CTRL& SHIFT CAP.ONLY LOWER
SHIFT CASE
ONLY

SPACE 20 20 20 20 20
0 ) 30 29 29 30 30
1! 31 21 21 31 31
2 @ 32 00 40 32 32
3 # 33 23 23 33 33
4 3 34 24 24 34 34
5 % 36 25 25 35 35
6 ~ 36 1E BE 36 36
7 & 37 26 26 37 37
8 * 38 2A 2A 38 38
9 | 39 28 28 39 39
- _ 2D 5F 5F 2D 2D
= 4+ 3D 2B 2B 3D 3D
[ ( 5B 7B 7B 5B 5B
1} 5D 7D 7D 5D 5D
;oo 3B 3A 3A 3B 3B
o 27 22 22 27 27
. < 2C 3C 3C 2C 2C
.2 2 3E 3E 2E 2E
/[ ? 2F 3F 3F 2F 2F
A 01 01 41 41 61
B 02 02 42 42 62
Cc 03 03 43 43 63
D 04 04 44 44 €4
E 05 05 45 45 65
F 06 06 46 46 66
G 07 07 47 47 67
H 08 08 48 438 68



KEY

l 1 «>N<XXS<CHYDIOPOOZIZIrx&--—

CTRL CTRL & SHIFT CAP.ONLY LOWER

SHIFT
09 09
0A O0A
0B OB
0C ocC
0D oD
OE OE
OF OF
10 10
M n
12 12
13 13
14 14
15 15
16 16
17 17
18 18
19 19
1A 1A
1B 44 1B 44
0A 0A
08 08
16 15

49
4A
4B
4C
5D
4E
4F
50
51
52
53
54
55
56
57
58
59
5A
1B 44
0A
08
15

49
4A
4B
4c
4D
4E
4F
50
51
52
53
54
55
56
57
58
59
5A
1B 44
0A
08
15

CASE
ONLY

69
6A
6B
6C
6D
6E
6F
70
7
72
73
74
75
76
77
78
79
7A
1B 44
0A
08
15

31
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KEY

+ OO ~NOOADWN-=-O0

RETURN
ESC

TAB
BREAK
RUBOUT
F1

F2

F3

F4

F5

F6

F7

F8

CTRL

30
31
32
33
34
35
36
37
38
39
28
2D
2E
oD
1B
1C
7F
08 20 08
1B 32 30
183231
1B 32 32
1B 3233
1B 32 34
1B 32 35
1B 32 36
1B 32 37

CTRL & SHIFT
SHIFT

30 30
31 31
32 32
33 33
34 34
35 35
36 36
37 37
38 38
39 39
2B 2B
2D 2D
3E 3E
0b 0D
1B 1B
1C 1C
7F 7F

082008 08 20 08

1B 3230 1B 3130 1B 3030 1B 3030

1B 3231 1B 31 31
183232 1B 3132
183233 1B 3133
1B 3234 1B3134
183235 1B 3135
1B 3236 1B 3136
1B 3237 1B 31 37

CAP. LOWER
ONLY CASE
ONLY

30 30

31 31

32 32

33 33

34 34

35 35

36 36

37 37

38 38

39 39

2B 2B

2D 2D

2E 2E

0D 0D

1B 1B

1C 1C

7F 7F
082008 08 2008
1B 3031 1B 3031
1B 3032 1B 3032
1B 3033 1B 3033
1B 3034 1B 3034
1B 3035 1B 3035
1B 3036 1B 3036
1B 3037 1B 3037



INTEGRATE VIDEO AND 1/0
SUBSYSTEM

The integrated video and 1/0 subsystem consists of 2 custom
designed gate arrays which are responsible for all video
memory mapping and control, memory windowing, system
synchronization and certain 1/0 decoding. Additional ex-
ternal circuits furnish the rest of the /0 system, namely,
programmable sound generator, printer latch and joystick
control. Figure 2.11 below shows the block diagram of the
integrated video and 1/0 subsystem.

SHIFT CHARACTER - - DATA
REGISTER <: GENERATOR <: LATCHK BB 2 7bit X gys 2:::y Set
TEXT/DATA
| I
DRAM
Address
Beeper, Built-in
Cassstte Output /o
Printer Acknowledge
Printer Busy EXTENDED
Printer Strobe 5] ADDRESS
> LINE
2
>
T @
PRINTER LATCH S
DATA
SYSTEM
T ADDRESS
LINE
;a’vsncx HIGH BIT
ITCH IGH
CPU ADDRESS
LINE
JOYSTICK BD?7 ADDRESS
VARIABLE
RESISTOR DIRECT
VIDEO
DATA
VIDEO
SOUND TIMING
GENERATOR 0/p 2‘:,{""0
— AND LATCH
Locic INTERNAL
RAM/ROM
DECODE

Figure 2.11 block diagram of integrate video and 1/0 sub-
system
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Figure 2.12 and 2.13 list the pinout and describe the
functions of each gate array pins.

Figure 2.14 summarize all |/0 address and Figure 2.15
summarize all video screen memory mapping.



FIGURE 2.12 GATE ARRAY 1

PINOUT
PIN NO. PIN NAME
1 VSS

2 F14M
3 F7M

4 F4M

5 LOADS
6 DOTCK
7 RGUN
8 GGUN
9 BGUN
10 RAS

11 HOVA
12 H1VB
13 H2VvC
14 H3VO0
15 H4Vv1
16 H5V2
17 HB6V3
18 Va Vs
19 VDD

DESCRIPTION

GROUND
14MHz CLOCK INPUT
7MHz CLOCK INPUT,
SYNCHRONOUS TO RISING
EDGE OF F14M
4MHz CLOCK INPUT, 3 LOW: 4
HIGH DUTY CYCLE
NEGATIVE PULSE INPUT,
MUST OCCUR LESS THAN
250NS AFTER CPUCK
VIDEO DOT CLOCK OUTPUT
RED VIDEO O/P
GREEN VIDEO O/P
BLUE VIDEO O/P
DRAM ROW ADDRESS STROBE
MULTIPLEXED HORIZONTAL
AND VERTICAL CTR
0/P, ®o=0 O/P=H0O

" O/P=H1

z O/P=H2

" O/P=H3

" O/P=H4

o O/P=H5

" O/P=H6
MULTIPLEXED VERTICAL
CTRS O/P, o=0, O/P=V4
+5V INPUT

35



PINNO. PINNAME DESCRIPTION

20 RAMO DRAM MULTIPLEXED
ADDRESS OUTPUT, LSB

21 RAM1 "

22 RAM2 "

23 RAM3 "

24 RAM4 "

25 RAMS "

26 RAM6 "

27 RAM? " ,MSB

28 SWRO DISPLAY MODE SWITCH O/P

29 SWR1 "

30 SWT TEXT/GRAPHICS DISPLAY
MODE SWITCH O/P

31 SWP1 SWP1=0— PRIMARY; SWP1=1
SECONDARY DISPLAY PAGE

32 VSS GROUND

33 RESET CHIP RESET, ACTIVE LOW

34 AO ADDRESS LINE INPUT, LSB

35 Al "

36 A2 "

37 A3 "

38 A4 "

39 A5 "

40 A6 "

41 A7 "

42 A8 "

*ALL I/0 ARE TTL LEVEL, lov =400.A at VoH =2.7V
lo. =4mA at Vol =0.4V
In =+/— 10 «A



PIN NO.

