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A fult circuit of the Decoding Madule is given in Fig 1.5.
Device |C1, a 13-input NAND gate, provides the complete
decoding of the base address of the system. As the circuit
stands, with a single inverter in address line A1, this is
EF80 hex (61312 dec). it will be seen however, that a num-
ber of pads are provided to engage two further inverters in
address lines AT1 and A13. This allows the user, by cutting
tracks and wiring between the pads on any of the three lines
A11-A13 to set the base address at 7 other possible loca-
tions. The various permutations are given in Table 1.10. It

“should be noted that the top two of the 8 possible base ad-
dresses fall within the UK101's 2K tmonitor, and should
therefore be avoided! The remaining 6 base addresses and
secompanying blocks are unused by both the Compukit and
the Superboard {1, Since however, all software for the series
will assume a base address of EFBO, it may be simplest to
leave all three sets of pads unaltered. :

The output of IC1 is taken to IC2, 3 7415138 3-10-8 line
decoder, which decodes address lines A4—AB to produce
egight 16-byte blocks (BLO-BL7). The decoding of these
blocks has not been made conditional of @2 since they are
generally intended for use with multi-register devices which
often possess a separate master Enable pin, which when
connected to @2 satisfies all timing requiremnents of the chip.
Some devices, such as the B522 ViA, require the chip select
lines to settle before P2 goes high; so that if the output of
IC2 had been made conditional on §2, no settiing time
would be given, and the device would not respond to the
CPU's attempts to select it.

Device 103, a 7415154 4-10-16 line decoder, provides
the sixteen address-decoded Write lines in response to BLO,
RAN and §2. The outputs of both the 74138 and the 74154
are active-low, and & number of IC3’s outputs have been in-
verted for convenience of subsequent use. Lines W5 and W6
have, in conjunction with RB6, been further decoded to
provide a pair of signals BDIR and BC1 for use with an AY-
2-8910 or BY912 programmable sound generator, This
decoding is all that the PSG requires to both write to, end
read from its full complement of registers, and details of the
use of thess lines wiil be given later in the series.

IC4 {74L.5138) decodes 8 Read lines in response 1o ad-
dress lines AD-A3, BLO. RAW and @2. The reason why 18
Write lines have been made avallable, and only 8 Read lines,
is largely the acditional Write requirement imposed by the
use of 7-segment lLe.d. readouts, to be featured later. The
addresses of these 24 lines are given in Table 1.9. As wili be
.seen, a number of these have been ear-marked for particular
projects in the series.

The NAND gate ICBA is used to produce the DD control
signal. This is brought low when a Read is carried out at any
of the addresses within the 128-byte block used by the
module. The reason why it is not simply connected directly
to the inverted RAW ling is that this would cause the data bus
of the CPU to receive extraneous noise from all interfaces
during every memory Read cycle, whereas with the presemt
circuit, interfaces are only given access to the CPU when the
128-bvte biock is called up.

As may be seen from Fig. 1.5, the 6821 PIA {iCS} is selec-
ted by the BL line. Address lines A2 and A3 are wired to

high-Enable Chip-Select pins 22 and 24, so placing the four
addresses used by the PIA at the top of Block 1
(6134081343 dec). Lines AQ and A1 are used internally by
the PiA for decoding within the 4-byte block. Since block 1
is 16 bytes wide, there is clearly room for a further 3 PlAsto
be ocated within it. This could be accomplished by wiring
additional PIAs exactly as for iC9, but with inverters in either
A? or A3 or both: although it would probably be easter to
locate them In one of the 6 unused blocks (BL2-BL7} whose
signais appear on SK6.

The PIA's pin 25 is a master Enable against which ali of its
operations are timed. 1t is connected directly to the @2 clock.
Pin 34 is a 6502-compatible RESET line. This has not been
taken to the UK 101's Reset circuitry; one of the reasons for
this being that the Compukit RESET signal does not actually
appear at the expansion socket, Pin 34 is taken instead to a
pair of pads intended for the connection of a pushbutton
which may be used to simultaneously reset all devices wired
to the Decoding Module. Capacitor C4 is used to give a
power-on Reset. 1t does this by simply holding the RESET
line low for a fraction of a second after power-up. A similar
technique can be used on the Compukit itself: connecting
100 pF from pin 40 of the 6502 to earth will ensure that the
D/C/W/M? message appears instantly at switch-on.

The Decoding Module power supply circuitry is quite |
straightforward, and employs a 7805 regulator to produce
+5 voits a1 about 500 mA, and a zener stabiliser to give —5
volts at about 30 mA. The Moduie draws about 100 mA
from the positive supply, leaving ample in reserve for driving
external devices. The negative supply is generally intended
for use with dual polarity analogue i.c.s that will be encoun-
tered in D/A and A/D conversion later in the series, and is
not used by the Module itself.

