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1, Introduction

This board has been produced as the first stage of expansion of
the basic 7768 CPU , from a single board experimental machine
to a full microcomputer,

When the excitement of toggling programs into the basic 7768
CPU board by hand has subsided a little, then users will wish
to expand their system, not only by adding more memory (e.g. by
using the 7768 4k RAM board), but also by;

« Linking up to an external device such as a cassette tape
recorder interface or a paper tape reader/punch combination
so that programs may be stored permanently and re-loaded
eaaily .

- Connecting any Teletype, VDU or similar terminal that may be
available.

- Implementing some form of Monitor, or simple Operating
System, to drive these I/0 devices and generally aid in
program loading and de-=bugging.

The MON 1 board provides these facilities in a way which gives
maximum flexibility for system growth, and for the particular
requirements of the individual constructor,

2, Board Characteristics

Construction; 8.0" x 8.0" single sided PCB with gold plated
0.1" edge connector contacts, Compatible with
7768 CPU electrically and mechanically.,

Bus; Buffered on all lines. Compatible with 7768
system bus,
Power; Requires +5V stabilised DC @ O,55A typical.

+12V DC @ 100mA and -12V DC @ 50mA may also be
required depending on the type of serial I/0
interface circuitry used,

Serial 1/0: Maximum of 2 transmit and 2 receive asynchronous
serial ports.
Standard data transmission rates from 50 to 9600
baud, crystal controlled frequencies.
TTL, RS232C(V24) or '20mA' serial interfaces.
Software selectable character of 7 or 8 data
bits with or without parity, with 1 or 2 stop
bits.

Memory; 1024 bytes of RAM, which may be write-protected,
plus 32 or 64 byte ROM bootstrap.
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3, General Description
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The basic functional blocks on the board are;

- Two ACIA's (Asynchronous Communications Interface Adaptors)
which allow the system to send and receive the type of
serial asynchronous (stop-start) signals used by the majority
of low speed computer peripheral equipment ( cassette recorder
interfaces, Teletypes, VDU's etc.)
ACIA a (X5) is always fitted; ACIA b may be added later as the
gystem grows.
Buffer circuits in the ACIA serial transmit and receive lines
convert between the MOS logic levels of the ACIA IC itself
and TTL, RS232C(V24) or '20mA Current Loop' circuit interface
levels as may be required by the peripheral device.
A divider chalin driven by the CPU S5MHz clock provides an
accurate set of frequencies to drive the ACIA's and hence
control their operating baud rate(s).

- A 1024 byte block of Read/Write memory (RAM) located at the
top of memory address space (see Fig. 7). This may simply be
used as additional memory in a basic system, or it can be
used to hold the system Monitor program. According to the
setting of a strap on the board, this lk block of RAM may be
'Write Protected!, so that the Monitor program held in it
cannot be corrupted by faults in any other program running on
the system.

- 32 or 64 bytes of Read Only Memory; implemented with easily
programmed TTL 32 x 8 bit PROM's., This will normally hold a
system 'Bootstrap' program which is run whenever the computer
is switched on to load the system Monitor program from an
external source (e.g. a cassette recorder) into the 1k RAM,
(The board automatically disables the 'Wrtie Protect'
feature during a Bootstrap load).

This arrangement; of using a short Bootstrap program stored in
ROM to load the full system monitor, means that the fixed
element (in ROM) is kept to a minimum and is therefore not
likely to need changing, whereas the system monitor proper can
easily be altered as the system grows, or when the user wishes
to experiment with different features.



4, Circuit Description

X23,29 buffer and invert the least significant ten address lines
(AO-A9) from the system bus, These ten buffered address signals
(A0-A9) are then connected to the ten address inputs of each
1024 x 1 bit Random Access Memory (X15-22) to seleet the desired
bit in each IC, The inversion of AO0-A9 caused by X23%,29 does not
matter as it is present during both Read and Write operations,so
effectively cancells,

The four most significant address lines (A412-15) are connected to
Nand gate X14 so that pin 8 of this IC goes low - enabling one of
the two 'l out of 4 decoders' in Xl4 - only when these address
lines are all at logic 'l'; corresponding to addresses in the
range Fxxx (hex)., When X13 pin 15 is low, then one of its four
outputs (pins 9,10,11,12) will go low, according to the state of
the address lines Al10,11;

All AlO X1% pin Address range Use
9 10 11 12

1 1 1 0| FOOO - F3FF Sel of 256 byte RAM on CPU
1 0 1 1| FLOO0 -~ F?FF |Input/Output addresses

1 1 0 1| F800 - FBFF Reserved for VDU memory

0 1 1 1] FCOO -~ FFFF 1k RAM on MON 1 board

When pin 12 is low , the output pin 6 of X14 is forced high, to
select the 256 word memory on the CPU card itself. For a large
system pins 1 & 2 of X14 would be connected tc pins L & 5,
However, where c..iy the CPU and MON 1 cards are fitted, then pins
1 & 2 of X14 should be connected to the address line Al5, so that
the 256 word CPU board memory is also selected when Al5 is low.
This allows it to appear in address space 0000 - OOFF, where the
short (Direct) address instruction mode can be used.

=0 O
= OK O

Pin 10 of X13 going low sigrifies an I/0 operation; as discussed
later,

Jhen pin 9 of X13 goes low, then the second '‘one out of four
decoder' in X13 is enabled, and one of its outputs (pins 4,5,6,7)
will go low according to the state of the system R/W (Read/Write)
line and the board BOOT input. This latter input is connected to
OV via a single pole on/off switch which is closed for 'Bootstrap
Load', otherwise open,

BOOT X13 pin
inpub R/W | ——%—M % i Use

ov (Write) |1 1 O 1 | Bootstrap mode write
+5V " 1 1 1 O Normal mode write
ov 1 (Read) 0 1 1 1 Bootstrap mode read
+5V 1 " 1 0 1 1 Normal mode read

When pin 4 goes to O, X9 pin 9 is forced to '1l', enabling the
two X9 gates feeding the PROM's ¥X3,4, If address line A5 is at
'0', then X9 pin 3 will go to '0O', enabling X3, whereas if A5
is '1l', XY will be '0', X9 pin 3 will be '1', and X9 pin 6 will
go to '0', to enable X4,

The 1024 x 1 bit RAM's (X15-22) are enabled via X11,12 whenever
X1% pin 5 is low (a read from memory in normal mode), or X13 pin
6 is low (a write from CPU into memory in Bootstrap mode)., If pin
9 of X11 is strapped to pin ? of X13, then X15-22 will also be
enabled when X13 pin 7 goes low (Write from CPU in normal mode).
However, if X11 pin 9 is connected to X11 pin 10 instead, then in



normal mode the RAM's X15-22 will not be affected by a 'write from
CPU' operation,

X10 pin 11 pulls the R/W inputs to X15-22 low (= write) during a
write operation (R/W input to board low) when the E timing input
to the board is high., These R/W and E board input signals are
buffered and inverted as necessary by parts of X10,29.

Tri-state buffers X7,8 provide a path for information to enter
and leave the system data bus. If information is to be read from
the 1024 byte RAM (X15-22), the ROM's (X3,4) or either ACIA, then
X11 pin 6 goes low to enable the card data output buffers,

I0 (X11 pin 12) goes low when X13 pin 12 goes low as long as A2
and A3 are both high (Address bus lines A2 & A3 0)., This signal
enables the data output buffers via X12,11, and is also connected
to the CS2 (Chip Select 2) input of both ACIA's.

The ACIA's transfer information to and from the system over their
8 bidirectional data lines (X5,6 pins 15-22). The E input to X5,6
(pin 14) ensures correct timing of the data transfer, while the
direction of data flow is controlled by R/W (pin 13). The 'RS!'
(Register Select, pin 11) input selects the 'data' or 'Control/
Status!' registers within the ACIA for connection to the data bus.
For an information transfer to take place, the CSO & CS1 inputs
must be high, and the CS2 input low. CS2 is fed from X1l pin 12
as previously described, while CSO is permanently high, CSl1l is
connected to address line Al (X6) or KE (X5) so that X5 is
selected when address bus line Al is at 0, X6 when it is at 1.

