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Semiconductor types

Very often, a large number of

equivalent semiconductors

exist with different type

numbers. For this reason,

‘abbreviated’ type numbers are

used in Elektor wherever

possible:

e '741' stand for uA 741,
LM 741, MC 741, MIC 741,
RM 741, SN 72741, etc.

® 'TUP’ or ‘'TUN’ (Transistor,
Universal, PNP or NPN
respectively) stand for any
low frequency silicon
transistor that meets the
following specifications:

UCEQ,max 20V

IC, max 100 mA

hfe, min 100

Ptot, max 100 mW
* T, min 100 MHz

Some ‘"TUN's are: BC 107,

BC 108 and BC 109 families;
2N3856A, 2N3859, 2N3860,
2M3904, 2N3947, 2N4124.
Some ‘TUP's are: BC 177 and
BC178 families; BC 179 family
with the possible exception of
BC 159 and BC 179; 2N2412,
2N3251, 2N3906, 2N4126,
2N4291.

e ‘DUS’ or ‘DUG’ (Diode
Universal, Silicon or
Germanium respectively)
stands for any diode that
meets the following
specifications:

DUS DUG
UR,max 256V 20V
IF, max 100mA 35mA
IR, max 1 upA 100 pA

Ptot, max 250 mW 250 mW
CD,max 5pF 10pF

Some ‘DUS’s are: BA 127,
BA 217, BA 218, BA 221,
BA 222, BA 317, BA 318,
BAX 13, BAY 61, 1N914,
1N4148.

Some ‘DUG's are: OA 85,
0A 91, OA 95, AA116.

e '‘BC107B’, ‘BC 2378’,
‘BC 5478’ all refer to the
same ‘family’ of almost
identical better-quality
silicon transistors. In general,
any other member of the
same family can be used
instead.

BC 107 (-8, -9) families

BC 107 (-8, -8}, BC 147 (-8,-9),
BC 207 (-8,-9), BC 237 (-8,-9),
BC 317 (-8,-9), BC 347 (-8,-9),
BC 547 (-8,-9), BC 171 (-2,-3),
BC 182(-3,-4), BC 382 (-3,-4),
BC437(-8,-9), BC414

BC 177 (-8, -9) families

BC 177 (-8,-9), BC 157 (-8,-9),
BC 204 (-5,-6), BC 307 (-8, -9),
BC 320 (-1,-2), BC 350 (-1,-2),
BC 557 (-8,-9), BC 251 (-2,-3),
BC 212(-3,-4), BC512(-3,-4),
BC 261 (-2,-3), BC 416.

Resistor and capacitor values
When giving component
values, decimal points and
large numbers of zeros are
avoided wherever possible.
The decimal point is usually
replaced by one of the
following abbreviations:

p lpico-) = 10712
n (nano-) = 107°
2 (micro-)= 1076
m (milli-) = 1073
k (kilo-) = 103
M (mega-) = 106
G (giga-) = 109

A few examples:

Resistance value 2k7: 2700 £2.
Resistance value 470: 470 £,
Capacitance value 4p7: 4.7 pF,
or 0.0000000000047 F . ..
Capacitance value 10 n: this is
the international way of writin
writing 10,000 EF or .01 uF,
since 1 nis 1077 farads or
1000 pF.

Resistors are % Watt 5%
carbon types, unless otherwise
specified. The DC working
voltage of capacitors (other
than electrolytics) is normally
assumed to be at least 60 V.
As a rule of thumb, a safe
value is usually approximately
twice the DC supply voltage.

Test voltages

The DC test voltages shown
are measured with a 20 kQ/V
instrument, unless otherwise
specified.

U, not V

The international letter sym-

bol ‘U’ for voltage is often

used instead of the ambiguous

V. '\ is normally reserved A
for ‘volts’. For instance:
Up=10V,not'Vp=10V.

Mains voltages

No mains (power line) volt-

ages are listed in Elektor

circuits. It is assumed that our
readers know what voltage is
standard in their part of the

world!

Readers in countries that use Y
60 Hz should note that /
Elektor circuits are designed

for 50 Hz operation. This will

not normally be a problem;
however, in cases where the

mains frequency is used for
synchronisation some modifi-
cation may be required.
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‘[] Automatic emergency

lighting unit

This unit chiarges a nickel-cadmium battery from
the mains to provide a standby power supply for
emergency lighting in the event of a mains fail-
ure. When the mains supply drops out, the light-
ing is switched on automatically.

The circuit of the unit is extremely simple. Trl,
D1 and C1 provide a halfwave rectified and
smoothed DC supply of approx. 6 V, which is
used to continuously charge the Ni-Cad battery
at about 100 mA via R1 and D2. A 2 Ah Ni-Cad
can safely be charged at this rate.

The voltage drop across D2 reverse-biases the
base-emitter junction of T1, so that this transis-
tor is turned off and the lamps are not lit. When
the mains supply fails, however, T1 is supplied

9975

with base current via R2; the transistor therefore
turns on and the lamps are lit. As soon as the
mains supply is restored, T1 will turn off, the
lamps are extinguished and the battery is once
more charged via R1 and D2.

