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GOMPUKIT UK 101

oINGLE BOARD
COMPUTER

A.A.BEBK & sc.eno.

* B Microsaft, full feature, BASIC

*Filly expandable via on board Soekets

*Upto 8K RAM on board

« (assette interface (CUTS)

*V0U-with its own dedicated RAM (1K)

* Hill ASE1I keyboard

* UHF modulator on board

+Poll on board-transformer inchuded in kit

* Fill machine code monitor and I/0 utilities in ROM

* (ippery/lower case - graphics and gaming eharacters



HE COMPUKIT UK-101 has been prepared to provide

all sectors, from the amateur constructor'hobbyist to the
enginear, programmer, teacher, business man and scientist,
with the cheapest computer on the market which is pro-
grammable using an 8K BASIC package. In addition, it is
fully expandable, capable of being programmed in machine
code, and absolutely complete from mains input to TV Aerial
feed output. It includes full typewriter-style keyboard, printer,
and cassette-storage interface. The BASIC package employed
i5 the industry standard Microsoft interpreter. and will run
much of the avzilable software for many other more
expensive machinas on the market with little modification
Flgating-point calculations in this BASIC are extremely fast
and versatile, making scientific calculation projects of the
most complex kind perfectly feasible in one’s own homa.
The areas of suitable use for the COMPUKIT stretch fully
across the board,

The business man will find that the string handling
facilities and excellent video display of the COMPUKIT make
the machine perfectly fitted for everything from genaral
accounts and planning calculations, to tormatting of invoices
and stationery 1o be printed out on hard copy when complete.

The Statistician will find that the high speed of calculation
with facilities such as random number generation and user-
defined functions, enable analyses of data and simulation
of models to be performed particularly easily. The resulls
may then be displayed with the graphics available in almost
any form from bar-charts 1o tree-diagrams!

The Engineer wishing to control equipment with a com-
puter., will benefit from being able to write the necessary
routires in BASIC (making the software easy to design)
while being able to jurmp to fast and efficient machine-code
routings for servicing external hardware

Perhaps most importantly; for the first ume, anyone,
technical or otherwise, can have an affordable easily pro-
grammable home-computer for domestic use—a much
neglected area at the moment, but one which iz about 1o
take off.

Imagine being able to run a program to help your child
lor yoursell) revise for exams. Animated diagrams are
possible, such as an internal combustion engine shown
recipracating, with mathematical equations to match. Picture
an automobile program designed to accept daily input from
you on petrol and oil use, along with mileage, etc. The
machine could accumulate infarmation, and at any time give
you the average m.p.g. plot performance versus tirme or
some other parameter, and remind you when 1o check the
tyres and drive to the Garage for a service.

T BYTES FRE
CONPUKIT
Fersonal Cosputer
8K Bosic Copyrigh

1]

The UK-101 intreduces itself at switch-on.

Practical Flastranies Aot 1979

+* Based on the popular 8502 micro

* Total of 19K addressable memory on
p-c.b.

* Meamory mapped VDU. Line width select-

able from 16 to 49 charactars by 16 linas

IMPROVEMENT

This computer is based on the Ohio Scientific Superboard
{reviewed PE June 79/, which only displayed 23 characters
per line on a normal TV, and produced the USA standard
&0Hz frame frequency unsuited to UK TVs. These and other
disadvantages have been rectified in the COMPUKIT UK-
101. For example. the keyboard has been altered to show
certain missing characters on the Superboard, and the
BREAK keyisless prone to accidental operation,

This manth, the COMPUKIT hardware is briefly described
in block diagrammatic form, along with some technical
details of the 8502 Microprocessor. A section on the
specifications of the BASIC package is included, for which
the reader will require some previous knowledge of
BASIC—a library book would be useful at this point for
those just baginning in the world of programming.

A BASIC pamer article 15 10 be published in this magazne
very soon and will haelp with an undarstanding of this very
popular micracomputer language.

HARDWARE

Based around the 6502 MPU and a set of binary counters
as clocks, the COMPUKIT has been designed and set out
12 be as flexible and easily modified as possible while making
no compromises for those who will only use the machine
a5 it stands.

The 6502 is a reasonably typical 8-bit microprocessor
with a 16-bit address bus and B-bit data bus {see Fig. 1)
and the control lines are similar to the GB00. There are two
interrupt lines: IRGQ and NMI. When forced low, the |latter
will interrupt execution at the end of the current instruction
cycle and branch to a routine whose address {(veclor] 15
stored in Two bytes at the top of memory. IR is similar but
may be rendered inoperative by setling {to <17} the MASK
flag of the P-register. RES is a reset line whose vector is
also stored at the top of memory.

There are five more control lines which have the following
effects. R'W infoerms the system as to whether a READ or
WRITE operation is being performed. SYNC is used 1o
identify an Qp-Code fetch ¢ycle. RDY is used to halt the
processor for DMA ar slow memory, etc. 5.0, is a line which
may ba used 1o set the Overflow bit in the P-Register. @1out
and @2out are system clock lines.

Qther pins on the MPU's 40-pin package are used for
Data, Address and Power Supply (+5V).

The register set of the 8502 is smaller than thatl of
the 6800 and Z80 as only one primary accumulator is
included and there are no 16-bit data or index registers
available to the user, This is partly made up for by an
enhanced set of addressing modes which use pairs of
memory locations to hold addresses. Howaver, there are no
16-hit Load, Store or Compare instructions 1o manipulate
these pairs directly and all such operations must be con-
structed from B-bit arithmetic operations.

WARNING: Computing is highly addictive.

Lt
23



Fig. 1. 8502 imternal architecturs

The Stack is implemented in Page One (the second 256
bytes of memaory), as the Stack pointer is only of 8-bit
length—a ninth bit exists but is parmanently setto 17,

Page Zero (the first 256 bytes of memory) is very heavily
used by the BS02 instruction set as its two |ndex registers
are both 8-bits in length., However, as referred to above,
indirect addressing exists whereby an instruction may take
its effective address for execution from a pair of bytes,
stored amywhere in memory. Various Offset modes exist
using the index registers. In this way, pairs of memory
locations act as 16-bit registers; but, again, they are not
able 1o be manipulated with 18-bit instructions. Try writing
a program to clear a block of mamory greater than 256
bytes in length and you'll see what | mean!

If you have worked on the Z8BO or BBOOD you will find
certain aspects of the 6502 code mest frustrating while
others you will discover to be something of a breakthrough.
Readers who are used to the SC/MP or 1802 instruction set
will probably be most surprised at the difference when
working on such an advanced machine

The speed of processing is similar to the ZB80 and 6800
and all three exist in various speed options. One interesting
point is the B502's “rise to power” as probably the most
widely used Micro on the market. AFPLE, PET and KIM all
use the 6502 and there are several other 6502-based
systems in the pipeline, all of which implies that the software
backup for the 6502 is very wide and increasing in size.

SYSTEM DESCRIPTION

The Block Diagram, Fig. 2, shows the main parts of the
COMPUKIT in a condensed form. The heart of the system
ts @ set of binary clocks fed from an BMHz crystal controlled
clock generator. The clocks are not only used for the MPU
but form the main contral for the VDU, which is continually
polling the VDU RAM for information to be displayed at
exactly the right time on the screen. Those familiar with the
PE VDU (P.E. Oct—Dec., 1978) will note that the clocks
perform most of the functions associated with the Thompson
CSF Cathode Ray Tube Controller chip.

The most dominant block on the diagram, is in fact the
VDU—a fairly typical memory mapped system run from the
binary counters. The screen of information to be presented
is stored in the VDU RAM in a binary-coded form (ASCII)
for the 128 ASCI| characters, and extended to include codes
for the various graphic characters (128 in all} available on
the COMPUKIT.

Address bits are sent to the VDU RAM from the binary
counters in sequence starting at the location to be displayed
at wop left of the screen. As the counters ripple through all
the addresses, the full screen of (theoretically) 1024
characters is accessed and the data at each location passed
on to the character generator which interprets it as video
dots to be displayed on the TV, Each characler occupies 16
TV lines (in pairs to form eight vartically arranged dots) and
the binary counters supply the necessary caunting infor-
mation along the character generator row-address linas.

When the MPU wishes to interrupt this process and
access the VDU RAM, it switches the Address Switches
and tri-state buffers over to the MPU Buses,

In order to display the information from the character
generator on a TV, it must be serialised by the Parallel In
Serial Qut [PISO) device, mixed with Frame and Line
synchronisation pulses, converted from TTL levels and fed
to the UHF modulator. The output may then be plugged
directly into a TV aerial socket and the TV tuned to around
Channel 36.

The Sync. pulses for the TV are generated by a set of
monostables from the main binary counter chain and the
design includes a display-blanking stage to prevent MPU
access t0 the VDU from causing excessive “noise” on the
screen. This allows fast real-time wpdating of the video
infermation without upsetting the display.

The VDU Dot clock on the COMPUEKIT oscillates at EMHz,
which is fast enough to display about 48 characters per line
on a normal TV, 768 characters are thus displayed on the
18 lines. The rest of the 1024 remain “hidden” off the
screen but are perfectly valid Read/\Write memaory locations.
This number of characters keeps the bandwidth down o a
value acceptable by the I.F. stages of all domestic sets, and
straight video need never be used due to the resulting
excellence of definition in the characters displayed by the
COMPUK|T,

The “hidden” characters of the VDU are never used by
the BASIC interpreter, of course, as the software is carefully
maodified to use just the 49 characters per line which appear.
The number of characters thus used per line is also selectable
by the user for those TVs which will anly comfortably display
48 or legg charactors across their screens.

