PET “3096” extended graphics
computer.

Initial and preliminary specifications, schematics and video graphics-generator
hardware prototyping.

Glen Kleinschmidt May/June 2025.



Introduction.

This project is an advance upon my initial PET 2001 clone computer built in 2018. It is another 40-column, non-CRTC, 2001 or
3000-series PET clone with a lot of functionality that the original, unexpanded computer never had.

The project is currently in the PCB-layout phase. | have completed the schematic entry and the full, preliminary schematics are
presented in this document.

At the time of writing, | have only physically prototyped and verified the entirety of the video graphics generation hardware.
Aside from the memory chips, the video generator circuitry that | have designed is composed entirely of 74HC and 74HCT-series
discrete logic. This is the most complex part of the computer, and the whole of it was assembled on veroboard, as shown and
detailed in this document.

| do not intend to veroboard the entire computer. As | immediately needed some kind of readily accessible and practically
programmable CPU (so as to not waste eons of time) to program the video memories and thus produce some form of test
graphics on screen, | plonked a PIC16F874 microcontroller onto the veroboard and wired it to the video generator hardware
control lines, data and address busses. The test program for the PIC was written in C and is given in this document.

All the video graphics screen-shots featured in this document, taken from the Commodore 1084S monitor, were generated by
this veroboard video hardware.

The main features of this new PET computer design are:

e  BASIC 4.0 operating system.

e  “Snow”-free video graphics.

e 320 x 200 screen resolution bitmap graphics

e 128 user-definable characters in addition to the standard PETSCII character ROM

e  Full 32 KB system RAM

e  +64KB RAM expansion, functionally equivalent to the original CBM 64KB RAM expansion.

e  On-board audio DAC with an effective 3.5kHz reconstruction filter for sound synthesis. Inspired by the MTU K-1002-2.

Total RAM is 96KB. However, there is an additional 1KB RAM for the user-defined characters and an additional 8KB RAM for the
bitmap graphics. If both bitmap graphics and user-defined characters are not required and thus left disabled, the memories can
be utilised for other purposes, giving a total RAM storage capacity of 105KB.

That’s enough RAM to play approximately 13 seconds of sampled speech through the audio DAC at a sampling rate of 8kHz!

Custom graphics.

The two biggest limitations of the original machine, as far as its video graphics capabilities are concerned, were being restricted
to the fixed “PETSCII” character set stored in ROM and the complete lack of bitmap graphics.

The original PET computer could write to the screen from a set of 256 characters, but only 128, or half of these were truly unique
as the top 128 were simply the “reverse” of bottom 128. The “reverse” characters were not defined in the character ROM, but
were generated by logically inverting the video signal whenever bit 7 for the selected character was set high. So, in effect, the
video generator circuitry produced 256 characters from a basic set of 128.

The 2KB character ROM contained two basic sets of 128 characters, only one of which could be used at a time. The first one of
these, which was enabled by default upon power-on, was named the “graphics” set while the other was named the “business”
set. The two sets are mostly identical, except that in the business set a bunch of the so-called “PETSCII” graphics characters make
way for the inclusion of both upper and lowercase characters. The graphics set only contains uppercase characters, so was not of
much use for serious business applications back in the day such as word processing.

My “extended graphics” PET is designed to boot as per a normal PET - that is with the bitmap graphics and user-definable
character set disabled by default. The expanded graphics and audio hardware is controlled by a single-byte, write-only register

located at OxFFF1.

Both bitmap graphics and user-defined characters can be independently enabled by setting specific bits of this register.



When user-defined characters are enabled, reverse characters are turned off and the video generator instead fetches a video
display character from an added character RAM whenever bit 7 for the selected character is set high. The video hardware can
therefore address 128 user-defined characters in addition to the 128 accessible from the character ROM.

With user-defined characters turned on, the PET can simultaneously display 256 truly unique characters. Although the function
of reversed characters is disabled, any “reverse” character or characters can simply be user-defined if required. The character
RAM is both readable and writable, is 1KB in size and is addressed in parallel to the standard 1KB video text (“screen”) memory.
Bank switching is controlled by the control register at OxFFF1.

Like the character RAM, the bitmap RAM is both readable and writable and is addressed in parallel to the standard 1KB video
text memory (the latter of which has 4 mirrors as it is only partially decoded). The bitmap RAM is 8KB in size and is split into two
separate 4KB pages. Bank switching and page selection of the bitmap video RAM is again controlled the control register at
OxFFF1.

The screen shots immediately below show the standard graphics and business character sets, and then, lastly, user-defined
characters enabled when the business set is engaged. Here | have programmed most of the available user-definable characters
with something unique. | have included the alpha-numeric character font from the C64 arcade port of Ghosts ‘n Goblins.
Additionally, there are some characters suitable for video games programming, which include characters from the arcade
versions of Space Invaders and Gorf.
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My current plan is to complete this set of 128 unique characters and incorporate it into a set of routines stored in the expansion
ROM area. The expansion ROM area is a reserved 8KB chunk of high memory which | have address and pinned-out for a 40-pin
DIP socket taking an AT28C256 flash EEPROM.

My plan is to change the 6502-reset vector at OxFFFC and OxFFFD in the original BASIC 4.0 ROM to point to a routine stored in
the expansion ROM. This routine will clear the bitmap RAM (meaning to set all bytes to 0x00) and copy my custom character set
(also stored in the expansion ROM) to the character RAM. The routine will then jump back to the original reset vector.

This means that, initially upon power-on, the PET will initialise both the bitmap and character RAMs before booting as per
normal. | might even throw in a memory testing routine as well.

Below is another picture of the prototype video generation hardware.
Here is a link to a video uploaded to Vimeo; a filming of the graphics demonstration and test routines in action.
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Memory map

Address Bank 1 Bank 2
Decimal Hex
0 - 2047 0 - | 7FF
2048 | - | 4095 800 - | FFF
4096 - 6143 1000 - | 17FF
6144 | - | 8191 1800 - | 1FFF
8192 - | 10239 2000 - | 27FF
10240 | - | 12287 2800 - | 2FFF
12288 | - | 14335 3000 - | 37FF
14336 | - | 16383 | 3800 | - | SFFF Main RAM 32KB - not effected by bank switching
16384 | - | 18431 4000 - | 47FF
18432 | - | 20479 4800 - | 4FFF
20480 | - | 22527 5000 - | 57FF
22528 | - | 24575 5800 - | SFFF
24576 | - | 26623 6000 - | 67FF
26624 | - | 28671 6800 - | 6FFF
28672 | - | 30719 7000 - | 77FF
30720 | - | 32767 7800 - | 7FFF
128-character 320 x 200 pixel 320 x 200 pixel
32768 | - | 34815 8000 - | 87FF Screen memory custom character bitmap video RAM bitmap video RAM
1 KB (4 mirrors) set RAM Block 0 Block 1
. 64KB 64KB
34816 | - | 36863 8800 - | 8FFF 1 KB (4 mirrors) 4KB 4KB ) )
Expansion Expansion
36864 | - | 38911 9000 - | 97FF _ RAM RAM
38912 | - | 40959 9800 - | 9FFF Expansion ROM area
40960 | - | 43007 | A000 | - | ATFF 8KB Block 0 Block 1
16KB 16KB
43008 | - | 45055 A800 - | AFFF
45056 | - | 47103 BO0OO - | B7FF
47104 | - | 49151 B800 - | BFFF
49152 | - | 51199 C000 - | C7FF BASIC 4.0 ROM
51200 | - | 53247 C800 - | CFFF 12KB i i
53248 | - | 55295 D000 - | D7FF . .
Expansion Expansion
55296 | - | 57343 D800 - | DFFF RAM RAM
57344 | - | 59391 E000 - | E7FF BASIC 4.0 screen editor ROM 2KB Block 2 Block 3
59392 | - | 61439 | E800 | - | EFFF 1/0 operations 2KB 16KB 16KB
61440 | - | 63487 FO00 - | F7FF BASIC 4.0 kernal ROM 4KB
63488 | - | 65535 F800 - | FFFF
Character ROM (no CPU access)
0 -] 1023 0 - | 3FF Upgraded graphics character set (reverse) - 1KB
1024 | - | 2047 400 - | 7FF Upgraded grahics character set - 1KB
2048 - 3071 800 - | BFF Upgraded business character set (reverse) - 1KB
3072 | - | 4095 C00 - | FFF Upgraded business character set - 1KB
4096 | - | 5119 1000 - | 13FF Original graphics character set (reverse) - 1KB
5120 | - | 6143 1400 - | 17FF Original grahics character set - 1KB
6144 | - | 7167 1800 - | 1BFF Original business character set (reverse) - 1KB
7168 | - | 8191 1C00 - | 1FFF Original business character set - 1KB

Memory control register. Address = OxFFFO

Bit Function Power-on-reset/default status
0 Write protect blocks 0 and 1 Write protect off
1 Write protect blocks 2 and 3 Write protect off
2 Select block 0 or 1 Block 0
3 Select block 2 or 3 Block 2
4 Not used
5 Turn on screen peek-through (0x8000-0x8FFF) Off
6 Turn on 1/0 peek-through (OXE800-OXEFFF) Off
7 Enable 64KB RAM expansion Off
Video and sound control register. Address = OXFFF1
Bit Function Power-on-reset/default status
0 Bank-switch video RAM Off - text RAM selected
1 Select character RAM or Bitmap RAM Character RAM
2 Select bitmap RAM page 0 or page 1 Page O
3 Enable user defined characters Off
4 Enable bitmap graphics Off
5 Enable original character set Off
6 Enable audio DAC Off
7 Disable CB2 audio Off - CB2 audio enabled




Bitmap graphics programming.

