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1. Introduction 

This }»oard has been produced as the tirst stage ot expusion ot 
the basic 7768 CPU , troa a i single board experi.ental machine 
to a full aicrocomputer. 
When the excite.ent ot tOlgling programs into the basic 7768 
CPU board by hand has subsided a little, then users will wish 
to expand the~r system, not only by adding more aemory (e.g. by 
using the 7768 4k RAM board), but also by; 
- Liak1ng up to an external deYice such as a cassette tape 

recorder in"tertace or a paper tape reader/punch combination 
so that programs aay be stored permanently and re-loaded 
easily. 

- Connecting any Teletype, VDU or silJl1lar terminal that may be 
available. " 

- Implementing soae tora ot Monitor, or simple Operating 
System, to drive these I/O devices and generally aid in 
program loading and de-bugging. 

The MON 1 board provides these facilities in a way which gives 
maximum tlexibility tor system growth, and tor the particular 
requirements ot the individual constructor. 

2. Board Characteristics 
Construction; 

Bus; 

Power; 

Serial I/O: 

Memory; 

8.0" x 8.0" single sided PCB with gold plated 
0.1" edge connector contacts. Compatible with 
1768 CPU electrically and aechanically. 
Buttered on all lines. Compatible with 7768 
systea bus. 
Requires +5V stabilised DC • 0.55A typical. 
+12V DC • 10o.A ad -12V DC • 5011A may also be 
required depending on the type ot serial I/O 
intertace circuitry used. 
Maxi.ua ot Z transmit and 2 receive asynchronous 
serial ports. 
Standard data transaission rates tro. 50 to 9600 
baud, crystal controlled trequencies. 
TTL, RS232C(V24) or '20mA' serial intertaces. 
Sottware selectable character ot 7 or 8 data 
bits with or without parity, with 1 or 2 stop 
bits. 
1024 bytes ot 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; 

~-----;. SERIAL I/O 

__ _ .J 

- Two ACIA's (Asynchronous Communications Interface Adaptors) 
which allow the system to send and receive t he 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 
system 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 chain driven by the CPU 5MHz 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 1k 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. 
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4. Circuit ~escription 

X23,29 b~ffer and invert t he least significant t en address lines 
(AO-A9) from the system bus o These ten buffered address signals 
(AO-A9) are then connected to the ten address inputs of each 
1024 x 1 bit Random Access Memory (X15-22) to select the desired 
bit in each IC. The inversion of AO-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 (A12-15) are cbnnected to 
Nand gate X14 so that pin 8 of this IC goes low - enabling one of 
the two 'lout of 4 decoders' in X14 - only when these address 
lines are all at logic 'l'j 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 AlO,ll; 

All AIO X12 }2in Address range Use 
9 10 11 12 

0 0 1 1 1 0 FOOO - F3FF Sel of 256 byte RAM on CP U 
0 1 1 0 1 1 F400 - F?FF Input/Output addresses 
1 0 1 1 0 1 F800 - FBFF Reserved for VDU memory 
1 1 0 1 1 1 FCOO - FFFF lk RAM on MON 1 board 

When pin 12 is low, the outpu t pin 6 of Xl1+ 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 4 & 5. 
However, where c;,ly the CPU and HON 1 cards are fi tt ed, then pins 
1 & 2 of X14 should be connected to the address line A15, so that 
the 256 word CPU board memory i s also selected when A15 is low~ 
This allows it to appear in address spac e 0000 - OOFF, where the 
short (Direct) address instruction mode can be used. 

Pin 10 of X13 going low signifies an I/O operation; as discussed 
later. 

When 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 accordi~o the s tate of the system R/W (Read/Write) 
line and the board ~ input. This latter input is connected to 
OV via a single pole on/off switch which is closed for 'Bootstrap 
Load', otherwise open. 

BOOT R/W X13 pin Use 
input 4 5 6 7 
OV (Write) 1 1 0 1 Bootstrap mode write 

+5V "1 1 1 0 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 0, X9 pin 9 is forced to '1', 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 '0', enabling X3, whereas if A5 
1s 'I', A5 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 RAMls (X15-22) are enabled via Xll,12 whenever 
X13 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 XII is strapped to pin 7 of X13, then X15-22 will also be 
enabled when X13 pin 7 goes low (Write from CPU in normal mode). 
However, if XII pin 9 is connected to XII pin 10 instead, then in 
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normal mode the RAM's X15-22 will not be affected by a 'write from 
CPU' operation. 

XIO 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 ot XIO,29. 

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

10 (Xll pin 12) goes low when X13 pin 12 goes low as long as ~ 
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/'" (pin 13). The 'RS' 
(Register Select, pin 11) input selects the 'data' or 'Control/ 
Status' registers within the ACIA tor connection to the data bus. 
For an information transfer to take place, the CSO & CSl inputs 
must be high, and the CS2 input low. CS2 is fed from XlI pin 12 
as previously described, while eso is-permanently high. CSI is 
connected to address line Al (X6) or II (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 otX5,6 are buf~ed by the 
open collector inverters (part of Xl) to drive the IRQ input ot 
the CPU card. 

The transmit and receive halves of each ACIA require clock inputs 
('l'X Clk Be RX Clk) normally at 16 x the serial data baud rate -
although the AeIA'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 trom each ACIA (pin 6) is fed to a 
conditioning circuit (e.g. Ql 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 ~; Request To 
Send) and two inputs (CTS; Clear To Sead,and ~; 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 and 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. 

X24,25 & 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 Be 9600 baud.(Due to practical difficulties 
the actual frequencies produced are 0.16% higher than nominal, 
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e.g. the ' 16 x 9600Hz'output is actually 16 x 9615 Hz, but this 
is well within the acceptable frequency tolerance for all periph­
eral devices). For those wishing to operate at lower baud rates 
X28 may be set to divide the 16 x 1200 Hx si gnal 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 J.nput so that 
at the next clock pulse the state of the input pins (A,B,C,D) 
is loaded into the counter . Thu3 the counter counts cyclically 
between the number at the ABC D inputs and '1111'. Since the 
ABCD inputs to x26 are 1100, then it will count in the sequence; 

QA QB QC QD 

1 1 0 0 
0 0 1 0 
1 0 1 0 
0 1 1 0 
1 1 1 0 
0 0 0 1 
1 0 0 1 
0 1 0 1 
1 1 0 1 
0 0 1 1 
1 0 1 1 
0 1 1 1 
1 1 1 1 --r---I---O---O--

Note that there are 13 counts in a complete cycle, and during 
this time the QC output changes from 0 to 1 twice. Thus the 
input to the next divider stage (X25 pin 1) is effectively 
5 MHz + 13/2 
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5. Constru e_ti o!!. 

Refer to Fi gs 3 m. 6 

The close track spac i ng nec essary, parti cu l ar ly around X3-6 and 
X15-22, means t hat great care has to be taken to avoid accidental 
short circu i ts. The con s tructor s hould take care to make good 
soldered joints using the minimum amount of solder whil e 
ensuring that a joint is mad e all round the component pin or 
wire end. Use of a smal l s oldering iron with a small, clean, bit 
is essential. Also, be fo re fitt i ng any component, feel allover 
the track siJe of th e board for any loose swarf left from the 
board drilling process , and examine it carefully for unetched 
copper 'bridges' be tween t r a cks. 

The use (or not) o f IC sockets is largely a matter for person31 
preference (although sockets should be fitted in the X3,4 
positions to allow f or any possible Changes to the bootstrap 
program). Poor quality s ockets must be ~voided as they can cause 
many hard to trace faults. Provided that the constructor is sure 
of the quality of the IC 's he is us i ng, is confident of his 
ability to solder t ham in t he right way r ound first time, and is 
using a low leakage soldering i ron, 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 cut ting the body free 
from all ~eads, 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 i nsulated 
wire, strip off the i nsulation for about t" 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 diaaeter of the wire 
slightlJ so that it will s lide 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 ri bbon cables as shown in Figs 3 & 5, 
followe~ hy the miscellaneous resistors, capacitors, diodes and 
transistors. 