The other sections of the COMPUKIT are shown connected
to the Address and Data buses as well as to Address
Decoding logic which selects each block as its address
comes up on the Address Bus. The various control lines are
omitted for simplicity.
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VOLTAGE

PLUS
HEAT SINK

Thae COMPUKIT UK-101 board. A transformer is supplied but doas not mount on the p.c.b.

{Note that this is the prototype board)

The Bus lines are controlled and operated by the 6502
MPU which derives its instructions from the ROM and RAM
blocks which take up between them 18K of memory. 2K of
this is a Monitor loperating system) with BASIC support,
keyboard handling, machine-code monitor, floppy-disc
bootstrap, etc, 8K is the BASIC interpreter and BK is for the
RAM block, of which around 3K bytes are used as a
scratchpad by the various ROM-based programs.

Another important block is the Asynchronous Serial

Communications sectipn—including the cassette interface,
This is driven by an ACIA {Asynchronous Communications
Interface Adapter—the 6850 chip). The clocking comes, of
course, from the binary counter chain and may be fed from
higher up the chain to effect faster transfer speeds than the
300 BAUD for which the system is set up. In addition, there
is provision, on board, for a RS232 interface run by the

same software as the Cassette. This allows connection of
the system to any standard serial device from teletypes 1o
modems and extra VDUs,

The keyboard section is also shown connected to the Data
Bus and Address decoding, and this is run by software
scanning for speed and efficiency. The software scans the
keyboard for a key-closure and identifies the character baing
accessed from ROM.

Finally, and of great imporiance, is an expansion socket
(40-pin d.i.l.) for the Address, Data and Control lines to allow
expansion to a separaie Motherboard. This could easily be
extended to the 5100 Bus, but is plug-compatable with the
Ohig Scientific 051-48 Bus and Floppy-Disc interface.
Anyone wishing to use the COMPUKIT for control purposes
will find the expandability via this socket of great assistance,

The 5V Power Supply Unit (PSU) gives 3 amps.

Practical Electronses August 1979



COMPONENTS . ..

Ic8

ICS-1C12 ROMs for BASIC (4 off)
Resistors 13 ROM for monitor
ICi4 8850
~ R1-R12, AGE, RBO, RB1 4k7 (15 off) IC15 7402
R EiRo R IC16,1C18,1C21.1C62 7404 (4of)
5 7415139
R37, R5S, RE3, RE4 10k (4 off) :gl; A oA
R35 560
e SRR Gaicas . STsGom
R51, (2 off) ¥
R&2.RB4, RS9, R72, RE2 1k (5 offi :E:::g IC6S, CES ;:la.glza (3 off)
BB o IC30, IC59-1C61 74163 or 74161 (4 o)
S Asa 523"‘ 1C31-1C40, ICA5-ICE2 2114 {18 off)
- RE2 100 Ic41 GO000 Character Gendrator
.HE? 27k Icaz ;41&5 i
AT ICE3-ICS 4151
:jﬁ:‘_ﬁll*ﬂﬁ%tﬂﬁl‘iﬂh :533 3 NELSO it
IC&7 74163
Capacitors IC88 7400
] 150p ceramic ICE3 7474
C7.C12.C65  Inmylar (3off) 1CB4 7476
cs 100n mylar ICE6 CAZ130
co 68p ceramic IC70 7403
€10.C13 100 miylar (2 off)
(8] 1pmytar
C4s 220n ceramic Miscellaneous
JC5T 2 7p ceramic dil sockets
CEE 4 7y electrolytic 40-pin 2 off
cs9 3,300p eloctrolytic 24-pin 7 off
CBO 100p ceramic 18-pin 18 off
remainder 100n disc ceramic (31 off} (These are 16-pin 21 off
all supply decoupling capacitors) 14-pin 13 0ff
8-pin 1 off
FS1 3 Amp fuse plus holder
D1-D10 1914 {10 off) X1 BMHz crystal
D16 1H4001 UHF modulator Astec 8MHz bandwidth
D17, D18 Any 38 mectifier dicde [2 off) (1N5401 Doubla-sided plated-
will do) through p.c.b
. Set of keyboard
Integrated Circuits switches and kay
I Ay 5V, 3ATO3 type regulator wops
S o [ T4LST5 (2 off) Ragulator  heatsink
164,1C5 7415125 (2 off) plus fixing screws
1Ca,1C7 8728 {used only for axpan- Transformer-—240V|
slon) GOHZ : 9-0-9V 34
Please note that component numbers do not run contiguousily
R —

6502 mi

Pracucal Electronics

Augis 1979

CONSTRUCTORS  NOTE

The Compukit UK-101 is being produced by Comp
Components (see advertisers’ index), for £219 +
VAT. This will include a full power supply on-board
lincluding power transformer), and & UHF module-
tor. The graphic character sat also includes such
symbols as £ and .

The p.c.b. is of a professional standard with plated-
through holes and silk-screened component legends,
and a full set of i.c. sockets is included in the kit price
as is—with 4K of user RAM (a further 4K may be
purchased to upgrade the board to its full capacity).

The Compukit comes with full manual (written by
the author), but the beginner would be advised to
obtain @ book on BASIC, and perhaps even on 6502
machine code programming, as the Compukit manual
is not intended to be a primar on either subject.

The computer is avallable for demonstration at
Comp Components.




SOFTWARE

The machine accepts its instructions in the programming
language called BASIC as well as 6502 machine-code. It
is the use of BASIC which will be paramount and its
specifications are given below.,

There are many versions of BASIC (Beginner's All Purpose
Instruction Code) for many different machines. There are
Tiny BASICS, Integer BASICS, Double Precision BASICS,
etc., ete. Minis and Main Frames usually offer a version of
BASIC in Compiler form which includes zll the Selentific
and other functions plus the ability 1o manipulate matrices
and Disc files. Few if any of these versions, however, allow
direct manipulation of memory locations within the computer
when programming or debugging. Access to machine-code
routings is alse a rather complex operation and use of the
maching 1o ¢ontrol even such simple things as a bank of
lights is usually impossible. It was not until the advent of
the MPU-based computer with its feet firmly embedded in
memary address decoding, machine-code programming and
contral applications that such interplay became common.
BASIC has become the high-level language of the micro-
computer, and interpraters rather than compilers are the
normal implementation method. The interpreter’s ease of
use made it the order of the day and Microsoft's BASIC
interpreter was born. This is a very powerful package and
exists in many versions of which the COMPUKIT s is one
of the vary fastest.

It is guite different from the 1K and 2K BASICS with
their incredibly restricted instruction sets. The COMPUKIT s
version, as its name implies, occupies BK (8192} bytes of
the machine’s memory and is stored in Read Only Memory
IROM). This type of memaory has two advantages:

{1} The BASIC interpreter is not 19st when the machine
is switched off—indeed it is almost impossible to lose
it short of crushing the chips in a vice.

(2} The language is available instantly upon switch-on
and does not need 1o be loaded from some exteral
mediurm into the machine's memory.

Other methods of offering BASIC include storage on disc.
The COMPUKIT can be expanded (by a direct plug-in option)
to run the Ohio Scientific’s Disc Systemn which comes
completeé with a powerful disc BASIC, as well as 24K of
@xtra mamory to run it in,

Despite the fact that the resident BASIC (in ROM) is at
the top end of the scale for speed and sophistication, this
does not mean that it is difficult to program. On the contrary,
BASIC's use has blossomed for ong paramount reason—it
is sophisticated anough 1o satisfy the most technical user
in industry, business and research while being remarkably
@asy even for total beginners to learn and use. The reader
will recognise that most of the language is written in a kind
of farmalised logical English.

SEUMMARY OF BASIC SPECIFICATIONS
There are three modes of use of BASIC an the COMPUKIT:

(a) Command mode
(b} Immediate-mode execution
(e} File-mode execution

The computer is said to be in the Command Mode
whenever the message:

oK
appears. This is usually after a system Reset following initial
power-up, ¢r at the end of a program. The “—" is a cursor
which moves around the VDU screen and keeps the user
updated as to his'her position. In this mode, the following
commands are allowed:

a0

Softwars has unexplored dimensions awaiting the adven-
turous, ond sophisticated games are possible which can be
as much fun to devise as to play.

CONT (short for CONTIMUE), LIST, NEW. NULL RUM,
SAVE, LOAD. These include editing, running programs,
continuing after a Breakpoint and Cassette handling. Meost
of these commands may also form statements within a
Program.

Immediate mode of execution is similar to Command
mode but involves normal BASIC statements which may be
ganged together to form complete programs executed when
the RETURN key is pressed. In this mode, for instance, the
maching is available as a super calculator with Scientific
calculations of great complexity able to be executed imme-
diately.

To file program statements for fater execution, and to
build up complete programs, statements are given line
numbers 1o distinguish them uniguely and place them in
instruction sequence in the computer’'s memory. The finished
program may be started by using the command BUN and
this is termed File-mode execution.