The screen resolution of 320 (H) x 200 (V) pixels maps to 8KB of bitmap RAM. Each byte of RAM defines 8 pixels. The most
significant bit of the first byte of the bitmap RAM maps to the topmost and leftmost pixel (coordinate 0x, Oy). The least
significant bit of the last byte of the bitmap RAM maps to the bottommost and rightmost pixel (coordinate 319x, 199y).

For any given pixel the relevant bitmap RAM byte address is:
(y *40) + INT (x / 8)

Turning a pixel on or off is, ordinarily, both a read and a write operation. The relevant bitmap RAM address is first read. It is then
either Boolean ORed or ANDed with a mask byte and the result written back to the bitmap RAM. The mask byte determines
which bits of the bitmap RAM location are to be modified. Boolean OR sets a bit if the corresponding mask byte bit is set.
Boolean AND resets a bit if the corresponding mask byte bit is not set.

Multiplication or division by any value that is a power of two can be achieved with non-circular bit-shifting. There are 40 bytes of
bitmap RAM to each horizontal line (320 / 8 = 40).

32 and 8 are both powers of 2 and sum to 40. Therefore, to multiply y by 40:

yl =y * 8 (Lefthand shift by 3 bits)
y2 =y * 32 (Lefthand shift by 5 bits)
y*40=yl+y2

To divide x by 8, righthand shift by 3 bits. The result is automatically an integer as the three least significant bits are discarded.
To generate the mask byte:

1) Multiply the resultant integer value of (x / 8) by 8 by lefthand shifting by three bits.
2) Subtract the value from x. The result is the remainder.
3) Start with a mask byte set to 0x80 (128 dec) and righthandshift n times, where n = the remainder.

A worked example:
Suppose that we want to turn on a single pixel, at coordinate position 211x, 88y.

88 (dec.) =0101 1000 (bin.)

y1=0010 1100 0000 (704 dec.)

y2 =1011 0000 0000 (2816 dec.)
y1l+y2=1101 1100 0000 (3520 dec.) =y * 40

211 (dec.) = 1101 0011 (bin.)
INT (x / 8) = 0001 1010 (26 dec.)

(y * 40) + INT (x / 8) = 3520 (dec.) + 26 (dec.)
= 3546 (dec.)
3546 (dec.) is the bitmap RAM memory address.

26 (dec.) =0001 1010 (bin.)
26 (dec.) * 8 = 1101 0000 (bin.)
=208 (dec.)

x(211) — 208 = 3.
As the remainder is 3, the initial mask bit value of 0x80, (1000 0000 [bin.]) is righthand shifted by three bits:

Mask byte = 0001 0000 (bin.)
The set bit of the mask byte now corresponds to our single pixel at coordinate position 211x, 88y, when

applied to the calculated bitmap RAM memory address location of 3546 (dec.). Use Boolean OR with the mask
byte to set this pixel.



Video timing.

The video generator produces a simplified, non-interlaced and monochrome composite video signal suitable for driving a video
monitor or television complying to the old PAL and NTSC timing specifications.

The horizontal and vertical timings are worked out to produce a graphics display centred on the screen of one of these devices.
The vertical timing circuitry can be configured via two on-board jumpers for either a 50 Hz or a 60 Hz field frequency or frame

rate.

50 Hz field frequency setting 60 Hz field frequency setting

Bitmap resolution (pixels H & V) 320 x 200
Character size (pixels H & V) 8x8
Character columns 40
Character rows 25

Pixel clock

8 MHz (125 ns)

Horizontal line period (H)

64 us (15.625 kHz)
512 clock cycles

Horizontal sync

4 us (32 clock cycles)

Horizontal front porch

8 us (64 clock cycles)

Horizontal back porch

12 us (96 clock cycles)

Horizontal blanking

24 us (192 clock cycles)

Active horizontal video

40 us (320 clock cycles)

Field/frame period

19.968 ms (50.08 Hz) 16.64 ms (60.096 Hz)
312 H 260 H

Vertical sync

192 us (3 H)

Vertical front porch

2.944 ms (46 H) 1.472 ms (23 H)

Vertical back porch

4.032 ms (63 H) 2.176 ms (34 H)

Active vertical video

12.8 ms (200 H)




Immediately below are a couple of photos of the prototype video generator. The socketed, 40-pin DIP IC in the top righthand
corner in the first photo is the aforementioned PIC16F874A microcontroller used as a CPU to control the video generator. It is
wired to an old TL866 Universal Programmer for programming with an improvised ICSP (in circuit serial programming) plug!
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Here is the wiring diagram for the PIC16F874A microcontroller:
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The VIDEO_ADDRESS_ACCESS control line signal is designed to

interleave video RAM access with the 65C02 microprocessor.

There are two phases to the 65C02s 1MHz master clock, one of which concludes with a memory access. The video generator

always accesses its video memories during the opposite phase.

This is how the 65C02 can access the video memories without

interfering with the operation of the video generator, thus avoiding the so-called video “snow” that was a feature of the first-

generation PET computer.

This memory access phasing, however, does not suit the PIC16F874A, so an alternative method has been used to produce snow-
free video memory updates. The VIDEO_ADDRESS_ACCESS control line is instead controlled by the PIC and the horizontal
blanking signal is fed to the microcontroller as an input signal. The PIC is programmed to only assert the
VIDEO_ADDRESS_ACCESS control line for video RAM reads or writes during the horizontal blanking periods.

The complete C language program listing for the PICs video driver/demonstration program follows on the next page. | am using a

PIC C compiler by CCS (Custom Computer Services).



// PET SUPER GRAPHICS TESTER

#include <16f874A.h>

#include <math.h>

#use delay(clock=4000000)

#use fast io(R)

#use fast io(B)

#use fast io(C)

#use fast _io (D)

#use fast io(E)

#FUSES HS,NOWDT, PUT, NOPROTECT, NOLVP, NOCPD, NOWRT, BROWNOUT

int8 data, rbyte, mask;
intl6 address, count;
signed intl6 xx, %, vy, x1, yl, x2, y2, deltax, deltay, ddx, ddy, £f;

const int usercharacterset[1024] = {
2,4,8,8,28,62,62,28,0,0,60,68,68,76,50,0,0,64,32,60,34,34,92,0,0,0,60,64,64,66,60,0,
0,12,4,60,68,68,58,0,0,0,28,34,62,32,30,0,0,6,8,8,62,8,8,16,0,0,58,68,68,60,4,120,
32,32,32,60,34,34,36,0,0,8,0,24,8,8,8,0,0,8,0,24,8,8,8,48,0,32,32,36,56,36,34,0,
0,48,16,16,16,16,16,0,0,0,108,82,82,82,84,0,0,0,60,34,34,34,36,0,0,0,60,66,66,36,24,0,
0,0,92,34,34,60,32,32,0,0,58,68,68,60,4,2,0,0,76,50,34,32,32,0,0,0,60,64,56,4,56,0,
0,16,62,16,16,18,12,0,0,0,36,68,68,68,58,0,0,0,100,34,34,36,24,0,0,0,68,82,82,82,44,0,
0,0,52,24,16,40,70,0,0,0,34,18,20,12,72,48,0,0,60,72,16,34,124,0,24,24,36,36,66,90,165,195,
0,8,28,42,119,62,65,34,0,8,28,42,119,62,34,65,0,65,62,107,127,62,85,42,0,65,62,107,127,62,42,73,

255,255,255,255,255,255,255,255,0,0,28,62,107,119,42,65,0,0,28,62,107,127,34,20,0,126,60,126,126,126,126, 60,
24,60,126,219,255,90,129,66,24,60,126,219,255,36,90,165,8,36,47,59,63,31,8,16,32,72,232,184,248,240,32,16,
8,4,15,27,63,47,40,12,32,64,224,176,248,232,40,192,3,31,63,57,63,6,13,48,192,248,252,156,252,96,176,12,
3,31,63,57,63,14,25,12,192,248,252,156,252,112,152,48,0,7,31,63,109,255,57,16,0,224,248,252,182,255,156,8,
24,44,70,70,70,44,24,0,8,56,24,24,24,24,24,0,60,102,38,12,48,98,124,0,124,8,28,38,6,12,48,0,
8,16,48,44,110,124,12,0,60,32,120,76,12,24,32,0,4,24,48,104,68,76,56,0,62,70,12,8,24,16,16,0,
28,50,18,44,70,70,60,0,28,34,34,22,12,24,32,0,1,3,3,63,127,127,127,127,0,128,128,248,252,252,252,252,
0,126,66,66,66,66,126,0,0,126,66,66,66,66,126,0,0,126,66,66,66,66,126,0,0,126,66,66,66,66,126,0,