42
44
45
46
47
48
49
50

51
52
53
54
55
56
57
58
59
60

61
62
63

64

PIN NAME

A9
A10
Al
A12
A13
A14
A15
BA14

BA15
BA16
BA17
FSEL
BDO
BD1
BD2
BD3
BD4
TXTDS

BD6
BD7
CPUCK

vDD

DESCRIPTION

ADDRESS LINE INPUT , MSB
WINDOW ADDRESS LINE OUT-
PUT

1
”

"

50/60Hz VIDEO FRAME SELECT
DATA BUS INPUT, LSB

TEXT/DATA BUS BDS5 INPUT,
SWT=1, TEXT; SWT=0, DATA
INPUT

DATA BUS INPUT

g , MSB

CPU CLOCK INPUT 1/2 MHz
WHEN SWR1=0/1

+5V SUPPLY

37
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FIGURE 2.13

GATE ARRAY 2 PINOUT

PIN NO.

oW -

OO ~N®

12
13
14
15
16
17
18

19
20

PIN NAME

VSS
ROUT

GOUT
BOUT
HSYNC

VSYNC
CBLANK
BGATE
BD7
IOEN

HOVA

H1VB
H2VC
H3VO0
H4V1

H5V2
H6V3
Vbv4

vDD
KEYBD

DESCRIPTION

GROUND

RED VIDEO OUTPUT, ACTIVE
LOWTTL

GREEN "

BLUE "
HORIZONAL SYNC, ACTIVE
HIGH TTL

VERTICAL SYNC, "
COMPOSITE BLANKING, "
BURST GATE, "

DATA BUS, MSB

I/0 ENABLE, ACTIVE LOW
TTL, $3C000 — 3CO7F

Qo MULTIPLEXED HORI-
ZONTAL/VERTICAL CTR
INPUT

e
rr
”
1
17}

1

Qo MULTIPLEXED VERTICAL/
VERTICAL CTR INPUT

+5V SUPPLY

READ KEYBOARD, $3C000

*ALL I/O ARE TTL LEVEL,lon = —400xA at Vow = 2.7V

loo. =4mA at Voo =0.4V
In =+/—10uA



PIN NO.

21

22
23

24

25

26

27
28
29
30

31
32
33
34
35
36
37
38
39
40
a1
42
43
44

PIN NAME
KEYSTROBE
IOSTR
RAMOE

TTLS

PRACK
PRBUSY
PRSTROBE
PRLATCH

SWR1
VSS
RESET
AO
A1l
A2
A3
A4
A5
AB
A7
A8
A9
A10

DESCRIPTION

KEYBOARD STROBE INPUT,
SETS, INTERNAL NEW KEY
Flip — flop

1/0 STROBE OUTPUT, $3CFFF
RAM LATCH OUTPUT ENABLE,
N.C. IN THE COMPUTER

1 BIT TTL OUTPUT, ACCESSS
BY $3C030

CASSETTE OUTPUT, TTL
LEVEL

PRE-I/0 SELECT, $3C000 -—
$3CFFF

PRINTER ACKNOWLEDGE
PRINTER BUSY

PRINTER STROBE

LATCH DATA BUS INTO
PRINTER BUFFER LATCH
DISPLAY MODE SWITCH INPUT
GROUND

CHIP RESET, ACTIVE LOW
ADDRESS LINE INPUT, LSB

17"
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PIN NO.

45
46
47
48

49

50
51
52
53
54

55
56
57
58
59

60
61
62
63
64

PIN NAME

A1
A12
A13
ROMA11

ROM64

A14
A15
A16
A17
FSEL

BR/W
BIN
GIN
RIN
LOADS

VC
VB
VA
®o
VDD

DESCRIPTION

1z

"

RE-MAPPED ROM ADDRESS

LINE A11

ENABLE UPPERMOST
ROM

ADDRESS LINE INPUT

'

12

" , MSB
50/60Hz VIDEO FRAME
SELECT

READ/WRITE LINE
BLUE VIDEO INPUT
GREEN "

RED "
PERIODIC LOW PULSE
TIMING REFERENCE
VERTICAL LINE CTR

”

"

(®o CLOCK INPUT
+5V SUPPLY

64K

FOR



FIGURE 2.14
SOFTWARE SWITCHES

3C008
3C009
3CO00A
3C00B
3C00C
3C00D
3C00E
3CO0F
3C018
3C019
3CO01A
3C01B
3Co1C
3C01D
3CO1E
3CO1F
3C028
3C029

3C02A
3C02B
3co02C
3C02D
3CO02E
3C02F
3c04C
3C04D
3CO4E
3CO04F
3C050

SET BORDER COLOUR TOBLACK
RED
GREEN
YELLOW
BLUE
MAGENTA
CYAN
WHITE
SET BACKGROUND COLOUR TO BLACK
RED
GREEN
YELLOW
BLUE
MAGENTA
CYAN
WHITE
ENABLE MULTI COLOUR MODE
SET TO SINGLE COLOUR MODE OF
RED PIXELS
GREEN
YELLOW
BLUE
MAGENTA
CYAN
WHITE
SET TO LOW RESOLUTION
RGB MODE
HIGH RESOLUTION
HIGH RESOLUTION
GRAPHICS MODE

41
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3C051
3C052
3C053
3C054
3C055
3C056
3C057
3C07C
3C07D
3CO07E
3CO7F

TEXT MODE
PURE TEXT OR GRAPHICS MODE
MIXED TEXT OR GRAPHICS MODE
DISPLAY PRIMARY PAGE
SECONDARY PAGE
TURN OFF EMULATION

SET EMULATION ONLY

WRITE 1ST MEMORY WINDOW
2ND
3RD
4TH



INTERNAL 1/0

3C000
3C010
3C020
3C030
3C060
3C061
3C062
3C063
3C064
3C065
3C066
3C067
3C068
3C070
3C080
3C1CO0
3C1C1
3C1C2
3C1C3
3C1C4
3C1C5

READ KEYBOARD DATA
CLEAR KEYBOARD STROBE
CASSETTE OUTPUT
TOGGLE SPEAKER
CASSETTE INPUT
BINARY FLAG 1 INPUT

2

3
GAME PADDLE 1 INPUT

2

3

4
WRITE DATA TO SOUND GENERATOR
ANALOG CLEAR
WRITE DATA TO PRINTER
READ PRINTER ACKNOWLEDGE
READ PRINTER BUSY
READ HORIZONTAL BLANKING
READ VERTICAL BLANKING
READ 50/60 Hz STATUS
READ HIGH RESOLUTION SWITCH (SWR1)
STATUS
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FIGURE 2.15
SCREEN MAPPING

MODE

40 COLUMN TEXT

80 COLUMN TEXT

LOW RESOLUTION GRAPHICS
RGB GRAPHICS

DOUBLE RESOLUTION

PAGE HEX ADDRESS

- O

- O

- O

- O

00400 TO 007FF
00800 TO O0OBFF

01000 TO O17FF
01800 TO O1FFF

02000 TO O3FFF
04000 TO O7FFF

04000 TO 09FFF
0AO000 TOOFFFF

04000 TO O7FFF
08000 TO OBFFF



CHAPTER 3

EXTERNAL BUS CONNECTIONS

® Unit specifications

RS232 adaptor bus

System bus (cartridge connector and
internal expansion bus)

Printer bus

Game Paddle

Keyboard connector

Linear PCB connector

Gate array 1

Gate array 2

® Production specifications
for Linear PAL board
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UNIT SPECIFICATION

Size : Length 495 mm
Depth 250 mm
Height 90 mm

Weight : 3.9kg

Power cable : Length : 6 feet
Size : AWG 18

Environment: System ON 15 to 30 C, 20% to 80% humidity
System OFF 10 to 45 C, 20% to 80%
humidity

Electrical : 90 VAC to 130 VAC, 50W max, 20W without

peripherals
180 VAC to 250 VAC, 50W max, 20W without
perpherals

Composite cable : Length : b feet

Cassette cable : Length : 5 feet

47
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RS232 ADAPTOR BUS

PIN NO. PIN NAME

1 BD6
2 BD7
3 BD1
4 BD3
5 BAO
6 BA5
7 BA11
8 BA10
9 BA8
10 BA6
11 BA4
12 BA3
13 BA9
14 GND
15 +5V
16 BD5
17 BDO
18 BD4
19 BD2
20 BA7
21 BA2
22 BA1
23 N.C.
24 N.C.

25 o

DESCRIPTION

DATA LINE

ADDRESS LINE, LSB

"

SYSTEM GROUND
+5V
DATA LINE

", LSB

1”

1

ADDRESS LINE

rr

[}

1/2 MHz CLOCK

49
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PIN NO.