The unit can be mounted wherever emergency
lighting will be required in the event of a power
failure. An obvious example is in that infamous
dark cupboard under the stairs, so that, should a
fuse blow, a replacement can be easily found and
fitted.

A transformer with a slightly higher secondary
voltage can be used, provided that R1 is uprated
to limit the current through this resistor to 100
mA.

Pseudo random running
lamp

If a number of the outputs of a shift register are
fed back in a certain fashion via an EXOR gate
to the data input, then the Q outputs of the regis-
ter will run through the maximum possible num-
ber of mutually different logic states. By using
the Q outputs to drive LEDs a visual represen-
tation of the truth table for a shift register with
EXOR feedback is obtained. At each clock pulse
a logic ‘1’ (LED lights up) or ‘0’ moves up one
place, so that the net resultisa running light.

In this circuit the Q outputs of the shift register
(IC2), which is seven bits long, are routed via an
EXOR gate (N1...N4) back to pin 7, the data in-
put, of the register. The clock signal is provided

by ICl. The clock frequency, and hence the
speed of the running light, can be altered by
means of P1. R4...R17 and T1...T7 are included
to drive the LEDs. R18, R19, C3 and D8 ensure
that when the circuit is switched on, a logic ‘1’
appears at the data input, which means that the
register output state can never be all zeroes.

The circuit can be extended for use as a light or-
gan. The LEDs are replaced by opto-couplers
which, via the necessary hardware (triac etc.)
control incandescent lamps.

A rectified version of the audio signal is fed via
R3 to the control input of IC1, where it is used to
modulate the clock frequency of the register and
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hence the speed of the running light. Capacitor
C2 may then be omitted. Varying the control
voltage between 0 and 15 V will result in the
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clock frequency being varied between 50 and
150% of the value obtained with the control in-
put left floating.

Phaser

In contrast to lowpass or highpass filters, the
gain of an all-pass filter remains constant over
the range of frequencies at which it is used, but it
does introduce a frequency-dependent phase
shift. A number of all-pass filters may be cas-
caded to produce a phasing unit for use in elec-
tronic music. The phasing effect is produced by
phase-shifting a signal and then summing the
original and phase-shifted versions of the signal.
Figure 1 shows the basic circuit of a first order
all-pass filter. The phase-shift is dependent on
the relative values of R and C and on the input
frequency. At low frequencies C has a very high
impedance and the circuit simply functions as an
inverting amplifier, so the phase-shift is 180°. At
high frequencies the impedance of C is low and
the circuit functions as a non-inverting amplifier
with zero phase-shift.

The gain of the filter depends on the relative
values of R1 and R2. In this case R1 and R2 are

chosen equal so that the gain is unity. The graph
shows the phase-shift v. frequency curve for the
filter.

The complete circuit of a phasing unit using all-
pass filters is shown in figure 2. Six all-pass filter
stages are cascaded, so the total phase-shift at
low frequencies can be up to 1080°! The use of a
total of ten op-amps in the circuit may seem
rather excessive, but as eight of these are LM324
quad op-amps the total package count is only
four ICs.

ICla functions as a unity gain input buffer and
IC1b to IC2c are the six filter stages. The direct
and phase-shifted signals are summed by 1C2d.
The proportion of phase-shifted signal and

hence the depth of phasing can be adjusted by

means of P4.

The degree of phase-shift at a particular fre-
quency can be varied by FETs T1 to Té, which
function as voltage controlled resistors. By vary-
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ing the gate voltage the drain-source resistance
can be increased or decreased, thus altering the
effective value of ‘R’ in each all-pass filter and
hence varying the phase-shift. This may be con-
trolled either manually by means of P3 or may
be swept up and down automatically by the out-
put of the triangular wave generator consisting
of IC3 and IC4. As the gate voltage of the FETs
must always be negative the output of this oscil-
lator swings between ~-2and —6 V.

The oscillator frequency may be varied by means
of P1, and the best phasing effect occurs at fre-

10 10°
T 77000 1

®

7001

quencies between 0.5 Hz and 1 Hz. At higher
frequencies (around 4 Hz) the phasing effect is
lost but a vibrato effect is obtained instead.
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éb Car battery monitor

as RE m
R1 A3
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In the winter months, when starting is difficult IC. The reference voltage output is fed to the
and headlamps must frequently be used, itisall  two threshold inputs via presets P1 and P2,
too easy for a car battery to be discharged to a  which are used to calibrate the circuit.
dangerously low level, especially if no long jour-  The lowest acceptable voltage for a 12 V car bat-
neys are undertaken. Hence this circuit, which  tery is about 11.5 V, and P1 is adjusted so that
provides continuous monitoring of the state of DI lights when the input falls below this voltage.
the battery, should prove extremely useful. The  If the battery voltage rises above 14.5 V it is
unit will indicate if the battery is discharged, overcharged, which indicates that the car voltage
o.k. or overcharged. regulator is at fault. P2 is therefore adjusted so
The circuit is based on the Siemens IC type TCA  that D3 is lit for input voltages above 14.5 V.
965. This IC is a complete window comparator,  Between 11.5 V and 14.5 V the green LED
which will indicate whether the input voltage lies  should light, indicating that the condition of the
between two preset reference voltages, is below  battery is satisfactory. i
the low reference voltage or abovethe high refer- It will be noticed that the LEDs do not light and
ence voltage. These three conditions are indi-  extinguish at exactly the same voltage. This is
cated by three LEDs, which are driven directly  due to a hysteresis of 66 mV which is incorpor-
by the IC. The IC also has a reference voltage  ated into the IC to prevent the LEDs flickering
output, which can be used to derive the upper  when the battery voltage is close to the threshold
and lower thresholds of the ‘window’. levels.