STATEMENTS AVAILABLE

CLEAR LET

DATA ON...GOTO
DEFFN ON...GOSUB
DM GOSUB ... RETURN
END PRINT

FOR ...MEXT READ

GOTO REM
IF...THEMN RESTORE
IF...GoTO STop

INPUT WAIT

RELATIONS, OPERATION AND FUNCTIONS
SUBTRACT NOT ] Bolean operations fram

(OR NEGATION) which complox logical
+ ADD AND ' functions may be
- MULTIPLY OR constructed, n.g.
! DIVIDE J IF...THEN
T RAISE TO THE
POWER OF
= GREATER THAM - EQUALTO OR
GREATER THAM
= LESS THAN < EQUALTO OR
LESS THAN
<> |0R><] NOT EQUALTO

EQUALTO

Practical Electronics August 1974



ABS (X) SGN (X}
EXP (X] SIN (X
FRE (X} OS5 (X)
INT [X) TAN (X)
LOG [X] ATHN (X)]
PEEK (1} SPC

POKE (1, J) SQR (x)
POS I} TAB (1]

RND (X} USR (X}

The varisblas | and J denots integers and X denotes any number.
This is o collection of scientific and othar functions which includes
ealeulation of the numbar of bytea loft free for program storage,
manipulations of sddress locations directly, and calls te maching
coda subroutines.

STRING FUNCTIONS

ASC (X$) MIDE (X%, 1, J)
CHR% ) RIGHTS (X%, 1
FRE (X%] ETRE (X]
LEFTS (X%, 1) VAL [x$)

LEN (X%

Thass functions sllow a string of alphanumaeric and graphic
charactars to ba stored, manipulated, sorted, otc. to o very sophis-
ticated degres. A numaric string may, for sxample, be converted to
ita numerc squivalent and back again. The use of all these BASIC
statements will be clearly expisined in subssquent issues of PE,
for the benafit of the beginner.

VARIABLES, TYPES, ACCURACY

MNumeric vanable names may be any alphanumernic string
starting with a letter and containing no special BASIC words.
Only the first two characters define the variable. The number
of variable names thus available is of the order of 900.
String variables are similar but their names must end with
a %, For example A1 is numeric and A1% is a string. Numearic
and string arrays are also allowed, and increase the already
large number of variables available by a considerable factor.

An accuracy of 6% digits is used for Scientific calculations.
and numbers from 10792 to 10*™ are allowed. The computer
automatically shifts into exponent form (Scientific represen-
tation] as necessary. String variables are from O to 255
characters in length. Both string and numeric arrays of
sevaral dimensions are allowed.

ABBREVIATIONS AND SPECIALCHARACTERS

The charactar T may be used instead of the word PRINT,
and LET and EMD are optional, as is the variable in a NEXT
statement under certain conditions. Spaces are irrelevant 1o
the BASIC and colons may be used 1o separate statemants
on the same program line.

The above features allow fast programming with improved
use of memory space, in addition, efrors in typing may be
deleted by use of the DEL key.

This completes the general overview of the system, and
next month the details are given in full. Some details of
programming in BASIC will be given and will be selected
to “tie in” with the introduction to BASIC to be published
in P.E. in the near future. 6502 machine-code is of a more
specialised nature and the reader is well advised to buy a
good primer on this subject along with a technical description
of the 6502 if it is intended to use the machine at this laval.
Those with any expertise in machine-code programming on
another machine will find that legarning the 8502 code is
quite simple however, and a 6502 data sheot will probably
suffice.

Practical Flectronics Augast 1979

HARDWARE AND SOFTWARE INGENUITY
Frt this serfes of articles, applications for the UK 101 will be
suggested, and it is hoped thal software houses will be Imierested
in providing cassetre packages for a3 many uses as can be
dreamed up.

The hardware will also be described (n such detail as to
allow maximum freedam to modify or add to the basic design,
and readers are welcomed fo let ws keow of amy
software/hardware accomplishments or suggestions they may
Fave,

KEYEOARD HARDWARE

The photograph shows the positioning of the keys on the
keyboard: while Fig. 3 shows the arrangement of the
keyboard switches and interface logic.

The keyboard looks like @ matrix of B rows and 8 columns
to the computer: the Rows being one Write-Only memaory
location, and Columns being Fead-Oniy. These two occupy
tha same memory location (DFQQ in HEX) and the computer
distinguishes between Rows and Columns by writing to or
reading from DFOD. —

The MPUs RAW line is used to control WKB and RKB
accordingly by some logic to be des¢ribed next month.

Essentially, the software is designed to send a “walking
bit" to RO-R7. Thus, the RO line iz set to a 17, then back
to 0", tollowad by the same on the R1 line, and 50 on, up
to R7 and back to RO again. The "1 scans along the Rows
waiting for a key closure to transmit it to a Column [one of
the CO to C7 lines). If character A on the keyboard is
pressed. the contact time must be long enough for the =17
to reach R1 la very short time at worst). The A key then
transmits it to C6, and the Computer réceives and processes
an A character. The fact that the walking 1 was being sent
to R1 and immediately received along C6 makes the A kay
unigue. RO is used to decode the control keys at the same
time: thus, if AQ and C1 followed immediately by R1 and
Ch is decoded, the computer receives a SHIFT A character.
The encoding for the keyboard is thus stored in the Monitor
ROM,

When the computer has written 1o a Row, the Data Bus
switches to Reading from the Columns. Normally, therefore,
the Row information would thus be lest and the 1 would
never reach any of the Columns. Hence the reason for the
latches IC2 and IC3 which store the walking bit long enough
to be read from the Columns as necessary. The diodes on
IC2 and IC3's O/Ps protect against multiple key closures
shorting two or more O/Ps together. IC4 and IC5 are tri-
state buffers which ensure that the keyboard information is
presented to the Data Bus only when the computer is
reading the Columns, atherwise the keyboard would present
its information at a time when the Bus was being used
glsewhere, thus causing an electrical conflict. Pull-up resis-
tors are included on the inputs of IC4 and ICE, as CO-C7
are open circuit most of the time.

The keyboard decoding is thus dependant upon a particular
program in the Operating System, and whenever that routine
is inoperative, for instance while certain parts of a user's
program are under way, the keyboard is unusable. However,
the INPUT statement in BASIC allows the operator to input
data via the keyboard during a program. In addition. the
address of the keyboard routine itself is available for use via
the LUSRA function within a BASIC program.

The only two keys not mantioned in the diagram are the
two BREAK lor RESET] keys. These connect directly to the
RESET line of the MPU and must both be pressed 1o reset
This prevents accidental breaking in most circumstances.
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The power supply is very straightforward since the Com-
pukit is a single supply device with distributed capacitive
decoupling on the board, All but the transformer are mounted
on the p.cb, and a heat sink is provided for the 5V regulator.
The photograph shows the extent to which supply noise
decoupling is allowed for on the p.cb. 100n capacitors
appear at the most important places to prevent spikes and
crosstalk being transmitted along the power lines.

The PSU also has a 3A fuse and a polarity compliance
diode to give some protection against accidentally reversing
the +5V and OV lines by those using an external PSU for

ANy reason,

The UHF Modulater used on the board is the 8 MHz
Astec device which gives an excellent output when supplied
with five volts. This device was chosen to ensure that the
p.c.b. remained a single-supply syatem,
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: ! - z? gramming. The UK-101 is capable of
[ both!
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GOMPUKIT UK 101

SINGLE BOARD
LOMPUTER

PART2 AABERK ssc.pho.

CERTAIN amount of the following will be considered

unnecessary by the experienced, although some points

are very important. The constructor is advised to read
through this section at least anca!

You will need a good pair or wire cutters, a small screw-
driver and a soldering iron of around 15-20 Watts with a
narrow bit. The bit should ideally be new—make sure you
coat the end with solder as it first warms up or a patina of
corrosion will immediately form making scldering impossible.
Also, iron-clad bits must not be filed for cleaning them or the
anti-corrosion property is lost. The thinnest resin-cored
solder should be used,

MNever try to drill any of the p.cb. holes out, as this will
destroy the plating-through. All solder connections are made
to the bottom of the board and no i.c. pinsg must remain
unsoldered even if they appear 10 go nowhere, The board
should be protected at all times from excessive abrasion,
flexion, and contamination.

ASSEMBLY

Following the component legend very carefully, the best
sequence of construction is to start with the i.c. sockets.
Locate and push their pins carefully through the holes, taking
extreme care 10 prevent pins from being bent under the
socket. The socket must be pressed very firmly against the
p.c.b. while two pins are soldered down to keap it in place

Sockets may not be supplied for the following positions:
ICE7, ICBE.

All i.c.s are fitted with pin 1 towards the kevboard except
for IC41 (Character Generator) whose pin 1 is towards the
RAM block. Socket polarity is normally identified and even
though i.c.5 will fit either way around, put the sockets in
correctly as a reminder for the future. Do not insert the i.c.s
yel.

Insert the discrete components, except for the veoltage
regulator, UHF modulator and large capacitor. The 100n
bypass capacitors should be soldered in last, to prévent a
mix yp. Most of the resistors stand on end. Mone of the
components will tolerate overheating, especially the crystal.
Remember, once a device is soldered in place its removal
is wery difficult because of the plating-through. A solder
sucker is very useful for this eventuality, but sockets are
particularly troublesome and are usually destroved by the
aperation.

KEY SWITCHES

MNext insert and solder the keypad switches from top right
to bottom left. Each switch is labelled on the p.c.b. and the
switch, and with correct key-top, may be inserted carefully

in place. Do not use undue force or heat, as the switch is
quite delicate until held in place. Operation will be impaired
if the switch pins are pushed into the thermo-plastic body.