26

27

28

29
30

PIN NAME
BR/W
Fam
PIOSEL

N.C.
+12V

DESCRIPTION

SYSTEM  READ/WRITE
LINE

4 MHz CLOCK (3 LOW : 4
HIGH DUTY CYCLE)
DECODER OUTPUT, TTL
LEVEL, 3CXXX

+12V



SYSTEM BUS, CARTRIDGE
CONNECTOR AND INTERNAL
EXPANSION BUS

PIN NO. PIN NAME DESCRIPTION

23
24
25

PIOSEL

BAO
BA1
BA2
BA3
BA4
BAB
BA6
BA7
BAS
BA9
BA10
BA11
BA12
BA13
A14
A15
BR/W
BA16
IOSTR

RDY
DMA

INT OUT
DMA OUT
+5V

DECODER OUTPUT, TTL LEVEL,
3CXXX
SYSTEM ADDRESSS LINE, LSB

r

r

1

BUFFERED CPU ADDRESS LINE
BUFFERED CPU ADDRESS LINE
SYSTEM READ/WRITE

SYSTEM ADDRESS LINE
ADDRESS DECODER OUTPUT,
TTL LEVEL, 3C800 —> 3CFFF
CPU READY INPUT, TTL LEVEL
DIRECT MEMORY ACCESS, TTL
LEVEL, NORMALLY HIGH

DAISY CHAIN INTERRUPT OUT
DMA DAISY CHAIN OUT

51
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PIN NO. PINNAME DESCRIPTION

26
27
28
29
30
31

32
33
34
35
36
72
71
70
69
68
67
66
65
64
63
62

61
60
59

58
57

BA14
BA15
BA16
BA17
F28M
ROM64K

GND
GND
+5V
+bV
+5V
+12V
BDO
BD1
BD2
BD3
BD4
BDb5
BD6
BD7
N.C.
0o

N.C.

o)
Q3

F7M
BA17

SYSTEM ADDRESS LINE

r

1

" , MSB
28MHz SYSTEM CLOCK
ADDRESS DECODER OUTPUT,
TTL LEVEL, ENABLE UPPER-
MOST 64K ROM
GROUND
GROUND
+5V SUPPLY
+6V SUPPLY
+5V SUPPLY
+12V SUPPLY
SYSTEM DATA BUS, LSB

124
144
”
144

rr

SYSTEM DATA BUS, MSB

PHIO CLOCK (=CPU CLOCK
WITHOUT DMA)

PHIO

2 MHz CLOCK FOR GENERAL
USE, TTL LEVEL

7 MHz INTERMEDIATE CLOCK
SYSTEM ADDRESS LINE, MSB



PIN NO. PIN NAME DESCRIPTION

56

55
54
53

52

51

50
49
48
47

46
45

44

43
42
41
40
39
38
37

F4M

F14M
INH
CPU RST

IR
NMI

INTIN
DMAIN
GND
SWRO

SWR1
SWP1

SWT

GND
GND
GND
GND
GND
GND
GND

4 MHz CLOCK (3 LOW : 4 HIGH
DUTY CYCLE)
14MHz SYSTEM CLOCK
INTERNAL ROM DISABLE
RESET CPU AND PERIPHERAL
DEVICES
INTERRUPT REQUEST, TTL
LEVEL, ACTIVE LOW
NON-MASKABLE REQUEST, TTL
LEVEL, ACTIVE LOW
INTERRUPT DAISY CHAIN INPUT
DMA DAISY CHAIN INPUT
GROUND
DISPLAY MODE SWITCH STATUS,
LOW ORDER BIT

" HIGH "
DISPLAY PAGE SWITCH STATUS:
0=PRIMARY PAGE, 1=SECOND-
ARY PAGE.
TEXT/GRAPHICS DISPLAY MODE
SWITCH STATUS
GROUND

e
144
”
”

r”

GROUND
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PRINTER BUS

PIN NO. PIN NAME

1

N

—_ =0 00O~NOOhL~W

- O

13
14
15
16
17
18
19
20

ACK
BUSY

PR1

PRO

PR4

PR5

PR2

GND

PR6

PR7
PSTROBE

N.C.
+5V
+5V
+6V
N.C.
N.C.
PR3
N.C.
N.C.

DESCRIPTION

PRINTER ACKNOWLEGE, TTL
ACTIVE LOW
PRINTER BUSY, TTL ACTIVE
HIGH
PRINTER DATA

" ,LSB

1
e

rr

GROUND
PRINTER DATA

" ,MSB
STROBE PRINTER INTO
PRINTER

PRINTER DATA



GAME PADDLE

PIN NO. PIN NAME

+5V
GND
PD2
PD3
PD1
PDO
SWO

NO O WN-—-

Swi1
Sw2

© 00

DESCRIPTION

ANALOG INPUT,0 - 5V

" "
" ‘ ”

" rr

SWITCH INPUT, TTL LEVEL,
NORMALLY HIGH

rr

114
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KEYBOARD CONNECTOR

PIN NO. PIN NAME

1 Y7

2 Y8

3 Y9

4 Y1

5 +5V

6 Y2

7 Y3

8 Y4

9 Y5

10 Y6

1 YO

12 X0

13 X1

14 X2

15 X3

16 X4

17 X5

18 X6

19 X7

20 Y10
21 Y11
22 INDICATOR
23 CTRL
24 SHIFT
25 CAP LOCK

26 GROUND

DESCRIPTION

Y-LINE OF KEYBOARD
MATRIX

114
re

rr

+5V SUPPLY
Y-LINE

e

X-LINE OF KEYBOARD
MATRIX

1

i

Y-LINE

Y-LINE

CAP-LOCK INDICATOR
CONTROL KEY

SHIFT KEY

CAP LOCK KEY
GROUND



LINEAR PCB CONNECTOR

PIN NO.

-

O WN

10

1

12

13
14

15
16

17

PIN NAME
CASSETTE IN

+12V
GND
+5V
H/2

RED
GREEN

BLUE
CBLANK

HSYNC
VSYNC
CPURST

TTLS

DESCRIPTION

CASSETTE INPUT, TTL
LEVEL

1/2 HORIZONTAL
CHARACTER FREQUENCY,
TTL LEVEL

VIDEO GUN RED, TTL
LEVEL

GREEN VIDEO, "

BLUE " . "
COMPOSITE BLANKING, TTL
LEVEL, ACTIVE LOW
HORIZONTAL SYNC, TTL
LEVEL, ACTIVE LOW
VERTICAL SYNC, TTL
LEVEL, ACTIVE LOW

CPU AND EXTERNAL
PERIPHERALS RESET

TTL LEVEL SOUND OUTPUT

CASSETTE OUT CASSETTE QUTPUT, TTL

BURST
SGCS

GND

LEVEL

BURST GATE, TTL LEVEL
SOUND GENERATOR OUT-
PUT,150mV TYPICAL
GROUND
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GATE ARRAY 1 SPECIFICATION

PIN NO.

N —

12
13
14
15
16
17
18

19
20

PIN NAME

VSS
F14M
F7M

F4m

LOADS

DOTCK
RGUN
GGUN
BGUN
RAS

HOVA

H1VB
H2vC
H3V0
H4V1

H5V2
H6V3
V4av5

vDD
RAMO

DESCRIPTION

GROUND
14MHz CLOCK INPUT

7MHz CLOCK INPUT,
SYNCHRONOUS TO RISING
EDGE OF F14M

4MHz CLOCK INPUT (3 LOW :
4 HIGH DUTY CYCLE)
NEGATIVE PULSE INPUT,
MUST OCCUR LESS THAN
250NS AFTER CPUCK

VIDEO DOT CLOCK OUTPUT
RED VIDEO O/P

GREEN VIDEO O/P

BLUE VIDEO O/P

DRAM ROW ADDRESS
STROBE

MULTIPLEXED HORIZONTAL
AND VERTICAL CTR O/P,
0=0,0/P=HO

" Q/P=H1

" O/P=H2

" O/P=H3

" O/P=H4

“  Q/P=H5

"  O/P=H6

MULTIPLEXED VERTICAL
CTRS O/P,0=0, O/P=Vv4

+5V

DRAM MULTIPLEXED
ADDRESS, OUTPUT, LSB



*ALL I/0 ARE TTL LEVEL, lon =-400xA AT 2.7V
lo. =4mA AT 0.4V
Iin =+/—10uA
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PIN NO.

