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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

17



18



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



38

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
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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

77



78



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

91



92

. 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

95




96

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.
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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).

123



124

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.

CVERT

Top of the
screen ﬁ

WNDTOP
WNDLEFT -— text window

; cursor
CHORZ
WNDBTM

WNDWTH



$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 is normal-
ly $FF.

When Kernel writes a character onto the screen; it performs a
bit to bit AND operation between this flag and the character
code of the character to be displayed (whose MSB=1).

When BASIC writes a character, it performs a bit to bit OR
between the character code and another flag called FLASH
first. The ORed result is then sent to the Kernels display
routine, where the result will be further ANDed with
INVFLG. The FLASH flag contains $00 for normal character
display and holds $40 for blinking display.
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$33 : PROMPT

This location stores the ASCIl code (with MSB=1) of the
prompt character which is to be displayed onto the screen
whenever the computer wants a input line. In BASIC, it con-
tains $DD (1) while in Kernel, it contains $AA (*).

$36, $37 : OUTSWL, OUTSWH

These two locations contains the start address of the routine
which is to receive and output characters to a output medium
{(which may be the computer’s screen or may be printers).
During initialization, this pointer pair is set to point to
MCOUT1 to send output characters to the screen. Either the
BASIC command “PR#n” or the Kernel command
“n(CTRL)P” sets OUTSWL to $00, OUTSWH to $Cn. The
routine at $Cn00 will then receive (in A—reg) each byte
‘written’ through MCOUT, which is a Jump Indirect instruct-
ion : JMP (OUTSWL).



$38, $39 : INSWL, INSWH

These two locations contains the start address of the routine
which is to input a character to the computer. On power up,
they are set to point to INKEY which gets inputs from the
keyboard. The BASIC command “IN#n’’ or the Kernel com-
mand “n(CTRL)K" sets INSWL to $00, INSWH to $Cn. The
routine at $Cn00 is then called any time the Kernel or the
executing program asks for an input (by calling MRDKEY or
one of the subroutines which in turn calls MRDKEY).

$C5—8$C8 : PBANK1—-PBANK4

In the computer the 256K physical addressing space is
divided into 16 windows (or blocks), with each window con-
taining 16K bytes. The addressing capacity of the 6502 CPU,
as you probably know, is 64K bytes. So, at any time, no
more than four memory windows can be linked to the CPU.
Four 1/0 locations : SBANK1 ($C07C), SBANK2 ($CO7D),
SBANK3 ($CO7E), and SBANK4 ($CO7F) are responsible for
these linkages (or what we call — mappings).
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By storing different values into these 1/0 locations, we can
control which 16K logical memory of the 6502 corresponds
to which 16K physical memory block. For example, when
powered up, a memory configuration of 0, 1, 3, F is assigned
to the computer: the lowest 16K logical memory ($0000—
$3FFF) of 6502 is mapped to the first 16K physical RAM
block ($00000—$03FFF); and the highest 16K logical
memory space ($CO00—$FFFF) of the 6502 is mapped to
the last 16K physical memory space ($3C000—$3FFFF)
which contains ROM and |/0s.

Storing different values in these 1/0 locations can change the
memory configuration. But once a change has been made,
there is, unfortunately, no way to read it back as these 1/0
locations are WRITE ONLY (i.e. nonreadable). Many Kernel
subroutines MUST know the memory configuration at every
moment in order to carry out their functions correctly. So,
whenever you make a change in the memory mappings, you
must inform the Kernel by recording the change in certain
memory locations.

These memory locations are: PBANK1 ($C5), PBANK2
($C6), PBANK3 ($C7), and PBANK4 ($C8). They contain
the latest values which have been sent to the four 1/0
locations — SBANK1 to SBANKA4.



For example, then you want to change the memory
configuration of your computer from 0, 1, 3, F to, say, 0, 2,
3, F. You should send $02 to SBANK2 ($C07D), as well as
PBANK2 ($C6). Failure to place $02 at PBANK2 will in-
validate your change in SBANK?2,

The reason for the invalidation can be explained as follows.

When you store $02 to SBANK2, the memory configuration
indeed changes to 0, 2, 3, F immediately. However, when a
character is to be written out to the screen later on through
the standard Kernel subroutine MCOUT1, something occurs.
The text memory area of the computer resides in the first
16K block of the physical memory. When a character is to be
sent to the text memory area, an instruction like STA
or STA $1XXX may not work at some cases. This is because
the above instructions assume that RAM block 1 is mapped
to the lowest 16K logical addressing space of the 6502A. This
assumption can be invalid due to the existance of SBANK1.
So, the Kernel does its task through a harder way. It first
maps RAM block 1 to the second 16K logical addressing
space ($4000—$7FFF) of the 6502 by sending $00 to
SBANKZ2. This causes the original physical memory block
there (how about call it B from now on?) to be ticked out.
After RAM block 1 has been taken in, the displayed
character is written into a text memory location by means of
an instruction like STA $44XX or STA $5XXX. Once
finished, RAM block 1 should be removed in order to free
the 16K logical addressing space to the original physical
memory block B. This can be done by storing another value
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into SBANK2 but how can the Kernel subroutines know who
is memory biock B? The answer is to read PBANK2. Since
you haven’t changed this location, it still contains one. So,
RAM block 1 is brought into $4000—$7FFF, instead of
RAM biock 2. This explains why you were fail in changing
the memory configuration from 0, 1,3, Fto 0, 2, 3, F.

$57B : TXTMOD

in the computer the display RAMs of 40 column text reside
in the physical memory range $00400—$007FF while the
display RAMs of 80 column text are in the physical memory
range $01000—$017FF. Since writing a character on screen
is actually a process of storing the character code into one of
the display RAM locations, it becomes obvious that there
must be a way to inform the Kernel subroutines about what
the current text mode is — 40 column or 80 column? Other-
wise, these subroutines do not know where to release the
character codes — into $00400—$007FF or into $01000—
$017FF?

The solution adopted in the computer is to store the in-
formation into the memory location $57B (T XTMOD). If 40
column text mode is now being activated, TXTMOD contains
$04. If, on the other hand, the present text mode is 80
column, then TXTMOD should contain $10.

You should be aware of the importance of TXTMOD. Don't
disturb it or you will see nothing (or something peculiar) on
the screen. It might be disastrous and in some cases, if you
are unlucky, it will destroy your programs. Even pressing the
(RESET) button may not recover.



$3F0, $3F1 : BRKVER

When a BRK instruction is encountered during the execution
of a program, the 6502A CPU jumps to the BRK interrupt
handler within the Kernel. All reigsters are stored into a set
of zero page memory locations : $45 stores X; $47 stores Y;
$48 stores P and $49 stores SP. The program counter stacked
during the BRK interrupt process is also POPPED out from
the stack. Its high order 8 bits are then stored into $3B and
the low order 8 bits are stored into $3A. Finally, a jump
indirect through BRKVER is executed. On system power
up, BRKVER s initiated to contain the address of BREAK1
(which is a routine used to print the address where the BRK
instruction was found).

If you have booted the disk operating system into the com-
puter, you should alter the contents in BRKVER ($3F0).
Otherwise, instead of showing the message “IBREAK AT
$XXXX"”, the machine will be dead locked when it
encounters a BRK instruction.

$3F2, $3F3 : RESTVR

This is the RESET VECTOR used by the Kernel for soft
entry (i.e. the reset is caused by pressing the (RESET) button
AFTER the machine has been powered up). For more
details, please read the description of RESET ($FAB62) in
the next portion of this chapter.
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$3F4

This is the powered-up indicator. Its contents are to be Ex-
clusive ORed with the contents of $3F3 in the RESET
handler ($FA62). Depending on the result (i.e. whether it is
$A5 or not), either a jump indirect via RESTVR or the
power up initialization will be performed. Again, for more
details, read the RESET routine.

$3FB—$3FD : NMIADR

When a non-maskable interrupt (NMI) occurs in the com-
puter the 6502 CPU jumps to NMIADR, where a JMP
instruction should be placed to pass the control to the user
provided NMI handler.

$3FE, $3FF : IRQVER

In the computer, the handling of an IRQ interrupt is as
follows:

The contents of the A—reg are stored at $45. A Jump In-
direct via location IRQVER is executed to pass the control to
the user provided IRQ interrupt handler. The interrupt
handler has the responsibility of clearing the ’I’" flag on exit,
so as to allow further interrupts.



IMPORTANT KERNEL ROUTINES

In the following decriptions, when we talk about a Kernel
subroutine residing at the range $C800—$CFFF, you
should be aware that this routine can only be called after
you have enabled the expansion ROM of $C3XX. A
standard way to do so is shown below:

STA $CFFF ; disselect all expansion ROMs
STA $C300 ; select the expansion ROM of $C3XX
JSR $CXXX ; call the Kernel routine within $C800—$CFFF

KEYIN : $C84D

This subroutine reads a single character from either the key-
board or the function-key definition area ($00801—$00FFF).
On exit, A—reg contains the ASCIl code of the input
character with MSB set (i.e. bit 7=1). The ASCII code with
MSB cleared is stored at location BYTE ($67B). X—reg is
unaffected. Y—reg will be destroyed if a function key has
been pressed.

On entry, KEYIN first check KEYFLG ($00800) to see
whether the input character should come from the keyboard
or from the function-key definition area. if from keyboard, it
will wait for the user to press a key, meanwhile creatinga 16
bit random number seed in RNDNOH ($4F) and RNDNOL
($4E). You can use this 16 bit number as the base of a
random number generator in your program.
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If, on the other hand, the input character should come from
the function keys’ definition area, KEYIN will fetch a
character from this area, using the pointer pair FKEYPH
($27) and FKEYPL ($26). If the character fetched is found
to be the last one of a definition string (e.g. ’N"’ string), then
KEYIN will clear KEYFLG before return. So at the next
time when KEYIN is called, the character will be read from
the keyboard, instead of from the function keys’ definition
area,

VIDOUT : $C9F9

This subroutine outputs a character to the screen at the
current cursor position (remember? The cursor position is
defined by the two zero page locations CHORZ and
CVERT). If the character is a screen formatting control code,
i.e. a non-displayable character, its associated function will
be performed, without placing it into a text memory lo-
cation. On entry, A—reg should contain the ASCII code of
the character, with MSB=0. When exiting from VIDOUT, the
contents in A—reg and Y—reg may be affected and the con-
tents in X—reg will kept unchanged.

Note that VIDOUT, as well as all other Kernel’s subroutines
concerning character output on screen, works with no
difference in 40 column and 80 text column modes. It knows
when to output characters on the 40 column text and when
to output characters on the 80 column text (still remember
the marvellous location TXTMOD ?).



After placing a displayable character onto the screen,
VIDOUT examines the keyboard. If the CTRLS key is
pressed, then VIDOUT will stop until you press another key.
This feature is useful when you are listing a long program or
text on the screen. You can use CTRLS to examine your pro-
gram or text portion by portion.

The following is a list showing all the screen formatting con-
trol characters recognized by VIDOUT, together with their
associated functions.

$07 (CTRLG) : sound the bell at 1K Hz for 0.1 second

$08 (CTRLH) : move the cursor to the left one space
by decrementing CHORZ. if CHORZ
goes negative, it is set to (WNDWTH-1)
and CVERT is decremented. If de-
crementing CVERT would take it
above WNDTOP, CVERT will not be
changed.

$0A (CTRLJ) : cause a line feed. The cursor is moved
down one line unless this would put it
on a line below the dislplay window. In
this case, all the contents within the
display window will be scrolled up one
line, and the cursor stays on the current
line.
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$0B (CTRLK)

$0C (CTRLL)

$0D (CTRLM)

$19 (CTRLY)

$1C

142

: clear the text from the cursor position

to the end of the screen. The character
at the cursor position will also be de-
leted but the cursor itself will not
move.

cause a form feed. All information dis-
played on the screen will be cleared. As
for other format control characters,
this does not destroy any information
stored internally in your computer, but
rather simply starts a new screen.

: cause a carriage return. Notice that here

the cursor will be moved to the left-
most column of the current line but its
line position will not be changed.

home the cursor. This control character
causes the cursor to be placed in the
first row, first column WITHOUT
clearing the screen. Notice that the
““HOME"' command in BASIC actually
sends the FORM FEED ($0C) code to
VIDOUT (not the HOME ($19) code).

: This moves the cursor forward one

space on the screen without copying
the character into the input line buffer
(it is not the code sent when you press
the RIGHT ARROW key on the key-
board). ’



$1D

$IF

ENCUR : $CBAO

clear to end of line. This operation
erases all characters from the current
cursor location to the end of the
present line. The character at the cursor
location will also be deleted but the
cursor itself will not move.

causes reverse linefeed. This moves the
cursor up one line without changing
its column position. Once the cursor
reaches the top of the scroll window, it
will not move anymore.

This subroutine, when called, save the character of the
current cursor position (defined by CHORZ & CVERT, re-
member?) into a temporary location TEMPA($6FB). Then,
the character code is manipulated to form either a flashing
character or an inversed character (which depends on the
character itself and what the current text mode is — 40 or 80
column?). The character formed is then placed on the cursor

position.

This routine destroys the contents in the Y—reg.
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DECUR : $CBDF

This subroutine should be called whenever you want to re-
cover the original character under the current cursor position
(i.e. replacing the flashing or inversed character with a normal
one). This routine destroys the contents in the Y—reg.

MRDKEY : $FDOC

This subroutine, when called, enables the cursor on screen
first (i.e., calls ENCUR). Then it reads a single character
through the vector pair INSWL, INSWH ($38, $39) and re-
turns to the caller with the character code in A-—reg
(MSB=1). It destroys the contents in the Y—reg.

MINKEY : $FD1B

This subroutine, normally pointed to by INSWL and INSWH,
reads a single character by calling KEYIN ($C84D). Before
exit, it will disable the cursor on screen (i.e., calling DECUR).
On return, A—reg contains the character code of the input
key, with MSB=1.



MRDCHR : $FD35

This subroutine, besides reading a key by calling MRDKEY,
also allows the users to enter the ESCAPE MODE. The escape
mode is entered by pressing the (ESCAPE) key once. Twelve
keys then have separate meanings. When you press one of
them, the function associated with that key is performed.
MRDCHR will either continue or terminate the escape mode,
depending upon which escape function has been performed.
If in the escape mode, you press any key other than the
twelve special ones, that keypress will be ignored and you
will leave the escape mode.

The twelve characters which have special meanings in escape
mode are:

@r A: B' Cr DI Er Fl G; II Jr Kl M

For a through explanation of these escape functions, please
refer to the USER MANUAL.
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MGETLZ : $FD67

This is the subroutine used to request an input line. When a
carriage return is received, it returns to the calling program.
On exit, the input line is stored in the input line buffer (i.e.
from $200 to $2FF) and X—reg contains the number of
characters on that line.

Every time MGETLZ is called, it first sends a carriage return
and a line feed code out. Then the prompt character stored
in PROMPT ($33) is printed on the screen, telling the user
now the computer wants a input line. MRDCHR is called for
inputing each character. As you type, the characters are
echoed to the screen at the current cursor position and the
curosr is then advanced. Meanwhile, the character codes are
stored into the line buffer. When a carriage return code is
encountered. MGETLZ places it at the end of the buffer,
clearing the remainder of the screen line (How to do that?
Simple, send $1D to VIDOUT!).

MGETLZ can receive up to 254 characters a line. As it
exceeds 249 characters, teh KERNEL will produce a sound
for each character follows, as a warning to the user. If you
type over 255 characters, the entire line will be cancelled.
You can also cancel your input line at any time by pressing
(CTRL)X.

MGETLZ allows you to make corrections for your input line
by using the two arrow keys (their uses are mentioned in the
USER MANUAL).

If you do not want a carriage return sent before inputing a
line, you can call MGETLN ($FD6A).



MCOUT : $FDEF

This is the general character output subroutine. Before entry,
the character to be output should be placed in A—reg.
MCOUT jumps to the actual character output subroutine
(which is normally MCOUT1) through the vector pair
OUTSWL and QUTSWH.

MCOUT1 : $FDFO

This subroutine, normally entered through MCOUT, is to dis-
play the character in A—reg onto the screen, as well as
advancing the cursor. If the character is a format-control one
(e.g. a carriage return), MCOUT1 will only perform the con-
trol function, without storing the character code into a text
memory location. This subroutine, unlike VIDOUT, supports
inverse character display by carrying out a bit to bit AND
function between INVFLG and the character code. Another
special feature about this subroutine is that when a carriage
return code is received, two control codes : first the return
code, then the line feed code, will be sent out to the output
device. On exit, the contents in all registers remain un-
changed.

SETINV : $FE80

This subroutine stores $3F into INVFLG ($32) so as to turn
on inverse text display. it returns with $3F in A—reg.
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SETNOR : $FE84

This subroutine stores $FF into INVFLG so as to recover
normal text display. It returns with $FF in A—reg.

F8HOME : $FC58

This subroutine clears the scroll window entirely and moves
the cursor to the top-left hand corner (i.e. the HOME
position) of the window. You should always use this
subroutine to clear the screen. Don’t clear the screen by
storing $A0 into $400—$7FF (or $1000—$17FF in 80
column text) as this would erase the contents stored in
TXTMOD ($57B).

CROUT : $FDS8E

This subroitine sends a carriage return to the current output
device through MCOUT. On exit, the content in A—reg equals
$8D.

PRBYTE : $FDDA

This subroutine prints the contents in A—reg as two hex-
adecimal digits to the current output device — the high nibble
being the first digit and the low nibble being the second digit.
The contents in A—reg will be changed.



PRHEX : $FDE3

This prints the contents in A—reg as a single hexadecimal
digit. The contents in A—reg should be within the range :
$00—$0F. On exit, the contents of A—reg will be changed.

PRNYX : $F940

This subroutine prints the contents in Y—reg and X—reg as
four hexadecimal digits. The contents in Y—reg are printed as
the two most signigicant digits. The contents in A—reg will be
changed on return.

PRNAX : $F941
This subroutine prints the contents in A—reg and X—reg as
four hexadecimal digits. The contents in A—reg are printed as

the two most significant digits. Again, the contents in A—reg
will be destroyed.

PRNX : $F944

The content in X—reg is printed as two hexadecimal digits.
Again, it destroys the contents in A—reg.
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PRNSPC : $F948

This subroutine outputs three spaces to the current output
device. The contents in A—reg will be set to $A0 if the
current output device is the computer’s screen.