The pins must be soldered with the switch pressed firmily
against the p.c.b. All switches except SHIFT LOCK are return
sprung,. 50 do not make the mistake of fitting this switch
elsewhere, which will stay down when pressed once and
return on the second press. The SPACE bar and switch is
fitted last. The bar should be placed over the switch and the
white plastic locators into their holes. Carefully heat-form
the projections beneath the board to hold the bar in place.
Uise the back of WL sﬂ!dﬂn’ng Bir,

Before continuing, check for shorts across the key-switch
terminals and between Data and Address Bus lines at IC8,

The regulator {with heat-sink), UHF modulator and large
alectrolylic, may now be soldered in place. Solder flux should
be removed with mathylated spint, using an old tooth-brush,
Fully inspect the board for solder bridges or broken tracks
la watch-maker's glass is invaluable for this task).

The power supply can be checked at this point to ensure
it delivers five volts to each of the i.c. sockets.

Insertion of the i.c.s is 3 delicate process and pins are
very easily bent berween the chip and the soecker |(often
undetectable), causing hours of fruitless searching for a bug.
Fing should be bent straight from their normal splayed out
condition and pushed bit by bit, inspecting continually, into
their sockets.

A final check of i.c. orientation should be made. If you are
not using the full complement of memory, the right-rmast
RAM sockets (1C31 and 1C45) must be populated first in
“wertical” pairs.

If all seems correct, connect up and switch on. Tune the
TV to the compuier somewhere arpund channel 36, and
press borh RESET keys simultancousiy. DYCW/MYT should
appear. Check that SHIFT LOCK is in the down position and
press G,

If this causes MEMORY SI1ZE? 1o appear, and pressing
RETURN a couple of times gives the start up message on
the screen, then you have a working model of what is
probably one of the most advanced computers for its price.

TROUBLESHOOTING

The troubleshooting process is best assimilated while the
reader's mind is fresh from the hardware description. There
are several categories of malfunction which may arise, and
only one or two of a very definite nature can be mentionad
hare. The tools necessary for troubleshooting are an oscille-
scope and a continuity tester. The latter may be all that is
necaessary but a ‘scope considerably speeds the process.
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The following assumes that you have checked the five
volt supply and all the external connections and that the
SHIFT LOCK key isin the down (locked) position.

If the following procedures are ineffective, the unit should
be returned to Comp Components, who have a standard

_charge of £25 (inc. postage) for repair.

(a) UHF Modulator Failure

This is detected by switching on and tuning the TV
through the complete range, particularly near to channel 36,
and finding no change throughout the band. (A short band
of blank screen should be detected near to channel 36.)
Check supply at modulator and connections, including
ground-to-metal case. “Scope” the video input to the
modulator—the waveform should be negative-going pulses

B4us apart, with some fast spikes (positive-going) in
between. If this is not present, then either the UHF
modulator or its connections are faulty.
(b) No Video Information At Modulator
Scoping through starts at the output of IC58 (pin 3) to
detect the 8MHz clock. Work through the counter chain
including IC29 to check on oscillation of counters. If this is
. absent, the sequential nature of the chain will allow you to
narrow down the point of failure quite closely. The most
common fault is a solder bridge or bent i.c. pin. If this cannot
be visually detected, the continuity tester must be used to
check that all pins go to the right place and nowhere else!
A chip must be suspected of failure only as the very last
resort. Even then, try a chip from elsewhere on the board
inits place if possible.
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Fig. 2.2. Memory mapped VDU interface. All 7400 series devices are LS types
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Once the chain is oscillating, failure may then be due to
the area of the 74123 monostables ICEB, ICT 1, ICE3—again
check through from the counting chains. HS should be
negative-going pulses at 64ps separation {Herizontal sync),
and V3 at 20m5 (Vertical sync). Pin 9 of IC42 should be
pure video information in short closely packed spikes.

(c) VDU OK—No Reset

If the two break keys, pressed simultanegusly, do not
produce DJC/W/M? on the screen it is possible that the
B502 [IC8), is not receiving its clock (pin 37 at 1MHz) or
its RESET (pin 40). Check both with scope.

The most likely cause, however, is almost always a simple
bridge connecting a couple of Data Bus lines or Address
Bus lines togethar. Check for any shorts between the pins
of ICB.

All the Data and Address lines should be oscillating and
should all be affected by pressing the two break keys. If not,
check the relevant lines through from start to finish for
shorts and lack of continuity.

If DSC/W/MT appears but pressing C has no effect, you
have almost certainly failed to lock the SHIFT LOCK in the
“down positian; this must be checked every time a fault
condition arises. If this is not the answer, check that none
of the keyboard switches are permanaently shorted and check
that the C key is working electrically. RO-R7 on the keyboard
should be receiving a square-wave signal,
|{d) Cassette Intarface Not Receiving

The scope may be used to ensure that a sine-wave is
present at the capacitor C10 and a square wave at pin 10
of IC69. The waveforms described for the cassette interface
may then be chacked through. The ACIA should be checked
for clock information.

{e) Transmitting

Checking this side is confined to looking for a signal at
the MIC and AUX cutputs and then working back through
the system,
(f) Adjustments To The VDU

A certain amount of adjustment of picture density is
possible on R58 if required for contrast. Adjustment of tha
time-constant of IC71 by capacitor C48 and resistor RE7
will move tha picture up or down.

INITIALUSE OF THE MACHINE

Check that the SHIFT LOCK key is in the "down’ position,
This should always form the first check if the computer
seems inoperativa at any time,

The two RESET keys should be pressed simultanesously
so that the following will appear in the lower left hand corner

of tha screen:
D/ciw/m?

This is & gquestion requiring the user to reply via the
keyboard with one of the four letters requested.

O is for disc opsration and is not covered hare. Now
press M. This is for the machine code monitor, and Hixn
characters will appear near the middle of the screen—four
for address and two for data (both in HEX).

This is explained in a later section and the user should
now press the two RESET keys again to restore D/C/W/M?

Keys C and W are for COLD START and WARM START
respectively and have the following meanings. If a program
has been written and stored and is, say, in the operation of
being executed, the user may RESET at any time. D/C/W/M?
appears and pressing W (warm start) will revert the machine
to its BASIC function without clearing its memory. Key C
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Fig. 2.4. The 6502 microprocessor and expansion socket J1.
When pressad simultaneously, the BREAK keys reset the
processor

restarts the computer “from the top” and should now be
pressed—by the reader following this text. The words:
MEMORY SIZE?
should have appeared. If not, check shift lock. If there is no
success, switch off and check the p.c.b. very thoroughly,
especially around the ROMS, Typing any number after
MEMORY SIZE? defines the number of bytes which may
be used by BASIC from the start of RAM. The rest of the
RAM is thus protected from being ovarwritten, and may be
used to store data and machine-code blocks—accessible by
PEEK, POKE, and the USR function defined later, Pressing
RETURN, “defaults” to the full memary for BASIC—this /s
jargon for saying that the computer automatically assumes
vou would have typed a number af bytes equal to the total
memory avaifable. From now on, the computer will not look
at any information until you press RETURMN. This gives you
time to change your mind about things and delete unwanted
entries before the computer acts on them. The words:
TERMINALWIDTH?

should have appeared now, and you are being asked to
supply the number of characters across the screen to be
printed before each new line starts,

Pressing RETURN defaults to 48, but not all of these
characters would appear on a normal T.V. screen. Try typing
46 followed by return, this will fit comfortably on most TV .5,
At this point, the COMPUKIT does a complete scan of its
RANDOM ACCESS MEMORY to determine how many bytes
are free for writing in BASIC. This inbuilt memory test can
be used to determine whether the memory chips are warking
correctly, i.e. 3324 bytes should be free in the 4K system
and 7423 in the BK system. The latter is given by the
message:

7423 BYTES FREE
followed by:
COMPUKIT UK101
Parsonal Computer
8K BASIC Copyright 1979
oK
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Fig. 2.5. System Clocks

Well donel—you are now ready to start programming a
powerful and versatile personal computer. With a little study
of BASIC you will be able to persuade it to perform almost
any activity for which you are able to write down a logical
set of steps.

The "W character is a CURSOR which tells you where on
the screen your next keyboard entry will appear—try it/

Thea pragram:

10 PRINT “HELLO"

20 X=3-6"4-8

30 PRINT "X="";X
contains three program lines and three program statements.
The first (labelled 10 commands the VDU to display the
word HELLO. The second to calculate a value for X, and
the third to print it.

The program may be run by pressing RUM (followed by
RETURMN as always). Tryit!

The central point about File Mode is that the program is
ratained after execution, plus all the variable values—itry
typing:

PRINT X {RETURN)
inimmediate mode, and then RUN again.

NEXT MONTH: Error codes, program recording/playback,
and using the machine in BASIC, plus remaining circuit
diagrams.
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COMPUKIT UK 101

SINGLE BOARD
COMPUTER

A.A.BEBK 5.sc.pn.p.

PART 3

ERRORCODES
F DURIMG the execution of a program, the computer
encounters a word it does not understand, or is asked to
perfarm an impossible calculation, it may detect an error of
a recognisable type and so inform the user. Some errors ang
undetectable and simply produce wrong answers or bizarre
behaviour. If it does recognise a standard error, It will print
up one of the standard error codes listed in the tabla.

This seif-checking activity makes computer programs
easier o debug, but there are pitfalls, because sometimes,
though an error of a particular type has been flagged, it may
be the consequence of a more subtle error elsewhere in
the program, Experience is the only answer!

