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Welcome to ETI's Test Gear Volume 4. It's quite a while since we published
a Test Gear book, so this compilation of test equipment projects praviously
published in Electronics Today will prove very popular, we believe.

The projects range from simple, practical, low-cost devices such as the
ETI-176 Zener Tester, through unique instruments like the ETI-182 Digital Lux
Meter, up to “high-tech” units such as the ETI-169 Low Distortion Oscillator. As
we know your interests range far and wide, projects for this compilation have
been chosen to satisfy quite a range of fields — from everyday electronics
construction and servicing, through computer troubleshooting, to component
testing.

So, almost no matter what your field of interest, you should find something
of use within these pages. For a guide to the availability of parts, printed circuit
boards and kits, don't forget to turn to the “Shoparound” page.
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Project 169

Our gnomes in the market research field have told us that ETI
readers are more interested in hi-fi than the average. No great
revelation, you probably built your own system? Well this
project puts that to the test. It's an audio oscillator that allows
you to accurately measure audio performance so you can be
more authoritative than the average.

LOW DISTORTION
AUDIO OSCILLATOR

Part 1

lan Thomas

JUST ABOUT EVERYBODY in this civi-
lised country of ours has a hi-fi system of
some sort or another. Since you're reading
this magazine you almost certainly take a
more than passing interest in how well it
works and have probably built some, maybe
all of it yourself. If, like most of us, you are-
n't blessed with infinite financial resources
then you probably put it together and said
“well it seems to sound OK™ and left the
testing of your masterpiece at that. You
probably knew that this wasn’t the most
definitive of tests but put the acquiring of
good audio test equipment in the *“too hard
(expensive)” basket. At the request of our

editor I've finally gotten around to doing

something to rectify this situation.

The very first and most important picce

of test equipment you'll need is an audio os-
cillator to provide a signal source whose
performance is at least an order of magni-
tude better than the equipment you want to
test. Audio oscillators have been around for
an awful long time now and people have
built very large and successful businesses
around them. I've been assured that it really

is true that two gentlemen by the names of |

Bill Hewlett and Dave Packard started
building simple one valve Wien bridge
audio oscillators in their garage in 1939.
Their company is now worth billions of dol-
lars so there has to be a future in it! Perhaps
you could duplicate their efforts (if you do
please remember where you got the idea!).

In modern hi-fi equipment the most com-
monly measured and quoted gauge of per-
formance is referred to as the total har-
monic distortion of the equipment and is

usually given as a percentage although in
the professional literature it is often given in
dB. When a signal is passed through equip-
meat such as an amplifier the signal that
emerges from the equipment is not an exact
replica of the signal that went in. The ampli-
fier tends to change the waveform slightly in
the process of amplifying it.

In order to test the equipment it is neces- |
sary to apply a signzl to the input that is ex- |

actly known so that some form of test can be
applicd to the output to sce if it has been
corrupted. Normal voice or music signals
arc very complex and it is impossible to
apply any form of ¢uantitative test to them
apart from “well it sort of sounds OK™. By
far the simplest form of signal to handle
both mathematically and in test equipment
is a sinc wave which can be described as

V = Vsin(2nft)

where f is the frequency of the sine wave. If
this signal is applied to the input of an im-
perfect amplifier (as they all are) what
emerges will be the input sine wave multi-
plied by the gain ot the amplifier plus other
signals as well. These other signals which
are generzted in the amplifier will have fre-
quencies of 2f, 3f, 4f and so on. These are
called harmonics of the input signal and are
caused by distortion in the amplifier itself.

A bloke by the name of Fourier way back
when put all this on a mathematical footing
which I won't bore you with (assuming I
could remember it) but the short of it is that
if you have a regular periodic waveform
which isn’t a sine wave then it can be made

up by the sum of a lot of sine waves with fre-
quencies that are harmonically related. As
the signal that emerges from an amplifier
when a perfect sine wave is put in is no
longer a perfect sine wave, the output can
be dissected into the amplified perfect sine
wave and the resultant Fourier components
which are harmonics of the input signal. Be-
cause they are harmonics of the sine wave
input the distortion is called harmonic dis-
tortion; if all the harmonics are lumped to-
gether and measured the result is a total of
all the harmonics — hence total harmonic
distortion! Now you know what it really
means when you see ‘thd’ on the data sheet.

For more consumer equipment the har-
monic distortion is always given as a total
but in many applications the level of each
individual harmonic is given separately or
odd and even harmonics may be separated
out. This can help a lot in identifying the
mechanisms that are causing the distortion.

The nub of all this is that the signal to be
applied to the amplifier must not contain
any harmonics of its own or the harmonics
from the oscillator can’t be separated from
those generated in the amplifier and spuri-
ously high (or even low!) readings are ob-
tained. Hence the need for a low distortion
oscillator. Most cheapic sine wave oscilla-
tors are absolutely useless for testing audio
equipment as their disortion is usually
around 1% or —40 dB. That is, the total of
all the harmonics is one hundredth of a fun-
damental sine wave. Even the grottiest am-
plifier can beat this hands down; in fact
you'd have to work at it to build one this
bad.
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Amplifier distortions normally run from
0.1% or —60 dB (crummy) to 0.001% or
—100 dB (so good it’s very hard to measure
and doesn’t really matter!). This latter fig-
ure sets the required performance of an os-
cillator if it’s to be used in thd testing. That
is, the sum of all the harmonics that come
out of the oscillator should be about
—100 dB or 0.001% of the fundamental.
This is a pretty tall order but it seems a good
place to start.

There are other factors that must be con-
sidered as well as the oscillator. So far I've
only discussed the harmonics of the funda-
mental signal. As well as these any elec-
tronic circuit will generate electrical noise.
This is a signal that is characterised by hav-
ing components at all frequencies and
sounds like the hiss you get from a tape re-
corder with a blank tape. Fields will also be
picked up from mains operated equipment
such as transformers and add in components
usually at 50 Hz and 150 Hz. As the usual
method to measure thd is to use a very nar-
row selective filter to remove the funda-
mental and then measure what’s left, all
these unwanted signals will degrade the
measurement of distortion figures.

The range of frequencies to be covered
by a useful oscillator is usually set by how
much you want to pay for it. The lowest fre-
quency is set by the control circuitry to
stabilise the oscillator (more of this later)
and for most purposes is set at 10 Hz (you
can’t hear this low anyway!). The upper fre-
quency is set by the choice of operational
amplifiers to be used. To keep costs under
control I decided to base all designs around
the old trusty NES534 which sets an upper
limit around 100 kHz. The last thing to be
decided is the type of output the oscillator
should have. The output level is also set by
the choice of operational amplifier and
limits output swing to *12 volts peak.

If an op-amp output is brought directly to
the output terminals, this enables people to
do very bad things to the output circuitry so
it's nicer to have some sort of series resistor
in the output. In the industry this is nor-
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BALANCED signals and the amplifier is able to ignore them.

With balance, ground loop voitages have no
effect on the inpuf as the input transformer
‘fioats’ the wanted signal on top of any ground

Capacitively coupled signals tend to be equally
coupled into both lines of the balanced pair to
be removed by the transtformer.

mally chosen as 600 ohms (for a lot of rea-
sons) and ensures that no matter how the
output is mistreated (within reason) the os-
cillator can carry on. Another good reason
to set the output impedance at 600 ohms is
that then attenuators can be placed after the
final amplifier. These will attenuate both
the signal and any noise and distortion
equally and thus will maintain the distortion
performance of the oscillator at very low

| levels. This means that if you want to mea-

sure the performance of, say, a preamplifier
then you can be sure the signal is still clean.
To generate these low level signals 1 de-
cided to include attenuators of 20, 40 and
60 dB or 10x, 100x and 1000x and allowed
for a continuous adjustment between.

The last major decision to be made about
the output was to decide whether it should

be balanced or unbalanced. In a lot of the p
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dder oscillators it was very common to have

transformer in the output. This created
/hat is known as a balanced output which
as many advantages. The most important
ne relates to earthing in an audio system
see box) and makes an awful lot of prob-
2ms simply go away! For this reason alone
1l broadcasting and many recording studios
ise all balanced circuits. The big disadvan-
age is cost. Using today’s design techniques
neans transformers arcn’t necessary any
nore but it still doubles the complexity of
he output so I decided to settle for an un-
ralanced output.

Nhich oscillator circuit?
Oscillator circuits are as many and varied
s brands of soap powder and all have their
ilusses and minuses. The first type that can
e ruled out is any form of inductor based
iscillator. To build an LC oscillator that
vorked at 10 Hz you'd need an inductor the
ize of a brick that’d work just great as an
ntenna to pick up mains hum. Clearly
ome form of resistor capacitor oscillator
nust be used. Probably the most common
iscillator configuration used is the Wien
ridge (see Figure 1). This design goes way
rack to before Hewlett-Packard made good
ise of it and is still used in designs today.
The Wien bridge serves to illustrate what
s required for an oscillator to work. Refer-
ing to Figure 1 you'll see that the oscillator

'onsists of an op-amp (actually any ampli-

fier will do) with negative feedback around
it to control the gain. The elements that
form the frequency selective part of the os-
cillator are the two capacitors and the two
variable resistors. If the attenuation from
the output to the positive input is calculated
then it can be shown that at a frequency
equal to 1/2wRC the two resistors and ca-
pacitors divide the voltage at the output by
exactly 3 and the voltage at the positive
input is exactly in phase with the output
voltage. At higher or lower frequencies the
attenuation is greater and the two voltages
are no longer in phase.

Suppose now that R, and R, are adjusted
so the attenuation through them is also ex-
actly 3. As they are only resistors the volt-
age on the negative input will also be ex-
actly in phase with the output and under
these conditions the whole network has infi-
nite gain bur only at one frequency. For fre-
quencies greater or less than 127RC the
positive feedback drops away and the over-
all network gain becomes finite again.

If an amplifier configuration has infinite
gain, it will oscillate as it takes no input sig-
nal to produce an output which is exactly
what is wanted and what happens. If the at-
tenuation through R, and R, is adjusted to
be slightly less than 1/3 then the oscillation
will stop; if it is slightly greater than 1/3 then
the amplifier output will be driven hard up
against the rails so the average gain over the
entire swing is correct for oscillation. The

gain has to be adjusted to be exactly correct
for oscillation without clipping.

In Figure 1 the frequency adjusting resis-
tors are conveniently shown as R where two
resistors are being changed at the same time
to set the frequency. It is assumed that the
two resistors are always exactly equal. In
the real world this is very hard to do but if
you dig into the mathematics a bit you’ll
find that oscillation can still occur if they
aren't equal. All that's necessary is to
change the attenuation of the R/R, leg of
the bridge. Similarly if the two capacitors
aren’t equal then once again adjusting R,
and R, will do the deed.

This is where practicalities start to in-
trude. If the two variable resistors don't
track exactly then when you change fre-
quency R, or R, must be adjusted automati-
cally to set up t{w right conditions for oscil-
lation again. As the amount of adjustment
is (more or less) proportional to the mis-
match in the variable resistors, a badly
tracking dual gang pot will require consider-
able adjustment of R, by electronic means
and all electronically variable resistors cause
distortion! (R, is normally chosen as one
end is connected to ground.) This is just one
of the rules of the game. In order to build a
very low distortion oscillator the two vari-
able pots must track to within a per cent or
so. You can buy them but you won’t get
much change out of $100. This just isn’t a
proposition for a cheap oscillator.
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Figure 1. The Wien bridge. Figure 2. Network for oscillator circuit.
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The capacitors also cause a similar prob-
lem as it is normal to only use the variable
resistors to give a frequency range of 10 to 1
and then switch capacitors to switch ranges.
In theory the same capacitors could be used
for the entire range but in practice the im-
pedances that would have to be driven at
10 Hz and 100 Hz become silly. Thus in the
Wien bridge capacitors with tolerances of
1% are needed. Once again you can get
them if you’ve got the dollars but I wanted
this oscillator to be cheap (but, of course,
superb!).

A little research into oscillator configura-
tions showed that there has been a fair bit of
work done on single control element oscilla-
tors. Much of it seems to have been done by
Indian gentlemen with much brains but a re-
search budget that wouldn’t keep a mouse
in cheese. This tends to restrict efforts to
tinkering with exotic circuits on paper.

The type of circuit 1 was after was one
where trimpots could be included to adjust
out the tolerance variations in all the capaci-
tors and, if possible, a ninth trimmer to ad-
just for the absolute value of the single gang
frequency setting potentiometer (there are
eight capacitors for the four frequency
ranges). I couldn’t find any configuration
that was ideal but an article by V. Prem
Pyara, S.C. Dutta Roy and S.S. Jamuar
gave a method of finding a class of single
control element oscillators so 1 could stir
things around for myself.

The network I finally settled on is shown
in Figure 2. Obviously it isn’t anything like a
Wien bridge but all the basic rules still
apply. There is a condition that must be pre-
served in order that the circuit oscillate and
if this condition is maintained then a simple
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resistance-frequency law can be established.
Cranking through pages of mathematics I
was able to derive the simple law for the
condition for oscillation if R, = Ry

1 1 1

c. ®  ®RTR
C 1 1
—+
R, = R,

This may seem all a bit overwhelming but it
tells one very impartant thing. Ry, the fre-
quency control pot, does not appear in the
condition for oscillation (bewdy!).

More  thrashing about with algebra
showed that if R, R, and R, were made ad-
justable then not only could the oscillation
condition above be set up but the frequency
of oscillation could be made equal to:

2mf): = —2
)" = RRCC
Thus by adjusting R it is possible to adjust
out any tolerancing errors in the frequency
set pot, R,. Then by adjusting R, and R,
tolerances in C, and C, can be adjusted out.
A quick rats’ nest verified that all the
mathematics told no lies and quite dramatic
control of frequency could be obtained
without affecting the oscillation amplitude.
Accoiding to the numbers the frequency
could be taken to infinity if Ry was made
equal to 0, and this was very nearly what
happened. The only limit was the band-
width of the operational amplifier and the
anly problem that remained was the fact
that the frequency is proportional to the
square root of 1/R,. This makes the fre-

guency scale very open for low frequencies
and squeezed up 1t the upper end. However
a bit of searching showed that I could get an
inverse log law potentiometer from Allen
Bradley in Sydney that more or less can-
celled the nonlinearity caused by the square
root law of the oscillator and gave a fre-
quency-pot rotation law that was usable.
This seemed to sort out all the problems
with the oscillator itself. The last thing to be
dealt with was the control of oscillator level.

In the final oscillator circuit R, was
chosen as the resistor to be varied to set os-
cillator loop gain. If one had the patience of
Job and reflexes that would make a cat look
sluggish then one could sit there and fiddle a
trimpot to hold the loop gain steady but an
automatic loop gain adjust is better. And
that is where distortion mechanisms start to
appear! R, need only have about a +2%
adjust but this must be done by a control
voltage. About the only voltage variable
resistors that can be bought easily in Aus-
tralia are FETs. If a field effect transistor
has zero drain-source voltage applied to it,
then it acts as a resistor whose value is
varied by the gate bias. However if the ap-
plied ac signal becomes too large then it
starts to produce distortion as the resistance
of the channel is affected by the bias. This
can be minimised by applying an ac compo-
nent to the gate as well and I found that for
the small range of resistance control needed
it worked just fine.

A far worse problem than this is the pos-
sibility of components of the oscillator out-
put voltage getting back to the control gate.
The oscillator stabilisation loop consists of
an output level detector and a control loop

amplifier — foop filter to generate a control P
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voltage for the FET. It is imperative that
the output level detector produce as near as
possible a dc voltage that is proportional to
the ac out of tne oscillator. If any ac compo-
nent is left in the detector output then it will
modulate the FET and cause distortion.
This dc control voltage must be generated
for input frequencies between 10 Hz and
100 kHz which says that any form of rectify-
ing and filtering is out of the question as the
detector is part of a control loop.

The way I chose to do it is by using a peak
detector which is reset every cycle of the os-
cillator output (see “How It Works”). This
generates a dc voltage equal to the oscillator
peak output voltage for a bit more than half
the period of the oscillator. When the dc
output is stable it is connected to the control
integrator and when it is changing the inte-
grator input is switched off. This very nicely
removes any ac component from the control
output and ensures that the FET only sees
dc.

Like any control loop the oscillator con-
trol loop must be stabilised and this presents
its own set of problems. The loop is stabi-
lised by an extended RC circuit in the inte-
grator that compares the dc from the peak
detector with a reference dc set up by a
zener diode. This makes sure that the con-
trol loop gain and phase are right over the
entire 10 Hz to 100 kHz range. All this may
seem a little complicated when compared to

some other techniques you may have seen
(such as a light bulb in the feedback loop!)
but this level control circuit is the essence of
producing low distortion signals. The oscil-
lator circuit alone, if left to itself and oper-
ated away from clipping, will produce al-
most no distortion (NE5534s are very good)
and in practical circuits almost all the distor-
tion is added in by the stabilisation loop.
This stabilisation loop solves that problem
almost completely. It is only necessary to
adjust the capacitor compensation trimmers
so the FET operates in the best region to get
distortion performance that was so low |
couldn’t measure it.

The output circuit and attenuators pre-
sented little difficulty as the switch bank I
chose to use (you can get it from either Jay-
car or Geoff Wood Electronics) has two
contact changeovers. This let me use a ‘T’
type switching configuration to minimise
capacitive hopover. The problem is that if
the —60 dB attenuator is selected then sig-
nal from the higher outputs is capacitively
coupled to the output and you don’t get
—60 dB at 100 kHz (see Figure 3). Using a
“T” configuration shorts out all the capaci-
tive hopover and gives the correct level. @

Details of the construction, circuit, overlay
and parts will be given in the November issue
of ETI
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Figure 3. 'T' attenuator switch.
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Last month we told you the principles and compromises in
designing this impressive audio oscillator. It was such a
comprehensive discussion we had to split the project into two
parts. Here we resume with a guide to construction, circuit

details and testing advice.

SO MUCH FOR all the reasons for the
eventual circuit last month. Now for how to
use it.

Construction

I chose to use a plastic instrument case
available from Geoff Wood, Jaycar or Al-
tronics. I think just about every electronics
store will stock one that’s OK. The plastic
boxes are neater but the metal ones do
make the oscillator less prone to hum pick-
up. You pays your money and makes your
choice!

If you want to do your own layout and
make the board fit a different case, the most
important thing of all is to keep the RC
parts of the oscillator as far as possible from
the power transformer. Power transformers
radiate 50 Hz fields and these are entirely
too easy to get into the oscillator. If you
look at the layout of the board, you'll see
that they are on opposite diagonal corners
of the board and I still had some trouble.
For the same reason (hum pickup) I chose
to use the miniature Bourns trimpots to
minimise board area used by the selective
components in the oscillator. These are also
available from Geoff Wood and were, in
fact, a lot cheaper than the normal cermet
trimmers. On the subject of trimmers it’s
absolutely essential that good quality cermet
trimpots be used as the cruddy old carbon
film ones really aren't stable enough. All
the trimpots are in frequency determining
networks and if an older type is used, the
output frequency would be all over the
place like a dog's breakfast. Similar remarks
apply to all the fixed resistors. Ideally they
should be +1% metal film resistors not so
much for the £1% as for the stability with
time and temperature although in the proto-
type they were mainly +2% and seemed to
work OK.

The capacitors used in the frequency
determining networks are all metallised
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polyester and are encapsulated in plastic
cases. The types that're suitable are ERO
(Roederstein) type MKT1817 or MKT1826
or Wima type PR2I or RS21 or some fair
dinkum equivalent. If you do decide to go
for a rock bottom budget unit and use
greencaps let me know how they work (by
mail — not in person!). The point about the
capacitors 1 specified is that they have a
known temperature characteristic which
only gives a £0.5% change over the normal
operating temperature range.

The safest way to get the board layout is
to copy the one given or buy a mask from
ETI (if you put any value on your time this
is really far cheaper). The board is made
from single sided 1/16 inch cpoxy glass
board. 1 don't recommend using paper
phenolic type boards as their leakage per-
formance is a bit sus. If you are doing your
own layout take particular care to get the
spacing right for the switch banks pins
(they're *@#!! not on 0.1 inch centres).

Etch and drill the board normally and
start assembly with the power supply. As-
semble only the power transformer, recti-
fier, diodes, filter electrolytics and voltage
regulators. I VERY strongly recommend
using printed circuit terminals to get 240
volts onto the board as 1 have been bitten
far too many times.

NEXT COVER ALL THE TRACKS
THAT CARRY MAINS VOLTAGE
WITH INSULATING TAPE. If you don't
you'll probably kill yourself. Also there are
two solder pins that carry mains that stick
out from the side of the little Ferguson
transformer. Tape them up too. I missed
them and my CRO earth clip brushed across
them on the prototype (BANG!! palpi-
tate!).

Next create for yourself a death machine
— that is a length of 2 or 3 core flex with a
mains plug on one end and the other end
with bare wires. Connect the wires to the

OW DISTORTION
AUDIO OSCILLATOR
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lan Thomas

input terminals on the board then power the
beast up. Check that you have plus and
minus 15 volts coming out of the regulators.
If all is well remove the plug from the
mains, remove the bare ends from the ter-
minals and lock the damn think away in a
safe or something. Now that you know that
the voltage regulators work you can carry
on with the rest of the assembly with some
confidence that the whole thing won’t go up
in flames when you turn it on.

As always make sure that all the ICs are
in the right way and also the diodes. It’s
particularly important that the leads be neat
and short around the oscillator (mains hum
again). In the prototype I used two IM and
two 200k resistors to make up the 1.2M
needed for the —60 dB attenuator as this
gives the exact value. There are three wire
jumpers that run just behind the frequency
select switch which should be as short and
straight as possible — resistor leads that’ve
been cropped off do just fine. The last com-
ponents that should go in are the two switch
banks.

Testing and alignment

Before you try to mount the oscillator in
the box it's a good idea to do a preliminary
alignment and make sure all the ranges are
working. Once the board is completely as-
sembled reconnect the death machine to the
power terminals and turn the unit on. When
I do this to a brand new board I normally
run my hands lightly over the components
for 30 seconds or so to sec if anything is get-
ting too hot too fast (that's another reason
to check the power supply first). Next check
that the supply rails are still sitting at 15
volts. If this is right then you're ready for
the fun bit.

To set up the pots you really nced a
counter although a CRO will do in a pinch.
The purpose of this adjustment is to remove
the £10% or so tolerances in the oscillator



components and it can’t be done properly if
you can only measure frequency to +209,
You can certainly make sure that everything
is working but the frequency scale on the
front panel won’t be worth much.

Given that you've got, begged, borrowed
or whatever a counter with 3 1 second time-
base at least (10 seconds js better) connect it
to the output and select the 100 to 1000 Hz
frequency range and the 0 dB attenuation
range. Connect the frequency adjustment
potentiometer temporarily to its appropri-
ate holes and tack a piece of wire across the
level adjust pot holes so you get full output.
Turn all nine trimpots full clockwise and
turn the beast on. If all s normal the output
should go up against the rails and stay there.
Set RV10 (the frequency select pot) for
minimum resistance or maximum frequency
then start winding RV9 anticlockwise while
monitoring the output. Bring it back to
about mid position then start winding RV3
counterclockwise. Somewhere around mid
position oscillation should start and it
should be at around 1000 Hz. If this is OK,
everything is looking good and you can start
checking out the level control circuitry,

First check that the squarer IC2 is work-
ing. Pin 6 of IC2 should have a square wave
on it which is in opposite phase to the sine
wave input. The output should show no sign
of oscillation during transitions, The input
to the squarer on pin 2 should show the
input sine wave during positive half cycles
and should be diode clamped to about ~0.7
volts during negative excursions. The out-
put from the squarer should appear on pin
10 of ICS, the CD4053. C14 and R2S should
differentiate the squarer output and a very
narrow negative going pulse should appear
on pin 9. Finally pin 11 of IC5 should be sit-
ting near ground, Momentarily stop the
squarer by shorting its output to ground and
pin 11 should rise to about 12 volts if you're
using a 10M input impedance CRO probe.

Next comes the peak detector. Check
that the sine wave output from the oscillator
appears on pin 3 of IC3, Next check the sig-
nal on the negative input pin 2. It should be
sitting at a dc voltage equal to the peak posi-
tive swing of the oscillator with a negative
step occurring every time the input signal
€rosses zero volts going positive. If the oscil-
lator is not being properly level controlled
due to other problems then the peak detec-
tor output may not be able to get as far posi-
tive as the oscillator input but the step
should still appear every time pin 9 of ICS is
pulsed negative. If this is what you get it’s
time to proceed to the integrator IC4,

Integrater 1C4 s just a simple inverting
operational amplifier with g rather messy
RC network in the feedback circuit. Check
that pin 3 has +6.8 volts on it and that pin |
f IC5 has the peak detector output on it
As the analogue switch in ICS is turned off
vhen the peak detector js reset the negative
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step doesn’t appear on pin 1. If the oscilla-
tor output level sn’t being controlled ang is
swinging up against the rails then the output
of the integrator IC4 pin 1 should be far
negative and the output of the inverting am-
plifier following the integrator should be
hard positive. If the Jevel control circuitry is
working (that is if the oscillator has been ad-
justed so it has enough control range) the
integrator output will probably be sitting at
a few volts positive, and the output of the
inverting amplifier, a few volts negative.

Last of all check that the control voltage
on the gate terminal of the FET is at one
half the voltage of the inverting amplifier,
and the control circuitry should be OK. It
the oscillator output is giving bursts of oscil-
lation there is probably a shori in the RC
network around the integrator. As a final
check on the level control try adjusting RV3
again until the level control circuit can take
over. You should see a beautiful clean sine
wave with a 6.8 volt peak swing on the oscil-
lator output, Pretty — isn't j12

Now back to setting up the oscillator fre-
quency. When the level contro) is working
it's a lot easier to adjust the oscillator as
monitoring the control voltage out of pin 7
of IC4 tells how the adjustment is going.
Connect a voltmeter there and adjust RVY
until it reads about —4 volts. The next step
is to adjust R7 until the oscillator output

frequency is 1100 Hz and the control volt-
age is at —3 volts, To do this, it will be nec-

the control voltage, and rotating RV4 clock-
wise raises it. Leave RV3 in the mid posi-
tion and start adjusting R4 clockwise to
raise the control voltage, adjusting RV9
counterclockwise to rajse the output fre-
quency until it reads 1100 Hz, Repeat untii
the correct frequency is obtained with 3
control voltage of —3 yolts,

Next set the frequency pot 1o lowest
(highest resistance). Leave RVY9 alone and
adjust both RV3 and RV4 until the output
frequency is 90 Hz and the control voltage
is steady at —2 volts. You will find that
rotating RV3 counterclockwise lowers the
frequency and raises the control voltage.
Rotating Rv4 counterclockwise raises both
the voltage and frequency. It's easy to ad-
just one against the other to get the re-
quired result. Return now to the maximum
frequency setting on RV10 and check that it
is still 1100 Hz. If necessary readjust RV9
to the correct 1100 Hz, Return to the lowest
frequency setting and reset RV3 and RV4
for 90 Hz, Repeat until it’s perfect, but it
should only take two or three tries, That's
the first range setup completed and you can
move on to the 900-11,000 Hz range,

ETI Test Gear 9
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For starters adjust both RVS5 and RV6 to
mid position and select the lowest frequency
setting on RV10. Adjust RV5 and RV6
until the oscillator starts; then adjust exactly
as before except that you want 900 Hz.
When this is right adjust RV10 to maximum
frequency and check that it reads
11,000 Hz. It may not be exact and if the
difference is too big for you to live with try
adjusting RV9 for correct 11,000 Hz then
repeating the realignment on the 100-
1000 Hz range.

Exactly the same alignment process must
then be done on the 9-110 Hz range. The
control voltage will take a little longer to get
there. The highest frequency range is a little
different in that the control voltage should
be adjusted for —1 volt at 9000 Hz and will
go down to about —4 to -5 volts at
110,000 Hz. Once you've slogged through
this lot you should have a pretty good idea
of what you’ve built.

Finally check that the attenuators are
working correctly (each step down should
give an output voltage one tenth the step
before) and the board is ready to go in the
box. Assuming you've used the same box as

1 did, proceed as follows.

First locate the board in the box and note
the plastic mounting pillars that will actually
support the board. Next attack the box bot-
tom with a large pair of side cutters and re-
move the pillars that aren’t wanted. There
must be about 15 pillars there and only
seven are needed. Next carefully mark off
exactly where the holes are needed to allow
the switch banks to come through the front
panel and cut the holes. As this is the front
panel it pays to take a little care: if you
make a mess of it your mistake will be star-
ing at you for years!

Mark off where you want the frequency
and level pots to come through and drill the
holes. The same applies to the power switch
and output terminals. Assemble all the
components on to the front panel then slide
it into the box bottom. Solder lengths of
wire into the board suitable for connecting
the level and frequency pots. At this stage
in the assembly of the prototype, a major
problem reared its ugly head.

When the board was powered up in the
box with all the mains wiring in place, 1
found that a large amount of mains hum was p

PARTS LIST — ETI-169

RV2458913 .2k0 trimpot cermet®

RV1,3,5,7...ccccnne 5k0 trimpot cermet®
A ccorrrrrrerereroas 100k pot freq set Allen
Bradley 72J1N0565104B
Rt 100k trimpot cermet®
RV12...oiiiiins 2k linear law pot level set
* Boumns type
Capaciltors
1y —— 1p £10% 50 V met poly*

C3,4,13,15.......... 100n £10% 63 V met poly*
C5,6,17,31.......... 10n £10% 63 V met poly®
(C 78 N 1n £10% 63 V met poly*

27,28, 30......cccunen 100n ceramic monolythic
C26.....ccovverereeenen 33p +£5% ceramic plate
* see text for types suitable

Semiconductors

ETI-169 pc board; 90 x 60 mm piece sheet
copper; 120 x 170 mm sheet aluminium; Euro
connector; 2AG fuse-holder; 2 knobs for pots; 2 x
25 mm pc board spacer tapped at both ends;
BNC panel mount socket; 200 x 160 x 70 mm
plastic instrument case; Scotchcal front label;
mains hookup wire; light hookup wire; assorted
nuts and bolts.

Price estimate: $99.50
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HOW IT WORKS — ETI-169

The audio oscillator can be separated into

four main areas:

(1) the power supply;

(2) the oscilllator;

(3) the output buffer and attenuator; and

(4) the level control circuitry which may be
further broken down into

(a) the peak detector;

(b) the squarer; and

(c) the integrator — loop filter.

The power supply is a conventional mains
operated +15 volt integrated regulator. The
transformer TR1 is mounted on the printed
circuit board and has a centre tapped sec-
ondary with outputs of +15 volts ac. With
this brand of transformer the secondary Is
designed to give rated voltage under full
load so in the oscillator the voltages on the
two fiiter capacitors C20 and C21 are at
about +24 volts. The current to charge C20
and C21 Is provided from the full wave rec-
tifler bridge D5 to D8. ICs 7 and 8 regulate
the output from the filter capacitors to
provide a clean 15 volt supply for the
oscillator.

The osciliator is based on an NE5534
operational amplifier with both positive and
negative feedback. SW1, the frequency
band switch, selects one of four RC net-
works to provide frequency dependent
negative feedback through two resistors
and two capacitors. The two resistors as-
sociated with each of the four networks are
made adjustable to make up for the fact that
only 10% tolerance capacitors are used. Di-
rect negative feedback is also provided via
R9 and RV9, and RV9 allows compensation
for the fact that the frequency select poten-
tiometer, RV10, Is also only +10% toler-
ance.

Negative feedback to preserve the correct
conditions for oscillation is provided via
R14. R12, R13, R15 and the level control
FET, Q1, also form part of the negative
feedback network. R16 and R17 ensure that
the voltage on the gate of the FET is exactly
one half of the gate-source voltage. This
minimises distortion introduced by the FET
and results In predominantly third order
distortion.