21
22
23
24
25
26
27
28
29
30

31

32
33
34
35
36
37
38
39
40
41
42
43
44

PIN NAME

RAM1
RAM?2
RAM3
RAM4
RAM5
RAM6
RAM7
SWRO
SWR1
SWT

SWP1

VSS
RESET
AO
A1l
A2
A3
A4
Ab
A6
A7
A8
A9
A10

DESCRIPTION

" , MSB
DISPLAY MODE SWITCH O/P
TEXT/GRAPHICS DISPLAY
MODE SWITCH O/P
SWP1=0 —> PRIMARY;
SWP1=1 —> SECONDARY
DISPLAY PAGE
GROUND
CHIP RESET, ACTIVE LOW
ADDRESS LINE INPUT, LSB

12

144

Iz



45
46
47
48
49
50
51
52
53
54

55
56
57
58
59
60

61
62
63

64

A1
A12
A13
Al4
A15
BA14

BA15
BA16
BA17
FSEL

BDO
BD1
BD2
BD3
BD4
TXTD5

BD6
BD?7
CPUCK

VDD

" , MSB
WINDOW  ADDRESS LINE
OUTPUT

"
rr

1

50/60Hz VIDEO FRAME
SELECT
DATA BUS INPUT, LSB

"

TEXT/DATA BUS BD5 INPUT,
SWT=1, TEXT; SWT=0, DATA
INPUT
DATA BUS INPUT

" , MSB
CPU CLOCK INPUT 1/2 MHz
WHEN SWR1=0/1
+5V SUPPLY
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GATE ARRAY 2 SPECIFICATION

PIN NO.

(G20 N 8] -

= O oOoN®

12
13
14
15
16
17
18

19
20

H1VB
H2VC
H3VO
H4V1

H5V2
H6V3
V5Vv4

vDD
KEYBD

DESCRIPTION

GROUND

RED VIDEO OUTPUT, ACTIVE
LOWTTL

GREEN "

BLUE g
HORIZONTAL SYNC, ACTIVE
HIGH TTL

VERTICALSYNC ~
COMPOSITE BLANKING, ”
BURST GATE, "

DATA BUS, MSB

/O ENABLE, ACTIVE LOW
TTL, 3C000 —> 3CO7F

Qo MULTIPLEXED HORI-
ZONTAL/VERTICAL CTR
INPUT

”

QoMULTIPLEXED VERTICAL/
VERTICAL CTR INPUT

+5V SUPPLY

READ KEYBOARD, $3C000

*ALL I/O ARE TTL LEVEL, lon =-400uA AT 2.7V

loo =4mA AT 0.4V
hin =+/—10 A



PIN NO.

21

22

23

24

25

26

27
28
29
30

31

32
33
34

35
36
37
38
39
40

PIN NAME

KEYSTROBE

IOSTR
RAMOE
TTLS

CASOUT

PIOSEL

PRACK
PRBUSY
PRSTROBE
PRLATCH

SWR1

VSS
RESET
A0

A1l
A2
A3
A4
Ab
A6

DESCRIPTION

KEYBAORD STROBE IN-

PUT, SETS INTERNAL
KEY Flip — Flop
1/0 STROBE OUTPUT,

$3C800 — $3CFFF

RAM LATCH OUTPUT EN-
ABLE, N.C. IN the computer
1BITTTL OUTPUT,
ACCESS BY $3C030
CASSETTE OQUTPUT, TTL
LEVEL

PRE-I/O SELECT, $3C000 —
$3CFFF

PRINTER ACKNOWLEDGE
PRINTER BUSY

PRINTER STROBE

LATCH DATA BUS INTO
PRINTER BUFFER LATCH
DISPLAY MODE SWITCH
INPUT

GROUND

POWER UP RESET
ADDRESS LINE
LSB

INPUT,

63



64

PIN NO.

11
42
43
44
45
46
47
48

49

50
51
52
53
54

55
56
57
58
59

60
61
62
63
64

PIN NAME

A7

A8

A9

A10
A1
A12
A13
ROMA11

ROM64

A14
A15
A16
A17
FSEL

BR/W
BIN
GIN
RIN
LOADS

vC
VB
VA
PHIO
VDD

DESCRIPTION

RE-MAPPED ROM
ADDRESS LINE A11
ENABLE UPPER MOST 64K
ROM

ADDRESS LINE

1

" , MSB

50/60Hz VIDEO FRAME
SELECT

READ/WRITE LINE

BLUE VIDEO INPUT
GREEN VIDEO INPUT
RED VIDEO INPUT
PERIODIC LOW PULSE
FOR TIMING REFERENCE
VERTICAL LINE CTR

" , LSB
PHIO CLOCK INPUT
+5V SUPPLY



PRODUCTION SPECIFICATION

FOR LINEAR BOARD
(PAL VERSION)

PERFORMANCE MEASUREMENT

CONDITION SPEC
Composite video 75 ohm loaded
Output voltage 1 +/-0.1
(Synec. tip to white) Volt
Sync. tip d.c. level 0.9 +/-01
Volt
Sound output 10K ohm loaded 175mVrms
+/-3db
TTL input {(1KHz/5Vp—p)
Speaker output 8 ohm load/max.  1.3Vrms
volume +/—3db

TTL input {(1KHz/
5Vp—p)

Cassette output 1K ohm load > 30mVp-p

65



66



CHAPTER 4

OPERATION OF SWITCHING
POWER SUPPLY UNIT

® Theory of operation
General
Input filter and rectifier
Bias and switch
Output section
Regulation control
Protection Circuits

® Production specification

® Alignment procedures
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THEORY OF OPERATION

GENERAL

The power supply operates on the "Flyback’ principle in
which energy is stored and released in a cyclic pattern. The
ratio of energy storage during the charging portion of the
cycle is determined by the circuit constants. The discharging
time, and thus the amount of energy delivered to the load is
determined by the load requirement.

Essentially the power supply consists of five functional
blocks: Input filter and Rectifier, Drive and Switching
element, Regulation control, Output section and Protection
circuit.

INPUT FILTER AND RECTIFIER

The AC input filter consists of T1, C1, C2, C3 and C5. The
purpose of this circuit is to filter out 20KHz and above
switching noise, preventing it from being transmitted back
out the input line. The fuse F1 is included to protect the PC
Board traces and to reduce fire and personal harzard in the
event of catastrophic supply failure. In-rush current limiting
is accomplished with resistor R1. D1-D4 forms a bridge
rectifier which converts the AC supply voltage into DC
voltage. The energy is then stored in capacitor C6.

69
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BIAS AND SWITCH

Q1 is the switching element which is driven by Q2 and Q3.
RC network C7 and R3 forms a snubber network that
absorbs harmful voltage spike. The transformer is so phased
to form a blocking oscillator. D5, C9, R4 forms a DC biasing
network for the switch Q1.

OUTPUT SECTION

Each output voltage is developed from the transformer out-
put through a single diode rectifier feeding a capacitor input
filter.



REGULATION CONTROL

1)

2)

Error Amplifier

The +5V and +12V output is sampled by R9, R18, R13
and is compared to a reference voltage source consists of
R6, R7, R8, VR1 and Z1. The output of error amplifier
Q4 drives the opto-islator OC1 which in-turn drives Q3
through modulator network.

Modulator

The R.C.D. network D7, D6, R14, R15, C10, C21, forms
a modulator. The primary ramp current and the output
of the opto-isolator is processed by the modulator to
adjust the turn off point of the switch Q1.

7
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PROTECTION CIRCUIT

1)

2)

Overcurrent Protection

If a secondary output is shorted, the primary current,
thus the voltage across R5 increases, this causes Q3 to be
immediately driven into saturation, thus cutting off Q1.
The protective "burping’’ action is repeated far as long as
the short remains.