0,124,130,130,68,40,108,0,12,20,36,36,124,68,130,0,248,68,120,68,66,98,156,0,56,68,132,128,130,68,56,0,
216,100, 66,66,66,68,184,0,220,98,64,112,64,68,248,0,220,98,64,112,64,64,128,0,60,66,128,158,132,76,50,0,
194,68,68,124,68,68,132,0,48,16,16,16,16,16,32,0,6,4,4,68,132,136,112,0,198,72,80,112,72,74,132,0,
96,32,32,32,64,98,156,0,194,102,86,74,74,66,130,0,194,98,82,74,70,70,130,0,56,68,130,130,130,68,56,0,
220,98,66,98,92,64,128,0,56,68,130,130,148,74,52,0,220,98,66,68,120,74,132,0,60,66,48,8,68,132,120,0,
126,136,80,16,32,32,32,0,194,34,34,66,68,68,56,0,194,66,36,36,40,48,16,0,132,66,82,82,82,116,72,0,
198,40,48,16,48,74,132,0,198,68,40,16,16,32,32,0,62,68,8,16,32,114,140,0,0,126,66,66,66,66,126,0,
0,126,66,66,66,66,126,0,0,126,66,66,66,66,126,0,0,126,66,66,66,66,126,0,0,126,66,66,66,66,126,0

255,255,255,255,255,255,255,255,0,126,66,66,66,66,126,0,0,126,66,66,66,66,126,0,0,126,66,66,66,66,126,0,
0,126,66,66,66,66,126,0,0,126,66,66,66,66,126,0,0,126,66,66,66,66,126,0,0,126,66,66,66,66,126,0,
0,126,66,66,66,66,126,0,0,126,66,66,66,66,126,0,0,126,66,66,66,66,126,0,0,126,66,66,66,66,126,0,
0,126,66,66,66,66,126,0,0,126,66,66,66,66,126,0,0,126,66,66,66,66,126,0,0,126,66,66,66,66,126,0,
0,126,66,66,66,66,126,0,0,126,66,66,66,66,126,0,0,126,66,66,66,66,126,0,0,126,66,66,66,66,126,0,
0,126,66,66,66,66,126,0,0,126,66,66,66,66,126,0,0,126,66,66,66,66,126,0,0,126,66,66,66,66,126,0,
0,126,66,66,66,66,126,0,0,126,66,66,66,66,126,0,0,126,66,66,66,66,126,0,0,126,66,66,66,66,126,0,
0,126,66,66,66,66,126,0,0,126,66,66,66,66,126,0,0,126,66,66,66,66,126,0,0,126,66,66,66,66,126,0

bi

const int GRAPHICS CHARACTER SET[22] {7,18,1,16,8,9,3,19,32,3,8,1,18,1,3,20,5,18,32,19,5,20};
const int Business character set[22] = {66,21,19,9,14,5,19,19,32,3,8,1,18,1,3,20,5,18,32,19,5,20};
const int User defined characters([23] = {85,19,5,18,45,4,5,6,9,14,5,4,32,3,8,1,18,1,3,20,5,18,19};



void PlotPixel ()
{

XX = X; XX >>=3; // INT (x/8)
address = (y * 40) + xx; // Compute memory address
xx <<=3; XX = X - XX; // INT (x/8)*8 and remainder
mask = 128; mask >>= xx; // Generate OR mask byte for pixel bit to set
output C(make8 (address, 0)); output D(make8 (address, 1)); // Assert address bus
while (input (PIN A5)); while (!input (PIN_A5)); // Wait for positive edge of H BLANK
output_high (pin A3); // Assert VIDEO ADDRESS ACCESS
output low(pin A2); // Assert !SELECT VIDEO BITMAP_ RAM
output low(pin El); rbyte = input B(); output high(pin E1); // Read bitmap RAM address
output B(mask | rbyte); // OR with mask byte and put on data bus
output low(pin EO); output high(pin EO); // Strobe !WRITE
output high (pin A2); // Unassert !SELECT_VIDEO BITMAP_ RAM
output low(pin A3); // Unassert VIDEO ADDRESS ACCESS
}
void QuadrantA () // Bresenham's line drawing algorithm for DrawlLine () function

{
deltax = x2 - x1; ddx = 2 * deltax; deltay = y2 - yl; ddy = 2 * deltay;
if (deltay > deltax) {
f = ddx - deltay;
while (y <= y2) {
PlotPixel () ;
if (£ > 0) {
x++; £ = £ - ddy;

}
f = f + ddx; y++;

}
y = y2;

}
else {
f = ddy - deltax;
while (x <= x2) {
PlotPixel () ;

if (£ > 0) {
y++; £ = £ - ddx;

}
f = f + ddy; x++;
}
X = x2;
}

void QuadrantB() // Bresenham's line drawing algorithm for DrawLine () function
{
deltax = x1 - x2; ddx = 2 * deltax; deltay = y2 - yl; ddy = 2 * deltay;
if (deltay > deltax) {
f = ddx - deltay;
while (y <= y2) {
PlotPixel () ;
if (£ > 0) |
x--; £ = £ - ddy;

}
f = f + ddx; y++;



y = y2;
}

else {
f = ddy - deltax;
while (x2 <= x) {
PlotPixel();
if (£ > 0) {
y++; £ = £ - ddx;
}
f = f + ddy; X—=;
}
X = x2;

}

void QuadrantC()
{
deltax = x1 - x2; ddx = 2 * deltax;
if (deltay > deltax) {
f = ddx - deltay;

while (y2 <= vy) {
PlotPixel () ;
if (£ > 0) |
x-—-; £ = £f - ddy;

}
f =f + ddx; y--;

}
y = v2;
}
else {
f = ddy - deltax;
while (x2 <= x)
{
PlotPixel () ;
if (£ > 0) |
y-—; £ = f - ddx;

}
f =f + ddy; x--;
}
X = X2;
}

void QuadrantD ()
{
deltax = x2 - x1; ddx = 2 * deltax;
if (deltay > deltax)
{
f = ddx - deltay;
while (y2 <= vy) {
PlotPixel () ;
if (£ > 0) |
x++; £ = £ - ddy;

}
f =f + ddx; y--;

deltay

deltay

vyl - y2;

vyl = y2;

ddy

ddy

// Bresenham's line drawing algorithm for DrawLine ()

2 * deltay;

// Bresenham's line drawing algorithm for DrawLine ()

2 * deltay;

function

function



}
else {
f = ddy - deltax;
while (x <= x2) {
PlotPixel () ;
if (£ > 0) |
y-—; £ = f - ddx;

}
f = £ + ddy; x++;
}
X = x2;
}

void DrawLine () // (x1, yl) - (x2, y2) Line drawing routine
{
x = x1; y = yl;
if (x1 <= x2) {
if (vl <= y2)
QuadrantA() ;
else
QuadrantD() ;
}
else {
if (yl <= y2)
QuadrantB () ;
else
QuadrantC () ;

}

void WriteToTextRAMI()
{

output C(make8 (address, 0)); output D(make8 (address, 1)); // Assert Address lines

while (input (PIN_A5)); while (!input (PIN_A5)); // Wait for positive edge of H BLANK
output_high (pin A3); // Rssert VIDEO ADDRESS ACCESS
output_low(pin_ AO); // Assert !SELECT VIDEO TEXT RAM

output B(data); output low(pin EO); output high(pin EO); // Put byte onto data bus and strobe !WRITE
output high (pin A0); // Un-assert !SELECT_VIDEO_TEXT_ RAM

output low(pin A3); // Un=assert VIDEO ADDRESS_ ACCESS

}

void WriteToCharacterRAM ()
{

output C(make8 (address, 0)); output D(make8 (address, 1)); // Assert Address lines
while (input (PIN A5)); while (!input (PIN _A5)); // Wait for positive edge of H BLANK
output_high (pin A3); // Assert VIDEO ADDRESS ACCESS
output low(pin Al); // Assert !SELECT VIDEO CHAR RAM
output B(data); output low(pin EO); output high(pin EO); // Put byte onto data bus and strobe !WRITE
output_high (pin Al); // Un-assert !SELECT VIDEO CHAR RAM
output low(pin A3); // Un-assert VIDEO ADDRESS ACCESS
}
void ProgramCharacterRAM () // Load custom set into Character RAM