The IRQ (Interrupt Request) outputs of X5,6 are buffered by the
open collector inverters (part of X1) to drive the IRQ input of
the CPU card,

The transmit and receive halves of each &ACIA require clock inputs
(TX Clk & RX Clk) normally at 16 x the serial data baud rate -
although the ACIA's may also be programmed to work with clock
inputs at 1 x or 64 x the baud rate. Simple RC filters (e.g. C3,
R14) and schmidt trigger buffers are provided to reduce any

noise that may be present on the clock signals. The values shown
are nominal, and users experiencing difficulties with noisy clock
inputs may increase the capacitance values, especially if the
clock frequencies involved are relatively low.

The transmit serial data from each ACIA (pin 6) is fed to a
conditioning circuit (e.g. Q1 etc.) to convert it to TTL, RS232C
or 20mA current loop signals as required. Similar conversion
circuits (e.g. Q3 etc.) are provided for the received serial
data signal.

Each ACIA also has a data link control output (RTS; Request To
Send) and two inputs (CTS; Clear To Send,and'ﬁﬁb; Data Carrier
Detect). These may be useful in some applications and are
therefore brought out (un buffered) to the card edge connector,
If they are not used, then the inputs (DCD & CTS) must be
connected to OV for proper operation of the ACIA,

Further information on the characteristics amd use of ACIA's is
given in Appendix 3, and the user is also advised to read the
manufacturer's data sheet for these devices.

X2L 4,25 & 26 divide the CPU 5MHz clock to obtain a series of
frequencies which are nominally 16 x the 'standard' data rates of
300,600,1200,2400,4800 & 9600 baud.(Due to practical difficulties
the actual frequencies produced are 0.16% higher than nominal,



e.g. the '16 x 960CHz'output is actually 16 x 9615 Hz, but this
is well within the acceptahle frequency tolerance for all periph-
eral devices). For those wishing to operate at lower baud rates
{28 may be set to divide the 16 x 1200 Hx signal by any integer
from 1 to 16 (see Fig 4). These ‘standard' frequencies are
available at the board connector for wiring to the TX Clk, RX Clk
board inputs as required.

X26,28 are four stage binary counters with an output pin (15)
which goes to 1 when the '1111' state is reached. This output is
inverted and fed to the counter synchronous load input so that
at the next clock pulse the state of the input pins (A,B,C,D)

is loaded into the counter, Thus the counter counts cyclically
between the number at the A B C D inputs and '1111'. Since the
ABCD inputs to X26 are 1100, then it will count in the sequence;

Y % % 9

M OOHMHOOHHOOK
R OO0 OO
RHRHRRMREHEREOOOOO

FIHOHOHOHOKHOKOM

TTTITTTOTTTOTT

Note that there are 13 counts in a complete cycle, and during
this time the QC output changes from O to 1 twice. Thus the
input to the next divider stage (X25 pin 1) is effectively

5 MHz + 13/2



5, Construction

Refer to Figs 3 =~ 6

The close track spacing necessary, particularly arounmd X3-6 and
X15-22, means that great care has to be taken to avoid accidental
short circuits. The constructor should take care to make good
soldered joints using the minimum amount of solder while

ensuring that a joint is made all round the component pin or

wire end, Use of a small soldering iron with a small, clean, bit
is essential. Also, before fitting any component, feel all over
the track side of the board for any loose swarf left from the
board drilling process, and examine it carefully for unetched
copper ‘'bridges' between tracks.

The use (or not) of IC sockets is largely a matter for personal
preference (although sockets should be fitted in the X3,4
positions to allow for any possible changes to the bootstrap
program). Poor quality sockets must be avolded as they can cause
many hard to trace faults. Provided that the constructor is sure
of the quality of the IC's he is using, is confident of his
ability to solder tham in the right way round first time, and is
using a low leakage soldering iron, then there is no reason why
the IC's should not be soldered directly into the board. In case
of trouble, remove a suspect IC by first cutting the body free
from all reads, then remove the IC leads from the PCB one at a time.
This procedure ruins the IC but does least damage to the board.

The best order of construction is;

First fit all the straps (not the ribbon cables at this time)
using sleeved wire where appropriate.One way of getting thin
sleeved wire is to take a length of thin solid cored insulated
wire, strip off the insulation for about }'" from each end, then,
grasping the inner wire firmly at each end with pliers and/or a
vice, pull until you can feel the copper wire stretch and flow
slightly. This operation reduces the diameter of the wire
slightly so that it will slide freely within the insulation, and
it also removes the 'spring' from the wire so it may be formed
more easily.

Next, form and fit the ribbon cables as shown in Figs 3 & 5,
followed by the miscellaneous resistors, capacitors, diodes and
transistors,

Finally, fit the IC's; with X5,6, & 15-22 being fitted last.

After assembly clean the track side of the board thoroughly with
a small stiff brush (a very hard toothbrush is ideal) and
examine it carefully for short circuits caused by bent leads,
excess sclder on joints, solder splashes etc.



6. Testing

a) First check with an ohm meter for short circuits between tracks
connecting X15-22, also between OV & +5V, Some reading is to be
exrected due to the internal resistances within IC's, but use
the meter on its lowest ohms range to detect true short circuits.
This stage is most important as it can reveal faults which would
otherwise prove extremcly difficult to locate,

b) Strap A to B so that the 256 word CPUawoard memory will respond
to addresses below 8000,
Strap F to D to remove the Write Protection from X15-22.
X3,4 should not be fitted at this stage.

¢) Check the wiring between the MON 1 and CPU cards, then switch
on while carefully monitoring the +5V supply.(Note that the
+ and - 12V supplies are not needed at this stage so it might
be prudent to leave them un connected). Leave the equipment
switched on for a few minutes while checking all components for
signs of overheating.

d) Test the operation of the Control Panel Load, Reset & Data
switches, they should appear to operate as they did before the
MON 1 card was added to the system. In fact, however, the
Control Panel is now loading into and examining the top 256
words of the lk memory on the MON 1 board, rather than the 256
word CPU board memory.(The Load logic forces the high 8 address
lines to '1's), One slight difference is that setting FF om the
address switches now accesses a RAM location rather than the
Data Switch & Display Register.

e) Load and run the following progranm;

Address Contents
FF 00 08 START INX
FF 01 26 FD BNE START
FF 03 4C INC A
FF O4 B7 00 FF STA A DISPLAY
FF 07 20 F7 BRA START
FF FE FF 00 Program start address

This is the FLASHER Version 1 frea the CPU manual modified to
run on a system incorporating the MON 1 board; it increments
the display about once per second. The main differences from
the original version are;

- Since the system now has more than 256 words of memory, we
have to specify the full 16 bit memory addresses, as in the
STA A DISPLAY instruction.

- Program addresses are given in the listing as the full 16 bits
(4 hex digits) although when loading and examining via the
control panel only the least significant 8 bits ( two right
hand hex digits) are set up - the CPU Load lcgic automatically
sets the most significant digits to FF

~ When the MPU RESET is applied, the CPU looks at addresses FFFE
and FFFF for the program starting address., Since the system
now uses all 16 address bits (having more than 256 words of
memory) and as address FFFF no longer corresponds to the
Data Switch Register, we have to load the program starting
address into locations FFFF & FFFE before operating RESET,

£) Since the display (and switch register) are effectively the
highest addresses of the 256 word CPU board memory, and since we
have now set the system so that this 256 word memory will
respond to addresses in the ranges 0000 to 7000 and FOOO to F3FF,

-8 -



g)

h)

i)

k)

the display (and switch register) will respond to addresses
OOFF, O1FF, O2FF ~ - - 7FFF and FOFF, F1FF, F2FF, F3FF

Change the address part of the STA -- instruction in the above
program (locations FFO5,FFO6) to check that the addresses
given above are valid,

Connect a temporary wire between pin 20 (BOOT) and OV, then
examine the contents of memory via the control panel. All
locations should appear to contain FF (all 'l's) as long as

X3,4 are not plugged in.