The circuit is powered from the 12 V car battery,

and the battery voltage is also fed, via potential  Siemens Application Note

divider R1/R2, to the monitoring input of the

27
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TAP-tip

Many circuits for TAPs (Touch Activated Pro- it requires only one touch contact. Touching the
gramme switches) have previously been pub-  contact once sets the TAP; touching it a second
lished. However, all of these required the use of  time resets the TAP.

two pairs of touch contacts, one to set the TAP NI and N2 form a flip-flop (bistable multivibra-
to the ‘on’ position and one to reset it to the ‘off”  tor). Assume that initially the output of N2 is
position. The novel feature of this circuit is that ~ low. The inputs of N1 are also pulled low via R2,

12
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so the output of N1 is high. The inputs of N2 are
thus high, which satisfies the criterion for the
output to be low, which was the original assump-
tion. Cl1 is charged to logic high through R3
from the high output of NI. If the touch con-
tacts are now bridged by a finger, the logic high
on C1 will be applied to the inputs of N1 through
R1 and the skin resistance. The output of N1 will

go low, so the output of N2 will go high, holding
the inputs of NI high even if the finger is re-
moved. The TAP is now set.

Once the finger is removed, C1 will discharge
through R3 into the low output of NI, If the
touch contacts are subsequently bridged, the in-
puts of N1 will be pulled low by C1 (since it is
now discharged). The output of N1 will thus go
high and the output of N2 low, which will hold
the inputs of NI low even after the finger has
been removed. The TAP is now reset to its orig-
inal state. C1 will charge to logic high through
R3 from the output of N1, ready for the contact
to be touched again.

The only constraint on the operation of the cir-
cuit is that the interval between successive oper-
ations of the switch must be at least half a sec-
ond to allow C1 time to charge and discharge.

CMOS function generator

Using only one inexpensive CMOS IC and a
handful of discrete components, it is possible to
build a versatile function generator that will pro-
vide a choice of three waveforms over the entire
audio spectrum and beyond.

The aim of this project was to produce a simple,
cost-effective, general purpose audio generator,
which was easy to build and use. This aim has
certainly been achieved, since the circuit offers a
choice of sine, square and triangle waveforms
and a frequency range from about 12 Hz to 70

kHz, yet uses only one CMOS hex inverter IC
and a few discrete components. Of course, the
design does not offer the performance of more
sophisticated circuits, particularly as regards
waveform quality at higher frequencies, but it is
nonetheless an extremely useful instrument for
audio work.

Block diagram

Figure 1 illustrates the operating principles of the
circuit. The heart of the generator is a
triangle/squarewave generator consisting of an
integrator and a Schmitt trigger. When the out-
put of the Schmitt trigger is high, the voltage fed
back from the Schmitt output to the input of the
integrator causes the integrator output to ramp
negative until it reaches the lower trigger thres-
hold of the Schmitt trigger. At this point the out-
put of the Schmitt trigger goes low, and the low
voltage fed back to the integrator input causes it
to ramp positive until the upper trigger threshold
of the Schmitt trigger is reached. The output of
the Schmitt trigger again goes high, and the inte-
grator output ramps negative again, and so on.
The positive- and negative-going sweeps of the
integrator output make up a triangular wave-
form, whose amplitude is determined by the
hysteresis of the Schmitt trigger (i.e. the differ-
ence between the upper and lower trigger thres-
holds). The output of the Schmitt trigger is, of
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course a square wave consisting of alternate high
and low output states.

The triangle output is fed through a buffer
amplifier to a diode shaper, which ‘rounds off’
the peaks and troughs of the triangle to produce
an approximation to a sinewave signal.

Any one of the three waveforms may then be
selected by a three-position switch and fed to an
output buffer amplifier. The frequency of all
three signals is varied by altering the integrator
time constant, which changes the rate at which
the integrator ramps, and hence the signal fre-
quency.

Complete circuit

The practical circuit of the CMOS function gen-
erator is given in figure 2. The integrator is based
on a CMOS inverter, N1, whilst the Schmitt trig-
ger uses two inverters with positive feedback, N2
and N3.