Table 3.1. ERAOR CODES
Definition

Double dimansion: wvariable dimen-
sioned twice. Remember subscripted
variables defawlt to Dim, 10,

Function call error: parameter passed
to function out of range,

INegal direct: INPUT cannot be wsed in
immediate moda.

MNEXT without FOR.

Out of data: more READS than DATA,
Qut of memory: program toa big or too
mamy nested GOSUBs, FOR MNEXT
loops or vaniables.

Cwarflow: result of calculation too large
for BASIC.

Syntax error: typing mistakes g,
RETURN without GOSLUB,

Undefined statemant: attempl 1o jump
to non-axistant line-number,

Division by zero.

COMNTINUE EFrOrs: inappropriate
attempt 1o CONT after BREAK or STOP.
LOMNG string: string lomger than 266
charactars.

Out of string space: same as 0.

String temporarias: siAing expression
o complix,

Type mismatch: string variable mis-
matched 1o numeric variabla.

Undefined function.

56

EDITING

The program may be edited by writing further lines or
rEVTILING existing ones.

Try typing the following (to be added to last program):

15 PRINT "BYE"™
Typing LIST will insert this new statement between linas 10
and 20. Similarly, typing:
10 PRINT “"THIS™
will gverwrite line 10, Typing 10 followad only by RETURN
will simply wipe out ling 10 altegether, If a3 mistake is made
in typing a character, it may be deleted by pressing the RUB
OUT key, which if pressed sevaral times will delete that
nurmber of previous charactars. Try the following correction:
PRINT "HELLL {press RUB QUT) 0"
The third L will be deleted and the WD will show:
HELLO

The entire current line being typed may be deleted before
RETURN is pressed, by pressing (SHIFT) P, which displays
an @ sign and places the cursor on the next line to await
further instruclions.

USE OF CASSETTE

Chack that pin 10 of J2 is connected to the earphone
output, and pin 9 lor 7} to the auxiliary or microphona input,
and pin 8 andfar 11 o the Earth of the cassette machine.
Any ordinary cassette recorder should be suitable, but the
vary cheapest cassette fapes arg prone o giving continual
errors, The best volume setting is found by trial and error
for playback. Recording may be on automatic level or
manual, & maching having a tape counter is preferable.

PLAYING BACK A PROGRAM

{a) Rewind tape to “leader” or blank area before program
starts.

ib) Place computer in command mode and type NEW (and
RETURM],

(e} Type LOAD but do not press RETURMN, 1o avoid spunious
“noise” being interpreted a5 data and loaded 1o the computer,
(d} Switch recorder 1o PLAY,

(@) Wait for a second or two-—or for the “leader” to pass
through, then press RETURN.

Some random noise characters may still be printed on the
screen, and if one of these is a number, it could be interpreted
as a program line. However, without this unlikely event the
pregram is printed on the screen line by line. When playback
is complete, pressing SPACE and then RETURN returns the
machine w BASIC and the new program is resident for
listing or running.
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RECORDING APROGRAM

This assumes a BASIC program is stored in the Computer
ready for saving on cassette,
{a) Rewind tape to blank noise-free portion of tape.
(b} Type SAVE (RETURN).
le} Type LIST but do not RETURN,
{d) Switch cassette to RECORD and allow “leader” to pass,
plus @ further § seconds to allow settling to constant speed,
then press RETURN. The program will list on the screen as
it is being recorded,
la) When racording is complete, wait a few seconds, tum
off tape recorder and type LOAD ipress RETURN), then
press SPACE and RETURM.

USINGTHE MACHINE IN BASIC
After
oK

appears, the machine is said to be in the Command Mode,
At this point, two types of data may be entered, afways
terrminated by pressing RETURN,

it COMMANDS

lii} BASIC Statemants
These are described balow:
M.B.
Spaces are always ignored in Commands and BASIC State-
ments (excapt in Mterals and string arguments).
If you make a typing error, press RUB QUT.
(1) COMMANDS
CLEAR This causes all variables (numeric or string) to be
et tozera (or null)
LIST This can be usad in several forms as detailed below:
LIST Causes the whole stored BASIC program to be listed
line by ling until either the listing is complete ar CONTROL
Cis pressed,
LIST o Wil list that line only
LIST m- Will list all lines from n to the end of the program
LIST -n Will list all lines up ton
LIST n-m Will list frem line n to line m. This allows any
part of a program to be viewed at will
NULL n Inserts n null before sending data to serial /O
devices
RUN Starts program execution from the first line with all
variables cleared
RUN m As abowve but starts program at line n
NEW Wipes out current program
CONT Continues execution of program after Contral C, or
after a STOP statement encountered within the program

;:‘:2 } Cassetie commands dealt with elsewhere

CONTROLC
This is effected by pressing the "CTAL” key. and {with
CTAL pressed) typing a “C”. It suspends Computer activity
and prints @ message to give the ling number at which the
break occurred. The Computer then returns to COMMAND
MODE. Many BASIC Statements may also be uwsed as
commands if unaccompanied by a line number—ifor instance:
GOTOn
would cause the Computer to begin executing from line
number n without clearing all the variables. Similarly, many
of the above may be used in programs—thereby causing a
program to command the machine.
lii} BASIC Statements
There are two modes of use of the BASIC language when
using an inferpreter such as this. These will be called:
la) Immediate Mode
(b} File Mode.
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IMMEDIATE MODE

If a BASIC statement is typed while in the Command
rode, it is executed immediately a RETURN is encountered,
and lost after execution. In this mode the Compukit, with
its fast powerful floating-point calculation ability s able 1o
act as a super calculator, For instance, answers 1o such
calculations as: :

K _ 15? » 13|.|1IU 81

87 =10
are found immediately. In this case, the user would type:
PRINT15.7*13 } SIN (0-781)/87E4

Lo get the answer:

1-09796E-04
The immediate-mode use of the machine allows instant
indication of remaining program space, by typing:

PRINT FRE (N}
The answer {after RESET) on an BK machine should be
7420.

An important use of this mode is for program debugging.
The last values of the variables are retained when a program
stops. Type:

PRINTA, E, C, etc.
whera &, B, C are the varisbles whose values are required.
CQuite complex immediate-mode programming may be writ-
ten by employing colons to separate the various statements,
In arder to write and retain a pragram, the File Mode must
be employed,

FILE MODE

To retain a program line for fater execution, a ling numbear
miust precede the instructions.

This numbered program line must not be confused with
a display line. The computer accepis a maximum of 71
characters on & program ling, and depending upon the
Tarminal Width set up sfter a system reset, the pragram line
may ocoupy up to around four and a half lines of VDU
display {if terminal width is 18).

Tables 3.2. COMPUKIT MEMORY MAP

Q000 — OOFF Page Zare

0100 —Q1FF Stack

0130 MM Vector

o1C0 1RO Vecwor

Q200 —0221 BASIC Flags & Vecrors
G203 LOAD Flag

0206 SAVE Flag

o218 Input Vactor

0214 Qutput Vector

g21¢ Contral C Check Vector
021E Load Vector

0220 Save Vecior

0222 —D2ZFA Unuged

0300 end of RAM  BASIC Workspace

AOOD — BFFF BASIC-in-ROM

D000 — D3FF
DFDO Polled Keyboard

Video RaM

FOOO — FOO ACIA Serial Cassatte Port

FBOD — FEFF ROM

FCOO0 — FCFF ROM — Floppy Bootatrap

FDOO — FDFF ROM — Folled Keyboard Input Routine
FEQD — FEFF ROM — 65Y Maonitor

FFOO — FFFF AOM — BASIC Support

FFFA WM Yactor

FFFC Reset Vector

FFFE IRO Vector
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MACHINE CODE MONITOR

The machine code monitor program provides a simple but
adequate method of loading and running machine code
routines, including loading from cassette. To prevent these
routings being overwritten by BASIC, MEMORY SIZE? (After
RESET) must be answered with a number restricting the
BASIC's use of RAM. The number n, thus typed, restricts
BASIC according to the following map.,

Addressin Decimal Usa
Q
Page Zero
255
286

Scratch-pad RAM used by
BASIC and systam monitar

768

769
BASIC workspace

n-1

n
protected against use by
BASIC

End of RAM

It is clear from the above that n must be at least greater
than 769. In a 4K machine, the end of RAM occurs at
memory location 4095, and 8K finishes at 8191,

After RESET, the machine code monitor is entered by
pressing M. The display:

0000 4C
then appears.

The first four characters form the address field, and the
second two represent data (all in hexadedimal notation),
Typing any hex characters at this point will load the address
field: the data field is kept constantly updated as the address
changes. Mistakes may be corrected by typing further
characters, as these will continue te be loaded into the right
hand position and then rotated left as further entries are
made.

The following commands are available:

[/ Changes to data mode to allow data to be loaded.

RETURN then opens the next location,

. Changes back 10 address mode,

G |Used after setting up an address with . |, This jumps
to the address showing on the screen and begins
execution,

L Transfers control to cassette—Iloading QOFB with 0O
transfers control back te the keyboard,

After L, the monitor is in data mode and simply accepts
all its commands from cassette instead of the keyboard.
Thus the cassette tape must have a series of commands,
stored as ASCI codes from BASIC, to contrgl the Monitor,
To load a program from cassette, it must be stored byte by
byte, separated by RETURMs and ending with:

. DOFB/00

This loads OOFB with 00 which is the flag to switch the
monitor back to accepting commands from the keyboard.
The program can be run from cassette, if desired, by ending
with G after setting up the start of the routine in the address
field,
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The following gives a list of important address locations
in tha machine code monitor.