{
for (address = 0; address < 1024; address++) {
data = usercharacterset[address]; WriteToCharacterRAM(); delay ms(5);



}

void ClearBitmapRAM()
{
output B(0);
for (address = 0; address <8000; address = address + 1)
output C(make8 (address, 0)); output D(make8 (address,
while (input (PIN A5)); while (!input (PIN _A5));
output_high (pin A3);
output low (pin_ A2);
output low(pin EO); output high(pin EO);
output high (pin A2);
output low (pin_ A3);

}
void ClearTextRAM ()

{
output B(32);

for (address = 0; address <1024; address = address + 1)
output C (make8 (address, 0)); output D(make8 (address,
while (input (PIN_A5)); while (!input (PIN_A5));

output high (pin A3);
output low(pin AO);
output low(pin_EO); output high(pin EO);
output _high (pin_ A0);
output low(pin A3);

}

void ClearCharRAM ()
{
output B(0);
for (address = 0; address <1024; address = address + 1)
output C(make8 (address, 0)); output D(make8 (address,
while (input (PIN A5)); while (!input (PIN _A5));
output _high (pin A3);
output low (pin_ Al);
output low(pin EO); output high(pin EO);
output high (pin Al);
output low (pin_A3);

}

void DrawBorderAndPyramid ()

{

x1l = 0; yl = 0; x2 = 319; y2 = 0; DrawLine();
yl = 199; y2 = 199; DrawLine();

x2 = 0; yl = 0; DrawLine();

x1l = 319; x2 = 319; DrawLine();

x1=160; y1=100; y2=190;

for (x2 = 9; x2 <311; x2 = x2 + 5) {

DrawLine (); }

{

1));
{

1))
{

1));

//

//
//
//
//
//
//
//

//

//
//
//
//
//
//

//

//
//
//
//
//
//
//

Zero data bus

Assert Address lines

Wait for positive edge of H_BLANK
Assert VIDEO_ADDRESS ACCESS
Assert !SELECT BITMAP MEMORY
Strobe !WRITE

Un-assert !SELECTiBITMAPiMEMORY
Un-assert VIDEO_ADDRESS ACCESS

Blank space character code on data bus

Assert Address lines

Wait for positive edge of H BLANK
Assert VIDEO ADDRESS ACCESS
Assert !SELECT TEXT MEMORY

Strobe !WRITE

Un-assert !SELECT TEXT MEMORY
Un-assert VIDEO ADDRESS ACCESS

Zero data bus

Assert Address lines

Wait for positive edge of H_BLANK
Assert VIDEO_ADDRESS ACCESS
Assert !SELECT CHAR MEMORY

Strobe !WRITE

Un-assert !SELECT_ CHAR MEMORY
Un-assert VIDEO_ADDRESS ACCESS



void PrintFullCharacterSet ()

{

for (count = 0; count < 32; count++) {
address = count + 124; Data = count; WriteToTextRAM() ;
address = count + 164; Data = count + 32; WriteToTextRAM() ;
address = count + 204; Data = count + 64; WriteToTextRAM() ;
address = count + 244; Data = count + 96; WriteToTextRAM() ;
address = count + 284; Data = count + 128; WriteToTextRAM():;
address = count + 324; Data = count + 160; WriteToTextRAM()
address = count + 364; Data = count + 192; WriteToTextRAM()
address = count + 404; Data = count + 224; WriteToTextRAM():;
}
}
void InitialiseIO()
{
set _tris A(0x20); set tris B(0x00); set tris C(0x00); //
set _tris D(0x00); set tris E(0x00); //
output_high (pin A0); //
output high(pin Al); //
output high (pin A2); //
output low(pin A3); //
output low (pin A4); //
output_high (pin EO); //
output high(pin EI1); //
output low(pin E2); //
}
void MAIN ()
{
// RAO (PIN2) = !SELECTiTEXTiMEMORY (Output)
// RA1 (PIN3) = !SELECT7CHAR7MEMORY (Output)
// RA2 (PIN4) = !SELECT BITMAP MEMORY (Output)
// RA3 (PIN5) = VIDEO ADDRESS ACCESS (Output)
// RA4 (PIN6) = GRAPHICS/BUSINESS (Output)
// RA5 (PIN7) = HOR_ BLANKING (Input)
// REO (PINS8) = IWRITE (Output)
// RE1 (PIN9) = !READ (Output)
// RE2 (PIN10) = ENABLE USER CHAR (Output)
// RCO - RC7T = ADDRESS 0 - ADDRESS 7 (Output)
// RDO - RD4 = ADDRESS_S - ADDRESS_lZ (Output)
// RBO - RD7 = DATA 0 - DATA 7 (Bidirectional)
InitialiseIO();
delay ms (2000); ClearTextRAM(); ClearBitmapRAM(); ClearCharRAM() ;
delay ms(1000); DrawBorderAndPyramid(); delay ms(1000);
For (count = 0; count < 22; count++) {
data = GRAPHICS CHARACTER SET[count]; address = count + 49;
WriteToTextRAM(); delay ms(100);

}
delay ms(1000) ;

delay ms (1000); output high(pin_ A4);

Setup IO ports

"

!SELECT VIDEO TEXT RAM high
!SELECT VIDEO CHAR RAM high
!SELECT VIDEO BITMAP RAM high
VIDEO ADDRESS ACCESS low
GRAPHICS/BUSINESS low

IWRITE high

IREAD high

ENABLE USER CHAR low

// Clear video RAMs
// Draw bitmap graphics

// Graphics character set display routine

PrintFullCharacterSet(); Delay ms(5000); ClearTextRAM() ;

// Select BUSINESS character set



For (count = 0; count < 22; count++) {

data = Business_character set[count]; address = count + 49;
WriteToTextRAM(); delay ms(100);

}

delay ms (1000); PrintFullCharacterSet(); Delay ms (5000);

Data 32;

For (address = 49; address < 71; address++) {
WriteToTextRAM() ;

}
output high(pin E2); Delay ms (1000);
For (count = 0; count < 23; count++) {

data = User defined characters[count]; address = count + 49;

WriteToTextRAM(); delay ms(100);
}
delay ms (1000); ProgramCharacterRAM(); Delay ms(5000);

ClearBitmapRAM(); Delay ms(1000); ClearTextRAM() ;

//

//

//

//

Business character set display routine

User-defined character set display routine

Enable user-defined characters

Finish by blanking display
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5) VIDEO GENERATOR SECTION
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6) VIDEO GENERATOR SECTION
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AN ADDITIONAL 128 USER-DEFINED 2 1412
CHARACTERS ARE AVALIABLE T0 U8k 26 [413 o b22 CHAR_D3 8 ] |12 D3
DISPLAY SIMULTANEOUSLY ON SCREEN. 45V 27 OEE— .~
THESE CHARACTERS ARE STORED THHCT157 Ta|ALe 0 o | T2l |t
IN RAM AND MUST BE DEFINED, GND ce <]
IN THIS MODE REVERSE CHARACTERS CHAR_S1 2 {po  veclté 10 €803 c8os  |B
ARE DISABLED AS BIT D7 OF THE CHAR_S2 5 | < L00nF 200nF
CHARACTER SELECT BYTE IS NOW CHAR_S3 11 X T
USED TO SELECT AN EXTENDED CHAR S&4 1M 4 cst B ~
CHARACTER INSTEAD. = A3 Y0 5 U801D
IF YOU NEED A REVERSED CHARACTER v1|-Z 7LHCTOO
YOU WILL JUST NEED TO DEFINE IT Al 3 9 cs3
BO Y2 12 +5V +5V
YOURSELF. A5 6 12 Ccsh 11
A6 w2 v UBog
REVERSE CHARACTERS ARE NOT a7 B2 uso7 74HCT244
GENERATED BY LOGIC, BUT ARE 13 lg3
INSTEAD DEFINED IN THE CHARACTER £ QLl A28 SE’;% ;VR”E v
ROM. L 1sEL oND[-B M +5V 805 c806 [
J7 = 20 100nF 100nF
= A 10 28 CHAR_D% 2| G [18 D4
A0 vee
+5V +5V U805 -y 2 LA2 9 {m I L I
TLHCTL57 LAG 8 |4n 100 |LL__CHAR Do 3| [ o] |17
c810 csil €so 7 12 CHAR_D1 ~ +5V +5V
i.* 10uF 10uF C:ﬁs—gg 2 a0 vec| e 516 ﬁz :g; 13 CHAR D2 CHAR_DS s | IraC] (46 D5
16V 16V gHAR_S7 151 A1l cs2 5 |pe 105| 15__ CHAR_D3 I L I
TANT. TANT  CHAR_S7 w2 W css cs3 u |, 104 | L6___CHAR D& s | T2l |15
A3 YOI— 36 CSh 3 |47 105 | -L7___CHAR_D5 ~J
A8 5 1 css 25 |4 106 | £8__craR D6 CHAR_D6 6 | [ |18 D6 807 csos  |C
o . BO CS6 24 {,o 107|-£9___CHAR D7 I L I 100nF 100nF
B1 21 7 2] |13
10 157 PXH VY 7 <~
027
7 [CHARS[0.7 13 183 15 2 :g wE cHAR D7 , B | [T |12 07
E 26 2 L +5V
LiseL onpf-S P PR Lotz ]
6.7.9. 12, 13, 14 [A[0.9] J7 14 {exp cep20 ~JT T1o
A4 17 o] 17 |
GRAPHICS /BUSINESS = 809
9 [VIA#L_CA2 100nF
12 [ORIGINAL_CHAR_ROM +5v +5v
4 6
o weos (B SEECr e 12
UB01A 74HCTO0 ~| usote  ~[ uso2e UB02A
74HCT00 TLHCTOO | 74HCT32 TLHeT32
WRITE | 6, 7, 9, 10, 13, 14 D