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

After assembly clean the t rack side of the board thoroughly with 
a small stiff brush (a ver y hard toothbrush is ideal) and 
examine it carefully f or short circuits caused by bent leads, 
excess solder on joints, solder splashes etc. 
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6. Testing 
a) First check with an ohm meter for short circuits between tracks 

connectin~ X15-22, also between OV & +5V. Some reading is to be 
exnected 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 
otherwi s e prove extremely difficult to locate. 

b) Strap A to B so that t he 256 word CPU~oard memory will respond 
to addresses below 8000. 
strap F to D to remove the Wri te Protection from X15-22. 
X3,4 should not be fitted at this stage. 

c) 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 'l's). One slight difference is that setting FF on the 
address switches now accesses a RAM location rather than the 
Data Switch & Display Register. 

e) Load and run the !ollowingprogram; 

Address Contents 

FF 00 08 START INX 
FF 01 26 FD BNE START 
FF 03 4C INC A 
FF 04 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 frc2 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 ~ore than 256 words of memorYt 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 digi ts) are set up - the CPU Load lcgic automatically 
sets the most significant digits to FF 

- When theMPU 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 a ddress FFFF no longer corresponds to the 
Data Switch Register, we have to load the program starting 
address into locations FFFF & FFFE before operating RESET. 

f) 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, 
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the display (and switch register) will respond to addresses 

OOFF, OlFF, 02FF - - - 7lo'FF and FOP'F, FIIt'F, F2FF, F3FF 

Change the address part of the STA -- instruction in the above 
program (locations FF05,FF06) to check that the addresses 
given above are valid . 

g) 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. 

h) Reconnect the temporary wire betwe en pin 20 and OV, plug in 
X3,4. Now read and check (via the control panel) the contents of 
these ROMes). 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. 

i) strap U,V,W,X to give the deSired frequency on edge connector 
pin 13 (16 x 1200/n Hz). Check the frequencies on al l outputs 
(connector pins 13-19). Note that if viewed on an oscilloscope, 
a slight jitter will be visible on the higher frequency outputs. 

k) 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 elk & 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 00 CE F4 00 START LDX ~F400 point @ ACIA a 
Ii¥' 03 86 03 I.DA A :#'-3 
FF 05 A7 01 STA A X,l reset ACIA 
FF 07 86 11 LDA A :f/-ll 
FF 09 A7 01 STA A X,l set ACIA control 
FF OB A6 01 LOOP LDA X,l get ACIA status 
FF OD 85 02 BIT A~2 TX buffer empty 
FF OF 27 04 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,l 
FF 17 85 01 BIT A 111 RX buffer full 'I 
FF 19 27 FO BEQ LOOP & round again 
FF IB A6 00 LDA A X get rec data 
FF ID 97 FF STA A DSPLAY 
FF IF 20 EA BRA LOOP & round again 
FF FE FF 00 start address 
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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 or TTL 
interfaces. 

Switch Reg Setting 
+ 

All 'O's 
,,_ t stop' 

00=1, Bl-7=0 

All 'l's __ ~r1~ ____________ ~r 

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

CE F4 02 START LDX # F402 point @ ACIA b 
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7. Diagnostics 

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

Test signals to be applied to board connector; 

'0' = direct connection to OV. 
'I' = connection to +5V via lk ohm resistor. 

Measurements made with 20kohm/Volt or better meter; 

'0' = 0 to 0.4V 
'1' = +2.4 to +5V Anything inbetween is wrong. 

a) Address Buffers X23,29 

Output of inverter should be opposite to input; 

Check that X29 pin 10 is ' I' when '0 ' applied to AO (con. pin 21) 
" " " " " " '0 • 

II , 1 ' " II " fI " " 
" " " " 4 " '1 ' " '0 ' " " Al " " 22 

etc. 

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

Check that XI0 pin 9 is '1' and XIO pin 8 is '0 ' when '0' is 
applied to R/W (can. pin 4 ) 

Check that XIO pin 9 is '0' and XIO pin 8 is '1' when 'I' is 
applied to R/W .. 

Check that XlO pin 1 is 'I' and XIO pin 3 is '0' when '0' is 
appli ed to ~ (con. pin 6) 

Check that XI0 pin 1 is '0' and XI0 pin 3 is 'I' when '1' is 
applied to E. 

Check that XIO pin 11 is '0' only when R/W is '0' and E is '1' 
and that any other combination of R/W & E inputs makes X10 pin 11 = '1' 

c) Nan d Gate X14 (first half) 

d) 

e) 

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

Connect each of A12-A15 in turn to '0'; in each case X13 pin 15 
should be '1'. 

One Out Of Four De coder X13 ( first half) 

With A12-A15 all vI t (hence X13 pin 15 = '0' ) check X13 pins 9 - 12 for 
combinations of inputs on AlO-ll; 

AIO All X13 pin;....2. 10 11 12 

0 0 1 1 1 0 
0 1 1 1 0 1 
1 0 1 0 1 1 
1 1 0 1 1 1 

"::I t1 10 10 AI$" ,\.1\ II' s "'-t" ct 0 l' P'I'\. 9 ('~A.I) 
Nand Gate Xl4 (second half) 

Set inputs AI0-15 all to 'I'; check that '256SEL' (con, pin 5) is '0', 
Change AIO,ll inputs to '0'; '256SEL' should go to '1'. 

If A is st rapped to C, then also set inputs AI0-14 to '1', A15 to '0'; 
'256SEL' should be 11'. 
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f) One Out Of Four Decoder X13 (second half) 

Set AlO-A15 all to '1'. Check that X13 pin 1 is '0'. 
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; ~ 2 9. 1 
o 
o 
1 
1 

o 
1 
o 
1 

110 1 
011 1 
1 110 
1 0 1 1 

g) X15-22 CE Drive (X11,12 parts) 

Check X15 pin 13 for combinations of inputs BOOT and R/W; 

BOOT R/W X15 pin 13 

000 
011 
1 0 0 if F strapped to D, else 1. 
110 

h) ROM Select (X9 part) 

Set BOOT input to '0' (low), R/W input to 1 (so X13 pin 4 is '0'). , 
With A5 (con pin 26) set to '0', check that X3 pin 15 is '0',X4 pin 
15 is '1'. 
With A5 set to '1', check t hat X3 pin 15 is '1', 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 = to' and also for A5 = '1'. 

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

Set R/W (con. pin 4) to '0', AlO to 'I', All to '0', A12-l5 to '1', 
then check tha t 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-BD7 (X7 pin 17 etc . ) 

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

First check that these buffer outputs can be set to the high illpedance 
state by ap plying '0' to board E input (which should cause Xll pin 6 
to go to '1') then check each data bus line DO-D7 as follows; 

- temporarily connect data bus line to OV via lkoh~ reSistor, the 
voltage across the resistor should be less than O.lV. 

- remove the resistor from OV and temporarily connect it to +5V. The 
voltage across the resistor should be less than O.lV. 

Then set E,R/W AIO-A15 and BOOT board inputs to '1'; Xl1 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 input 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 
Xl5-22 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 '0' to board A2,3 inputs. 
Check that XlI pin 12 and Xll pin 6 are both '0'. 
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k) Hemory IC e fJ 

First check the correct opera~lon of the top 256 words by loading 
and reading tl?)st patterns with the system control panel switches. 
Once i. t has been estab1.:ished that these memory locations are working 
then the remainder of memory is best checked via the system 
keyboard, using a monitor such as BUG-1 3 

1) ACIA Clock Dividers (X24-27) 

If a tscope is not available, then applying a TTL compatible 
audio frequency signal to the '5MHz' input will allow you to check 
the operation of t.he dividers by monitoring their outputs with an 
audio ampl! fier or headphorH:ls .. 

m) ACIA Clock Buffers 

Apply qo 0 to 'rx CL'K(a) input (con .. pin 62) and check that X2 pin 10 
is 'Ii" 
Apply 'II to TX CLK(a), check that X2 pin 10 is 'Oge 

Repeat for Jther HX & TX CLK input buffers. 