Starting | Effect of jumping to address shown
address

FEQO Restart location. Ending machine-code programs
with & jump to this location has the same effect
as pressing M after DJCAN/M 7

FEQC ° | Bypasses UART and Stack Pointer initialisation
as well as clearing decimal mode, but still clears
SCreen.

FE42 Enters directly into address mode, Bypasses ini-
tialisation and screen clearing.

FEY? Ag last, but for data mode.

The following are subroutines which may be of use in
User programs,

Starting | Effect of jumping to subroutine
address

FEBO Inpuis an ASCI character from the cassette UART.

FE93 Returns stripped ASCH number if 0-9 or A=F
otherwise returns FF,

FEED Inputs an ASCH character from the keyboard.

To test the machineg-code monitor, the message program
used to illustrate USR ({last month) may be adapted as
fallows.

Flace the monitor in address mode either by pressing
RESET followed by M, or by pressing full stop if already in
the monitor. Enter the characters 0500 followed by f to
access data. Type in the following pairs of digits—each pair
separated by pressing RETURMN.

A2 00 BD OD O6 C9 5F FO
07 9D E5 D1 EE 18 80 F2
4C 43 FE

This ends with a jump to location FE43 which places the
monitor in address mode after the message has been
displayed, thus preventing the clear screen routine in tha
monitor from erasing the message immediately after its
appearance,

The following pairs of hex digits are ASCI codes for the
characters of the message. The list may be of any langth but
must start at 0600 and end with the pair 5F,

Press full stop and the n type 0800 followed by / and the
following pairs separated by RETURMs:

43 4F 4D 50 55 4B 43 54 G5F

To run the program, type

L5006

This will display the message for which the ASCH codes
are given above, and leave the machine code monitor in
address mode for further use. Memory size need not ba
specified unless BASIC is to be entered and the above
protected against being overwritten.

GRAPHICS

Character resolution graphics are used by the Compukit
whereby 255 different graphic characters are available to
fill any given character slot. To view the available characters,
the BASIC function CHR$ may be used by typing, for
example:

PRINT CHR%(24)
followed by pressing RETURN. This causes a [ sign to be
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printed. Each number batween 1 and 255 inclusive, corre-
sponds to a character, as 24 does to £, (0 corresponds to
a null character).

Two of these numbers correspond to pon-printing com-
mands far the print head (whose position is continuously
shown by the cursor).

PRINTCHRS$(10)
causes a line-feed, i.e. the cursor jumps to the next line and
the screen scrolls upwards.

PRINTCHR$(13])

CAUSES A carnage returm,

The rest of the numbers correspond to ASCII characters,
special characters and graphic characters.

The ASCIl characters start at 32 (SPACE] and finish an
127. Thase are all accessible from the keyboard. The upper-
case is set with SHIFT-LOCK down, and lower case with
SHIFT-LOCK up.

The other characters are inaccessible from the keyboard
directly, and they must be printed using CHRSIlI). These
general graphic characters are best seen by writing a
program to print them on the screen. This will be given
later.

The following is a list of special [as distinet from graphic)
characters, with their corresponding numbers:

number charactar numbar character
v} mull 244 &
10 line-feed 245 ¥
13 carriage- 246 4]
returmn
24 £ 247 [T
32 Space 248 "
179 - 249 T
180 — 250 x
211 ra 251 #
212 i 252 B
241 i 253 E
242 B 254 ¥
243 ] 2565 .1
11| Il[
i |
w1 1
A=
1612 IC10 11 IC9 L
w_gn
| b
A—
L
e : |; o3
— l"—--p-l.
5 os
wi L] LN
J-‘\L:-I
AN = !
0 m itu |:ru j_,,,'_—
1 B52 50
Wi
53
- | 2
IC1BL
(2]
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In order to select a particular graphic character, a list of
those available may be displayed on the screen with
coresponding number next to each one. The following
program achieves this by allowing the user to specify which
block of characters are to be displayed: there are too many
to appear at once! The instructions tor the program are as
follows.

The program is loaded and run, The words:

WHICH BLOCK?
appear. Answer with @ number between 1 and 4 inclusive
followed by a RETURN. The numbers 1 and 2 display the
graphic characters available, 3 shows the special characters
already shown, and 4 displays the ASCIl set.

To exit the program, just press RETURN instead of a
number.

The line numbers chosen for the program put it well above
any other program you may be working on. If the program
under development ends with an EMD, then the following
program will never be entered by the command RUN, and
g0 RUN 10000 will be necessary. This allows the graphic
program to remain in memory as a reference for use as
necessary. It will be lost if NEW is typed or if RESET is
prassed followed by C.

Tha Program Listing
(Spaces may be omitted, and PRINT may be typed as 7]

10000 INPUT “WHICH BLOCK” ;B:FL=0

10010 IFE=1THENS=1:F=31:G0TQ 10060

10020 IFB = 2 THEN 8§ = 128 : F = 219 : GOTO

10070
10030 IFB = 3 THEN S = 220 : F = 2585 : GOTO
10060

10040 IFBE =4 THEN S = 32 : F= 127 : GOTO 10070

100580 GOTO 10000

10060 FL= -1

10070 FORI=STOF

10080 IFI=100RI=13THEN 10110

10090 PRINT I; CHRE(::H =1+ 3

10100 IF INTIH/7) = H/7 THEN PRINT : IF FL THEN

PRINT

10110 MEXT

10120 PRINT

10130 GOTO 10000

Fig. 3.1 (laft). BASIC ROMs

Fig. 3.2 (balow). Monitor ROM
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When Block 2 is requested, some of the vertically adjacent
symbols run into each other, Use CHAS in the immediate
mode to inspect individual characters, e.g. :

PRINTCHR$(161)
reveals that this character fills the entire character slot.

The fact that characters run into each other in this manner
allows the user to build up quite complex graphic patterns
as well as graphs and bar-charts, etc. The user may find it
useful to store the above program on cassatte tape for future
raference,

HARDWARE—BINARY COUNTING CHAINS

The elocking requirements for the system are supplied by
the crystal oscillaior and binary counting chains {see Fig.
2.5). Two gates of 1IC58, plus X1, form an EMHz oscillator
buffered by a further gate in IC58, and divided by 8 (IC29,
which has a spare +2). Before IC29's =8 function, the CLE
line feeds the Dot clock of the VDU with BMHz. This governs
the length of time available for displaying one of the dots
of a character on the TV screen, Given the speed with which
the electron beam strobes across the screen and the Dot
time, the width of a dot may be calculated. A frequency of
8MHz gives a dot size sufficiently small to fit about 48
characters across the screen (each 8 dots wide), while of
low enough freguency to pass easily through the UHF
modulator and IF stages of a TV set.

The D output of I1C29 (at 1MHz) then feeds the §0in line
of the MPU, the CO line of the VDU, and the counting chain
of 74163 s jor 7416178} IC59-61 and 1C30. The constraints
on the counting chain are that it must produce ripple-count
outputs for C1-CE in between line-sync pulses separated
by Bdus. Note: 2° = maximum of 64 characters per line.
There must be three outputs (CB-C10) for the row Inputs
to the character generator, and a further four outputs
{C11-C14} for the 18 horizontal lines of characters. The
entire picture must then be repeated at 50 times 8 second
with a suitable frame-sync pulse. The final count output fram
the bottom of the chain is then inverted, and fed to load the
chain elements.

Capacitor C3 is used to set the BAUD rate for the Cassette
and serial interface via a further counter, ICBT, and some
decoding logic ICE3 and IC58,

THEVDU

The block diagram of Fig. 1.2 shows the basic parts of
the VDU and the circuit diagram (Fig. 2.2) gives the details
referred to balow.

The VDU RAM holds a screen full of characters (1024 in
alll. Through IC53-1C55 the RAM address lines (VAD-VAD)
are either fed from the counter chain, or the MPU Address
Bus, depending upon the state of VA (VDU Access). When
VA is at "17, C1-C6 and C11-C14 are connected through
to VAD-VAZ, and when VA is at “0”, the MPU busses have
direct ReadWrite access to the VDU RAM. Reading or
writing of data is controlled by the bi-directional buffers
IC24 and IC25, which also disconnect the VDU RAM from
the MPU Data Bus when the counter chain is supplying
addresses to VAD-VAS, Thus when VA is in the zero state,
the VDU RAM acis just like any other block of Read/\Write
memaory, hare based at lecation address DOOO hex, This
allows the screen to be read or written to during a program.
With VA at 17, the ten VDU RAM addrasses are derived
fram the counters sequentially. The RAM is in the READ
candition when not selected by the MPU, and the contents
of the RAM locations are sent to the character generator for
interpretation into bit patterns forming characters on the
screen

Each character in the Character Generator (IC41) is stored
as an 8 x B matrix of white and black dots, White is stored
as a "1", The characters  appear on the outputs of |C41
(DO=D7) one row at a time, see Fig. 3.3. Here an “E” is
being displayed on one of the 16 lines of text on the TV
screen. C8, C9 and C10 fram the counter chain determing
which row (RO-A7) is being output at any time. The
saquence of events is as follows: C1-C6, C11-C14 contain
an address of a location in VDU RAM and hence of a
character on the screen. The contents of this location (8 bits
in parallel} are fed to 1C41 which then parallel outputs the
1's and O's [white and black dots) of one row of the character
along D7-D0. Here, five 1°s and three 0's are output to
form the top row of the “E”. IC42 serialises this parallel
infarmation at BMHz, and sends it out in a stream to 1C70
to be mixed with TV sync. information, ete. displayed along
a TV line as the electron beam strobes across the screen.
This takes 1us, and each successive 1us sees 1042 loaded
with another character-row for the same treatment. Note:
LD is fed from CO to 1MHz via 2 monostable (half of IC71)
to give a short negative going pulse, and CLK is at BMHz,
This is the Dot clock, so named because each cycle displays
one of the 8 dots of a character on the screen. After the top
row of the "E” has been displayed, the top row of the next
character on that line must be fetched. Again, C8, C9, C10
will not change, but C1-C8 will, hence selecting the next
VDU RAM location, and so on until C1-CB have displayed
one row of 64 characters. Some of these are lost at the end
of the line, as the Dot clock is only at BMHz. Whan C1-C8
have finished rippling through, C7 changes and the whole
is repeated. CB synchronises the TV line (at B4us intervals)
and thus starts a new line via ICE5 on its downward adge.
C7 is not used in the process and thus C1=C6 must count
through twice before C8, 9, 10 increment 1o a new raw of
the character; this causes each row of dots to occupy two
TV lines as shown in Fig. 3.3.