Over voltage protection

Over voltage protection for the loads is provided by SCR,
and Z2. The +12V output is monitored via the anode of
SCR1, the +5V output via 22 in the gate circuit. An over-
voltage condition in either output will cause SCR1 to
fire, Simulating an overcurrent condition. This "“Crow-
bar”* effect initiates the overcurrent protection circuit
described above.
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PRODUCTION SPECIFICATION
FOR THE COMPUTER’S
SWITCHING POWER SUPPLY

A. Output Voltage
V01 =4.80V-5.20V
V02 =11.40V-12.60V
for Conditions (a) — (f)

AC 110V/220V 50Hz (*) input

74

a) 101 =1.0A 102 = 0.6A
b) 101 = 3.0A 102 = 0.5A
c) 101 =1.0A 102=1.5A
d) 101 = 3.0A 102 = 1.6A
e) 101 =1.0A 102 = 0A
f) 101 = 3.0A 102 = 0A

. Ripple

Rvotl =< 100mV pp
Rvo2 =< 200mV pp

for Condition AC 110V/220V 50Hz (*) input
101 =3.0A, 102=1.5A

. Short Circuit OQutput Current

Is1 =< 3.0A
1s2 =¢ 1.6A

for Condition AC 110V/220V 50Hz (*} input



D. Overvoltage Protection Threshoid
V01 =6.25V +/-0.75V

E. Dielectric Test
2100 VDC for 110V version
2100 VDC for 220V non-VDE version
3000 VDC for 220V CDE version

between (a) Case and primary
(b) Secondary and Primary

Cut off current at 0.5mA, 60 seconds

F. Efficency

>=70%at 101 = 3.0A, 102 = 1.5A

G. Operation Voltage Range

V01 = 4.8V-5.20V
V02 = 11.40V-12.60V

for AC 110V/220V 50Hz (*) input
and 101 = 3.0A
102 =1.5A

* 1 110V for 110V models, 220V for 220V models
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THE COMPUTER’S SWITCHING
POWER SUPPLY ALIGNMENT
PROCEDURE

CONDITIONS

AC 110V 50Hz for 110V model
AC 220V 50Hz for 220V model
V01 at 1.0A

V02 at 1.5A

ALIGNMENT PROCEDURE
Adjust VR1 so that

V02 = 11.40V



CHAPTER 5

PERIPHERAL DATA

e Keyboard electrical
and mechnaical specs

® Printer cable pin assignments
Installation and test procedure

® Joystick connector signals
memory locations and installation procedures
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THE COMPUTER’S KEYBOARD
SPECIFICATION

1. ELECTRICAL SPECIFICATION

® Full 81 key array

® Numeric key pad plus 4 cursor contro! keys

® Eight user definable function keys

® Single chip microcomputer (8048) as keyboard controller

® Automatic repeat. Repeat frequency 10Hz after 0.6 sec
key depression.

® ASCIH Encoding

® N-key rollover

® Software cap lock with LED indicator

® 4 modes of operations {Unshifted, Alpha Lock, Control,
Shift-control)

® Conductive rubber switching technology. Operation con-
tact resistance less than 1.5K ohm.

® Insulation resistance 30V 10M ohm approx.

2. MECHANICAL SPECIFICATION

® Non glare keytop

® Step sculptured keytops

® Multicolor keytop

® |njection molded enclosure

® Key total travel 4mm nominal

® Pretravel 2.2mm

® Key actuating force 60gm.

® Switch reliability 5 X 10° cycles
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PRINTER CABLE INSTALLATION
TEST PROCEDURE &
PIN ASSIGNMENT.

With the Printer Cable, you can now connect your Computer
to any Centronics Bus printer.

CAUTION:

Before connecting or disconnecting TURN OFF ALL COM-
PUTER AND PRINTER POWER.

INSTALLATION

1)

2)

3)

4)

Turn off all power.

Attach the Printer Cable to the Printer socket in the rear
panel of the computer. A polarization slot on the con-
nector make you wouldn’t attach the cable in reverse
side.

Check to ensure that the Printer Cable is fully inserted
and firmly attached.

Connect the other end of the Printer Cable to the printer.
Double check that it is well-connected.

Turn on the computer and pririter. You are now ready to
use the advanced printing capability of the computer.



TEST PROCEDURE

To check whether your printer has been correctly set-up, try
the following test.

1) Enter the following program:
10 PR#1
20 FORI1=32TO 128
30 PRINT CHR$(l);
40 NEXT I
50 PR#0
60 END

2) Type in RUN, ‘RETURN’, the printer will print out the
entire range of alphanumeric characters.

NOTE:

For normal text printing, any type of Centronics Bus printer
will work well with the computer. For graphics printing, a
BX-80 series, dot matrix printer or compatable printer is
required. Refer to computer BASIC REFERENCE MANUAL
for detail description.
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PIN ASSIGNMENT

1. Computer side

PIN NO. SIGNAL PIN NO. SIGNAL
1 ACK 11 STROBE
2 BUSY 12 NC
3 DATA 1 13 +5V
4 DATAO 14 +5V
5 DATA 4 15 +5V
6 DATAS 16 NC
7 DATA 2 17 NC
8 GND 18 DATA 3
9 DATA 6 19 NC
10 DATA 7 20 NC
NOTE NC: No Connection
1& 1
\ Y
/[2 ]

20

82
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2. Printer side

PIN NO.

OCONOODWN -

SIGNAL

STROBE
DATAO
DATA 1
DATA 2
DATA 3
DATA 4
DATA B
DATA 6
DATA 7
ACK
BUSY
N.C.
N.C.

83



JOYSTICK

JOYSTICK CONNECTOR SIGNALS

A 9-pin D-type miniature connector in the right-hand side of
the computer provides signals required for the Joysticks.
There are three switch inputs, called SWO0—SW2, and four
paddle inputs calied PDLO—PLD3.

PIN NO. SIGNAL DESCRIPTION
2 +5V +5 volt power
3 GND Signal ground
5,84,9 PDLO—PDL3 Paddle inputs
7,1,6 SW0-—-SW2  Switch inputs

5 4 3 2 1

00000
00O0O0

9 8 7 6

Joystick Connector
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The switch inputs are standard low-power schottky TTL
inputs. It can be used to detect the status of a switch. To use
them, connect each one to a 220 ohm pull-down resistors to
ground and through single pole push switches to +5 volt

supply.

Each one of the switch input is corresponding to a memory
location. Program can detect the status of the switches by
read these locations. But only the high-order bit is valid in-
formation, the other bit is undefined. For BASIC language,
PEEK the location and check the value with 128. If the value
is 128 or greater, the switch is on.

The paddle inputs are connected to the timing input of type
NE558 quadruple analog timer. It can be connected through
a 150K ohm variable resistor to +5 volt supply and form a
one-shot timing circuit. The time that the timer changes state
is proportional to the corresponding resistance, and hence to
the position of the joystick.

To read the paddle inputs, the program must first reset the
timing circuit by accessing memory location $C070 (decimal
49264 or —16272). All the four timer is set high and then re-
turn to low within about 3 milliseconds.

The exact time for the timer to return to low is proportional
to the resistance. For timer set high, a read to the appropriate
memory location gives a value equal to or greater than 128,
or in other words, the high-order bit set. So program can
count the time remain high by check the high-order bit and
hence determine the position of the variable resistor.
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JOYSTICK MEMORY LOCATION

FUNCTION ADDRESS
HEX DECIMAL

SWo $co61 49249 16287
SWi1 $C062 49250 16286
Sw2 $C063 49251 16285
PDLO $C064 49252 16284
PDL1 $C065 49253 16283
PDL2 $C066 49254 —-16282
PDL3 $C067 49255 —-16281

PADDLE INPUT RESET  $C070 49264 —-16272

Also, the BASIC function PDL can be used to determine the
paddle position. Refer to the computer BASIC REFERENCE
MANUAL for detail description.



CIRCUIT DIAGRAM

3 9 4 B 5 6 1 7 2
[GND PDL3  PDL2 PDL1  PDLO  SW2 SW1 SWO 45|
T ———
Y ) CCOT7D
]
_E—'wv——iw""o——o _L—»w\a—g—o
= 220 LEFT T 220 LEFT
e b
mo °—@ m o——4
= 220 RIGHT = 220 RIGHT
150K l ! 150K l
LEFT/RIGHT LEFT/RIGHT|
150K l 150K ‘
UP/DOWN UP/DOWN
JOYSTICK 2 JOYSTICK 1

Note: RIGHT fire button of Joystick 1 and Joystick 2 are
connected in parallel.
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JOYSTICK INSTALLATION PROCEDURE
These Joysticks offer you fast direction control and dual

fire button facility. Now, you can get more fun from the
computer’s entertainment programs.

CAUTION:

Before connecting or disconnecting TURN OFF POWER.

INSTALLATION

1) Turn off power.

2) Plug the Joystick cable into the joystick connector in the
right hand side of computer.

3) Turn on power, a pair of Joysticks is ready for you.




CHAPTER 6

MEMORY MAPPING

Memory windows, Window addressing & Window Updates

The main memory map

1/0 mapping

I/0 device mapping

BASIC reserved memory locations
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MEMORY WINDOWS, WINDOW
ADDRESSING & WINDOW UPDATE

Your computer’s 6502A micro-processor can address 65,536
(64K) bytes of memory directly. The gate arrays inside your
computer further enchance the addressing capability to 256
KB. Four windows of 16KB each maps part of the physical
memory of 256 KB into 6502A logical address space. Figure
3.1 below shows an example of the windowing technique.