RV10 is the frequency adjust pot and by
varying Its value from 100k to 0 ohms a fre-
quency range of 0.9 to 11 can be achieved.
As this frequency variation is proportional
to the square root of the resistance it is
necessary to use an inverse log law pot to
avoid the frequency change being bunched
up at one end of the pot rotation.

Both C24 in the negative feedback path
and R34 in the highest frequency band se-
lect network are to compensate for stray
capacitances around the loop and ensure
that the correct conditions for oscillation
are maintained.

The level control circuitry is fed from the
output of the oscillator via R18 which is in-
cluded to provide some isolation of high
frequency spikes generated in the level con-
tro! circuit. The oscillator output is squared
by the squarer IC2 and its associated com-
ponents. R20, R21 and C11 provide positive
feedback for the squarer, which is really

only an op-amp operating open loop. As IC2
and the circuitry it drives is CMOS It is nec-
essary to only power it from +15 volts and
ground. The op-amp will not tolerate large
negative swings on its input under these
conditions so R19 and D1 clip the negative
swing at the op-amp negative input. C10
provides phase correction at high frequen-
cles.

The output of the squarer drives a CMOS
analogue switch CD4053. This switch has
three sections, one of which Is used to
switch the error signal to the foop integrator
and the other two are used to control the
peak detector reset function.

The peak detector is formed by IC3 and
its associated circultry. IC3 is used as a
non-inverting voltage follower with a tran-
sistor-diode in the feedback path. To under-
stand how the peak detector works, first
consider that C12 has no charge on it. This
means that the voltage on the negative
input of IC3 is zero volts. As the voltage on
the positive input is taken positive by the
oscitiator output, the output of IC3 will also
go positive turning on Q2 and forcing
charge into C12 via diode D4. D4 is only in-
cluded as the reverse bias breakdown of a
transistor emitter base junction is normally
only 6 or 7 volts and in theory could be feft
out (in practice it can't). Thus feedback is
provided around the op-amp through the
transistor and the negative input is held at
the same voltage as the positive input. In
the process C12 is charged to the same
voltage as the positive input. R24 is in-
cluded in series with C12 so the op-amp
doesn't have to drive a purely capacltive
load which makes the loop unstable.

When the input from the osclillator
reaches its peak value and starts to swing
negative again the transistor-diode prevents
charge being removed from the capacitor
and C12 is left charged to exactly the peak
value of the oscillator output. The capacitor
is left charged while the oscillator output
swings through the complete negative part
of its cycle and starts to come positive
again. When it passes through zero volits
positive going the squarer output IC2 pin 6
switches negative. This sharp edge is differ-
entiated through C14 and R25 to produce a
narrow negative spike on the input of one
of the analogue switches. This turns on the
analogue switch IC5 pins 4 and 5 and par-
tialty discharges the peak detector capacitor
C12 ready for the next peak detection cycle.

The resultant voltage on the peak detec-
tor is thus a dc voltage equal to the peak ac
value of the oscillator output with small
negative steps every time the osciilator out-
put crosses zero positive going.

A second section of the analogue switch
is driven directly from the squarer output
such that pins 1 and 15 are on during the
negative half of the oscillator output and off
during the positive half. Thus when the
peak detector output is stable the analogue
switch is on and when it is being reset it is
off.

One problem that exists with this type of
level control circuit is that it is possible for

the oscllilator to stop running because the
gain control is set too low. If the peak de-
tector has been charged to a high voltage
by a transient then, as the osciliator is not
running, no reset puise is generated from
the squarer output and the osciliator cannot
start. To prevent this C15 is continually dis-
charged to ground by the squarer output If
it is running by Q3 and D2.

If the squarer stops running or fails to
start then R27 charges C15 to the positive
rail and turns on the analogue switch pins
13 and 14. This completely discharges the
peak detector. At the same time the squarer
input to the analogue switch (pins 1 and 15)
is ac coupled through C13 and R26 and
thus under no signal conditions IC5 (pins 1
and 15) is turned hard on. This ensures that
the oscillator will always get a ‘kick start’ if
it fails to start normally.

The loop integrator is formed by one half
of IC4, a MOS input op-amp. The input to
the integrator is from pin 1 of the analogue
switch which is at the peak detector output
voltage for half the time and open circuit for
the other half. The positive input of the op-
amp is set to a reference voltage by the
zener diode, ZD1, biased by R29.

A rather complex feedback network is
formed around the op-amp by capacitors
C16, C17, C18, C19 and resistors R29, R30
and R31. All these components are neces-
sary to preserve the correct gain/phase
conditions for all oscillator frequencies and
conditions. The most important feature of
the network is that C19 has no resistor in
parallel with it and hence for low frequen-
cies the amplifier acts as a pure Integrator.
This means that given sufficient tin:e the dc
voltage at the peak detector output will be
adjusted by the loop to be exactly equal to
the reference voltage no matter how other
conditions In the loop vary.

The output of the loop integrator Is in-
verted by the second haif of IC4 with resis-
tors R32 and R33. This is because the FET,
Q1, requires an increasing dc voitage to re-
duce the gain and preserves the correct dc
operating conditions.

The output buffer amplifier is formed by
IC6 and is a simple non-inverting amplifier
with adjustable gain so the correct output
level can be set. RV12 is the level adjust
potentiometer on the front panel which al-
lows the oscillator output to be adjusted
from maximum to nothing and RV13 in the
feedback is the fine adjust to preset the am-
plifier gain. The output of IC6 drives three
‘L.’ pad attenuators and a series resistor in
parallel to generate four outputs, all of
which have a 600 ohm output impedance
and output levels of 0, —20, —40 and
—60 dB referred to the output of IC6. One of
these four outputs Is selected by SW2 and
connected to the output terminals. SW2 Is
connected in a ‘T’ configuration with the
centre of the off switches connected to
ground to minimise capacitive coupling of
the higher level outputs to the low level
output.

seing coupled into the output. There were | quick check showed the rails were as pure as | tance, this seemed most likely. Capacitive

:hree ways that this could occur. The first | the driven slush. coupling is a high impedance effect which is,
~as that there was hum on the power supply The next way was through some capaci- | praise be, easy to stop. By holding my
ines but as the crud in the output was 50 Hz | tive coupling from the mains area to the os- | hands around the oscillator I found that I

‘his tended to rule it out. Any unfiltered | cillator circuit. As the problem seemed to | could snuff the coupling with ease. It ap-
ind regulated grot on the rails would be at occur only for the lowest frequencies where | peared that I was getting capacitive hopover
100 Hz (full wave rectifier bridge). Also a the frequency set pot has its highest resis- from the mains wiring to and from the P
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Project 169

switch and the high impedance oscillator
circuit. Annoying but not disastrous. If it
had been stray magnetic fields from the
transformer it would have meant deep trou-
ble; an electrostatic field will be stopped by
almost anything but a magnetic field takes
kilos of iron.

To fix it I cut a piece of sheet metal to fit
in the bottom of the box so it covered the
complete area under the oscillator. This
must include the area under the switch bank
right up to the front panel. It should extend
from the centre of the box right to the left
hand edge. I then completely removed what
was left of the unwanted mounting pillars
with a hammer and sharp wood chisel and
fitted the screen to the case. I connected a
piece of wire to the screen and brought it
out so I could earth it and reassembled the
oscillator. About a 10 dB improvement but
still not nearly good enough!

I found that holding my hands over the
oscillator part of the circuit still had a very
marked effect so a screen above the circuit
was needed too. I mounted two 1" spacers
off the board in grounded areas and cut a
piece of aluminium so it completely covered
the top of the board, with a notch out of one
corner to clear the transformer and filter
capacitors. When [ screwed it down there
was considerable improvement but still not
good enough.

If a piece of metal was held down the left
hand side of the box near the oscillator fre-
quency select elements, it helped a bit so |
bent up a small bracket to protrude down
25 mm from the top screen, extending from
the front edge of the screen to the centre of
the side where there is a major mounting
pillar. This was easily attached with two of
the self tappers that hold the board down.
Another test and almost good enough!

After a few more magic gestures with my
hands the last culprit was found. The field
was coupling into the frequency pot itself

Below. Bottom of the box showing the piece of sheet metal covering the area
beneath the oscillator. Insulation tape is used to prevent shorting of tracks. Right.
Aluminium completely covering the top of the board with a small bracket protruding
down from the top screen stops the electrostatic field. (View from rear of box.)

which is visible above the screen. A bit
more quick work with sheet aluminium and
a little box was screwed in place around the
pot. In case you have some trouble getting
the sheet aluminium, I used a cheap oven
baking tray that was on special for a dollar

This completed the screening and got the
hum down to acceptable levels. Even if you
chose to use a metal instrument case it
would still be necessary to do the top part of
the screening as the mains wiring and the
oscillator are inside the same box.

After you've gone through all the hassles
of making screens as above it should be a
snip to screw the board in place. Wire up
the frequency select pot using as short a wire
as possible, the output level pot and the
l mains wiring to the switch. The mains con-

nection on the rear panel was through an
, IEC socket so if some oaf trips over the

mains cord it just pulls the plug rather than
ripping the cord out by the roots. Both the
mains IEC connector and fuse are mounted
off the rear panel and holes have to be cut
for them. It’s a good idea to cut the fuse-
holder hole just the right size and cut the lo-
cating notch in the side so it cannot rotate.
All mains wiring connections should be se-
curely made by looping the bared end of the
wire through the terminal tag then soldering
it. All connections should be completely in-
sulated as you’ll be the one to cop it if they
aren’t. The final result should look pretty
much as shown in the photo. If this is all
OK, remove the top screen and the unit’s
ready for final test.

More alignment and testing
Final alignment follows almost exactly

the same routine as laid out in the prelimi-

nary testing except that it’s a bit easier as

notice things need a bit of tweaking as the
stray capacitances have changed. If the FET
control voltage is allowed to go much fur-
ther than —2 volts then the third harmonic
distortion will start to rise. It will also be no-
ticed that when the frequency pot is rotated
| from one extreme to the other a dc offset
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— it seemed to be pretty good stuff too! |
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the oscillator is working. You’ll probably |

will appear in the output. To remove this
adjust RVI11 next to the oscillator op-amp
until there is no discernible shift over the
entire range.

The only adjustment left to be made is to
set the output level. To a certain extent this
is a matter of choosing the units you like to
work in. My choice was to terminate the
output in 600 ohms then set the level pot so
the maximum level out was +12 dBm or
just a shade over 3 Vrms. 0 dBm is a very
commonly used reference level in the audio
industry and is exactly 1 mW into 600 ohms
or, in volts 0.775 Vrms. The oscillator is
capable of putting out up to 4 Vrms or
+16 dBm.

At this stage the top screen can be
screwed into place and the small cover
screwed over the pot. It has to be put on af-
terwards but I imagine you’ve discovered
that already! Screw on the top cover, attach
knobs to the two pot shafts and the unit is
ready to have the front panel marked. To
calibrate the frequency pot set the knob on
the pot so the knob pointer’s rotation is
symmetrical about the vertical axis, then set
for far counterclockwise. Select the 900-
11,000 Hz range and connect the output to
your counter. The counter should read
900 Hz give or take. Mark this point with a
pencil and label it. Then proceed up the
scale in 1000 Hz increments marking and
labelling each point. You will probably
want finer calibration points between 1000
and about 4000 Hz but above that the scale
starts to close up. The number of points you
plot is largely a matter of taste and how you
want the front panel to look.

Exactly the same procedure is followed
for the level pot except that a level meter
(or, at a pinch, an oscilloscope) is connect-
ed. If you're calibrating in dBm don’t forget
to terminate the output in 600 ohms. You
can then permanently mark the front panel
with an engraving tool or dry transfer letter-
ing to give the unit a completed look. The
switch banks also need to be labelled in
some way too. When this is all done you've
added another weapon to your arsenal of
electronic weaponry! ®




ETI-185:
VERSI-PLY

multiple voltage power supply

A power supply that has ten voltages available simultaneously.

/ {,(///V///////////////

777/

MEETING THE VOLTAGE needs of |
modern electronic devices often poscs
more than a minor inconvenience for tech- |
ricians and experimenters,

Having individual voltage rails available

o power such things as TTL, CMOS,
ECL, MOSFET, and relay coils can cause
problems — especially if a breadboard
type project is on the bench and requires
all voltages s multancously!

All Electronic Components have recog-
niscd this problem, and have designed this
power supply to be simple, economical,
and as versatile as possible — without
placing it in the “upmarket” category,
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Power Supply
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This project was designed by and is avail-
able as a kit from All Electronic Compo-
nents, Lonsdale St, Melbourne Vic for
$257.21, (03) 662-3506.
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The Versi-Ply provides eight popular
fixed voltages of +5V, =5V, +12V,
=12V, +15V, =15V, +24V, -24V;
and two variable voltage range of +1.3 to
+28 V, and —1.3 to —28 V. These ranges
should be capable of supplying almost any
voltage requirement.

The project is just about as simple as its
possible to make it, and exploits to the
full features built into modern regulator
ICs. They display some attractive charac-
teristics; in fact a veritable wish list of
power supply features. For instance: built
in thermal shutdown, over voltage protec-
tion and current foldback. They virtually
guarantee distruction proof operation. In-
deed, they are fully short circuit proof, so
in the event of an accidental short on the
output, they should still survive.

They are also capable of supplying cur-
rents of up to eight amps in short bursts.
This is more than adequate for most of
the requirements of the typical electronic
work bench. The result is that we have
been able to eliminate the series pass tran-
sistors and their associated protection and
control circuitry which adds so much com-
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FRONT PANEL
lrear view)

plexity and expense to the typical power
supply.

The perforinance of the Versi-Ply has
come up to our expectations. Maximum
ripple is of the order of the 1.8 Vdc on

the supply rails, and each can draw a max-
imum load of 1.2 amps. The two positive
and negative busses are supplies by Fergu-
son PL24/40VA type transformers. After
rectification and filtering to get rid of the
ripple they produce a rail at 32.8 Vdc
positive and negative.

The bus thus provides more than the re-
quired three volts drop across the 24 volt
regulator, which is the worst case situa-
tion. The TO220 three terminal regulators
used here require their input voltages to
be three volts higher than the output. This
additional three volts is known as the
dropout voltage, and is the minimum
input voltage the device needs to regulate.

Of course, as is usual in designing elec-
tronic circuits, there is no such thing as a
free lunch. Even simplicity has a price. In
our case, remember that the maximum
current available per bus is 1.2 amps. The
safe current output on each output voltage
depends on the voltage input (V;,) minus

Resistors
R1,R2 oo 220 ohm CR37
RV1,RV2............ 5K Linear Potentiometers
Capacitors
C1-C20.................. 10nf 100 V Ceramic
C21-C30.. .1uF 35 V Tantalum
C31-C40.. .1uF 50 V RBLL Electrolytic
C41-C46 2500F 80 V RP
Electrolytic
Semiconductors
1N5406 Silicon Diodes
7905 TO-220 Voltage
Regulator
[ o= 7912 TO-220 Voltage
Regulator
1S3 T —— 7915 TO-220 Voltage
Regulator
{4 ——— 7924 TO-220 Voltage
Regulator
IS LM337T TO-220 Voltage
Regulator

ETI-185 PARTS LIST

1C6.cccniiiieiins 7805 TO-220 Voltage
Regulator

|C7/S———— 7812 TO-220 Voltage
Regulator

IC8.....ooieiiirr e 7815 TO-220 Voltage
Regulator

IC9...oiiiiiis 7824 TO-220 Voltage
Regulator

IC10..ccas LM317T TO-220 Voltage
Regulator

Miscellaneous

Two PL24/40VA Transformers, C1063 Case, 10
Green 4mm Binding Posts, 10 Red 4mm Binding
Posts, 10 Black 4mm Binding Posts, DPDT
Toggle Switch, AEC 86-10-1 pc Board (Tinned),
Silk-Screened Aluminium front panel, 2" Plastic
Spacers, 18 2" x %" Bolts, 4 1" x %" Bolts, 23
%" Hex Nuts, Solder, Hook-up Wire, Strain
Relief Bush, mains cord, cable and plug, 10 only
TO-220 Vertical Mount Heatsinks.




ETI-185

Power Supply

the output voltage (V,,) multiplied by the
current (I), and should not exceed 15
watts power dissipation (Pg;). The current
(I) available on each voltage rail can be
calculated from:

Via = Vou = Vaigr
and:
Pyis = Vaig x 1
so that:
Pdis = (vin - voul) x 1

and therefore:
l =

(VinP'; Vom)

P4, should not exceed 15 watts, or the
TO-220 package regulators will overheat.
Standard parameters for this circuit are:
Via = 32.8 volts and Py, (max) = 15
watts.

The implication is that the low voltage.

regulators have a very large voltage across
them, and in consequence will be limited
in the current they can supply. For in-
stance, the five volt regulator can supply a
maximum current (I) of:

I = 15
32.8-5
= 540 mA
while for the 24 Volt regulator the picture
is much better:

15

T 32.8-24

1.7A

indicating that the input will be limited by
the current supply in the bus, not the
regulator. The number of occasions where
more than 500 mA will be required at 5V
will be few and far between so these limi-
tations do not undermine the usefulness of
the device. And even in the rare case
where one might have a requirement for
more than half an amp, the variable sup-
ply based on the 317 could be pressed into
service to double the available current.
Construction:

Construction is straightforward. Check the
pe board for bridges, links, undrilled holes
and non-continuous tracks. Mount the
small capacitors first, observing polarity

—

requirements. Then insert resistors and
flying leads for the pots and output termi-
nals. The bridge diodes and large electro-
lytic capacitors may now be mounted and
soldered. Once again, observe polarity. It
will be necessary to clip off the No Con-
tact (NC) pin on the capacitors.

Taking standard over-head precautions
(heatsink clamps, or the burnt finger
test!), install the voltage regulators. Visu-
ally check the board for dry joins and
bridges.

Care must be taken when fitting and
wiring the transformers, because if they
are wired out of phase, the ensuing explo-
sion will be both costly and smelly! Check
the diagram carefully.

Cross refer the board against the dia-
gram overlay, and if satisfied, connec ac
power and check all output voltages. If all
is not correct, switch off immediately, and
begin to recheck your work. Should fault
finding be required, be sure to discharge
the capacitor banks by shorting with a low
value resistor. ®

ETI-185 — HOW IT WORKS
The two transformers have the second-
aries in series to give the required 32.8-
0-32.8 vdc after rectification. Trans-
former output before rectification is 24
Vac at 1.6 Amps per transformer.

The input voltage for the regulators is
taken from the positive or negative rail,
so that each works independently of the
others. Filter capacitors are used for
stability in the supply. The bank is of
2500..F electrolytics have a very low in-
ternal resistance, and also the neces-
sary filtering to give a continuous, unin-
terrupted supply.

Due to the wide range of load imped-
ances that will be encountered the in-
puts and outputs of the regulators are
bypassed with 10nF Ceramics and 1uF
Tantalums (or RBLL low leakage elec-
trolytics). This ensures stable regula-
tion, and stops self oscillation. These
bypass capacitors are located as close
as possible to the regulators to mini-
mise the risk of rf interference entering
the device. it is also for this reason that
a double-sided circuit board is used.

On the positive and negative rail, ap-
proximately 1.2 Amps is available —
however, the regulators’ outputs
should not exceed 1 Amp. it should also
be remembered that a maximum 15
watts dissipation is allowable on these
devices; that is, at 5 Voits output, the
current drawn should not exceed 0.5
Amps. The full 1 Amp can be drawn
from approximately 17 Volts.

LBVAC
1 6Amp

Lx
ING604

2(0VAC “

ovo

L L ozsoow
. oJ3= 25000

CIIT™

The variable regulators (LM317 and
LM337) work by maintaining a con-
stant 5V between their output and
Common pins. The voltage between
output and ground can thus be con-

trolled by devising a voltage divider
with R1 and VR1. A constant current
of (5/220) = 23 mA flows through the
220R resistor, and a linear voltage
drop will thus be created across VR1.

ETI Test Gear 17



Project 251

OP-AMP POWER
SUPPLY

Robert Irwin

An ideal supply for op-amp
experimenters and those with
solderless breadboards.

The ETI-251 provides +12 V
rails at 1 A and solves those
‘split rail blues’.

A DUAL RALIL supply is a handy piece of
equipment for anyone who is even thinking
of playing around with analogue ICs. The
ETI-251 is a simple, easy-to-build, low cost
supply that will be ideal for breadboarding
up circuits which require single or split 12 V
rails. The ETI-251 provides regulated posi-
tive and negative 12 V rails and can supply
up to 0.5 A from each. An overload LED
on each rail gives a visual indication when
you try to draw too much current from the
supply. All the components used are very
common and most could probably be found
in the average hobbyist’s ‘bits-and-pieces’
draw. The supply is relatively easy to build
and should be suitable for even inexperi-
enced constructors, although not recom-
mended as a very first project. The
construction section has been made very
detailed to accommodate any beginners
who wish to build this supply.

Design details

The circuit is designed around the very
widely used LM7XXX series of three termi-
nal regulators. The LM7812 and LM7912
provide +12V and -12V respectively.
Both ICs have built in short circuit fold-
back current limiting and thermal protec-
tion and are therefore very hardy devices.
As well as the internal protection built in to
the regulator ICs, several external protec-
tion diodes are included in the circuit to
guard against any accidental load faults that
may otherwise destroy the regulators.

The transformer used is a widely avail-

18 ETI Test Gear

HOW IT WORKS — ETI-251

The circuit Is very simple as the three termi-
nal regulators are basically autonomous, re-
quiring no external circultry to make them
work. Protection from unusual load condi-
tions is needed though. Referring to the cir-
cuit diagram, the transformer output is
30 Vac with a centre tap. This gives two
15 Vac signals which are rectified by a D1, 2,
3, 4 which form a full wave bridge rectifier.
This produces both a positive and a negative
rectified output with reference to the centre
tap. The rectified signals are smoothed by C1
and C2 which, with the values chosen, will
give a peak output of 21V and a ripple of
about 4 V p-p at 1 A output.

Before going to the regulators, the current
is monitored by the overcurrent circuitry.
Both the positive and negative circuits are
identical (except for the direction of current
flow) so we will just look at the positive over-
current circuit. R1 is in series with the supply
current and will develop a voltage across it
which is given by Ohm’s law, V=IR. The emit-
ter of Q1 is connected to the supply side of
R1 and the base is connected to the load
side. When the load current reaches 0.6
amps, 0.6 V is developed between the base
and emitter of Q1 and it begins to turn on.
This will allow current to flow through LED2
which will cause it to light and indicate an
overcurrent condition. RS limits the current
through the LED to about 15 mA.

IC1 is a positive reguiator which takes the
unregulated input and gives a regulated
+12V output. IC2 does the same for the
negative side and gives a regulated —12 V
output. One problem that sometimes occurs
when using regulators in a split rail supply is

that of start up under a common load. The
negative regulator tends to establish itself
first and, under a shared load (particularly a
capacitive one), it may drag the output of the
positive regulator negative and prevent it
starting up. It may also cause the IC to be de-
stroyed. To help prevent this, R3 and D7 are
incorporated into the design. This helps the
positive regutator start up under common
loads by providing isolation of the common
pins on the two ICs and, if the output is
dragged negative, the current can be shunted
by D7 and allow the positive regulator to es-
tablish itself. R4 is included in the circuit to
maintain a voltage balance between IC1 and
IC2. Without R4, the quiescent current in the
common terminal (about 6 mA) would raise
the output voltage on the positive regulator
slightly.

As an added precaution against destruc-
tion of the regulators, D8 and D9 prevent any
reverse polarity voltages from developing on
the outputs of the regulators. D5 and D6 will
protect the regulators from any overvoltages
on the outputs which may occur when reac-
tive loads are being driven. C6 and C7 are not
crucial but provide some filtering to the input
of the regulators. C3 and C4 improve the tran-
sient response of the regulators and prevent
high frequency instabilities. C5 ac couples
the power supply carth to the chassis which
allows the metal case to act as an electro-
static shield and prevent any rf inteference in
the supply. There should be no dc connec-
tion between chassis and power supply
earth. LED1 and R7 provide a power on indi-
cation.
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Above: IC mounting hardware. This pic shows the various bits and oieces you will need to mount each
regutator. The mica washer is at the top left, and the insulating washer is at the bottom left.

Below: The regulators mounted on the heatsink bracket. The ‘messy white stuff’ all over the bracket is the
thermal grease used to provide good heat transfer.
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Figure 1. When mounting the IC regulators to the heatsink bracket, make sure the tabs on the
regulators are electrically insulated from one another. This is done by placing a PVC insulating washer
around the bolt and a mica insulating washer between the IC and the bracket.

able multi-tapped secondary type which
provides 15 V and 30 V taps and is rated at
30 VA maximum. The main reason for
the choice of this transformer is that it is
cheap and easy to get. It should be noted
however, that under a direct short circuit
between the positive and negative termi-
nals, the output current will be just over
2 A. The transformer will handle this sort of
overload for quite a few minutes without
damage but may heat up if the short is left
for long periods. This will not be a problem
in normal operation but if the supply were,
for example, to be used to power a circuit
which was to be left running overnight, it
would be a good idea to use a transformer
with a higher output current rating so that
any sustained short that may occur will not
thermally stress the transformer. A short
from either the positive or negative to
ground will only cause about an amp to flow
and can be handled indefinitely by the
specified transformer. A PL30/60 VA is an
1deal substitute but is quite expensive. For
most applications, though, the specified
transformer will be more than adequate.

Incorporated into the design is an over-
load indication for each rail. This is set to
indicate that a current of 0.6 A or more is
being drawn from the rail. This overload in
no way damages the supply but is there to
indicate excessive current drain which may
be cause to investigate the circuit you are
powering for shorts.

Construction

The construction of the power supply pre-
sents no real problems. However, 1 will de-
scribe the construction in detail for those
who may not be as familiar with a soldering
iron as others.

It is recommended that the circuit be con-
structed on the ETI pc board. If you wish
(and you know what you're doing) you can,
of course, use Veroboard or the like but
using the pc board will greatly simplify con-
struction and minimize the chance of a wir-
ing error. Having said that, once you get a
pc board check it very carefully for faults on
the copper side. The most common faults
are broken or shorted tracks caused by
problems in the etching stage. If a track is
thin, then over-etching or faults in the resist
can cause the track to be etched away in
parts and thus be open circuit, so check all
thin tracks for breaks. Where two tracks
come close together, under-etching or dust
on the negative can cause the copper be-
tween the tracks to remain and thus cause a
short so check all points where tracks come
close together. Finally, check that all the
holes have been drilled. Once you are satis-
fied that the pc board is in good shape, you
can move on to the soldering in of the com-
ponents.

Referring to the overlay diagram, locate
the position of the wire link. This link
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should be made on the pc board with a piece
of tinned copper wire (a discarded piece of
component lead is ideal). Once this is in
position locate and solder in all the rests-
tors. R1 and R2 are high power resistors
and in the course of normal operation may
get quite hot. To help cooling and to pre-
vent scorching the board these two resistors
should be mounted so that they stand off
the board by about a millimetre or so. The
parts list specifies 1 ohm, 5 watt resisiors for
R1 and R2 but two 2.2 ohm, 1 watt resistors
in paraliel can be substituted for each resis-
tor if you wish There are extra holes on the
board to allow feor this.

Next, locate and solder in all the capaci-
tors. Take very special note of the way these
arc put in as they are polarized and may be
destroyed rather spectaculasly if they are
put in the wrong way round. Note that C5 is
only soldered fo the board at one end. The
other lead will be bolted to the pc board
mounting bolt at a later stage. For the
moment just leave it dangling over the side.

The semicanductors can be soldered
next. Start with the diodes. Mount the large
rectifier diodes off the board as you did with
the power resistors as these toa may get hot.
Once again pay attention to the way the
diodes go in as they are also polarized
components.

The two transistors can now be soldered
in. The only remaining components to
mount are the IC regulators. These will be a
bit of a problem in that they mount on an
aluminium heatsinking bracket but must be
electrically isolated from one another. The
first thing to do is to prepare the bracket.

Cut a 70 mm length of 1 inch aluminium

20 ETI Test Gear

Adcwve: The general layout inside the case. Make
sure that the transformer and heatsink are clear of
one &nother.

Right: The mains wiring is run down the left hand
side of the box. Try to keep it neat and insulate all
ccnnectors on the fuse and switch so that you can't
accidentally brush against a live terminal.

angle. Study the phatographs and drawings
and position the angle at the edge of the
board so that it sits between the pc board
mounting holes on the component side. The
side should point upwards from the board.
Use a felt pen or scribe to mark the position
of the two mounting holes far the ICs.
These holes should be drilled large enough
to fit the IC mounting bolts. The heatsink (a
35 mm length of radial fin type) mounts
vertically on the side of the aluminium
angle. This should be positioned against the
angle and the centres for two holes to
mount the heatsink should be marked. It is
best to drill the holes in the heatsink first
and then use these to mark and drill the
holes in the angle. This way they’ll line up.
All the holes in both the bracket and heat-
sink should be carefully de-burred and the
edges made smooth. Thermal conduction to
the heatsink is dependent on how well con-
tact is made between the two surfaces. If the
edge of the hole is rough it may prevent the
two surfaces from contacting e¢ach other
properly.

To mount the two ICs examine Figure 1
carefully. Position the bracket and lay the
ICs on it. Bend the legs of the ICs in the ap-
propriate place and push them through their
mounting holes. Take a TO220 package
mica mounting washer and thinly coat it on
both sides with a layer of thermally conduc-
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PARTS LIST — ETI-251

(G2 [S——— 2200y, 25 V, RB electro
. ....10u, 25 V tantalum
100n ceramic bypass

{1 — LM7812
D5,6,7,8,9......... 1N4004
LED1,2,3 e 5 mm red LED
Miscellaneous
3] componcmaoroacoaococacos 30 V CT, 1 A sec (Arista
type A-6672 or similar)
SW1, 2. DPDT toggle
() ccerpercrmompmrecoeomns 500 mA 2AG fuse
Fuse holder; 185x70x160 mm metal cabinet

(DS-H-2744 or similar), mains flex and plug;
mains clamping grommet;, 3 x 5mm LED
mounting grommets; ETI-251 pc board;
Scotchcal front panel; 70 mm length of 1 inch
aluminium angle; 2 x TO220 mounting kits (mica
washer, insulating washer and nuts and bolts); 3
x 4 mm banana socket binding posts (red, black
and green); 35 mm length of radial fin heatsink;
heavy duty hookup wire; 4 x 6 mm stand-off pc
board spacers; 4 x pc board mounting nuts and
bolts; 4 x 15 mm 4BA nuts and bolts; 2 x solder
lugs; silicon thermal grease.

Price estimate: $45-$50

tive silican grease. This will ensure good
contact from the 1C to the bracket. Put the
mica washer in place over one of the mount-
ing holes on the bracket and position the
hole in the IC over the mounting hole. The
bolt and washers can then be put through
the hole and tightened up. Note that the
bolt is isolated from the metal tab on the 1C
by a PVC insulating washer specially made
for the TO220 package. Repeat the proce-
dure for the other regulator.

To tes: whether the regulators are iso-
lated from the heatsink, measure the resist-
ance from the centre leg of one IC to the
center leg of the other with a multimeter.
You should get a high resistance (open cir-
cuit) reading. If not then take the 1Cs off
and try again with fresh mica washers. After
the ICs have been mounted correctly you
can solder the legs to the pe board. The
heatsink can now be mounted to the brack-
et. Use silicon grease to ensure good con-
tact and screw the bolts up fairly tightly.