As C8, 9, 10 increment, the complete set of 16 TV lines
builds up a row of text. The next step is 1o increment
C11-C14 to address the next row of characters stored in
the VDU RAM. The complete frame of 258 TV lines is built
up as C1-C14 count through. Normally, in TV transmissions,
another frame slightly different from this, is interlaced in the

Fig. 3.3 Dot structura of an ASCII Charactar on
tha VDU scraan
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spaces between the lines of the first frame. Also, each half
frame is composed of more lines. Here, C15, via ICT1,
providas a frame-sync. pulse to the TV, and the above
process repeats exactly—each line occupying its previous
position. The resolution thus cbtained is not as high as a
normal TV picture, but is more than adeguate for 16 lines
of VDU information,

The frame-syne. is delayed by half of IC65 to allow the
TV picture to be moved up the screen, and hence prevent
the bottom laft character from being lost. This is the most
important character slot on the screen and must be displayed
clearly. The value of R33 and C8 may be adjusted to ensure
its readability on any TV.

About 48 characters are able to be displayed on a normal
TV, and hence about 16 characters are lost from the edges
of the screen. At least 5 are missing from the start of the
ling and the rest from the end. The software of the
COMPUKIT thus uses just thase slots from the Gth to the
Sdth to prevent loss of information. The others are available
to the wser, however, and may be forced into display by
adjusting a TV or menitor 1o “underscan’”. The RAM locations
are still perfectly valid and may be used as normal.

& note about graphics should be made at this point. Since

comprising two 2114's). BS0-BS3 select the BASIC ROMs,
and MCS selects the monitor ROM. ACS selects the ACIA
for the cassette. RKB and WEKB are Read and Write selects
for the keyboard and WVE and RVE for the WVDU.

The RAM: are addressed so that IC31 and 1C45 are at
the lowest addresses and hence form the first 1K block of
RAM (based at 000Q). Addresses increase from right to left
in pairs (the 2114 being arranged as 1K by four bits), 1IC32
and 1C42 are next and so on, The ROMs are arranged to
allow other options. When the 64K bit ROM is available,
the four BASIC ROMs may occupy one package. A171 and

1€re + 7007 ! 5 e
H N [y

IEVT 19 W orofs i W
HA R " e
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A12 will be needed and an address decoded line to select
it. This already exists on the COMPUKIT; BS supplying the
necessary address decoding. W1, W2 and W4 are pads next
to the ROMs bringing these lines in. When this option is
available, there will be three spaces free for ROMs or
EPROMs of the user's choice. The COMPUKIT even allows
for an active high or low BS line via IC18.

The Monitor ROM also has some flexibility in packaging
and this is catered for.as shown.,

PROCESSOR AND EXPANSION SOCKET J1

The processor is shown (Fig. 2.4} feeding all the Busses
and control lines internally as well as externally, via J1,
whose data lines are fully buffered by IC6 and IC7. External
devices decide the direction of data flow through these
buffers by DD. This socket allows any external logic to
overtake the MPU system via interrupts and can easily be
extended to control anything. External memory may be
added via the socket; disc storage, S100 Bus expansions,
etc. may all be plugged in directly.

SERIALAND CASSETTE INTERFACE

The serial interface is controlled by IC14 (ACIA). This is
primarily to drive a cassette interface. However, sockets and
pads are provided for extra components to allow the ACIA
to drive an RS232 interface if required. This will not be
described here but is shown in the diagram.

The ACIA receives its clock from C3 of the counting chain
via IC57, IC63 and IC58. Qptions exist, as shown, to
separate the Tx and Rx clocks. In addition, driving the clock
from C2, C1 or CO will increase and BAUD rate from 300
by a factor of 2, 4 or 8 respectively.

The ACIA’s Tx and Rx data lines are fed to the cassette
interface as shown. The transmitter uses a 7476 (IC684) to
present a high or low tone to the recorder as a “1” or Q"
to be recorded. This follows the usual Kansas City recording
format.

l I I

NEEN
CLR - [ 4441___,

CLOCK

Fig. 3.6 Timing diagram

Receiving depends upon the time-constant of a mono-
stable. IC66 and IC62 are used to convert the sine-wave
input, from cassette, to a square-wave suitable for the
monostable 1C69, and the clock input of a D-type flip-flop
(IC63). While the tone is high, the 74123’s time-constant
is set such that the Q-output has no time to reset to zero
before the next positive edge at B forces it high again. D
and CLR of IC63 thus remain high, as Q does, and Rx DATA
presents a constant “1”, When a low tone arrives, the cycles
arriving at B are long enough to allow Q to reset, after its
positive-going timing pulse, before B encounters a further
positive-going edge forcing Q high again. This gives the
timing diagram shown in Fig. 3.6 for IC63.

The leading edge of D is slowed by R62 and C55. The
zero on CLR now sets Q to zero and, because D's rising
edge is slowed down, IC63 sees a zero on D when the clock
goes high, thus preserving the zero on Q, and hence the
circuit decodes a constant zero for as long as the low tone
continues.

This sort of circuit is quite reliable at 300 BAUD and any
instability will be due either to a large variation in tape
speed, or to the value of R53 and C11 having been
incorrectly chosen, thus allowing the negative-going edge
on D to arrive too soon.

-NEXT MONTH: Conclusion of series
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CONCLUSION OF SERIES

AS- INDICATED im the previous articles, the Compukit is
hardware expandable in many ways. Expansions 1o the
machine are in the process of being produced and include
a Colour Graphics Board, and a large memory board which
will bring the machine nearer to its maximum addressing
ability in RAM and EPROM/ROM. By the time this article
appears, these boards should be available,

Software expansions include a sophisticated Maching
Code Monitar, disassembler and assemblar which is
included with the machine. Many programs, including
games, already exist and it is hoped that others will become
available in the near future from those software houses
which hawve shown interest in the machine.

The hobbyist who wishes 10 expand the hardware of the
machine himsell may be interested in two useful and
important mathods of doing so. These are described below.
Firstly, it is essential to Bear in mind a picture of the
machine’s memory mag;

When expanding the system or adding I/Q ports, certain
addresses are used for specific functions and must not be
overlapped. It is also important to allow for fulure expan-
sions by keeping clear of memaory space which may even-
twally house extra RAM. In general, later expansion boards
will add memaory consecutively with the 8K of on-board
RAM, so that the BASIC interpreter will find it during the
usual memaory rest when C (s pressed after Reset.

To decide on suitable addresses, the Address Map shown
in Table 4.1 should be consulted. The addrasses given are in
hexadecimal notation and, as can be seen, BASIC workspace
can be as large as 40,191 bytes (0300 o SFFF) before
overlapping with the BASIC ROMs. There is plenty of space

r Tabla 4.1. Memory map. 1
Sddross Funiction
0130 MM veetor
0100 IRC vector
000002 FF Scratchpad RAM for operating systam
0300 Start of BASIC workspace
1FFF End of on-board RAM (BK)
ADDO-BFFF BASIC interpreter
DO0-D3FF Video RAM
DFOD Polled keyboard
FOO0, FOD1 ACIA serial port
FROO-FFFF MONITOR ROM

1%

from COD0D to CFFF (4096 bytes), and from D400 wp to
FTFF, apart from the keyboard and ACIA. It is in this last
portion that parallel or serial /0 ports can be neatly added
with less danger of interfaring with later additions.

In order to expand the Compukit, therefore, a cerain
amount of address decoding is necessary to locate any
peripherals at the right place in the machine’s memary,
There are two main ways in which this may be achieved,
The top TK of the 8K of RAM (ICs 38 and 52) may be left
unused and its address decoded output (RST) supplied to
the expansion as an ENABLE signal. & more general method
is to add an expansion board to the system containing its
own address decoding. Both of these are described.

PARALLELI/O PORTS

Suppose we wish to add 16 YO ports to the maching in
the most straightforward manner possible for some control
purpose, A B6B20 or 6821 ([with greater drivel is most
suitable for the job. This chip is the famous PIA or Peripheral
Interface Adapter containing a number of YO drivers and
latches as well as several contral lines.