12 [ENABLE_USER_CHAR

ugo2p
7LHCT32

uso1c
7LHCTOO

7LHCT32

4
uso2B

VIDEO_ADDRESS_ACCESS] 3,6, 7

6. 7. 9. 10, 13, 14




T I 3 5 :
cPU
IEEE— 448 DATA IN PR PAOTT] 11
11, 12, 14 POWER_ON_RESET
IEEE—488_DATA_OUT
3, 10, 14 [PHEZCIOEE 4MHz_SYSTEM_CLOCK PIA#2_PB[0.7] ) 11
10 {RwB U907 ATNIN PIA#2_CAL] 11
— INTERRUPT_REQUEST W65C21N
14 (RQ oty +5V NDAC_OUT R 1
6. 7.8, 9,13, 14 [READ > % - 2 T
DO VDD — PIA#2 CB1] 11
6, 7,8, 9,13, 14 [WRITE > D1 32 {1
D2 31 2 PIA#2_PAO D Ut
02 PAO >
14 (RO b3 3005 pat| 3 PIA#2PAL PIA#2.CB2 ) 11
w [ oL 2 lou  pa| PR HORCTR <VAFLPB0] 11
14 {SYNC 8 D5 PA3 = .
D6 27| 5o pasl & PIA#2_PAL NRFO_OUT [VAFLFEL) 11
D7 26 D7 PAS 7 PIA#2_PAS =
il R906 . PAG : i::z;i:g ATN.OU VIAFL_PB2 ) 11
w0 1k 25 lpHiz  PA7 ! TSR
VoD RESBD.D A0 36 10 PIA#2_PBO - VIA#1PB6] 11
R905 pHi2 R07 AL RS0 PBo PIA#2_PB1
Rwp [34 1k 35 1ps1 pB1fLl = DAY N VIA#1_PB7] 11
330R 1RQB |4 poo| 12 FIA#2 PB2
SYNC|L R908 21 lpws  pB3|L3 PIA#2.PB3 LOLIN PIAFLPAG ] 11
nmiB |- 3k3 py| L4 PIA#2_PBY __
ROY |2 384 |rqap  pB5| L5 PIA#2_PBS EQLOUT PIARLCAZ Y 11
08|38 T (rovisqipied BT PIA#2_PB6
D901 se| 36 1 +5V pa7| 17 PIA#2 PB7
100R LL4148 uso1 22 1cso N
W65C02S 24 cs1 cAL 40 ATN_IN
CPU 20 23, 39 NDAC_OUT
cs28  CA2 !
Do 33 2 { 18 DO
T L T 34dpess  cpt| L8 SORN
3 }‘ 17 1 VSs B2 19 DAV_DUT
U902 —~J
LM555 p1}-32 4 ~Q_ 16 D1 PARALLELPORTDATAI/Q (Viag1 PA[0.7]D 14, 15
POWER-ON T L T U908
RESET 5 1| [15 CcAL
+5V TIMER " ~ ‘:‘i;izm +5V VIA#1CAL ) 11
-\ ago1 31 6 | | 14 02 CB2/SOUND_FX
02 > VIAF1 CB2 > 11, 15
8 [icc  ourf 3t 2N7002 Do 53[0 vool22
7 2| |13 D1 32 {py DTG FRFLFAT] 14, 14
R903 R904 4 st o —~J D2 31 {po pA0 |2 VIA#1_PAO = ‘
M 100k b330 8 | | 12 b3 D3 30 |ps  parl 3 VIA#LPAL
6 L D& 29 4 VIA#1_PA2
i Lt L] o e e
7 |oisc co14 —~ 10 D6 27 |5 paLl6 VIA#1_PAL
100nF U903 D7 26 |py  pas| 7 VIA#IPAS
2 TRIG GND 1 TUHCT244 o 8 VIA#1_PAB
2
. 25 |puin  pay| 9 VIA¥I PAT
912 e AL 913 N
100nF 10uf :;1 38 [oso  ppoft0 NDACIN _
16v 20 A 37 {ps1  ppit|Ll NRFO_OUT
TANT 29 2 | & 18 D4 2 36 1gs2  ppz[-12ATN.OUT
D4 1 A3 35 RS3 PB3 13 CASS_WRITE
I 3| [ 2] [47 I 2 PB4 12 HOTOR
~J RWB  PB5-2
D528 4 & 16 D5 5V 51 PB 17
I L I IRQB  PB7
+5V +5V +5V +5V 5 \Jj 15 T 24 feoy k0 cM
ooz . § N o6 23] (o8 cas| 39 GRAPHICS/BUSINESS
T s T 34 |pess il LB #2_CASS READ
19 CB2/SOUND_FX
s vss  cB2
901 €902 €903 904 ] o7
100nF 100nF 100nF 100nF p7}-28 & {12 KEYBOARD_SCAN FRATARSD 1
T o L 1Q i T U908 KEYBOARD_INPUT
—~ 10 W65C21N 5V PIA#1_PB[0..7] | 11
+5V +5V +5V +5V ugou PIA#L
T4HCT244 S
a A Do 3300 vool20
D1 32 |p,
D2 300 paol2 PIAHLPAO
905 €906 €907 c908 gf 30 {p3 PAL z E::“?E:;
100nF 100nF 100nF 100nF 0 —idoer e fg a0 = 2:‘: D4 Pa2 [ P‘A#{P“ CASS_WRITE VIAFLPB3 ) 11, 15, 16
BT § O AL D6 57 A #1”0(55 SWITcH FL_CASS SWITCH
AL AL Y1 06 PA4 e e E— PIA#1_PAL] 16
T 7 V2|6 A§ D7 26|p;  pas| 2 #2 CASS SWITCH
+5V +5V +5V A3fi2 S {a3 Y3 15 :4 pA6—2 EQLIN #2_CASS_SWITCH PIA#1_PA5 | 16
hs ﬁ ? M 13 A5 Efenz par| 2D 1_CASS_READ
€911 A5 5 Y5 fdhapt
+ co10 4] o 15 8 Vel 12 A6 A0 36 |pso  pao| L0 PIA#1_PBO 11, 15,16
ig;F 16V A7 16 9 A7 Y7 11 A7 Al 35 RS1 PB1 11 ;::”1,;:; #2_CASS_READ V\A”i,CBl‘ 11, 15, 16
€909 TANT U905 +—2990e2  onp 20 pB2[-12 =
100nF 74HC541 21 lgws  pB3[E3 E:: ?E:i #2_CASS MOTOR VAT 10
Yy 20 38 PB4 12 PIA#1_PBS 1_CASS_MOTOR
—=gaE1  vce IRQAB  PB5 = 2o {PIA#1_CB2 >
NEY) 2 Solts A8 373”(53B S Ii6  PiA#L PBG PIA#1.CB2 ) 10
A9 18 3 1 v1 17 A9 +5V PB7 17 PIA#1_PB7
Ato] L2 7 2|16 ALO 22 |cqp
1] 20 5 |3 v3[ 15 :g 24 ((ey  cap| 40 #1 CASS READ
222 6 |y i |24 23cezs a2 39___EOLOUT
3|23 7 |ne el 13 A13
Al4 24 8 A6 Y6 12 :12 34 RESB CB1 18 SYNC
2 |yss a2 25 9 |47 L 10yss (2|19 #ICASSNOTOR
U906 +1990e2  cnp L0
TLHC541
ADDRESS BUS v SXHC PROC?SYNC‘ 3
6.7.8.12. 13, 14 CA.15]} DATA BUS GRAPHICS/BUSINESS v g
6.7, 8. 12, 13, 14 {0[0..7] > _
12 RS PIAR2_SELECT
12 [VIAFLCS528 VIA#1_SELECT
12 (RS PIAFFL_SELECT
T I 3 6 B