The circuit functions as follows; assuming, for
the moment, that the wiper of P2 is at its lowest

2

position, when the output of N3 is high a current
Up - Ug
P + R;

flows through R1 and P1, where Uy, is the supply
voltage and Uy is the threshold voltage of NI.
Since this current cannot flow into the high im-

» pedance input of the inverter, it all flows into C1

or C2 (depending on which is selected by S1).
The voltage drop across Cl thus increases lin-
early, so the output voltage of NI falls linearly
until the lower threshold voltage of the Schmitt
trigger is reached, when the output of the
Schmitt trigger goes low. A current

_U[
P; + Ry

now flows through R1 and P1. This current also
flows into Cl, so the output voltage of N1 rises
linearly until the upper threshold voltage of the
Schmitt trigger is reached, when the output of
the Schmitt trigger goes high and the whole cycle
repeats.

To ensure symmetry of the triangle waveform
(i.e. the same slope on both positive-going and
negative-going portions of the waveform) the
charge and discharge currents of the capacitor
must be equal, which means that Uy — Ug must
equal U;. Unfortunately Uy is determined by the
characteristics of the CMOS inverter and is typi-
cally 55% of supply voltage, so Uy — Uy is about
2.7V with a 6 V supply and Uy is about 3.3 V.
This difficulty is overcome by means of P2,
which allows symmetry adjustment. Assume for
the moment that R — is connected to the positive

54 1HBmA
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Figure 1. Block diagram of the CMOS func-
tion generator.

Figure 2. Complete circuit of the function
generator.

Photos. The three output waveforms pro-
duced by the function generator.

supply rail (position A). Whatever the setting of
P2, the high output voltage of the Schmitt trigger
is always Up. However, when the output of N3 is
low, R4 and P2 form a potential divider so that a
voltage from 0 V to 3 V can be fed back to P1,
depending on the wiper setting of P2. This means
that the voltage across R1 and P1 is no longer
— Ut but Up, —Ug. If the slider voltage of P2 is
about 0.6 V then Up, — Uy will be around —2.7
V, so the charge and discharge currents will be
the same. Of course, the adjustment of P2 must
be carried out to suit each individual function
generator, owing to the tolerance in the value of
Ut. In cases where Uy is less than 50% of the
supply voltage, it will be necessary to connect the
top of R4 to ground (position B).

Two frequency ranges are provided, which are
selected by means of S1; 12 Hz-1 kHz and 1 kHz
to about 70 kHz. Fine frequency control is pro-
vided by P1 which varies the charge and dis-
charge current of Cl or C2 and hence the rate at
which the integrator ramps up and down.

The squarewave output from N3 is taken via a

- waveform selector switch, S2, to a buffer ampli-

fier, which consists of two inverters (connected
in- parallel to boost their output current capa-
bility) biased as a linear amplifier. The triangle
output is taken through a buffer amplifier N4,

_and thence through the selector switch to the out-

put buffer amplifier.

The triangle output from N4 is also taken to the
sine shaper, which consists of R9, R11, C3, D1
and D2. Up to about plus or minus 0.5 volts D1
and D2 draw little current, but above this voltage
their dynamic resistance falls and they limit the
peaks and troughs of the triangle signal logarith-
mically to produce an approximation to a sine-
wave. The sine output is fed via C5 and R10 to
the output amplifier.

Sine purity is adjusted by P4, which varies the
gain of N4 and thus the amplitude of the triangle
signal fed to the sine shaper. Too low a signal
level, and the triangle amplitude will be below
the diode threshold voltage, so that it will pass
without alteration; too high a signal level, and
the peaks and troughs will be clipped severely,
thus not giving a good sine wave.

The input resistors to the output buffer amplifier
are chosen so that all three waveforms have a
peak to peak output voltage of about 1.2 V maxi-
mum. The output level can be adjusted by P3.

Adjustment procedure
The adjustment procedure consists simply of ad-
justing the triangle symmetry and sine purity.
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Triangle symmetry is actually best adjusted by
observing the squarewave signal, since a sym-
metrical triangle is obtained when the square-
wave duty-cycle is 50% (1-1 mark-space ratio).
P2 is adjusted to achieve this. In cases where the
symmetry improves as the wiper of P2 is turned
down towards the output of N3 but exact sym-
metry cannot be obtained, the top of R4 should
be connected in the alternative position.

Sine purity is adjusted by varying P4 until the
waveform ‘looks right’ or by adjusting for mini-
mum distortion if a distortion meter is available.
Since the supply voltage alters the output voltage
of the various waveforms, and hence the sine pu-
rity, the circuit should be operated from a stable

6 V supply. If batteries are used they should
never be allowed to run down too far.

CMOS ICs used as linear circuits draw more cur-
rent than when used in the normal switching
mode, and the supply voltage should not be
greater than 6 V, otherwise the IC may overheat
due to excessive power dissipation.

Performance

The quality of the waveforms can be judged
from the oscilloscope photographs. In all three
cases the vertical sensitivity is 500 mV/div and
the timebase speed 200 ¥ s/div.

Zener tester

This simple tester provides a reliable means of
measuring zener voltages and of plotting the
variation of zener voltage with zener current.

In many cases the breakdown voltage of a zener
diode is printed, fairly clearly, on the case. For
example, the type number of the zener family is
often printed, together with the zener voltage, so
a BZY88 6V8 would be a 6.8 V zener from the
BZY88 family. Unfortunately, some manufac-
turers merely print an indecipherable code,
which has to be looked up in the relevant data
book in erder to find the zener parameters. Fur-
thermore, there is sometimes a requirement for
testing ‘job lots’ of unmarked devices, or com-
ponents that have been lying in the junkbox and
have had their markings rubbed off. In all these
cases a zener tester can prove a useful addition to
the ‘lab’ test equipment.

