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CONTINUITY
TESTER

Kit of parts: $5.60
PC Board: $2.10
Complete: $7.70

THE THIRD IN OUR ‘TEST PROBE’ TRIO. ..

The Continuity Tester fits into
a toothbrush case.

Jd x1N4148

¥
v 100 R

* See P. 8 ftor
modification.

PROBES

The continuity tester is the third and final
piece of test equipment in the "test probe’
trio

On the face of i1t, a contuinuity tester
seems pretty umimportant and you may be
tempted to use a muluimeter for the job

But 'horses for courses’ is what | always
say. The right toal for the applhication. A
multimeter might be alnght for same
apphcations but if you are troubled with a
nasty fault in a digital project, the
continuity tester is faster. better and
easier to use than anything else.

Itis specially designed for the job and has
three very interesting features.

Firstly it gives an audible indication so
that you can keep your eyes on the job.
This is important when making a
continuity check between adjacent pins
of a 40 pin IC or on a closely packed bus
network such as the data or address bus.

5)8[] 547 mint [

SPEAKER

BC 547

CONTINUITY TESTER CIRCUIT

You cannot afford to take your eyes off
the board as either the probe will slip o
the track or you will miss one of the lines!

Secondly, its response-time s very brief
so that you can make contact n a
sweeping or stroking motion so that a
number of lines can be swept in the one
operation.

And thirdly, the continuity tester
responds only to a definite short circuit or
one in which the resistance 1s 150 ohms
or less.

It will not respond at all to values above
180 ohms and most important 1t will not

respond to the voltage drop across a
diode.

This is where the multimeter falls down.

When you are measuring between some
of the lines in a digital circuit, the
impedance will be quite low or a
protection diode will be in the circuit.

POWEHR
SWITCH
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RED LED

PARTS LIST

- 100R Yawatt

- 120R (for mod.)
220R

- 1k

- 100k

P e e
¥

- TuF electro

- 1N 4148 diode

BC 547 transistors
- BC 557 transistor
- Bmm red LED

- Mini speaker

prp—— A ha

1 - DPDT slide switch (or SPDT)
2 - AAA cells

1 - paper clip
10cm tinned copper wire
50cm Hook-up flex

1 - CONTINUITY TESTER PC BOARD
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The resultant reading on a multimeter will
be low (nearly full-scale deflection) but it
will be difficult for you to determine if the
meter is picking up the voltage drop
across a diode or detecting a very low
resistance. Apart from this., the time
taken for the needle to swing across to its
final reading, makes the multimeter
approach very slow,

The continuity tester eliminates these
problems.

We have found 1t invaluable for
diagnosing the TEC's that have come in
for repair. Most of the problems have
been shorts between lands or open
connections in one of the buses.

This 1s how we use the tester:

Once we have established that the fault
lies in the trackwork (all the chips have
been replaced and the system remains
dead) we test each pin of the Z-80 against
every other pin of the chip. This is actually
40x40 tests and by using the continuity
tester it is simplified to only a few
operations.

Firstly place the wander lead on pin 1.
With the tester turned ON, start at the top
of the other side of the chip and quickly
wipe the probe down the 20 pins. Repeat
for pins 20 to 1. The only time you will
hear a beep i1s when the two probes
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touch. |If a short beep is heard at any
stage during the test you should go back
and determine if the two lines are joined
or if a fault exists.

Continue this procedure with pins 2, 3. 4
etc and very soon you will have covered
all 40 pins.

By doing this you will have also covered
the bus lines on the EPROM and RAM.
however they can be individually checked
if you like.

The next part of the diagnosis is to check
the continuity of each line in the data and
address bus. For this you will need a
circuit diagram and pin-out data. Start at
data line DO and check DO onthe EPROM
and also the RAM. If a tone i1s heard, the
line 1s continuous.

Itis essential to carry out all these checks
as you.don't know the exact location of
the fault and most faults will be found
with a systematic approach.

HOW THE CIRCIT WORKS

As we have mentioned above, the circuit
detects resistance values of 150 ohms or
less between the probes and allows an
oscillator to turn ON and produce a tone
in the mini speaker.

A LED is also included on the board to
indicate when the unit is switched ON as
the electronics consume about 2-4maA
and thus the battery would eventually go
flat if the tester were left on for long

periods.

Actually the circuit doesn't detect
resistance at all. It detects threshold
voltage across the base-emitter junction
of a gating transistor.

When the tester is in the "rest’ state, the
first transistor is turned ON and this
inhibits the oscillator.

It gets its turn-on voltage via the 100R
resistor. The 3v supply is passed through
3 diodes which drop a total of 1.9y,
leaving 1.1v for the base bias

When the transistor is turned ON, the
base-emitter voltage (the junction
voltage) is .7v and thus .4v 15 dropped
across the 100R resistor. This means we
have only .4v leeway for the batteries and
when they drop to below 2.6v, the tester
will fail to work. That's why we have to
conserve battery voltage as much as
possible by putting an indicator LED on
the project to prevent it being left on,

0.4y across the 100R resistor delivers
4mA into the base of the gating transistor
and this keeps the oscillator circuit in the
OFF state.




When a resistance of 150 ohms or less is
placed between base and emitter, the
voltage on the base falls sufficiently to
turn the transistor OFF.

This allows the 2-transistor feedback
oscillator to come Into operation and
produce a tone in the speaker.

A diode placed between the base and
emitter of the first gating transistor will
have no effect on the circuit as it will
allow Bv to .7v to be present across the
probes and thus the first transistor will
not change state. The voltage mustdrop
to .5v orless for the circuit to change and
this requires a resistance of about 200
ohms.

The two transistor feedback oscillator is
set into motion by the 100k base bias
resistor.

This turns on the first transistor and thus
its collector voltage falls. The collector is
connected to the base of the second

transistor in the oscillator and this is also
turned on.

The result of this action i1s to raise the
voltage of the collector and as you can
see, the mini speaker is connected to this

lead. Thus a voltage appears across the
speaker.

Also caonnected to the collector is a8 TuF

electrolytic and 1t 1s presently in the
discharged state.

As the voltage on the collector rises, it
pulls the electrolytic up with it and since
it is uncharged, the other lead 1s pulled up
too.

This causes the base of the first transistor
to be turned on hard and very soon we

have a situation where both transistors
are SATURATED

The next pomnt to understand 1s the
voltage across the electrolytic under
discussion. Its negative will be at .65v
and its positive will be at about 2.4v. The
electro has effectively been stretched
between base andrail and its important to
understand that the base voltage cannot
rise above .65v.

The circuit sits in this condition while the
electrolytic gradually charges a little
more and this causes the base of the first
transistor to turn off shightly.

This is passed to the second transistor
which also begins to turn off.

In a short period of time the voltage on the
collector falls slightly and this drop is
transferred directly the first transistor via
the electrolytic. Very soon we have a
situation where the first transistor is
turning the second off and the second is
turning the first off. Both are now
completely OFF and the 100k resistor
takes over to start the process again.

CONSTRUCTING THE TESTER

All the components are mounted on a
small PC board that is designed to fit into
a toothbrush case. There are a number of
suitable cases and even the small size will
fit the board. At first we thought the soft
type of case would not be suitable but
after Paul tried it. we found it was the
best. The soft plastic is more durable and
will not fracture if dropped or bumped.
The rigid styrene cases tended to crack
very easily and one of ours was crushed
under foot when it fell on the floor!

The case is the first item to purchase and
it will give you a guide as to the maximum
height allowable for the components. If
some of the parts are too high, they can
be bent over and it is important to know
about this before you start,

Next you need to determine the type of
switch you will be using. The board will
take two sizes: a mini single pole double
throw or a mini double pole double throw.

Depending on which one you intend to
use, the appropriate holes must be drilled
in the PC board.

Once this is done, the components can be
mounted,

Start assembly at one end of the board
and fit each part as you come to it. The
mini speaker can be inserted either way
around as it is not polarity sensitive but
the LED, transistors, diodes and

electrolytics must be fitted as shown. If
you are not sure about the placement,
don’t quess, refer to data or get someone
to assist you.

The probe is made from a paper clip that
has been straightened at one end and
bent into a hook at the other so that a
strong solder connection can be made.

The two batteries are soldered to the
board via short lengths of tinned copper
wire. This will keep them firmly together
and keep the whole assembly rigid.

The wander lead has either an alligator
clip or E-Z clip attached and this allows it
to be connected to one rail of the project
under test so that the probe can be used

to go over the rest of the board in the hunt
for the fault.

When everything has been soldered in
place, slide the switch ON and the LED
will illuminate. Touch the two probes
together and the oscillator will emit a
tone.

TESTING THE UNIT

You will require a diode, 180R resistor
and a 220R resistor.

Place the probes across the diode, firstly

one way then the other. The tone should
not be heard.

Place the probes across the 180R
resistor, The tone should be emitted.
Place the probes across the 220R
resistor. The tone should not be emitted.

You may find the tester will operate on a
resistor which is one value higher or
lower than this. The actual value will
depend on the battery voltage and the
base-emitter junction voltage of the

.
L ]
.

A close-up of the Continuity Tester and PC board hefore the
modification to the front end. See details of this modification

on page 8.

The tester can be housed in a tooth-brush case and the soft-

type cases are the hest as thur don’t crack. It can then be
added to our two other pieces of test equipment to make a very
valuable trio for testing digital Imsinnls, es uuiallr Prncu:snr
designed projects, as these will be the products of the future.

Each time the circuit "‘cycles” the
speaker produces a ‘click’ and since
these clicks are produced in rapid
succession, the result is a pleasant tone.

TALKING ELECTRONICS No. 14 7



gating transistor. But don't worry too
much about the actual turn-on and turn-
off values as most bus lines in computers
have resistors of about 470R in their lines
and the tester will not detect resistance
values above 330R.

IF IT DOESN'T WORK

If the Tester does not emit a tone when
the two leads are touched tegether,
follow these steps:

Remove the gating transistor (near the
input probe) and turn the unit ON. This
should allow the tone circuit to operate.
If not. check the value of the Tk and 100k
resistors and also their positions. Next
check the 1uF electrolytics. Check also
the BC 547 and BC 557 transistors. They
cannot be swapped over. Finally check
the speaker with a multimeter set to
ohms to make sure it has continuity.

You can determine if the oscillator is
jammed in the ON mode or OFF mode by
taking a current reading across the
switch. If the current is more than 20mA,
it is jammed in the ON mode and this
means the BC 547, in the oscillator, is
conducting.

The transistor could be shorted between
collector and emitter or the TuF feedback
electrolytic is open circuit.

Create a short between the base and
emitter of the BC 547 to start the circuit
into oscillation or replace the TuF with
100n.

Remember, the mini speaker is a special
BOR type and this value must be
maintained for the circuit to work

properly.

If the circuit is jammed in the OFF mode,
either of the transistors in the oscillator
may be open circuit or incorrectly fitted.
Try new transistors.

If the circuit remains in the OFF state,
remove the 1TuF feedback electrolytic
between the speaker and 100k and the
circuit should turn ON.

If it does, the fault will lie in the electro
being either a short circuit or very leaky.

Once the tone circuit operates, the only
other stage to be checked is the gating

transistor.

If it fails to turn the tone off, the fault will
lie in the base bias.

-100R-
3 x 1TN914
PROBE

GND

Using the continuity tester on the BUS

Check the voltage of the batteries. They
should give at least .1v drop across the
100R resistor. |f there is no voltage drop,
check the voltage-dropping diodes. They
should drop .65v each. Also check the
supply voltage. It should be higher than
2.6v.

If the gating transistor still fails to turn the
tone off, replace it. You may have
damaged the base-emitter junction.

This should be sufficient to get the Tester
working.
help you.

If not ask another hobbyist to

lines of the TEC.

HOW TO USE THE TESTER

The project you are going to test must be
switched OFF and no part of it should
have any voltages present.

This is because the input of the Tester
connects directly to the base of a
transistor and any voltage over .7v will
destroy the junction.

Switch the Tester ON and the indicator
LED will illuminate. Touch the two
probes together and the tone will be
emitted. This is the tone you will be
listening for during the tests.

Itis important to have a set plan of attack
as lots of tests will be required for even
the simplest of circuits and a logical
approach will prevent you going over the
same area twice or missing a test,

MODIFICATION

After using the Continuity Tester for over
3 months, with total success, we decided
to present 1t in TE.

Then Paul came up with a simple but
clever modification that would allow the
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probe to detect down to 47 ohms and also
provide a safety feature for the first

transistor.

it is simply the addition of a 120 ohm
resistor between the base of the first
transistor and the probe.Firstly this will
act as a limiting resistor to prevent
damaging the base of the transistor,
should the probhe be placed across power
rails of a project when the voltage is

present.
* INg14

— 10OR

\

PROBE
!I BCH47

—y——{ 120R

B

The 120R is added in series with the
probe to protect the lirst transistor.

Secondly it reduces the input range so
that the probe detects values from zero
chms to about 47 ohms.

Whereas we have been careful to turn off
the supply to any project under
investigation, the idea of directly
connecting the base to the probe is not
wise. |t means any voltage above about
.7v will have the capability of damaging
the input transistor.

This mod overcomes the problem and
makes it more robust in use.

The modificationis carried out as follows:

-10 a4
3 x 1NO -
PROBE

GND

The mod on the

front-end of the tester. The 120R is on
the underside of the board.

Descolder the probe end of the 100R
resistor and take it directly to the base of
the transistor. Refer to the diagram for
this. Cut the track between the base of
the same transistor and the probe. Solder
a 120R resistor between the base and the
probe, either on the underside of the
board or on top, so that it looks as neat as

possible.

You may need to use a higher or lower
value, according to the characteristics of
your probe and experimenting will

detarmine this.

This will make the probe relatively
indestructible and | hope you find as
much use for it as we have.

Quite honestly, it has found cracks and
dry joints that the eye missed and has
fixed at least 10 TEC's in the past 2
months. I'm sure you will like it.



Kit of parts: $90.60
PC Board: $24.30
Complete: $114.90

TEC-1A:1B

TALKING
ELECTRONIGS

TEC 1A's can he converted to TEC
1B's hy ading a push button, a 47k
resistor and a diode. When you
update to MON 2, the SHIFT function
allows INSERT and DELETE and a
number of other commands.

PART V_

Features in this article:
% Crystal Oscillator
* Input/Output Module

COMPUTER

TEC 1B with SHIFT KEY FITTED.

This is the fifth article on the TEC and
quite frankly we have only just scratched
the surface up to now.

The more ideas you try, the more you
realise the potential of programming.

We have received a number of pro-
grammes for the 7-segment displays as
well as the 8xB8. These have been
included in this article and also a few
more hints on programming in general.

But before we get onto the programmes,
there are a number of loose ends we have
to tidy up, to bring the documentation up
to date.

So far there have been 4 different models
of the TEC and although the changes
have been slight, they have not been put
down on paper.

As far as the software is concerned, all
models are compatible as the only
modifications have been in the hardware.

The output latches have been changed
from B212's to 74L.8273's, the 2200uF
filter electrolytic changed to 1000uF and
the 7805 mounted under the board so
that its leads cannot be bent or broken.

The rest of the design remains
substantially the same with the only
addition being a shift button near the
keyboard.

This button allows the keys to have a
second function and we have already
described these in issue 13.

Kits are now supplied with both the 1B
ROM and also MON 2 ROM. Itis possible
to fit both programs into a single 2732
and to select either one program or the
other requires a shde switch to take pin
21 HIGH or LOW. With this you can get
the best of both monitors,

The computer can be switched between
one MONitor and the other by pressing
the reset button and while it is pressed.
the slide switch is changed. When the
reset button is released, the other MON
will come into operation,

The following is a reprint of an

information sheet supplied with the latest
kits:

THE 2732 MONITOR

Both MON 1B and MON 2 are inthe same
chip and is called MON 1B/2. The MON
1B program has been placed in the upper
half of memory so that when itis placed in
the TEC, the MON 1B section will run and
the computer will display 0800. You can
now access all the games, tunes and
running letter routines as covered in
issues 10, 11, 12 and 13.

The MON 2 routine is more advanced and
does not contain any of the games.
Instead it has a SHIFT routine that
enables you to insert bytes into a program
by shifting all the higher bytes, and the
byte at the present address. up one
location. And a delete function, as well as
a number of other routines that have been
covered in issue 13,

cut— \! L.

|

L|NK|

When you want to accesss the MON 2
program, a switch must be fitted to the
board so that pin 21 can be taken to
ground. This will enable the lower half of
the 2732 to be brought into the system
and thus run the MON 2 listing.

The diagram above shows how to fit the
mini slide switch to the two halves of the
link that has been cut as shown.

You can switch from one monitor to the
other at any time by pressing reset and
altering the switch.

If you are writing a program using the
MON 1B, it is best to start at 0900, so
that when (if) you want to use the INSERT
or DELETE functions, you can change to
MON 2. use the function and then change
back to MON 1B.

Gradually you will realise it is best to use
MON 2 for most of your programs.

There are two major differences between
MON 1B and MON 2. MON 1B uses a
simple routine that places the value of a
key directly into the accumulator,
without firstly saving the value of the
accumulator. Thus its original value is
destroyed. MON 2 loads the key value
into location 08 EQ and thus your program
must include an instruction that looks at
this location for the value of the key.

Unless you load directly into the A
register.

Simple programs designed for MON 1B
will not run on MON 2 if they include a
key press: unless they are altered
accordingly.

TALKING ELECTRONICS No. 14 8§



The second difference is the start address
for programming. MON 1B starts at
0800, while MON 2 starts at 0900.
Programs written at 0800 cannot be
successfully modified via the insert and
delete functions as they will run into part
of the scratchpad area for the MON 2
system.

The following diagram shows how to add
the diode and resistor for the shift
function. The diagram in issue 13 was not
clear and this is an improvement:

ADDING SHIFT TO
TEC 1 AND 1A.

+bv

We had an interesting fault in an 8x8 last
week. It is interesting because the
knowledge we gained applies to other
projects where LEDs are driven in
parallel.

A constructor built the 8x8 and was not
happy with the output of about 3 of the
LEDs.

He went to his local electronics shop and
bought a few replacements.

After fitting them, he was quite surprised
that they did not work at all! So he rang
us. At this particular point In time we
were not familiar with the fault and did
not know how to advise him. So we
suggested he call around with the

project.

number to indicate the number repeats.
(This is called a recurring number or
recurring fraction).

The letter W is displayed as a small ‘u’
with a bar over the top. for the same
reason. The letter ‘U" i1s displayed as a
capital letter while V is a small "u’.

The letter ‘X' is displayed as part of a
cross and Z is shown as two angles in
opposite corners of the display, and looks
quite readable.

The only letters which require inter-
pretation are 'K’ and "Q".

Ten other characters have also been
included such as a question mark and
‘equals’ as well as a reverse bracket to

After the keys have been added and
everything is operating satisfactorily, the
letters and numbers can be applied to the
tops.

Firstly clean the buttons with
methylated spirits and apply the rub-
down letters. Cover them with clear nail
varnish to protect them. If you want to
add another layer, wait for the first to dry,
otherwise the letters will smudge!

NOTES ON THE 8x8 DISPLAY

The 8x8 has been modified to include
sinking and sourcing transistors as
described on P 27 of issue 12 and all kits
now include 16 transistors and the
necessary current limiting resistors.

This results in the LEDs being driven
harder and increases the brightness of
the display noticeably.

This is important when multiplexing as
each LED will be turned on for only about
one-eighth of the time and if sufficient
current is supplied during this instant, the
LED will appear to be on for the total
period of time with an acceptable
brightness.

The reason why the LEDs failled to
illuminate was due to the higher voltage
needed to turn them on. Even if this is
100mV or so, the result will be the LED

will not turn on at all. (See the experiment
in Stage-1, P 9)

It is important that LEDs are matched
according to this characteristic voltage,
for situations where they are placed in
parallel. The 8xB is one example as the
LEDs are effectively in parallel when the
whole screen is being illuminated in a
non-multiplexed situation.

DISPLAYING LETTERS AND NUMBERS

The 7-segment display is quite a unigque
unit. It will display all the numbers from 0
to 9 as well as many of the letters of the
alphabet.

There are only about seven letters that
cannot be readily displayed and for these
we will have to make a compromise.

The letter M is displayed as a small 'n’,
with a bar over the top. This corresponds
to a feature in mathematics where a dotis
placed over the first and last digits in a
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assist in displaying mathematical
SHIFT Some time later that day he arrived and problems.
we noticed the first difference was the
-- colour of the LEDs he had used. They — oF
Q=D ~ were less opaque than the rest and the ﬁ‘; Eb ? = i
PIN 9 crystal inside the LED could be re:za_dil",,'r C=C3 S :
P IN 14 seen. This did not disturb us as the light D = EC - 04
740923 IN914 /-8 output of the LEDs was our prime E = C7 ' — 3:
concern. F =47 . = 10
. G=E3 " -
When we tested it, sure enough: the 3 H=6E <7 . = ::L
TEC 1A/1B CONSTRUCTION HINTS: LEDs did not light up. 1 =128 |__1 — = 10
The output latches for the Iatgst TEC's On measuring across the new LEDs with iz_ﬂ L - = f 85
are ?4L$2?3 s and the dotted link below a multimeter set to low ohms, the voltage L =- C2 ) = oF
each chip is fitted. drop across the crystal was slighth,r M = 65
The 7805 regulator bolts directly under higher thantherest. (Wiehwe are taking N =6B
4 e 56 I g y b alal i a measurement like this, the swing of the O - EB
the oard an : : : | —
compound can be applied to assist heat needle |s th”"g taken as.a voitage drnp P = 4F
p We are using the 3v suppy in the multi- — 3F 1 = 128
transfer. meter to provide the LED with voltage and 2 — a4 2 = CD
: the needle tells us the characteristic — — AD
The small link from pin 4 of the 74L.5138 S = A7 } =
IN/OUT decoder rnupst be added. Itcanbe VeHgR GEB@ Aaabs; i coy SRl T= i":h. 4 i iﬁ
cut later if expansion is required. We then got three LEDs from our stock g - Eo E ; E'.??
About 58 empty holes will be on the board 3?:;1?5 S;LE: ;:: ;r': rtahn;E;?:Z ”;::Eg 'W_: E1l ; f. i‘}
after construction. Some provide for majority in the display and when we fitted %: i}.‘ 9 — AF
expansion while others are unused. them, the whole screen lit up perfectly. 7 = Co o — EB

TESTING A BLANK 2716 FOR FF's

After erasing an EPROM, suchasa 2716,
it is wise to make sure it is entirely blank
before reprogramming it. The program
that follows does just that. It does not
inform you of the location or locations
that do not contain FF, but rather the
screen goes blank and stays blank if a
location has not been fully erased.

If all locations contain FF, the TEC resets
via the MONitor program to the start-up
address (either 0800 or 0900). This
program can be placed anywhere in RAM

and will work with either MON 1 or MON
2.
- hy James Doran. 3218

11 00 08
21 00 10
7E

FE FF
20 07

23



As promised, a larger photo of the robot arm. If
you have buit anything like this, why not take a

photo and send it in.

Your ideas. combined with others, will help us

to present an article.

MON 2 HEX LISTING:

For those with the TEC 1B and an
EPROM BURNER, here is the hex listing
for the MON 2.

With this you can make your own MON 2,
and save the cost of conversion,

Insert the data 0800 on the TEC. and
continue through to 0Db4.

Go through the program at least once,
checking each of the values to make sure
a mistake has not been made. A single
mistake can mean the di HFrEm:E
between perfection and failure.

MON 2 HEX I.ISTING FOR TEC IB

0000 oz FF
0004 F:F FF FF FF
coo8 1A Co o8 Eg
000C FF FF FF FF
0010 1A Cz 08 Eg
0014 FF FF FF FF
0018 2A C4 08 Egq
001C FF FF FF FF

0114 1C
o118 Il-'. lb 10
o11C 12 77 14
0120 26 HA 18
0124 2A SF 2D
0128 2F §4 32
012C 1315 4B 138
o130 3C 43 3F

8E
7F
71
64
59
50
47
3F

0020 1A Cb 08 Eg 0134 43 3C 47 38
ooz4 FF FF FF FF 0138 4B 35 50 32
o028 %.:: ;‘.:: 2_! Eq 013C s54 2F 59 2D
o02C F FF 0140 SF 2A b4 18
o030 1A CA 08 Eg u:L bA 126 7'1‘ 24
0034 FF FF FF FF 0148 77 22 7F 20
0038 2A CC 08 Ej 014C 86 1E BE i1C
003C FF FF FF FF DI50 96 1A 94 19
co4o FF FF FF FF DIS4 A9 18 By 16
o044 FF FF FF FF 0158 BE 15 C9 14
o048 FF FF FF FF 015C Ds 13 E1 11
004C FF FF FF FF otéc EF 11 FD 10
oos0 FF FF FF FF oit4 FF FF FF FF
oos4 FF FF FF FF oib8 FF FF FF FF
oos8 FF FF FF FF o16C FF FF FF FF
00sC FF FF FF FF o170 Cs5 Ds Es5 Fs
oobe FF FF FF FF 0174 A7 20 0% §F
ooty FF FF Fs DB o178 18 ox1 1E 8o
oot8 00 32 Eo o8 017C 21 o0 o1 87
oobC F1 ED 45 FF o180 B85 oF 4E 13
o070 FF FF FF FF 0184 46 7B D3 o1
0074 FF FF FF FF 0188 10 FE 46 AF
o078 FF FF FF FF 018C D3 o1 1o FE
007C FF FF FF FF o190 0D 20 F1 Fi
oo80 EB 28 CD AD 0194 E1 D1 C1 Cy
o084 2E A7 E7 19 0198 FF FF FF FF
0088 EF 2F oF Eb 019C FF FF FF FF
oo8C C3 EC C7 47 01A0 Fs Es 1A D¢
0090 El bb 28 ES8 01A4 08 7E FE FF
0094 Cz 2D bB 0IAB 20 03 E1 Fi
0098 l‘-:!! 4F 2F 4B 01AC C¢ FE FE 218
009C A7 46 EA Eo oiBo F1 13 CD 70
00A0 AC A4 AE Cq 01B4 o1 18 EE FF
00A4 10 08 18 04 01B8 FF FF FF FF
00A8 1C oo FF FF 01RC FF FF FF FF
::;c E:‘ :‘f ﬂ-‘ ﬂ-" 01Co 2t DF o8 CB

) p1C & 20 07 CB
00B4 FF FF FF FF n:c= i‘:b CB I.I,EL C3
ooB8 FF FF FF FF 0oiCC 78 o3 CB 86
ooBC FF FF FF FF o1De CB CE C3 78
ooCo 1B 18 I1E 1D oiD4 o3 FF FF FF
o0oC4 12 17 oE 19 o1D8 Cs o6 80 CD
ooC8 oB 112 19 17 01DC Ao o2 10 FB
00CC 12 oC 124 129 otEo Ci1 C9 FF FF
coDo 219 29 29 19 01E4 ED 4B D1 o8
ooD4 FE 1C 1D 18 01E8 CD g0 o4 CD
ooD8 17 oE FF FF otEC 70 o2 C3 78
ooDC FF FF FF FF otFo o3 FF ED 4B
00oEo CD 89 o1 03 01F4 D4 08 CD g0
00E4 18 o4 CD 89 oiF8 o4 CD 70 o2
00ES8 o2 oB CD g0 OIFC C3 78 03 FF
00EC o4 CD 70 02 ozo0 ED 73 E&8 o8
ooFo 11 DF o8 CB 0104 31 o0 09 Fs
00F4 C& CB SE C3 o108 Cs Ds Es DD
ooF8 78 o3 FF FF 020C Es FD Eg o8
00FC FF FF FF FF o210 D¢ F§s C5 Ds§
o100 FD 10 10 FD o214 Es ED 57 F§
o104 11 EF 12 E1 o218 AF 32 CC o8
o108 13 Ds 14 Co 021C 32 CD o8 3E
o1oC 15 BE 16 B3 nzz0 FF 32 Eo o8
o110 18 A9 19 9F ot24 C3 40 o2 FF

0z18
022C
0230
0234
0238
023C
0240
0244
0248
024C
0250
0264
0268
025C
0160
0264
0268
216C
0270
0274
0178
027C
oz80
0184
01688
028C
02990
0194
0298
o29C
DIAD
0ZA
02AB
0zAC
0zBo
ozRyY
0zB8
02BC
0z Co
021C4
0z2C8
0z2CC
ozDo
01Dy
ozxD8
oxDC
0z2E0
02E4
0zES
02EC
ptFo
02F4
o1Fd¥
0zFC
0300
0304
0308
o30C
0310
0314
D318
031C
0310
0314
0318
032C
0330
0334
0338

FF FF
FF FF
FF FF
FF FF
FF FF
31 Co
D3 o1
11 Bo
DB o8

o0 ED

70 012
CD 70

FF
FF
FF
FF
FF
08
D3
00
o1
BO
3E
o1
70
L ¥
AO
03
FF
cs
Eb

oF
08

31
El
D8
07
8b

FF
FF
FF
FF
FF
AF
01
11
05
ch
o8
3E
01
DF
01
18
FF
CD
Fo
oF
oA

DD
Fi
0B
07
47
07
L]
FF

033C
0340
0344
0348
034C
0450
0354
0358
035C
0360
0364
0348
036C
0370
0374
0378
037C
0380
0384
0388
038C
0390
0394
0398
039C
03A0
03A4
03AS
03AC
0yBo
03B4
o3R8
03BC

03Co
03Cy
03C8
03CC
o3Do
03D4
o3D8
e3DC
0s3E0
03E4
03ES
03EC
03 Fo
03F4
03F8
03FC
0400
0404
0408
040C
0410
0414
0418
041C
0410
0424
0428
042C
0430
0434
0438
043C
0440
0444
0448
044C

o1 0b 20 10
FE AF D3 o1
Ci1 D1 E1 Fi
C9 FF FF FF
FF FF FF FF
11 B0 00 1A
85 6F 7E 13
21 DF o8 Cy
FF FF FF FF
Fs Es 21 Eo
o8 3E FF BE
28 oE 7E Eb
1IF CB 6E 120
oz Cb 14 C3
AB 03 FF FF
E1 F1 C9 FF
FF E1 F1 Cy
FF FF FF FF
CD 89 o0z Cs
DD E1 DD 23
DD Es Ei1 7C
FE 40 28 o8
DD %E oo DD
77 FF 18 EE
3E oo 32 FF
3F CD 70 o2
C3 78 o3 FF
Ct o1 CD 70
01 C3 21 04
CD 89 02 oB
DD 21 FE 3F
DD 7E oo DD
77 o1 DD 2B

DDES E1 79
BD 20 F1 98
BC 20 ED DD
3t o1 oo CD
70 02 C3 78
03 FF FF FF
Es Fs DD Es
Cs AF 32 DF
08 ob 06 21
D8 o8 3E 19
77 23 10 FC
2A Do o8 7E
FE FF 20 ob
Ci DDE1 F1
E1 Cq¢ FE FE
28 EE DD 11
D8 08 ob 0§
DD7E o1 DD
77 oo DD 23
1o Fb 7E 32
DD o8 123 ob
40 CD Ao o2
i0 FB 18 D3
FF FF FF FF
FF Db o1 136
FF CB 67 Cz2
Co o4 CB &F
Cz Co o4 21
DF 08 CB 4b
CA 55 04 §7
CD 89 o0z 11
DF o8 CB SE
10 03 AF CB
DE 07 07 07
07 E& Fo 82
oz CD 70 o012

0450
0454
0458
045C
0460
04b4
0468
046C
0470
0474
0478
047C
0480
0484
0488
048C
0490
0494
0498
049C
04A0
04A4
04A8
04AC
o4Bo
04B4
o4B8
04BC
04Co
04C4
04C8
04CC
o4Do
04Dy
o4D8
04DC
04E0
04E4
04ES
04EC
04Fo0
04F4
04F8
04FC
0500
0504
0508
050C
0510
0514
0518
051C
0520
0514
0528
052C
0530
0534
0538
053C
0540
0544
0548
054C
0550
0554
0558
055C
os5ko
0564

C3 7D o3 FF

FF §7 21 DF
o8 CB 9E CB
b6 20 OB o1
oo oo CD 90
o4 CB Ebt CD
89 02 78 07
07 07 07 Eb
Fo sF 79 07
07 07 07 Eb
oF 83 47 79
07 07 07 07
Eb Fo 82 f
CD g0 o4

70 o2 C3 7D
03 FF FF FF
Fs Es5 21 D8
o8 78 Eb Fo
07 07 07 07
77 23 78 Eb
oF 77 13 79
E6 Fo 07 07
07 07 77 13
79 E& oF 77
E1 F1 Cg FF
FF FF FF FF
FF FF FF FF
FF FF FF FF
21 DF o8 CB
9E CB At FE
10 CA Eo o0
FE 11 CA Eb
00 FE 12 CA
oC 03 FE 13
CA Co 01 FE
14 CA 50 os
FE 15 CA FF
FF FE 16 CA
FF FF FE 17
CA Fz2 o1 FE
i8 CA 70 o5
FE 19 CA FF
FF FE 1A CA
FF FF FE 1B

CA FF FF FE
1IC CA 60 ob
FE 1D CA FF
FF FE 1E CA
FF FF FE 1F
CA FF FF FE
10 CA FF FF
FE 21 CA FF
FF FE 12 CA
FF FF FE 123
CA FF FF FE
24 CA Bo o3
FE 26 CA 84
03 FE 26 CA
FF FF FE 17
CAE4 01 C3
78 03 FF FF
FF FF FF FF
FF FF FF FF
FF FF FF FF
CD 89 o0z &0
&9 3A E1 o8
23 BE 120 FC
44 4D CD 90
e4 €3 53 o2
FF FF FF FF
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HOW THE CIRCUIT WORKS
(and a general discussion.)