The next step is to solder flying leads to
the input, output and LED mounting points
on the pe board. These should be colour
coded se you can casily identify the posi-
tive, negative or ground when you come to
wire the LEDs or terminals. Light hookup
wire is adequate for the LEDs but heavier
wire (5 amp or more) should be used on the
ac input and dc output points. If the pc
board is placed temporarily in position in
the case you-can-get-an-idea of the length of

wire needed. Always allow a bit more
length than you think you'll need as the wire
can be trimmed later. Once all the wires are
attached the pc board is completed and you
can turn your attention to preparing the
case.

The prototype was housed in an inexpen-
sive aluminium instrument case (see parts
list for details). Take the case apart and
don’t lose the screws. If you examine the
photographs you can get an idea of the gen-
eral layout of the inside of the case. Look-
ing from the front, the pc board is mounted
on the right-hand side at the front. The
transformer mounts directly behind this.
The mains cord and wiring is all on the left-
hand side. Position the transformer and pc
board in the box and, after you have en-
sured that there will be no possible shorting
between transformer and the case or the
transformer and pc board, mark the posi-
tions of the mounting holes for the trans-
former and board, and drill the holes to fit a
6BA bolt. Holes for the mains cord grom-
met and the fuse should be marked and
drilled in the back panel. If nccessary, drill
a hole in the floor of the box for a mains
cord clamp. To mark out the front panel
you can either use the drilling diagram or
you can use the front panel artwork as a
template and centrepunch the holes from
this. Drill the front panel holes to the ap-
propriate sizes. Remove any burrs from the
holes and smooth any rough edges.
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The next step is to attach the Scotchcal
label to the front panel if it is needed.
Firstly drill small pilot holes at the centres
of all the mounting holes. Do a trial fit to
see how the pilot holes line up with the
holes in the front panel. If they are OK then
peel off the backing paper and place the
Scotchcal sticky side up on the bench. The
front panel can now be carefully positioned
above the Scotchcal. Be careful not to touch
the Scotchcal as it will stick fast and is hard
to get off again. When you are satisfied that
the front panel is lined up, carefully lower it
onto the Scotchcal and press down. The
Scotchcal should now be stuck to the front
panel. The holes can be cut out with a sharp
knife or scalpe! and the edges trimmed. Be
careful not to tear the Scotchcal when doing
this. Screw on the four rubber feet and the
case is now ready.

The next step is to do the mains wiring.
Be very careful with this as mains voltages
are lethal. Try to keep all mains wiring neat
and tidy and out of the way of everything
else. Strip 200 mm of the outer insulation

off a length of mains flex. Thread this
through the hole in the back panel and
clamp it with a clamping grommet. Make
sure it is secure and will not pull out. If nec-
essary use a screw-on mains cord clamp as
well. Mount the fuse holder on the back
panel and the mains switch on the front
panel. Following the wiring diagram care-
fully, wire up the switch and fuse. All ex-
posed terminals and joins in the mains wir-
ing should be well insulated so that they
cannot be accidentally touched. This is best
done with heatshrink tubing which is placed
over the wire before soldering. When the
wire is soldered in place the heatshrink is
pushed up over the join till it covers the ex-
posed area. The heatshrink is then heated
with a hairdryer or soldering iron and it will
shrink to form a tight seal over the join.
This should be done for all the connections
on the mains switch and fuse holder. As
added protection, insulating tape can be
wrapped round the entire switch and fuse
assemblies.

The transformer should now be mounted
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Figure 2. Mounting the pc board.

using 4BA nuts and bolts. Note that the
earth wire of the mains bolts to the trans-
former mounting bolt. The earth wire
should be long enough to ensure that if the
mains cord is pulled out of the box the earth
will be the last to break. A solder lug should
be soldered on to the end of the earth to en-
sure that it mounts securely. The trans-
former primary can now be wired up. Once
again heatshrink should be used to insulate
the terminals. On the transformer specified
the primary connections are at the bottom.
This can be a bit awkward to get at so be
careful and make very sure that the terminal
joins do not short on the floor of the box
and are well insulated. This, then, com-
pletes the mains wiring. Double check that
everything is correct and that no connec-
tions are exposed.

The pc board should be mounted next.
The mounting bolts should be put through
the floor of the box and secured with a nut
(see Figure 2). The board then mounts on
6 mm standoff spacers and is bolted down.
Solder a lug on the remaining lead on the
100n bypass cap and bolt it to the nearest pc
board mounting bolt. The switches, termi-
nal posts and LEDs should now be mounted
on the front panel. These can be wired up
according to the wiring diagram. When wir-
ing the LEDs be sure to get the wires the
correct way round. Finally, the tranzsformer
secondary can be wired to the board. A
500 mA fuse should be fitted to the fuse
holder and a mains plug (if not already fit-
ted) should be wired to the mains flex (be
sure to get the connections right). You are
now ready to test the supply out.

Testing and using it

Plug the supply into a mains socket. With
the LOAD switch off switch the power on.
The power indicator LED should glow and
nothing else should happen. With nothing
connected to the output terminals, switch
the LOAD switch to the ON LINE posi-
tion. Measure the voltage between the
ground and positive terminals. It should
read +12 Vdc. Do the same between
ground and the negative terminal. It should
read —12 Vdc. If this is not the case then
unplug, and recheck the wiring and pc
board.

If all is well then you can apply a load to
the output. Ideally, an 18 ohm, 10 watt
power resistor should be wired between the
positive terminal and ground. This will draw
about 700 mA from the supply and when
the supply is turned on with the LOAD
switch in the ON LINE position the over-
current LED above the +12V terminal
should light. If the load is wired across the
negative and ground the LED above the
—12V terminal should light. You can
accurately determine the current that the
LEDs switch at if you have a high power
variable resistor or rheostat. This can bc
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A solder jug should be used to bolt the 100n
bypass cap to the chassis. This allows the case to
act as an rf shield but still provides for a floating

supply.

varied until the LED just lights. The resis-
tance can then be measured and the current
determined.

If the supply tests out OK so far, then
connect a piece of heavy duty hookup wire
between the positive and ground, and
switch on. The supply should power up with
the +12 V overcurrent LED lit. Do the
same for the negative terminal. Finally, do
the same thing with a piece of wire between
the positive and negative terminals. Both
LEDs should light this time. If all is well
then switch off, unplug and put the lid back
on. You are now ready to use the supply.

The only thing on the front panel that
may require a few words is the LOAD
switch. This merely disconnects the output
terminals from the supply. This was done so
that on power up and power down the load
can be disconnected from the supply and
thus be unaffected by any transients when
the regulators power up or down. This is
particularly uscful when making changes to
a breadboard for instance. If the main
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power switch were used to turn the supply
off then you would have to wait a couple of
seconds for the capacitors to discharge and
the voltage to go to zero before altering the
circuit. Using the LOAD switch, the circuit
is instantly disconnected from the supply.
If you are powering a circuit and the

| overload LED comes on you should switch
off. Although the supply can maintain over-
loads for quite long periods it is wise not to
run the supply continuously in this mode as
thermal stressing of the components can
occur which may eventually lead to failure.

]
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THE ETI-176 IS A simple, battery-
powered meter used to measure the zener
breakdown voltage of a device connected
across its test clips. It is invaluable when
sorting devices with indistinct or unfamil-
iar type numbers and is suitable for mca-
suring devices with zener voltages of up to
50 volts. To improve reading accuracy the
meter has two ranges: 0-15 volts and 0-50
volts. If a more accurate reading is re-
quired, an analoguc or digital voltmeter
can be connected directly across the zener
while it is connected to the tester.

Ideally, zener diodes should be tested at
their manufacturer’s rated test current.
Because of the diode’s “‘dynamic resist
ance” the measured breakdown voltage is
somewhat dependent upon the current at
which it is measured. As a rule of thumb,
the test current is roughly that current
which causes the zener to dissipate about

a quarter of its rated power dissipation.
Thzrefore, to properly test zener diodes, a
voltmeter. high voltzge power supply and
potentiometer or a variable current source
would br required. Even if this equipment
was readily avzilable, its use would be-
come rather cumbersome, particularly if
mare than a few devices had to be tested.
Additionally, to correctly adjust the test
equipment, you would need to know what
type of zener vou are measuring before
you make the measurement to determine
what type of zener it is! An casy-to-use
urit of the simplicity of the ETI-176 can-
not hope to achieve “lab-standard™ ac-
curacy with a wide range of zeners, but in
practicc the small differences  between
rated and measured zener voltages are of
little concern.

Construction

Begin construction by examining the pc
board for broken or bridged tracks. When
you are satisfied with this, start loading
the components. working up to the larg-
est, with the proviso that delicate compo-
nents like semiconductors ought to be left
until last. Be careful to get the polarity of
the big 470 uF capacitor, the diodes and
the transtormer correct. To finish off, cut
five lengths of wire to about 150 mm and
solder them onto the board in accordance
with the wiring diagram. Don't solder the
probes on at this stage. You will find this
exercise casier if you tin the ends of the
wires before you insert them into the
holes. Complete this stage by soldering
the battery leads into place.

Put the board to one side and begin
work on the front panel. Begin by drilling
out the required holes in accordance with
tne drilling diagram, and then stick down
the scotcheal. Because the bezels cover
the edges of the holes, its not neccesary to
get this absolutely precise. but you don't
have too much room to spare, so be care-
ful during this operation.

Now mount the meter and the 15/0ff/50
switch, and insert the rubber gromet for
the probes. Pull the probes through their
hole. and solder them onto the board
(Make sure the clips are on the side with

REX CALLOHAN

the scotchcal, not the other way around!
Now solder the leads to the switch and th
meter. You will find this process a lo
easier if you have used multicoloure:
wire.

Finally, ensure the switch is in on th
off (centre) position and connect the bat
tery. The needle should not  deflect an:
the transistor should stay cold. If either i
not the case, disconnect the batter
immediately and go back over your work
checking itcarefully. If all is well, proceec
to calibration,

Calibration

Note that two zener diodes have beer
included for the calibration procedure.
(12V 400mW — IN 963, 30V IW — IN
4751).

Firstly, with the switch set to the S0V
range and the test leads open-circuit, set
RV2 and RV3 to maximum resistance anc
adjust RVI so the meter reads just over
full scale deflection.

Next, with the switch set on the 15V
range. connect the 12V zener diode across
the test clips. Adjust RV2 for a correct
reading on the 15V scale. Now switch tc

METER
% -1
B_ATT RY TEST
cLIp
- >,
120
8or-AX
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T
1+)
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the 50V range and connect the 30V zener
across the test clips. Adjust RV3 for a
correct reading. This completes the setup
procedure.

Operation

The open-circuit voltage at the test clips is
about 100 volts and is current limited to
about 8mA. While being quiet safe, there
is sufficient current to cause a slight “tin-
gle” if the test clips are touched while the
unit is turned on. For this reason, it is
recommended that connections only be

made to the unit while the power-range
switch is in the “Off”’ position.

As zener diodes are reverse breakdown
devices, the cathode of the diode (usually
the end with the stripe) is connected to
the Red test clip and the anode of the
diode is connected to the Black test clip.

After connecting the device to the test
clips, switch the power/range switch to the
50 volt range and read the voltage from
the meter scale. If the indicated voltage is
less than 15 volts, the meter can be

4 Holes

/'53'5 /'ﬂl.ﬁ

1 Holes

switched to the lower range for improved
resolution. If the reading is less than
about 1 volt, check that the test clips are
not reversed. If the reading is greater than
50 volts, the zener may be a high-voltage
type or it may be open circuit. ®

Rex Callohan is in the X & D department
of Dick Smith Electronics.
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PARTS LIST — ETI-176
Semiconductors Miscaolianeous
IN40O2 SV e DPDT CENTRE — OFF
...MJE 3055 TOGGLE SWITCH
...6VZ ZENER 400mW METER 0 — 50pA ZIPPY
M0216 TRANSFORMER BOX
Reslstors . VR o m; Fn,ngu VERTICAL
(alt oW unless otherwise stated) VR2 .o 200K MINI VERTICAL
R1,2. .. 10K TRIMPOT
R3... .. 47K
' VR3 oo 500K MINI VERTICAL
R4.... ...82K TRIMPOT
RS5.... ...330K "
R6... 10K GROMMET "A1" x 1
.......................... BATTERY SNAP — suit
Capacitors 216-9V
(o DO 470uF 17V RB ALLIGATOR CLIPS
c2 .1pF CERAMIC BLACK x 1
c3 .1uF CERAMIC (MINI) RED x 1
(o7 SO 1uF 630V RIBBON CABLE (200mm)

HOW IT WORKS

An oscillator is formed by Q1 and a
transformer having about 1:10 turns
ratio. The voltage across the sec-
ondary of the transformer is recti-
fied by a diode bridge and results in
80-100 volts dc across capacitor C4,
depending on the condition of the
9V battery. This voltage is pre-
sented to the zener diode via the
current limiting resistor R6. Across
the zener diode under test is the
voltmeter circuit which scales the
voltage into two ranges chosen by
the 15V/50V switch. ZD1 acts with
RV1 as a meter voltage protection

Cc2

G}

circuit, should there be no connec-
tion at the test clips. The maximum
available test current is around

8mA. The actual
zener-under-test will vary according
to its zener voltage.

current in the
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The ETI-183 is a simple op-amp tester which could save your
future projects hours in agonizing over using that old op-amp

that's been lying in the drawer for the last year.

TEN YEARS AGO it was a must for any-
one working in electronics to be equipped
with some kind of device, (simple or hid-
eously complex), that could test a transistor
and determine its questionable state of
health. The transistor tester is still a fav-
ourite workhorse but with the increase in
the use of the op-amp as a basic building
block it became essential for the analogue
artisan to have a quick and easy means of
checking 1Cs. This project is designed to be
a simple stand-alone unit which will tell
you, in terms of a few LEDs. whether your
op-amp belongs in your next project or on
the scrapheap with the vegetable peelings.

Design Details

The tester was designed to accommodate
single, dual and quad packages with equiva-
lent pinouts to those of the TLO8x scries.

Robert Irwin

This includes most of the popular general
purpose op-amps such as the pA741,
LM301 and LF347. Three tests are provided
on the tester. Firstly, an excessive power
supply current indication tells you that there
is a short circuit on the op-amp power sup-
ply pins. The other two tests find out
whether the op-amp is, in fact, amplifying
properly. For both of these tests the op-amp
is configured as a non-inverting, dc ampli-
fier with a gain of 20. A dc test can be per-
formed which grounds the input of the op-
amp and indicates any excessive dc offset on
the output. If the output sits at one of the
rails in this situation then it is probably de-
ceased. To make sure the op-amp is in fact
amplifying, a square wave is connected to
the input. The output is monitored by a win-
dow comparator which turns on two LEDs
to indicate that the signal is being amplified

.. —]
Ej 8] [ b] ] 14
= 7 2 7] 2] 13
- |+ I+ H [-
+
3 6] [3] 6] [3 12
H -
qa g 0 5 4 i
] L]
SINGLE DUAL
eg. TL-OT1 eg. TL-072 ,-?1 E
- |+ + |-
6] 9]
Pinouts of the TL-07X series. 7 8]
Any op-amp which is pin compatible
with this series can be tested on the QUAD
ETI-183. eg. TL-074

up to the correct level on both the positive
and negative sides.

When dual or quad packages are being
tested, each op-amp in the package is tested
individually. The appropriate op-amp is se-
lected by a four position rotary switch and
the ac and dc tests are then applied to this
op-amp only. For op-amps that require
compensation, such as the LM301, a 10 pF
capacitor can be switched in across pins 1
and 8. This is only necessary for single op-
amp packages as all the dual and quad pack-
ages that can be used with this tester are in-
ternally compensated.

Construction

Construction should begin by carefully
checking the pc board for broken or shorted
tracks. If the pc board checks out OK then
start soldering. The eight wire links should
be located and soldered in first. These are
made up of pieces of tinned copper wire cut
to the appropriate length. Resistors and
trimpot can go in next. Note that the resis-
tors in the feedback circuit of the test op-
amps are of 1% tolerance. Solder in the
capacitors making sure that you get the
polarity correct on the two electrolytics.
The bipolar electrolytic has no polarity and
can be put in either way round. The next
step is to solder in the ICs, zeners and tran-
sistor. It is vitally important to get these
components the right way round. If you
wish you can use sockets with the ICs.

Now comes the hard bit! The prototype
was mounted on the front panel of a jiffy
box so the trick comes in getting all the
LEDs, test sockets and switches the correct
height. The four position rotary switch can
be mounted and soldered in flush with the
board. If you do not have a pc board mount
type switch you will have to trim the pins on
the back with a pair of side cutters so that
they will fit through the holes.
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Next mount the three wirewrap IC sock-
cts that are to be used for the test ICs. The
pins on these should all be the same length
so mount the sockets to stand up off the pc
board about 14 mm making sure that they
are all the same height and level. They can
be ‘tacked’ in by soldering just two pins on
cach socket rather than soldering all pins at
this stage. This will make any height adjust-
ments a lot casier.

The INPUT and COMPENSATION tog-
gle switches can be mounted in one of two
ways. Small lengths of hookup wire (about
20 mm) can be attached to the lugs of the
switches and then soldered into place on the
pc board or the lengths of tinned copper
wire (such as the type used for wire links)
can be soldered on to the switch lugs to
form ‘legs’ for the switch to stand on. If you
use the latter method then do not, at this
stage, solder the switches to the pc board
but merely poke the wire legs through the
holes on the board and leave them. The
height can be adjusted when you mount the
board and the switches soldered in then.
The four I.EDs should also be just pushed
into the holes on the pc board and left, then
soldered in later.

Finally, the battery terminals and power
switch should be wired up with hookup wire
according to the wiring diagram and over-
lay. Take careful note of the polarities of
the terminals and leads. There has been
provision made on the pc board for a BNC
socket to allow a CRO to monitor the out-
put from the DUT (Device Under Test). If
you want this the socket should be wired in
with hookup wire at this stage. This com-
pletes the pc board for now and you can
turn your attention to the box.

The prototype was housed in a 150 x 90 x
50 mm jiffy box. The pc board mounts on
the aluminium lid. The front panel can be
marked using the front panel artwork as a
template. Mark the positions of all the holes
to be drilled and the corner points of the
three holes for the IC sockets. The holes for
the LEDs and toggles can be drilled using a
6.5 mm drilt and the hole for the rotary
switch can be drilled using a 9.5 mm one.

Unless you have a suitable square punch
set, the casiest way of cutting out the holes
for the I1C sockets is to drill a hole in the
centre of each socket position and file it out
to size with a small square file. Be careful
not to file too big a hole. If you are includ-
ing a BNC socket for a CRO output then a
suitable hole should be drilled in the side of
the box.

Once you have cut all the holes, do a trial
fit to make sure everything lines up OK.
Once everything fits, the Scotchcal front
panel can be stuck on. If you have a blue on
white plastic Scotchcal label it would be ad-
visable to spray the aluminium front pancl
with white paint before applying the Scotch-
cal. When it is dry the Scotchcal can be care-
fully applied. Line it up accurately the first
time because once it has stuck you'll have a
hard time getting it off again. Trim out the
holes in the Scotchcal with a sharp knife or
scalpel but be careful not to tear it.
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Top view of the pc board showing the position of components. Note the three wirewrap IC sockets used
for the test op-amps.

How it all fits together. The board is mounted on the front panel by way of the rotary switch and two
mounting bolts. The height of the LEDs should be adjusted after mounting of the board.

-~

Mounting of the two toggle switches. Note the wire legs soldered to the swilch lugs to enable them to
be pc board-mounted.



HOW IT WORKS — ETI-183

PARTS LIST — ETI-183

The circuitry for the tester is fairly simple. IC1 is
an LM555 timer which, in this case, is configured
as a free running astable multivibrator. The
frequency of the muitivibrator is given by the
formula:

t=1.49/(R1+R2)C3.

With the values given this gives a frequency of
approximately 1 kHz. The output of the LM555
forms the ac signal that is used to drive the DUT
(Device Under Test). A green LED, LED1, is
used to indicate an output from the LM555 with
R7 limiting the current to about 4 mA. The output
from the LM555 is divided down by the resistive
divider network formed by R6, R8 and RV1. RV1
controls the level of signal being fed to the DUT.
The input can be switched from ac to ground by
SW2 and the appropriate op-amp input is
selected by the B pole of SW3.

The device test sockets are wired up so that
the single package, op-amp 1 of the dual pack-
age, and op-amp 1 of the quad package are all
wired up in parallel. Op-amp 2 of the dual and op-
amp 2 of the quad package are wired in parallel.
All test op-amps are configured as non-inverting
stages. The feedback network is the same for all
op-amps and comprises a 100k feedback resis-
tor with a 4k7 resistor to ground. Op-amp 1 has
the addition of a 100p capacitor (C6) across the
feedback resistor. This is for extra stability at
high frequencies for some single op-amps such
as the NE5534 which are prone to oscillations.
Capacitor C7 can be switched in between pins 1
and 8 of the op-amp 1 test position to take into
account op-amps such as the LM301 which need
compensation between these pins for stable
operation.

A 100R resistor is included on the output of
each op-amp to provide some load isolation and
enhance stability, and a 47k resistor is con-
nected from each input to ground to provide a dc
path to ground when the op-amp is not selected.

The appropriate output is selected by the C pole
of SW3. The output from the op-amp is selected
by the other pole of SW2 to be either dc coupled
or ac coupled via C5 and R9.

The output is fed to the input of a window com-
parator formed by iC2a and IC2b. The positive
input of IC2a is biased to 3.3 V by ZD1 and the
negative input of IC2b is biased to -3.3V by
ZD2. The two spare inputs are connected to the
output of the op-amp. When the voltage from the
op-amp is between +3.3 and —3.3 V both com-
parator outputs are high therefore LED2 and
LED3 are off. If the op-amp output goes above
+3.3 V the output of IC2a swings low and turns
on LED2. if the output goes below —3.3 V then
the output of IC2b goes low turning on LED3.
Therefore, if the output is a symmetrical square-
wave, as it should be, each LED will be turned on
and off in turn as the output swings positive and
negative with the overall effect of both LEDs ap-
pearing lit.

If the op-amp is only amplifying one side then
only one LED will light. In the dc mode, if the out-
put is sitting at one of the rails then the appropri-
ate LED will light. The outputs of the comparators
are open collector and can sink a few milliamps.
The current is limited by R12 and R13 to about
1.5 mA.

The power is supplied by two 9V batteries
connected to give a split 9-0-9 V supply. This is
filtered by C1 and C2. The positive rail to the op-
amp test sockets is monitored by an overcurrent
indicator formed by Q1, LED4 and associated
resistors. R3 is in series with the supply. Q1 is
connected across this resistor in such a way that,
as the current being drawn from the supply in-
creases, the voltage across R3 increases. When
this voltage reaches 0.6 V the transistor, Q1,
starts to turn on which turns on LED4 indicating
that excessive current is being drawn from the
supply. This occurs at about 10 mA. To increase
the current that can be drawn before the LED
turns on simply decrease R3.

R14,18, 22, 26 ... 100k 1%
R15,19,23, 27 ....4k7 1%
R16, 20,24, 28 .....100R

R17,21,25,29......47k
RV1 i, 5k trim.
Capacitors
Ci,2... 221 25 V RB electro.
C3. ..100n greencap
C4. ..220n greencap
C5.... 10u 25 V bipolar electro.
axial mount
C6.... 100p ceramic
C7.... 10p ceramic
Semicon
IC1... LM555
IC2... ..LM339
ZD1,2 ..3V3 400 mW zener
LED1. ..green 5 mm LED
LED2,3,4 ..red 5mm LED

BC558 or similar
Miscellaneous

SW1T L DPST momentary action
toggle

SW2 ... DPOT toggie

SW3 .. 3 pole, four position rotary
switch

SW4 SPDT toggle

ETI-183 pc board; 2x216 battery terminais;
2 x 8 pin wirewrap IC sockets; 14 pin wirewrap IC
socket; 150 x 90 x 50 mm jiffy box; 2 x 6BA
25 mm bolts; 6 x 6BA nuts; 30 cm length tinned
copper wire; 4 x LED mounting grommets and
washers; hookup wire.

Estimated price: $25
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R3 68R

R1 1k

DUT1DUT2DUTS
PIN7 PINS PINA n
S pevice ¥

T UNDER X[—010

Malin circuit diagram.

GND SW2b

———O

y TEST  yl—o11 C
v OUN 2L 512
DUT1DUT2 DUT3

PIN4 PIN4 PINTS

SWib BIPOLAR < fox

i

Ccs
10u

CRO (OPTIONAL)

2

SWI:/L

]
9V BATTERY i

9V BATTERY

SW1b

C1
22u

SW4
TEST OP-AMP 1. OMPENSATION TEST OP-AMP 2.
R out To 5],
so DUT 2 5
] R21 6|
R17 &
a7 2 QL '
L 3 = =1 R20 100R
= 3 + DUT3 = X
puT2 1 a1-
2 R18 100k
%%
N 3 R16 100R R19
> a7
DUT1 - SINGLE PACKAGE
3 DUT2 - DUAL PACKAGE
R14 100k = DUT3 - QUAD PACKAGE
R15

w7 |C6 100

TEST OP-AMP 3.

R24 100R

TEST OP-AMP 4.

14 R28 100R

Circuit diagrams of the test sockets. Note that only
one op-amp package can be tested at a time.
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Project 183

Once the front panel is finished you can
begin to mount the pc board. Two 6BA
bolts should be put through the front panel
at the top and bolted into position. The pc
board mounts on these two bolts and the
rotary switch. Make sure you have the key
washer of the switch adjusted to give four
positions. Two more nuts should be screwed
about half way down the mounting bolts.
The height of these will be adjusted later to
allow the pc board to sit level.

The main on/off switch should be
mounted first. Locking washers for the
LED mounting grommets should be placed
over cach of the LEDs. Put the pc board in
place, gently easing the IC sockets through

the holes cut for them. Screw the nut down
on the rotary switch and then adjust the
nuts on the mounting bolts so that the pe
board sits level. The nuts to secure the pe
board can now be screwed into place. The
nuts for the toggle switches should also be
screwed on. The legs of the toggle switches
can now be soldered into place on the pe
board. LED mounting grommets can be
placed in the appropriate holes and the
LEDs pushed up into them. The LEDs can
then be soldered in and the locking washers
slid into place. The IC sockets can also be
soldered up.

The tester should now be ready for ad-
justment. Now comes the chicken and the

% 3
e - h
Ll t T *
| o
{ o
« !
= I
- &
p wn
n
* D.o-D Q |
! 3 b
L — '
T 1 i O :
- ! e >
& g Oy w" @ *o g
~ | o [l -
be- o - : _‘I E-] ; o
= o =) = 2
o
- > £
¥ D 3 3 g
“e = 1 '
- - b ‘m | ~ —‘
g = 8 &

egg problem. To set the tester up you need
an op-amp that you know is working. Place
the op-amp in the appropriate socket. Set
the INPUT switch to AC and the OP-AMP
SELECT switch to 1. If the op-amp is one
that needs a compensation capacitor be-
tween pins | and 8 such as an LM301 switch
the COMPENSATION in, otherwisc leave
it out. Set the trimpot fully clockwise (mini-
mum resistance). Switch the TEST switch
on. The green AC LED should light to indi-
cate that the oscillator is on. Slowly turn the
trimpot anti-clockwise until both the + and
— indicator LEDs are just lit. Turn the trim-
pot just a little past this point and leave it
sct there. If the indicator LEDs don’t come
on at all check your circuit for wiring faults.
If you have a CRO handy you can check the
output of the ’555 to make sure it is oscillat-
ing.

If all is well, try replacing the op-amp you
have in at present with a quad package and
checking each op-amp in turn. To test the
supply short indicator try plugging an op-
amp in the wrong way round! Reassemble
the box.

Using it

Using the tester is fairly simple. The op-
amp you wish to test should be inserted into
the appropriate socket (single, dual or
quad). The OP-AMP SELECT switch se-
lects which op-amp in the package is to be
tested. Obviously, for a single op-amp pack-
age this switch must be set to 1. For a dual
package, 1 or 2 can be selected.

The INPUT switch should be set for the
test you wish to perform. If GND is selected
then the input to the op-amp under test is
grounded and the output is dc coupled to
the comparator which drives the indicator
LEDs. If AC is selected then the input to
the op-amp is a square wave derived from
the output of the LMSS5. In this case the
output is ac coupled to the comparators.
The COMPENSATION switch should be
left in the OUT position unless a single
package which requires compensation be-
tween pins 1 and 8 (such as an LM301) is
being tested.

To test the op-amp just press the main
switch to the on position. The green LED
should always light indicating that the
LMSS5 is outputting something. If this does
not light then check your battery voltage.
With the INPUT switch sct to GND no red
1LEDs should light. If the SUPPLY SHORT
LED lights then the op-amp is cither in the
wrong way round or it has a short on its sup-
ply pins indicating that it is malfunctioning.
1f the + LED lights then the output is sitting
ncar the positive rail. If the — LED is lit
then the output is sitting near the negative
rail. Both of these conditions indicate a dud
op-amp. In the ac input mode both the +
and — LLEDs should light indicating that the
op-amp is amplifying in both the positive
and negative directions. If either LED does
not light then the op-amp is malfunctioning.
If the op-amp passes the ac, dc and supply
short tests then it should be OK to use. If it
doesn’t then it’s probably destined for the
dustbin. [ ]
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his transistor tester was developed to

T fulfii the need for a unit that would
provide a quick and convenient
means of testing DC current gain (h) and
leakage. Some other testers are inexpensive
circuits based on moving coil meters but the
relatively high cost of meters these days
makes these designs less attractive than they
; once were. On the other hand, an equivaient
@, 4 2 circuit using a digital readout is substantially
d % = more comolex but not necessarily much
more expensive. A 2-digit display gives better
accuracy than most of the moving coil
meters currently on sale and certainly more
=71  than adequate accuracy for this application.

= This design has proved to be quick and
~| easytouseinpractice. It can test both NPN

"

X1

DIGITAL DIAGNOSIS

Building a fransisfor tester

Let the digits do the work and build this handy transistor
tester. ETI's Robert Penfold shows you how.
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and PNP devices and has two gain ranges,
0-99 and O-990. This enables reasonably
accurate checks to be made on anything
from low gain RF and switching devices
through to very high gain audio devices.
An over-range indicator is included on the
2-digit LED display and simple leakage tests
can also be made using the unit. Power is
obtained from an internal 9 V battery.

Testing theory

Most simple transistor testers operate using
the basic test setup of Figure 1a. Battery Bl
supplies power to the test device with the
correct polarity and meter M1.

A bias generator registers the flow of
current in the collector circuit. The current
flow from the collector to the emitter is
normally very low and would typically be
about one microamp or less for a silicon
device. This is termed the leakage current.
Providing a small forward bias current to the
base terminal results in a much larger flow
of current in the collector circuit. The current
gain of the transistor is equal to the collector
current divided by the base current.

In this case R1 provides a small reference
current to the base of the test device. The
higher the gain of the device. the greater the
collector current that will be registered on
M1.In fact the circuit can be arranged so that
M1 provides a readout direct in current gain.
For instance with the value of R chosen to
give a base current of luA and M1 having a

BSOS

OSCILLATOR

CURRENT
MIRROR

Figure 2: block diagram
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cCo

= —— =

full scale value of ImMA 1I0OORA) M1 would
accommodate a current gain range of
O-1000.

This assures the leakage current is very low
and is not inflating the collector current flow
but as explained previously, with silicon
devices the leakage current is almost
invariably insignificant.

Figure la shows the test setup for NPN
transistors but the arrangement for PNP
testing is essentially the same and is shown
in Figure 1b. It is just a matter of reversing the
polarity of the battery and the meter.