- 13 -
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Notes; 

2768 MO. 1 BOARD 

Component side view 

strap on component side ot board 

,..,.. ............ 111 .. 11 Ribbon cable 

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

Fig 3 

78 



.:..7,.t..7 6.;;..;8~M;...;;..O-"-N.....;1=-... ~0.::...PT,;,,.;. I,;".;O;,;;.;N.=AL S'rRAPS 

Write Protectio~ 

St rap D-E to write pro tect 1k RAM, else strap D-F 

CPU .. _Boaz:sL, Me!:!Q£'y'._ Addres sing 

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). El~e strap A-C 

6-H/ 
ACJji (a) Interfaces dl-Jr 
For 20 rnA Current Loop strap fJ..Jff, K-i'1 

For RS232C strap G-I,J -K ,L-M, & connect edge CO~~j pins 70 & 72. 

For T'rL omit t(23,H24,C8 & R9 ,R25, Q1,Z2 , strap .Gc:1f,J-K,L-M, 
replace R6 by a strap & connect Xl pin 12 to edge conn pin 72. 

~~~_~_ ( b LE_t e r f cc e s 

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 omi t R19 ,R20 ,C6 & R10,R26,Q2~Zl, strap N-P,R-Q,S-T, 
replace R5 by a strap & conn ect Xl pin 8 to edge conn pin 71. 

X28 liE Str(~pj,ng; 
U V W X !! Nominal out2ut freguenc:i 

OV OV OV OV 16 75 x 16 Hz 
R29 OV ')v ov 15 80 x 16 Hz 
OV R29 ov OV 14 86 x 16 Hz 
R29 R29 ov ov 13 92 x 16 Hz 
OV . OV R29 OV 12 100 x 16 Hz 
R29 OV R29 OV 11 110 x 16 Hz 
ov R29 R.29 ov 10 120 x 16 Hz 
R29 H29 R29 ov 9 133 x 16 Hz 
OV OV OV R29 8 150 x 16 Hz 
H29 ov ov R29 7 171 x 16 Hz 
ov R29 ov R29 6 200 x 16 Hz 
R?9 R,2 9 OV R?9 5 240 x 16 Hz 
ov OV R29 R29 4 3~)0 x 16 Hz 
R?9 DV R29 R29 3 400 x 16 Hz 
ov 1~29 R.~)9 H29 2. 600 x 16 Hz 
~jot<;; f or 50 baud use 200 x 16 Hz as ACIA clocks, and 

pror~r,:un ACI A for ~ 64 working. 

Fig 4 

'i ' .. \ 

I 
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Arrangem ent of ribbon cables - not to scale. 

Use solid cored type e.g. Doram's miniature cable No 357-lJ9l 

Fig 5 



Logic 

ICl 7/t 06 

X2 71+LSlL~ 
X3 PROM 
X4 PHOM 
X5 6850 
X6 6850 
X7,8 81L897 
X9,10 74LSOO 
XlI 74LS10 
X12 74LSOO 

Transistor s 

Q.l,2 

Diodes 

Dl,2 

Resistors 

2N 2907 

1N4148 

2 
1 

Zl b~. __ l2.~l£L!"_~ 

Component§. 

hex open collector 
inverter . 
hex schmitt inverter 
see text 
" " 

ACIA (a) 
ACIA (b) 
octal tri-state buffer 
quad 2 ilp nand 
tripl e 3 ilp nand 
quad 2 ilp nand 

Xl.3 
X14 
X15-22 

or 
X23 
X24 
X25 
X26 
X27 
X28 
X29 

Q.3,4 

74L8139 
74LS20 
2102 
2102-1 
74 LS04 
74L593 
74LS90 
74L5161 
74L504 
74L5161 
74L504 

BCI07 

dual 1/4 decoder 
dual 4 i/p nand 
1024 x 1 RAM 
for 1. 2uS CPU 
hex inverter 
divide by 16 
divide by 10 
prog. counter 
hex inverter 
prog. counter 
hex inverter 

36V 400mW zener 

All are mini ature types except R19,23,25,26 

R1 
R2,3 
R4,5,6,7,8 
R9,10 
R11,12 

4k7 
10k 

4k7 
220R 

R13, 14 ,15,16 
R17,l8 

4k7 
4?R 

4k7 

Capacitors 

Cl,2, 3 ,4 
C5 
C6 
G7 
C8 
C9 
C10 
Gll 

I'1isC. 

lOnF ceramic 
InF ceramic 
Oe1uF 
InF ceramic 
O.luF 
3~uF lOV tant. bead 
O.luF 
33uF 10V tant. bead 

R19 
R20 
R21, 22 
R23 
H24 
R25,26 
R27,28,29 

C12,13 
Cl4 
C15 
Cl6 
C17 
C18 
C19 
C20 

470R tw 
100R 

4k7 
470R tw 
100R 
820R lW 

4k7 

O.luF 
O.047uF small cera~ic 
6.8uF 10V tanto bead 
O.047uF small ceramic 
6.8uF 10Vtant. bead 
O.luF 
6.8uF 10V tant. bead 
O.luF 

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 - mi ni a ture solid cored t ype 

7768 MON 1 pri nted c i ~cuit board (available from Newbear) 

Edge connector - 76 way + 2 polarising positions (78 positions total), 
0 .1" pLtch c; ingle sided . 

Single pole on/of f 'Boot' switch (not mount ed on boarj) 

fl ote; 

Complete componpnt lis t shown, but individual constructors may sub-equip 
dependi.ng; on number of PROM's & ACIA' s fitted and choice or TTL or 20mA 
or RS232 i ~t er fac e( s ). 

Fi g 6 



T 
I 

I' 

Tf'~f 
'Z~ ,. 

t.- il 

1F-rr 

t 

o 

-... lk 

60k 

• . ..,.. 

7'/ 68 "'ON 1 M ~ORY HA P 

] 

l it k AM t or 
monit or pl ua 
}2/64 byh 
bootetro p ROM. 

J",,,, r,. 
M ~lIory Mapped 
VDU 1II8111ory 

Don't use; ' echolle ' of F400 - F1+0 F 

I /O Ildll reece.s 

"CIA ( b) con tro l /s t atuI!! r egister!; 
"CH ( 0 ) da ta register s 
4C1.\ (.) con trol/sta tuti r "'gll!1 llt r e 
"CIA (. ) datil r e,l!ietl!re 

uae ; 'echoes ' o f fOoo _ fOrT 

256 byte CPU bMrd u :M)r l (FOrY s 
display/switch regll'J t e r) 

Pi ;>; 7 



7768 MON 1 CONNECTOR WIRING 

1 1+ 
,- r 

• sv 
RM 

256 SEl -!-S 
E 

= 5 MHz 

• 

e lK - 1 
IRQ 
NI<l 

1200 / n Hz 
4800]( 15 Hz 
9600 _, -- ~ 15-
600 "" <-I~ 

1200 " ., 
300 "" 

2400 "" 
' BOOT'~ l}e 

AO 
A1 
A2 
A3 
AL - 25 
AS 
AO 
A7 
AS 
A9 - 30 
A 10 
All 
A12 
A13 -
A1L - 3 
A15 

r 
L/ 

• Fblaw.lng I«c>y 

..... ~y..tem &is line used by board 

'-07 
06 
OS 
DL 
D3 
02 
D1 
00 

,-
,-

1-

1m, 
IlCD 
m 
1m 
IlCD 
m ,-TX elk 

RX" 
TX .. 
RX .. 

RX data-
, ~ • 
• 

TX 
' ~ 

• 
.. " . 
REsET 

+ 12V 
, 12 V 
' 5V 

-

>-

ffa' 
La 

L 
0 

0 
0 
0 

500 
0 
0 
0 

5_ 

6(}O 

65-

• -

70"'1, 

'J 

750 

7 

-0- " not l.Md by MON 1 

... Other connection to board 
, '{ I I 

, 

M: IA 

Jo 

J b 

b 

I 0 

b 

0 

-b 
-0 

-b 
0 

REAR VI EW 



7?6R MON 1 BOA.RD 

Anpendix l - Confi guration Guide 

The minimum system using thl9 MON' 1 board requires the CPU board with 
its control panel) thre) MON 1 board itself, and a paper or mag tape 
peripheral for back-up storage; 

I' 7768 i 

I 
CONTRO:. I 

PANEL J 

~
1' 1 

CPU . 
Boa.rd 

i 1'-----------. 
'I MON 1 ! ___ ,»~!I Paper or mag tape 
~rd r- p$riphera.l 

BUS 

The connecti on between the MON 1 board and the peripheral must be 
serial 8 bit asynchronous. If a cassette tape recorder is fitted then 
it is recommend~d that a IKansas City' (CU~~S ) compatible interface 
is used , thes~ generally have TTL or RS232 level ports, either ot 
which can be handled by the MON 1 board o 

TX DATA I I 
TX eLK (~OO x 16 HZl 

I I 
MON 1 

? 
! CUTS i 

BOARD ... RX DATA J I NTERFACE 

-- RX CLK l I 
i 

I 
--..1 CASSETTE r- RECORDER 

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

Although a VDU/Keyboard interface car d will be introduced for the 
7768, the user may wish to connect an external VDU or hard copy 
terminal. The monitor program given in Appendix 5 in tact requires 
the use of an exteI'nal terminal, a separate monitor will be issued 
for us~ with the ' i~boardt 7768 VDU/Keyboard interface card. 
Provided that the ter minal has a s erial interface then there should 
be no problem in connecting it t o ei ther ACIA . The back-up store 
(mag or paper tape) should always be connBcted to ACIA(a), however, 
for proper operation of the Boots trap Loader. 

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

However, i:? your terminal doesn't have t hi s facility, then it may 
still be connected to ACIA(.), but via a switch which allows the 
separate back up stor~ to be conne ct ed for program loading (& dumping). 
This switch may also ~hange between the clock frequencies required for 
the back up store and the terminal. Thus, tor a CUTS interface and 
a 110 baud terminal; 



~ I .1...... __ ___ ___ --+-__ _ 

MON 1 
'..7"--_ -rx c!:K._<-_ .. _ .. ____ ~ 

I ~F=====,_.r---------------~ 

• 110 .. 16_fi..'= ___ ... __ . __ _ ___ ' _ 
__ ~X Ct,X-( _. _ _ .___ I 

A..--_ _ --+--+ _ _ 

TERMINAL 

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 

MON 1 72 (71) r+.,....---4C 1 

J ..-.---~--~3 70(69) c 7 signal ground 
78 ~ 

" to " 

CANNON '0' 
CONNECTOR 

RS232C I V24 

Howaver, for those lucky enough to have an ASR33 or KSR33 Teletype, 
and who wish to use a '2OmA Current Loop' interface, then the 
following connections should be used; 

20 mA 
-

MON 1 

90 .- 151411 
terminal 

72 (71) 0 " strip on 
~~~--------~+-----~o 