The circuit diagram is TALKING
ELECTRONICS COMPUTER 1B
(TEC 1B). It is a 9-chip, single-board
computer capable of executing Machine
Code commands and displaying the
result on either the inbuilt display (a set of
7-segment displays) or on other displays
via the expansion socket.

The expansion socket is configured
identical to the RAM socket and is
accessed via line Y2 of the ROM/RAM
decoder 74L.5138, at the top right-hand
corner of the diagram.

The computer starts-up via a MONitor
program contained in the 2732 and two
monitor programs are in this chip,

The MON 1 select switch takes address
line A11 LOW for the low half and HIGH

for the upper half.

The other major change between TEC 1
and TEC 1B is the output latches. They
were originally 8212's but now
74LS5273's have been used. These are a

modern chip and are more readily
available.

STARTING UP

When the power is applied to the

computer, the reset line on the Z-80 1s
taken low for an instant via the 100n
capacitor and this resets the internal

workings of the Z-80.

Its first operation is to look for the first
byte of data at address zero. in the
monitor. Depending on this being a one-

contains 11 lines while the data bus
contains 8 lines. The data bus is always 8
bits wide for a Z-BO processor and this
gives it the name '8-bit system .

The address bus is a ONE-WAY bus in
which the Z-B0O activates the lhines and
turns them on and off using binary
notation to generate an address value.

When all lines are LOW. address zero is
represented. When line AO is HIGH,
address 1isrepresented. The Z-80 has 16
address lines and address 1 1s:

0000 0000 0000 0001. When line A1 is
HIGH, address 2 i5:0000 0000 0000 0010

The address lines connect to a number of

chips but only one will respond due to a
‘turn-on’ line called a command line being
required to be activated.

74LS273

L ]
FNDS00 "
'Eﬂﬁi? ‘+
= 14 12
OF 34545
[ |
— r~
= i
7]
ol
-
+5V
bf+ { 330R +5V
100R BCS547 =
T

When the ROM select switch is HIGH,
MON-1 program is accessed and the
computer displays 0800. When the
switch is LOW, the computer displays
0900 and the MON 2 program operates.

This has been done so that the TEC 1B is
compatible with the original TEC 1 and

it can be upgraded by adding a monitor
switch and a programmed 2732 EPROM.

The original TEC 1 had a 2716 EPROM
but these chips are no longer
manufactured and thus a 2732 is now
used. When a 2732 is placed in a 2716
socket the upper half of the chip is
accessed and thus MON 1 program has
been placed in the upper half.

L8

&
i5
17

LB

74C923
KEYHOARD
ENCODER

=1

121,

TEC 1B COMPUTER CIRCUIT

byte, two-byte or three-byte instruction,
the Z-BO will execute it or request one or
two more bytes.

The flow of information from the Z-80 to
the other chips is via two buses. They are
the ADDRESS BUS and DATA BUS. In
addition, there is a set of control lines
(sometimes referred to as the control bus)
that activate (generally) one chip at a
time.

All signals within the computer are at a
level equal to rail voltage (called HIGH) or
ground (called LOW), For this reason they
are called digital circuits,

The shaded paths of the diagram
represent buses and the address bus

12 TALKING ELECTRONICS No 14.

These command lines are called chip
select, chip enable or output enable and
this allows only one chip to be activated
at a time.

The chip select lines are the outputs of a
decoder chip and this chip is "turned on’
by the Z-80 and only one of its outputs
goes low at a time,

It is a 3-line to B-line decoder and this
means it has 3 input lines and depending
on the HIGH-LOW values on these lines,
one of the outputs will go low.

This is a form of expander so that a single
line from the Z-80 (e.g. from pin 19 or 20)
can control 8 devices.



TO 2ND RAM 44—

L5y
=10
>
4 13
ADDRESS BUS =l AL0d (AL LY LT E
39 2 2
J 4 G_“_ 18 fy Cl3 3 8
= L con] 7315138
5 5 13 4 9 B
+5V . 4 44
Al
33
ara oy e
31 e
A0 330 ®
o
o I WRi22 T & <
=
ki T
4 | 16 10k }——4
- TO 2KD Z80
HAM/PORT WAILT
O - 24 ¢
= CPU 10K
25jBUS I0K
=
-
_{]_J 26 RESET
13 1 RST
D 10 1000
D% T +hHY |
41 7 _{_
‘. i) win)) 4049 =
DATA BUS 05 n 2 ¥ a4~ 6 _~
DATA ; 12 b 3 . o /
15 - . N
01s .20 M 1004
- ¥4 —_— 2K2 >
A % L7or) =
LT 1 | I
SHIFT +5y = SPEES
To Pin14 L
“——5 o—«¢ +—{ 47K AT
. | 74C923 : : :
The top right-hand decoder is called the - R '““?"T_ﬂ““d" stored In “AMh will only be
ROM/RAM decoder and the lower left- didd St ie L IS IR e T
hand. the IN/OUT decoder aqphed as the flip flops storing the data
The 2Z-80 immediately ceases all will not hold their state when power is

The data from the monitor flows to the
Central Processing Unit (the Z-80) along
the data bus as 8 parallel bits of
information AT THE SAME TIME.

This is called a BYTE of information and
can have 256 different possibilities. The
2-80 knows if the byte i1s data or
instruction by the fact that 1t starts at
address zero looking for an instruction
byte. From there the program must follow
correctly and this is the responsibility of
the programmer.

The data enters the Z-8B0 via a holding
register (an instruction register) that is
not available to the programmer and to
keep the discussion simple, we consider
the byte flows directly into the A reqgister
(called the accumulator). This is the only
register capable of accepting information
from the data bus. All other registers
must be fed from the accumulator.

Data can also flow out of the Z-80 along
the data bus and this bus 1s Bl
DIRECTIONAL. The arrows on the bus

show the direction of flow of information,

The keyboard is scanned by the 74C923
and this 1s called hardware scanning as
the chip has inbuilt scanning circuits for a
matrix of 20 keys.

When a key is pressed, a signal is
generated at the Data Available pin and

the Z-80 is natified via the Non-Maskable
Interrupt hine.

processing and jumps to address 66 in
the MONitor. Here it executes a short
program and activates the input/output
decoder to turn on the keyboard encoder.
The encoder puts a 5-bit number on the
data bus and this is stored for later use or
operated upon, as required.

When the shift button is pressed, and
kept pressed while one of the keys is
pressed, an extra bit s added to create a
6-bit number and thus an additional set of
20 commands can be created.

The output latches are also controlled by
the in/out decoder and the control line an
each latch is called CP (clock pulse).

When these lines are taken LOW. then
HIGH again. the data appearing on the
input lines is latched into the chip and will
appear on the output lines and will remain
there.

This allows devices such as 7-segment
displays, relays or globes etc. to be
activated.

The 6116 RAM is RANDOM ACCESS
MEMORY and as the name suggests,
bytes of information can be placed
anywhere in its matrix of cells. These
bytes are generally data however
programs can be stored and run in RAM

and these are usually developmental
programs.

removed.

‘ADD-ONSs’

This computer is only a baby in the
computer world however it does have the
facility for expansion and already a
number of "add-ons’ have been produced.

Possibly the most important add-on is the
NON-Voiatile RAM, This consists of a
battery backed-up 6116. into which
programs can be placed.

Other devices can be connected to the
system wvia the expansion port and this
mncludes an IN/OUT module, an OUTPUT

module, a display module and a controller
module {to come).

The clock oscillator is adjustable via a
speed control pot and allows programs to
be run at different speeds for assessment.
If a real-time situation is required, a
crystal oscillator can be fitted and this

will allow time to be programmed
accurately.

The main intention of this computer is to
provide the starting point for an under-
standing into computer operations. For
this reason, machine code programming
has been employed. This means you will
be able to create your own systems for
such applications as controllers and
timers for industry and home and be able
to produce the project from the ground
up, without requiring any external
operating system.

TALKING ELECTRONICS No. 14 13



PROGRAMS FOR THE
TEC DISPLAYS and a sound

Program:

Here are three programs for the TEC and
TEC displays. The effects that can be
produced on a set of 7-segment displays
is quite amazing. | thought we had run
out of ideas and yet they still keep
coming.

The first program is a Space Jdnvaders
sound effect using button 4 as the firing
button. The other two programs use the
displays.

SPACE INVADERS ‘SHOOTING’
Phithpy Barns 2118

Computer sounds and effects are always
impressive, especially when we have

control over them.
This program does just that.

It is a Space Invaders sound effect and
you can control it via button 4,

The point to note with this program is the
way the delay is increased by inserting a
varying value into a delay loop. In the
latter half of the program the OFF time is
gradually increased by placing another
varying value into a delay loop.

The resulting ON-OFF values outputted
to the speaker produce the changing
tone.

The program only accepts the press of
button ‘4’ (determined by CP 04) and by
pressing this button repeatedly, a firing
sound will be produced.

LD A,12 800 3E 12
LD I,A 802  ED 47
LD H,FF 804 26 FF
LD B.o1 806 o6 01
INC B 808 04

LD A,80 809 3E 80
OUT (01),A 80B D3 o1
CALL 0§28 8D CD 28 08

XOR A 810 AF

OUT (01),A 811 D302
CALL 0828 813 CD 28 08
LD A,l 816 ED §7
CP o4 818 FE 04
JP Z 0800 81A CA o008
DECH 8iD 25
JPNZosos SBSiIE Cz2 0808
CP o4 821 FE 04
JR NZ 0821 823 20 FC
JP 0800 8125 C3 00 08
LD C,B 828 48
DECC 829 oD
JRNZoSz29 82A 20FD

RETURN 82C Oy

THE BOX G.L Dunt 3218.

This program is an extension of the
techniques we have been discussing in
issue 12, P 18, covering the control of
two or more pixels at the same time.

It produces an interesting piece of
animation in which a box with lid is
displayed and moved across the screen in
a ‘chase scene’,

Again we won't say much about the
effect, except to say that you can get
quite involved with it and find it very easy
to improve upon.

The program consists of 25 ‘frames’ and
each frame requires 4 bytes of the table to
produce the necessary effects. Each time
you increase the table (by 4 bytes) you
must also increase the counter register by
one (for each frame).

By using 4 bytes we gain the ability to
control two pixels at the same time. If
only one display is required, the two pairs
of bytes will be identical.

LD I1X 0840 0800 DD 21 40 08
LD D,i0 0804 16 19
LD C,40 0806 OE 40
LD A(IX + 00) ©808 DD 7E 00
ouUT u?,ﬁ 080B D3 o1
LD A(IX + 01) 080D DD 7E o1
OUT (o2),A 0810 D302
DJN 0812 10 FE
X0OR A 0814 AF
OUT (02),A 0815 D302
LD A(IX + 02) 0817 DD 7E 02
ouT n)?,A 081A D3 o1
LD A(IX +03) 081C DD 7E 03
OUT (o02),A 081F D3 02
DJNZ 0821 10 FE
DEC C 0823 oD
JR NZ 0808 0824 20 Ez2
INCIX o826 DD 23
INC 1X 0828 DD 23
INC IX 082A DD 13
INC IX 082C DD 213
DECD 082E 15
JR NZ 080b6 082F 20 D5
JP 0800 0831 C3 o0 08
at 0840:
01 o1 01 10
Ed4 E4 80 E4
01 01 10 10
E4 E4 C4 E4
01 01 01 10
ES E1 80 E4
01 01 20 10
ES E1l Eo E4
01 01 0z 08
E4 01 80 Ed4
01 02 20 08
E4 E0 Eo E4
01 01 04 04
Ez 04 80 E0
01 02 20 08
E0 Eo 04
01 01 08 02
80 80 Eo
01 02 20 08
E4 Eo Eo 04
01 01 10 01
E4 Bo 04 Eo
01 04 20 04
E4 A4 E0 04
01 01 10 01
E2 8o El E0
01 08 20 02
E2 64 E1 04

Halilovic's Piano:

This program has been designed by BOB
Halilovic and gives a piano effect when
one of the 20 keys is pressed. The notes
have a pre-determined length, and this
distinguishes it from the organ programs
we have previously presented.

14 TALKING ELECTRONICS No 14.

Data 0800 00

Data 0801 09

LD A,1F o802 3E IF

LD (0901),A 0804 32 01 09

CALL o1Bo 0807 CD Bo o1

HALT 080A 76

CP 10 080B FE 10

JR NC o8oD 30 07

ADD A,05§ 080F Cb 05

LD (0900),A 0811 32 00 09

JR 0807 08014 18 F1

SUB A,0F 08i6 D6 OF

JR 0811 08i8 i8 F7

G Sheehan &

BOOMERANG [ Svendsen 3175

Boomerang is a program for the TEC
displays. The effect you get is so clever
that we are not going to spoil it by telling
you what happens.

The only point we will mention is the
composition of the byte table.

Each pass of the program uses two bytes
from the table and the end of the program
is detected by looking for address 0844.
Register L will be 44 at the end of the
table.

By using the table two bytes at a ime, we
can specify the display we wish to access
and the segment to be lit.

Also, using a byte table like this requires
less program and fewer registers. It is
one of the tricks of compact

programming.

The delay at 0900 produces the speed of
execution

Try altering and modifying the program
and you will learn a lot about what each
instruction does. You can also lengthen it
by adding more frames. It'll be like
creating your own cartoon.

LD Hl'l'-l““ 0800 21 20 08
LD A(HL) 0803 7E
OUT (01),A 0804 D3 o1
INC HL 0806 13

LD A,(HL) 0807 7E

OUT (02),A 0808 D3 o2
INC HL 080A 123
CALL 0900 o8cB CD o0 09
LD AL 080E 7D
CP 44 080F FE 44
JP NZ o8os o811 Cz2 0308
JP 0800 0814 C3 00 08
at 0820:
o1 20 20
; 09 Co oF
02 10 10
03 A0 EA
04 08 08
06 24 A7
08 04 04
oC 44 A7
10 02 02
09 Co 18
20 01 01
03 A0 Cy
Delay at 0900:
900 11 FFoO0A
903 1B
904 7B
905§ B2
906 Cz2 0309
909 O



PROGRAMS FOR THE
8x8 DISPLAY:

The BxB has remained a popular ‘add-on’
and we stull get requests for more

programs for it. Here are some recent
submissions:

If you have written a program equal to
these, send it in for inclusion in the next
ISsue:

FAN OUT Mk Il

ean Svendsen 3175

FAN OUT Mk Il produces symmetry on
the displays and can be seen by the same
byte being outputted to both ports 3 and
4. The end of the table is detected by
looking at the value of L and starting
again when it equals the address of the
end of the table.

LD HL o815 21 15 08
LD A(HL) 7E

ouUT u:;,h D3 03
OUT (04),A D3 04
INC HL 23
CALL o900 CD 00 09
LD A,L 7D

CP 20 FE 20
JP NZ o803 C2 03 08
JP 0800 C3 o0 08
at 0815:

18 81

3C C3

7E E7

FF FF

E7 7E

C3 3C

900 11 FF 0A

903 iB
904 7B
905 B2
906 C2 03 09
909 C9

BOUNCING BALL AND
ROLLING BALL.

G L Dunt 32719

This program s an extension and
improvement over the Bouncing Ball
program in issue 12, P. 26.

If you look at P.26, you will notice the
program is fairly long.

This is because it is necessary to specify
the start address of the ball, each time it
changes direction.

Much of the program is a repetition of
similar or nearly similar codes and to
reduce its length we need to look at any
part{s) that repeat.

At first they may not be obvious but one
can be found that starts at the base of a
column, up the column, across to the next
and down to the base again. The
sequence ends with the LED jumping to
the start of the next column.

If we repeat this 4 times, the whole of the
board will be covered. This will reproduce

the effect as descrnibed on P. 26 of issue
12 Using the same technique, we can
travel across the display and back again,
to produce a weaving effect as the LED
advances up the display To complete the
travel we need to move the LED from the

top right hand corner to the lower left
hand cormer ready for the start of the next
sequence

By wusing efficient programming as

covered in thas program, we can produce
twice the effect with about half the
program.

Most of the reduction is done by defining
the co-ordinates of the ball only once.
This is done at the beginning of the
program and from there the ball position
is kept in the C and D registers. They act
as the x and y values in co-ordinate
geometry,

To move the LED across or up and down
the screen, the C and D registers are
rotated left or nght. Each register
contains only one bit and when this
moves aut the end of the reqister, it either
Csi1ts an the carry box™™ or passes it and
enters the other end of the reqgister. In
either case the carry flag 1s affected and
we look for this to let us know the end of
the display has been reached

As you can see, the LED 15 either “off the
end of the board” or at the other side of
the display, when the carry is detected
and we must shift 1t back one location,
ready for the next run. This way the LED
appears to be darting back and forth from
one side to the other, and we are not
awaiare of the ‘corrections’ that take place

RRC C 0848 CB 09
RLC D 084A CB oz
JR NC,082A 084C 30 DC
RRCD 084E CB oA
RRCD 0850 CB oA
LD A,D 0852 7A

OUT (04),A 0853 D3 04
CALL 0900 0855 CD 00 09
RR D 0858 CB 1A
JR NC,0852 085A 30 Fé
RRC C 085C CB 09
LD A,C 085E 79

OUT (03),A 08SF D3 03
CALL 0900 0861 CD 00 09
RRC C 0864 CB 09
JR NC,085E 0866 30 Fb
JP 0800 0868 C3 00 08
At 0900:

LD HL,06FF 21 FF o6

LD AL 25

¥

OR H 732

JP NZ 0903 C2 03 09

Return C9

RAIN DROPS:

Jim Robertson.

This program produces a very effective
pattern, similar to falling rain. The
random number generator is the
Interesting part as it is very difficult to

produce random numbers in a program
that loops.

LD C,01 0800 0E o1

LD D,o1 0802 16 01

LD A,C 0804 79

OUT (03),A 080§ D3 03
LD A,D 0807 TA

OUT (04),A o808 D3 04
CALL 0900 080A CD 00 09
RLC D osoD CB oz
JR NC 0807 o080oF 30 Fé
RR D 0811 CB 1A
RLC C 0813 CB o1
LD A,C 0815 79

OUT (03),A o816 D3 03
LD A,D 0818 7A

OUT (04),A 0819 D3 04
CALL 0900 081B CD 00 09
RR D 081E CB 1A
JR NC,0818 0820 30 Fb
RL D 0822 CB 12
RLC C 0824 CB o1
JR NC,0804 0826 30 DC
RRC C 0828 CB 09
LD A,D 082A 7A

OUT (04),A o082B D3 04
LD A,C 082D 79

OUT (03),A 082E D3 03
CALL 0900 0830 CD 00 09
RRC C 0833 CB 09
JR NC,082D 0835 30 Fé
RL C 0837 CB 11
RLC D 0839 CB o2
LD A,D 083B 7A

OUT (04),A o083C D3 04
LD A,C 083E 79

OUT (03),A 083F D3 03
CALL 0900 0841 CD 00 09
RLC C 0844 CB o1
JR NC,083E 0846 30 Fb

CALL Random Nos. CD 00 0A
AND 07 Eb 07
LD H,o0B 0805 26 OB
LD LA 0807 oF

RLC (HL) 0808 CB oE
LD DE,o0006 080A 11 06 00
CALL SCAN o80D CD 00 09
DEC DE 0810 1B

LD A,D 0811 7A

OR E 0812 B3
JRNZ 0813 20 F8
JR START 0815 18 E9
at 0900:

SCAN

LD HL oBoo 0900 21 00 0B
LD B,01 0903 06 01
LD A(HL) 0905 7E

OUT (03),A 0906 D3 03
LD A,B 0908 78

OUT (04),A 0909 D3 o4
LD B,20 0908 06 20
DJNZ 090D 10 FE
INC HL 090F 23

LD B,A 0910 47

XOR A 0911 AF
ouT Su).ﬁ 0912 D3 o4
RLC 0914 CB oo
JR NC 0916 30 ED
RETURN 0918 Co

at 0A00:

RANDOM NUMBERS:

LD AR 0A00 ED §F
LD B,A 0A02 47

LD AR 0A3 ED §F
RLA 0A0S§ 17

LD R,A 0A06 ED 4F
DJNZ 0A0S 10 FB
RETURN QA0A (9
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PHONE DIALLER

~— TURNING THE TEC INTO A PHONE DIALLER

The following three or four pages
examine the development of an idea. Itis
a Telephone Dialler capable of storing up
to 30 or 40 names and phone numbers
with a dialling facility and auto re-dial.

It is only a program of ideas as the output
appears on a speaker in the form of tones.

Since this is a fiarly ambitious concept, it
has been divided into 3 sections. Each
section describes a program that is
complete in itself and increases n
complexity with complete design n
section 3.

The first program is fairly simple. It
shows how to get figures from the
keyboard and display them on the screen.
The second contains two function
buttons. b and E. The 'C’ key clears the
screen and ‘E’ indicates the end of a
phone number.

The third program is much more complex.
It has more features and is keeping track
of more things.

Each program has been created from
scratch as it is almost impossible to "add
onto’ an existing program.

Type each of these programs into the TEC
and study them. This way you will learn
how they operate.

PHONE DIALLER PROGRAM 1.

This program is limited to displaying 6
digits on the TEC screen as no scrolling
feature is present. As the keys are
pressed, the numbers fill the screen from
left to right, When the screen is full, the

capability of the program is reached.

The screen buffer is located at 0900 and
the scanrate is determined by the value of
B (at 0B2E and 082F). We can increase or
reduce the scan rate by altering the value
of B and by adjusting the TEC clock
speed.

No other features are available in this
program. The TEC must be reset and ‘GO’
pushed to clear the screen so that a new

number can be keyed in.

This simple program shows how to get
numbers from the keyboard and onto the
screen.

The only instruction that will be
unfamiliar is JRNC. It effectively divides
the keyboard in two, allowing keys 0-9 to
be accepted and A-F to be disregarded.

JRNC means Jump Relative if the Carry
flag is NOT SET. When the previous
instruction is a 'COMPARE’, it is best to
substitute the word ' BORROW' for carry,
and the instruction will be much easier to
understand. This is because the compare
instruction subtracts the data byte from
the accumulator and if a borrow is
required, the carry flag is SET.

l

PHONE DIALLER - Part1

The hirst B memaory locations are cleared so that the program
will came on with a blank screen. We noed only 6 locations.
The Tth location s explamed n the text

Register A is zerood and this vilue s msertedinto 0900 - 0907

vin the HL register being the pomnter regisier

The Index register contans the value of the key
Compare the accumulator with DA,

Jump relative if the key 15 A or ligher

Load DE with the start of the DISPLAY TABLE

Add 80 1o the key value
Load the result back inta E DE will point to a table-byte

Laad HL with the start of meamory
Laok lar the first blank memary location by lnading the value
pointed 1o by HL into the accumulator angd companng with
oro until a blank tocatnon 1s found

wWhen found. load A with the byle pointed ta by DE
Laad the table value into the blank memory lacation
Change the value of the index register by loading it with FF so

LD D, 08 o800 16 08
XOR A o802 AF
LD HL,0900 0803 21 00 09
LD (HL),A 080b 77
INC HL 0807 13
DECD o808 15
JR NZ 0809 inn F;I-;;
Ll‘.l 14—— 080B
AA osoD FE 0A
o JR NC 080F 30 12
LD DE o880 o811 11 80 08
ADD A,E 0814 83
LD I-:,A 0815 5F
LD HL,0900 0B1b 21 00 09
LD A,(HL) 0819 7E
| [ cpos 081A  FE 00
JRZ o8i1C 28 03
INC HL 081E 13
081F 18 F8
0821 1A
Lg A 08212 77
—> Ln 0823 3E FF
LD 1, A 0825 ED 47
LD c,:u 0827 oE 20
LD HL,0900 08129 21 00 09
LD D,ob 08z2C ib 06
-~ LD B, 100 082E 0b 00
LD A{HL} 0830 7E
OUT (02),A 0831 D3 oz
LD A,C 0833 79
OUT (o01),A 0834 D3 o1
RRC 0836 CB 09
DJNZ 0838 10 FE
XOR A 083A AF
OUT (01),A 083B D3 o1
INC HL 083D 13
DEC D 083E 15
JR NZ 083F 20 ED
JR — 0841 C3 oB o8

Inour program, CP OA causes the Z-80 to
substact 0A from the accumulator (it will
hold the value of the key). When any key
below A is pressed. the subtraction
operation creates a borrow and this sets
the carry flag. If we push key B, the
operation will be 6 - A and the answer will
require a borrow. Thus the carry flag will
be SET. If we go to the program, we can
see the Z-80 will continue down the
program and NOT JUMP as the
instruction says: JUMP RELATIVE NO

BORROW.

To fully understand these instructions
vou have to comprehend the double
negative. For instance: | am NOT. NOT
going to jump means | AM going to jump.

Type the program at 0800 and the display
conversion table at 0880.

Push RESET, GO and the displays will
blank. Press any combination of keys and
notice that only number keys respond.

Modify the value of B in the scan section
to increase the scan rate.

Some ideas for experimenting include:
scanning from the opposite direction.
scanning only 5 displays. allowing letters
to appear on the screen, and changing the
output to a CODE, so that you can turn it
into a CODE-BREAKING game.

16 TALKING ELECTRONICS No 14.

that we can detect the some or another hution.
atart the scan ot the left hand end of the display
Load HL with start of mamaory

Load D with 06 for 6 loops of the program.

Load B with delay value lor turming ON pach dign
Load the dath at the first memory lacation into A
Output to the segment port

Load C into A

Output to the cathode port

Rotate register C nght. to access the 2nd display
Crente o short delay 10 display the dig

Zerp A

Output 1o the cathode part 1o turn display OFF
Increment to the next location

Decrement the loop register

Jump te start of loop if D not zero

Jump to start of program i D 2aro and look for new key

at 0880:

EB
28
CD
AD
2E
AT
E7

29
EF
AF

PHONE DIALLER - Part2

The second part of the Phone Dialler
program uses a different approach. As
we have said, each must start afresh as it
is more difficult to adapt an existing
program.

This program accepts a string of digits of
any length and will remember them for
recall after key E (for END) has been

pressed.