The reverse characteristic of a zener diode is il-
lustrated in figure 1. At voltages below the zener
voltage the device draws very little current. Once
the breakdown voltage is reached any further in-
crease in voltage will produce a large increase in
current, i.e. above its breakdown voltage the
zener diode behaves as a more or less constant
voltage device. However, since the zener diode
possesses a finite internal resistance (known as
the dynamic resistance), the zener voltage will
vary slightly with current, due to the voltage
dropped across this internal resistance. Because
of this, manufacturers always quote zener volt-
age at a certain current (usually between 5and 10

16

mA).

It is, of course, possible to test a zener diode
using a battery, series resistor and a multimeter
to measure the zener voltage. However, the cur-
rent flowing through the zener will be deter-
mined by the value of the resistor and the differ-
ence between the battery voltage and the zener
voltage, and will obviously be less for high-
voltage zeners than for low-voltage zeners. This
can lead to errors in the measurement.

The zener tester described in this article feeds a
known, constant current through the zener. Fur-
thermore, a choice of seven different zener cur-
rents is provided, which allows the zener voltage
to be plotted against current.

The circuit of the zener tester, which contains
only nine components, is given in figure 2. T1
and T2 function as a voltage regulator. T] re-
ceives a bias voltage from the supply via R4 and
draws current from the supply through the zener
under test. However, if the emitter voltage

15
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should try to rise above the 0.6 V base emitter
knee voltage of T2, then T2 will draw more cur-
rent, pulling down the base voltage of T1 and
thus reducing the emitter voltage. Should the
emitter voltage of T1 tend to fall below the base-
emitter voltage of T2, then T2 will draw less cur-
rent, the collector voltage will rise, and with it
the emitter voltage of T1. This negative feedback
system means that a constant voltage of approxi-
mately 0.6 V appears at the emitter of T1.

If one or more of the switches S1 to S3 is closed,

then a current I = ﬂ (A, V, Q) will flow
IR’

through one or more of the resistors R1-R3. (‘R’
is R1, R2, R3 or the parallel connection of two
or more of these). This current will also flow
through T1 and the zener. The zener voltage can
then be measured by connecting a multimeter
across it as shown. This should have a fairly high
resistance (20,000 Q /V or higher), so that it

Au

AT

Figure 1. Voltage versus current character-
istic of a zener diode. Even when the break-
down voltage has been reached, the zener
voltage varies slightly with current.

Figure 2. Circult of the zener tester. Press-
ing S1, S2 or 53 in varlous combinations
feeds a choice of seven different constant
currents through the zener and the zener
voltage is measured with a multimeter.

Figure 3. A voltage versus current curve for
the zener may be plotted, from which the
dynamic resistance may be found.

Table 1. The theoretical currents for the
various combinations of S1, S2 and S3.
These may vary in practice by 10%, due to
component tolerances.

——»1I

9878 3
‘does not ‘rob’ too much current from the zener.
By pressing one or more switches in different
combinations a total of seven different zener
currents can be obtained.
The zener currents for different combinations of
the switches are shown in table 1. However, it
should be noted that the actual currents obtained
may vary by 10% from these figures, due to re-
sistor tolerances and the temperature coefficient
of T2.
The values of zener voltage obtained for differ-
ent zener currents may be plotted on a graph of
zener voltage versus zener current, as shown in
figure 3. The dynamic resistance of the zener can
then be calculated by dividing an increment in
voltage, A U, by the corresponding increment in
current, A I, i.e.

AU

Rdynamlc = A_I
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Switch Up I

S1 25V 222 mA
S2 25V 6 mA
S3 25V 22.2 mA
S1 + 82 25V 8.2 mA
S1 + S3 25V 24.4 mA
S2 + S3 25V 28.2 mA
S1+ 82 +83 25V 30 mA

With the supply voltage shown, the maximum
voltage that can appear between positive supply
and the collector of T1 without T1 saturating is

about 23 V. The maximum zener voltage that
can be measured is thus about 22 V. The circuit
may be modified to test higher voltage zeners by
using a higher voltage transistor for T1, but care
will have to be taken not to exceed the dissi-
pation of T1 or the zener on the higher current
ranges.

As the zener current is determined exclusively by
the base-emitter voltage of T2 and R1 to R3, a
stabilised supply voltage is not necessary, and an
18 V/50 mA transformer, 30 V/50 mA bridge
rectifier and 470 M /35 V capacitor will make a
perfectly adequate unstabilised supply.

Voltage comparison on
a 'scope

This simple circuit allows up to four DC voltages
to be measured or compared by displaying them
side by side on an oscilloscope.

There is frequently a need, when experimenting
with circuits, to measure or compare several DC
voltages at test points etc. Since most readers are
unlikely to possess more than one multimeter
this can be rather tedious. Using this simple cir-
cuit, up to four voltages can be compared or
measured on any oscilloscope that has a DC in-

put and an external trigger socket. The circuit
uses only three ICs, five resistors and a capaci-
tor.