The power supply requires a 8-0-9V a.c. transformer rated
at 1A. It shouid be possible to tap Compukit's 3A transfor-
mer for this purpose providing it is not already heavily
loaded. .

Large charecters produced by the joystic draw-
ing routine
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CONSTRUCTION

Construction of the Decoding Modute shouid pose no real
difficulties to those axperienced with soldering. It might be
useful to put in all Lo nolders and other componeants before
tackling the through-holes. The positions of these are in-
dicated in the comnponent overlay drawing, and may be iden-
fifed in aimost aill cases as helas surrounded by a square
rather than a round track on both sides of the board. All
through-pins shouid be separately soldered on both sides of
the board, and a check made that both joints are in tact at
the end of the operation, The voltage regulator, 1C10, should
pe mounted on the heat-sink with a 6BA bolt or similar.

Nate that if it is intended to tap Compukit's PSU transfor-
mer to supply the Module, the connection should be mads
directly 1o the transformer tags, and not to the three pads on
Compukit's board. This latter precaution will reduce rmains
hum due to the earth loop, keeping it within reasonably ac-
ceptable limits.

TESTING

After checking with an ohr-meter that the PSU lines are
not shorted to earth, connect the Modute to the 9-0-9 V
supply with the fuse and all i.c.s except IC10 removed. f this
produces b volts, the remaining i.c.s may be inserted, taking
particular care with IC9, since this device may be damaged
by high voltages. With all i.c.s. inserted, the Module shouid
draw about 100mA (measured in series with the 1A fuse).

Next, connact the Maodule t0 Compukit's expansion
socket. This should not cause any significant change in
cureent consumption. f Compukit “locks up’ at this point
and refuses to Reset, then there is probably a short in the 2,
R/W, data or address lines, or the DD line has been brought
permanently low. Chagk for these possibilities with an ohm-
meter {with the Module disconnectad from Compukit and
from its power supply), or by disconnecting the leads to SK1
one at a time until the fault clears,

When all appears to be well, connect a high impedance
voltmeter to pin 16 of SK3. This should read about 4.5 voits.
Ensure that iCBH has been reset, and then execute POKE
61340, 255. This sets port A to output, and should cause
the voltage on pin 16 to drop to about 0.2 volts. Now ex-
ecute POKE 51341, 255 (10 call up the peripheral register)
foillowed by POKE 61340, 256 {to put 1s in the output
register). This should cause the voltage on pin 16 1o rise to
about 4-5 valts, and should indicate that ICs t,2,and 9 are
operational. |f pin 16 refuses to go high on resetting the
6821, this indicates a fault not associated with the
decoding. If it is high, but failed to go low on POKEing
£1340, then the fault couid either be in the connections to
the 8821 or a failure in the deceoding.

IO CPuU DATA E]
LINE 00
7475
TEST 13
PRCE
YEETMETER
lii
b
GEsll e

Fig. 2.5. 7475 Latch for testing the modula

Ta check the decoding you will either need an extremely
good oscilloscope, or a bistable latch. Fig. 2.5 shows 2
741575 latch and inverter wired up for this purpose. The
first point to check is the autput of [C1. Connect this to the
test probe, and POKE any address within the 128 byte block

used (ie 61312-61439) with a 1 and then with a zero alter-
nately. The volimeter on the fatch output shouid foilow this,
so verifying that 1C1 is decoding the base address. The six-
teen outputs of 1C3 may also be tested with the probe. %o
tast for the full operation of the Read circuitry a tristate buf-
fer should be used |see below). Same indication as to the
functioning of 1C4 may be obtained by using the data latch
of Fig, 2.5, This should read a "V’ when connected to the out-
puts of {C4 when PEEK commands are executed at the ap-
propriate atidress,

DIGITAL INPUT TO THE COMPUKIT
TRISTATE BUFFERS

Digital data may be input 0 Compukit gither directly using
the Decoding Module's PIA, or indirectly through the use of
tristate buffers. The function of the latter is simply to keep
petipheral circuits isolated from the CPU data bus until the
exact moment that data is required from it. Fig. 2.8 shows a
tristate buffer buffering a single data line. With X high data
will pass freely to the CPU, but when it goes low the buffer
adopts a high impedance state. Eight such devices would be
required to buffer a full 8-bit data bus, in which case the
Enabie fines X would all be connected 1o the same address-
decoded fine from the Decoding Module. A PEEK 10 the
given address would then aflow the CPU to read the data at
the buffer inputs, and as soon as the Read was complete, the
CPU would return the buffers to a high impedance state.