This type of testing has a slight flaw in that
it is not checking the gain at specific
collector currents and voltages. These both

CONTROL :
' LOGIC
1 GATE =

DECADE
COUNTER

LATCH LATCH

1 i
L aves Pad

7-SEG
DECODER

f the digital transistor tester.

'World Radio Histo

Figure 1: basic test circuits for NPN and PNP transistors.

v .

vary according to the gain of the test
component (high gain giving increased
collector current and reduced voltage). The
uncertain collector voltage is not of great
importance as quite large variations in this
factor have a minimal effect on the gain of
test components. Variations in collector
current have a greater (although still fairly
small) influence on current gain. Results are
perfectly acceptable in practice. provided
test components are not tested at very low
collector currents. The use of two or more
measuring ranges ensures that low gain
devices can be checked at an acceptable
current and also that they will give a high
enough reading to provide good accuracy.

DECADE
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Digital transistor tester
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Figure 3: the circuit diagram of the display section.
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Sw3d é TLC555P -a 9 The display section (Figure 3) Is built around
LEAKAGE/GAIN L SW4 = 3% two CMOS 40TIOBE Integrated circuits which
T 777"\ NPN/PNP each contain a decade counter, latch and
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Figure 4: the circult diagram of the input section.

it is only used as a straightforward up counter,
Unlike most CMOS devices, these have a
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high output current capability and they
directly drive the common cathode LED
displays via current limiting resistors, The carry
output of IC6 is issued to drive a positive
edge triggered monostable based on IC5
and a trigger signal is only provided to ICS
if an overflow occurs. ICS then activates the
overflow indicator LED for just one second,
giving clear warning that the main display
reading is erroneous. The overflow indicator
is the otherwise unused decimal point
segment of the most significant display digit.

The low frequency oscillator uses two
gates of IC1 wired as inverters and
connected in the standard basis CMOS
astable configuration. The oscillator operates
at approximately 20 Hz but due to a divide
by ten action in the control logic circuit this
equates to only about two readings per
second.

The control logic circult is built around IC2,
which is a CMOS 4017BE one-of-ten decoder.
Output O (pin 3) going high resets the

counters to zero and output 1 (pin 2) going .

high generates the gate pulse. It does so by
triggering monostable multivibrator IC3. This
generates a negative gate pulse of about
7mS at its Q output which is used to drive
the gate inputs of ICé and IC7.

With this type of display circuit both gate
Inputs must be driven and not just the one
belonging to the least significant digit. Output
9 drives the latch inputs of the counter chips
and latches the new reading prior to a new
cycle commencing and the counters being
reset. ICIc is used to invert this signal so as
to give the negative latching pulse required
by IC6 and IC7. Note that outputs 2 to 8 of
IC2 as well as its carry output are left unused.
Also, one gate of ICl Is left unused but its
inputs are tied to the positive supply rail in
order to prevent spurious operation.

Power is obtained from a 9 V battery but
a small 5V regulator provides a well
regulated 5V supply for the entire circuit. This
ensures the unit provides consistent results
as the battery voltage drops.

In the input circuit (Figure 4) R19 and R20

form a centre-tap on the supply lines and this
drives the base terminal of the test device
via one of two switched current limiting
resistors (R21-R22). These provide the unit with
its two measuring ranges and SW2 is used tc
select the desired base feed resistor. By
driving these resistors from the mid-supply
voltage there is no need to bother with any
NPN-PNP switching in the base circuit. SW3
can be used to cut off the base bias current
so that leakage checks can be made.

Ql and Q2 form a conventional current
mirror circuit, with R23 and R24 providing
current limiting in the event of any accidental
short circuits or closed circuit devices being
checked.

There is no need to switch out the current
mirror in the PNP mode and NPN/PNP
switching can therefore be achieved using
Just a DPDT switch (SW4),

In theory, Q1 and Q2 should be a matched
pair to obtain an accurate 11 ratio of input
to output current. In practice, quite wide
differences in their gain did not produce any
great discrepancies between the NPN and
PNP modes. One way of ensuring really
accurate results is to use any two BC559s for
Ql and Q2 initially and to then use the unit
to select two reasonably well-matched
transistors from a batch of (say) half a dozen
devices. However, this is by no means
essential and unmatched devices should
suffice. It is advisable to use transistors from
the same gain group (say. two BC5598Bs).

The CCO s just a 555 astable circuit. No
resistor Is used between pins 6 and 7 in order
to keep C7's discharge time as short as
possible. This makes the period of each cycle
amost totally dependent on the charge
current and ensures good linearity. A
TLCS55CP is specified for the IC8 position as
this gives a much lower current consumption
than the standard 555 and it also seems to
be somewhat faster in operation (which
again aids good linearity). The collector
current at which the devices are tested is
dependent on their current gain but is
typically around one or two millamps.

System operation

The block diagram of Figure 2 shows the
general arrangement used in this transistor
tester. The unit breaks down into two distinct
sections, one providing the display and the
other converting current gain into a suitable
driver signal for the display circuit. The bulk
of the circut is used to provide the display.

The display section is a simple frequency
counter circuit.

That is controlled by the low frequency
oscillator and a simple logic circuit. First the
two decade counters are reset to zero and

then a gate at their input is activated. Input
pulses then flow into the 2-digit counter
circuit untii the gate pulse ends. Another
pulse from the control logic circuit then
activates the two latches, which store the
count and feed it through to two 7-segment
decoder drivers. The 2-digit display therefore
shows the number of pulses received during
the gate period.

This cycle is then repeated, with the
decade counters being reset again. Note
though that resetting the counters does not
affect the latches and the old count is
displayed until a new one has been taken
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ond fed into the latches. The unit accordingly
provides a continuous readout which is
updated approximately twice per second.
If the count goes beyond 99, it is detected
by a monostable driven from the second
counter, and activates a warning LED.

The display circuit requires the collector
current of the test components to be
converted into a proportional frequency. This
is not difficult and all that is needed is a
current controlled oscillator (CCO) having a
reasonably linear control characteristic. This
leaves a slight problem in that the CCO
operates as a current sink which will operate
properly with the PNP devices (which act as
current sources) but is incompatible with NPN
transistors which act as current sinks and
must be fed from a current source. The
solution to the problem is to drive the CCO
direct fromPNP transistors andto drive it via
a current mirror for NPN transistor testing.

A current mirror is a very simple circuit
which provides an output current that is
equal but opposite to the input current it
receives. One pole of the NPN/PNP switch
connects the collector test socket to the
input of the current mirror or the CCO, as
appropriate. The other pole connects the
emitter test socket to the appropriate supply
rail. A bias generator provides two switched
base bias currents and these provide the unit
with its two measuring ranges.

Construction

Apart from the usual off-board components
(controls, sockets, and battery) all the
components fit onto the pc board, as
detailed in the overlay. All the ICs are CMOS
types and the usual anti-static handling
precautions should be observed when
dealing with these. In particular, they should
be fitted in sockets but not plugged into the
circuit untit the unit is completed in alt other
respects.

It is also advisable to fit the displays in
sockets. Apart from eliminating the risk of
them sustaining heat damage when they
are fitted to the board, this is also
advantageous in that it raises them clear of
other components on the board. Remember
that the displays must be positioned just
behind a window cut in the front panel and
this will not be possible if other components
protrude significantly higher above the
board. 12 and 13 mm displays are compatible
with the pc board layout but the larger type
generally seem to offer slightly higher
brightness for a given LED current. The
displays must be common cathode types.

A dozen link wires are required and these
can be made from the leads trimmed from
the resistors. Fit single-sided pins at the points
where connections to off-board
components will be made.

A plastic or metal case having
approximate outside dimensions of
180 x120x39mm  will comfortably
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Figure 5: component overiay and inter-wiring diagrams
for the digital transistor tester.
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accommodate all the components. This
assumes a reasonably small battery is used.
The current consumption of the unit is around
65mA and if a small battery is used it must
be a high power or nickel-cadmium
rechargeable type.

The four controls and the test sockets are
mounted on the front panel but the case is
used vertically so that this effectively
becomes the top panel. | used a 3-way DIN
socket for SK1-3 and most small transistors will
connect satisfactorily with one of these. An
alternative would be to use three Tmm
sockets mounted in the same triangular
pattern. Either way, a set of test leads
terminated in small crocodile clips will be
needed in order to make connections to
uncooperative devices.

The pc board is mounted on the rear ponel
(base) of the case, using 12 mm stand-offs so
the fronts of the displays are brought suitably
close to the front panel. A window for the
displays must be cut in the front panel. This
is not too difficult using a coping saw or fret
saw to make arough initial cutout and then
carefully filing this out to precisely the
required size. Some red display window
material is then glued in place behind the
cutout.

To complete the unit the hardwiring is
added as detailed in the overlay. This is all
pretty straightforward and should not give
any difficulties.

In use

After giving the wiring the usual final check,
switch the unit on and observe the display.
This should be an initial random number,
tollowed about half a second later by OO.
If this does not happen, switch off at once
and recheck the wiring.

Assuming all is well, try connecting a few
test devices to the input sockets,
remembering to select NPN or PNP, as
appropriate. 1t is unlikely that any damage
will occur to siicon devices if the wrong
setting is inadvertently tried but greater care
should be exercised when dealing with
germanium devices. With silicon transistors
the leakage currents are generally sO low

that a OO display should always be obtained
when making leakage tests. Any other
reading almost certainly indicates that the
device under test is faulty.

The situation is less straightforward with
germanium transistors, where quite high
leakage currents are not unusual. Leakage
readings of up to about 8 are quite normal
but anything much higher than this would
suggest the device under test is of dubious
quality. Remember that gain readings must
be adjusted downwards by the appropriate
amount if a significant leakage level is
detected. For example, if a transistor has a
leakage level of 6 and a gain of 45 is
measured on the x1 range then the true gain
of the component is only 39.
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The teser can be used to check diodes.
With the cathode terminal connected to the
collector socket and the anode connected
to the emitter socket, there should be an
overflow indicasion with the unit set to the
PNP mode. With SW4 set to the NPN paosition,
the display should read zero for silicon diodes
and a very low teading should be obtained
with germanium types.

Calibration

In common with many transistor testers, this
one has no means of adjusting readings for
cdiibratian purposes. Provided C2, C7, R2, R21
and R22 all hav= tolerances of 5% or better,
the unit shoulc give good accuracy. The
vagaries of transistor gain parameters are
such that there is littie point in getting too
pedantic: about the accuracy of a simple
transistor testet. Also, to calibrate the unit it
would te necessary to have a reliable
transistor tester or reference devices having
accurately known gains.

Bewars of the transistor-checkers built into
some multimeters. The accuracy of these
ranges often seem to be unspecified and the
he range of my analogue mulfimeter seems
to under-read by about 5O%!

The best calibration source is probably a
few trangistors which have had their gains
accuratsly checked by feeding them with
accurate base currents, measuring the
resultant collector currents and then
reaching for the calculator to work out the
current gains. This is the method used to
derive the optimum values for the prototype.
If you wish tc calibrate the finished unit,
despite the difficulties involved, trim the value
of R2 to give the unit the correct level of
sensitivity. =k
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PARTS LIST — ETI-190
| RESISTORS

CAPACITORS
Cl..... ... JOOn greencap
c2 47n greencap

100N greencap
.. 100 25 V radial
electrolytic
...330n greencap
220n greencap

40VBE
IC3, 5 4047BE
IC4.. 78LOS
IC6, 40OTOBE

TLCH55P

BC559

0.5/0.56 inch
common cathode
7-segment dispiay

.9V (PP3) battery
SK1-3.. .3-pin DIN socket
ON/OFF toggle
.SPDT toggle

Sw4.... ..DPDT toggle
PCB Case (180 x 120 x 39 mm). Battery
clip ic sockets. Connecting wire. Nuts
and bolts.
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AN ANALOGUE

BREADBOARD

A breadboarding socket on its own is useful, but it needs to be combined
with an integral power supply, some hardware and
support circuitry if a really versatile system is to be realised.
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The top view. Front panel artwork for the ETI 179 was too big to fit in the magazine. If you require it,

cou...~t ETI readers services on (02) 693 6666.

THE BREADBOARD HAS traditionally
been the developmental tool of circuit de-
signers, as the case of component replace-
ment allows ‘fine tuning’ of the circuit be-
fore its cventual placement on a pcb.
Educational institutions often use bread-
boarding systems for practical sessions of
clectronics, as component wastage is mini-
mised. Howzver, on its own, a breadboard
is simply a mecans of interconnecting and
supporting components. Any external at-
tachments to the circuit, such as test
cquipment, potentionmeters, switches, the
power supply, input signals ctc, nced to be
arranged around the board and connected
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in whatever way possible. This can result
in the traditional ‘rats nest’, resulting in
confusion and circuit errors. More sophis-
ticated circuit development systems offer a
breadboard mounted on a box that con-
tains cxternal support for the board. It
sound simple, and it is. The problem is:
trying buying onc that doesn’t cost an arm
and a leg. This article presents a design
that includes all the peb layouts and pancl
artwork to allow constructors to build
their own, customised system. The design
is intended for analogue applications, and
features a dual polarity power supply and
a sensitive voltage polarity indicator. A

| digital brecadboarding system will be pre-

sented later and will include support cir-
cuitry peculiar to such a system.

The Circuit Principles

The circuitry of this project is relatively
simple. One pcb design (PCB-1) contains
the dual polarity power supply and the po-
larity indicator. PCB2 contains the hard-
ware and the socket pins that enable inter-
facing between the breadboard and the
power supply.PCB3 hold to two on-board
potentionmeters and the connections to
the outside world. The design is based

29.
|
[

I 193 o
SIDE PANEL

| 2L5 o~
FRONT PANEL
L
® |
|
e 2.5 -
ACK PANEL
Mgterigl: 0mm thick
Wood

Figure 1: Cutting diagram for the box. This
is only really necessary if you want to use a
front panel like ours. Otherwise you can di-
mension the thing to please yourself.



ANALOGUE BRIEADBOARD

upon my experience of the requirements
for analogue circuit development. Cost has
been minimised by using garden variety
components, which perforce means a rela-
tively basic, but still very versatile unit.

Naturally, readers can add, alter or de-
lete sections as required. For example,
PCB-3 could be used to mount switches
instead of potentionmeters, or two of
these boards could be used, one for the
pots, the other with switches. The power
supply will not handle currents greater
than around 150 mA per side unless a
higher VA rated transformer is used.
However, in the unlikely event that higher
currents are needed, an external power
supply can be interfaced via the 4mm ter-
minal posts provided. Heavy leads are
connected to the terminals, which then
connect to the breadboard via the associ-
ated socket pin(s) with 0.6mm wire.

Customising the Design

The mounting framework for the proto-
type, consisting of a wooden box fitted
with an aluminium top may suit those with
the necessary workshop facilities. How-
ever, any equivalent construction would
do, although the metal top is recom-
mended to act as a ground plane. A slop-
ing top was incorporated to facilitate view-
ing the breadboards, but a simpler con-
struction would result from a flat box. The
power supply board (PCB-1) was mounted
at the rear of the box in the prototype,
but can be positioned anywhere it fits. |
attached two breadboarding sockets (840
hole size), but one would probably be suf-
ficient for most applications. A bottom
cover of timber or metal should be added
to the box, and rubber feet will provide
stability. To further cxtend the versatility
of the BB-1, mounting flanges for extra
pots, switches and devices could also be
attached to the unit.

If the supplicd top panel artwork is to
be used, the layout of the prototype is
mandatory. Decvelop your own artwork
and the sky’s the limit. There are various
methods of constructing the top panel. For
cxample, the top could be made from one
large pcb section (245Smm x 200mm),
etched using the supplied pcb layouts posi-
tioned accordingly. The component side
could then be painted and screen printed
using the supplied design. If screen print-
ing facilities arc not available, press-on
lettering and hand drawn symbols and
lines could be applied. This latter would
require lacquering to protect the artwork.

Alternatively, an aluminium top with
hand-painted artwork could be used.
Trcatment of the aluminium top should at
least include coating with lacquer, perhaps
preceded by polishing and dipping in caus-
tic soda. This latter treatment should be

hiss A =

Bottom view, looking towards the back of the unit. PCBI holds

the transformer, PCB 2 is to the left,

and the pots carried by PCB 3 are almost obscured in the foreground. This view also shows how

the box was built. Simple!

done with some care, as irritating fumes
are released during the process. Other-
wise, the aluminium could be painted.
after application of a suitable primer, and
the artwork applied to the painted surface.
The prototype was constructed using an
aluminium top covered with a Scotchcal
panel. The pcbs (2 and 3) were then luid
to the underside of the top panel by drill-
ing holes to allow mounting of the ncces-

sary hardware through the pancl onto the
pebs. This method results in the pcbs
being attached by the hardware, allowing
trackside accessibility from undemeath.
An alternative approach is to make each
peb, and then mount the boards on top of
the panel. This would require rectangular
cutouts in the pancl, and fixing with
screws at cach corner of the pcb. This
‘modular’ approach. with its inherent flex-

12v
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ibility would allow any arrangment sought,
while still offering a good-looking end re
sult.

Constructing the BB-1

Commence construction by building the
box. Those with a flair for carpentry will
probably build a box with mitred corners
and a recess to hold the top panel. (The
prototype wasn’t: just a simple butt con-
nection box. painted matt black, then
sprayed with satin enamel lacquer).

The next step is to cut the top panel,
trimmed in size to suit the box. The posi-
tion of the holes and cutouts can be deter-
mined either from the artwork or by plac-
ing the pcbs and the breadboarding
socket(s) into place, and cutting out ac-
cordingly. If a Scotchcal front panel or a
screen print is being used. this could be
applied first, and used as a reference for
the various cutouts. Once the top panel
has been completed, PCBs 2 and 3, the
breadboarding socket(s) and the power
switch (and fuse if used) can now be
mounted in position. If the pcbs are
mounted as in the prototype. that is, be-
ncath the top panel, held by the hard-
ware, it is likely hole alignment may not
be exact. For this reason, you may prefer
to drill the top panel according to the art-
work, then drill the pebs using the top

Figure 2: Mains wiring diagram. it is worth-
while making sure you have this right before
you switch on. Notice the fuse Is connected
in the active line before the switch so that
the unit is completely isolated in a fauit
condition.

SWITCH

FUSE HOLDER
(0-SAmp)

Ie_,_- —

plate as a template. Getting perfect align-
ment is impossible. but with care, good re-
sults can be obtained. This part of the
construction is relatively time consuming
and fiddly, as care must also be taken not
to damage the top panel artwork, or to
create any short-circuits between the panel
and the components passing through it.
PCB-1 should now be built, as per the
layout diagram, but should be fitted only
after all wiring. testing and adjustments
have been completed. This peb was fitted
to the prototype using spacers and self-
tapping screws into the timber back. If a
bigger transformer than the specified one

is used, it should be mounted directly on
the case, carthed and connnected with
leads to PCB-1. If a power supply with in-
creased power characteristics is used, heat-
sinking the regulators will be necessary.

The choice of the power switch should
be made with some care as it is likely this
switch will get a lot of use, requiring a
rugged switch if reliability is to be
achicved. Use of a miniature switch is not
reccommended. The illuminated variety
was employed as it provides a positive in-
dication that the power is on.

Four LEDs are incorporated on PCB-2,
two adjacent to the +12 ana —12 termi-

%
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nals, two more for the polarity indicator.
Pin-point LEDs are specified: green for

both negative voltage indicators. reds for |

the positive indicators. They mount  di-
rectly onto the peb, through a Smm hole
drilled in the top pancl. A picce of 4dmm
black plastic tubing over the bottom of the
LEDs will enhance their light autput and
proteet the leads from shorting ta the
panel. Current limiting resistors R9 and
R10 for LEDs 3 and 4 should be soldered
on the track side of PCB-2. The 4mm ter-
minal posts on both PCBs 2 and 3 shouid
be soldered directly to the peb track with
their connecting lugs. If VCU style poten-
tionmeters are used for PCB-3. they can
be soldered to the peb lands directly by
forming the lugs to suit. The flat section
will be incorrect to suit a screwed dial
knob. requiring another flat to be filed
onto the shafts. Metric style pots over-
came this problem, but will require con-
nection with wire to the peb lands.

The earth wire from the mains is termi-
nated on PCB-1. and is subsequently con-
nected to the ground terminal post of the
unit via the power supply wiring. How-
ever, a scparate 7 amp rated wire should
be connected to the aluminium top pancl.
This not only provides protection, but
serves to ground any noise pickup. The

pch mount transtormer is not carthed, as
it is double insulated. However, if a con-
ventional mount transformer is used. it
should also be carthed.

Construction of the pebs is straight for-
ward; just follow the layout diagrams and
watch component orientation when buitd-
ing them. The IC socket pins associated

with PCBs 2 and 3 can be obtained cither
by sacrificing IC sockets, or by purchasing
insulated 1C socket strips. The gold insert,
machined varicty are recommended to
stand up to the type of use envisaged.
(Those used in the prototype were sup-
plied by George Brown). Molex pins
would work, but are unlikely to give reli-

RESISTORS ~— All 4 watt 10% uniess other-
wise specified.
- all values in ohms.

R1,R2,R5,R6 ... ... 10k
R — .220k
R4..... ...68k
[R5, (RS, (R ecoxmamamacrenmoscomroromomrercresonarroncon
(RIh (A1) (R kcaoococrororeroonsracranaoreorroromoro 1k

POTENTIONMETERSRV1... 10k, 10 turn trimpot
................................ 10k linear, panet mount
100k linear, panel mount

VB2 et 1000
C3,C4. ..ot 2.2 tantalum.
SEMICONDUCTORS
Qe BC547 or similar
Q2. .BC557 or similar
D1,D2. IN4004 or similar
D3,D4......oiiii, IN914 or similar

PARTS LIST

ZD1,2ZD2......oovvveneinnnn 5V6 400mW Zener diode
. UA7812, T0220 voitage regulator

ic2. . UA7912, T0220 voltage reguiator
{0 TSSO uA714
Bridge 1and 2 ........ccoveeevieviennenns W04 or equiv.
LED1and2.... ... Pinpoint red LED
LED2and4..........ccoovncnne Pinpoint green LED
SWITCHES

S1oiiiies 240 volit mains swilch (illuminated)
TRANSFORMER

T s PCB mount, PL30/5 VA or equiv.
MISCELLANEOUS

PCB or vero board; Scotchcal front panel; tim-
ber for case; light gauge aluminium sheet
220mm x 245mm; 7 x 4mm terminal posts; 20
insulated IC socket pins, gold insert, machined
variety; 2 control knobs; 4 pcb supports, rain-
bow cable hook-up wire, 240 lead and plug;
cable clamp; lugs, 840 pin breadboard
sockel(s); fuse holder; 0.5 amp fuse.

ARE YOU IN THE
SMALL BUSINESS MINEFIELD?
p .,

Running a small business, at times, can be a bit like
walking through a mine field. With government
regulations, bureaucrats, unions, taxes, you name
it. Sometimes it feels as though everyone is out to
get you! Let's face it, whilst the rewards are great
for those who make it, you need all the help you
can get. AUSTRALIAN SMALL BUSINESS REVIEW
is cram packed with useful information and
practical ideas, that can help you with your small q
business. Whether you're a battle scarred veteran ﬁ}z
or a new recruit, you'll find heaps of helpful hints
and inspiration to soldier on
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able long term scrvice in this application.
The socket pins solder directly to the
pebs, through a 3mm hole in the top
panel. The interconnections between
PCBs | and 2 are shown in figure 3. Note
particularly that a shielded lead is required
to connect the polarity indicator input on
PCB-2 to its circuitry on PCB-1.
Commissioning

Once all wiring is complete, and final
checks confirm that PCBs 1 and 2 have all
components correctly  polarised, apply
power to the unit. The two voltage indica-
tor LEDs should light to show the pres-
ence of the +12 and —12 volt rails. If not,
determinc if these voltages are in fact pre-
sent. A likely problem is incorrect orienta-
tion of diodes D1 and D2, or of the regu-
lators. Note that the 7800 series has differ-
ent connections to the 7900 series, but
that orientation on the pcb is the same for
both devices. If voltage is present, check
the LED orientation. If all is well, it re-
mains to adjust the offset for the polarity

indicator. This should ideally be done with
a voltmeter connected to pin 6 of IC3 to
measure the dc output voltage. Conncct
the polarity indicator’s input terminal to
ground. and adjust RV7 until the dc volt-
age at pin 6 is exactly 0 volts. Allow a few
minutes for everything to stablise before
performing this adjustment. Once this is
complete, both LEDs associated with the
indicator should be out. Applying a posi-
tive input voltage greater than 10mV
should cause the red LED to turn on;
similarly, the green LED should tight for
an equivalent negative input voltage. The
maximum input voitage should not exceed
24 volts. Finally, install PCB-1 into posi-
tion and tie the wiring neatly into looms.

Using the BB-1

The BB-1 is designed to facilitate the
development of analogue circuitry, by
providing the nccessary support to the
central object of the unit; the breadboard-
ing arca. Next month will provide some

interesting practical op amp circuits for
you to experiment with, but some impor-
tant do's and don’ts are worth mentioning
now. The breadboard sockets are the most
expensive item of the unit, and require
special treatment if they are to last. It is
important to only ever insert leads and
wires into the sockets that do not exceed
around 8.7mm. Telephone wire is useful
as interconnecting wire, and a range of co-
lours is recommended in various lengths.
Try to use wires that are the right length
to keep the circuit neat and to prevent
random noise pickup. Develop a colour
codz standard, e.g., red for positive rail,
white for negative, black for ground, and
only use wires with clean bared ends.
Broken pieces of wire lodge in the bread-
board, caused by re-using old wires, will
quickly render the socket useless. Ideally,
a pair of wire strippers should be on hand
to bare the wire without causing a nick in
the wire when it is stripped. Bare the wire
to expose around 5 to 6 mm only; too

ETI-179 How It Works
The electronics for this unit are mainly
contained on PCB-1, although indicator
LEDs and outputs/inputs are on PCB-2.
The dual polarity power supply uses two
12V, three terminal regulators, supplied by
two diode bridges in turn connected to the
isolated secondary windings on the trans-
former. Capicators C7 and C2 filter the
bridge outputs. Capacitors C3 and C4 im-
prove the transient response of both regu-
lators, and should be tantalums. The
diodes D1 and D2 allow reliable start up of
the regulators by eliminating any reverse
voltages that may be present at the regula-
tor outputs. The output voltages areestab-
lished at +12 V and —12 V (within 5%)
with respect to ground, and are applied to
PCB-2 for subsequent connnection to the
breadboard. The transformer secondary
voltages are 1S5V ac each, and the sug-
gested transformer has a rating of 5VA,
limiting the available current per side to
around 160mA. At this current, no heat-
sinking is needed for the regulators. Vary-
ing the output voltages by using different
regulators would require a suitable trans-
former matched to the required voltages.
The polarity indicator is based on a 741
op amp, connected as a high gain, non-in-
verting amplifier. R1 and R4 set the gain
at around 68, and ZD2 and ZD2 limit the
output voltage of the 741 to plus or minus
6V. This prevents saturation problems,
and minimises the effect of skew thereby
allowing a quick response. The indicator
LEDs 1 and 2 are driven by transistors Q1
and Q2 which operate when the output
voltage of the op amp increases above 0.6
V. QI requires a positive voltage to oper-
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ate, supplied when the input to the op amp
exceeds +10 mV. Similarly, applying —10
mV or more to the input will cause Q2 to
switch on. Diodes D3 and D4 protect the
transistors against reverse conduction. The
input resistance of the circuit is around
200k ohms, allowing the circuit to be used
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to monitor voltages in most applications.
R3 is used to limit random noise pickup
when the input is left open-circuit. The
maximum input voltage is 24 V. Offset ad-
justment is provided by RV1 to ensure the
output voltage of the 741 is zero volts when
the input is connected to ground.

42 ETI Test Gear




long may cause short-circuits with adjacent
wiring, too short may cause the insulation
to enter the socket, preventing contact.
Dirty or oxidised wire should not be used
as it will have a deposit on the internal
sockets.

Use only Ya watt resistors and capacitors
that have leads not exceeding 0.7 mm
diameter. Also ensure the leads are clean
and straight, as bad connections causing
noise can otherwise result. Do not let
components get hot, as this will eventually
cause the internal sockets to loose their
spring tension. ICs can be inserted by
‘rolling' them into the board, but they
should be removed with an extractor to
protect your fingers and to minimise dam-
age to the IC pins. Finally, switch off the
power when modifications are being made

to the circuit, as, although the regulators
are current limited, excessive current may
cause rapid overheating of the transform-
er. Note also that the 4mm terminal posts
associated with the power supply arc for
output only; do not apply an external volt-
age zs this could damage the regulators.
Interfacing any external signal, voltage or
device should be done via the four termi-
nal posts associated with PCB-3. How-
ever, the ground tcrminal post can scrve
as a connection point to other instruments
and circuits. ®

PP

FGHIJK
L NO
PQR T
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Only research can fill in the gaps.

MS

Multiple Sclerosis.
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ETI-187 PROTOPAC

— A Low Cost Analogue/Digital Protoboard System

THE DEVELOPMENT AND testing of
clectronic cireuits is usually a costly and
time consuming business. Firstly, the Sys-
tem needs to be prototyped in one way or
another, power supplies connected and
test signals applicd. Wires dangle around
the test bench and conncections to the cir-
cuit are often far from ideal. In order to
simplify the prototyping stage of the de-
sign process this low cost protoboard sys-
tem was developed.

Primarily the project was conceived as a
training aid that could help those new to
clectronics develop the skills required to
design and implement both analogue and
digital circuits. Since the cost of a devel-
opment fab is so high it was thought that
more may be convinced to try their hand
if an cconomic alternative was available.
What better way to do this than construct-
ing your own system, learning in the pro-
cess, and getting a versatile picce of lab
cquipment in the end.

Initially the system specifications were
developed in consultation with staff mem-
bers of the clectronic engineering section
of the School of Information Sciences and
Engincering, Canberra College of  Ad-
vanced  Education, and  the  Advanced
Technology  and  Enginecring Centre
(ATEC). Their aim was to provide final
year engineering students with a low cost
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system  which could be tzken home 1o

allow them ta develop circuits in their own
time.

This meant that the system had to be
very versatile and  provide  facilities  for
both analogue and digital design. In the
end the following features were decided
upon:

— mains operation

= +5 Valt power supply
— +12 Volt power supply
— — 12 Volt power supply

Variable reference voltage —11 (o +11

Volts
— variable  frequency  clock  with  two

phase output (180° apart) variable over

2.5 decades

- debounced pulser providing

a) normally high output

b) normally low output
— +5 or +12 volt operating levels for the

clock and pulser, link seleetable.
— power on LED indication

Design Philosophy

The aim of this project was t) provide the
greatest number of features tor the lowest
cost. In order 10 comply with this the con-
struction shown in Figure 1 was chosen,
This 1s & departure from the normal proto-

typing system in that the electronics is not

housed in a box underncath the proto-
board. The greatest advantage of this ar-
rangement is that the +3. +12. 12 and
ground connections can be made directly
from the peboard to the protoboard. This
saves the user having to wire power to the
board cvery time it is used. and saves the
cost of four extra connectors. A clear per-
spex cover was developed to house the
clectronics and hold the connectors. This
is available as part of the kit associated
with this project.

Although this project was developed for
the student or hobbyist, it is such a con-
venient way to prototype that it has come
into general use in our development labs
over and  above the more expensive
“boxed™ systems.