f-!-7..:...0 ->.::(6=.9<--) -~---=----u.{) ASR/KSR 33 
o 

t-=-66~(>-='64-,-:,-~) _____ ~o 
r6~7~(16=~~_~ ____ ·~+ ____ 0 

App 1 P 2 
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CTS • RTs' & i5C'D 

7768 MOl 1 BOARD 

Appendix 2 - User Tips 

These ACIA connections are intended for use with a data modem. but can 
be used to ~vide 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 stra~ signals and cause much confusion. 

+ & - l2V 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 -l2V 
or even +5V only; '+12V' being connected to the +5V rail and '-12V~ to 
OV. Some experimentation is required, and the data buffer circuit 
resistor values will probably need altering. 
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Addressing 

,{,,168 l·'IOI~' 1 BO,AJUl 

Appendix ;,; ACIA Pr ogramming 

Each ACIA contains t wo pairs of user-accessible r egisters; one pair 
(Transmit Data Register & Control Regi s t er) being 'Write Only', the 
other pair (Roceive Data Regis t er & Status Register) being 'Read Only'. 
Thus only two addresses are used by each ACIA ; 

Addres§ MPU fRead w Accesses MPU i ',Vr! t e ' Accesses 
-.. , ..... _-, M£ ......... 

;{ I.I I'U:;: iCr:~ F400 ACI A(a) Ree Data Reg ACIA(a ) Trans Data Reg 
'401 ACIA(a) ACIA(a.) Control Reg 

\I'Du 

status Reg 

F402 l« ~D ACIA( b) Ree Dat a. Reg V,j)I/ACIA("b ) Trans Data Reg 
F403 ACIA(b) status Reg ACIA(b) Control Reg 

Because the same address accesses two di f f er ent registers, depending 
on whether a Read or a Write operation i s being performed , then those 
instructions which operate on the contents of a memory location 
(e.g. ASL)' must not be used with ACIA addr esses as ' these instructions 
read information, modify it, then write it back to the same address. 

Transmit Data Registsr 

If the transmit half' of the ACI A is idle (not t ransmitting a character) 
then the act of writing a character into the Tr~.."smit Data Register 
will start the ACIA transmitting that character in serial, asynchronous, 
form; 

start 
bit 

Be _ _ _ _ _ _ _ B? optional 
parity 
bit 

one or two 
stop bits 

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

Since the ACIA is 'double buffered', a new charact er can be loaded into 
the Transmit Data Register while the previ ous character is still being 
transmitted. Examination of the contents of the Status Register will 
tell the program when the Transmit Data Register is empty and ready to 
accept another character. 

Receive Data Register 

Data received at the RX Data input of the ACIA is converted to parallel 
form, the start, stop & paritt bits stripped, than the received 
character is transterred to 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 03 (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; 

DO,l Establish Rec & Trans data baud rate as a~ub-.ultiple of the 
ACIA Clock input frequencies; 

!!Q. Dl 
0 0 Baud Rate = Clock Frequency 
1 0 ft " " It t, divided by 16 
0 1 t1 " tI It " It " 64 
1 1 Used for ACIA Reset 

D2,3,4 Establishes number of data, stop bits & parity; 

D2 .£i ~ NQ of Data bits Parit~ No of stol! bits 

0 0 0 7 Even 2 
1 0 0 7 Odd 2 
0 1 0 7 Even 1 
1 1 0 7 Odd 1 
0 0 1 8 2 
1 0 1 8 1 
0 1 1 8 Even 1 
1 1 1 8 Odd 1 

D5,6 Establish state of RTS output & Transmit Interrupt Enable; 

Q2 D6 RTS out12ut Trans Interrul!t 

0 0 Low Disabled 
1 0 Low Enabled 
0 "I High Disabled .... 
1 1 Low Disabled Transmits 'Break' 

D7 When set to 'I' enables Receive Interrupt, and IRQ will be 
caused by any of; 

- Receive Data Register Full. 
- Receiver Overrun. 
- neD 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 

Dl 

D2 

D3 
" 

'I' 
, l' 

' 1 ' 

'1 ' 

when 

when 

when 
when 

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

character) 

D4 'I' 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. 

D5 'I' 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. 

D6 'I' when a Parity Error has been detected in the received data. 

D7 1 'I' wheneyer the ACIA IRQ (Interrupt Request) output is low. 