MBELL : $FF3A

This subroutine asks the current output device to beep. If the
current output device is the screen, a beep at 1K Hz for 0.1
second will be output from the speaker. Contents in A—reg
will be destroyed.

ERROR : $FF2D
This subroutine prints the word "ERROR’’ to the current

output device and followed by a beep. The contents in A—reg
will be destroyed.

MBELL1 : SFFD9

This subroutine produces a beep at the computer’s speaker
(1KHz for 0.1 second). Contents in A—reg will be destroyed.



AUDOUT : $F80C

This subroutine receives the data stored in A—reg and send it
to the sound generator (SN76489).

MWAIT : $SFCA8

This subroutine causes a delay for a specific period of time.
Approximately, the duration of the delay can be related to
the contents in A—reg as follows:

Delay time = (52* A2 +27*A+26)/2

where A = the value stored in A—reg

When MWAIT finishes, A—reg contains zeros.

MPREAD : $FB1E

This subroutine returns in Y—reg a number which represents
the position of a paddle. This number ranges from 0 to 255
(8FF). Contents in A—reg are destroyed. Before entering
here, X—reg should already be set up to contain the paddie
number (from 0 to 3).
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SAVE : $FF4A

This subroutine can be called to save the contents of the
6502A's registers into a set of zero page locations. The con-
tents in A and X will be changed and the decimal mode will
be cleared. The memory locations used to store these con-
tents are:

$45 : storesvalue in A
$46 : storesvalue in X
$47 : storesvalueinY
$48 : stores value in the status register
$49 : stores value in the stack pointer

GETBRG : $FF3F

This subroutine loads the contents of the 65602's registers
back from the memory locations mentioned above.

MOVE : $FE2C

This subroutine is used by the Kernel’s “M’’ command. The
contents of memory from the source starting location
{pointed to by REG1L and REG1H, i.e. $3C, $3D) through
the source ending location (pointed to by REG2L and
REG2H, i.e. $3E, $3F) are moved to the memory range
beginning at the location pointed to by REG4L and REG4H
(i.e. $42, $43). Y—reg must contain zero on entry. Contents
in A—reg will be destroyed.



MTSAVE : $FECD

This subroutine is used by the kernel “W’ command. A
block of memory contents is written out to the cassette tape.
The starting address should be stored in REG1L,H ($3C,
$3D) and the ending address should be stored in REG2L,H
($3E, $3F). On return, the contents in A, X, Y will all be
changed.

MTLOAD : SFEFD

This subroutine is used by the Kernel’s “R’ command. A
block of data is read from the cassette tape. These data
are then stored into a memory range. Before entering this
routine, the starting address of this memory range should
have already been set up in REG1L and REG1H ($3C, $3D),
and the ending address should be in REG2L, H ($3E, $3F).
Again, the contents in A, X, and Y will be changed on exit.
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TEXT80 : $F809

This subroutine when called, turns on the 80 column text
display by referencing the appropriate soft switches.
Moreover, the contents in TXTMOD are set to $10, which
tells all the Kernel’s dislplay subroutines to send characters
to the 80 column text screen.

The usual way to initiate 80 column text disiplay is shown
below:

JSR TEXTS8O0 ; turn on the 80 column text

LDA #80 ; adjust the width of the scroll window
STAWNDWTH ;#80 for 80 columns

JMP F8HOME ; clear the screen and home the cursor
position



TEXT40 : $F806

This subroutine can be used to turn back to the 40 column
text display. Again, it references the appropriate soft
switches and stores a new value (this time $04) into
TXTMOD.

The usual way to initiate 40 column text is as follows:

JSR TEXT40 ; turn on the 40 column text

LDA #40 ;adjust the width of the scroll window

STA WNDWTH ;#40 for 40 columns

JMP FBHOME ;clear the screen and home the cursor position

RESET : $FA62

A reset interrupt occurs in the 6502 CPU when the computer
is first powered up or when you press the (RESET) button
later. The 6502 responds to this type of interrupt by
transfering control to the reset handling routine through a
vector pair at $FFFC and $FFFD. In the computer this
vector pair contains the address of RESET. So, RESET is
the reset handling routine of the computer.

This routine is described here so that the users know what

happens during the reset process. It is not intended to be
calied by your application programs.
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Once RESET is entered, the contents in PBANK4 ($C8) are
checked. |f $OF is found in this location, the routine assumes
that the reset is NOT caused by a power up and execution
continues at RESET1. Otherwise, a memory configuration of
0, 1, 3, F is initiated. The first 16K logical addressing space
of the 6502 is mapped to the first 16K physical RAM block
(we call it Block 0); the third 16K logical addressing space is
mapped to the fourth 16K physical memory block (which is
also a RAM block and we call it Block 3). After that, the
Keyboard is read to see whether the user wants any options.

. If (ESCAPE) is pressed, 80 column text dispiay is selected,

instead of 40 column. If A is pressed, BASIC programs start
at $801, instead of $1801.

Now, it comes to RESET1. Here, normal text display
(characters appear white on black and the background colour
is black) is set. The sound generator is turn off. Current input
device is assigned to the keyboard and current output device
is assigned to the screen.The cause of the reset is checked
again. This time we check the contents of two page three
memory locations, instead of PBANKA4. If the Exclusive
ORed of the contents of these two locations ($3F3 and
$3F4) is $A5, then a warm start (i.e. the reset is caused by
pressing the (reset) button after power up) is assumed. The
6502 goes to another memory location (whose address is
stored in $3F2, $3F3) to continue execution.



If, on the other hand, the result of the Exclusive OR
operation is not $A5, then cold start (i.e. the reset is caused
by a power up) is assumed. In this case, the logo of the
machine is printed on the first few lines of the screen. Next,
the RESET and BREAK vectors in page three are established
to point to the appropriate addresses (e.g. the BREAK vector
points to BREAK1). After this, the routine goes to check if
there is a disk controller plugged into the main unit. If there
is one, the control is passed to the controller to boot the
disk. If no controller is found, the RESET vector at page 3
is changed to $E003 (BASIC warm start entry) and the reset
handling routine terminates by jumping to $E000 (BASIC
cold start entry).
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APPENDIX A

KERNEL LISTING
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s ZERD PAGE EQUATES

QOZ0 WNDLFT  EQU H20
o0z1 WNDWTH  EQU $21
0022 WNDTOF  EQU k32
00E3 WNDETM  EQU $23
Q0Z4 CHORZ  EQU 24
00Ozs CVERT  EQU 25
O0L6 FKEYFL EQU 26
0027 FKEYRH EQU 27
0028 SEASL  EQU 28
0023 SEASH  EQU +23
QOZA SEASZL EQU 20
QOZE SBASZH EQU 2B
DOZE CHKSUM  EQU $2E
OO2F OFCODL.  EQU S2F
QOZF LASTRI  EQU H2F
0031 STOFLG  EQU $31
e INVFLG  EQU $32
0033 FROMEY  EQU $33
0034 SAYEX  EQU 34
CO3S SAVEY  EQU 35
0036 oUTSWL.  EQU $36
0037 OUTSWH  EQU 37
Q038 INSWL  E@i) £38
0033 INSWH  EQU %39
0O3A PCL EQU +3A
QO3E FCH EQU #3E
QOO REGIL  E@U 30
QO30 REGIH  EaU +3D
QOTE REGZL  EBQU H3E
QO3F REGZH  EQU ®3F
004z REG4L  EfuU 4z
0043 REG4H  EQU %43
A04AS acc EQU P45
0046 REGX EQU H46
Q0487 REGY £0u 47
0048 STATUS EQU +48
a0as STACKE  EQU 49
OO4E RNDNOL  ERU 45
QO4F RNDNOH  EQU B4F
Q067 TXTAEL EQU 67
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D068

DOCT7
00Cs

Q7R

EO00

SOO00
CO10
003
cole

COZO
Coza

COT0

TXTREH
FREANK
FEANKEZ
FEANKS
FHEANKS

RAVE L

SLoT

fan we we vewr Qs o

c}
z
bl

Y
TXTMOD
TEMPX
BYTE
TEMRA
POWER
CHWHG
CVWHO

3

OTHER

BTACK

WEYBRUF
EBRKVER
RESTVR
USRADR
NMIADR
IRGVER
KEYFLG

EQU

Eou

3 EQUATES

EGU
[=XeiN]
eau
EQU
EGL
EQu
EQU
EQU

RAM

E@RU
EQu
EQU
eQu
EQU
ECRS
EQu
EaU

SBLOT O ERUATES

L0e.

; ROM EGUATES

BASICC
BASICKW
HRSEXT
RENEW

NORMAL

B
sl
[AeiN]
j=xei)

E@u

i/0 EGUATES

3

KEYERD
HKEYSTR
BHD RO
BRERND
TAREDU
TEXTOR
SREARKR

EfL
B
ECH

$66
05
H06
SC7
*C8

$778

BL4FR
SSTR
SSFR
HETH
$6FE
$77R
$LTH
$7FE

EQUATES

$100
200
$3FQ
$IFZ
$IFE
S3FR
$LFE
BLABOO

HEQOO
SEOOD
$FLED
FF22Y
H#FZIC

HTOHOO
$COL0

FAGE

13



Coac
COar
Cos1
CO%4
CoSe
CO60
Coea
Coes
CO70
cova
cO7C
CoO7D
COTE
CO7F
ci1cz
cies
[ X ut
CFFF

C3O0
C303
CIZO5
C306
C307
[okuter:}
C309
C3oC
CIOF

&0 L3310

6O

48
08
pzial
BD G104

AD FE4A

FAGE 1-2

VZITX&40 HEOAL
VITX8D 0
Wz’ T

VZERGI

VZSELF

TRFEIN $CO60
FADDL.O HL064
SONG HCOES

FDLRES
SYSTEM
SEANK L
SEANKZ
SEANKE
SEANK4S
HORZSC
VERTSBC
TWOMHZ
ROMCLR

N

ORG F300
- PHASE  $C300

3SOME SIGNITURE BYTES EXIST HERE

1THEY ARE RECOGNIZED BY CR/M AND BASCAL
1 REMARKS ¢

3CR/M AND FASCAL DISTINGUISH DEVICES &Y
JCHECKING CNOS AND CNO7

H
BIT 10RTS ER HERE AT YHE FIRST TIME
BVS ENTER
INENT  SED : IND TIME (N
DE $90 .
OUTENT  CLC s FROM OND TIME O
(=Y
ENTER  &TA ROMCLLR  BRING G800 1M
JER RUAD IMUBT 60 THROUGH THIS WAY
I10RTS  RTH
ROAD FbE 1SAVE EVERYTHING
TXR
Fi4R
YR
FHE
PHE P INCLUDING STATUS
TSX TUSED TO BET A FROM STACK
LDA STACK+4G, X
FLE sRECOVER STATUS
FiHA $BAVE CHARACTER
BVS el SFIRST TimEy
I 10 T NO
LDA SIGNAT  WHD ARE YOU?
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CIa8
T343

C34an
C3ab

S3T0

=0
20
=0
A9
8%
a5

8%
A9
a
18
4

CoCh
801t
CoCh
C3

3

37
0%

38
o7
536

3

3
OUTMED
INMED

H
3
WHO

JMpe
Jme

JEBR
JBR
JBR
L.DA
3TR
BTH
LDA
8TA
LDA
8TAR
ciL.c
JivE

FAGE

PR

/M
#2 Tk CHAMGE
REANK L

#Y OUTMED :FORM MEDIA
INSWH

GUTSWH

# (INMED

TNGWL.
# (QUTMED
QUTSBWL

BACK CHARMCTER

mCOuUT 1 SMEDIR ONLY
MINKEY

TUGEBLE
BETUR

DO INITIALITZATION

0



)
8D
20
28
€0

20

&0

CFFF
CRS4A

CFFF
CRAD

FAGE

. DEPHASE

ORG HI6E

L FHABE  $CE6E
R AR SR S R I e I e S ST S S S R R
;e®x FOR RS INTERFACE USRGE
%% JCHRDIG: DISPLAY CTHRARACTER ON SBCR
PR TENCURS TURN ON CURSOR
%% DONTT RELGCATE THE FOLLOWING COD
TEEREEEEKERERERHEER KRR LR LR R R R R R RRR KRR RR

ICHRDIS BHPE 3 BAVE BTATUE
8TA ROMCLR  ENARLE C8
JBR CHRDIS DISFLAY 17
LR 3 REGUME 5

RTEB

B
IENCUR PHE

STA ROMCLR  sENABRLE &
JBR ENCUR 3 TURN CURSOR ON
s
RTS
H
FAGE

1-4
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CHRGO

Cano

.
“

S840

BETWND

I

20MERT

+ DEFHASE

ORG

s FHARE

. FH
RTG

IBR
ISR
LDA
3TR
LDA
BTA
BIT
BMI
DA
LDA
DR
I

LbA
5TA
sTA
L.DA
5TA
LDA
sTA
1.DA
E5TA
RTS

B
FHA
LDA
EGR
STH
FLA

RIS

« DEFHAL

OREG

o AR

HBO0
SN0

HBOO, BFF

EEHO0
HCHO0

WEANK
BETWND
HELO
FOWER
HHMAO
TEMRA
VERTSC
%3
MIBELF
VMITEXT
VZITXBO
CLBERN

#0
WND TR
WNDLFT
Ha4
WNDETM
#*80
WINDWT
HE10
TXTMOD

SEABH
HE40

HEASH

+447
w®CHBALT

FAGE 1-3

sREFORM MEMORY ASSIGNMENT
JSET U SCREEN SIZE

JBETUR ONCE I
sCLEAR TEMRA

G ENQUGH

; CHANGE SCREEN DURING THE
SWERTICAL RETRACE FERIOD
s TURN TG

380 COLUMN TEXT DISHLAY

1CLEAR SCREEN

sFULL BCREEN BIZE: 24%80

TALWAYS BE SAFE



FAGE 1i-6

;s IN#8 ENTRY POINTS
ca47 4C CEBF6 JME ESCX
C84n 4C CR37 JME CLREGL

sFABCAL AND CR/M INFUT ENTRY ROINT

KEYIN JBR RAMOIN sCHECK FUNCTION WEY FL
LA KEYFFLG
JBR RAMOOU
oM #5379 sGET FROM FURNCTION KEY RUFFER?
BNE KEY INH
JHER KEY INHE s YES
Jge KEYHAR ;TO BE CONTINUE
KEYINH JSR FOLKED s IF NO, GET FROM KEYBOARD
Cmi #3330 s TAR?
BENE *+4
LDA HEH3 sYES, USE CTRL-1
CHg #$3B ;I8 IT ESC?
BNE *+E
JSR ESCHK s IF YES, G0 ON FURTHER
KEYHAER FHA ¢SAVE THE CHARACTE i

AND #$TF sPASCAL LIKES MSH=]
8TR BYTE
FLA sRECOVER CHRARACTER WITH m3E=1
RTS sFOR BASIC
AD 000 POLKED  LDAR KEYBRD ;POLL KEYROARD UNTILL KEY GGT
IO 03 BMI FOLRTS
4E ING RNDNOL  ;MEANWHILE CREATE A RANDOM N
O 7 BNE POLKED
E6 arF INC RNDNOH
4C 878 JiF FOLKED
zC {010 FOLRTS  ERIT KEYSTR sKEY GOT, CLEAR KEYEOARD
&0 RTS
ESCHK LDA #a sBET UF TIMER
8TA RNDNGH
E8CHKL . LDA KEYBRD  3ANY KEY FOLLOWING THE Z50C7

ESCHKZ
RNDNOL 3R STRAIGHT TIMER
ESCHKL
RNDNGH

Cang

E sTIME I8 UR, MUST ESC ONLY
Caan

HKEYSTR CLEAR KEYEROARD

#8604
P o]

L.DA BEOF IT WITH A OTRL-REY

RTS

Cmie L2

BLT 0T, MUST EE ESC ONLY
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CaAC

FREND 1

FrRENDZ

FRFNDT
T FO
AD 4800 FRFND&G
C9 &6
DO 03

20 Fz29
20 CEAO
4C 84D

Care A9 93

C8rFa 8D 4800

CaFp 20 C17
SGET Y
KEY INR

2903 1

CHOR 10 03

CB0D B 4800

CI10 &0 o7 WEYERT
G913 Ot BO

168

DA
TRY
571
LD
8TR
JER
DEC
TMI
ING
ENE
INC
L.DA
B
M1
DA
ompe
b1

FREYEL
FOLKED
HHEO 10 TG 7

sPREFARE COUNTER

TR YL

SEASZL. JCOUNTER COMPLETED

SRASZH 3 THIS I8 FOR IN#8

HHOO0 sSET UR SOINTER NOW

FrREYFL

#8648

FREYFH 3 FUNCTION KEY STORED FROM $4800
REAMOIN

s REACH?

sIF NOT, INCREMENT POINTER

LY
;END OF A FUNCTION KEY?
UFDATE COUNTER
1HAS IN#8 HAPEENED?

INO, GOOD!
JYES, GOTO BASIC

FORE EXIT,
IREY ACTIVE

MAKE FUNCTION

FIRST CHARACTER FROM THE FUNCTION KEY BUFFER

InNE
BNE
ING
JER
Loy
L.DA

FREYRL

sFUNCTION KEY FOINTER READY

SMOVE RAM ®.OCK © IN

Y ;READ KEY FORM EBUFFER

INCTION KEY STRING?
i5AH FUNCTION RiTY
R AREA




CO15

C3i6
C313
S91R
C31D
£320
323
Cazs
327
[ bl
CIz0

C350
352
C354
3956
358

Ca5A
Ca5D
G360
361

CB6E3
CRe5

&0

AD
co

zC
AD
10
c3
FO
il

60

A3
8p
AL
B3
99
ca
DO

84

A9
AZ
a5

E1
91
ca
jalu}
ES

AS
C3
30

k]
93
ca
Do

A9
ap

OO0
33
OF
CO10
CO00
FE
a3
o3
COL10

0z
Co7D
[ele]
QOO0
4000

F7

Q0
01
01
a1
03

Q0
Oz

F9
01

03
03
80
EF

GO0
OO0

F7

02

Co7¢

FRGE 1-8

RTS
VIDWAT  LDA REYERD CHECK STOR LIST

CmE #E33 JCTRL-8B 2

BNE VWDONE s IF NOT, EXIT

T EIT KEYSTR 3 IF YES, CLEAR KEYROARD

VRLOOE  LDA KEYEBRD WARIT FOR ANOTHER KEY

BRL VWL OO

CmE #$63 s I8 THE NEXT KEY CTRL-(C?