Construction

Using the component overlay given, begin
with the five links. You will have to de-
cide which level will be needed for the
clock and pulser. If vou use TTL (5 V).
then configure the system for +5 vohs by
placing link | as shown. The long link be-
side the 1C should be insulated to prevent
any chance of shorting to the connector
wires. Neat insert the resistors, then trim-

PARTS LIST — PROTOPAC

Resistors... ... . All a2 Watt, 2%
voe....680
2.2K
1K
.510
. 10K
RV1 e 5L trimpot
RV2 ... 200K trimpot
Capacitors
C1.C2... 470uF 25 Volt electrolitic
C3.C4,C8,C10 ....0.1uF monolithic chip
C5,C6.C7 ... 10 16 Volt electrolitic
C9.. . 1nF greencap
Semiconductors
D1. Red LED
DB1 .. Bridge rectifier

... nA7812

.. nA7912

... LA7805

4049, Hex CMOS inverter
...BC549 or equivalent
BC557 or equivalent

500mA

Perspex cover,
pushbutton switch, power cable, printed circuit
board, 240VAC protective cover, nuts and bolts,
5 banana socket terminal posts, heat shrink
tubing or fuse boot, breadboard, cable ties,
transformer, 4mm socket, piece of nbbon cable,
solder 1ug.

fuse, fuse holder,




ETl-187

pots. 1C, bridge. capacitors, regulators
and transistors. This method works on
component height above board, allowing
cach level to be held in place whilst sol-
dering. The 1C is CMOS. so take the
usual precautions of not charging yoursch
up before handling it. It you usc different
transistors to those specified, ensure the
E. B and C are as shown. Peel back and
strip both ends of the ribbon cable. Insert
one end into the cight points on the
board. The board is labelled. with P for
pulse normaily LOW. P for pulse normally
HIGH and dUl. 02 are the two clock
phases. Use four picces of stiff wire for

the power rail connections, and trim them
otf to about 6mm. These will push into
the four power busses on the breadboard.
Solder the transformer in and trim the 240
volt pins back.

The next section deals with the 240 volt
wiring. so TAKE CARE.

Muke sure there are no loose ends or
exposed wires. Solder the neutral (blue) to
the transformer connection point as shown
and trim back. The power cable can be at-
tached to the board using two cable ties.
Solder a length of brown power cable to
the other connection point. Now liberally
coat the entire 240 V section with Silastic

Adhesive Sealant (available at hardware
stores). Place the protective cover over
the sealant and screw down. If scalant
does not voze out everywhere, you have
not used enough! The carth lug can be at-
tached to one of the screws, and the carth
wire (green) connected. Put the board
aside and assemble the cover.

The red binding post should be used for
Vref. Insert the fuseholder, switch and
other connectors. Now back to the board.
Wire each of the eight ribbon wires to
their respective connectors, and switch,
following the diagram. Slide a piece of
heat shrink tubing, or a rubber fuse boot

a2
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A m
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2,0V H
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—0
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E o————;“

1C4la) IC4(b) IC4lc)
1 14
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1Cute)

5 4

+5V
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cs cs c7
T oonr 10uF] o1 | 1owF] o = w00F
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1 L 3
ci 1 c
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z :
2 3 -12
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XY Clock 91 To o__’f-
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6 o LINK LS.IELECT
Clock
2
510R

——————0 Pulse

{normally low)

A

HOW IT WORKS — PROTOPAC

The mains 240 volts is connected to
the transformer with the active
through fuse, F1. The output of the
transformer is fed to a standard bridge
rectifier circuit and capacitors C1 and
C2 provide ripple filtering. C3 and ca
are high frequency bypass capacitors
(chip monolithic types) to reduce high
frequency components entering the
regulators. IC1 is a three pin 12 volt
regulator, IC2 negative 12 volt and IC3
5 volts. C5, C6, and C7 give additional

7
ﬂ1>o‘—4> Pulse

{nomally high}

filtering. The power on LED is driven
via the 12 volit supply through current
limiting resistor R1.

The variable power supply is made
up of RV1, R2, Q1, Q2 and C8. RV1
provides the initial reference voltage
and is then buffered through the sim-
ple push-pull arrangement which fol-
lows. C8 gives additional high fre-
quency filtering.

The clock has been constructed
from three cross coupled inverters of

1C4. The frequency of oscillation is ap-
proximately given by the equation:
1
2xRaxC9 ,0.405 R3 + 0.693
( R3 + Ra )

where Ra = R4 + RV2

f =

By slotting in various values of
Ra,R3 and C9 a frequency range of
your own choice may be found. Q3,
Q4, R5 and R6 are emitter follower
buffers to provide greater output
sourcing current.

The pulser is formed with R7, C10,
R8, 1C4(e) and SW1. The time constant
formed by R7-C10, and R8-C10 give
charge and discharge times that
smooth the voltage applied to the
input of OIC4(e) as the switch
bounces until the switching threshold
of the inverter has been reached. The
time constants give an output pulse
width of approximately 1ms. IC4(f) in-
verts the output of 1C4(e) to provide a
normally high output.
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over the two brown active wires and sol-
der them to the fuse holder. Push the in-
sulator up over the connections and heat
or cable-tie in place. Position the board
inside the cover and screw the two togeth-
¢r. Finally push the Protopac into the
breadboard and screw in place.

Testing

Once the circuit has been constructed,
give it a careful review. Look for solder
bridges and bad joints on the non compo-
nent side, and loose wires or suspect con-
nection on the component side. Pay strict
and careful attention to ALL associated
mains wiring, which is potentially lethal.

Examine the orientation of all the semi-
conductors making sure that the regula-
tors, CMOS IC, transistors, LED and
bridge rectifier are all inserted the correct
way (as per the overlay diagram).

Make sure the fuse has been inserted
and then turn the power on. The LED
should then light up. If it doesn't — don't
worry. turn the power off and get your
multi-meter ready. Mcasure the voltage
across the +12 rail and the ground rail. 1f
it reads +12 volts and the LED still does
not light then it is probably placed the
wrong way around, so reverse it. If there
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is no voltage present check that the posi-
tive terminal of the bridge rectificr is in
the correct position.

Once the power rails have been checked
the variable reference voltage can be test-
ed. Simply connect a multimeter to the
output terminal and vary the trim potenti-
ometer with a screwdriver. If the output
does not vary then check that the transis-
tors are inserted the correct way around.

The clock and pulser sections all run off
the one IC. If they are both not operating
then IC4 is probably to blame. so check
its orientation. If the output from the
pulser is OK but the clock output is not
running look into the circuitry associated
with the output buffers (Q4. Q3. RS and
R6).

Using the system
Using the system is casy. Plug it into the
mains socket and power is applied to the
board. Note that the power rails need to
have wire links placed halfway down the
board if you wish to distribute power to
the sccond half.

Electronic  components such as inte-
grated circuits, resistors, capacitors, ete
can now be plugged directly into the

board. Conncctions between components
are made with small picces of solid core
copper insulated wire sometimes called
Bell wire to Telephone wire). The best
place to get this is, you guessed it, multi-
core telephone cable. The rest is up to
you. Happy developing! o

WHERE TO BUY
PROTOBOARD SYSTEM

A complete kit of parts for this project is
available only through:

Applied Audio Consulants,

GPO Box 733

CANBERRA CITY 2601

Ph: (062) 43 3345

Fax: (062) 47 0985

KIT PRICE $79

(plus $5 postage and packaging expenses)

The kit comes complete  with tinned
printed  circuit  board, breadboard,
pre-drilled and screen printed perspex cover,
and all components necessary 1o construct
the project. A full set of instructions is also
supplied.
NOTE: The printed circuit board and design
are copyright and the properry of Applied
Audio Consultants and may not be copied or
used without permission.

THE
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ke many projects, this one grew
L from a need, created by a recent
re-organisation of my overcrowded

workshop. An essential part of any
workshop is a sound system, both as a
means of entertainment and as part of
the test gear. For nearly 25 years (is it
that long??) a valve amplifier has faith-
fully fulfilled this role for my workshop,
but, apart from a deteriorating perform-
ance, it was taking up too much room.
So the search began for a simple, small
equivalent. Research showed that a
plethora of amplifiers are available —
either as kits or as ready built modules.
But, | wasn’t sure if these amplifiers

would have the same sound as the old
valve unit. Also, there was no challenge.

Whatever | came up with, costing and
performance had to be competitive.
After all, re-inventing the wheel is not
viewed favourably by either editors or
readers, and therein lay the challenge.
Siowly some thought crystallised, and
further research confirmed that there
was a way by using ideas that (as far
as | can tell) have been out of fasion for
many years. Basically, the design uses
three ideas that collectively do not ap-
pear to have been integrated before, but
which individually are fully tried and
tested. The first idea was to use Sanken
Power modules as the outputs. These
modules have been around for years,
and have proven their worth as being
both reliable and rugged. The question
was, can you still get them? At the time
of writing, George Brown confirmed that
the type | wanted is currently available
for around $20, (10 watt modulz2) and
that supply was no problem.

The next two ideas came as a result
of the circuit development process. Like
most projects, this one had its genesis
on a breadboard. Basically, all | had to
do was develop a tone control stage, as

THE PAST

From the workbench of Peter Phillips comes a 10 watt per channel amplifier,
costing around $75, which doesn’t require a printed circuit board, but
has a gut thumping performance that is reminiscent of valve amps.

the Sanken modules had everything
else, including sufficient gain to operate
directly from a typical signal source. |
researched the field to find that contem-
porary circuits all use an active tone
control  configuration. This method
places the tone control circuitry as part
of the feedback around an amplifier,
with component values chosen to give
the required boost or cut for both treble
and bass controls. So, | commenced
using a design that borrowed from vari-
ous ideas, and soon had a circuit up
and running. But, no matter what | did,
I could not get the sound | wanted. |
was able to perform an A — B test with
the old valve amplifier, and it always
won. Then, with an uncharacteristic
burst of insight, | figured that if |
wanted the same sound as the valve
amp, | should use the same circuit. And
that’s idea number two.

The third idea grew after all my con-
centration on valve circuitry. Older read-
ers may recall that in the 'good old
days’ magazine projects always built the
circuit on tag strips or terminal strips —
that is, using point to point wiring.
While this method is fussy, it meant that
anyone could do it. Today, the mini-

A BLAST TO BEAT

Specifications:

Measured using 8 ohm resistive loads.
Output Power = 9.6 W per channel, 1
kHz, 8 ohm load, (both channels driven
together).

Input for full output = 1 Vp-p. (Volume
control at max)
Frequency Response =
kHz (within 3 db) Tone controls to mid
posn, output = | watt.

Tone Controls

Bass = +12db and — 9db at 40 Hz
(boost-cut, compared to 1 kHz)

Treble = +15 db and — 18 db at 10
kHz (boost-cut, compared to 400 Hz)
Output impedance = 0.2 ohm, output

= | watt

Harmonic distortion at full power =
0.5% max.

Approximate cost = $75.00, including
transformer.

20 Hz to 60
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mum requirement for any but the most
simple projects is a printed circuit board,
which is great if you can make your
own, or if it is available as a stock item.
Because the circuit for this amplifier is
essentially quite simple, | decided to
build it all on strip-board (Vero board)
and to present it in this form.

So, collectively, the final result is an
amplifier that will ‘knock your socks off’
even though it uses the most basic
components and a piece of strip board
costing around $4.00. Demonstra-
tions of the unit have resulted in high
praise indeed — and | now have no re-
luctance to pension off the valve ampli-
fier, as this one compares in every way.
More impartantly, | don’t have to up-
date to a more expensive set of speak-
ers, as the boost frequencies from the
tone controls compensate admirably.

About The Amplifier

These days, applications for a stereo
amplifier that can operate into cheap
speakers abound. A tuner, a video re-
corder, or a second sound system for
Mum, (or whoever) are common appli-
cations. Other reasons include electronic
keyboards, computers (such as the
Apple 2GS with its sound synthesiser)
and even fully blown hi-fi systems with
a room equaliser that requires rear
speakers. This amplifier has the right
sort of bass and treble boosting com-
pensate for a cheap set of speakers, so
you win all round — a cheap amplifier
with cheap speakers. Naturally, the am-
plifier will also perform well with good
speakers, as distortion is extremely low,
and frequency response very high.

But why does the tone control cir-
cuitry of this amplifier have a different
sound (a better one, | believe) to other
circuits? Certainly, sound qudlity is a
subjective phenomenon, and has been
the subject of much debate. The argu-
ment of solid-state versus valve ampli-
fication often involves reasoning more
akin to a witch-doctor’s explanation of
bone pointing. One dedicated individual
of my acquaintance even asserts that
20% carbon resistors are essential for
true valve sound. It is probable that
most people could not tell the difference
between various amplifiers operating
under ‘flat’ conditions, given controlled
listening tests. But, fiddle the frequency
response by rapping up the bass and
treble controls, and each different am-
plifier will toke on a characteristic as
easily discernible as ‘one set of speakers
to another. The amount of boost, the
boost frequencies and the shape of the
response curve all contribute to the ef-
fect. Of course, purists will by now be
shuddering at the very thought of listen-
ing to sound that is not ‘flat’, although
it is arguable that most speaker systems
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exhibit humps and bumps in their re-
sponse curves.

There are various reasons why boost-
ing both ends of the audio spectrum is
desirable. Compensating for speaker
deficiencies is the most typical, as is low
volume listening. The latter reason .is to
compensate for the ear, as low volume
sound often sounds thin and lifeless.
Another reason is to enhance certain ef-
fects, a liberty taken by many FM radio
stations, particularly those with an em-

“’After all, re inventin
the wheel is not m‘ewegd
favourably by either
editors or readers, and
therein lay the challenge.”

phasis on pop music. So, | reckon, if
you are going to take musical license,
then do it with the best effect. This am-
plifier uses high impedance voltage am-
plification with a passive tone control
circuit, giving a close approximation of
a solid-state equivalent to the traditional
valve pre-amp circuit. As a result, the
bass is big and the treble bright. There
is a distinct lack of harshness, and dis-
tortion seems to be minimal, allowing
hours of fatigue free listening. Con-
vinced? Build it and see for yourself —
it works!!

The tone control circuit used in this
amplifier is not my design, (I confess),
but one that in various forms appeared
with many valve ampilifier circuits of the
1960s. Because of its losses, it needs
amplification both before and after it.
The circuit is intended to operate into
an impedance of 220k, easily obtained
with a valve, but difficult with a transis-
tor amplifier. The solution here was to
use operational amplifiers, although the
spectre of a dual polarity power supply
is consequently raised; a complexity |
wanted to avoid. However, by using RC
coupling and mid-supply biasing, single
supply operation has been achieved.

The Sanken power modules are the
real ‘guts’ of the circuit, as virtually
everything else is incorporated within
them. Unlike other IC power amplifiers,
the Sanken module is a hybrid unit, en-
closed in an aluminium housing that al-
lows direct mounting on a heat sink.
They are physically large compared to
an IC, and require only four externally
connected capacitors to become opera-
tional. The specifications include 0.5 %
distortion at full power, and a pawer
bandwidth of 20 Hz to 20 kHz. How-
ever, | found that at a normal listening
level, the bandwidth extended up to
60 kHz; impressive by any standards.
These modules are available in various
power ratings; 10W, 20W, 30 W and
SOW. | chose the 10W size as this
keeps things simpler and cheaper, and
10 watts per channel is more than



stereo amplifier

mnough for a domestic situation unless
ou have very inefficient speakers.
eaders requiring more power could use
‘he 20W module, although a power
ransformer with a higher voltage and
VA rating (37V, 1.5 amp) would also
be needed. The higher voltage would re-
quire the value of R9 to be raised to
around 1k (1 watt minimum, as 09w
would be dissipated). Also, the heat sink
should be increased if full power appli-
cations are envisaged. | have not re-
searched the other higher power mod-
ules, but their cost effectiveness may
make them less attractive than other
currently available circuits.

The whole amplifier in its presented
form is basic, but can be extended if re-
quired to include input selection and
any other sophistication that may be

needed. Under normal listening condi-
tions, heat generation is low enough to
permit the enclosure to be a plastic case
or a timber cabinet, although any suit-
able size aluminium case is probably the

“A no-frills workhorse,
with all the facilities
necessary, including the
right sound”

easiest and cheapest. If you intend op-
erating the amplifier at foud volumes for
any length of time, the size of the heat-
sink should be increased or the case in-
corporated as part of the heatsink. The

complete amplifier shown is an example
of how | adapted the amplifier module
to make a complete unit, and may give
some ideas. There are all sorts of ways
to make a suitable front panel, including
application of press-on lettering direct to
the selected front panel, or, as in the
example, with Scotchcal aluminium. |
suggest the use of a metal front panel,
electrically connected to the circuit
earth to minimuse hum pick-ups as it
earths the casing of each potentiometer.

Construction

The design is based on the strip-board
unit, catalog number H-5612, available
from Dick Smith, and features tinned
copper strips with an alpha-numeric grid
to uniquely identify each location. Any
similar board is suitable, and the alpha-
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How It Works

ICl is @ quad, FET input op amp, and all
four non-inverting inputs are tied to a
fixed 12V supply, filtered by C17, and
regulated by ZD! and R10. This sets
the quiscent output voltage of all four
amplifiers to 12V, in tun making all the
inverting inputs equal to 12V. The op
amp is supplied by a 24V supply, regu-
lated by ZD2 and R9, filtered by C16.
Because of the quiescent dc voltages,
RC coupling is used throughout the am-
plifier. IC1A and IC1C are set to give a
gain of 10, with an input impedance of
47K, established by R} (and R11). The
tone control circuit follows, in which
RV1 gives treble boost or cut, and RV2

R16
12K

BASS =

bass boost or cut. If bath controls are
set to mid position, the frequency re-
sponse is essentially flat, although a
square wave will exhibit slight variations
from the ideal at frequencies around
1kHz. The output of the tone control
circuit is coupled to the next stage by
C7 (and C24), which, because of the
high impedances used, need to be tan-
talum for low leakage. RV3 is the bal-
ance control, and operates by varying
the gain of 1C1B and IC1D from zero to
approximately unity in mid position, and
2 for either extreme. If more gain is re-
quired from the circuit is intended to op-
erate into an resistance of 220k, and

12VL| l
3 ¥ |
tos2vE—12 &n7 ‘
) 18
HEk
VR2b 10K i
250K L

8R

lowering either of these resistor values
may affect the operation of the tone
control circuit. RV4 is the volume con-
trol and supplies signals to the output
modules.

The output modules have a gain of
approximately 40, with bootstrapping
applied via C12 (and C29). The remain-
ing components connect sections of the
intemal circuit to ground. The network
R8 and C14 (R18 and C31) are sug-
gested by Sanken, presumably for
stability and transient suppression. The
output coupling capacitors, C13 (and
C30) can be 1000uF values, as recom-
mended by Sanken, but | used 250uF to
get the best low frequency response. —
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numeric grid can be written on the
board as required. If the chosen board
is not tinned, clean it thoroughly with
steel wool to ensure easy soldering.
Commence by marking on the track side
each of the 42 track cuts required using
the track-cut diagram/listing. Use a
3mm drill bit in a slow speed drill to cut
each track and remove any swarf on
completion.

Insert the 23 track links next, using in-
sulated tinned copper wire. It will be
useful to write the alpha-numeric grid
on the component side of the board to
help identifying each point from this
side. When fitting each link, bend the
excess along the track, rather than side-
ways before soldering, to minimise adja-
cent track short-circuits. The diagram
showing the links also shows the points
for each track cut, this time as viewed
from the component side. Check care-
fully for any misplaced cuts or links, as
one error can make life difficult.

Then mount the resistors, carefully
following the layout diagram. Mount
them all before soldering, again bending
the leads along the track. Once the
resistors are soldered in, mount the IC
socket and start inserting the capaci-
tors. Fit several before soldering, as this
helps to locate them and minimise mis-
takes. the next task is to fit the potenti-
ometers. Attach Imm diameter tinned
leads to the lugs, and arrange them to
fit into the required holes. Mark the
holes to ensure all six leads will be cor-
rectly located then fit each pot in turn.

At this point, preliminary testing is
recommended, as the possibility of error
with this kind of construction is more
likely than for a pcb. Attach the input
shielded leads, then insert the IC. Apply
a dc supply (25V to 40V) between
earth and the top of R9 (end facing the
rear of the board), and check that the
supply current is around 15mA to

20 mA. Connect an input signal, prefer-
ably from a signal generator, and con-
firm that signal is present at the volume
control. If possible, check that all con-
trols are working by observing the wave-
form with a CRO, or by listening to the
sound with a signal tracer. Confirm that
both channels are operating equally,
that is the same amount of treble and
bass contro! occurs, and the amplitude
of both signals is the same when the
balance control is set to its mid position.
A square wave set to a frequency of
around 400 Hz should exhibit consider-
able leading edge overshoot for treble
boost, and the bass control should alter
the slope of the top and bottom of the
wave.,

With everything working so far, mount
the bridge rectifier. Note that tracks Y
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and Z are earth, and, although already
joined at two other points, should now
be connected together with a very solid
connection between the negative termi-
nal of the rectifier and the negative end
of C15. Lay a short piece of wire be-
tween the tracks, and run solder to form
a continuous connection. This connec-
tion minimises hum due to the charge
current for C15 taking paths shared by
the inputs to the power modules. Next
connect the ac supply leads and the
output leads checking carefully that
there are no adjacent track shorts due
to a single strand. It may be necessary
to enlarge the holes for these leads with
a 1mm drill.

The final task is to mount the power
modules and the heatsink. Enlarge, with
a lmm drill, the holes in the strip board

Above: The top view of
the omplifier mounted in
its cose. The tronsformer
is ot the bottom left,
olong with output
terminols.

Left: A reor view of the
module itself. The power
modules ore ot either
end of the oluminium
strip, which serves os o
heotsink, opart from
corrying the power
supply copacitors.




Stereo amplifier

required to accept each module, and
form the legs of the module to match
the hole spacing by bending each odd
numbered lead to form a dogleg to-
wards the next even numbered lead.
The even numbered leads do not need
more than slight reforming. Note partic-
ularly that both modules face the same
way and the left hand module faces in.
Make the heat sink from a strip of alu-
minium measuring 45mm by 280mm.
Bend the strip at right angles 68mm
from each end, then drill it to match the
holes in each module. Also drill two
holes to attach the tag strips required to
support the off-board components. At-
tach the heatsink, then solder the mod-
ule terminals to their respective tracks,
making very certain that no shorts
occur between the tracks. The tag strips
and their respective components can
now be fitted, and the final wiring com-
pleted.

PARTS LIST — ETI-1419
Resistors: ............ all Vs watt unless otherwise
stated

R1,R11,R4, R14...47k

IC2,IC3......covveveees SANKEN SI-1010G

6672 or similar

Before connecting the transformer,
verify by measuring the resistance
across C15 that there are no shorts be-
tween the power supply rail and earth.
Also, do a final check that everything is
as it should be, then attach the trans-
former and a pair of speakers and apply
power to the unit. If all is well, and the
fire extinguisher is not really needed
after all, a thump at switch on should
indicate both output coupling capacitors
charging. Touching both input leads
should also give the characteristic hum
and the controls should all operate
properly. There should be no hum or
noise of any kind when the volume con-
trol is turned full anticlockwise. The
power modules run slightly warm, as
does R9. Obviously, if there is a signifi-
cant rise in temperature of the heat
sink, there is something wrong. The
voltages shown on the circuit diagram
may assist in any fault finding, although
correct dc voltages still occur if the fault
is an interruption in the signal path.

A Compete Unit

The example shown of a complete unit
uses a home made aluminium box, di-
mensions 95mm X 260mm X 200mm
{(h X w x d) fitted with a Scotchcal
front ponel. Because the amplifier is for
workshop use, the inputs are on the
front panel, with selection of either poir
accomplished with a 2 position, 2 pole
piano-key toggle switch. A mains on-off
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switch, a LED power indicator and a
stereo-mono switch complete the top
row, all located above the amplifier con-
trols. A 1 amp fuse in the mains lead
(active), is fitted to the rear panel, along
with the speaker output terminals. The
box is earthed to the amplifier by having
one speaker terminal (the earth of the
pair) connected directly to the panel. Al-
though probably unnecessary, | ar-
ranged everything so that this was the
only earth point to the case to ensure
no earth loop currents. Naturally, the
box and transformer casing are earthed
to the power point in the usual manner.
The LED is operated by the transformer
using the 27.5V and 24 V tappings, (to
give 3.5 V) with a diode and a 100 ohm
resister in series with the LED. The
stereo-mono switch simply connects
both inputs together, which is somewhat
rough, but useful in the planned appli-
cation. Two brackets from the heat sink
to the case bottom support the rear of
the amplifier module whilst the front
ponel supports the controls. A no frills
workhorse, with all the facilities neces-
sary, including the right sound.

It is planned to present in a future ar-
ticle a pcb version of the tone control
circuit of this amplifier, but integrated
with a 4 input mixer. The power output
section will be up to the reader, so if a
more sophisticated unit is required, keep
tuned-in to these poges. Otherwise,
enjoy the sound of the ’sixties from this
unit.

A view of the module from the top. The pots are conventional panel mounting ones,
secured to the board by a bit of stiff wire, (off-cuts from resistor leads work just
fine). You can use special circuit board mounting pots if you wish, but there are

problems both of supply and price.
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ETI181: RS 232

BREAKOUT BOX

The BreakOut Box (BOB) is one of the fundamental pieces of test equipment
for testing RS232 ports. This is a simple but flexible version of the idea.

This project was developed by the staff of All Electronic Components,  Lonsdale St Melbourne.
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THE RS-232-C STANDARD greatly sim-
plifics  the interconnection  of  digital
devices. When something goes wrong at
an RS-232-C interface, the 25 signal lines
and two equipment configurations — Data
Terminal Equipment (DTE) and  Data-
circuit Terminating Equipment (DCE)
can castly contuse the trouble shooter.
The RS-232-C BreakOut Box (BOB) is a
picce of test equipment used to simplify
RS-232-C trouble shooting.

BreakOut Boxes can be simple or very
complex. In its simplest form a BreakOuat
Box displays the polarity of the voltage on
an RS-232-C line. Fortunately, many of
the problems generally encountered can
be diagnosed  with a relatively  simple
BreakOut Box.

Average BOB
This project describes the construction and
use of BOB. an “average™ BreakOut Box.
It features:

A male and female DB-25 connector at

52 ETI Test Gear

cach end of the unit,

A patch bay that any of the 7 most

important lines at one end allow to be

patched to any of the same lines at the

other end,

The ability to st any lines to +12 V or

12V, and

Two coloured LED's to indicate

polarity of the voltage on cach line.
The circuit is simple. Each of the signal
lines (2. 3, 4, 5, 6. 8 and 20) arce taken
from the DB-25 connectors to the DIP
socket in the centre of the BOB. The DIP
socket acts as a patch bay. Any line from
one pair of connectors can be patched to
any line on the other pair. Each line is
attached to a SPDT Centre-off Toggle
switch. One position of the switch sets the
line to +12 V: the other position sets the
line to =12 V. The centre position lets the
line float at the voltage applicd to it by
the devices attached to the BOB. Polarity
indicating  LED’s with current  limiting

the

resistors display the polarity of cach line.

A £12 V power supply is built in to this
project, so that if set voltage levels 12 V
are required on RS-232-C lines. they are
provided.

Construction

Begin construction by inserting all links on
the pc board, follow with the resistors,
and then the PC Stakes. DO NOT at this
stage insert the LED's or Switches.

Mark off the four holes from the front
panel and printed circuit board, making
sure that they are aligned. ‘The front panel
is located in the centre of the case
lecave a few millimetres  clear-
ance from the vents in the top of the case.

Now driil the holes for the switches and
LED clips (6.2 mm), and cut out the rec-
tangular section for the DIP Socket. Clip
in the LED clips and insert the LED's,
making sure the polarity is correct.

The switches may now be mounted,
ensuring that they are all at the same
height. At this stage the wires to the pe
board should be connccted. lcaving
cnough length to allow them to go to the
DB25 connector and power supply. Next,
cut holes for the DB25’s on the sides of
the top half of the case, fit the DB25 and
connect the wires from the pe board. One
male and one female DB2S are wired in
parallel. Watch the pin numbers.

Place the four Y2" spacers between the
pe board and lid. and at the same time,
guide the LED leads. DIP Socket, and
switches through the pe board. Insert the
four bolts through the front panel. case.
spacers and pe board and tighten with nuts
supplied. Finally, solder the DIP Socket.
LED’s and switches on the back of the pe
board.

The power supply is straight-forward.
Assemble all the components on the pe
board. and place the transformer on the
left-hand-side base of the case. Bring in
the mains cable through the back pancl
and keep it close to the bouom of the



case. Connect active and ncutral wires to
the transformer, and the carth wire to the
case of the transformer.

Now place the power supply board next
to the transformer. using 10 mm spacers to
keep it clear of the case. Connect the
secondary of the transformer to the appro-
priate terminals. Now the power rails from
BOB may be connected to the power
supply.

BOB is now rcady for usc.

Potential problems:

Before using BOB. you should understand
two circuit shortcomings. Firstly. BOB
draws current from the circuit under test,
and secondly. unless care is taken BOB
can create short circuits.

BOB draws current from the circuit
under test to light the polarity indicating
LED’s. By using current from the circuit
being monitored. the need for active buff-
ers and transistor switches is climinated.
However, it means that BOB loads the
RS-232-C device connected to it. and in
extreme cascs, this loading may interfere
with circuit testing. If this is suspected.
use an oscilloscope to cheek cireuit volt-
ages. If positive voltages are much below
12 V. or negative voltages are much above
=12 V. the circuit is overloaded.

It is possible to switch a line to +12 V
on one side of the patch bay. patch it
across to the other side, and then switch it
to —12 volt. This will short-circuit the
power supply. Itis also possible to cause a
short-circuit if an attempt is made to sct a
line that the cquipment under test is set-
ting. This is cven more serious, since it
might damage the cquipment. However, it
care is taken, you will encounter no prob-
lems with BOB.

Using the Break-Out Box:

To begin, make yourself familiar with the
names of the various lines. as this will give
you an insight to these functions.

It is also valuable to know which type of
device. DCE or DTE. generates cach sig-
nal. When you are familiar with the RS-
232-C interface. and familiar enough with
BOB to understand its limitations, you

will be able to begin using it. [t is impossi-
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ble to anticipate cvery configuration of
BOB that will be uscful; however, descrip-
tions of a few common problems and how
BOB is used to solve them can help you
icarn

Activating DCE:

It is often necessary to test a modem or
other  picee  of  data-circuit-terminating

RS232-C Connections:
1

PIN Protective Ground
PIN 2 Transmit DATA (TD)
| PIN 3 Received DATA (RD)
PIN 4 Request to send (RTS)
| PIN & Ctlearto send [CTS)
PIN 6 DATA set Ready (DSR)
| PIN 7 signal Ground
PIN 8 Received line Signal
Detector (CD)
PIN 20 DATA Terminal Ready (DTR)

equipment (DCE) without having it at-
tached to a computer.

To activate a DCE. lines 20 and 4 must
be set to +12 V. To do this, use BOB
with no jumpers in the patch bay. Set all
of BOB’s switches in the centre (off) posi-
tion. Connect the DCE to one of BOB's
DB2S connectors, and set the switches for
pins 4 and 20 to the +12 V position. Be
sure to use the switches on the same side
of the patch bay of the DB25 that you are
using. Now, assuming that the DCE is a
modem, you should sec a carrier at its
analogue output. By setting the switch for
line 2 (TD) to +12 V it should be possible
to change the tonc coming from the
modem.

LED’s should indicate that the modem
is setting pins S and 6 to +12 V. These
lines are used to activate equipment at-
tached to the modem. If they are inactive,
or remain at —12 V. then the device at-
tached to the modem might never send
any data. If the modem does not respond
correctly, then it is not operating as a
standard DCE device. Further trouble-
shooting is in order. If the modem does
not respond as predicted, you know that
any problems you have are caused by
some other piece of equipment.

Activating DTE:
BOB can also be used to activate a Data
Terminal Equipment device (DTE), such
as a terminal, to sec if it is operating cor-
rectly.