1 | 2 I 3 I 4 I 5 I

10) PROCESSOR SECTION

READ AND WRITE STROBING

U1002A

U1001E
) 7LACL0 74HCTOL
3.9, 14 [PHIZLCLOCK
o = FCASSHOTOR
1723 12 6.7.8. 9, 13, 14 o [PiAfLCB2 CASS_MOTOR il 10 #L_CASS_MOTOR > 16
U10028
V10014 , 7LACL0
T4HCTO4 3 .
o [WRITE > 6, 7. 8. 9. 13, 14
g [RwB> 1 [::>32 G
UL001F
74HCTOL
U1002C
—
10018 74AC10 9 [ViA#1_PBS4 2 CASS_MOTOR 15 12 #2_CASS_MOTOR > 16
9
¢
T4HCTO4 = . _ ,
12 [WRITE_PROTECT 0/1 3 {>c 4 1
U1003A
U1001c 74ACL0
TLHCTOR 1
2 12 {WRITE_RAM_BLOCK=2/3 > 13
12 [WRITE_PROTECT 2/3 5 {>c 6 13
110038
74ACL0
3
4 6 [WRITE_MEMORY_REG > 12
12 [SFFFO 5
U1003C
74ACL0
9
12 8 WRITE_VIDEO_REG D 12
12 [$FFFL
+5V +5V +5V +5V +5V +5V
BRWE ) 14
=+ =+ =+
~i| ~i| ~i|
U1001D 010016 10020 U1003D
74HCTOL 74HCTOL 74AC10 74AC10
. c1001 1002 1003 ~ N ]
9 [::>x> BRWB > 14 100nF 100nF 100nF




T I 3 5 7 :
KEYBOARD, IEEE—488 AND USER PORTS
U1101
IEEE — 488 DATA OUT swissieo PARALLEL_PORT_DATA /0
9 [PIA#2-PB[0.7 =188 | 2 L VAL _PA[0.7] ) 9, 15
vee 28
TE
E
PIA#2_PBO 19 2 488_1/0-1
PIA#2_PB1 18 g; :; 3 488_1/0-2 20R
PIA#2_PB2 17 |55 sl 486_1/0-3
PIA#2_PB3 16 D& B4 5 488_1/0-4 P1101 P1103
PIA#2_PBY4 15 D5 B5 6 488_1/0-5 61202422121 61202622121
PIA#2_PB5 1] e b4 488_1/0-6 IEEE—488 PORT PARALLEL (USER) PORT
PIA#2_PB6 13 07 87 8 488_1/0-7
PIA#2_PBT 12 | 5g a8l 2 488_1/0-8 488.1/0-1 1 2 488.1/0-2 1 2
488_1/0-3 3 4 488_1/0-4 3 4 VIA#1_PAL
peltt 488_1/0-5 5 6 488.1/0-6 5 6 VIA#LPAS
GND 10 488_1/0-7 7 8 488_1/0-8 7 8 VIA#1_PAS
9 10 EOI 9 10 VIA#1_PA7
11 12 DAV 11 12 CB2/SDUND_FX
| DAY = VAL CB2 Y 9, 15
il i hic e i —
u1102 1 — -1 DIAG :)
7415245 3V | 17] % ] 17| 18 PIAFLPA7 D 9, 14
0 " i [ a— 2l [ (o]
RP1101 vee 21 211 VIDED] 2
4816P—1-221LF DIR(-L 23 24 £T 23 2k
25 26
PIA#2 PAO 16 118 g w2 488_1/0-1 < HORSYNC] 3
PIA#2_PAL 15 2 17 |g; A2l3 488_1/0-2 <~
PIA#2_PA2 14 3 16 4 488_1/0-3
PIAf2_PAS 13 4 15 :f :i 5 488_1/0—4 VERT_SYNC] 3
PIA#2 PAL 12| ~\AM[5 14 Bs as] 6 488_1/0-5 #1CASS READ
PIA#2_PAS 11 6 13 B6 7 488_1/0-6 = = PIA#1_CAL ) 9, 15, 16
PIA#2_PA6 10 7 12 oo w8 488_1/0-7
PIA#2_PA7 9 8 11 B8 A8 9 488_1/0-8 #2_CASS_READ @) 9. 15, 16
19
o€ DATA VALID CASS_WRITE
GND |2 NOT READY FOR DATA VIA#1_PB3] 9, 15, 16
NOT DATA ACCEPTED
ATTENTION
END OF IDENTIFY CAL VIA#1_CA1 > 9
INTERFACE CLEAR
U1103 SERVICE REQUEST
SN75ALS160 +5V = REMOTE ENABLE
vee 210
TE
o [PiA#2.CB2 DAV_OUT 19 1py g1f2 _DAV
18 1o, 2| NRED
9 [VIA§L_PBL NRFD_O0 17 fp3 3[4 NDAC
16 1p4 Bal—2 ATH
o [PiA#2_CAZ NDACOUT 15 1ps 515 EOl
VN b oz IFC
o [VIA#L_PB2 ATN_OUT 13 1p7
12 g
9 [PIA#1_CAZ EDLOUT "
PE {P1102) KEYBOARD_SCAN
9, 12, 14 [POWER_ON_RESET IFCOUT GND % PIAFL_PA[0.3]] 9
P1102
61202622121
%isogus il KEYBOARD ey
RP1102 vee 20 L 2 e 0 J s par 1ol
4816P-1-221LF DIRF-L 3 ! 2d1 = 15
5 6 N 34, 14
DAV_IN 16 118 2 7 8 4 15 PIA#1_PAO 13
{Vin#_PB7} = 81 AL 3 A
9 (VAL PT 15 217y, w3 g 10 N 5y NETS PIA#L_PAL 12
NRFOIN 14 3 16 4 i1 12 6 13 PIA#1_PA2 11
_V\A 1 _PB = B3 A3 5 C
9 #1_PB6 13 N 4 15 B4 Al 5 13| 14 \ 7 6 D 12 PIA#1_PA3 _PlA#1 PB6 10|
NDACIN 12 5 14 6 15 16 _| 9 PIA#1_PB7
(ViA#L_PBO] - 85 A5 7 ~PIAFLPET 9
9 CVIAHLPBO 11 6 13 |gg 7 | 17] 18 PIA#1_PB3 N\ 10dg
9 {PIN2_CAL 10 Z a7f-8 { 19 |20 PIA#1_PBL 11ds 8 RP1103
9 l agf-2 211 22 PIA#1_PBS 4816P-1-103LF
23 24 PIA#1_PB6 ™\
oEpie 25 26 PIA#L PBY
SV =U L
v
KEYBOARD_INPUT @) 9