:; "" Y~IY, ",,-X Xo 
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Ap'o tmdix lj. - 32 by te Boo t str ,<SI. p '\: Dump Programs , 

A minimum boo ts trap R01'1 program is g;i ven on the next page. This 
merely loads the first 1024 byt es of data to come in via ACIA(a) 
into the RAl'1 without any form of' cht9c k_1_ng ,~ "tmt this has proved 
sufficien t in pract:t ce. To run , raomentar11y operate the Reset 
switch with the BOOT svntch set t o VEootstrapi. When 1024 bytes 
have been loaded, t hE') system HUN lamp will go out . The BOOT 
switch is then set to the normal position and the system Reset 
sn tch momentar ily operated to start runn:Lng the monitor that 
has been loaded .. Since the program doesn 9 t look for a header,but 
simply stores whatever arrives at the receive port (&) , care must 
be taken when loading from a paper tape reader to position the 
tape correctly; the system canOt distinguish between an "'all O's' 
byte and blank header tape. 

The DUMP program giv~n can be used t o ge:!'le:r-at~~ tapes containing 
a monitor program for subsequen t loading (Boot!3trapping). One 
trick wo~th noting is t hat as DUMP sends out bytes from memory 
starting at the loca.t ion determ:!.ned by t he I.,uX :Lilstruction 
(normally location ~"'COO ) ~ and carries t)!!: until i t r eaches FFFF, 
and as the bootstrap program just ta.kes the ti.rst 1024 bytes 
received, one can use a monitor (such as BUG 1) to pu't. ·a ;new 
Monitor program into another area of memory, then by altering 
the LDX instruction in DUMP, create Ii tape containing the ne. 
monitor. 

The 32 byte bootstrap program shown here i s avdlable already 
'burnt into' a PROM from Newbear, how~ver ~~yono who wishes to 
generate his own bootstrap program - perh~,ps to take adv&ntage 
of the "maximum 64 bytes. availGibl e - car .. tH?H!') virtually a.ny ot the 
COrruDon 32 x 8 Tri-state TTL PROll/It IS Blva:l.latble. Care should be taken, 
however~ as the address inputs to the PROM~ s on this board are 
inverted and out of seqtHH"lCe rela.ti VEl tel the connections allJsUDled 
in the manufacturers data sheets and. PROlill progl:'ammers. Page 4 
ot this appendix shows, as an example~ the 32 byte bootstrap 
program translated into the form required for PROM programming. 



BEAR 1\/iICROCOrv1~:-jUTER SYSTEMS 
24 College Road , Maidenhead, Ber ks , SL66BN 

HEXADECIMAL COO ING FORM 

VERS I ON I 1 AUT HOR 11 iLl DATE ;\·2· '711 I PAGE I of/ I 
LABEL ! OPERATOR & OPERAND Ii COMMENTS i 

I'· . ii I 
.~ t 

PROGRAM BOOr 

ADDRESS I MACH I NE CODE 
(' 

fflEO ~ 610 3 1 

1£'.2 B?IF"IO, 

If'.~ S· ' I I .I I 

Ii ., I 7i ' .&tl() , 

S1'FtR'T I £..DR A#'"3 ~.; RbSE T /Jeff.) (0.) I,· 
I F' 

~~~~~~~4-______ -4l~S~1~A~~A~~F_~~;~'/~i~. ________________________ -, 
ll-DA Ii :;.1# If ~ sn "' IU .. IR ,-) (,O",.,~o, ~£'-\ . . I ' 

If .A (tIFC IOI') · 

.£0 11 51 I 

IE £ 8.' IF.~IO , LooP 

F' ,8.5 10 , r 
IF~ 1211'" 
".~ IS;'I'.1t 10 0 

,foIl 1.'7100 I 15T.4 

If.A D.RI. I JWX 

IF.8 2..& IF I I I 

IfoP '''I 1 ..•.. :;; 

IFf IF.FIE., I 
I I 1 

I I I 

I I I 

~ 

! 
~----------------------~ I 1'1115 PP'OfJtI.It", lu1-> Flits T 

I I I i 
I • , 1 

I I I 
, ~ 

I.oF M£IIIPAt se/Jc£. 
1 1 I 

I I • 

I • I wrlH SYS1£ W\ se,.., rD 'BDor' 
I I I 

, I I 

I I I 

~ 

.....,..--L...~f---J---'--.L.......L--L..+_---_+-----____.!.! 'WHEAl FINISHED.. #P.V/fI' 
( M-~ I' 605 S Of)r. 

I I 1 

I I I j 

I 

• I 1 

I I I 

• I I 

J 1 1 • 

I I I 

''',r I 1 I 
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BEAR 1V'!le: OCCJi\IlF"JLJ-rEF:1 S 'YSTEMS 
24 Col lege Road , Maide nhead , Berks , SL6 6BN 

HEXAD ECiMAL COO ING FURM 

I VE RSION I l A~~=~~ -~m 3-.l-7! ]rAGE I Of I 
t----..---

PROGRAM PUMP 
~ .' :1 

ADDRESS MACHINE CODE LABEL ! OPERATOR & OPERAND I, COMMENTS 
~-_,*-___ -+ ____ -i!!_----.. ---~1i~.-,-,"----.---------~ 
t-"0 ...... O;;;.".' ,~o-,-o~r..u" ,,-,,=O..,...3:.....&.1~--t-~1l. T I UJIj A 11 ~~ __ ._~,,!j[~?t:: r _._,he {" (e.)-... ------~ 
j-L-_.j.;:;,O~2._t=8~ . ..:..1.1.,; ,F...J;.;s ,.0.J..:,0:;.-.I-:,.-+-___ ----'lI,-""5..:7 . .;:.;:,. If .Fea' ~-------.------------------l 

I
I-. -1-...u:IO:....LS~I~ 1',.6u,...!.I.J..!'u

'
--l-4-_ _ ---+1 =!dJ~~~' _ :..A:._#U!." -2,/ .JL..i ~j[ t~" ..-1)4:i t1lA) mlY'1ttcH It ti , 

1i) "1 e11IF,lt lO.I j $18 It-E~CL __ !_,_" .. _ .. _,,_, ___ .. _,, _______ . ____ ~ 
I to If C ElF C ,00 ~ tIl( #P' Of) !J:9.E"3(L __ PllililJL J'l..tf", 111 S1/f1l.7 of 
~,. ' n ,\ 

I I I ! Ii ",f'~'~'iP g~ (jJC IfDi MOlLY ~"{'6 ~--'--'--~--L."""""'...L-....L-+-'----w!-----.----.-.-"-.--~''' '''''-~'''''''' '-''''''''~ .. _.:!!:.L., __ --':'--"'---'-"--L---"'~..:..E.---i 

~.....J!O~D41.!>(.Jl!8.6~IL..FJ.:!Jt!..LH o~t+-_-=UJ~oLf _ _ ~1 L.D~8~-L!Ifl, f:J~ 0 ~:-8_'11iW-....;"~:.!:)f~_-=8:...ll!U=S..L'I_~.!...... ____ ~ 
1--L_.L.:I'~()+-,lf~S'..L:: IOu::1..1..-,L...+ ____ -4I..;::g~rt.::.._--=-h~...:g;*L...;;1.._J-,,-,......u:.----:le .. ,-.. - 1'.!..!"'~' jilL' £H~ ______ _ 

~ IF I ~ I !---J-_IL!./J.!a.~:.U17u'I.!....U, qu.' '--'-+-____ -+1 ~BJle.f~ttk___~t. oJJJ._ll> _t __ , .. ___ ,_-..J..'!:.{:!"\\2!~~ _ _ 1t ..... 4,-"-,,,,-,/'-L/V~_, __ ----j 

I' 1t.4 '10 0 I Ii UJI} j.~ 0;-4. __ -+42.. !~~L .. __ -l~i. ___ iE~~ /fI6"II~Y 

\-L_.L.:l'~6.f.!='~1.:... .. ·~ IF..J·· ..::!It.J..:IO~'+-____ -4-=s:.!..1.~~_...!A..::---ll:....;'·,~:!..::~(Oitl=f'~_t~~(@ ..1.L_, ______ , ----- ----1 

\-1._ul .:....L • ..!..!F-0;.,.IJ .• ,8IiL.:l--I·· ...L-1L-.L.-+-_____ l\-L! l :..;::rJx~ _____ .• _ 'i ffi;;i'N~L __ !!!lt..'fJ! __ #le 4) Af 1V$K1 

\-1."""~!:-' ...L.' . ,-.i~.:-.. ..c!C:-~ .. 1..;-·.~LF-I,· I_r.L-F-4· ...-___ +1 '-:;,.:." ""..,;.'''''.:..,..' ..:.X';,.~#~. F'--!r:....I·~p=--, 1F=-----{LIDt!lfi_flE __ !!1U!!!ItL-. ____ ~ 
)~2. i'ilf ,(E£ I) ISHii j,.D()f ~El~Jj?gD. /!-_____ -----_---I 

..,-L ,, '_1 ~.U!· · ~:;;:l.::...iIf£~,....£~.I..-..J.oI_L-..LI_+_-----r:I~~~~N--- i 1#,$»1/.,-' CPU ..t~ j!(u.l. 'IlUIII'MIf' 

1 ..... .L.-L---.L.-t-.....,..-.l...,...L--L---l--§---,.----ii- _ t~-'~61i11"" ."-"A"'-"'ITS 71>1' 

Id-..1...-L--J..-t---'--.L..-L--.l---A-+------{!-- -1J.?~'~i'"_ .. $~f1tr$ of 1tfI£ /NJlI..y VIIt 

I :;...:,.4t(.«'" (jJJd -"'-.----------1 

~--L.--l-~~--A-~.&_+--~---1;:--------,-,~l~ ----.. --.---.- ---------1 
I I i 
1--'---L..__A_~I--J..--A-~.&.-.-,\-----_4_-------.~ , -'-________ , _ _ ,_--1 

I--'---L--A--I--'--.L..-'--.L-....L-+ ____ I _______ J,' S·~'JlJl8L·1 (:J to" 0000. 
i ~. 
t F Ii 

I! 

; ~~--L..;_~--L.....J-~~----_ _+--------~---~'~~~~/N7e~ ~~6~7E~ .... -r-
~~~~~~~~------4-----~------~ ~¥$~ ~£ 5£1 uP B6~' 