With CTS. DSR and CD switched to
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ETT 181

Breakout Box

+12 V, data sent by the DTE should ap-
pear as a flickering of the LED on line 2
(TD). If the data does appear, there are
still some things you should use BOB to
determine: e.g: does the DTE set line 20
(DTR) to +12 V? (many DCE devices
must have this line set to +12 V); does the
DTE under test, set linc 4 (RTS) to +12 V
before sending data?; how does the DTE
react to changes on lines 5 (CTS), 6 (DSR)

and 8 (CD)?
These questions can  be  answered
quickly by changing switches and

observing the LED’s. The answers will
come in handy when you wish to interface
the DTE to another picce of equipment.

Connecting like devices:

It is sometimes. nccessary to connect two
RS-232-C devices with the same configura-
tion (DCE or DTE). If two terminals
(DTE) are simply wired together, they
would both attempt to transmit on line 2,
and reccive on line 3.

This means that the transmitted signals
would collide. and no received signals
would be heard. Both units would also be
setting linc 4 to +12 V, but lines 5, 6, and
8 would be set by neither. This would not
work because there is no difference in
potential.

By using BOB. two DTE devices can be
connected without any problems. In this
configuration, BOB is called a *null
modem”™ since it replaces the modem’s
that would usually connect two terminals.
Two DCE devices can be connected in a
similar manner.

ETI 181 PARTS LIST
1 only Printed Circvit Board, 86-9-2
14 only SPDT Centre-off Toggle Switches
14 only Red 5 mm LED's
14 only Green 5 mm LED's
28 only LED clips
14 only 1K2 2 watt Resistors
1 only 14 pin Wire-wrap 1/C Socket
1 only Silk-screened, Aluminium, Front Panel
1 only Large Plastic Case
4 only 2" Plastic Spacers
4 only 1 x /" Bolts
1 metre Tinned Copper Wire
2 only DB25 Male Connectors
2 only DB25 Female Connectors
14 only 2" x &" Bolts
18 only 4" nuts

POWER SUPPLY

1 only Printed Circuit Board 86-9-3
1 only PL24/20 VA Transformer
4 only 2200uf 25 V RT Electrolytic Capacitors
1 only SO2 Bridge Rectifier
1 only 7812 TO-220 Voltage Regulator
1 only 7912 TO-220 Voitage Regulator
4 only 2" Spacers
4 only 1” x 4" Bolts
4 only 8" Nuts

GENERAL
1.5 metres Mains Cord
1 only 3 Pin Mains Plug
1 only Strain Relief Bush
10 metres Light duty Hook-up Wire
1 only DPDT Toggle Switch
19 only Printed Circuit Board Pins
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For DTE devices set all lines in centre
position. set CD line on both sides to +12
V, bridge TD to RD opposite side on
both sides, bridge RTS to CTS opposite
side on both sides, bridge DSR to DTR
opposite side on both sides.

You may, if you wish, have this
configuration permanently on a 14 pin
header for future use.

These are only a few functions of BOB.
BOB is a powerful unit for monitoring

and changing signals at an RS-232-C inter-
face. 1f care is exercised to avoid short-cir-
cuits, BOB can tcach much about RS-232-
C and help solve confusing problems.
Further reading:
“Beating the R232 Blues™ G. Wideman,
ETI. Aug. 1983. p84. [ ]
Kits of this project are availuble from All
Electronic Components, 118-122 Lonsdale St,
Melbourne Vic 3000. (03) 662 3506. Cost is
$268.




Project 170

PRECISION CRO
CALIBRATOR

Anyone who has used a CRC will know what an incredibly
useful instrument it can be — providing you can be sure of its
calibrations. This handy low-cost calibrator will let you check
and adjust all main settings easily and efficiently. Designed by
the Electrical Engineering staff at Sydney University, it is easily
built and can also be used to check out a CRO you're

considering buying.

WHEN OSCILLOSCOPES or ‘CROs’ first
started to be used in electronics, they were
simply used to ‘look at’ what was going on
in a circuit. Just being able to ‘see’ what was
happening to the voltages and currents was
a big step forward from what had been pos-
sible before, and for a while that was
enough.

But nowadays people expect to be able to
use a CRO in a much more quantitative
fashion, 1o measure instantaneous voltages,
voltage changes and timing details. In order
to be used in this more serious way, a CRO
naturally needs to be properly calibrated.

The small low-cost calibrator described
here has been designed to make calibration
of almost any reasonably modern CRO a
fairly simple and straightforward job. It
produces pulses of known accurate ampli-
tude and timing. whose peak-to-peak volt-
age and repetition rate can be varied over a

wide range to allow most of a CRO’s nor-
mal ranges to be checked.

While the calibrator can be used to check
and adjust both gain and linearity for both
the vertical and horizontal channels of an
instrument, in practice most CROs do not
provide a means of adjusting the linearity of
the vertical amplifier(s) — only the gain.
Similarly although you can use the calibra-
tor to check horizontal linearity, most
instruments only allow you to adjust the
horizontal gain and average timebase sweep
speed.

A CRO which was made more than ten
years ago (fairly rare in the commercial
world, but still common in hobby work-
places) can easily drift a few percent in a
period of months. Hence the need for a
handy reference like this calibrator.

In addition to its main intended use in
keeping your existing CRO or CROs cali-

brated, it is probably also worth taking
along when you are looking at new CROs
with an eye to purchase. It has surprised the
authors to see how badly some otherwise
impressive units fared, even brand new.

We will now discuss how the calibrator is
used, for those who may not have been ex-
posed to such procedures before. In addi-
tion to checking vertical gain accuracy and
sweep speed, we will also explain how to
check overshoot, timebase non-linearity,
the presence of a satisfactory vertical
delay line for viewing non-repetitive trig-
gering events, and vertical non-linearity.

Note that we must assume you have ac-
cess to the operating manual of your CRO,
for details regarding the manufacturer’s
recommended procedures in adjusting the
instrument. This varies from instrument to
instrument, and it is often important to ad-
just things like the vertical attenuator and
timebase ranges in a particular order.

Vertical calibration

This is initially fairly simple. Referring to
the first CRO screen photograph (repre-
sented in Figure 1), the instrument’s appro-
priate present potentiometer is adjusted to
obtain precisely the correct deflection. The
photograph was taken on a brand new CRO
on a medium voltage deflection scale, and
so the trace is narrow and sharp. The ad-
justment should be done on the range(s)
specified by the manufacturer, but the
checking of calibration should be done on
several of the available ranges.

Figure 2 shows the same (brand new)
CRO on its most sensitive range. There are
two points to note. The first is that the trace
was fuzzy, primarily on account of CRO
amplifier noise. This requires that the
operator effect some estimate of the differ-
ence between trace centres. It is best to take
one edge (in Figure 2 the lower) and adjust
the vertical position so as to set the refer-
ence edge precisely on a graticule line. Then
the same edge of the trace on the other part
of the squarewave cycle gives the
deflection.

In Figure 2 the deflection is clearly about
5.2 divisions. The second point to note is
that the CRO (correct to the limit of meas-
urement on the 50 mV/div range) is 4 per
cent high on the 1 mV/div range. Thus the
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need to check performance against speci-
fications on all ranges is very clearly demon-
strated.

Horizontal calibration

Initial sweep calibration should similarly be
carried out at the sweep speed specified for
the particular CRO, but a check is recom-
mended over a wider range. Figure 3 is of a
set of 10 timing pulses arrayed over a CRO
screen. With the fine vertical edge of the
first pulse set on the first vertical graticule
line, the same part of the last pulse shouid
align with the final graticule vertical. Even
on the screen of the high quality and fast
writing speed CRO used for this the inten-
sity must be set quite high to clearly show
the fast vertical edges.

Timebase Linearity

Regrettably for readers, but fortunately for
ETI, we were unable to locate a CRO with
bad linearity. Referring still to Figure 3, had
there been a non-linearity in the sweep, it
would have been evident as one or more
vertical pulses not being aligned with their
respective graticule lines after the horizon-
tal calibration had set the end pulses on
their respective markers. We have observed
such problems even on new CROs. The
calibrator prevented a poor purchase in that
case!

Overshoot

This phenomenon is becoming rarer on
CROs these days. The only CRO we could
locate with significant overshoot proved to
have neither graticule illumination for clear
illustrations nor the ability to give a good
look for single edge blow up.

We settled for using a 10 year old CRO
— also with no graticule illumination. Fig-
ure 4 shows overshoot on the edges of the
inverted timing waveforms, rather than the
voltage waveforms. These were easier to
trigger on than the relatively infrequent
edges of the voltage calibration square-
wave. The overshoot is the ‘wiggle’ seen at
the beginning of the clear horizontal parts
of the trace.

Delay Line

Figure 5 shows the rising edge of the voltage
calibration waveform on a high quality
oscilloscope. The trace was rather dim, be-
cause the sweep occurs only at 1 kHz, de-
spite the sweep speed of 10 ns/div. The
same edge that triggered the timebase can
be seen, because the CRO contains a delay
line, so that the signal is delayed for lon
enough (some tens of nanoseconds usually
to allow the sweep to commence before the
signal is applied to the vertical deflection
plates. A view such as this is impossible
otherwise.

The edge is not perfect. The salient fea-
ture is a minor step-like appearance at the
top of the edge. This is in fact not CRO
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Figure 1. Vertical calibration. New Trio CS-1022
set to 0.2 ms/div, 50 mV/div.

induced overshoot, but the result of mis-
match in the connection from the calibrator
via a 50 ohms cable to the | m/50 pF input
impedance of the CRO. Such is the typical
situation which will be encountered.

Construction & setting up

The construction is basically a case of dupli-
cating the prototype shown here. Initially
drill the appropriate holes in the panel of
the case being used. All the electronics is at-
tached to the pancl along with the switches
and connectors, so the shape of the rear of
the container is not important.

Once drilled, the various holes on the
front label can be lined up with the holes in
the panel and the label attached. After ad-
hering the label, fit the components and
their knobs where applicable. Next assem-
ble the pc board, exercising the usual care
to ensure that all the polarised compo-
nents arc orientated correctly. Also take
care to leave the solder joints clean and free
of blobs which might short tracks together.
Remember that only resistors and capaci-
tors without polarity markings can be put in
either way around, because everything else
is polarised in some way!

Next attach all the components which are
mounted to the rcar of the panel controls.
These components are fixed to the panel
controls 10 reduce the number of flying
leads. Be careful to get all of them in their
correct circuit locations, as revessal of com-
ponents here can lead to “satisfactory’ but
uncalibrated operation.

Finally connect the pc board to the pancl
with short lengths of hookup wire. The
leads should be as short as is practicable
while leaving the board accessible for align-
ment, servicing, etc. Long leacs can give
rise to unwanted coupling between the cir-
cuit sections, and may also permit the radia-
tion of unwanted EMI (Electro-Magnetic
Interference), even up to VHF frequencies,
because of the sharp edges generated by the
driver circuits.

With a battery connected the unit should
now function. It remains only to adjust the
supply to its correct voltage. This of course

Figure 2. The same CRO as in Figute 1,
at 1 mV/ div

Figure 3. A seven year old Tektronix 465 is shown
at 1 ms/div. Its last calibraton date was not
recorded, if it happened at al'!

Figure 4. A BWD 511 of unguessable age. CRO
calibrator set to 1us timing pulses, CRO at 1 V/div
and 0.2 us/div. No graticule illuminatior: available.

Figure 5. Tek 465 again, 20 m¥Y/civ and 10 ns.div,

with the calibrator on 100 mV range.



HOW IT WORKS — ETI-170

The CRO calibrator circuit divides into six
parts. These are a power supply section, a
1 MHz clock, a 10 MHz clock, a divider chain,
a voltage output section and a timing pulse
output section. Each will be discussed In its
turn.

Power supply

The power supply consists of ICs 1, 2 and
part of IC3, with their surrounding compo-
nents. Q1 is used as a saturating pass ele-
ment, to connect and disconnect the battery
from those parts of the device which are not
continuously powered. IC1 is the only IC con-
nected all the time to the supply. Initially con-
sider that C1 is discharged. IC1(b) and (c)
have their Inputs held iow, so that their out-
puts are high. These gates are connected in
parallel to increase the current delivering
capacity. Because the outputs are high, Qlis
held off.

In this condition the current drain from the
battery is so smali that it will last Its shelf fife,
and it may be considered unconnected.

When PB1 is depressed to turn on the in-
strument, C1 is charged up rapidly via R1.
The Inputs of IC1(b) and (c) and taken high
and the outputs are thus driven low, turning
on Q1. This appiies aimost the full battery
potential to iC2, a precision supply regulator
iC, via the external supply jack. Capacitors
C3 and C4 decouple the rall to prevent In-
stabllity problems arising from the source
Impedance of the battery. RV1 Is used to trim
the regulated supply voitage to 5.05 volts,
while C5 C6 and C7 provide further
decoupling and compensation.

C1 will slowly discharge via R3. When it
reaches about half rail potential, IC1(b) and
(c) will once again turn Q1 off, returning the
instrument to the quiescent (off) condition.
Thus automatic turnoff Is effected. Should
PB2 be fitted, it may be used to manually turn
off the supply.

if the unreguiated supply falls below a level
where good regulation of the 5.05 volt supply
by IC2 is not possible (when the battery goes
fiat, for example), iC3(a) and IC1(a) and (d) are
wired to Immediately turn the supply off. Note
that IC3 Is powered from the 5.05 volt rail.
When the Input of IC3(a) falis to below about
half its supply rall, which is about 5.05 volts,
it charges C2 via R5. This causes 1IC1(a) and
(d) to discharge C1 via D1 and R2, which
shuts off the supply.

Resistors R6 and R7 set the potential on
the collector of Q1 which is required to initi-
ate this automatic shutdown. This mech-
anism prevents any attempt to use the device
when It is potentlally operating incorrectly
due to a low battery condition.

1 MHz Clock

The 1 MHz clock is crystal controlled and pro-
vides the timing reference for all (but the
10 MHz) timing signals and the voltage call-
bration squarewave. The osciliator consists
of ICA(b) and surrounding components. it
runs off the 5.05 volt supply, and operates
continuously when the unit is In the on state.

Divider Chain

The divider chain consists of six decade
counters. These provide signals divided by
10, 100, etc, up to 1 million, giving 10 per cent
duty-cycle pulses of from 100 kHz to 1 Hz, all
derived from the 1 MHz reference. The ‘on’
indicator is driven from one of these dividers,
glving fast flashes with low duty cycle to give
indication without wasting power.

Timing Pulse Output

IC3(b/d) and IC11 with surrounding compo-
nents form the timing pulse output section.
This section, when enabled, shapes the tim-
ing pulse train and delivers It to the output
with 50 ohm impedance. With SW1(a) in the
‘time’ position, IC3(d) is enabled. The disa-
bling system prevents the gates consuming
power when not required. SW2(a) selects the
timing train with the required frequency.

SW2(b) selects the capacitor which defines
the shape of the output pulse. This mech-
anism s Incorporated to provide pulses
whose edges are conveniently visible on all
frequency ranges.

On the 1us range, the pulses are not modi-
fied by a capacitive load on IC11(c/d/e), but
are shaped by the driving network formed by
the sections of IC4 not used in the oscillator.
Not only does this provide neat, visible
pulses at this frequency, but it makes use of
the gates in the package already handling
1 MHz signals. This reduces the chances of
crosstalk between these signals, with com-
ponents in very high frequency ranges, and
the slower timing signals. Such crosstalk can
upset triggering and interfere with the wave-
form being displayed.

10 MHz Clock

The 10 MHz clock circuit is buiit around IC12.
It differs somewhat from the 1 MHz clock in
order to allow clean operation at this high fre-
quency. R39 and C18 with 1C12(c/d) form the
output wave of the oscillator Into a pulse
string for easy alignment against graticuie
timing marks. Note that the circuit is sepa-
rately decoupled by C19, and is only powered
by completing the earth return when re-
quired, as selected by the range switch
SW2(b).

This circult consumes considerable power
in relation to the other parts of the calibrator,
and 80 is not activated when not required. its
output is fed to a different connector. If it is
not required, this whoie section can be delet-
ed, removing the 10 MHz 100 ns range with
commensurate cost saving. If no fast CROs
are likely to be encountered, this would not
be a problem.

Output Section

The voltage output section, when enabled by
SW1(a), produces callbrated output square-
waves at 1 kHz. The voltage level is selected
by SW3. When not enabled Q2 remains off.
When enabled it is switched into and out of
saturation by IC11(b). Capacitor C16 Is se-
lected to precisely puil Q2 out of saturation
as quickly as possible.

When fully saturated, Q2 has approxi-
mately 0.05 volts drop across it — hence the
5.05 volit supply. R16 through R36 provide a
precise 1-2-5 sequence attenuator using only
E12 series preferred resistor values. Signals

of 1 mV p-p to 5 V p-p are developed. The out-
put impedance is at most a few hundred
ohms. Because no buffer Is provided, the
CRO input must not be terminated In 50
ohms.

WHILE WE'RE TALKING ABOUT
CROs . ..

While we're thinking about CROs and their
performance, let's consider for a moment a
few generai aspects of oscliloscope or ‘CRO’
performance which are often taken for
granted.

Nowadays there are quite a few CROs avall-
able for around the same price as a humble
(humble?) audio ampllifier. But we expect
rather different things from the two types of
equipment. For example we only expect am-
plifiers to have a bandwidth of from 20 Hz to
20 kHz — yet for the same money we expect a
CRO to have a bandwidth of dc to 20 MHz!
This is a very big difference, yet some of the
better CROs go a great deal further, to
200 MHz or even 500 MHz.

Aatute readers will guess at once that
something Is traded for this wide range. But
perhaps few of you may have realised just
what It Is that is missing from the CRO’s
performance. .

One of the things usually noted in the ‘fine
print’ of CRO specifications Is linearity. A
verticai defiection linearity error of one or two
per cent |s typical, probably specified for a
deflection of say six or seven major divi-
sions.

In an audio amplifier this woulid be called
distortion, and if it rose much above say
.01%, today’s audio enthusiast wouid be
most unhappy. By paying more money, you
can get an amplifier with ten times lower dis-
tortion again. in addition, the audio amp is ex-
pected to maintain this iow level of cistortion
even at power output levels of 100 watts or so
— a far cry from the few tens of voits, at low
currents, expected from the CRO deflection
amps.

The CRO can of course get away with this
relatively poor linearity because the human
eye can’t perceive less than about one per
cent distortion, whereas our ears most cer-
tainly can — particularly on the right kind of
programme material. Round two to the audio
amplifier.

in most applications where a CRO is used,
the user expects to be able to resolve the
position of the trace to within 0.1 divisions,
on a screen with eight vertical and 10 hori-
zontal divisions. This represents a dynamic
range of about 38 dB in the vertical direction.
Compare this with the 50 dB or more you get
from your cassette player, or the 96 dB from a
compact disc.

The upshot of this is that the signal-to-
noise ratio of a CRO can be relatively poor,
and the spot position uncertainty fairly large.
Round three to the audlio amplifier.
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PARTS LIST — ETI-170
CRO CALIBRATOR

Resistors..........
R1, R2, R38.
R3...
R4...
RS5, 7, 10, 11, 12,
41 ... .

...all VaW, 2% unless noted

R6... ..1M8
R8.. ..5k6
RS.. L 2k7
R13, R40 .47R
Ri14...... .10k
R15,R37 ... 470R

3 2L —— 220R 1%
R21,22,33,34....33R 1%
R23, 24, 25, 35,

36 ....22R 1%

R26.

. 12R 1%
R27. ...150R 1%
R37. ..470R
R39..... ..390R
R42, R43 .. ..100R
Capacitors
C 47u/16VW RB electro.

100n/100V met. poly.

10n ceramic monolithic
...100,/25VW RB electro.
...47p ceramic

...15p NPO ceramic
...10p NPO ceramic
..2n2 ceramic monolithic
..22n ceramic monolithic
...220n met. poly.
...2pn2/35VW solid tant.

.. 22n/6VW solid tant.
220u/16VW electro.
100p ceramic

..22p NPO ceramic
4,.7/35VW solid tant.

1N914 diode or similar
...5 mm red LED with bezel
...4001 CMOS quad NOR
...LM305/376 regulator
...4017 CMOS decade
divider

4049 CMOS hex inverter
...7402 TTL quad NOR
BC559 or similar

Miscellaneous

SW1 .. ...DPDT sub-min. toggle

Sw2 .. 2-pole 8-pos. rotary

SW3 .. 1-pole 12-pos. rotary

PB1 .. Mom. contact sub-min.
pushbutton

SK1 o 3.5 mm sub-min jack

socket with sw.
Panel-type BNC socket

... Tip jacks
1 MHz crystal, par. res.
with 30p
X2, 10 MHz crystal, par. res.
with 30p

ETi-270 pc board and Scotchcal label; 196 x 112
x 60 mm zippy box; 2 small knobs; 216-type 9 V
battery; battery clip lead; 2 x 45 mm tapped
spacers for pcb mounting; hookup wire, nuts,
bolts, etc.

Estimated price: $60
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Mounting 'the. pc board to the panel. The leads should be as short as possible to avoid coupling
between circuit sections and to prevent unwanted radiation.

%
el

Inside the case. Apart from the ICs and other components mounted on the PCB there are few other
components required and these are mounted directlv on the switches. Note the battery clamp bracket,
attached to the front panel by the 10 MiHz output socket.

requires a known accurate reference. We
used a 3V2-digit multimeter. which is ade-
quate. It should be attached to the regu-
lated supply rail, and RV1 adjusted tc give
the specified 5.05 volis. This gives 1%
accuracy to the unit. As most CROs are
good only to 2% or so. this is reasonable.

Further accuracy can be obtained if re-
quired by using the following alignment
procedure Switch the cirenit to volts. At-
tach a 4'2-chgit meter to the volts output.

Short 1C3 pin 10 to rail momentarily. and
set RVI for 5 volts on the 5 V range. This
gives accuracy limited only by the attenua-
tor chain resistor tolerance.

Artwork: Front panel artwork and
drilling diagram are availuble on request
to ETI. PO Box 227. Wauterloo, NSW
2017 ®



Project 174

Get the equivalent of a rubidium
frequency standard by draping
a piece of wire over the back

of your TV setl!!

FREQUENCY
STANDARD

Neale Hancock

NO., THE ABOVE statement is not an ETI
attempt at humour nor is it a figment of our
imaginations. Believe it or not your humble
television can provide an extremely stable
and accurate reference frequency. You may
ask “OA, what's with the wire then?" (or
words to that effect). Well that acts as a
transducer to pick up clectromagnetic radia-
tion from the back of the set.

Normally you would need to spend thou-
sands of dollars to achieve accuracy beyond
tne parts per hundred thousand you expect
from ordinary meters. With this simple
project, an extremely accurate IMHz sig-
nal can be derived.

The horizontal deflection in the picture
tube is achieved by applying voltage to the

voke at a frequency of 15.625kHz. These The inside view.
pubses are decoded by the receiver from the

signal sent by the television station. The
high voltage is provided by the extra high
tersion (high voltage) section of the TV set.
Therefore, the eht section has a very strong
clectromagnetic ficld of 15.625kHz pulses
around it.

The 15.625kHz pulses generated at the
television station are derived from a ru-
bidium standard (or will regularly check
against one) thus they are very stable and
very accurate. They provide the reference
signal for our frequency standard.

Circuit overview

The electromagnetic radiation emitted by
the eht section is transformed into electrical
palses by the loop of wire. These pulses are
then conditioned and butfered providing a
useful reference signal. When they are of an
adequate level, the pulses go into a CMOS

4046 phase-locked loop (PLL). The internal
oscillator of the PLL is set to run at IMHz
and is locked to the incoming 15.625kHz
reference signal.

When the PLL is locked to the reference
signal, its internal voltage controlled oscilla-
tor (VCO) has the same stubility as the
reference. Therefore the outgoing 1MHz
signal will be as stable as the 15.625kHz
reference except for some PLL jitter. The
jitter is due to the VCO of the PLL drifting
slightly then re-locking onto the reference.
This jitier can be minimised by careful se-
lection of components.

Construction

Before you commence censtruction, ex-
amine the tracks on the pe board for breaks
and bridges. First of all, put in the wire link
located next to 1C4 then put in all the
capacitors and resistors making sure that

the electrolytic capacitors arc polariscd
correctly.

Mount the diodes and transistors, but
check their orientation against the overlay
first. Except for the voltage regulator, all
the ICs are CMOS so take care not to touch
their pins when putting them into the board.
Also check the orientation of all the ICs
against the overlay before you mount them.

The case can now be drilled out. and then
sockets, LEDs and pe board mounted in it.
Finally connect the sockets and LEDs to the
pe board using short Iengths of hookup
wire, but check the polarity of the LEDs.
To reduce the chance of having stray signals
bouncing around the case, shielded cable
should be used to connect pc hoard to the
output socket. Also make sure that the
input socket is insulated from the case to
prevent a short ciew ioand
ground,



THE BROADCAST TIME BASE

Because broadcast television studios pro-
duce a great many hours of video pro-
grammes that may need to be edited or
mixed with other programmes at any time, It
Is vital that they have a very accurate time
base or synchronising signal.

A few commercial stations and the ABC
use a rubldium frequency standard with an
accuracy of something Ilke one part in one
hundred billlon. Most stations that don't
have a rubidium standard will have an oven
controlled crystal osciliator and will regu-
larly check it against a station with a ru-
bidium standard.

In Sydney the four VHF stations regularly
compare their 4,433,618.75 hertz colour sub-
carrier against other stations and In virtu-
ally all Instances all four are within one or
two hertz of each other.

The only possible exception Is that a bad
video tape edit can sometimes cause a
momentary phase error in the broadcast
signal.

It you need the highest possible accuracy
from this project then don’t use it on some-
thing with a lot of video tape edits like ad-
vertising.

The system of using broadcast television
signals as a frequency standard is so reli-
able it is used Iin the US by many registered
laboratorles. Each month the US National
Bureau of Standards publishes a frequency
offset for each of the networks.
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HOW IT WORKS — ETI-174

The incoming signal is filtered by C1, and
R1 to remove any high frequency nolse. The
fiitered signal then goes to the base of Q1.
Providing this signal has enough level to
turn Q1 on, the output from Q1 will be able
to drive the inverting buffer IC1a. The signal
is now at a high enough level to drive the
Input of the phase-locked loop, IC2. To
show that this signal is present, LED1 is il-
luminated via IC1b.

The combination of R8, R9, and C5 sets
the internal VCO of the phase-locked loop
running at 1MHz. The ratlo of R8 to R9 is
optimised to minimise jitter. So that the in-
ternally generated 1MHz can be compared
with the 15.625kHz reference, it is divided
by 64. To do this, six stages of a 4024
CMOS counter are used.

To show that the VCO is locked to the
reference, the lock detect output is used to
iluminate LED2 via IC1c. The locked 1MHz
signal goes to the output socket via the npn
transistor, Q2. The voltage regulator IC4

15-20vdc IN

+

15.625kHz IN

es
SIGNAL
— PRESENT

and capacitors C8 and C9 supply the circuit 1MHz
with a stable 12 voits dc. out
PARTS LIST — ETI-174
Resistors................. all 5%, VaW except for R8 10n greencap IC3. s 4024
and R9 which are metal .0.47p 25V electro (07 SOS 7812
film VaW .4u7 25V electro
M .100p polystyrene
....15k .1 25V electro
1k .100n greencap Miscellaneous
....100k .1000u 25V electro ETI-174 pc board; 41x68x130mm zippy box;
... 18k metal film female RCA socket; 4mm socket with binding
.10k 1N4004 post; shielded cable and hookup wire; Scotchcal
..3k3 red 5mm or other front panel.
! <la) .BC547
Capacitors ) 14093
Clo i, 47p ceramic 4046 Price esﬁmate: 321
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Testing

After assembling the pc board, carefully
examine it for solder bridges and misplaced
components. Connect up a power supply to
the frequency standard, this power supply
can be between 15 and 20 volts and can be
in the form of a battery, a plugpack or even
a lab power supply. When the power is ap-
plied the output from the regulator should
be around .12 volts. If this is not so look for
short circuits around the supply rails.

If you want to perform an initial check on
the PLL to see if it is operating correctly
you can set it free running. This is done by
shorting the VCO inhibit pin (pin § of IC2)
to ground with a short (no pun intended)
length of wire. The frequency at the output
of the frequency standard should be be-
tween 700kHz and 1MHz (the one I tested
oscillated at 850kHz).

Setting up and operation

When mounting the wire on the back of
the TV set select the channel whose picture
is clearest and most stable. This will provide

the cleanest signal to put into the frequency
stardard. The vertical hold must be stable.
If the picture ‘rolls’ then the reference fre-
quency going into the frequency standard
will be incorrect.

To pick up the strongest signal from the
back of the TV, it is best to make three
loops each about 12cm in diameter in a
length of insulated wire. This should then
be taped to the area at the back of the TV
set which emits the strongest electro-
magnetic field. This area is near the eht sec-
tion of the television and as | mentioned at
the beginning of the article, this is where the
field is strongest.

To find the place where the field is
strongest you can use an ac reading analog
multimeter with one end of the wire loop
connected to the positive (or red) probe and
the other end left free. As the wire loops are
moved around the back of the set the needle
on the meier will be at its maximum deflec-
tion where the field is strongest. If you do
not possess an analog multimeter a digital

multimeter will perform the same task as
long as it has a 2Vac range. However, you
will have to move the wire loops to a posi-
tion then let the meter settle before you
take the reading. This is more time consum-
ing than using an analog multimeter, but it
gives the same result.

Once you have found the area where the
field is strongest, and taped the loops there,
connect the end of the wire to the frequency
standard. The ‘signal present’ LED should
iluminate followed shortly by the ‘lock’
LED. When the ‘lock’ LED comes on the
frequency standard has stabilised and is
ready to use.

If the 'signal present’ LED does not il-
luminate then there is not sufficient field
present. To remedy this, move the wire
loops until the LED comes on. If this does
not help add more loops to the wire or make
the loops bigger. If the ‘lock’ LED does not
come on, check that the PLL is operating
correctly using the procedure mentioned in
the "“Testing” section. o
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Project 172

BIT PATTERN
DETECTOR

Neale Hancock

Looking for a lost byte? Find it with the ETI-172! In
applications where you are required to look for a particular
byte of information in a serial or parallel data path, until now
short of a logic analyser or a storage oscilloscope, there was

not a lot to help you.

THIS PROJECT GIVES you a simple and
economical way to detect and display spec-
ific bytes of data. It may be used on both
parallel and serial data paths, or just on par-
allel data paths if you want to save yourself
the cost of a UART.

Two methods used to indicate the pres-
ence of a specific data byte are possible, and
shall be known affectionately as method 1
and method 2.

Method 1 is used to search a stream of
data for a specific byte, then simultaneously

illuminate an LED and send out a trigger..

pulse when the byte is detected. When thist
method is being used, the byte to be
searched for is set on a bank of switches.
Every byte which travels down the data
path is compared with this byte and when
the two are the same an LED illuminates.

Method 2 requires a single byte to be sent
down the data path from a terminal or a bit
pattern generator (the ETI-171 Arbitrary
Waveform Generator can be used to per-
form this task). The bit pattern is set up on
the switches and detected in the same way
as in method 1; it is also displayed on the
eight LEDs on the front panel.

When the bit pattern detector is used on
serial data paths, either method 1 or 2 can
be used to detect bytes of data. Method 1 is
best used to determine whether a specific
byte has reached the desired destination,
and is convenient when troubleshooting
RS232 links. In this case one can determine
whether or not a peripheral is responding
correctly to the data being sent to it.

Method 2 is best used to check whether
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or not the serial link is transmitting data
without errors. If there is an error in the
transmitted data you can identify which bits
are incorrect.