Try to load a known pattern (other than FF) into memory; the
display should show the pattern for as long as the Load switch
is held depressed, but should revert to FF when the Load switch
is released. Now, without switching off, or operating any of the
control panel switches, cut the temporary wire linking pin 20

to OV, The display should now show the data previously loaded,

Reconnect the temporary wire between pin 20 and OV, plug in

X3,4+ Now read and check (via the control panel) the contents of
these ROM(s). Note that due to the partial address decoding used,
the same information will be read regardless of the setting of
the two mist significant address switches (A6 & A7),

Disconnect the temporary wire,

Strap U,V,W,X to give the desired frequency on edge connector
pin 13 (16 x 1200/n Hz). Check the frequencies on all outputs
(connector pins 13-19). Note that 1f viewed on an oscilloscope,
a slight jitter will be visible on the higher frequency outputs,

Test the ACIA's and their buffers by linking CTS and DCD of each
to OV, and connecting one of the ACIA clock divider outputs to
the TX Clk & RX Clk ACIA inputs (board connector pins 60,61,62,63).

Test ACIA (a) (X5) first by temporarily looping TX DATA to RX
DATA (edge connector pins 66,70 & 72 connected together, no
connection to pin 67) and ensure that both TX and RX Data
buffers are set up for the same interface levels (TTL or RS232
or 20mA). Load and run the following program;

Address Contents

FF 0C CE F4 00 START LDX #F4L00 point @ ACIA a

BT 03 86 03 IDA A #3

FF 05 A7 01 STA A X,1 reset ACIA

FF 07 86 11 LDA A#11

FF 09 A7 01 STA A X,1 set ACIA control reg
FF OB A6 01 LOOP LDA X,1 get ACIA status reg
FF OD 85 02 BIT A#2 TX buffer empty ?
FF QF 27 o4 BEQ TSTRX wait for it

FF 11 96 FF LDA A SWREG

FF 13 A7 00 STA A X transmit sw reg

FF 15 A6 01 TSTRX LDA A X,1

FF 17 85 01 BIT A #1 RX buffer full ?

FF 19 27 FO BEQ LOOP & round again

FF 1B A6 00 LDA A X get rec data

FF 1D 97 FF STA A DSPLAY

FF 1F 20 EA BRA LOOP & round again

FF FE FF 00 start address



This program transmits the setting on the control panel switch
register via the ACIA, The serial signal is then received by
the same ACIA, and displayed. Typical waveforms to be found on
the edge connector pins 66,70,72 are shown below for RS232
interfaces, the waveforms will be inverted for 20mA «r TTL
interfaces,

Switch Reg Setting

+ !
All 'O's i _J L_.J
- Jstart! R\~'st0p'
BO=1, Bl-7=0 L L]
All '1's i [

ACIA(b) (X6) can be tested similarly; change the first instruction
of the test program to

CE Fy 02 START LDX # F402 point @ ACIA b

- 10 -



7. Diagnostics

To be performed with the board removed from the system and supplied with
+5V, +12Vv & -12V.

Test signals to be applied to board connector;

'0' = direct connection to OV,

'1'* = connection to +5V via lk ohm resistor.
Measurements made with 20kohm/Volt or better meter;

Q! O to 0.4V

1 ; +2.0 to +5V Anything inbetween is wrong.

a) Address Buffers X23,29
OQutput of inverter should be opposite to input;

Check that X29 pim 10 is '1°' when 'O' applied to A0 (con. pin 21)
3] 1" " " L3 ﬂo' 11 '1' 1 " " " "

" " n 11 [+ 1 ll' " ioﬂ 1] " Al " L 22

etc.

b) R/W & E Buffers X10,29 (parts)

Check that X10 pin 9 is '1' and X10 pin 8 is 'O' when '0O' is
applied to R/W (con. pin 4)

Check that X10 pin 9 is 'O' and X10 pin 8 is '1' when '1' is
applied to R/W,

Check that X10 pin 1 is '1' and X210 pin 3 is 'O' when '0' is
aprlied to © (con. pin 6)

Check that X10 pim 1 is '0' and X10 pin 3 is '1¢ when '1' is
applied to E,

Check that X310 pim 11 is 'O' only when R/W is 'O!' and E is '1!'
and that any other combination of R/W & E inputs makes X10 pin 11 = 118
c) Nand Gate X14 (first half)

Ensure that A12-A15 (con. pins 33-36) are all 'l's, then check that
X13 pin 15 is '0',

Connect each of Al2-A1l5 im turn to '0O'; in each case X13 pin 15
should be f1°.
d) One Out Of Four Decoder X13 (first half)

With Al2-A15 all '1' (hence X13 pin 15 = '0') check X1% pins 9 - 12 for
combinations of inputs on Al0-11;

AlO0 All X13 pin; 9 10 11 12
0 0 1 1 1 0
0 1 1 1 0 1
1 0 1 0 1 1
11 o 1 1 1 N
TF'“‘?(W»AJ) set & © ‘MJ Ale T AlS all !

e) Nand Gate X14 (second half)

Set inputs A10-15 all to '1'; check that '256SEL' (con. pin 5) is '0',
Change A10,11 inputs to '0'; '256SEL' should go to '1?,

If A is strapped to C, then also set inputs AlD-14 to '1', AlS5 to '0';
*256SEL! should be '1',

-11 -



f) One Out Of Four Decoder X13 (second half)
Set Al10-Al15 all to 'l', Check that X13 pin 1 is 'O',

Check X13 outputs (pins 4 - 7?) for combinations of BOOT (con, pin 20)
and R/W (con. pin 4) inputs;

BOOT R/W X13 pin; 4 3 & 2
0 0 1 1 0 1
0 1 0 1 1 1
1 0 1110
1 1 10 1 1

g) X15-22 CE Drive (X1l1,12 parts)
Check X15 pin 13 for combinations of inputs BOOT and R/W;
BOOT R/W X1 in 1

if F strapped to Dy else 1.

H= OO
HOFRO
OO

h) ROM Select (X9 part)

Set BOOT input to '0O' (low), R/W input to 1 (so X13 pin 4 is '0').. |
With AS (con pin 26) set to '0O', check that X3 pin 15 is 'o',X4 pin
15 iS 'l'.

With A5 set to 'l', check that X3 pin 15 is 'l', X4 pin 15 is '0'.
With R/W input set to '0', check that X3 pin 15 and X4 pin 15 are
both '1' for A5 = '0' and also for A5 = '1',

i) Data Input Buffers (X7,8 & 12, parts)

Set R/W (con. pin 4) to 'O', Al10 to '1', All to 'O', Al2-15 to 'l1',
then check that X12 pin 8 is '0%. Also check that whatever input is
applied to the data bus lines DO - D7, the same pattern is present

on lines BDO-BD? (X7 pin 17 etc.)

j) Data Output Buffers (X7,8,11,12 ,parts)

First check that these buffer outputs can be set t¢ the high impedance
state by applying 'O!' to board E input (which should cause X11 pin 6
to go to '1') then check each data bus line BO=-D7 as follows;

- temporarily connect data bus line to OV via lkohm resistor, the
voltage across the resistor should be less than 0,1V.

~ remove the resistor from OV and temporarily connect it to +5V. The
voltage across the resistor should be less than 0,1V,

Then set E,R/W Al0-Al5 and BOOT board inputs to '1'; X1l pin 6 should
go to '0', Check that the output of each buffer (X7 pins 3,5 etc.)

is the same as its input (X7 pins 2,4, etc.) Note that the signal
present on the buffer inpuc is coming from memory, which will be
holding a random pattern; by trying different patterns on the

board address inputs AO-A9 it should be possible to find a memory
cell containing a '1' and another containing a '0', thus testing
both states of the output buffer. Alternatively, if the memory IC's
X15-22 are fitted in sockets then they can be removed and '1' or '0!
signals applied to the data output buffer inputs (X7 pins 2,4 etc,)

Finally, change All input to '0', and apply 'O' to board A2,3 inputs.
Check that X11 pin 12 and X11 pin 6 are both '0O',

- 12 -



k) Memory IC's XiB5«-22

1)

)

First check the correct operation of the top 256 words by loading
and reading test patterns with the system control panel switches,
Once it has been established that these memory locations are working
then the remalnder of memory is best checked via the system
keyboard, using a monitor such as BUG-1,

ACIA Clock Dividers {(X2h4=27)

If a 'scope ids not available, then applying a TTL compatible

audio frequency signal to the 'SMHz' input will allow you to check
the operation of the dividers by monlitoring their outputs with an
audio amplifier or headphones.