The C button clears the display and can be
pressed at any time. When the desired
number has been entered, button E is
pressed. The display is blanked and the
numbers emerge from the right hand end
of the display and shift across to the left.
Three empty spaces are created before
the nummbers start agamn



This program introduces the concept of
control keys and also the need for sub-

The displays are cleared and the program
picks up the first digit at 0807and places

Shift:

routines for any sequence that is required it in the 6th position of the buffer area. tg ?iuj!["l" :::; ollbl]o;l EF 08
more than once. | o LD A,(IX + 01) 086B DD 7E 01
1 _ The shift routine is called then the next LD (IX + 00) 086E DD 77 00
Programs increase in length as more and memory value is placed in the 6th buffer INC IX : 0871 DD 23
more housekeeping 1s called for. location. DEC B 0873 0§
Housekeeping is looking for button JR NZ.086B 0874 20 Fs
presses or detecting the end of a Before each new value is loaded into the RETUI"{ 0876 C9
sequence elc. buffer area, it is compared with OE to
_ , : detect the ‘end of message.’ Scan:
The prime requirement of the program is
to keep the displays illuminated. This When E is detected. three blank locations PUSH HL 0877 ES
means we must be calling SCAN for most are produced and the message starts PUSH DE 0878 D§
of the time and as you will see. the SCAN again. LD C,20 0879 0E 20
routine is a favourite place to put house- LD HL,0900 0878B 21 00 09
keeping. The CLEAR function is included in the LD D,06 087E 16 06
_ _ SCAN routine. This has been done so that LD B,8o 0880 06 80
If you want a key to be immediately CLEAR can be detected instantly, as the LD A,[HL) 0882 ",'E
responsive, it must be checked during the display scan must be running at all times OUT (02),A 0883 D3 02
SCAN loop. To be more precise. it must to keep the displays illuminated. “ A,C 0885 79
be checked during the innf:r-mc:s:‘ loop as 01),A 0886 Ei 01
this is the loop which is being run for most - - RRC E 0888 09
<f the time. DIALLER Part 2 listing: DINZ 088A 088A 10 FE
| | Main Program: XOR A 088C AF
Key the program into the TEC and run it. ouUT n]),‘ﬁ 088D D3 01
Try changing some of the locations and LD D,20 0800 16 20 INC 088F 23
see the result. This i1s the best way to CALL CLEAR 0o8oz CD 5B 08 0890 ED §7
following what is happening, especially LD HL, 0907 0805 21 07 09 cp né 0892 FE oC
at specific locations. LD A,l 0808 ED §7 JR Z,089C 0894 28 0b
CP 0A 080A FE 0A DEC D 08906 15
f#Clel'_uB:o ngu% 30 12 JR NZ,0880 0897 :)0 E7
080E 23 POP DE 0899 1
The program generates ZTTTIEITIDFY areas. ADD A,E 0812 83 RETURN GEQB C'i
One is made up of 6 locations, from 0900 LD E.A 0813 G§F POP DE 089C D1
to 090§ and is called the DISPLAY BUFFER. CALf.- SHIFT 0814 CD b5 08 POP HL 089D El
The other 1s from 0907 onwards and is LD A, 0817 1A LD A.FF 089E 3E FF
The SCAN ROUTINE (at 0877) looks at }:g ﬂ*{;.'ll?} A :::E ;IE %SFOQ JP 0800 08A2 €3 0008
the Display Buffer locations and outputs LD L.A 081E ED 47
their value onto the displays. CP ﬂh 0820 FE OE at 08AS:
The remainder of memory, starting at EEI?L“;EAA.N g::: :EBDB;? 08 0 = EB
0907 holds any number of digital as JR 0808 0827 18 DF 1 = 28
required and i1s open-ended. INC HL 0829 23 ; = ig
One location, 0906, is left blank and its ]l:g H}g’A :g:g IZ 06 4 = 2E
purpose will be explained later. CAL]: CLEAR 082D CD 5B 08 § = A7
- | LD HL,0907 0830 21 07 09 ¢ = E7
As each number is keyed in, it is stored in LD A,(HL) 0833 7E 17 = 29
memory, from 0907 onwards, and the HL LD D110 0834 16 20 8 = EF
register pair keeps track of the next INC HL 0836 23 9 = AF
available location. CP OE 0837 FE OE 0 =
The numher{ IS ;ulsu ;E[Ii[;t_;_tt;g;ﬁ;éhe i% %&a:gAA g:;qﬂ ;: :E 09
display but firstly a IS
calred:” The function of this routine is 1o E%ELDS N g::f f;n 71 98 PHGNE DIALLER : Part 3
take tha value corresponding to the left- JR NZ,083E 0842 20 FA The third and final part of the Phone
hand digit and drop it out of the buffer CALL SHIFT 0844 CD b5 08 Dialler program is the longest and most
zone. The second location is then JR 0833 0847 18 EA impressive. It looks complicated
transferred to the first, the third to the LD E,02 0849 1E o2 because it is looking after a lot of things.
second etc until all the digits_rh.:wu been LD D 20 084B 16 20
shifted one place to the left. This leaves
an empty hole at the right-hand end of the E%ELDSCAN :géill] ::SD 1708 I:;ET??;EZ"]: Eniiis:rﬂdsﬁr::ﬂi?i2";.::];:
display. JR NZ, ﬂﬂdﬂT 0851 E%F: 08 of holding up to 36 names and numbers,
Th e wobich this emptv soace. is CALL SHIF 0853 5 each fitting into a block of memory 20H
> VARY : i B DEC E 0856 1D bytes long. The program allows up to 27
generated is quite clever. The "00"in 0906 JR NZ,084B 0857 20 F2 bt El-f 28 gl et
is shifted into the 6th buffer JR 0830 0859 18 D5 L il
location. this should be sufficient for any situation.
The program then loads the present key Clear: The program uses a lot of sub-routines
value in the buffer zone. position six, and IBR A 085B AF and they perform most of the work.
reverts to a scan situation in which it is L,0900 085C 21 0009
looking for an ‘end of number’ via button LD (H{. 08GF ik As the processor goes through the MAIN
E. INC HL 0860 z23 program, it CALLS the sub-routines and
Wh vie ic d ted. memory is DECD 0861 15 they do all the displaying, shifting. display
When this 1s etected, memory | JR NZ, 085F 0862 20 FB converting etc.
incremented one location and E is RETURN 0864 €9
nserted.
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Any operation that is required more than
once is put into the form of a sub-routine.
This reduces the length of the program
and allows the sub-routines to be called

PHONE DIALLER PROGRAM:

: : CD 20 09 The lirst 7 lines of the program displays "Enter Index
as many times as required. Eﬂli:- %[f;tn E:E ::Inng::’ etc and IDTE for 'h:cflv?f;: -1'titl':::: :T:I Tl 1:E
0 table to repeat the seque ogra solooks
"S[HE THE Fﬂﬂﬁnnm E#LI% CROLL 0809 FE 10 for an input value above 9 to jump out of the loop
Basically the program is self explanatory JR Z,0803 J o80B 128 Fb
as the instructions for its use are CP oA osoD FEOA
displayed on the screen after the GO JR 800 080F 38 EF C o th 51
button is pressed. CALL CLEAR o811 CD 20 09 The screen is cleared and the index registor s loaded
LD A,FF oB14 3E FF with FF so that we can detect when a button has been
- . : « oB1b ED 47 pushed.
The firstinstruction is to select 'EI'I "’“?Ex LD }il_,.'ﬂﬂﬂﬂ o818 21 00 00 Memory is set to zero by loading HL with 00 00.
NUMBER from 00 to 36 {demmal] nto LD A'u! o818 3E 01 Location 09FE stores the value 01 so that Koy valuers
which the tEIEphDﬂE number is pIH{:HI‘.‘I. LD (q,p 'A o81D 32 FE 09 called once. The requirement of the next 12 hines s to
CALL KEY VALUE CD 30 09 get a double decimal number into location 09FC.
Push button E and the screen will blank LD A,EF ::i ;; EC 09 C will ““I'“""" “‘“ﬂ:;"’c‘;‘:'“': :’_"d ";"“ ' loadediinta
- i 0 A memory location irst ligure
so that the index number can be inserted. g :“c)r 0827  3E 01 H:;mﬂuhu e arinn and dall KEY VALUEBRCRHiGH
The indu:. number will remain on the E{E:’EE 'Avnwr: =:E-_ :::DFEI n,;
screen for dbﬂu_'l one SE.L‘.'ﬂﬂd ﬂ'_'.'d then the LD A,{QQFC] 082F 3A FC 09 Load the first figure into A and rotate the accumulator
second set of instructions will appear, RLA “3: 17 4 places to the left to shift the number into the upper
After reading the instructions, push E. RLA 0833 17 hall of the register
This will cause the screen to blank so that RLA 0834 17
you can type the name corresponding to RLA 0835 17
ADD A,C 08316 81 Add the second figure to the accumulator and store
the phone number. ’
09FC),A 0837 32 FC 09  the resultinto 09FC as a two figure decimal number
: . LD 20 083A 16 20 Create o deloy with register D and call SCAN for 20H
After t‘hﬂ end of the name, insert a space CAL[: SCAN 093C CD 80 09 1oops. (32 loops)
by typing F and the program will convert EDEC D 083 F 15
to displaying a digit for each key pressed. JR NZ,083C 0840 20 FA
CALL CLEAR “‘: CD 20 09 Clear the display and load the pointer register with the
At the end of the phone number type E LD HL,0A2C —=— 0845 21 2C 0A  start address of the second table. Display “Enter
and the program will scroll the contents CALL §CROLL 0848 CD Coo09 name atc’ Look for the and of the table (10) and
of memory LD A,(HL] :‘E 1E loop, unless a key 0-9 has been pressed
| CP 10 4 FE 10
To dial the phone number push D. The élpl Eh““ :;E f.-l}:l:,i
program will pause for 5 seconds then JR C,0842 0852 38 EE
dial the number. CALi CLEAR 0854 CD 20 09 Call CLEAR to clear the display
CALL MEM ADDR 0857 CD 60 09 Head MEMORY ADDRESS notes
At the uumpletiun of dialling. the screen LD II,IC 085A 16 1C Register D counts up to 2B characters (max allowed)
will scroll the name and number again. LD B0 088  dB e L gitter via the sceumuiator 3o that we can
' - i i i
) ) LD I.A o8b0 ED 47 datect when a key is pressed
‘Tﬂu can rEd'H} the same number at any CALL SCAN 12 0862 CD DO 0A Scan the display looking for o key pross O-F
time by pressing D, LD A,l 0865 ED 57
CP IIII l 0867 FE 10
To rE-lﬂﬂd the memory BLOCK, push C. JR NC,08b62 o869 30 F7
This will TE start the program and allow a INCE o868 1C Incrament the E rogister
new name and number to be inserted. LD AE o86C 7B Load £ imo' A
CP o012 o86D FE o2 Compare the accumulator with 02 and jump if the two
JR Z 'ﬂlr'.fc 086F 28 0B are the same. |f not. go to the next instruction
p"ce a . name and l"IUﬂ"IbEF_ has 'bEEI*I LD A' i 0871 ED 57 Look to see if a space s required as this will indicate
'HEE”E_d into I'I'!El'l‘lpﬂl"'f ata pEII"tiE‘HIEII' index CPo 0873 FE oF the end of names and the beginning of numbers
value, it can be dialled very quickly. You JR Z,0895 0875 28 1E Jump relative if F has baen pressed
can push either button C or RESET. If the LD (09FA),A J 0877 32 FA 09 Storethevolueol Ast09FA andloop for second press
Reset button is pushed. the GO button JR 085E 087A 18 Ez of button
must be pushed for the first set of CALL SHIFT 087C CD E1 09 Call SHIFT to get display ready for next number
instructions to appear. LD A‘(HQFA) 087F 3A FA 09 Loadthe first numberinto the accumulator and shift it
RLA o882 17 4 places to the left to occupy the upper holf of the
Push E and insert the index number; then %i =:i :; i el
push D. The computer will dial the RLA 0885 17
number. A constant beeping will indicate LD B,A 0886 47 Save the result in B
the locationis not filled and you should try LD A,l 0887 ED 57 Put second number into the accumulator
another index. ADD A,B ::1 RQ Combine the two to create a 2-digit numbaer
77 Lood this value into the location looked ot by HL
At the end of dialling, the name and INCEglﬁi §)A ::E il 85 0A ;"‘1"—-:* 'ﬂﬂﬂtr:'*w the first display location
number will sc¢roll and you can confirm it DEC D 088 F i; E;f:'::;t DL il
to be correct. | - jg H'%'uulsc =’ﬂ ::ﬂ CA - Jump il 1€ locations not hilled
0 92 3000 Jump to start of overflow occurs
n S“MMAHY DF THE PH"EHAM xu??}lll') -..A ='E A_F Zovro A and load 1t
The program creates a display buff ’ q i | inte the location looked ot by HL to ¢reate o space
ux.ug A A mtha kel CALL SHIFT 0897 CD E1 09 Shift the display digits one place to the left
at to 0ABS§ and the values placed at |
- . LD A,D o89A TA Load the remamning locations into A and store at 09 FE
these 6 locations are directly transferred
to the TEC displ i3 the SCAN - LD [MFE ,A “"B 32 FE 09 for use by the CALL KEY routine
oiine Isplay via the routine. CALL KEY VALUE 089E CD 30 09 Call KEY VALUE This will put Nos onto the display
. LD B,03 08A1 0b 03 Create 3 blank locations nfter te numbers have been
The PLEAH routine zeros each of these ™ INC HL 08A3 23 inserted, to produce a space between the end of the
locations and also the next location. This XOR A 08A4 AF message and the start sothatitcanbe scrolled across
is one of the clever tricks of the program, LDéHL},A 08AS 77 the display
and it is cleared for the following reason: JR NZ.08A3 =i: :z FA
. . INC Hi. 08A9 13
The $H|FT routine starts at a location LD A- 08AA JE 10 Incroment HL and load last location with 10 so that
EITTE ::: ]::In;::; tw:gﬂglﬁ:%ﬂanmai? NB; L] A =ic]] praogram wall loop namae and telephone numbar
into 00
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this lower location. As can be seen from
the program, this lower location is not
displayed on the TEC and thus the data
shifts off the screen. The data for the
second location is shifted to the location
for the first display and this repeats for
the 6 locations. The result is the data in
the blank location at 0A86 is shifted into
the last display location and thus an
empty space is produced on the display.

It is important for 0ABb to be empty for
this to work.

The MEMORY ADDRESS routine creates
areas that are 20H bytes long and starts
at ﬂBW-

The program stores the Index number at
location 09FC and as each memory area
is created, it decrements the Index
number and the program exits when the
count register is zero.

The HL register will contain the start of
this address. It is not used for any other
purpose and thus it will not be destroyed
during the running of the program and will
hold the current value for re-dial, if
required,

The SCROLL routine picks up the first
byte from the table and places it at 0ABS
and then calls SCAN for 20H loops (32
passes of the display}.

The SHIFT routine is then called and all
the bytes (including the blank locations)
are transferred one position to the left.

The scroll program then loops and
repeats the sequence until the end of the
table is reached. It detects this by looking
for 10H (we could have chosen any value)
and the message re-starts.

When the ‘Dialkey’ ‘D is nressed, a BEEP
routine and PAUSE routine are called.
These produce a suitable ON-OFF tone to
the speaker and the program converts the
values in memory to a string of beeps.

The program ignores the name at the
beginning of memory and looks for the
first location containing zero,

The end of the phone number is detected
by also looking for a location containing
zero.

The program then jumps back to calling
the start of memory and scrolls the
message across the screen.

SUGGESTIONS

The program can be keyed into the TEC

and fills about 3 pages, from 0800 to
0AEE.

After this is done, it 1s wise to save a copy
of the program in non-volatile RAM so
that it is not lost.

To save the program, type the following
dump routine at 0F80:

11 00 10
21 00 08
01 90 07
ED Bo
C7

CALL CLEAR
CALL MEM ADDR
CALL SCROLL
CP 10

JR Z,08B1

LD B,20

CALL PAUSE=
DJNZ 08BD

CALL CLEAR
CALL MEM ADDR

LD A,(HL)
INC H
CP 00
JR NZ,08C8
LD 1X,0A00
INC IX
CALL BEEP
LD A,(IX + 00)
CP (HL)
JR NZ,08D2
LD B,10
CALL PAUSE
DJINZ 08DF
INC HL
LD A,(HL)
CP 00
JR Z,08EC
JR 08CE
LD Al
CP 0
JR Z,08AE —
JR 08EC

BEEP

PUSH AF
PUSH BC
LD B,20
LD A,80
LD C,20
ouUT 8:1]..4.

=DEC

JR NZ,090A
LD C,20
XOR A
OUT (01),A
DEC
JR NZ,0912
DEC B
JR NZ,0904 —I
CALL PAUSE
POP BC
POP AF
RETURN

CLEAR

LD D,07
XOR A
LD HL,0A80

LD (HL),A
INC HL
DEC D
JR NZ,09126

RETURN
KEY VALUE

LD DE,0A00
" ID Al
CP oA
JR NC,0952
INC HL

LD C,A
ADD AE

LD Ei)\
CAL SI-EIFT
k'

LD (0AB85),A
F

RET L
CALL SCAN
JR 0930

08AE
o881
o8B 4
0887
o3B9
08BB
o8BD
08Co
08C2
08Cs

08C9
08CA
08CC
08CE
o8D2
o84
o8 D7
o8DA
o8DB
o8DD
08 Df
08E2
08E4
08ES
o8Eb
08ES
o8EA
08EC
oS8EE
o8Fo
08F2

0900
0901
09012
0904
0906
0908
090A
090B
090D
090F
0910
0912
0913
0915
0916
0918
0918

091C
091D

0920
0922
0923
0916
0927
0928
0929
0928

0930
0933
0935
0937
0939
093A
0938
093C
093D
0940
0941
0942
0945
0947
0949
094C
094D
0950
0951
0952
0954
0955
0958

FE 00
20 FA

DD 21 00 0A

DD 23
CD 00 09
DD 7E 00
BE

20 F§

06 10
CD 72 09
10 FB

13

TE

FE 00

28 02

18 E2
ED 57
FE oD

28 BC

18 F8

F5

Cs

ob 20
3E 80
oE 20
D3 01
oD

20 FD
oE 20
AF
D3 01
oD

20 FD
05

20 EC
CD 72 09
Ci1

F1

Co

16 07
AF

21 80 0A
77

23

15

20 FB
Cy

11 00 0A
ED §7
FE 0A
30 19

23

CD 80 09
18 Db

Clear the screen.

Get start of BLOCK via ®FC {36 blocks available).
Scroll name and number across screen,

Look for end of message. If another key is pressed,
jump out of loop.

Create a pouse before dialling by loading B with 20
and calling pause 32 times. This creates approx 2
second dalay.

Clear the screen aof any junk etc.

Get start of black (00-36).

Look for space between name and phone number by
comparing the contents of each location with 00 and
incramenting until 00 is found,

The next B lines create the dislling pulses by loading
| X with the start of the number table and calling BEEP
routine. (The beep calls a pause). The proagram then
compares the byte in the table with the byte in the
block and loops until a comparison is found. Note: we
go into the routine ‘blind’ and beep before a CP!!
Create o short pause at the end of each digit so that
the phone system detects the end ol a digit.
Increment to next digit, look to see if end of phona
number has been reached and return to above routine
for next set of pulses.

If no buttons have bean pressed during dialling, 1 will
still contain 0D (from above) and program will scroll
name and number. If any other key has been pressed,
program will loop with blank screen until D pressed.

This is the end of the MAIN PROGRAM. The sub-
routines below are called by the main program.

Registers A. B and C are used in this sub-routine and
thus they must be pused onto the stack and saved.
Reg B holds the number of cycles for the beep routine
Register A turns on the speaker bit.

Reg C holds the turn-on cycles for the spkr.

The spkr is turned on via OUT (01),A

and a delay craated via register C for

32 loops.

The sameo OFF delay period is created via ragister C
lar an aven ‘mark-space’ ratio for the speaker.

The count register (register B) is decremented and the
program loops until B is zero.

The program calls pause to produce silence.
Registars A,B and C are popped off the stack and will
contain the original values and before the routine.
Returm to the main program.

This routine clears the 6 display locations 0AS0 10
0ABS§ and also 9ABE by zercing A and

loading HL with start address of buffer zone

and loading zero into the location painted to by HL.
INC HL

DEC D

and jump for 7 loaps.

Heturn to main program.

Load DE to point to beginning of number table.
Load key value into accumulator.

Compare with OA and jump if the key value is A-F or
not pressed or go to next instruction if 0-9.

INC HL {used when creating phone number)

Sove A in C,

ADD the start of table to A (table may start at 0A03!).
Make DE ready to point at value in table,

SHIFT display contents ona place to left.

Load byte from number table into accumulator.
Load number byte into loaction in BLOCK.

and also into right hand display.

Load A with FF and then into | to datect when another
key has been pressed.

09 FE caontains 01 via beginning of of main program
and KEY VALUE is called once. Or @9FE contains 1C
to keep track on the number oflocations being filled in
the BLOCK.

Zearo A. _ ‘
Compaore accumulator with E and RETURN i E kay is

pushed. Otherwise call SCAN and display the
contents of the 6 memory locations. Jump to stat of
KEY VALUE sub-routine and loop until 0-9 pressed.
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Decrement to 0F80 and push GO. Make
sure the non-volatile RAM switch is on
RAM (read/write) so that the data will be
accepted. Check that the program has
been dumped by addressing 1000 and

compare the data with the listing.

If you have inserted names and numbers
into index locations and want to save
them, address O0F80 and push GO. Make
sure the RAM card is in read/write mode
and everything will be saved.

Switch to ROM mode and everything will
be preserved.

You can now turn the TEC off.

To transfer the program back to 0800,
address1780 and change 2 of the bytes to
the following:

11 00 08 - these two bytes
21 00 10 =< are changed
01 90 07

ED Bo

C7

Decrement to 1780 and push GO. The

RAM card should be in ROM MODE fai
this operation.

Push GO again and the program will run.

All names and numbers will be available.

AUTO REDIAL

An automatic re-dial facility can also be
included so that the number auto-
matically re-dials after say 5 or 10
minutes; if the number was originally
engaged. This is very handy for those
occassions when you particularly want to
contact a person and their number is
busy. By the time you get around to
calling again, they have gone!

A simple addition to the program can be
fitted in at 08BE and this will create a
delay by counting the number of times the
name and phone number scroll past the
display. This is only a suggestion and we
have not actually produced the program
for re-dial.

Register E is the ‘count register’ and the
remainder of the program remains the
same. The only bytes you will have to
change are jump relative values as well as
the jump value at 09B4. You may also
need a subroutine and a flag to pick up
redial mode.

Here is a suggested AUTO RE-DIAL
program for insertion at 08B4:

LD E,40

DEC

JR Z

CALL CLEAR

CALL MEMORY ADDR
CALL SCROLL

CP 10

JR Z

CALL CLEAR

JR

L

MEMORY ADDRESS

LD HL,0Boo
LD A,(09FC)
LD D,z20

CP 00

RET Z

INC HL
DECD

JR NZ,096B
DEC A

JR 0966

PAUSE

XOR A
OUT (o01),A

LD D
DEC DE

02FF

LD AE

OR D

JR NZ,0978
RETURN

SCAN 1

PUSH HL
PUSH DE
LD C,z0

LD HL,0A80
LD D,0b

LD

B,20

LD A,(HL)
OUT (02),A
LD A,C

OuUT
RRC

gu},.&

DJNZ 0993
XOR A

ouT
INC

CPo
CPo

JR Z|qul_ "1
DECD

JR NZ,0989
POP DE
POP HL |
RETURN
POP DE —=
POP HL

LD A,FF

LD LA

JP o800

f01),A
LD A1
¢

JR Z,090A9 —

POP DE -~=—
POP HL
JP 08BB

SCAN 2

PUSH HL
PUSH DE
LD C,z0

LD HL,0A80
LD D,0b

LD B,20

LD A,(HL)
OUT (02),A
LD A,C

ouUT
RRC

S‘""‘

DJNZ oAE3
XOR A

OouUT

INC

o

DEC D

JR NZ,0AD9
POP DE
POP HL
RETURN
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0960
0963
09be
0968
096A
0948
096C
096D
096F
0970

0972
0973
0975
0978
0979
097A
097B
097D

0980
0981
0982
0984

0989
0988
098C
098E
098F
0991
0§93
0995
0996
0998
0999
0998
099D
099F
09A1
09A3
09A4
09Ab
09A7
09AS
09A9
09AA
09AB
09AD
09AF
09B2
0983
09B4

oADO
0AD1
0AD2
0ADY4
0AD7
0AD9
0ADB
0ADC
0ADE
0ADF
0AE1
0AE3
0AES
0AEb
0AES
0AE9
0AEA
0AEC
0AED
0AEE

21 00 0B
3A FC 09
16 20

FE 00

Cs

z3

15

20 FC
3D

18 F4

AF

D3 o1

i1 FF 02
1B

78

B2

20 FB
C9

Es

Ds§

oE 20

21 80 0A
16 06

06 20

D3 02
79
D3 01
CB 09
10 FE
AF
D3 o1
13
ED 57
FE oC
28 0A
FE oD
28 OF
15
20 E3
D1
El
Cq

El

3E FF
ED 47

C3 00 08
D1

El

C3 BB o8

Memory Address sub-routine locates the beginning
of the nome and phone number block Each block is

20H bytes long (32 bytes) and memory starts ay
oB00.The BLOCK No is stored at 09FC and the
program ncrements 20H Jloops for each block by
decrementing register D 1o zero. then decremanting
lﬂqiﬁtl!rﬁb‘f ONE Thisisrepaeatiag until .11 2erp The
sub-routine then exits HL pair s constantly
mcremanted during this program and vall point to the
start of the block we want

Pause produces a silence from the spoaker by
outputting zero to port 01 Register DE s
decremanted and ‘wastes computer iime for about
1/10th second. This sub-routine then returns to
whare 1t has been called

The SCAN routine uses H, L and Dregisters and thus
thay must be pushed anto the stack pnd saved
Load HL with start of display buffor

The routine displays 6 locations

The left-hand display is accessed vin line 20
Load B with a shornt delay value

Lond the byte ot the lirst locaton into A

Output 1o port D2

Load C into A. and

putput to port 01, This will turn on lete-hand display
Hotato register C 1o the night for the next display
Short delay vin registor B

Zero A, and

output ta port 01

Look at next memory location

Load the keyboard value into A

Look to see if CLEAR has hoen pressed

Jump f 11 has

DEC D ready for outputting to tha next disploy
Jump relative «f D 15 not zero

Pop DE and HL register pairs off the stack

and RETURN to the mmn program
I CLEAR has been pressed, pop DE and HL and load

the | register with FF so that the program will detect
wheon anather Key has been pressod

Jump to 0800,
POP DE and HL and jump to 0BBB if D |DIALS) has

baan pressoed

SCAN 2Z s idonticol to SCAN 1 .in the scanning
section The only diference 15 the checking
matructions, to see f o particulor key 1s prassad
SCAN 1 above checks to see i & function key is
prassed, wherans SCAN 2 perdorms the scan without
any checka

Hy careful programmmg both rautines could be
incorporated intoone. This would require o ‘chack bit’
and it ‘set, the sub-routine would check the function
Kirys

Cont. P.51:




CRYSTAL
OSCILLATOR

CONVERTS THE TEC TO REAL-TIME CAPABILITY

XTAL

Kit of parts: $9.85
PC Board: 2 10
cumplets

11.95

< - —T—

il

Clk

14

100pt

=

— 74L.S04

o

CRYSTAL OSCILLATOR CIRCUIT

This project is a crystal oscillator for the
TEC. It turns the TEC into a fixed-
frequency computer in which each of the
Machine Codes takes up a precise period
of time.

This means programs such as controller
programs or timing programs will run for
a precise time span and will not vary from
one day to the next due to speed control
adjustments.

As you know, the TEC was originally
designed with an adjustable clock and its
frequency could be altered by turning the
speed control.

This served a valuable purpose as the

games of skill (contained in the MONiitor
ROM) could be adjusted according to the
skill of the player.

It also proved that the Z-80 could be run
at very low speeds and even adjusted
while operating and still execute the
programs correctly.

The only disadvantage of a variable speed

control 1s 1ts inability to create accurate
REAL-TIME programs.

This is highlighted by the clock program
(as presented in issue 12). Everyone
expects a clock to keep accurate time as
even two dollar’ watches are accurate to
two seconds a month. The clock program
could only approach this accuracy as it

had to be manually adjusted via the speed
control.

To remedy this situation Paul has
produced a crystal oscillator module that
plugs into the 4049 socket.

It contains an inverter chip (74LS04) and
a divider chip so that a 4MHz crystal or
colour-burst (3.5795MHz) can be used
(because they are cheap) and a divider
chip (7473) to divide the frequency by two
so that the TEC will run at about the

maximum speed permissible for a Z-80
CPU.

The 7473 1s wired in TOGGLE mode to
provide a divide-by-two output.

Same of the earlier model TEC's used a Z-
80 CPU (later models used a Z-B0A as
these were cheaper than the Z-80!!) and
the maximum operating speed for a Z-80
is about 2.5MHz.

Almost any crystal can be used in this
circuit providing itis in the range TMHz to
5MMHz for a Z-80 or up to BMHz for a Z-
80A. |If a crystal other than 4MHz or
colour-burst is used, it will be necessary
for you to carry out your own conversion
for timing etc, if a real-time situation is
required.

An inverter is also necessary to invert the
Data Available line from the keyboard
encoder to the NMI line of the Z-BO so
that the NMI line goes low when data is
available from the keyboard encoder. This
is provided via one of the unused inverters

of the 74L504.

The oscillator circuit is a simple twin
inverter using feedback resistors.

A 100pf capacitor at the front end
provides guaranteed start-up and the
crystal provides a capacitive feedback
that is a maximum at the fundamental
frequency of the crystal.

CLOCK
SOCKET

TEC

This is why the oscillator circuit operates
at the frequency as specified on the
crystal.

A 100n capacitor on the oscillator module
reduces noise on the power rails and a
330R pull-up resistor in the clock line
guarantees a full amplitude waveform for
the Z-80.

To convert the TEC to crystal control,
remove the 4049 and plug in the crystal
oscillator board. The speed control pot
will have no effect and the speed of
execution of the monitor will be about
double.

This will too fast for many of the games
and you may have to convert back to the
adjustable speed by replacing the 4049
by pressing the reset button and keeping
it pressed while changing over the
clocks.

PARTS
1 - 330R
2+ 1k

1 - 100pf ceramic
1 - 100n monoblock

1 - 3.5795MHz crystal
1 - 74LS04 IC
1 - 7473 IC

]

14 pin IC sockets
16 pin dip header

1
i

1 CRYSTAL OSCILLATOR PC BOARD
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All future programs will have to be written
especially for the new speed and this will
mean delay values etc will have to be

lengthened accordingly.

ASSEMBLY

Assembly is very simple and we suggest,
as always, that the two chips be fitted via
IC sockets. The two 1k resistors stand
upright and the 330R lays flat against the
PC board. The leads of the crystal must
be left long enough to allow the crystal to
lay over after it has been soldered and a
wire strap placed over the body to prevent
it being damaged, as the leads are very
thin.

The 100pf and 100n are fitted against the
PC board and soldered in the positions
shown. Don't get them swapped over or
the oscillator won't work!

The module is connected to the TEC via a
16 pin dip header soldered under the

board.

If the cermet pot on the TEC is a stand-up
version, it will be necessary to include a
wire-wrap socket between the dip header
and the board to create additional
clearance for the pot. Thisis not supphed
in the kit as you can fold the cermet pot
over slightly to allow the clock board to
fit.

When you have the new board in place.
the first program you can try is the Clock
inissue 12, P.23. The best idea is to type

it into the non-volatile RAM at 1000 and
down-load it to 0900 via a block-transfer
program:

11 00 10
21 00 09
01 A0 00
ED Bo

C7

To convert the program to operate with
4MHz crystal, two of the inbuilt delay
values must be altered and a ‘fine tune’
delay added to the end of the program.
This will create a clock that is accurate to
within a second a day.

Type the complete program as per issue
12 then change the following locations
and also add the extra 7 bytes:

For a 4MHz crystal:

94C 06 FA

962 1E 41

970 C3 93 09
993 006 §5 =l
99§ 10 FE

997 C3 0009 __
For a 3.5796MHz crystal:
94C 06 FC

962 1E 39

970 C3 93 09
993 06 37

99§ 10 FE

997 C3 00 09
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INPUT/OUTPUT

MODULE

DATA BUS

Kit of parts: $33.80
PC Board: $5.00
Complete:

38.80

I
v
| —

.