Parallel data paths are a common way of
routing data around a pc board. Therefore
the bit pattern detector is ideally suited to
checking inputs and outputs on data and ad-
dress buses (providing that they are no
greater than 8 bits wide). In parallel mode,
method 1 is used to trigger an event when
the byte set by the programming switches
«ccurs. This is ideal for microprocessor cir-
Cuits when you need to trigger an interrupt
line. Method 2 is best used for checking
data flow through a circuit.

Circuit synopsis

The basic operation of the circuit is as fol-
lows. The incoming serial data is converted
to TTL levels to enable it to be received in a
form acceptable to the General Instruments
AY-3-1015D universal asynchronous re-
ceiver-transmitter (or UART for short).

The UART primarily converts serial data
into parallel data, it also removes start, stop
and parity bits from the serial signal. The
speed at which the UART runs is set by the
baud rate generator.

The buffer is used to select between data
from the UART or the parallel input, to be
sent to the comparator. The comparator is
used to compare the incoming data with the
settings on the programming switches.
When the incoming data is the same as the
settings on the switches the ‘pattern detect-
ed’ LED is illuminated.

The buffered display shows the byte pre-
sent on the data path on a row of LEDs.
These LEDs are driven by non-inverting
buffers to reduce loading.

Construction

If you only require the bit pattern detec-
tor to operate in parallel mode you can omit
a number of components. These compo-
nents are. IC1, 1C2, IC8, Q1, DI, R1, R2,
R3, R4, C1, C2, C3, €8, (9, C10, CI1,
LEDI1, LED2, SWI, SW2, SW3 and the
2.457 MHz crystal.

Before you commence coastruction ex-
amine the pc board for defects such as
bridges and broken tracks. Also take note
of the components which should be
mounted on the copper side of the pc board.
These components are marked in colour on
the overlay. The reason for components
being mounted there is because there is not
enough clearance for them between the pc
board and the front panel.

The resistors and capacitors should be
mounted first. Take note of the orientation
of the electrolytic capacitors C2 and C12,
and remember that all the capacitors are
mounted on the copper side of the pc board.

Next mount the diodes, but first check
their orientation. Try to keep the spacing
between LEDs 3 to 10 as consistent as possi-
ble, keeping in mind that they have to be
aligned with the front panel. Also mount
the three banks of DIP switches. The crys-
tal, the regulator and the transistor can then
be mounted on the copper side of the pc
board.



Next mount tae integrated circuits. All
the ICs arc CMOS except for ICI which is
NMOS so treat them all with respect.
Femember NMOS and €©MOS chips are
static sensitive: they do not like having their
legs touched. only pick them up by their
ends.

When soldering in the integrated circuits,
try not to overheat them by soldering rows
of successive pins. This is especially impor-
tant in the case of 1€ for which it is best to
solder the pins from oppaosite ends, eg, pin |
then pin 21, pin 2 then pin 22 etc. This pre-
vents the chip from being 2xzessively heated
in one arca and saves it from possible
damage.

There are mercifully few flying leads to
connect in this project. as the majority of
the switches and all the 1 EDs are mounted
on the pe board. Take rote of the connec-
tions to the serial/paralled switch, the DB 25
socket and the 9 volt input socket. The
DB 25 socket is also used to access the par-
atlel data input. Table 1 shows the recom-
mended comnections. However, as RS232
connectors can be contigured in different
wavs on different computers, check that
taese lines are not used in your particular
case. If they are. you mary get false data en-
tering ICs 4 and S, If come of the recom-
mended lines are used. connect the parallel
gata input lines to unused pins on the
comnector.

To allow all the LEI?s and DIP switches
to poke neatly through the front panel re-
quires some careful dril’ing. To assist in this
check the Jrilling diagram. By uaccurately

Rear viaw showing how the pc board is mounted behind the *ront panel.

_ § - S 1
Placement of compcnents on the pc baard
TABLE 1. DB 25 CONNECTIONS
_Pinon DB 25 plug 14 15 16 c1 22
Pad on pc board 1 2 7 8
ETI Test Gear 65



Project 172

TRIG OUT
oY PARALLEL )\ SERIAL
SW1
=2
¢+ 4
™ o~y € 3K l
el .| er )k
Tiics ~ hics ALED4
o K
T o5 LEDS
9vVdc IN ‘ \k
GND iswa ) LED6 | IC2
5 1 gE vV ™ k
‘ o3 LED7 Ic1
= © | g m k
ThrT ol 1 & @
oo K LED10 Din
LED11 lics B3 tR2
) 411 Sw3 SW2
i 7
Lo P
PIN 2 PIN7
NOTE: SIGNAL IN
* INDICATES PIN TO BE
CONNECTED TO ON PARALLEL INPUT
HOW IT WORKS — ETI-172
Some serial signals are ‘non return to zero’ SW2 Is used to set up the UART for the cor- the data output from the UART is disabled
(NRZ) meaning that a high state is repre- rect parity, and correct number of data and from the rest of the circuit, isolating the

sented by a positive voitage end a iow state
is represented by a negative voitage. The
diode D1 is used to convert any NRZ sig-
nais to ‘return to zero' signals and the tran-
sistor Q1 Is used to set the signal level at 5
voits. The resultant signal output from Q1
will comply to TTL standards, that is, 5
voits as a high level and 0 volts as a low
level. This signai conditioning is performed
because the UART (IC1) requires TTL Input
signals,

The oscillator circuit consisting of the
crystai, the NOR gate (IC7c), R4, C8 and C9
osciilates at a frequency of 2.457 MHz. This
signal Is divided down by the 7-bit ripple
counter, IC8, to provide five different baud
rates. These rates are switched to the UART
by the bank of DIP switches, SW3.

The UART removes start and stop bits
from the incoming serial bit stream and
converts the serial data into paraliel data.

stop bits. LEDs 1 and 2 Indicate errors with
parity and stop bits respectively.

After the serial data has been converted
into parailel data, it is compared with the
settings on the DIP switches (SW4) via ICs
4 and 5. When the bit pattern is the same as
the switch settings, pin 6 of IC4 goes low.
However, this output goes high again when
a bit pattern different from the switch set-
ting occurs. To latch this output an R-S fiip-
fiop is used. This consists of NOR gates
IC7a and IC7b. IC7d Is used to invert the
latched signal to a high level and thus
switch on LED11 to Indicate that the bit pat-
tern has been detected.

iC2 Is an octal tristate buffer which Is
used to select between serial and parailel
Incoming data by SW1. When SW1 is In the
serial position, the data output from the
UART is connected to the comparators.
When this switch Is in the parallel position

outputs of {IC1 from incoming data. Other-
wise this data would be fed into the outputs
of the UART.

LEDs 3 to 10 display the incoming data in

Inverting buffers IC3 and
Ing on IC2 is reduced when the circuit is ex-
amining serial dats. The loading of the
source of the pareliel data Is reduced when
the circuit is examining parailel data.

The 10 nF capacitors connected between
the Vcc pin of the Integrated circults and
ground remove transients and any other un-
desirable ac signals which may be picked
up by the Vcc rail. On the pc board, these
components are located next to the Vcc
pins of each Integrated circult. Capacitors
C12 and C13 perform the above mentioned
task for the incoming dc supply.
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PARTS LIST — ETI-172

C1,C3-C7,

C10,C11 . 10n

C2..... ..2p2 25V electro

C8,C9 ..27p

c12. ...220u. 25 V electro

(113 S — 100n greencap
Semliconductors

()| P —— 1N914

LED1,2,11 .. .red 5mm

LED 3-10. green 5 mm

Ql ... BC549

IC1. AY-1015D UART

IC2.... 74HC244

IC3,6. 4050

IC4,5. ...74HC85

IC7.... ...4001

IC8 ...4020

1C9. . 7805
Miscellaneous

SWH SPOT

Swe,3 ...5-way DIP switch

Sw4 . ...8-way DIP switch

PB1 i pushbutton switch
DB 25 plug; 2.457 MHz crystal, case 160 mm x

95 mm x 50 mm; RCA socket, 3.5 mm phono
socket; ETI-172 pc board.

Price estimate: $55 serial/
parallel version

$30 paraltel version

BAUD
RATE
GENERATOR

SERIAL SIGNAL
DATA O
INPUT CONDITIONING

8-BIT

BUFFERED
LED
DISPLAY

PARALLEL
DATA
INPUT

PROGRAMMING
BUFFER COMPARATOR SWITCHES

PARALLEL
DATA

Block diagram of circuit.

PATTEN
DETECTED

aligning this diagram over your front panel,
it can be used as a drilling templatc. When
you have it in position, lightly punch the
centres of all holes. To make the centres
more accurate it may help to have a-hard
surface under the front panel when you are
punching it. The outlines for the DIP
switches can be marked by cutting through
the diagram with a sharp blade or scalpel.
This will transfer all the required markings
on to the metal.

When you are drilling the 5 mm diameter
holes it is advisable to drill a pilot hole first,
using a 3 mm drill. Now use the 5 mm drill
where required. The cdges of these holes
can be cleaned using a large drill bit. The
rectangular holes for the DIP switches can
be cut using a nibbling tool or by drilling a

series of holes and filing between them.

The circuit board can now be mounted
behind the front panel using four 6 BA nuts
and bolts. Some 5 mm spacers should pro-
vide adequate clearance between the front
panel and the pc board. With a bit of wig-
gling the LEDs and the DIP switches should
protrude through the front panel. If you
have difficulty in getting the DIP switches
through, file the holes gradually until they
do. If the LEDs give you difficuity, twist
them until they are evenly spaced so that
they can be located in the holes.

Before you connect in the plugpack care-
fully examine the pc board for solder
bridges; also check that all the components
are located and oriented correctly on the
board. Now connect the 9 volt plugpack, »
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DO
COMPUTERS
PLAY ANY

PART IN
YOUR LIFE?

If they do — or if you want
to find out more about
them — don't miss each
month’s issue.

and check that the voltage rails are within
500 mV of § volts. If not, disconnect the
plugpack and check for short circuits on the
pc board in the vicinity of the S volt supply
rails.

To test the bit pattern detector set the
8-bit programming DIP switches to ‘0’ and
the pattern detectcd LED should light up.
Switch any of the DIP switches to the ‘1’
position and press the RESET button. The
PATTERN DETECTED LED should go
out. If this does not occur, recheck the
board for shorts, broken tracks or dry
joints.

Using it

When detecting bytes on a serial line
firstly set up the BAUD RATE and FOR-
MAT DIP switches to suit the serial port.
Table 2 shows the settings for these
switches. Next set the binary value of the

byte to be detected on the eight DIP
switches next to the SERIAL/PARALLEL
switch. The top switch (bit 8) is the most
significant bit and the bottom one (bit 1) is
the least significant bit. Now send the data
stream or the specific byte to be detected
from this port. If either of the ERROR
LED:s light up, check that the FORMAT or
BAUD RATE DIP switches are set
correctly.

To detect bit patterns or bytes on a paral-
lel data bus, firstly flip the SERIAL/PAR-
ALLEL switch to the PARALLEL position
and connect the relevant pins on the DB 25
connector (listed in Table 1) to the relevant
lines on the parallel data bus. The eight
LEDs should indicate the state of these
lines. If a particular pattern is to be detected
set its binary value on the DIP switches and
the PATTERN DETECTED LED should
light up when it appears on the data bus.@

YOUR MG BONK

YEARBOOK
HAKDS-ON
COMPUTING

DOS AMD BIOS SERVICES

Your Computer is a magazine
for Personal Computer users
in small- and medium-sized
businesses, and enthusiasts.
The monthly selection of
topical features, application

stories, industry profiles,
product surveys and compari-
sons, user columns and pro-
ductivity tips will keep you
informed on this exciting in-
dustry. And — ensure that
you ‘make that micro harder!

The only Australian
computing magazine!
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ESD HAZARD

DETECTOR

Electric shock therapy is about the last thing you want for
your vulnerable semiconductor components. But electrostatic
discharge can be as hazardous as any pair of probes in

a cuckoo’s nest. This device gives warning of any moving
electrostatic field which might zap your precious parts.

lan Thomas

oFf |- i ON

ETI-173 ESD DETECTOR

TO THOSE LESS aware than most, this
title might appear to be about a device to
detect some of the more brain disrupting
chemicals that are currently around. How-
ever it isn't brains that this device protects,
it’s silicon.

Everyone's aware that on a cold dry win-
ter's day you tend to build up an electro-
static charge on your body so that when you
touch some metal object such as a tap or
door knob you cop a most unpleasant ZAP!
This zap is called an electrostatic discharge
and if it happens to jump on to a lead of an
IC or transistor then the poor device is
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never quite the same again. In the last few
years it has become more and more com-
monly recognised that semiconductor de-
vices are extremely sensitive to these stray
high voltage transients, and MOS devices
more than most. From a manufacturing
point of view it isn't so much the outright
broken bits that matter (they can be found
during test) but the bits that are somewhat
bent. They appear to work but will go toes-
up after the equipment has been in use for a
few days or weeks.

IC manufacturers are aware of this prob-
lem and go to great pains to build protection

into the devices where pins are connected
out. There is, however, a limit to what you
can do without degrading the device per-
formance. In general the distributors are
pretty good and try to do the right thing; but
you, dear reader, may not.

An clectrostatic charge is gencrated when
two insulating dissimilar materials are
rubbed together or even touched together
then pulled apart. The degree of dissimi-
larity and the amount of charge generated is
a function of the position of the two materi-
als in an order known as the Triboelectric
Series, part of which is given in Table 1. It is



Table 1. THE TRIBOELECTRIC

SERIES

Air

Human skin

Glass

Human hair ) POSITIVE

Wool

Fur

Paper

Cotton

Wood

Hard rubber

Acetate rayon NEGATIVE

- Polyester }

: Polyurethane

PVC (vinyl)

Tefion
also a function of the humidity of the air, in-
timacy of contact of the two materials and Table 2. TYPICAL ELECTROSTATIC VOLTAGES
the rate of separation and is in general a
pretty inexact sort of thing but there are Means of generation Humidity
clear trends. You can see from the table Walki . g% m1500
that cotton is pretty ’much neutral (and Wzlk::\‘g gf"gﬁy‘c:x 2600 29
hence cotton shlr.ts don’t charge up and zap Worker at bench 6,000 100
you). In general it’s the materials that tend Vinyl envelopes as per work instructions 7,000 600
to reject moisture that create the worst Common poly bag picked up from bench 20,000 1200
charge problems as moisture tends to con- Work chair padded with polyurethane foam 18,000 1500
duct and bleed charge away.

To give you an idea of the sorts of poten-
tials that can be built up, Table 2 shows the
effect of various actions on a dry day and a
relatively humid one. It's easy to see why
you can get a belt by walking across a carpet
on a cold winter’s day! A normal human
body insulated by your average sort of run-
ning shoes has a self capacitance in the
order of 100pF. A few quick prods at a cal-
culator shows that the stored energy in your
delicate bedy is about 60 millijoules. The
energy per discharge in the ETI-342 Pulse
Shaped CDI (Feb ’85) was only 120 milli-
joules which explains why it hurts when you
touch something. Obviously a piece of sili-
con, the dimensions of which are measured
in micrometres, is blown to a thin haze!

In general MOS devices tend to be the
most delicate as a fundamental part of their
structure is a very thin layer of silicon diox-
ide which can be absolutely guaranteed to
rupture at the order of a 100 volts or so. For
this reason even power MOSFETs that can
cope with tens of amps at hundreds of volts
can be ruined by one little zap on the gate
lead. This certainly doesn’t mean that you
can do what you want with bipolar devices.
If sufficient energy is dumped into the input
junction then the device will fail.

In industrial situations where it’s abso-
lutely essential that these terrible things
don’t happen, quite exotic precautions are
taken. The top of the bench being worked
on is covered with conductive material (usu-
ally a type of conductive rubber) which is
grounded. The workers wear conductive
wrist straps which are grounded (through a
large resistor). Ionised air (which is slightly
conductive) may be blown over the work
area. On top of all this there is a whole
bunch of specifications and procedures to
cover all phases of assembly. About this

stage you’re probably thinking it’s a miracle
anything ever worked and you might as well
give it all away. But ETI has a simple,
precautionary device that should help.

Design

Whenever a body is charged up to a high
potential then it is surrounded by an elec-
trostatic field normally expressed in
volts/metre, and if the body moves then the
field moves with it. If you’ve just been danc-
ing on your lovely new nylon carpet and
charged yourself up to 10 zillion volts then
the field from that charge spreads out from
your body quite a long way.

It seemed to me that an instrument that
detected the approach of this field and
sounded an alarm would go a long way to
avoiding blasted silicon. At least you would
be warned to discharge yourself. It’s ex-
tremely difficult (read expensive) to detect
1 completely static electrostatic field but a
moving one is not such a great problem. A
simple thought experiment will explain the
problem and show how a detector could be
built.

Suppose we have two parallel plates of a
capacitor magically suspended in space
25mm aJJart and with an area of about
5000mm*, a not inconvenient size for a de-
tector. The capacitance between its plates
works out to be very roughly 2pF. Suppose
a field of 500 volts/metre is suddenly im-
posed across these capacitor plates (defi-
nitely ESD hazard conditions!). The poten-
tial between the plates will immediately rise
to 12.5 volts (500 volts/metre times 2.5/100
metres). The problem is that any attempt to
measure the voltage (cheaply) will immedi-
ately bleed the charge away. Even a 10 me-
gohm resistor gives a time constant of only
20 microseconds.

This transient could possibly be detected
except for another major problem. The
whole world is filled with (it would seem)
literally thousands of volts/metre of SOHz
mains hum and if a detector was built with a
bandwidth sufficient to detect the spikes
then it would be continually set off by
mains. This means that the detector needed
to operate on our parallel plate capacitor
must have a filter that cuts off fast before
50Hz to keep mains out. If the detector
doesn’t respond to frequencies above 50Hz
then the input RC time constant needs to be
very long, about a second! Hence the prob-
lem in building such a device. It must have
an incredibly high input impedance or alter-
natively huge capacitor plates to up the
sensing capacitance. With 2pF input capaci-
tance this gives a detector input resistance
of 500 gigohms! Even though the input im-
pedance of some MOS input op-amps ap-
proaches this figure, it isn’t a lot of use as an
actual resistor is needed to define reference
voltages. As 500 gigohm resistors are just a
little hard to buy this basic approach won'’t
work.

It then occurred to me that we were
trying to detect voltages in the order of tens
of volts. This combined with the fact that
these days gain is cheap gave me the clue. If
one plate of the sensor capacitor plates was
connected to the other through say a
5000pF capacitor then the input tens of volts
would be attenuated to fours of millivolts,
but then the detector capacitor forms a
potential divider with the 5000pF and in-
creases the size of the source capacitance.
In this case the needed detector input resist-
ance drops to around 100 megohms to be
usable. This is still a bit gross but getting
closer. From an engineering point of view p
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you can get 100 megohm resistors but they
are expensive and hard to procure. About
the largest I could find at Geoff Woods’ was
10M. He had 22 megs but I settled for 10M
for reasons I'll go into later.

The next problem is how one can magi-
cally change a 10 meg resistor into a 100
meg resistor. The method goes by the de-
lightful term “bootstrapping™. Consider a
resistor with a voltage applied to one end as
shown in Figure 1. The current through the
resistor due to the imposed voltage is . If a
buffer amplifier with a very high input im-
pedance is connected to the top of the resis-
tor with a gain of say 0.9 and its output is
connected to the earth end of the resistor
then the voltage drop across the resistor is
no longer V as in Figure 1 but V-0.9V or
only 0.1V. This means that even though the
full V volts is being imposed on the resistor,
the current flowing into it is only 0.11 so the
effective resistance is multiplied by 10. This
would seem to be a pretty good trick to use.
It does have bad side effects like multiplying

all offset problems by 10 but if these can be'

managed then a 10 meg resistor can be
changed into a 100 meg resistor.

Given the ability to artificially create a
very high input impedance amplifier, the
idea of a detector of changing strong elec-
trostatic fields seemed to be quite workable.
It should be in a small box to one side of the
work area and preferably run off batteries.
As the detector does not need a large band-
width (in the final device there is a lot of cir-
cuitry to reduce it) a very low power op-
amp such as the National LM4250 can be
used. The power drawn by this IC can be set
to almost any value required by an external
resistor. The op-amp bandwidth varies ac-
cordingly but even at microamp levels has
more than enough. The LM4250 is specified
down to 3 volts total supply voltage so the
detector could be powered off two penlight
cells. If the total IC power drain is kept
below a few microamps then the life of the
cells in the detector is effectively their shelf
life.

Circuit details

The actual filter used to attenuatc the
50Hz is straightforward and 10M resistors
were used throughout. As there is effec-
tively 30 megohms between the positive
input and ground it is necessary to add in
about 30 megohms between the negative
input and the output to balance the effect of
bias currents in the op-amp. For the
LM4250 operating at a few microamps the
offset current (that is the difference in bias
currents of the op-amp inputs) is stillup to 5
nanoamps. With 30 megohms this generates
a differential offset voltage at the input in
the worst case of 150 millivolts. This could
be adjusted out with an offsct adjust pot but
the problem is further aggravated by the
bootstrapping with R7 and R8. C7 had to be
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added to remove both the bootstrapping
and the high gain for very low frequencies
or the input simply floated all over the

.place.

However, for frequencies between 0.5Hz
and 15Hz the detector gain is pretty much
flat and set by the ratio of R10 to R7+R8.
When I slogged through the algebra to cal-
culate the transfer polynomial for the cir-
cuit, one very interesting fact emerged: the
gain of the detector is proportional to the
size of C8. You will recall that the input to
the detector is actually a capacitive divider
made up of the detector plates and C8 so
the larger C8 is the higher the input capaci-
tive divider attenuation but then so is the
amplifier gain! They cancel out. Most seren-
dipitous! Once again, there are always
limits like offset problems that don’t show
up in the mathematics but basically it’s
whatever is convenient in the filter for C8.

Transistors Q1 and Q2 act to turn on the
Darlington transistor Q3 when the op-amp
output exceeds one V.. I wanted a nice
loud alarm when there was a hazard situa-
tion so I used one of the small 3 volt self
containcd alarms. They're nothing if not
loud. A quick estimate of the board area
needed showed it would fit nicely into a
plastic jiffy box 130mm x 70mm x 40mm
with a metal bottom. The metal case bottom
serves as one plate of the sensing capacitor
so plastic cases aren’t any good.

Construction

Everything is mounted on the pc board
including the batteries. You can copy the
artwork provided or purchase transparen-
cies from ETI, or do it the easy way and buy
from the kit suppliers. However you do it,
try to stick exactly to the layout given.

Mounted over the board on 25.4mm
spacers is the second plate of the sensing ca-
pacitor. Three of the spacers are made of in-
sulating material and the fourth is metal and
carries the received voltage to the detector
input. I even chose to put a tiny slide switch
and the buzzer on the board (both of which
I got from Tandy) just to make things com-
plete. The switch is included in case a situa-

tion arises where high fields can’t be
avoided (say you’re building a Van de
Graaff generator and you don’t want to
have to throw it out the window).

Before the board components are assem-
bled it's a smart idea to use it as a template
to drill the holes for the base plate and the
detector plate.

Hold the board exactly in the centre of
the base plate for the four mounting holes.
A dimensional drawing is given for the de-
tector plate but it’s a lot easier to simply
hold the board and plate together and drill-
them (more accurate too!). Note that the de-
tector plate is offset if you wish to use the
small slider switch mounted on the board.

Make sure that the IC and the electrolytic
capacitors are in the right way. The battery
case I used was one which held four penlight
cells. You can get battery holders that only
take two cells but if you look at where the
holder is mounted you'll see that it would be
impossible to get one of the cells in. The
four cell holders come in various brands,
some with nickel plated steel contacts and
some with aluminium. The aluminium ones
aren’t so good here as it’s necessary to
solder to the springs and you can’t solder
aluminium! It’s difficult enough with the
nickel.

Carefully cut away the side of the battery
holder that doesn’t have terminal clips. This
will leave you with a spring protruding
which should be straightened out. On the
piece of holder that was cut away there is a
second spring still riveted to the plastic.
Drill, bash or bend the rivet out and re-
trieve the spring. Straighten out the end of
the spring that was riveted so it can be in-
serted in a hole in the printed circuit board.
Mix up some Araldite or similar and glue
down the battery holder then insert the
straightened out spring so as to make a neat
two cell battery holder as pictured.

The next and nastiest bit is to solder the
nickel plated springs on to the large ground
area of the printed board. Nickel is a beast
of a material to solder and I must confess I
weakened and used el corodo Bakers sol-
dering flux but it has to be washed off com- p



pletely. The buzzer is screwed down and
both its leads soldered into the relevant
pads. Be careful as the polarity must be
right. Finally the board must be cleaned ab-
solutely scrupulously of all fluk and residue.
There are a lot of high impedances and
leakage could be a nuisance.

You need three insulating spacers and
one metal one to support the pickup plate.
The metal one connects to the pad that has
C8, R1 and R2 connected to it. If you
choose to use the little slide switch you’ll
find it necessary to trim one side of the
pickup plate so the electronics can be as-
sembled into the box. If you use another
type remember that both the positive and
negative supplies must be switched. I didn’t
bother with the clip leads for the battery
holder but simply soldered pieces of hookup

wire on to the terminals as they will never
be disconnected.

The board assembly is mounted on the
base plate of the box with four 4BA 3/8
screws. The screws are passed through the
board and one nut done up tight on each
screw, then the protruding ends of the
screws are passed through the four holes in
the base plate and another four nuts done
up to hold the board neatly in place.

Testing

Testing is really quite easy. Insert two
batteries and turn it on. The alarm should
sound for about 20 seconds or so as C7
charges to the offset voltage then it shuts
off. Let it settle for a few minutes then mea-
sure the voltage between pin 6 of the 1C and
ground. Adjust RV1 until it averages out to

esd hazard detector

zero. This is a fiddly and odious task as you
only have to (literally!) wave your hand
near the detector input and pin 6 slams up
against the rails. Fortunately, it isn’t all that
critical. Once this is done, screw on the de-
tector plate and the unit is ready to go into
the box.

Finally before fitting the unit together
youll have to cut a hole for the power
switch. It makes sense to drill a few holes to
let the buzzer sound out. Slip the unit into
the box and screw it in place with the four
screws provided then turn it on. If you keep
well away from it, it should sound for 10
seconds or so then go quiet. Just waving
your hand close over it or touching the box
will set it off. Then you may leave it onin a
corner of your workbench and breathe a bit
easier! o

ONON®,
00O
ONOR®

00O

oFf [_] ON

ETI-173 ESD DETECTOR
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ETI-173 — PARTS LIST

Reslistors all VaW, 2% metal film
R1,2,3,4,5 10 megohm
R6........ 4aM7
R7,12 1k0
R8..... 9k1
R1R3R4 RS R10.9 M2
@ + R11... 100k
SBRASS g";:g‘e"g . RV1 i 100k trimpot
PACER HOLDER apacitors
UL o C1,2u i 100n 10% met poly*
Cg 1n 10% met poly*
-v 150p 10% met poly*
0ca 6n8 10% met poly*
R8 1001 10% 3V tag tantalum
t1’ R12 _D 47 Al electro
an7
ch 2 4 OJ() s
SPACER RV 03 LM4250
nn g ; 1N914
C20 l swncn BCS59
MOUNTING SCREWS PIEZO BUZZER Motorola MPS-A14
Miscellaneous
ETI-173 pc board; 2 x AA batteries; battery
holder; Piezo buzzer; slide switch; 3 x 25.4mm
insulated spacers; 1 x 25.4mm metal spacer;
hookup wire; 130mm x 70mm x 40mm jiffy box
with metal bottom; 5cm x 100cm metal plate; 4 x
4BA ¥5" screws and nuts; Scotchcal front panel.
. Price estimate: $25
*The prototype used metallised polyester film
caps such as ERO MKT1817 or MKT1826, or
Wima PR21 or PS21 but greencaps could be
substituted.
/L
v
arr 2| l &
I [
i
J_- =2 l c2 T
e 100n
DETECTOR PLATE vt 1Y T J
100k A :
‘ | +1L5V
-5V
a1
PR q BC 559
LM4250
4
e PIEZO BUZZER
-5V

ETI-173 — HOW IT WORKS

The alarm detects electrostatic fleids by
sensing the potential difference they gener-
ate on a parallel plate capacitor. One plate
Is the base plate of the case and the other
is a plate held by spacers above the detec-
tor.

Resistors R1 and R3 form a low pass fil-
ter with C5 and C6 to attenuate mains hum.
Further attenuation is provided by C4 which
rolls off the operational amplifier IC1's re-
sponse. R7 and R8 serve two purposes. The
first Is to act as a galn determining element
which, together with R10 sets the gain of

the op-amp at 220. Aiso the node of R7 and
R8 has a voltage of 0.9 times the voltage on
the positive Input of the amplifier (and the
negative input too — such s the nature of
operational amplifiers). R2, the input blas
setting resistor, is connected to this node
80 that any signals that appear at the Input
to the detector are also imposed, multiplied
by 0.9, on the other end of R2. This Is
known as bootstrapping and effectively
multiplies the value of R2 by 10.

The overall etfect of this is that any voit-
age that would be Induced on a capacitor

with plates about 20mm apart appears with
a low source impedance at the output of the
op-amp, attenuated 10 times when every-
thing Is taken into account.

Transistor Q1 is turned on if the op-amp
output goes more than 0.6 volits positive
and Q2 s turned on if it goes negative.
Both collectors drive the base of the Dar-
lington transistor Q3 which In turn powers
the alarm. Thus excursions of +0.6 volts set
off the alarm or, tracing back through the
circuit, the detector will pick up fields of
greater than 300 volts/metre.
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DIGITAL
LUXMETER

This instrument is a portable, battery
operated device for measuring illumination.
It covers light levels from below 1 lux

up to 20k lux in two ranges and includes low battery

indication.

ETI, IN THE PAST, has described many
instruments for measuring just about any-
thing from heart rate through to passion
(yes. we published a passion meter once
long ago !!!). Onc quantity however which
seems to have missed out is light.

In the last twelve months we described
two devices which measure light, but not in
absolute terms. They were both darkroom
exposure (or light) meters. These "measure’
the amount of light in a particular arca of
the image produced by an enlarger by com-
paring the intensity with that of a value
obtained when a test print was made. Un-
fortunately, outside the darkroom this tech-
nique is of limited use.

The current project can measure light in
absolute terms, just as we measure current
in amps and frequency in Hertz. This results

|

in a versatile unit for anyone having any-
thing to do with lighting systems. Some ¢x-

| amples include, photographers, electricians

|

Description illumination
Full moon 0.4
Candle flame at 1 m 1
Highways 20-30
Living rooms and offices 300-400
Shops, workshops and

classrooms 500
Area for fitting components

to pc board 800
Precision engineering workshops,

drawing offices 1000
High precision work eg,

repairing watches 3000
Bright summer day 100 000

{
| Table 1, Hlumination levels in lux.
| &

who fit lights into classrooms, offices and
factorics or even the home video nut who
insists on video taping under very low light
levels . . . the list is endless.

Why do these people need to know the
level of illumination? The answer is rather
obvious in the case of photographers, movie
and vidco camera operators. They need to
cnsure that the illumination of a scene or
subject is sufficient to produce images with
the maxintum amount of detail. Poor light-
ing sctups can only produce poor images.

In the case of classroom, factory and of-
fice lighting. there are recommended illum-
ination levels to suit the type of work
performed in cach arca. To give the reader
an idea of illumination available from some
common sources and some reccommended
levels, refer to Table 1. As you may notice,
the eye (like the car) has a wide dynamic
range.