BEQ VWDONE 3 IF YES, DONT CLEAR IY

BIT KEYSTR 3OTHERWIGE, CLEAR REYEBDARD
VWDONE  RTS
sROUTINE *WBANK® I8 USED TO CONVERT THE MEMORY
SASSIGNMENT WHEN RUNNING 80 COLUMN CF/M OR PASCAL
sNEW MEMORY ASSIGNMENT WILL RE 2,1, X,F
TRAMO, WHICH CONTAINS THE SCREEN MEMQRY OF THE 80
;COLUMN TEXT, MUST BE OUTSIDE THE VIRTUAL MEMORY
3sARER
WEANK LDA 2 ;CORPY RLOCK 1 INTO RAM 2

STH SRANKZ

LDy #O 3SAVE ZERO HAGE FIRST
WHANKT DA $0,Y

S8TA $4000, Y

INY

EBNE WEANK 1

5TY $00 sNOW WE CAN USE ZERO FAGE

sSTY HOZ sLOCATIONS

DR HEO1

sTA 01

LDA #3$4.1

5TR $O3
WEANKY  LDA ($00) , Y NOW FOR THE NON-ZERD FAGE

5TA {$02),Y REGION

INY

ENEE WEANKZ

INC s01

ING $03

LDA s03

CME #4680 3 THE WHOILLE 16K FINISHED?

BLT WEANKZ 3 IF NOT, CONTINUE
WEANKT  L.DA 4000, Y ;NOW RECOVER THE ZERO FPABGE

STA 0, Y

INY

BNE WHEANKS

LDA B JEVERY O.K., SHOT!

8TR SEANKL
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FAGE 1-3

#1
SBRANSY

EURTEL DR

DE
)] oL
DE LOW
DE LW
DR [WwiX
DE LT
DR LW HOME-1 S CT R Y
DE LW VIDRTS-1
DE LUW VIDRT
DE LOW ADVANC-1
DE LOW CLRED.~1
DE LOW GOTOXY-1
DE LOW ufP-1
cI7C 75 3 DE LOW CLEORN-1
€37D 1F DE LOW ADVANC-1
CATE 53 DE LOW BE-
CHTF ne DE LOW
CABO =D DE LW
cIa1 36 DE LOW
£a82 7E DE LOW
£383 =] DE LOW
[si=7:1% Ca E S DR
[e=1:11 cz DE
[o:1:1-% (o3 DR
387 [o1:) DE
[S=ToY: o3 DR

N

H

sTAEBLE OF BCREEN BASE ADDRESSES (LOW ORDER BYTES ONLY)

a0 80 ADRESL DR 00, $80
D0 80 DE #00, $80
00 80 DR SO0, 80
o0 80 DE HO0, BHO
8 A8 DR 28, B8
28 P8 DE , BRE
26 A8 DE L, HA8
=8 N8 DE 28, 08
SO0 DO DR 50, $DO
S0 DO DR %50, $DO
S0 DO DB $50, $DO

50 DO DE $50, $DO



I PASBCEAL
RD D77ER ’
29 FC
20 CaO1
20 CHDF
RAD D77K
@3 03
DO 03
RAD OBTH
20 09F3
48 CEAG RSCORT
5
20 CHCF GOxy
4t CICs
PD Oe7TR GOXY!
J o
20
CE 077
AD OTTR
29 0%
DO 13
FOORY
POORY
o LR GOTOX
CRaFs an asFR
care GO
VIDOUT
VIDOUL

« DERHASE

ORG

- FHABE
AND CR/M OUTRUT

LDA
AND
oM
BEQ
JSR
JSR
LDA
AND
ENE
LDA
ISR
TMF

JER
Jmp

LDA
AND
BEC
FHAR
DEC
LDA
AND
BINE
LA
Cmpe
8TA
LbA
Cpe
BEE
BTR
TR

FLA
STA
RTS

OME
BLT
]2{=]
BMI
CMF
BLT
Cinps
BT
Cimpe
BT

1R e]
H#C9RA

BYTE
VIDOUT
ENCUR

GOXvyl
FECORT

BYTE
#HTF
HEZ0

FOWER
FOWER
HEOT

6OTOX

WNDETM
FOORY
CVERT
TEMEX
WNDWTH
FOORX
CHORZ
VTHER

TEMRPX

HEZD
Y IDOUL
HEH0
STORAD
HBEOT
VIDRTS
#FBOE
NMIDTON
HH1D
VIDRYE

ENTRY

$IG 1

sINITIALTIE &0
sDISABRLE THE
sTHEN CHECKH IF

:2 OR
S IF N

TWHEN ALL

[=in]

T

1
aT,

INT

HE FIRGT TIMET

IF IT 18 GOVo X
DISFLAY T}

s CURBOR REFORE LEAVING

:GOTD WHERE?

3 BAFE

TY

TASCIT TO NUMEER
JSAVE THIS NO. FIRST
SWHBT I8 THIS NG, X OR

$IT 1
Yoy

sy

WIN

s IF YES,
sOTHERWISE, PERFORM GUOTOY
sNOW FOR GOTOX

3X > WINDUW WIDTH?
3 IF YES,

|
DOW EBOTTOM?
KEER CVE

SRFORM GO

sFINIALISE GOTOoXY

s THE NO.

1 BAVE

T

s X!
WUNTIL Y GOT

1A DISFLAYARLE CrHARACTE

TYES,
T ALWA

sCTRL--@ TO CTRL

TH:

Y3

= 0A

f

EN SET M&E=1 FI

RE OF CTRL-G T0

TO X ARE DONTT

Y

FINIBHED, TURN 0N

¥

X

R

8RrRT

~F DONT CHRRE

bl

CARES

T CHARMCTER

THE

UNCHANGED

REEF CHORZ UNCHANGED
JOTHERWIRE GOTOX

17



CATh e OB
CHOF na VIDRON
)
48
B3 0967
48
&0 VIDRTS
CA1E a4 = aTORAD
ADVANG
CR
3 Co RELL
85 @i
BELL1
BELLZ
3
A3 oz GOTOXY
oD 077R
apn 077E
€0
CASA B
CAS6
cAsa
CASA
CASC
cAsE U
CARE0

172

LDy
J3R
JER
INC
LDA
Cvp
BEE
RTS

LDha
ORR
8TAR
RTS

DEC
BFL.
3TR

DEC

LDA
O

FREE 1-11

#11 sFACK THE NO.
IUSE ¥ AB A FOINTER TO GET THE
#YBRELL ADDRESSES OF THE CTRL-ROUTINES

BUBTERL-7, Y

CHORZ  sDISFLAY CHARACDTER

CHRDIS

VIDWAI :SEE IF CTRL-5 FRESBSED

CHORZ  :AND ADVANCE CURSBOR

CHORZ

WANDWTH  :CURSDR EXCEEDS SCREEN?

CRLF 11F YES, LINE FEED

#0 sCARRIAGE RETURN ONLY

CHORZ

#$CO JEELL THE SREAKER AT 1WHZ FOR

SERABZL. ;0.1 SECOND

#8 3 8 ¥ 64 =1024/2

HORZIBC HORIZONTAL SYNC PERIOD=64UD
*-3
HORZSC
*—7

#1
BELLZ
SREAKR
SEASZL
HRELL L

;TOBGLE THE SFREA
P 12%16/ =96

#H0Z
FOWER
FQWER

CHORZ

VIDRTS  ;SHOULD WNOT EXCEED TeE L
WNDWTH IF #ASE, 60O R ONE CINE
CHORZ

CHORZ TNATRUAL VE. INTERGER
{CVERT
WNDTOR s CURSOR SHOWLD NOT OVER THE



CRO7

CRRL
CRAO3

(R

CRAE
CAARD
CARAF
CARz

CRBA

A4

CBat
CAT9

Q0

peda

e
gy

21

HOME

3

:
CLBCRN

CLREOE

CLEORL

sCLEDP L
Cl.EQLZ
CLEOLZ

0o

CROLL.

BLT
BEQ
DEC
e

LDA
STA
LDA
“@TA
Tt

JBR
L.DA
LDy
BEQ

L.DY

VIDRTE
VIDRTES
CVERT
VTRE

WNDTOR
CVERT
HO
CHORZ
VTAR

HOME
WNDTOR
#HO
CLEGRT

CHORZ
CVERT

RDRCAL
CLEOLZ
#O

#1
WNDRETM
CLEORL
VTAK

CHORZ

ENTER HERE
DA
JER
INY
CRy
BLT
RTS

HHAO
CHRDIS

WNDWTH
ClLEQLZ

CR
CVERT
CVERT
WNDETHM
*+5
ADRCAL.
CVERT

WNDWTH

WNDLFT

FAGE 1-1%

3 TOf OF THE GORE WINDOW

JIF NQT, WE OAN G0 UF
JONE LINE

3T0 POBITION ° HOME®

sCLEAR THE WHOLE SUREEN

TALWAYS

sCLEAR TO END OF MAGE

sCLARCRN ENTER MERE
sCLEAR LINE RY LINE

sSTARTING FROM THE SECOND LINE
sCLEAR FROM THE LEFT EDGE

sNEXT LINE
sDOWN TO THE BOTTOM LINE?

sCLEAR TO END OF LINE

sULEAR = FILL WITH SFACE
sDIGFALY THE CHARACTER

sREACH THE END OF A LINE?
s IF NOT, CONTINUE

;CARRIAGE RETURN + LINE FEED

;CURSOR SHOULD NOT GO EEYOND
JTHE BOTTOM OF THE 56
JIF EXCEED, RFERFORM SCRUOLLING
L IF NOT, GUOD!

sPREFARE FOR SCRIMLLING
SEAVE 1T FIRST
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BOROLZ

P Lol
WA DA

P
s

[ XX
@

&g

pret =)

SCROL4

CEl4 10 F4

RS 25 SCROLS

CR18 43 04

174

JEH
JER
Loy
Ry
EGE
DA
ST
DEY
CRy
e
BMI

LDAh
aRrA
27A
Lha
uiiis}
B/TA
DA

sNATRUAL V. 5. INTESER
(CREATE "NEW” WINDOW WIDTH

WNDWTH

RAMOIN  1BET THE DISFLAY RANK IN
WNDTOR  3SCROLL TEXT SCREEN
ADRCAL  ;CALCULATE A BASE ADDRESS
COMERT

BEASL

THE LINE COUNT ERCH

HBO L
WNDETM SREACH THE LLAST LINE?
SCROLE
18AVE IT FOR CLE
ADRCAL TCRLECULATE THE NEXT % ADDRESHE
COMPAT
WNDWTH
Hao 140 OR 80 COLUMN MODE?
SCROLE

(SEASBL) .Y
(BEASZL),Y

TMOVE LR GNE LINE

WNDLFT  sONE LINE FINISHED?
SCROLZ NO, CONTINUE
SCROLY ;IF YES, G0 FOR THE NEXT LINE

SEASH ;DO SOME TRANSFORMATION
HE04 - GR B0 COLUMN TEXT MODE
SEAGH

BRAGBIH

#H04

SEASZH

WNDLFT

#4.0
WNDLFT

HAO

SMOVE UR THE RIGHT

(SEASL) , Y
Sl Y THALF RAGE

(8RAG

WRNDLFT  1ONE LINE FINISHED?
SCROLE  IF YES, 8RIP

SCROL4 ;AN EXACT HALF LINE GONE?
SBASH : INVERBE TRANSFORM
#E04



FRIBE i~14

BTH

LDhA X

EOR EEX Tu

5TR BEASZH

LDy #33

LD~ WNDLF T

e

ADC | H40

BTA WNDLFT

oty 1= HA4D

BGE BCROLL s IF

s WE

BLT SCROLZ 3 IF LEFT EDGE (40,
BOROLLE  JSR COMPAT

JER RAMODL 3 TICK DISPLAY BANK OUT

=5 e]

3TA WNDWTH s RECOVER WINDOW WIDTH

1.0y HO

JBR CLEQLZ CLEAR THE ROTTOM LINE
VTAER DR CVERT sFREFARE BCREEN B

sROUTINE *ADRCALT CALCULATES THE TEXT SCREEN EARE
sADDRESS

s INFUT 1 A=LINE NUMBER

sOUTRUT @ BRASL, H=8CREEN EABE ADDRESS FOR THIS LINE

H

ADRCAL  &TY SEASL 3SAVE Y
TAY $SAVE A
L8R A ’
FAND HEOT
ORA TXTMOD
5Th [EAS
t.DA ADRESL., Y
LDY SEASL. sRECOVER ¥
8TA SEAGL
RTS8
20 ChR&1 CHREDIS  J5R TET4OC REQUIRE ADDRESS MODIFICATION?
it BGE CHRDS1
JSR RAMOIN NGO, THEN SIMPE
JER COMPAT
87T (SEASBL) , Y
J8R COMPAT
L.DY TEMRY Y
Jigs RAMOOU
CHRDSI  JBR SBUEYAD  MODIFY HBAGE ADDRELGE
JER RAMOIN
JER COmMFAT
S5Te (SRAGLY Y
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48

CR38 AS
ZR9AR 43
: “BE
&8
&0

CEAD 48
CEAL
CEAT
CEAG

=9
Q4
23

CCL7
CEBE
Ceob
CeCz
CC17

CR37

176

5
SURY4LO

H
ADDY4O

TOGGESH

B

ENCUR

ENCUR1

5

i
ENCURS

FHA
TYR
SEC
SEC
TAY
IMF

FHA

LDR
EOR
8TA
LA
RTS

PHA
LDY
J8R
RGE
JBR
JSR
LA
ImE

JBR

JBR
JBR
FLA
T

JIBR
1.DA
5TA
BIT
BMI

HAGE 1-15

COmenT

RAMOGL

TEMEY $GET BRACK ORIGINAL. Y
ADDY4D  CURE THE MODIFICATIGN

JHAVE N
TEMRY | (BAVE Y

3 = Y + WINDOW LEFT

WNDLFT

4O s8ET CARRY FLAG
s RECOVER A
1SAVE CHARACTER FIRST
1Y=Y-40

#40

TOGBSEH ;MODIFY BASE ADDRESS

1 SAVE CBRARACTER

SEASH
#$04
SEASH
sRETAIN CHARACTER
38AVE CHARACTER FIRST
CHORZ

TST40C sMODIFYING ADDRESS REBUIRED?
ENCUR1
RAMOIN  ;NO, THEN SIMFLE
ENCURS

sBET EACK THE CHARACTER
RAMOOU  ;FINISHED

SUEY4Q  MODIFY BABE ADDREBS
RAMOIN
ENCUR3
RAMOOU

ADDY40  ;FINISHED

comeAT

(SEASL), Y

TEMFA  1SAVE FOR DECUR
TWOMHZ 3 TWO KINDS OF ©
x4+




FAGE 11

m

i) AND #HIF JFOR 40 COLUMN TEXT
03 ORE HH40
Do KNE K4l SALWAYS
=97 AND #E7F sFOR 80 COLUMN TEXT
33 STA (SRABLY, Y
j=1ng LDY TEMRY sBET ORIGINAL Y
a4t JmiE COMEAT
CuhE 08 DECLIR PHEe s TURN OFF THE CURSOR
Y 48 FHA 1BAVE THINGS FOR SAFETY
[Tl LDY CHORZ
) 3z LDA TEMPA
20 CHREA4 JSR CHRDIS
68 ==
CREA z8 FLF
CERER 60 RTS s DONE
Jar:) ESUXZ TAY SUSE Y AS A POINTER
B2 L.DA ESCTBLI-$C3, Y s TRANSFORM X
O J8R ESCX1 3THEN FPROCESS 17T
JSR MROKEY
©3 CE ESCX CMF #$CE 3 r= M2
BO 1% EGE ESCXRT
[ ] CMEe #$03 s <17
BOOEE RBE ESCX2 s IF FALSE, THEN MUST
s BE ESC I,J,K, OR M
% 3F ESCX1 AND #$TF 3SKIF OFF HIGH ORDER BITS
3 08 CHp #H$08 3r=H?
BO 08 BGE ESCXRT 3IF YES, DO NOTHING
a1 TAY sUSE Y AS A FOINTER
A% CH LbA #RELL
48 FHA
B9 C37C LDA ESCTRL, Y
48 FHA
[E%s] ESCXRT RTS

SRAMOIN AND RAMOOU ARE TWO VERY, VERY IMPRORTANT
T ROUTINES
sIT I8 CALLED RY THE WERNEL (BOTH CB8 AND F&) AND
s THE BRSIC

CCop 08 RAMOIN  FHE 1SAFTEY 15 MOST IMPORTANT
CO0E 48 [<IRTLY

ZCOF AT 00 L.DA #$00

el ap co7n 8TA SEANKZ  :BRING RAM O IN

Ctia &8 LA

[elg =1 8 PP

-Cie 3] RTS
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178

Eestliielnin]

OFTR

1 MUBTRL
CO7D RAMOOL

3
BREOUT

GO
CHOK
3
BASOUL
BAB0US
BRGOUZ
an 047ER CURECH
5
25 DONE

CCen

68

&

{F

Eebis
)
AND
Cg

JER
J8R
BCSY

i.DA
HER
SRC

BLC
ADL
STA

L.DA
8TA
J&R
JBR
LA

FOWER
#EFC
HEDO
MUSTRL
FRANKE
HH10
RAMOO L
#3501
SHEANKE

TUBGL.E
DECUR
BASINF

CVWHO
CVERT
CVOK
CVERT
VTAR
CHWHO
CHORZ
CHOK
CHORZ

#6500
EASOUL
INVFLG
STORAD
BASOUZ

HET7F
HEOD
BASOUD
VIDOUL
#H0P
VIDOUL

CHORZ
CURECH
#6647
DONE
HELF
CHWHO

CVERT
CVWiHO
ENCUR
TUGGILE

FAGE 1-17

SUNDER CR/M OR PASCAL?D

s IF YES, MOVE RAM 1IN
sMOVE WHICH BLOCK INY
1A REASONARLE NUMEER®?

s IF NOY, ASSUME RAM §
STORE IT INTO BLOCK |

sPERFORM INTERCHANGE
+DO THIS BEFORE EVERYTHING
s INPUT OR OUTRUT?

sGET BACK CHARACTER
sCONTROL. CHARARCTER?