F _
$3C000

$38000

$34000

$30000

—  $2C000
L
$28000

$24000

$20000

$1C000

$18000

$14000

$10000

$0C000 $C000

$08000 $8000

$04000 $4000 oK
16K
@ $00000 _BLOCK $0000|_BLOCK

MEMORY 6502A
WINDOW PHYSICAL MEMORY MEMORY

Figure 3.1 Window Addressing



Thus, changing the content of the windows will map
different 16K—BLOCK of physical memory into 6502A’s
memory space. Window updating is done by writing a byte
into the window address listed in figure 3.2. Figure 3.3 shows
an example of window update.

Physical Address Window no
$3cp7C )
$3C07D 1
$3CP7E 2
$3CQ7F 3

Figure 3.2 Window Address
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. ml

[

!

|
$05}x

|

|

! [
| |
| {
DATA II ;
| 1
| |
ADDRESS Issco7ci X }
| I I
T
WINDOW @ | | | $05
| | I

t__ DATA LATCH INTO SLAVE LATCH
DATA LATCH INTO MASTER LATCH

Figure 3.3 Window Update



The window latches are master slave type. The lower 4 data
bits are latched into the master latch during falling edge of
PHIO and the master content will be transferred to the slave
latch at the rising edge of PHIO. Figure 3.4 shows a block

diagram for this window structure.

4 PLANES 4 PLANES

PHYSICAL Address b3 I 4 LINES

ADDRESSE>

LINES > }-" 4 LINES
cK —cK

DO
DATA >
BUS hl
O

Ia

)

4 Channel
BA17

Muttiplexer ::: :
02 ALINES |, BA14
[
aLINES |,
|'o
cK : S
o1 L cruata
) CPUATS
Dok
o

Figure 3.4 Block diagram of window structure.
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The CPU address line A14, A15 routes directly to the gate
arrays to select which 4-bit group of 4 will be outputed as
the upper 4 system address lines. Figure 3.5 shows an

example.

Window 0 = 1
Window 1 =3
Window 2=5
Window 3 =E

CPU A15, A14 WINDOW SELECTED BA17, BA16, BA15, BA14

0
0
0
1

-0 = O
W NN O

Figure 3.5 example of window addressing

-_ - 00

- O =0

1(1)
1(3)
1(5)
O(E)



MAIN MEMORY MAP

$3D000
$3Co00

$30000

$20000

$10000

$00000

BASIC INTEPRETER

1/0 SPACE

16K

BANK SWITCH RAM

BASIC INTEPRETER

64K
EXPANSION RAM

64K
EXPANSION RAM

64K
SYSTEM RAM

Figure 3.6 Main Memory Map
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Internal to your computer, you can add a 128K RAM ex-
pansion card which occupies memory space $10000 to
$2FFFF, and a 16K Bank switched RAM. Notice that
address space $30000 to $37FFF has no device connected
and is free for custom expansion. The built in enchanced
Microsoft Basic occupies two sections. : $38000 to $3BFFF
and $3FFFF. Between the Basic interpreter lies 4 KB of /0
space. Figure 3.6 shows the main memory map.



1/0 MAP

$3CFFF l J_
BANK SWITCHED

~ PRINTER 80 COLUMN
ROM
$3cco0 DISPLAY
FIRMWARE
- i FIRMWARE
$3C8p0 _
$3C700 OPEN
$3C609
$3C500 SPACE
$3C490
80 COLUMN DISPLAY
INITIALIZATION
$3C300 FIRMWARE
OPEN SPACE
$3C200
PRINTER DRIVER
$3C199 FIRMWARE
OPEN SPACE
$3C000 1/0 DEVICE

Figure 2.7 /O mapping
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Figure 2.7 shows the 1/0O mapping. Two 2KB bank switch
ROMs houses the PRINTER and 80 COLUMN DISPLAY
FIRMWARE. Normally both ROMs are disabled. To access
these bank switched ROM, program must branch to the
corresponding initialization routine located at $3C100 and
$3C300. After execution of the initialization and driver
routine, the corresponding bank switched ROM is turned
on Figure 3.8 shows the correct sequence for programming
using bank switch ROMs. Figure 3.9 gives a schematic for
associated hardware required when additional bank switch
ROM is to be installed.



( ENTRY )

INITIALIZATION
FIRMWARE
LOCATED IN MAIN MEMORY MAP

TURN ON BANK SWITCH ROM
$3C100 for PRINTER FIRMWARE )
$3C309 for 80 COLUMN FIRMWARE

JUMP INTO BANK SWITCH PROGRAM ROM
and execute

Turn off expansion ROM after
execution by accessing $3CFFF

( EXIT )

Figure 3.8 sequence for accessing bank switch ROM.
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Address
lines . O

Address
decoder
3CO XX

RS LATCH

——o

R

s

o—

Address
__"l> decoder
3CFFF
do -—
IOSTR o

€S bank
switched
ROM

OE (2kp)

Figure 3.9 supporting hardware for bank switch ROM.




1/0 DEVICE MAPPING

Memory space $3C000 to $3C07F houses the Input/Output
devices such as sound generator, memory windows, joystick
electronics, keybaord data etc. Figure 2.14 shows ali the
SOFTWARE SWITCHES location and internal 1/0 device

mapping.

101



CAT BASIC Zero Page Usage

1 12 13 14 15

19

¢ 1 2 3 4 5 6 7 8 9
Hex $0 $1 $2 $3 $4 $5 $6 $7 $8 $9 S$A $B $C $D SE $F

Decimal

® 00000 OCGOVIOGOIS O
® 0000 0O0OGOGOFOG o
[ ] [ N NN NN NN NN ]
® 0606 o000 00OOCDO
® 060 0000000000
® 00 00000000000
0000O0OOOONOOOOOS
000006000 0OCGOGKCGOINIIS
0000000 CGOIOGIOIOGOS OO0
0000000O0CGCOIOOS o0
0000000000 0OCGOIOS
000000 O0OCGCOOOOOINODS
(AN XN NN NNENNNY NN NN ]
9000000006000 0000
00 0000000000000
0000000000000 O0S
$233383588585333¢
~2n23eg NIBRIERT

® Used by the BASIC interpreter

Figure 1
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CHAPTER7

THE SYSTEM KERNEL

o System kernel overview

® Entering the kernel

® Communicating with the kernel

® Examining memory

® Examining some more memory

® Altering memory contents

® Moving a range of memory

e Comparing two ranges of memory

e Saving the contents of a memory range on tape
e Reading back a memory range from tape
e Other kernel commands

® Leaving the kernel

® A summary of kernel commands
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SYSTEM KERNEL OVERVIEW

Residing deep inside the computer’s read-only memory
(ROM) is a supervisory program called the Kernel (in some
computers, it is called the Monitor). It serves as a link
between the system hardware and the high level languages. It
is used whether you are programming in machine language,
BASIC, PASCAL or almost any other {anguage. Without it,
you could not get information into or out of the computer.
The keyboard, text display, cassette, and disk drives would
all become inactive and unusable.

You can use the Kernel via keyboard commands. Some
reasons for doing this would be to look at one or more
memory locations; to change the contents of a location, or
to write programs in machine language to be executed direct-
ly by the computer’s microprocessor — the 6502A. Most of
the time you will find no need to use it, but the Kernel has
some functions which you may find handy at some time.
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ENTERING THE KERNEL

The Kernel program of computer starts at memory location
$FF69 ($ stands for hexadecimal). So, a subroutine call to
$FF69 will bring you there. In BASIC, the interpreter does
not recognize hexadecimal numbers and you should type in
the following command in order to get into the Kernel.

CALL —151 or CALL 65385

65385 is actually the decimal equivalent of $FF69.



COMMUNICATING WITH THE
KERNEL

Once you have entered the Kernel, you will see the prompt
(*) and cursor appearing at the left edge of the screen. This
indicates that the Kernel is now waiting for your input line.
As in BASIC, the Kernel will not respond to any command
unless you press the (RETURN) or the (ENTER) key. Each
input line to the Kernel may consist of up to 255 characters.

How do you type commands into the Kernel? The Kernel
recognizes over ten different COMMAND CHARACTERS,
which in appropriate context specify WHAT action is to be
taken. In many cases, merely a command itself is neither
complete nor grammatically correct, unless additional in-
formation in the form of ADDRESS or DATA is also
supplied. Address and data typed into the Kernel are always
treated as hexadecimal numbers.