ACTIA Clock Buffers

Apply '0' to TX CLK(a) input (con, pin 62) and check that X2 pin 10
is 17,

Apply '1*' to TX CLK(a), check that X2 pin 10 is '0°,

Repeat for sther RX & TX CLK input buffers,

v BB =
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X5

ACIA a

-1V

X6

ACIA b

ACIA BUFFERS

*=20mA only

R 20"
LK7 1nT 100
oV —4 '
+5Y +12V
X1
1
6 M“MNM
TX
R26 B2C 1W "DATA
-12V—- )
X2
& 8_~19 - J— 60 PTLXK
e L g b)
X2
. %5 J_c2 10n ﬁ’—R—fS“ & CFE)}((
TE=ipv L7 (b)

+* 5V

9
€ 5 MHz

R28
LK7

o)

PR 2
CLRP T Qe onlS

X 26 .
CK  pls1e1 ¥12
load

ABCOD

Bl]s]s

ov

Lo 4800 x16 Hz

10 Qo GGy Q¢ Gy

120 1¥ 8] |
QaCb Q¢
Ca +10
R__R

23] 167
ov oV

L 960016 Hz

X25
76 LSS0

19
2400 %16 Hz

12[7) o elnL_—~

Ca <+ 15
R

>a1200x16 Hz
600 x 16 Hz
|8 306 % 16 Hz

X24
74 LS 93

R29
LK7

"
3 1200/n Hz
4 7 poe ]11

CLRP T g s

X28 .. of 3
=N
CK 7Ls 161 ﬁ’},
3 T2

ABCD load

34 5!}6
1o
0—0—0—0-+0V

L0000

table

ACIA CLOCK DIVIDERS

FIGURE 2
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7768 MOK 1 BOARD
Component side view

Notes;

Strap on component side of board

yamsssunsenainen. Ribbon cable

See Fig 4 for connections to points labelled with capital
letters (A,B,C ,... X)

Fig 3



7768 MON 1 : OPTIONAL STRAPS

Write Protection

Strap D-E to write protect lk RAM, else strap D-F

CPU Board Memory Addressing

Strap A~B to make 256 word RAM on CPU board respond to low
addresses (i.e. if system consists of CPU & MON 1 boards
only). Else strap A-C

—F{’/

ACIA (a) Interfaces 65.

For 20 mA Current Loop strap gﬁg, K=

For RS23%2C strap G-1,J-K,L-M, & connect edge cqgni pins 70 & 72,

For TTL omit r234R24,C8 & R9,R25,Q1,22 , strap &<H,J-K,L-M,
replace R6 by a strap & connect X1 pin 12 to edge conn pin 72.

ACIA (b) Interfcces
For 20 mA strap N-O,R-T
For RS232C strap N=P,R-Q,S~T & connect edge conn. pins 69,71

For TTL omit R19,R20,C6 & R10,R26,Q2,21, strap N-P,R-Q,S-T,
replace RS by a strap & connect X1 pin 8 to edge conn pin 71.

X28 1i/p Strapving;

Uu v w X n Nominal output frequency
oV oV 0oV oV 16 75 x 16 Hz
R29 OV 2V OV 15 80 x 16 Hz
oV R29 OV OV 14 86 x 16 Hz
R29 R29 OV OV 13 92 x 16 Hz
OvV. OV R29 OV 12 100 x 16 Ha
R29 OV R29 OV 11 110 x 16 Hz
OV R29 R29 0OV 10 120 x 16 Hz
R29 R29 R29 OV 9 133 x 16 Hz
OV 0OV 0OV R29 8 150 x 16 Hz
r26 OV 0OV R29 7 171 x 16 Hz
OV k29 OV R29 6 200 x 16 Hz
R29 R29 OV R29 S 240 x 16 Hz
OV OV R29 R29 4 300 x 16 Hz
RP9 OV R29 R2G % 400 x 16 Hz
OV R29 R”9 R29 2 600 x 16 Hz

Note; for 50 baud use 200 x 16 Hz as ACIA clocks, and
prosram ACIA for & 64 working.

Fig 4
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7768 MON 1 BOARD
Arrangement of ribbon cables -~ not to scale,

Use solid cored type e.g. Doram's miniature cable No 357-491

Fig 5



1468 AUN L BUARD

Components

Logic
A1 7L06 : hex open collector X13 74LS139 ; dual 1/4 decoder

inverter. X1y 74LS20  ; dual 4 i/p nand
X2 741,814  ; hex schmitt inverter X15=22 2102 ; 1024 x» 1 RAM
X3 PROM 2 ; see text or 2102-1 ; for 1l.2uS CPU
XUy PROM 1 ; ¢ " X23 74LS0L4 ; hex inverter
X5 6850 + ACIA (a) X2h 74LS93 ; divide by 16
X6 6850 : ACIA (Db) X25 74LS90 ; divide by 10
X7,8 B81LS97 ; octal tri-state buffer X26 74LS161 ; prog. counter
X9,10 74LS00 3 quad 2 1/p nand X27 74LSOL ; hex inverter
X11 74L810 ; triple 3 i/p nand X28 74LS161 ; prog. counter
X12 74LLSO0 3 quad 2 1/p nand X29 74LSO4 ; hex inverter
Transistors
Ql,2 2N2907 Q3.4 BC107
Diodes
D1,2 INL 148 Qsh 36V 400mW zener
Resistors
All are miniature types except R19,23,25,26
R1 Lk? R19 L70R W
R2,3 10k R20 100R
Rlty 56,748 Lk7 R21,22 k7
R9,10 220R R23 4L70R 3w
R11,12 L4k7 R2k 100R
R13,14,15,16 47R R25,26 820R 1W
R17,18 Lk7 R27,28,29 Lk7?7
Capacitors
Cl,2,3,4 1OnF ceramic Cl2,13 0.1luF
5 In¥F ceramic Cly 0.,047uF small ceramic
cé O.1ufF C15 €.8uF 10V tant, bead
c7? InF  ceramic Cl16 C,O0L7uF small ceramic
c8 0. 1uF C17 6.8uF 10V tant, bead
C9 33uF 10V tant, bead C18 0.1luF
Cl0 0.1luF C19 5.8uF 10V tant, bead
Cll 3%uF 10V tant. bead (02210] 0.1luF

Misc.

16 pin DIL sockets (2 needed for X3,4 - a further 8 may be used for X15-22)
24 pin DIL sockets (for X5,6)

Ribbon cable -~ miniature solid cored type

7768 MON 1 printed circuit board (available from Newbear)

Edge connector -~ 76 way + 2 polarising positions (78 positions total),
0.1" piteh single sided.

5ingle pole on/off 'Boot' switch (not mounted on board)
lote;

Complete component list shown, but individual constructors may sub-equip
depending on number of PROM's & ACIA's fitted and choice or TTL or 20mA
or RS232 interface(s).

Fig 6



7768 MON 1 MEMORY MaAPp

- FFFF ”} FRFF
' lk RAM for FF‘ED} P /
a4 | monitor plus FFDF
1; | e . | 32/64 byte ] PROM X3
l 1k | bootstrap ROM FFCO
I ' r
" i
FCOO -
| FBFF

i

|
Reserved for
Memory Mapped
VDU memory

pd
=

7
EEEE%EE}Don't use; 'echoes' of F400 - F4OF
| Free 1/0 addresses
ACIA (b) control/status registers
ACIA (b) data registers

ACIA (a) control/status registers
ACIA (a) data registers

Don't use; 'echoes' of FOOO - FOFF

I ;-\ui:if'
25 - .
focd ‘f’ | 256 byte CPU board memory (FOFF =
J_ $O00 vooo | display/switch register)
LS000  _ _ FO00 ]
EFFF ,
F !
TFer |
|
!
|
. A0k | Space for additional memory
3K I'
L |
W ald .
Loesd !‘!F.F_ __J
0