1N, DISFLAYARLE
S GATHER

sFOR CONTROL CHARACTER
sCARRAIGE RETURNT

s YES
sADD A LINE-FEED

sCHARACTER HAS BEEN, BENT

sALL FINISHED, 6B BACK!

sDD THIS BEFORE EXIT
;ALS0 DO THIS



FAGE i-18

CCay 2121 TAY
ctaz 68 LR
ceas AR THRX
ctaa LA s RECOVER CHARALTER
cees DONRTSE  RTS
3
NEWEST  Tay
LD ESCTH1-$%C2,Y
JER 80Xt
H
ESTWHO RDKWH SESC WHATTY
HBCE s or= M7
DONRTS
3¢ 107
T YES

JER
£2pips

JREAD KEY

JEBC?

sCARIAGE RETUANT
SYES

CCAG
oear
CChA
CccAr
CCAD
CCArF
CCRZ
CoRs
cees QL0
CCES A3 00
CCERA 04
CCED
CORE

D OF

0T

TRIGHT ARRGW?

#O

CHEHQ

THE DUy o

CLes CRAD
CLCa 84D
ceer 48 CERDF

=Y

coeA o8
CCCr 48

cece TS24 LR CHORZ
CTCE 48 FHA
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cepz
CCD4
cops

jwtusd o)
CCDA
CCDE
GCDE
CCEO
CCEL

CCEa
CLES
CCE7
CCEA
CTEC
SOED

CoFo
CoFt
CoF

0778
1

0778

.bR
87TR
LA
BTA

i.DA
FHA
L.DA
STA
LA
8TA

L.DA
FHA
LbA
37TA
LA

8TA
LA

PLR
RTS

FAGE

CHWHO
CHORT

CHWHO

CVERT

CVUWHO
CVERT

CVWHO

WNDWTH

SAVEL
WNDWTH

BAVEL

FAGE

4



Do3Z
DB
DE3S
DEBE
Do33

DEIR
o
DEIF
DoAL
DEAS
DERMY
DERE
DERG
DEAT
DEAR
DEAD
DEAF
DIEL

DOE3
DERE
DEES&
DESERA
DoBC

DERE

DB

D&
234

£E4

FO

21e]
&3
20

DO

RE
EQ
Do
a3

OF

56

AD
ot
¥C

CoO0
(33
0z
08

3 68

el e

e

noOoOoOoooonoooOoonNoNOooOnNooOnoOoooOooOooonnoooooDoOoOooOooonon

INCLUDE VZIF800

« DEFHASE

ORG

- FHASE

BLGT7L
$DG71

FAGE 120

:THIB 16 THE REBET HANDLER

RESETO CLD
L.DX
CRX
BEQ

DEL.AY Loy
DELAYL ADC
ECC
DEY
ENE

:

ASSIGN 8TX
8TA
8TY
8Ty
8Tx
INY
STY
85TY
INY
INY
STY
STY

L.DY
aTY
STA
STA
TRY
CLERAR LDA
STA
INY
BNE
INC
LDA
Cie
BNE

CHOICE LDX
CRX
ENE
LDA
usuAl. 8TH

3

EBIT

CRX

#EBOF
FEANKA
RESET1

#ER0
#E01
DELAYL

DELAY1

SHANKA.
SYSTEM
BHANK 1
FEANKL
FEANKY

SEANKZ
FBANK

SEANKS
FEANKD

#$10
TXTAEH
TXTAEL
STATUS

#HA0
(TXTREL)

CLEAR
TXTARH
TXTARH
#$18
CLEAR

KEYEBRD
#An
USUAL
#E08
TXTREH

KEYBTH

HETR

JIF NOT FOWER UR, SKIR

£
5

sWRIT TILL BYSTEM BETTLEE

[s

1ABBIGN MEMORY CONFIBURATION
3RS ¢ 0,1, 3, F

s REMEMEER (A) =$007
s INIT STRTUS

sCLERAR BCREDN
.Y

SEASIC STARTS AT $18007
TOR AT $800%

s CLEAR WEYRIARD

sHAS ESC REEN RRERBSED?
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PAGE

C EE T4

3 v
c JEH TEXTHRO COLUMN TEXT
o Jp RE 1 CONTINUE
[ Al Y8R T ALLT 4D CDLUMN TEXT
<o
CORESETY JER HREBEXT SFORCE MEMGRY ASSIGEKNMENTS
o JER FHRAMOQ 3 RIGHT
[ JER MERMAL 3 MORMAL. DISPLAY
[ LDA SWHITE, EBLACK, BLACK
o [Ma)=]
I 1-DR
o JBR SBUOMINT s TLIRN QFF S0UND GEN.
C JER sINIT TEXT DISHLAY
[ JBR sIMIT INPUTZQUTRUT
") JER
C J8R
{ LDbA OR
[ EOR
C oty 1]
[ EME F sROWER URT
C Tt DEBRUGL s NO
€ FETIME JIGR TITLE SHOW OUR LOB
[ JER INFREY THE FUNCTION KEYS
o JER FRESES 3
™ JBR CHKDIS
C NODRIV  LDA
- [ BT

DEOD 20 o [ JER

DELD 40 EODD (o Nt BASICC
S
= « DEFHASGE
< ORG #1800
C LFHASE  $FQ00
[

Fano c ns BEO0, BEO
c o
S
[t « DEFHARE
™ CQRIE $18300
© FPHABE  $FAOD
Cos
[ Jivp FRAMO Y
[ Jep FREMOO
[ g TEXTa40
o Jiviks T
c JMp AUDDUT
[ T MOUTEL
€ 3
€3
€ SETWTH  L.DR TXTMOD 40 QR 80 COLUMN MO
[ e HE10
[ BNE BET WD
™ LD HEO 2 B0 COLUMN PMUIDE
c 5T WVITHAO
[ Was BT WNDWTH
[t R
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A3
an
Do

28
coac
F&

o7

DF
Faza

20

20

AS

a0

AS

20

A9

20

RO OO
A3 A0
20 FDED
BY 3C
20 FDCL
A% 30
20 ZE
ChozE

DooOooOon0no0NoONonROooonOOnNooOnooOGo

0

BETWLO

ST
=
-

> DATRO7

AP

TR

RETURN

RETRTS

3

B

XMEmMS

MEMB 1

LDA
8T
BiNED

L.DA

1.DA
STA
RT&

LA
BEQ
JSR
JER
FLA
LA
DA
BTA
Jige

1.DA
oy~
BNE
L.DA
DE

LA
3TE

HaD s40 COLUMN - TEXT mODE
WEIT RS
SETWLE 1ALWAYS

$OT7

sRETURN ONLY?

NOT, DDA
ISTER L
3 ROE RETURN

;CLEAR STORE MODE

sEND OF KERNEL COMMAND
s INTERFRETAT ION

TXTMOD ;40 OR 80 COLUMN MODE?

CHIKELIM GENEROL

UROUT sCARRIAGE RETURN

INCREZ 3 INCREMENT ROL
REGIH sFRINT @bD
FREYTE
REGIL
HREYTE
=" TFOLLOWED RY =
MCOUT
HO sCLEAR OFFSET
#mo sWITH A SPACE BEHIND
MCouT
LY :THEN IT8 CONTENTS
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Fa7R
87D
Fa80o

Fa83
886

Faga3
Faan
F8ap

FaaE
Faar
831
Fagz
Fa33
Fase6
898
833
Fa9a
Fa9u
F83C
Fa9E
F8no
F8Rz
Fana

Fang
F8AG
F8R8
8RR
F8Ac
F8RE
F8gRo
Farz

FaRS
Fag7
F8EA
FaED
F8HF
F8Cc1
Facz
Faca
Face
Facse
FacA
Facec
FaCF
Fapz
Fans
Fan7
Fan9

Fo

4t

A3
20
2c
10
AR
2

Az
41
85
At
20
20
“C
10
A
2C

Co
FCas
Fa6R

D2z Dz
Dz RO

Q0
2F

i4

F3Fe
04

OF
06
E7
ZF

El
FE
SD
DB
FF

Fasi

40
F8FO
95 $uts]
03
54
=5
00
3C
Z2E
3¢
FE18
FC8s
c1es
03

IE

aonooooaonDooooOoooOoooooooooooOoOOoOooooOooDoNoOooaoOonNooono0ooGoonn

Tl ve

= RRORM

[ g

FERR

b

LENGTH

DDDEVN

LOWNIR

GDD

R s oee

TSAVE

TSAVEL

BEG
JER
I

ASC

L.DA
8TR
RT@

LBR
BCS
LBR
TAY
LDA
BCC
L8R
L.SR
L8R
1SR
AND
CME
BEQ
8TA
RTS

ROR
BCS
EOR
Chp=
REQ
EOR

Jmpe

LDA
J5R
BIT
EBRL
L.DY
DE

LDY
LDX
EOR
5TA
LDA
JBR
JBR
BIT
B
LDY
DE

RETRTS
INCREZ
XMEMB1

"ERROR

#0O
OrCODL.

DD

sFINISHED?
;3 INCREMENT REGISTER I
s CONT INUE

$FOR INVALID ORFCODES
38ET LENGHT=0

;8TART CHECKING ORCODE
3 IF ODD, DO MORE
sSELECT NIEBLE

JUSE Y AS POINTER

TARLEL, Y;BET LENGTH

LOWNIR

HEOF
#6
OFERR
OFrCODL

DFERR
BEFE
#$5D
OFERR
BEFF
#$87
UDDEYN

#64
iLLEADER
TWOMHZ
*+5
#84
20
#37

HO

(REG1L,

CHIKSUM

(REG1L,

WREYTE
INCREZ
TWOMHZ
*# AT
HEZ
*2C

TWHICH NIBRLE?
sHIGH NIEBRLE

;TICK OUT HIGH BITS
s INVALLID OFCODE?

$BAVE THE LLENGHT
sFINISHED

3NO XXXXXX11 OFCODES

INO STA #-—-

SMASK BITS

sFIRSY RYTE

X)

X}

JREST BYS



Fapn
F8DC
F8DE
FREQ
FBES
FBES
F8E7
FRES
F8EA
FBED

32D
FIZF
F331
Fa3e
F334
F335

F356

F340
341

A1)
As
iy

10
a0
i

AC

20
4

38

20

iR
ZE
E4
Cl1es
O3

a4

FEL8
FR3A

Cics
03
DR

43
Fa1z
Fi
FE
ED
C10s
O3
44

1F
F31z

c1es

FD
F327
Cozo
Cics
03

SR

FDCL

cOooCO0o000AoNOoNNNo0No0Nno0NNo0o0nNnNoNoNoNoNo0N0ONOoCoNnNooONONGCO0n

LEADER

WRTRIT

ZDELAY

ODELRY

WTARE

FRNYX
FRNAX

L.DY
DA
BLT
BIT
BRL
LDY

LDY
JER
Jmp

BRIT
BRL
Lby
DR

LDy
J5R
ENE
ADC
BCS
BRIT
BRL
LDY
DE

LDY
JBR
INY
INY
DEY
BNE
BCC
BIT
BRL
LDY
DE

LDY
DEY
ENE
Je
LDY
BIT
BFL.
LDy
DE

L.DY
DEX
RTS

DS

YA
J8R

#27
{HIKBUM
TBAVEL
TWOMHZ
*+5
H6H

L $2C

H#32
WRRBRYTE
MEELL

TWOMHZ
*+5
#1050
%2C
#73
ZDELAY
LLEADER
HEFE
LEADER
TWOMHZ
45
#H68
+2C
#31
IDELAY

ZDELAY
WTAFE
TWOMHZ
*+5
#101
®2C
#47

ODELAY
WTARE
TAFREQU
TWOMHZ
*+S
#30
20
#42

10

FREYTE

FAGE i-

s THE LAST: CHECK-SUM

SONE OR TWO MHZ?
TNORMALLY IT IS 1MHZ
1BUT CAN BE 2MHZ
1820 = TERIT?

1GOOD,  1MHZ

;ZERO IS SHORTER THAN ONE

sEXTRA DELAY FOR ONE

s TIME COMRENSATION
sTOGBLE TARE OUTPUT

SFRINT Y
TFRINT A
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ADDENDUM SHEET

FOR P. 186
F944 8A

Fe45 4C FDC1t
F94g A7 03
F94A 85 4E
Fo4c A9 AO
FR4E 20 FDED
F951 Cé6 4E
Fo53 DO F9
F955 &0

F9S& A2 09
F958 CA

F959 48
F95A 20 F9&5
F95D &8

F9SE 2A
FISF A0 39
F961 cA

F962 DO FS
Fo64 60

Fo65 20 F948
Fo68 88
F969 88

F96A 2C Cc1cs
F96D 10 OA
FOLF E6 4E
F971 Cé 4E
F973 E6 4E
F975 Cé 4E
Fe77 EA

F978 EA

F979 AD CO&40
F97C 45 2F
FY7E 10 07
F980 45 2F
F982 85 2F
F984 Co 80
F986 &0

Fe87 4C F968
FI8A a0 0o
F98C Bl 3C
F98E D1 42
FRI0 DO 06
Fo9z2 20 FC7F
F995 Q0 F3
Fe97 60

F99B 20 FECS
FI98 A% 3D

FRNX

H

FRNSFC

FRNSF1

RTBEIT

RDBYTE

READPS
RT1BIT

RTBITL

RTRITZ2

VERIFY

VERCOM

VERERR

TXA
IME

LDA
STA
LDA
JSK
DEC
ENE
RTS

LDX
DEX
FHA
JSR
FLA
ROL
LDy
DEX
BNE
RTS

JSR
DEY
DEY
BIT
BFL
INC
DEC
INC
DEC
NOF
NOF
LDA
EOR
BPL
EOR
STA
CFY
RTS
JMP

LbY
L.DA
CMF
BNE
JSK
BLT
RTS

JSR
DA

FRRYTE

#73
RNDNOL
#$A0
MCouT
RNDNOL
FRNSF1

#9

READFS

#5957

RDDYT2

RT1BIT

TWOMHZ
RTBIT1
RNDNOL.
RNDNOL
RNDNOL.
RNDNOL

TAPEIN
LASTRI
RTBIT2
LASTBI
LASTRI
#$80

RTIEIT

#0
(REG1L), Y
(REGAL) , Y
VERERK
INCRE 1
VERIFY

CROUT
REGLIH

FAGE

FPRINT x

(SET UF COUNTER
FFRINT SFACES

iFINISHED?

:ONE BYTE HAVE 8 RITS

iSAVE A FIRST
sREAD A FULL CYCLE

$SHIFT THE READ EIT IN
N BYTE FINISHED?

sYES., EXIT

: DOUBLE DECREMENT

31 OR 2MHZ?
sNORMALLY 1MHZ

:5 CLOCK CYCLES EACH
sAS DOUBLE DELAY

32 CLOCK CYCLES EACH.

s TOTAL DELAY =24 CLOCK CYCLE

sREAD TAPE, 4 CYCLES
sANOTHER 3 CYCLES
sAGAIN, I CYCLES

:$80 IS AN AVERAGE NUMBER
sONLY, NO RELATIONSHIP TOD MSB.
s COMPENSATE FOR 3 CYCLES

sNO OFFSET

: SAME?
s YES, NEXT PAIR
3 FINISHED?

1 YES

sCARRIAGE RETURN FIRST
:FRINT ADDRESS

91-0243-03



F'393D

FORS
FIR7
FanA
Fa3aC
FIRE
FIR1L
FIRE
Fale
FIRE
FoRR
FORD
FORE
Facz
F3Ca
a7

FatA
Fagc
FOCE
Fano
FoD1
FaDa
FaDS

FID7
FaDn
90D
FRgQ

o8
5 2l

ic

FDES
VEFH
DZO0

24
24
FB31
03
CEAC
CRERDF
FaDA

FD71

16 00
61 16

i 0D

aonoaoogooonnonr

o0

o

.

AR

TAEKL

TABRIME

BREE

JaER FREYTE

LD RE L

ISR FREYTE

[Wals] e JRRINT €O
JH5R MOQUT

LDY

LDR

JSR

L.DA O

JER MCLUT

LOR #" A" 3 UNMBTOHED VAL
JER MUY

LDY

[Ri]2] Y

JBR

LDR

JER moouT

Jmp VERCOM s NEXT

CFX #2486 s NEAR

BE TARJIME 3 IF YES,
LDA CHORZ sTRY 140 DO
CLe

ADL #8

Cmgr WNDWTH

BGE TARIME

JSR

LDA

ST KEYRUF, X CORY THINGS ON SOREEN
INX s AND  ADVANCE
ING CHORZ

L.DA CHORZ

BIT DETAOT

BEG TARIME

ISR ENCUR

JSR DECUR

Rii= TREL

JIME GETLN1 s 300 BACK

CONTARING:
4-BIT LENGTHS FOR XXXXXXXD TYRFE OF ORCOD

BIT LENGTHS FOR XXXXXXOI TVEE OF QRCODES
. ORA, AND, EGR, ADEC, ST, LDA, GME, SR
DE $60,$16, SO0, $26, F61, 16, $G0, $26

DE $EF, $11, $00,

BEL, B16, 2E0, $TE

DE FE0, $1E, SO0, 27, $E1, $16, $60, $26

i

3
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FRAOTS
FADE
FROE
FALl
FAl4
FAL1G
FR1S
FALIC
FALE
FRzZ1
FRZ4
FAZG
FRZ9
FRzC
FAZE
FAZ1
FAZ4a
FA3ZE
FA33

FRao
FRaz
FRas
FR44
FRAT
FRa9
FRaC
FRA4D
FR4F
FARSO
FAEZ
FRE3
FARES
FASY
FASS
FRSA
FR%EC

FATF

FRE

]
22

&0
(5]
22
60
&6

az

60
0
61

22

&0
61
2z

&0

e
sy

atc

61
26
16

6

26

61
26

16

00
16

OQ

00

i1

fald)
1&

Q0
16

11

FR4D

O3FE

48
3A
JE
46

a7

49

OIF O

. FFES

188

isBsisisNeEsNvEsRoRoReRvEeRoRsRsRe R s Rs sl RsReRsReisReEs R e NecRsRoNs NN RoRs Ao N R Re NoRs R Re RS RN RS RS ]

IRGERK

BREAK

BREAKZ

DE
D
DE
DE
DE

DK

« DEFPHABE
ORG
< FHABE

sTA
PLA
FHA
BIT
ENE
JME
FL.A

JME

JBR
1.DX
LDA
JSR
INX
CRX
BNE

PAGE

FEO, $16, HOO, $27, $61, $16, $60, $26

$EE6, $11, 00, $22, 361, $16, $60, $26

$11,%11,$00, $27, $61, $11, $00, $22

$61. 611,600, $22, $61, $16, 60, $26

$61, %11, $00, 322, $61. 16, $60, 326

$11,%21, %11, $22

H1RL0O
HFALO
Ace sBAVE A
sGET STRATUS REGISTER

DATALIO s INTERURT OR BREAK?Y
EREAK
{IRGQVER)