In the computer, the address of every memory location is
numbered with four hex digits, and the content of each
memory location is represented by two hex digits. When the
Kernel looks for an address, it is actually looking for a group
of four hex digits. If an address has been typed with less than
four digits, the Kernel will assume the hex digit group come
with leading zero (s). If an address contains more than four
hex digits, the Kernel will truncate the number and only
accept the last four hex digits as an address. The same
procedure is followed when looking for two-digit data values.
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EXAMINING MEMORY

EXAMINING THE CONTENTS OF A MEMORY LOCATION

Type in the hexadecimal address of the location you want to
see, following by the (RETURN) or (ENTER) key, as in this
example:

*DO0OO0 (RETURN)

Remember that any number typed into the Kernel is
ALWAYS treated as a hexadecimal number WITHOUT any
special designation preceding or following it.

The Kernel responds by displaying the contents of that
location:

DOOO=6F



EXAMINING SOME MORE
MEMORY

Let's say you examined the single address $D0O0O, as in the
example above, and you want to look at the next higher
locations in memory. You do not have to examine them one
by one, as this would be quite time consuming. Instead, you
can press (RETURN) or (ENTER) and the Kernel will
respond with one line of a memory dump, as shown below:
*DO00 (RETURN)

DOOO= 6F

*(RETURN)

DO0O1=D8 65 D7 F8 DC 94 D9

The contents in memory locations $D0O01 to $D007 have
been shown with a simple (RETURN). One more (RETURN)
will cause the Kernel to produce one more line of memory
dump.

*(RETURN)
DOO8=B1 D830 F3 D8 DF E1DB

From the above examples, you should have noticed several
things about the format of a memory dump. First, a
memory dump always begins with the address of teh location
FOLLOWING the last referenced location (the reference may
be in the form of contents-examination or others). Secondly,
memory dump always begins with an address which ends in
either zero or eight (i.e. XXX0 or XXX8). Thirdly, in 40
column text mode as in the above examples, there are never
more than eight values displayed on a memory dump; while
in 80 column text mode, there are never more than sixteen
values displayed on a single line in a memory dump.
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ALTERING MEMORY CONTENTS

ALTERING THE CONTENTS OF A MEMORY LOCATION

Type in the hexadecimal address of the Icoation you want to
alter, followed by a colon (:), then the two-digit hexadecimal
number you intend to write into that location, and press
(RETURN) or (ENTER) to inform the Kernel. For example:
*6000:13 (RETURN)

places the number $13 into memory location $6000 and
overwrites the original value. To check the result, you should
type:

6000 (RETURN)

and the Kernel should respond with

6000= 13

If, instead of $13, a different value was shown, then some-
thing must have been wrong, a typing error, for example, and
you had better try again.

ALTERING THE CONTENTS IN CONSECUTIVE MEMORY
LOCATIONS

To change the contents in consecutive memory locations,
you don’t have to press an address, a colon, and a value for
each location. The Kernel allows you to change the conten*s
of up to 85 consecutive memory locations at a timz. To do
this, you first type in the starting address of the memcry:
range. Next, use the colon to indicate to the Kernel that this
is a memory alteration command. Finaliy, enter the data vou
want at each consecutive location, seperating them by a
space. For example, to place the quantities $00 through $09
in address $6009, enter:

*6000:00 01 02 03 04 05 0¢ G7 08 09 (RETURN)



Again, it is good practice to check these memory alterations
if you want the final product, whether a graphics shape table
or a series of machine language instructions, to be correct. To
do this you will have to use the memory examine commands
described earlier in this chapter.

Finally, a few words about memory alteration, only contents
in RAM (which stands for RANDOM ACCESS MEMORY)
can be changed. Contents in ROM cannot be altered. In
the computer, the memory banks can be moved around by
accessing certain soft switches. So, it is quite difficult to say
strictly where are the RAMs and where are the ROMs. Never-
theless, in most cases, the following assumptions can be
made.

(1) From $0000 to $BFFF (a 48K range) are RAMs.

(2) From $C000 to $C7FF (a 2K range) are Input/OQutput
locations.

(3) From $C800 to $FFFF (a 14K range) are ROMs.



MOVING A RANGE OF MEMORY

The MOVE command aliows you to move a whole memory
range to a new location. To do this, you must supply the
following information to the Kernel:

(1) the source start address (i.e. where to move memory

from)

(2} the source end address (i.e. the last address you want to
be moved)

(3) the destination address (i.e. where you want to move
memory to)

The format of the command looks like:
(Destination) { (starting address). (end address)M

As with other Kernel commands, all addresses are hex-
adecimal numbers. For exampie, the command:
*4000 < 2000.3FFFM (RETURN)

moves data to address $4000 (the destination address) from
the block starting at $2000 (the source start address) and
ending with $3FFF (the source end address). If you are
familiar with the memory map of the computer, you may
probably realize that the above example can be used to copy
the picture in HGR1 to HGR2.



Normally, when you specify addresses in the move memory
command, te source start address should be equal to or less
than the source end address. Otherwise, only the first byte
from the source range will be moved to the destination.

When the address of destination is inside the source range,
the MOVE command becomes the FILL command, in which
one or more bytes of data are repeatedly written into con-
secutive memory loactions. Suppose you want to place zeros
in the memory range $6000—$6FFF, you may first place

zeros in the start location by means of the ALTER MEMORY
command:

*6000:00 (RETURN)

Now comes to the second step which makes use of the
MOVE command:

(1) set the destination address to be one greater than the
last byte of the pattern (in this example it would be
$6001)

(2) set the source start address to the beginning of the
pattern ($6000 in this case)

(3) set the source end address to the iast byte which you
want fill ($6FFF) MINUS the length of the pattern you

want to fill memory with (in this example, the length is
one, so it gives $6FFE)

*6001 <6000.6FFEM (RETURN)
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You can check the result by examining the addresses $6000
through $6FFF and seeing whether they are indeed filled
with zeros.

As another example, the following Kernel commands will fill
memory from $6000 through $6FFF with the four-byte
pattern:

$00, $11, $22, $33

*6000:00 112233 (RETURN)
*6004 <6000.6FFBM (RETURN)

Once again, you may examine memory from $6000 through
$6FFF to verify that the pattern repeatedly occurs in this
block.



COMPARING TWO RANGES OF
MEMORY

The VERIFY command of Kernel compares two blocks of
memory against each other, noting differences between them.
Its format is nearly the same as for the MOVE memory com-
mand, except the last item which is now the letter V, instead
of M.

(Destination) < (starting address). (ending address)V

Here is an example:
*2000 < 4000.5FFFV (RETURN)

This instructs the Kernel to start comparing data at address
$2000 against address $4000, and to continue the com-
parison until address $3FFF is compared with $5FFF.

In case the Kernel finds discrepancy during the comparison
process, it will dislplay the source address where discrepant
value was found and the disagreeing values. If there is no dis-
crepancy, nothing will be shown. Note when discrepancy
happens, the displayed address is an address in the SOURCE
memory range. For instance, in the example above, assume
there is a discrepancy and the Kernel displays:

*4345=00 (FF)

This message shows that source address $4345 contains $00,
while its relative counterpart ($2345) contains $FF.

As in the case of MOVE, if the ending address of the source
range is less than the starting address, only the first bytes of
the source and destination data blocks will be compared.
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SAVING THE CONTENTS OF A
MEMORY RANGE ON TAPE

To save memory on tape, use the Kernel's memory WRITE
command. You have to inform the Kernel the beginning and
ending addresses of the memory range you intend to save.
The command format is shown below:

(start address). (end address)W

For example, the command:

*2000.3FFFW

tells the Kernel to write the contents of memory locations,
starting at $2000 and ending with address $3FFF, to the
cassette recorder.

The memory write command cannot check a recoder is in
RECORD mode or whether the tape recorder is actually
connected to the cassette port; or the tape is free from
jamming, dropouts, and other problem which are inherent in
using tape cassettes.

When you press (RETURN) to execute a tape WRITE com-
mand, your computer will first write a reference tone onto
the tape which lasts for about 10 seconds. Then data are sent
out to the cassette output port at a rate of approximate 210
characters per second. After the memory write command has
finished, the computer beeps once and the Kernel prompt
appears again.