One problem in the past with designing a
luxmeter was that a suitable sensor was not
available in this country. Only fairly re-
cently has one of the few photodiodes which
covers more than the red and infra-red re-
gions of the spectrum become readily avail-
able in Australia. Ladies and gentlemen

. introducing the BPW21 photodiode.

Figure 1 shows some of the photodiode’s
characteristics. Its peak spectral response is
around 355 nm. corresponding to yellow/
green light. Its spectral range i1s 350 to 775
am which almost matches that of the human
eye (sce dotted line labelled as VA). For
many applications this is quite adequate and

Peter thnat

makes it ideal for monitoring daylight or ar-
tificial light. One more important feature is
that its short circuit current versus illumina-
tion is highly linear over a wide range (0.01
ta 100k Lux) . . . truly a remarkable sensor.

Figure 2 shows the operation of the
luxmeter in block diagram form. The
BPW21 is connected in the standard way
(reverse biased and into a short circuit) to
produce a current in direct proportion to il-
lumination. This is converted to a voltage
which is fed into a voltmeter and displayed
in digital form. Normally, a circuit such as
this would be rather complex but the avail-
ability of the ICL7106 digital voltmeter 1C
reduces the parts count dramatically. Those
interested in the digital voltmeter circuitry
can refer to two previous ETI articles —
ICL7106 data sheet ETI October 1977 and
project 161 ETI August 1982.

Contruction

Construction should present few prob-
lems if the recommended pe board is used.
The layout is not critical and other forms of
construction such as Vero-board, may be
employed. Use of the recommended board
does result in a very compact unit and if cor-
rectly assembled will help to ensure that
cverything works first go.

Firstly, inspect the pe board for broken
tracks or shorts — check carefully in the
arcas where tracks pass between IC pins. If
all is OK., start by fitting the three wire
links. Note that one link has a 90° bend in it.

Next, mount the resistors, capacitors and
trimpots in that order — it may be necessary
to bend the leads of capacitor C6 inwards
slightly tq fit in its correct position. The 40- »
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Slilcon photodiode
with incorporated VA fiiter

BPW21

Characteristics {7,., = 25°C)

Special features:

o High reliability

e No testable degradation

® Low noise

® High open-circuit voltage as photovoltaic cells

o Detector for low illuminance

e Short switching time

® High photosensitivity

e Strong logarithmic relation between Ve or /s and
illuminance of 107to 10°Ix

¢ Wide temperature range

e Suitable in the range of visible light

Photosensitivity
{(Va = 5 V, standard light A, T = 2856 K) S 9 (= 5,5) nA/lx
Wavelength of max. photosensitivity Ag max 550 nm
Spectral range of photosensitivity
(S = 10% of S....) A 350..775 nm
Radiant sensitive area A 7.34 mm?
Dimenston of radiant sensitive area LxB | 271 x2. M mm
Distance chip surface to case top edge H 1.9..2.3 mm
Half angle 7 60 degrees
Dark current (V4 = 5 V) Ia 2 (s 30) nA
{(Va = 10 mV) In 8 pA
Spectral photosensitivity (A = 550 nm) Sx o.21 A/W
. Electrons
Quantum yield (A = 550 nm) N 0.47 Photon
Open-circuit voltage
(E, = 1000 Ix, standard light A, T = 2856 K) Vo 390 (2 320) | mV
Short-circuit current
(E, = 1000 ix, standard light A, T = 2856 K) Is 9(=5,5) pA
{Deviation of I, linearity in the range of
3-107to 10* bx: max. 12%)
Rise and fall time of photocurrent |
from 10% to 90% and |
from 90% to 10% of final value i
(R.= 1kQ, Va =10V, A = 550 nm, /p = 9 pA) ot 1 | us
Forward voltage
(I, =100 mA, £, =0, T, = 25°C) Vi 1.2 v
Capacitance
(Va= OV.f=1MHz £ =0Ix) Co 750 pF
(VA= 10V, f=1MHz £, =0 Ix) Cio 220 pF
Temperature coefficient of V, c -2.6 | mv/K
Temperature coefficient of /g c 0.12 I %/K
Flgure 1. Silicon photodiode characteristics.
RANGE - LOW BATTERY
LCD DISPLAY VOLTAGE SENSING
1T A
ANA
SENSOR LOGUE TO
DIGITAL CONVERTER
CURRENT TO
VOLTAGE
CONVERTER

Figure 2. Biock diagram.
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Project 182

pin IC socket can now be inserted and
soldered.

The next part of the construction is quite
tricky and so work carefully. The LCD dis-
play mounts on the COPPER SIDE of the
board using the Molex pins. Firstly, cut two
20-pin lengths of Molex pins. Mount one
row in its correct place on the copper side of
the board but don’t push it all the way
down.

I found the pins easiest to solder if their
ends sit flush with the component side of the
board. This leaves a small part of the Molex
pin’s legs sitting above each copper pad
ready to solder. Lean the strip inwards
slightly, then with a fine tipped iron, solder
each pin. Repeat for the other strip.

Before breaking off the Molex support
strips inspect the pc board around all solder-
ing. Due to the proximity of conductors, it’s
fairly likely that a solder bridge may have
been formed. These must be removed be-
fore continuing.

If you are happy with the construction so
far, break off the Molex support strips and
mount the transistors and IC1 (check orien-
tation). Don't use a socket for IC1 since this
may introduce future problems (the input
from the photodiode will be in the order of
nanoamps so a direct connection from sen-
sor to IC is preferred). Take normal CMOS
precautions when handling the ICs. Plug in
IC2 and then finally, plug in the LCD
display. >

View of the copper side of the pc board
showing how the LCD is mounted.

PARTS LIST — ETI-182

Resistors ...all 1/4W, 5%

R1,R6, R8...

...100k ten-turn trimpot
... 1k ten-turn trimpot
... 100k trimpot

500k trimpot

180p ceramic
...56p ceramic
...100n, 50 V mylar
...100p NPO ceramic
...470n, 50 V mylar
...220n, 50 V mylar

10n mylar
Semiconductors
IC1. CA3130
IC2. ...ICL7106
Q. ..BC547,80r9
Q2. ...2N5458, MPF106
D1 BPW21 photodiode.
Miscellaneous
SW1.2 DPDT miniature toggle
switches

LAD204(or similar) liquid crystal display; ETI-182
pc board; Scotchcal front panel; 150 x 80 x 50
mm multi-purpose box; 9 voit battery clip; three
20 mm 6BA bolts (countersunk head); 9 nuts.

Price estimate: $45-$50

View of the component side of pc board.

HOW IT WORKS

The block diagram shown in Figure 2 gives
the overall operation of the unit. Very basical-
ly, illumination is converted into a current,
current into voltage and then voitage into
digital readout.

Photodiode D1 produces an output current
proportional to iliumination. If this is fed into
a short circuit, the current versus illumina-
tion characteristic becomes extremely linear,
an important feature for any light measuring
instrument.

The CA3130 op-amp converts this current
into a proportional voltage dependent on the
value of the feedback resistarce (the op-amp
tries to make its input current equal to zero
so it produces an output voltage which
forces a current to flow through the feedback
resistors to balance the input current from
the photodiode). Capacitor C1 is included for
stability.

The output from the op-amp will contain an
ac and dc component if mains operated light-
ing is being measured. R3 and C3 act as a low
pass filter and reduce the 100 Hz component.
The resuitant voltage is fed into a ICL7106, a
digital voltmeter IC which performs all the
hard work of displaying its input voitage.
More details of the opetation of the ICL7106

can be found in the references given in the
maln text.

One interesting aspect of circuit operation
is the method used to provide split rail voit-
ages for the op-amp. The ICL7106 has a built
in voltage reference of approximately 2.8
volts between pin 1 (Vcc) and pin 32 (com-
mon).

By connecting common, REF LO (pin 36)
and IN LO (pin 30) together, this produces
voltages of +2.8 and —6.2 to power the op-
amp if measured with respect to the fake
earth (junction of common, REF LO and IN
LO). In actuat fact, if the voltages are mea-
sured with respect to the negative terminal of
the battery, the fake earth point is at +6.2
volts and Vcc is at 9 volts.

To provide a full scale reading of 200 mV,
the voltage applied between REF Hl and REF
LO should be 100 mv. This is provided by
voltage divider R3 and R4.

The rest of the circuitry switches the deci-
mal points and performs the low battery
monitoring function. This operates exactly as
for project 161 Digitat Panel Meter in ETI Aug-
ust "82 which can be referred to for more de-
tails.
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R1 100k

R2 1k

RV1 100k

SWi1a

RV2 1k

R3
27k

- R5 1M

C3
100n

RV3
100k

k)

R4
1k

REF,,

1IC2
ICL7106

POL

7
[ 72

7 23

12 25]
1 23
10 15
9 13

14 13
13 26
25 27
23 30
16 29
1

15 10
18 ]
17 3
22 32|
20 2

LCD DISPLAY

SW2

=

%

DiSALAY

"WOUNTED ON
COPPER SIDE
OF BOARD

For a guide to components and kits
for projects, see SHOPAROUND this issue.
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FRONT PANEL

LCD DISPLAY
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Figure 3. Mounting the pc board.
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To orientate the display correctly, tip it at
an angle and look at the light reflecting off
its surface. You should be able to see the
shape of the seven segment displays and the
decimal points — the decimal points will sit
at the bottom when orientated correctly.

| Plug it carefully into the Molex pins (you

may have to spread the legs slightly). Leave
the connection of the photodiode till last.

I housed the prototype in a 150 x 80 x SO
mm multi-purpose box but any other type of

| Front panel drilling details
l
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case can be used (you could try a 130 x 75 x
40 mm Zippy box but things may get a bit
tight). Use the front panel artwork as a tem-
plate and mark out the holes to be drilled. |
drilled numerous holes around the rectan-
glar section and then filed it into shape.

Since the pc board is mounted behind the
front panel, sit it in its correct position and
mark where the three mounting holes need
to be drilled. When drilled, mount the three
suppeart bolts into place and countersink the
heads. On the prototype, I filled the dim-
ples left by the countersinking operation
with Araldite and sanded them flat.

If you intend to use a plastic Scotchcal
label. spray the panel with a matt white
paint to cover any imperfections which may
otherwise show through the thin material.
When dry, apply the Scotchcal using the wet
technique — soak the label and panel in
water and remove the Scotchcal backing
sheet. This will allow the label to slide over
the panel to be lined up correctly. As long
as both surfaces remain wet, you can play
-| around for ages getting the label just right.
Then simply wipe the assembly and allow it
to dry — hey presto, one perfectly mounted »
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label. Mounting dry Scotchcal onto dry
panels only allows you one chance of getting
it right — usually you miss.

Next, drill an 8 mm diameter hole in one
end of the case to hold the sensor. If your
particular case has internal ribs, remove
those in the vicinity of the hole to allow the
front window of the sensor to sit flush with
the end of the case. Mount the two toggle
switches and wire the unit as shown in the
overlay diagram. Place another nut on each
of the support bolts and fit the board into
place. A final nut on each bolt will secure
the board (refer to Figure 3).

Setting up

The first adjustment to be made is the off-
set trimmer RV3. This should be done BE-
FORE the photodiode is connected. Simply
switch the unit on and adjust RV3 until the
display shows 0. If this is not possible with
your unit or if the reading on the display
wanders randomly, check the orientation of
semiconductors and all your soldering. It's
no use continuing until this offset adjust-
ment can be made.

If all is well, the photodiode can be at- |
tached — check orientation carefully. Use
some tinned copper wire to extend the leads
by about 15 mm. To set the low battery
warning trimpot (RV4), run the unit from |

an adjustable power supply set at 9 volts.
Watch the reading carefully while decreas-
ing the voltage. When the reading starts to
differ drastically from the original, set RV4
so that the LO BAT indicator just comes
on. Do not exceed 9 volts on the supply
leads when doing this test.

The final adjustment to be performed in-
volves the calibration of the unit. The most
accurate way of doing this is to compare the
reading with that of a commercial unit. Set
up a fixed light source, such as a light globe,
and place the commercial light meter at a
position which gives a reading of 100 lux.
Place the ETI-182 at this same distance,
select the 200 lux scale and adjust RV until
the display shows 100 fux. Next, repeat the
exercise with a reading of 1000 lux (by shift-
ing the meters closer to the globe), use the
20k lux range and adjust RV2.

If you don’t have access to a commercial
light meter, the following not-quite-so-
accurate method can be used for calibra-
tion. Set up a 100 watt light globe in an area
where there are no reflecting surfaces,
brightly coloured walls or mirrors. The il-
lumination level at 300 mm from the globe
will be 1000 lux and at 750 mm, 160 lux.
Simply place the meter at each of these dis-
tances and sct the appropriate trimpots.

The unit is now ready for use.
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IMPROVE
THE SHAPE
OF YOUR
BOTTOM LINE

HUB — the business magazine which offers
insight intfo modern management strategies
through information technologies

Call Michelle Smith on (02} 693 6666 or fax to (02) 693 6613
or write to HUB magazine, 180 Bourke Road, Alexandria 2015 for
a free evaluation copy mailed to your business address.
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THIS PAGE serves as 2 guide 1o
constructors on where to source
components, printed circuit boards
and kits for the projects inciuded in
this book. While the information
included here was checked just prior
to publishing, a variety of things may
have changed matters by the time
you read this. It pays to check with
suppliers first, before seeing them or
trying to place an order.

Printed circuit boards

There are three suppliers able to
provide printed circuit boards for projects
included in this book, with certain noted
exceptions. They are, in alphabetical
order:

Acetronics PCBs

112 Robertson Rd
BASS HILL NSW 2197
(02) 645 1241

All Electronic Components
118-122 Lonsdale St
MELBOURNE Vic 3000
(03) 662 1381

RCS Radio Pty Ltd

651 Forest Rd
BEXLEY NSW 2207
(02} 587 3491

Note that the last two suppliers can
also supply front panels and meter
scales for many projects.

Now, as for where to chase up kits and
components, you should first arm
yourself with current catalogues from the
major retailers — Altronics, Dick Smith
Electronics, Jaycar and Rod Irving
Electronics. Where specialised
components are required, suppliers are
suggested here, but where the exact
component may no longer be available,
they may be able to suggest a suitable
equivalent or replacement. Now read on.

ETI-169 Low Distortion Oscillator

Of necessity, this proiect makes
extensive use of high-spec components.
While close tolerance (1% cr 2%) metal
film resistors are now comparatively
common, such things as Boumns and
Allen-Bradley pots are not.

To buy components for this project,
there are two good specialist stores to try
first:

Geoff Wood Electronics
PO Box 671

LANE COVE NSW 2066
(02) 428 4111

Stewart Electronic Components
PO Box 281

OAKLEIGH Vic 3166

(03) 543-3733

They stock suitabie high-tolerance
resistors and metallised polyester
capacitors, ceramic capacitors and
suitable pots and trimpots. Note that the
case used is a very common #lem with
many electronics retailers.

ETI-170 CRO Calibrator

You should find components for this
project relatively easy to obtain as most
are standard stock items with most
electronics retailers. However, you may
have to chase around for the crystals.
Note that Rod Irving Electronics stocks a
range of quartz crystals.

ETI-172 Bit Pattern Detecteor

With a modicum of judicious searching
through the retailers catalogues and a
few well-placed phone calls. intending
constructors should be able to source the
required components for this useful little
project. Rod Irving Electronics stocks this
as a kit, cat. no. K41720

ETI-173 ESD Hazard Detector
An unusual project. The specialised
components required may be sourced
from firms such as Geoff Wood
Electronics in Sydney and Stewart
Electronic Components in Melbourne;
addresses given earlier. Rod irving
Electronics was stocking it as a kit.
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ETI-174 1 MHz Frequency
Standard

To calibrate your other test
instruments! This is an ingenious circuit
that uses bog-standard components
obtainable from almost any electronics
retailer worth their salt. The only other
thing you need is a TV set . ..

ETI-176 Zener Tester

This project was designed and
produced by Dick Smith Electronics and
is available as a complete kit, listed in
their 1989/90 catalogue as cat. no.
K-3051, priced at $39.95. It comes with a
pre-punched front panel, making
construction that much easier and
guaranteeing a more “professional”
result.

ETI-179 Analogue Breadboard

Just the thing for dyed-in-the-wool
experimenters! All the components for
this project are widely available from
electronics retailers, including the special
“breadboards”, so you should have little
difficulty getting it all together.

ETI-181 RS232 Breakout Box
Computer enthusiasts should not be

without one of these! All Electronic

Components in Melbourne (address

above) stock this project as a complete
kit, so contact them.

ETI-182 Digital Lux Meter

This unusual project depends on the
BPW21 photodiode. a Siemens device.
Try ordering it through specialist
suppliers such as Geoff Wood
Electronics in Sydney or Stewart
E'ectronic Components in Melbourne
(who may be able to supply a suitable
aiternative if the Siemens BPW21 is
unavailable as they stock a range of opto
devices).

The ICL7106 DVM/LCD dispiay driver
and 3.5-digit liquid crystal are still widely
available and you should find all the other
components are pretty well
bog-standard.

ETI-183 Op-Amp Tester

A great project for the enthusiast or
inveterate expermenter. Components for
this project are readily available at
electronics retailers; Rod Irving
Electronics stock it as a kit, cat. no.
41830.

ETI-185 Versiply

For the experimenter, a very
convenient unit to have on your bench
always. This project was developed and
produced by Ali Electronic Components
in Melbourne who stock it as a kit.

ETI-187 Protopac

A complete kit of parts for this project,
as mentioned in the article, is only
obtainable through:

Applied Audio Consultants
GPO Box 733

CANBERRA CITY A.C.T. 2601
(062) 43 3345

ETI-190 Digital Transistor Tester
The parts for this prcject are generally
readily available from retailers, with the
exception of the 40110 and the case. For
these, try Stewart Electronic
Components in Melbourne; the 40110 is
also stocked by RS Components who
have sales offices in each state capital.

ETI-251 Op-amp Power Supply
Another project for the
dyed-in-the-wool experimenter or
enthusiast, op-amps being so widely
used in circuits these days.
Components for this project, as with
the majority of others, are widely
available from electronics retailers.

ETI-1419 Bench Amplifier

Like most of the other projects, this has
been designed with ready component
availability in mind, so you shouid
experience few difficulties in sourcing
your requirements.
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STERED UNITS
$2 ET) 482 50 wan per channel Amplitier
S3 ETI 482A Preamp Board
S4 ET) 4828 Tone Control Board
S6 ET) 480 S0 wam Ampiifier
S7 £7) 480 100 wart Ampitier
S9 E Tt 443 £ xpander Compressor
S10 ETI 444 Five walt stereo
$12 £71 438 Audio Level Meter

S18 £71 426 Rumble Fiiter

S35 ET1 470 60 walt audio ampliber moduie
$36 ET1 4000 Series 60 walt stereo amp! her
S37 ETI 451 Hum Filter tor Hi f1 systems
S38 £ A Stereo Intrared Remote Saitch
S39 ETI 455 Stereo Loudspeaner Protertor
S40 £ A Super Bass filter

S42 E A Stylus T mer

S43 £1) 3000 Seres Amplttier 25 w ch
S44 €71 477 Mosfet power amp moduie
S45 £T) 457 Scraten Rumbie F ter

S46 ET1 458 VU Level Meter

547 EVY 479 Brdg ng Adapt ¢

548 £T1 5000 Seres Puwer Amp ter

SA49 £ 11 494 Loudspeaker #rotedtor

S50 €A infrared TV Suung (oot

S51 HE 121 Scratch & Hrss b iter

552 EA 100W Sub Wooler Modu

$53 EA Steren S myatnr

354 EA Headphone Amp

355 AEM 6500 60W Utinty Amp Modue
556 AEM 6500 100W Uity Amp Module
S57 €71 1405 Stereo £ nhancer

558 ETI 442 Master Play Stereo
S59 LA Led Bar Graph Display (Sterec

ot o~

S61 FA 1 Walt Utdity Am)
S62 ET) 453 General Purpose Amp

563 A Bridge Adaptor
$64 AEM 6503 Active Cross Over
STAGE
ST1 611592 L ght Show
ST2 BT 493 * heguer v T -
STAEA [ ghtlChyer 4 e
SISEA Taw Tn for brgare ' age Arg
BANRIEY ) AM el AN
STBETTAYR A 150« B A

19t A Mossonr IV

TIDEA Mus o e

PRE AMPLIFIER AND MIXERS
P1ETI 245 Gterm bre g ter
P2 B0 A49 Batante Mit Pre ampiter
PG E11 419 Miser Pre amplitier A ({1}
PEY BT 446 Audin [ imiter
PEIETEACT Mgt Certptmancy tere
13E0 473 Mowing e A
P14 ETI 474 High to luw Impedrin e intart
¥ ET1 367 A input Guntar My Pre
P16 A Muving Pre Ampt et Hafter
P1EA Mowing Lon Pre Ampitus 1ug pack
PR ETE 478 MM Moving Magnet $4 gog
P13 ETE47H8ME Mowing ( Pre qmp 1t
P2 LT 278 Seres, SO0 Pre At
B2V E A Voral Cancel
P2 ET ab tBataneed Pieamy
P23 HE 11 Mromaer
P LA ERtects Unt

GUITAR UNITS

Gr B 11447 Auhio Phaser

Y2 BT 192 6 atar Pragtoe Ay

LIS ETEA6H 400 it Amp

alt F10 453 Fugs Susta

61 HE 10 Gudtar b

(I8 E 1 A50A Rig ket Brgade

QIS ET1AS08 Mixer tor gbowe

WOE A guitar Pre ampiiter

G2 Somcs ME? Soows MES Wah Wb Peq
G22 LA Effects Unit

G23 £ 111210 Bass Guitar Amp | 150W)
AUDID TEST UNITS

ATVETEAAY Apd e N s enien gt
ALt A At MOt Mete

ATt Aty a

AT 4t 08 Be g™ A e

ATITE A Auda Tes

AINIE A Wi !
AR Ina A g

TIMERS

LAY ALty

AP Y R T .
‘1t !

E awre "

e " -

bracwets

bt

T6 €A 4 Dhgit L C D Clock of Control Timer

COMMUNICATION EQUIPMENT

CEV ET4 711 Remole Contvol Transmifter Switch
CE2 ET1 711R Remote Contro! Receiver

CE3 ET1 7110 Remote Control Decoder
CE4 ET1 7118 Singie Contro

CES Double Contro!

CE6 ET1 711P Power Supply

CE9 ET' 08 Active Antenna

CE11 ETI 780 Novce Transmitter
CEt2 €11 703 Anterna Matching Unit
CE33 ET! 718 Shortaave Rad

CE34 ET1 490 A, dio Compressor

CE3S £T1 721 Arrcratt Band converter jless XTALS)

E3TET) 475 Wde Band A M Tuner
CE38 t A Masthead Pre ampiter
E39ETI 31 R T T Y Moguator

£40 £T1 729 UHF TV Masthead Pream

£43 £71 735 UMF 1o VHE TV [ onverte
E42 HE "04 AM “uner

“£43 HE 106 Rad 0 Mict iphane
E43E A RT T v Demuduwat
£45¢ A . e Dpeain Reay

FE6 ET1 33 RITY {nnyerter 1 M
E47ET *517 video Dstubuton Amp
E48 LA . de f~natuer

£50 €11 1518 viden Enhancer

B9 FA ViR S ng Proges

Ct 52 EA Motorcycle Intercom

CE 53 £ 11 1405 Stereo Ennancer

CE 56 €TI *SS Computer Driven RTTY Transceiver

METAL DETECTORS

MU' ET1 539 et or Baanes Meta

MIUE ST Meta L a

MOIE" S g e
aser

MWIE LT A e e T

MOE E7 566 Pproav: Tane 20
METE A Fuspe o Mela Cnatee
TEST EQUIPMENT

“F e Eng e Mot

BE VLT B e

b
LEETIR Ay A -
i eer Mels
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1f AT [T
~ ety
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1 Wy "
1 LU PR e lieans
(Bt A Aot
tA A 4 Meter
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A . Ter e
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1
vty Mg
. M.
A '
Mt LU

72 AEM 5505 Hash Harner
1€ 73 £A Evenl Counter
TE 74 ET1 183 OP Amp Tesler
‘ aeo

MODDEL TRAIN UNITS {see also SODUND EFFECTS

Wt geap w0

S VA

- bee

tute,

MT3 tA Ralmaster  iIncluting Hemite

SOUND EFFECTS
£rA N R
£33t A Lo ya .

B3t A Stean Wh

b b : ;

S E A 192 ALl

ET LA fectr sed She
EE £ 4nGA Pes s
SEQ T 469 Sequenier * re
abt A Frrect '

C et g M g ey

1phtnes

ALL ELECTRONIC COMPONENTS oo omum m us

118-122 LONSDALE STREET, MELBOURNE, VIC. 3000. TEL: 662-3506

TALK ABOUT A HUGE RANGE OF KITS!

VOLTAGE CURRENT CONTROLS

VI ETI 48112 voit to + 40v O C 100 wan Inverter
V2 £11 525 Dnil Speeg Contratler

V6E A 1976 Speed Controt

VIDE A Zero voltage swilching heat controller

VITE A Inverter 12y D C input 230v 50 hz 300VA output

V12 E11 1505 Flourescent Light Inverter
V13 £A Electnic Fence

V14 ET1 1506 Xenon Push Bike Fiasher
V15 £11 1509 DC DC Inverter

V16 ET1 1512 Flectric Fence Tester

V17 £A Fluro Light Starter

V19 HE126 Nicad Charger

V20 £11 578 Simple Nicad Charger

V21 EA Heat Controller

V22 ET1 563 Fast Ni-Cad Chaiger

V23 EA High Voltage tnsultation lester

V24 EA Electne Fence Controller

V25 £11 1532 Temp Control For Soldenng lrons

WARNING SYSTEMS

WS1 £ 1) 583 Gas Alarm

W53 £ 11 528 Home Burgiar A arm
W52 1) 02 Radar Intruder Alarr
WS ET1 313 Car Aarm

WS12 £71 82 House Aar

WS14E & 1976 Car Alarm
AS15t A 10 Ghz Radar Aarm
AST6E A . ght Bear Riay
WSTT ETE 247 Son Morsture 17dh at
ASI8 E71 .50 Simpre Huuse Aarm
WSIQETI SN I%areg Tep Reay
WH20 £ 71 585 T&R UMrason« Sa teh
SS2TET 330 car Aarm

W22 ETY 3,2 Over Rey (A g aw
WS4 ET1 1506 Xenon Bie f asher
CERC IR IO R B

WS26 EA Detuse Lar Alarm

AS27 EA U'trasnnic Mavement ettt
WS28 £TI 278 D rectional Door Mindes

WS 29 EA Multisector Home Secunty System
WS30 LA Intra Red Light Beam Relay

WS31 EA Qeluxe Car Aiarm

WS32 t A Doorwav Minder

WS33 EA  Screecher Car Alarm

WS34 £11 1527 2 Sector Burglar Alarm

PHOTOGRAPHIC

PHT ET1 586 Shulter sper THet
PHIE" 5 48 CRR DN
PHA ET1 53 Paal et

PHTETI AT Tape Side fy

PH Y BA Syne 3

PHIS £T1 S % Sy
MU LA Igla Ph

PHT T E T 504 Deveng ire

PHOE A Sound Trggen
FHOCME MM Eateg B Tegq
PHOYE A Photograph

PH22 111182 Lux Meter

PH23 ET1 1521 Digital Enl E xposure Meter
PH24 £ 11 2/9 Exposure Meter

POWER SUPPLIES
PEL L bagermenter Faarr ppy

ar

81 wh "'y
B Power Suppty
1 3 avt oy
bEA 19 Hegulated Poae oy
EA B Poart wppy
1 Paart wpp . - v
e
1, Prae '
BEA Pawer v
14 a 2 e
An g
HEA Heo b My hoA -
b -, 'y
Pt EA Dy . a

PS22 ET1 162 1 3 10 vott tuly A}a.u b
PS21£11 251 OF AMP Priaer Suppry -

COMPUTER AND DIGITAL UNITS

PRI B v e oy Hispet
M & J
+ 4 e .
A
L
.
At i
wit A "y
R T
[ + B} .
I R T T AT S A e

C17 ET1 /30 Geming Going on Hadio Tele Type
C24 £71 760 v-0eo Rt Modulator

PLUS MANY, MANY MORE KITS WHICH WE CANNOT LIST HERE!!!
JUST CONTACT US FOR PRICE & AVAILABILITY.

FAX (03) 663-3822

C25 € A Eprom Programmer

C26 ET) 668 Microbee t prom Programmer

C27 ET1 733 RTTY Computer Decoder

C28 EA Video Amp for Computers

C29 ETI 649 Microbee Light Pen

C30 €71 675 Microbee Serial  Parallel Interface

C31 £71 688 Programmer for Fusabie  Link B polar
Proms

C32 €11 676 RS232 for Microbee

*all VU projects priced less conneciors

€33 ETI 678 Rom Reader For Microbee

C34 ETI 659 VIC 20 Cassefte Intertace

C35 ETI 683 Mindmaster — Human Computer Link

C36 EA Eprom Copier/Programmer

C37 ET) 699 300 Band Diect-Lonnect Modem

C38 AEM 3500 Listemng Post

C39 AEM 4600 Dual Speed Modem

CA0 ET) 160% RS 232 For Ccmmodore

C41 AEM 4504 Speech Synthesuzer

B10 FEEDBACK

BF1ETI 536 G S R Monitor jless probes)

BF2 £T1 544 Heart Rate Monitor

BF3 ETt 576 Flectromyogram

AUTOMOTIVE UMITS

A1 £71 317 Rev Monitor

A2 £ T) 081 Tachometer

A3 ETI 316 Transistor Assisted igmtion

A4} 71 240 High Power Emergency £ asher

A6 FT1 312 Flectromic [gniton System

A7 £ 11301 var. Wiper

Al1aE A Dael Meter

A22 tT) 118 thgital Car Tachometer

Ac i ET1 1194 var apet Mx 2 fp dynam ¢ Bras ng)

A24 11 119B Var w pet M 1 dynam ¢ brak ng

A25 £ T1 555 Ligrt Achvated Tathu

A2k 71 120 Battery [ ngtn nd Calwr

A27 L & Trans sior Aststed Ignton

A28 ET1 €23 Twin Hange Tacho ess cas

A2 £ 2B .ec s Temy, Meter ey be

AJOET) 4.t Agto b yel Lave A ge

ALUET 44 aetcope

AL BT LE AN bepe e e

Asyt" § Reverng Alares

At b & & e

L3 L R O e

Adt | 9 AT Y eler eap e
AT T L Haz

AR tep av v tete
ALY EA gt

ALt B

A1 EA g wong

AL LA 4

Atd T ALt Aney e

A5 tT1 280 Low Battery Volt Indicator
Ad6 £ 1) 302 Over Rev Aarm
A47 £T) 345 Dewnister Timer
ELECTRONIC GAMES
bLTE'LO4 Head ., ane ©
(AR RINLE N LR R
tuld b A Eie Routette Wher
bLAEY
TS LI HTE Doy
b b A it
t HE 3
tilt A ¥ et
bathr t A od
EatI LAk Whew

7 N ' N
MISCELLANEOUS KITS
MY E B Acenty ated Beal My
M1E' 51 Teephaoe Be bt
MOE T e w 1

Ty Mate
wy v Bn

Mt 't N e
Mb b 8 1100 Mode Ave g
My o e '

W W A

MrabA RELT IR

Mbt A e .

ME O EA g Ruwe

M58 AtM 1500 Simple Metronome

M69 AL M 5501 Negative lon Generalor
M70 AEM 4501 8 Channel Relay Intertace
M71 HA Pest Ot

(S vt i

PLUS — A HUGE RANGE
OF COMPONENTS

COMPANY & SCHOOL ACCOUNTS AVAILABLE.