127

BET BACK STATUR REGIBTER

BTATUS SAVE IT
s EAVE RETURN ADDRE

FCL

FEH
REGX 3 SAVE REGIBTERES
REGY

STACKF
(BRKVER)

MON - DUMMY
RESETO

CROUT JCRRRIA i
HEOO0 SINIT POINTER & COUN
BRKMES, X 3 FRINT BREARK MESSAGE
MCOUT

sFINISHED?
#11
BREAKZ



A% 30 o DR FCL TERINT ADDRESS
£9 0% [ BEC #2
48 o} FHA
A% 3 [ LDA O
E3 Q0 c BRC HO
20 FDC1 [»s ISR FREYTE
&8 (v [}
20 FDCL C JER, FREYTE
40 FFES [ g MON s THEN GOTO KERNEL
c s
€3
FR&esa a3 C COMTEL DR $83 sCTRL-C
FRA5 az [» DE 82 sCTRL-E
FRan X c DE +93 sCTRL~Y
FRAR B8R c DR 8K s TR ~K
FABEC =1 c DE $90 sCTRL-p
FR8D CE o} DE $CE =
FRAE c3 c DE $C9 31
FABF HE C D $AE H
FADD B3 o] DE SE3 K T kR
FRT B [ DR SRS JEE (X
FABZ c7 c DE 07 3G
FAI93 jaked [ DE D2 3R
FAD4 D7 [ DE D7 W
FP9s [934] C DE $CD M
FADE D6 o DE D6 3
FR37 ab v DE $8D s RETURN
FR3E AG [ DE SR 1 SRACE
(o
c s
FR93 EOOZ C ADRTEL DW BASICW-1
FASE C D BASICC-1
FASD c DW _USRADR-1
FRIF s} D SETIN-1
FARL [» DW SETOU-1
FAAR3 C DW SETNOR~1
FARS c DWW SETINV-1
FRAT [» DW DOT~1
FRAS [} Did COLON-1
FRAARR C D MODES~1
FAAD [ DWW GO-1
FRAF [ DW TI-ORD -1
FARL C D MTSAVE -1
FARS o DW MOVE=~1
FAES o DW VERIFY-1
FART [» DW RETURN~1
FART [= D SFRACE-1
c
€
FRARE CD C3 3 C LOGD ASC "MICROSOFT BASIC V. T. VERBION 2.2
FRARE 2 CF D3 C
FAC1 CF C& D& o]
FACL A CZ C1 c
FRACT D3 ©9 C3 c
FACAH A0 D& AE [
FACD D4 AE RO C
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FEOZ
FEOS
FROT
FEOG
FEOA
FHOEK

FROC
FROF

BD Co6s
10 04

DO F8
88
60

BD 064
BD CO64
10 F7

RO 00
20 C1en

AD COSe

ooononOooODoNDonoOMononn

~ o
o0

[zEaRrReReEsRsRoRsEsRsRsRsEsEsRsRuRs s NoNs RoRsNoNsNoRo Ry le]

-
9

(s RNl

FREADY

FDLRTS

3

FREADZ

H

MEREAD

H

VZINIT

DR
RS

DB

- DEPHASE
QREG
« FHASE

L.DA
B
INY
ENE
DEY
RTS

LDA
LoA
BEL.
BRL
INY
NOR
STH
BNE
DEY
RTS

L.DY
BIT
5TA
BRL
EMI

NG
NOR
NOE
NOF
LDA

FAGE 1-29

$3D, $E&D

"L CORPYRIGHT V. T. 138a”
8D, $8D, 300
F1ROZ
SFROZ
FADDLO, X33 CYCLES
FDLRTS ;2 CYCLES
12 OYCLE

PREAD L 33 CYCLES
FADDLO, X33 CYCLES
FADDLO, X33 CYCL.ES
FDLRTS » CYDLES
FDLRTS CYCLES

CYCLES

CYCLES
BEAGZL. CYCLER
FREADZ CYCLES
HHO0
TWOMHZ 31 OR MHZ?
FDLRES sRESET TIMER
FREADL sFOR IMHZ
FREADZ  3FOR ZMHZ
5

$BPACE FILLERS

VIBELF



FE49
FEA4RA

CoGa
COT
fele)
OR

SE
%4

3F

h o4l

FEEF
FETZ
FE74
FETT

FET78
FR7A
FR7D
FRa0

85 L

20
B0

A0

4c

AD
45
aD
&0

A3
20
2C
&0

A3

20
&0

Oh
FED2
D3EF

O3F
A
O3F4

04
FE8A
ooac

10
FRREn
COar

noooooononognooonooon

on

€

aooooOonDaonoOoooooonooNooOnoonNnoooonoo

SETTXT

oot e

ODES

DATALOD
BIGNAT

3
3
MEBETWN

MTAEBV

FRESHS
LOORY

5

SRESTV
TEXT4O

3
TEXTAD

LDA
LDA
LDR
BEQ

L.DA
5Th
DA
STA
RTB

DE
DE

STA
L.DA
5TA
L.bA
STA
NECF
JaR
LbA

S7TR
JER
RTS

DY

LDA
EOR
BTA
RT&

LDA
JER
BIT
RTS

LDA
JER
BIT
RTS

FAGE

VEIPAGL

VITEXT

#HEO0

MEETWN  ;ALWAYS

REGZL

_REG4L

REGZH
REG4H

10
$00 s BIGNATURE BYTE

WNDTOF  8ET FULL SCREEN BIZE
HO P 24*40 (IR Z4%BO
WNDLFT

#24

WNDETM

SETWTH 140 OR 807

#23 sPLACE THE CURSGOR AT THE
TEOTTOM LINE

CVERT

MYTAR

#4
FIVECT-1,Y
BRRVER—-1,Y

L.O0R
SBRESTY

RESTVR+1
HEAD
REGTVYR+Z

#6004 ENABLE 40 COLUMN TEXT
BEAUTI
VZTX40

HE10 JENABLE 80 COLUMN TEXT
BEAUTI
VZT X80

1-30
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192

FEAR
FEAD
FRAF
FERL
FRRS
FRES

FRRT

FROL
FBC4

FECT
FROA

FRCD
FEDO

FRDI
FEDS

FED7

&0

o
4C

z0

4C

DETR
C1CE
R

CO56

el n

FCS8

z 00

FREE
O
FDED

FRCT7
18
Ao
L4BOO
A

FROD

FDEG
CE41

FDEG

> CCOD

FDE&
CCL7

FR6S
EQQO

0 h OOo0ON0DN0NDNNoOoOnOoonoooNonNno0n aooooo o

o0

FRSE 131

EEAUTI  5TA TXTMOD
BIT VERTSC ;CHANGE DURING VERTICAL
EMI *=33 s RETRACE FERIOD
BIT VISELF
BIT VITEXT
RTS
TITLE  JBR FBHOME
LDX HO JUSE X AS COUNTER AND FOINYVER
TITLEL LDA LDGO, X
REQ TITRTS ;END?
JBR MCOUT  3DISPLAY DUR LGGO
INX
ENE TITLEL 3ALWAYS
TIYRTS RTS
3
INFKEY JSR FRAMOI :BET FUNCTION KEY- BUFFER
LDX #24
LDA HSAO0 SFILL WITH SPACES
INFKEL. STA KEYFLG, X § REMEMEER' X=247
DEX
BPL. INFKE1 3ALS0 DEACTIVATE FUNCTION
T KEY
IME FRAMOOC  30.K., FINISHED!
. DEFHASE
ORG $1RC1

.FHASE  $FECH

JSR CBOOIN
JME ADRCAL

+FRAMOI AND FRAMOD SHOULD EE CALLED WHEN You

sARE OUTSIDE C8

SWHEN IN C8, YOU CAN SIMRLY CALL RAMOIN AND RAMOGU
FRAMOI  J8R CBOOIN

Jmex RAMOIN
FRAMOO  JSR CBOOIN
Im RAMOOU
REVECT DW BREAKL
bW BASICC
ns 2



FCOD

FCLO

FCLe
Fo13

FC1a
FC1D

FOZO

A0
B3
20
88
10
&0

A3
a5

4

IF
FE

20

a4

FDEG
g

FEER

FDES
CAzo

O3
FCil6e
FCzA

7

23
31

Faza

FDEG
CAS4

BF DF

FDES&
CASE

(el uiks

onoonog

cgonon

oonNnooonoon

CONOoOOnNoo0NOn0ONoa0onNo0ONnNoDoOnn

FRGEE 1-32

CHE #$87
ENE FRAMOD
NG

NOF

NOF

NOE

NOF

NOE : sFILL SPACE
NOF!

ISR CAOOIN

JME BELL

s OTRL~G

7

3
ENTRYL  JSR

CBOOIN
T STORAD
ISR ENTRY 1
RTS
JER CBOOIN
e ADVANG
BOMINT  LDY #3 ;s TURN SOUND GEN. OFF
BOUNDL  LDA DERF, Y
JSR AUDOUT
DEY
BRL SOUND 1
RTS
3
COLON L.DA #4939
STR STOFLG
IMp DOT sREBISTER 1=2
jus) 3
JBR CBOOIN
Jmp B

sDATA USED TO TURN THE SOUND CHANNELS OFF

DERF DE $9F, $BF, $DF, $FF
JBR CHOOIN
JME LI
D& 2
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FCao

FCaz

FCBE

Feez
FCHS

FCEe6
FLCe3

FC&C
FCeD

an Coes

20

&0 f

&0 100
&

4.0 CATE

oooaonoono

]

nAoDooOnDnNOoONOoooononoon

T OMVTAR

> OAUDOUT

’

3
FNDSTE

3
i

ENTRYZ

L MOUTS1

T BHOME

H

MWATTL
MWATTZ

DA
JER
T

LDY
JGR
RS
RYS

JSR
JmpE

JBR
T

JBR
STR
37TA
RT3

ISR
T

JBR
RTS

JER
JmE

FHA
ADC

CVERT
CaO0IN
ADRCAL.

#3E
RTIBIT
FNDSTE

CBOOIN
CLREQR

CHOOIN
CRLF

MCOUT L
ROMCLR
$C100

CBOOIN

CLSCRN

ENTRYZ

CBOOIN
LF

#1

PAGE =33

SBEND DATA TO SOUND GEN.
sWAIT FOR 1 HORIZONTAL
:SYNC. FERIOD

s READ THE SYNC FERIOD

sFOR PRINTER DRIVER

sENRELE FRINTER DRIVER

THOME OF BRSIC
+=CLEAR BCREEN GF ~ASCAL

sFILL SPACE

3BAVE MAJOR TIMER
sMINGR TIMER



Fog

Fng

FCRs

Fors

4

30

&0

Dz
CR
D4

MR T

3
3

INCREL

INCREZ

INCREZ

3

3
HRHKMES

INC
LDR
CME
BT
BNE
L.D#
CMF
INC
ENE
INC
RTH

LDY
JBR
Jmp

iy i=

ns

ING
HNE
ING
g

FRGE

MR ITE CRRRY=0 FOR NON-EGUAL
s GET BACK MAJIOR TIMER
HO sNCB. CARRY=1 NOW
MWRITL sEARRY=0 FOR NOM
sALL FINISHED!

SIS

HEFF sFORM 2° 85 COMPLEMENT
T #g
MWATTL

REGaL. 3 INCREMENT REG4L, a3

* 44

REGAH

REGIH s COMPARE REGILL, 3D WITH
REGZH s REGZL, 3F

INCRES

INCRES

REG1L.

REGZL

REG 1L sCARRY HAS MEANING NGW
*+l 3 INCREMENT REGIL, 3D
REG1H

MWATT

REGAL
*+0
REGAH
INCREZ

TURREAK AT %

-4
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FDOO

FDi18

20
a4
z0
20
A4
&0

B4

> C10S

FE
cies
FE
o1
Fz

ZE

31
3
03
[ele]
3E
3C
FCas
FE4R

O3IFT
EQ
o8
Q3Fz
03
DEOA
O3F 2

FDES
38

c84n
CEDF

BG

aonon

H

-y

naonoooon
U3 vr s

no

HDELAY

HDEL.AL

SHRACE

EXAMIN

g

e ue

ERUGH

NONRST

B

MINKEY

FAGE 135
HEC TBRYPASS SOME OF THE HERDER
L.DA #180 JABROUT 3 SECONDS
BIT VERTSC s REFERENCE CLOCK
EMI *#—35
RIT VERTSC
BFL *r3
SR #1
BNE HDEL.AL
LDA HEFF sFREFARE CHECK-SUM
STA CHKESUM
RTS
LDA STOFLG sBTORE OR EXAMINE?
CHp #$93
BNE EXAMIN
LpyY #O 1 STORE
LDA REGZIL
57TA (REGIL), Y
JiFe INCGREZ  sUFRDATA FOINTER
Jp MEMXM
L.DA RESTVR+1
CME #EEO
BNE NONRST
bR RESTVR
BNE NONRST
JmE NODRIV
JMR {RESTVR)
« DEFHASE
ORG $1DOC
FHASE $FDOC
JBR CaOOIN
ISR ENCUR
LDA TEMRA
JpiE (INSWL)
DS 3
ISR C8OOIN
8TY SAVEY 3BAVE REGISTER Y
JBR KEYIN TUSE FASCAL RERD KEY ROQUTINE
ISR DECUR sON EXIT DO THIS
L.DY SAVEY sRECOVER Y
RTE
D& 53 sFILL SRACE



FDzC
FDZF
FD32

FD3S
FD38
FD3A
FD3C
FD3E
FD4O
FD4z

FDa3
FDA4E
FD48
FD4R
FDap
FDAF
FDEO
FDS1
FDS4
FDE7
FDS9
FDSE
FDSE
FD&O
FD61
FD&Z
FD&S

FD&E

FD&7
FDER
FD6L
FDEF
FD71
FD74
FD76
FD78
FD7h
FD7C
FD7F
FD81
Fpa3

FD86
~Da8

FDBE

20
a0

20

20
c3
=&
3
DO
A3
&0

[219]
c3
DO
AD
jole]
&8
€8
4.c
AD
c3
DO
AD
DO

68
4c
60

60

207

AS
20
A2
20
c3
Fo
c3
Do
4c
c3
jale]
AD

03
3D

ac

FROo
FREG
CEF&

FDOC
IR
%)
FF
Q2
83

Cen7
G0
R
Ceol
05

CHOO
Coo7
3C
OR
CEHOI
05

800

F3ChA
35
05

OeFR

aa
QRO0

FD31

INoNocOooOnNOoo0O0ooonoaonOooNNDNONoOnNooooonaOoNoanNoNoooconoonooan

e}

oonoocon

T s

ESC

H

3
MRDCHR

e s

3

CHRKDIS

CHRDI1

CHRDRT

3

MGETL.Z

MGETLN

GETILNI

NRIGHT

H

JaRr
T8R
JSR

JER
Chs
RERQ
T
BNE
L.DA
RTS

LDA
CME

JBR
Cmp
BEQ
Cp
BNE
JME
CME
ENE
LDA

ORA
B8TA

Jmp

MRDREY
CAOOIN
ESCX

" MRDREY

#$DIR
MESC
HEFF
*+4

#$83

$CeO7
#$3C
CHRDI1
$C603
CHKDI1

$CHO0
$CHO7
#$3C
CHKDRT
HCHO3
CHKDRT

$CH00

CROUT
FROMET
mMCOUT
HO
MRDCHR
#4958
CANCEL.
#4873
S
TAR
#$35
NRIGHT
TEMRA

HEB0
KEYEUF, X

R

PAGE 1-36

C WHAT?
FOR NON-KEYBOARD INFUT CASE

S ESC 7

s BREAK 7

sYES, REFLACE WITH CTRL-C

sCHECK DISK CONTROLLER

s IF NQ, RETURN

3 IF THERE IS, BOOT DISK

sDISFLAY FROMPT SIGN

$SET UF CHARACTER COUNTER
JREAD A CHARARCTER
sCTRL—X?

s IF YES, CANCEL THE LINE
s TAR?

s YES
s RIGHT ARROW?

3IF YES, FICK UP THE
JCHARACTER UNDER CURSOR FOS.
JENSURE MBE=1
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FDBE

FD31
[SVERS
FD9O%
FD3&
FD37
FD33
FDSR
FDYD
FDOF
FRAZ
FDAS
FDRE
FDRT
Fian
FbAD
FDAE
FDRO
Fpp2
FDES
FDE7
FDEIY
FDER
FDRE

FDCL
FDCZ
D4
FDCY
FDCB
FDC7
FDCA
FDCC
FDCE

FDDR

DD

FDES

asg
4R
4R
4R

20
A
23
4

4c

4t

an
&0
&0

FECS

88
1Y

FE
cc
(23]
OR
FDE6

CRAD7

FDED
FDED

F3
BF

4E

FEED

OF
FERD

FDC1

FEED

ooonoooaonoo

e}

nogoooogooooonoaoooaoononc

<

JMpE

CME
BNE
DEX

DEX
CRX

HEQ
CME
ENE
ISR
FHA
ISR
FLA
hils
IS8R
INX

CrX
BLT
IBR
CRX

BNE
LDA
JEBR
I

NOLEFT
NOTCR

CANCEL.

FREYTE  5TA
LS8R
LSR
LSR
LSRR
JGR
LDA
AND
Jmp

- DEFHASBE

ORG

. FHASE

Jmp

PR

3
3

Jwip

SROUTI
S CAOOIN  BTA
BTA
RTE

CROUT

HEHD
NOLEFT

HEFE
MGETLZ
#$8D
NOTER
CBOOIN

CLREGL.