READING BACK A MEMORY
RANGE FROM TAPE

To retrieve data stored on tape with the WRITE command,
you can use the Kernel’s READ command. You should enter
the starting address to which data from the cassette tape
should begin loading followed immediately by a period, then
the ending address (where the last byte of data read from .
cassette will be stored), and lastly the letter R.
(start address). (end address)R (RETURN)

Unlike the WRITE command, the memory READ command
forces the computer to wait until it encounters the reference
tone from the cassette recorder. So, if there is no signal
present on the tape, your computer will lock in the READ
process endlessly. Before you press PLAY on the cassette re-
corder, make sure you position the tape to where the
reference tone begins. You can tell the difference between
the reference tone and the actual data on the tape by listen-
ing to it. The reference tone is a steady, medium-pitched
note while actual data sounds like random noise.

Be sure to adjust the cassette recorder playback volume
before using the memory READ command and do not press
the (RETURN) key too hastily, let the tape play for three or
four seconds first to let it comes to steady.
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Note that when using the READ commad, the range of
memory contents on tape does not need not to be read back
to the same range of locations where it has been saved; how-
ever, the amount of data read must be equal in LENGTH to
the previous memory WRITE. For example, if you save the
data in HGR1’s memory on tape first:

*2000.3FFFW

Later, you can use either:

*2000.3FFFR (RETURN) to load them back to HGR1, or
use

*4000.5FFFR (RETURN) to load them back to HGR2, but
*4000.4FFFR (RETURN) will not work correctly, and an
error message will be displayed on the screen.



OTHER KERNEL COMMANDS

In previous sections, we have talked about the frequently used
Kernel commands. Now, it comes to the lesser used ones.

DIVERT OUTPUT FROM SCREEN

Normally, all outputs from the computer are sent to the
screen. If you want to change that (e.g. divert all output to a
printer), you can type:

n(CTRL)P (RETURN)

where n is a number from 0 to 7.

When using this command, be sure that beginning at $Cn00,
there is a control program to receive and control the outputs
from the computer, which may be in the form of a printer
driver, or a RS—232 firmware, etc. Otherwise, your computer
will lock up and the only way to recover from this condition
is to press RESET.

With a stand alone computer main unit, you can type
1(CTRL)P (RETURN) to send characters to a printer. To
select the computer’s screen as the console output device,
type O(CTRL)P, followed with a (RETURN).
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DIVERT INPUT FROM KEYBOARD

As in the case of output, you can use the Kernel command
n(CTRL)K to accept input from a device other than the
computer keyboard. To return control to the keyboard, use
O(CTRL}K.

Again, make sure that in $Cn00, there is a program to handie
the input to the computer before using this command.

THE GO COMMAND

The GO command can be.used to transfer control of the
computer to a machine language program at an address you
specify. The format of this command is:

(address}G (RETURN)

For example, EO0OG, followed with a RETURN, instructs
the Kernel to jump to address $EO00 in memory and pass
program control to the machine language instruction located
there (in this case, it is a BASIC cold start).



THE USR COMMAND

If you type (CTRL)Y in the Kernel, the 6602A CPU will
jump to location $3F8 to start executing instructions. There
is enough room at location $3F8 for one machine language
jump insturction. If you have a special machine language pro-
gram somewhere in memory, (CTRL)Y could initiate a jump
to it via location $3F8.

The example below shows how to set up (CTRL)Y to start
booting the disk drive without typing the familiar 6(CTRL)P
command.

*3F8:4C00C6 (RETURN)

Now try (CTRL)Y (RETURN) and you should see the drive
boot up.

SETTING DISPLAY MODES
To convert all the computer’s output on the screen in inverse
video, enter the inverse video command | (RETURN). This

will reverse the character and background colours.

To recover from inverse video, enter the normal video com-
mand N (RETURN).
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LEAVING THE KERNEL

There are three ways to leave the Kernel and put you back
in BASIC:

(1) (CTRL)B (RETURN) puts you back in BASIC with a
cold start(i.e. any program or variables that you had
previously in BASIC will be lost).

(2) (CTRL)C (RETURN) puts you back in BASIC with
your program and variables remains intact, i.e. a warm
start.

(3) 3DOG (RETURN) returns you back to the disk

operating system you were using, with your program
and variables intact.



SUMMARY OF KERNEL
COMMANDS

Examining memory

(adrs)

Displays the contents in (adrs).

{RETURN)

Displays one line of memory contents of the locations
following the last examined location.

Altering the contents of memory

(adrs) : (val} (val).....

Stores the values specified into the consecutive memory
locations starting at (adrs).

Moving and comparing the contents of memory

(dest) ((start). (end)M

Copies the contents in the range (start). (end) into another
range starting at (dest).

(dest) ((start). (end}V

Compares the contents in the range (start). (end) to another
range beginning at (dest).

Saving and loading information via cassette tape

(start) . (end)W

Writes the contents within the memory range (start) . (end)
onto the tape.

(start) . (end)R

Reads the values stored on tape, placing them into the
memory locations beginning at (start) and ending at (end).
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Running machine language programs

(adrs)G

Transfer program control to the machine language program
beginning at {(adrs).

(CTRL)Y

Transfer program control to the machine language program
beginning at memory location $3F8.

Divert input and output

(n) (CTRL)P

n ranges from O through 7. When n=0, the output device is
assigned to the screen. When n is not 0, the output control is
passed to a routine beginning at $Cn00. The new output
device receives characters via this routine.

(n) (CTRL)K

Similiar to (n) (CTRL)P, but this time, input control is
diverted. When n=0, the input device is assigned to the key-
board.

Change display mode

|

Set inverse display mode.
N

Set normal display mode.

Enter or re-enter BASIC

(CTRL)B

Enter BASIC with a cold start (i.e. erase the current program
and data)

(CTRL)C

Re-enter BASIC with a warm start (i.e. let the current pro-
gram and data intact).



CHAPTER 8

MACHINE LANGUAGE
SUBROUTINES

@ Exploring the kernel
® Special locations used by the kernel

® Important kernel routines
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EXPLORING THE KERNEL

In this chapter, we will explore the Kernel of the computer
revealing the functions of its important subroutines, and ex-
plaining the significance of some special locations used by it.
This serves two main purposes. First, machine language pro-
grammers can find useful Kernel subroutines to be called for
their own application programs. Secondly, interested users
who want to know more about the internal working
mechanism of their computer can retrieve the necessary
relevant information.
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SPECIAL LOCATIONS USED BY
THE KERNEL

$20 : WNDLFT

This location holds the leftmost column position in the text
window. In 40 column text mode, this number ranges from 0
to 39 ($27) while in 80 column text mode, it ranges from O
to 79 ($4F). Normally, this location stores O for the extreme
left side of the screen.

$21 : WNDWTH

This location holds the width, in columns, of the text
window. It ranges from 1 to 40 in 40 column text mode and
from 1 to 80 in 80 column text mode. Normally, this
location stores either 40 (in 40 column text mode) or 80 (in
80 column text mode).

$22 : WNDTOP

This location stores the number of the top most line of the
text window. Its range is from O to 22. Normally, it contains
0, indicating the topmost line of the screen.



$23 : WNDBTM

This location stores the number of the bottom most line of
the screen plus one. Its range is from 1 to 24. Normally, it
contains 24 (i.e. the bottom most line of the screen).

Changing the contents in the above locations can alter the
format of the text window. One thing you should notice is
that : in many cases, when you alter the value of WNDLFT,
you have to alter the value in WNDWTH in order to make
sure that (WNDLFT + WNDWTH) is smaller than 40 in 40
column mode; and smaljer than 80 in 80 column mode.

$24 : CHORZ

This location holds the displacement from WNDLFT to the
cursor position (i.e. the position where the next output
character will be placed on screen). It ranges from 0 to
(WNDWTH-1).
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$25 : CVERT

This location holds the displacement from THE TOP OF
THE SCREEN (not WNDTOP) to the cursor position. It
ranges from O to (WNDBTM—1).

Figure 1 helps you to understand the meanings of the
memory locations mentioned above.
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$32 : INVFLG

This is a mask byte used by both the KERNEL and the
BASIC interpreter to cause characters displayed on screen to
appear as normal (INVFLG=$FF), reversed (INVFLG=$3F),
or blinking (INVFLG=$7F) characters. Its content<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>