Fin 7



7768 MON1
AR )
o e——
+5'1‘p' : 3
RIW .
256 SEL He—
E — -
[ ]
HOLD O
5 MHz >
CLK 100
IRQ .-
NMI o
1200/n Hze—1—*
LB00x 16 Hz «——o
9600 . «—+15e
600 « v «1—=
1200 TERTEE = = |
3[]0 reowe E— i
2600 v v e1—=
'BO0T #o"+——20e
AD d
Al 8
A2 *
R e e
AL 25e
AS *
Ab .
A7 -
A8 —1—e—
A9 30—
A10 >~
AR —
AR
o o i e
A, —1350—
A5 ——»—1—
HUAT

CONNECTOR WIRING

mFolarising key

- System Bus line used by board

O~

- (Other connection to beard

L
D7—138e—1—
D6 —e
D5—40e——
YA s
D3 -
D2——e—+—
D1 .-
Do 5
0
0
o
o
500
1 0
o
o
RTS<—= 1&
DCD->+55 a
CTG>+—e |
RTS<—T—e |
CD>+——e b
CT5>r—e |
RX « »—1—e
TX »= =tr—» ]u
RA e el
-t —e
RXdata  TTecq I P
., PR S S ]u
+ >y
.
X = -Q -b
T -4—{-7 =a
. A ey 1=b
" s + -
RESET o
+ 12V ——e

-12Vj?50
+5V )

P TR - —

=
i

76

not used by MON 1

REAR VIEW



2768 MOW 3 SOARD

Appendix -1 - Configuration Guide

The minimum system using the MON 1 board requires the CPU board with
its control panel, the MON 1 board itsell, and a paper or mag tape
peripheral for back-up storage;

7768
CONTROL
PANEL

N

CPU MON 1 Paper or mag tape
Board Board peripheral
s Rt |
BUS

The connection between the MON 1 board and the peripheral must be
gerial 8 bit asymchronous. If a cassette tape recorder is fitted then
it is recommended that a "Kamsas City! (CUTS) compatible interface

is used , these generally have TTL or R3232 level ports, either of
which can be hasndled by the MON 1 board.

,_TX DATA
MON 1 ,_TX CLK (300 x 16 Hz) CUTS —> CASSETTE
BOARD  RX DATA IRTERFACE #—| RECORDER
. RX CLK

Parallel paper tape readers & punches will need parallel - serial
conversion circuits added; a UART amd a few TTL or CMOS chips will
do the trick easily).

Although a VDU/Keyboard interface card will be introduced for the
7768, the user may wish to connect an external VDU or hard copy
terminal. The monitor program given im Appendix 5 in fact requires
the use of an external terminal, a separate monitor will be issued
for use with the 'irboard' 7768 VDU/Keyvoard interface card.
Provided that the terminal has a serial interface then there should
be no problem in connecting it to either ACIA, The back-up store
(mag or paper tape) should always be conmected to ACIA(a), however,
for proper opera*tion of the Bootstrap Loader.

If a terminal with inbuilt paper (or magnetic) tape handling facilities
is used (e.g. an ASR33) this can fulfil the functioms of general
purpose terminal as well as back-up store by connecting it to ACIA(a).

However, i7 your terminal doesn't have thieg facility, then it may
still be connected to ACIA(a), but via a switch which allows the
separate back up store to be connected for program loading (& dumping).
This switch may also ‘thange between the c¢lock frequencies required for
the back up store and the terminal. Thus, for a CUTS interface and

a 110 baud terminal; ,



TX__DA T@F o

1

i -
TX_CLK o

i

MON 1 [ Suis
RX DATA . o
]
4
A

quo x 16 He
Rx K,

L + y Y \
TERMINAL CUTS [FACE

Alternatively, the terminal may be connected to ACIA(b),and the back
up store to ACIA(a); or two back up stores may be connected - one to
each ACIA - for editing & copying files which are too large to be
stored entirely within the computer's own memory. The choice is up to
the user, and will depend upon the peripheral equipment he has and
the uses to which he intends to put the system.

Although not essential, it is recommended that the RS232C(V24)

interface and its associated 25 way connectors are adopted as standard
even if this means adding interface level converters to the peripherals,
This will help experiments and quick trials of different equipments

for exhibitions and demonstrations. The appropriate connections are;

——

66(64)

< 2 data from terminal
1

MONT o £
p/ g 3

"} v to "
70(69) < 7 signal ground
178
CANNON ‘D’
CONNECTOR

RS232C / V24

Howaver, for those lucky enough to have an ASR33 or KSR33 Teletype,
and who wish to use a '20mA Current Loop' interface, then the
following connections should be used;

20 mA 90 < 151411
R ° terminal
72 (71) . ° *strip on
7069 — _ o ASR/KSR 33
MON'T |66 (64 -
6765 «— 0
(0]
PR——— 1 (o)

App 1 p 2



7768 MOE 1 BOARD
Appendix 2 - User Tips

CTS,RTS & DCD

These ACIA connections are intended for use with a data modem, but can
be used to provide two auxilliary interrupting inputs (CTS & DCD) and
an output (RTS) for, say, controlling a cassette interface.

If not used, then CTS & DCD inputs must be connected to OV, otherwise
they are likely to pick up stray signals and cause much confusion,

+ & - 12V Supplies

Although strictly speaking these are required to generate 'within spec!
RS232 or 20mA Current Loop interface levels, it is often possible to
work successfully with a particular peripheral using only +5V and =12V
or even +5V only; '+12V' being conmected teo the +5V rail and '-12V* to
OV, Some experimentation is required, and the data buffer circuit
resistor values will probably need altering.




7768 MOB 1 BOARD
Appendix %; ACIA Programming

Addressing

Bach ACIA contaims two pairs of user-accessible registers; one palr
(Transmit Data Register & Control Register) beimg 'Write Only', the
other pair (Roceive Data Register & Status Register) being "Read Only'.
Thus only two addresses are used by each ACIA;

Address MPU *Read' Accesses MPU 'Write® Accesses
Jiwens F4OO ACIA(a) Rec Data Reg ACIA{a) Trans Data Reg
FLO1 ACIA(a) Status Reg ACIA(a) Comtrol Reg

s
Vit

F402 ) ACIA(D) Rec Data Reg  yACIA(b) Trans Data Reg
F403 "~ ACIA(b) Status Reg ACIA(b) Control Reg

Because the same address accesses two different registers, depending

on whether a Read or a Write operation ls being performed, then those
instructions which operate on the contents of a memory location

(e.gs ASL) must not be used with ACIA addresses as these instructions
read information, modify it; then write it back to the same address,

Transmit Data Registsr

If the transmit half of the ACIA is idle (not transmitting a character)
then the act of writing a character into the Transmit Data Register
will start the ACIA transmitting that character in serial, asynchronous,
form;

start BO = = = = = = = B optional one or two
bit parity stop bits
bit

The exact format (number of data & stop bits & parity) will depend
upon the state set imnto the Control Register,

Since the ACIA is 'double buffered', a new character can be loaded into
the Transmit Data Register while the previous character is still being
transmitted. Examination of the contents of the Status Register will
tell the program whern the Transmit Data Register is empty and ready to
accept anmother character,

Receive Data Register

Data received at the RX Data input of the ACIA is converted to parallel
form, the start, stop & parity bits stripped, them the received
character is tramsferred tc the Receive Data Register and the Status
Register contents changed to show that a new character is available.

When this received character is read from the Receive Data Register,
the Status Register 'Received Data Register Full' indication is
removed and the ACIA waits for the next character to be received,

As the receive half of the ACIA is also double buffered, a character
can be read from the Receive Data Register while a new character is
being received.

Control Register

Before the ACIA is used, it must be set up by writing suitable data
into the Control Register.

First, the number (3 (Hex) should be loaded in order to reset the ACIA's

App 3 »p 1




internal registers, Note that the reset kills any characters that the
ACIA may have been transmitting at the time., When this has been done, a
second byte should be written into the Control Register to set up the
required mode. This byte should be composed as follows;

00,1

D2,3,4

D5,6

D?