MCOUT
mMCouUT

#2439
GETLN1
MRBRELL
H$ZD5D
GETI.N1
#'/"
MCOUT
MGETLZ

RNDNOL

FRNHEX
RNDNOIL
HEOF

FRNHEX

€1DDA
SFDDA

FREYTE

FRNMIHE X

FRGE

SLEFT ARROW?
IYES, BRACK SPACE
JEACK TOO MUCH?

sCARRIAGE RETURNT

s IF YES, CLEAR TO END OF

L INE

GET L INE !
CHARACTER

3 TAKE CARE OF HERLTH

s DRAMGER
3BTOR IMMEDENOTE

sSAVE A FIRGT

SERINT HIGH NIBELE
JRESUME 0

SPRINT LW NIRRLE

sWE WANT "SL0OT

3ra Ca

1-3

~3



ERGE

LOUTSEWL)
CHBOOIN  JEVERYTHING

FHE : SAVE
STY SAVEY JHAVE Y
AND HEFF sGET N FLAG
B -~ MCOUTS sFOR CHARARCTER
CMEs HEAO sCONTROL CHARMUTER?
BT MOOUITZ
AND INVFLG s NO
O MCOUTS JBR BTORAD sI7T IS A DISF_AYABLE CHAR,
™ JmEe mMCoUTS
[
25 7F C MCOUTZ  AND HETF ;DO THIS FOR CONTROL CHAR.
€3 0D [ Cg HEOD sCARRIAGE RETURNTY
Do 0% [ BNE mMoOUTS
™ JSR VIDOUL
[ L.DR #HEOA sYES, ADD A LINE-FEE
y CAOL C mMCOUT4 ISR VIDOUL ’
(=% £ mCauTs  PLA IMOW, REBUME CHARACTER
(ST A 4 LDY SAVEY
o C RTE
[
C 3
oo
Rz 1D C OWREYTE LDX H16 2 % 8 = 16
DR C WBRYTEL ASL
20 [ JSR WRTEIT
jola) ™ BNE WEYTEL
GO c RTS
<o
€
FEZY [ ng 11
c
(O3]
C 3 BEFORE ENTERING, PLEASE SET Y=0
<o
© MOvE i.DA {REGIL), Y
[ STR (REGA4L) Y
[ JER INCREL
o i MOVE TFINIBHED YET?
C RTS
c s
4C Fagn ™ Jmps VERIFY
(>3
C 3
"I FD C BOREEM LDA #)MOOUTL
RO FO [ L.DY #AMCOUTL
as 37 [ 5TR OUTSWH
84 36 ™ 8Ty QUTBWL
&0 [ RTS
oo
FE42 A3 FD HEDERD  L.DB #) MINKEY
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FE44
FE4t
FE48
FE4A

FE7D

FEBQ
FE8Z
FET
FE84
FEBE
FEB88

FEB3
FE8E
FEBD
FES30
FE31
FE3Z

FE33
FE3S
FEZ7
FE33
FEBR

RE
FO

%3]
ED
49

0

"3

z2C
A9

85 I

60

A3
85
4c
60
60
60

A9
85
AS
Fo
23

v
FR

Q200
BO
0B
Q6

a5

fele}
3E
3E
3
o7

c
C
[
c
C
[
[
[
[
«
c
C
C
[
o
C
C
[
c
C
c
C
fs
[
o
C
¢
[
[
[
€
e
c
[
[»
C
[»

KRDRTS

3

;PRINT THE ADDRE

MEM XM

MEMXM]

SETINY

SETNOR

SETCIN
INFOT
SETIN

SETCOU
ouTROT
SETOU

LDY
STRA
8Ty

RT&

LDX
BEC

DEX
[
EOR
Cp
BLT

ADC
[
BLT
DA
JBR
L.DA
J5R
LD#
JSR
LDbA
JER
LDY
LbR
ISR
JMEe

L.DR
NOR

LA
87A
RTS

LDA
STA
JMp
RTS
RTS
RTS

DA
5TA
LDA
BEQ
AND

# (M INKEY
INSWH
INSWL

FAGE

B85 AND ITS CONTENTS

SAVEX
KEDRTS

KEYEBUF, X
HEEO
#EO0R
MEMXM1

#4688
#EFR
KEDRTS
REGZH
FREYTE
REGZL
FREYTE
#r=n
mMCouUT
T
MCOUT
HO

sCHECK LAST KEY

;DO NOTHING IF THE FIRST
sKEY IS8 R SPACE

3R HEXADECIMAL DIGIT ?
;IF YES, EXAMINE MEMORY
sCONTENTS

sIF NO, EXIT

(REGZL), Y

FREYTE
CROUT

3
HEHF
20

#HSFF
INVFLG

#$00
REG2L
INFUT

#$H00

HBO7

sFOLLOWS WITH A RETURN

JFILL SFACE

sTURN ON INVERSE MODE
;FILL SFACE
1$2C="RIT>

sNORMAL. VIDEQ MODE

1-

w

o



FEED
FEEE
FERD
FEBE
FECO
FECZ

FECS
FECT

FECA

FECD

FEDO
FED3
FEDS
FEDT
FEDS
FEDR

FEDE
FEDF
FEEO
FEEZ
FEES
FEES
FEES
FEER

FEED:

NE]
B
Ao

60

93]
30
18
&3

ac

ax]

4c

20
AS
85
AS
85
&C

an
48
AZ
ED
20
E8
EO
Do
68

Co
57
[w1s}

36

3E
38
07
cQ
39
Q0

FEDOQ

0A
03

7
BO
FDED

ap
FDED

FBERS

FF3F
3E
)
3F
3R
003A

00
F8a3
FDED

)

S

zEsReRsRsEsReRe R RN RsRrEsReReNoRsRels R o NeRoReRo N RoRsRe N RsNe RN R Re RolaNeNsiv s RolsReRrReRsRr e iR Rs RN e]

5
INPUT

e e v

T us ve

‘RNHE X

FRNHE1

) us ue we

ROUT

Ve e

[T
o

H

ERROR

ERRORL

ORA
STR
L.DY
BTY
RTS8

LDA
BEC
AND
ORA
STA
LDy
8TY
RTS
RTS

T

Cmp
BLY
CLC
ADC
ADC
JME

L.DR
JMe

JImp

JBR
i.DA
STR
LDA
STA
JME

TXA
FHA
LDX
DA
JSR
INX
CRX
BNE
LA

BAGE 140

#$C0
COUT BWH
#E00
OUTSWL

REG2ZL

" KEDERD

#EOT
HHCO
INSWH
#$00
INSWL

GO

#10
FRNHEL ;0 TO 37

87 3FOR A TO F
HERO ;FROM NO. TO CHAR.
MCOUT  3FRINT IT!

#48D
MCQUT

3 (FILL SPACE

MTSAVE

GETBRG ;RESUME REGISTER CONTENTS
REG2I.  :DESINATION

FCL

REGZH

FCH

(FCL) SFLY!

1SAVE X
#0 s THEN USE X AS COUNTER
ERRORM, X ;FRINT *ERROR °
MCOUT
#6
ERROR1
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202

TLORAD

TLOADY

RAGE

X
Jmi

FEOLLOWE WiTkH A

OREG
. PHAGBE

READY
TRy

LOADL
RTYBBRIT
(ZHSUM

BYTE IN
BE THE CH

ERROR

LDX
LDy
LA
[SISia]
D ACe:




FFS9

BA
86
ns

[=ta)

43

b

MON

MON T

MOMZ

READY

F e ous

SEARCH

BEARCY

o

(GETNUM

GETNUL

PRGEE 1

BT X BTACKR
o

FmE MON

ok 3

BCC WO
ERVEX

BNE BEARCT

SLAG

« DEFHASE
GRG
» FHABE

LD
8TA
ST
INX
DA
i
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FRRE
FECL

AG
&0

D4
RO

8
na

FRS6

FATSE

fuie)

fel

£t
BLT
SRE
M
BT

HEXNUM  LDY
E0R
ASL
ABL.
ASL
ASL

D ONUMSHF ASL

» DEFHAGE

ORG

. FHARE

HERA
HEXMNUM
H7
HEED
NN

#4
HEBO

REG2ZL
REGZH

NUMBHF
GETNUL

sMODIFY

ADRTRL+1,Y

ADRTEL, Y

HO

$1FFA
$FFFA

3 INTERRURT VECTERS

DiW
DW
Did

END

NMIADR
RESE"

FAGRE 1473

sBE CAREFUL!

38 NOW BECOMES 3

sSET UR COUNTER

sTICK OUT THE HIGH RITS
TSRIFT THIS NUMBER INTO
sREGISTER 2

sSHIFT FINISHED?

TNO, CONTINUE

SYEB, GO FOR THE NEXT
sDIGIT

FOINTER

1GET. ROUTINE ADDRESS

;GOTO THE ROUTINE



FRAGE 5

Macros:

Bymbolst

Q04T ADDY SO CR41 ADRTAL.
[T ROR CREO FMDVANC
ns81 BEIGN RALDOL 000 BRASICEC
EQO3 BASICW BAS LNF CCan BRSAUL
CCes BASGLE BAGOUS ceas BASOUT
FES8A BEALITI CREE BELL BELLL
CAZS BELLZ [olalel:} BRDROE ERGRND
FRaec BREAK FRG6S EREARKL BREAKZ
FLED BRKMES OBFO BRRVER BS
QETR BYTE FDES6 CHOOIN FDRS CANCEL
FDS4 CHKDIL - FD43 CHKDIS FD&ES CHRDRT
ODRE CHRSUM DERS CHOICE CCap CiHOR
Q0Z4 CHORZ CrSa CHRD1S CREA CHRDS 1
QaT7R CHWHO DER4 CLEAR CAIR CLEMZ
£Aas CLEOLZ CR83 CLEGR CrRa7 CLRECH.
LATF LR CA76 CLSCRN FLos COLON
Ca%E COMEaT FAAS COMTRIL CAZ3 CR
CRARL CRLF FECS CROUT ce7e CUREDCH
QOES CVERT C4aa CVOK Q7FR CVWHO
Fa31 DATAOY? FE43 DATALO FCL1E DERF
FEF1 DERUG1 CEDF DECUR DS78 DELRY
DE7A DELAYL CC73 ° DONE cras DONRTS
Faz8 CEAD ENCUR CREZ ENCURYL
CRCZ L3509 ENTER FRER ENTRY1
FCas FEDE ERROR FEEZ ERRURL
Faas L RRORM [eEtzls) ESCHK Casg ESCHKL
Ca%E ESCHRZ Ca%K ESCKRT CH84 ESCTEL
Cc37C ESCTRL CC8b ESCWHG CEFE ESCX
EBCX1 CREC EBCXZ croc ESCXRT
EXAMIN FOEe F8HUME G027 FREYFPH
F CaDe FKFND 1 CaDA FRFNDZ
FRFNDZ CaEs FRFND4 CHFS FRENDE
FCE8 FNDETE FRCT FRAMO T FRCD FRAMOO
DSFC FOTIME FFSF GETERG D71 GETLN1
FFAD Fra7 GETNUM FEDO B0
FrDe C9Fa GOTOX CR4E GBOTOXY
£9C3 GOXY1 Fooe HDELAL
FEes HEXNUM CABE HEME
c1ee HRSEXT CE6E ICHRDIS
cE77 INCREL FLasn INCREZ
FES1 INENT FEREL INFREL
FEAA INMED FE8R INFOT
FEAS INFUT INGWH INSWL
OO INVFLG Q IORTS
FR4O TREERK IRGWER KBDERD
FE4R KEDRTS KEYRRD KEYHERT
Q2O0 REYRUF 4800 HKEYFILLG KEYHAK
84D KEYIN CAFE REYINE 860 KEYINH
Co1D EYSTR OOEF LABTRI FBFO LEADER
FBAE LENGTH CARY LF FARR
FEES LOGE L Faac LOWNIR FF3a
FDED MCOUT FDFO MOOUTL FEOE
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MCQLITS

MUETRI
MWRTTL
NMIADR
PACINDNUN
NORMAL.
MRIGHT
ODRDEVN

FDLRTS
PR
FREYTE

RE

BECORT
RAMOOU
READRE
REGIL
REG4H
REGY

RNDNOL
RT1
RTE ¢
SAMVEX

BY 40
TARL
TRARE TN
TEMRX

FRSE
Fzz
FCED
DEDS
FROO

FF87
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DESCRIPTION

The SN76489AN digital complex sound generator is an I2L/Bipolar IC
designed to provide low cost tone/noise generation capability in
microprocessor systems, The SN76489AN s a data wus based 1/0
peripheral.

FEATURES
* 3 Programmable Tone Generators DUAL IN LINE PACKAGE
(TOP VIEW)
* Programmable White Noise Generator oz 1 ~ ® Voo
D1 zc 1% D5
¢ Programmable Attenuation oo 3] h1e crock
* Simultaneous Sounds Resoy +4 pre o
We 5] D12 os
« TTL Compatible o 6] Fooos
AVDIO OUT 7 ] 0t o7
e Up to 4z Clock Input* N 8 Do avoion
* Audio Summer
RECOMMENDED OPERATING CONDITIONS
PARAMETER MIN Typ MAX UNITS
Supply Voltage, "cc 4.5 5.0 5.5 v
High Level Output
Voltage, Vou (pin 4) 5.5 v
Low Level Output
Current, lOL‘ (pin 4) 2 mA
Operating Free-Air
Temperature, 1’A 0 70 °C

*Part SN76494N is {dentical to the SN76489A except that the maximum clock
input frequency 1s 500kHz. A "divide-by-eight" stage is deleted from the
input circuitry and only 4 clock pulses are required to load the data, comparec
to 32 pulses for the SN76489AN.

®Ackn : Mos Technology, Inc.
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OPERATION

1.

TONE GENERATORS

Each tone generator consists of a frequency synthesis section and an
attenuation section. The frequency synthesis section requires 10 bits

of information (FO-F9) to define half the period of the desired frequency
(n). FO 1s the most significant bit and F9 is the least significant bit.
This information is loaded into a 10 stage tone counter, which is decremented
at a N/16 rate where N is the input clock frequency. When the tone counter
decrements to zero, a borrow signal is produced. This borrow signal toggles
the frequency f1ip-flop and also reloads the tone counter. Thus, the period
of the desired frequency is twice the value of the period register.

The frequency can be calculated by the following:
N
f ey
where N = ref clock in Hz
n = 10 bit binary number

The output of the frequency flip-flop feeds into a four stage attenuator.
The attenuator values, along with their bit position in the data word, are
shown in Table 1. Multiple attenuation control bits may be true simultan-
eously. Thus, the maximum attenuation is 28 db.
Table 1  ATTENUATION CONTROL

BIT POSITION

AL A2 A WEIGHT
0 0 0 1 2 db
0 0 1 0 4 db
0 1 0 0 8 db
1 0 0 0 16 db
1 1 1 1 OFF

NOISE GENERATOR

The Noise Generator consists of a noise source and an attenuator. The
noise source 1s a shift register with an exclusive OR feedback network.
The feedback network has provisions to protect the shift register from
being locked 1n the zero state.



TABLE 2 NOISE FEEDBACK CONTROL

£8 . CONFIGURATION
0 "Periodic” Noise
1 "White" Noise

Whenever the_noise control register is changed, the shift register is
cleared. The shift register will shift at one of four rates as determined
by the two NF bits. The fixed shift rates are derived from the input clock.

TABLE 3 NOISE GENERATOR.FREQUENCY CONTROL

BITS
NFO NFL SHIFT RATE
0 0 N/512
0 1 N/1023
1 0 N/2048
1 1 Tone Generator #3 Out,

The output of the noise source is connected to a programmable attenuator
as shown in Figure 4.

AUDIO SUMMER/OUTPUT BUFFER

The summer is a conventional operational amplifier suming circuft. - It
will sum the three tone generator outputs, noise generator output, and

an external audfo source. The output buffer will generate up to 10mA
(see figure 2 ).

. CPU, to SN76489AN INTERFACE

The microprocessor interfaces with the SN76489AN by means of the 8 data 1iness
and 3 control lines (WE, TE and READY). Each tone generator requires 10 bits
of information to select the frequency and 4 bits of information to select
the attenuation. A frequency update requires a double byte transfer, while
an attenuator update requires a single byte transfer.

If no other control registers on the chip are accessed, a tone generator

may be rapidly updated by initially sending both bytes of frequency and
register data, followed by just the second byte of dsta for succeeding values.
The register address is latched on the chip, so the data will continue going

into the same register. This allows the 6 most significant bits to be quickly
modified for frequency sweeps.
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5. CONTROL REGISTERS

The SN76489AN has 8 internal registers which are used to control the

3 tone generators and the noise source. During all data transfers to
the SN7 AN, the first byte contains a three bit field which determines
:.hereftir‘\ation control register, The register address codes are shown
n Table 4.

TABLE 4 REGISTER ADORESS FIELD
RO R1 R2 DESTINATION CONTROL REGISTER
0 0 0 Tone 1 Frequency
0 0 1 Tone 1 Attenuation
0 1 0 Tone 2 Frequency
0 1 1 Tone 2 Attenuation
1 0 0 Tone 3 Frequency
1 0 1 Tone 3 Attenuation
1 1 0 Noise Control
1 1 1 Néise Attenuation

6. DATA FORMATS

The formats required to transfer data are shown below.

) REG ADDR DATA DATA
ROJR] JR2 }F6 1F7 | F8 1 F9 § PIx [FO | F1 [ F2 ;F3 |F& {F5
BIT 0  FIRST BYTE BIT 7 BIT 0 SECOND BYTE 8IT 7

UPDATE NOISE SOURCE (SINGLE BYTE TRANSFER)

REG ADDR SHIFT

RO Rl § R2 | x [FB ]NFO | NF} l
ITo
UPDATE ATTENUATOR (SINGLE BYTE TRANSFER)

REG AODR DATA
RO | R1 (R2 |AO |AL | A2] A3

BIT O BIT 7

—

—




electrical characteristics over recommended operating conditions {unless otherwise noted)
PARAMETER TEST COND. MIN TYp MAX UNITS
I, Input Current YyrMotwv, | 25 | 178 WA
1 IN £C oK
| 09-07, ¥, cLx 20 [ -70
VoL Low Level
Output Voltage IOUT = 2mA READY .25 .4 Volts
XCC Supply Current Outputs Open 30 50 mA
C] Input Capacitance 15 pF
I, High Level
OH Yec«5.0V 20
Output Current READY 5.0V« Vcce5, 5V —300 | HA
Vi High Level pg-07, WE, CE, CLK
Input Voltage 2 Volts
Vi, Low Level og, 07, WE, €F, cK
Input Voltage .8 Volts
Trans-Impedance
Amplifier Gain 12 17 22 | yolts/mA
VBIAS Tud1o Slépliﬁer Pin 9 Open,
nput Bias Al At
Vol tage tenuators Off 1.5 Volts
Text External Audio
Input IEXT as defined
in Figure 2
INT " O -160 +15 vA
2d8  Attenuation 1 H 3 dB
4dB _Attenuation 3 4 5 dB
8dB Attenuation 7 8 9 d8
16dB Attenuation 15 16 17 ds
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7. The microprocessor selects the SN76489AN by placing TE into the true
state (low voltage). Unless UE is true, no data can occur. When
1s true, the WE signal strobes the contents of the data bus to the
appro;;ﬁn:a control register. The data bus contents must be valid
at this time.