INPUT/OUTPUT CIRCUIT  —

This project allows the TEC to talk to the
outside world and also accept
information from the outside. Itis the first
interface we have described that brings
the possibility of robotics to the TEC.

The INPUT/OQUTPUT MODULE has one
input port and two output ports. This
means it will input 8 bits (8 lines) and
output 16 bits (16 lines).

To allow the module to be functional as
soon as it is constructed we have
included two input switches and three
output devices so that a simple program
can be written and seen in operation. The
output devices are two relays and a mini
speaker. These will allow you to test the
board and see how it operates, before
adding any other devices.

We have included some test programs in
the article and they will show the
indicator LEDs in operation.

These LEDs indicate when a particular
outputis high and will be invaluable when
trouble-shooting a fault in either a
program or in hardware.

The 5 flying leads on the module are
clearly marked and you will see the input
port is controlled via strobe line 03 and
output ports via strobe lines 04 and 05.

LT &

Each of the 8 input and 16 output lines is
further identified by a hex value on the PC
overiay and this will assist you when
writing a program.

The most interesting use for the board
will undoubtedly be for robotics and when
designing in this field, a whole new world
of mechamcal and electromechanical
terms will be encountered,

Before embarking on a design, it is
important to have some idea of what you
are going to create. It may be an arm, a
wheeled wvehicle or a mechanical
controller such as a door opener, a lift,
crane or remote controlled boat or plane.

No matter what the project, begin by
collecting articles and notes describing
similar or related devices and study how
other designers have puts things
together. Combine the features you like
and make sketches and diagrams of how
you indend yours to look.

The most important point is not to be too
ambitious on your first attempt. Aim for a
simple design, using maybe a single
motor and gearbox with say one or two
flashing lights and a speaker.

You will have sufficient interfacing
problems with these to keep vyour
inventive skills at work for a while.

The other point to remember is to select
materials that you can readily obtain and
don’t choose thick material as this will be
very difficult to work with.

PARTS

16 - 220R ‘awatt

3 - 1n greencap
2 - 100n

2 - 1N 4002 diodes
16 - 3mm red LEDs
16 - BC 338 transistors

2 - 7418273 IC
1 - 74LS373 IC

- 20 pin IC sockets

PC mount push buttons
- Mini Speaker BOR

- SPDT relays

N=hNW

50cm tinned copper wire

5 - PC matrix pins

5 - Matrix connectors

10ecm - Heatshrink tubing

15 - 20cm lengths of hook-up flex

20cm - 10 core ribbon cable
1 - 12 key telephone pad

1 - INPUT/OUTPUT MODULE PC
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3mm clear plastic sheetis the best choice
as it can be cut, bent, folded and even
heated into shape. It also looks appealing
and being clear, you can see through it
and this makes the project look more
complex!

Equally suitable is PC board as it has a
copper surface that can be soldered to
and thus small brackets can be added for
shafts etc.

The only material | would avoid is sheet
metal. Even though it has good strength.
the same can be provided via plastic with
the use of a few strengthening pieces,
without the difficulty of cutting folding
and drilling. For tinplate to have any
strength it must be reasonably thick and
you will require heavy duty tools etc to
shape it.

Another handy medium is wood, however
this should be restricted to base panels
and platforms, where a number of items
need to be screwed into position. You
should only use soft wood, as it will be
lighter and easier to drill and screw into.
Don’t use nails for fixing or joining as they
tend to work lose.

Lastly, don't be frightened to use parts
you already have on hand, especially from
the kitchen and laundry where you will
find plastic bottles, lids and boxes ideally
suited for turning into pulleys and wheaels.
Use all your imagination and initiative -
you will need it as you are basically
breaking new ground!

In robotics, lots of new terms need to be
understood to make the project function
properly. But the best way is the hard
way. By trial and error. Terms like gear
ratios, torque, drive speeds, strength of
beams, can involve an enormous amount
of mathematics. That's why it's best to
look through articles and see how it has
been done by others.

At the time of writing, only a very limited
range of motors and gearboxes are
available at the low end of the market and
the best of these we found at Dick Smith
Electronics.

12v 02

PO12345867N

IIH”

NO 12v
1 rReLay
NC ;

r::- 16 x 220R
16 x BC338

' '-’..J] MR AM NG -

o .
s K510 -8
= "sa Less B

The gearboxes are in kit form and require
a small amount of assembly to fit the
gears onto the shafts to produce a gear-
box known as a compound gearbox.

A gearbox reduces the rotational speed of
a motor and at the same time increases
the torque.

Torque is the twisting or turning force of a
shaft and after 3 or 4 gear reductions, a
shaft will have a considerable turning
force.

This will be sufficient to turn wheels or
move a robot arm or lift a weight.
Sometimes it is necessary to convert
rotation into straight-line motion and this
can be done with a rack and pinion, winch
and string. crank and arm or wheel and

track.

Apart from the problems you will
encounter adapting the mechanics into
the available space., there will be
problems interfacing the motor to the
electronics.

1" © STROBE (05)

16 x 3mm RED LEDs

1n o STROBE (04)

c
o
S 741.5273

N N R BN NLW N N _
o T s
Fa .
o U Gl

One of the major problems will be noise.
Motors are inherently high noise
producers and they must be kept far away
from the electronics, both physically and
electrically.

This may require a separate power supply
so that noise and glitches from the motor
do not get into the computer bus lines.

It will also be necessary to have high
current available for the motor(s) as they
draw a high current under load and if they
stall, you must have sufficient current
available to allow them to restart as soon
as the load reduces.

A stalled motor can create a virtual short
circuit and if connected to the computer
5v supply, the computer may drop out.

This has bean avoided on the INPUT/
OUTPUT MODULE by providing a
separate supply line for the collectors of
the output transistors and also the relays.

TEC
INPUT/OUTPUT
MODULE

c
g 741.5373

in 0O
STROBE (03)

00a0aa000aaaaaan '.;;pm —r—

~ANTOoC OO

mm——— D 10204080 5 N X 2 10:20 4080 OOOOrNYT @<

~ N O O
© O QUTPUT PORT (05) QUTPUT PORT (04) 02
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This will allow you to select your own

supply voltage, with the necessary
current capability.

When you are driving a motor, there will
be three functions (or commands) needed.
These are: ON/OFF (one command)
FORWARD and REVERSE.

To achieve this, a number of lines (bits)
will be required from the output port.
Depending on the circuit used to drive the
motor, either 2 or 3 bits will be required.

If you require the motor to operate in the
forward direction as well as reverse, it
will be necessary to use a relay. For a
simple ON/OFF and FORWARD direction,
a transistor can be used and only one bit
(1 line) will be required. You can also get
speed control from this line by including it
in the program,

Basically speed control consists of
outputting a high for a short duration and
alowforalong duration and repeating the
sequence about 100 times per second.
To increase the speed. the duration of the
high is increased and the low decreased.
The only feature that remains constant is
the repetition rate. It is essential to keep
the pulses above 100Hz so that the motor
rotates smoothly.

ASSEMBLY

By now you will be familiar with our
assembly technique. Neatness 1s the
overall aim. No matter how you build, the
final result must be as neat as possible,
This means the jumper links must be
straight and sitting firm against the
board, the LEDs must be close to the
board and likewise the transitors,
resistors and diodes. | thought it would
be unnecessary to mention these points
but we are still getting projects for repair
in which the parts are mounted high
above the board, the jumper links are
twisted and kinked and the soldering is
rough.

On the topic of soldering, It is important
to use enough solder to cover the land and
the hole. Again, we are seeing the
smallest amount of solder on some joints,
just enough to tack the lead to the land!

This is a very dangerous situation as you
can create a problem that will be very
difficult to locate. Sometimes the holes
in the PC board cut through the track and
the circuit relies on the solder to bridge
the gap.

If you don’t solder all around the lead, the
copper track may contain a gap and
obviously the project will fail to operate.
Inspect the board before starting and
check your workmanship after
construction and you should have no
problems in this area.

Begin assembly with the jumpers. Make

sure they are straight and touching the
board.

Next fit the resistors, followed by the
LEDs transistors and two spike-

suppressing diodes. The overlay shows
how these components are placed.

The 5 spike-suppressing capacitors are
next and must be fitted close to the board.
The IC’s are mounted in sockets and the
dot on the overlay indicates pin 1. You
will find one end of the IC socket has a
‘cut-away’ portion to match with pin 1.

Fit the relays. mini speaker and switches.
Then inspect the board to make sure all
leads have been soldered properly.

After adding all the parts to the board. the
5 jumper lines are added and a female
matrix connector soldered to each lead.
These are covered with heatshrink to
prevent shorting between leads when
connecting to the TEC board.

MATRIX PINS

You will notice the module in the
photographs has a set of matrix pins on
the output ports and also the relays.
These pins are not included in the kit
however you can buy some and fit them
as shown in the photo if you wish.

The 5 pins included in the kit are for
adding to the TEC PC board to take the 5
flying leads from the input/output board.

LD DE, 0000 0950 11 00 00
DEC D 0953 1B

LD A,D 0954 7A

OR E 0955 B3
JRNZ 0956 20 FB
RET 0958 C9

— —— —

The second program is a 12-note organ
using a solf-touch key pad for the input
and the mini speaker on the IN/OUT
module as the output.

The ide of an organ may have limited
possibilities in itself, but the knowledge
of how to produce a tone will be very
beneficial.

In robotics. for instance, a mouse can be
equipped with a speaker to produce a
tone when it touches an obstacle etc. The
note sounds for as long as the robot
touches the object.

The importance of the program is to show
how a tone is produced and how the pitch
can be altered by adjusting the delay
value.

Follow through the program and see how
this is done:

ORGAN PROGRAM
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Paul has included a 9 pin input plug and a ggg Anll A :::: g: o1
10 pin plug for connecting to the TEC. (01), D
These are not included in the kit but can OUT (02),A 0903 joz
be easily made from 18 pin and 20 pin IC OUT (04),A 0905 D3 04
sockets. They are small and delicate but OUT (05),A 0907 D3 05
will last a number of insertions and LD HL,09FF 0909 21 FF o9
removals. IN A,(03) 090C DB 03
CP FF 090E E.E::
JR Z,090C 0910
TEST.IHG . o LD BC,03FF 0912 01 FF 03
The first program in the list is the test DEC BC 0915 oB
program. |t has a shortroutine to flash the LD A,B 16 "8
output LEDs so that every second LED is OR C 09 B1
lit and then the others are flashed. The 0917 FB
program repeats this a number of times JR NZ,0915 0918 20
then changes to detect an input from the IN A,(03) 091A DB 03
input port. The result is indicated on the INC HL 091C 23
corresponding output LED. INC HL 091D 23
CP (HL) 091E BE
If this sequence is not observed, the JR NZ,091C 091F 20 FB
program should be double-checked. INC HL 0921 13
Make sure it contains the correct LD B,(HL) 0922 46
commands. Then check the flying leads. DJNZ 09123 0923 10 FE
They must be connected to the correct LD A,04 0925 3E 04
outputs on the decoder chip. Refer to the OUT (05),A 0927 D3 0§
line diagram for the position of each lead. LD B,(HL) 0929 46
DJNZ 092A 092A 10 FE
TEST PROGRAM ggg? 092C AF
LD B,10 0900 06 10 0§)),A 092D D305
LD A,AA 0902  3E AA IN A,(03)  092F DB 03
OUT (04),A 0904 D3 04 CP FF 0931 FE FF
ouT “éh 0906 D3 05 JR NZ,0922 0933 20 ED
CALL DELAY o908 CD 5009 JR 0909 0935 18 D2
LD A,55 090B 3E §§
OUT (04),A ogoD D304 —
OUT (05),A 090F D3 05 00 ., C
CALL DELAY o911 CD 5009 - 4]) 3CF
DJNZ 0914 10 EC 8
LD A,00 0916 3E 00 84 5C 34
OUT (04),A 0918 D304 DE F3  AF
OUT (05),A 091A D305 7C 54 2C
iIN A,(03 091C DB o3 BE D7 FF
CPL 091E 2F 74 4C
OUT (04),A 091F D3 04 F9 B7
JR 0921 18 F9 6C 44
DD EB
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The third program controls the 16 output
lines via a 12-key phone pad.

To turn on one of the left-hand outputs
(port 05), press the asterisk key then a
number button from 1-8. The right-hand
port (port 04), is accessed by pressing the
'hatch’ key then a number from 1-8B.

When a second number key is pressed.
the corresponding output-line changes
state. Thus a high output will go low and
vice versa. To access the other latch, one
of the control keys (asterisk or hatch])
must be pressed.

The program is fully described beside
each instruction and this will assist you to
design your own programs.

An important point to remember is
DEBOUNCE. The soft-touch keys require
a time to settle down before a value can
be read. This means a short delay mustbe
included in the program (see address

0913 and 0914).

The reason is the contacts in the pad are
made from a carbon compound and they
create a considerable amount of bounce
when a key is pressed.

Since the computer is a high-speed piece
of equipment, it will pick up an incorrect
value if the three contacts in the switch
are not closed when it is being read.

To overcome this a short delay is
introduced between the time when a key
is pressed and when it is read.

The program can be modified to suit your
own requirements. For example: a
randem output can be turned ON, or more
than one output can be turned ON at the
same time. A delay could be introduced to
turn OFF and output after a set period of
time or you could create a visual effect on

a set of LEDs.

It's up to you. Study the program and try
making some modifications.

For a very simple test program. try this:

3E FF
D3 04
C7

Eight LEDs will illuminate to show the

program and board is working.

Wiring diagram showing the connection
of the phone pad to the input/output
module, and the module to the DIP
header plug. Note: line ‘80" is not used
when connecting the phone pad.

Photo, left: Motor and gearbox with two
100/16v electrolytics placed back-to-
back to create a non-polar capacitor to
reduce spikes from the motor. (i.e: the
positive lead of each electro connects to
a motor lead and the join of the negative
leads is left ‘floating ).

Photo. right: The key pad connected to
the input/output module via ribbon cable

and to the TEC via hook-up flex.
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KEY PAD CONTROLS OUTPUT LINES

XOR A

LD B,0B
LD C,04
LD (BC),A
INCC

LD (BC),A
LD HL,09FF
LD D,00

IN A,(03)
CP FF

JR Z,090D
DECD

JR NZ,0913
IN A,(03)
INCD

INC HL

CP (HL)
JR NZ,0918
CP EB

JR NZ,0925
LD C,05
JR 0945

CP AF

JR NZ,092D
LD C,04
JR 0945

LD A,(BC)
LD E,D
RRCA
DECD

JR NZ,092F
BIT 7,A
JR Z,093B
RES 7,A
JR 093D
SET 7,A
LD D,E
RLCA
DECD

JR NZ,093E
LD (BC),A
OouT (C),A
IN A,(03)
CP FF

JR NZ,0945
JP 0908

At 0A00:

FA
DE
BE
F9
DD
BD
F3
D7
B7
CF
EB
AF

0900
0901
0903
0905
0906
0907
0908
090B
090D
090F
0911
0913
0914
0916
0918
0919
091A
091B
091D
091F
0911
0923
0925
0927
0929
0928
092D
092E
091F
0930
0931
0933
0935
0937
0939
0938
093D
093E
093F
0940
0942
0943
0945
0947

0949
0948

AF
o6 OB
0E 04
02

oC

02

21 00 0A

16 00
DB 03
FE FF
28 FA
15

20 FD
DB 03
14

23

BE

20 FB
FE EB
20 04
oE 05§
i8 20
FE AF
20 04
oE 04
18 18
0A

§A

oF

15

20 FC
CB 7F
28 04
CB BF
18 02
CB FF
83

07

15

20 FC
02

ED 79
DB 03
FE FF
20 FA

C3 08 09

BF sja2IE

(

Data for port D5 is stored at 0A05 and 0AQ4 for port
04 These two locations areinitinlly cleared in the first
& lines of the program. Later, you will see why we have
chosen registers B and C for this operation

HL is the ponter for the byle table

D is the count reqister for the key

The program inpuls via port 03. looking for o key
press. Any value other than FF will exit lrom the loop
A short delay 1s created via the D register to give the
prassure sensitive keypad switches a short penod ol
time to settle to a valye that can be read corractly.
Input this key value via port 03 1o the accumulator
The next 4 ines generate a value for D that wall be the
anme as the key This s dane wia a loop and
incrementing D until the key value compares with the
byte in the table will make D egqual the key value
The next B lines look for the STAR hey or HATCH key
and if either is pressed. Cis loaded with either 05 or
04 This will allow the program to oulpul to the
correct porl via the mstruction OUT (C),A Also
locatans 0ADS and QAO04 use the C reqister for
storage. In this way the C register serves a dual role
and same of the powerlul instructions such as
OUT {C)LA can be amployed

Load A with the byte at location DADE or QADS
Store the key value for Iater use,

The next 3 lines rotate the accumulatar so that the
wanted bit is rotated to the end of the register snd
thus only ane TEST will be required

Loak at the highest bit and jJump if itis zero, Otherwise
gxacule next natruction

At this line the bit will be 1" and thus the program
resots it to ‘0" and a jump is performed

The highest bit is SET via this instruction

Load D with thie key valug inreadyness for rotating the
accumulator back to it previous pasition. ALCA 15 a
single byte instrucnion that rotates the accum and
sets the carry Hag The bits dont enter the CARRY,
Store the resulting byte \n meamory

Qutput the byte to aither part 05 ar 04

Look at the input port and loop the next 3 instructions
until the key has been releasad. This s o debounce
routing, essential to produce o clean kay action
Jump to the start ol the main part of the program
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GUITAR
PRACTICE

AMPLIFIER

AN 8-WATT AMPLIFIER WITH PRE-AMP AND FUZZ

agr P01 TWITCH

Kit of parts: $12.30

PC Board: $3.40
Complete: $15.70

Kit of extras: $26.40
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GUITAR PRACTICE AMPLIFIER CIRCUIT
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POWER SUPPLY (INBUILT)

Following the success of the B-watt
amplifier in issue 9, Paul has designed a
project around the 8-watt chip and the
result will have an even wider appeal.

It's an amplifier with a built-in pre-amp
section, a fuzz section and a power supply
which makes the unit completely self-
contained.

As an amplifier it can be used as a mini
amp for halls or outdoor events while the
fuzz effect makes it suitable for guitar
practice etc.

The circuit is quite simple as the use of a
single chip eliminates the need for the
usual array of components. It also makes
the project extremely reliable as most of
the work associated with biasing and
matching of output devices has already
heen done.

It just takes a few external components
to get the chip operating and a few more
to create the pre-amplifier/fuzz section.
The power supply is merely a set of
diodes and a filter electrolytic, this being
found adequate to eliminate any hum.

PARTS LIST
1 1R Vawatt
1 - 2R2 1 - 10k
1 - 39R 1 - 15k
1 - 220R 1 - 56k
1 - 470R 1 - 68k
2 - 1k 1 - 680k
1 - 6k8 1 - 4M7
1 - 10k mini trim pot
1 - 50k mini trim pot
1 - 1n greencap
1 - 39n
4 - 100n
1 - 4u7 25v PC mount electro
1 - 100uF 25v PC mount
1 - 470uF 25v PC mount
3 - 1000uF 25v PC mount
2 - BC 547 transistors
4 - 1N 4002 diodes
1 - 5mm red LED
1 LM 383 (TDA 2002) IC
1 - DPDT slide switch
1 - Mini U heatsink
1 - 6BA nut and bolt
1 - GUITAR AMP PC BOARD

TALKING ELECTRONICS No. 14
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In the past, we have been hesitant to
include a transformer in any of the
projects as it requires working on
components that will carry the 240v

supply.

We have now overcome much of the
previous apprehension by laying out the
wiring in such a way that the live
terminations can be completely covered
with heatshrink, thus totally eliminating
possible contact with the mains voltage.

This means the assembly must be carried
out strictly according to instructions and
the wiring checked by an authorised
supervisor before connecting the project
to the mains.

Even though the mains section involves
only about 4 or 5 connections, the
possibility of a faulty or misplaced lead 1s
always there, and thus someone else
must check you work before plugging it
into the outlet.

Once again, the LM 383 amplifier chip
has been used as it is virtually impossible
to damage with overload.

In our circuit, we are supplying a safe
operating voltage and include an
electrolytic in the output, thus offering no
cause for complaint. The chipis designed
to deliver its full output wattage into 1.6
ohms and even if the output leads are
shorted together, the internal
temperature limiting circuit will prevent
the chip from getting too hot.

The advantage of delivering into a low
impedance such as this means the
amplifier can be connected to up to five
Bohm speakers in parallel and each
speaker will be supplied with about 2

watls.

It works like this: [If you connect one
8ohm speaker to the output, the wattage
from the chip will be about 2 to 3 watts. If
another 8Bohm speaker is added to the
output, the power delivered by the chip
will be about 5 watts. This is 2.5 watts
per speaker.

When 3 speakers are connected. the
output power rises to 6 watts so that
when 4 speakers are connected the
power becomes about 8 watts. The data
on the chip indicates the output power is
about 10 watts when the load is 1.6 ohms
but these figures are absolute maximum
and would only occur on peak signals.

The main point to realise is the fact that
the power delivered to each speaker does
not alter appreciably as the number of
speakers is increased.

This is handy if you wish to use the
amplifier in a hall, or large room, where
you may need full power.

The terms: POWER, MUSIC POWER,
DECIBELS, and RMS OUTPUT are all
very difficult to grasp and far too much
discussion has been centred around
trying to explain what they mean.

We are not intending to make an amplifier
that will damage your eardrums or fill a

240v AC

D”AC

12 6w

concert hall and so the loudness of the
amplifier is of no real concern.

The reason why all these terms are hard
to grasp is because the energy required to
increase the loudness of a sound is not
linear but a logarithmic scale and as such
we can make the amazing comment that
to double the loudness from the speakers
would require an amplifier of about 50
watts. See how irrevelant figures are!

The only way to determine the suitability
of an amplifier is to build it and use it

Providing you don't expect too much from
8 watts, you will find this project 1o be
adequate for all types of situations.

In fact we think it is loud enough to call it
a Guitar Practice Amplifier. And you can

580K= |
- KB-

ON| FUZZ |OFF
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DEPTH VOLUME

be sure neighbours from two or three
doors down will hear you practicing.

Most of the effectiveness of an amplifier
is in the speakers and there is one
enormous misunderstanding concerning
them.

Most people think large speakers require
more power to drive them and as such you
must use speakers capable of handling
say 2 watts. for this project. But this is
not so.

The wattage rating on a speaker refers to
its maximum power handling capability
and you could quite comfortably use four
15 watt speakers for this project.

The reason why large speakers are to be
preferred in any amplifier system is due 1c
the large amount of cone area they offer.
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As the cone of the speaker moves in and
out, 11 shifts an equally large amount of
air. I1ts this air which forms the sound
waves that are picked up by the ear.

Obviously there are certain imits to this
analogy but large speakers will certainly

produce more room-filling sound than
small ones.

To this extent it i1s not a bad choice to use
a speaker capable of handling 15 watts,
for a 2-watt amplifier.

HOW THE CIRCUIT WORKS

This project is based on a single amplifier
chip LM 383 and as the schematic
diagram shows, it can be thought of as an
amplifier block with an inverting and a
non-inverting input.

Provided the circuit board is correctly
designed, the chip is highly reliable and
produces a very clean output when
supplied by smoothed DC in the range
12v to 18v. (Note: the SGS type MUST
NOT be supplied with more than 18v as it
has automatic switch-off at 18v!!).

A portion of the signal is taken from the
output and fed into the inverting input to
provide negative feedback. This reduces
the output power slightly but more
important it reduces the distortion.

Although we may want a considerable
amount of distortion when in the fuzz
mode, we require the amplifier section to
be relatively distortion free so that it can
be used as a PA amplifier etc.

The pre-amplifier/fuzz section is a clever
design. It consists of two transistors and
by using a switch, the bias on the two can
be altered so that they change from
amplifying mode to distortion mode.

This distortion mode is called fuzz and as
they try to amplify, the high value of
collector resistor causes the supply
voltage to fall and thus the signal
becomes distorted.

In addition, an AC feedback path is
created via the 100n, 68k, 10k, 1n and
50k pot and this further upsets the DC
bias so that the characteristic fuzz can be
adjusted in depth.

When the fuzz switch is turned off. the
first transistor provides a small amount of
amplification to increase the input
wavefom about 2 times.

The power supply is a simple rectified and
smoothed supply, suitable for the LM 383
chip, with an indicator LED on the supply
line to show whaen the unit is on.

CONSTRUCTION

It is essential that this project be built on
a PC board as the characteristics of the
LM 383 are such that it requires a heavy
garth plane to be present.

Without a tight earth plane and the hum
reducing kink in the PC track, there is a
tendency for the amplifier to generate its
own background hum.

Only after designing 3 different PC
layouts did we reduce the background
hum to near zero. That's why we suggest
construction on our PC board pattern.

This still allows you to make your own
board from the artwork on the back page,
but don't forget, our boards come with an
overlay and once you have worked on
boards with an overlay, you will never go
back to a plain board again,

All the parts fit on the board and the
controls are attached via plated leads.
The twisting or plating of the leads serves
to keep them neat and reduce Inter-
ference between various parts of the
circuit.

DPOT TOBGLE SWITCH
H 444 CASE

HEATSINK

spacens [ GUTTAR AWP PC B0ARD ]
FUZZ SWITCH WIRING

Only the input lead needs to be screened
to reduce hum pick-up and providing the
others are not too long or placed near the
power transformer, no induced hum can
be detected.

The parts list at the beginning of the
article includes all those items required
for the PC board. The ‘extra’ parts list
below will complete the project as shown
in the photos.

Start by assembling the components on
the PC board. Solder the resistors in
place first and then the 4 power diodes.
The diodes are placed alternately one way
then the other with the bar or line on the
overlay representing the band on the end
of the diode.

GUITAR AMP EXTRAS

- 10k lin pot

- 50k lin pot

- knobs to suit
6.4mm mono socket
- 2way RCA socket

- SPDT toggle switch
- DPDT toggle switch
10cm heatshrink tubing 2.6mm diam
20 lengths of hook-up wire 15cm long
2 lengths of heavy duty hook-up wire
20cm shielded microphone cable

1 - 2155 transformer

- mains cord and plug

- H 444 case

- rubber grommet

- 4BA nuts and bolts

6BA nuts and bolts

- 1/8" whitworth nuts & 25mm bolts
- 9mm spacers

earth tag

cable clamp

-t ok b b)) = i
L]

= b WN ==

Kit: $26.40

The 1 ohm and 2.2 ohm resistors will be
new to many readers and they can be
identified as follows: 1R =brown, black,
gold, gold. 2R2 = red. red, gold. gold.

Next mount the amplifier chip and fit it
onto the mini U heatsink with a 6BA nut
and bolt. Push the 5 leads through the
holes in the board and screw it into
position. Make sure the leads are slightly
bent as the heat from the chip will
gradually expand and contract the leads
and we do not want them to push on the
solder lands. Bend the leads slightly and
solder them in place.

Next fit the greencaps, making sure each
one is identified correctly and solder them
in place. '

Finally the electrolytics are added to the
board. making sure the negative lead as
identified on the body of the electro goes
down the negative hole. You will notice
the positive is identified on the board and
make sure this doesn’t cause confusion.

This completes the PC assembly and is
normally where we finish a project. But
this one requires a number of external
controls and so we have made an “extras’
kit containing the pots, switches, trans-
former, case, plugs and sockets so that
you can complete the project.

The first thing to do is mount the controls
on the front panel in the same relative
places as in the photograph.

The switches are mounted using two nuts
one on the front and one on the back of
the panel, so that the switch does not
protrude too far.

The same applies to the pots so that the
knobs fit nearly flush with the panel. Use
the line diagram on the previous page to
assist you with wiring between the
controls and the PC board. Each of the
connecting wires should be about 15cm
long to allow the board to be turned over
for soldering. If the connecting wires are
too short, you will experience great
difficulty in repairing the board, should a
fault occur.

Plat the three wires from each pot to keep
them together and use different colours
for each line so that they can be easily
recognised at the other end.

When all the leads have been added, fit
the board to the base of the case with 4
long bolts and use spacers to keep the
board above the base.

Mount the transformer so that it is near
the back of the case to prevent hum pick-
up and use the Ov and 12.6v tags for the
project.

The output sockets are a pair of RCA
sockets and are mounted on the rear of
the case with 2 6BA buts and bolts. The
idea of this is to allow two 8 ohm
speakers to be connected to the amplifier
and up to four 8 ohm speakers can be
connected to realize the full 8 watts
output.
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The last item to add is the pow - lead.
Use a grommet in the rear of the c..se and
also fit a cable clamp inside to preventthe
cord twisting around inside the csse and
straining on the lugs of the transtormer.

Take the active lead directly to the switch
on the front of the case and another lead
from the switch to the AC input on the
transformer.

The neutral lead is taken directly to the
other AC tag on the transformer and the
earth lead is connected to one of the legs
of the transformer to make contact with

the case.

It is wise to use heatshrink tubing over
each of the mains voltage connections to
prevent accidental touching of an
exposed joint.

Check over the completed project and
make sure it looks like our version. When
you are satisifed all has been done, its

ready for testing.

TESTING

Plug an electric guitar or microphone into
the input socket and connect speakers to

the output.

Switch the unit on and try the amplifier
with the fuzz section off. You should hear
a clean response, even with the volume
control turned fully up. The background
hum and noise should be barely audible
when an input jack is inserted and will
drop considerably when removed.

Switch on the fuzz and adjust the depth
control. You will be most impressed with
the effect, It's now up to you to put it to
good use.

FAULT FINDING

If the unit fails to operate, turn it off
immediately and remove the PC board
from the mounting screws. Check to see
that no short-circuits exist and that all
components are placed around the
correct way. Also check the underside of
the board for solder bridges or
connections that may have been missed.

There is very little chance of a fault
developing in the electronics of this
project as the amplifier chip is fully
protected against overload.

The most likely place to look is on the fuzz
switch and input socket. If you are not
sure how to wire these, use a multimeter
set to low ohms and trace through the
circuit before soldering.

The only other cause of a short circuit will

be due to fine strands from one piece of
hook-up wire touching another.

| hope you don’t encounter any problems
with the project and have the same
success as we did.

It's a handy amplifier for those who want
to practice without disturbing the rest of
the household and can be used for
amplifying other devices such as speech
chips for the TEC computer!!

The two photos ahove show the
wiring of the PC board to the
controls, transformer and output
plugs. Use these in conjunction
with the layout diagram on P. 28
and also the fuzz switch diagram
on P. 29 to produce a neat layout.
Plat the leads to keep them
together and choose multi

coloured wires to make wiring & %

gasier.

The completed Guitar Practice
Amplifier.
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CO-ORDINATOR

A GAME OF SKILL AND PATIENCE
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Co-ordinator is a game of skill. It tests
your reaction time and patience.

Patience because a certain condition
appears only every few seconds and it
corresponds to both indicator LEDs being
OFF.