\ 1--L--J..--L.-I-~-",,-...L-..1_I-----__f~-----_-I~iJ~I),{!IIItIIN" 71115 PAD 6MMA.s 
I 'W/U# INs7ILvt','II)/V ' w,w. lISE 

. t-L---.L.--L..-t-"--'-""-~~------+--------ir; '"r,ll.li ,~:r c.., boc M r ~ n!iWi . .:=::;»..:..::...:,"fI_-::...:..."""!:-:." ______ ---I 

~ 
'i 

i~--L.. ........... ~I--J..~...L.-~-__ ---~~-__ ----____ ~~------____ ------------~ 
& ~--L..~~~~~~ ______ --~------__ ---~~. ____________________ ~ 

- .~~~~~~~~----.----~--__ ----_____ 11~- ._, ________________ ~ 
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ADDRESS DATA 

lAs seen by CPU I· As s een by PROM . i ( Bil1ary ) 

I 
(Hex) ll Programmer (binary)i n D D D D D D D 

1-11 _______ I--_ E D C B A ~ 8 '( 6 .5 4 3 2 1 

FFFF I 0 00 0 0 01. : 1 1 1 0 0 0 0 0 
EF 0 0 0 j 1 1 1 1 0 1 0 0 
F? I 00010 i OOOO OOOO 
E7 I 0 00 1 1 , 1. 0 110 1 1 1 

I 
1 0010 0 0 0 1 0 0 1 1 0 
1 0 010 ~ 1 1 III 1 00 

FB 
EB 
F3 
E3 

I 0 0 1 1 GO O 1 0 0 1 1 11 
: 0 0 1 1 1 1 1 1 1 0 100 

FD 
ED 
F5 
E5 
F9 
E9 
F1 
El 

FE 
EE 
F6 
E6 
FA 
EA 
F2 
E2 

Fe 
Ee 
F4 
E4 
1'8 
E8 
FO 
EO 

Tri-atate 
32x8 PROM 

'l':::high 
'O'.low 

I 

I 
I 

Dn :r outputs 
A-E: address 

o 1 0 0 0 
o 1 0 0 1 
o 1 0 1 0 
0 1 0 11 

00 1 1 1110 
o 0 1 1 0 1 0 I , 
1. 0 1 1. 0 1 1 0 \ 
:1. 0 000110 

o 1 1 0 0 
o 1 1 0 .]. 
o 1 1 1 0 
o 1 J. 1 1 

10000 
1 0 0 0 1 
10 0 10 
1 o· O· 1 1 

1 0 1 0 0 
1 0 1 0 1 
1 0 1 10 
1 0 III 

1 1 
1 1 
1 1 
1 1 

o '0 0 
001 
010 
0 11 

o 0 \) 0 0 0 0 0 
o 0 0 0 0 0 01 
10 0 00 1 0 1 
o 0 0 00 0 1 1 

1 1 1 111 1 1 
10 1 1 0 110 
1 1 1 1 0 100 
0001 0 00 1 

00 0 0 1 0 0 0 
3. 1 0 0 1 11 0 
00 0 0 000 1 
10 1 10 111 

l 1 1 1 0 0 0 1 
0000 0 00 0 
1 II I 100 1 
o 0 0 0 0 0 0 1 

1 

1 1 
1 1 

1 
1 
1 1 1 

III 

o 0 
o 1 
1 0 
1 1 

1 0 1 0 0 1 1 11 
1 1 1 1 0 1 0 O! 
o 0 0 0 0 0 01 
1 0 000 1 1 0 

Dl I ! u 1
16 +5V 

2/ 
I,.;::, - __ 

D2 ~ :~- ENABLE 

D3 "3 1 ~~ E 
I ~ 1 .0;-

1)4 4 ! ~D 
D5 5 ! ~2 c 
D6 61 111 B 

-j' 110 
D7 .. I--A 
OV 8 l, I 9 D8 

<-. _--,I 
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Purpose 

7768 MaN 1 BOARD 

Appendix 5 i 7768 BUG I 

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-Ioading by the MON 1 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,Fli'92 art~ changed from 01 to 
03, and locations FF8A, FF99 are changed from 00 to 02. 

Use 

When 7768 BUG I 1s 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 then 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, then 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. 

BM1 
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 wai ting fo r a cO lrmuuld (I * ~ printed), type r E' • 
The monitor will respond by printi ng a spac e , then the user 
should type the address ( i n hexadecimal) o f the memory location 
to be examined.The monitor will prine a space followed by the 
(hex) contents of the memory location specified. e.g.; 

*~ FFOO 8E (user inp'ut underlined) 

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 t he next memory location; 

.~ FFOO 8E_FO_F3_86_03 

A (Alter ; Command 

When 'A' is typed after the monitorf s '*i, the monitor will print 
a space, then the user s hould type t he address (in hexadecimal) 
of the memory location Wh0 9S c~nte~ts are to be changed. The 
monitor will then print a further s pace , after which the user 
should type (in hex) the new contents of that location. e.g.; 

*! 0000 g 
The user may then either; 

- Type a CR to terminate the Alter command. 

or - Type two hex digits to 

*! QQQQ l23456789ABC~ 
*~ 0000 12~4_56_78_9A_BC~ 
* 

G (Go) Command 

be stored in the next memory location; 

( 2 = CR typed by user) 

When the user has l oaded a. progr am (using A & E commands) then to 
start it running type G .. The monitor wil l respond by printing a 
space. Then type the program starting addresso The system will then 
run the use~ program un t il it encounters a SWI instruction or the 
Reset button is operated.e.g.; 

*Q 0000 

C (Continue) Command 

When a running user program enc ounters a SWI command it wil l put 
the contents of the CC,A,B,X regis ters and the current Program 
Counter (= address of location followir ... g the S'NI instruction) onto 
the stack, then jump to the Monitor program. 
It 'e' is t yped when in Monitor mode then the old values of the 
MPU registers are retrieved from the stack,and the user program 
restarted at the address f ollowing the SWI instruction.eg; 

*£ 
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R (Register P~int) Comman d 

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

*R Fe lE 55 BEOO 0010 0079 
* I I i I I 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 ins truction (and is therefore the 
address at which the program will be restarted by a 'C' command). 