The SN76489AN requires approximately 32 clock cycles to load the data
into the control register. The open collector READY output is used to
synchronize the microprocessor to this transfer and is pulled to the
false state (low voltage) immediately following the leading edge of
CE. It is released to go to the true state (external pullup) when the
data transfer {s completed.

The data transfer timing is shown below.

DATA TRANSFER TIMING

#1887 gvre SECOND BYTE
Figure 1,
TABLE S FUNCTION TABLE*
| Inpyts  loutpyt | I:isdm;u :s valid when
T e device is:
T 1L —R%Dl— &l; not being clocked, and
L H L 2) is initialized by pulling
H L H and TE high.
H H H




PIN ASSIGNMENT

The table below defines the SN76489AN pin assignment and describes the
function of each pin.

SIGNATURE

%4

DO(MSB)

D1
b2
03
D4
05

07
vee
GND
CLOCK
WE

READY

AIN

PIN

15
13
12
1
10
16

14

10
IN

IN

IN
IN
IN
IN
IN
IN
IN
IN
ouT
IN

IN
ouT

DESCRIPTION

Chip Enable - when active (low) data
may be transferred from CPU to the
SN76489AN .,

00 through D7 - Input data bus through
which the control data is input.

Supply Voltage (5V nom)

Ground Reference

Input Clock

Write Enable - when active (1ow), WE
indicates that data is avaflable from
the CPU to the SN76489AN.

When active (high), READY indicates
that the data has been read. When
READY is low, the microprocessor should
enter a wait state until READY is high.
Audio Signal In

Audio Drive Out
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Switching Characteristics, vcc = 5V, T‘ = 28°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
*TF to READY €, = 2250F
t
PLL, 50% to 50% IL'zktchc 90 150 nS
'c'lock. Input Clock Transition Time
Clock Frequency (10% to 90%) 10uS DC ]3.579 4 Miz
Setup Time, t__ DATA W.R.T. WE 0 ns
(see Figure 1) TE W.R.T. W 0 ns
Hold Time, t"(uq Figure 1) DATA W.R.T. READY 0 ns
oTE Pulse: 0-3V, LIIC Y[R e L
J
u
na L {1y
scaeg )| MM f‘ iﬁ
@1 R taeer Y § tH
ONR. ] 11
\TOR 7] X o
[
1 2

toLL TEST CIRCUIT

Figure 3.
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BLOCK DIAGRAM

- — — = = = = -
e K e T

Tone Ganerator 71 [ l

|

I < l

| | |

oot b B ; |
1 06 c——o -*‘—‘ Tone Generstor 72 9 Audio
12 08 :—-Il— 0 rour
13 04 >—— Pori- “ Audie

15 03 ot phevel

BLOCK DIAGRAM DESCRIPTION

This device consists of three programmable tone generators, a programmable
noise generator, a clock scaler, individual generator attenuators and an
audio summer output buffer. The SN76489AN has a parallel 8 bit interface

through which the microprocessor transfers the data which controls the audio
output.
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6502A SPECIFICATION
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MCS6500 Microprocessors

o Single +5V Supply

¢ N-Channel, Silicon-Gate, Depletion-Load Technology
» 8-Bit Parallel Processing

® 56 Instructions

o Decimal and Binary Arithmetic

DESCRIPTION

® 13 Addressing Modes

Programmable Stack Pointer and Variable-Length Stack
Usable With Any Type or Speed Memory

1 or 2 MHz Operation

.
L]
L
® Pipelined Architecture

)

("The MCS6500 Series microprocessors represent the first totally software-compatible microprocessor family. This family
of products includes a range o! software-compatible microprocessors which provide a selection of addressable memory
range, interrupt input options and on-chip clock oscillators and drivers. All of the microprocessors in the MCS6500 group
are software-compatible within the group and are bus compatible with the M6800 product offering.

The family includes five microprocessors with on-board clock oscillators and drivers and four microprocessors driven by
external clocks. The on-chip clock versions are aimed at high-performance, low-cost applications where single-phase
inputs, crystal or RC inputs provide the time base. The external clock versions are geared for multi-processor system
applications where maximum timing control is mandatory. All versions of the microprocessors are available in 1 MHz and

\2 MHz ("A” suffix on product numbers) maximum operating frequencies.

/

MEMBERS OF THE FAMILY

Part Numbers
Plastic Ceramic Clocks Pins IRQ NMI RDY Addressing
MCS6502 MCS6502 On-Chip 40 Vv N Vv 16 (64 K)
MCS6503 MCS6503 . 28 N Vv 12(4K)
MCS6504 MCS6504 " 28 \4 13(8K)
MCS6505 MCS6505 " 28 Vv Vv 12 (4K)
MCS6506 MCS6506 " 28 V4 12 (4K)
MCS6507 MCS6507 " 28 Vv 13 (8 K)
MCS6512 MCS6512 External 40 v Vv Vi 16 (64 K)
MCS6513 MCS6513 " 28 \V V4 12 (4 K)
MCS6514 MCS6514 " 28 Vv 13 (8K)
MCS6515 MCS6515 . 28 Vv Vv 12 (4K)
PIN FUNCTIONS Data Bus (D0-D7)

Clocks ($1 and 32)
The MCS651X requires a two-phase, non-overlapping
clock that runs at the V¢ voltage level.

The MCS650X clocks are supplied with an internal clock
.generator. The frequency of these clocks is externally con-
trolled. Details of this feature are discussed in the
MCS6502 portion of this data sheet.

Address Bus (A0-A15)
(See sections on each processor for respective address
lines on those devices.)

* These outputs are TTL-compatible, capable of driving one
standard TTL load and 130pF

®Ackn : Texas Instruments, Inc.

Eight pins are used for the data bus. This is a bi-directional
bus, transferring data to and from the device and
peripherals. The outputs are three-state buffers capable of
driving one standard TTL load and 130pF.

Data Bus Enable (DBE)

This TTL-compatible input allows external control of the
three-state data output buffers and will enable the
microprocessor bus driver when in the high state. In nor-
mal operation, DBE would be driven by the phase two ($2)
cdlock, thus allowing data input from microprocessor only
during $2. During the read cycle, the data bus drivers are
internally disabled, becoming essentially an open circuit
To disable data bus drivers externally, DBE should be held
low.
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MCS6500

Ready (RDY)

This input signal allows the user to single-cycle the
microprocessor on all cycles except write cycles. A nega-
tive transition to the low state during or coincident with
phase one (&1) will halt the microprocessor with the out-
put address lines reflecting the current address being
fetched. This condition will remain through a subsequent
phase two ($2) in which the Ready signal is low. This
feature allows microprocessor interfacing with low-speed
PROMS as well as fast (max. 2 cycle) Direct Memory Ac-
cess (DMA). If Ready is low during a write cycle, it is
ignored until the following read operation.

Interrupt Request (IRQ)

This TTL-compatible signal requests that an interrupt se-
quence begin within the microprocessor. The
microprocessor will complete the currentinstruction being
executed before recognizing the request. At that time, the
interrupt mask bit in the Status Code Register will be exam-
ined. If the interrupt mask flag is not set, the
microprocessor will begin an interrupt sequence. The Pro-
gram Counter and Processor Status Register are stored in
the stack. The microprocessor will then set the interrupt
mask flag high so that no further interrupts may occur. At
the end of this cycle, the program counter low will be
loaded from address FFFE, and program counter high from
location FFFF, transferring program control to the memory
vector located at these addresses. The RDY signal must be
in the high state for any interrupt to be recognized. A 3KQ
external resistor should be used for proper wire-OR
operation.

Non-Maskable Interrupt (NMi)

A negative-going edge on this input requests that a non-
maskable interrupt sequence be generated within the
microprocessor.

NMIis an unconditional interrupt. Following completion of
the current instruction, the sequence of operations de-
fined for RQ will be performed, regardless of the state of
the interrupt mask flag. The vector address loaded into the
program counter, low and high, are locations FFFA and
FFFB respectively, transferring program control to the
memory vector located at these addresses. The instruc-
tions loaded at these locations cause the microprocessor
to branch to a non-maskable interrupt routine in memory.
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NMi also requires an external 3KQ register to V¢ for
proper wire-OR operations.

Inputs IRQ and NMI are hardware interrupts lines that are
sampled during $2 and will begin the appropriate interrupt
routine on the ®1 following the completion of the current
instruction.

Set Overflow Fag (5.0.)

A NEGATIVE-going edge on this input sets the overflow bit
in the Status Code Register. This signal is sampled on the
trailing edge of ®1.

SYNC

This output line is provided to identify those cycles during
which the microprocessor is doing an OP CODE fetch. The
SYNC line goes high during ®1 of an OP CODE fetch and
stays high for the remainder of that cycle. If the RDY line is
pulled low during the 1 clock pulse in which SYNC went
high, the processor will stop in its current state and will
remain in the state until the RDY line goes high. In this
manner, the SYNC signal can be used to control RDY to
cause single instruction execution

Reset

This input is used to reset or start the microprocessor from
a power- down condition. During the time that this line is
held low, writing to or from the microprocessor is inhibit-
ed. When a positive edge is detected on the input, the
microprocessor willimmediately begin the reset sequence.

After a system initialization time of six clock cycles,
the mask interrupt flag will be set and the microprocessor
will load the program counter from memory vector loca-
tions FFFC and FFFD. This is the start location for program
control.

After V¢ reaches 4.75 volts in a power up routine, reset
must be held low for at least two clock cycles. At this time
the R/W and (SYNC) signal will become valid.

When the reset signal goes high following these two clock
cycles, the microprocessor will proceed with the normal
reset procedure detailed above.



INTERNAL ARCHITECTURE

@———  REGISTER SECTION CONTROL SECTION ad
RES [RQ ~wi
— 114
ABG -
INDEX K INTERRUPT
REGISTER : LOGK
Y
ABl - }
ABY < INDEX
REGISTER [
X
r-——
AB) g RDY
2 M STACK
ABY g =
- e poiNT K
= ‘1 REGISTER
< S
ABS <l z (IR JE——
w INSTRUCTION
z DECODE
ABS g =
ALU =
AB? 44 —
ADDRESS
BUS
r—1 g ——
ABK = ACCUMULATOR TIMING
2 A CONTROL
2 ‘
ARV wf g
z @) la— 9 (N)
AB10 - - PCL . ? b s MCS6512,13,14.15
= . 924IN)
ABI - PCH ca
= K STATUS CLOCK CLOCK }
A - M(CS$6502,3,4,5,6
ABI? g = RE(,IPSTER GENERATOR INPUT
- INPUT
\a DATA L——-> @) out
ABI3 -t L("DTL(}“ -
9 0uUT
R'W
ABl4 ug—
DBE
DATA BUS K= INSTRUCTION
ABIS g | BUFFER REGISTER
— - U] f
| i)
i = DB1
LEGEND - DR
ﬁ > B3 DATA
=K BIT LINE e > DB4 BUS
~ DBS
] = 1BIT LINE - DH6
= DB7
NOTES
1 Clock Generator is not included on MCS6512,13,14,15
2. Addressing Capability and control options vary with each of the MCS650X)
Products
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INSTRUCTION SET—OP CODES, Execution Time, Memory Requirements.

Instructions \mmediate | Absokite | Zeto Page | Accom. | smplied | (ND.X) | (ND)LY [Z,page, x| aBs,x | ABS, Y | Relative | indirect |Z Page,¥ [ Condition Codes
v emonic Operation 0PN | # [or]N [ # [or [N # Jor[N [ # [or]n [ # Jor] N [ # Jor]N [ [or[~]# Jor [N [# Jor[N [ # [or[n  # Jor[n[# Jor[NnT#IN 2 ¢ 1 D v
A D CLAPMICoA (o f69] 2|2 [60] 4|2 65|42 o6 12005 2 rs[a]2]m]a]s[e]s]s ! I T e e
AND[AM-a wjal 2| atstsfy |2 )b |2 hfs|2afs|al2faofa|sfa]als : i v oo
A s L] p-e ©ofeece s e[| 2fes|2 | o6 |2|w]7 |3 i I
B € C|BRANCHONC=0 1o Y| 2|2 . N
B C 5| BRANCHONC=1 |22 H o -
B £ QBRANCHONZ=1 : ) B -
B0 1 fanm [ A PR PR ; e - oM
B M | [BRANCHONN=1 [ ' | w|2l i - -
B N E[BRANCHONZ=Q : Do 22 } I
B P L | BRANCHONN=2 w22 s s s s
B R Kk |(Seefg 1 o7 |1 - - - -
BV C |BRANCHONV=Q 50|22 - - - - -
BV S |BRANCHONV=T : nel2| 2 e
¢ ocle-c : i 8|24 ; B
C L D|le~D : [ 08f 2 {1 i - -0
C L oi]e=-1 N S8: 2 | 1 'i T e - -
CoLov|e=v B8 |21 . i i S s
M oP|Am wfcul 2zl 2ol s |3 |es| s |2 1|62 orfs|2]os]al2]op|a]|s|Dojals N -
CPox|xem 2|2 fec|s |3 feafs|2 i vov oy oo -
c P vlvm cof2 |2 eca|3]ca]s ]2 i v - - -
0 E C mi=m |6 | [cols |2 D616 ]2 (0E| 7 |3 ! oo -
D E X |X-1=+Xx CA v - - -
D oE oY [Y1=y 8 o -
£ O R{iAvmM=a afeota |2 |ao] 4|3 |as|s |2 arfe |2 |sifsf2lss|alz|mla|3|s9fa]s v oo -
I N C mer=m o |35 |2 fole|2|ri7]3 v - o -
VN X[ x+1=x 1 )21 v v - ,
N Y [Yer=y | 8|2 |1 v o oo oo
1M P | IUMP TO NEW LOC a3t H oc|s |3 e
IS R | (See Fig 211UMP SUB »leis ! : .
L D A|M=A in JA9| 2 | 2 JADf 4 13 [AS |3 | 2 Alie [ 2815|285/ a{2|BD]4 |3 |BY|4]3 “1 ¥ vy - - - -
immediate | Absohte | ZeroPage | Accum. | implied | (IND.X) | (WD), Y Indiect | Z,Page. Y | Condition Codes
Mnemonic Operation oP N | # jOP|N | # jOP|N | ¥ |OP|N|#jOP /N [#jOr/N|# [OPN|# or~'or~“~1(|ov
(D x|m~x o {A2] 2 |2 |AE| 4|3 |A6 |3 ]2 BE| 4|3 B[4z v )
LD Y [M-y w s 2|2 [ac] 4|3 faafs |2 safal2lecia|s e - -
LS Rfe~- -c VodeEle [ fae st faai2 | sel6l2|sel7 |3 o v v - - -
N0 P | NO OPERATION | a2 |1 . I
O R _A[AVM=4 09 2 2 fenj4 |3 fes]s2 o1ls |2 njsl2fisalz{ipfa]s]eia]s i v oo
PoH A[A=M sr=s [T T B T T
P HPIPeM sa-s | e8| 3|1 | : - -
P A|S+1=8  mM=a ! 684 |1 i , v oo -
PoL P[S+ies  m=P ‘ 84| i i {RESTORED)}
I e | Jzpe|3lm|s|afam]a | 3062 ]3[7 13 : [ R
RO R|[=C - o [6 3 [en[s2]eal2 | 76|62 7] 73 ! | T v e e - - -
R Tt | (seerg mRTRNINT a6 |1 (RESTORED)
R T & |(Seekg 2)RTRN SUB 606 |1 oo
S B | AMC—-a TN IZE RN {sHEN N T2 N Etvfe |2 |F1]s|2ffs|a|2]m|a]|3]r|ais i Pofe v - - e
s b i ! w21 : ' oL
s b Dfi-0 ! /2 l - -
S e i ‘ 78] 2] HER I T T
ST afaem 804 |4 (eS| |2 816 |2 (91|62 ]oslai2foors|3feafs s - e
5T o x[xewm selals]se|s ]2 % | 4 i 2 - - -
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NOTES
1. Add 1to "N if Page Boundary is Crossed M Memory Per Effective Address v Modified
2. Add 1 to "N if Branch Occurs to Same Page
Add 2 to "N if Branch Occurs to DlﬂerentBPage M Memory Per Stack Pointer - Not Modified
3. Carry Not = Borrow + Add My Memory Bit 7
4. 1f in Decimal Mode Z flag is Invalid
Accumulator Must be Checked for Zero Result ~ Subtract Mg Memory Bit 6
X  Index X A AND N No Cycles
Y Index Y vV OR # NoBytes

v
A Accumulator Exclusive OR
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INSTRUCTION SET—ALPHABETICAL SEQUENCE

ADC
AND
ASL

BCC
BCS
BEQ
BIT
BMI
BNE
BPL
BRK
BVC
BVS

CLC
CLD
CL
CLv
CMP
CPX
CPY

DEC
DEX
DeY

EOR
INC
INX
INY

IMP
JSR

LDA
LDX
LDY
LSR
NOP
ORA

PHA
PHP

Add Memory to Accumulator with Carry
“AND” Memory with Accumulator
Shift left One Bit (Memory or Accumulator)

Branch on Carry Clear

Branch on Carry Set

Branch on Result Zero

Test Bits in Memory with Accumulator
Branch on Result Minus

Branch on Result not Zero

Branch on Resuit Plus

Force Break

Branch on Overflow Clear

Branch on Overflow Set

Clear Carry Flag

Clear Decimal Mode

Clear Interrupt Disable Bit

Clear Overflow Flag

Compare Memory and Accumulator
Compare Memory and Index X
Compare Memory and Index Y

Decrement Memory by One
Decrement Index X by One
Decrement Index Y by One

“Exclusive-or Memory with Accumulator
Increment Memory by One
Increment Index by One

Increment Index Y by One

Jump to New Location
Jump to New Location Saving Return Address

Load Accumulator with Memory

Load Index X with Memory

Load Index Y with Memory

Shift One Bit Right (Memory or Accumulator)
No Operation

OR™ Memory with Accumulator

Push Accumulator on Stack
Push Processor Status on Stack

PLA  Pull Accumulator from Stack
PLP  Pull Processor Status from Stack

ROL Rotate One Bit Left (Memory or Accumulator)
ROR Rotate One Bit Right (Memory or Accumulator)
RTE  Return from Interrupt

RTS Return from Subroutine

SBC  Subtract Memory from Accumulator with Borrow
SEC  Set Carry Flag

SED  Set Decimal Mode

SEI  Set Interrupt Disable Status

STA  Store Accumulator in Memory

STX Store Index X in Memory

STY  Store Index Y in Memory

TAX Transfer Accumulator to Index X
TAY Transfer Accumulator to Index Y
TSX  Transfer Stack Pointer to Index X
TXA Transfer Index X to Accumulator
TXS Transfer Index X to Stack Pointer
TYA Transfer Index Y to Accumulator

ADDRESSING MODES

Accumulator Addressing. This form of addressing is repre-
sented with a one-byte instruction, implying an operation
on the accumulator.