The complete cirguit of the voltage comparator
is given in figure 1. The four voltages to be meas-
ured are fed to the four inputs of a quad ana-
logue switch IC, the outputs of which are linked
and fed to the Y input of the ’scope. N1 to N3
and associated components form an astable
multivibrator, which clocks counter IC3. This is
a decade counter connected as a 0 to 3 counter
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Figure 1. The circuit diagram of the voltage
comparator.

Figure 2. An example of 4 random voltage
levels displayed simultaneously on the
'scope.

2

by feedback from output 4 to the reset input.
Outputs 0 to 3 of the counter go high in turn,
thus ‘closing’ each of the analogue switches in
turn and feeding the input voltages to the *scope
in sequence.

Output 0 of the counter feeds a trigger pulse to
the 'scope once every four clock pulses, so that
for every cycle of the counter the ’scope trace

makes one sweep of the screen. A positive-going
trigger pulse is available via R4, or a negative-
going trigger pulse is available from the output
of N4 via R5, The resulting display is shown in
figure 2, four different input voltages being fed
to the inputs in this case. The oscilloscope time-
base speed should be adjusted so that the display
of the four voltage levels just occupies the whole
screen width.

The supply voltage + Uy may be from 3to 15V,
but it must be noted that the input voltage
should be positive with respect to the 0 V rail and
not greater than + Uy, If voltages greater than
this are to be measured then potential dividers
must be used on the four inputs.

Setting up

To calibrate the circuit, simply feed a known
voltage into one input and adjust the Y sensi-
tivity of the 'scope to give a convenient deflec-
tion (for example one graticule division per volt
input). The unknown voltages may then be fed
in and compared against each other and against
the calibration.

The circuit can easily be extended to eight inputs
by adding an extra 4066 IC and connecting IC3
as a 0 to 7 counter (reset connected to output 8,
pin 9).

H. Spenn

Real load resistors

. When measuring and comparing the output
powers of audio amplifiers (especially at the high
end of the audio spectrum) it is useful to have
available a ‘real’ load resistor, i.e. one whichis a
pure resistance with no parasitic inductance or
capacitance. Carbon film resistors have a low
self-inductance, but unfortunately are not
commonly available in the high power ratings re-
quired for amplifier testing. The highest rating
normally available in a carbon film resistor is 2
watts, so a load resistor for testing a 100 W
amplifier would need to be made up of 50 such
resistors in series/parallel combinations!

Wirewound resistors are available with high
power ratings, but unfortunately such resistors
are rarely wound so as to minimise self-
inductance. A typical high-power wirewound re-
sistor consists of a single layer of resistance wire

PES NTES

alm

97371

wound helically on a cylindrical ceramic tube.
This type of resistor has quite a high self-
inductance, but since the usual applications of
high-power wirewound resistors are DC or low-
frequency AC this is not important.

For use as an amplifier load resistor some means
must be found of reducing the inductance of a
wirewound resistor. This can be achieved by pro-
viding the resistor with a centre tap and connec-
ting it as shown in figure 1. Current flows in op-
posite directions in each half of the resistor, so
the magnetic fields produced in each half (and
hence the self-inductances) tend to cancel out. If
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the original resistor has a value R then the con-
nection shown has a resistance R/4 since it con-
sists of two R/2 sections in parallel.

Resistors already provided with taps, such as
television H.T. dropper resistors, are suitable
for this application. Presettable resistors may
also be used. These consist of an exposed wire el-
ement wound on a ceramic former, and are pro-
vided with contact clips that may be fixed any-

where along the length of the element. 1 kW
electric fire (heating) elements (which have a re-
sistance of around 60} ) may also be used.

In order to obtain a load resistor of the desired
resistance and wattage rating, several wirewound
resistors may be connected in series/parallel
combinations in the normal way, provided each
one is first connected as shown to minimise its
inductance.

0

Universal logic tester

IC1...IC3 =LM301A
D5..07 =DUS

9879 1

1BY (=)

This logic tester can be used with both TTL and
CMOS circuits as well as other logic families
which exhibit similar characteristics. In addition
to providing the usual logic 0 and logic 1 indi-
cations it will also indicate an undefined logic
level and open circuit connections.

In TTL circuits a voltage less than 0.8 V is defi-
ned as logic 0 or ‘low’, and a voltage greater
than 2 V is defined as logic 1 or ‘high’. A voltage
between these two is referred to as an undefined
logic level. CMOS logic is capable of operating
over a much wider supply range than TTL, typi-
cally 3 - 18 V. The logic levels for CMOS are not
defined as absolute voltages but as percentages
of supply voltage. A high logic level is defined as
greater than 60% of supply voltage, and a low
level is defined as less than 40% of supply volt-

20

Figure 1. Basic circult of the logic tester,
which can detect high, low and undefined
logic levels, and open-circuits.

Figure 2. A ‘pulse stretcher’ monostable.
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age. Levels between these limits are undefined.