+5V +5V +5V +5V +5V
C1101 €1102 €1103 C1104 C1105
100nF 100nF 100nF 100nF 100nF




T I p) 3 ] I 5 5 7 B
12) PROCESSOR SECTION -
ADDRESS DECODING AND MEMORY CONTROL REGISTERS 1 4 THHC32
2 6 $8000—_$BFFF_EXPANSION_RAM_BLOCK(G/1 9 s\
5 *NL/ 8 SELECT_BLOCK{0/1) ) 13
U1202A U12028
74HC0Q 74HCO0 12050
6.7, J4nca2 SELECT_BLOCK(2/3) ) 13
g'}g'j,b A[0..15] 8 JCO00—FFFFF_EXPANSION_RAM_BLOCK(2/3) 12 T\ 11
o ' 13 DISABLE_$GOD0—$7FFF | 14
U1202C
74HCO0
U1210E }g 13 {>012
74HCO SELECT_RAM
AL4 13 J 13
U12078 U1210F
U1208C
74HC20 T4HCO4
A15 000§ 7FFF_32KB_SYSTEM_RAM 74HC32
+5Vv
38000 $8FFF_SCREEN_MEMORY. 1S~
A2 1 Ly vee L-‘— 2 5) J : g ) & SELECT VIDEQ_TEXT_RAM » 7
A13 2 AL U1203A |\ ) _f
Alb 3 1o yobts 74HCOB U1209A 12098
T4HC32
1 1; ;‘ N3 35000 —JAFFF_EXPANSION_ROM_AREA 12104 74HC32 112090
Y2 J
A15 i 5 v ﬁ o TLHCO4 \ " 74HC32
EL Y4 U1204A U1207A 10 11
5de  ve 190 74HC11 74HC20 13) SELECT VIDEQ_CHAR RAM ) 8
Y6 1 u1209C
8 lono  v7pL 2 } \ 12  FBO00—$DFFF_BASIC 4.0_ROM 74HC32
13
vzt L/ sy |
74HC138 U1208A T4HCO4
T4HC32 5 {><>L‘ ; 3
. CHET] 2088 uiztts
74HC32
U1205A . 4 s
T4HC32 4@57 5 SELECT_EXPANSION_ROM » 13
it %ﬁ \ 3 FE000—FE7FF_BASIC_4.0_EDITOR_ROM u1211C
2/ 3 TLHC32
4 6 9
SFO00—$FFFT_BASIC .0_KERNAL 5 / 1 10 8 13
u12020 :iiggg U12048 u12110 U1206A U12068
74HCO0 . 74HC11 74HC32 74HCO0 J4HC00
4Y\ 6 FEBO0-SEFFF_I/0 AREA 12 S 1
) J 13) P 2 3 & 6 SELECT_PIA#L
vy 5] P F1C528) 9
U1206C
74HCO0
Al 9 orp—
I o] ot SELECT PIAR2 g
A6
U1206D
U1212A | U12128 74HCO0
12038 | 74HCO8 | 74HCOB 12 .
74HCO8 %iégg e 11 SELFCTVIAFL 7 9
. . () C
8
10 | o <+ 0]
U1213A .
T4HCO4 bal
U1213E u1216 u1217
74HCO4 12120 74HC273 74HC273
U1203C o T4HCOB 64KB EXPANSION VIDEQ AND SDUND
Ui2138 T4HCO8 A 12 R.A.M. CONTROL CONTROL
74HCO4 9 s 1 e 11 REGISTER +5V REGISTER +5V
H = Vincon | raitcon
BITMAP_RAM_PAGE 0/PAGE L > 6
g[l) i o vl | 74HCO4 | 74HCOL gg i b veck2e
]
U1213C D2 7 g; Q 2 WRTITE_PROTECT_$8000-$BFFF D2 7 gji Q 2 BANK — SWITCH_VIDEO_RAM ENABLE-WSER-CHAR 8
T4HCO4 D3 8 5 WRTITE_PROTECT_$C000-$FFFF D3 8 5 SELECT_CHARACTER_RAM/BITMAP_RAM
u1204¢ 03 a ERDIECL 03 1 - _RAM/BITMAP.| ENABLE_BITMAP_VIDED »
12030 bt —3ou Q2|6 SELECT BLOCK=0/BLOCK-1 ) D413 |, Q2| 6 SELECT BITMAP_RAM_(PAGE_O/PAGE_1) = = 2
T4HCO8 05 14 D5 Q3 9 SELECT_BLOCK—1/BLOCK—2 D5 14 D5 Q: 9 ENABLE_USER_DEFINED_CHARACTERS @ 8
D6 17 D6 D6 17 D6 Q4 12 ENABLE_BITMAP_GRAPHICS =
12130 /o7 18 15 SCREEN PEEK THROUGH_$8000-S8FFF b7 18 15 ENABLE ORIGINAL CHARACTER SET
o7 > EK_THRQ 50 o7 5 - {ENABLE_AUDID_DAC >
74HCO4 gé 16 1/0_PEEK_THROUGH_$EB00—SEFFF S 16 ENABLE_AUDIO_DA [ ENABLE_AUDID_DAC » 15
14 Q7| L9 ENABLE_+64KB_RAM_EXPANSION 1l o7 [ 19 DISABLE CB2 AUDIO PTEABLE CBIATOI0 15
1gur  eNp[2L 1gmr e[l
A4 1
A5 2| ut214a U1213F —_—
A6 3| 74HC30 74HCOL POWER_ONRESET] 9, 11, 14
:g g 8 13 42 WRITE_VIDEO_REG | 10
A9 6 T ————
a0 m WRITE_MEMORY_REG | 10
AL__12 {WRITE_PROTECT 0/1>
u12080 WRITE_PROTECT 0/1 10
1 TuncIz WRITE_PROTECT 2/3 ) 10
10 { $FFFO 11
BLOCK—0/BLOCK—1 ) 13
10 CSFFFL
<& BLOCK-2/BLOCK=3 » 13
6,7,
8,9, (D07
13,14
+5V +5V +5V +5V +5V +5V +5Vv +5V +5V +5V +5V +5v +5v +5v +5V +5V +5V L5V 5V 5V 5V 45V 45V L5V 15V 5V 5V 5V 5V 45V
I I I I I I I I I I I I I I 3 3 3 3 3 3 3 3 3 3 3 3 3
3 3 3 3 3 3 3 3 3 3 3 3 3
U1202E [] UL203E [] UL204D [] U1205E [ | UL206E [ ] UL207C [ ] UL208E [ ] UL209E [ | U1210G [ ] U1211E [ | U1212E [ ] U1213G [ ] U12148
C1201 C1202 C1203 C1204 C1205 C1206 C1207 C1208 C1209 Cc1210 C1211 C1212 C1213 C1214 C1215 C1216 C1217 74HC00 N 74HC08 N 74HCLL ~ 74HC32 N 74HC00 N 74HC20 ] 74HC32 ] 74HC32 ] 74HCO4 N 74HC32 N 74HC08 ] T4HCO4 ] THHC30
100nF 100nF 100nF 100nF 100nF 100nF 100nF 100nF 100nF 100nF 100nF 100nF 100nF 100nF | 100nF 100nF 100nF
T I Z I 3 I ] I 5 3 7 8




1 | 2 I 3 I 4 | 5 | 6

13) PROCESSOR SECTION

SYSTEM RAM AND ROM

6. 7.8, 9,12, 14 [A[0..15] N « . «

N
6.7, 8,9, 12, 14 {D[0.7] « - « «
ut301 1302 U1303 UL304 U1305
AS7C256 AT27C256 AT28C256-15PU AS7C256 AS7C256
SYSTEM SYSTEM EXPANSION 64KB EXPANSION 64KB EXPANSION
RAM. R.OM. R.O.M. AREA RAM. RAM.
32¢8B 45V 20KB +5V 8KB +5V BLOCK(0/1)  +5V BLOCK(2/3)  +5Y
A0 10 1y veel-28 A0 10 1y veel28 A0 10 1,9 veel-28 A0 10 1pg vec |28 A0 10 1y veel-28
AL 9 1a AL 9 fa1 weplL AL 9 1y wep2Z AL 9 1py AL 9 1ay
A28 1) loo{1L DO A28 1)s A28 1 A28 1) joo 10O A28 1y loof L DO
As 7 |, 12 D1 A7 11 D0 A3 7 11 D0 A3 7 12 D1 A3 7 12 D1
3 101 A7 )3 loopt DO A3 ] - A3 7 )3 101 A3 o1tz 01
A 6 13 D2 AL 6 12 D1 A 6 12 D1 A 6 13 D2 A 6 13 D2
A4 102 Ak B fy lorft2 D1 A6 ay logpi2 D1 A% 6 Iay 102 A4 o243 02
A5 5 15 D3 A5 5 13 D2 A5 5 13 D2 A5 5 15 D3 A5 5 15 D3
A5 103 A5 1) o243 D2 A5 5 45 lozpL3 b2 A5 103 A5 lo3pLs 03
A6 4 | o BT A4 |2 15| 1503 A6 4 |y 15| 1503 A6 4 o oy BT A6 4 |e 10| 16__D&
AT 3 4o 05| £7__05 AT 3 s los| 164 Y P BT AT 3 |4 05| £7__05 AT 3 4o l0s| 4705
A8 25 |e l0a| 806 A8 25 |,e 105|705 A8 25 |ye 105|705 A8 25 |y 08| 2806 A8 25 |,o o4 EEEITS
[CIET S ool 07 A 24 |0 loal 806 A 24 |yo 1oal 1806 A9 24 |0 o7l 07 A 24 |yo 1oyl 1907
AL 21 ALO_ 21 19 D7 A0 21 19 07 AL 21 A0 21
AL0 21 fy40 ALO 21 fag0  jo7f D7 AL0 21 1y o7| L8 D7 ALO 21 141 ALO 21 140
AL3 26 |59 0Ep22— AL3 26 |93 oEp22 — 26 1013 oEp22— AL3 26 ], 0Ep22 AL3 26 |13 oEp22—
ALL 1 gy i ALL 27 1y 2 1 la14 i £ VP 2 1 la14 2
14 l6hp cEp2Q—— 18 lonp cEp?l— 14 fono e 14 Jlenp cep29— 14 fonp cep?d—
L L ! L L
12 [SELECT_RAM
12 [SELECT_ROM
12 [SELECTEXPANSION_ROM
12 [SELECT_BLOCK(/1)
12 [SELECT_BLOCK(2/3)
12 [BLOCK-0/BLOCK-1

12 [BLOCK-2/BLOCK-3

6. 7.8, 9, 10, 14 [READ )