When the two LEDs are off, you must
press the button and this supplies a little
energy to a reservoir electrolytic. The
voltage on this electro is detected by a
high impedance amplifier and the result is
shown on a "LED-pair’”’. As the voltage
rises, one of the LEDs in this pair
gradually dims and its brightness is
transferred to a LED of opposite colour.

This process is very gradual and may take
up to 20 or 30 pushes. But if your timing is
out, all the achievement of these presses
will be lost to the discharge circuit.

The time when it is safe to press and NOT ¢ 6
press, i1s very abrupt and you have to be |

very careful not to extend into the

“"forbidden’’ zone.

The circuit consists of four sections or
‘building blocks’ and by describing each
of these fully, we cover the complete
circuit,

The first building block is the low-
frequency oscillator, of which there are
two. Each  oscillator operates
independently and its rate of flash is
indicated on a LED. The LED is buffered
by an inverter for one very important
reason.

CO-ORDINATOR CIRCUIT

The voltage across a LED will not rise
above about 1.7v (for a red LED) and if it
were connected directly to the output of
the oscillator, it would stop it from
operatina, This 1s because the output
must rise to more than 66% of the rail
voltage so that the input can detect a
HIGH and change state, due to the
function of the feedback resistor. The
operation of this type of circuit has been
covered 1n ELECTRONICS Stage-1.

paqges 77 and 78.

e HIGH,
2 electrolytic

The next block i1s the GATE, made up of
two signal diodes and 10k resistor. This
forms an AND gate and operates as
follows: The circuit requires a HIGH on
the end of the 10k resistor to charge the
reservair electrolytic and this is available
ONLY when the cathode end of both
diodes 1s HIGH.

This condition corresponds to both LEDs
being OFF and thus the circuitis designed
around the OFF state.

When the output of both oscillators is
the charging path for the
iIs via the 10k and 3k3

resistors and during the short period of

e 4 time when this occurs, the button should
F. ¢ be pressed. When either oscillator goes
s LOW, it brings the discharge path into

Colinpla
more difficult than you think to get the
green LED to turn on fully.

The value of the timing components is
not very critical and you will see one setis
about half the value of the other. This
gives a flash rate of about 4:1 and means
the two output LEDs are both OFF for a
very small fraction of the time.

ing with the Co-Ordinator. It's

operation.

The discharge path is made up of a 470R
resistor and signal diode. This path has a
much lower impedance than the charge
path (the 3k3 resistor) and thus most of

. the good work done during the charging
& will be removed very quickly by one false
* move,

During charging, the diode (in series with
the 470R) forms a 'blocking’ effect and
does not play any part in the charging.

Next we come to the high impedance
‘detector’ circuit. Itis actually an emitter
follower arrangement, designed to turn
ON one of the indicator LEDs.
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The question we ask i1s "Why use two
piggy-backed transistors?”

In simple terms, the answer is to keep the
LED illuminated between presses of the
switch. This block is a good example of
how a transistor operates. It shows that a
current is required by the base, for it to
supply collector-emitter current.

If we remove the top transistor, and
connect the base of the lower to the
electrolytic, the LED would gradually dim
between pushes of the switch. This is
because the base requires current for the
transistor to operate the LED and it would
draw on the electrolytic for this energy.
The voltage on the electrolytic would
gradually fall and the effect would be lost.

By placing another transistor as shown in
the circuit, the current for the lower
transistor is obtained from the positive
power rail and thus the current drawn
from the electrolytic is reduced by as
much as 1/200 - 1/300th.

This circuitis calleda SUPER ALPHA pair
because the the alpha (or gain) of the
transistors are multiplied together to
produce an arrangement similar to a
single transistor with enormous gain.

The output of this stage is also taken to
another stage which is called a comman-
emitter arrangement (for a PNP
transistor) in which the load is in the
collector, This stage produces an effect
which is opposite to the previous so that
when one is OFF, the other is ON.

This is the entire circuit. It consists of
one chip, 3 transistors, 4 indicating LEDs
and a few passive components.

The circuit is supplied by a 9v battery and
is designed to accept a tri-coloured LED
or a red and green LED in the output.

Building the project will help you under-
stand the circuit a lot more, especially if
you come across a small difficulty which
you solve yourself.

ASSEMBLY

Begin construction with the smallest
components. They are easiest to fit when
no other parts are on the board. Begin at
one end and fit the 3 diodes and 9

resistors.

The overlay for Co-ordinator shows the positioning

PARTS LIST

for all the components. You can use either a tri-

The 3 diodes must be fitted so that the
cathode end (as indicated by a black band
around one end) goes over the ‘bar
shown on the overiay.

Next fit the 3 transistors. Two are NPN
types and will be BC 546, BC 547 or BC
548. The other transistor is PNP and will
be either BC 556, BC 557 or BC 558.

After this we fit the 4 LEDs. The two mini
LEDs are 3mm types and the cathode lead
must be inserted near the edge of the
board. You have a choice of readout. It
can be either a 5mm red and green LED or
a single tri-coloured LED. Either of these
arrangements can be fitted to the board.
But NOT both.

Fit the IC socket so that pin 1
identification is towards the top of the
board. This makes it easier to insert the
IC correctly, after all the other
components have been fitted. Solder the
3 electrolytics so that the positive leads
go down the holes as marked on the
board. The positive leads are generally

the longer ones.

Mount the push switch on leads about
10cm long and solder them to the board
at locations marked 'PB’.

Finally add the battery snap. push the IC
into the socket and the projectis ready for
testing.

A close-up of the board. A
red and greem LED has
been used in the display.

‘CO-ORDINATOR
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coloured LED or a red LED and green LED. Note: 3 - 470R Vawatt
the prototype in the photo below uses 5mm LEDs 1 - 3k3
throughout. however the parts list suggests 3mm 1 - 4k7
LEDs for the flashing indicators. 1 - 10k
1 - 22k
3x1N914 © : O D . 3 '—"IE 1 - 22uF 16v electro
ad x9l® & 585 o 1 - 47uF 16y electro
. ;;::: ~100K= | 5 g e .-q. Og oppln 1 - 220uF 16v electro
NDY —a7k= |22 s PP __Z 3 - 1N 4148 diode
c o & |8 ONXBCS557 2 - BC 547 transistors
!r'—n =R A . 1 - BC 557 transistor
o—11
o s 2 - 3mm red LEDs
1 5mm green LED
1 - 74C14 or 40106 IC

1 - Push button
1 - Battery snap

1 - 14 pin IC socket

20cm Hook-up flex

1 - CO-ORDINATOR PC
TESTING

When the power is applied, the two 3mm
LEDs should illuminate with random
flashing and the red output LED should
come on.

The LEDs are controlled by three separate
sactions of the circuit and if any do not
work, you can go directly to the section
responsible.

If the left-hand mini LED does not flash,
the circuit components to check are: the
47k resistor and 47uF electroytic. If the
right-hand mini LED does not flash, the
22k and 22uF electrolytic should be
checked. The fault could also lie in the

chip.

|f the 5mm red LED does not come on, the
fault will lie in the BC 557 and/or biasing
components, comprising the 4k7, 22k,
470R and the green LED.

Try all your friends with the co-ordinator.
Those who play video games will have a
vary good sense of judgement and will get
the LEDs to change illumination without
much difficulty.

There is a secret way of getting the circuit
to charge the electrolytic without the
need for any skill. We call it the test mode
but you can call it the ‘cheats’ mode.

It consists of placing a diode across the
switch so that the cathode faces the 3k3
resistor.

In this mode, the electrolytic will charge
svery time the outputs are HIGH (via the
10k and 3k3 resistors) and will not
discharge when the outputs are LOW.
And you don’t have to push the switch!

| hope you enjoy this project and take
advantage of the diode “trick’ to impress
your friends!




SHOP TALK

No matter how long it takes to get an issue out,
you can't say it's not worth waiting for. We have
heen waiting nearly 8 months for this issue. Let’s

hope the next is quicker.

As we get a little more streamlined and
better organised, we have come to the
decision that we can bring out a
publication every three months.

At least that's the intention. A quarterly
publication sounds acceptable and is
within our capabilities.

As you can imagine, a magazine which
doesn’t have any advertising takes much
longer to produce. It's very easy to slap
together an issue which has 60%
advertising and only 40% editorial.

And if the editonial is purely written copy.,
the task i1s even easier. Written copy 1s
very easy to produce and although it may
sound impressive, a good writer can
churn out two or three pages in aday It's
when 1t comes to diagrams, photos and

technical matter that the pace slows
down.

Some of the pages, such as the programs
for the Microcomp, represent 20 to 30
hours per page and i1t's nothing to see only
6 pages after a month's hard work.
Maybe we aren’t very fast but the daily
requirements of running the business
slows down the progress

Because we have set our goals very high,
we have suffered enormously. It has been
our intention to keep the magazine
relatively free of advertising and
especially avoid breaking up the articles
with meaningless ads. By this | mean the
ones which tell you nathing about the
product. Like lists of products and
services, which never vary from one issue
to the next. These are not my idea of
excitement!

The other requirement is a regular
publishing schedule. Up to now the
issues have been released only when all
the projects are tested and finalised.

Reader's don't want this. They want a
monthly or bi-monthly journal or at least a
known publishing date.

To this end we have decided upon a
quarterly schedule and since we have a
lot of projects ready for inclusion, we can
see ourselves being very busy for many
Issues to come,

1,000,008,

| think every person and every business
gets hit with a shoddy purchase or
workmanship at some time in their life
and if we aired our grievences every time
something went wrong, nothing would be
bought.

But to know about someone elses bad
dealings can be invaluable. It may save
you falling into the same trap.

We hear about the extremes, from the
man who sued an Australian match
company for failing to suppy 50 matches
in the match-boxes, to the scrap metal
dealer who was duped out of thousands
of dollars by a con man offering to sell the
Eiffel Tower for scrap!

Thousands of people are being tnicked
every day: paying for goods and never
receiving them.

The prospective swimming pool owner
whao paid $6.000 far a luxury pool and is
still waiting for the hole to be dug, one
year after paying the full price! Or the
hundreds of Queensland farmers who
paid for an electronic scarecrow which
has yet to be delivered. And doesn’t work
anyway!!

With all this prior knowledge, we pride
ourselves in knowing not to pay before
delivery and thoroughly research a
product before signing on the dotted line.

With this in mind, we offer you our latest
lesson.

THE COPIER THAT DIDN'T COPY.

Every month we get deluged with
advertising literature for photocopiers.

After doing without, for a number of
vears, we decided to invest in one.

One thing we have learntin the pastis the
need to buy a well-known brand. Without
the backing of a reputable firm you could
be in serious trouble in a few years, If
repairs were required.

The sales pitch we were given in the
leaflets and from phone calls we made
was the anormous reliability of modern
photo-copiers and the low cost per copy.
Also the copy quality nvalled off-set
printing and thus for runs up to 100 or so,
a photocopier was the answer.

Obviously one-offs were exclusively the
relm of the copier.

After researching the field thoroughly we
decided upon a C - - - - model 120. We
cannot print the name but if you ring us,
we will let you know. We asked every
question in the book before signing on the
dotted line - except one. The guarantee.
Later we found out it was ONE MONTH!

When you consider how many photo-

copies an average office makes in one -

month, it represents about 1 to 2 hours of
operation!

Imagine if you sold a TV and quoted a
guarantee of one hour!!

The management’s answer to this was
“The copier is only partly electromic and
partly mechanical - you cannot compare
the two.”

You may not be able to compare the two
but ONE MONTH is an indication of the
faith they have in their product.

Within the gquarantee period we were told
the machine would be adjusted free of
charge and so. within the 30 days, we
phoned for a final adjustment.

This was duely done and had | not been
present, we would have been charged
$45.00 for the call. Only under insistence
did the serviceman ring his superior and
cancel the invoice.

Throughout the next weeks and months
the copy quality gradually deterionated
until  one day JET-BLACK copies
emerged.

Fortunately the service centre 1s just
down the road and | hopped into my car
and called into the 'Serviceman’s Club
Rooms.

At first they said point-blank that |
needed a service call and would not help
me any way at all. When | said | had
adjusted some of the controls and made
no improvement, they started rambling
on with the most amazing load of rubbish
about what could be the cause.

After about 10 minutes | could see |
wasn't getting anywhere and decided to
go back home and call head office.

Getting past the ‘front desk’ was a feat in
itself and to get a feasible explanation to

the fault was way beyond the scope of
any of the personnel.

In desperation | took the front cover off
the copier and was confronted with a
series of pots none of which were
identified and it was only by remembering
the controls touched by the previous
serviceman, that we got any clue at all.

Even full adjustment of each and every
control produced little better than an
extremely dark copy.

Accepting defeat | rang for a service call.

Quite soon we had the pleasure of a
smartly dressed servicememan who saw
the name TALKING ELECTRONICS on
the door and thought "What a load of
twits - L1l fix this!

Faster than a rabbit down a hole, he had
the cover glass off the machine and was
merrily polishing the plate and lens
system. Next he went to the corona wires
and made them sing like a single string
violin,
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The excess toner container had a little in
it and he promptly and eagerly dumped it
onto a sheet of paper and wrapped the
whole thing up like a 3 week old baby.

Then came the master’s touch. He made
a photocopy. Black as ink. Off came the
cover. Fiddle, fiddle. Another copy. Black
as ink. Out came the manual. Fiddle,
fiddle. Another copy. Black again!

By now his quick, efficient antics had
slowed and he made his first utterance: I
think the drum’s gone.”” “"Drums are on a
pro-rata basis and a new one will cost xxx
‘dollars.

Knowing | wouldn’t be contributing a
cent, | said "Go ahead.” Half an hour
later he had a new drum fitted and made a
copy. Black as ever.

Now the chips were down. He wasn't as
smart as he thought and started to talk to
us.

| can't remember what he did next but
about hailf an hour later he had changed
the fluorescent tube which scans the
page. Instant success. Copies came out

perfectly.

It took about 30 minutes to replace the
drum and adjust all the controls back to

normal.

My point is this. Why did it take one hour
and forty five minutes to locate the fault
and then be charged nearly S100 for the
job?

When you call the manufacturer you
expect the get expert service. Notto have
someone learning at your expense.

Repairs are one of the hidden costs when
operating a piece of sophisticated
equipment and especially when a firm has
a monopoly on servicing.

There is absolutely nothing you can do. If
we raefused to pay the bill, the serviceman
said we would be black banned.

The story doesn’t end here. There's a little
more.

At the time when the tube was replaced,
we asked about some streaks down the
page. The reply was the toner roller was
worn and would cost about $120 to
replace. He didn’'t look at the offending
part and made no mention that it could be
repaired.

At $120 we wern't interested and let the
stripes remain,

Gradually these got worse and when it
came to the time when an important
photocopy was required, | decided to
look into the fault.

To my amazement the toner roller
assembly came away via a couple of
screws and two clips.

Upon inspection | noted some of the
powder had hardened and built up on the
magnetic roller. A little solvent and some

hard rubbing removed all signs of the
build-up and when it went together, the
copies were perfect.

Keeping quiet as to the remedy, | phoned
the manufacturer and asked about the
fault. | could get absolutely no further
than 'a service call was necessary .

Again | ask. Why didn't | get any
assistance from either the servicemen or
the service department?

If our experience is any indication of the
treatment being offered by multi-national
companies, it's no wonder they have a
team of servicemen in each district.

If you are in the market to buy a copier,
remember us. By the time you buy a
machine, fill it with paper. toner and
cough up for a few service calls, you will
be better off going to the local chemist or
library and paying 10C per copy!

THE POST OFFICE. ..

Some people wonder why | am so critical of the
Post Office.

They want me to be "all smiles and jovial”
when taking the packets of mail and bags of
publications to the counter.

But | have been around longer than most of
them and seen an enormous decline in the
service and an alarming increase in the
ignorance towards the dissemination of the
printed word.

| have seen postal rates increase from 2C per
item to 30¢C per item in a period of time when
wages have increased only about 400%. All
along. the Post Office has maintained that the
distribution of registered publications has
been a LOSING proposition and with this they
have increased the rates to an axtent that they
are choking the Australian publisher out of

business.

Do you realize it costs more to post a magazine
than to have it printed!!Quite a rediculous

situation.

But there is nothing more absurd than the
reasoning and intelligence of the personnel
bahind the decisions in the marketing and
pricing sections of the Aust Post Monolopy.

For the privilage of getting reduced rates for
registered publications, they charge a $36.00
application fee each year! But the final straw
broke last week when a parcel of publications
cost MORE than a normal postal article. In fact
to postlarge quantities of magazines interstate
costs exactly the same as normal rates.

So muchfor the understanding of the spread of
information,

For a face-to-face discussion over some of the
anomolies | had the pleasure of seeing the
Field Manager for our local area. After a few
attempts to explain the why's and wherefore’'s
of how the prices were generated, he came up
with a comment that absolutely floored me.

“| don't see why you publishers should get
cheaper rates anyway,”' he said.

Can you imagine how | reacted! With a certain
amount of cool | said, “Do you read a lot?”
“No."”

“Do you get any journals?” “No.”

If this type of reasoning prevails in our glorious
Post Office administration, heaven help us
in the future. They have already tried to
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squeeze the most out of the long-suffering
customer. now they want to cripple him
caompletely.

The Post Office has already lost many large
contracts and they are in peril of losing many

more.

They answer this with “some you lose, some
you win,”' sort of attitude.

There are two further requirements of the Post
Office for registerad publications but they are
so absurd you will only laugh.

I'll finish now. while I'm still smiling and leave
you with some of the inside workings of our
largest national monument.

Oh, by the way, I'M not allowed to sign the
Editorial. They rang me 2 years ago and wasted
half an hour of my time over this blatent
disregard of the rules! You will notice | don’t
sign it any more. Take a look. See. | don 't sign
it any more. Aren’t we obedient.

Last week we got a long letter to say the
publication number must appear on the cover
of the magazine. | don't want the cover filled

up with junk inscriptions like this. But. as you
know what bureaucracy can do, we have
regretfully added the wording.

When you get this magazine, consider it a
great privilege the Aust Post has

condescended to handling it!

CAUTION for NZ READERS:

While on the topic of letting you know
what and how we think. | must relay the
dissatisfaction readers have had with one
or more of the New Zealand suppliers as
recommended in previous issues.

| have recieved nothing but complaints
from our readers. The following excerpts
from a letter is typical:

"I rote to the PC board supplier as
suggested by you (NZ firm) for a TEC
board and waited nearly 6 months! When
it finally arrived the board had no overlay
and no solder mask, even though it was
the same price as if ordered from TE. It
was really home-madel’

We have seen similar results from boards
made in NSW. It had no overlay, no solder
mask and no roll tinning! In fact it wasn't
worth buying! If you compare ours to
theirs, you will know what we mean.

Back to the NZ reader. After getting the
board and sending for parts, it failed to
work. So he rang us and asked if we could
help. We said the TEC could be sent in for
repair and it would be returned the same
day. After picking himself up off the flcor,
he said he would do just that.

A few days later it arrived and was
repaired. (I can’t remember the fault). He
rang to say he got it 3 days later and
couldn’t believe the service.

| don’t like canning any firm but the NZ
firms we recommended in previous
iIssues have certainly not lived up to
expectations.

| would be pleased to hear from them and
get their side of the story.
cant. P.51.



... from P.20.
PHONE DIALLER Part I1I

EXPERIMENTING FURTHER

Phone dialler part Ill took about one
week of part-time effort for Colin to write
'He s not very quick!) and has been tidied
and closed up for publication.

However there are a number of
improvements that can be made to the
program (apart from the auto re-dial
extension), For instance, the first byte in
the number table i1s not used and can be
deleated. the CP 0A instruction at 09Cb
s not valid, and a few others.

The six middle locations are used by the
SCAN routine for displaying data onto the
screen. The 7 arrows under the locations
show how the data is shifted from one
location to the nextvia the SHIFT routine.
Locations 0OABO0 to 0ABb are the ones

cleared by the CLEAR routine to blank the
chsplay.

The diagram below shows how the
DISPLAY BUFFER operates.

Diagram showing the DISPLAY area, the

SHIFT procedure and address for NEW
DATA.

These will be your challenge and at the
same time see how you can simplity the
program by using higher level commands.
If you can’t, don't worry. Programs in the
nextissue will be at a higher level and will
use logic operations to create the same
result with fewer instructions.

NEW DATA

New data is inserted at 0AB§ and this
location is cleared via the SHIFT routine
prior to a value being inserted (refer to
SHIFT on P. 18). This prevents rubbish
being shifted into the location from 0ABb
as this would appear on the screen as
brief flashes of junk.

B e . e e e e e e e e e e e e e e —— —— - — ]

SCROLL
LD A,FF 09Co 3E FF Laad A with FF and transler to the | register to detect
LD LA 09C2 ED 47 when a Key has been pressad
LD A,l 09C4 ED §7 Loak ta see if a key has been pressed by comparing
CP 0A 09Ch FE 0A the accumulator with OE. Return if the accumulator
NOP 09Cs8 00 is OE.
gm0 pn B
LD A,(HL] gcc 7E Load the value pointed to by HL into the accumulatar
LD D,z20 09CD 16 20 Load D with a shart delay value {for belaw )
]HC lil., Q’CF 23 Incramaent (o the next location
CP 10 o9DoO FE 10 Look to see if end of table reached
RET Z o9D2 C# AReturn f end reached
LD (0AS85),A 09D3 32 B85 0A Load the byte of the table into the disploy buffer
CALL SCAN 09D CD 80 09 Call SCAN for 32 loops (as determined by the D
DECD 09D9 15 register
JR NZ,09D6 09DA 20 FA
CALL SHIFT 09DC  CD E109 Call SHIFT
JR 09C4 09DF 18 E3 Jump to the start of the sub-routine
SHIFT
LD B,07 09E1 06 07 Load B with 7. |
LD IX,0A7F 09Ey DD 21 7F 0A Load I1X with location one lower than display butfer
LD A,(IX + 01 09E7 DD 7E o1 Load A with the value inthe display buffer and transfer
LD (l + ﬂﬂ], “Eﬂ nn 77 00 it to the next lower location
INC IX 09ED DD 23 Increment the IX register
ECB 09EF 0§ Dec B.
?R NZ,09E7 o9 Fo 10 F§ and jump to above for 7 loops
RETURN 09F2 Co Return
at 0A00: A=6F N=6B
B = Eb O0=EB
DISPLAY TABLE: ——— C=C3 P-=4F
- m =~ pE o
- E = = 44
; = Eln The alphabet table on the right is used to F=47 S = A7
3 = AD produce the letters for the name. Two key G =E3 T = 46
4 - 2E presses are required for each letter. H = oE U=EA
= - = —
: — %7 The display table on the left is used by the ‘II::'E.. %__!‘Enl
o = I: program to produce the digits of the phone - X = b
8 — EF number. These hex vlaues can also be used in K =287 =2
9 = AF conjunction with the alphabet table if you want L=Cz2 Y = AE
o — EB ° digit to appear in the NAME. M = 6§ Z=Cy
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VIC-20 MAGAZINE

A letter from Cris Groenhout, Editor VIC-
20 Magazine.

Despite the commercial demise of the
very popular Commodore VIC-20 Colour
Computer, there is still a great number of
enthusiastic users remaining with
absolutely no intention of disposing of
their equipment. So, to support this large
group of users, we have recently decided
to continue publishing the Association’s
magazine "VIC'.

"VIC " is now in its third year of publication
with 16 bi-monthly issues under its belt.’
The magazine sells to subscribers and
retail customers for $2.00, a price which,
compared to similar magazines. i1s very
low. The magazine is also entirely
dedicated to the VIC computer with no
advertising and very little space tied up by
news, letters, etc.

The association also distributes public
domain software for a small copying fee
and maintains a library of about 900
programs. There are also a number of
other services and if you are interested in
more information, write to Cris, at 25
Kerferd St., Watson, ACT, 2602. Tel:

(062) 412 316. and enclose 2 stamps for
return postage.
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CONTINUING THE SERIES: 10 MINUTE DIGITAL COURSE.

SUMMARY

“THE FTLIP YLOP FTORMS “THE RASIC ELEMENT OF THE SEQUENTAL

ZOGIC C\RCOIT. THIS IS AN EXTREMELY VALUARLE
RUILDING RLOCK AS 1T POSBESSES

. MEMORY CAPARILITY
2.8 DWIDE BY T™WO FYEARTURE

TLIP YLOPS CAN ALSO RE CALLED LATCHES , DWIDERS OR,
MULTWIRBRATORS , DEPENDING ON How THEY ARE WIRED INTO 1 CIRCULIT,

THE MOST BAJIC FLIP FLOP 1S c&uao THE R-S FLIPYLOP. |IT HAS 2
INPUTS CALLED Q TOR, DET R ToOR REQET THE ONLY OTHER
LINES ARE THE OUTPUT LINES, THESE ARE LARELED R TOR THE NORMAL.
ovTALT AND Q (Q—EHR) TOR THE CoMPLEMERNTARY QuUTPUT.

WHEN THE NORMAL OUTPUT 1S HIGH THE YLIP YLOP 18 SAID To BE

SET WHEN THE NORMAL OUTPUT (S LOW THE FLIP FLOP IS SAID TO
At RESET.

YL1P TLOPS NORMALLY HOoLD OAYA Yok A SHORT PERIOD OF "I IME
Z THE R-S TLIPELOP 1S OFTEN CRLLED AN R-S LATCH.

Rt THE R-S YLIP YLOP QUFFERS TROM ONE LIMITATION. |F
BROTH INPUTS ARE HELD Low/.THE ouTPuTS BotH REWME HIGH.

THS PRODUCES AN UNDESIRARLE RESLLT AND THIS ITATE MUST NOT
KE RALLOWED To OCLLVR, .

. TRE RESET ~SET VLIP YLOP CAN RE 0SED To DERouNCE A
MECHANICAL RVUOITCH, 0R STORE ORtA. T 1S AN ARYNCHRONOUS

DEVICE A THE OUtPUT CHANGES IMMEDIATELY THE INPUTS RAE
~ACtwATeED.

To ACHIEVE A TIMING CONDITION A CLOKED R-S FLIP SLOP HAS
BREEN PRODUVCED THE INCLUSION OF A CLOCK LINE MEANS THE

YLIP YLOP WILL NOT CHANGE UNTIL THE ARRWAL OoF THE CLOCTK_
PULSE . — 1T 0PERATES SYNCHRONOUSLY.

HOWEVER. 1T DOES POSSERS AN UNDESIRARLE OR PROHIBITED JTATE
WHERE Gotd OLUTPVTS &O WIGH. To OVERCOME "THIS CoND ITION
A'O" LATCH HAS REEN PRODUCED. "THE O FLIP TLOP HAS AN
INVERTER, SITTED TO THE RELET LINE £ TEEDS STRoOM THE Q[ET
LINE S0 ™RTTHE TWO INPUTS PARE ALWAYS oUT-0F-~ PHASE.

AT THE ToP OF THE RANGE 1S THE J~K TLIP €LOP. IT OVER —
COMES ALL THE LIMITATIONS of THE PREVIOUS TYPES HoweveR,

IT 1S CLOMPLEX AND EXPENSIWVE AND 1S GENERRLLY USED ONLY.
(WHEN REQUIRED .

1T 1S CAPARLE OF PERTORMING ALL THE OPERATIONS OF TH
SIMPLER TTYPES , AND MORE . |

1
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DEPENDING AN THE STATE AF T H
Lol Y RODUCE 4 DIVYEZRENT ELY

(M m

INPUTS | THE OUTPUTS
(YS!

. YREEZE

2 LEmMAIN OR CHANGE TH SET. CONDITION

) v - " “ REQET CONDITON .
4. ToGGLE .

THE TOGGLE TEATURE CAN BE VSED To PRODUCE A NDWINE-RY-2
STAGE AND THE TLIP YLOP CAN RE CASCADELD To PROPUCE LoNG
LNES OF DWISioN 1A GES . "THERE =<pooN RBRECME EFFECTWE.
WATH 7 STAGES THE Dwision 1S 123 ANO |12 STAGES PRODUCES

A O\WIDE - \3Y ~ 4096 COUNTER.

THIS IS THE TolIC Tok THE NEXT RECTION,
=

QUIZ: = O —

[ WHEN A LATCH 1D STORING A RINARY ] ]; 3. WHEN THEN - LATCH |S IN THE
IT IS IN THE ___(%ET,R_EEET) MODE . | LM RD" ComDUTION BOTH QUTPUTS

| wiLe BE . (HIGH  Low )
2, DRAW THE RBlock DIAGRAM YOR AN | —
R-S TL1P FLOP 7. Q& Q OUTPUTS SHOULD ALWAYS BE:
() THE SAME
(b)) oW
(€ HIGH

(dr ComPLEMENTARY

0. STATE 2 USES TOR A LATCH .

—

3. IT A FLIP FLOP IS RESET THE

QJTPUT 1S (mc-m,Low)
/. THE NORMAL QUTAUT OF A FLIP [, ComPLETE THIS DIAGRAM OF A
YLoP IS Q,Q , NAND GHTE LATCH

5.YO0R fr ACTWE LOW R-S YLIP FLOP,
SUPPLYING THE R LZINE Wwi1TH A

Hi1GY Low ) oL

(CLEAR,SET) THE § 0UTPUST TO A

-(0.1) .
6. ASSUME AN R-S LATCH 1S SET. A D —'—“‘“Q
LOW TO THE S INPUT WIILL.:
(@ OO NOTHING .
(b) CHANGE THE YLIP YLOP To RESET, 12,. A TLIP YLOP OPERATING IN STEP
WITH A CLOCK 1S SAID TO BE
7 BatH INPUTS OF A NOR LATCH ARE OPERATING !
HIGH. THE STATE OF THE LATCH 15: (@) DYNCHRON OUBLY .
(@) SET (m) ASYNCHR ONOUSLY .
) RESET i . 5
(¢) UNDES\RABLE OR PROHIBLTED 13 WHAT DOES R-5 STAND FOR
(d) CAN TTELL NOT ENOUGH
INFORMNATION
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L. DRAW THE BLOCK DIAGRAM VaR, Ld23.L1CT THE 4. SYNCHRONOUS FIODES
A CLOcKED R~3 YLP YLOP! ov oPELATION OY THE 2-R FLIP
N Lo¥
H.
| B.
C.
D .

‘ 24 TTHE TWO INTEKMAL 2T 4
15 . A CLockeD R-S YLIP YLOP OF § J-K YLIP VY LoP HRE:

OPERATES: J (1
@) ASYNCHRONOVSLY. (1)

(b)Y ©YNCHRONOUSLY, ‘ o
215 NAME 2 ¥L1P TLoPd OH!ICH

6. 7THE Q oUTPUT 15 HIGH LWHEN THE HAVE A CLOCK, INPUT LINE!
CLock. 1S (HIGH, Low ) & THE .
SET OUTPUT 15 . (HIGH, Low ) 2
& THE RESET LINE 1S (HiG, Low)

= 26 THE OUTPUT STATE OF A Jd-K

17, THE Q OUTPVT OF A U FLIP YLOP IS TLIP FLOP 1S DETERMINED BY
Low. THE FLIP FLOP IS SRID TO BE “THE MASTER, OR SLAVE LATCH !
IN THE (SET RESET) STHTE. | .