A logic probe must be capable of distinguishing
between low, high and undefined logic levels.
There is alsoithe possibility that an open-circuit
may be encountered when using a logic tester.
This could be due to the test probe not making
good contact; or due to a circuit fault. Also,
sometimes pins are intentionally not connected
to anything (known as NC or No Connection in
manufacturers’ data). A logic tester must be ca-
pable of distinguishing an open-circuit from any
of the other logic levels.

The circuit of the logic tester is shown in figure
1. Three voltage comparators are used to detect
the four possible input conditions. The ‘ref +’
(reference) and ‘0’ terminals of the tester are
connected to the supply lines of the logic circuit
under test. With a 5 V supply and S1 set to the
“TTL’ position, 2 V will be present at the invert-
ing input of IC1 and 0.8 V at the inverting input
of IC2. With S1 set to the CMOS position the
reference voltages will be respectively 60% and
40% of the supply voltage of the circuit being
tested.

The inverting input of IC3 receives a potential of
about —50 mV via R9, R7 and R6 from the
negative rail of the tester’s own (+ 15 V) supply.
When the ‘test’ input is open-circuit, the non-
inverting inputs of the three comparators will be
pulled down to about — 100 mV via R8. The out-
puts of all three comparators will be negative, so
LED D1 will be lit. If the test input is connected
to a voltage between zero volts and the logic 0
level the output of comparator IC3 will swing
positive and D2 will light due to current flowing
through it from the output of IC3 into the out-
put of IC2, thus indicating ‘logic 0°.

For voltages between the logic 0 and logic 1
levels the output of IC2 will also swing positive.
D2 will extinguish and D3 will light due to cur-
rent flowing through it from the output of 1C2
to the output of IC1. This LED indicates the un-
defined logic state ‘X’. When the logic 1 thres-
hold is exceeded the output of IC1 will swing
positive. D3 will extinguish and D4 will light,
thus indicating ‘logic 1°.

Pulse indication

So far the discussion has been confined to the in-
dication of static logic levels. However, pulses
and pulse trains are frequently encountered in
logic circuits. Pulse trains with a duty-cycle near
50% will cause both D2 and D4 to glow with re-
duced brightness. However, if the duty-cycle of
a pulse train is very large or very small it will ap-
pear that one LED is lit continuously.

Also, short single pulses will be missed comple-
tely. To overcome this problem a ‘pulse
stretcher’ circuit may be used, see figure 2.

The pulse stretcher is a one-shot multivibrator
with an output pulse period of approximately
200 ms. When any pulse appears at the point in
figure 1 labled ‘pulse’, which is connected to the
input of the pulse stretcher, the one-shot will be
triggered and the LED will glow for about 200
ms. This is sufficiently long for the indication to
be seen. If the pulse rate is greater than 5 Hz,
D10 will appear to glow continuously.

A TTL-compatible pulse output is provided (A)
for simple frequency counters etc. If this is not
required, C2 and D5 can be omitted and R14 and
R15 are replaced by a single 1 k resistor.

J. Borgman

Car rip-off protection

Thefts from cars of valuable accessories such as
spotlamps and foglamps are on the increase.
Equipped with a spanner, and given a few minu-
tes undisturbed, the enterprising felon can fre-
quently make a haul worth over £100. The inex-
pensive alarm circuit described here will protect

“ these valuable items, and can also be used to

prevent the theft of accessories from inside the
car, for example radios and cassette players.

The complete circuit of the alarm is shown in fig-
ure 1. N1 to N4 form a 5-input OR gate, but the
number of inputs can easily be increased by add-
ing extra gates. When the car is unoccupied (and
the ignition is switched off) R11 holds the inputs

-of N5 low, so the output is high. The inputs of

NI to N4 are held low via the filaments of the
lamps, etc. that are being protected. The output
of N4 is thus low, the output of N6 is high, T1 is
turned on, T2 is turned off and relay Re.1 is de-
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energised.

In the event of an accessory being disconnected
by a thief (for example, the lamp connected to
input El), then the appropriate input to the OR
gate will be pulled high by the 10 k input resistor.
The output of N4 then goes high, the output of
N6 goes low, T1 is turned off and T2 is turned
on, energising Re.l and sounding the car horn.
When the ignition switch is closed the output of
NS5 is low, which holds the output of N6 perma-
nently high, thus disabling the alarm. This pre-
vents the alarm from sounding when one of the
accessories is switched on. Of course, the alarm
will still sound if an accessory is switched on
whilst the ignition is switched off. This prevents
spotlamps and foglamps from accidentally being
left on whilst the car is unoccupied. Alterna-
tively, these accessories can be wired via the igni-
tion switch so that this cannot occur.

An additional bonus is that the alarm will also
sound in the event of a lamp filament failure.
However, since a replacement lamp may not
always be available, a secret ‘cancel’ switch (S1)
is required...

Accessories inside the car, such as radios and
cassette players, may also be protected by con-
necting a wire from one of the alarm inputs to
the earthed case of the equipment. When the
thief cuts this wire to remove the equipment then
the alarm will sound. Of course, this facility
should only be regarded as a backup to an alarm
that prevents a thief entering the car in the first
place!