Immediate Addressing. In immediate addressing, the
operand is contained in the second byte of the instruction,
with no further memory addressing required.

Absolute Addressing. In absolute addressing, the second
byte of the instruction specifies the eight low-order bits
of the effective address while the third byte specifies
the eight high-order bits. Thus, the absolute addressing
mode allows access to the entire 65K bytes of addressable
memory.

Zero Page Addressing. The zero page instructions allow
for shorter code and execution times by only fetching the
second byte of the instruction and assuming a zero high-
address byte. Careful use of the zero page can result in
significant increase in code efficiency.
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Indexed Zero Page Addressing. (X, Y indexing) — This form
of addressing is used in conjunction with the index register
and is referred to as “Zero Page, X” or “Zero Page, Y". The
effective address is calculated by adding the second byte
to the contents of the index register. Since this is a form of
“Zero Page” addressing, the content of the second byte
references a location in page zero. Additionally due to the
“Zero Page” addressing nature of this mode, no carry is
added to the high order 8 bits of memory and crossing of
page boundaries does not occur.

indexed Absolute Addressing. (X, Y indexing) — This form
of addressing is used in conjunction with X and Y index
register and is referred to as “Absolute, X*, and ~Absolute,
Y”. The effective address is formed by adding the contents
of X or Y to the address contained in the second and third
bytes of the instruction. This mode allows the index regis-
ter to contain the index or count value and the instruction
to contain the base address. This type of indexing allows
any location referencing and the index to modify multiple
fields resulting in reduced coding and execution time.

Implied Addressing. In the implied addressing mode, the
address containing the operand is implicitly stated in the
operation code of the instruction.

Relative Addressing, Relative addressing is used only with
branch instructions and establishes a destination for the
conditional branch. The second byte of the instruction
becomes the operand which is an offset added to the
contents of the lower eight bits of the program counter
when the counter is set at the next instruction. The range
of the offset is —128 to + 127 bytes from the next instruc-
tion.

Indexed Indirect Addressing. In indexed indirect address-
ing (referred to as indirect, X), the second byte of the
instruction is added to the contents of the X index register,
discarding the carry. The result of this addition points to a
memory location on page zero whose contents is the low-
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order eight bits of the effective address. The next memory
location in page zero contains the high-order eight bits of
the effective address. Both memory locations specifying
the high and low-order bytes of the effective address must
be in page zero.

Indirect Indexed Addressing. In indirect indexed address-
ing (referred to as Indirect, Y), the second byte of the
instruction points to a memory location in page zero. The
contents on this memory location is added to the contents
of the Y index register, the result being the low-order eight
bits of the effective address. The carry from this addition is
added to the contents of the next page zero memory
location, the result being the high-order eight bits of the
effective address.

Absolute Indirect. The second byte of the instruction con-
tains the low-order eight bits of a memory location. The
high-order eight bits of that memory location is contained
in the third byte of the instruction. The contents of the fully
specified memory location is the low-order byte of the
effective address. The next memory location contains the
high-order byte of the effective address which is loaded
into the 16-bit program counter.

ABSOLUTE MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage Vce -0.3to +7.0 [vdc
Input Voltage ViN —0.3to +7.0 {Vdc
Operating Temperature | Ty Oto +70 °C
Storage Temperature Tsto =55to +150 | °C
CAUTION

This device contains input protection against damage due
to high static voltages or electric fields; however, precau-
tions should be taken to avoid application of voltages
higher than the maximum rating.



ELECTRICAL CHARACTERISTICS (Vcc = 5.0V + 5%, Vg = 0, T, = 25°C)

04, 0, applies to MCS6512, 13, 14, 15, 0, (ir) applies to MCS6502, 03, 04, 05 and 06

Symbol Parameter Min Typ Max Unit Test Condition
Vi input High Voltage Vg + 2.4 Vee Vdc | Logic, 8, iy
Vee = 0.2 Vee +0.25 0, 0,
' Input Low Voltage Vg~ 0.3 Vgs + 0.4 | Vdc | Logic, @ (ny
VSS - 03 Vss + 02 @1/ 02
Vit input High Threshold Ves + 2.0 Vdc | RES, NMI, RDY, RQ, Data, S.0.
Voltage
Vier Input Low Threshold V¢ + 0.8 | Vdc | RES, NMi, RDY, IRQ, Data, S.O.
Voltage
In Input Leakage Current (Vv = 0to 5.25V, Ve = 0)
2.5 nA Logic (Excl. RDY, S.O.)
100 uA | 04,0,
10.0 BA | 05 (m)
bl Three-State (Off State) 10 uA | (Vv = 0.4t0 2.4V, Ve = 525V)
Input Current Data Lines
Vou Output High Voltage Ves + 2.4 Vdc | (oap = =100pAdc, Vee = 4.75V)
SYNC, Data, AO-A15, R/W
Vou Output Low Voltage Vss + 0.4 | Vdc | (lloap = 1.6mAdc, Ve = 4.75V)
SYNC, Data, AO-A15, R/W
Pp Power Dissipation .25 .70 w
C Capacitance pF | (Vik=0, To = 25°C, f = TMHz)
CN 10 l.ogic
15 Data
Cour 12 A0-A15, R/W, SYNC
Coo (in) 50 00 (in)
Co, 30 50 0,
Co, 50 80 0,
NOTE

iRQ and NMi require 3K pull-up resistors.

CLOCK TIMING—MCS6502, 03, 04, 05, 06

4’« TFao —>‘ ‘t TRoo
3o (IN) |.5v\ lj/ sy
i 0.4V- - - 4-
PWHOOL PWH@0H

@, (oUT) —5V

O

—

L— PWHD|
@2(0UT) \ L5V
eV

‘<-REF“A“

i=— REF "B"

PWH®@2

(a—
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~
CLOCK TIMING—MCS6512, 13, 4, 15
-— REF A"
Tove
|
W /
- 02
o fofe-
}V(‘(‘ 02V .
[ !
hou | |
-("5- -k g PWHO 2 _—-’
--— REF "'B”
J
TIMING FOR READING DATA FROM )

MEMORY OR PERIPHERALS
~-—REF A" ~—REF 8"
— 4V 4 +.4v
—W  TRwS e THRW —owd
=20V 2.0V

ADDRESS FROM Mgzov S’\ 2.0v
MPU 0.8V .

—  Taps  je— 20v
DATA FROM 1
MEMORY K
o.8v Tosu .

[® — Tacc g THR
ROY,S.0

*-‘YRDY,SO peg-
SYNC

—®  Tsync

N

TIMING FOR WRITING DATA TO
MEMORY OR PERIPHERALS

|
‘.*\ r‘ “TFeo e [“ TReg
!
Do {IN) 1.5V

M = PWHOOL o~ — PWH@OH ——B

@, (out) \M

- Pw e ——p

@2(0UT)

NOTE

L

“REF ~ means Reference Points on clocks
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1 MHz TIMING

CLOCK TIMING—MCS6512, 13, 14, 15

Symbol Characteristic Min Typ Max Unit
Teve Cycle Time 1000 nsec
PWH ¢1 Clock Pulse Width @1 430
PWH ¢2 (Measured at Vcc — 0.2 V) ¢2 470 nsec
Te Fall Time (Measured from 0.2 V to Ve — 0.2 V) 25 nsec
To Delay Time Between Clocks (Measured at 0.2 V) 0 nsec

CLOCK TIMING—MCS6502, 03, 04, 05, 06

Symbol Characteristic Min Typ Max Unit
Teve Cycle Time 1000 ns
PWH¢,, @0 oN) Pulse Width (measured at 1.5 V) 460 520 ns
TRoo, TFdo | &0 in Rise, Fall Time 10 ns
To Delay Time Between Clocks (measured at 1.5 V) 5 ns
PWH¢, @1 our) Piilse Width (measured at 1.5 V) PWH¢, —20 PWH¢,, ns
PWHg¢, @1 (our) Pulse Width (measured at 1.5 V) PWH¢—40 PWH¢o—10 | ns
Te. Tk @1 0ut) $2 ouT) Rise, Fall Time 25 ns

(measured .8 V to 2.0 V)
(Load = 30pF + 1 TTL)
READ/WRITE TIMING

Symbol Characteristic Min Typ Max Unit
Trws Read/Write Setup Time From MCS6500 100 300 ns
Taps Address Setup Time From MCS6500 100 300 ns
Tacc Memory Read Access Time 575 ns
Tosu ‘Data Stability Time Period 100 ns
Thr Data Hold Time — Read 10 ns
Thw Data Hold Time — Write 30 60 ns
Tmos Data Setup Time From MCS6500 150 200 ns
Troy RDY, $.O. Setup Time 100 ns
Tsyne SYNC Setup Time From MCS6500 350 ns
Tha Address Hold Time 30 60 ns
Thrw R/W Hold Time 30 60 ns
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2 MHz TIMING

CLOCK TIMING—MCS6512, 13, 14, 15, 16

Symbol Characteristic Min Typ Max Unit
Teve Cycle Time 500 nsec
PWH ¢1 Clock Pulse Width 1 215 nsec
PWH ¢2 (Measured at Ve — 0.2 V) @2 235
Te Fall Time (Measured from 0.2 V to Ve — 0.2 V) 12 nsec
To Delay Time Between Clocks (Measured at 0.2 V) 0 nsec

CLOCK TIMING—MCS6502, 03, 04, 05, 06

Symbol Characteristic Min Typ Max Unit
Teve Cycle Time 500 ns
PWHg¢,, ¢y Pulse Width (measured at 1.5 V) 240 260 ns
TR, TR | &0 N Rise, Fall Time 10 ns
To Delay Time Between Clocks (measured at 1.5 V) 5 ns
PWH¢, ¢1(our) Pulse Width (measured at 1.5 V) PWH¢ —20 PWH¢o, ns
PWH¢, ®2 (our) Pulse Width (measured at 1.5 V) PWH¢,4—40 PWHg—10| ns
Tr Te #1(ou) 2 our) Rise, Fall Time 25 ns

(measured .8 Vto 2.0 V)
(Load = 30pF + 1 TTL)
READ/WRITE TIMING

Symbol Characteristic Min Typ Max Unit
Trws Read/Write Setup Time From MCS6500A 100 150 ns
Taps Address Setup Time From MCS6500A 100 150 ns
Tacc Memory Read A'ccess Time 300 ns
Tosu Data Stability Time Period 50 ns
TR Data Hold Time —Read 10 ns
Thw Data Hold Time — Write 30 60 ns
Tmps Data Setup Time From MCS6500A 75 100 ns
TroY RDY, S.O. Setup Time 50 ns
Tsyne SYNC Setup Time From MCS6500A 175 ns
Tha Address Hold Time 30 60 ns
Thrw R/W Hold Time 30 60 ns
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(40 Pin Package)

SPECIFIC VERSION FEATURES

_/

TN
MCS6502
vss {1 a0l RES
ROY H2  39f- @20uT: FEATURES
Iy . ® ;OO“N) * 65K Addressable Byies of Memory
NC o5 16 N C ¢ iRQ Interrupt
Sm:s ¥ N e o NMiI interrupt
vee 48 33- oso ¢ On-the-chip Clock
ABO—-9 32+ DB! . ¥ TIL Level Single Phase Input
aB: 10 311082 » RC Time Base Input
AB3 {12 29} DBa v Crystal Time Base Input
AB4 13 28085 . SYNCSigna|
hoo e ZTORe (can be used for single instruction execution)
AB7 {16 251 ABIS * RDY Signal
:zg: :; QE :::; (can be used for single cycle execution)
2B10d1o 22l ABI2 * Two Phase Output Clock for Timing of Support Chips
ABIIH20 2Ir~ Vss
-
(28 Pin Package)
" MCS6503
RES 1 2er @,(0UT)
Vss — 2 271 @p(IN)
IRQ 3 26 R/ W
NMI 4 25\ DBO
Vee 5 24t DB FEATURES
ABO 6 23} DB2 ¢ 4K Addressable Bytes of Memory (AB00-AB11)
ABI 7 22 DB3 e On-the-chip Clock
AB2 -8 2I1+—-DB4 omlnterrupl
AB3-9  20f DBS o NMI Interrupt
AB4 10 I9+- DB6 « 8 Bit Bi-Directional Data Bus
ABS5 1t 18- DB7
AB6 12 I7H ABII
AB7 413 |16 ABIO
AB8 14 |15 AB9S
e _/
(28 Pin Package)
s
MCS6504
RES 1 28} @2(0UT)
Vss 42 27| @g(IN)
IRQ 43 26~ R/ W
Vee 44 25+ DBO
ABO — =
AR DA il e! FEATURES
AB2 7 22083 o 8K Addres.sable Bytes of Memory (ABOO-AB12)
AB3 8 21 l-pBa ¢ On-the-chip Clock
AB4 49 20k peS OIRQIn'terfupl_
ABS ~10 19 DB6 « 8 Bit Bi-Directional Data Bus
AB6& ~{I1 18+ DB7
AB7H12  I7Th ABI2
; ABB 13 |6 ABII
L AB9 +14 15+ ABIO
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(28 Pin Package)

Ve
MCS6505
REs 1 28} Bo0UT)
Vss —2 27 @p(IN)
ROY 43 26 R/W
IRQ 14 25 0BO FEATURES
vee 45 241~ DB o 4K Addressable Bytes of Memory (AB0O-AB11)
ABO -6 23+~ DB2 N
) ® On-the-chip Clock
ABI +7 22} DB3 =
* IRQ Interrupt
AB2-8 21| DB4 "
® RDY Signal
AB3 9 20 DB5 * 8 Bit Bi-Directional Data Bus
AB4~—10 19} DB6 it Bi-Lirectiona
ABS5 {1 I8 DB7
AB6 12 (7} ABII
AB7 I3  i6| ABIO
ABB HI4 15| AB9
(28 Pin Package)
-
MCS6506
RES I 28 92(0UT)
Vss <2 27— 00fIN)
g(ouT -3 26 R/W
TRG H 4 251 DBO
Vee -5 24k D8I FEATURES
ABO-6 23 DB2 ¢ 4K Addressable Bytes of Memory (AB00-AB11)
ABt H7 22+ DB3 ¢ On-the-chip Clock
AB2—8 21|—-DB4 ¢ IRQ Interrupt
AB3—9 20~ DB5 * Two phases off
AB4 10 i9+ DB6 » 8 Bit Bi-Directional Data Bus
ABS5—II 18— DB7
AB6 +i2 |17+ ABti
AB7—HI3 16— ABIO
k AB8-{l4a 15— AB9
(40 Pin Package)
MCS6512
vss 1 a0l RES
RDY 2 39} @,0uT)
8 +3 3850
RQ {4 37+ @
vis 45 36p o€ FEATURES
SNMé s 35- NC * 65K Addressable Bytes of Memory
YNC H 7 34- R/W T Y2y
vee {8 33f 080 ¢ IRQ Interrupt
ABG {9 32} DB * NMiI interrupt
ABI 410 31} 0B2  RDY Signal
::ij:; 32:32?, « 8 Bit Bi-Directional Data Bus
AB4 13 28 DBS , o SYNC Signal
ABS 414 27086 .
AB6 15 26 DB7 * Two phase input
AB7 16 25+ ABIS s Data Bus Enable
ABB {17 24+ ABiI4
AB9 18 23 AB13
ABIOHI9 22t ABI2
AB”‘E,O, i Vs
o
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(28 Pin Package)

- MCS6513 )
Vss =1 28} RES
e 27— 02
IRQ ~3 26 R/ W
NMI —4 25+ DBO
Vee -5 24+ DBI FEATURES
ABO—6 23+ 0DB2 ® 4K Addressable Bytes of Memory (ABOO-AB11)
ABl H7 22+ DB3 * Two phase clock input
AB2 -8 21+~0DB4 ¢ IRQ interrupt
AB3 -9 20+ DBS e NMI interrupt
AB4—|i0 19+~ 0B6 ¢ 8 Bit Bi-Directional Data Bus
AB5 -1 18— 087
AB6 {12 17 ABII
AB7 13 16— ABIO
‘ ABB ~i4 I5— AB9
N ‘ y
(28 Pin Package)
4 R
MCS6514
Vss | 28+ RES
¢ H2 27+ 0>
IRQ 43 26— R/W
Vee 4 25+ DBO
ABO 45 24+ DB FEATURES
ABI 6 23+ DB2 * 8K Addressable Bytes of Memory (AB0OO-AB12)
AB2 7 22 DB3 ¢ Two phase clock input
AB3 48 2/} DB4 ¢ iRQ Interrupt
AB4 49 20 — DBS ¢ 8 Bit Bi-Directional Data Bus
AB5 410 19+ 0B6
AB6 —I!I I8 0DB7
AB7 <12 7 ABI2
ABS8 13 16~ ABII
ABS9 —|14 IS ABIO
- J
(28 Pin Package)
s —
MCS6515
i Vss | 28+ RES
RDY H2 27~ @2
24 -3 26 - R/W
IRQ 44 25} pBO
Vee —5 24 +- DBI FEATURES
| ABO 46 - 231 DB2 ¢ 4K Addressable Bytes of Memory (ABOO-AB11)
( AB! 47 22} DB3 ¢ Two phase clock input
% AB2 48 21} DB4 * IRQ interrupt
1 AB3 -9 20 - DB5 ¢ 8 Bit Bi-Directional Data Bus
AB4 10 9+~ DB6
ABS 1| 184-DB7
j AB6 —12 17— ABII
; AB7 —13 16 - ABIO
; ABB {14 15 AB9
- J
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APPENDIX D

BLOW-OUT DIAGRAM
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BLOW-OUT DIAGRAM
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APPENDIX E

SYSTEM DIAGRAM
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APPENDIX F

CIRCUIT DIAGRAMS (PAL)
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APPENDIX G

CIRCUIT DIAGRAMS (NTSC)
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