1R DATA AT THE D INPUT IS 27. 1% THE Q OQUTPUT GOES H1GH -
TRANSTZ \RED TTo THE Q OUTWUT LOW -HIGH~LOW; THE {L:P YLOP
ON THE H-To-4 oR L-To-H . 15 1N WHAT MOJE OF OPERATION:,
. TRANSI "loN OF THE CLOCK H:

POLSE FOR A NAND GATE D TLIP

fLaP. | 28 . B \-L FLiPTFLOP 1S CAPARLE
OF PROVIQING A Dwision . How
Iq_ YOR A D FLIP FLOP THE S&R MANY ARE REQUVIRED TO
L)NES ARE ALWAYS - PRODUCE A DwWIDE —BY-32..
(a) HIGH
h) LOw 2?_ I THE M-W INPUTS ARE HIGH.
éﬂ OUT-oF-PHASE . . WHAT IS THE MOQE. ©
20 THE CLOCK LINE DETERMINE S | 30. CANTHE 3-K FL 1P FLOP PRODUCE
. THE STATE 0OFf THE TLIP YLOL. THE PROHIBITED ORUNDESIRARLE
(@) TROE <TATE ?
(b) YALSE . e —
21 WHY DOES A D YLIP FLOP HAVE | ANSWERS:
AN INVERTEAR AT THE INPUT OF
ONE LINE ? | SET, 3 _HIeH. 4.Q 5. Low,cLear O.
6.0) 7.(¢) ¥.Low G.(d) 10. MEMORY, OWISION,
22 DRAW THE LOGIC SYMBOL YOR A OEBOUNCE 12, (a) 15 RESET-SET, 15(b)
d-¥ TLIP YLOP: 16. HIGH  HIGH , Low. 17.9€T. I1R.LTOH,

\9.(¢) 20 (b) 2].7T0 PROOVCE OUT OF PHASE

& L LMNES, 23, HOLD, SET, RESET, TOGGLE.
24 MASTER kATCH, SLAVE LATCH. 25 D,
1=K  CokER R-5. 26. SLAVE. 17_ TOGGLE .
28.5. 29.TGGLE 30, NO.

25/, OR HIGHER 1S EXCELLENT,
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COMPUTER

COMPLETE MICROCOMP
MOUNTED ON RETEX CASE RA-1.

This i1s the second article on the Micro-
comp and by now we have whet a lot of
appetites

Some constructors have gone way
beyond that covered in the first article
and investigated many of the remaining
programs in the EPROM.

One constructor even listed the entire
contents by using the LOOKING AT
DATA routine at 0200. There were a
couple of mistakes in his listing where he
forgot to change from PROGRAM to
DATA. This is one of the problems when
trying to disect a listing.

By now you will have some idea of how
the bytes appear in EPROM. They come
in a continuous string - without spaces or
identification as to the beginning or end
of a sequence. If you jump into the middle
of a program and look at a byte, you will
not know if it is an instruction, part of an
instruction or a piece of data. That's why
you must start at the beginning of a
listing.

MICRO
COMP

A 3-GHIP Z-80

)

cCoMES WITH FREE
STORAGE BOX!!

MICROCOMP CASE $15.00

Kit of parts: $50.70
PC Board: $10.20
Complete: $59.95

When trying to disect a program, write
down the values, byte by byte and you will
soon see groups which you recognise.
From there you can place the others in
groups and start to see a program
emerging.

These values are called MACHINE CODE
values and are used by the micro directly.
It doesn’t need spaces or stops and starts
as it is pre-programmed within and
knows exactly what to do.

The difficulty you would experience in
disecting a program is understandable.

You are nota micro and cannot keep track.

of the flow of the program, This is a very
difficult direction to work in. The way we
will be working is from IDEA-to-machine-
code-listing. This is the forward direction
and is much easier.

Most programs are made up of lots of
small building blocks and the quickest
way to learn about these is to study a few
programs.

ssq.qsg'umlm

The Morse Trainer is our first add-on
and will be covered in the next issue. It
is capable of picking up morse from a
comminications receiver and
displaying the message on the
displays. It separates the numbers
from the letters and indicates the end
of words. Speed of reception can he
adjusted from 5 words per minute (or
less) to about 17 words per minute.

TO BE RELEASED

MORSE TRAIKER
$13.30complete

In this article we will be continuing with a
close study of each of the programs in the
EPROM but before we do this we have
designed a couple of games for those who
want to do a little programming
themselves.

If you have a TEC and either the non-
valatile RAM or EPROM burner, these
programs can be typed into memory and
transferred to the microcomp for
execution.

As designed, the programs are run at
page ZERO however only a few changes
are required and they can be run at any
other location. The details of this are
included with the programs,

The two games are titled: TUG 0" WAR and
BLACK Jgﬂﬂﬂ. Alongside each is a flow
diagram showing what each part of the
program does. Also we have explained
each instruction with a simple sentence
to show how we converted each idea into
a computer instruction.

Getting back to the Microcomp, we have
described a few more of the ‘ins’ and
‘outs’ of computer design and especially
the tricks we used to simplify the circuit.

Notebook No. 3 has just been released
and it contains a number of pages on the
Microcomp design as well as Z-80
Machine Code values for assembly and
Disassembly. It also includes the
interpretation of each instruction and a
listing of computer terms. This will help
you with programming and the circuit
design pages will help you with input and
output decoding and how the Z-80
communicates with all the other chips.
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TUG O’
WAR

BLACK
JACK

TWO programs for the MICROCOMP.

These two programs bring together
the TEC computer, Non-volatile
RAM and Microcomp. They show
some of the technigues of
displaying, inputting and.runnin? a
I::rugran_: at a speed suitahle for
uman involvement.

These games were developed on
the above equipment and you can
create similar programs or adapt
them lo suit your own
requirements.

TUG 0° WAR

Instead of making a TUG O" WAR game
from a kit, you can create an improved
version by producing a program and
running it on a computer.

Initially we saw this game in a popular
electronics magazine and liked the way it
worked.

It used a row of 15 LEDs and by pressing
one of two buttons, a single illuminated
LED would move towards you Seven
LEDs were available for each player and
your opponent had the same opportunity
to make the LED travel towards himself.

The difficulty of play could NOT be
adjusted and a player would win when-
ever he pressed his button seven times
more than his opponent.

TUG 0° WAR PROGRAM:

In our wversion., we have made it
increasingly more difficult to reach the
end by weighing the table of increments.

The lowest wvalue has only one
corresponding value in the table whereas
the highest value requires nine steps
before it will advance to WIN!

This can be seen by referring to the byte
table and counting the number of bytes
for each output value.

Not only does this program show you
some new techniques In programming
but will also save you a few dallars, if you
already have the items mentioned above.

In a similar way. lots of other ideas and
games can be produced and this will save
you the expense of buying special PC
boards and unusual chips

Our version has nine steps and requires a
total of 45 pushes for one player to win
over his opponent.

This makes the game quite difficult and
you have to introduce quite a lot of
strategy to win

DESIGNING THE PROGRAM

When designing a program, the first thing
you have to consider is the hardware
available. In our case this means the
program has to be designed around two
push buttons and two 7-segment
displays. The row of 8 LEDs does not give
us sufficient scope.

The two displays can be used to display
numbers. letters, or individual segments.
We opted to display the numbers 0-9,

The rest of the effect lies in the program,
This is how we went about designing it:

When the game starts, the two displays
are illuminated with zeros. This requires a

cont. P. 62 . ..

The TUG O WAR program starts below
and continues on the next page. It
requires a table of 46 bytes for the display
and this is placed at 00C0:

AT COD:

3F 7D
0bé 7D
0b 7D
5B 7D
B 7D
5B 07

4F 07

4F 07

4F 07

4F 07

(13 07

bb 07

bb 07

bb 7F
bb 7F
bD 7F
6D 7F
6D TF
6D TF
bD 7F
6D 7F
7D TF
7D 67

Laad HL with start of table for Left Hand display
Load DE wath start of table for Right Hand display
Load the BIT TESTING riagister with zero

Load the accumulator with the first byte in the table
Output this value to the latch.

Load 8 with a value for a delay routine

A
60

144
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Create 32 loops of decrementing register B

set the highest BIT so that the LH display will illuminate
ADD the byle looked at by the HL register, to the accumulator,

Compare €0 with the accumulator to see if both switches are pressed.
Jump f both switches are pressed
Compare the accumulator with 40 to see f B is pressed

Reset bit O of the C reqister

Compare the accumulator with €0 to see if both switches are pressed
Jump if both are pressed.
Compare the accumulator with 80 to see if A is pressed

Heset it 1 of the C register

Load B with 10 for a short delay

Create 16 loops of decrementing register B.

Jump to start of multiplexing routine

Test it O to see i it 1s the first time B is detected.
Jump if nat the first time

LD HL,00Co 0000 21 Co 00
START -UP LD DE.00Co 0003 11 CO 00
LD C,00 0006 OE 00
= lé% ‘I{\,{DE} 0008 LA
01),A 000 02
MULTIPLEXES LD B[:m s mqn ua"m
2 DISPLAYS DJNZ 000D 000D 10 FE
XOR A 000F AF Zero the accumulator
i SET 7,A 0010 CB FF
ADD A,SJHL) 0012 8b
OUT (02),A 0013 D3 02 Qutput to the latch
. e | I N A, (1) 001§ DB 01 Laok at the switches
LODKS AT CP Co 0017 FE Co
| BUTTONS JR Z,002D — 0019 128 12
CP 40 001B FE 40
=|— JR Z,0033 001D 2B 14 Jump i B s pressed
?}fi?c] 00IF CB 81
— W 01) e 0011 DB o1 Look at the input port
LOOKS AT CP Co 0023 FE Co
BUTTONS - JR Z,002D — |—> 0025 128 06
CP 8o 0027 FE 80
3 JR Z,0077 —|— 0029 18 4C Jump if A is prossed
. RES 1,C 002B CB 89
| LD B,10 ~*—|~|— 002D 06 10
DJINZ 002F 002F 10 FE
FIRST —JR 0008 0031 18 Ds
DETECTION? = BIT 0,C 0033 CB 41
JR NZ,0021- & 0035 20 EA



BLINKS
B

DECREMENT

']
i

FIRST
DETECTION?

BLINKS
‘A

IS B ZEROD?

DECREMENT
‘B

SET 0,C
INC DE
LD A,(DE) |
CP b7
JR NZ,006D -
—> LD C,10
LD A,(DE)
OUT (02),A
LD B,10
DJINZ 0046
XOR A
SET 7,A
ADD A,(HL)
OUT (02),A
LD B,10
DJINZ o050
DEC C
— JR NZ,0041
LD C,10
-+ XOR A
OUT (02),A
LD B,10
DJNZ o00s5C
XOR A
SET 7,A
ADD A,(HL)
OUT (02),A
LD B,10
DJNZ o0b6
DEC C
— JR NZ,0057
— B
CP 3F
JR NZ,0074
-=———JR 0015

BIT 1,C«—
JR NZ,002D —>
SET 1,C
INC HL
LD A,(HL)
CP b7
JR NZ,00AE -
> LD A,(DE)
OUT (02),A
LD B,10
DJNZ 008A
XOR A
SET 7,A
ADD A,(HL)
OUT (02),A
LD B,10
DJINZ 0094
DEC C
L—JR NZ,0085
LD C,10
» LD A,(DE)
OUT (02),A
LD B,10
DJINZ 00A0
XOR A
OUT (02),A
LD B,10
DJINZ 00A7
DEC C
. JR NZ,009B
L—JR 0083
LD A,(DE) -«
CP 3F

JR NZ,00B6
JP ﬂﬂlh ———
DEC n£4—:| \

JP 002D

Y4 0037

0039
003A
0038
003D
003F
0041
0042
0044
0046
0048
0049
0048
004C
004E
0050
0052
0053
0055
0057
0058
00SA
005C
005E
00SF
00b1
0062
0004
0066
0068
0069
o0btB
oobD
006E
0070
0072
0074
0075
0077
0079
0078
007D
007E
007F
0081
0083
0085
0086
0088
008A
008C
008D
008 F
0090
0092
0094
0096
0097
0099
009B
009C
009E
00A0
00A2
00A3
00AS
00AY
00A9
00AA
00AC
AE
00AF
00B1
00B3
00Bb6
00B7

Set bit 0 of C before processing button B.

Incrament pointer for RH display.

Load A with second byta in table.

Compare the accum. with 67 to ses if end of table has been reached.
Jump if end of tabla NOT reached. Incremant if reached.
Load C with 10 for multiplexing time-length.

Load the accumulator with data pointed to by DE.

Output to the latch,

Load B with 10 for short delay.

Decrement B 16 times.

Zoro the accumulator,

Set the highest bit to turn on the LH display.

ADD the byte pointed to by HL. to the accumulator

Output to tha latch.

Load B with 10 for short delay,

Decrement B 16 times.

Decrement C.

Jump il C not zero. Increment if C is zaro.

Load C with 10,

Zora A to trn off RH display ta creats BLINK,

Output to the latch.

Load B with 10 to create a short delay,

Decramunt B 16 timas.

Zoro A,

SET the highest bit of the accumulator 1o turn an the LH display.
ADD the byte pointed 1o by the HL pair, to the accumulator.
Qut put to the latch,

Load B with 10.

Decrement B 16 times.

Decrement C.

Jump it C not zaro.

Jump to start of BLINKING ROUTINE,

Load A with dota byle pointed to by HL.

Compare with 3F to see il LH display is zero.

Jump if not zero.

Jump to start of program if zero,

Decrement player A pointer.

Jump to stort of program.

TEST hit 1 of the C raegistar,

Jump if bit 1 is SET. Incremaent to next instruction if not set.
SET bit 1 of the C register.

Incrameant player A painter.

Lond the data byte into the accumulator.

Compare the accumulatar with 67.

Jump if the two are not the same. Go to next instruction if the same.
The next 25 instructions produce a multiplexing effact on the
two displays so thal the LH display turns an and off in a
BLINKING pattern

This section is very nearly identical to the
instructions between 003F to 006B.
Refer to the above for the explanations.

Load the sccumulator with the value pointed to by DE.

Compare the accumulator with 3F to see if the RH display is zero.
Jump if player B is zero, incrament 10 naxt instruction if not zero.
Jump to start of program.

Decreament player B pointer,

Jump to start of program.

TALKING ELECTRONICS No. 14 61



loop in which the value for each display is
looked after by a separate register pair.
The left hand display is looked after by the
HL register pair and the nght hand display
by the DE register pair.

This choice is goverened by the fact that
the HL pair has a larger number of op-
codes available to us and thus it is more
versatile.

You will see the need for this later.

Numbers produced on the right hand
display can be created on the left hand
display simply by turning on the highest
line at the same time. This is done by
adding ‘80" to the value of data. The same
effect can be created by SETTING bit 7 of
the accumulator and then ADDing the
value of the right hand display. This is
what we have done. The data required to
produce a number in the right hand
display has been added to the
accumulator after the highest bit has
been SET, with the result that the number
appears on the left hand display.

Before this can be done, there is one point
which must be remembered.

The accumulator must firstly be cleared
so that all bits are zero. SETTING a bit
and ADDing to the accumulator does not
clear out any initial junk.

Using these facts, and a short DJNZ
delay, will produce a loop program which
will illuminate both displays.

Also in this loop we must include an
instruction to look at the input port and
detect 3 things:

We must detect if button A 1s pressed,
button B and also if both buttons are
pressed at the same time.

Detecting button A will cause the
program to branch to a sub-routine,
button B to another sub-routine and both
buttons will cause the program to jump
over the other branch-instructions.

When the micro jumps to either sub-
routine, there are 4 instructions which

must be taken into account.

Firstly it looks to see if it is the first time
the sub-routine has been jumped to
(during this press of the button). It does
this by checking the debounce BIT in the
C register. We must create a debounce
condition so that the displays will
increment only one byte in the table for
each press of the button. This is achieved
by resetting the BIT(s) in the C register
while executing the main program. When
a button is pressed, the micro goes to the
sub-routine and looks at the particular bit
In question.

If it is in a RESET state, the micro runs
through the sub-routine and SETs the bit.
It then increments the pointer register to
look at the next byte in the table. It then
compares the value with 67 to see if the
end of the table has been reached. If it
has, it goes to a loop program which
flashes the winning display.

If the end of the table has not been
reached, the program looks at :H'!E
opposition value to see if itis zero. Ifitis
zero, the micro returns to the main

program. |f the opposition is not zero, it
decrements the pointer register and
jumps to the mamin program.

The effect on the screen may or may not
be an increment or decrement, depending
on the position of the pointer registers,
however you can be assured the byte
table has been decremented and/or
incremented correctly.

All you have to do now is put these facts
into a machine code program.

When doing this, it is very helpful to use
arrows to incdicate where the program
jumps to. You can also put labels and
notes at various locations to indicate
what the program is doing. This will
assist you when debugging and tidying

up.

Study the program on the previous 2
pages and see how it's done,

BLACK JACK

This program is designed around Paul’s
Black Jack in issue 11.

The concept of the program is to deal a
hand of random values exactly like
playing cards.

It then keeps a tally of your hand and
adjusts the total to your advantage when
one or more ACES are dealt.

Itis the feature of the Ace being equalto 1
or 11 which adds interest to the game and
brings a little strategy into the program.

Apart from the normal requirements, the
program must keep track of an ace. When
one is included, BIT 7 of the C register is
SET. The C register is our TEST
REGISTER.

The computer keeps dealing cards until a
value over 21 is reached. It then looks to
see if an ace is included by testing BIT 7.
If this bitis SET, it subtracts ten from the
total, making the ace equal to one.

Further cards are dealt and once again a
score is kept, in an attempt to reach 21,
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When exactly 21 is reached. the program
jumps to a routine which flashes 21" and

at the same time looks at the input port
for button B being pressed. If it s
pressed, the program returns to the start.

The other important feature to remember
when producing a program is TIMING,

By this we mean the length of time for the
things to be done, such as the numbers

appearing on the screen.

If they appear for too short a duration, it
will be annoying. A long duration will
slow down the game.

These periods are controlled by a delay
routine which is inserted into the program

to ‘waste computer ume .

The length of these delays depends on the
clock speed and since we have a very
slow clock frequency, we have delay
routines to match.

Our maximum clock speed 1s 35,000
cycles per second so that if we waste
35,000 clock cycles, we produce a delay
of 1 second.

The simplest way of producing a delay is
to use DINZ The maximum DJNZ delay
is produced by loading B with FF and this
wastes 13 x 255 cycles (3315 cycles) or
about 1/10th sec. Longer delays can be
obtained by using 2 DJNZ's and shorter
delays by decreasing the value of B.

The other way to create a delay s to run
through a loop which gradually
decrements a delay value This type of
program is necessary when multiplexing
Is required.

The only way of obtaining a suitable value
for the delay i1s to study some of the

examples.

If you are unsure, insert ‘80" and trim the
value during final testing. ‘80 represents
a mid-value and you can increase or
decrease it later.

INDEXED ADDRESSING

Black Jack uses a table (located at the
end of the program) which does three
things. Firstly it determines the character
to appear on the right hand display, then
the character for the left hand display and
finally the equivalent hex value.

This requires 3 bytes which we have
grouped together to form a ‘block’.

Even when the left hand display is not
showing a value, itis being accessed with
a zero output so that uniform illumination
1s produced when a value such as 10" is
displayed.

To pick up the 2nd and 3rd byte in each
group, we have wused |INDEXED
ADDRESSING.

This is a handy way of jumping down a
table without incrementing the register.

If you were to increment it, you would
have to decrement it before the start of
the next loop and this would involve extra
Instructions,



In our program, the register in charge of
the table is incremented only after a

multiplexing operation (which may
involve a number of passes of a loop).

When the register is incremented, it is
incremented 3 times so thatitlooks at the

There are two main types of addressing.
ABSOLUTE and RELATIVE. Relative
values refer to locations by using a
displacement value in the program and
whenever the program is shifted, these
values remain unchanged.

Here's the program: Type it on the TEC,
hold it in the non-volatile RAM and play it
on the Microcomp.

At 0100:

Each hex value produces a number from 0
to 9:

first byte of the next group. That is the However absolute address values must 3F o
1st, 4th, 7th 10th byte etc. be changed whenever a program is 0b !
shifted as the wvalues refer to specific 5B &
The 2nd and 3rd bytes of each group are locations. 4F 3
looked at via the indexing feature which :; g
uses a displacement value, Forinstance In our program, the absolute values 7D b
(IX +01) looks at the second byte and (1X include the address of the tables and 07 1
+ 02) looks at the 3rd byte. jumps which are over 80 hex bytes away. Eg :
(Relative jumps can only cope with jumps
RELOCATING THE PROGRAM less than Bﬂphex bytes a*.an. in Eith{:_'r
direction). At 0110:

Although the program is designed for the

The first two bytes produce the ‘CARDS’
Microcomp and to be run at page zero. it

and the third byte holds the value of the

can be shifted to any other location by card.
simply changing all the absolute address 0 ) F
values, :n . ;u :
00 08
_ _ SB 2 67 9
PLAYER ‘A’ PLAYER ‘B 00 00
02 09
4F 3 17 A
00 00
03 oB
bb 4 iE J
00 00
04 0A
D 5§ 3F 10
00 0b
. . 05 0A
HL Register DE Register M b 3F 10
Bit 1,C Bit 0,C The '5 CARD HAND' which wins it 21 is not oo ok
_ obtained. Our program does not take this
The diagram shows the two displays and 5 07 17 3F 10
their associated register pair. The :glg‘aaiiuil:n;uhggtwnuld o8 & $ihple iy :g 31

Debounce is dane in register 'C'.

IE”_:' S the e ¥ XOR A 0000 AF Zero the Accumulator.
registers LD hﬁ- 0001 ED 47 The | register must be loaded vin A, | reg. detects 2nd push of buttan.
LD E,A 0003 SF Zera E. Reg E 15 our 1ally register 1o detect "21" otc
LD C i 0004 4F Zero C Heg C is our TEST reqister for ACE detection
0110 0005 DD 21 10 01 (oad IX with start of DISPLAY TABLE
.’IN A,(01) 0009 DB o1 Button B must not be pressed when micro passes this point otherwise
CP 40 000B FE 40 praogram will jump to start of routine. This prevent cheating if
— —JR Z,0000 000D 28 Fi1 the button is kept pressed
LD I 0113 000F FD 21 13 01 Load 1Y with start of table for displaying value of card,
LD H,0D 0013 26 0D M counts the number of groups of bytes in the table There are 0D
Creates > LD A'i(lx + ﬂﬂ) 0015 DD 7E o0 Lond the accumulator with the first byte in the table qgroups.
Multi- ouT {ﬁl] A 0018 D3 oz Output this value to the output latch,
u LD Bi 00IA 06 08 Load B with a value to produce a short delay.
plexing DJNZ 001C 001C 10 FE Create 8 loops ol decrementing register B,
to show: XOR A 001E AF Zero the accumulator before advancing to the next two aperations.
as == SET T;ﬁ 00LF CB FF SET the highest BIT in the acc. so thot the LH display will illuminate,
ADD A, (IX + 01) 0021 DD 86 o1 ADD the value of the second hyte in the table to the accumulator
looks lor ouUT &ﬂl JA 0024 D3 oz Output the result to the latch. The LH display will illuminate.
button B IN A,(01 0026 DB o1 Input the value on the switches to the sccumulator
S CP 4o 0028 FE 40 Compare the accumulator with ‘40",
JR LH}B—" 002A 18 OF Jump if the accumulator is equal to 40
LD Bi 002C oé 04 Load B with 04 ready for a shart delay.
DJNZ 002E 002E 10 FE Create 4 loops of deacrementing reg B to display the LH digit.
INCIY 0030 FD 23 Increment the 1Y register 3 times so thatitlooks at the start of the next
INC IY 0032 FD 23 group. This register is our random number generator and increments
INCIY 0034 FD 23 congstantly, while the displays are displaying
DECH 0036 25 Register H will detect the end of the byte table.
—JR NZ,0015 0037 20DC Jump to displaying RH then LH digit, if H is not zero.
—JR 000F 0039 18 D4 When H is zero. 1Y and IX register go to start of tabla.
LD D30 4¢— 003B 16 30 D will govern the length of time for displaying the random number.
2 LD A,(IY + 00) 003D FD 7E oo The accumulator is loaded with the display value for the random No.
Displays ouT [ﬁ:},ﬁ. 0040 D3 02 This value is outputted to port 02,
NEW %gnﬂi g:: ;l‘ ;nE The RH display will illuminate tor a delay determined by the value of B,
Card for 0044 .
30 Iﬂﬂﬂs XOR A 0046 AF The accumulator is zeroed rendy for the next two instructions.
SET 7,A 0047 CB FF Bit 7 is SET to turn on the LH display
ADD,(IY + 01) 0049 FD 86 01 The value of the second byte in the group is added to the accumulator
OUT (02),A 004C D3 o2 and outputted to port 02.
LD 20 004E 06 20 The LH display is illuminated far & period of time as determined by the
DJNZ o050 0050 10 FE volue of B
DECD 0052 15 D is decremanted by one and the program loops again.
= JR NZ.003D 0053 20 ES When D is zero. the micro advances to the next instruction,

 \
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Protduces
1ally
value

looks

far ACE

Looks lor
2nd push

Blanking [™
Period

Displays
TALLY
for 60
loops

Looks for
*

Subtract
10 il ACE
IS present

LD A, (1Y + 02)

—> INC B
BIT 1,E
JR Z,0066-3
BIT 3,E
JR Z,0066—>
LD B.ob
INC E
DJINZ 00b3
DEC A -+——
— JR NZ,0058

LD A,(1Y + 00)

CP 77
JR NZ,0072
SET 7,C
LD Al
INC A
LD LA
CP o2
JR NC,007D
—™LD D,bo 4—1
XOR A
ouUT ql_u),ﬁ.
LD B,FF
DJNZ 0084
|+LD HL,0100

LD AF
CP 21

<4+——JR 0009

AND OF
ADD A,L
LD LA
LD A,(HL)
OUT (02),A
LD B,10
DJINZ 0097
LD A,E
RRA
RRA
RRA
RRA
AND oF
LD HL,0100
ADD AL
LD LA
LD A,(HL)
SET 7,A
OUT (02),A
LD B,o8
DJNZ 00AC
DECD
—JR NZ,0086

LD AE

CP 22

JR NC,00B9 -
—JP 0009
BIT 7,C =—
JR Z,00C4 —-
SUB 10
LD EA
RES 7,C
—— JR 007D

JR Z, 00Dy ——

XOR A 44—
OUT (o02),A
LD B,FF
DJIJNZ o0Cyo
DJNZ 0oCB
DJNZ ooCD
DJIJNZ ooCF
JP 0000

-»LD A,06
OUT (02),A
LD B,10
DJNZ ooDC
LD A,DB
OUT (02),A
LD B,10
DJNZ 00E4
DEC C
—JR NZ,00Db
XOR A
OUR (l?:},A
LD B,FF
DJNZ o0EE
IN A,(01)
CP 40

JP Z,0000

—JR 00D 4

64 TALKING ELECTRONICS No 14.

—&LD C,10 ¢#¥—

0055
0058
0059
005B
oosD
005 F
0061
0063
00b4
0066
0067
00b9g
oobC
00bE
0070
00712
0074
0075
0077
0079
0078
007D
007F
0080
0082
0084
0086
0089
008BA
008C
008 E
0090
0091
0092
0093
009§
0097
0099
009A
009B
009C
009D
009E
00A0
00A3
00A4
00AS
00Ab
00AS8
00AA
00AC
00AE
00AF
00B1
00B12
ooB4
00Bb
00B9
00BB
00BD
00BF
ooCo
0oCz2
o0C4
00Cs
00C7Y
00C9
00CB
00CD
00CF
ooD1
ooD4
ooD6
ooD8
00DA
ooDC
00DE
00E0
00E2
00E4
00Eb
00E7
00E9
00EA
00EC
00EE
00Fo
00F2
00F4
00F7

FD 7E oz

iC

CB 4B

28 09

CB 5B

28 0§
06 06
1C
i0 FD
3D
20 EF

FD 7E 00

FE 77
20 02
CB F9
ED §7
3C

ED 47
FE o2
30 02
18 8C
16 60
AF

D3 oz
ob FF
10 FE

11 00 01

7B
FE 11
28 4b
Eb OF
85
oF
7E
D3 02
0b 10
10 FE
7B
1F
1F
1F
i1F
Eb OF

11 00 01

85
6F
7E
CB FF
D3 o2
0b 08
10 FE
15
10 Ds
7B
FE 22
30 03

C3 09 00

CB 79
28 07
Db 10
5F
CB B9
18 B9
AF
D3 02
ob FF
10 FE
10 FE
10 FE
10 FE

C3 00 00

oE 10
3E 0b
D3 02
0b 10
10 FE
3E DB
D3 o2
ob 10
10 FE
oD

20 ED
AF
D3 oz
06 FF
10 FE
DB o1
FE 40

CA 00 00

18 DB

Levined A warth the 3ed byte in the group. We know the byte must have o
vithue of one or greater and so we can safely INCremoenm E

Register E is our TALLY reqister. We requice it to add the values of the
curds and hold the result i decimal form The problem cames whoen
vour afd one 1o 9 The reapster wall shivw DA We must convert OA 1o ten
Flirs <an DBe done by o DAA nstiucton o by saltwarne We have optoed
Wis detect OA v vt 1 and 3 being HIGH and then

Lo software
incrempnt the £ oreqster B nmes. Each time the tully remistor g
imcremented apart Trom the decimal adjusting loapl the accumulitor

i tieeromented and when the accumulator s fero the pragrom

dilvances

Load the accamulatar with the fiust byte of the gqroup

Caompare 17 sath the accomlator. We are looking tor an ACE

it the accumulator s not 77, the micro will jump o LD Al 11 the
accumutator 15 77 the progriam will advanece To the next instractinn
it SET ot 7 ot the C reqpster

Fhue | rrgpester counts the pumber of presses ol the B Button W arpe
ok tor 2 or more presses so that the tally can be displaved. This s
the adwantage of osmg the CAHRY commangd

The rmacior pmps when | s 2 or MORI

Tt o stant of prograr (button B has been pressod ance |
Remqator D prodoaces the bove Lo the tillly o appeal

Hiank the chispriag

Clutput to latch

Losuit B owath mvaxomaom delay value

Podorm FE loops of decrementing regiiter B

Lesined HL with start of display values

Lovad the tally reapster into the accumulatar

Compare 27 svith the accumulator

I accwmalator 15 21 the mucio jumps to BLINKING 21

It not 21 remove high mibble by ANDing waith OF

I contaims 0O from address above ADD 00O e acoumulotor

Laoad the result back mto L so that the mucre looks ot ane ol the
Jilctre s of thaey 100l Lovadd thes value o fimds arttin A

Llutput the bivte 1o the Iatch

Lovdd B wath o low value

Create 106 loops of decremoenting register B

Load the tally reqigter nto the accumulator

Hotate The accumulator fight, effecuvely brnging the 4 buts af the

HIGH mibble ta occupy the 4 lower places

Hemave the 4 legh bits by ANDing with OF

Load the HL register wath start of display table

ADD L to accumulator to create anew value for L so that we louk atane
! the addresses an the tabie

Load the byvte from the table into the accumulator

Set ot 7 of the accumulator so that the LH disploy turns on
hiitput thes value to the latch

Levidd B waith o short delav value

Creote B loaps of decromenting registor B

Decrement D and go to start of muluplexing loop  When D s zorn,
macrgmoent to next o nstrucbhon Iin program

Load the tally requster into the accumulatos

Compere with 22

I tally v 22 or MORE. increment to next instruction

Jump to start of programy 11 tally s less thon 22 jump te BIT 2,C.
Fest it 7 of the C register to see if an ACE has been deall

Jummp f no ACE Increment of an ACE is present

Subtract ten from tally making ACE equal 1o ONE

Loadl the new tally inta the tally Fdgister

Heset bit 7 to show ACE has been turned into OONE

Jumip 1o daplayving new tally

Leto the accuamulator

Qutput ta latoh for & delny panod equal to 4 DINZ s (with B =FF) to
itilicate END OF GAME

Jump to start and re-foad all registers

Laad C with 10 for 16 loops of multiplexing 17 ang 2
Laad A with OB 1o sreate 1 on RH display

Output this to Iatch

Create short delay

Decremont B to zero

Load the accumulator woth DB to create 2 i LH thisplay
Qutput 1o lateh

Create ahort deloy

Decrement B to zero

Decrement C and it not zero, jump to start of el iplowing the displays

Lero A

Qutput to latch to turn off hoth displays

Lood B with FF 1o produce a short delay lar the OFF tirmae

The only way of jumping out of BLINKING 21 i5 1o push button B or
reset the computer The program mputs from the set of buttons and if
B s prossoed, the program jumps to 0000 Othorwize the program
kirnps looping



Before we continue our disection of the
program for the Microcomp, let us pause
for a discussion on a number of related
topics. These will help you to understand

how a micro system goes together and
how it functions.