M1 N4=IC1=4071

Figure 1. Complete circuit of the car rip-off
theft alarm.

Figure 2. Lamps connected in pairs must be
isolated from one another, otherwise the
alarm will not give complete protection.
This can be done with a pair of diodes, as
shown in figure 2a, or by double-pole
switching, as shown in figure 2b.

2a J,—®
-—ﬁE

9908 2a

9908 2b

Where lamps are wired in pairs the alarm will, of
course, not sound until both have been discon-
nected. To overcome this 'disadvantage a diode
of suitable current rating can be wired in series
with each lamp, as shown in figure 2a. Since
there is a 0.7 V voltage drop across a diode, a
better idea would be to use a double-pole switch
for the set of lamps being protected, as shown in
figure 2b.

W. Braun

Automatic mono stereo
switch

For some time now owners of stereo FM re-
ceivers will have noticed that the stereo indicator
lamp stays on continuously. This is due to a de-
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cision by the BBC to transmit the 19 kHz pilot
tone with all programmes, ostensibly to elim-
inate annoying clicks that occur when switching
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the pilot tone on and off. The commercial radio
stations have, of course, followed this practice
for some time.

As the mono-stereo switch in a stereo receiver
operates by detecting the pilot tone, this means
that such receivers are now incapable of dis-
tinguishing between mono and stereo trans-
missions and will be permanently switched to
stereo unless the ‘mono’ switch is pressed. Apart
from the minor annoyance of not knowing if a
programme is in stereo (unless one buys the
Radio Times) there is the greater inconvenience
of listening to meono transmissions with the
poorer signal-to-noise ratio inherent in stereo
transmission. This is particularly a problem in
areas of fringe reception. The circuit described
in this article distinguishes between mono and
stereo transmissions by detecting whether or not
stereo information is present in the received sig-
nal, independent of the pilot tone.

When an FM stereo transmission has been de-
modulated, but before it has been decoded, it
consists of two distinct channels. The left plus
right (L + R) signal occupies the frequency band
0...15 kHz. This signal is essential for mono
compatibility, as it is the only part of the stereo

9923 2

Figure 1. Block diagram of the automatic
mono-stereo switch.

Figure 2. Complete circuit of the. mono-
stereo switch.

signal that a mono radio can receive. The fre-
quency band from 23...38 kHz is occupied by
the lower sideband of a 38 kHz subcarrier, onto
which the L — R (left minus right) signal is modu-
lated. In principle the stereo signal is decoded by
demodulating this signal, adding it to the L+ + R
signal to get 2L, and subtracting it fror the
L + R signal to get 2R. Since the 23...38 kHz
signal is absent during a mono transmission, a
circuit which can detect this signal will be able to
distinguish between mono and stereo trans-
missions. This is the principle of the automatic
mono-stereo switch.

Block diagram

The principle of the automatic mono-stereo
switch is illustrated in the block diagram of fig-
ure 1. A portion of the signal from the output of
the detector stage of the tuner is fed to a selective
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amplifier with a centre frequency of 35 kHz. If a
signal is present in its passband it will be ampli-
fied, then rectified by an envelope detector. The
resulting positive voltage is applied to a com-
parator, whose output swings negative and
switches on the stereo decoder. If the trans-
mission is mono then no signal will be fed
through the selective amplifier and the compara-
tor output will remain high, switching off the
stereo decoder.

Complete circuit

The circuit of the mono-stereo switch is shown in
figure 2. Al to A4 are the four sections of a
TL084 quad FET opamp. The selective ampli-
fier is built around Al and A2, the passband
being determined by L1, L2, C4 and C5. A posi-
tive bias voltage of just less than half supply
voltage is applied to the selective amplifier from
the junction of R2 and D1. This is fed through
the rectifier A3 to appear on capacitor C6 and
hence at the inverting input of comparator Ad.
The non-inverting input of A4 receives a positive
bias slightly higher than half supply voltage
from the junction of R1 and DI. Under no-
signal conditions the output of A4 is therefore
positive. The output signal of the tuner is fed to
the input of Al via sensitivity control P1 and C3.
If stereo information is present this will be
amplified by Al and A2 and rectified by A3,
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Figure 3. Showing the connection of the
mono-stereo switch to an IC stereo de-
coder.

Figure 4. A suggested printed circuit board
design and component layout for the cir-
cuit of figure 2.

causing the voltage on C6 to rise above that at
the non-inverting input of A4. The output of A4
will thus swing down to 0 V, turning on the
stereo decoder.

The attack time of the rectifier is extremely
short, about 2.7 ms, so the decoder will be
switched to stereo immediately a stereo signal is
received. However, to avoid the decoder switch-
ing back to mono during pauses in the audio sig-
nal, the decay time constant R7-C6, is made fair-
ly long, and the circuit will not switch back to
mono operation until about 20 seconds after the
cessation of a stereo signal.

The mono-stereo switch can be connected to
most IC stereo decoders, such as the MC1310P,
as shown in figure 3. Operation of the manual
mono switch which allows selection of mono
operation if stereo reception is too noisy, is
unaffected.

Construction
A printed circuit board and component layout
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