6. 7. 8.9, 10, 14 [WRITE

10 [WRITE_RAM_BLOCK-0/1

10 [WRITE_RAM_BLOCK-2/3

+5V +5V +5V +5V +5V +5V +5V +5V +5V +5V
C1306 C1307 C1308 C1309 C1310

I _—|_ _—|_ _—|_ I i 1uF i 1uF i 1uF i 1uF i 1uF

16V 16V 16V 16V 16V

C1301 C1302 C1303 C1304 C1305 TANT. TANT. TANT. TANT. TANT.
100nF 100nF 100nF 100nF 100nF




1 | 2 T T = |
EXPANSION PORT
N
{U1401}
6.7.8.9. 12, 13 [A[0..15] -
6.7. 8.9, 12, 13 <{D[0.7]
12 [SEL[B..13] o401
61206022121
U1401
74HC138 +5V EXPANSION PORT
A12 1 16 00 1 2 D1
WTERPE D2 3 1] 4 D3
ALl Kl D& 5 6 D5
+5V N D6 7 8 D7
yapt3  SEL2 A0 9 10 AL
L E3 Y3 3& A2 11 12 A3
A15 4e1 vu il SELA A4 13 14 A5
5dez  yspto  SELS A6 15 16 A7 S
vep2—SEL6 AB 17 18 A9
8 7 SEL7 ALO 19 20 ALl
L — 2t
OND Y7 A12 21 22 A13 ROY 9
ALk 23 24 A15 —
SEL2 25 26 SELS LD
SELA 27 28 SELS
SEL6 29 30 SELY SYNC] 9
SEL8 31 32 SEL9
SELL10 33 34 SELLL —__PHIZ_CLOCK 3.9.10
EL12 35 36 SELLs
—37] 38 "G —— < BRWB] 10
39 40 RDY —
" 41 | Sl BRWB | 10
us|  [ae SYNE
POWER_ON_RESET » 9, 11, 12
il B
R/W PIA#L_PA7 » 9, 11
53 55 DIAG | READ] 6, 7, 8, 9, 10, 13
55 56 READ
57 58 WRITE I WRITE] 6, 7. 8. 9, 10, 13
= = DIABLE 54000 -3 7FFF DISABLE_$4000-$7FFF | 12
v
+5V
R1401
+5V +5V 3k3
c1401 €1402
100nF 100nF
1 2 | | 5 |




T I 2 3 ] 5 7
DAC AND CB2 AUDIO
Levs  RLS0L Q1501 R1503
100R BCB50C 10k
UNLESS OTHERWISE STATED:
2 [ |
— ALL RESISTORS 1% 1206 THIN OR METAL FILM
c1508
R1504 c1511 5
12:F 1ok 100mE ¥ = 0.1% THIN OR METAL FILM
1507 1509 1510 # = 1% CERAMIC 1206 NPO/COG
| 100nF | 100nF
330uf = = = ** = BIPOLAR ELECTROLYTIC
16V
9, 11 [VAFLFADLT] PARALLEL_PORT_DATA 1/Q 1501
TUHCT244
vecl20 R1521 R1527 R1528
R1505 1% 10k 10k
VIA#LPA7 2 18 200k —— — — —
140 1Y0
R1506 fégif Cts12 R1523 R1524 R1529 R1530 R1531 R1532 ig:;s
VIAMLPA6 4 |0, 4yq[28 200k 1nFf 10k 11k 10k 63 10k 6k3
R1507 R1514
200k* 100k =
VIA#LPAS 6 |45 1yz| L
Rison Risis
VML PAG B |, as 44|12 200K
Rusos risis , -
VIA#LPAS 17 |5, 27013 200k N 1
Ris10 pis1y 3 12
VIAIPAZ 15 15y pyq| 5 200k U1503A U15038 U1503C 15030 U1504A U15048
R1518 OPAL679 OPAL679 OPAL679 OPAL679 0PAL679 OPAL679
R1511 T00k*
VIA#IPAL 13 |50 ol 7 2006
+5V6_REF
R1519
R1512 7
PAO_ 11 9 200k ook
R1551 VAL 243 213
10k 108 R1520 EEH R1534 R1543 R1544
159 20F GNpI-L0 200k 10k 10k 10k
1 1 -
Q1502 . R1535 R1536 R1637 R1538
1 2N7002 10k 47 27k w7
R1545 P1501
1k R1546 AuDIO
) — 560R LINE-QUT
8 1 T
10 L
2
1502
TuhcTous  FOVSREF U1504C U1504D U1505A U15058 <
OPAL679 OPAL679 0PAL678 0PAL678
9, 11 [ViA#LCB2 CB2/SOUND_FX 2 f1p0  vecf29
R1539
9, 11, 16 [VIA#1PB3 CASSWRITE 4 141 ayo 28200k
9, 11, 16 [PIA#ICAL #1_CASS_READ 6 112
9,11, 16 [VIA#1CBL #2_CASS_READ 8 [1a3
g 240 R1547
2A1 RV1501 ") 10k
ﬁ 2A2 10k LOG. 2
243 1519 PTN16-AL0120K1AL
1nF VOLUME ﬂ
R1548
12 [DISABLE_CB2 AUDIO +6V3
BT 10k 1525 P1502
U1506 1507 470uF* PEARER
= L LM386N LM3B6N
! L 386 386 16v 8 OHMS
5 ! T
] 2
R1550
10R
53553 1524
v 47nF
16v
+6V3 +6V3 +6V3 +6V3 +6V3 +6V3 +6V3 +6V3
+
U1503E > | u1504€ U1505¢ + iggsg
OPAL679 OPAL679 OPAL678
- c1s01 1502 1503 1504 1508 16v - +5V6_REF
S 100nF 100nF 100nF 100nF 100nF
PWR_FLAG PWR_FLAG
T 2 3 ] 3 7




T I 3 5 5 7 :
CASSETTE / ANALOGUE DATA INTERFACE
UNLESS OTHERWISE STATED:
ALL RESISTORS 1% 1206 THIN OR METAL FILM
ALL CAPACITORS 1206 X7R
01602 +5V # - CERAMIC 1206 NPQ/COG
LL414B
01603 1607 R1611
R1606
L4148 2n24 0k 15
P1601
SDS-60J
U1603A
1 CASSETTE
# iégos# R1601 R1602 Eégo?# Eéglg# LM393 :ég;z U1604A
3 MOTOR n 10k 10k " n 7 2 74HCTBE
2 READ. | 1
1 swice 1 { 3 3 #1.LASS READ PIAFLCAL 9, 11, 15
U1602A
o 5 WRITE 1606 c1608 U16018 R1607 OPAL678 c1611
b U1601A oo QPAL679 o RI609 oo
7 n OPAL679 n 47k P
E & 1 = S | =]
83 R1608 R1610 ’fi“ﬁ
10k 390k
3.3V :
T ; NVERT CASS. READ
i INVERT CASS. WRITE
D1601 1612 D1604 +5V R1627 P1603
BZT152C3V3 I 100nF LL4148 10k
D1605 1615 R1624
R1619
LL4148 2n24 30k 1k5
P1602
SDS-60J
U16038 U16048
#2 CASSETTE C1613 C1617 C1618 R1625
3 MOTOR 100nF# Séflq Sékﬁlﬁ 100nF# 100nF# LM393 6BOR 57L‘HCTEE
2 READ | I 7 4 & #2.CASS_READ VIAFLCBL) 9, 11, 15
1 SWITCH I
U16028
L R1626
6 WRITE 1616 U1601D R1620 OPA1678 1610 Tor
Tnfh u1601c 1nF# QOPAL679 ok R1622 o0
5 " OPAL679 " 47k P
8 4 J7 +5V 1 ” 1
R1621 R1623
10k 390k
1
U1604C
R1629
S20n 74Hcmﬁg
| 8
3 10 CASS_WRITE VAFLFES] 9, 11, 15
#1_CASS_SWITCH [PIAFLPAL > o
#2_CASS_SWITCH [PIAFLPAE > o
+6V3
R1630
Q1601
FZT1149A
R1631
560R
01607
518 2N7002 = #1 CASS MOTOR {#1_CASS MOTOR] 10
+6V3
R1632
1603 *
FZT1149A
+6V3 +6V3 +6V3 +5V +5V R1633
560R
3
U1601E U1602C U1603C U1604E ;‘352?55 Q160
QPA1679 QPA1678 LM393 TLHCTBE s1B 2N7002
c1601 c1602 €1603 ~ 1604 1 & {#2_CASS MOTOR] 10
100nF 100nF 100nF 100nF 13
<
T 3 ] 5 6 7




T I 7 I 3 I z I 5 T
R1702 Q1701
1R 1W MJ2955
1 2,77 N\3
| I |
R1703 P1702
| 220R
P1701 Q1702 21706 1S0 JMPR
9VAC B1701 BCB60C
2R2 REG1701
: l+  wo4G » VAR +5V
2 = + . — . 1 3 . .
3 3 1 L o > IN out m
. R1701 GND  GND P1703
N 4|  c1701 10R . R1705 POWER—ON
1702 1703 c1704 330R LED
4700uF 25V
470nF 470nF 10uF 16V
47BTTA025M ANODE
CATHODE
<~
REG1702
LM317 +8V3
3N _ our |2 ’
R
2 1
L c170s = R1706 1706
I 100nF 220R I 100nF
R1707
68R
R1708
820R
HL H2 H3 Ha
M3 M3 M3 M3
+5V +evs  PWRFLAG
HS5 H6 H7 H8
M3 M3 M3 M3
PWR_FLAG  PWR_FLAG
T I 7 I 3 I z