-e

Establish Rec & Trans data baud rate as a sub-mulbiple of the
ACIA Clock input frequencies;

JLUR Y
0 O Baud Rate = Clock Frequency
i o " L " B divided by 16
o 1 L] " " 1" " " 2] &
1 1 Used for ACIA Reset
Establishes number of data, stop bits & parity;
D2 D3 D4 No of Data bits Parity Ko of Stop bits
O o0 0 7 Even 2
1 0 o0 ? 0dd 2
c 1 O 7 Even I}
1 1 O ? 0dd 1
0o 0 1 8 - 2
1 0 1 8 - 1
o 1 1 8 Even 1
1 1 1 8 0dd 1

Establish state of RTS output & Transmit Interrupt Enable;

D5 D6 RTS output Trans Imterrupt
0 0 Low Disabled
1 0 Low Enabled
0 1 High Disabled
1 1 Low Disabled Transmits 'Break!

When set to 'l' enables Receive Interrupt, and IRQ will be
caused by any of;

- Receive Data Register Full,
- Receiver Overrun,
- DCD input going from low to high,

Status Register

This regiater provides the program with information as to the current
status of the Transmit & Receive halves of the ACIA;

DO
D1
D2
D3
Dy

D5

D6
D7

.
b

.
’ .

-e

we

'1' when Receive Data Reg full (character received).

'1' when Transmit Data Reg empty (ready to accept a new character)
'1' when DCD (Data Carrier Detect) ACIA input is high.
'1' when CTS (Clear To Send) ACIA input is high.

'1' when a framing error has occurred in the process of conv-

erting the received data from serial to parallel form, i.,e. the

'stop' bit was missing.

'1' when a Receiver Overrun condition has occurred due to a new

character being received before the previous one had been read
from the Receive Data Register,

'1' when a Parity Error has been detected in the received data.

'1' whenever the ACIA IRQ (Interrupt Request) output is low.

X X x ¥ ) x X X
2 ¢ &/ > @ t ©
App 3 p 2
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7765 MON 1 BOARD

Appendix 4 - %2 byvte Bootstrap % Dump Programs

A minimum bootstrap ROM program 1s given on the next page. This
merely loads the first 1024 bytes of data to come in via ACIA(a)
into the RAM without any form of checking, butl this has proved
sufficient in practice. To run, momentarily operate the Reset
switch with the BQOT switch set to 'Bootstrap'. When 1024 bytes
have been loaded, the system RUN lamp will go out, The BOOT
switch is then set to the normal position and the system Reset
switch momentarily operated to start running the monitor that
has been loaded, Since the program doesn’t look for a header,but
simply stores whatever arrives at the receive port (a),care must
be taken when loading from a paper tape reader to position the
tape correctly; the system can't distinguish between an''all O's!
byte and blank header tape.

The DUMP program given can be used to generate tapes containing
a monitor program for subseguent loading {(Bootstrapping). One
trick worth noting is that as DUMP sends out bytes from memory
starting at the location determined by the LIX instruction
(normally location FCOO), and carries on until it reaches FFFF,
and as the bootsirap program Jjust takes the firsy 1024 bytes
received, one can use a monitor (such as BUG 1) to put-a new
nonitor progras into another area of memory, then by altering
the LDX instruction in DUMP, create a tape containing the new
monitor. '

The 32 byte bootstrap program shown here is avaeilable already
"burnt into! a PROM from Kewbear, however anyone who wishes to
generate his own bootstrap program - perhaps to take advantage

of the maximum 64 bytes available - can use virtuwally aany of the
common 32 x 8 Tri-state TTL PROM's available. Care should be taken,
however, as the address inputs to the PROM's on this board are
inverted and out of seguence relative %o the corneciions assumed
in the manufacturers data sheets and PROM programuers. Page 4

of this appendix shows, as an example, the 32 byte bootstrap
program translated into the form required for PROM programming,.



BEAR MICROCOMPUTER SYSTEMS

- 24 Coliege Road, Maidenhead, Berks, SL6 6BN
HEXADECIMAL  CODING  FORM
1}
PROGRAM BOOT VERSION |/ AUTHOR MR L |DATE 3-2-7% |PAGE J OF/
ADDRESS | MACHINE CODE LABEL | OPERATOR & OPERAND COMMENTS ;
FFEDIS6,03, . | START lipa A 43 RESET _ACIA_(a)
L E2/BIF w0l 'sTA APl !
L ESIB614., oA A @y SET VP AL (+) COWTROL REG
r_,__lgn BFWio sTh A _Fagy
, IEAICEFC00 LOx HFCOO | PoiwT _Fo START QOF 1K RAM
_LEDPI3S |, Txs PowT _STACK SomewHERE. !
EEIBEIF R0 Loo? H_ A Fyoy ACinfa) BRX AEG Fuie .
\ F.l 8501, BiT A 1 e _NoT THEW
, IF3|211F9%, BEq_ tood LOOR _ ACAIN
L F5i|B& Fki00 & A Féeoo GET_ bHTA__BYTE
_FBlanop, | ST A O.X SToREg T
, IFAOB, , | INX Poiw? 70 MEXT RAM Loc®
| , FBI2.6/F1, , BNE toof phsSEP toc  FFFEF 2
| L FPI3E ., | . W i THEN Kt ‘Ruw’ ¢AmP
L IFEIFFEQ, | YL LYA RESET  VECTOR
PR 1 P TR G
P P T U Y
T T N 1S PROGEAM PUTS FIRST
A T 02 BYIES TO BE RECEIVED |
N TP P B By ACIAfe) svTo ToP IK
NS PR IR T OF mEmoRyY SPACE .
U | 1 [ - ' H
N B T0_START . WiT ‘Réser’
P R S WiTH __SYSTEM SE1 7o ‘Boor’
| - PR TS
S S A WHEW FIniSHED :  RUN’
T LAMP  GogES OUT.
s Lo b o Lo T 4 '
N N BV BT
AR B | IR Y
L 4 | SV
a1 FUN W VR SN |
1. oo o1 3
P PRI U B
| N T

App 4 p 2 -



BEAR MICROCOMPUTER SYSTEMS
- 24 College Road, Mardennead, Berks SLE B6BN
HEXADEC!MAL  CODING  FORM
PROGRAM  DUM P VERSION Hnm ML ima 4.2-78 |PAGE J 0F/
ADDRESS | MACHINE CODE LABEL OPERATOR & OPERAND | COMMENTS
00008603, .| START (108 A #3 | ReseT A (a)
, 10,2187 F. 401 sTA A Fuop |
L 10518.6,1.1; Lon A fFy SET uf #einfa) cominee REE |
L 10,1B 2 \F 4|0, TR A Fho |
L. 10.ACEFC|00 x #Fco0 Poswd_twoEY REE AT START OF
N Ll Ik __oF mEMoRY  SPACE.
0 0lB6F k0] LooP |on & Fuor ACIAfa) Tx  Bysy T
L il.019502, BIY A 9% | F S0 TWEN
L1212 71F9) BE® LOGP LOpn A CAIN
L1 WA 600, | Wa B _0,X GET BYIE FRom mEMORY
|, 6B ENO00 STA A Fhoo  sgwo a7
£ uﬂ%()ai b e IN% foiwT  awpEx  REC AT wmEXT
1l LA alds covr x # FPEC | BYIE OF MEMORY
[ a2 lélflice) Bw Lo0f i | FINISHE D - '
L el E |, WAL | HALT CPY 4 KiLe ‘RuN’ LaME
P IV T |
T R N This _ PROGAAM _TrAWSmITS Tof
N DA% BYTES OF mEmoRy viA
TN T AT {a)
P BT Y. S :
Y N ST
N B lsTART (9 woc 000D .
; A ST WU W ih
} Com o Mo e ‘; ENDS  WITH _RUN’ LamP_60ING
- N O y&'d#}”»
| B ;i
N | STACK  AWTER REGISTER
A TR PR T L nUsT  BE  SET VP BEFORE
L L1y s THIS PROGRAM . _AS
i L ‘wans’ yWsTRYCTION Wikt VSE
N R PO P L THE  STRCK .
1‘ | - PN I WO I | |
PO PR N U B i
o by é
B T PN DU |
App 4 p 3
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2768 MON 1 BOARD

Appendix 5 ; 7768 BUG 1

Purpose

7768 BUG 1 is a minimal system monitor which allows the user to
enter and run programs via a Teletype or similar asynchronous data
terminal,

It occupies only the top 256 words of memory so that it may be
initially entered via the system control panel switches., Once
entered into memory it can be dumped onto paper tape or cassette

tape for subsequent re-loading by the MON I board Bootstrap Load
facility.