X

DATA NPUT IO CPU DATA BUS

e Fig. 2.8 Tristate bhuffer on
single data lina

The chief advantage of using this method over the PIA are
its lower cost, and the fact that it does not require initialisa-
tion befare use. This must of course be balanced against the
axtra complexity of wiring involved. There are aiso a number
of mors complex buffers on the market {eg the 74241}
which are easier from the wiring point of view, but this is
offset by their greater cost per bit.

1
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Fig. 2.7. 74L8125 B bit port
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that more input ports are required than the
: adule PIA provides, Fig. 2.7 gives the circuit of a
pair ¢ : 21258 wired as an 8-bit input port that may be
used ; with the Module. The Enable, being active-low,
iz directly compatible with the Decoding Module's non-
inverted Raad lines.

SWITOHES AND JOYSTICKS _

The 6821 and PIA or a 74126 port can be easily used for
the input of information from switches or push-buttons. Fig.
2.8 shows one way in which this may be achieved. The
resistor value of 1k used here is appropriate for either port of
the PlA or for & 74125 port.

interfacing 2 games joystick for digital opearation is also
easify accomplished {the more complex interfacing of
joysticks for analogue control will be dealt with in a later ar-
ticle). The two-axis joystick consists of two linear poten-
tiometers of about 100k mounted at right angles, and can be
convenigntly interfaced in a simitar manner tc the switches.
Fig. 2.9 gives the circuit for a control box containing 4 push-
huttons and a joystick. The 1k resistors may be mounted in-
side the box, and a single 10-strand ribban lead used to con-
nect this to the Decoding Module.

A truth table for the four least significant bits of this cirouit
is shown in Table 2.3. As may be seen, there are nine possi-
ble configurations, including the four diagona! directions.
The great advantage which the use of switches and joysticks
confers over the polled keyboard for games and other uses is
that it is possible to activate any number of switches etc.
simultaneously without blocking the input. In the case of the
joystick zlone this simply means that "diagonal” instructions
can automatically be accepted as weil as “vertical” or
“horizontal” ones. But it also implies that any combination of
the four push-buttons may be simultaneously acted upon.

" 1 is also a simple matter to extract the relevant informa-
tion from the binary data at the port. The easiest way to do
this is 10 use the extremely usefui AND operator in Com-

pukit's BASIC. H this operator is used on decimal numbers

rather than on expressions, it converts those numbers to
binary, and behaves fike a set of eight Z-input AND gates.
Thus the instruction PRINT 13 AND 25 will give the resuit 8.

Converting 13 and 25 to binary and ANDing them we can
see why.

13 00001101
25 00011001
g Q0001001

The only bits which are 1 in both numbers are the first and
the fourth, which gives the binary representation of 9. This
function makes decoding of the joysticks and other digital
data an extremely gasy matter.

To test whether the joystick is in the “up” position one
can simply PEEK the corresponding port and AND the result
with the binary number 00000010, Clearly, the result with
only be non-zero if the second bit of the joystick data is also
nor-zaro’ le if it is in the “up” position. Similar operations
zan be performed for the other three bits, and since each
operates completely independently of the others, the
diagonal positions will automaticaily be catered for, Thus the
foliowing four program lines could be used to move & cursor
in eight different directions across Compukit's screen. X and
¥ are the horizontal and vertical screen positions, and A the
address of the port.

100 IF{PEEK{A}AND 11 >0 THEN Y=Y +1
110 F(PEEKIA] AND 2) >0 THEN Y=Y}
120 IFPEEKIAYAND 4) >0 THEN X=X 1
130 IFPEEK{AY AND B} >0 THEN X=X+1

in crder to demonstrate these principles in aotion, a sim-

ple program is given for screen writing, using the joystick

&
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nl"’ Fig. 2.8. {Left) push button inputs

¢ PORT
Fig. 2.9. {Below) Joystick control
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Tabls 2.3. Truth table for Joystick

Position of Joystick Four Least Significant Bits

P33 P2 P PO

Centre O 4] 8] 4]
Down G a 0 1
Up o ) 1 O
Left G 1 Y )
Right 1 G G o
Down and Left o] 1 G 1
Down and Right 1 o 1 0
Up and Left Q 1 1 0
o and Right t O 1 [

and push-button circuit of Fig. 2.9. The joystick is used to
move a flashing cursor to any point on the screen, and the
four buttons have the foliowing functions: 1 {at bit 4} Draw,
2 Erase, 3 Change character, 4 Clear screen. The program,
which is listed in Table 2.4 is extremely short, but allows in-
tricate graphics werk to be executed on the screen.

The techniques used here could cbviously be implemen-
ted in a number of different ways for games purposes, and
one could easily add 8 second joystick to allow for two-
person games. In next month's issug, when we will be dis-
cussing digitat output techniques, we wit give circuitry and
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