The values ot CC,B,A,X & Pare obtain6d trom the stack immediately 
above location 0079 (current position of S; stack pOinter), thus; 

*~ 007A FO_1E_55_BEOO_OIOOu 
If altered; 

*! OO?C FF;; 

*E FO lE FF BEOO 0010 0079 

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

Ex~mEle of BUG 1 use 

To load & run the following program; 

19£. Instr 

0000 OF START SEI set interrupt mask 
01 8E 00 80 LDS 0080 define user prog stack 
04 86 AA LOOP LDA A All.. display '1010 1010' 
06 B? FO FF STA A DISPLAY 
09 3F SWI return to monitor 
OA 86 55 LDA A 55 display '0101 0101' 
OC B7 FO FF STA A DISPLAY 
OF 3F SVlI r eturn to monitor 
10 .20 F2 BRA LOOP 

*! QQ.QQ OF8EOO8086AAB?FOFF311'8655B7J:i'OFF31o'20F22 

*~ 0000 OF_8E_00_80_86_AA_B7_FO_FF~F_86_55_B7_FO_FF~F_20_F22 

*Q 0000 display should change t o '1010 1010' 

*g F8 lE AA BEOO OOOA 0079 

*f display should change to WOIOl 0101' 

*R FO IE 55 BEOO 0010 0079 

*£ display should change to '1010 1010' 

*R F8 lE AA BEOO OOOA 0079 

etc. 
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B E AF-lf\liiCROCOMPLJTER SYSTEMS 
24 Co! leg e ix03G , Maid enhea[J, Berks, SL66BN 

HEXAD EC iMA L COO iNG FORM 

r ~ 1 
PROGRAM 776 Z BUG 4 ! VERS i ON 0 i I AUTHOFl M R L DATE 3 -2-1 ~ PAGE I OF It , 
~ __ ~ ______ ~ __ ~ __ ~__ I 

ADDRESS MACH I NE CODE I LABEL ! OPERATOR & OPERAND I 
! ,I II 

COMMENTS 
I ~ r 

I~ ' ,~1'~L' A _ i: E('!£U ~J F4 0 1 ~A( ~A ( "' ) CON1ROt,jsilt1'US RG6 ADIJI(.c:r:.S ; 

I , (.1 R /.. . IS ~Ql U iJ.J.. ~.o3 ~ . (£) ,. .. ,. to l 

I ! I I • IDI17,*'~ l ~a ~ F4~_-f~~~) 1J117/i f<E6 ADPIU':>S __ 

I I I U)fl1A' fJ " 'J 1:111 u j n,.02. :~' ('i . .. .. ___ ,,_ 
~--III--L-_'~-L.~~OPS1 K ! Equ ~ (0 f3 (r£lfDl10P 01= STf1(1il VSeD By 7J6~ 8!l~ 

I ' I I / JMI'Nf'lll !~ '1 po F's !SP,lk.E FOP- :rUn, "To NIYlI HANi)L~n. 
! ~ " 

I I ! I I ," JMPI~Q ~.,Lj, FQf~8~,;....i _" __ '_' __ ' __ ··_=I~R:.=.-CSl __ •• __ -t 

I I I i 1MP)(HI f~.u ,FoF8 .rfel'l"lf S10IU~6E. FoP.. 7,68 BU6 J USE' 

I I I I TMPxLO !EQu 1 FoFC ~ '- ___ '_' ___ 4_, __ '_' --"--"---1 

I I ! I! ,p! -rM PS rK ~ 8':.Q u '$ PO F l) !i-' - .. -,--.-'------" ---"--' ' __ '_' --f 

FFI008IEIF.OIF,3 I RE5ET p,·DS #TOPS" fK !Sf"7 'J() BUG- S7/iCII( 
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Bi=-AR iVlICROCOI\/lPUTER SYSTEMS 
24 College Road , Ma i denhead, Berks, Sl66BN 

HEXADECIMAL CODING FORM 

PROGRAM 776S BV6- I VERS iON 01 AUTHOR M R. J, DATE 3-~-/W PAGE20Flt 

ADDRESS ' MACHINE CODE LABEL ' OPERA TOR & OPERAND i COMMENTS 

IF r,3 ~ , 2.61P31 I gNE RSTfJR.1" 

138 O,ZI I Ill/X PO/1I1 @ NC"XT AI1"lLt~S 

IS c. .2 01': 4i1 8A.1l ExAMLP 60 ~ACk ~ PR.III/l W1V76"1VTS 

13 Ii $ DI6 5, 6-05-0(;0 r8SP.. 65Tf1f)1J.. 661 PIlD6MM S1/j1l.7 A~/)/I. ESS. 

140 fflFolF D LD>r 7MPSTK POJPtlT )( (.) PR06AAM COUlV7cll. 

Ilt 3 o g I I . INX Posrfl~N IN' STACK 

lit- &f- o ~ I I I IWX If)()N ~*L 'LC)UWIS.H YOU H~D 

lit S 0, . 1 OIX ~ PP£-11 J , 

lit 6 o ~I I JNJf 

I'" "1 0,( I i IN)( 

14- $ o ca 1 1 lA/X 

14 q B b IF Olr S u>Pt It imP:1fHI LOAf) 11 ""11it f) i:.511l. ~ f) 

14( A ;1 0 01 I $T~ A X S1A1l.71111& A f)f)/l.£S S 

I---.!.- lit ! B 6 IF o.F C. /..I)f+ A 71'?PXLIJ ( O/l. Ell/EN II 6~O~ "?) 
51 fJ 110 I I srA R XJ 

.'0 "3 8.EIFO l rO CONT L.DS 7MPSTK P.~570"E S71J(~ POINTEA. 

IS& '3 B. 1 Ri:f. 1- 0 VEil. 7"0 USER PAO()MM 

1~7 g D 14 C I Al-rEn.. SSt<. 6ETI1()/l.. 6er fiJ)()R.t!SS 70 8£ CHAN6eO 

IS~ 1 OI~BI ALiL.P SSP- HlfJt.2. u v (8flO( To ~S7flR..'" IF NOT HEX) 

Sa Rl()OI ISlA- IT X SrOA_t: New DItTIJ 

IS J) o~ , I IN)( . PO"", fJ N6X( /...()c/tTI()/V 

.s £ ' '- 0 .F q , IBM flt-rLf 60 8t'U£< 70 6&"1 A/ew (JilT" 
~ , 

1 160 g DlsF, Rf&fNr ,gSIt PNiSP 

162 F £,F 0 IF I> t.0)( 1,.,P5711( PfJ'IV7 X ~ ()Sli~ 1'A.06 Silfe&( 

16 5' g DI511 !8SI{ IP2H-t. S ptl.. I N7' c<. (1..£6- £1l.oN) STACK 

167 SOI?:.S, sst< "J:f2HI-S PIJ.'IoI" 8 ~£G I, .. 
16.9 g P13~1 I 

u tSR j:' P2.J1~S P/J.JNi It /l..u;. .. 's 

168 go DI2 E. 16S/1. IPIt H ~S PfJ.JN7 X 11.£6 s. 