Hardware

An ASCII send/receive terminal must be connected to ACIA (a) port,
or to ACIA (b) port if locations FF84,FF92 are changed from Ol to
03, and locations FF8A, FF99 are changed from 00 to 02,

Use

When 7768 BUG 1 is loaded, operation of the system Reset button
will start BUG 1 running, and cause the terminal to print a '*' at
the beginning of the next line. The system will them wait for the
user to enter one of the following single letter commands;

A (Alter memory location)

E (Examine memory location)

G (Go to start of user program and run it)

R (Print contents of 6800 MPU registers resulting from run of
user program)

C (Continue to run user program after SWI)

The user may enter a program (into an area of memory other than
that used by BUG 1) using the A & E commands, them start it running
with the G command., If the processor encounters a SWI (Software
Interrupt) instruction in the user program, then it will save the
6800 MPU registers on the stack and go to BUG L, printing a '*',
The saved MPU registers may then be printed out (R), altered (A),
then the user program Continued at the instruction following the
SWI, or started at a different location.

RAM

7768 BUG 1 uses RAM locations FOF5 to FOFE for temporary storage,
and also has its own stack extending below FCF4, The user program
may either use the BUG 1 stack, or set up its own stack in a
separate area of RAM,



E (Examine) Command

When BUG 1 is waiting for a command ('#' printed), type 'E',
The monitor will respond by printing a space, then the user
should type the address (in hexadecimal) of the memory location
to be examined.The monitor will print a space followed by the
(hex) contents of the memory localion specified. e.8.;

*E FFOO 8E (user input underiined)
The user may then either;
- Type a CR {(carr return) to terminate the Enter command,

or - Type a space, which will cause the monitor to print a
space followed by the contents of the next memory location;

*E FFOO 8E_FO_F3_86_03

A (Alter Y Command

When 'A' is typed after the mornitor's "#!,; the monitor will print
a space, then the user should type the address (in hexadecimal)
of the memory location who's contents are to be changed. The
monitor will then print a further space, after which the user
should type (in hex) the new contents of that location. e.g.;

*A 0000 12
The user may then either;

2
£

- Type a CR to terminate the Alter command,
or - Type twoc hex digits to be stored in the next memory location;

*A 0000 1234567894BCo (2 = CR typed by user)
*E 0000 12_34_56_78_9A_BC2
*

G (Go) Command

When the user has loaded a program (using A4 & E commands) then to
start it running type G, The monitor will respond by printing a
space, Then type the program starting address. The system will then
run the user program until it encounters a SWLI instruction or the
Reset button is operated.e.g.;

*G 0000

C (Continue) Command

When a running user program encounters a SWI command it will put
the contents of the CC,A,B,X registers and the current Program
Counter (= address of location followirg the SWI instruction) onto
the stack, then jump to the Monitor progranm.

If 'C' is typed when in Monitor mode then the old values of the
MPU registers are retrieved from the stack,and the user progranm
restarted at the address following the SWI instruction.eg;

*C
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R (Register Print) Command

i

Typing 'RY when in command mode causes a print out of the contents
of the MPU registers that were saved on the stack by the last SWI
instruction encountered in the user program, and also the content
of the stack pointer on entry to the Mcnitor following the SWI.,e.g.;

*R FO 1E 55 BEOCG 0010 0079
LA R N R | i
cC B A X P S

In the above example ‘P! is the address of the location in the user
program immediately after the SWI instruction (and is therefore the
address at which the program will be restarted by a 'C!' command),

The values of CC,B,A,X & P sre obtained from the stack immediately
above location 0079 (current position of S; stack pointer), thus;

*E 007A FO_1E_55_BEOO_0100p
If altered;

*A 007C FFp

*R FO 1E FF BEOO 0010 0079

Then the altered values will be loaded into the MPU when the next
1C!' or 'G' command is given,

Example of BUG 1 use

To load & rum the following program;
Lo¢c Instr

0000 OF START SEI ; set interrupt mask
01 8E 00 80 LDS 0080 ; define user prog stack
OL 86 AA LOOP  LDa A AA ; display '1010 1010!
06 B? FO FF STA A DISPLAY
09 3F SWI ; return to monitor
0A 86 55 LDA A 55 ; display '0101 0101!
0C B?7 FO FF STA A DISPLAY
OF 3F SWI ; return to monitor
10 20 F2 BRA LoopP

*A 0000 OF3EQO8086AABYFOFF3F3655B7FOFF3F20F2 5
*E 0000 OE_SE_QO_8O_§B_AA“BV_FO_FFNBF_ﬁ6_55_3?_F0_FF_3F_20_F22
*G 0000 display should change to *1010 1010!
*R F8 1E AA BEOO OOOA 0079
*C display should change to Y0101 0101!
*R FO 1E 55 BEOO 0010 0079
*C display should change to 'i010 1010!
*R F8 1E AA BEOO 000A 0079
etc,
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BEAR MICEROCOMPUTER SYSTEMS

74 College Roadg, Maldennead, Berks, SL6 G6BN
HEXADECIMAL  CODING  FORM
PROGRAM 7768 BUG gVERSiBN 0l AUTHOR MK L DATE 3-2-79% |{PAGE ! UF[r %
ADDRESS § MACHINE CODE | LABEL (PERATOR & OPCRAND COMMENTS :
coia by, ICTRL-A Equ 4 Fuol ACIR () conTROu[sTATUS REG _ADIRESS |
o b deTre-B lgqu 4 Fuos b ) . ” . \
L 4wyt 1, IPATA A Equ__ 9 F4e0 ACIA (s) DATA _REG ADPRESS |
Lol Ll DATAB Eou  Fe02 - () - i
Ll b L, TOPSTK EqQu 9 Fm“"?&(ﬁm}mp OF STHK USEQ 8Y 7%8 BYe |
P 5 L1 JIMPNML  EQU  $ FOFS _ |SPACE _Fok _JUmP_To NmI HANOLER
Lt bt 1, (TMPIRG ERY $FoFE v v - IR@
N I 12 4] EQqu S FoFE %;’/”EMP SToRAGE _FOR _776% 8UG ) USE! |
Ll Ll 1 . TmpxLo EqU 9§ FoFC j & . \ s 0 "
PR EPE S TMPSTK ‘mu JEO0FD | -+ . . s wn 8
FFOOIBEFOIF 3 RESET LDS _ #FToPsTK SET 4P BUG_STACK
L 1038603, (LDA A #3$3
, 1051BFki0] STA A CcTRLA__|RESET _ACIA'S
, 108BiB 7 F k03 STA A cIRi-E f
L, OB BFF@ n: ﬁ? Sww'r. 3575 Tmes TK :sﬁm: PRO6S STACK POINTER ‘
. PEIREIFO F3 RSTART 1LDS H7ofsTKk e SET WP BUG's STACK
L gy Loa Ay
3B Fh0 25"m A CTRLA :ng' Ue_ACIA N
il 68O FU03 STA A c7Re-8
1 318D,58, BSR PCRLF#
L Bi8D 2, I BSA el GET  commAND
LU Di8 kI crp_ A @'a | peTer P
U Fl2 236, BEQ ALTER
2 08 b3 CmP A _H ¢ cowimvE 2
231271.2E , Bs®____conT
L 125180 b2y cmp A s Go 3
221215, BEQ GOGOES
L 12981052 %CM.P A @R REGISTER  PRINT
. 12.Bi2 1,33, . BEY REGINT :
L 2DIB) kS | iempP A g E EXAmINE ]
L 12 Fi26,0D, | BIVE _ RSTART 1 1T whs AUBBISH - BESTART
31 8p2, | BSR __ _GETADA | GET ARUDRESS TO EXAMINE
338D 6.8 | | EXAMLP _BSR P2H®S PRINT CONTENTS
L 13518D 4B, | igﬁﬂ GETCH walT FoR  NexT  KET80ARD INPUT
EXI X -TN cmP A dkd20 sPaceE T
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BeAR MICROCOVIPUTER SYSTEMS