PROGRAMMING THE 2732.

The 2732 in the Microcomp kit comes
ready programmed with a set of experi-

mental programs and only the lower half
of the ROM has been filled.

This leaves the upper half vacant, for use
in any way you wish.

There are two ways in which the upper
half can be filled. One is by using an
EPROM programmer and burning the
locations yourself. The ather is to write

the program and have someone else burn
the ROM.

Burning a program is only done after you
are thoroughly satisfied with its
performance, as it 1s very difficult (if not
impossible) to change the program , once
itis burnt. For this reason itis best to get
the program up and running via a medium
which can be easily altered, as a program
quite often has to go through lots of
changes and modifications before you are
completely satisfied.

The mostlogical way is to use some form
of RAM memory, in which the locations
can be altered as many times as you like.
The only difficulty with RAM memory is it
will lose its contents when the power is
switched off. If the RAM is backed up

with a battery, the contents will be
retained,

This arrangement can then be used to
generate programs without the fear of
loss. should the computer be turned off.

The program can then be transferred from
the programming computer to the
Microcomp

The Microcomp sees each halfof a 2732
as a separate 2k block of memory.

2732 PIN-OUT

The program-accessing routine at 0000
must be written for both the lower half
and upper half and this will enable you to
start at any address, providing it is an
even hex value,

Burning can be carried out on the TEC
EPROM BURNER and full details of this
project can be found in i1ssue 13.

Memory is divided into PAGES and each
page consists of 256 bytes. When
programmung, all address wvalues are
writtenin hexadecimal form and one page
contains FF bytes. See P. 16 of issue 11
for the hex table and details on under-
standing hex notation. A 1k block of
memaory has 4 pages and a 2k memory
chip such as 2716 has 8 pages. A 4k
memaory chip such as 2732 will hold 16
pages of bytes.

A program can range from only a few
bytes to many pages and to give you an
idea of the compactness of machine
code, the two previous games, TUG O
WAR and BLACK JACK, occipied about 1
page each. Obviously a more complex
game with a more complex display (such
as a video screen) would require more
nstructions but one page has the
capacity to hold about 100 instructions.

This means a 2k ROM will hold about 8
simple programs

Programs are not fast to be produced and
it may take 10 to 50 hours to create a one-
page pragram. A 2k ROM may take
weeks or even months to fill!

Once vyou are satistied with the
performance of o program, you are ready
to burn it into an EPROM.

Before this can be done there are two
things you should do.

Firstly you should determine where you
are going to place the program. This is
importart as it will be in a different
location to where 11 was being created
and the absolute address values will not

apply.

Often the program i1s created at address
0000 and all jump Instructions relate to
this. Any address values which have
been defined are called absolute and
must be changed when the program is
shifted to a new location.

When you have determuned the new
location, you should BLOCK TRANSFER
the program to the same address in the
non-volatile RAM, using the following
pragram:

at 0C00:

i1 TO: address + 1000H
21 From: address + 1000H
01 No ol bytes.

ED Bo

C7

For example, if you have produced a 148
byte program at 0000 in the non-volatile
RAM and need to shift it to 0280, here is
the Block Transfer program:

21 00 10
01 48 o1
ED Bo
C7

At the beginning of the RAM you
need a jump routine:

06 00
DB o1
21 00 00
bF

29

29

29

29

E9

This 1s entered at 0000 1n the non-volatile
RAM, which i1s ADdress 1000 on the TEC

(to access the start of the expansion port
socket)

Now you must change all the absolute
address values (such as the start of a
table. a jump instruction etc.)

Change the switch on the non-volatule
RAM card to 'ROM’ and switch the TEC
off. Transfer the non-volatile RAM to the
Microcomp and load 28" on the input
switches. Turn the comp on and push
reset. The program will run,

You should now remove all traces of the
lower program so that you are sure the
new one i1s the only one bein% run. This is
done on the TEC by loading FF inta each
location of the old program

The program 1s now ready for transfer to
EPROM. You have confirmed its
operation and run it at its new location -
nothing more need be done.

Refer to the EPROM BURNER project in
issue 13 for the actual transfer procedure.

When you have completed a program and
burnt it into EPROM, it should be tully
documented by writing 1t out as shown in
our examples.

It 1s impaortant to use arrows to indicate
the jumps and even a block diagram
explaining what is happening at various
locations,

A descniption of the program including
which buttons are doing what, will also
help as it's very easy to forget how the
game is played, after a few months.

Give the program a name and fill out the
log below to assist in identification.

If you follow these rules you will be able
to use pants of the program when creating

new i1deas and save generating every-
thing afresh.

SW. T
Pﬂﬁi“ﬂns: nﬂdress:

Name of
Program:

—

= S R e
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RAM s the abbreviation for RANDOM
ACCESS MEMORY.

It 1s tempory storage memory in which
data 1s only retamed while the power is

apphed.

When the power is removed, the contents
are lost. This is because data is stored via
a flip flop or single MOS transistor and
these require power (although very httle)
for the data to be retained.

There are two forms of Random Access

Memory. STATIC and DYNAMIC.

Static Memory uses a flip flop for each bt
of information and this will hold the HIGH
or LOW as long as the power s connected
to the chip.

Dynamic Memory uses only a single MOS
transistor n which a charge on a
substrate indicates the presence of data.
Since this charge has the tendency to
leak away. it must be replenished every 2
miulliseconds. This requires additional
circuitry and 1s inconvenient in a small
system: although it 1s the cheapest way
to purchase blocks of memory.

RAM is also called Read/Write memory
as it can be written into and read during
the process of executing a program.

A micro system which does not have any
RAM is called a dedicated system and 1s
limited to running a program contamed n
ROM memory.

The need for RAM vanes enormously
with the task. Sometimes you only need a
few bytes of RAM to store tempory
values and the same locations can be
written into agam and again

Othertimes you need a large amount of
RAM 1o store a whole screen of
information.

With as little as one page (256 bytes) a
system can be designed to perform quite
complex tasks as the data can be updated
and written-over constantly.

The Z-80 requires only two very small
sections of RAM for it to become a
‘thinking’ computer. These two areas are
called SCRATCHPAD and STACK.

The scratchpad or BUFFER zone needs
only a few bytes where such data as
displays values are kept. This frees
registers for carrying out program
commands.

The other area is STACK and this is where
bytes are loaded (in pairs) so that the
contents of a particular register can be
saved. The stack i1s unusual in that 1t
grows downwards as more bytes are
added and it is essential to keep removing
bytes at the same rate as they are added
so that the stack does not grow too large.

The other peculiar feature about the stack
is the access you have toits contents. ltis
a LAST-ON FIRST-OFF arrangement and
only the top byte (and the next) is

accessible and this is another reason for
keeping the stack manageable

The main purpose of the STACK is to free
registers for other operations and then be
able to re-load them with the value that
had been saved.

Our Microcomp does not have RAM
memory and thus the stack and scratch:
pad features are not available.

The alternative to scratch-pad i1s to use a
register pair to hold 2 bytes of data and
this has been done in many of the
programs. This severly hmits pro-
gramming as the working registers are
held-up as memory cells

Without a stack, programs have to be
designed differently and may take more
programming steps. but they work just as
well.

IX. 1Y, HL and DE register pairs and also
the alternate A, BC. DE and HL registers
can be used to get around the storage
problem.

Some of the programs for the Microcomp
show how the registers have been usedin

this way.
ROM is Read Only Memory

This memory is used to store instructuions
which do not have to be altered Data in
ROM remains fixed and stable, even
when power is removed. [tis permanent

There are different types of ROM
memory. One 1s programmed by the
manufacturer and cannot be changed. the
other 1s erasable memory and can be
programmed by the chient. It can also be
erased if the contents are not required, by
exposing to ultra violet light for about 15
minutes.

Iin the Microcomp project. a 2732
EPROM has been used. This is the most
economical size for the job and is capable
of holding 4k of information. 4k is
equivalent to 4096 bytes and would be a
very long program if 1t contained a single
program/!

If we assume an instruction takes an
average of 2 bytes, the program will
extend for 2048 lines' A program of this
length would take many weeks 1o
produce and the number of things it could
do would be quite impressive

In the Microcomp, the 2732 1s accessed
in two halves. This is done via a jumper,
The lower half contains a range of
programs which we are currently
investigating and by taking the jumper
lead to the lower pin on the PC board, the
upper half of the EPROM is accessed.

The upper half is blank and you can fill it
with programs of your own. The first 10H
bytes must contain a jump routine
identical with the lower half to allow you
to jump to the start of each program,

In the near future you will be able to send
in your EPROM for filling with additional
routines. The programs for the "add-ons’
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will be loaded into the upper half and
many of these are already finnlizud. But
firstly we want 1o fully explamn tht_z lower
half and get you aquainted with the

concepts.

One question we have been asked is why
the Microcomp has only 11 address lines
whereas the 2732 requires 12!

The answer is we are creating the 12th
address line via the jumper lead. When
the 12th line is LOW., the lower 2K 1s
accessed. When the jumper is HIGH, the
upper 2k is accessed Since this is a
manual operation, a program cannot
cross the 2k border and routines in the
lower half cannot be accessed by those in
the upper section. (If you wish to cross
the 2k boundary. place the jumper on

Al1l)

Because of our arrangement, the 2732
can be considered as two separate 2k
blocks each of which 15 equivalent to a
2716 EPROM Infactyoucanuse 2716's
without the need for any modifications.

Each 2k block s addressed In
hoexadecimal notation. It starts at 0000

and goes to 07TFF. The next 2k starts at
0800 and finishes atOFFF. There are 8

pages in 2k and these are: Page 0. 1, 2, 3,
4. 5 6 and 7. Each page contains FF
bytes as explained previously.

All address values. data values and Jump

Relative values are Hex values and you
need to think in HEX notation when

writing Machine Code programs.

Using the Microcomp will famiharize you
with hex and encourage you to think In
this notation.

BASIC vs MACHINE CODE

Everyone has heard much about BASIC.
It introduced many of us into the world of
microcomputers and it deserves Its
reputation for being the bestlanguage for
teaching computers to beginners

And true enough. Basic has enabled
beginners to perform tasks which would

have been  absolutely impossible
otherwise.
But basic isn't the solution to all

programming. When you need a simple
program for sequencing or timing, you
dont need basic. When you need high-
speed graphics, you don't use Basic. And
when you want to design your own
system. you can’'t include Basic.

In fact you don't use any high level
language at all. You use only the codes

which the microprocessor understands.
and these are called MACHINE CODES.

That's the language or instruction set we

are teachingg MACHINE CODE or
MACHINE CODE PROGRAMMING.

With Machine Code you can perform all
the operations and effects available to the
Basic programmer except you have to
create them all yourself.



Remember that all the work and skill put
into  compiling the set of Basic
instructions would represent years of
effort and we would never be able to

a_rtﬂin this level of development via a
simple model,

For us, we will have to be satisfied with
starting at the beginning and learning
some of the simplest forms of
programming. Even these will achieve an
amazing variety of effects and you will be
quite impressed with the results.

We are not rubbishing Basic but let's say
itis completely removed from the field we
are covering. Machine code is is up to
10,000 times fast and takes up to 500
times less memory. But Most impressive
1s @ Machine code system can be created
without any external assistance. You
become the master - designing your own
system and only requiring a list of
Machine code instructions for you to be
able to complete anything from a
sequencer to a robot.

HOW TO START PROGRAMMING

All programs start with an idea, The idea
may be vague at first or you may be lucky
enough to know exactly what youwant to
achieve.

Vague or concrete, the way to start
programming 1s by getting a sheet of
paper and jotting down notes.

Start with sketches, scribbles and bits of
data.

Put a date an the sheet and think up a ¥¥*¥¥¥H¥¥¥

name for the project. Names and labels
help identify and strengthen your ideas.

These jottings will look feeble when you
look back on them, but at the beginning
they form the groundwork on which to
build. It's the only positive way of getting
the facts together.

Putdown all you know and all you want to
do, then go away and sort it over in your
mind.

Your brain can actually put things
together much better after you have
cleared it first by wnting down all the
preliminaries.

Don't be afraid to use paper. It will take

about 6-10 pages to produce one page of
finished work.

At first the best idea 1s to use parts of
existing programs and modity them to
suit. Later you can think about creating
complete programs of your own.

Lastly, don't be disappointed if the
program doesn t work first go. We have
trouble with all of ours. They rarely work
first time.

But that's the wonderful part about pro-
gramming. The micro picks up your
mistakes and fails to operate.

When this happens, you can spend hours
trouble-shooting the fault.

The best advice in this situation is to give
the program to a friend aquainted with
programming and ask him to check it. A
fresh mind is more able to spot a silly
mistake.

If you don’t have anyone in this category,
you will have to work through 1t yourself.

If the displays fail to hight up, you will not
know how far through the program the
processor has gone.

Start at the beginning and look for the
first OUT command. Immediately after
this instruction place a HALT command.
This will let you know if the micro has
travelled this far through the program.

If the display still fails to light up, you will
have to investigate each of the steps and
instructions very carefully. Work back-
wards through the program using the
DISASSEMBLY codes on the back of
issue 12 (and also in Notebook No 3) and
make sure you get the same instructions
as in the original production of the
program.

Next check the JUMP and JUMP
RELATIVE values to confirm that the
microprocessor 1s actually landing on the
address intended. Read the section on
Jump Relative in issue 12 of TE, because
these are the trickiest bytes to add to a
program. Remember. they are the LAST
bytes to be inserted as you need to count
the number of bytes between the present
address and the address to be jJumped to.

Machine Code programming
allows you to create your own

system - with pen, paper and
op-codes.

MO ORI

When creating a program, you will not
know the value of a displacement byte
initially and it is important to put a line in
place of the byte thus: _______ so that it
can be inserted later. This line lets you
know that one byte must be counted
when working out the displacement
values.

If the display still fails to illuminate, you
can create your own display value by
loading the accumulator and outputting it
to the display and then adding a HALT
instruction. This is a last resort! and lets
you know how far the program is
progressing.

| hope you don’t have troubles of this
complexity but if so, this will get you out.

Start with simple programs and get your
ideas flowing. It's not as difficult as you
think to convert ideas into visual effects
and its very rewarding to see them
running.

When writing a program for the
Microcomp, you start at address 0000.
This is where the processor naturally
starts when the reset button is pressed.

It can then be shifted to a higher location
and a jump routine used to access it

Creating a program which HUNS takes a
certain amount of skill. By 'runs’ we mean
it completes one pass of the program and
displays the appropriate information on
the displays. After you get it to run you
can concentrate on adjusting the values
of timing to achieve the most pleasing
effects.

But the main problem 15 getting the
program to run and we have already
mentioned how to get into the program
and force it to display. There are a couple
of other points which we forgot to
mention and they involve the placing of
tables.

Tables should be placed well away from
the program so that you don’t run out of
room. When everything works perfectly,
they can be moved up and the pointers
changed accordingly.

The idea is to get everything into a
compact block and relative addressing
uses less bytes than absolute addressing,
so use it whenever paossible. Also
remove any NOPS and any holes or
spaces. Closing up a program and
neatening it up takes time but it makes it
much more presentable in the end.

We will now continue with the programs
in the monitor, explaining each and every
mstruction and how the program is
intended to work.

FROM INPUT PORT TO 8 LEDS

This routine is located at 0290 and is
addressed by switching the switches ON

thus:
o [ﬂ

nr .

This program is very handy for checking

the operation of the computer in the early
stages. This may be too late for some
constructors, but for those with a
problem in the displays. it will help locate
the fault.

The program checks each line of the input
port and outputs it to the displays.

Each time you turn an input switch ON,
the corresponding LED, in the row of 8
LEDs, will be illuminated.

If this does not happen, you can trace

through the particular line and locate the
fault.

The program at 0290 contains 6 bytes.
That's all, just 6 bytes! It inputs the data
on the input port and loads it into the
accumulator. It then outputs itto port 2 to
turn on the appropriate LEDs and then
jumps back to the start of the program.
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This means it is rapidly looping around
the program and will update the displays
as soon as the input values are changed,

The program can also be used to compare
between the row of 8 LEDs, the 7-
segment display(s) and the 4x4 matrix.

Experiment by inputting a hex value and
see the effect you get on each of the
displays.

In this way you can create any effect you
want on the 4x4 (within limits).

FROM INPUT PORT TO BLEDS

IN A, ul}
OUT (02),A
JR 0290 0294

From this program you will see:

1. The value of each LED in the row of
LEDs corresponds to a switch. The
lowest value is 01, then 02, 04, 08, 10,
20. 40, 80, and this can be confirmed by
the values written on the PC board.

2. The value of each switch also
corresponds to a segment in the 7-
segment display. Turn on various
switches and see the effect(s).

Prove the following:

81 01
““I CO laz 2"| 40 |']2
gol |a4 m| 04
38 08

Adding ‘80" to a value will make the
display jump to the 10's display. Note
that 80 by itself does not turn on ANY
display.

Button ‘A’ is connected to 80 and will
make the figures jump from one display to
the other.

3. The 4x4 matrix has been wired so that
each column is turned on by a LOW value.
These values are: 01, 02, 04, and 0B, This
will cause all the LEDs to come on. Each
of the rows can be turned OFF and this is
done via the values 10, 20. 40 and 80,

There are some limitations as to what
combinations of LEDs can be turned on
and this is something you must be aware
of.

Experiments:

Create these effects by using the input
switches:

eL1e e xire e
100 e0il0o 0@
ol et {1eir @
@ o Jte o<1t x

(a) (b) (c} (d)

Create these effects on the 4x4 matrix:

@ © o o ® o o »
R - A & % %
9 % 10 o = SR o S ¢ o
" & < % e @ © ©
* = '‘ON’
® o o o e ® o o
® o o ¢ , ~ I T o S &
o O & ® ® o o
v T & @ T T ¢ w

0290 DB 01 Looks at imput switches and places the value in the accumulator
0292 D3 02 Outputs accumulator to the latch
18 FA Jumps to start of pragram

Create these on the 7-segments displays.

i

BEnE

LA LIH
=i
L

INCREMENT via BUTTON A

This program at 02A0 increments the
display each time button A is pressed.

nﬂn

T

This will enable you to see the effects on
the display without having to manually
input values via the switches.

The accumulator is required for two
functions. It outputs the value of the
count and then looks to see if a switch is
pressed. That's why we need another
register to hold the value of the count, so
that the accumulator can be loaded with
other information. Thus the C register has
been used for temporary storage.

The program contains two small loops
and the micro is constantly executing the
top one when button A is not pressed and
the lower one when the button is
pressed. The micro jumps from one loop
to the other during the time when the
button is travelling from one state to the
other.

3E o0

4F

DB 01
CB 7F
28 FA

This is a very simple way of creating a
debounce condition and prevents maore
than one count being registered on each
press of the button.

AUTO INCREMENT (fast)

This program is located at 02C0 and lets
vou sit back and watch the displays

increment automatically. You will be
interested to know that the program
takes 256 steps before it repeats!

Compare the effect on the row of 8 LEDs
with the 4x4 and seven segment displays.

Notice that they produce entirely
different effects due to the placement of
the LEDs and this can be remembered
when designing displays for advertising

etc

LD A,00 02Co0 3E 00
INC A 02C2 3C

OUT (02),A 0203 D3 02
DJNZ 02C5 02C5 10 FE
DJNZ 02C7 02C7 10FE
DJNZ 02C9 02C9 10 FE
JR 02C2 02CB 18 Fs5

Load the accumulator with zero.

Input the value on the switches to the accumulator,

CB 7F Test BIT 7 of the accumulator to see if button A 15 pushed
Jump to 2A3 if NOT prassed Go to 2A9 when pressed '

Load C into the accumulator,

Increment the accumulator
Lond the answer into the TALLY register 'C".

Output the accumulator to the displays
Input the switches to the accumulator.

Jump to 2AE il A is pressed. Go 1o B4 when released

LD A,00 02A0 3E 00

LD C.A 02A2 4F Load zero into C
IN A,(01) 02A3 DB o1

BIT 7,A 02A5

JR Z 02A3% 02A7 28 FA

LD A,C 02A9 79

INC A 02AA 3C

LD C,A 02AB 4F

OUT (02),A 02AC D3oz

IN A,(01 02AE DB o1

BIT 7,A 02B0 CB 7F r1ostBIT7
JR NZ 02AE 02B2 20 FA

JR 02A3 ﬂ:B‘ 18 ED Jump to TA3.
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AUTO DECREMENT

lrzu!“‘::l:t:” ‘:II_':ShtructiﬂnY |ﬂaFlS 't_hl': LD A,ﬂﬂ 02E0 3E 00 Load the accumulator with zern,
s Vi Zera. dﬂu "'-_"l” notice DEC A 02E2 3D Decrement the accumulator
ol ?rﬂh lE‘; not USI-IE Eg;'_]l:l.n:‘f the ouUT (ﬂl),A GIE} D3 02 Output the accumulator to the latch
prog ; us we call 1t a | T-UP ﬂJHz ﬂlE; an; 10 FE Docrement reqister "B, FF loops,
value. The accumulator is then DJINZ 02E7 02E7 10 FE '’ = " -
incremented on each pass of the program DJNZ 02E9 02E9 10 FE
and the UEIIUIE Dutpuitted to the latch. Ti‘fE JR 02E2 02EB 18 F§ Jump to start of program
next three instructions are DJNZ's in
which the B register is decremented to
zero during each instruction. After the 3 AUTO DECREMENT (variable)
DJtNZtE ::E P’“?’}":‘_’“d”mpsl to 02C2 and This routine is located at 02F0 and
QURPULS The haxt ignarvalue, decrementes the display when button A is oo o
pressed. It has a fixed rate of BZFU
: . : +] 0|©|0|O
decrementing and is not variable. —

AUTO INCREMENT (variable)

LD E,FF 02F0 1IE FF Load the COUNT HOLD register with FF.

This program is located at 02D0 and the LD AE 02F2 7B Load the Count Hold register into the accumulator.
speed with which the computer ouT 02),A 02F3 D3 02 Output the accumulator to the latch.

—n - DJN ﬂllt"s 02F§ 10 FE Create a short delay with the B register.

o|o © e IN A,(01) 02F7 DB 01 Input the bank of switches to the accumulator,

O olo o ﬂZUﬂ Bit 7, 02F9 CB 7F Test bit 7 of the accumulator to see if A is pressed.
: JR Z,02F2 02FB 28 F§ Jump to 02F2if it is not pressed. Go to next line if pressed

completes one cycle depends on the DECE 02FD 1D Decrement register E.
setting of the input switches. JR 02F2 02FE 18 F2 Jump to 02F2.

LD D,o01 oz2Do ib 01 Load the TALLY register with 01

IN A,(01) 02D2 DB o1 Input the switch value to the accumulator.

LD c,.ﬁ. 02D4 4F Load the accumulator into 'C’ for the delay value.

LD A,D 0205 TA Load the TALLY into the accumulator,

ouT éﬂl),ﬁ 02D6 D3 02 Output the tally value to the displays.

DEC 02D8 oD Decrement register C
JR NZ oz2D8 ﬂznq 20 FD Jump to 0208 f requister C 15 not zero

INCD 02DB 14 Increment the tally register.
JR 02D2 02DC 18 F4 Jump to the start of the program.

‘D is the tally register and holds the value
to be displayed on the screen, so that the
accumulator can be used for ather things.

‘'C" is the delay register and it is
decremented very similar to a DIJNZ
statement, where FF produces the
longest delay and 01 the shortest delay.

This i1s not quite correct, however, as you
will find out for yourself.

Load the value 01 and compare it with 00,
00 is a much longer delay and it appears
to be as long as FF! In fact this is the
case! The longest delay is produced when
a register is loaded with 00 since the first
operation to be performed on the register
is to decrement it. The result is FF and
that's why it takes FF loops to bring it to
zero.

The program is designed to start with an
output value of 01 and increment auto-
matically to FF, The ON time (the delay
time) is adjustable via the setting on the
input switches.

Note: We don’t have any control over the

values appearing on the screen, just the
speed of the increment.

AUTO DECREMENT

By changing one byte of the program at
02C0, we produce a decrementing

02ED

1o lelels*

counter. The best effect of decrementing
can be seen on the 8 LEDs. Adjust the

speed control to view the effect in slow
motion.

4x4 DISPLAY

As the name suggests, the program at
0300 is designed for the 4x4 DISPLAY. It

o anL ofefo[e] [agg

will produce almost no interpretable
effects on either of the other displays.

The routine we have presented is only just
the start of what you can do with a set of
LEDs in an array. QOur 4x4 can be
multiplied-up many times to produce an
enormous array of LEDs or globes and
obviously the ultimate i1s to produce a
video screen with coloured globes to
duplicate a TV. Butthe cost of this kind of
venture is enormous as the parts alone
would cost a fortune and the time taken
to wire it up would be too much for an
individual constructor.

That's why we have concentrated on a
manageable module.

One of the decisions you have to make
when outputting to LEDs, is the method
of turning them ON. One is to connect
each output of a latch directly to a LED.
The other is to multiplex the display and
scan it. The multiplex method uses the
least number of chips and is obviously the
cheaper.

The relative merits of each will be
covered in future articles and for the
moment we will study the effects which
can be produced with a display
connected in MULTIPLEX mode.
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The program at 0300 is an QUTPUT
ROUTINE in which a value is loaded from
a table into the accumulator and
outputted to the display. The display
remains illuminated for a delay period and
then the next byte is picked up from the
table. This is done until all the bytes have
been used.

When the end of the table is reached, the
program starts again. This is repeated for
8 loops and then the micro advances to
the second part. This is identical to the
first except for the byte table. It has
entirely different values and the effect is
completely different. At the conclusion of
the second byte-table, the micro jumps
back to the start of the program and the
first pattern is outputted.

The speed of presenting a pattern is
controlled by the clock and the inbuilt
delay value. The delay is fixed but the
clock can be adjusted to slow-down or
speed-up the effect.



LD B,o8 0300

—— LD HL,0338 0302
LD C,18 030§
DECC 0307

JR Z,0318 —— 0308

LD A,(HL) 030A

OUT (02),A 030B

| INC HL 030D
LD DE,0080 030E

DEC DE 0311

LD A,D 0312

OR E 0313

JR NZ,0311 0314
L—JR 0307 J 0316
“——DJNZ 0302 0318
LD B,o08 031A
—~LD HL,0350 031C
LD C,20 031F
—~DEC C 0321
JR Z,0332 — 0322

LD A,(HL) 0324

OUT (02),A 0325

INC HL 0327

LD DE,o080 03128

‘ »DEC DE 032B
LD A,D 032C

OR E 032D

JR NZ, 032B 032E

JR 0321 0330
——DJNZ 031C = 0332
JR 0300 0334

nd of table

06 08 B 1s the COUNT REGISTER for the number of loops in the first program
21 38 03 Load HL with the address of the start of the BYTE TABLE

OE 18 Load C with the number of bytes for the program (lhere are 24 bytes )
oD Decrement the number of bytes remaining in the table to detectthe e

18 OE if no bytes remain, decrement the number of loops and start program agamn
7E Load the accumulator with the byte pointed to b the HL register par
D3 02 Qurput this value to port 2

13 Increment HL to point to the next byte in the tabla

11 80 00 Load DE with a short delay value.

iB Decrement DE

T7A Load D into A ]

B3 Logically OR the accumulator with E to see when BOTH D and E arezero
20 FB Jump to 0311 if the answer is NOT ZERO

18 EF Jump to DEC € and repeat for the second byte in the table

10 ES Decrement the number of loops and start the byte table agam

0b 08 Load B with B for the second part of the program

21 §0 03

oE 20

oD

28 oE

7E

D3 02 This partisidentical with that above

13 except the byte table s longer and

11 80 00 located at a different address When

1B 8 loops of this part have been

1A executed the program jumps to the

B3 top program and the cycle repeats

20 FB

18 EF

10 E8

18 CA

An almost unlimited number of patterns
and effects can be produced on the 4x4.
However not every combination can be
displayed due to the limitations of how
the LEDs are accessed.

This means you will have to learn how to
access the LEDs and get the patterns you
want.

To turn on a LED, the cathode end must

be taken to earth and the anode to
positive.

This is the hex value required to
illuminate an individual LED:

@006

®EEE
®E®®G
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To access the LEDs we have separated
the output latch into two halves with the
4 lower bits connected to the anodes and
the 4 upper bits to the cathodes.