A couple of d.il plugs will allow the circuit in Fig. 4.1 to
be connected to the Compukit with minimum effort to
control almost anything., The circuit shown includes some
lights and switches—just imaging the le.ds to be relays
and the switches wo be sensors of some kind.

To use Fig. 4.1 and appreciate the circuit’s full potential,
the data sheet for the device must be obtained and studied,
Thiz is a very useful chip and each of its sixteen /O lines
(PEC-PBY and PAD-PAT) may act as either input or output,
There are four extermal comtrol lines for various purposes
(CB1, CB2, CA1, CAZ), and interrupts, via IRQ, may be
generated by external devices. In order to use the chip,
which looks life four memory locations (here decoded as
1C00, 1, 2, 3) imtarnal registers must be sat o a patiern of
bits which infarms the device of those lines which are to be
nputs, and which are outputs. Data 1o be written to cutpuls
is sent 1o the appropriate location within the PlA which
subsequently clocks it through to the output latches,
Similarly, incoming information is stored in a register and
may be retrieved by reading the correct memory location in
the PIA at the program's convenience., The Interrupt
structure may be used to force the MPL 1o “look™ at the PIA
when an external device sends its information through.
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Fig. 4.1. Switches and lamps interface

An interesting feature of such a device is that the time
taken to change an input line to an output is similar to the
instruction speed of the MPU system driving it. This allows
the possibility of swopping betwean input and output very
fast to make any given line {or lines) appear to the operator
as if it is performing both functions simultaneously. Hand-
shaking between microcomputers can be arranged in this
way, and parallel processing by a set of machines may be
envisaged.

The interface in Fig. 4.1 may, of course, be adapted to
run many other devices including UARTs, USARTS or just tri-
state buffers and TTL latches, In fact, by using the lower ten
address lines from 1C38 and IC52, any 1K lor less) memory
mapped device may be attached to the Compukit. So far,
the author has successfully driven the PE VDU and the
coming EPROM Programmer. The advantages of wsing
BASIC to control these devices are enormous. Tasks which
appear most daunting when a machine code microcom-
puter is wsed, become almost trivial in the high level
language.

Several exira terminals may be added to the basic
machine in this way, adding considerably to the system’s
vigbility in small business applications,

Howevear, the above expansion method, though quick and
gasy 1o implement, does tie up 1K of on-board RAM for
gach expansion used, and as such may be regarded as
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Fig. 4.2. Expansion connoctor
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wasteful in the long run. This should lead the user to attach
his peripharals to the machine via the 40-pin d.i.l. socket J1.
The specifications for this socket are given in Fig. 4.2. All
bus lines are brought out to the socket, and they allow exter-
nal memory mapped devices to communicate with the MPU
directly. The BD lines are buffered data lines, with direction
controlled by the DD signal which selects Read or Write
through ICs 6 and 7 as shown in Fig. 4.2,

All sixteen address lines are present, as is RAW, IRCL NMI
and @2. For correct memary timing this last signal should be
fed to an active high enable line fraom all external devices,
There is also one spare ling not connected 1o anything, but
braught out to a pad next 1o the socket. The rest of the pins
are Ground connaclions,

To use this socket, each extarnal device must generate
its own address decoding, the details of which depend upon
the amount of memory each expansion takes up. Any such
device should occupy a unigue address pasition and henca
each address line must be involved inits “fetching™,

Far devices taking up 8 bytes of memary, for instance,
Fig. 4.3 gives a straightforward method of decoding. Here,
the 8 bytes are arranged to lie at F400 to F407.

This particular circuit is, of course, purely a functional
suggestion 1o highlight the fact thar NAND gates decode
1's and NOR gates decode O's, and that all address lines
play some part in decoding the base address of F400.

Thus, small memaory requirements are easily catered for
using the simplest logic devices. It is usuwally & good idea to
use CMOS or LS i.c.s to reduce bus loading.
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For large memary requiremeants, the n to 2" line decoders
such as 74L5138.9 and 74154 are extremely useful. & 24K
memaory board, for instance, will need its own internal page-
select logic to enable different banks of memaory i.c.s, just
as the Compukit itself does, via some of the above decoders.

For genaral hardware control purposes, the Compukit may
be ocperated in either BASIC or machine code. The latter can
be considerably faster as it deals fundameantally with efec-
trical steps. From BASIC, an I/D port can be contralled by
the WAIT statement or using PEEK and POKE. This has the
advantage of extreme ease of programming. Imagine con-
trolling & home-security system. The program could contin-
ually PEEK a number of /0 ports [PlA perhaps) connected
o remote sensors, When a change occurs, an IF statement
would decide whether to act, and a few subroutines would
decide which action to take. Some other sensors could be
FPEEKed nearby and, in a short time, an alarm could be
sounded or a stream of appropriate invective produced via
a speech synthesis unit!

Extremely complex programs with feedback and analysis
could be constructed wsing the powerful BASIC invalved,
which, though not as fast as machine code, would act many
orders faster than any human activity involved.



The spesd problem becomes important, for example, in
controlling high speed machines ar processes. Then, a hybrid
program using the USR function could swop back and forth
between BASIC and machine code for instant rasponse to
requirements,

Az the IRQ and MMI interrupts are fully available to the
usear, an avan mara sophisticated system is possible whereby
the external process takes control of the computer, when
needed, via an interrupt,

The potential is exciting and to some extent already being
axploited. Anyone interested could do worse than construct
an “l.ed. and Switch” Y0 expansion as in Fig. 4.1 and learn
to use it! The next step would be to add & D/A or A/D
converter and learn to control and receive analogue data in
resal timie.

SPECIALKEYBOARD FUNCTIONS

Refarring to the keyboard matrix circuit diagram and
hardware description, it has already been stated that the
kavboard is polled in software for key closures axcept during
program execution lunless waiting for an INPUT).

There are two important routines associated with the
palling sequence. One determines which key has been
pressed, and the other is a routine for detecting CONTROL
C. The latter is not in general disabled during program
execytion, and may be wsed to BREAK a program for
axamining variables, etc. The routine involved may, however,
be disabled or enabled by the wser via the following
statements:

POKE 5301 disablasz
POKE 530,0 anables

The first of these may be placed before a part of the
program whoge execution it is important not 1o be able 1o
interrupt. If the second statement is placed at the end of the
protected region, then CONTROL C will never intrude on
that region il pressed.
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The keyboard matrix may be used in special applications
during the execution of a program, by treating it as an
ordinary read/write memory location (57088 decimal or
DFO0 hexadecimall, To do this, it is often important to
disable the CONTROL C routineg to prevent it from interfering.

An example of the keyboard's use for special functions
could be to allow the keys to be reprogrammed to return
graphics characters, A program would be written to allow,
say, all the “"bleck™ characters to be called from a section
of the keyboard when SHIFT LOCK is up.

To perform any special programming of the keyboard, tha
following statements are used:

POKE 57088, RA
IF FEEK(57088) = CA THEN (statement]

AA is the address of the row being tested for key-closures
according to Table 4.2, This POKE staterment may be thought
of as “setting” the appropriate row 1o the “on” condition,
CA, column address, is the value which location 57088
takes on when a key in the row RA is pressed. Thus if
57088 iz POKEd to have value 254, and 57088 is then
read (via PEEK) and found to have walue 254 then the
program knows that SHIFT LOCK is down [see the keyboard
miatrix diagram).

Fig. 4.4. (laft} Asynchronous I/0 and R8232. [right} Serial data buffors
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The following program changes the keys 1 to 7 to graphic
characters when SHIFT LOCK is up. When down, the words
SHIFT LOCK roll up the screen until SHIFT LOCK is pressed.
Then the keys 1 to 7 are active and each gives a different
character until 7 is pressed when the program terminates.

10 POKE 530,1

20 POKE 57088,254

30 IF PEEK(57088) = 254 THEN PRINT ‘'SHIFT-
LOCK DOWN'': GOTO 20

40 POKE 57088,127

50 IF PEEK(57088) =255 THEN 40

60 PRINT CHR${ PEEK(57088) );

70 IF PEEK(57088) =253 THEN END

80 GOTO 10

The program, though rather simple, is meant to illustrate’

how information can be gathered from the keyboard and
used to control execution. Note that in line 50 the keyboard
location is assumed to have value 255 unless a key is
pressed, as R1-R8 pull up the inputs to IC4 and IC5 and
force them to “see” 1's until an active key is pressed.

The applicatiohs of the above are manifold, not least in
the execution of games or simulation exercises: two areas
which in many ways are very similar!

In order to use this keyboard polling easily, it is a good
idea to label the keyboard matrix diagram, published in Part
1. with the CA and RA addresses corresponding to the

columns and rows. For instance, CO and RO should be
labelled 254,C1 and R1 253, etc.

This concludes the description of the Compukit UK 101.
By the time this article appears, many readers will have had
the opportunity of operating the basic machine. The appli-
cations are enormous and stretch across the full gamut of
endeavour. It is hoped that through the pages of Practical
Electronics, future developments can be described as they
occur and thus keep readers up to date with a machine
considered to be ahead of its time.

It only remains for us to wish you all good luck with the
project. *

COMPUKIT CIRCUIT DIAGRAMS )
Block diagram

Keyboard matrix and interface
Powaer supply
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MORE!

Next month we will publish Part 1 of an EPROM programmer designed to plug into Compukit—it will also
function with other computers. We also expect to be able to publish another exciting computer peripheral in the
near future—we do not believe this has previously bean published as a hobby design—more details in future issues.
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