24 College Road, Maidenhead, Berks, SL& G6BN
HEXADECIMAL  CODING  FORM
PROGRAM 276% BLE ! VERSION Ot AUTHOR M R L |DATE 3-2-7% |PAGE2 OF &4
ADDRESS { MACHINE CODE LABEL OPERATOR & OPERAND COMMENTS
FEFRal2603, BNE  RSTART
L, 12808 IMX PoivT (@ NEXT _AOPORESS
, 13CI2.0/FS, , BRA EXAMLP | €0 BACK £ PRINT CONTENTS
. 3 EIBD65 , | 606060 | BSR 6ETADR | 65T PROGAAM START APORESS
, |HO|FE FOIFD Lox TMPSTK | POINT Xx (2 PROGRAM COUNTER
k308, INX POSITiorv 1IN STACK
L2 LR T IMX (Don'T _You wish You HAD
LS R SER IvX A_Pop-1 )
L leb081 1 INX
0%, INX
L 48081 1 I NX
, 491B 4 FOF LOB A Tméxpi | LOAD 11 w)iTH DESIRED
, hClA100; | STh A X STARTING AROORESS
| . (4E|B6FOF L L8 A TrbxLo (oa EVEN A 6309 ?)
L Stian00, STA_ A X, |
_193|BEFO FD| cOnNT LDS TMPSTK | RESTORE STAck  Poiw7eR
L, 15638, | ., RTI % OVER _To USER __PROGRAM
L iS28DC, |, | ALTER Bsnr GETADR | GET APORESS 7o BE CHAMGED |
L 15318 DS8B) , | ALTLP BSR  Hexin | (BAck 70 gstort JE noT HEX)
. 5B AIDO, ., STA A X Slore __WEW ___DATA )
L SPhiog, ., . INX _PornT £ NEXT  LOCATION
(SEI20F9; . BrA ALTLP 60 _BACK To GET NEwW DATA
L, 160 8D3F |, |REGCPNT  [BSR Pw 75 P
- 6 2|FEFo0FDb LO0x TmPSTK | POinT X (@ USER fRO6 STACK
- 65|8.0,372, Bsr IP2H%S | PRINT _CC  REG  FROM STACK
L 168 D25 BSR IP2HES | PRIMT B REG " n
_169]8.033, BSR TPuLS | PRINT A REC " "
1688 D2 E asr IPuHes | PRINT X REC .
,bplgpi2e, | BSr TP4HES | PRINT __PROGRAM'S  Pp.C- '
6 Flc E\FOFD LOX $TmPsTHK
11218029, | BSn PuHsS | PRIMT _Usce. PRO6'S S.P.
L 24]20,98, | |sTART2 | BRA RSTART | % BACK Fok NEXT commAWND
 176186.10D, | |PCRiF¥ 1L0A A 4 30D | (chrr, ReETvew)
L 12.818D; 1.6, | BSA PNTLH
L 17 AI8L10A | Loa A #do4 | (Live Feed)
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BEAR MICROCOMPUTER SYSTEMS

A h

= 24 College Road, Maidenhead, Berks, SL6 B6BN
HEXADECIMAL  CODING  FORM

PROGRAM 76 % BUG 1 VERSION o} AUTHOR M RL |DATE3-2-78 |PAGESOF 4
ADDRESS { MACHINE CODE LABEL OPERATOR & GPERAND COMMENTS
Fi17C18 D1 2, , BSa PNTCH
(1EIg612A, LoA A #'»

L 80120 0E, | Bra pwvicn | ((BR % RTS)

L, 182B6 | Faejol] BETCH LDA A CTRLA | WAIT FOR A CHARACTER TO
A U TR ASR A Re RECGIVED INTO ACIAfa)
, 186124, FA | Bce GETCH
88|86 iF&i0p0 Lda A DATAA \PUT IT INTo A REG.

L 18 BlgALF | ANP A H3IF ILIFE 15 SIimPLER _WITHOVT PARITY
L N T RTS
L BEIBDIF2, | G+PCH SR GETCH | GET A CHARACTER NTo A REG
L 90Fb1FL 0) | ONTCH A_B CTRL-A| WAIT unTic  ACIA (a) TRAMSMIT
L 1935102 BiT B #2 BUFFER 1S _EmMPTY

4512 1F9, BE& PNTCH
. AB7\F&p 0 STA _A__DATA-A | THEN TRANSMIT A REG
N FUEY THN RTS

. 9Blo.8 ., |TPuH%S |iwx -
L 1ACi8D 2.6, , |PanesS Bse  P2Hex )
 qE08, o , [TP2HS | INVX
L JAFIBD A3 | | P2HLS 8SR PRHEX

(A1I86.20, , | PNTSP LOA A #3320 ( seace)

L 1A3120E8 | BrA PNTcH | (BR % RTS)

L ASI8DFA , |GETADR | &sn PHTSP 5
. 1A718Di0D; BSR HEX2IN | CET _FIRST BYTE OF APPRESS
. 1AqiB Fo\F8 STA A TmPXHI| = STORE T
L ACIEDI0B,; | BSR Hex2iy | 6ET SECoMD RBYTE
, IAE|BOF OIFC STh A _TmbPxrio | 4 sToré THAT
. IBIIFEFOFB LOX TmPxH] | TRANSFER __ADPRESS To X REG-
, 1B420EB| | BrA PrTse | (B8R + &TS)

B 618D 2 4 , |HEX2IN Bsr CETHEX | 6ET _ONE HEX  0I6IT

IEL-R 4 UA SENE R Ast A MOVE ;T LEFT & BITS
LA U SO ASL A |
LY LR SN AsSL A
, BBlkg, |, | ASL A
L BCI26, PSH__A ¢ SAVE on _STACK
L 1BDi8D1 D | BSR CETHEX| GET _NMEXT HEX 01617
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BEAR MICROCOMPUTER SYSTEMS

24 Coliege Road, Maidenhead, Berks, SL6 G6BN
HEXADECIMAL  CODING  FORM

‘PROGRAM 7768 BUG | VERSION 0O} AUTHOR m &L  [DATE 3-2-7%  |PAGEY OF 4
ADDRESS § MACHINE CODE LABEL OPERATOR & OPERAND COMMENTS
FBF|8.40F . AVD A #oF THIS 1S RIGHT b 875
MU E - T PuL B RETRIEVE LEFT 4 BITS

L CA By, ABA 4 MERGE _THEM

L 1C31de, |, RTS

L Celhbo0 | P2HEX LOR A X GET BYTE 7o ARE PRINTED

L 1C6i8D0& . BOR  PWNTLY PRINT HEX CHAR = LEFT & 8ITs
L 1C8l1RA6100] | LA A x ReLono A ReS

L ICRR D 0Y | BRA _PMTRH | (BR ¢ RTS), PRINT RIGHT Hex
L CCllly ) PPNTEH (LSRR A SHIET P Rec RIGHT 8Y & 8ITs
1S Die ey LS A

L ICEM Y Lsr._ A

L ICFle ey g LSRR A

L 1DOIB&I0F | |PNTRY AND A HI0F | BLANK OUT LEFT 4 8)TS
,1D2igB 120, | APD A #j:sg CONVERSION , HEX TO __ASCH

, 1DW181 39, | cmP A #$39

L 1D6[231B.8 | BLS P TcH ( BR # RTS)

L 0888107, | A0 A #37

_1DARI2OB Y, , BRA PHTcH (Br ¢ RTS)

L, 1DCIEDBO,| |, |GETHEAX SR [Cadadl CET Al CHARACZER

 WDE IR0, | CmP £ #9430 |CovVvERT 70 Hex,
_1E0|2892, | & mi STARTZ | 60 TO STARTL |F CHARACTER
C1E218.1:39 CmP A #3439 15 _w~oT_ 0-9, A-F

1EGI2Z FI0A, BLe  RTs

L E6I8.0 4L, CmP ALl
| L E8I2B\8BA; Bm) START2,

, \EAIg by Cme A #4ub

_1EC12 8,96, | 86T START2

L 1EE|$007 SUB A #49

Foi3q, 1 RTS
NI R R FEFI - FFF7 __ sPARE !
| - P TR Y

FFIFSIFO0F% | FPR TmPigg | 1IRQ  VECTOR

F F\FRFF OB . FOB SwimvT Swi :

F.F\F c|F0|F5, | FpB __TImevmil | Mm) "

FFFEIFFO0O, | FDB  RESET RESET =
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