" 
16 D 8 VIZ C I (SSP, -:r fI.JH~S 11l.111' PfU)6MI"'S p.(. t 

16 f (, ElF OIF P f...{)X JllN1PS"~ 

,72- g D ,1. CjS 1 t6Sn. fl,.H1-S PIJ.JiVi (JSliP.. PI<06 '5 s.P. 
II If. lo /1 ~ 1 511}fJ.T2 g~A f/..S11JR. T c::;. gftCt< ro~ f."&x-I a:JMff)AN'D 

,76 g 6 ,0 PI PC.fJ..LF~ LOA ~ .;;. iOf) [ C/MA. l<eTf) f<.N) 

17 g I~ Dr 16 1 ~S,t. PJ/7{H 

17A ~,610,1l1 UJ/t ~ /I io!# . (I-INE F-~E ») 

App 5 p 5 



BEAR MICROCOMPUTER SYSTEMS 
24 College Road, Maidenhead, Berks, SL6 6BN 

HEXADECIMAL COOING FORM 

PROGRAM 116 ~ 80 G , VERSION 0, AUTHOR f*'I A.. L DATE 3-~-7~ PAGE 3 OF It ' 

ADDRESS MACHINE CODE LABEL OPERATOR & OPERAND COMMENTS 
I 

IFF 17l. g PII :2..1 8S~ Pille-I( 

nf g 612.)h l-OA R :if ';I 
18" 0 2. 010 E I " BRA PlatH (BI< 1- R.TS) 

I g 2. 861(4101 6 E1CJ1 t.DA It C.11<./,· " """11 FOil. A CHIUI . .ACTE"A."'-O I 
If S 4- '1 I I f}SR A ~£ (1..£(51"60 )II/To ltC/it ItA) 

IS 6 2.ltIFAI gee GE7CH 

I~ i 8' IF.'''O 0 ; t../)~ A DIITIJ -A PuT 1'1' /ArI'o A lJ.eG. 

I' 8 71t n fl III~p ft =/I.i7F t.lFE IS SJ""'PLe~ WI1HoUT PIUt./1Y 

18' .l> 3~1 , I R:TS 

IZ .E ffPIF2.1 6-1-PCH 8SR 6e1CH 6e-l It 01 1t1.lJ(76/1. lA/To IJ A.E6-

8IJ F.' 11=,4- 10 I PJliC.H LOll B C. 7/J.L.·A Wit IT '()N11 '- lteiA (4) 7A.IWSMI7 

Iq3 C. ~ 10.2. I 8/'1' B fF2. gUFFE.1l.. IS EMPTy 

1'1 ~ 1.. 7,':: Cf I 8e6t PJ{TcH 

,'I, B.7,F"p 0 ~TA- A O"7A~lt 1HeN 7MIVSMIT h- ~EG 

,etA I~." I I fl..TS 

ICJ 8 o.s, I :rPItH"S 1 AI)r ~. -
1'1 ( S D 12.' 1 P 11I1t. S Asf<. P;{HI!)( ~ 

.... 

" 

1'1 E OS, I -:r..P2H ~s ' IN>r : 
I'tF 8 D Il. 3.1 P:I. Hf.S 8SR P~HfV( ~ 

I ~ J 'ig 6 IA 0 I Pf{iSP 1-Dft Ft #32.0 ( «.>Pllc61_ 
"I 

I 

IA- .3 2.01£ 81 BAA fliTCH ( 8(1.. f... RTS) 
.. --~ 

1A-5 i D IF 111 6ETltDIJ.. ' ~S1t PW7sf I 

di,7 8' DIO,PI BSR .HEA:J./II 6~T FI/l.$; BYtE OF "'PIl.~S'S 

,A CJ 8'" lP-olF8 5T/1 It T~fxHI· .,.. STOIt.£ IT 

lite i D 10 t.1 !gs~ Hb.-X2IJV ' u£7 SECOND ~Y;E 

,",E. B'IFoIPC I STfl II 7'MP)(UJ <I- S70fl£ 7HAr 
18,1 F.EIr-oIFB l J,.Pk 1'MPxHI 1MN$PEA.. IIPIJfJ..eSS -ro x illiG-

18,4- 2. 0 I£BI EfUi PN75P • lip. f... (l TS) ; 

18 ~ 8 1) 12.1t I HE""X2.IN Bsa 6E1HD 6'ET (JN~ HE)' "1611 1 
,Bf 14~1 I I FJC"jL A MOllE rL J.,EFr 4- 81TS 

12. q 4 ~I I - ! fiSt. A I 
I~A 4 ~I I fiSt. A 

, I~ S It-.~ , , }tSL. A 

IBe ?> ~ I I PSH A 1- S fJVE ON STACK 

IB I> 3 PII DI S.SIl. 601'1& 6ET I"E>c-r Hex ()16/7 
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BEAR MICROCOMPUTER SYSTEMS 
24 College Road, Maidenhead, Berks, SL66BN 

HEXADECIMAL COOI NG i-ORM 

'PROGRAM 7i6S 8VG I VERSION 01 AUT HOR /YJ ~L DATE 3- 2-1 ~ PAGEq. OF It 
ADDRESS MACHINE CODE LABEL I OPERATOR & OPERAND COMMENTS 

F Flg.F ~ It,O Fl : flwo Ii :J:toF 1}f:S IS ~/GHr 4 8,7S 

;~, 
i 

PUlr B /LE11L1 E fI £' t-EJ:T It ~rrs Ie , I 

l( ;z.. J 8 J I AS fI .<1- IfIER.6£ 'Ttl e"'1 
Ie. ? ~ql I It.,s 
Ie. If. A6()OI P2.Hn ' L.D{+ ft x tET 8Y7E 7"0 ~E PfJ.JAlTEf) 

Ie' g [>,0,"'1 &sR. PN7L-H PItJVT He-x 'lffJl/.:; f.,E.FT 4- BITS 

Ie, It.& jf) (J 1 U)lt A- x P.el..o~ 0 A R.1!6 

Ie. A Z 010 .It-I ,8A.PI PN1RH l Sf< <I- IJ. 7S) flUNi IJ.J6N7 Hb-)( , 

I<:"C 4.'1' I j fIV11-H l-S'R A SWJF'f II IlE' 1..16H7 8Y 4 8/75 

J<" P Lt ""I I l-SII.. A 

Ie e. I.e- 4-1 I LS(l.. 11 

1<' f 4 ttl I L-SIl.. " IV 0 '3 l.tl0 F 1 PN1RH f}WD A#j,o£ BU11V1< OVT f"./iFT 4- 6J7~ 

II> 2 g'BI3C>1 /tP() It :II:~30 W.lVVell.S/OiV J lI.x 70 ASCII 

ID it- S , 13 q 1 lL]YJP A :Jti 39 
ID 6 '" ~tB g 1 lH·s PIV71.H (gil. ¢. R.. TS) 

.0 ~ g 8 101 1 /t'D It #;'7 

JOA .2. 0 IS If-. BAA PW7(H l gil. ¢. i/s) 

,0 c. <i D I8 01 6e-1HE;t. ~Sll.. 6-1-Pc.H 6ET hSciJ CHIIP.AC7Efl. 

,De :i'''~f)1 cmP It #S 3D COIVVER.7 To Hex. 

l~.O 2. ~lq21 gM' S7/Jft12 60 '1() s7AP..,J.. J F- e/{ /J ~ TelL 
\ 

1£2 If Il~.~ I C~(J II i:J. 9. 39 IS N07 O-q A-F 
~ , 

I ~.h. 1.2. Flo/t I 8LE . RTS 

1~\6 8 , 14 II emP If:#t 41 
,E$ 2. B ,SIlt 8MI ~ lli1l.7 2. 

: IEJ~ ~ I 14161 emp A ifg 11-6 
\ 
I 

ICC 2.£1~6, e6T ST/llli2. 

I~ E i,o,O II Su~ 1t#3L 
IFo ~ql I ILTs 

I I I FFF/ - FFF, s.PIlfl..e I . 
I I I 

: F FIF,~ 1P-.Olr,S I rPB -:r mP:t t< &. 1fJ..& ve.Ciol{ 

: Fr,F-.A IF F to.8. FDB SW/~i ~W I . , 
~ Ylr C F01Ft;1 F})B "JMPJ./MI J{Ml 1\ 

FFIF! Frloo, F1>B fl.6Se1 P.~SE7 .t 
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