The following diagrams give you the
values required to turn ON one or more

LEDs:

ALL ON "OF
ALL OFF "FF" or "00".
LEGEND
O =0ON
@® -=0FF
O00Q O O0OO0O0
O OO0 O0O0O0
O 0O 00 0000
O 000 e e e e
OF 1F
Oo0ooo OO0O0O0
O QO ) €) QO QO
o060 © 0 00
O O O O ® ® @ ©
2F 3F
O 000 OO000
® 0600 o000 00
OO0 00 O00OO0O0
OO0 00 e o 0 @
4F of

o 14.

ok X Xo
O ® @O

-

O00 @
O00 @

Ce0e
ON NON
OC®0e

OO0 ee®
ON NON _

OO0 e e
OO0 0 e

Oeee
_0Oeee

-

ol N N

O00 @

0
ma

g
“

.
-

Ceee
oN N N

O ®®O0

O00 @

OO0 e e

O O O
® 0 @
® @ @
® & @
7F
® @ O
O O O
o O O
® & ©
OF
® ® @
O O O
® & &
® & &
BF
®@ & @
® 0
O O O
® ¢ O
DF
®@ ® 0
® 6
® & @
® O
FF

__BON N _ L N NON ® OO0 @ @0 e O



If you don’t want all the LEDs in a row to
be illuminated, refer to the diagrams on

this page for the hex value needed to
illuminate an individual column or
column(s).

To use these values select from the first
16 diagrams to give the row(s) and from
the following 16 diagrams for the

column(s).

ON N N _ L NON N

Ceee L NON N
| _BON N

O N N
ON N N (| HON N |

01 02
OO0 e e N BON
C0ee L N BON
OO0 0 e LN _NON

OO0 e e LN NON
03 04

OGN BON | NORON _
O®0e L _NONON
OC®0e L _NORON

O® 0O | BORON
05 06

OO0 @ ® ® 0 O
OO0 e 8060
O00 @ ®®® O

oNoNoX ©0060
07 08

O ®®O0 ® O®O
O®®O ®@ 0080
O® e 0 ®0®O0

Q000
O00O0O
O00O0
O 000

When the two diagrams are placed on top
of each other, the LEDs that are common
to both, will be illuminated. Due to the
sinking and sourcing limitations of the
output latch, all the LEDs in the 4x4 can
not be illuminated at the same time,

OF

Brightness can be improved by turning off
the 7-segment display by shorting the
base and emitter leads of the driver
transistor together with a jumper lead.
This transistor is directly below the
second display and is the middle
transistor.

VERY LONG DELAY

This routine, at 03F0, is particularly
unusual. Not onlyisit avery long duration

° nL.

delay but 1s shows that a program can be
split up and placed in two different parts
of memory, and still run.

olslslels

And this is what we have done.

Half the program is located at 03F0 and
the other half at 04§A. This makes the
Micro jump up and down in ROM as it
executes the program.

The jumping back and forth does not
occupy many clock cycles but it does
increase the overall time by about 5%.

We calculated the time delay to be so
long that you may never see the display
increment! This is due to the low clock
speed. At 70kHz, the Z-80 is operating far
below its normal rate and a delay like this
introduces many millions upon millions of
clock cycles.

WHY DO WE NEED DELAYS?

Delays are very important in micro
programs. Due to the high speed of

instructions, some parts of the program
must be slowed down so that humans can
be involved. This may be for the video
aspect, so that the eye can see what is
being outputted on a display or for the
audio side. so that we can detect tones
and beeps.

Delays are also needed to give a
SUSPENSE EFFECT for games of chance
or strategy to give the impression that the
computer is taking time to think.

Or for a video game, to create rates-of-
movement for objects moving across the
screen.

The delays we are talking about are
PROGRAM DELAYS or SOFTWARE
DELAYS. They are produced when the
micro ‘'wastes time’, The simplest way of
wasting time is to fill aregister pair with a
large number and gradually decrement it
to zero.

By decrementing a single register, the
maximum number of loops which can be
executed is 256. Each loop may take 20
clock cycles and at the normal running
frequency of a system (about TMHz), the
delay time will be very short. By using a
REGISTER PAIR, the time can be
increased 256 times. The delay becomes
more noticeable and will be about 2
seconds.

If we require longer delays we can add
another register-pair and increase the
delay to more than 131,000 seconds!

When the system is operating at only
70kHz, the delay time turns into hours.
days and months!

There is one point to note here: When a
micro is performing a very long delay, the
entire computer time is being taken up
with a COUNT DOWN sequence and this
means the micro will not be updating
information on the displays or looking at
the input port.

If you require other operations to be
attended to, they must be included in the

loop, as can be seen in the clock program
at 0030,

the execution of machine code
® O
O . . O . O LD ﬁ.,ﬂ] 03Fo0 3E 01 Segment ‘A" will illuminate after a delay penod.
09 OA LD LA u;gz EDFdl‘TT - Save the 'TALLY" in the | register (Not part of 1X)
LD DE,FFFF 03F4 11 Load DE with the maximum value
O O '. O . . O O LD HIE..:FFFF ﬂSF'T IIB FF FF Load HL with the maximum value.
DEC HL 03FA 12 Decrement HL
O O . O . . O O LD A,H E]FB TC Load register H wnto the accumulator
ORL EJ.FC BS Logically OR the nccumulator with L
Q O @® 0O & . O O JP 045A 03FD C3 §A 04 Jump to address 045A.
O O . O . . O’ O JP NZ,HI-‘A 045.& Cz2 FA 03 11 register H and L are not zero, jump to 03FA.
OB ﬂc IJEC BE 045]) IB When HL [the inner loop) is zero. decrement DE.
LD A,D ﬂ‘;E Th Load register D into the accumulator.
O . O O . O O O OR E ﬂdSF B} Logically OR the accumulator with register E
O 00O JE ]fioll"? 54:0 EE F7 03  fresultis not zero, JUMP to 03F7 and DEC HL!
L 04063 57 When bath HL and DE are rero, time is UP!
©®0 . OUT (02),A 0465 D3 02 Load the TALLY register into A and output it
INC A 046 3C Increment A.
O . O o ul] . o O O uE LD I,A ﬂ"ﬁ: ED 47 Load the new tally into the TALLY register
O ® OO0 . ® O O JP 03F4 046A C3 F4 03 Load the register pairs and start again!
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When we use two register pairs to create
a very long time delay, we do not place
one pair after the other as this would only
double the time delay. We place them ON
TOP of each other so that the effect i1s
MULTIPLICATION. This means one pair
is INSIDE the other and we say it is
HIDDEN or NESTED. This arrangement
gives rise to the term NESTED LOOP.
This is what we are creating in this
section.

The simplest method of increasing the
delay is to add the instruction: 10 FE.
This will have the effect of adding 256
cycles to the delay time. This is a DIJNZ
instruction and operates with the B
register. The advantage of a DJNZ is it
does not affect the accumulator. In the
Microcomp we do not have any RAM and
we cannot save the accumulator via a
PUSH operation since we do not have any
STACK. Thus it's an advantage not to
alter the contents of the accumulator.

DJNZ loops are not nested loops but are
additive and require the B register to be
zero at the start of the delay routine to
create the longest delay. At the end of a
DJNZ the B register is zero and this is
ideal for the next DJNZ.

DJNZ's can be grouped thus:

DJNZ FE 10 FE
DIJNZFE 10FE
DIJNZ FE 10 FE
DJNZ FE 10 FE
DIJNZFE 10 FE

0 - 9 COUNTER

The first counter we are going to study is
a 0-9 UP COUNTER. This is located at
address 0370 and will show us how to

output numbers onto the display and how
the INCrement operation is performed.

The main fact to remember with the
program is the computer is NOT adding
numbers. It is simply going through a
table of values and it is the values it
fetches that create the increments on the
screen.

The table could be designed to produce
letters or symbols and we would lose the
effect of incrementing.

0 - 9 COUNTER

LD C,0A 0370
LD DE,03DF 0372
IN A,(01) 0375
BIT 7,A 0377
JR Z,0375 0379
NeDhy e
LD

OUT (02),A 037D
IN A, (o1 037F
BIT 7,A 0381
JR NZ,037F 0383
DEC C 0385
JR Z,0370 0386
JR 0375 0388

The requirements of a counter are these:

The computer must detect when a button
is pressed and distinguish it from other
buttons. In our design button A
corresponds to BIT 7 and button B to BIT
6. of the accumulator.

The program must be running oOf
LOOPING at all times ready to instantly
pick up an input value.

Because the program is running at high
speed, we must include a DEBOUNCE
feature to prevent more than ONE
COUNT being registered when a buttonis

pressed.

With these facts in mind, we have
produced the 0-9 COUNTER.

The program contains 2 loops. One IS
executed when button ‘A’ is NOT pressed
and the other when the button IS
PRESSED. We also have to detect when
the end of the BYTE TABLE is reached.

0 - FCOUNTER

This routine, at 0390, increments the
display each time button A is pressed.

0|0
o|0|0 o)
The main program for producing the
letters on the display is located at 03A8
and the micro jumps to this address via
the instruction JR 03AB. The main
program is also used by the A -Z, 0 - F
counter and shows how the same table

and output program can be accessed by
two different START-UP ROUTINES.

|0

LD C,10 0390 OE 10
LD DE,03DF 0392 11 DF 03
LD HL,0390 0395 21 90 03
JR 03A8 0398 18 OE

A-Z 0-FCOUNTER

This counter is located at 03A0 and

o|0 O o
o|0|0 o

produces the letters A- Fand hex values 0

- F on the display via button ‘A’

LD C,2A 03A0  OE 2A
LD DE,03Cs 03A2 11 C5 03
LD HL.03A0 03AS 21 A0 03
IN A,(01) 03A8 DB o1
BIT 7,A 03AA CB 7F
JR Z.03A8 03AC 28 FA
INC DE 03AE 13

LD A,(DE) O03AF 1A

OUT (02),A 0380 D3 02
IN A, n:{ 0382 DB o1
BIT 7,A 03B4 CBTF
JR NZ,03B2 03B6 20 FA
DEC C 03B8 oD

JR Z,03BD 03B9 28 02
JR 03A8 03BB 18 EB
JP (HL) 03BD  E9

The 3 counters in this section use the table at
03C6.The 0-9 counter uses only those bytes
corresponding to 0-9. The O-F counter uses
bytes from 0 to the end of the table

The A-Z.0-F counter uses all the table

In addition, the 0-F counter uses maost of the A-
2. 0-F program and that's why 1t has only 4
mmstructions

At 03C6:

A T v i1C
B 7C w 4E
C 39 X 4C
D SE Y oE
E 7 y 4 1B
F 71 0 3F
G 3D 1 0b

H 76 2 §B
1 0b 3 4F
J 1E 4 b6

K m 5 6D
L 38 b 7D
M 47 7 07

N 37 8 1F
0 3F 9 67

P 73 A 77

Q &7 B 7C
R 33 C 39

§ oD D SE
T 78 E 79

U 3E F 71

By now you will be aware that certain
combinations of hex values produce
letters and numbers on the display.

Use the program at 0290 to produce the
numbers 0 - 9 and letters A - F, by
switching ON the correct switches. Use
the output display values on P68 to assist
yvou in this. Add the value on the switches
and compare with the table at 03Cé.

oE 0A Register C is the counter for the BYTE TABLE There are ten bytes

11 DF 03 The DE register par s loaded with the start-address of the byle table

DB o1 The input latch is looked at and the value it holds is placed into the accumulator

CB 7F The only line (or BIT) which is tested is bit 7. This is the Bth line and 15 button A

128 FA If it is HIGH [or SET) the program advances. Ifit is LOW (or RESET), it goes to: IN A.[01]
13 INCrement the DE register pair to look at address 03E0,

1A The byte ot 03E0 is placed in the sccumulator

D} 02 Output this byte to the display

DB 01 Look at the input port

CB 7F Tast bit 7 of the accumulator

120 FA Jump to address 037F it button A is pressed When button is released, advance to next line

oD Dacrement the BYTE COUNT ragister.
It end of table is reached. JUMP to start of program. If not reached, go to 0375.

28 ES
18 EB
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00 - 99 COUNTER

prevent the count  automatically The program basically consists of two

incrementing if the button is kept loops. The top loop is executed when the
Counters and counting are a very pressed. buttons are NOT pressed and the lower
important part of electronics. Business when either of the buttons is pressed.
and industry needs counting. Whether it
be to keep track of money or . This is necessary to keep the displays
components, 1t needs to know the L+ o|0|C|O|O|O at 03Eo: illuminated while at the same time
ANsSwers, o preventing the program from
3F incrementing the displays if a button is

The counter program at 0400 shows the 06
basics of how a counter operates and 0400 5B
how the COUNT VALUE can be held in a

kept pressed,

s . , 4F
single register pair. bb
. 6D
Functions such as INCREMENT, 7D
DECREMENT and RESET can also be 07
mcluded. The most involved part of the 7F
program 1s debouncing the switches, to 67
LD E,o00 0400 1E 00 Register E holds the present COUNT VALUE in decimal form,
LD A!E 0402 75‘ Load E into the accumulator so that it can be operated upon.
AND oF 0403 Eb OF Mask off the 4 HIGH ORDER bits. In other words, remove them,
LD HL,ﬂ}Eﬂ 0405 21 Eo0 03 Load HL with the start of the BYTE TABLE that produces the display numbers,
ADD A,L 0408 85 Add the start of the byte table to the accumulator.
LD L!A 0409 oF Load the accumulator into L to produce a new pointer value.
LD Ai(HL] 040A TE Load the accumulator with the byte pointed to by the HL register pair.
OuT (02),A 0408 D3 oz Output this value to port 2.
LD AE 040D 78 Load E into the accumulator again, this time to produce the 10's value.
RRA 040E iF Shift the bits in the accumulator one place to the right,
RRA 040F 1F Shift the bits in the accumulator another place to the right.
RRA 0410 iF e " o ‘" o L
RRA 0411 iIF
AND 0oF 0412 Eb OF Mask the 4 HIGH ORDER bits so that they are effectively removed.
LD HL,03E0 0414 21 EO0 03 | ,ad HL with the start of the byte table.
ADD A.,L 0417 85 Add the value of L to the value in the accumulator.
LD L,A 0418 oF A new pointer value is created,
LD A,(HL) 0419 7E Load the accumulator with the byte pointed to by the HL register pair.
SET 7!A- 041A CB FF SET it 7 of the accumulator to "1’ to turn on the 10's display,
OUT (02 ,A. n41C D3 02 Qutput the value of the accumulator to the latch.
IN A,(01 041E DB o1 Input the value on the switches to the accumulator.
BIiT 7,A 0420 CB 7F  T1EST bit 7 1o see if button A is pressed.
JR Z,ﬂdlﬁl 04212 28 06 If it is zero, jump to 024 A. If it pressed,increment to next instruction.
LD AE 0424 7B Load E into the accumulator, ready for an INCrement operation.
INC A ndls 3c 'ﬂl:f[!lﬂl'!l'lt the i]l.'.‘{:uml.llﬂtﬂ-l'
DAA 0426 27 Decimal adjust the accumulator. This means an A will be changed into 10,
LD E,A 0427 13 Save the new count value by loading it into the E register.
JR 0432 0428 18 08 Jump to 0431.
BIT 6,A 042A CB 77 From 0422, the program jumps to this address and tests for button B.
JR z,ﬂdﬂl 042C 28 D4 If not pressed, the program jumps to 0402, If pressed. the program increments.
LD A\E 042E 7B Load the COUNT REGISTER into the accumulator.
DEC A 042F 3D Decrement the accumulator,
DAA 0430 27 Decimal adjust the accumulator. This will change a zero into a 9.
LD E,A 0431 SF Save the count value by loading it into the E register,
LD A\E 0432 7B
AND oF 0433 Eb OoF
LD HL,03E0 0435 21 Eo 03
ADD A,L 0438 8§
LD LA 0439  oF
LD A,(HL) 043A 7E
OUT (02),A 043B D3 02
LD AE 043D 7B
RRA 043E 1F
RRA 043F 1F The remainder of the program keeps both
RRA 0440 1F displays illuminated by looping from 0432 to
RRA 0441 1F 0456 while either of the buttons remains
AND oF 0442 Eb OF pressed. As soon as the button is released, the
LD HL,03E0 0444 21 Eo0 03 program jumps back to 0402 and executes the
ADD A,L 0447 85 top loop.
LD LA 0448 6F
LD A,(HL) 0449 7E
SET 7,A 044A CB FF
OUT (02),A 044C D3 o2
IN A,(o1 044E DB o1
BIT 7,A 0450 CB 7F
JR NZ,0432 0452 20 DE
BIT 6,A 0454 CB 77
JR NZ,0432 0456 20 DA
JR 0402 0468 18 AS
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The DICE Prﬂgram Elﬂd?ﬂ introd l"n D,0 ﬂ.d'fﬂ 16 0C C 1s the bhyte table counter for the 4x4
L
few more Pmﬂramming skills. epee I tg Ei' ﬂd]]] 0472 121 DS 04 HL will point 10 tha byte table address
ou 1{1{1‘] 0475 TE A is londed with the value of the first byte in the table
[ +] |00 IN T GI)EA 0476 D3 02 The accumulator is outputted to port 02 .
) ololo LDCB L 0'4?3 3 The byte table pointer s incramanted
*LD C :E ﬂ"?q Mr 15 Laad B with 15, for a delay value of 21 loops
The first of these is a RANDO \ IN A {ﬂl}{——— o478 O ek oad wthiS, qor SneGORalse: e
NUMBER GENERATOR R e BIT l; 047D DB o1 Input from the input port to the accumulator
numbers are almost im nssihﬂlgdﬂm JR Ni 048D - ﬂd;l’ e e s g e
generate via'a computer due.ptu t bei to DEC c 04 | 20 IIA If pressed. jump out of the delay routine
|
very predictable machine. The Elggli JR NZ,047D — :j:i :EF'] D“gl'umem Lot
reliable way to get a random number is to — DJNZ 0478 0486 G REABERNED, DDA Ui o0 ooiss Sovence
introduce the human element DEC D 4 10 F3 Docrement B and f not zero. jump up
. ____JR z ﬂd?ﬂ n!‘as Is Decrement the byte table ragister D
This is what we have done i hi . JR 04’75 “4” :. Es When D is zero. jump to start of program
program. n this LD D.0b6 nd‘B 18 E8 If nat rero. continue DELAY ROUTINE
+LD A::F"'—""'__ H4ED 16 06 Load D with 6 for six flashes of the display
At the start of the program a running LED ﬂUT (nl) .A. :"GF 3‘E oF Load A to turn on the whole 4x4 displpy
routine moves a single LED around the DJNZ 041'3 u‘w[ D3 02 Outgul rajpart 92
4x4 matrix. The ﬂN [jn“:! fDI’ each LED is LD A‘]FF n"#} 10 FE Register B 15 decremented to create a delay
created by a delay routine that uses the B OUT (02),A u:?i 3e e
abd C registers. The C register is loaded DJNZ ﬂdl;l) 0 o o OG5
with 6 and decrements to zero. Each time DEC D 0499 10 FE Creoate a short dolay with reqgister B
this e dons. the 8 rggistgr o ‘—‘JR Nz 048[-' ndqg Is Decremant the llash-count reqister
decremented and when it reaches zero LD D lrl.'l 5495 20 14 Loop far & flashes
the LED jumps to the next location ' LD A‘c 49' 16 lﬂ Load D for BO loops for multiplexing routing
. LD Hi‘ n4£“ ::ﬁf 79 Eo Load our random number into the accumulator.
v 21 04 Losd HL wath address of table
CP 01 i 55 of table for multiplex routine,
Tha ranidom riumber s anstatadinthe C JP Z,045F 04A4 FE 01 Compare the accumulator with 1
register and we can exit from the program LD H,L;IHEJ ::ib CA F§ 04 11 the accumutator is 1. jump to multiplex routine
with avalue remaining in C. Since C is the CP o2 0 A% 21 E3 04 Load HL with start address for displaying 2
inside loop of the delay it is decrementin JP L,045F 04AE LT R
very fast and it is not possible to predtcgt D HL yO4Eb U:Bl CAES 94 rsccumifietor 1s,2, JmR(to fiitiplen suline
what value C will contain. CP 03 04B4 :._Igﬁ; 04 Load HL with start-address for displaying ‘3’
JP I Compare sccumulator with 3
If‘ it were the outside loop it would be a I"Lt::iE? :jgz AT 98 il sccuiiularr 53, jirwith inblliniex rmichis
different matter. PIB}“HI’E would grﬂdually CP 04 045(: 21 Eq 04 Lload HL with start-address for displaying ‘4
get to understand that pressing at the JP Z,045F 04BE i iy i,
beginning of CYEIE would generate a low LD HL,U‘EC 04(:1 C'A- F‘ 04 If accumulator 1s 4, jump to muluplex routine,
number and at the end of a C‘,I'ﬂlﬂ. a high CP 05 04(: 21 EC 04 Load HL with start-address for displaying '
number. el JP r A 04F5 I.'HIC: FE 05 Compare accumulator with 5
' I'il"lodzf 04C9 ::IA.EI;S 04 1f accumulator is 5. jump to multiplex rounine.
Owing to the unpredictability of the CP 0b 04CC 04 Load HL with start-address for displaying 6.
human reaction, an even spread of JP z'ndFs 04CE FE 0b Compare accumulator with 6
numbers from 1 to 6 is created with our CA F; 04 Jump te multiplex routine 1s accum is 6
routine. A ju I Schiny o
e B At e T et
At 04E0: runs for 80 loops k . pats on the face of a dice The routine
Elsjﬁhjgﬂﬂﬂd feature of the program is the program ps% makes sure button s notpreased. Ihenjumpaiothe sisr ol the'D| GE
ARE and BRANCH B4 D
00 52 52 52
After the random number has b 00 - B4 00 B4 54
i een 78 D8
obtained, a number of flashes are created 58 58 58
on the screen and then the accumulatoris
compared ?vith the random number
before jumping to the display routine. LD A.,[HL) ﬂdF; '?E Load A with the value pointed to by HL
- ' A GUT [uz}l “drb D1 02 Qutput the value to port 02
This routine is a very simple multiplexing LD B,0 04F8 06 0A Load B with a short delay value
routine in which three bytes are outputted DJNi °4FA 04FA 10 FE Crenta a short delay with r e B
for a period of 80 cycles. INC HL 04FC 23 . addmzl‘m
Th léﬂ A.(HL] ﬂleD TE Load the value pointed 1o by HL into A
4 e program then detects that the input uUT (nI], “4FE D3 02 Qutput to port 02,
utton has been released and jumps to LD B,o 0500 06 0A Load B with a short delay val
the start of the program DJNi 0501 0502 10 FE . i
4 INC HL 05#4 > Craate a shart dolay with register B
If a button-check was not made. the LD A,(HL) 0505 T% N Rl S e
same number would appear on th ouT iﬂ:l] 0506 D3o oo S umpaiecan Dy L in e aceyrmitanor:
displays due to a constant number uEf LD B,o A 0508 nﬁ]o; f“'f;"' i
cycles occuring in oad register B with a short delay val
game. g the program for each g%gii{:‘;oﬂ g;:g :; FF Decrement register B to zaro. P
Dec HL ke
At 04D3: EEC HL osoD 2B v Hkiliock austes ot Tiariey e
: L JRCNIZ' “4F :5“5 15 Decrement multiplex routine loop countear.
71 El X : 5 SOF 20 E4 Loap again if D is not zero.
72 E4 og% ‘t: A 0511 AF Zero the accumulatar and output to port 02 to
"4 Ez IN A Ul;, :511 33391 blank the display.
78 E1 EBIT ’} u;:: CB '?;' Look at the output portto see if button Ais NOT
]B}: o JR Ni:ﬁ;ld 0518 20 FA E:“Ed :ﬂmm re-starting tha DICE program.
Bl ap 18 A is prossed.
JP 0470 051A cs 70 04 Jump 1o start of DICE program
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NEG . . . . . Each bitinthe accumulator is reversed sign. One s go
to zero and zero's go to one. Then one is added to the
result.

NOP . . . The NO OPERATION instruction. Only the Program

Counter advances,

The logic OR operation is performed between the

accumulator and the contents of the memory location

pointed to by the address in | )

OR A.B.C elc A logic OR operation is performed between the
accumulator and a specified register,

DTDR . . . . Datpa from the memory location specified by the
contents of the HL register is outputted to a port as
specified by the contents of register C. The HL pointer
has its value decremented after each transfer
operation. The value of register B is decremented and
if the result is zero, the Program Counter register is set
back 2 units so that the instruction is re-executed,

OTIR . . . . Same OTDR except that the HL pointer is incremented
after each execution,

OUT (C).A etc The contents of A, B, C, D, etc are outputted to the port
specified by the contents of register C.

OUT port.A . . The contents of the accumulator 1s outputted to the
port specified.

ouTD . Data is outputted from memory location specified by
the contents of the HL register pair to the porl
gpecified by the contents of register C. (contents of
register B will be decremented but no repeat operation
will be performed.) HL register pair has its contents
decremented after the conclusion of the operation,

OUTI . . .. .Same as OUTD except HL has its contents
incremented at the conclusion of the operation

POP AF . . . Two bytes areremoved from the stack. The first byte is

loaded into F and the second into A.

PUSH HL . . .Two bytes are placed onto the stack. The contents ol
the HIGH ORDER register are stored in the stack at
the address of the stack pointer less one. The content
of the LOW ORDER register are stored at the address
of the stack pointer less two.

RESO.( ) .. RESETBITO, 1, 2, 3, 4, 5, 6, 7 to the logic ZERO
conditon of the specified register.

RET . . . . . The unconditional RETURN instruction

RETC . . . . Return from the sub-routine if the carry flag in the F
register is true (1),

RETM . . . . Theinstruction will only be performed if the S flag (sign
flag) is negative.

OR( }

RET NC . . . The instruction will only be performed if the NON-:
CARRY condition is present. i.e. the CARRY FLAG 1s
0

RET NZ . . . Theinstruction will only be performed ifa NON-ZERO

condition is satisfied. i.e. the ZERO FLAG 15 0.
. « Theinstruction will only be performed if the sign flag in
the F register is positive, i.e. S = 1.

RET B

RET PE . . . Theinstruction will only be performed if the PARITY is
EVEN. This means the P/V flag is SET (1).
RET PO . . . The instruction will only performed if the PARITY is

ODD. This means the P/V flag is reset (0).
RET Z . . . . Theinstruction will only be performed if the ZERO flag
1s SET (1).

RETI . . . . . Return from INTERRUPT.

RETN . . . . Return from non-maskable INTERRUPT.

RL{ )] . . . Thecontentof the memory location contained in {

rotated to the left, through the carry bit.

RL A.B.C.elc . The contents of the register is rotated one bit position

to the left, through the carry bit.

RLA . . . . . This is a one-byte instruction of RL A and rotates the
contents of the accumulator one bit position to the left,
through the carry bit.

. » The contents of a memaory location pointed to by the
contents of the location in( ) is shifted one bit to the
left but not through the carry. The C flag is set to the
original status of the register’s least significant bit.

BLC A.B.etc . The contents of the indicated register is shifted one bit

position to the left. It does not shift through the carry
bit but does set the C flag to the original status of the
register's most significant bit,

RLCA . . . . Thisis aone byte instruction of RLC A and operates as

above.

)is

RLC [ |
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Machine Codes
EXPLAINED Partll

RLO

RR [ 1
RR A.B.L etc

HEA
RRC |

RRC A.B.elc

HRCA
RRD

RST 00

SBC Al |

aBC AB

SCF . .
SET 0.1 )

SET 0.B .
SLA | |

SLA A.B.elc
SBA | |
SRA A.B.etc

SRL[ )

SARL A.B.etc
SUB ([ ]

SUB A.B.elc
SUB dd . .
XOR([ ] .

XOR A.B.elc
XORdd . . .

SHEET 14.

The 4 low-order bits of a memory location (pointed to
hy the
transferred to the 4 high-order bits of the same
memory location. The 4 high-orde:
mta the 4 low-order bits of the a
orevious 4 low-order bits Of

brackels) are

cantents of register pair in

hits a~e transferred
The
are

CLmulaton
the accumuiator
iransferred to the 4 low-arder bits of the memaory

location specified above
- Rotate the contents of a memory location pointad to DYy

) o the night thirough

the contents of the register in |
the carry bit

Ratate the indicated register to the nght

carry bit

Rotate the accumulator night, through thi
Aotate the contents of a memaory location |
the contents of the register in | 1o the right bul |
through the carry bit. The C flag 1s set 1 '

the register's least significant bit.

Rotate register to the right but not throuah the

A one-byte instruction for RRC A

Tt 4 high-arder bits of a memory location {poimnted |
hy the contents of register pair HL:' arg transiarrad |
the 4 low-order bits of the same location. The & los
rder bits are transferred to the 4 low-order Di
The previous 4 low-ordar b
yre transferred to the 4 high-ordot

mCCuUMmutlatlof

I
¥ 1 ¥
TR0

the memaory location specified above. A special
secinl one-byte subroutine call directive calind
ESTART
ST 00 will reatart at page zero, location 00, r.e. UL U
R&ET O8 will restart ot location 08, 1.e. 00 08 etc
Subtract th antents of memory pointed to by the
A3 gister pair in| ) and the carry flagy
1 i wlator. Store the result im0 the
§ £ 1] H
T 1 j4 s o # B register and the carry flag (the C
! ! 1ol are subtractaed from the contents
' The result is stored In the

I Ma ciar e © flag in the F register) is setto
Bir O v memory location pointed to by the
ar in | )15 set to }

1 the selected register 1s set to 1.
HIAETIC. Shift the contents of the

SHIF |

e ted to by the cantents of the

rec sl nt to the left. resettng the least
ittt .

Shift the ot 16 af the specified register left one bit,

rasatting the 'aucs sigoificant bit to O

SHIFT RIGHT ARBITIHMETIC. Shift the contents of &
memoty locaton pointed to by the contents of the
register in | ) to the right. The high-order bit is not
altered. Bit O is shifted into the carry bit

Shift the contents of a ragister one bit to the night
High-order bit 1= unchanged. Bit O 15 shifted into the
carry bit

SHIFT RIGHT LOGICAL. The contents of the memory
location pointed 1o by the contents of the registering )
are shifted to the right. Bit 7 is reset to 0. Bit U 15
shifted into the carry bit.

The contents of the indicated register is shifted one bit
position to the right. Bit 7 is reset to 0. Bit 0 is shifted
into the carry bit,

Subtract the contents of the memory location pointed
to by the contents of the register in { ) from the
aooumulator

Subtract the contents of the specified register from the
acocumulator.

Subtract immediate data from the accumulator,
Parform the Exclusive-0R operation on data pointed to
by the contents of the register in | ) with the
sccumulator.

Exclusive-OR the contents of the specified register
with the accumulator.
Exclusive-OR  the

accumulator.

immediate data with the

o o T — ] T D
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